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Abstract: Nanomaterials are currently one of the most popular emerging materials used in different 
applications such as drug delivery, water treatment, cancer treatment, electronic, food preservations, and 
production of pesticide. This is due to their interesting features including size-dependent properties, 
lightweight, biocompatibility, amphiphilicity and biodegradability. They offer wide possibilities for modification 

and are used in multiple functions with enormous possibilities. Some of them are medically suitable which 
has opened new opportunities for medical improvement especially for human health. These characteristics 

also make nanomaterials one of the pioneers in green materials for various needs, especially in environmental 
engineering and energy sectors. In this review, several synthesis approaches for nanoparticles mainly 
physical, chemical, and biological have been discussed extensively. Furthermore, bibliometric analysis on the 
synthesis of nanoparticles was evaluated. About 117,162 publications were considered, of which 92% are 
journal publications. RSC Advances is the most published outlet on the synthesis of nanoparticles and China 

has the highest number of researchers engaged in the synthesis of nanoparticles. It was noted in the 
evaluation of synthesis approach that biological approach is the savest method but with a low yield, while 
the chemical approach offers a high yield with some level of hazardous effect. Also, the bibliometric analysis 
revealed that the field of nanotechnology is a trending and hot ground for research. 
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1. INTRODUCTION 
 
Nanomaterials are currently one of the most popular 
emerging materials used in various applications (1). 
The fascinating optical, structural and morphological 
properties of materials as they approach the 
nanometric domain have increased the research 

attention on these materials. Other properties of note 
include lightweight, biocomp-atibility, amphiphilicity 
and biodegradability (2). Nanomaterials are known 

to be used for multiple functions with enormous 
possibilities in modification (3). The biocompatibility 
of some nanomaterials, especially with the human 
system, has open new opportunities for medical 
improvement (4). These characteristics also make 
nanomaterials one of the pioneers in green materials 
for various needs, especially in environmental 

engineering and energy sectors. 
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Application of nanomaterials is mostly medical (5), 
electronic (6), absorbent (7-13) and membrane 
technologies (14). Medical application of 

nanomaterials includes the delivery of drugs, heat, 
or other substance to a specific targeted cell (15). 
They are also used in devices such as sensors to 
provide fast results of disease diagnostic (16), 

antibacterial compounds (17), purifier in water 
treatment (7, 18), wound healing treatment (19), as 
cell reparation agents (20), and in nano-electronic 
technology. The improved optical and electronic 
properties has been utilized in display productions, 
such as organic light-emitting diodes (21), as 

support in the wireless technology and internet of 
things (22), as well as in nano-communication in 
which medical devices could transmit information 
inside the human body for medical purposes (23). In 
the membrane sectors, various types of 
nanomaterials such as carbon, graphene and 

fullerene are currently widely used (14, 24). 

 
Due to the wide array of benefits and utilization, the 
current study focuses on highlighting the different 
synthesis approaches of nanomaterials. Synthesis of 
nanomaterials can be conducted via various methods 
including the solid phase (25), liquid phase (26), and 
thermal methods (27). The solid phase syntheses 

involve synthesis methods without the use of 
solvents. The liquid phase syntheses include the 
solvent dissolution and sol-gel process, while the 
thermal methods include synthesis at elevated 
temperatures such as microwave irradiation, plasma, 
magnesio-thermic reduction, solar energy, and 

neutron irradiation methods. This paper is aimed to 
explore and highlight the different synthesis route of 

nanomaterials via the 3 broad physical, chemical, 
and biological routes. The bibliometric analysis of 
these various synthesis approaches is discussed. This 
review paper will enhance the knowledge on the 
synthesis route of nanomaterials and the utilization 

of the synthesized materials for different 
applications. 
 
2. TECHNIQUES FOR SYNTHESIZING 
NANOMATERIALS 
 
The two broad categories of synthesis routes are 

bottom-up and top-down approaches. Physical 
methods are used in top-down approaches, whereas 
chemical and biological methods are used in bottom-
up approaches. Other synthesis methods falls under 

these two categories and are discussed in this 
section. 

 
2.1 Physical Methods of Nanomaterial 
Synthesis 
In this method, electric current is used to generate 
electron from the initial material to produce the 
required electron (Ionic Species) which further 
converted into atomic material and develop into 

nanoparticle (NPs) (28). Physical methods have the 
advantages of high speed (29), none use of toxic 
chemicals (30), uniform size (2), purity (31), and 
shape (3). Their disadvantages include high cost 
(32), less productivity (33), radiation exposure (34), 
high temperature (35), energy intensive (30), high 
pressure (36), less thermal stability (37), complex 

shape and size tenability (38), and less stability (39, 
40). This synthesis approach could alter the 
physicochemical and surface chemistry of 

nanoparticles, making it unsuitable for producing 
nanoparticles in standard sizes and forms (41). 
Physical techniques such as ball milling (42), 
evaporation-condensation (43), sputtering (44), 

laser ablation (45), and arc discharge methods are 
examples of this process (46). The use of physical 
techniques in the synthesis of metal-nanoparticles 
have recently aroused the interest of researchers, 
owing to the adjustable parameters utilized in 
reactions (47). Unlike chemical or biological 

techniques, physical methods do not require 
reagents or solvents that can contaminate the 
samples (48, 49). 
 
In addition, the homogeneity of nanomaterial is 
potentially high when created via physical techniques 

(5). However, the requirement for huge and 

expensive equipment, the long duration of synthesis 
time are the present challenges (50, 51). 
 
2.1.1 Laser ablation 
The laser-induced ablation approach has drawn 
increased attention among other physical methods 
because of its eco-friendliness, simplicity and ability 

to offer nanoparticles with even sizes (52). In 
synthesizing diverse kinds of NPs by laser ablation, a 
high-power pulsed laser is a critical and coherent 
need for ablation on the sample's surface (53). 
Adjusting parameters such as wavelength, pulse 
width, repetition rate of the laser source, 

temperature and ablation time, the production of 
nanoparticles with chosen morphological 

characteristics is attainable (54). This is the most 
prevalent technique for metallic alloy-NPs production 
among the physical procedures (50). In this 
approach, a solid substance is irradiate via a laser to 
produce particles of nano-size (55). This technique 

involves creating nanoparticle in a liquid environment 
by obtaining colloidal solution of nanoparticle from 
solid target material in a variety of solvent (56). A 
solid target material is abraded using a laser beam 
as the energy source, resulting in the vaporization to 
atoms and clusters (57). The NPs are progressively 
formed in ambient media (58). The settings specified 

before the experimental setup may impact the final 
concentration and condition of the nanoparticle 
solution (39, 59) as it is depicted in Fig 1. The 
approach offers several notable benefits in particle 

production. The first is the ability to produce several 
particles in a single operation, and the second is the 

laser source's capacity to generate various colloidal 
solution concentrations in accordance with the 
chosen parameters (47). The primary issue, despite 
the solution's promise, continues to be the large, 
expensive equipment needed (60). The analysis 
duration is longer than the chemical procedures, and 
the process is more difficult (49). 

 
Strong laser pulses are centered on metal’s target 
contained in a liquid (61) and NPs might be produced 
using laser ablation of metallic bulk materials in 
solution (62). The size of the NPs formed by alcohol 
based materials depends on its chain length (63). C-
3 (Prop-) to C-5 (Pent-) long alcohol chain had more 
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stable particles than short-chains; ethanol and 
methanol (64). The features of the metal-NPs 
generated are determined by various factors such as 

ablation time (65) which increases, as the amount of 
metal-NPs increase till ablation time optimum value 
is reached. Increasing surfactant content may also 
yield smaller metal-NPs (66). According to reported 

studies, metal-NPs produced by femtosecond laser 
pulses have a narrower size distribution than those 
produced by nanosecond laser pulses (67). After the 
ablation, the liquid environment exclusively includes 
metal-NPs without other chemicals, and ions. 
 

Laser ablation facilitates the production of 
nanoparticles with regulated shapes and sizes, 
resulting in better long-term stability and high yields 
(55). The in-situ conjugation of bio-molecules with 
gold nanoparticles is one of the biomedical 
applications of the laser ablation technique, and it is 

possible since the synthesis is flexible and can be 

done in both aqueous and organic solvents (64). This 
strategy has consequently shown to be more 
successful than traditional procedures through 
minimizing waste production, manual operation and 
refining size control of nanoparticle (68). 
 
The studies by Islam, Shohag (47) is a notable 

example of this technology, ZnO NPs was 
synthesized via laser ablation in a NaOH solution 
(particle size from 80.76 - 102.54 nm) and spherical 
shape which refined size control of the nanoparticles 
compared to other methods. Singh, Nayak 
(69), produced ZnO NPs by laser ablation from a 

mixture of zinc, methanol, and deionized water 
solution with sizes of the particles range from 1 - 30 

nm. Similarly, Mintcheva, Yamaguchi (70) reported 
the synthesis of laser-ablated rod-shaped ZnO NPs 

with an average width of 30 nm and a length in the 
range 40 to 110 nm. Menazea and Ahmed (71), 
prepared Ag NPs using various liquid media, 

including distilled water, deionized water, 
tetrahydrofuran, and dimethylformamide. The study 
indicated that Ag NPs generated in deionized water 
had more significant ablation, antibacterial efficiency 

and stability than other media. Zhang, Gokce (72), 
employed laser beam irradiation with focused and 
unfocused laser beams at 12 and 900 mJ/cm2, 
respectively. They showed that the diameter of the 
NP decreased with the reduction in laser wavelength, 
going from 29 - 12 nm. 

 
The pulsed laser approach may also be utilized for 
synthesizing metal-organic frameworks (MOF) and 
inorganic metal complexes or the surface 
modification of nanomaterials, including nanopart-
icles coated with organic compounds that can be 

quickly produced using a single process (73). No by-

products and hazardous agents are required for the 
process. Hence, the pulsed laser synthesis processes 
are ecologically favourable (54). Fig. 1 depicts this 
method. 
 
Laser ablation industry is now undergoing fast 
change. The current advancement in the usage of 

new lasers with various modes of operation and 
wavelengths, as well as equipment, are leading to 
promising outcomes in terms of treatment 
selectivity, among other developing solutions and 
advances that are remarkable (74). Laser ablation is 
evolving into a viable surgical in the medical field 

(75). Its overarching objectives are to lessen the 
pain associated with particular cancers and to 

enhance outcomes (20). 

 

 
Figure 1: A picture of a laser system connected to a particle analyser (76). 

 

2.1.2. Ball milling 
Ball milling is a mechanical process used to generate 
nanoparticles (77). It started in 1970, and the 
technology is employed today mainly for ceramic, 
metallic, and nanoparticles (1). Its key benefits are 
connected to the cheap cost, the tiny size of particles 
created, the capacity to handle refractory materials 

and their purity since no chemical reagents or 
solvents are required (50). This approach involves 

the application of a solid force to activate electrons 
from the material's crystals and electrons from the 
inner structure (78). High energy is released 
throughout the operation due to the velocity 
differential between the rotating balls and the 
grinding jars (63). The high temperature required to 
begin chemical synthesis will rise due to the frequent 

collisions s depicted in Figure 2. This procedure 
produces nanoparticles or doped nanoparticles as a 
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result of the high temperature's crucial role in atom 
diffusion (79). The downsides of this approach 
include the potential for environmental or milling ball 

contamination and the creation of irregular-shaped 
NPs (1). Compared with a more significant 
temperature of 1000 °C, this approach can mill the 
material better (56). Different variables, including 

time, milling speed, process control agent, 
atmosphere, ball-to-powder ratio, temperature, and 
the size distribution, affect the quality of products 
produced by ball milling (80). 
 
According to an earlier reported study, ball milling is 

also suitable for the environmentally friendly 
synthesis of silver, a process that has been 
extensively researched in recent years (56, 81). 
Nicolae-Maranciuc, Chicea (50), used silver nitrate in 
the presence of two naturally occurring compounds 
acting as reducing agents while using the ball milling 

procedure. Eggshell membranes and 

Origanumvulgare L. were added to the silver 
precursor solution as reducing agents. The results 
suggested that both biocompatible chemicals, with 
certain variations, might be employed as reducing 
agents in this procedure which are used to convert 
ionic species into atomic material which develops into 
NPs. The TEM analysis revealed that the particle 

diameters of Origanumvulgare L. are lower. The 
plant's optical and antibacterial characteristics seem 
superior to those of the eggshell membrane (82). 
Fine metal NPs were prepared using the high-energy 

ball milling approach in an elevated shaker mill (68). 
Its primary benefit is the capacity to concurrently 
create enormous volumes of material (47). According 

to Abdullah, Bakar (83), a high-energy ball milling 
was employed to produce ZnO NPs with a mean 
particle size of 0.8 nm. Through milling, particles 
with ultimate sizes ranging from 200 to 400 nm were 

produced. Similarly, Raha and Ahmaruzzaman (84) 
developed a high-energy ball milling method to 
create rod-shaped ZnO NPs in the 20 – 90 nm range. 
A high-intensity ball milling process was adopted to 
generate ZnO NPs from ZnO microcrystalline powder 
by Prasad, Kumar (85). The samples were processed 

in a ball mill for 2, 20, and 50 h. According to the 
findings, the particle size varied over time. The 
duration of the ball milling process increases with 
decreasing particle size. Spherical ZnO-NPs with 
around 30 nm particle sizes were detected in the 
milled sample. Khayati (86), showed the production 

of Ag NPs graphite as a reducing agent utilizing a 

mill. The resulting Ag NPs had a size of 14 nm in the 
presence of process control agents. Alam and 
Hossain (87), synthesized rod-shaped ZnO NPs using 
a high-energy milling technique in the range of 20 to 
90 nm. The higher the ball milling duration, the lesser 
the particle size. After 50 hours of milling, the 
material revealed spherically formed ZnO-NPs with 

particle sizes of roughly 30 nm. High-energy ball 
milling is a handy approach to generating nanosized 
particles. A typical example of ball mill is shown in 
Figure 2a & b. 

 

 
 

 
Figure 2: (a) A rock tumbler Ball mills (88), and (b) Illustration of the steps needed to create metallic 

nanoparticles using high-energy ball milling techniques (47). 
2.1.3. Evaporation – Condensation 
Evaporation-condensation can be used to synthesize 

NPs using an air pressure tube furnace/tiny ceramic 
heater (4). This approach is often used to generate 

metal-based NPs. There are three primary phases in 
the evaporation-condensation process: (1) the 

material is sublimated or evaporated to produce a 
gaseous phase; (2) the substrate receives material 

A 

B 
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from the source via condensation, and (3) films or 
particles are generated by nucleation and 
subsequently followed by growth (89). Rapid cooling 

of the vapour results in significant concentrations of 
tiny NPs (90). Additionally, this approach requires a 
specified kilowatt of electricity from a standard 
furnace and a given time to attain a steady 

temperature (91). Radiation was utilized as a 
reducing agent in this process to produce NPs due to 
its ability to generate ionic species which further 
converted to atomic material for the production of 
NPs (92). This technique was used to assemble 
nanospheres from different metal components. The 

downsides of evaporation-condensation are the 
lengthy process time, and the huge amount of 
energy needed (93). 
 
Sharma and Kumar (94), Evaporation- condensation 
process comprises heating of a combination of AgNO3 

and CH3COONa in a tube furnace. This led to the 

liquid mixture being converted into a gas, which was 
then condensed into Ag-NPs after cooling. The 
produced Ag-NPs ranged from 3 - 50 nm. Ong and 
Nyam (95), used the inert gas helium to demons-
trate the evaporation-condensation approach for 
synthesizing Ag NPs spherical Ag NPs of 9 to 32 nm, 
with few agglomerations, were formed at a lower 

inert gas pressure and evaporation temperature. A 

ceramic heater with a maximum temperature of 
1500 °C was used by Lee and Jun (96) to produce 
Ag-NPs using the evaporation-condensation method. 

Poly-dispersed Ag-NPs were produced from a heater 
surface with a constant temperature. The Ag-NPs 
generated were in the size range of 6.2 - 21.5 nm. 
Similarly, Hara, Fukuoka (97), produced Ag-NPs 

using temperatures ranging from 1300 to 1400 °C in 
a furnace, and the vapour was diluted with N2 gas. 
Ag-NPs of 50, 90, and 130 nm were generated at 
various synthesis temperatures. 
 
However, the synthesis of mainly metallic alloy NPs 

through evaporation-condensation in a tube furnace 
has some limitations. The tube furnace has a big 
volume, uses significant amount of energy to 
increase the temperature of the metal supply's 
environment, and has to be maintained for a longer 
time to retain its thermal stability (98). One of the 

most appealing nanomaterials for commercial uses is 

Ag-NPs (99). They have been widely employed in a 
variety of environmental applications, including 
textile coatings, food storage, anti-bacterial 
treatments in the health sector, and electronic goods 
(100). Ag-NPs were employed as anti-bacterial 
agents for a variety of purposes, including water 
treatment, cleaning and disinfection of medical 

equipment (101). 
 

 
 

Figure 3: Synthesis of silver nanoparticles by evaporation-condensation method. 
 
2.1.4. Arc discharge method 
Due to its ease of apparatus setup and capacity for 
high production rate, the arc discharge technique has 

attracted much attention for producing nanoparticles 
(76). This approach has been used to successfully 

create a variety of nanoparticles. One of the most 
studied nanomaterials prepared with this process is 
carbon nanotubes (CNTs). In this method, a direct 
current (DC) arc discharge was utilized (102) (Figure 
4). The process of producing carbon nano-tubes 

(CNTs) involves applying a current arc voltage across 
two graphite electrodes, which causes carbon to 
evaporate while a catalyst is immersed in an inert 
gas (103). 
 
The arc discharge approach may be used to 

synthesize nanoparticles in either continuous or 
pulsed mode (104). High-purity graphite is employed 
as an electrode in the production of MWNTs and 
SWNTs, and arc discharge may be performed in 

helium or hydrogen gas (105). The arc discharge 
technique needs vacuum equipment with an effective 
cooling system. Then the precursor is introduced and 

heated by the thermal plasma, which creates the 
ideal environment for the induction of processes that 

result in super-saturation and particle nucleation 
(40). It breaks down into radicals, atoms, and ions in 
the presence of thermal plasma to create an ionized 
gas at high temperature (106). The plasma arc's high 
temperatures and dense concentration of species 

cause a diffusion mechanism that quickly quenches 
gas species. This condense to form particles during 
this process after cooling down by combining with a 
cold gas or being enlarged by a nozzle (107). 
 
Koushika, Shanmugavelayutham (108), created 

Fe3O4-NPs from mild steel scrap via transferred arc 
plasma approach. Similarly, Si-NPs was created by 
using a radio-frequency thermal plasma technique to 
recycle silicon waste (Lee, Kim, (109)). Several 
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metals, alloys, and metal oxides NPs have been 
synthesized effectively using plasma methods (46). 
The composition, size, and shape of NPs may be 

readily adjusted by altering some parameters such 
as raw material composition, applied voltage and 
current, gas type and concentration within the 
reaction chamber, and reaction type (110). Helium, 

argon, nitrogen, air, and hydrogen are the most 
common gasses for producing thermal plasma (111). 
 
Typically, experimental factors are changed to 
improve the arc discharge process, including 

current/voltage, buffer gas, catalysts, carbon 
sources, electrode morphologies, external fields, etc. 
(112). In essence, the experimental parameters 

determine the plasma characteristics, the spatial 
distribution, and the nucleation and development of 
carbon in the space and time domains (113). In most 
situations, nanoparticles generated via the arc 

discharge process are exposed to high cooling rates. 
The homogeneity of the nanoparticles created using 
this process often degrades due to uneven cooling. 
Thus, regulating particle nucleation and development 
requires attention (114). 

 

 
Figure 4: Schematic representation of the experimental configuration for arc discharge in gas chamber 

(115). 
 
2.1.5. Sputtering 
Sputtering involves depositing a thin layer of 
nanoparticles, which are formed through an 

annealing process (116). This approach is known as 
physical vapour deposition, and its efficiency is 

primarily determined by parameters such as layer 
thickness, temperature, substrate type, and 
annealing time (117). All these factors directly 
impact the nanoparticles' shapes and sizes (118). Ion 
sputtering is a physical process for depositing 
substrates that employ high-energy equipment and 

an ionized plasma (119, 120). The method relies on 
injecting argon gas, which when exposed to a 
powerful electric field creates a plasma inside the 
cavitate and causes the ions to move as an intensely 
focused ion beam from the anode to the cathode 
(49). In most circumstances, the concentrated ion 
beams are sputtered on a selected substance as an 

adhering film. Since this is a top-down method, a 

high vacuum is necessary in order to accelerate the 
gas ions and finish the deposition (121). 
 
In order to better monitor the changes in single 
molecule analysis techniques like surface-enhanced 
Raman spectroscopy, López-Lorente, Picca (122), 

utilized ion beam sputtering to deposit 
nanocomposites using variable proportions of Ag and 
TiOx/ZnO on silica surfaces (SERS). Three samples 
were created: an Ag-TiOx composite made with two 
co-sputtering targets, Ag-NPs deposited on ZnO, and 
Ag-NPs deposited on TiOx. The results of the study 

showed that the substrate's sensitivity can be 

increased by adding silver and ceramics, allowing for 
the collection of more detailed information via 
vibrational spectroscopy. The samples made of 

Ag/TiOx increased the SERS while also functioning as 
photocatalytic materials. The study showed that, in 

addition to their antibacterial effects, Ag-NPs also 
possess exceptional chemistry and surface 
functionalization abilities; hence, using Ag-NPs as 
spectroscopic substrates is a feasible strategy for 
further research (50). Also, Zhao, Zhang (123), 
reported the preparation of Sn-NiO films via simple 

one-step magnetron sputtering process for a 
superior electrochromic performance. The amount of 
Sn in the Sn-NiO films was controlled by adjusting 
the sputtering power of the SnO2 target. The 
optimized Sn-NiO film was used as an anodic 
electrochromic layer to prepare inorganic all solid-
state electrochromic device (ECD) and the ECD 

displayed excellent electrochromic perfor-mance. 

The strategy of preparing NiO modified by Sn4+ ion 
presents an innovative direction to obtain high 
performance electrochromic materials for energy 
saving smart windows. Wang, Qu (124), reported the 
preparation of Cu-doped Ag thin films via magnetron 
co-sputtering method which was successfully 

fabricated on SiO2 substrate. He discovered that the 
peak value of 36.8 dB is the highest shielding 
effectiveness at an optimal concentration of 2 mol%. 
This exceptional property make Cu-doped Ag films 
highly valuable and applicable for electromagnetic 
shielding in transparent windows which is as a result 

of Co-sputtering method. 
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Figure 5: Schematic representation of the experimental configuration for sputtering (124). 

 

2.2. Biological Methods of Synthesizing 
Nanomaterials 
Green synthesis of nanoparticles by various 
physiochemical processes necessitates considerable 
energy consumption, harsh reaction conditions, 
costs, and the usage of harmful substances (125). 
Synthetic ways of producing nanoparticles also 

generates some hazardous by-products that are 
harmful to the environment and living things (126). 
Biological synthesis commonly referred to as “green 
synthesis”, is an alternative route to the production 
of nanoparticles. Green synthesis of nanoparticles is 
a new topic in nanoscience that includes the efficient 
preparation of functional nanoparticles utilizing plant 

extracts, bacteria, and fungi (127). Biological 
pathways are beneficial in various fields since they 
are simple, safe, biocompatible, and harmless to 
living things and the environment (128, 129). The 
green synthesis process is not only dependable, 
economical, and time-saving, but it also reduces the 

creation of hazardous waste (130, 131). The green 
strategy for the synthesis of nanoparticles is the 
preferable technology since it does not involve 
significant energy consumption, such as high 
pressure or temperature. In contrast to the other 
synthesis methods, it employs moderate reaction 
conditions and nontoxic precursors (132). 

 
The use of plants and microorganisms to synthesize 
metal nanoparticles has excited lots of research 
interests (133, 134). Numerous metallic 

nanoparticles have recently been created using a 
green method and are widely employed in the 
pharmaceutical and biological industries (135). 

However, biologically synthesized nanoparticles play 
an essential role in the environmental and biomedical 
domains due to their high yield, enhanced stability, 
excellent biocompatibility, and lower bio-toxicity 
(136). Furthermore, as interest in sustainable 
development grows, so does interest in biological 

synthesis, since it conserves raw resources and 
decreases the use of dangerous chemicals (137). 
Plant components such as seeds, leaves, peels, 
fruits, and flowers are high in phytochemicals 
including terpenoids, phenols, etc which function as 
reducing agents (137-140). The production of NPs by 

microorganisms and plants has several benefits, 
including mono-dispersity, the absence of harmful 
compounds, effective, fast, and eco-friendly process 
(1). The synthesis of NPs depends critically on factors 
like pH, incubation period, and temperature (141). 
Metal-alloy NPs (MNP), which were generated 
biologically, showed superior biocompatibility than 

metal alloy NPs manufactured using diverse 
physicochemical approaches (142). Biologically 
produced MNPs have been widely employed to 
address difficulties or to boost process efficiency in 
industries and biomedical sciences (143-145). 
 
2.2.1. Green synthesis using microorganism 

Microbes offer enormous potentials for producing 
ecologically friendly metallic nanoparticles (MNPs) 
without the need for traditional physical or chemical 
methods (146). Microbes are everywhere, and they 
may swiftly adapt to their surroundings and develop 
tolerance to hazardous metals (147). Enzymes in 

physiological and biological functions enable 
microorganisms to create metallic alloy NPs. The 
proteins, enzymes, and functional groups are all 
known for their ability to decrease ions (148). Two 
fundamental strategies underlie microbial resistance 
to hazardous metals. Nanoparticles (NPs) may be 
produced by microbes both intracellularly and 

extracellularly. Microbes may generate materials of 
various sizes and morphologies at the nanoscale by 
bio-mineralizing inorganic minerals intracellularly or 
extracellularly (147, 149). The transfer of metal ions 

into the microorganism causes the intracellular 
synthesis of metallic alloy NPs (137). In contrast, the 
extracellular approach also involves the metal ion 

concentration at the cell surface (150). In a nutshell, 
for the extracellular approach, the specific 
microorganism is cultivated for 1–2 days in a rotary 
shaker, the biomass is separated through 
centrifugation, while the supernatant is collected 
(50). MNPs are created by combining a specific ratio 

of cell-free culture supernatant and filter-sterilized 
metallic salt solution, then incubating the mixture at 
the ideal temperature (151, 152). 
 
In contrast to generated intracellular MNPs, the 
microbial biomass is centrifuged and thoroughly 
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washed with sterile water (125). The biomass is then 
dissolved in a metallic salt solution that has been 
asterilized. The combination is incubated as a visible 

colour change is monitored (153). The biomass is 
removed by centrifugation after several cycles of 
sonication, and the produced MNPs are then 
quantified using a UV spectrophotometer (145, 154). 

The microbial cell wall/membrane is broken down by 
ultrasonication, allowing the MNPs to exit the cell 
(142). Because it does not need the same processing 
steps as intracellular production and recovery of 
MNPs, such as centrifugation, sonication, and 
washing, extracellular synthesis of MNPs is regarded 

as a low-cost, fast, and scalable technique (155). 
Diverse fungal metabolites with improved 
oxidation/reduction potential and increased 
bioaccumulation potential have been used to study 
the mycosynthesis of MNPs using simple, 
environmentally safe methods (156). Three different 

phenomena, including electron shuttle quinones, 

nitrate reductase activity, and their interactions, 
have been characterized for the myco-mediated 
generation of MNPs (157). For the production of 
various MNPs, many enzymes have been identified, 
including NADPH-dependent reductases in the case 
of Fusariumoxysporum and nitrate reductase in the 
case of Penicillium sp (59). Few studies have 

demonstrated how actinomycetes contribute to the 
development of MNPs (158). Actinomycetes have the 

potential to be used in the synthesis of stable, mono-
dispersed MNPs, but further studies are needed 
(159). 

 
Kalpana and Devi Rajeswari (149), synthesized ZnO 
NPs from Vitexnegundo plant extract using zinc 
nitrate hexahydrate as a precursor. Bio-synthesised 

ZnO nanoparticles with size of 40.5-20.8 nm 
exhibited antibacterial properties against Staphyloc-
occus aureus and Escherichia coli. Undabarrena, 
Ugalde (160) reported that the reductase enzyme 
from Streptomyces sp. has been used to synthesize 
zinc with 11.84-24.82 nm size, copper with 6.93 nm 

size, and silver NPs with 5.62 nm size and MNPs. 
Yeast has been utilized to synthesize MNPs by 
downstream techniques AbdelRahim, Mahmoud 
(161). Capsids of genetically modified viruses has 
also been utilized as bio-templates to create titanium 
nanostructures and quantum dot nano-wires (156, 

157). Semiconductor nanoparticles have also been 

synthesized by using some biological molecules 
including polyphosphates, amino acids, and fatty 
acids as templates. Other biological techniques for 
green nanostructure synthesis include protein cages 
(162), DNA (163), bio-lipid cylinders (164), multi-
cellular superstructures (165), and viroid capsules 
(166), which have been used for template-mediated 

MNP production (167). This process is represented in 
Fig. 6. 

 

 
Figure 6: Green synthesis of nanoparticles by various microorganisms (168). 

 
2.2.2. Green synthesis using plants 

Plants contain a variety of molecular functions, 
naturally occurring compounds, secondary 
metabolites, or phytochemicals, which may be 
exploited as efficient biological factories to deal with 
environmental toxins caused by industrial wastes 

(169). Synthesis via the use of plant extracts allow a 
considerably easier approach to creating 
nanoparticles in more significant quantities than 
microbe-mediated synthesis (15). The solvent, 
pressure, temperature, and pH conditions in green 
synthesis approaches are all essential considerations 

(150). Numerous plant extracts, particularly those 
from the leaves, have been thoroughly studied for 
NPs production because they contain a variety of 
useful phyto-chemicals like flavones, terpenoids, 
ketones, phenols, amides, aldehydes, carboxylic 

acids, and ascorbic acids (1). These bio-molecules 

can transform metal salts into metal nanoparticles, 
which have been explored for diagnostic and anti-
microbial applications (170). 
 
Plants also offer several potential uses in biomedicine 

due to the presence of biologically active substances 
such as flavonoids, alkaloids, terpenoids, saponins, 
polyphenols, co-enzymes, carbohydrates, vitamins 
and proteins (171). In Ayurvedic, Thai, and Chinese 
traditional medicine, plants have been extensively 
used to treat various illnesses, including skin 

conditions, rheumatism, venereal infections, and 
beriberi (169). The biological effects of plants have 
been found to include antimycotic, antibacterial, 
antiviral, free radical scavenging, anticancer, and 
anti-inflammatory properties (172). 
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Therefore, a replacement option for producing 
nanoparticles is by employing plants and their 

components. Because they are non-toxic, naturally 
capable of capping ends, reduce metal ions, and can 
accumulate heavy metals in their cells. Synthesis of 
nanoparticles with plants involves a simple, energy-

free, quick, and affordable approach (173). 
Nanoparticles produced from plants or their 
components have the requisite size and form, are 
non-toxic, biocompatible, stable, have enhanced 
activity, and have a solid capacity to penetrate (174). 
Plant and its component include numerous 

biochemicals that play a vital role in reducing, 
capping and stabilizing metal ions to nanoparticles 
(135, 175). Recently, scientists have been focusing 
on plants to biosynthesize biocompatible nanopart-
icles. Secondary plant metabolites may play a vital 
and critical function as reducers, and stabilizing 

agents for biosynthesizing nanoparticles (150). 

 
Additionally, phytochemicals' surface adsorption 
results in biocompatible nanoparticles' formation 
(176). Instead of using nanoparticles that are 
produced routinely, they might additionally improve 
the biological properties of nanoparticles. The use of 
plants in the synthesis of nanoparticles offers a 

number of advantages since it are dependable, 
simple, economical, easy to scale up, and 
ecologically friendly (177). Plants are also preferable 
to microbial synthesis methods for the green 
production of nanoparticles since they need less 

time, are safe, and do not require complex laboratory 
infrastructure (178). 
 

Ijaz, Shahid (179), reported the fabrication of CuO-
NPs using Abutilon indicum leaves aqueous extract 
and described A one-port synthesis of ZnO and Cu-
doped ZnO nanoparticles using aqueous leaf extracts 

of Abutilon indicum and Clerodendrum infortunatum 
has been described Khan and Lee (180). Several 
components, including fruits, leaves, fruit peels, 
roots, and seeds, have been used to prepare Au 
nanoparticle, Ag nanoparticle, Pd nanoparticle, 
Pd/Fe3O4 nanoparticle, and Pd/CuO nanoparticle, 

respectively (127). The initial stage in producing 
nanoparticles by plants is collecting desirable plant 
parts, such as leaves, fruits, and roots followed by 
cleaning and drying as shown in Figure 7. The dried 
material is then grinded and heated for an extended 
period at the ideal temperature. Plant solid waste is 

filtered using plant extract. Metal salt solution and 

aqueous plant extract are heated at optimal 
temperature conditions. The nanoparticle synthesis 
production may be determined by visual examination 
(130, 181). Plants produce nanoparticles by reducing 
metal ions into NPs through redox reactions such as 
the enol-to-keto-transformation, which are electron-
rich phytochemical molecular functions found in 

sugars, polyphenols, and flavonoids in plant extract 
(182, 183). Saponins, alkaloids, terpenoids, co-
enzymes, and proteins in plant extracts capped and 
stabilized the nanoparticles (180). 

 

 
Figure 7: Green nanoparticle synthesis using various plant components, such as leaves, fruits peel, fruits, 

roots, and seeds (180). 
 
 

 
 
 
2.3. Chemical Methods of Synthesis of Various 
Nanoparticles 
This section detailed numerous chemical techniques 

for the preparation of various nanomaterials. This 
highlights the significance and comparative merit of 
one strategy over the others. 
 

2.3.1. Hydrothermal method 
This method involves preparing nanoparticles in an 

aqueous medium under high temperature and 
pressure. Different studies have examined the use of 
hydrothermal method to prepare various 
nanoparticles, including titanium oxide and graphene 
oxide among others (184). Even while hydrothermal 
technology is regarded as cost-effective and 

environmentally beneficial, it frequently involves 
high temperatures (185). An autoclave has a 
temperature range of 160 to 180 °C (87). However, 
there are several limitations, such as the inability to 
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clearly see the crystal material growing in autoclave 
and the expensive nature of the equipment. When 
the temperature in the autoclave exceeds the boiling 

point of water, the pressure reaches saturation with 
vapour. The autoclave's temperature and the volume 
of solution supplied directly affect how much internal 
pressure is generated (186). Synthesis of zinc oxide 

was reported by Bulcha, Leta Tesfaye (187) which 
was been synthesized using hydrothermal method. 
He reported successful production of zinc oxide 

synthesis. Jubeer, Manthrammel (188), also reported 
the synthesis of ZnS nanoparticle through the 
hydrothermal method which was found successful. 

Chen, Liu (189) and Khan, Usman (190) synthesis 
Ce-doped SnO2 hollow spheres and CuAl2O4/rGO 
nanocomposites respectively using one-pot 
hydrothermal method and from there finding the 

synthesis was successful. Figure 8 is an example of 
hydrothermal synthesis method of nan- oparticle 
showing the synthesis of GO nanoparticle. 

 

 
Figure 8: Synthesis of GO nanoparticle using Hydrothermal Method (24). 

 

2.3.2. Solvothermal method 
This method involves the application of non-aqueous 
solution (precursor and non-aqueous solvent) at high 
temperature and pressure to produce various 
nanoparticles. Both synthesis in alkaline 
environments and in the presence of organic 
molecule precursors fall under the solvo-thermal 

technology which involves the reaction between 
precursor(s) in a solvent in a close system (191). The 
use of a solvothermal method to create nanoparticles 
offers a number of benefits, including economical, 
and releasing nearly no by-products throughout the 
reaction (192). For instance, Perumal, 
MonikandaPrabu (193), demonstrated a 

solvothermal method for producing TiO2 nanop- 
articles, using toluene and titanium tetra 

isopropoxide as the solvent. The solution underwent 
thermal treatment in a stainless steel autoclave at 
250 °C for 5 hours at a rate of 20 °C/min, followed 
by two hours of calcinations at 550 °C. The XRD 

measurement showed the synthesis of pure anatase 
TiO2 nanoparticles with a particle size of 20 nm, in 
contrast to the SEM images that showed particles 
with irregular shapes and an average size in the 
range of 7–14 nm. Similarly, ammonium 
citratoperotitanate and polyvinyl alcohol (PVA) were 

used to create anatase TiO2 nanoparticles Uematsu, 
Baba (194). The PVA was mixed with the titanium 
precursor, which was then micro-waved to 
evaporation. Kløve, Philippot (195), reported the 
synthesis of pure-phase tetragonal ZrO2 nanoparticle 
via simple solvothermal synthesis. Different types of 
Alcohol were used for condition variation as solvent 

and studies using in-situ scattering. The variation of 
tetragonal or monoclinic phase ratios within the 
produced powders was directly correlated with the 
amount of in-situ generated water from solvent 
dehydration during the syntheses. Zhang, Feng 
(196), reported the synthesis of hollow CoSx@CdS 
polyhedron constructed by ZIF-67 via one-pot 

solvothermal route. It was discovered that the 
photocurrent responses of the CoSx@CdS-modified 

ITO electrodes could be specifically turned on by 
Hg2+, in contrast to these of the CoSx or CdS-
modified ones showing no significant Hg2+ induced 
photocurrent. Under visible light irradiation, herein, 

the synergetic combination of CoSx and CdS 
components could improve the carriers transferring 
of photoelectrochemical system. Figure 9 
summarized solvothermal synthesis method of 
nanoparticles. 

 



Ajala OJ et al. JOTCSA. 2024; 11(4):1329-1368  REVIEW ARTICLE 

1349 

 
Figure 9: Synthesis of Nanoparticle using Solvothermal Method (24). 

 
2.3.3. Co-precipitation Method 
This entails the co-precipitation of metal cations from 
several sources, including hydroxides, citrates, 
carbonates, and oxalates (197). At the suitable 

temperature, these precipitates are transformed into 
powders because the demerit of this method is that 

product co-precipitates with unwanted contaminants 
as well as the analyte (198). By producing inclusion 
and occlusion (when a contaminant generates a 
frame site in the transporter's crystal structure, 
which is about a crystallographic fault), re-
precipitating the analyte can correct this 

imperfection (when an adsorbed contamination 
becomes physically surrounded inside the crystal) 
Priyadharshini, Shobika (199), Nickel ferrite 
nanoparticles was prepared using the co-
precipitation process with starting materials such as; 

Ni(NO3)2.6H2O and Fe(NO3)3.9H2O before annealing 
the samples at various temperatures (500 °C, 700 
°C, and 900 °C). According to the XRD study, a 
highly crystalline ferrite phase was formed, with 

average crystallite sizes ranging from 9 to 21 nm, 
depending on the annealing temperature. 

Priyadharshini, Shobika (199), also used a co-
precipitation technique to create NiFe2O4 
nanoparticles. The creation of the cubic spinal phase 
of NiFe2O4 was confirmed by XRD analysis, and SEM 
analysis revealed the formation of spherical particles 
with an average particle size of 28 nm. Although this 

approach is difficult and expensive, co-precipitation 
produces nanoparticles whose shapes are 
unpredictable, necessitating more deliberate efforts 
to achieve the desired particle size and form. Figure 
10 presents the synthesis procedure. 

 

 

Figure 10: Synthesis of Nanoparticle using Co-precipitation Method (197). 

 

 

2.3.4. Sol-gel method 

This is a straightforward and affordable wet-chemical 
approach used to create composite materials with 
exceptional control over size. With this method, the 
solution (sol) progressively develops into a gel-like 

substance that is composed of both liquid and solid 

phase (18, 200). Non-aqueous and aqueous sol-gel 
syntheses are the two types of sol-gel methods. The 
initial stage in creating a rational synthesis for non-
aqueous sol-gel creation of metal oxide nanoparticles 
is to elaborate the chemical formation mechanism 

alongside investigations on the crystallization 
process (201). However, in order to verify that this 
technique yields comprehensive results, it is 
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necessary to explore many characterizations 
qualities, including crystallographic and microscopy. 
 

In contrast, the hydrolysis of metal alkoxides occurs 
very fast in aqueous conditions when using the sol-
gel method, complicating the ability to control 
reaction rate. When using the non-aqueous sol-gel 

approach, the carbon-oxygen bond may be applied 
with moderate reactivity at a low reaction 
temperature, which causes the nanoparticle to have 
a high crystallinity. The right solvent must be 
selected because it has a significant impact on how 
nanoparticles develop. For instance, Ahmed, Aly 

(202), used the sol gel approach to create titanium 
dioxide (TiO2) nanoparticles by combining ethanol 
and titanium chloride (TiCl4). The created TiO2 
nanoparticles were calcined for two hours at various 
temperatures between 200 and 800 °C. Up to 400 

°C, these materials demonstrated good thermal 
resilience. 
 

Polyacrylic acid (PAA) was used as a chelating agent 
in the sol-gel process to create spinel nickel ferrite 
nanoparticles. NiFe2O4 nanoparticles' size, specific 
surface area, and crystallinity were all influenced by 

the molar ratios of PAA to total metal ions and the 
calcination temperature (203). Using glycine gels 
made from metal nitrate and glycine solutions, Liu, 
Guo (204), adapted the sol-gel combustion process 
to create ultrafine barium ferrite (BaFe12O19) 
nanoparticles with sizes ranging from 55 to 110 nm. 

Furthermore, Zakir, Iqbal (205), used the sol-gel 
auto combustion approach to create spinel nickel 
ferrite (NiFe2O4) nanoparticles. Figure 11 
summarized sol-gel synthesis method of 
nanoparticle. 

 

 
Figure 11: Synthesis of nanoparticles using Sol-gel Method (200). 

 
2.3.5. Solution mixing method 

The fundamental method for mixing solutions is in a 
solvent system. This method uses electrospinning to 
combine two distinct nanoparticles in a solution. 
Since there is no chemical connection between the 
new substance and the base, the main disadvantage 
is the potential leaching of the added material. For 
instance, the synthesis of Zinc doped Iron 

oxide/GO/Polymer ternary nanocomposites using 
solution mixing approach was explored by Suneetha, 
Selvi (206). The impedance study showed that the 
modified electrode made of nanoparticle had an 
excellent capacitance with a bond phase angle of 87° 
and was a promising candidate for use in super 

capacitors. Zeng, Teng (207), used ultrasonic 

techniques to create Al-graphene oxide composites, 
and they discovered that the materials had a 255 
MPa tensile strength. The creation of graphene oxide 
metal oxide/metal nanocomposites has been shown 
to improve mechanical qualities and address a 
variety of energy and environmental-related 
problems. An effective method for producing 

graphene-TiO2 nanomaterials by photocatalyzing the 
reduction of graphene oxide in solution has been 
reported Nawaz, Moztahida (208), Figure 12 depicts 
a simplified solution mixing synthesis process for 
nanoparticles. 
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Figure 12: Synthesis of GO nanoparticles using Solution Mixing Method (208). 

 
2.3.6. Chemical vapour deposition (CVD) 
Chemical vapour deposition (CVD) is method which 
involves the deposition of solid materials from a 
chemical reaction through the production of vapour 
or vicinity of a normally heated substrate surface. 
This is an example of vapour-solid reaction which 

normally used in the production of thin films in 
semiconductor industry. In this method, vapour 
phase precursors are brought into a hot wall reactor 
under conditions that favour nucleation of particles 

in the vapour phase rather than deposition of a film 
on the wall. It is called chemical vapour synthesis or 

chemical vapour condensation in analogy to the 
chemical vapour deposition processes used to 
deposit thin solid films on surfaces. This method has 
tremendous flexibility in producing a wide range of 
materials. Hong, Liu (209), reported the synthesis of 

layered two-dimensional MoSi2N4 material via 
chemical vapour deposition. The monolayer was built 
up by septuple atomic layers of N-Si-N-Mo-N-Si-N 
which can be viewed as a MoN2 layer sandwiched 
between two Si-N bilayers. Xu, Zhang (210), 
reported the synthesis of graphene on thin metal 

films using chemical vapour deposition which was 
successfully produced. Thin metal films are usually 
made by depositing metals on various substrates 
such as single-crystal sapphire which serves as 

catalytic substrates for high quality graphene 
growth. Table 1 is the summary of different synthesis 

routes to nanoparticles such as chemical, physical, 
and biological for different applications such as 
optical communication, membrane, adsorbents 
sensor, electronic, and antimicrobial. 

 
Table 1: Overview on the synthesis of different nanomaterials. 

Nanomaterials 
Synthesis 
routes 

Synthesis methods Applications Ref. 

Aramid Chemical In-situ Membrane (211) 

Rubidium chloride doped 
magnesium oxide 

Chemical Green 
Optical 
communication 

(212) 

Polyacrylamide hydrogels  Physical Thermal Membrane  (213) 

Hyperbranchedpolyethyleneimine Chemical Facile Adsorbent (214) 

Ru–poly(amindoamine) Chemical Ionic liquid Electronic (215) 

MXenes Chemical 
Triple carbides and 
nitrides MAX 

Membrane (216) 

Amine functionalized mesoporous 
silica 

Chemical 
Etching and 
polymerization 

Adsorbent (217) 

Carbon dots-based covalent Chemical Schiff-base reaction 
Food additive 
and adsorbent  

(218) 

ZnO 
Physical 
Chemical 

Carbon microspheres 
Sensor and 
adsorbent 

(219) 

Graphite flakes and carbon-based 
nanomaterials 

Physical Thermal - (220) 

In2O3 Physical 
Hydrothermal and 
calcination 

Sensor (221) 

TiO2/WO3−x hybrid Chemical Ethanoic acid Nanowire (222) 
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Nanomaterials 
Synthesis 
routes 

Synthesis methods Applications Ref. 

Tungsten oxide 
Physical 
Chemical 

Hydrothermal and 
Dissolution 

Electronic (223) 

One-dimensional α-MoO3 Physical Hydrothermal Sensor (224) 

BaLa2ZnO5:Dy3+ Physical 
Dissolution and thermal 
processes 

Solar cell (225) 

Nano-Fe3O4@TiO2-Pr-2AB@Cu Chemical Coprecipitation Cosmetic (226) 

Ag/ZnO Chemical Facile Antibacterial (227) 

CoNi2S4 
Physical 
Chemical 

Dissolution and 
calcination 

Adsorbent (228) 

MgFe2O4 Physical 
Microwave solution 
combustion 

Dye degrader (229) 

Pd-dopedCeO2 Physical Hydrothermal  Sensor (230) 

Ba2YAlO5:Dy3+ Physical Propellant combustion Electronic (231) 

AgNPs 
Biological 
Chemical 

Plant extraction Antimicrobial (232) 

CNMs 
Physical 

Chemical 

Surface activation and 

heating 
Membrane (233) 

Sn–SnO2–C Physical Monte-Carlo reaction Electronic (234) 

MoOx/Nb2O5 Physical Calcination Medical (235) 

GO-MgO Biological Plant extraction Adsorbent (236) 

Silica nanoparticles, graphene 
nanosheets and graphene oxide 
nanosheets 

Physical 
Ambient fiery and 
furnace 

Medical (237) 

TiO2/Ag Chemical 
Sterilization and 
purification 

Electronic (238) 

Mg(OH)2 Biological Seaweed extraction 
Anti-
mycobacterial 

(239) 

Tris(selenobenzoato)antimony(III), 
tris(selenobenzoato)bismuth(III) 
and 

bis(selenobenzoato)dibutyltin(IV) 

Chemical One pot process Electronic (240) 

NaBH4 and FeCl3∙6H2O Chemical In-situ Algae harvesting (241) 

Metal ion dopedZnO Physical Combustion Adsorbent (242) 

Porous TiO2 Biological Biomass assistance Electronic (243) 

CaO 
Biological 
Physical 

Fruit extraction and 
furnace 

Antimicrobial (244) 

Bimetallic Cu-Ni hybrid 
Biological 
Chemical 

Plant extraction and 
dissolution 

Antimicrobial  (245) 

α-MnS Chemical Dissolution Electronic (246) 

Ca3MgAl10O17 Chemical Facile Sensor (247) 

SWCNT-hybrid Chemical 
Subphthalocyanine 

substitution 
Electronic  (248) 

FeFe2O4 Chemical Facile Adsorbent (249) 

Biogenicgold Chemical Dissolution Electronic (250) 

Zn–F co-dopedTiO2 Physical 
Sol-gel and 

coprecipitation 
Electronic (251) 

2-methyl-6-nitroquinoline Chemical Cyclization reaction Medical (252) 

CuFe2O4 Biological 
Waste eggshell 

extraction 

Adsorbent and 

antibacterial 
(253) 

ZnOxS1-x Chemical Facile Adsorbent (254) 

ZnxFe3–xO4 redox Chemical Dissolution Adsorbent  (255) 

Gd doped α-Sb2O4 Physical 
Washing and 

calcinations 
Electronic (256) 
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3. METHODOLOGY 
 
Scopus Database was chosen for data collection of 

the current study primarily due to the broad range of 
data covered, in-depth coverage of various 
publications (especially with regard to citation by 
source), and the system that ensures rigorous peer 

review(257). The data were searched and collated on 
the 30th December, 2022, with the search scope 
being inclusive of all sorts of articles available in the 
WoS database to ensure that the current study 
covered all potentially relevant publications. 
Important search terms were encapsulated in double 

quote marks to produce the best results, and related 
terms were split using the OR operator to produce a 
wider range of results. Examples of keywords include 
Title-ABS-KEY [synthesis AND nanoparticle] and 
Title-ABS-KEY [synthesis AND nanoparticle]. As an 
alternative, TITLE-ABS-KEY [nanomaterial] and 

TITLE-ABS-KEY [synthesis] were chosen to search 

for recent papers between 2010 and 2023, which will 
ultimately help recognize and study various research 
topics with a higher number of publications. 
 
The WoS website also generated citation statistics so 
users could see the year-by-year trend of documents 
published and the frequency with which they were 

cited. In order to determine the quantity of 
publications relative to various authors, nations, 
affiliations, research areas, publishers, and journals, 
the WoS website was also examined. Lastly, the 
downloaded data were imported into the VOSviewer 
1.6.18.0 programme to plot co-occurrence maps of 

author keywords used in the articles as well as 

network maps showing relationships between 
authors and nations. 
In order to create network maps with respect to 

various parameters such as author, citation, 
organization, country, and keyword co-occurrence, 
Ludo Waltman and Nees Jan van Eck created the 
free-to-use scientometric programme VOS viewer 

(Visualisation of Similarities). The dataset was also 
sorted using the three metrics of total link strength, 
document count, and citation count using the 
VOSviewer software. According to the data, a frame's 
dominance in network maps increases with frame 
size, and a frame's networking power increases with 

the number of lines that originate from it (a line 
serves as a connection between two frames). When 
it comes to keyword co-occurrence maps, the larger 
the frame size, the more frequently a keyword is 
used. Various applications were assessed by 
examining the most recent, pertinent, and highly 

referenced publications found on the WoS website, in 

addition to the various network mapping and trend 
studies, and mechanistic insights were presented for 
each nanoparticle synthesis. 
 
4. RESULTS AND DISCUSSION 
 
4.1. Primary Details and Publication Patterns 

117,162 publications of the total documents from 
more than 15,568 sources had more than 19000 
keywords in addition to the author's own keywords 
with an average of 15 citations per document and 
more than 2000 authors. In Figure 13, the analyzed 
papers span the period of January 2010 to December 

2022, indicating that research is progressing to 
improve synthesis of different nanoparticles. 

 

 
 

Figure 13: General patterns of the publications per year. 
 
Between 2007 and 2020, the overall number of 

annual publications grew gradually. The chart, 
however, demonstrates that following the available 
information on Scopus whereby there was low 
publication between 1985 and 2009. The lack of 

research papers during those years can be linked to 

a lack of understanding of the application of 
nanotechnology which ultimately led to an increase 
in publication output starting in 2010. With 12,691 
and 12,237 documents for 2020 and 2021 
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respectively reported the largest publication 
production. The reason why 2020 was the largest 
yearly publication was because researchers 

concentrate much on research due to Covid-19 
pandemics lockdown. 
 
4.2. Performance of Various Journals 

About 111,553 journals in total have published 
studies on the synthesis of nanoparticles. Table 2 
highlights the h-index and other performance 
metrics-based lists of the 20 most relevant journals. 

The top 20 journals generated more than 25 % of the 
total papers related to synthesis of nanoparticles 
over the course of the 13 years, indicating both a 

widespread distribution of these publications and a 
general interest in these devices. 2638, 2138, 1712, 
1599 and 1577 articles are the five most prominent 
journals by total number of publications (TNP) are 

RSC Advances, Journal of Colloid and Interface 
Science, Journal of Nanoparticle Research, ACS 
Applied Materials and Interfaces and chemical 
Communication respectively. 

 
Table 2: Top 20 most published Journals. 

Rank Sources Documents IF 

1 RSC Advances 2628 4.036 

2 
Journal of Colloid and Interface 
Science 

2138 9.965 

3 Journal of Nanoparticle Research 1712 2.533 

4 
ACS Applied Materials and 
Interfaces 

1599 10.383 

5 Chemical Communications 1577 6.065 

6 New Journal of Chemistry 1574 3.925 

7 Journal of Alloys and Compounds 1551 6.371 

8 
Colloids and Surfaces A 
Physicochemical And Engineering 

Aspects 

1507 5.518 

9 
Journal of Materials Science 
Materials in Electronics 

1359 2.779 

10 Materials Letters 1357 3.574 

11 Applied Surface Science 1282 7.392 

12 Ceramics International 1242 5.532 

13 Nanoscale 1214 8.307 

14 Materials Today Proceedings 1213 - 

15 
Journal of The American Chemical 
Society 

1123 16.383 

16 
Colloids and Surfaces B 
Biointerfaces 

1122 5.999 

17 
International Journal of Biological 
Macromolecules 

1040 8.025 

18 Materials Chemistry and Physics 923 4.094 

19 
Journal of Nanoscience and 

Nanotechnology 
872 4.849 

20 Langmuir 848 4.331 

 
4.3. Authors’ Characteristics 
4.3.1. Performances of authors 
The research on synthesis of nanoparticles was 

written by more than 1650 authors. Table 3 depicts 

the top ten most prolific authors in terms of 
publication, together with their total number of 
publications. The first author in the top ten most 
productive authors has the most articles published 
(196), while the tenth author has the fewest (85). 

More than half of these writers are from the top ten 
most productive countries, implying that they are 
more productive in the field of research. Prof. 

Salavati-Niasari has the most published articles 

(196), indicating that he has a good academic 
performance with scientific quality and that the 
majority of his works are well known. 
Prof.Rajeshkumar is the second-most prolific author 
in terms of publication, with 137 papers. 

  



Ajala OJ et al. JOTCSA. 2024; 11(4):1329-1368  REVIEW ARTICLE 

1355 

Table 3: Top 20 most published authors. 

Ranks Authors Documents 

1 Salavati-Niasari, M 196 

2 Rajeshkumar, S 137 

3 Asiri, A.M 129 

4 Baykal, A. 112 

5 Chen, S.M 105 

6 Nasrollahzadeh, M 99 

7 Ghaedi, M 89 

8 Maaza, M 87 

9 Darroudi, M 86 

10 Morsali, A 85 

 
4.3.2. Most cited articles 
The top most cited publications for the examined 

period (2010–2023) were also concerned about the 
first authors' countries, the journal's name, and the 
number of TCs. Differences in the number of citations 

or references received in a given year can be used to 
quantify the impact of publications and the authors' 
influence. As shown in Figure 13, most prolific 
authors are from China, India, United States, and 
Iran. The article, titled “porphyrin-sensitized solar 
cells with cobalt (II/III)-based redox electrolyte 
exceed 12 percent efficiency” was published in 

science in 2011 with 5475 total citations. The article, 
titled “MoS2 nanoparticles grown on graphene: an 

advanced catalyst for the hydrogen evolution 
reaction” which appeared in journal of the American 

chemical society in 2011 and received 4150 total 
citations, is the second-most referenced article 
overall. This article provides a general overview of 

nanostructures, discusses their significance, and 
reviews current develop-ments in nanostructured on 
graphene while the article, titled “principles of 
nanoparticle design for overcoming biological 
barriers to drug delivery” is the third most cited 
article. It had 3737 TCs when it was published in 
Nature Biotechnology in 2015. The research 

described the principles of nanoparticle design for 
overcoming biological barriers to drug delivery. 

 

 
Figure 14: The Map of top 20 countries in terms of academic cooperation for Nanoparticle synthesis. 

Colour caption: The colour size indicate the percentage quantities of nanoparticle synthesized countries 
with their collaborator. 
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5. CONCLUSION 
 
In this review, different synthesis methods of several 

nanoparticles such as chemical, physical and 
biological techniques were discussed. The co-
precipitation approach is a chemical synthesis route 
and it is the simplest of all techniques while green 

synthesis produces non-toxic compounds but it has 
very low yields compared to other techniques. There 
are many other factors that are associated with these 
synthesis approaches which are very important such 
as cost, simplicity, and percentage yield. The 
character of the products is largely influenced by the 

specifics of the preparation. The huge specific surface 
area, quick charge transfers, and the shape of the 
materials are features that determine the 
performance of the nanoparticles. 
 
Since various applications of nanoparticles have 

emerged, bibliometric examination of the evolution 

of literary works connected to synthesis of 
nanoparticles has been examined. Between 2010 and 
December 2022, about 117,162 publications on 
synthesis of nanoparticles were identified using 
bibliometric analysis in the Scopus database, and 
92% of them were journal articles. The study 
demonstrates that in the period under evaluation, 

the literature on synthesis of nanoparticles has 
advanced significantly. Research publications about 
synthesis of nanoparticles were published in over 139 
sources. The top five journals with more than 30% 
contributions to the subject field are RSC Advances, 
Journal of Colloid and Interface Science, Journal of 

Nanoparticle Research, ACS Applied Materials and 
Interfaces, and Chemical Communication. The top 

five most productive nations are as follows: South 
Korea, China, India, and the United States, with 
China being the most prolific across all references, 
indicating its leadership position in nanoparticle 
synthesis research. The most productive institution 

is Ministry of Education China with 5,356 articles, 
followed by Chinese Academy of Sciences with 4,472 
articles and CNRS Centre National de la Recherche 
Scientifique with 1419 articles. The top 10 
institutions all have positive international inter-
institutional relationships. The bibliometric analysis 
also identifies the most popular terms, which point to 

the most popular subject areas. The future of 
synthesis of nanoparticles lies in the basic 
development of composite materials from various 
types of preparations in order to overcome their 

drawbacks. The bibliometric studies, in our opinion, 
will motivate academics to further investigate the 

previously highlighted areas and promote future 
cooperation. 
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Abstract: Studies were conducted to analyze the intermolecular interactions between dextran solute and 1M 

sodium hydroxide solvent in aqueous solutions at different temperatures and concentrations. This involved 

measuring ultrasonic speed (U), density (ρ), and viscosity (η). Various acoustic parameters such as free 
volume (Vf), internal pressure (Пi), Rao’s constant (R), and Wada's constant (W) were calculated at a constant 
frequency using the experimentally obtained values of density (ρ), viscosity (η), and ultrasonic speed (U) of 
the solutions. The results provide insight into the temperature and concentration dependence of these 
parameters and the intermolecular interactions within the system. This investigation offers valuable 
information about the interaction type between solute and solvent, structural rearrangement, and the extent 
of molecular interaction in liquid solutions. 

 
Keywords: Aqueous dextran, Ultrasonic speed, Density, Viscosity, Molecular interactions. 
 

Submitted: August 17, 2023. Accepted: August 5, 2024. 
 
Cite this: Panda S. Molecular Interaction of Dextran and Sodium Hydroxide through Ultrasonic Investigation. 
JOTCSA. 2024;11(4): 1369-76. 
 

DOI: https://doi.org/10.18596/jotcsa.1345350 
 

*Corresponding author’s E-mail: subhraraj4u@gmail.com 
 
1. INTRODUCTION 
 
The study of molecular interactions is crucial to 
comprehending the composition and properties of 
liquids. Several studies have been carried out on the 

interaction in liquid mixtures Using various 
techniques, including infrared spectroscopy, nuclear 
magnetic resonance spectroscopy, and ultrasonic 
research. These methods have proven to be practical 
tools for obtaining information about liquid systems' 
physical and chemical properties (1). The approach 

of researching molecular interactions using 

knowledge of thermodynamic parameter fluctuation 
with composition and temperature provides insight 
into the molecular process. Industry demands a 
broad spectrum of chemical and physical properties 
of liquid solutions. 
 

Researchers have used ultrasonic methods to study 
polymer structures from various perspectives (2-4). 
Researching acoustic characteristics is a convenient 
approach for investigating liquid structures, 
particularly dilute polymer solutions. Using basic 
procedures, it provides a strong understanding of the 
potential structure of the polymer and solvent 

molecules at various concentrations and some 
information about the amount of connection (5). In 
previous years, the most popular and cost-effective 

technique for determining density (ρ), viscosity (η), 
and ultrasonic speed (U) was to use a specific gravity 
bottle, a capillary viscometer, and an ultrasonic 
interferometer (6-10). To anticipate the solute-
solvent, ion-solvent, and solvent-solvent interactions 

in aqueous solutions, including electrolytes, 
ultrasonic speed measurements are beneficial in the 
field of study. 
 
Since ultrasonic speed is essentially connected to the 
binding forces between the medium's constituents, it 

is very sensitive to the structure and interactions 

seen in liquid systems. The intermolecular free path 
length in a solution determines the ultrasonic speed. 
The presence of ultrasonic waves stirs the molecules 
in the solution. The medium is flexible, allowing 
disrupted molecules to return to their equilibrium 
positions. The molecules of a solute attract the 

molecules of a solvent when they are introduced 
together. This phenomenon is referred to as 
restricted compressibility and compression. 
Aggregation of solvent molecules around solute 
molecules strengthens solvent-solute interactions. 
Solvent-solute interactions result in a considerable 
alteration of the solute's structure (11). 

 
Utilizing a through transmission approach at a 
frequency of 5 MHz, ultrasonic investigations were 
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carried out to measure longitudinal and shear wave 
velocities and attenuation across a temperature 
range of 300 to 700 K (12). Using the through 

transmission technique, ultrasonic velocities and 
attenuation for La1-xCaxMnO3 samples were 
evaluated using a high-power ultrasonic pulser 
receiver and recorded via a 1 GHz digital storage 

oscilloscope. 5 MHz X- and Y-cut transducers 
produced longitudinal and shear waves, and a 
programmable temperature controller was used to 
regulate the heating rate, which allowed for 
measurements to be made between 300 and 600 K 
at a rate of 0.5 K/min. The recorded ultrasonic 

velocities and densities were used to determine 
elastic constants that took temperature variations 
into account, such as bulk, longitudinal, shear, and 
Poisson's moduli and Young's modulus (13). 
According to in situ ultrasonic experiments, NLSMO's 
Curie temperature was lower than BLSMO's and 

continued to drop as the Sr concentration increased. 

Furthermore, the extensive transitions seen in the 
NLSMO samples indicated that the usual phase 
transition from ferromagnetic to paramagnetic (FM to 
PM) was absent (14). 
 
If ionic solvents are present in solutions, then the 
interaction is purely ion-dipole interaction, which 

depends on the ion size and polarity of the solute 
(15-17). After adding the solute to the solvent, the 
ion and solute molecule interact, which causes 
volume contraction (18,19). Several researchers 
have determined the ultrasonic speed and related 
parameters (20-23). From the literature review, it is 

found that studies have been made for various 
univalent and bivalent electrolytes, biomolecules, 

heterocyclic compounds, drugs, and different solvent 
systems like CH3OH, ethylene glycol propanol, and 
other proteins. 
 
The values of the relevant thermodynamic and 

acoustic parameters, as well as ρ,η, and U, have 
been determined in this article at temperatures of 
“303K, 308K, 313K, 318K, and 323K” in 1MHz 
frequency, of dextran 0.1, 0.25, 0.50, 0.75, and 1 
percent concentrations in 1(M) sodium hydroxide 
solution. The various acoustic parameters like free 
volume (Vf), internal pressure (Пi), Rao’s constant 

(R), and Wada’s constant (W) have been calculated 
at constant frequency in different temperatures and 
concentrations (24-26). Dextran has broad industrial 
applicability, particularly in the pharmaceutical 

industry, so we chose it for our study. Dextran is 
water soluble. Dextran, initially utilized to convert 

human red blood cells into synthetic blood-volume 
expanders to enhance the degree of polymerization, 
is now being employed in clinical applications and 
pharmaceutical industry tablet studies (27-29). 
 
Ultrasonic techniques are widely utilized in 
engineering and many other fields to study molecular 

interactions in liquids. These techniques use the 
propagation of ultrasonic waves through liquids to 
gather information on the properties, compositions, 
and behaviors of molecules. It is possible to use 
ultrasonic interferometry to determine 
conformational changes in the molecules. 
Understanding the underlying chemical mechanisms 

and how the structure of molecules changes during 
binding may be gained from this. Using ultrasonic 
techniques, phase shifts and the solidification of 

liquids are detected. Changes in ultrasonic wave 
properties, which can be utilized to detect changes in 
molecular interactions during cooling or heating, aid 
in the understanding of the freezing and melting 

processes. 
 
2. EXPERIMENTAL MATERIALS & METHODS 
 
For studies, 1(M) sodium hydroxide AR (analytical 
reagent) grade with a minimum assay of 99.9% and 

the polymer dextran with a molecular weight of 
70,000 Da manufactured by HI Media 
Laboratories Private Limited, India. The NaOH 
solution was made from freshly distilled water. The 
solute, dextran 70,000 Da, was utilized, and its 
concentrations varied throughout distinct (w/v) 

percentage ranges (30,31). 

 
2.1. Measurements 
The mass of a known volume of the solution was 
measured, and density was calculated using a 
Pycnometer (specific gravity bottle). Using a 
conventional equation and a 25mL specific gravity 
bottle (Figure 1), the density (32-34) of the solution 

is calculated with an accuracy of 0.1 kg.m-3. Utilizing 
a specific gravity bottle, the thickness was measured 
with an error of 0.04%. 

 
Figure 1: Specific gravity bottle. 

 

ρ2 =
w2

w1
 ρ1      (1) 

 
Where w1 and w2 denote the weight, ρ1 and ρ2 denote 
the density of distilled water and the experimental 
solution, respectively 

 

Viscosity was measured by timing the flow of the 
solution through the viscometer capillary at 
controlled temperature conditions. The viscosity (32-
34) of the polymer solution was assessed using a 
pre-calibrated Ostwald's viscometer (Figure 2) with 

an error range of 0.067% (Figure 2). The flow time 
of the solutions used for the inquiry is used to 
calculate the viscosity, with an inaccuracy of up to 
0.01 seconds. The equation was used to calculate the 
values at the specified temperatures. 
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Figure 2: Ostwald’s viscometer. 

 

 η2 =  η1  (
t2

t1
) (

ρ2

ρ1
)     (2) 

 
where η1 and η2 are the viscosities, and t1 and t2 
are the times of flow of distilled water and the 
experimental solution, respectively. 
 
Using an ultrasonic interferometer (Figure 3) having 

uncertainty within the order of ±0.056, The 
ultrasonic wave's speed in solution was measured 
using 11 distinct frequency bands (35). The 
interferometer measuring cell is a specially created 
double-walled vessel with a temperature constant 
configuration. Water was circulated through the 
outer jacket of the double-walled estimation cell 

containing the test solution using an electronically 
controlled advanced steady temperature shower that 
functioned in the temperature range of -10 °C to 85 

°C with an accuracy of 0.1 K. All measurements were 
made in a water bath with a flowing medium that had 
a 0.10°C uncertainty. Measurements were taken at 

multiple frequencies (1 MHz, 5 MHz, 9 MHz, and 12 
MHz). The sample was placed in the interferometer, 
and ultrasonic velocity was recorded at each 
frequency. 
 

 
Figure 3: Ultrasonic interferometer. 

3. THEORETICAL ASPECT 
 
The calculated thermodynamic and acoustic 

parameters (36) 
 
Free volume: 
“Free volume (Vf) in terms of ultrasonic velocity (U) 

and the viscosity (η)” of the liquid is as follows: 
 

𝑉f = (
MeffU

Kη
)

3

2
      (3) 

 
Where Meff is the solution's effective molecular 

weight, and K is the temperature-independent 
constant, which is 4.281 x 109 for all liquids. 
 
Internal pressure: 
It can be calculated using the relation given below 
 

𝜋𝑖 = bRT (
kη

U
)

3/2
(

ρ2/3

Meff
7/6)     (4) 

 
Where b stands for cubic packing, which is assumed 
to be 2 for all liquids, T is the absolute temperature 

in Kelvin, and R is the universal gas constant. 
 
Rao’s constant: 
Rao has demonstrated the empirical relationship 
between molecular weight, density, and ultrasonic 
velocity of liquids. 

 

R =  
Meff

ρ
U1/3      (5) 

 
This equation is called Rao’s rule, and R is also called 
the molar sound velocity. Rao provided a theoretical 

explanation of his formula based on the phase rule 
and kinetic theory of liquids. 

 
Wada’s constant: 
Wada explored how molar compressibility changed 
with a concentration in a variety of liquid systems. 
He came up with the empirical relationship, 
 

W =  
Meff

ρ
  β−1/7      (6) 

 

4. RESULTS AND DISCUSSION 
 
The experimental values of density (ρ), viscosity (η), 
and ultrasonic speed (U), the derived parameters 
free volume (Vf), internal pressure (Пi), Rao’s 

constant (R), and Wada’s constant (W) of dextran in 

H2O-NaOH are given in Table 1-3.and displayed in 
Figure 4 to 10. 
 

 
Table 1: Ultrasonic speed (U) and free volume (Vf). 

T (K) (U) m/s (Vf) (x10-3m3·mol−1) 

0.10% 0.25% 0.50% 0.75% 1% 0.10% 0.25% 0.50% 0.75% 1% 

303 1587.0 1589.0 1590.0 1591.0 1593.0 7.437 7.348 7.156 6.887 6.671 

308 1594.0 1596.0 1597.0 1598.0 1599.0 8.870 8.621 8.381 8.157 7.784 

313 1600.0 1601.0 1603.0 1604.0 1606.0 10.759 10.098 9.946 9.509 9.032 
318 1606.0 1607.0 1608.0 1610.0 1612.0 11.641 11.054 10.882 10.712 10.212 
323 1611.0 1613.0 1614.0 1615.0 1618.0 13.232 12.988 12.545 11.914 11.312 
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Table 2: Internal pressure (Πi). 

T (K) Πi(×103 N·m−2) 

0.10% 0.25% 0.50% 0.75% 1% 

303 122.65 123.17 124.33 125.96 127.44 
308 117.41 118.62 119.80 120.92 122.99 
313 111.74 114.19 114.86 116.62 118.83 
318 110.40 112.42 113.04 113.72 115.74 
323 107.24 107.97 109.29 111.30 113.40 

 
Table 3: Rao’s constant (R) and Wada’s constant(W). 

T (K) (R) 
(m3/mole)(m/s)1/3( 10-3) 

(W) 
(m3/mole)(N/m2)1/7( 10-3) 

0.10% 0.25% 0.50% 0.75% 1% 0.10% 0.25% 0.50% 0.75% 1% 

303 1.126 1.126 1.126 1.125 1.124 0.0797 0.0797 0.0797 0.0796 0.0796 

308 1.130 1.129 1.129 1.128 1.126 0.0799 0.0799 0.0798 0.0798 0.0797 

313 1.134 1.133 1.132 1.132 1.130 0.0801 0.0801 0.0800 0.0800 0.0799 

318 1.138 1.137 1.136 1.135 1.133 0.0804 0.0803 0.0803 0.0802 0.0801 

323 1.142 1.142 1.141 1.140 1.138 0.0807 0.0806 0.0806 0.0805 0.0804 

 
Figure 4: Ultrasonic speed vs concentration. 

 

 
Figure 5: Ultrasonic speed vs temperature. 

 
Figure 6: Free volume vs concentration. 

 

 
Figure 7: Free volume vs temperature. 
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Figure 8: Internal pressure vs concentration. 

 
 
 

 
Figure 9: Internal pressure vs temperature. 

 
 

 
Figure 10: Rao’s constant vs concentration. 

 

 
Figure 11: Rao’s constant vs temperature. 

 
Figure 12: Wada’s constant vs with concentration. 
 

 
Figure 13: Wada’s constant vs temperature. 
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5. DISCUSSION 
 
The number of molecules in the medium rises as the 

concentration of dextran increases, making the 
medium denser and increasing sound speed. The rise 
in speed (Figure 4) might be owing to cohesive 
forces, implying that the observed values are due to 

molecular attachment (37,38). This suggests a 
molecular connection, which may be brought about 
by hydrogen or dipole-hydrogen bonds between 
NaOH and water. The relationship between sodium 
hydroxide (Na+) and water molecules rather than 
between sodium hydroxide (Na+) and dextran 

molecules is caused by ion-dipole interaction. The 
variation in speed may be caused by the solvent 
particles' self-relationship and concentration-
dependent dipole-induced dipole cooperation 
between the segment atoms. At the mixture's 
saturation area, there is a slight shift in speed, 

indicating that the dispersive force outweighs the 

dipole-induced dipole force, and the molecular 
association comes to an end. This is so because the 
dextran molecule is larger than the water molecule. 
Therefore, the polarizability will increase with size 
and may result in substantial contact forces. With 
increased temperature, ultrasonic speed increases 
(Figure 5), indicating that molecular association 

takes place in the solution (39-42). 
 
The free volume is a practical volume in which the 
core molecules can move within the solution due to 
the attraction of nearby molecules. The reduction in 
free volume (Figure 6) and temperature increase 

(Figure 7) with increasing concentration and 
temperature validate the ion–solvent interactions. As 

the concentration (vol.%) of dextran in NaOH 
increases, it is seen that the free volume (Vf) falls 
and the internal pressure (πi) rises, indicating 
interaction in the molecules of the component liquids. 
The fact that the free volume reduces as the 

concentration increases shows that the molecules 
have arranged themselves so that less vacant space 
is accessible, indicating a reduction in compressibility 
(43,44). 
 
The internal pressure is observed in the opposite 
trend, which is accepted. It is seen from Figure 8 that 

internal pressure increases with an increase in 
concentration because, with the addition of more 
solute, ion-solvent interaction increases. The internal 
pressure (45) drops as the temperature rises 

because increased thermal energy causes thermal 
agitation of ions, which limits the likelihood of 

contacts and lessens cohesive forces, resulting in a 
decrease in the internal pressure (Figure 9). The 
space a molecule has to travel in a hypothetical unit 
cell is called the free volume. The system's increased 
free volume demonstrates how the intensity of the 
interaction steadily grows as the solute concentration 
rises. It suggests that there is just minimal contact 

between the solvent molecules and the solute. 
Internal pressure is a more general term and a 
measurement of all the forces (dispersion, ionic, and 
dipolar) at work in the liquid system, contributing to 
its overall cohesion and adhesion. Figures 11 and 13 
illustrate Rao's and Wada's constant rise as the 
temperature rises. The increasing trends of Rao's 

constant and Wada's constant (46,47) with 
concentration imply that more components are 
available in a given location, resulting in a close 

packing of the medium and increasing interactions. 
 
6. CONCLUSION 
 

The impact of temperatures and concentrations on 
thermoacoustic parameters has been researched. 
The investigations above have revealed the 
characteristics of molecular forces, such as hydrogen 
bonds, charge transfer complexes, hydrogen bond 
breaking, and complexes. Intermolecular forces, also 

referred to as electrostatic forces, are weak between 
charged particles of a permanent dipole and an 
induced dipole molecule. Due to the different sizes 
and shapes of the molecules, the geometric fitting of 
one molecule into another results in the components' 
structural features. Depending on the chemical 

makeup of the polymer fragment, its polarity, and its 

solubility parameter, forces of attraction or 
dispersion start to develop between them when 
introduced to a solvent. When the solvent-solute 
interaction outweighs the solute-solute attraction, 
the troops holding the polymer coil in place weaken. 
As a result, the solvent molecules penetrate the 
spaces between the segments and disrupt their 

interaction. They encircle and make contact with 
each piece individually. The segments release or 
unfurl from their tightly coiled structure during this 
process. To put it another way, the combined 
segments without a solvent are now solvated. 
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Abstract: Gomphocarpus purpurascens A.Richs. (sub-family: Asclepiadaceae, family: Apocynaceae) is an 
endemic plant in Ethiopia and Eritrea. The chromatographic fractionation of the chloroform:methanol (1:1) 
leaf extract resulted in the isolation of a cardenolide-type compound named calotropin. Its structure was 
confirmed based on the 1D-NMR (1H, 13C, and DEPT-135) spectral data along with reported work. This is the 
first report on the isolation of calotropin from the leaves of G. purpurascens. The n-hexane extract displayed 
better antibacterial activity against E. coli and P. aeruginosa (8.1 ± 0.0 to 10.8 ± 0.1 mm) up to 12,500 
μg/mL concentration. Generally, all the extracts and the isolated compound, calotropin, showed better 

antibacterial activity against the P. aeruginosa strain than chloramphenicol (7.1 ± 0.2 to 7.3 ± 0.5 mm). The 
tested chloroform: methanol (1:1) extract indicated a weak antifungal activity against C. albicans compared 
to ketoconazole 10 µg/disc (17.67 ± 2.52 mm). On the contrary, all the extracts were found to have a good 
DPPH radical scavenging activity (IC50 values, 1.1-2.7 µg/mL) comparable to ascorbic acid (1.0 µg/mL). The 

isolated calotropin exhibited a stronger binding capacity (-10.3 kcal/mol) against the P. aeruginosa PqsA 
(5OE3) protein model than chloramphenicol (-7.0 kcal/mol). This compound was also found to violate 
Lipinski’s rules of five (with a molecular weight > 500 g/mol) and showed immunotoxicity and cytotoxicity 

properties. Given that this is a preliminary report, further biochemical investigations would be needed on this 
G. purpurascens plant to identify additional phytoconstituents with superior efficacy. 
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1. INTRODUCTION 
 
Gomphocarpus purpurascens A.Richs. (Syn. 
Asclepias purpurascens and Gomphocarpus fruti-
cosus) is a member of the sub-family Asclepiadaceae 
of the family Apocynaceae. It is locally known as 

“Tefreina” (in Amharic) (1) and “Ari-Yuyo” (in 
Oromifa) (2). G. purpurascens grows as an annual 
shrub on open, rocky ground and in disturbed areas. 
It occurs in most Ethiopian regions and is endemic to 
the highland regions of Ethiopia and Eritrea (1). In 

the prehistoric Harla town of eastern Ethiopia, the 
leaves of G. purpurascens are used for the treatment 
of itching skin and evil eyes (2). Currently, there is a 
claim that the itchy skin has potentially been caused 
by the methicillin-resistant Staphylococcus aureus 
(3). In Ethiopia, people also use G. purpurascens for 

the treatment of wounds and wart diseases (4). 
Besides, extracts prepared from the roots and leaves 
of the plant have traditionally been used as anti-
inflammatory and analgesic agents in the Tigray, 
Amhara, and southern regions of Ethiopia (5). 
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Regarding the experimental-based biological activity 
of the plant, to our knowledge, only a few reports 
were found in the literature. For example, to our 

knowledge, only one study (6) was reported about 
the antimicrobial activity of the leaves of G. 
purpurascens. According to this report, three 
concentrations (150, 300, and 600 mg/mL) of the 

ethanol and methanol leaf extracts of G. 
purpurascens were tested against some bacterial 
pathogens and the C. albicans fungal strain. These 
extracts scored respective inhibition zone values of 
6.09 ± 0.18 to 6.90 ± 0.40 mm and 9.19 ± 0.07 to 
13.20 ± 0.1 mm against E. coli; 9.51 ± 0.1 to 12.7 

± 0.15 mm and 7.1 ± 0.01 to 8.2 ± 0.01 mm against 
S. aureus; 9.01 ± 0.01 to 9.77 ± 0.15 mm and 9.8 
± 0.01 to 13.8 ± 0.10 mm against P. aeruginosa; 
and 6.34 ± 0.04 to 6.64 ± 0.04 mm and 8.01 ± 0.01 
to 13.79 ± 0.01 mm against C. albicans. The 
reported result was compared with the tetracycline 

(13.09-25.65 mm at 0.025 mg/mL) and ketoco-

nazole (7.87 ± 2.18 mm at 25 mg/mL) standard 
drugs. Asfaw et al. (7) also reported the antibacterial 
activity, against only the E. coli bacterium, of acetone 
and methanol extracts of the leaves and stems of G. 
purpurascens with inhibition values of 55 mm and 60 
mm, respectively (concentration was not mentio-
ned). Another study reported by Ayanaw et al. (5) 

indicated that 80% of methanol extracts from the 
leaves and roots of this plant showed a dose-reliant 
anti-inflammatory and analgesic effect. The same 
authors (5) also reported the presence of some 
classes of phytochemicals, such as terpenoids, 
flavonoids, alkaloids, and phenolics. Different plant 

species of the family Asclepiadaceae were claimed for 
their anticancer and antioxidant potentials (8). 

However, according to our information, no reports 
were found on the antioxidant activity of the G. 
purpurascens species. Few compounds were 
previously reported from some species of the genus 
Gomphocarpus. Three triterpenoids (3β-taraxerol 

acetate, 13α-methyl,27-norolean-14-en-3β-ol(3β-
taraxerol and betulinic acid), a pregnane glycoside 
((lineolon-3-O-β-D-cymaropyranosyl-(1-4)-β-D-
cymaropyranosyl-(1-4)-β-D-oleandropyranose)) and 
a cardenolide glycoside (gomphoside) were reported 
from the aerial parts of Gomphocarpus fruticosus (9). 
Besides, two other cardenolide compounds named 

uzarigenin and calotropin were isolated both from G. 
fruticosus and G. sinaicus (9, 10). However, based 
on our best search, no chemical constituents were 
reported from the species G. purpurascens. The 

limited antimicrobial activity reports, the absence of 
any report on the antioxidant activity study and 

isolated chemical constituents, and the claimed 
traditional medicinal uses against itchy skin and 
wound diseases (caused by common bacteria like 
Staphylococcus aureus, Pseudomonas aeruginosa, 
and Escherichia coli) of G. purpurascens leaves 
initiated us to do the present work. If not, no 
biological and phytochemical studies conducted on 

this G. purpurascens species have initiated us to do 
the present work. This study reported, for the first 
time, the isolation of the cardenolide compound, 
calotropin, and its in vitro and in silico antibacterial 
and antioxidant activities from the leaves of G. 
purpurascens. Also, the in vitro antimicrobial and 

antioxidant effects of crude leaf extracts of this plant 
were reported herein. 
 

2. MATERIALS AND METHODS 
 
2.1. Plant Material 
The leaves of Gomphocarpus purpurascens (Figure 

1) were collected from the prehistoric Harla town and 
surrounding villages, Dire Dawa, Eastern Ethiopia 
(latitude 9°27′ and 9°39′N, longitude 41°38′ and 
42°20′E, 950-2260 m asl) during October 2022. The 
plant was identified by Dr. Anteneh Belayneh, 
Haramaya University, Ethiopia, and a voucher 

specimen (voucher number AHU126) was deposited 
in the herbarium of the mentioned University. 
Collected fresh samples were washed with tap water 
and then dried at room temperature under shade. 
The dried samples were coarsely powdered and 
sieved using an electrical blender. Powdered samples 

were packed in a tightly sealed glass bottle and 

stored in a refrigerator (4 °C) for later experimental 
work. 
 

 
Figure 1: Photo of Gomphocarpus purpurascens 

plant (photo by Tsegu K., 2022). 
 
2.2. Test Microbial Cultures 
Three human standard bacterial pathogens, viz., 
Staphylococcus aureus (S. aureus, ATCC 25923), 
Escherichia coli (E. coli, ATCC 25922), and 

Pseudomonas aeruginosa (P. aeruginosa, ATCC 
27853), and a fungal strain, Candida albicans (C. 
albicans, ATCC 10231), were obtained from the 
Ethiopian Public Health Institute (EPHI). 
 
2.3. Chemicals, Apparatuses and Instruments 

Chemicals 

Chemicals such as methanol, ethanol, n-hexane, 
ethyl acetate, chloroform, dichloromethane, acetic 
acid, acetone, and 230-400 mesh size silica gel were 
used for extraction, chromatographic separation, and 
TLC analysis purposes. Iodine vapor was used and 
served as a TLC-detecting agent. Ferric chloride, 

potassium ferricyanide, 0.2 M potassium phosphate 
buffer, and trichloroacetic acid were consumed for 
the study of potassium ferric ion reduction 
antioxidant power (PFRAP), and DPPH free radical 
was used for the DPPH antioxidant assay. Mueller 
Hinton agar (MHA) and Potato Dextrose agar (PDA) 
media were used for antibacterial and antifungal 

activity evaluation, respectively, using DMSO as a 
positive control. Chloramphenicol, ketoconazole, and 
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ascorbic acid were used and served as reference 
drugs for the antibacterial, antifungal, and 
antioxidant activity assays, respectively. 

 
Apparatuses and Instruments: An electrical 
laboratory blender (Torrington, CT., USA), orbital 
shaker (Hy-5A, Movel Scientific Instrument CO. Ltd., 

China), a suction filtration apparatus, and a rotary 
evaporator (rotary vacuum, Jainsons, India) were 
used for plant sample grinding, extraction, filtration, 
and solvent evaporation, respectively. Silica gel 60 
F254 pre-coated aluminum TLC sheet (Merck), TLC 
chamber, and capillary tube were used for TLC 

analysis. A UV-lamp cabinet (254 and 365 nm, UVP 
Chromato-Vue C-70G, Analytik Jena, USA) was used 
and served as a non-destructive TLC-detecting tool. 
The PTLC and glass column were used for 
fractionation of the extract and isolation of the 
compound. A Petri dish, an incubator (Binder B28, 

Germany), and an autoclave (Tuttnauer 3150EL, 

Israel) were used for the evaluation of antimicrobial 
activity. A UV-Vis spectrophotometer (Cecil CE4001 
UV/VIS, Cambridge, England) was employed for 
absorbance measurement during the antioxidant 
activity assay. 1D-NMR (1H, 13C, and DEPT-135) 
(BRUKER ACQ 400 AVANCE) spectroscopic instru-
ment was employed for the structural identification 

of the isolated compound. 
 
2.4. Extraction and Chromatographic 
Fractionation 
The commonly applied successive organic solvent 
extraction protocol (11) was used in this study. That 

is, P powdered leaves (500 g) were macerated in n-
hexane (3x, 2.5 L) by shaking overnight and then 

followed by filtration and concentration, resulting in 
a dark yellow dry extract (18 g). The remaining 
residue, after n-hexane extraction, was re-extracted 
successively with chloroform, chloroform: methanol 
(1:1), ethanol, and methanol using the same 

technique. The extract solutions were filtered and 
concentrated to yield corresponding dry extracts of 6 
g, 53 g, 27 g, and 43 g. Then, the chloroform: 
methanol (1:1) extract, after TLC examination, was 
submitted to silica gel chromatographic fractionation. 
That is, green crude extract (30 g) was reconstituted 
in chloroform: methanol (1:1, 150 mL), adsorbed on 

normal silica gel (40 g), and concentrated. The 
adsorbed powder was then applied over a glass 
column packed with silica gel (200 g) and eluted with 
n-hexane/CHCl3/EtOAc/MeOH of different polarity 

ratios. A total of three hundred seventy-six fractions 
(20-50 mL) were collected, and those with similar 

TLC profiles were combined. Among the combined 
fractions, Fr. 85-92 (dark gel, 100 mg) was repacked 
over the same normal silica gel-packed column (30 
g) to give sixty sub-fractions after being eluted with 
CHCl3/EtOAc in different polarity ratios. Finally, the 
sub-fr.11-25 (30 mg) was reapplied on a PTLC plate 
and run using an n-hexane/EtOAc/AcOH (3:1:0.1) 

solvent system, resulting in the isolation of calotropin 
(12 mg). 
 
The chemical structure of the isolated calotropin 
(Figure 1) was identified using a 1D- NMR (1H, 13C, 
and DEPT-135) spectroscopic instrument in 
comparison with the reported data. The 1D-NMR (1H, 

13C, and DEPT-135) analysis was performed on a 
BRUKER ACQ 400 AVANCE spectrometer with 400 
MHz for 1H and 100 MHz for 13C, and DEPT-135. The 

instrument was equipped with a 5 mm proton probe 
and operated at a temperature of 298 K with topspin 
software (version 2.1). Tetramethyl silane (TMS) was 
used as an internal standard to measure the chemical 

shifts (δppm) of the acquired spectra. Finally, the 
generated spectra were further processed using the 
software MestReNova (Mestrelab Research S.L., 
version 12). 
 
2.5. In Vitro Antimicrobial Activity Evaluation 

2.5.1. Antibacterial activity assay 
The antibacterial activity of both crude extracts and 
the isolated compound was evaluated against three 
standard human pathogens, namely, Staphylococcus 
aureus (S. aureus, ATCC 25923), Escherichia coli (E. 
coli, ATCC 25922), and Pseudomonas aeruginosa (P. 

aeruginosa, ATCC 27853) bacterial strains. 

Experimental activity was conducted at the 
Microbiology Laboratory of the School of Medical 
Laboratory, Haramaya University. The agar medium 
disc-diffusion technique was followed to evaluate the 
antibacterial effectiveness of the extracts and 
isolated compound using the standard protocols of 
the Clinical and Laboratory Standards Institute 

(CLSI) (12, 13). A stock solution of each extract (200 
mg in 2 mL) and isolated compound (5 mg in 5 mL) 
was prepared in 4% DMSO. Then, three 
concentrations (50,000, 25,000, and 12,500 µg/mL) 
of each extract and four various dilutions (500, 300, 
100, and 50 µg/mL) of the isolated compound were 

prepared from corresponding stock solutions using 
the two-fold serial dilution method (14,15). 

Chloramphenicol-impregnated standard disc (30 µg) 
and DMSO solvent were used and served as positive 
and negative controls, respectively. The remaining 
detailed experimental procedures applied in this 
study were similar to those stated in (15, 16). Each 

experiment was done in duplicate, and results were 
presented as mean ± standard deviation after 
statistical analysis with SPSS software (version 20). 
 
2.5.2. Antifungal activity assay 

The chloroform: methanol (1:1) extract of G. 
purpurascens leaves was assessed for its antifungal 
activity against Candida albicans ATCC 10231 using 
the disc diffusion method. A PDA medium was 
prepared as per the manufacturer's instructions. The 

PDA-containing plate was then inoculated with 

Candida albicans suspension by streaking it with a 
sterilized swab very well. Similar to the antibacterial 
activity experiment, four concentrations (12,500, 
25,000, 50,000, and 100,000 µg/mL) of the 
chloroform:methanol extract was prepared in DMSO, 

and 100 µL amount of each concentration was loaded 
onto a sterile Whatman filter paper disc (6 mm). The 
impregnated discs were placed on the surface of the 
inoculated agar plates using sterile forceps. 
Commercial ketoconazole/Tilt disc (10 µg/disc) was 
used as a reference drug. Then, the PDA plates were 
sealed with Parafilm and incubated at 27 °C for 3-5 

days for fungal growth. After incubation, the 
diameters of the zones of inhibition around each disc 
were measured using a caliper (in mm). Experiments 
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were conducted in duplicate, and the results were 
expressed in as the mean and standard deviation. 
 

2.6. In Vitro Antioxidant Activity Examination 

The in vitro antioxidative effect of extracts and 
isolated compounds was evaluated against DPPH free 
radicals using six different concentrations (500, 250, 
150, 100, 50, and 25 µg/mL) prepared from 
corresponding stock solutions (1 mg/mL in MeOH). 
Ascorbic acid (AA) was used as a standard 

antioxidant agent at similar concentrations. The 
assaying experiment was done following the 
procedures described previously (15-17). The 
antioxidant potential of each extract and isolated 
calotropin was evaluated in terms of percentage 
scavenging activity calculated using the following 

formula (1): 
 

DPPH scavenging activity (%) = (1 −
𝐴

𝐴0
) x 100   (1) 

 
where A and A0 are the absorbances of samples with 
DPPH and the negative control (DPPH solution, 
0.004% w/v in MeOH), respectively, the DPPH free 
radical trapping power of the extracts and the 

compound was also expressed in terms of IC50 (the 
concentration needed to scavenge the total DPPH 
radicals by 50%). This IC50 value was obtained from 
the regression equation derived from the percentage 
scavenging activity versus the concentration graph 
of each tested sample. The experimental activity was 
done in triplicate, and the results were expressed as 

the mean ± standard deviation. 
 

2.7. In Silico Molecular Modeling Study 

The molecular binding capacity of the isolated 
compound, calotropin, was studied by docking 
against the P. aeruginosa PqsA (5OE3) enzyme 

model. The molecular docking analysis was 
performed using the AutoDock Vina tools (version 
4.2). All the necessary protocols were adjusted 
during the computational analysis, as stated 
previously (16). The conformation with the best-
scored pose between the protein model and the 
isolated compound with the lowest binding energy 

was considered for the binding capacity. The 
molecular docking results were analyzed based on 
the binding energy (kcal/mol) and number of binding 
interactions between potential amino acid residues 
and the studied compound. The drug-likeness, 
ADME, and toxicity properties predictions of the 

isolated compound were also computed by 

SwissADME, PreADMET, and OSIRIS/Pro Tox-II 
property explorer software.  
 
3. RESULTS AND DISCUSSION 
 
In this study, the phytochemical investigation of the 

leaves of G. purpurascens resulted in the isolation of 
a cardenolide compound, calotropin (Figure 1). The 
in silico and in vitro antibacterial activity of this 
isolated compound was also evaluated herein. 
Besides, extracts of the leaves of G. purpurascens 
were assessed for their potential antibacterial, 
antifungal, and antioxidant effects against microbial 

strains and oxidants. 
 

3.1. Structural Identification of Isolated 
Compound 
Isolated compound (Calotropin, Figure 2): Black 

gel (12 mg); Rf 0.4 (n-hexane/EtOAc/AcOH, 
3:1:0.1); See Table 1 for 1H, 13C and DEPT-135 NMR 
spectral data. 
 

In the 1H NMR spectrum (Figure S1) of the isolated 
compound, a deshielded singlet signal at δH 10.05 
(1H, H-19) is due to the aldehydic proton. In 
contrast, a doublet signal at δH 5.93 (1H, H-22, d, J 
= 7.35) is due to an olefinic methine proton. 
Moreover, a broad singlet signal was observed at δH 

4.72 (1H, H-1’), suggestive of oxygenated methine 
proton (-O-CH-O-). In addition, a broad doublet 
signal (integrated for two protons) was observed at 
δH 4.53 (2H, H-21, br d, J = 24.52) which underlined 
the occurrence of methylenoxy methylene protons (-
CH2-O-). The 1H spectrum also confirmed the 

presence of three additional oxygenated methine 

protons, which appeared as a broad doublet at δH 4.0 
(1H, H-2, br d, J = 6.06) and multiplets at δH 3.89 
(1H, H-3) and 3.45 (1H, H-5’). A hydroxylated 
methine proton (-CH-OH) was also found as a 
multiplet signal at δH 3.64 (1H, H-3’). In the aliphatic 
region, a doublet of doublet signal appeared at δH 
2.85 (1H, H-17, dd, J = 10.2, 6.4), implying the 

presence of a methine proton attached to a tertiary 
carbon adjacent to a quaternary olefinic carbon. 
Moreover, a doublet at δH 0.94 (3H, H-6’, d, J = 7.1) 
and singlet at δH 0.83 (3H, H-18) signals were 
observed to confirm the presence of two methyl 
groups positioned at oxygenated tertiary and 

quaternary carbon, respectively. In the aliphatic 
region, additional twelve multiplet signals were 

shown at δH 2.47 which ascribed to nine different 
methylene (18H, H-1, H-4, H-6, H-7, H-11, H-12, H-
15, H-16 and H-4’) and three methine (3H, H-5, H-8 
and H-9) groups. 
 

The corresponding 13C and DEPT-135 spectra 
(Figures S2 and S3) presented twenty-nine 
unsymmetrical recognizable signals, which attributed 
to seven quaternary, one hydroxylated methine (-
CH-OH), four oxygenated methine (-O-CH-O-), one 
oxygenated methylene (-CH2-O-), one olefinic 
methine (=CH-), four aliphatic methine (-CH-), nine 

aliphatic methylene (-CH2-) and two methyl (-CH3) 
groups. Two of the seven quaternary signals 
appeared at δC 208.0 (C-19) and 175.9 (C-23 
overlapped), corresponding to the aldehyde and 

furan carbonyl carbons, respectively. The remaining 
five belonged to two aliphatic carbons at δC 52.6 (C-

10) and 49.0 (C-13), two hydroxylated carbons at δC 
90.4 (C-2’) and 84.4 (C-14), and one olefinic carbon 
at δC 175.9 (C-20 overlapped). The signal at δC 
116.6 (C-22) was ascribed to the olefinic methine 
carbon, and the one at δC 71.9 (C-3’) belonging to 
the hydroxylated methine carbon. The signal 
resonated at δC 73.9 (C-21), representing the 

oxygenated methylene carbon. The overall spectral 
data (Table 1) is in agreement with the reported data 
in the literature (10) for calotropin (Figure 2). 
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Table 1: 1H, 13C, and DEPT-135 NMR (CD3OD) data of calotropin. 

Isolated compound 
Calotropin (10) in 

CDCl3:CD3OD (4:1) 

Attribution δH δC DEPT-135 δH δC 

1 2.47 (m) 30.2 -CH2- * 34.2 
2 4.0 (br d, J = 6.06) 70.5 -CH-O- 4.00 (dd, J = 12.5, 4.0 68.1 
3 3.89 (m) 77.9 -CH-O- 3.85 (m) 71.2 
4 1.68 (m) 33.0 -CH2- * 32.6 
5 1.68 (m) 43.0 -CH- * 44.1 
6 1.41 (m) 28.7 -CH2- * 28.9 
7 1.41 (m) 27.4 -CH2- * 27.2 

8 1.26 (m) 38.8 -CH- * 42.9 
9 1.68 (m) 49.3 -CH- * 49.9 
10 - 52.6 Q - 52.4 
11 1.41 (m) 24.2 -CH2- * 21.4 
12 1.26 (m) 33.4 -CH2- * 38.5 
13 - 49.0 Q - 49.2 

14 - 84.4 Q - 83.9 

15 2.12 (m) 36.8 -CH2- * 38.7 
16 1.68 (m) 26.5 -CH2- * 26.3 
17 2.85 (dd, J = 10.2, 6.4) 50.4 -CH- 2.69 (dd, J = 9.0, 4.5) 50.1 
18 0.83 (s) 14.8 -CH3 0.89 (s) 15.1 
19 10.05 (s) 208.0 Q (C=O) * 207.7 
20 - 175.9 Q - 175.7 

21 4.53 (br d, J = 24.52) 73.9 -CH2-O- 4.63 (dd, J = 18.0, 1.0) 73.5 
22 5.93 (d, J = 7.35) 116.6 =CH- 5.69 (br s) 116.8 
23 - 175.9 Q (C=O) - 175.5 
1’ 4.72 (br s) 94.1 -O-CH-O- 4.78 (s) 95.5 
2’ - 90.4 Q - 90.9 
3’ 3.64 (m) 71.9 -CH-OH 3.72 (m) 72.3 
4’ 2.37 (m) 35.4 -CH2- * 37.8 

5’ 3.45 (m) 66.3 -CH-O- 3.38 (m) 67.8 
6’ 0.94 (d, J = 7.1) 19.9 -CH3 1.02 (d, J = 6.0) 20.4 

OHs 2.05 (s) - - * - 

* Values not reported 
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Figure 2: Structure of calotropin isolated from G. purpurascens leaves. 

 

3.2. In Vitro Antimicrobial Activity Evaluation 

3.2.1. Antibacterial activity assay 
The antibacterial inhibition zone diameters, 
expressed as mean ± standard deviation, recorded 
by five extracts of G. purpurascens leaves against 
three standard human bacterial pathogens are 
reported in Table 2. As can be shown in Table 2, all 

the tested concentrations of all extracts indicated 
positive activities against all strains, except the 
lowest concentrations (12,500 and 25,000 µg/mL) of 
chloroform (against S. aureus), chloroform: 
methanol (against P. aeruginosa), methanol (against 
E. coli), and ethanol (against S. aureus) extracts, 

which were found inactive (< 7 mm inhibition zone). 
The highest inhibitory value (10.1 ± 0.1 mm) against 
E. coli at the highest concentration (100,000 µg/mL) 

was scored by n-hexane extract and then followed by 

1:1 of chloroform: methanol (9.4 ± 0.0 mm) and 
chloroform (9.1 ± 0.3 mm) extracts. The lowest 
concentration (12,500 µg/mL) of the four extracts 
also inhibited the growth of E. coli (7.1 ± 0.1 to 8.1 
± 0.0 mm). The S. aureus bacterium was found to 
be sensitive to all extracts at the maximum 

concentration (100,000 µg/mL), with the larger 
diameter of the zone of inhibition value (9.1 ± 0.2 
mm) recorded by the methanol extract. The P. 
aeruginosa was also found to be more susceptible to 
n-hexane extract (10.8 ± 0.1 mm) at the highest 
dose (100,000 µg/mL). Thus far, one similar study 

was reported by (6), aiming to evaluate the 
antibacterial activity of ethanol and methanol leaf 
extracts of G. purpurascens against the same 
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standard bacteria mentioned above. However, the 
tested concentrations (150, 300, and 600 mg/mL) in 
the reported study were far higher than the ones 

tested in the present work. According to the report, 
the ethanol and methanol leaf extracts scored 
respective inhibition zone values of 6.09 ± 0.18 to 
6.90 ± 0.40 mm and 9.19 ± 0.07 to 13.20 ± 0.1 mm 

against E. coli; 9.51 ± 0.1 to 12.7 ± 0.15 mm and 
7.1 ± 0.01 to 8.2 ± 0.01 mm against S. aureus; and 
9.01 ± 0.01 to 9.77 ± 0.15 mm and 9.8 ± 0.01 to 

13.8 ± 0.10 mm against P. aeruginosa. In essence, 
our result was comparable to this report, regardless 
of the huge concentration difference. 

 
Table 2: Antibacterial inhibition zone diameter (mean ± sd) of leaf extracts of G. purpurascens against the 

E. coli, S. aureus, and P. aeruginosa standard bacterial strains. 

Bacterial 
strains 

Concentration
(µg/mL) 

Diameter of zone of inhibition (mean ± sd, mm) of extracts 

n-Hexane CHCl3 
CHCl3:MeOH

(1:1) 
MeOH EtOH 

Chloramphenicol 
(30 µg) 

E. coli 

12,500 8.1±0.0 7.8±0.2 7.9±0.3 6.8±0.0 7.1±0.1 

24.3±0.8 
25,000 9.2±0.2 8.4±0.4 9.0±0.1 6.9±0.1 7.9±0.4 

50,000 9.8±0.0 8.7±0.0 9.4±0.0 7.1±0.1 8.4±0.1 

100,000 10.1±0.1 9.1±0.3 9.4±0.0 7.2±0.0 8.7±0.1 

S. aureus 

12,500 7.0±0.0 0.0 7.0±0.8 7.1±0.4 6.3±0.0 

19.4±1.8 
25,000 7.6±1.2 6.9±0.0 7.2±0.7 8.3±0.0 6.6±0.0 

50,000 8.1±0.0 7.5±0.0 7.4±0.7 8.8±0.5 7.0±0.0 

100,000 8.8±0.5 8.0±0.1 8.1±0.2 9.1±0.1 7.2±0.0 

P. aeruginosa 

12,500 9.1±0.1 7.1±0.0 6.5±0.3 7.8±0.0 7.5±0.1 

7.1±0.2 
25,000 9.2±0.0 7.9±0.0 7.7±0.2 8.2±0.2 8.1±0.4 

50,000 9.7±0.2 8.1±0.2 8.0±0.1 8.6±0.0 8.5±0.0 

100,000 10.8±0.1 8.8±0.0 8.6±0.0 9.2±0.0 9.0±0.1 

The isolated compound, calotropin, showed an 
inhibitory effect against P. aeruginosa at all 
concentrations, with a higher diameter of the zone of 
inhibition value of 8.8 ± 0.1 mm recorded at 1000 
µg/mL concentration (Table 3). This compound also 

attempted to inhibit the growth of E. coli up to 300 
μg/mL dose (7.7 ± 0.7 mm), whereas it was found 
to have no activity against the methicillin-resistant 
S. aureus (MRSA) bacterium at all concentrations. 

 

Table 3: Antibacterial activity of the isolated compound (calotrpoin) against the E. coli, S. aureus and P. 
aeruginosa bacterial strains. 

Concentrations (μg/mL) 

Diameter of zone of inhibition (mean ± sd, 

mm) of calotropin 

E. coli S. aureus P. aeruginosa 

50 6.3 ± 0.0 0.0 7.4 ± 0.2 

100 6.8 ± 0.1 0.0 7.8 ± 0.1 

300 7.7 ± 0.7 0.0 7.9 ± 0.1 

500 8.1 ± 0.3 0.0 8.6 ± 0.1 

1000 8.8 ± 0.0 0.0 8.8 ± 0.1 

Chloramphenicol (30 μg/disc) 25.3 ± 0.8 19.2 ± 1.6 7.3 ± 0.5 

 
3.2.2. Antifungal activity assay 

The chloroform:methanol (1:1) extract of 
Gomphocarpus purpurascens leaves was assessed 
for its potential antifungal activity against C. albicans 
ATCC 10231. The obtained result indicated that the 

extract displayed a slight activity only at the 
maximum concentration of 100,000 µg/mL with a 
diameter of the zone of inhibition value of 11.00 ± 

1.00 mm. 
 
However, this extract was found to be totally inactive 
up to 12,500 μg/mL. It was generally found to be 
weak compared to the standard antifungal drug 
ketoconazole 10 µg/disc (17.67 ± 2.52 mm). 

 

3.3. In Vitro Antioxidant Potential Examination 

As presented in Table 4 and depicted in Figure 3, an 
auspicious anti-DPPH free radical inhibitory effect 
was observed in all extracts with higher scavenging 
percentage values (95.7 ± 0.00 and 93.5 ± 0.00, 

respectively) recorded by the ethanol and methanol 
extracts at 500 µg/mL, with each having an IC50 
value of 1.1 µg/mL. The chloroform: methanol (1:1) 

and chloroform extracts also displayed good DPPH 
radical scavenging percentage values of 91.2 ± 0.00 
(IC50 value of 1.7 µg/mL) and 85.2 ± 0.00 (IC50 value 
of 2.7 µg/mL). The isolated compound, calotropin, 
exhibited far less DPPH scavenging percentage 
(65.09 ± 0.04) at the higher concentration (500 

µg/mL) with a higher IC50 value of 134.0 µg/mL. 
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Table 4: DPPH scavenging activity percentage of G. purpurascens leaf extracts and the isolated calotropin. 

Concentration 
(µg/mL) 

% Scavenging activity (mean ± sd) against DPPH free radical 

CHCl3 
CHCl3: 
MeOH 

MeOH EtOH Calotropin 
Ascorbic 

acid 

25 64.30 ± 0.00 70.1 ± 0.00 72.53 ± 0.15 73.7 ± 0.00 36.3 ± 0.00 75.45 ± 0.07 

50 70.6 ± 0.00 74.6 ± 0.00 76.83 ± 0.15 78.87 ± 0.06 39.64 ± 0.03 80.99 ± 0.10 

100 75.60 ± 0.00 78.07 ± 0.00 79.97 ± 0.06 82.2 ± 0.00 43.7 ± 0.03 85.29 ± 0.07 

150 78.30 ± 0.20 82.3 ± 0.00 83.3 ± 0.00 85.43 ± 0.06 48.92 ± 0.07 89.01 ± 0.00 

250 80.83 ± 0.06 87.7 ± 0.00 88.4 ± 0.00 90.6 ± 0.00 56.64 ± 0.04 95.79 ± 0.03 

500 85.2 ± 0.00 91.2 ± 0.00 93.5 ± 0.00 95.7 ± 0.00 65.09 ± 0.04 98.89 ± 0.00 

IC50 (µg/mL) 2.7 1.7 1.1 1.1 134.0 1.0 

 

 
Figure 3: DPPH radical scavenging activity percentage versus concentration (µg/mL) of G. purpurascens 

leaf extracts and the isolated calotropin. 
 
3.4. In Silico Molecular Modeling Study 

The docking analysis output revealed that the 
isolated compound, calotropin, formed some 
interactions with the amino acid residues of the P. 

aeruginosa PqsA (5OE3) enzyme (Figure 4). This 
compound recorded a docking score of -10.3 
kcal/mol, which was found to be higher than that of 
chloramphenicol (-7.0 kcal/mol) (Figure 5). It 
established six hydrogen bonds with Gly-169, Lys-
172, Arg-397, Ala-170, Thr-380, and Thr-164 amino 

acid residues of the protein model 5OE3. This 
compound also formed a π-cation interaction with 
Arg-333 and six Van der Walls interactions with Thr-
164, Thr-304, Gly-302, Ala-303, Glu-305, and Gln-
369 amino residues (Figure 4). 
 
The drug-likeness property prediction report 

indicated that this calotropin was found to violate one 
of Lipinski’s rules of five (with a molecular weight > 
500 g/mol). The ADME property prediction report 
showed that the compound scored a higher skin 
permeation value (logP) of -8.89 cm/s. It also 
exhibited high gastro-intestinal absorption and was 
found to be non-blood brain barrier (BBB) 

permeable. Besides, the compound showed an 
inhibitory interaction with the P-glycoprotein (P-gp) 
enzyme, whereas it was observed as a non-inhibitor 
of all the cytochrome-P (CYP) enzymes. The toxicity 
property prediction report revealed that this 
calotropin compound was found within the toxicity 

class of two with an LD50 value of 8 mg/kg. It 
displayed immunotoxicity and cytotoxicity 
properties. However, it was found to be a non-

hepatotoxic, non-carcinogenic, and non-mutagenic 

isolate. 
 
4. CONCLUSION 

 
The present study reported, for the first time, the 
combined antimicrobial and antioxidant activities of 
various extracts of the leaves of G. purpurascens. 
Besides, a cardenolide compound, known as 
calotropin, was isolated from the leaves of the plant 

and reported herein, along with its binding capacity 
against the P. aeruginosa PqsA (5OE3) enzyme. This 
compound showed a strong binding capacity with a 
docking score of -10.3 kcal/mol against the target 
enzyme, which supported the obtained in vitro 
antibacterial activity. The various extracts of the 
leaves of G. purpurascens displayed good 

antibacterial activity against all tested bacterial 
strains, which supported the claimed traditional 
medicinal uses of the plant. Besides, all the leaf 
extracts exhibited promising DPPH radical 
scavenging activity comparable to that of ascorbic 
acid (1.0 µg/mL) at the same concentrations, and 
this may give a clue for the anticancer potential of 

the plant and the isolation of potential antioxidant 
compounds. Since this is a preliminary report, we 
believe that further biochemical investigations would 
be needed on this G. purpurascens plant species to 
increase the chance of obtaining additional 
phytochemicals with modified biological activity. 

 
Further, it was higher than that of chloramphenicol 
(-7.0 kcal/mol). On the leaves of G. purpurascens, 
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they led to the isolation of a cardenolide compound 
called calotropin. All the extracts and isolated 
compound, calotropin, displayed better antibacterial 

activity against P. aeruginosa strain than 
chloramphenicol (7.1 ± 0.2 to 7.3 ± 0.5 mm) at all 
tested concentrations. However, the tested 
chloroform: methanol (1:1) extract was found to 

have negligible antifungal activity against C. albicans 
compared to the standard ketoconazole 10 µg/disc 
(17.67 ± 2.52 mm). All the leaf extracts exhibited 
promising DPPH radical scavenging activity with IC50 
values ranging from 1.1-2.7 µg/mL equivalence to 
ascorbic acid (1.0 µg/mL) at the same tested 

concentrations. The molecular docking result 
revealed that the isolated compound, calotropin, 

showed a good binding capacity against P. 
aeruginosa PqsA (5OE3) with a docking score of -
10.3 kcal/mol, which was higher than that of the 

chloramphenicol (-7.0 kcal/mol). The drug-likeness 
candidacy and the pharmacokinetic property result 
showed that the isolated calotropin violated one of 
Lipinski’s rules of five (with molecular weight > 500 

g/mol) and was found to be an immunotoxic and 
cytotoxic isolate. Since this is a preliminary report, 
further biochemical investigations would be needed 
on this G. purpurascens plant species to increase the 
chance of obtaining additional phytochemicals with 
modified biological activity. 

 

 

 



Kiros T et al. JOTCSA. 2024; 11(4): 1377-1386  RESEARCH ARTICLE 

1385 

Figure 4: Ligand-protein interaction (a) and 3D representation (b) between calotropin and P. aeruginosa 
PqsA (5OE3). 

 
Figure 5: Ligand-protein interaction (a) and 3D representation (b) between chloramphenicol and P. 

aeruginosa PqsA (5OE3). 
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Abstract: The increasing global demand for natural and organic ingredients in cosmetics has spurred a surge 
in research exploring innovative formulations. This study delves into the utilization of citrus fruit peels and 
seeds macerated in olive oil as a foundation for novel ointments. Through the analysis of extracts from a 

variety of citrus sources, including orange, lemon, tangerine, grapefruit, and citron peels, as well as lemon 
and tangerine seeds, their physicochemical properties and antioxidant activity were meticulously examined 
using thin-layer chromatography (TLC). A groundbreaking aspect of this research is the revelation of the in 
vitro antioxidant potential of DMSO extracts obtained from these citrus-infused olive oils. Chemical assays 
unequivocally confirmed the presence of phenols and flavonoids, renowned for their robust antioxidant 
properties, across all extracts. These significant findings not only reinforce the well-documented benefits of 
citrus fruits in combating premature aging and diseases but also underscore the untapped potential of citrus 

by-products as valuable natural cosmetic ingredients. This preliminary investigation serves as a beacon 
illuminating the promising prospects of integrating citrus fruit remnants into cosmetic formulations. The 
imperative for further exploration in this realm is evident, aiming to refine formulations and advocate for the 
sustainable exploitation of citrus resources within the cosmetics sector. By embarking on deeper research 
endeavors, an inclusive comprehension of leveraging the inherent potency of citrus fruits for the creation of 

cutting-edge and efficacious natural cosmetic products can be achieved. 
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1. INTRODUCTION 
 
Olive oil plays a crucial role in the Mediterranean diet 

(1,2), with extensive research conducted to 
showcase its numerous health benefits. In particular, 

olive oil contains more than 30 different types of 
phenolic compounds, which are powerful 
antioxidants that help protect the body from free 
radicals (3). Extra Virgin Olive Oil (EVOO), renowned 
for being the highest quality among all categories of 
olive oils, is one of the most extensively studied food 
sources of antioxidants. This is attributed to the 

presence of various antioxidant compounds in EVOO 
(4). Their potent bioactive components exhibit robust 
cardio-protective attributes, aiding in the reduction 
of blood pressure and the prevention of 
atherosclerosis (5,6). 
 

In recent times, there has been a growing trend to 
incorporate aromatic herbs, spices, and vegetables 
into extra virgin olive oil (EVOO) to create flavored 

oils. This practice aims to improve the sensory 
qualities, nutritional value, health benefits, and shelf 

life of the oil (7,8). 
 
Among the natural flavors used with olive oil is 
Citrus, which is a genus belonging to the Rutaceae 
family of trees and shrubs, including oranges, 
lemons, grapefruits, tangerines, and limes (9). The 
citrus fruits were the second most produced fruits 

worldwide in 2021, accounting for 161.8 million tons 
produced in more than 10.2 million hectares (10). 
Therefore, Citrus by-products are immense and can 
be classified into peels (flavedo and albedo), seeds, 
and pulp residues, where the flavedo is the outer 
colored part of the bark that contains the oil sacs. In 
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contrast, the albedo is the white inner part of the 
bark, which is rich in pectin (9). In addition, peels are 
also high in sugars and have a high concentration of 

D-limonene, a potent antimicrobial compound (11-
13). The residual pulp consists of the membranes 
and partitions of the segments that once contained 
the juice. As for the seeds, they are mainly composed 

of non-nitrogenous extracts, fats, crude proteins, 
and fibers (14). 
 
Citrus peels, typically discarded as waste, are 
abundant in beneficial compounds such as Vitamin C, 
fiber, phenolics, and flavonoids, providing 

antioxidant, anticarcinogenic, and anti-inflammatory 
properties. Citrus fruits, thanks to their content of 
ascorbic acid, antiseptics, and antioxidants, are an 
effective natural weapon against acne. They help 
regulate sebum production, eliminate bacteria, and 
protect the skin from free radical damage (15,16). 

These criteria make it the best choice to be 

incorporated in organic and natural ointments, which 
are semi-solid and greasy preparations for external 
application to the skin, rectum, or nasal mucosa 
(17). The use of synthetic ointments encompasses 
the risk of skin irritation and allergic reactions 
triggered by specific cosmetic chemicals, such as 
formaldehyde-releasing preservatives, which can 

lead to skin problems. Additionally, these ointments 
may contain harmful components like petrolatum, 
propylene glycol, and synthetic colors, which have 
the potential to induce various health problems. 
Nowadays, the use of organic ointments possesses a 
considerable advantage thanks to the progressive 

discovery of the applications of plant oils in health 
care and in areas of economic interest, and they are 

also cheaper and without adverse effects. Recently, 

homemade medicines such as ointments have gained 
popularity without having been tested for compliance 
with standards. Therefore, the objective of this study 

is to develop natural citrus-based ointments 
incorporated in extra virgin olive oil (EVOO) and to 
evaluate the quality attributes of natural citrus 
ointment on the basis of various physicochemical 

characteristics. 
 
2. MATERIAL AND METHODS 
 
2.1. Chemicals and Reagents 
1,1-diphenyl-2-picrylhydrazyl radical (DPPH), 

quercetin, catechine, and rutin were purchased from 
Sigma Aldrich; all other chemicals and solvents used 
were of analytical grade investigations. 
 
2.2. Materials 
Citrus fruits were purchased directly from the 

market; citron was obtained from a farm in Laghouat 

Province, South of Algeria. After air-drying in shaded 
areas at room temperature for a week, citrus peels 
and seeds were coarsely powdered using a dry 
grinder. Subsequently, the resulting powder was 
stored in airtight bags under dark conditions until 
further utilization. 
 

For the maceration procedure, EVOO was purchased 
from a local certified producer. Beeswax, one of the 
natural raw materials employed in the ointment 
formulations, was purchased from a local beekeeper. 
 
2.3. Preparation of Olive Oil-Infused Citrus 

Peels and Seeds 
We have outlined the protocol for preparing Evoo-

infused citrus peels and seeds, detailed in Figure 1. 
 

 
Figure 1: Description of the process for extracting citrus peels and seeds with EVOO through maceration. 

A1: Orange peels, A2: Lemon Peels, A3: Lemon Seeds, A4: Mandarine Peels, A5: Mandarine Seeds,  
A6: Grapefruits Peels, A7: Citron Peels, EVOO: Extra Virgin Olive Oil 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9855225/#B7-antioxidants-12-00038
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9855225/#B2-antioxidants-12-00038
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The EVOO infused with citrus peels and seeds, 
displaying varying colors and fragrances, has been 
carefully preserved in bottles within a dark 

environment at room temperature until ready for 
use. 
 
2.3.1 Physical analysis of the oil samples (Refractive 

Index) 
Measurement of the refractive index of the infused 
samples was done by means of a refractometer 
according to the method of AOAC (2000) (17). 
 
2.4. Phytochemical Tests 

2.4.1. Extraction with DMSO 
An extract solution was prepared using the 
methodology outlined by Erdal Eroglu et al. (2021) 
(18), with some modifications. Initially, a precise 
volume of DMSO, combined with double the volume 
of citrus peels and seeds-infused EVOO, was mixed 

in a beaker. This mixture was then subjected to 

gentle stirring on a hot plate at 37°C for 2 hours. 
Subsequently, the amalgam was allowed to rest 
undisturbed in darkness for 1 hour until a clear phase 
separation between the DMSO and the citrus-infused 
EVOO occurred. Following phase separation, the 
DMSO fraction was carefully transferred into a glass 
tube. Simultaneously, a control test tube containing 

solely EVOO was subjected to the same extraction 
protocol for comparative purposes. All DMSO-
dissolved extracts were promptly stored in a 
refrigerated environment for subsequent utilization. 
The major families of secondary metabolites were 
elucidated through tube-colored reactions employing 

conventional characterization methods (19). 
 

2.4.2. Phenolic compounds test 
The total phenolic contents of all DMSO extracts were 
quantified utilizing the Folin-Ciocalteu test (20), as 
per preliminary assessments. Following the 
established protocol, 100μL of extract samples were 

mixed with 250 μL of Folin-Ciocalteu reagent in a test 
tube and allowed to incubate for 2 minutes at room 
temperature. Subsequently, 1000 μL of sodium 
carbonate (Na2CO3) was added to the same tube, and 
the samples were further incubated for 30 min at 
room temperature in darkness. The emergence of a 
blue coloration signified the presence of total 

phenolic compounds. 
 
2.4.3. Flavonoids test 
The flavonoid contents of DMSO extracts were 

determined by the AlCl3 test (21). 500 μL of an AlCl3 
solution (10%) is taken with 500 μL of each sample 

in test tubes. The whole was incubated for 15 min at 
room temperature. The appearance of the yellow 
color indicates the presence of flavonoids. 
 
2.4.4. Thin-layer chromatography analysis (TLC) 
TLC was performed on silica gel 60 f 254, 20X10 cm 
HPTLC plates (Merck, Darmstadt, Germany) with 

ethyl acetate : methanol : water (10:1.35:1) (v/v/v) 
as a mobile phase (22). 
 
Standards, solutions such as quercetin, catechin, and 
Rutin (2.5 mg/mL each) were applied with DMSO 
extracts to the plates in the form of strips. After 
development, the plates were dried with a flow of 

cold air using a hair dryer; the plates were 
documented under ultraviolet (UV) light 254 and 366 
nm lamp by a camera device. Then, the plate was 

immersed in iodine (I2) as a developer. The areas of 
the molecules appeared as brown spots, so another 
plate that was prepared with the same protocol was 
sprayed in the DPPH solution at one mM and dried 

quickly with a dryer. Next, antioxidant activity was 
visualized on the basis of trapping the stable artificial 
radical molecule (DPPH). The zones with an 
antioxidant effect appeared as yellow spots on the 
dark purple background and were photographed by 
a professional camera in visible light after the plates 

were dried (23,24). All retention factor values were 
calculated as described in different literature sources 
(23,24). 
 
2.5. Ointments Preparation 
To formulate the citrus-infused EVOO ointments, the 

following process was followed: 

• 2 g of beeswax were melted over low heat until 
the temperature reached 60-70°C. 

• 10 mL of the EVOO infused with the various citrus 
fruit peels was then added to the melted beeswax. 

• The mixture was simmered until a homogeneous 
oily solution was obtained. 

• The mixture was allowed to cool, resulting in the 

formation of an ointment with a desirable 
consistency. 

• The prepared ointments were then transferred 
into storage containers for future use. 

 
This straightforward yet effective method enabled 

the successful incorporation of the citrus-infused 
EVOO into a stable and well-textured ointment 

formulation. The controlled heating and cooling 
process ensured the homogeneity and appropriate 
consistency of the final ointment products. 
 
2.5.1. Testing of Physical Properties of Ointments 

Based on the search results, the key points regarding 
the evaluation of the physical properties of the citrus-
based semi-solid ointments are organoleptic 
properties, homogeneity, pH, water resistance, skin 
absorption, and skin sensitivity. By thoroughly 
evaluating these physical properties, we will be able 
to assess the quality, stability, and suitability of the 

citrus-based semi-solid ointment formulations for 
topical application. 
 
2.5.2. Organoleptic properties 

The ointments were assessed for their appearance, 
color, odor, and texture to ensure they met the 

desired sensory characteristics. 
 
2.5.3. Homogeneity test 
The ointments were evaluated for their homogeneity, 
ensuring the active ingredients and excipients were 
uniformly distributed throughout the formulation. A 
0.5 g of formulated ointments was placed on the skin 

and then leveled and observed based on color 
uniformity and the absence of lumps and granules. 
 
2.5.4. pH test 
The pH of the ointments was measured to confirm 
they were within the acceptable range for topical 
application, typically close to the skin's natural pH. 
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Using the pH paper, a thin layer of the ointment was 
applied, and it was then given some time to stand. 
The pH level was then determined by comparing it to 

a color chart. 
 
2.5.5. Water resistance test 
The ointments were tested for their ability to resist 

water and maintain their integrity when exposed to 
moisture, an important property for topical products. 
On glass plates, a thin layer of ointment was spread, 
then a drop of water was added. If they are non-
miscible, this means that ointments are resistant to 
water. 

 
2.5.6. Skin absorption 
The ointments were evaluated for their ability to be 
absorbed into the skin, which is crucial for delivering 
the active ingredients to the target site. A small 
amount of ointment was applied to a specific area of 

the hand; we made circular movements, and then 

the time taken to absorb the ointment was recorded. 
Each type of ointment was repeated three times. 
 
2.5.7. Topical Sensitivity Test 
The ointments were tested for any potential skin 
irritation or sensitization reactions to ensure they 
were well-tolerated when applied topically. All 

ointments were tested for their skin sensitivity tests 
by applying them to the skin for a week and 
observing the side effects, if any, as a set of 
parameters like skin inflammation, skin irritation, 
reddening of the skin (allergic reactions) …etc. 
 

 
 

 

3. RESULTS AND DISCUSSION 
 
3.1. DMSO Extraction of EVOO-Infused Citrus 

Peels and Seeds 
The analysis of phytochemicals in plant-based 
products, particularly in oil seed plant extracts with 
complex compositions, continues to be a major 

challenge. Previous research has commonly used 
methanol as the preferred solvent to extract 
bioactive compounds from plants infused oil to 
perform phytochemical characterization (25,26). 
 
This study used DMSO for the first time to extract 

bioactive compounds from EVOO—citrus peels and 
seeds. The extraction of bioactive components of 
infused EVOO—citrus peels was successfully 
obtained. The transparent color of DMSO has become 
different according to the color of each sample. This 
study specifically selected EVOO for the preparation, 

adhering to a traditional medicine recipe. 

 
Extractive conditions such as incubation time, 
darkness, and temperature decrease the rate of 
oxidation, which alters the organoleptic properties of 
the oil compared to other studies (18). 
 
3.2. Qualitative Phytochemical Screening 

Preliminary phytochemical screening of DMSO 
extracts revealed the presence of various bioactive 
components, including phenolics and flavonoids 
(Figure 2). The current study found that DMSO-citrus 
peel olive oil extracts show a positive test (+++++) 
for phenols and flavonoids with the exception of A1 

and A3 (++), which could be attributed to the 
improved solubility of the active compounds in 

organic solvents. 
 

 
Figure 2: Phytochemical Screening of phenolics and flavonoids. 

 
3.3. Thin-Layer Chromatography Analysis 
To avoid false positive results when using TLC-DPPH 

to analyze antioxidant compounds, it is 
recommended to dry the chromatograms and shoot 
them directly under white light after spraying with 
the DPPH solution. This procedure helps to ensure 
the stability of the resulting coloring. 
 
The UV detection of the spots showing the 

antioxidant effect can also be significant since they 
are visible at 366 nm but not at 254 nm (Figures 3A 
and 3B). 
 
The iodine developer plate has areas of the molecules 
in the form of brown spots (Figure 3C). From this 

plate, Rf is calculated for quercetin, catechine, and 
rutin (Rf values of 0.86, 0.78, and 0.24, respectively) 

where quantified in all the TLC plates (Table 1). 
Among the compounds available as standards, 
quercetin, and catechine were present in all DMSO-
citrus peels and seeds-EVOO extracts. Visualization 
of the plate in UV light over time wavelength (366 
nm) indicates the presence of multiple spots with 
varying degrees of Polarization and coloration in all 

extracts. The iodine developer plate (Figure 3C) 
revealed the presence of various phenolic 
compounds with differing polarities. These 
compounds appeared as multiple spots with Rf values 
ranging from 0.28 to 0.95, which were not readily 
apparent under short-wavelength UV light (254 nm), 
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as shown in Figure 3A. In iodine plat, all DMSO- citrus 
- EVOO extracts revealed four spots except the 
DMSO- Grap fruits Peels - EVOO (A6) and DMSO- 

Citron Peels - EVOO (A7) extracts have five spots at 
Rf =0.94, 0.88, 0.8, 0.74, 0.34 of A6 and Rf =1, 0.86, 
0.857, 0.73, 0.34 of A7. 
 

Monitoring the transformation of the purple DPPH 
solution to a yellow color identified the presence of 
positive antioxidant activity. The TLC–DPPH analysis 
of the DMSO-Citrus—EVOO and DMSO-EVOO 
extracts revealed several characteristic antioxidant 
zones. DMSO-Orange peels—EVOO (A1), DMSO-

Lemon Seeds—EVOO (A3), and DMSO-Grapefruit 
Peels—EVOO (A6) extracts displayed weak 
antioxidant activity. 

 
Previous works assessed the DPPH radical 
scavenging ability of different citrus species and 
indicated that the antioxidant activity and phenolic 

content are strongly affected by the species and 
extraction solvent (27,28). However, it should be 
noted that no published work has been done on thin-
layer chromatography analysis of DPPH in Citrus 
peels infused olive oil. 

 

 
Figure 3: TLC chromatograms of DMSO-Citrus-EVOO, DMSO-EVOO extracts, and standards at 254 nm (A), 

at 366 nm (B), iodine(C), and at white light after DPPH assay (D). 
A1: Orange peels, A2: Lemon Peels, A3: Lemon Seeds, A4: Mandarine Peels, A5: Mandarine Seeds, A6: 

Grapefruits Peels, A7: Citron Peels, EVOO: Extra Virgin Olive Oil, Q: Quercetin, C: catechin, R: rutin 
 

Table 1: Rf values of DMSO-Citrus-EVOO, DMSO -EVOO and standards extracts. 

Compounds Rf 

A1 0.95 /0.86 /0.79 /0.3 

A2 0.94 /0.88 /0.82 /0.32 

A3 0.93 /0.86 /0.8 /0.28 

A4 0.94 /0.89 /0.82 /0.32 

A5 0.93 /0.86 /0.79 /0.34 

A6 0.94 /0.88 /0.8 /0.73 /0.34 

A7 0.93 /0.86 /0.8 /0.73 /0.34 

EVOO 0.94 /0.87 /0.81 /0.33 

Quercetin 0.86 

Catechin 0.78 

Rutin 0.24 

 

3.4. Physical Analysis of the Infused-EVOO 
Samples 
Table 2 shows the refractive index of EVOO-infused 
citrus peels and seeds. The values of all oil samples 

ranged from 1.4659 to 1.4669. The results are within 
the limits set by Codex Alimentarius (2017) 
standards for olive oils (29). 

  

https://www.ocl-journal.org/articles/ocl/full_html/2021/01/ocl210055/ocl210055.html#R14
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Table 2: Refractive index of EVOO-infused citrus peels and seeds. 

The oil samples Refractive index at 23 C° 

A1 1.4662 

A2 1.4663 

A3 1.4665 

A4 1.466 

A5 1.4665 

A6 1.4669 

A7 1.4662 

EVOO 1.4659 

 
3.5. Testing of Physical Properties of Ointment 
3.5.1. Organoleptic test 
Organoleptic characteristics refer to the sensory 
properties of a product, including its appearance, 

smell, taste, and texture. For EVOO-infused Citrus 
Peel-derived ointments, the organoleptic 
characteristics are primarily influenced by the type of 

citrus fruit used and the quality of the olive oil. The 
color and appearance of the formulated ointment 
vary depending on the kind of citrus peels and seeds 

used. Lemon peel-infused olive oil ointment has a 
lighter color compared to orange and tangerine peel-
infused olive oil ointment (Figure 4). The aroma is 
typically a pleasant combination of the citrus fruit 

and the olive oil, with the citrus notes being more 
prominent. The taste is a balance of the citrus and 
olive oil flavors, with the citrus peel adding a slightly 

sweet and tangy taste. The texture is smooth and 
creamy, with the ointment being easily spreadable. 

 

 
Figure 4: Formulated ointments. 

A1: Orange peels, A2: Lemon Peels, A3: Lemon Seeds, A4: Mandarine Peels 
A5: Mandarine Seeds, A6: Grapefruits Peels, A7: Citron Peels, HO: EVOO 

 
3.5.2. Homogeneity test 
A homogeneity test is performed to analyze whether 

the basic materials have been mixed homogeneously 
during the ointment's synthesis process. The 
ointment's dosage is visually observed based on color 

uniformity and the absence of lumps and granules. 
The results of this test showed that all formulated 

ointments from EVOO-infused citrus peels and seeds 
present homogeneity before and after application to 
the skin (Figure 5). 

 

  
Before application After application 

Figure 5: Homogeneity test. 
 
3.5.3. pH test 
Monitoring the pH value of ointments is essential for 
ensuring their stability, efficacy, and safety. It is an 

important aspect of quality control and regulatory 
compliance. The pH value of the skin is typically 
between 5 and 6 (30), and maintaining this pH level 
is crucial for the skin's barrier function, which helps 
prevent the entry of harmful microbes and other 
substances. Changes in the skin's pH level, 
particularly if it becomes more alkaline, can lead to 

impaired barrier function, dryness, and irritation. The 
pH value of ointments can also affect their physical 

properties, such as their viscosity and spreadability. 
Changes in pH can lead to changes in the ointment's 
consistency, which can affect its application and 

effectiveness. The pH values of all formulated 
ointments fall within the range of 5 to 6 (Figure 6). 
This aligns well with the average skin surface pH. 
Therefore, our results can be considered acceptable, 
minimizing the risk of irritation upon application. 
 
3.5.4. Water resistance 

All formulated ointments are anhydrous in nature 
and composed of water-insoluble components. They 
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exhibit a non-miscible and non-absorbent 
relationship with water, presenting an almost 
spherical shape (Figure 7). They tend to be more 

water-resistant compared to water-based emulsions. 
Therefore, they remain on the skin surface for a long 
time without drying out. When applied topically, they 
form a barrier on the skin's surface, which helps 

restrict the evaporation of water naturally present in 
the skin, ultimately increasing its hydration levels. 
 
3.5.5. Skin Absorption 
The absorption of ointments by the skin is an 
essential factor in the effectiveness of topical 

medications. Ointments are a common formulation 
for dermatological drugs due to their ability to 
enhance drug penetration and absorption into the 
skin. The factors affecting the absorption of 
ointments by the skin include the cornified layer, 
medication particle size, degree of skin hydration, 

contact time, skin temperature, and epidermal 

damage. The cornified layer, the top layer of the 
epidermis, is crucial in determining the absorption of 
ointments (31). Moistening the skin can enhance the 
absorption of medication by softening the cornified 
layer, allowing the ointment to penetrate more 
effectively. The size of the medication particles is also 
an essential factor; solutions such as olive oil or 

lanolin base have greater absorption (32). Table 3 
demonstrates that all ointment formulations 
exhibited a short absorption duration. This trend 
suggests a direct relationship between the active 
ingredient percentage and the absorption duration. 

All formulations contain a considerable proportion of 
oils and are greasier, thereby facilitating faster 
absorption rates into the skin. 

 

 
Figure 6: pH of formulated ointments. 

 

 
Figure 7: Water resistance test of ointments. 

 

Table 3: Duration of absorption by the skin. 

Sample Duration of absorption by skin (s) per 1 cm 

A1 33.93 ±2.04 
A2 33.04±2.42 
A3 30.06±0.55 

A4 29.68±1.39 
A5 30.16±0.97 
A6 34.1±2.27 
A7 34.65±3.86 

EVOO 30.94±0. 67 

 

3.5.6. Topical sensitivity test 
No side effects were observed, such as skin 
inflammation, irritation, or reddening of the skin 
(allergic reaction); i.e., these formulations did not 
produce any skin irritation for about a week when 
applied to the skin. 

 

4. CONCLUSION 
 
The study conclusively demonstrates the significant 
antioxidant properties of citrus extracts infused in 
extra virgin olive oil (EVOO), highlighting their ability 
to trap DPPH radicals and reduce oxidative potency 
effectively. This innovative approach underscores the 

potential of utilizing citrus fruit peels and seeds, often 
considered waste, as valuable resources in 
combating oxidative stress-related diseases, 
enhancing food products, and formulating natural 
cosmetic products. By integrating these citrus-
infused oils into ointments, the research not only 

showcases their antioxidant benefits but also 
emphasizes their favorable physicochemical 

properties, such as optimal pH, water resistance, and 
efficient skin absorption, making them suitable for 
topical applications. The detailed documentation of 
the methodologies, including the novel use of DMSO 
for bioactive compound extraction, ensures 
reproducibility and serves as a solid foundation for 

future research. This study paves the way for further 

exploration into optimizing formulations, 
understanding the individual roles of bioactive 
compounds, and expanding the use of other natural 
oils for infusion, thereby contributing to the 
development of effective, sustainable, and 
environmentally friendly natural products. 
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Abstract: A novel electrochemically sensitive sensor has been developed based on Hydrochar derived from 

Phoenix dactylifera was prepared for the detection of Methylene Blue (MB). These hydrochar (HC) have 
been used for the modification of the glassy carbon electrode (GCE). This electrode was characterized by 
scanning electron microscopy (SEM). The electrochemical properties of MB in the modified electrode 
(HC/GCE) were studied by square-wave voltammetry (SWV) and cyclic voltammetry (CV) under optimized 
conditions. Owing to a synergistic effect, the HC/GCE exhibited an obvious electrocatalytic effect on 
positively charged MB. The influence of experimental variables (accumulation time, supporting electrolyte, 
pH) was studied. Under optimized conditions, the constructed sensor illustrated a linear voltammetric curve 

for the MB in the concentration interval from 10-4M to 10-10M, with a detection limit of 0.2nM. A study of the 
effect of interference on sensor functionality was carried out, as well as an analysis of MB recovery in real 

wastewater samples. The modified electrode offers numerous advantages, including easy preparation, low 
detection limit, high sensitivity, good repeatability, short response time and an effective detection platform 
for MB in wastewater. 
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1. INTRODUCTION 
 
Methylene blue (MB) dye is an indicator used in 
various diagnostic tests and has several important 
aspects. MB is classified as a thiazine dye, 

characterized by its dark blue or bluish-green color. 
When it presents in alcoholic or aqueous media, it 
turns dark blue. It is odorless and has an air 
stability (1-3). In medicine, MB is used as a dye and 
indicator to visualize blood vessels (4,5). MB was 
initially proposed for sentinel node detection in 
various malignancies, including breast cancer (6). 

In the human body, it activates reductase enzymes 
that reduce MB to leukomethylene blue, which in 
turn converts methemoglobin to hemoglobin (7). 

Methemoglobinemia (MetHb) can develop when 
there is an excess of methylene blue (MB) in the 

body through the oxidation of hemoglobin (8). 
Although its applications are numerous across 
multiple disciplines, MB has been identified like an 
extremely toxic dye for newborns, causing different 
problems such as hyperbilirubinemia, renal failure, 

hemolytic anemia, hypertension, nausea, 
headaches, mental confusion, deep sweating and 
precordial pain (9-13). In addition, MB has a strong 
inhibitory effect on sperm motility in healthy 
individuals (14). 
 
MB is commonly used in the textile, leather, 

cosmetics and other additional fields for various 
applications. Typically, residues of MB are released 
into various water sources, resulting in undesirable 

colored water that causes environmental pollution 
(15,16). The presence of dyes modifies the 
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characteristics of water such as color, taste, odor, 
pH, and density. Dyes cause water to become highly 

opaque, limiting the penetration of light and 
consequently reducing the levels of dissolved 
oxygen, thereby negatively impacting aquatic 
ecosystems (17). Therefore, it is essential to 
develop an effective technique for the detection and 

elimination of MB to ensure the safety of treated 
liquid effluent discharges. Some of the frequently 
employed analytical methods for MB detection 
include capillary electrophoresis (18), UV-Vis 
spectroscopy (19,20), electrochemical and surface 
enhanced raman spectroscopy (21) and liquid 

chromatography coupled to tandem mass 
spectrometry (8). 
 
Despite their high sensitivity and selectivity, these 
methods are often difficult to implement due to 

their higher cost, the difficulty of sample 
pretreatment and the time required to perform the 

analysis. 
Such problems can be solved by using 
electrochemical techniques which are relatively 
simple, cost-effective, accessible methods with high 
selectivity and sensitivity (22-25). 
 
MB detection was performed using a gold electrode 

(26), a carbon paste electrode modified with thiol-
functionalized clay (27), a gold nanoparticle-based 
glassy carbon electrode (28) and a MWCNTs-
modified glassy carbon electrode (29). 
 
Biomass is a renewable form of organic substance 

derived from plant and animal waste, which is used 

as a raw material (30). A multitude of biomasses 
with a porous structure and a variety of components 
can be carbonized to form porous biomass-derived 
carbon products (31,32). 
 
In the last few years, biomass-derived products 

(PCs) have received considerable attention because 
of their special characteristics. These include 
excellent chemical stability, high surface area, 
economical precursors and a simple, 
environmentally-friendly preparation process (33). 
Biomass has been used in a number of studies for 
electrochemical applications. For example, Chen 

and his team (34) developed an activated carbon 
from banana stalks as a precursor material, to be 
used in an electrochemical application as a nitrite 

(NO2
-) sensor. The three-dimensional porous 

structure elaborated from the kenaf stem is proving 
to be an excellent support for a biosensing platform 

(35). In addition, a hierarchical meso-macropore 
pore carbon derived from seaweed has been 
effectively applied to quantify H2O2 concentrations 
in human urine samples (36). This research shows 
that functional porous carbons obtained from 
biomass sources have great potential as innovative 
electrode materials. 

 
Hydrothermal carbonization is a thermochemical 
conversion method that transforms biomass into 
hydrocarbon (37). This process, carried out in the 
presence of water under autogenous pressure at 

relatively low temperatures (generally between 150 
and 300°C), has great potential as a treatment 

solution for biodegradable waste (38). The resulting 
end product, known as hydrochar, manifests itself 

as a solid material rich in oxygenated functional 
groups, consisting mainly of carbon. The particularly 
attractive characteristics of hydrochar are 
generating considerable interest in its potential 
applications as a substitute for carbon materials 

(35,39). 
 
This article presents the modification of a glassy 
carbon electrode by hydrochar (HC/GCE) for MB 
detection. The hydrochar was created by 
hydrothermal carbonization of Phoenix dactylifera 

biomass. The chemical properties of this hydrochar 
give it remarkable electrocatalytic activity for MB 
detection. The electrode exhibited a great 
performance with many advantages like, easy 
preparation, rapid response time, high sensitivity 

and selectivity with LOD of 0.2 nM. In conclusion, 
this approach has been used effectively to identify 

MB concentration in wastewater samples, with 
promising results. 
 
2. EXPERIMENTAL 
 
2.1. Instrumentation 
The voltammetric tests were all done with a 

BIOLOGIC Sciences VMP3 potentiostat/galvanostat, 
model (SP: 50). The ECLAB data acquisition 
software was utilized to oversee and track the 
experiments. The surface morphology of the 
modifier was examined using the FEI-Quanta 650 
scanning electron microscope with energy 

dispersive X-ray spectroscopy (SEM-EDX). 

 
2.2. Chemicals and Reagents 
The GCE was procured from Lorraine ltd (Shanghai, 
Chine). The counter-electrode and reference 
electrode were obtained from Metrohm AG (Herisau, 
Switzerland). Potassium dihydrogen Phosphate, 

Potassium Chloride, Sodium Acetate, Sodium 
Hydroxide, dipotassium Hydrogen Phosphate, 
Alumina oxide, N,N-Dimethylformamide (DMF), 
Methylene blue, Methanol and Hydrochloric Acid 
were supplied by Fluka Chemika (Sébastien Brant, 
France). All solutions were produced with distilled 
water. All materials utilized were of analytical grade 

and employed without undergoing additional 
purification procedures. A 0.1 M phosphate buffered 
solution (PBS) was obtained by combining 0.1 M 

NaH2PO4 and 0.1 M Na2HPO4. To adjust the pH of 
PBS solutions (pH 4-8), (0.1M) HCl and (0.1M) 
NaOH solutions were employed during the 

preparation process. 
 
2.3. Hydrochar Preparation 
Hydrochar has been prepared by the hydrothermal 
carbonization (HTC) process. Phoenix dactylifera 
kernels were washed using distilled water, then 
dried at 80°C for a week. It was then ground and 

sieved to obtain a 50 µm powder. 5g of the biomass 
obtained was mixed with 25 ml of distilled water. 
This mixture was ultrasonicated for one hour, then 
placed in an oven at 200°C for 24 hours. Finally, the 
black powder obtained was filtered. The resulting 

solid product, called hydrochar (HC). 
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2.4. Modified Electrode Preparation 
Firstly, the GCE surface was refined using alumina 

powder with sizes of 0.05μm and 0.3μm. Then, it 
was carefully washed many times using distilled 
water and methanol using an ultrasonic bath. After 
this, the GCE was air-dried at room temperature. 
Next, 1 mg of biomass was dissolved in 1mL DMF. 

This solution was placed in an ultrasonic bath for 24 
hours, to form a stable suspension. The purpose of 
this step was also to release protons from the 
hydroxyl groups to facilitate interaction between the 
modifier and methylene blue. Finally, 5μl of 
suspension was dropped on the surface of the 

electrode and the electrode (HC/GCE) was dried 
under an infrared lamp to evaporate any residual 
solvent and firmly fix the modifier to the electrode 
surface. 
 

2.5. Electrochemical Measurements 
The setup for the experiment consisted of a three-

electrode device. It includes HC/GCE electrode as 
working electrode, a platinum wire as a counter-

electrode and a saturated calomel electrode as the 
reference electrode. The unmodified and modified 

electrodes were analyzed by the CV method for 
electrochemical characterization. Furthermore, the 
detection tests for MB were conducted using the 
SWV technique. A 10-4 M solution of MB in different 
buffer solutions (0.1M) was prepared. 

 
3. RESULTS AND DISCUSSION 
 
3.1. Biomass and Hydrochar Characterization 
Figure 1 shows that the surface morphology 
changed significantly as a result of the HTC process. 

SEM analysis of the hydrochar revealed the 
formation of a porous surface, coarser and rougher 
than that of the initial biomass prior to HTC 
treatment. In addition, an increase in particle size 
and pore volume was observed. The presence of 

cavities, pores and rough surfaces on the hydrochar 
testifies to the creation of an interconnected porous 

structure. 

 

 
Figure 1: SEM images of Biomass (left) and Hydrochar (right). 

 
3.2. Voltammetric Analysis 
SWV is an electroanalytical technique known for its 
sensitivity and quick response, offering excellent 

resolution for analyzing the signal of the analyte. In 

this study, the voltammetric behavior of the MB dye 
was investigated using both unmodified and 
modified electrodes in a 0.1 M, PBS (pH=6) 

solution. The potential range for the analysis was 
set from -0.5 V to 0.2 V. At the unmodified 
electrode, the oxidation of the MB dye occurred at -

0.21 V, accompanied by a peak current reaching a 

maximum of 50 µA. The electrode modified with 
HA/GCE showed an increase in MB response current 
to 325 µA, as shown in Figure 2. 
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Figure 2: Comparative SWVs of (10-4M) MB at the unmodified and modified electrodes in a potential range 

of -0.5 to 0.2 with an accumulation time of 60s in PBS (pH=6). 
 
This increase is due to the presence of hydrochar, 

characterized by its porous structure offering a 

large surface area. This characteristic increases the 
active surface of the electrode, enhancing the 
adsorption and electrochemical reactions of the 
species concerned (40). This increase in specific 
surface area improves MB detection sensitivity. This 
increase is also due to the presence of negatively 

charged deprotonated hydroxyl groups on the 

surface of the modified electrode, facilitating 

interaction with the positively charged MB. 
 
Figure 3 illustrates the suggested mechanism for 
the oxidation of MB, which involves the transfer of 
two protons and two electrons (29,41,42). 

 

 
Figure 3: Suggested oxidation mechanism for MB at HC/GCE. 

 
3.3. Influence of the Scan Rate 
Cyclic voltammetry experiments were conducted to 
evaluate the impact of scan rate on MB dye peak 

current, varying scan rates from 10 to 250 mV/s as 
seen in (Fig.4a). The objective was to identify if the 
electrochemical reactions were controlled by 
adsorption or diffusion processes by examining the 
correlation between signal strength and scan speed, 
The objective was to identify if the electrochemical 

reactions were controlled by adsorption or diffusion 
processes by examining the correlation between 

signal strength and scan speed. The curve of I= f 
(V) with a linear plot in (Fig.4b) indicates that 
adsorption controls the reaction process and the 

curve of I= f (V1/2) with a linear plot in (Fig.4c) 
suggests that the reaction is controlled by diffusion. 
Log (Ip) = f (log (V)) with a slope of 0.58, as shown 
in (Fig.4d), indicates the presence of adsorption and 
diffusion processes in the reaction. The dominance 
of the diffusion process is evident as the R2 of the 

curve I= f (V) in (Fig.4b) is lower than the R2 of the 
curve I= f (V1/2) in (Fig.4c). 

 



Bendany M et al. JOTCSA. 2024; 11(4): 1397-1406 RESEARCH ARTICLE 

1401 

             

       
Figure 4: (a) CV of (10-4M) MB at different scan rates, (b) influence of the evolution of v on the intensity of 
the redox current, (c) influence of the evolution of v1/2 on the intensity of the redox current and (d) Plot of 

the log of the oxidative peak current vs log of scan rate in PBS (pH=6). 
 
3.4. Experimental Parameters Optimization 
Various parameters have been optimized to 
maximize the current response of the MB by the use 
of the co-doped electrode. The choice of electrolyte 

is crucial to achieve a robust and strong signal of 
the target analyte. Therefore, various supporting 
electrolytes were investigated: PBS, KCl, HCl, and 
acetate at pH 7.0 with a concentration of 0.1 M. 
 
PBS proved to be the most suitable supporting 
electrolyte, where the analyte showed oxidation 

with a maximum current response and a definite 

peak relative to other electrolytes. The bar graph in 
(Fig.5a) illustrates that PBS is the optimal 
supporting electrolyte for MB detection. 
 
The impact of pH was studied using PBS solutions 
with pH ranging from 4 to 8. As shown in (Fig.5b), 

the strongest signal was obtained at pH 6.0. In an 
acidic electrolyte medium, the presence of a high 
concentration of H+ ions result in a reduction of the 
oxidation peak of MB. This phenomenon can be 
attributed by the fact that the hydroxyl groups of 
the hydrochar, being already negatively charged, 

tend to attract protons from the solution instead of 
the MB molecule, which reduces the response of the 
oxidation peak. 

As the pH of the solution increases, the competition 
between cationic MB and H+ ions decrease due to a 
decrease in the concentration of H+ ions in the 
medium. This leads to a greater interaction between 

the modifier and MB molecules, promoting their 
preconcentration at the electrode surface. When the 
pH of the solution exceeds 6, the presence of a high 
concentration of OH- ions can prevent the access of 
cationic MB molecules to the electrode surface. 
Consequently, a decrease in the intensity of the MB 
current peak is observed. Hence, the pH value of 6 

was identified as the optimal pH for PBS. 

 
The effect of the accumulation time of MB on the 
surface of the modified electrode was examined in 
the range of 5 seconds to 120 seconds (Fig.5c). A 
rise in the current intensity is observed with an 
increase in the accumulation time from 5 seconds to 

60 seconds. After a duration of 60 seconds, a 
decline in intensity values is observed, suggesting 
saturation of the binding sites required for MB 
attachment to the electrode surface. Therefore, 60s 
is the optimal accumulation time. Examining the 
accumulation potential, we found no significant 

change. 
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Figure 5: Variation of experimental parameters (a) electrolyte, (b) Electrolyte pH, (c) Accumulation time 

on the response of the HC/GCE in presence of 10-4M (MB). 
 
3.5. Calibration Study 

The SWV was employed to evaluate the detection 
capability of the co-doped electrode that was 
prepared with the previously mentioned optimal 
physicochemical parameters. Different 
concentrations of MB were examined and the results 
are illustrated in (Fig.6a). 
 

(Fig.6b) displays a linear correlation between peak 
current and MB concentration, ranging from 10-4 M 
to 10-10 M. A calibration curve demonstrating the 

linearity between peak current and concentration 

(10-4 M to 10-10 M) is represented in (Fig.6b). 
 
The limit of quantification (LOQ = 10 σ/m) and 
detection (LOD = 3 σ/m) for the target analyte 
were determined based on the calibration curve, 
following the guidelines set by IUPAC (43). The 
calculated LOD and LOQ of MB are 2x10-10M and 

4x10-10M respectively. Table 1 compares different 
modified electrodes for MB determination. 
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Figure 6: (a) SWV of MB detection on the HC/GCE for various concentrations under optimal conditions, (b) 

calibration curves of MB in PBS (pH=6). 
 

Table 1: Comparison of the HC/GCE detection limits with other modified electrodes. 

Methylene Blue Electrode Modifier LOD (nM) Reference 

Oxidation Self-doped TiO2 nanotubes 475 (44) 

Oxidation Thiol functionalized Clay 400 (27) 

Oxidation Ibu-AuNps 3.9 (28) 

Oxidation NH2-fMWCNTs 0.21 (29) 

Oxidation HC/GCE 0.2 This Work 

 

3.6. Interference Study 
The interference generated by other substances 
present in the actual sample plays a central role in 

determining a sensor's selectivity. Table 2 shows 
various substances and dyes for their interference 
on the MB dye current signal using the modified 
sensor. Each interferant was combined in a 1:1 ratio 

with the MB dye solution. Positive values indicate an 
increase in the actual response of (10-4M) MB. 
 

According to the data in the table, ions such as 
Mg2+, Mn2+, Remazol Red, Remazol Yellow and 
Methyl Orange produced no interference effect, 

while the other components showed a positive 
interference effect. According to the data obtained, 
the influence of interference remains well within the 
tolerable limit of ±5%. This means that the sensor 

developed is selective for the detection of MB in real 
samples containing other substances. 

Table 2: Effect of interference (%) in MB determination by other compounds. 

Compound Interference (%) Compound Interference (%) 

Mg2+ 0.0 Pb2+ +3.0 

Mn2+ 0.0 Remazol Yellow 0.0 

Zn2+ +1.5 Blue Patent +1.0 

Cu2+ +2.0 Remazol Red 0.0 

- - Methyl Orange 0.0 

 
4. RECOVERY OF MB IN WASTEWATER 

SAMPLES 
 
The applicability of HC/GCE was tested for the 
determination of MB in wastewater samples 
recovered from Rabat area. The wastewater was 
first filtered and different concentration of MB were 

added. Recovery rates ranged from 92% to 96% 

(table 3). In addition, the relative standard 
deviation of five parallel determinations using 
electrodes from different batches proved to be less 
than 5%. This indicates that HC/GCE exhibits 
remarkable reproducibility, making it suitable for 
analytical determinations in real sample matrices. 

 

Table 3: Determination of MB in wastewater. 

Conc. added (M) Conc. Found (M) Recovery (%) RSD% (n=5) 

5.5 x 10-5 5.2 x 10-5 94.5% 3.5 

1.35 x 10-5 1.25 x 10-5 92.6% 2.3 

5.5 x 10-6 5.3 x 10-6 96% 4.1 
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5. CONCLUSION 
In this work, we successfully developed a novel 

electrochemical sensor by modifying a glassy 
carbon electrode with hydrochar derived from 
Phoenix dactylifera. This modified electrode 
(HC/GCE) demonstrated exceptional electrocatalytic 
activity for the detection of Methylene Blue (MB). 

The hydrochar was prepared through hydrothermal 
carbonization of the biomass, resulting in a porous 
structure with excellent electrochemical properties. 
The sensor's performance was extensively 
evaluated through various experiments. Cyclic 
voltammetry and square wave voltammetry 

analyses indicated a significant increase in the 
response current of positively charged MB at the 
HC/GCE compared to an unmodified electrode. 
 
In conclusion, the hydrochar-modified glassy carbon 

electrode (HC/GCE) presented a highly sensitive, 
selective, and efficient platform for the 

electrochemical detection of Methylene Blue. This 
sensor holds great promise for practical applications 
in wastewater analysis, environmental monitoring, 
and related fields. 
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Abstract: Due to the great importance that activated carbon has gained through its use in combating 
pollution, removing dyes components, and other uses, it has been prepared in different ways. In this 
research, a statistical study was conducted to compare the practical and theoretical values of activated 

carbon yield prepared from pomegranate peels with some additives (Novolak resin and Beji asphalt) in 
order to improve its specifications. Since the preparation of activated carbon is controlled by a group of 
variables, a number of matters were tested for the possibility of finding a linear relationship based on the 
effect of the amount of the iodine number, density, ash content, and humidity on the yield of all prepared 
types of activated carbon, and considering the possibility of achieving the relationship through additional 
additives that can be obtained through it on carbon with a homogeneous surface and specifications. Also, 
finding a general mathematical relationship that brings together all the types prepared from pomegranate 

peels after adding new variables representing the percentages of adding asphalt to them and novolak resin 
used in preparation and activation. This equation makes it possible to control the proportions of the 
resulting yield before trying to measure, test and evaluate any of the practically calculated values such as 

the iodine number, density, ash content and humidity using the mathematical equation and calculating 
them for unknown values if the other characteristics are known. This achieves a shortening of the time 
period. The success of this method is evidenced by the high experimental R2 values, the low SE, and the 
logical variation of the variable coefficients. 
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1. INTRODUCTION 
 
Activated carbon is known as a porous solid 

material that has a large internal surface area and a 
developed porous structure. Possessing these 
characteristics of activated carbon makes it a 
material with a high adsorption capacity for many 
chemicals both gaseous and liquid (1). The ability of 
activated carbon to remove colored substances from 
aqueous solutions has been known since the 

fifteenth century when it was used in the sugar 
industry in britain to shorten the colors. It was then 
used on a large scale in the manufacture of masks 
to protect against toxic gases during first world war 

and its areas of use expanded to include various 

industrial and chemical processes (2). Activated 
carbon was prepared at the beginning of the 
twentieth century from coconut shells but the 

increased demand for it and the limited quantities 
available of these shells prompted manufacturers to 
try to manufacture it from other organic materials. 
They used coal, coal tar, different types of wood, 
polymers, and asphalt materials in addition to other 
materials various others (3). 
 

Activated carbon is characterized by unique 
properties and cheap prices, which is why it has no 
competitor in the global market compared to zeolite 
(as an inorganic adsorbent). Also, the pores and 

surface area are distributed in a very wide and 

https://doi.org/10.18596/jotcsa.1416075
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indefinite manner compared to zeolite and this is 
what made carbon one of the most important 

adsorbent materials even though more than 30% of 
Carbon research specializes in developing activated 
carbon in terms of obtaining new sources, modern 
manufacturing processes, and searching for future 
applications (4).The global demand for activated 

carbon is increasing as a result of environmental 
problems especially in the field of water and air 
purification. However, the raw materials used to 
produce activated carbon are not renewable and 
despite the great influence of natural raw materials 
on the specifications of the final product the search 

for cheap adsorbent materials With less impact and 
toxicity on the environment, it has led to the use of 
by-products of agricultural products, oil waste, the 
use of newspapers, old tires, and any remaining 
carbon materials from industrial processes and 

various treatments to prepare activated carbon (5). 
 

Activated carbon is a complex product that is 
difficult to classify based on its behavior, surface 
area, and method of preparation. However, it has 
been classified based on its physical properties into: 
Powdered activated carbon it has a particle size of 
less than 1.0 mm, an average diameter of 0.15-
0.25 mm, and a large internal surface area. This 

type is used in gravity filters (6). Granulated 
activated carbon size of particles of this type is 
relatively larger and the external surface area is 
smaller when compared to activated carbon in 
powder form, as the size of its particles ranges 
between (1.5-2.5 mm). These carbon particles are 

used to treat water, remove odors, separate 

components of the flow system, and adsorption of 
gaseous substances and vapors (6, 7). Extruded 
activated carbon is made by extruding a quantity of 
activated carbon in powder form into a cylindrical 
shape, producing a mass of activated carbon with a 
diameter ranging between (0.8-130 mm), it is used 

in gas phase adsorption applications. Polymer 
coated activated carbon prepared by coating porous 
activated carbon with polymeric materials to give a 
smooth, permeable cover and cover that does not 
allow the pores to become clogged, it used in 
filtration processes (6). Activated carbon in the 
form of molecular sieve it has a structure in the 

form of molecular sieves, and contains a high 
percentage of small pore sizes compared to other 
pores. Also is used to separate gases, such as 

separating nitrogen and oxygen at room 
temperature (8). Activated carbon fibers prepared 
by developing the non-crystalline structure of the 

primary material such as rayon, bitumen, polymers, 
phenolic resins at a temperature (800°C), followed 
by a steam activation process at (800-1000) °C, 
thus obtaining a very high surface area of up to 
(2500 cm2/g), activated carbon fibers have a 
number of advantages over granular activated 
carbon in that they have porous structures and a 

large physical surface area (6, 9). 
 
There are many methods and materials used in 
preparing activated carbon, and some of them are 
as follows: Al-Ghannam et al. (10) were able to 

prepare activated carbon from Morus Nigra using an 
excess of potassium hydroxide at (25±550)oC for 

three hours. Aweed (11) was able to prepare 
several models of activated carbon using some 

plant wastes (coconut shells, date pits, sunflower 
peels, and harvest waste) by reacting them with an 
excess of potassium hydroxide KOH[1:2] (plant 
waste: base) at (25±550)°C for three hours. 
Hamdoon et al. (12) were able to prepare activated 

carbon from coconut shells using different 
percentages of Baiji asphalt as an additive and 
using the chemical activation method. The effect of 
adding different percentages of Baiji asphalt on the 
properties of the activated carbon prepared from 
coconut shells was observed. Saleh et al. (13) were 

able to prepare activated carbon from Iraqi reed 
material by carbonizing it at a temperature of 450 
°C. It was found that the prepared carbon was 
characterized by density (0.451 g/cm3), ash content 
(9.4%), moisture content (4.8%), and using X-rays 

was found to lack a crystal structure with less 
graphite and silica. 

 
Ramakrishnan et al. (14) were able to prepare 
types of activated carbon from Jatropha husk peels, 
biodiesel fuel, the seeds of which are used as fuel 
for cars, industrial and agricultural solid waste by 
chemically activating them using (H3PO4, HNO3, 
HCl, H2SO4, NaOH, ZnCl2). The physical and 

chemical properties were studied it was found that 
the prepared types of activated carbon are low cost 
and are used to remove organic and inorganic 
substances from water. Ragan et al. (15) were able 
to prepare activated carbon from the renewable 
resource cellulose-lignin, which contains 66% 

carbon by weight, by carbonizing it at a 

temperature of 950°C for 5 minutes. It was found 
that the prepared samples possess good adsorptive 
properties. Zengin et al. (16) were able to prepare 
activated carbon from the pyrolysis of melamine 
waste (coated chipboard) by carbonizing it at a 
temperature of (600-800)oC and then chemically 

activating it with NaOH. It was found that the 
prepared activated carbon had a higher surface 
area at a temperature of 600oC and a concentration 
of 50% by weight of sodium hydroxide, it was also 
found that its outer surfaces have an amorphous 
and heterogeneous composition. 
 

Al-Badran (17) prepared activated carbon from local 
raw materials by treating bomber cores with 
concentrated phosphoric acid in a ratio of [1:1], 

then heat-treated them at 500°C for one hour. The 
internal surface area of the activated carbon 
prepared by the nitrogen escape method (BET) was 

calculated and was found to be 886.697 m2/g it was 
found to have a high adsorption capacity. Abechi et 
al. (18) studied the preparation of activated carbon 
by chemically activating palm kernel shells with 
KOH at 800°C for 45 minutes it was found to have a 
high adsorption capacity. Salman (19) studied the 
preparation of activated carbon from pomegranate 

tree branches (BP) through physicochemical 
activation by treatment with potassium hydroxide 
and carbon dioxide. The effect of activation 
temperature, activation time, and percentage of 
chemical impregnation of carbon with methylene 

blue dye (MB) and its removal from its aqueous 
solution was studied. The best activation 
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temperature was 620°C, activation time was 1.4 
hours, and the yield was 16%, the removal 

percentage for methylene blue dye was 92.5%. 
 

Njewa et al. (20) were able to prepare activated 
carbon from rice peels and potato peels by chemical 

activation with 40% phosphoric acid H3PO4 the 
effect of the carbonization temperature and 
impregnation rate was studied using the continuous 
activation period, also studied physical, chemical 
properties such as (surface shape, surface charge), 
and amines aromatics, other functional groups were 
detected. This is excellent for adsorption through 

surface chemistry studies. Islam et al. (21) 
prepared activated carbon from jute sticks by 
chemical activation using H2SO4, H3PO4, and ZnCl2 
the activating factors and carbonization 
temperatures were studied, which ranged between 

300-350°C. The carbon atoms were identified by 

iodine absorption and the method of infrared 
spectroscopy (FT-IR). 
 

In this research, a statistical study was conducted 
to compare the experimental and theoretical values 
of the yield of activated carbon prepared from 

(pomegranate peels as a raw material with 
additions of polymeric residues and petroleum 
residues). here able to control the percentages of 
the resulting yield before trying, testing and 
evaluating any of the experimentally calculated 
values such as the iodine number, density, content, 
Ash and humidity. The success of this method is 

evidenced by the high experimental R2 values, the 
low SE, and the logical variation of the variable 

coefficients. 
 
2. EXPERIMENTAL SECTION 
 
2.1. Preparation of Activated Carbon 

The raw material is prepared by taking the peels of 
pomegranate in their natural dry form then grinding 
them and turning them into powder. Then comes 
the primary carbonation stage, where the prepared 
raw material is placed in a stainless steel bowl 
coated with a layer of nickel and mixed with 

potassium hydroxide in proportions ranging 
between [(1:0.5) - (1:3)] [pomegranate peels: 
KOH]. An increase of 0.5% by weight of potassium 
hydroxide for each reaction. The mixture was 
homogenized by adding (5-10)mL (milliliters) of 

distilled water and then heated to a temperature of 
350°C with continuous stirring for three hours until 

the release of gases stopped. Then transfer the 
mixture to final carbonization and activation. Heat 
the mixture to a temperature (25±550)°C for two 
hours in order to complete the activation process, 
the samples were then left to cool to room 
temperature. 
 

Finally, purification of activated carbon was 
completed, prepared and contaminated with the 
base and metal components, the samples were 
washed with distilled water several times for the 
purpose of removing unreacted potassium 
hydroxide and ensuring that the product of the 

washing process was neutral. Then the resulting 

carbon was treated with a solution of (10%) 

hydrochloric acid and using a thermal sublimation 
process for two hours to remove any trace of ions 

and to reduce Mineral components to a minimum. 
Then, it was washed with distilled water several 
times, and the resulting carbon samples were dried 
at 110-120°C for 24 hours, sieved using 20-40 
mesh sieves, and stored in a dehydrator, isolated 

from air and moisture. 
 
2.2. Preparing Activated Carbon Samples from 
Mixtures 
Activated carbon was prepared from a mixture of 
(pomegranate peels with asphalt), where the 

pomegranate peels were mixed with Baiji asphalt in 
proportions ranging between (5-25)% by weight of 
the asphalt material, with an increase of 5% by 
weight of the asphalt for each sample. Activated 

carbon was prepared from a mixture of 

pomegranate peels and novolak resin, where the 
pomegranate peels were mixed with thermally 
crushed novolac resin (the novolak resin, 
represented by the waste of this material used in 
the manufacture of home cooking utensils, was cut 

into small pieces and placed in a covered ceramic 
crucible). With aluminum foil, then heated the lid in 
an electric oven at 400°C for one hour. After that, 
the material was taken out and left to cool to room 
temperature, then it was crushed into a fine powder 
using a mortar. In proportions ranging from (5-
25)% by weight with an increase of 5% by weight 

of novolak resin for each sample.  Activated carbon 
was prepared from a mixture of (pomegranate peels 
with asphalt and novolak resin): Pomegranate peels 
were mixed with a mixture of (asphalt: novolak 

resin) [1:1] in proportions ranging from (5-25)% by 
weight with an increase of 5% by weight of the 
mixture in every addition. 

 
Repeated the processes mentioned in section (2.1) 
on the mixtures prepared in the above, and using a 
fixed ratio of potassium hydroxide [1:2.5] 
[pomegranate peels: KOH] as the best ratio used to 
prepare activated carbon from pomegranate peels 

(22, 23). 
 
2.3. Conducting some Measuring on Prepared 
Activated Carbon Samples 
2.3.1. Measuring internal surface area of activated 
carbon by adsorption iodine 
This method is one of the well-known and common 

methods used to determine the internal surface 
area of activated carbon, and it represents the 
number of milligrams of iodine adsorbed from the 
solution by one gram of activated carbon. One gram 
of activated carbon was weighed and placed in a 
250 mL conical flask. 10 mL of 5% HCl was added 
to it. The contents of the flask were heated to the 

boiling point for half a minute and then cooled to 
laboratory temperature. After that, 100 mL of 0.1 M 
iodine solution was added to it. The mixture was 
shaken for half an hour, then filtered, discarding 20 
mL at the beginning of the filtration process, and 
collecting 50 mL to titrate it with a 0.1 M solution of 

aqueous sodium thiosulfate. Using starch as 
detector the volume of sodium thiosulfate used was 

calculated from the buret and then the weight of 
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iodine adsorbed by the activated carbon was 
calculated (24). 

 
2.3.2. Measuring of density 
A certain amount of activated carbon was placed in 
a volumetric bottle with a capacity of 5 mL so that 
the activated carbon occupies its volume, while 

making sure that the carbon particles were at one 
level at the mark. After that, the carbon in the 
volumetric bottle was weighed using a sensitive 
balance and the density was calculated as 
follows:(25) 
 

Density (g/cm3) = mass / volume 
 

2.3.3. Measuring of ash content percentage 
Weigh (1 g) of activated carbon and place it in 
Porcelain Crucible. The Porcelain Crucible is placed 

in an electric oven at (1000°C) for three hours. 

Then it was left to cool, then it was weighed using a 
sensitive balance, then the weight of the remaining 
ash was calculated for each of the prepared 
activated carbon models, then the percentage of 
ash in each sample was calculated (26). 
 
2.3.4. Measuring of humidity percentage 

Weigh (1 g) of the sample accurately and place it in 
an oven at 150°C for three hours, then cool it and 
weigh it accurately and quickly, and from the 
difference in weights, the humidity content is 
calculated in the form of a percentage (27). 
 
2.4. Conducting a Statistical Study 

This study was conducted using a statistical 

program, SPSS where the version number is 19 and 
the  release date is 2010. 
 
 

3. RESULTS AND DISCUSSION 
 

The statistical study is complementary to practical 
studies, and through it the effect of a group of 
independent variables (x) on a dependent variable 
(y) can be tested through an equation called the 
multivariate linear regression analysis equation, 

which can be represented by the following 
relationship: 
 
𝑦 = 𝑏 + 𝑎1𝑥1 + 𝑎2𝑥2 + ⋯ + 𝑎𝑛𝑥𝑛   (1) 

 
Through this equation it is possible to estimate the 
extent of the influence of a group of independent 

variables (x1, x2,….xn) on the dependent variable 
(y) from the magnitude of its coefficients (a1, 
a2,….an) respectively. While the value of b is a fixed 
magnitude for a reference value. The success of the 

linear relationship is usually evaluated through two 
criteria: the correlation coefficient R2 whose values 
are limited to (0-1), and the relationship is linear 

whenever the value of R2 approaches one. The 
other criterion is the value of the standard deviation 
SE which represents the amount of deviation of the 
experimental value from the theoretically calculated 
value which should at best not exceed 5% of the 
experimental value. The values of the coefficients of 

a(x) indicate the amount of slope in the straight 
line, or in other words, the extent to which the 
value of x affects y while the sign of a indicates the 
nature of the relationship whether inverse or direct. 
 
The statistical study will be conducted on the 
activated carbon prepared from the peels of 

pomegranate (Pp). Tables 1-4 show the 
specifications of the prepared activated carbon (22, 
23). 

Table 1: The properties of the activated carbon prepared from Pp. 

S RM : KOH ION Dy ASC HYC Yd 

Cn 1:0 339.420 0.397 3.21 9.07 21.705 

1 1:0.5 654.959 0.383 3.19 8.13 20.401 

2 1:1 674.507 0.306 3.17 10.55 18.810 

3 1:1.5 710.808 0.292 3.14 10.76 16.528 

4 1:2 780.620 0.273 3.08 10.88 14.904 

5 1:2.5 822.507 0.261 3.02 11.87 13.327 

6 1:3 788.997 0.281 4.00 7.03 8.800 

B.D.H.* - 908 0.345 3.200 0.80 - 

S: samples   ,   RM: Raw material,  ION : Iodine Number  (mg/g)  ,  

Dy: Density (g/cm3), ASC: Ash Content%,  HYC: Humidity Content%,   
Yd: Yield% ,    B.D.H.*: Commercial carbon 

 
Table 2: Properties of activated carbon prepared from mixture 

(Pp with BAs) using [1:2.5] [RM:KOH]. 

S BAs ION Dy ASC HYC Yd 

7 5 830.884 0.256 3.01 11.89 14.105 

8 10 864.394 0.218 2.94 11.42 15.232 

9 15 881.149 0.178 2.82 12.01 16.034 

10 20 900.696 0.118 1.75 12.20 17.691 

11 25 925.828 0.080 1.68 12.38 21.631 

B.D.H.* - 908 0.345 3.200 0.80 - 

BAs: Beji Asphalt% 
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Table 3: Properties of activated carbon prepared from mixture 
(Pp with REN) using [1:2.5] [RM:KOH] 

S REN % ION Dy ASC HYC Yd 

12 5 836.469 0.221 2.98 11.93 14.831 

13 10 892.318 0.210 2.92 11.47 16.243 

14 15 945.375 0.196 2.54 12.41 18.284 

15 20 976.092 0.106 1.87 12.29 20.072 

16 25 1004.017 0.075 1.23 13.71 22.471 

B.D.H.* - 908 0.345 3.200 0.80 - 

REN: Resin Novolak 
 

Table 4: Properties of activated carbon prepared from mixture 
(Pp with the Asphalt and the REN) using [1:2.5] [RM:KOH] 

S 
Mixed(Asphalt, 

REN)% 
ION Dy ASC HYC Yd 

17 5 864.394 0.220 2.86 11.98 14.907 

18 10 981.677 0.186 2.75 11.59 18.071 

19 15 995.639 0.144 2.08 12.61 19.231 

20 20 1017.979 0.104 1.72 12.74 27.580 

21 25 1129.677 0.064 1.79 13.92 34.410 

B.D.H.* - 908 0.345 3.200 0.80 - 

 
In order to complete this study, we conducted the 
following: 
 

First, the relationship between the different 
variables whether y or x values was evaluated 
which represented the basis for this study, which 
are the values of the yield of the prepared activated 
carbon, the iodine number, density, ash content, 

and humidity by applying the simple linear 
relationship of the straight line which are: 
 
𝑦 = 𝑏 + 𝑎𝑥     (2) 

 
The relationship between these variables was 
evaluated by calculating the R2 values for each of 
them with each other. The results obtained were 
included in Tables 5-8. 

 

Table 5: Results of statistical analysis of data taken from Table 1. 

 
Yd 

y 

ION 

x1 

Dy 

x2 

ASC 

x3 

HYC 

x4 

Yd (y) 1     

ION (x1) 0.716 1    

Dy (x2) 0.506 0.698 1   

ASC (x3) 0.454 0.039 0.004 1  

HYC (x4) 0.051 0.052 0.237 0.684 1 

 
Table 6: Results of statistical analysis of data taken from Table 2. 

 
Yd 

y 
ION 

x1 
Dy 

x2 
ASC 

x3 
HYC 

x4 

Yd (y) 1     

ION (x1) 0.878 1    

Dy (x2) 0.893 0.969 1   

ASC (x3) 0.781 0.776 0.892 1  

HYC (x4) 0.571 0.473 0.613 0.639 1 

 
Table 7: Results of statistical analysis of data taken from Table 3. 

 
Yd 

y 
ION 

x1 
Dy 

x2 
ASC 

x3 
HYC 

x4 

Yd (y) 1     

ION (x1) 0.947 1    

Dy (x2) 0.904 0.788 1   

ASC (x3) 0.957 0.827 0.967 1  

HYC (x4) 0.755 0.580 0.654 0.805 1 
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Table 8: Results of statistical analysis of data taken from Table 4. 

 
Yd 

y 

ION 

x1 

Dy 

x2 

ASC 

x3 

HYC 

x4 

Yd (y) 1     

ION (x1) 0.837 1    

Dy (x2) 0.929 0.882 1   

ASC (x3) 0.716 0.628 0.885 1  

HYC (x4) 0.815 0.671 0.821 0.680 1 

 
The second step to complete this study included 
performing a multivariate regression analysis for 
each of the Tables 1-4 separately which included 

the preparation of activated carbon with different 
methods and additives. Three variables were 
chosen for the purpose of analysis: the iodine 

number, density, and ash content as the best 
variables based on the preliminary study in first 
step due to the lack of degrees of freedom in the 

statistical analysis due to the small number of 
observations. The results of the regression analysis 
obtained are listed in the following Tables 9-12. 

 

Table 9: Results of regression analysis of data taken from Table 1. 

Variables 
Variables 

Coefficient 
Fixed value  

ION -0.035  R2= 0.994 

Dy 18.634 b= 56.004 SE= ±0.507 

ASC -6.226   

Observation Number = 6 

 
Table 10: Results of regression analysis of data taken from Table 2. 

Variables 
Variables 

Coefficient 
Fixed value  

ION 0.026  R2= 0.895 

Dy -23.453 b= -1.089 SE= ±1.901 

ASC -0.277   

Observation Number = 5 

 
Table 11: Results of regression analysis of data taken from Table 3. 

Variables 
Variables 

Coefficient 
Fixed value  

ION 0.021  R2= 0.999 

Dy 11.265 b= 4.018 SE= ±0.142 

ASC -3.205   

Observation Number = 5 

 
Table 12: Results of regression analysis of data taken from Table 4. 

Variables 
Variables 

Coefficient 
Fixed value  

ION -0.071  R2= 0.992 

Dy -366.840 b= 106.495 SE= ±1.385 

ASC 17.667   

Observation Number = 5 

 
When the results obtained from the regression 
analysis were used to calculate the yield 
theoretically and compare it with the experimental 

values, the results were as listed in Tables 13 and 
14. 
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Table 13: Comparison between the experimental and calculated results of the activated carbon yield 
prepared from the data of Tables 1 and 2 respectively. 

 Results Table (1)  Results Table (2) 

S Exp. val Cal. val diff S 
Exp. 

val 

Cal. 

val 
diff 

1 20.401 20.356 0.045 1 14.105 13.676 0.429 

2 18.810 18.362 0.448 2 15.232 15.458 -0.226 

3 16.528 17.017 -0.489 3 16.034 16.865 -0.831 

4 14.904 14.593 0.311 4 17.691 19.077 -1.386 

5 13.327 13.277 0.050 5 21.631 20.641 0.990 

6 8.800 8.721 0.079     

Exp. val: Experimental value, Cal. val: Calculated value 
diff.: difference,  S : Sequence 

 
Table 14: Comparison between the experimental and calculated results of the activated carbon yield 

prepared from the data of Tables 3 and 4 respectively. 

 Results Table (3)  Results Table (4) 

S Exp. val Cal. Val diff S 
Exp. 
val 

Cal. 
val 

diff 

1 14.831 14.523 0.308 1 14.907 14.946 -0.039 

2 16.243 15.764 0.479 2 18.071 17.148 0.923 

3 18.284 17.938 0.346 3 19.231 19.727 -0.496 

4 20.072 19.717 0.355 4 27.580 26.454 1.126 

5 22.471 22.005 0.466 5 34.410 34.434 -0.024 

 
Observing the results obtained from the tables 
above, we note that there is a linear relationship 

with a good correlation coefficient and a low 
standard deviation. In addition, there is a 
correspondence in the practical values and the 

values calculated from the results obtained from the 
regression analysis. This result encouraged us to 

complete this study and try to find one general 
equation that combines all Methods By introducing 

new variables including adding humidity content as 
well as the proportions of additives in the 
preparation of KOH, asphalt and novolak resin the 

data used in the regression analysis are listed in 
Table 15. 

 
Table 15: Data used in regression analysis to find a general equation. 

Yd ION Dy ASC HYC %KOH %Asp %Nov %Mix 

20.401 654.959 0.383 3.190 8.130 0.5 0 0 0 

18.810 674.507 0.306 3.170 10.550 1 0 0 0 

16.528 710.808 0.292 3.140 10.760 1.5 0 0 0 

14.904 780.620 0.273 3.080 10.880 2 0 0 0 

8.800 788.997 0.281 4.000 7.030 3 0 0 0 

14.105 830.884 0.256 3.010 11.890 2.5 5 0 0 

15.232 864.394 0.218 2.940 11.420 2.5 10 0 0 

16.034 881.149 0.178 2.820 12.010 2.5 15 0 0 

17.691 900.696 0.118 1.750 12.200 2.5 20 0 0 

21.631 925.828 0.080 1.680 12.380 2.5 25 0 0 

14.831 836.469 0.221 2.980 11.930 2.5 0 5 0 

16.243 892.318 0.210 2.920 11.470 2.5 0 10 0 

18.284 945.375 0.196 2.540 12.410 2.5 0 15 0 

20.072 976.092 0.106 1.870 12.290 2.5 0 20 0 

22.471 1004.017 0.075 1.230 13.710 2.5 0 25 0 

14.907 864.394 0.220 2.860 11.980 2.5 0 0 5 

18.071 981.677 0.186 2.750 11.590 2.5 0 0 10 

27.580 1017.979 0.104 1.720 12.740 2.5 0 0 20 

Asp : Asphalt ,  Nov : Novolak 

 
The results of the regression analysis obtained from 

the data listed in Table 15 were as follows: 
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Table 16: Results of regression analysis of the data in Table 15. 

Variables variables 

Coefficient 

 

ION -0.014  

Dy 3.016 b= 28.818 

ASC -0.378 R2= 0.978 

HYC 0.318 SE= ±0.830 

%KOH -3.460  

%Asphalt 0.506  

%Novolak 0.881  

  Observation Number = 18 

 
The results listed in Table 16 can be formulated in 
the form of a mathematical equation and written as 
follows: 

 
𝑦𝑖𝑒𝑙𝑑 = 28.818 − 0.014 × 𝐼𝑜𝑑. +3.016 × 𝐷𝑒𝑛𝑠𝑖𝑡𝑦   (3) 

 

When using above equation to theoretically 
calculate the yield ratio values and compare them 
with the experimental values it was found that there 

is a large correspondence between the calculated 
values and the experimental values with an error 
rate not exceeding 5% as shown in Table 17. 

 
Table 17: Comparison between the experimental and theoretical results of the prepared activated carbon 

yield From the data in Table 14. 

Seq
 

yexp. 
ycalc. 

yexp. - ycalc. 
1
 

20.401
 

20.453
 

-0.052
 

2 18.810
 

18.994
 

-0.184
 

3 16.528
 

16.792
 

-0.264
 

4 14.904
 

14.088
 

0.816
 

5 8.800
 

8.963
 

-0.163
 

6 14.105
 

13.881
 

0.224
 

7 15.232
 

15.104
 

0.128
 

8 16.034
 

16.912
 

-0.878
 

9 17.691
 

18.852
 

-1.161
 

10 21.631
 

20.399
 

1.232
 

11 14.831
 

14.321
 

0.510
 

12 16.243
 

15.913
 

0.330
 

13 18.284
 

18.100
 

0.184
 

14 20.072
 

20.144
 

-0.072
 

15 22.471
 

22.883
 

-0.412
 

16 14.907
 

15.864
 

-0.957
 

17 18.071
 

18.442
 

-0.371
 

18 27.580
 

27.251
 

0.329
 

 
4. CONCLUSIONS 
 

From the results of this study, it was concluded that 
the yield of prepared activated carbon can be 
calculated by knowing the percentage of ash, 
humidity, density, and iodine number. Any of these 
variables can also be calculated with an unknown 
substance if the value of the other variables is 

available. The values of the parameters of the 
variables indicate that the yield percentage is 
directly proportional to the density and to the 
humidity content, and this is logical, as increasing 
the density increases the yield percentage of the 
activated carbon, and increasing the yield of the 
prepared activated carbon increases the amount of 

humidity adsorbed on its surface. Increasing the 
base percentage reduces the yield because the user 

burns it to prepare in the catalysis process and 
increases the ash content percentage. Increasing 

asphalt or novolak resin increases the yield of the 
prepared carbon because increasing these materials 
increases the carbon content of the materials used 
in preparing the activated carbon. There is a large 
correspondence between the percentage of 
calculated and experimental results with a 

percentage that does not exceed the percentage of 
experimental error which is inferred from the 
percentage of standard deviation. 
 
5. CONFLICT OF INTEREST 
 
The author have no conflicts of interest. 

 
 



Khaleel SI et al. JOTCSA. 2024; 11(4): 1407-1416 RESEARCH ARTICLE 

1415 

6. ACKNOWLEDGMENTS 
 

I thank the university of mosul in Iraq for supported 
me to complete this work. 
 
7. REFERENCES 
 

1. Jabit NB. The production and characterization of 
activated carbon using local agricultural waste 
through chemical activation process [Internet]. 
2007. Available from: <URL>. 

2. Al-Dabouni AA. Introduction to petrochemicals. 
University of Mosul; 1991. 307–322 p.  

3. Alhamed Y. Activated carbon from dates’ stone 
by ZnCl2 activation. J King Abdulaziz Univ Sci 
[Internet]. 2006;17(2):75–98. Available from: 

<URL>. 

4. De Ridder DJ. Adsorption of organic 
micropollutants onto activated carbon and zeolites. 
Water Manag Acad Press [Internet]. 2012;7–14. 

Available from: <URL>. 

5. Lozano-Castelló D, Lillo-Ródenas MA, Cazorla-
Amorós D, Linares-Solano A. Preparation of 
activated carbons from Spanish anthracite. Carbon 
N Y [Internet]. 2001 Apr 1;39(5):741–9. Available 
from: <URL>. 

6. Pradhan S. Production and characterization of 

Activated carbon produced from asuitable Industrial 
Sludge [Internet]. National Institute of Technology; 
2011. Available from: <URL>. 

7. Shahbeik H, Bagheri N, Ghorbanian SA, 
Hallajisani A, Pourkarimi S. A new adsorption 
isotherm model of aqueous solutions on granular 

activated carbon. World J Model Simul [Internet]. 
2013;9(4):243–54. Available from: <URL>. 

8. Inagaki M. New carbons - control of structure and 
functions [Internet]. Elsevier; 2000. Available from: 
<URL>. 

9. Gottipati R. Preparation and characterization of 
microporous activated carbon from biomass and its 

application in the removal of Chromium(VI) from 
aqueous phase. National Institute of Technology 
Rourkela; 2012.  

10. AL Ghannam KA, Aweed KA, Hamdoon AA. 
Preparation of activated from Morus nigra by 
chemical treatment. Natl J Chem. 2004;13:26–33.  

11. Aweed KA. Production of activated carbon from 

some agricultural wastes by chemical treatment. 
Natl J Chem [Internet]. 2005;17:138–42. Available 
from: <URL>. 

12. Hamdon AA, Abdul Aziz AN, Ali MH. Study the 
effect of the structural modifications on the 
properties of the activated carbon prepared from 

coconut-shell by chemical treatment. Tikrit J Pure 
Sci [Internet]. 2008;13(3):278–82. Available from: 
<URL>. 

13. Saleh NJ, Ismaeel MI, Ibrahim RI, Zablouk MA, 
Amer A. Preparation activated carbon of from Iraqi 

reed. Eng Technol J [Internet]. 2008 Mar 28 [cited 
2024 Aug 28];26(3):291–304. Available from: 
<URL>. 

14. Ramakrishnan K, Namasivayam C. Development 
and characteristic of activated carbons from 

Jatropha husk, an agro industrial solid waste, by 
chemical activation methods. J Environ Eng Manag 
[Internet]. 2009;19(3):173–8. Available from: 
<URL>. 

15. Ragan S, Megonnell N. Activated carbon from 
renewable resources-lignin. Cellul Chem Technol 

[Internet]. 2011;45(8):527–31. Available from: 
<URL>. 

16. Zengin A, Akalin MK, Tekin K, Erdem M, Tay T, 

Karagoz S. Preparation and characterization of 
activated carbons from waste melamine coated 
chipboard by NaOH activation. Ekoloji [Internet]. 
2012 Dec 31;21(85):123–8. Available from: 

<URL>. 

17. Al-Badran SFJ. Preparation of activated carbon 
by chemical activation with phosphoric acid using 
Cordia myxa fruits nuclei as raw material. J Basrah 
Res [Internet]. 2013;39(4B):98–106. Available 
from: <URL>. 

18. Abechi SE, Gimba CE, Uzairu A, Dallatu YA. 

Preparation and characterization of activated carbon 
from palm kernel shell by chemical activation. Res J 
Chem Sci [Internet]. 2013;3(7):54–61. Available 

from: <URL>. 

19. Salman JM. Preparation of mesoporous‐
activated carbon from branches of pomegranate 
trees: optimization on removal of methylene blue 

using response surface methodology. Giuliani A, 
editor. J Chem [Internet]. 2013 Jan 
12;2013(1):489670. Available from: <URL>. 

20. Njewa JB, Vunain E, Biswick T. Synthesis and 
characterization of activated carbons prepared from 
agro-wastes by chemical activation. Guo W, editor. 
J Chem [Internet]. 2022 Mar 22;2022(1):975444. 

Available from: <URL>. 

21. Islam MN, Khatton A, Sarker  ahid, Sikder HA, 

Chowdhury AMS. Preparation and characterization 
of activated carbon from jute stick by chemical 
activation: Comparison of different activating 
agents. Saudi J Eng Technol [Internet]. 2022 Feb 

28;7(2):112–7. Available from: <URL>. 

22. Al-Hyali EAS, Al-Khazraji AAH, Al-Taey SIK. A 
Thermodynamic and kinetic study for adsorption of 
a number of dyes from their aqueous solutions on a 
new kind of activated carbon prepared by 
pomegranate (Punica granatum) peels via chemical 
treatment. Int J Enhanc Res Sci [Internet]. 

2016;5(3):82–116. Available from: <URL>. 

23. AL-Taey SIK. Preparation of new types of 
activated carbon and testing their efficiency by the 

adsorption of some dyes, thermodynamic and 
kinetic studies. 2017.  

https://eprints.usm.my/9576/1/THE_PRODUCTION_AND_CHARACTERIZATION_OF_ACTIVATED_CARBON_USING_LOCAL_AGRICULTURAL_WASTE_THROUGH_CHEMICAL_ACTIVATION_PROCESS.pdf
http://prod.kau.edu.sa/centers/spc/jkau/Data/Review_Artical.aspx?No=2210
https://repository.tudelft.nl/record/uuid:36768caf-ba11-45b8-9d71-b6ebbf5cc9e8
https://linkinghub.elsevier.com/retrieve/pii/S0008622300001858
http://ethesis.nitrkl.ac.in/2630/2/107CH007.pdf
https://www.researchgate.net/publication/258784710_A_new_adsorption_isotherm_model_of_aqueous_solutions_on_granular_activated_carbon#fullTextFileContent
https://linkinghub.elsevier.com/retrieve/pii/B9780080437132X50006
https://www.uobabylon.edu.iq/publications/chemistry_edition1/njc1_publication_6.doc
https://www.iasj.net/iasj/article/39605
https://etj.uotechnology.edu.iq/article_26415.html
https://www.researchgate.net/publication/255594900_Development_and_characteristic_of_activated_carbons_from_Jatropha_husk_an_agro_industrial_solid_waste_by_chemical_activation_methods
https://www.cellulosechemtechnol.ro/pdf/CCT45,7-8(2011)/p.527-531.pdf
http://www.ekoloji.com.tr/resimler/85-14.pdf
https://www.iasj.net/iasj/article/89316
https://www.isca.me/rjcs/Archives/vol3/i7/8.ISCA-RJCS-2013-095.pdf
https://onlinelibrary.wiley.com/doi/10.1155/2013/489670
https://www.hindawi.com/journals/jchem/2022/9975444/
https://saudijournals.com/media/articles/SJEAT_72_112-117_cixWdlb.pdf
https://www.researchgate.net/profile/Ammar-Hamdoon/publication/340388680_A_Thermodynamic_and_Kinetic_Study_for_Adsorption_of_a_Number_of_Dyes_from_their_Aqueous_Solutions_on_a_New_Kind_of_Activated_Carbon_Prepared_by_Pomegranate_Punica_Granatum_Peels_via_Chemical_Treatment/links/5e861f7992851c2f52778bb2/A-Thermodynamic-and-Kinetic-Study-for-Adsorption-of-a-Number-of-Dyes-from-their-Aqueous-Solutions-on-a-New-Kind-of-Activated-Carbon-Prepared-by-Pomegranate-Punica-Granatum-Peels-via-Chemical-Treatment.pdf


Khaleel SI et al. JOTCSA. 2024; 11(4): 1407-1416 RESEARCH ARTICLE 

1416 

24. Ma R, Qin X, Liu Z, Fu Y. Adsorption property, 
kinetic and equilibrium studies of activated carbon 

fiber prepared from liquefied wood by ZnCl2 
activation. Materials (Basel) [Internet]. 2019 Apr 
28;12(9):1377. Available from: <URL>. 

25. ASTMD2854-70. Standard test method for 
apparent density activated carbon. 2000.  

26. Test method for activated carbon. Roster bau 
int. Engineering GMBH. W. Germany Devtschos 

Arzneibuch 6th Edition. 1999.  

27. Sunanda, Tiwari DP, Sharma DN, Thakur S, 
Kumar RTS. Sapindus based activated carbon by 
chemical activation. Res J Mater Sci [Internet]. 
2013;1(7):9–15. Available from: <URL>. 

 

https://www.mdpi.com/1996-1944/12/9/1377
https://www.isca.me/MATERIAL_SCI/Archive/v1/i7/2.ISCA-RJMatS-2013-025.pdf


Kırcı D et al. JOTCSA. 2024; 11(4): 1417-1420  RESEARCH ARTICLE 

1417 

    
 

Chemical Analysis of Pomegranate Flower Essential Oil in Türkiye 
 

Damla Kırcı1* , Safa Gümüşok2 , Ceyda Sibel Kılıç2 , Betül Demirci3  
 

1Selçuk University, Department of Pharmacognosy, Faculty of Pharmacy, Konya, Türkiye. 
2Ankara University, Department of Pharmaceutical Botany, Faculty of Pharmacy, Ankara, Türkiye. 

3Anadolu University, Department of Pharmacognosy, Faculty of Pharmacy, Eskişehir, Türkiye. 

 

Abstract: Punica granatum L. (Pomegranate) grows naturally in a wide area from northwest Türkiye to 
western and northern Pakistan and is also cultivated throughout subtropical and tropical regions of the world. 
Pomegranate is in the form of a spiny shrub or a small tree. The barks, fruit peels, flowers, and seeds of the 
plant are used in traditional medicine due to their ellagitannin and polyphenol content and are used to treat 

circulatory system disorders. In this study, essential oil (EO) of P. granatum flowers was obtained by 
hydrodistillation and analyzed by GC-FID and GC-MS. As a result, the chemical composition of the essential 
oil obtained was elucidated. As a result, nine compounds representing 99.9% of the essential oil of P. 
granatum flowers were characterized, with hexadecanoic acid (52.4%), linoleic acid (15.2%), heptacosane 
(10.1%), and pentacosane (10.1%) as the major components. Notably, this research marks the first 
comprehensive examination of the essential oil of pomegranate flowers in Türkiye. 

 
Keywords: Punica granatum, Punicaceae, Essential oil, Hydrodistillation, GC-FID, GC-MS. 
 
Submitted: February 10, 2024. Accepted: August 6, 2024. 

 
Cite this: Kırcı D, Gümüşok S, Kılıç CS, Demirci B. Chemical Analysis of Pomegranate Flower Essential Oil in 

Türkiye. JOTCSA. 2024;11(4): 1417-20. 
 
DOI: https://doi.org/10.18596/jotcsa.1434861 
 
*Corresponding author’s E-mail: damla.kirci@ikc.edu.tr 

 
1. INTRODUCTION 
 
The Punicaceae family is represented by a single 
genus, Punica L., is characterized by deciduous 
shrubs or trees, sometimes with spiny branches. 

Leaves of the family are simple without stipules. The 
flowers are located at the tips of the branches. The 
large fruit has a leathery exocarp and bears many 
seeds (1). Punica granatum L. (pomegranate) is a 
cosmopolite plant that is distributed widely from 
northwest Türkiye to western and northern Pakistan 

and is cultivated in subtropical and tropical regions 

of the world (1-3). 
 
For centuries, people have used fragrant plants and 
their processed forms as flavorings. More recently, 
these plants have become a focus for finding natural 
antioxidants and antibacterial agents. Pomegranate 
flowers have a long history of use in traditional Indian 

medicine systems like Ayurveda and Unani. These 
flowers possess anti-diabetic and astringent 
properties, and an infusion made by boiling the 
flower buds is employed to treat chronic diarrhea, 
especially in children. As there is growing interest in 
utilizing plant-derived compounds in food and 

pharmaceuticals, carefully studying plant extracts for 

these beneficial properties has become increasingly 
important. Moreover, the stem bark, fruit peel, 
flowers, and seeds of pomegranate are used in folk 
medicine for their anthelmintic and antimicrobial 
properties. Despite the low aromatic intensity of 

fresh pomegranates, only a handful of studies have 
looked at the volatile aroma compounds in 
pomegranates, and these mainly focused on 
pomegranate juices. For example, one study could 
only identify nine compounds in pomegranate juices 
from Iran. Later, a pomegranate and berry juice 

survey found just ten volatile compounds in the 

pomegranate. Additionally, there is a lack of research 
on the fatty acids in pomegranate flowers, except for 
a study that characterized the fatty acid methyl 
esters in five different Iranian pomegranate flower 
cultivars (4,5). Other phytochemical components of 
the plant consist of tannins, flavonoids, alkaloids, 
organic acids, triterpenes, steroids, coumarins, and 

lignans (6-10). Pomegranate plant is known to be 
used to treat circulatory system disorders, it also has 
antimicrobial, antioxidant, anticancer, antidiabetic, 
and immunomodulatory activities (11-15). The 
research also reported that extracts from P. 
granatum arils possess strong in vitro antibacterial 

activity against many bacterial strains tested. Most 
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of those investigations suggested that the presence 
of phytocompounds in the extracts, including 
phenols, tannins, and flavonoids, as major active 

constituents may be responsible for these activities. 
However, research on the antibacterial activity of 
pomegranate flower extracts is scarce. Moreover, it 
is not well known whether volatile components could 

be involved in the antibacterial effect of pomegranate 
flower extracts and essential oils (5). Moreover, the 
flowers from Türkiye possess significant 
phytochemical and antioxidant properties, making 
them a valuable source of bioactive compounds. The 
flower extracts, particularly rich in phenolic 

compounds such as punicalagin, have shown good 
antioxidant activity (16). 
 
When we review the literature, we find that essential 
oils (EOs) obtained from the fruit peels have been 
studied extensively. However, there are only a few 

studies on the composition of the EO obtained from 

the flowers (5). As far as we know, this is the first 
study examining the essential oil obtained from the 
flowers of the pomegranate plant growing in Türkiye 
naturally. 
 
2. EXPERIMENTAL SECTION 
 

2.1. Plant Material 
Plant material was collected from Kahramankazan, 
Ankara (Türkiye), specifically from Güvenç Köyü at 
an altitude of 1000 meters on 30/06/2021. A voucher 
specimen was deposited in the Ankara University 
Faculty of Pharmacy Herbarium with the herbarium 

number AEF 30716. Collected flowers were dried in 
the shade. 

 
2.2. Isolation and Analysis of Essential Oil 
The hydrodistilled essential oil was analyzed by GC-
MS and GC-FID (17-19). Table 1 contains the result. 
The EO was obtained by hydrodistillation using a 

Clevenger-type apparatus for three hours. A small 
amount of EO of P. granatum was trapped in n-
hexane. The EO was stored at 4°C in an amber vial. 
 
The essential oil compounds were identified by 
comparing their relative retention indices (RRI) to 
those of authentic samples using computer matching 

against commercial data (MassFinder 4.0 Library, 
Wiley GC-MS Library).  The identification was carried 
out using an in-house "Başer Library of Essential Oil 
Constituents" compiled from genuine compounds of 

recognized essential oils and the MS reported in the 
literature (17, 18). 

 
3. RESULTS AND DISCUSSION 
 
9 compounds representing 99.9% of the essential oil 
of the flowers were characterized with hexadecenoic 
acid (52.4%), linoleic acid (15.2%), heptacosane 
(10.1%), and pentacosane (10.1%) as major 

components. The composition of the EO is shown in 
Table 1. The EO of pomegranate flowers contains 
various compounds, including nonadecane, 
tricosane, tetracosane, pentacosane, hexacosane, 
heptacosane, nonacosane, hexadecenoic acid, and 
linoleic acid. Hexadecanoic acid, also known as 
palmitic acid. Palmitic and linoleic acids are fatty 

acids. Palmitic acid (C16:0) is a saturated lipid with 
a 16-carbon chain. Linoleic acid (C18:2) is a 
polyunsaturated fatty acid (PUFA) with the molecular 

name omega-6 or cis-9,12-octadecadienoic acid. It is 
an essential fatty acid, which means that the human 
body cannot produce it and must receive it from the 
diet. 

 
Table 1: Composition of the EO of Punica granatum 

flowers. 

RRI Compound % 

1900 Nonadecane 1.0 
2300 Tricosane 2.3 
2400 Tetracosane 0.8 
2500 Pentacosane 10.1 
2600 Hexacosane 1.6 

2700 Heptacosane  10.1 
2900 Nonacosane 6.4 

2931 Hexadecenoic acid 52.4 
3290 Linoleic acid 15.2 

 Total 99.9 

 
When we searched the literature, we saw that many 
studies were performed on fruit juice, particularly 
focusing on its preservation. And studies conducted 
on essential oils were performed mostly on the EOs 
obtained from fruit peels. 

 
In a study by Hadrich et al. (2014), the essential oil 
of Tunisian pomegranate peels was analyzed, 
revealing camphor (60.32%), benzaldehyde 
(20,98%), and borneol (4.75%) as the main 
components of the EO (20). 

 
In a study, essential oil of the peel was obtained both 

with hydro-distillation and super fluid extraction 
methods, and the obtained results were compared. 
Hydrodistillation yielded 73 compounds; however, 
superfluid extraction just yielded 46 components. 
While major compounds of hydrodistillation 

procedure were found to be (-)-borneol (12.97%), 
oleic acid (11.65%), and dibutyl phthalate (10.82), 
the superfluid extraction procedure yielded oleic acid 
(12.49%), palmitic acid (11.65%), and (-)-borneol 
(9.5%) as major components (21). 
 
In another study performed on fruit peels by Wahba 

(2020), linoleic acid was found to be the main 
component of the essential oil (29.33%), along with 
D-limonene (13.79%), caryophyllene (13.9%), cis-
vaccenic acid (12.66%), and squalene (9.12%) (22). 

In the study conducted by Gültepe et al. (2019) on 
fruit peels, methyl stearate (43.21%), metilox 

(16.82%), and methyl palmitate (7.90%) were 
dominant in the essential oil (23). 
 
As it can be found from the results of these studies, 
the main components are usually different than the 
results of our study, which is not surprising by the 
way since the plant parts used to isolate essential oils 

were different. 
 
In a study conducted in Tunisia, essential oils 
obtained from pomegranate flowers were compared 
to reveal the influence of different types of cultivation 
methods with respect to the essential oil 
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composition. 4 different types of cultivators (Tounsi, 
Nabli, Gabsi, and Chelfi) were selected for this 
purpose, and the essential oils of flowers were 

examined. Esters, alcohols, terpenes, aldehydes, 
ketones, and hydrocarbons were identified to be 
present in the chemical composition of the EOs. The 
results of these studies are listed in Table 2 (5). 

When we examine the results of this study, we can 
recommend that only the composition of the Gabsi 
cultivator was similar to the findings of our study. n-

Pentacosane found to be present in this cultivar 
(13.59%) was also present in the essential oil that 
we have obtained from the flowers. 

 
Table 2: The major components of the essential oils from the flowers of Tunisian pomegranate cultivars. 

Cultivar Major Compounds (%) 

Tounsi 
2,3-Butandiol 

Eugenol 
Ethyl hexadecanote 

18.98 
15.85 
5.96 

Nabli 
Ethyl hexadecanote Ethyl 

oleate 
Nezukol 

35.92 
18.88 
12.75 

Gabsi 
Ethyl hexadecanote 

n-Pentacosane 

Abietadiene 

19.31 
13.59 

12.37 

Chelfi 

2,3-Butanediol 

Eugenol 
Abietadiene 

20.65 

18.85 
10.79 

 
Pomegranate is a fruit of significant commercial 
importance, and it is cultivated in Southern, Middle 
East, Asia, and Mediterranean regions. Its seeds are 

rich in bioactive components, including fatty acids, 
tocopherols, tocotrienols, phytosterols, and 
carotenoids. Pomegranate seed fixed oil is a non-
traditional oil with health benefits, rich in 
polyunsaturated fatty acids (PUFAs), namely linoleic 
acid (omega-6) and linolenic acid (omega-3), as well 
as an effective conjugated linolenic acid, punicic acid 

(24). 

 
The other study compared three different methods 
(microwave-assisted extraction (MAE), ultrasound-
assisted extraction (UAE), and cold pressing) for 
extracting pomegranate seed oil and found that the 

ultrasound-assisted extraction technique was the 
most efficient, with a maximum extraction efficiency 
of 26.31% under optimized conditions. The cold 
pressing method yielded the lowest oil extraction 
efficiency at 5%, but the extracted oil had the highest 
punicic acid content at 88.33%. The other major 
fatty acids in the cold-pressed oil were oleic acid 

(3.68%), linoleic acid (3.22%), palmitic acid 
(2.19%), and stearic acid (1.56%). The MAE 
technique using dimethyl succinate as the solvent 
had an extraction efficiency range of 5.94 to 22.01%. 

The extracted oils were also dominated by punicic 
acid, which ranged from 87.65 to 88.15%. Other 
notable fatty acids included oleic acid (1.58-3.70%), 

linoleic acid (3.32-3.64%), and palmitic acid (2.20-
2.69%). When hexane was used as the solvent for 
MAE, the extraction efficiency increased to 25.3%, 
and the punicic acid content was 88.39%. The UAE 
method demonstrated the highest extraction 
efficiency, ranging from 6.71 to 26.3%. The 

extracted oils had a wider variation in fatty acid 
composition, with punicic acid ranging from 74.4 to 
88.0%. Other significant fatty acids included linoleic 
acid (3.4-7.5%), oleic acid (3.6-7.1%), and palmitic 
acid (2.3-5.0%). Using hexane as the solvent for UAE 
further increased the extraction efficiency to 31.2%, 
and the punicic acid content was 75.26% (25). 

The second main compound of flower essential oil is 
linoleic acid. Although it is close to the fixed oil 
content in this aspect, it has a different chemical 

composition in other compounds. 
 
4. CONCLUSION 
 
In this research, we have investigated the 
composition of essential oil obtained from 
pomegranate flowers collected from Ankara, Türkiye. 

To the best of our knowledge, this is the first 

research examining the essential oil of pomegranate 
flowers from plants growing naturally in Türkiye, with 
hexadecenoic acid (52.4%) identified as the major 
component. And thus, this study sheds light on the 
chemical composition of P. granatum flower essential 

oil, showcasing the major of specific compounds that 
contribute to its aromatic and potentially therapeutic 
properties. The findings provide valuable insights 
into the potential applications of pomegranate 
essential oil in various fields, including aromatherapy 
and cosmetics, for its bioactive constituents. 
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Abstract: The article presents the findings of an antioxidant activity assay conducted using 70% ethanol 
and deionized water on extracts from green leafy covering (GLC) and hazelnut hard shells (HS) that are 

grown in the northwest of Azerbaijan. The kinetics of each extract were examined using a UV-2700 vis 
spectrophotometer, and the DPPH (2,2-Diphenyl-1-picrylhydrazyl) technique was used to determine the 
extract's free radical scavenger activity. The results show that the bio-extracts obtained in 70% alcohol 
have radical scavenging activities of FRSA(hs)=59.24% and FRSA(glc)=35.72%, while the bio-extracts 
obtained in water have radical scavenging activities of FRSA (hs)=31.15% and FRSA(glc)=22.23%. Waste 
is significant for treatment, affordable, and an effective preventive measure since it is derived from raw 
resources. 
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1. INTRODUCTION 
 
Recent global pandemic-related issues have 
underscored the importance of exploring and 
applying novel herbal natural remedies. This is 

particularly significant given the development of 
numerous synthetic pharmaceutical preparations 
used to treat a variety of infectious diseases in 
humans. Large-scale trials conducted in the past 
two years have further supported the necessity for 
therapeutic medications with antioxidant effects in 

the treatment of these disorders in the general 
population. It was found that plant-based 
antioxidants, in contrast to synthetic antioxidants, 
are the safest option (1). 
 

The presence of antioxidant-containing 
microelements and bioactive substances in natural 

treatment solutions contributes to their 
effectiveness and benefits. It has a more profound 
effect on the human body and has better 
therapeutic quality. Inhibiting the redox process in 
lipids and triggering the removal of free radicals 
created in the mitochondria during the metabolic 
process, antioxidants play a unique function in 

human life and activity. It has been established that 
when the concentration of free radicals in the body 
exceeds 5%, they damage cells at the molecular 

level and result in the occurrence of various 
diseases in humans. Currently, plants containing 
Mn, Zn, Se, Cr, Si, J elements, and the B, C, D, and 
F group vitamins are employed extensively as 
natural antioxidants for both medicinal and 

preventative purposes, with significant advantages 
(2–5). 
 
Additionally, among the most crucial bioactive 
compounds are lignans, polyphenols, tannins, and 
steroidal saponins. They lower the organism's 

cholesterin content. They have a direct impact on 
the gut flora and gene expression. Currently, foods 
like beans, green leafy covering plants, cereal 
goods, fruit-vegetable combinations, orchards, and 
tea have many benefits because they are primary 

sources of antioxidants. Investigations revealed that 
the extracts from the green leafy covering and the 

hard shell of hazelnuts were rich in bioactive 
polyphenols and mineral components with increased 
antioxidant activity. Italian researchers found that 
the bio-extract made from hazelnut shells includes 
tannins and neolignans, two polyphenolic 
substances with strong antioxidant activity (6–8). 
Researchers in Turkey have shown that the 

chemical paclitaxel, which is found in hazelnut 
shells, has a strong antioxidant impact, helps the 
body scavenge free radicals, and boosts immunity 
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(9). The extract taken from the hazelnut shell 
included 27 phenolic components, according to 
studies conducted in Singapore (10). Further 

research has revealed that hazelnut green leafy 
covering contains 17 phenolic acids, which have 
been shown to have strong antibacterial and 
antioxidant properties. As a result, it is advised that 

these compounds be taken into consideration as 
possible sources of antioxidants (11). The bio-
extract made from green leafy covering and 
hazelnut shells has radical scavenging properties 
that are dependent on the extractive materials, 
extraction technique, and environmental factors 

(12–14). 
 
After analyzing the chemical composition and 
biologically active components of the bio-extracts 
made from the hard shell and green leafy covering 
of hazelnut plants that grow in Azerbaijan's 
northwest, it was found that these plants are rich in 

mineral elements and other organic compounds that 
are biologically active. Research has indicated that 
the hazelnut hard shell bio-extract in 70% ethanol 
includes Cr-8.0 mg/g, Mn-104 mg/g, Zn-12 mg/g, 
and Si-698 mg/g. Conversely, the green leafy 
covering bio-extract contains Cr-13.0 mg/g, Mn-
17.0 mg/g, Zn-10.0 mg/g, and Si-631.0 mg/g. 

Eight organic compounds were found in the 
hazelnut hard shell bio-extract, while five organic 
compounds were found in the green leafy covering 
bio-extract. These compounds were found to have 
antioxidant activity (15,16). The bio-extracts made 
from the hard shell and the green leafy covering, as 

can be observed, contain biologically active 
substances with antioxidant activity as well as 
essential microelements that are present in the 
body's daily required amount and work well as a 

preventative and therapeutic measure. 
 
The investigation on the antioxidant properties of 

bio-extracts made from the hard shell and green 
leafy covering of hazelnuts using 70% ethyl alcohol 
and deionized water is reported in this article. 
 
2. MATERIALS AND METHODS. 
 
2.1. Plant Materials 

The hard shell and green leafy covering of the 
common hazelnut plant in the Shaki region of 
Azerbaijan are the research objects. The hard shell 
and green leafy covering were first cleaned with tap 
water, then dried, ground, and cleaned again with 
distilled water. The extracts were obtained using 

70% ethyl alcohol and deionized water. 
 

2.2. Preparation of Extracts 
At room temperature, the hard shell and green leafy 
covering of samples of typical hazelnut plants were 
dried and ground into a powder. Fifty grams of the 
ground sample were added to a 500 ml flask. After 

that, 300 mL of distilled water was added to the 
ground samples. At a temperature of 100 °C, the 
combinations were removed for 30 minutes. After 

extraction, the solution was filtered. After that, 100 
milliliters of distilled water were combined with the 
leftover ground material, and the mixture was 
extracted for fifteen minutes. It was necessary to 

filter the obtained extract before combining it with 
the original extract. Once more, the flask's residual 
was combined with 100 milliliters of distilled water 
and extracted for 15 minutes. Before being mixed 
with the original extract, the obtained extract was 
filtered. At a temperature between 75 and 80 °C in 

a water bath, the alcohol extraction process was 
accurately followed. Using an SPT-200 Vacuum-
Drier, both extracts were crushed into a powder 
(15). 
 
2.3 DPPH Radical Scavenging Activity of 
Extracts 

A widely used method to evaluate a material's 
ability to scavenge free radicals is the stable DPPH 
radical scavenging model. Using a 70 µM DPPH 
solution in methanol and the UV-2700 
spectrophotometer technique, the free radical 
scavenging activity (RTA%) of the bio-extracts was 
calculated in a typical room atmosphere using the 

formula RSA%=(A0-As)/A0 equal (17). First, the 
absorption of a 70 µM DPPH solution was 
ascertained. Following kinetic measurements, the 
absorption of each bioextracts was assigned. 
 
3. RESULTS AND DISCUSSION 

 
The kinetics of free radical scavenger activity were 
investigated, activity was calculated, and 
comparative analysis was carried out for each 

extract (Fig 1). 
 
Initially, a 70 µM DPPH solution was produced in 

methanol. The absorption was then measured in a 3 
ml cuvette using a UV-2700, and the value of 
absorption was roughly 0.8211 at 516 nm. After 
extracting 500 µL of DPPH solution from that 
cuvette and adding 500 µL of bio-extract to another 
cuvette, the kinetics were observed after 20 
minutes. 

 
The graph shows that from 0 to 60 seconds, all 
kinetics curves have a sharp decline. Still, there is a 
small decrease from 60 to 260 seconds. 
Furthermore, kinetics lines nearly continue in later 
seconds while remaining stable. At first, the control 

DPPH's absorbance is 0.8211. At the conclusion of 
each procedure, the absorbance of the combination 

solution was measured, and radical scavenging 
activity RSA (%) was computed. Table 1 displays 
the absorbance and RSA of the bio-extracts made 
from the hazelnut's green leafy covering and hard 
shell.
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Figure 1: Bio-extracts obtained in 70% ethanol and water: their kinetics. 

 
Table 1: Radical scavenging activities of 70% ethanolic and aqueous bio-extracts from hard shell and 

green leafy covering of hazelnut. 

No Name of sample Absorbance 
Radical scavenging 

activity, RSA % 

  In alcohol In water In alcohol In water 

1 DPPH 0.8211 0.8210 - - 

2 Bioextract of the hazelnut hard shell 0.3342 0.5653 59.2452 31.1543 

3 
Bioextract of the hazelnut green 

leafy covering 
0.5278 0.6384 35.7215 22.2366 

 

The results of the analysis of the kinetics of all four 
bio-extracts indicate that the hard shell bio-extract 
has a stronger radical scavenging activity than the 
green leafy covering bio-extract, regardless of the 
extractants used. The graph shows that while all 
extracts had 0.8211 absorption features at the 
beginning, the kinetic lines decreased rapidly 

between 100 and 150 seconds and then remained 

stable for the remaining seconds. The bio-extracts 
derived from the hard shell had a stronger radical 
scavenging activity than those from the green leafy 
covering, according to an analysis of the kinetics of 
each bio-extract. A computation was done regarding 
the absorption value at the conclusion of the 30 

minutes while the kinetics were being recorded. The 
graph shows that while all extracts had 0.8211 
absorption features at the beginning, the kinetic 
lines decreased rapidly between 100 and 150 
seconds and then remained stable for the remaining 
seconds. The bio-extracts derived from the hard 

shell had a stronger radical scavenging activity than 
those from the green leafy covering, according to 
an analysis of the kinetics of each bio-extract. A 
computation was done regarding the absorption 
value at the conclusion of the 30 minutes while the 

kinetics were being recorded. According to the 
calculations, the radical scavenging activity of bio-

extracts obtained in 70% alcohol is 
FRSA(hs)=59.24% and FRSA(glc)=35.72%, but the 
radical scavenging activity of bio-extracts obtained 
in water is FRSA (hs)=31.15% and 
FRSA(glc)=22.23%. 
 
Studies by Siriwardhana SS. and Shadi F. found 

that the bio-extract from the hazelnut's green leafy 
covering had a hydrogen peroxide radical 
scavenging activity of 66% at 100 ppm 
concentration and 90% at 200 ppm concentration 

and that it cleaned organic free radicals more 
effectively (18). The presence of polyphenols and 
other bioactive compounds in hazelnut bio-extracts 
made from both the hard shell and the green leafy 
covering are related to their antioxidant activity 
(19, 20). The hydroxyl groups in polyphenols, the 
potential for a donor-acceptor pathway, or the 

metal chelating impact all contribute to their 

antioxidant potential (21). The fruits, vegetables, 
and grains that we eat daily have antioxidant 
activity that is on par alongside and in certain cases 
even higher than bioextracts derived from hard 
shells and green leafy covering of hazelnut (22). 
 

4. CONCLUSION 
 
In the northwest of Azerbaijan, where common 
hazelnut (Corylus avellana L.) grows, the radical 
scavenging activity of bio-extracts obtained in 70% 
alcohol is FRSA(hs)=59.24% and 

FRSA(glc)=35.72%. In contrast, in water, it is FRSA 
(hs)=31.15% and FRSA(glc)=22.23%. The high 
concentration of phenolic compounds and other 
bioactive components with antioxidant activity 
accounts for the bio-extract's high relative sound 

attenuation (RSA) that was extracted from the hard 
shell. A comparison examination of the data reveals 

that, in terms of antioxidant indicators, the bio-
extracts made from the hard shell and green leafy 
cover of hazelnuts cultivated in Azerbaijan with 
70% ethanol are comparable to those made from 
hazelnuts grown in other nations. Compared to the 
antioxidant activity of fruits, vegetables, and cereals 
that we eat on a regular basis, the RSA activity of 

bio-extracts made from solid and green bark is 
comparable and, in certain instances, even higher. 
Another benefit of bio-extracts from the hard shell 
and green leafy covering is that, in contrast to fruits 
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and vegetables, they are year-round and can be 
produced year-round. Additionally, because they 
are made from less expensive waste raw materials, 

they are accessible and economical. 
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Abstract: LIM domain kinases (LIMKs), which include LIMK1 and LIMK2, are key proteins in actin dynamics. 
On this basis, the inhibition of LIMK1 enhances dendritic spine density and size in dementia, reducing 
Alzheimer's disease (AD) effects. Therefore, several small molecules were discovered as potential therapeutic 
targets for AD. Herein, a pharmacophore-based virtual screening was employed to identify novel potential 
LIMK1 inhibitors. The pharmacophore model derived from the co-crystallized receptor structure of PubChem-
329823760: LIMK1 (PDB ID: 5NXC) was then used for virtual screening. After applying Lipinski's rules and 

pharmacophore filters, 29 potential hits were identified. Molecular docking simulations were performed to 
determine the binding affinities of these candidates against LIMK1, with results ranging from -5.20 to -10.60 
kcal/mol. Notably, PubChem-136621040 showed the highest binding affinity against the target protein, with 
a docking score of -10.60 kcal/mol, slightly surpassing the native ligand, PubChem-329823760, possessing 
a lower docking score of -9.80 kcal/mol. The drug-likeness and toxicity properties of target compounds were 
assessed through ADMET evaluations. A series of 75 nanosecond molecular dynamics (MD) simulations were 
conducted on the complexes generated by the best-docked molecule and the native ligand. RMSD, RMSF, 

SASA, and Rg calculations of their trajectories were also calculated. PubChem-136621040 possessed an 
average RMSD value of 0.23 nm, lower than the native ligand's 0.31 nm, indicating a greater binding stability. 
The RMSF results also revealed that the best-docked compound had a lower value (0.10 nm), while the native 

ligand possessed a value of 0.12 nm. The SASA values for both the native ligand and the best-docked 
compound were nearly identical, at 150.20 nm2 and 150.80 nm2, respectively. The Rg results demonstrated 
that both complexes maintained their rigidity throughout the simulation, with similar average values of 2.04 

nm for the native ligand and 2.06 nm for the best-docked compound. 
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1. INTRODUCTION 
 
Alzheimer's disease (AD) is a neurodegenerative 

disorder that progressively decreases cognitive 
abilities, ultimately resulting in the death of the 
affected individuals. Recent studies have indicated 
that AD is the leading cause of dementia among older 
people (1,2). Remarkably, between 60 and 70% of 
cases in which the older population has increasing 
levels of cognitive impairment can be linked to 

Alzheimer's disease (3). 
 

The emergence of abnormally expanded neuronal 
processes known as dystrophic neurites is one of the 
primary features of AD patients (4,5). Tau protein, a 

key indicator of AD pathology, accumulates in these 
neurites, and when this protein is 
hyperphosphorylated, it separates from microtubules 
and subsequently clumps together to form 
neurofibrillary tangles (6,7). LIM domain kinase 
proteins (LIMKs), which are essential regulators of 
the actin cytoskeleton and cellular motility, 

contribute to the pathophysiology of AD by causing 
tau to become hyperphosphorylated, which in turn 
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causes dystrophic neurites to develop and intensify 
the neurodegenerative cascade in AD (8–11). 
 

The LIM kinase family is typically composed of two 
types of proteins, specifically LIM domain kinase 1 
(LIMK1) and LIM domain kinase 2 (LIMK2). Despite 
sharing numerous structural similarities, these two 

macromolecules exhibit distinct expression and 
subcellular localization patterns, in addition to 
functional differences (12,13). LIMK1 protein is 
composed of 633 amino acids that encompass a 

variety of functional domains. These domains include 
the LIM1 and LIM2 domains, the PDZ binding motif, 
and the serine/proline (Ser/Pro)-rich region (14). In 

addition, it also includes the kinase domain, which 
contains the S fragment and the nuclear localization 
signal (NLS) subdomain. It has also been 
demonstrated that the regulation of kinase activity is 

significantly influenced by the LIM and PDZ domains 
(15). The representation of these domains is 
depicted in Figure 1. 

 

 
Figure 1: Domain architecture of LIMK1. 

 
These proteins are essential for several physiological 
functions, including motility, cell cycle control, and 

brain development. It has been shown that these 

proteins control the phosphorylation activity of 
LIMK1 and LIMK2, which influences their capacity to 
phosphorylate and deactivate cofilin, an essential 
substrate. It is important to highlight that while 
LIMK2 is broadly expressed, LIMK1 is primarily 
present in neural tissues (16). Consequently, among 

these two proteins, inhibiting LIMK1 could have a 
more substantial impact on reducing the severity of 
AD by enhancing the size and density of dendritic 
spines (17). 
 
In recent years, researchers have focused on the 

discovery of novel LIMK inhibitors, and various small 
molecules have been described in the literature. In 
research, Singh et al. employed similar in silico 
strategies, encompassing pharmacophore-based 
virtual screening, docking, and ADMET analyses, to 

identify novel compounds with inhibitory activities 
against LIMK1 in 2023. They constructed their 

pharmacophore models and successfully identified 
three virtual hits based on their compound (18). 
 
In a parallel study, Rangaswamy et al. (2023) 
pinpointed five potential compounds for LIMK2 
inhibition in cancer treatment, which was achieved 
through pharmacophore-based virtual screening, in 

silico ADMET studies, along with molecular docking 
and dynamics. Their research highlighted two out of 
the five compounds as promising candidates that 
could be further developed for cancer therapy (19). 
 
In 2020, Zhang's group employed an in silico virtual 

screening approach to discover LIMK1 inhibitors for 
the purpose of inhibiting cell proliferation. Through in 

silico virtual screening, they identified a compound 
known as luteolin. Subsequent molecular docking 
assessments and experimental findings of their 
discovered compound indicated that it has 
demonstrated significant inhibitory activity against 

LIMK1 (20). 
 
The literature inquiry offers a comprehensive insight 
into potential inhibitors of LIMKs and their possible 
therapeutic applications in various diseases, 
including neurological disorders and cancer. 
However, it has been noted that there are only a 

limited number of studies specifically investigating 
the role of LIMK1 activity in Alzheimer's Disease. 

Therefore, in our study, we initially employed 

pharmacophore-based virtual screening to detect 
potential compounds to inhibit LIMK1 for AD 
treatment. In the subsequent step, the screened 
candidates were further evaluated with molecular 
docking simulation along with the determination of 
ADME (absorption, distribution, metabolism, 

excretion) profiles using various in silico techniques. 
 
The toxicity properties of these screened molecules 
were also analyzed and calculated to reveal potential 
risks. Leveraging the findings of these calculations, 
candidate pharmaceuticals possessing the highest 

binding affinity and the complex of the native ligand 
with its macromolecule were further investigated 
with molecular dynamics simulation {PubChem-
329823760: LIMK1 (native ligand) and PubChem-
136621040: LIMK1 (best-docked ligand) complexes, 

respectively} to reveal root-mean-square deviation 
(RMSD), root-mean-square fluctuation (RMSF), 

solvent-accessible surface area (SASA), and radius 
of gyration (Rg) graphs to determine the post-dock 
analysis including binding stability of the system 
after the docking study, protein rigidity and residue 
interactions during the MD simulation. 
 
In this scope, our study encompasses the 

identification and comprehensive analysis of novel 
LIMK1 inhibitors for the potential treatment of 
Alzheimer's Disease. Through advanced in silico 
methodologies, including pharmacophore-based 
virtual screening, molecular docking simulations, and 
ADME profiling, we aim to evaluate the efficacy, 

safety, and binding stability of candidate compounds. 
Furthermore, by employing molecular dynamics 

simulations, we assess the structural and dynamic 
behavior of these inhibitors, providing critical 
insights into their therapeutic potential against 
LIMK1-mediated neurodegeneration. 
 

In this study, we employed an in silico approach to 
identify candidate molecules with the requisite 
characteristics for inhibiting the LIMK1 receptor, 
including the ability to permeate the blood-brain 
barrier, optimal pharmacokinetic properties, minimal 
toxicity, and robust binding affinity coupled with 
binding stability. Our research integrates 
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methodologies such as pharmacophore-based virtual 
screening, ADME/T evaluations using various web-
based platforms to obtain enhanced pharmacological 

and pharmacokinetic profiles of the investigated 
ligands, molecular docking of the compounds to the 
target receptor, and molecular dynamics (MD) 
simulations to assess the stability of the docked 

complexes with LIMK1. 
 
2. COMPUTATIONAL STUDIES 
 
2.1. Pharmacophore-Based Virtual Screening 
Pharmacophore-based virtual screening was 

performed using the Pharmit server 
(http://pharmit.csb.pitt.edu), which allows the use 
of several databases (PubChem, ZINC, ChEMBL, and 
Molport, etc.) to identify candidates potentially to 
inhibit LIMK1. To achieve this, input files of the 
structure of LIM domain kinase 1 (PDB ID: 5NXC), 
which is co-crystallized with its native ligand 

(PubChem-329823) obtained from the RCSB Protein 
Data Bank (www.rcsb.org), with no mutations in its 
protein sequence were submitted, and 
pharmacophore model based on the pharmacophore 
classes of the native ligand was generated on the 
server. The initial screening was conducted by 
applying this pharmacophore model, selecting the 

PubChem database, which contains a vast collection 
of 103,302,052 compounds. 419 compounds were 
discovered through the application of a 
pharmacophore filter at the initial step. 
Subsequently, Lipinski's filter was applied to these 
molecules to identify the desired compounds having 

the ideal drug-likeness properties. Therefore, 
parameters to provide the screened ligands to obey 
this rule were selected. The compounds possessing a 
molecular weight (MW) lower than 500 Da, hydrogen 

bond acceptor (HBA) not much than 10, hydrogen 
bond donor (HBD) less than 5, number of rotatable 
bonds (nROTB) no more than 10, and clogPo/w value 

less than 5 were intentionally configured to eliminate 
undesired compounds. A total of 78 candidates were 
successfully obtained following the application of 
Lipinski's filter. These compounds were further 
evaluated with the embedded docking application of 
Pharmit to detect the compounds whose RMSD 
values are less than 2.0 Å². As a result, 49 

compounds out of 78 hits were also eliminated, and 
29 compounds possessing the most desired drug-
likeness characteristics were obtained for further 
analysis. 
 
2.2. Molecular Docking Studies 

The docking simulation aimed to generate a 
comprehensive viewpoint for potential 

pharmaceuticals that potentially demonstrate their 
binding ability against LIMK1. For this reason, the 
OneAngstrom SAMSON platform/2023-R1 software 
package's AutoDock Vina extension was used to 
forecast every step of the process, including docking 

validation, pre-docking preparation, and molecular 
docking simulations. To verify our chosen docking 
methodology, docking validation was initially 
performed, which involved a redocking of the initial 
conformation of the native ligand with the same 
structure using our docking parameters. Following 
this, the native compound was superimposed with 

the docked compound, and the RMSD value was 
computed. 
 

Consequently, pre-docking preparation was 
concluded for the LIMK1 crystal structure, which was 
retrieved from the RCSB Protein Data Bank 
(www.rcsb.org). The macromolecule's co-crystallized 

native ligand (PubChem-329823) was deleted, along 
with all ions and water molecules. Subsequently, 
necessary charges were applied, and hydrogens were 
included in the system. Since LIMK1 possesses only 
one chain, no modification, including chain removal, 
was carried out. Additionally, the target protein and 

the screened ligands were adjusted to a physiological 
pH of 7.4. The grid box size was set at 30.00 x 24.90 
x 24.80 Å³ with a grid point spacing of 0.375 Å, and 
the center coordinates of the grid box were defined 
as x: 18.60, y: 16.50, and z: 12.50. The coordinates 
were also derived using SAMSON, through the 
identification of the macromolecule's binding site. 

This operation was performed by selecting an area 
within a radius of 10.00 Å around the native ligand. 
 
Furthermore, a library of ligands was constructed 
from the input file, encompassing 29 potential 
inhibitors, which was generated in SDF format and 
downloaded from the Pharmit website. Before the 

docking procedure, our compounds underwent 5000 
steps of energy minimization to determine their most 
stable conformations. Following the completion of 
the docking simulation, the top 10 compounds with 
the highest docking scores were intentionally 
selected, and their binding affinities, along with the 

molecular structures, were deeply investigated. 
 
2.3. ADMET Studies 
ADME (Absorption, Distribution, Metabolism, and 

Elimination) evaluations provide valuable insights 
into a drug's physiological responses and potential 
interactions. For this reason, evaluating a 

compound's suitability as a drug candidate requires 
more than just looking at its docking score; 
examination of ADME analyses is also necessary. 
Several web-based platforms, such as SwissADME, 
PreADMET, OSIRIS, and Molinspiration, were utilized 
to conduct ADME assessments to evaluate the drug-
likeness properties and efficacy of the screened 

compounds. Furthermore, possible toxicity 
assessments were assessed using the Syntelly 
platform, which is based on the application of 
artificial intelligence to evaluate many toxicity 
parameters that identify potential negative effects of 
the pharmaceutical candidates. 

 
2.3.1. SwissADME 

SwissADME is a freely available online tool that 
provides a wide range of information and forecasts 
about small molecules' physicochemical and 
pharmacological properties. It also evaluates 
compounds' ADME, and drug-likeness profiles based 

on Lipinski's rule of five (RO5), which plays a 
significant role in drug discovery and development to 
identify ideal pharmacological properties for 
candidate small molecules (21). The rule of five 
outlines essential criteria for assessing the suitability 
of a compound for drug development. These criteria 
include a molecular weight (MW) of no more than 500 

http://pharmit.csb.pitt.edu/
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g/mol, a maximum of 10 hydrogen bond acceptors 
(HBAs), less than 5 hydrogen bond donors, logPo/w, 
which indicates the partition coefficient between 

octanol and water, used to evaluate lipophilicity 
characteristics not exceeding 5, and topological polar 
surface area (TPSA) below 140 Å². Moreover, 
compliance with the rule dictates that the number of 

rotatable bonds (nROTBs) in a potential 
pharmaceutical should be less than 9 (22). 
 
2.3.2. PreADMET 
ADME properties of our compounds were determined 
using the PreADMET platform 

(http://preadmet.bmdrc.org/). In this scope, blood-
barrier permeability (BBB), passive gastrointestinal 
absorption (HIA), and protein-plasma binding 
abilities (PPB) were detected. BBB could be 
computed as the ratio of steady-state concentrations 
of radiolabeled compounds in the brain to that in the 
peripheral blood (23). It is noteworthy that 

compounds with BBB values less than 0.10 are 
considered to have low CNS absorption, those with 
values between 0.10 and 0.20 exhibit moderate 
absorption, and those with values exceeding 0.2 are 
characterized by high CNS absorption capacity (24). 
Furthermore, plasma protein binding (PPB) denotes 
the extent of interaction between pharmaceutical 

compounds and various plasma proteins, including 
human serum albumins (HSAs), present in the 
bloodstream. This parameter is critical for predicting 
the pharmacokinetic profile of a drug, particularly in 
terms of its distribution within the body, and for 
assessing the proportion of the drug that effectively 

reaches its target site of action(25). 
 
2.3.3. OSIRIS property explorer 
Mutagenicity, tumorigenicity, skin irritability, and 

reproductive effectiveness assessments of our 
investigated molecules were completed through the 
application of the OSIRIS Property Explorer 

(v.4.5.1), which is a freely downloadable tool 
(http://www.organic-chemistry.org/prog/peo/). 
 
In addition to these assessments, two descriptors, 
namely drug-likeness (d) and drug score (ds), were 
also analyzed to support our findings. Therefore, a 
mathematical approach to the drug-likeness 

parameter and drug-score evaluation were also 
implemented, and all results were tabulated in Table 
4. Calculation of the drug-likeness (d) of the hit 
compounds was assessed with Equation 1, where Vi 
indicates scores of molecular fragments and n 
denotes the number of molecular fragments. 

 

𝑑 =  
∑ 𝑉𝑖

√𝑛
      (1) 

 
Equation 2 is utilized to obtain the drug-score (ds) 
values of the compounds, where the si represents the 
contributions calculated directly from clogP, logS, 
molecular weight, and drug-likeness, and ti 
represents the contribution taken from the four 

toxicity risk classes. 
 

𝑑𝑠 =  𝜋 (
1

2
+

1

2
𝑠𝑖) . 𝜋𝑡𝑖    (2) 

 
 

2.3.4. Molinspiration 
Along with ADME calculations, potential bioactivities 
such as G-coupled protein receptor ligand (GPCR), 

ion-channel modulator (ICM), kinase inhibitor (KI), 
nuclear receptor ligand (NRL), protease inhibitor 
(PI), and enzyme inhibitor (KI) were revealed via 
Molinspiration (https://www.molinspiration.com) 

platform. Notably, G protein-coupled receptors 
(GPCRs) are an important group of signaling proteins 
that mediate the responses of cells to a wide range 
of substances, including hormones, metabolites, 
cytokines, and neurotransmitters. In addition, ion 
channels support several cellular functions, including 

fast cellular rearrangements, heart and skeletal 
muscle contraction, hormone synthesis, 
immunological reaction, and tumor cell growth. 
Furthermore, NRLs are transcription factors that are 
induced by ligands and, upon translocation to the 
nucleus, directly influence the transcription of genes, 
which are essential to several important physiological 

functions (26). It is essential to note that the 
assessment of the kinase inhibition (KI) descriptor is 
of significant importance in determining the 
bioactivity of the screened candidates against the 
LIM kinase 1 protein to support the binding scores of 
our analyzed candidates. The following ranges could 
be considered in determining the bioactivities: 

ratings greater than 0.00 indicate substantial 
bioactivity. Scores that fall within the range of -0.50 
to 0.00 represent moderate activity. Bioactivity 
scores less than -0.50 are considered to indicate 
inactivity (27). 
 

2.3.5. Syntelly 
Syntelly is an online web tool that utilizes artificial 
intelligence (AI) to accelerate the physicochemical 
properties, drug-likeness assessments, and toxicity 

effectiveness of organic compounds. In our study, we 
have evaluated an alternative perspective on the 
toxicity profiles of the screened ligands and their 

drug-likeness properties. For this reason, various 
toxicity properties, namely Mouse Oral LD50, 
reproductive toxicity, hepatotoxicity, cardiotoxicity, 
and carcinogenicity, were predicted to reveal the 
potential toxicity risks of the investigated candidates. 
 
2.4. Molecular Dynamics 

Molecular Dynamics (MD) is a computational 
simulation commonly employed to evaluate the 
physical motion of larger molecular systems, with a 
particular emphasis on protein-ligand complexes. In 
the most prevalent approach, the trajectories of 
molecules are ascertained based on Newton's law 

equations for a system of interacting particles. In this 
scope, LIMK1: PubChem-136621040, which 

exhibited the highest docking score, was subjected 
to MD simulation alongside LIMK1: native ligand 
(PubChem-329823760), serving as the reference 
protein-ligand complex. The input files of the optimal 
conformations of these complexes were derived from 

the docking simulation, and all processes were 
conducted using the GROningen Machine for 
Chemical Simulations (GROMACS) 2023.3 software 
package (28). The preprocessing step was 
accomplished by selecting the CHARMM36 force field 
and the TIP3P water model. Subsequently, 
electrostatic interactions were computed using the 

about:blank
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Particle Mesh Ewald (PME) method, with a Fourier 
spacing of 0.16 nm and a short-range cut-off of 1.2 
nm employed for electrostatic treatment. Following 

the addition of chloride ions to neutralize the system 
of the complexes, energy minimization was 
undertaken with 5000 steps of the steepest descent 
minimization method until the maximum force was 

less than 10.0 kJmol-1nm-1. Consequently, system 
equilibration was performed in two phases, 
comprising a constant number of particles, volume, 
and temperature (NVT) ensemble and a continuous 
number of particles, pressure, and temperature 
(NPT) ensemble with 5000 steps of steepest descent 

equilibration. The temperature was escalated within 
100 ps in the NVT ensemble and maintained at 300 
K with the Berendsen Thermostat to satisfy the room 
temperature, succeeded by the NPT ensemble at 1 
bar for 100 ps. 75 ns MD simulation was completed 
for both complexes, and corresponding calculations, 
including root-mean-square deviation (RMSD), root 

mean square fluctuation (RMSF), solvent-accessible 
surface area (SASA), and radius of gyration (Rg), 
were also generated with the GROMACS package to 
elucidate various dynamic behaviors of our 
investigated systems. 
 
2.4.1. Root mean square deviation (RMSD) analysis 

Root Mean Square Deviation (RMSD) is a metric used 
to evaluate the average distance between atoms in 
proteins or ligands that are superimposed after 
simulation, particularly those that form the 
backbone. RMSD makes it easier to compare 
structural differences between different 

conformational states of proteins or protein-ligand 
complexes. To calculate the RMSD, the two selected 
structures must be superimposed. Then, the squared 
deviation between the coordinates of the respective 

atoms must be calculated, and the square root of the 
mean of these squared deviations must be extracted 
(29). In this context, the conformational stability of 

complexes during Molecular Dynamics (MD) 
simulations is often evaluated by the creation of 
RMSD charts, which may be easily completed with 
GROMACS. 
 
The following equation (Equation 3) represents the 
mathematical calculation of RMSD. 

 

𝑅𝑀𝑆𝐷 = √
∑ 𝑚𝑖(𝑟𝑖−𝑟𝑖

2)2𝑁
𝑖=1

∑ 𝑚𝑖
𝑁
𝑖=1

     (3) 

 
2.4.2. Root mean square fluctuation (RMSF) analysis 
Root Mean Square Fluctuation (RMSF) is a statistical 
approach employed to quantify how a particle, 

including a protein residue, varies from its initial 

position over a period. It provides important 
information about areas of a protein that deviate 
from the typical structure or show the highest degree 
of flexibility. RMSF is widely used in simulations to 
identify regions of a protein that exhibit significant 
flexibility or rigidity (30). RMSF facilitates the 

evaluation of residue flexibility by helping to identify 
fluctuating regions during simulations, providing 
insight into the ways in which ligand binding affects 
protein flexibility. The formula for computing RMSF is 
shown in the following equation (Equation 4). 
 

𝑅𝑀𝑆𝐹 =  √
1

𝑁
∑ (𝑥𝑖(𝑗) −𝑁

𝐽 (𝑥𝑖))2   (4) 

 

2.4.3. Solvent-accesible surface area (SASA) 
investigation 
Surface area of a biological system that is accessible 
to a solvent is measured by the Solvent-Accessible 
Surface Area (SASA) method. It is usually computed 

using a rolling ball algorithm, which examines the 
molecule's surface using a sphere that represents the 
solvent of a specific radius (31). The transfer of free 
energy needed to move a biomolecule from an 
aqueous solvent to a non-polar solvent, like a lipid 
environment, is frequently computed using SASA. 

SASA analysis is especially essential in the context of 
MD simulations of protein-ligand complexes since it 
is utilized to estimate the non-polar solvation-free 
energy, which is a significant part of the protein-
ligand complex's binding free energy. The biological 
activity of the ligand is influenced by the binding free 

energy, which is a crucial factor in determining the 

binding affinity between the protein and the ligand. 
SASA also sheds light on how a ligand interacts with 
a protein and changes its structure. SASA variations 
show that the protein is going through significant 
structural changes in certain areas, which may have 
an impact on its function. The SASA of the protein-
ligand compound is often evaluated during MD 

simulations at different intervals, providing a real-
time view of how the molecule's solvent accessibility 
changes over time. 
 
2.4.4. Radius of gyration (Rg) assessment 
A molecule or a group of atoms can be evaluated for 

size and structure using the radius of gyration (Rg). 
It offers a view of the molecule's general shape and 
spatial extent by revealing the distribution of mass 

with respect to its center of mass. Rg can be used to 
monitor conformational changes, such as those that 
occur during folding or unfolding events, or to 
characterize the compactness of a molecular 

structure over time (32). By quantifying this 
dispersion, Rg helps characterize the compactness, 
flexibility, and conformational changes of 
macromolecules during the MD simulation. It offers 
important details about the size and shape of 
macromolecules and their dynamics. Mathematically, 
Rg is defined as the root mean square distance of 

each particle from the center of mass in Equation 5.  
 

𝑅𝑔 =  √
1

𝑁
∑ 𝑚𝑖 . 𝑟𝑖

2𝑁
𝑖=1     (5) 

 
3. RESULTS AND DISCUSSION 
 

3.1. Molecular Docking Studies 
3.1.1. Docking validation 
Docking validation was initially completed to verify 
our specified docking methodology. This was 
achieved by removing the native ligand from the 
crystal structure and conducting a molecular docking 
simulation with the same compound, a process 

known as redocking. The original compound 
(depicted in green) was then superimposed with the 
docked compound (shown in blue), and the Root 
Mean Square Deviation (RMSD) value, measuring the 
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difference between these two conformations, was 
determined to be 1.6 Å (Figure 2). 
 

 
Figure 2: Superimposition of the redocked 
PubChem-329823760 (blue) onto its initial 

conformation in the active site of LIMK1 (RMSD: 

1.6Å). 

3.1.2. Docking results 
The main purpose of this analysis is to conduct an 
extensive molecular docking investigation to assess 

the inhibitory potential of 30 candidate drugs against 
the LIMK1 receptor (PDB ID: 5NXC). The binding 
scores of the top 10 ligands, which exhibited the 
highest binding affinity to the macromolecule, are 

presented in Table 1, accompanied by the 2D 
structures of the analyzed ligands. Figure 3, in 
addition, provides a visual representation of the 
binding poses and residue interactions between 
LIMK1 and the best-docked ligand (PubChem-
136621040). Moreover, the binding pose and residue 

interaction of LIMK1 with the native ligand were also 
depicted. Docking scores, binding poses, and residue 
interactions of the remaining 20 virtual hits were 
given in electronic supplementary material in Table 
S5-S6, and Figure S6, respectively.

 
Table 1: Docking scores and 2D structure representations of the top 10 ligands. 

 

PubChem ID 
Docking Scores 

(kcal/mol) 

329823760 (Native ligand) -9.80 
136621040 -10.60 
141609259 -10.10 
136141701 -10.00 
136141741 -10.00 

136141618 -9.80 
135797427 -9.60 
136401905 -9.50 
136622946 -9.50 
136622951 -9.50 
135774110 -9.30 

 

Our findings have revealed that the binding affinities 
of the 30 screened molecules ranged from -5.20 to -
10.60 kcal/mol. Among these 30 virtual hits, docking 
scores of the top 10 compounds were specifically 

selected to evaluate their binding potentials. For the 
top-ranked four ligands, specifically PubChem-
136621040 (-10.60 kcal/mol), PubChem-141609259 
(-10.10 kcal/mol), PubChem-136141701 (-10.00 
kcal/mol), and PubChem-136141741 (-10.00 
kcal/mol), exhibited relatively higher binding 

affinities in comparison with the native ligand 
{PubChem-136621040 (-9.80 kcal/mol)}. In 

addition, PubChem-136141618 (-9.80 kcal/mol) 
showed an identical binding potential with the 
reference ligand. Subsequently, the remaining 
compounds including, PubChem-135797427 (-9.60 

kcal/mol), PubChem-136401937 (-9.60 kcal/mol), 
PubChem-136401905 (-9.50 kcal/mol), PubChem-
136622946 (-9.50 kcal/mol), and PubChem-
13662951 (-9.50 kcal/mol) demonstrated lower 
binding potentials, indicating weaker binding 
interactions with the residues of LIMK1 receptor 

(Figure 3). 
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PubChem-329823760: LIMK1 complex (Native Ligand) || Binding score: -9.80 kcal/mol 

 

PubChem-136621040: LIMK1 complex (Best-docked Ligand) || Binding score: -10.6 kcal/mol 

 
 

Figure 3: Binding poses and residue interactions of the native and the screened ligand with LIMK1 (PDB 

ID: 5NXC). 
 
It is crucial to state that the highest-ranked 
compound that possessed -10.60 kcal/mol has 
shown relatively greater binding affinity among these 
virtual hits in terms of its docking score. Therefore, 

we have also checked the patent status of the 
compound. The findings revealed that the molecule 

had been previously identified in a patent document 
as an inhibitor of checkpoint kinase 1 (CHK-1 or 
p56CHK-1), a member of the kinase family. With 
respect to the binding poses and residue interactions 
of the native ligand LIMK1 complex (PubChem-

329823760), the diazepinoindole subunit of the 
compound was found to interact with a variety of 
amino acid residues, including LEU345, LEU467, 
ALA353, and VAL366. A range of intermolecular 
interactions were identified between the ligand and 
the residues, encompassing hydrogen bond 
interactions, pi-alkyl interactions, and pi-sigma 

interactions. Various hydrogen bond interactions 
were also observed with several residues, namely 
LYS347, LYS368, and ASP478. Our analyzed 
compound, which exhibited the highest docking 
score (PubChem-136321040), demonstrated a 

greater number of residue interactions with the 

LIMK1 receptor. The diazepinoindole fragment of the 
ligand showed a higher degree of residue 
interactions, including various hydrogen bond 
interactions with residues LYS368, THR413, GLU414, 
and ILE416, in addition to pi-alkyl interactions with 
residues ALA353, LEU345, LEU467, and VAL366. 
Other interactions were observed with residues 

LYS347 and ASP478. Hydrogen bond interactions 
were also detected with these two amino acids. 
Additionally, the substitution of the fluorobenzene 
unit in our compound with the cyclohexyl fragment 

present in the structure of the native ligand enabled 
the formation of interactions with an increased 
number of amino acids, including the halogen 
interactions with GLU352 and GLU369. This could 

consequently lead to an increase in the docking score 
of this ligand. 

 
3.2. Prediction of ADMET, Drug-likeness and 
Pharmacokinetic Properties 
3.2.1. SwissADME analysis 
SwissADME server was employed to elucidate the 

pharmacological characteristics of our potential 
inhibitory agents against the LIMK1 receptor. Within 
this context, the results for the top 10 compounds 
were listed in Table 2, whereas the data for the 
remaining 20 compounds can be found in Table S1 in 
the electronic supplementary information (ESI†). 
The evaluation process was guided by Lipinski's rule 

of five. All the compounds demonstrated molecular 
weights under 500 Da, thereby satisfying the set 
benchmark. Furthermore, the analysis of hydrogen 
bond acceptors (HBA) and hydrogen bond donors 
(HBD) was in accordance with the rule of five, 

suggesting the compounds possess desirable drug-

like characteristics. Analysis of the number of 
rotatable bonds (nROTB), highly influencing 
molecular flexibility, revealed that our candidate 
compounds adhered to the ideal pharmaceutical limit 
of 9. Importantly, all candidate compounds exhibited 
topological polar surface area (TPSA) values that 
were below the threshold of 140 Å², which is 

indicative of favorable drug absorption potential. 
Therefore, the majority of our candidate compounds 
demonstrated a high potential for gastrointestinal 
absorption. However, four compounds, namely 
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PubChem-136401905, PubChem-135774106, 
PubChem-136181657, and PubChem-135794603, 
were exceptions to this trend. Consensus logPo/w was 

also assessed to evaluate lipophilicity, and all the 
molecules that ranged from -0.79 to 3.69 showed the 
desired values that obey Lipinski's rule.

 
Table 2: ADME Results of the top 10 candidate pharmaceuticals possessing the highest docking scores. 

PubChem ID 
aMW 
(Da) 

bHBA cHBD dnROTB 
eTPSA 
(Å2) 

fGI 
abs. 

gBBB hclogPo/w Sol. 
Viola-
tion 

329823760 419.48 5 4 5 134.48 High No 2.85 PS 0 

136621040 465.87 6 4 6 120.49 High No 2.54 S 0 

141609259 347.32 4 4 3 115.05 High No 2.39 MS 0 

146582701 262.29 3 4 3 115.34 High No 0.57 S 0 

136141741 420.51 5 5 5 128.69 High No 2.22 S 0 

136141618 373.84 4 4 4 116.66 High No 2.54 S 0 

135797427 418.49 4 4 5 121.59 High No 2.56 S 0 

136401905 459.50 5 5 7 139.97 Low No 3.19 MS 0 

136622946 453.92 5 4 6 120.49 High No 2.58 MS 0 

136622951 453.92 5 4 6 120.49 High No 2.45 MS 0 

135774110 367.44 4 4 5 116.66 High No 2.61 S 0 

Lipinski’s Rule: aMW≤500g/mol, bHBA≤10, cHBD≤5, dnROTB≤9 eTPSA≤140Å², fclogPo/w≤5 
Abbreviations: aMW: Molecular Weight, bHBA: Hydrogen Bond Acceptor, cHBD: Hydrogen Bond Donor, 
dnROTB: Number of Rotatable Bonds, eTPSA: Topological Polar Surface Area, fGI abs: Gastrointestinal 
absorption gBBB: Blood-brain Barrier Permeability, hclogPo/w: Consensus hclogPo/w, IS: Insoluble, 𝑃𝑆: 

Poorly Soluble, 𝑀𝑆: Moderately Soluble, 𝑆: Soluble, 𝐻𝑆: Highly Soluble. 

 

Among these parameters, the descriptor that 
assesses blood-brain barrier permeability (BBB) that 
determines whether the investigated compounds 
permeate the central nervous system (CNS) plays a 
critical role in the development of novel drug 
molecules against Alzheimer's Disease. It was 
deduced from SwissADME findings that our screened 

candidates possessed no BBB permeability. Given 
that these initial calculations did not yield definitive 
results, particularly in terms of quantifying BBB 
permeability, we intended to elucidate the CNS 

permeability of our using additional in silico 
platforms, which were discussed in the following 
section. 

We have also employed the BOILED-Egg (Brain or 
Intestinal Estimated Permeation) graphical tool, 
integrated within the SwissADME platform, to 
evaluate the passive permeability of the blood-brain 
barrier, represented by the yellow region, and the 
passive gastrointestinal absorption (HIA), 
represented by the white region. These assessments 

are based on the positioning of the molecules, 
calculated using the total area of the WLOGP versus 
TPSA (Wildman & Crippen, 1999). The BOILED-Egg 
representation of our analyzed pharmaceuticals is 

given in Figure 4. 

 

 
Figure 4: BOILED-EGG representation: Prediction of passive gastrointestinal absorption and passive brain 

penetration of candidate molecules. 
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The prediction of P-glycoprotein (P-gp) substrates is 
crucial, as it is the primary active efflux mechanism 
implicated in various biological barriers, including the 

blood-brain barrier. This could be visually 
represented and evaluated through a color-coded 
graphical depiction. Passive absorption is indicated 
by the positioning within or outside the white zone, 

while passive brain access is denoted by the 
positioning within or outside the yellow region. The 
active efflux from the central nervous system or into 
the gastrointestinal lumen is represented by color-
coding: blue dots for P-gp substrates (PGP+) and red 
dots for non-P-gp substrates (PGP−). From the 

graphical representation, it is evident that the 
majority of our molecules, including PubChem-
329823760 (the reference ligand) and PubChem-
136621040 (which has the highest docking score 
against the receptor), are located within the white 
region of the egg. This suggests that the 
gastrointestinal system could passively absorb these 

compounds. 
 
Conversely, several compounds, namely PubChem-
136181657, PubChem-136401905, PubChem-
141608268, and PubChem-135794603, were unable 
to traverse the gastrointestinal system passively. As 
a result, no passive permeation of the BBB was 

observed with our candidate compounds. 
Interestingly, compounds denoted as blue dots 
(PGP+) have successfully crossed the central nervous 
system actively, while those denoted with red dots 
(PGP-) were unable to permeate the CNS actively. 
Excluding PubChem-136141675, PubChem-

79013386, PubChem-65813383, PubChem-
146582701, PubChem-143275306, and PubChem-
136401905, our compounds have successfully 

crossed the CNS, including our best-docked 
compound (PubChem-136621040) and the native 
ligand. 

 
Bioavailability radars serve as valuable tools for 
visually presenting computed physicochemical and 
pharmacological attributes of potential drug 

candidates concerning oral drug characteristics, 
offering insights into their potential oral 
bioavailability. These radars depict parameters 
including lipophilicity (LIPO), molecular weight 
(SIZE), polarity (POLAR), insolubility (INSOLU), 
unsaturation (INSATU), and flexibility (FLEX). Figure 

5 illustrates the bioavailability radars of a reference 
ligand (PubChem-329823760) and the ligand 
exhibiting the highest binding affinity (PubChem-
136621040) against LIMK1. Parameters crucial for 
the oral bioavailability of our lead molecule, 
characterized by the highest docking score, fell 
within the desired range except for saturation in 

comparison to the reference ligand. Saturation, 
delineated by the proportion of carbons in sp3 
hybridization within the molecule, ideally falls 
between 0.25 and 1. 
 
However, a saturation value of 0.09 was observed for 
our compound, resulting in a deviation from the 

designated pink hexagonal region. Radar 
representations of other scrutinized ligands are 
available in the supplementary material (ESI†). 
These radar plots similarly indicate that the oral 
availability potential of these candidate molecules 
conforms to an ideal trend, falling within the pink 

hexagonal area, except for PubChem-136141701, 
where the saturation value deviates from the ideal, 
akin to the highest-docked compound. 

 

 
Figure 5: Bioavailability radar representations and structures of the native ligand and best-docked 

compound. 
 

3.2.2. PreADMET calculations 
Our findings showed that most of the candidate 
pharmaceuticals exhibited substantial absorption 

capabilities through the central nervous system 
(CNS) and, consequently, the blood-brain barrier 
(BBB), with values ranging from 0.01 to 0.35. The 
native ligand, in comparison, showed a relatively 

lower absorption with a BBB value of 0.12. Notably, 
our top-docked compound demonstrated a BBB value 
of 0.20, indicating its high absorption potential 
through the BBB. We have also evaluated the passive 
gastrointestinal absorption, denoted as HIA, and 
plasma-protein binding (PPB) capacities of our 

compounds. The majority of compounds exhibited 
over 70% passive absorption through the 
gastrointestinal system except PubChem-143275306 

(44.70%), PubChem-107728922 (46.96%), and 
PubChem-107728896 (49.31%). Specifically, 
PubChem-136621040 (the best-docked molecule) 
displayed an impressive HIA value of 89.50%, while 

the native ligand (PubChem-136621040) had a value 
of 82.70%. The PPB capacities of our compounds 
varied from 0.00% to 92.24%. Our compound 
demonstrated a significantly higher plasma-protein 
binding capacity (88.00%) compared to the native 
ligand, which had a value of 50.95% (Table 3). 
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Table 3: Various ADME profiles of the top 10 compounds with the highest binding affinities. 

PubChem ID BBBa ([brain]/[blood]) HIAc (%) PPBe (%) 

329823760 0.12 82.70 50.95 

136621040 0.20 89.50 88.00 

141609259 0.04 90.80 78.70 

146582701 0.53 87.11 87.29 

136141741 0.15 78.64 28.05 

136141618 0.22 83.67 46.55 

135797427 0.27 85.50 64.53 

136401905 0.34 83.45 84.98 

136622946 0.35 87.75 86.05 

136622951 0.30 87.74 82.83 

135774110 0.29 80.76 56.29 

Abbreviations: aBBB: Blood-brain barrier, cHIA: Passive gastrointestinal absorp-
tion, ePPB: Plasma-protein binding 
The rule for BBB permeability: <0.1 low absorption by CNS, between 0.1 and 
0.2 moderate absorption, >0.2 high absorption 

 

3.2.3. OSIRIS property explorer analysis 
Toxicity risk factors of the compounds, including 

mutagenicity, tumorigenicity, skin irritability, and 
reproductive effectiveness, were evaluated using 
OSIRIS software. Additionally, the studied ligands' 
drug-likeness characteristics and drug scores were 
assessed to assess the compounds further, and the 
results of the top 10 compounds possessing the 

highest docking scores were illustrated in Table 4. 
The results of the remaining screened candidates 
were provided in Table S2 in the electronic 
supplementary information (ESI†). 
 
In the context of mutagenicity assessment, select 
compounds, namely PubChem-136621040, 

PubChem-136622946, PubChem-136622951, 
PubChem-135774106, and PubChem-135794603, 

demonstrated moderate toxicity, while PubChem-
141609259, PubChem-136141701, PubChem-
136401905, and PubChem-146582701 exhibited 
high toxicity. Conversely, the remaining ligands 
exhibited negligible toxicity. Remarkably, the initial 

18 ligands, characterized by the highest binding 
affinities, displayed significant tumorigenic potential, 
contrasting with the absence of toxicity indications in 

other ligands. Moreover, PubChem-136141701, 
PubChem-136401905, and PubChem-141608268 

exhibited notable irritancy and reproductive toxicity, 
while others showed minimal to no such effects. 
Regarding drug-likeness (d), the compound with the 
best binding score (PubChem-136621040) 
showcased the highest value at 7.46, surpassing the 
reference ligands' 1.34, with other ligands ranging 

from -52.96 to +4.07. Notably, most investigated 
ligands exhibited superior drug-likeness compared to 
the reference. Additionally, drug-score values, which 
is another mathematical approach used to calculate 
pharmacological features of the studied compounds, 
ranged from 0.05 to 0.78. 
 

3.2.4. Molinspiration studies 
Bioactivity scores and pharmacological aspects of the 

compounds were also investigated using the 
Molinspiration Property Calculation tool. Table 5 
presents the bioactivity scores of the ligands, and 
drug-likeness analysis results are listed in Table 6. 
The remaining results were tabulated in the 

electronic supplementary information (ESI†) in Table 
S5 and Table S6. 

 
Table 4: Toxicity results of the studied candidates. 

PubChem ID Mut Tum Irr. Rep. E. d ds 

329823760     +1.34 0.33 

136621040     +7.46 0.27 

141609259     -2.64 0.12 

136141701     +0.55 0.05 

136141741     +0.85 0.32 

136141618     +0.50 0.31 

135797427     +1.24 0.33 

136401905     +3.26 0.05 

136622946     +3.74 0.25 

136622951     +4.07 0.28 

135774110     +0.68 0.32 

Abbreviations: Mut: Mutagenic, Tum: Tumorigenic, Irr: Irritation, Rep. E: 
Reproductive effectiveness, d: Drug-likeness, ds: Drug Score 

 No detectable toxicity  Moderate toxicity  High toxicity 
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Table 5: Bioactivity calculations against several receptors of the top 10 molecules with the best docking 
scores. 

PubChem ID GPCR ICM KI NRL PI EI 

329823760 0.04 -0.14 0.40 -0.88 -0.04 0.19 

136621040 -0.12 -0.30 0.29 -0.72 -0.38 -0.02 

141609259 -0.03 -0.25 0.05 -0.20 -0.14 0.04 

136141701 0.05 -0.03 0.31 -0.52 0.05 0.23 

136141741 0.20 0.09 0.34 -0.51 0.07 0.31 

136141618 0.10 0.04 0.31 -0.67 0.07 0.25 

135797427 0.14 -0.03 0.51 -0.41 -0.08 0.34 

136401905 0.13 0.00 0.19 -0.40 0.15 0.25 

136622946 -0.04 -0.17 0.28 -0.81 -0.23 0.07 

136622951 0.17 0.04 0.45 -0.44 -0.01 0.35 

135774110 -0.02 -0.06 0.22 -0.67 -0.01 0.20 

Abbreviations: GPCR: G protein-coupled receptor ligands, ICM: Ion 
Channel Modulator, KI: Kinase Inhibitor, NRL: Nuclear Receptor Ligand, 
PI: Protease Inhibitor, EI: Enzyme Inhibitor 

 
Various bioactivity descriptors were effectively 
computed using the Molinspiration platform, 

including G protein-coupled receptor ligands 
(GPCRL), ion-channel modulators (ICM), kinase 
inhibitors (KI), nuclear receptor ligands (NRL), 
protease inhibitors (PI), and enzyme inhibitors (EI). 
As discussed, a bioactivity score exceeding 0.00 
denotes significant bioactivity, while values within 

the range of -0.50 to 0.0 indicate moderate 
bioactivity, and those below -0.50 indicate a lack of 
bioactivity. The GPCR inhibitory activity values for 
these compounds ranged from -0.12 to +0.46, 
demonstrating bioactivity levels ranging from 
moderate to significant. Similarly, ICM values varied 
from -0.30 to +0.24, indicating moderate or 

significant bioactivity against ion-channel 
modulators. NRL capabilities were relatively lower 

compared to other descriptors, with values ranging 
from -0.92 to -0.01, suggesting either a lack of 
bioactivity or moderate bioactivity for certain 
compounds. Protease and enzyme inhibitory activity 
also ranged from moderate to high, with values 
spanning from -0.38 to +0.48 and -0.02 to +0.48, 

respectively. Notably, kinase inhibition capability 
emerged as the most crucial descriptor for our 
investigated candidates, with the top 10 compounds 
effectively inhibiting kinase proteins, including LIM 
kinase proteins, with values ranging from -0.66 to 
+0.51.

 

Table 6: ADME Assessments of the top 10 ligands having the highest docking score. 

PubChem 

ID 

mi-

LogPa 
TPSAb nAtomsc nONd nOHNHe nROTBf 

Vol-

ume 

Viola-

tion 

329823760 1.25 134.49 31 9 5 4 375.50 0 

136621040 2.21 120.50 33 9 4 5 376.50 0 

141609259 2.60 115.05 26 7 4 2 290.78 0 

136141701 2.87 116.67 31 7 5 4 377.73 0 

136141741 1.24 128.69 31 8 6 4 385.70 1 

136141618 2.00 116.67 26 7 5 3 319.86 0 

135797427 1.78 121.60 31 8 5 4 379.66 0 

136401905 4.82 139.97 34 9 5 5 405.85 0 

136622946 2.74 120.50 32 9 4 5 390.15 0 

136622951 2.30 120.50 32 9 4 5 390.15 0 

135774110 2.00 116.67 27 7 5 4 339.69 0 

Abbreviations: amilogP: Partition coefficient between n-octanol and water (logPo/w), bTPSA: Top-
ological polar surface area, cnAtoms: Number of atoms, dnON: Number of hydrogen bond accep-
tors (HBA), enOHNH: Number of hydrogen bond donors (HBD), fnROTB: Number of rotatable 
bonds 

 
Likewise, ADME analyses were conducted using the 

Molinspiration platform to corroborate the previous 
findings obtained from OSIRIS and SwissADME. Thus 
far, parameters including Hydrogen Bond Acceptors 
(HBA), Hydrogen Bond Donors (HBD), and the 
number of Rotatable Bonds (nROTB) have been 

determined to adhere to Lipinski's rule, indicating 

favorable drug-likeness. Furthermore, the lipophilic 
characteristics of the candidate compounds, 
assessed through milogP values, were within the 
prescribed range, with all compounds falling below 
the upper limit of milogP (5), thereby aligning with 
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Lipinski's rule. This comprehensive evaluation 
underscores the compatibility of the identified hits 
with established criteria for drug development, 

further validating their potential as viable therapeutic 
candidates. 
 
3.2.5. Syntelly calculations 

Several toxicity characteristics of our candidate 
pharmaceuticals were assessed through the Syntelly 
platform, an online AI-powered compound 
characterization tool. In this scope, mouse oral LD50, 
hepatotoxicity, cardiotoxicity, and carcinogenicity 
characteristics of our investigated compounds were 

calculated. The findings suggest that the LD50 values 
of our target molecules ranged from 745 to 2320 
mg/kg. The compound PubChem-141609259 

exhibited the highest LD50 value, indicating 
relatively lower toxicity in mice. The compound with 
the highest docking score exhibited an LD50 value of 
784 mg/kg, compared to the native ligand's LD50 

value of 920 mg/kg. All the investigated compounds 
showed signs of reproductive toxicity, but none 
displayed cardiotoxicity. The top-docked 
conformation was found to be hepatotoxic; however, 
no signs of carcinogenicity were observed (Table 7). 

 
Table 7: Toxicity assessments of the investigated compounds. 

PubChem ID 
M.O LD50 

(mg/kg) 
Rep. 
Tox. 

Hpt. Crd. Crn. Tox Phys Bio Eco 

329823760 920.00 T NT NT NT 
    

136621040 784.00 T T NT NT 
    

141609259 2320.00 T T NT NT 
    

136141701 946.00 T NT NT NT 
    

136141741 650.00 T NT NT NT 
    

136141618 1280.00 T NT NT NT 
    

135797427 1040.00 T NT NT NT 
    

136401905 2130.00 T T NT NT 
    

136622946 796.00 T NT NT NT 
    

136622951 847.00 T T NT NT 
    

135774110 745.00 T NT NT T     
Abbreviations: M.O. LD50: Mouse oral LD50, Rep. Tox: Reproductive toxicity, Hpt: Hepatotoxicity, Crd: 
Cardiotoxicity, Crn: Carcinogenicity, T: Toxic, NT: Non-toxic, logBB: Logarithmic value of blood-brain 
barrier permeability 

 
3.3. Molecular Dynamics Simulations 

Molecular dynamics simulations were implemented 
utilizing GROningen Machine for Chemical 
Simulations (GROMACS) 2023.3 software package to 
investigate the binding stability of the selected 

complexes during the simulation. In this scope, MD 
simulations of PubChem-329823760: LIMK1 (native 

ligand: LIMK1) and PubChem-136321040: LIMK1 
(best-docked compound: LIMK1) complexes were 
carried out to analyze the binding stabilities during 
the simulation better. For this reason, root mean 
square deviation (RMSD), root mean square 
fluctuation (RMSF), solvent-accessible surface area 
(SASA), and radius of gyration (Rg) analyses were 

calculated using the trajectories and corresponding 
graphs were illustrated in Figure 6-9. 
 

3.3.1. Root mean square deviation (RMSD) analysis 

In the evaluation RMSD results, the complex 
PubChem-329823760: LIMK1 exhibited an average 
RMSD value of 0.31 nm, while the apo form 
registered an average of 0.29 nm. Minor fluctuations 

were observed in both the complex and the apo form 
in the interval from 10 ns to 25 ns. A notable 

fluctuation was discerned in the complex around the 
40th ns, with an RMSD value approximating 0.50 nm. 
Concurrently, the apo form was found to be more 
stable than the complex, with its fluctuation ranging 
between 0.20 and 0.30 nm. Post the 40 ns mark, 
both the complex and the apo form were observed to 
attain relative stability, which was maintained 

throughout the remaining duration of the simulation 
(Figure 6). 

  
Figure 6: RMSD trajectory plots of PubChem-329823760: LIMK1 (native ligand) and PubChem-

136321040: LIMK1 (best-docked) complexes with their corresponding Apo forms. 
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Additionally, the complex, including our target 
compound, exhibited an average RMSD value of 0.23 
nm, while the apo form of this complex showed an 

RMSD of 0.26 nm. This could be interpreted as a sign 
of the relative stability of our screened candidate 
during the MD simulation in the binding site of LIMK1. 
In the initial 25 ns, a slight fluctuation was observed 

in both the complex and the apo form. During these 
stages, the complex demonstrated a slightly more 
substantial fluctuation. However, stability was 
observed to be achieved subsequent to the 30 ns 
threshold. The apo form did not present any 
significant fluctuations, and a state of equilibrium 

was sustained in the system for the remainder of the 
simulation period. 
 
3.3.2. Root mean square fluctuation (RMSF) analysis 
The computation of RMSF for the trajectories of the 
complexes PubChem-329823760: LIMK1 (native 

ligand) and PubChem-136321040: LIMK1 (best-
docked) is depicted in Figure 7. This illustration 
provides insight into the adaptability of the 

respective ligands within the receptor network and 
the mobility of residues within the LIMK1 
macromolecule's binding site. A lower RMSF 
fluctuation is typically indicative of a flexible complex 

characterized by a rigid protein secondary structure, 
while a higher RMSF value suggests a relatively 
weaker bonded structure. The application of Cα 
atoms facilitated a more comprehensive 
understanding of each residue's average position. 
The RMSF value for the complex with the native 

ligand (PubChem-329823760: LIMK1) was 
determined to be approximately 0.12 nm, while the 
average RMSF for the highest-ranked complex 
(PubChem-136321040: LIMK1) was found to be 0.10 
nm (Figure 7). 

 

  
 
Figure 7: Cα RMSF plots of PubChem-329823760: LIMK1 (native ligand) and PubChem-136321040: LIMK1 

(best-docked) complexes. 

 
In the residue number range of approximately 350 to 
450, substantial fluctuations were observed. 
Specifically, a significant peak of about 0.45 nm was 

discerned around residues 375 and 400, suggesting 
an enhanced interaction between the native ligand 
and these residues. Minor peaks, each approximately 
0.15 nm, were identified between residues 425 and 
450. Another peak of note was also identified around 
residues 520 and 525, with an approximate value of 

0.25 nm. Additionally, a series of minor residue 
fluctuations were detected in the range from 550 to 
650 residue numbers, most of which were around 
0.10 nm. 
 
A comparatively lower RMSF value with minor peaks 
was noted for the top-ranked ligand (PubChem-

136321040: LIMK1). Specifically, more subtle 
fluctuations were observed between residue 
numbers 350 and 450, in contrast to the complex 
with the native ligand. Two similar peaks were also 
detected around residues 425 and 450. For these 
complexes, relatively higher fluctuations were 
observed in the range of 500 to 650, with various 

peaks at residues 525, 550, and 610 with an RMSF 
value of 0.20 nm and a minor fluctuation around 
residue 580 at approximately 0.10 nm. 
 
 

3.3.3. Solvent-accessible surface area (SASA) 
calculation 
Solvent Accessible Surface Area is a measure of the 

surface area of a protein-ligand complex that is 
directly engaged in interactions with solvent 
molecules. An increase in SASA values implies a 
more unfolded or open conformation, signifying a 
higher degree of exposure to the solvent (33). During 
75 ns MD simulation, the average SASA values of the 

complexes PubChem-329823760: LIMK1 (native 
ligand) and PubChem-136321040: LIMK1 (best-
docked) were observed. The native ligand LIMK1 
complex displayed an average SASA value of 
approximately 150.80 nm², while the best-docked 
compound, LIMK1, exhibited a nearly identical 
average value of 150.20 nm². Notably, the complex 

containing the native compound demonstrated 
relatively more stability during the first 40 ns. 
 
In contrast, the fluctuation of the complex with the 
best-docked compound slightly decreased between 
30 and 50 ns. Both complexes showed nearly 
identical fluctuations until the end of the trajectories. 

Minor fluctuations were noted in the trajectory of the 
PubChem-136321040: LIMK1 complex between 50 
and 75 ns. These comprehensive SASA analyses 
suggest that both complexes interacted with a similar 
quantity of solvents throughout the MD simulation 
(Figure 8). 
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Figure 8: SASA trajectories of PubChem-329823760: LIMK1 (native ligand) and PubChem-136321040: 

LIMK1 (best-docked) complexes. 
 
3.3.4. Radius of gyration (Rg) analysis 

The calculation of the radius of gyration was 
employed to assess the compactness and rigidity of 
the macromolecule throughout the MD simulation. 
The trajectories of Rg versus time for our complexes 
are depicted in Figure 9. The average Rg values were 
determined to be 2.06 nm and 2.04 nm for the 
PubChem-329823760: LIMK1 and PubChem-

136321040: LIMK1 complexes, respectively. In the 

initial 20 ns, both complexes exhibited a similar 
trend, indicative of the molecule's stable 
compactness at the onset of the simulation. 
Subsequently, the fluctuation of the native 
compound complex increased from approximately 
2.05 nm to 2.10 nm between 30 and 40 ns. 

 

 
Figure 9: Radius of gyration graphs of PubChem-329823760: LIMK1 (native ligand) and PubChem-

136321040: LIMK1 (best-docked) complexes. 

 
In comparison, the fluctuation of the complex 
containing our candidate compound slightly 
decreased from 2.05 nm to around 2.00 nm from 30 
ns to 45 ns before this trend slightly increased again 
and reached equilibrium from 55 ns to 75 ns. The 
native ligand-LIMK1 complex achieved equilibrium 

after a significant fluctuation at about 45 ns and 

maintained its stability for the duration of the 
simulation. It could be deduced from both complexes 
that these protein systems maintained their rigidity 
during the simulation, based on the average results, 
as discussed above. 
 

4. CONCLUSION 
 
In this study, we successfully identified several 
candidate compounds possessing the inhibitory 
potential against LIM domain kinase 1 receptor, 
playing a pivotal role in Alzheimer's Disease (AD). 

PubChem database through Pharmit server was 
utilized to conduct pharmacophore-based virtual 
screening to determine similar structures. 419 
compounds were discovered at initial, and 29 hit 
compounds were identified by applying 
pharmacophore filter and Lipinski’s filter. 

 

 PubChem-136621040 stood out as particularly 
promising, exhibiting not only a high binding affinity 
but also favorable pharmacokinetic and ADMET 
profiles, as evidenced by comprehensive in silico 
analyses encompassing molecular docking, dynamic 
simulations, and ADMET predictions. 

 
The docking results corroborated the compound's 
superior binding affinity for LIMK1 relative to the 
native ligand, as indicated by a significantly elevated 
docking score, thereby highlighting its potential as a 
highly effective inhibitor. The 75 ns MD simulations 
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offered detailed insights into the interactions 
between the LIMK1 enzyme and the identified 
inhibitors. RMSD analysis revealed that PubChem-

136621040 maintained a lower average RMSD value 
of 0.23 nm compared to the native ligand's 0.31 nm, 
indicating a stable interaction throughout the 
simulation. RMSF analysis further corroborated these 

findings, showing that PubChem-136621040 had a 
lower average RMSF value, suggesting a stable and 
consistent interaction with key residues within the 
LIMK1 binding site. The SASA and radius of gyration 
(Rg) analyses offered further understanding of the 
dynamic behavior of the ligand-enzyme complexes. 

The SASA values, approximately 150 nm² for both 
the native ligand and PubChem-136621040, 
suggested stable solvation properties during the 
simulation. Concurrently, the Rg analysis revealed 
that both complexes preserved their structural 
integrity and compactness, with PubChem-
136621040 exhibiting a modest increase in rigidity 

relative to the native ligand. 
 
These findings will enhance the expanding research 
on LIMK1 inhibitors for Alzheimer's disease 
treatment and set the stage for subsequent in vitro 
and in vivo validation studies, structure-activity 
relationship analyses, and investigations into 

potential synergistic effects with other AD therapies. 
This study exemplifies the effectiveness of combining 
various computational approaches in drug discovery 
and establishes a robust basis for the development 
of innovative therapeutic strategies for AD. 
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Abstract: In this experimental study, the effect of lipoic acid (LA) on lung damage caused by valproic acid 
(VPA) was investigated. The antioxidant, oxidative stress, and inflammation indicators such as glutathione 
(GSH), lipid peroxidation (LPO), catalase (CAT), superoxide dismutase (SOD), glutathione-S-transferase 

(GST), nitric oxide (NO), sialic acid (SA), myeloperoxidase (MPO), and tissue factor (TF) were examined. 
Sprague Dawley rats were used, and they were randomly divided into four groups as follows: Control group, 
LA group received 50 mg LA/kg/day for 15 days, VPA group received 500 mg VPA/kg/day for 15 days, and 
VPA+LA group received the same doses of VPA and LA for 15 days. On day 16, lung tissues were taken. VPA 

caused the decreases in GSH, SA and SOD values and the increases LPO, NO, and TF values. LA reversed the 
changes in GSH, SOD, and TF values. GST and CAT activities did not change significantly by the effect of VPA 
or LA. On the other hand, the inhibitory effect of VPA on MPO, which is an inflammatory marker, and the pro-

oxidant effects of LA causing the increases in both LPO and MPO values were observed in lung tissue. These 
regulations may help LA to overcome oxidative stress caused by VPA in the lung. Further studies are needed 
to confirm the mechanism underlying VPA-induced MPO inhibition in the lung. 
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1. INTRODUCTION 

 
Valproic acid (VPA) is a widely used antiepileptic drug 
for the treatment of various seizure and bipolar 
disorders. Although generally well tolerated, VPA 
induces oxidative stress, resulting in an inability to 
balance the generation of reactive oxygen species 

(ROS) with the body's capacity to detoxify these 
harmful compounds. As a result, cellular components 
such as lipids, proteins, and DNA can be damaged, 
contributing to deterioration of tissue and organ 

function (1). Oztay et al. (2), suggested that VPA-

induced oxidative stress may cause structural 
distortion and fibrotic changes in the rat lung. Lungs 
are susceptible to many environmental pollutants, 
toxicants, oxidants, and many infections that can 
cause oxidative damage. Several studies have 
demonstrated the role of ROS produced by lung 

epithelium and inflammatory cells in the 
pathogenesis of lung diseases, including acute 
respiratory syndrome, acute lung injury, chronic 
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obstructive pulmonary disease, pulmonary fibrosis, 
asthma, and lung cancer (3). 
 

α-lipoic acid (1,2-dithiolane-3-pentanoic acid, LA), a 
natural organo-sulfur compound, contains a disulfide 
bond as a part of a dithiolane ring with a five–carbon 
tail. LA can be found in plant and animal food sources 

such as tomatoes, spinach, broccoli, kidney, liver, 
and heart. It is also endogenously produced by the 
liver. It exists in cells as dihydrolipoic acid (DHLA), 
LA's reduced form. It is essential for mitochondrial 
aerobic metabolism. The fact that LA is soluble in 
both fat and water makes it special compared to 

other antioxidants. This means that it can act in the 
plasma membrane as well as in the cytoplasm (4). It 
is also the redox regulator of several proteins 
including, thioredoxin, myoglobin, the transcription 
factor nuclear factor kappa B (NF-κB), and prolactin, 
and helps recycle cellular antioxidants involving 
vitamin C, vitamin E, and glutathione (5,6). High 

electron density due to the special position of two 
sulfur atoms in the 1,2-dithiolane ring gives LA a high 
tendency to reduce other redox-sensitive molecules 
depending on environmental conditions (6). The 
antioxidant properties of both LA and DHLA consist 
of quenching ROS, regeneration of antioxidants, and 
chelation of redox metals. In recent decades, 

through its pharmacological effects, such as anti-
cancer, anti-oxidant, anti-inflammatory, and anti-
viral effects, numerous studies have reported the 
effects of LA in improving many diseases (4). 
 
This study was designed to investigate the potential 

protective effect of LA on the lungs of VPA-treated 
rats by measuring important markers of tissue 
oxidative stress and inflammation. 
 

2. EXPERIMENTAL SECTION 
 
2.1. Chemicals 

VPA was obtained from Merck (Darmstadt, Germany) 
and LA from Sigma (USA). All other chemicals used 
in the experiments were of analytical purity and were 
purchased from Merck (Darmstadt, Germany), 
Sigma-Aldrich (St. Louis, MO, USA), and Fluka 
(Buchs, Switzerland). 
 

2.2. Laboratory Animals and Experimental 
Design 
All the experiments in this study were approved by 
Marmara University Experimental Animals Ethics 
Committee (Decision No: 34.2015.mar). 
 

Thirty-two Sprague Dawley rats (six-month-old, 
female) were used in the study. The animals were 

housed in the standard cage with optimal 
temperature (20°C±2) and light/dark (12 h light/12 
h dark) conditions. All rats were fed orally with 
standard rat chow and fresh tap water. 
 

The animals were divided into four groups: Control 
group (n=7), LA given group (50 mg/kg/day, by 
intraperitoneal, n=8), VPA given group (500 
mg/kg/day, by intraperitoneal, n=7), and VPA+LA 
given group (in same doses and same way, n=10). 
LA was administered 1 h prior to VPA administration 
for 15 days. On day 16, the rats were sacrificed, and 

lungs were taken. Lung homogenates (10% w/v) 
were prepared in physiological saline (NaCl, 0.9%). 
 

2.3. Biochemical Analysis 
Lung homogenates were analyzed for glutathione 
(GSH), lipid peroxidation (LPO), superoxide 
dismutase (SOD), catalase (CAT), glutathione-S-

transferase (GST), nitric oxide (NO), sialic acid (SA), 
myeloperoxidase (MPO), and tissue factor (TF). 
 
2.3.1. Estimation of GSH (μg GSH per g tissue) 
GSH levels were determined by the method using 
metaphosphoric acid and 5,5′-dithiobis-2-

nitrobenzoic acid (DTNB) (7). The extinction 
coefficient of 1.36×104 M-1cm-1 was used for the 
calculation. The absorbance was measured 
spectrophotometrically at 412 nm. 
 
2.3.2. Estimation of LPO (nmol MDA per g tissue)  
Malondialdehyde (MDA) is an end product of the 

peroxidation of lipids. LPO levels were determined 
using thiobarbituric acid (TBA) assay (8). The pink 
colour obtained at the end of the reaction was 
measured with a spectrophotometer at 532 nm. 
 
2.3.3. Estimation of SOD (U SOD per g tissue) 
SOD activities were measured as the ability to 

increase the rate of photooxidation of riboflavin-
sensitized o-dianisidine (9). The absorbance was 
measured spectrophotometrically at 460 nm. 
 
2.3.4. Estimation of CAT (kU CAT per g tissue) 
CAT activities were determined based on the 

reduction of hydrogen peroxide (H2O2) to water 
(H2O) (10). The decrease in absorbance was 
measured spectrophotometrically at 240 nm. 
 

2.3.5. Estimation of GST (U GST per g tissue) 
GST activities were assayed by measuring the 
absorbance at 340 nm of the product obtained by 

conjugation of GSH with 1-chloro-2,4-dinitrobenzene 
(CDNB) (11). 
 
2.3.6. Estimation of NO (nmol NO per g tissue) 
In order to measure NO levels, nitrate was converted 
to nitrite using vanadium (III) chloride. The complex 
diazonium compound was obtained by reacting 

nitrite with sulfanilamide in an acidic medium. This 
was then coupled with N-(1-naphthyl) ethylenediam-
ine dihydrochloride, and the coloured complex 
formed was measured spectrophotom-etrically at 
540 nm (12). 
 

2.3.7. Estimation of SA (mg SA per g tissue) 
Sodium periodate was used to oxidize SA in 

concentrated phosphoric acid. Next, TBA was 
combined with the product of periodate oxidation. A 
pink chromophore was obtained, which was then 
extracted into cyclohexanone. The absorbance was 
measured spectrophotometrically at 549 nm (13). 

 
2.3.8. Estimation of MPO (U MPO per g tissue) 
MPO activity was measured by the method using 
phenol, 4-amino antipyrine (4-AAP), and H2O2. The 
absorbance was measured spectrophotometrically at 
510 nm (14). 
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2.3.9. Estimation of TF (Second) 
TF activities were determined by mixing lung 
homogenate with plasma, then adding calcium 

chloride and measuring the time for fibrin formation 
(15). There is an inverse relationship between the 
clotting time and the activity of the TF. 
 

2.4. Statistics 
Statistical analysis (GraphPad Prism 9.0, California, 
USA) was performed using analysis of variance 
(ANOVA) followed by Tukey's multiple comparison 
test. Data are presented as mean ± standard 
deviation (SD). P-value below 0.05 is considered 

significant. 
 
3. RESULTS AND DISCUSSION 
 
VPA is generally well tolerated but has been shown 
both clinically and experimentally to cause several 
adverse effects, including lung injury. Symptoms of 

VPA-induced pleural effusion or interstitial lung 
disease have been reported to resolve within days of 
discontinuing the drug (16,17). Oztay et al. proposed 
that VPA administration at a dose of 500 mg kg-1 day-

1 caused pulmonary toxicity via changes in both 
biochemical and inflammatory markers (2). Therefo-
re, we used a VPA dose of 500 mg kg-1 day-1 in the 

present study. VPA primarily damages tissue by 
inducing oxidative stress, which is then followed by 
inflammation and apoptosis (18). ROS in the lung are 
generated from both exogenous and endogenous 

sources, such as environmental gases and the 
mitochondrial electron transport system (19). VPA 
induces elevation of mitochondrial ROS (20). 
Excessive and uncontrolled oxidative stress leads to 
cell death, but at lower and less harmful levels it can 
act as a signal to redox signaling that helps restore 

cellular balance (21). 
 
The present study showed that the administration of 
VPA was associated with a decrease in the levels of 
GSH (p<0.05) and SA (p<0.0001), the activities of 
SOD (p<0.01) and MPO (p<0.0001), and an increase 
in the levels of MDA, is an end product of the LPO, 

(p<0.0001), NO (p<0.0001), and activity of TF 
(p<0.0001) compared to the control group (Figures 
1 and 2). 

 

 
 
Figure 1: Lung GSH and LPO levels and SOD, CAT, GST activities of the groups. C, control group; C+LA, 

lipoic acid given control group; VPA, valproic acid given group; VPA+LA, lipoic acid given valproic acid group, 
T, tissue; GSH, glutathione; MDA, malondialdehyde; LPO, lipid peroxidation; GST, glutathione-S-transferase; 
SOD, superoxide dismutase; CAT, catalase. Values are represented as mean±standard deviation. 
●p < 0.05, ●●p < 0.01, ●●●p < 0.001, ●●●●p < 0.0001 vs control group; □p < 0.05, □□□□p < 0.0001 vs C+LA 
group, △p < 0.05,  △△△△p < 0.0001 vs VPA group. 
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Figure 2: Lung NO, SA levels and MPO, TF activities of the groups 

C, control group; C+LA, lipoic acid given control group; VPA, valproic acid given group; VPA+LA, lipoic acid 
given valproic acid group, T, tissue; NO, nitric oxide; SA, sialic acid; MPO, myeloperoxidase; TF, tissue 

factor; Sec, second. Values are represented as mean±standard deviation. 
●●●p < 0.001, ●●●●p < 0.0001 vs control group; □p < 0.05, □□□□p < 0.0001 vs C+LA group,  

△p < 0.05,  △△△p < 0.001, △△△△p < 0.0001 vs VPA group. 

 

The two primary antioxidants in the anti-oxidative 
system are GSH and SOD. These antioxidants reduce 
the damaging effects of harmful free radicals. LPO is 
one of the biomarkers of oxidative stress status and 
indicates oxidative lipid degradation (22). Their 
levels are closely linked to how cells respond to 

oxidative stress. Impairment of the lung antioxidant 

system is linked to a reduction in GSH levels, SOD 
activities, and an elevation in LPO levels (23). This is 
supported by our findings. Besides SOD, CAT, and 
GST are the key antioxidant enzymes that eliminate 
free radicals from cells. GST is responsible for 
catalyzing the reaction between GSH and a variety of 
reactive electrophilic compounds to protect against 

oxidative stress. CAT prevents the conversion of 
H2O2 to hydroxyl radicals and reduces oxidative 
stress by catalyzing the conversion of H2O2 to water 
and oxygen. It has been reported that the activities 
of CAT, SOD, and GST were decreased in the lungs 
of VPA-treated rats compared to the control group 

(2). In contrast to these findings, in the present 
study, VPA did not alter CAT and GST activities. 
 

NO reacts with ROS products to produce 
peroxynitrite and can alter protein and lipid 
structure. NO has important neurotransmitter and 
regulatory roles when released at low levels. 

However, when combined with superoxide to form 
harmful peroxynitrite, high levels of NO (produced by 
the increased activity of inducible NO synthase 
(iNOS) during inflammation) have a negative effect 
(24). VPA administration has been reported to 
increase NO levels in brain tissue (25) and bovine 
aortic endothelial cells and mouse serum (26) in 

various VPA toxicity models. In our study, VPA also 

caused a significant increase in NO values in lung 
tissue compared to the control group.  SA is a major 
component of the secreted mucins of the airways and 
is highly expressed along the epithelial border lining 
the respiratory tract (27). For lung physiology and 
respiratory balance, this surface anionic shield may 

provide a repulsive structure, a hydration barrier and 

a protective barrier (28). SA has also been suggested 
to have antioxidant activity against hydroxyl radicals 
in mucin in the respiratory and gastrointestinal 
mucus layers (29). Higher levels of SA have also 
been linked with inflammation (30). So, there are 
conflicting studies on the effect of VPA on SA levels. 
While VPA administration increased SA levels in the 

small intestine (31), they did not change in the 
gastric tissue (29). In the present study, the 
damaged respiratory mucosa and the decrease in the 
activity of defense mechanisms may have caused to 
a reduction in SA levels. 
 

MPO plays an important role in inflammation and 
tissue damage (32). One of the major ROS, 
superoxide anion, is transformed into H2O2. Activated 

MPO converts this to the potent oxidant hypochlorite. 
As a marker of neutrophil recruitment and lung tissue 
damage, MPO activity is measured in the lung. MPO 
activity has been found to be significantly increased 

in the pancreatic, lung, and liver tissue of VPA-
treated rats (2,33,34). However, in contrast to these 
findings, there have also been studies showing that 
VPA, as a histone deacetylase inhibitor (HDACI), 
attenuated lung injury by inhibiting inflammatory 
cytokine production and NF-κB activation (35). In a 
model of rat intestinal ischemia-reperfusion study, 

VPA treatment caused a decrease in MPO activity, 
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and it has been suggested that VPA decreases 
neutrophil migration into the lungs (36). The 
reduction in MPO activity in the present study may 

be due to the anti-inflammatory effect of VPA 
through its HDACI action. HDACIs have been shown 
in the literature to have an anti-inflammatory effect 
(37, 38). TF is a transmembrane glycoprotein and 

acts as a cellular initiator of coagulation. The lung is 
one of the tissues that contain high levels of TF, along 
with the brain, uterus, heart, and placenta. Alveolar 
macrophages and airway epithelial cells express TF 
in the lung. The abnormal expression of TF is 
associated with thrombotic complications in a variety 

of diseases, including atherosclerosis, cancer, and 
inflammation. Alveolar TF production suggests that 
alveolar epithelium expresses TF when exposed to 
inflammatory cytokines (39–41). Additionally, it has 
been suggested that elevated levels of ROS may be 
an inducer of TF gene expression. The procoagulant 
activity of TF is strictly regulated to maintain 

hemostasis and avoid thrombosis (42). VPA is a 
cause of hematological problems, and coagulation 
abnormalities are frequently observed during VPA 
treatment (43). It has been shown that VPA 
increased TF activity in gingival tissue (44). In 
parallel with the findings of previous studies, this 
present study suggests that increased TF activity in 

the lung in response to inflammation and/or 
oxidative stress may provide extra hemostatic 
protection against tissue damage. 
 
LA is a powerful reductant and has the ability to 
scavenge free radicals. Administration of LA has been 

shown in several studies to reduce oxidative stress 
and restore depleted levels of other antioxidants in 
vivo. On the other hand, data show that LA may have 
pro-oxidant effects (6). The oxidative status of cells 

and physiological parameters may determine the 
ability of LA and/or DHLA to act as pro- or 
antioxidants. According to its chemical structure, LA 

functions as an oxidative molecule without 
generating endogenous ROS because of its oxidized 
dithiolane ring. DHLA may also produce thiol and 
disulfide radical anion and function as a pro-oxidant. 
In vitro and in vivo studies suggest that DHLA causes 
the production of ROS through the Fenton reaction 
by reducing ferric iron and the stimulation of the 

Ca2+-induced mitochondrial permeability transition 
(MPT) by the production of ROS, which depletes 
mitochondrial antioxidant capacity (45). 
 
In the current study, when the VPA group was 
treated with LA, the changes in GSH levels 

(p<0.0001) and SOD (p<0.05), MPO (p<0.0001), TF 
(p<0.001) activities were reversed by LA compared 

to VPA, whereas LPO levels were increased more 
(p<0.0001) (Figure 1 and 2). In addition, LA in 
combination with VPA had no effect on SOD, CAT 
activities, or NO, SA levels (p>0.05) (Figures 1 and 
2). In the C+LA group, the NO levels were 

significantly reduced (p<0.001) and SA levels and TF 
activity were significantly increased (p<0.001) 
compared to the control group (Figure 2). 
 
The antioxidant effects of LA may act either directly 
by restoring endogenous antioxidants such as GSH 
or indirectly by balancing ROS. It has been suggested 

that increasing the availability of cysteine is the 
mechanism by which LA can increase GSH levels 
(46). Similarly, Cadirci et al. (22) reported that 

decreased SOD activity and GSH amounts in septic 
lung tissue were increased by the administration of 
LA to rats. The both studies (46, 22) support our 
findings that GSH and SOD values were increased in 

LA-treated rats. Lung LPO levels were found to be 
significantly increased in LA+VPA treated rats in our 
study, which appears to contradict previous findings 
from a systematic review and meta-analysis 
suggesting that LA consumption significantly reduces 
MDA levels (47). It is possible that an induction of 

SOD activity is involved in the mechanism of LPO 
induction by LA. The elevated SOD activity and 
unaltered catalase activity in LA-exposed rats would 
be expected to result in the deposition of H2O2 and 
hence elevated LPO in the presence of ferrous ions 
as a consequence of the Fenton reaction. When 
exogenous LA enters the cell, it is reduced to DHLA 

with the use of NADPH by the cytosolic enzymes 
glutathione reductase and thioredoxin reductase. 
Although DHLA has been demonstrated to have both 
pro-oxidant and antioxidant effects, both LA and 
DHLA have been classified as strong antioxidants 
based on their unique characteristics. Ferric and 
ferrous iron are both chelated by DHLA in vitro, 

preventing oxidative damage to iron. However, LA 
also removes iron from ferritin and has the ability to 
convert Fe3+ to Fe2+, increasing the risk of oxidative 
damage. This is because iron is a redox-active metal. 
Through Fenton chemistry, it can significantly 
increase oxidative stress by producing hydroxyl 

radicals. (4,6,45). Briefly, LA may have caused lipid 
peroxidation by acting as a pro-oxidant and 
accelerating the formation of iron-dependent 
hydroxyl radicals in the lungs. Turkyilmaz et al. (25), 

showed that administration of LA in the VPA group 
increased CAT activity, decreased GST activity, and 
the change in SOD activity was insignificant in brain 

tissue. Differently from Turkyilmaz et al. (25), in the 
current study, the CAT and GST activities were not 
modified by LA in the C+LA and VPA+LA groups 
compared to the respective groups. These results 
suggested that H2O2 degradation processes were 
unchanged and may have increased the 
accumulation of superoxide anion and the formation 

of hydroxyl radicals. In the literature, it has been 
shown that LA induces apoptosis by increasing 
mitochondrial superoxide anion production in cancer 
cells (48). However, more research is needed to 
explain the mechanism behind these changes. 
 

Preclinical studies have shown that LA can reduce 
inflammation by inhibiting the iNOS/NO pathway (4). 

In another study, Oktay & Caliskan (49) found that 
LA reduced NO levels but had no effect on SA levels 
compared to the methotrexate group during 
methotrexate-induced oxidative stress in rat hearts. 
In the present study, LA reduced NO levels and 

increased SA levels in LA given control group. This 
may be due to the antioxidant effect of LA. However, 
it was not sufficient to reverse the NO and SA levels 
in the VPA+LA group compared to VPA. 
 
LA (25 mg/kg/day for 21 days) increased colon MPO 
activity in the mouse model of acute ulcerative colitis 
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(50), and LA at higher doses (100 mg/kg/day for 45 
days) may have a pro-oxidant effect on cardiac tissue 
in a rat-diabetic model (51).  In line with these 

observations, 15 days of LA (50 mg/kg/day) at 
proposed doses may be pro-inflammatory based on 
our available data. Future studies are recommended 
to clarify the effects of LA in a dose- and time-

dependent and oxidative stress-type-dependent 
manner. 
 
It is known that LA affects iron metabolism. Although 
findings from clinical studies are conflicting, LA has 
been shown to reduce serum iron levels. It has been 

suggested that this may be because DHLA chelates 
iron, preventing its use (52). Based on this, LA, which 
increases TF activity in the C+LA group, may be 
beneficial to keep normal blood clotting to prevent 
further bleeding when serum iron is low. Iron 
deficiency causes iron deficiency anemia, which may 
be associated with decreased thrombogenesis, 

aberrant platelet function, and elevated 
inflammatory levels, all of which raise the risk of 
bleeding (53). Moreover, LA inhibits platelet 
activation, and co-administration with vitamin E 
prolongs the clotting time (54). Accordingly, in the 
current study, LA decreased lung TF activity in VPA 
group, which may prevent lung tissues from the risk 

of thrombosis and coagulation problems.  
 
4. CONCLUSION 
 
In conclusion, the present data do not allow the 
conclusion that LA could prevent VPA-induced lung 

injury; the data are consistent with LA may 
contribute to the reduction of TF activity and increase 
in GSH levels, SOD, and MPO activities in VPA 
treatment. However, more studies are required to 

determine the mechanism underlying VPA-induced 
MPO inhibition in the lung. Also despite its dual 
modulation of oxidative stress and inflammation, LA 

may have beneficial effects on lung health. 
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Abstract: Skin aging has been defined to enclose both intrinsic and extrinsic aging. Phytochemicals are 
frequently used for developing skin care formulations and could protect the skin’s epidermal and dermal 
layers, consisting mainly of elastin and collagen, from UV radiation. Berberine is an isoquinoline alkaloid and 
a biologically active component from plant sources. Our objective was to assess Berberine’s anti-aging 
capabilities by conducting elastase and collagenase enzyme inhibition and kinetic studies and to also 
evaluating its antioxidant capacity with three different methods. Furthermore, heat stability, pH and sun 
protection factor (SPF) of the formulated cream containing 1.5% berberine was evaluated. The elastase and 
collagenase IC50 values of berberine were estimated to be 47.54 and, 22.16 µg/mL respectively. Berberine 

was determined as an un-competitive inhibitor of elastase and collagenase. It scavenged DPPH and ABTS 
free radicals with IC50 values of 66.81 and 180.5 µg/mL respectively. 210.387 mg/L of berberine was 
equivalent in reducing power of 176 mg/L of ascorbic acid. SPF and pH value of cream containing berberine 
was found to be 12.3 and 5.62 respectively. In conclusion, these findings suggest that Berberine is a 
promising candidate for use as an active ingredient in cosmeceuticals, offering a natural approach to enhance 
skin health and reduce the visible signs of aging. 
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1. INTRODUCTION 
 
Skin aging has been defined to encompass both 
intrinsic and extrinsic aging. Intrinsic aging, also 
called chronologic aging, is influenced by internal 

physiological factors, while extrinsic aging is 

influenced by various external factors, including 
dietary factors, ultraviolet (UV) radiation, and 
environmental pollution. Exposure to UV radiation is 
most often referred to as photodamage or 
photoaging. UV radiation triggers a series of chemical 
reactions in the skin that ultimately lead to the 

development of photoaging. Continued exposure to 
solar radiation results in compromised repair of the 
skin's underlying structure. The accumulation of 
unrepaired cells and extracellular materials in the 
mended skin structure eventually manifests as 
wrinkles and sagging of the skin over time. 
Alterations in skin pigmentation are intricately linked 

to the process of photaging. Furthermore, a range of 
photo-induced skin cancers have been attributed to 

both short-term and prolonged exposure to sunlight 
(1,2). 
 
Among the UV radiations, specifically UVB (290–320 
nm) and UVA (320–400 nm), UVA predominantly 

exerts its influence on skin structure. Endogenous 

chromophores, also referred to as photosensitizers, 
such as retinal, porphyrins, bilirubin, melanin, and 
hemoglobin, in the presence of UVA and molecular 
oxygen, initiate destructive effects on skin 
biomolecules. These reactions lead to DNA damage 
and the subsequent formation of reactive oxygen 

species (ROS) such as hydroxyl radicals, hydrogen 
peroxide, and superoxide (3). 
 
There are specific pathways that contribute to 
Extracellular matrix remodeling followed by UVA 
irradiation. They enhance the degradation of 
structural proteins like collagen and elastin and 

impair their synthesis, leading to the loss of 
structural integrity and eventually skin aging. These 
pathways include Matrix metalloproteases activation 

https://doi.org/10.18596/jotcsa.1423131
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(MMPs) specially MMP1 (Collagenase-1), Mitogen 
activated protein kinase (MAPKs) particularly ERK 
(Extracellular signaling regulated kinase) and JNK (c-

Jun N-terminal kinase), and Nuclear factor kappa B 
(NF-kB) pathways. UVA radiation induces oxidative 
stress and activates transcription factors like AP-1, 
which, in turn, leads to the upregulation of matrix 

metalloproteinases (MMPs) such as collagenase and 
elastase. The increased production and activity of 
these enzymes contribute to the degradation of 
collagen and elastin, resulting in the progressive 
breakdown of skin structure and elasticity over time 
(4,5). 

 
Studies demonstrate that lifestyle changes can delay 
chronologic aging caused by internal factors, which 
occur naturally (6). It is also possible to delay 
photoaging by modifying external factors. 
Photoaging can be prevented and treated by applying 

cosmeceuticals with antioxidant properties (7). 

Cosmeceuticals are cosmetic products that contain 
active compounds, often blurring the line between 
cosmetics and pharmaceuticals (8). Antioxidants are 
frequently investigated for their potential to prevent 
photoaging due to their capacity to quench free 
radicals and suppress the expression and activity of 
MMPs (9). In addition to vitamins A, C, and E, natural 

antioxidants from plant resources such as flavonoids, 
alkaloids, and terpenes are applied in anti-aging skin 
products (10). They are continually studied for their 
beneficial effects on skin aging and their potential to 
protect the skin from harmful UV radiation. 
Numerous studies have shown that these plant 

secondary metabolites have the potential to inhibit 
the collagenase and elastase metalloproteases in the 

skin (11). In one of the studies conducted by K. 
Satyavani, the ethanol extract of Excoecaria 
agallocha L. was identified as a potent, non-
competitive inhibitor of elastase and collagenase 
(12,13). In another study, Carica papaya seed water 

extract was found to be highly protective against 
oxidative stress induced by hydrogen peroxide 
(H2O2) in human skin Detroit 550 fibroblasts (13). 
Seo A. Seo also investigated the skin anti-aging 
effects of Carica papaya leaf in UVB-irradiated 
normal human dermal fibroblast cells and found that 
Carica papaya leaf, through its radical scavenging 

ability, can suppress AP1 signaling pathway, 
resulting in a decrease in the expression of 
collagenase and elastase enzymes (14). Maity et al. 
(15) reported Tagetes erecta Linn flower as an anti-

wrinkle agent since it has been shown to effectively 
inhibit hyaluronidase, elastase, and MMP-1 in-vitro. 

The flavonoids and phenolic acids present in 
Pomegranate (Punica granatum L.), green tea 
(Camelliasinensis (L) Kuntze) and Rosemary Extract 
(Rosmarinus officinalis) have proven to exhibit 
powerful antioxidant properties and showed powerful 
protective effects against UV damage in human skin 
fibroblast cells (16-18). Many in-vivo studies also 

suggest that herbal compounds have the ability to 
protect the skin from the adverse effects of 
ultraviolet radiation (19). 
 
The human skin is equipped with a complex system 
of safeguarding antioxidants. These include 
protective enzyme-based antioxidants such as 

catalase and superoxide dismutase, alongside non-
enzymatic antioxidants like glutathione, bilirubin, 
ferritin, and coenzyme Q10. Exposure to UV radiation 

triggers the oxidation of biomolecules within the 
human skin, leading to a depletion of endogenous 
antioxidants (20). Therefore, the application of 
antioxidants and enzyme inhibitors in cosmeceuticals 

may be highly effective candidates for the protection 
and treatment of skin photoaging. Commonly used 
antioxidants in topical formulations are vitamins E, 
and C, lipoic acid, and ubiquinone (CoQ10). 
Antioxidants can mitigate photoaging by suppressing 
the generation of reactive oxygen species caused by 

photooxidative stress and enhancing the epidermal 
defense mechanism against UV damage (21). 
 
Berberine is an isoquinoline alkaloid with a tetracyclic 
skeleton. It is the ammonium salt of 
benzylisoquinoline and is present in the barks, 

rhizomes, stems, and roots of plants such as Berberis 

vulgaris, Berberis thunbergii, Berberis aristata, 
Hydrastis canadensis, Xanthorhiza simplicissima, 
Mahonia aquifolium, and Phellodendron amurense. 
Berberine is considered an active ingredient in these 
plants and serves both edible and medicinal functions 
(22). Several methods have been applied for the 
extraction of berberine from different plants, 

including maceration, percolation or Soxhlet 
extraction, solvent extraction, and green extraction 
approach. In another study, scientists synthesized 
special magnetic nanoparticles for the extraction of 
berberine (23-27). 
 

Berberine exhibits various pharmacological 
properties, including anticancer, antiarrhythmic, 

ischemic, cardioprotective, antidepressant, 
antidiabetic, and anti-asthmatic effects. It also 
serves as a potential new therapy for 
neurodegenerative disorders such as Parkinson's 
disease (28-33). 

 
In a comprehensive study conducted by Shekarabi, 
SPH et al. (34), the antioxidant and antibacterial 
properties of berberine fruit were investigated, along 
with its potential to enhance immune function. The 
study involved the examination of dietary Berberine 
fruit extract in the serum of one hundred and fifty 

fish specimens. Their findings strongly support the 
notion that dietary berberine fruit extract, 
particularly at a dosage of 750 mg/kg, represents a 
promising candidate for the regulation of immune 

responses and bolstering antioxidant defense 
systems (34). 

 
El-Zahar, KM et al. (35) demonstrated the high 
antioxidant activities of phenolic and flavonoid 
components derived from the ethanolic extract of 
barberry leaf and roots in-vitro. In a subsequent in-
vivo study by Gholampour, et al. (36), evidence 
emerged supporting the administration of barberry 

hydro-alcoholic extract at 160 mg/kg/day for ten 
days as an effective measure against cisplatin-
induced nephro- and hepato-toxicity. This treatment 
exhibited an increase in exogenous enzyme 
activation and a concomitant decrease in 
malodialdehyde levels compared to cisplatin-induced 
toxicity. They concluded that Barberry extract, 
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notably its active component berberine, exhibits 
significant potential in mitigating cisplatin-induced 
oxidative stress within hepatic and kidney tissues 

(36). 
 
Ashraf, H and Zare, S. (37) have reported on the 
antidiabetic potential of the aqueous extract derived 

from Berberis integerrima Bge root. Their research 
findings underscore the preventive capabilities of 
berberine extract against hepatic impairment and 
oxidative stress instigated by streptozotocin-induced 
diabetes mellitus in rats. These results substantiate 
the utility of Berberis integerrima Bge root extracts 

as a promising agent for managing diabetes and its 
associated complications (37). 
 
Yadawa, et al. (38) explored the biological 
effectiveness of Berberine in rat models induced with 
aging through D-galactose treatment. Their 

investigation revealed that D-galactose 

administration elevated pro-oxidants, including 
malondialdehyde, plasma membrane redox system, 
and advanced oxidation protein products in the 
plasma. This led to a decrease in antioxidant levels 
such as reduced glutathione (GSH), plasma thiols 
and sialic acid. However, when berberine was 
administered alongside D-galactose in rat models, it 

successfully reinstated both pro-oxidants and 
antioxidant levels in erythrocytes (38). 
 
Recent studies have identified moisturizing 
properties of berberine hydrochloride when 
incorporated into cellulose-derived and 

biodegradable hydrogel films. These films were 
analyzed for their water uptake profile and skin 

permeation properties (39). Kim, SM et al. (40) 
provided evidence that berberine reduces the 
expression of MMP-1 genes and increases type I 
procollagen expression in human dermal fibroblasts. 
The cells were treated with berberine for 72 hours 

prior to a one-hour period of exposure to fluorescent 
sun lamps with an emission spectrum of 275–380 nm 
and 310–315 nm. Their findings suggest that the 
reduction of MMP-1 and induction of type I 
procollagen may be mediated by the antioxidant 
activity of berberine in human dermal fibroblasts 
(40). While the mentioned study investigated the 

impact of Berberine on MMP-1 expression levels, 
there has been limited scientific inquiry into the 
inhibitory action of berberine chloride on MMPs. 
MMPs constitute a family of enzymes critical in 

remodeling the extracellular matrix (ECM) within 
tissues, including skin. The ECM is a complex network 

of proteins and carbohydrates that provides 
structural support to cells and influences various 
cellular processes. In the context of skin health, 

MMPs are involved in maintaining skin structure, 
wound healing, tissue repair, and turnover. They 
function by breaking down ECM components, such as 

collagen and elastin, responsible for skin’s elasticity 
and strength. This breakdown facilitates the removal 
of damaged tissue and supports tissue regeneration 
during healing. In skin health, MMPs contribute to 

balancing ECM synethesis and degradation, which is 
crucial for maintaining skin elasticity, texture, and 
overall function. However, their dysregulation can 
lead to skin disorders such as premature aging and 
inflammatory conditions. Exposure to UV light also 
activates the MMPs (41). 

 
Consequently, we aimed to evaluate berberine's 
potential as an active ingredient in cosmeceuticals. 
We conducted primary tests on enzyme inhibition 
and the kinetics of elastase and collagenase, which 
are relevant in skin health and rejuvenation. we 

assessed Berberine antioxidant capacity using three 

methods: 2,2’-azinobis-(3-ethylbenzothiazoline-6-
sulfonate) (ABTS), 2,2-Diphenyl-1-picrylhydrazyl 
(DPPH) and ferric reducing antioxidant power (FRAP) 
assays, and we also formulated a cream containing 
1.5% berberine. We then evaluated the cream's SPF, 
pH, and heat stability to determine its relevance in 
the skin anti-aging segment of the cosmetic industry. 

However, further in vitro and in vivo investigations 
are necessary to fully substantiate this potential. 
 
2. EXPERIMENTAL SECTION 
 
2.1. Materials 

The Berberine chloride (purity >95%), ABTS [2,2’-
azinobis-(3-ethylbenzothiazoline-6-sulfonate)], 

DPPH [2,2-Diphenyl-1-picrylhydrazyl], and all other 
reagents were purchased from sigma-Adrich. 
 
2.2. Elastase (Type IV, EC 3.4.21.36) Inhibitory 
Activity 

The inhibitory potential of berberine was measured 
using a modified spectrophotometric method based 
on Kraunsoe et al. (42) and Deniz et al. (43). A 
mixture of 10 µL of berberine at various 
concentrations (50, 100, and 200 µg/mL), 10 µL of 
elastase (from porcine pancreas) at a concentration 
of 0.5 mU/mL, and 180 µL of 0.1 M tris buffer (pH 

8.0) was pre-incubated for 20 minutes at 25°C. To 
the reaction mixture, 10 µL of N-Sucanyl-Ala-Ala-
Ala-p-Nitroanilide substrate (1 mM) was added, 
followed by a 10-minute incubation at 25 °C. The 

amount of product (p-nitroaniline) produced from the 
substrate was recorded at 410 nm using an ELISA 

microplate reader. Each experiment was performed 
in triplicate and enzyme inhibitory activity was 
calculated using the equation below: 

 
Enzyme inhibitory activity (%)=(ΔA/min) control - (ΔA/min) sample / (ΔA/min) control ×100 (Eq. 1) 

 
The IC50 value was obtained by plotting a graph 

between concentration and percentage inhibition at 
a substrate concentration of 1 µmol/mL using 
GraphPad Prism software version 9.5.1. 
 
 
 

2.3. Collagenase (Type I, EC 3.4.24.3) 

Inhibitory Activity 
The collagenase inhibitory activity of berberine was 
measured by spectrophotometer according to the 
modified method of Kozachok et al. (44). A reaction 
mixture was prepared by dissolving different 
concentrations of berberine (25, 50, and 100 µg/mL) 
in 700 µL of 50 mM tricine buffer (pH 7.5) and 
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incubated with 100 μL of collagenase enzyme 
solution for 20 min at 37 °C. Subsequently, 200 μL 
of N-(3-[2-furyl]-acryloyl)-Leu-Gly-Pro-Ala 

(FALGPA) was added as the substrate. Optical 

densities were measured in 5-minute intervals for 20 
minutes at 345 nm. Each experiment was performed 
in triplicate and enzyme inhibitory activity was 

calculated according to the equation below: 
 

Enzyme inhibitory activity (%)= (ΔA/min) control - (ΔA/min) sample / (ΔA/min) control ×100 (Eq. 2) 
 

The IC50 value was obtained by plotting a graph 
between concentration and percentage inhibition at 
a substrate concentration of 1 µmol/mL using 
GraphPad Prism software version 9.5.1. 
 
The inhibitory effectiveness of berberine chloride 

against collagenase and elastase was studied by 
observing its action against different substrate 
concentrations. The enzymatic reaction took place at 
a temperature of 25 °C for a duration of 20 minutes. 
The most effective doses of berberine were 
determined based on the results of the inhibitory 

activity test. The data obtained from the Lineweave-

Burk plot analysis, calculated using Michaelis-Menten 
kinetics, were fitted to a sigmoidal dose-response 
equation with a variable slope through linear 
regression. 
 
2.4. Antioxidant Assays 
The antioxidant activity of berberine hydrochloride 

was quantified using three methods; DPPH, ABTS, 

and FRAP assays. A detailed description of the 
antioxidant assays can be reviewed in our previous 
study. IC50 values were calculated using GraphPad 
Prism software version 9.5.1. (45). 
 
2.5. Cream Formulation 

The oil-in-water (O/W) creams used in this study 
were prepared based on the solubility of the different 
components of the formulation: 
 
Water 67%, Glycerin 2.3%, Tetrasodium EDTA 
0.2%, Xanthan Gum 0.5%, Mineral Oil 15%, 

Polysorbate 60+Cetearyl Alcohol (1:1) 4%, Cetyl 

Alcohol 2%, Stearic Acid 1%, Triglyceride 7%, 
Phenoxyethanol 1%. 
 
The prepared cream was divided into three batches. 
The first batch served as the negative control and did 
not contain berberine, while the second batch 
contained 1.5% berberine and the third batch 

contained 1.5% vitamin C as the positive control. 
 

Table 1: Cream constituents with percentage content. 

Aqueous Phase (70%) Constituents 

Water 
Glycerin 
Tetrasodium EDTA 

Xanthan Gum 

67% 
2.3% 
0.2% 

0.5% 

Oily Phase (30%) 

Mineral Oil 
Polysorbate 60 + Cetearyl Alcohol (1:1) 
Cetyl Alcohol 
Stearic Acid 
Triglyceride 
Phenoxyethanol 

15% 
4% 
2% 
1% 
7% 
1% 

 

 
Table 2: Antiaging lotions’ oil-in-water cream formulas. 

Formulations Contents 

F1 
F2 

F3 

Base cream without active compound (negative control) 
Base cream + 1.5% Berberine 

Base cream + 1.5% Vitamin C (positive control) 

 

2.6. In-vitro SPF Determination 
The cream’s SPF was assessed using the UV 
absorbance technique. A 0.1% hydro-alcoholic 
solution of berberine was prepared, and its 
absorbance was measured within the 290–320 nm 
range. The in-vitro photoprotection level was 
calculated using the Mansur equation, which was 

employed to establish the SPF values of the 
formulations. The equation is as follows: 
 

SPF= CF ∑320290 EE (λ) .I (λ). Abs (λ) (Eq. 3) 
 

Where CF=10 (Correction Factor), EE(λ)= 
Erythemogenic Effect of radiation at wavelength λ, I 
(λ) = Intensity of solar light at wavelength λ, and 
Abs (λ) = Absorbance of wavelength λ by a solution 
of the preparation (46). 
 
2.7. pH Determination 

The pH of the lotions was measured using a pH meter 
(EDGE pH meter) at 25°C. 
 
2.8. Stability Studies 
To assess the formulation’s stability, heat stability 
study were carried out as per ICH guidelines. Cream-
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filled bottles were placed in a humidity chamber 
maintained at temperatures of 8°C ± 0.1°C, 25°C ± 
1°C, 40°C ± 1, and 65 ± 5°C in 20-30% humidity for 

3 months. At the end of the studies, the samples 
were analyzed for their physical properties. 
 
2.9. Statistical Analysis 

The results were expressed as mean value ± 
standard error mean (SEM) of triplicate experiments. 
The analysis of the data was performed using 
GraphPad Prism software version 9.5.1. 
 
3. RESULTS AND DISCUSSION 

 
3.1. Inhibitory Effect of Berberine on Elastase 
and Collagenase 
The IC50 values of berberine for elastase and 
collagenase were estimated to be 47.54 and 22.16 
µg/mL respectively, indicating that berberine 

exhibited stronger inhibition of collagenase 

compared to elastase. Several natural compounds 
were identified with MMP inhibitory activities. For 
instance, Curcuma mangga Val. Contains bioactive 
compounds such as curcumin, known for its anti-
aging properties. The IC50 values for elastase 
inhibitory activities by C. mangga extracts from 
different solvent types were reported to range from 

26.34 to 532.38 µg/mL (47). The inhibition of 
elastase by phytochemicals, such as phenolic 
compounds, is known to enhance capillary wall 
integrity, protect components of the extracellular 
matrix, and initiate the process of tissue 
reconstruction (48). 

 
In our study to identify the inhibitory kinetics of 

elastase by berberine, Lineweaver−Burk plots were 
employed. Different substrate concentrations (1-8 
mM) were incubated with elastase along with 
berberine (at concentrations of 50, 100, and 200 
mM). An uninhibited enzyme reaction (control) was 

carried out in the absence of berberine. The results 
are illustrated in Figure 1a. As depicted in Figure 1a, 
the reciprocal graph reveals that the slope 
corresponds to Km/Vmax, while the intercept on the 
1/v –axis is augmented by a factor of (1+ci/ki). 
Consequently, increasing the concentration of the 
inhibitor results in a set of parallel lines, wherein the 

intercept on the y-axis progressively rises in 
response to the increasing inhibitor concentration, 
suggesting that berberine functions as an 
uncompetitive inhibitor of elastase. Both Vmax and 

Km values were reduced from 1.821 to 0.744 
mU/min and 0.351 to 0.191 mM, respectively. 

 
Figure 1b illustrates the kinetics of collagenase 
enzyme inhibition by berberine. Lineweaver-Burk 
plots of the enzymatic reaction catalyzed by 
collagenase were generated in the absence or 
presence of berberine at different concentrations 
(25, 50, and 100 µg/mL). The reverse of substrate 

concentrations plotted on the X-axis versus 1/V 
(mU/min)-1 values (obtained from the Lineweaver-
Burk analysis) plotted on the Y-axis. Results 
indicated that berberine acts as an uncompetitive 
inhibitor of collagenase, as evidenced by the 
reduction in both Vmax and Km values, from 1.222 

to 0.516 mU/min for Vmax and 0.33 to 0.125 mM for 
Km, with increasing berberine concentrations. 
 

Elastase and collagenase were both found to be un-
competitively inhibited by berberine against their 
respective substrates. In uncompetitive inhibition, 
the inhibitor binds to the enzyme that is already 

associated with the substrate, making substrate 
concentration an important factor for inhibition. In 
the current study, both Vmax and Km decreased with 
increasing inhibitor concentration. Km is considered 
as the substrate concentration at which the rate of 
enzymatic reaction reaches half of Vmax. The lower 

Km values were observed in the presence of different 
concentrations of berberine, which suggested that 
the presence of berberine as an uncompetitive 
inhibitor causes the pretense affinity of the enzyme 
for the substrate to increase, meaning that Km 
decreases (49). 

 

Uncompetitive inhibitors bind to the enzyme–
substrate complex, but they do so at a site other than 
the enzyme’s active site. Since the substrate is 
already bound to the enzyme, this binding by the 
inhibitor decreases both the Km and Vmax. Berberine 
exhibited significant inhibitory activity against the 
studied MMPs, which might be attributed to the 

formation of hydrogen bonds between berberine and 
the site of the enzyme-substrate complex or other 
critical sites, disrupting the essential catalytic 
configuration (50). 
 
Table 3 presents the data on the inhibitory effect of 

berberine on enzymatic activity and the kinetics of 
enzyme inhibition. IC50 is the concentration of an 

inhibitor that produces half-maximum inhibitory 
effect against the enzyme. The inhibition constant Ki, 
referred to as the inhibitor concentration required to 
produce half of maximum inhibition, indicates the 
potency of the inhibitor; the lower the value of Ki, the 

more potent the inhibitor. Ki is a constant value for 
an inhibitor and enzyme pairing, whereas IC50 is a 
relative value that varies based on the substrate 
concentration employed in the assay. As listed in 
Table 3, berberine exhibited lower Ki values, 
demonstrating its stronger affinity for binding to 
elastase and collagenase (50). 

 
Inhibiting MMPs presents a promising strategy for 
combating and preventing skin photoaging. Notably, 
numerous studies have identified plant secondary 

metabolites, such as polyphenols, as effective 
inhibitors of MMPs (51). For instance, Madhan et al. 

(52) demonstrated that polyphenols, namely 
catechin and epigallocatechin gallate (EGCG) from 
green tea, possess potential inhibitory activity 
against collagenase, with rates of inhibition reaching 
70 and 88 % respectively. Their kinetic study on the 
inhibition of collagenase by catechin and EGCG, using 
the hydrolysis of 2-furanacryloyl-l-leucyl-glycyl-l-

prolyl-l-alanine as a substrate, revealed that both 
catechin and EGCG exhibited competitive type of 
inhibition against collagenase. They concluded that 
EGCG’s heightened inhibitory effect, in contrast to 
catechin, is a result of EGCGs superior ability to form 
hydrogen bonds and engage in hydrophobic 
interactions with collagenase (52). As a result, 
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phytochemicals hold potential applications in both 
pharmaceuticals and cosmeceuticals for skin care. 
MMP inhibitors can be formulated within 

cosmeceutically compatible formulations or 
pharmaceutically approved carriers such as creams, 
lotions, or ointments. When used in cosmeceuticals, 

this innovative MMP inhibitor composition can be 
applied to the skin to proactively diminish wrinkles, 
pigmentation irregularities, loss of skin elasticity, and 

other manifestations linked to aging or sun-induced 
damage (53). 

 

Table 3: Inhibitory Effect of Berberine on Elastase and Collagenase; IC50 values and values of inhibition 
constant from kinetic studies. 

 
Berberine  
IC50 value (µg/mL) 

Berberine  
Ki   value 

Elastase1 

Collagenase1 

47.54 
22.16  

0.003733 
0.003557 

1 IC50 values for both enzyme inhibitions were calculated at substrate concentration of 1 µg/mL. 

 

 
(a) 

 
(b) 

Figure 1: Effect of berberine on (a) elastase and (b) collagenase enzyme kinetics. 
 

One of the primary limitations is the limited solubility 
of berberine in aqueous solutions, which can affect 
its bioavailability and make it challenging to achieve 
desired concentrations in formulations. To address 
this, we dissolved berberine in ethanol, given its 
solubility in ethanol, DMSO, and DMF, and used this 
solution for various experiments in the study. 

 

Additionally, using high concentrations of berberine 
for inhibition studies may interfere with assay 
components and skew results. To minimize this 
potential interference, we selected a concentration 
range of 50-200 µg/mL Despite these challenges, the 
study provides valuable insights, but the findings 
should be interpreted with these limitations in mind. 
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3.2. Antioxidant Capacity 
Prolonged and repeated exposure to UV can lead to 
the accumulation of a substantial number of active 

oxygen products within skin tissues. The 
mechanisms underlying photoaging induced by UV 
radiation primarily involve the generation of ROS and 
DNA damage, ultimately resulting in cellular damage. 

A key factor in this process is the imbalance between 
ROS production and their neutralization by the body’s 
natural antioxidant systems, leading to oxidative 
stress. ROS can promote the peroxidation of the lipid 
components in cell membranes and alter the 
structure and function of various enzymatic systems 

(54). 
 
The results from the current study indicate that 
berberine possesses significant potential in 

neutralizing free radicals and demonstrates 
remarkable reduction capabilities when compared to 
the control substance, ascorbic acid. Our findings, as 

determined by the FRAP assay, indicate that 210.387 
mg of berberine is equivalent to 1 mM of ascorbic 
acid in reducing power. A comprehensive 
investigation into berberine’s antioxidant capacity 

was conducted by Aoxue Luo and Yijun Fan (55) 
employing six distinct methods. Their research 
revealed that berberine displayed scavenging 
abilities against radicals, particularly with regards to 
ABTS, hydroxyl, and DPPH radicals. Overall, 
berberine’s impressive antioxidant prowess can be 

attributed to the existence of electron-donating 
groups within the molecular structure of this alkaloid 
compound (56). 

 
Table 4: Antioxidant activity of berberine using FRAP, DPPH and ABTS radical scavenging assays. 

Antioxidant Assays Berberine Ascorbic acid (AA) 

DPPH Radical Scavenging Activity IC50 Values (µg/mL) 66.81 55.1 

ABTS Radical Scavenging Activity IC50 Values (µg/mL) 180.5 125.7 

FRAP 210.387 mg/L Berberine/176 mg/L AA 

 
3.3. Determination of SPF, pH and Stability of 
Berberine in Formulated Cream 
In daily life, the skin’s exposure to sunlight stands 

out as the primary factor that accelerates 
photoaging. This condition can activate the extrinsic 
mechanism responsible for ROS synthesis 
throughout skin cells. Excessive ROS production, in 
turn, leads to the appearance of wrinkles and a 
reduction in skin elasticity. Sunscreens were 

developed with the aim of averting these effects by 

either dispersing or absorbing the UV light (57). 
 
In this study, the SPF value of the berberine in 
formulated creams was evaluated using UV 
spectrophotometry and the Mansur mathematical 
equation. Figure 2 shows the SPFs of the formulated 
creams. It was demonstrated that the SPF of the 

berberine-containing cream (F2) was significantly 
higher than that of the base cream, comparable to 
the cream containing 1.5% ascorbic acid (F1). These 

results indicate that berberine can effectively 
function as a highly efficient anti-solar agent against 
harmful UV radiation. 
 
Brinda, S et al. (58) evidenced the effectiveness of 
aqueous extract of three types of naturally occurring 

herbs separately and in combinations, in the 

formulation of sunscreen creams aiming to avoid the 
addition of synthetic active ingredients due to their 
adverse effects. They estimated the SPF value of 
creams using the spectrophotometric method and 
Mansur equation. They found the highest SPF value 
for the creams containing integrated herbal 
ingredients (58). 

 

 
Figure 2: Determination of the Sun Protection Factor (SPF) of Oil-in-Water Creams containing berberine 
(F2) and Ascorbic Acid (F3) and negative control without active ingredient (F1). Values are the mean ± 

standard deviation (n=3). 
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The pH values of formulated creams are presented in 
Table 2. The pH of F3, compared to F2, was lower; 
however, the changes in the pH values during three-

time intervals were not significantly different at 
P<0.01. All samples exhibited a pH level close to 
skin’s natural pH. 
 

The stability of formulations was determined at three 
different temperatures: 8°C ± 0.1°C, 25°C ± 1°C, 
40°C ± 1, and 65 ± 5°C relative humidity for a 
duration of 3 months. All of the formulations 

demonstrated strong stability when exposed to 
different temperatures for three months. 
 

The pH level of sunscreen is a critical factor that 
affects both its effectiveness in providing sun 
protection and heat stability of the cream. It should 
be compatible with the skin’s natural pH, which is 

typically around 5.5 (59). The pH of our formulations 
was found to be 5.6 and remained stable for a 
duration of 24 days. 

 
Table 5: pH values of formulated creams. 

Formulations 0 Day 14 days 28 days 

F11a 6.72 ± 0.1 6.75 ± 0.08 6.77 ± 0.05 

F21b 5.62 ± 0.08 5.62 ± 0.2 5.6 ± 0.3 

F31c 5.39 ± 0.1 5.4 ± 0.1 5.4 ± 0.15 
1The change in the pH values during three time intervals was not significantly different at p<0.01. a 

Negative control without active ingredient (F1), b berberine (F2) and c Ascorbic Acid (F3). 
 

4. CONCLUSION 
 
Collagen and elastin are crucial structural proteins 
that maintain skin integrity and elasticity. A decrease 
in their levels is closely associated with the 
appearance of aging signs, such as wrinkles and 

sagging skin. 
 
In recent years, Cosmeceuticals-cosmetic products 
with bioactive compounds- have gained significant 
attention for their potential to combat skin aging. 
These products often contain active antioxidant and 
anti-aging compounds derived from various plant 

sources, offering natural and effective solutions for 
skincare. 
 
Our research highlights Berberine, as a potent 
antioxidant and an effective agent in inhibiting 
collagenase and elastase activity. In our studies, a 
formulated cream containing Berberine 

demonstrated promising results, showing reasonable 
sun protection factor (SPF), skin-suitable pH values, 
and excellent heat stability. These findings suggest 
that Berberine is a promising candidate for use as an 
active ingredient in cosmeceuticals, offering a natural 
approach to enhance skin health and reduce the 

visible signs of aging. 
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Abstract: A fast, cheap, and straightforward spectrophotometric method has been proposed to determine 
meloxicam (MEL) in its pure form and pharmaceutical formulation. The technique involves diazotizing the 
(NH2) group in 4-nitroaniline with NaNO2 followed by a reaction with meloxicam to produce a stable and 
colored complex in a basic medium. This complex demonstrates maximum absorbance at 514 nm. The 

developed method's linearity ranges from 2.0 - 25 μg mL-1, and the molar absorptivity is 1.5989×104 L mol-
1 cm-1. The RSD% is lower than 1.55%. Additionally, the limit of detection (LOD) is 0.2019 μg mL-1. The 
method successfully determines the pharmaceutical preparation containing meloxicam (Loxim tablets) with 
a recovery rate of no less than 97.9%. 
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1. INTRODUCTION 
 
Meloxicam is 4-Hydroxy-2-methyl-N-(5-methyl-2-
thiazolyl)-2H-1,2-benzothiazine-3-carbox amide 
1,1-dioxide (Figure 1), with the chemical formula 
C14H13N3O4S2 a molecular weight of 351.4g mol-1. 
Meloxicam is a pale-yellow crystalline powder. It is 

practically insoluble in water but shows higher 
solubility in strong acids and bases. It is also very 
slightly soluble in 96% aqueous ethanol (1). 
 

 
Figure 1: The structure of meloxicam. 

 

An oxicam derivative called meloxicam is a 
nonsteroidal anti-inflammatory medication (NSAID) 
that selectively inhibits cyclooxygenase-2 (COX-2). 
MEL treats symptoms of ankylosing spondylitis, 
acute exacerbations of osteoarthritis, and 
rheumatoid arthritis. It is also used as a short-term 
symptomatic treatment. Moreover, juvenile 

idiopathic arthritis may be treated with it (2). MEL 
easily permeates the synovial fluid, suggesting that 
the active ingredient plays a role in eradicating the 
infectious process within the joint tissues. With a 20-
fold selectivity towards COX-2 over COX-1, MEL 
exerts a beneficial influence on cartilage tissue 

metabolism and exhibits chondroprotective 
characteristics (3). Several methods have been 
applied for the estimation of meloxicam, such as 
spectrophotometric methods(4-12), high 
performance liquid chromatographic methods (HPLC) 
(13-19), ultra-high performance liquid 
chromatography (20), High-performance thin layer 

Chromatography (HPTLC) (21), polarography 
(22,23), voltammetry (24-26), and flow injection 
analysis (FIA) methods (27,28). 
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Azo dyes are synthetic compounds containing an azo 
bond (-N=N-) (29). Most azo dyes are produced by 
diazotization of an aromatic primary amine, followed 

by coupling with one or more electron-rich 
nucleophiles such as NH2 or OH group (30). The 
spectrophotometric measurement of Meloxicam in 
this work is based on the drug's azo dye coupling with 

diazotized 4-nitroaniline in a basic medium. 
 
2. EXPERIMENTAL 
 
2.1. Apparatus 
All spectrophotometric measurements were made 

using a T92+ spectrophotometer double beam, 
China, with a 1.0 mm quartz cell. Solution pH was 
measured using a Jenway 3310 pH meter, and all 
weight measurements were made using a Sartorius 
Balance BL210 SAG, Germany. 
 
2.2. Reagents and Chemical Materials 

The pharmaceutical and medical supplies company 
(SDI), Samarra, Iraq, provided the meloxicam (pure 
standard powder). Fluka and BDH provided all other 
analytical chemical reagents, including 4-
nitroaniline, hydrochloric acid, sodium hydroxide, 
and sodium nitrite. The pharmaceutical formulation 
(tablets) was provided by the company of Ajanta 

Pharma Limited, Mumbai, India. All materials were of 
the highest possible quality. Each solution was made 
from scratch using distilled water. 
 
2.3. Preparation of Solutions 
2.3.1. Meloxicam solution (1000 µg mL-1) 

It was prepared by dissolving 0.1g of meloxicam in 
5.0 mL of sodium hydroxide at a concentration of 
0.1N (31) and then completing the volume to 100 mL 
with distilled water using a volumetric flask. Then, 25 

mL of this solution is diluted to 100 mL with distilled 
water to obtain a solution with a concentration of 250 
µg mL-1 (7.1×10-4 mol L-1). 

 
2.3.2. Hydrochloric acid solution, approximate 
concentration 1.0 mol L-1 
This solution was prepared by diluting 8.5 mL of the 
concentrated acid (11.8 mol L-1) with distilled water 
and then completing the volume to 100 mL in a 
volumetric flask. 

 
2.3.3. Sodium Hydroxide solution, approximate 
concentration 0.1 mol L-1 
In a 100 mL volumetric flask, 0.4 g of sodium 
hydroxide was dissolved in the appropriate volume of 
distilled water, and the flask was then filled to the 

mark. 
 

2.3.4. Diazotized 4-nitroaniline solution(D-4NA) 
5×10-3 mol L-1 
These steps are carried out in a dark flask: in the 
beginning, defrost 0.0345g of 4-nitroaniline in 2.0 
mL of hydrochloric acid, and in another beaker, 

dissolve 0.0172g of NaNO2 in 5.0 mL of distilled 
water. Both beakers were placed in an ice bath for 
10 minutes at a temperature of 0-5°C, then the 
sodium nitrite solution (NaNO2) was added drop by 
drop to the reagent solution, then stirred for 5 
minutes and completing the volume to 50 mL with 
water. The color dye product must be kept in the ice 

bath; the concentration of NaNO2 (1×10-3 mol L-1) in 
equimolar solution 1×10-3 mol L-1 of 4-nitroaniline, 
so we do not need to add sulfamic acid in this method 

to get rid of excess NaNO2. 
 
2.3.5. Sample solution of meloxicam from tablets 
formulation 250 µg mL-1 

In the pharmaceutical formulation tablet (Loxim), 
every tablet contains 15 mg of MEL; this solution was 
prepared as follows: Ten tablets were weighed 
accurately. After grinding and mixing well, the weight 
of ten tablets was equal to 2.477 g. Then, a weight 
of 0.413 g of this powder, which is equivalent to 

0.025 g of the drug, was dissolved in 5.0 mL of NaOH 
with distilled water. The solution was filtered to 
remove any insoluble material, and then the volume 
was completed with water at 100 mL. 
 
3. RESULTS AND DISCUSSION 
 

3.1. The Fundamental Idea for the Method 
The reaction involved the formation of the D-4NA, 
followed by reacting with MEL in the presence of 
NaOH to yield a reddish-orange colored azo dye that 
has the highest absorbance at 514 nm. 
 
3.2. Study of the Typical Circumstances for 

Reaction 
The effect of various variables on the absorbance 
intensity of the azo dye formed from the reaction of 
MEL with diazotized 4-nitroaniline was investigated, 
and the optimum conditions have been selected as 
follows: 

 
3.2.1. The impact of acid-type 
The impact of different types of acids used in the 
formation of diazonium salt (D-4NA) was 

investigated. First, 4-nitroaniline was diazotized as 
previously described (4-NA & NaNO2) in the presence 
of 2 mL of various types of acids at a concentration 

of 1.0 mol L-1. Then, 1.0 mL of the formed diazotized 
solution was added to volumetric flasks containing 
1.0 mL of MEL. Finally, 1.5 mL of NaOH was added. 
The outcomes are indicated in Table 1. 
 

Table 1: Impact of acid-type. 

Acid type Absorbance 

HCl 0.564 
H2SO4 0.505 
HNO3 0.509 

CH3COOH 0.415 

 

To clarify: The optimal amount of NaOH was used 
when analyzing each acid in the study. The reason 

for this is that we will be measuring the absorption 
of the azo dye product formed in the last step, not 
the diazonium salt formed by the reaction of the 
amino group in the reagent in the presence of sodium 
nitrite and acid. 

 
3.2.2. The impact of the quantity of acid 
The congruent quantities and sequences of sodium 
nitrite were added to a diverse amount of 
hydrochloric acid (1.0 mol L-1) used in the formation 
of D-4NA solution, and the diazotized was utilized as 
earlier indicated in the preparation of azo dye. At 514 
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nm, the absorbance of the colored azo dye was 
measured in comparison to the blank solution. 
According to Figure 2, 2.0 mL of HCl (1.0 mol L-1) 

gives the maximum absorbance intensity for the azo 
dye. Therefore, this volume was adopted in the later 
experiments. 

 

 
Figure 2: The impact of the quantity of acid. 

 
3.2.3. Effect of amount of diazotized agent 

The effect of different amounts of diazotized 4-
nitroaniline(D-4NA) was studied by adding it to a 
series of 25 mL volumetric flasks containing 1.0 mL 
of MEL, followed by adding about 1.5 mL of sodium 
hydroxide. Then, the solution was completed with 
water. The results shown in Table 2 indicated that 

1.0 mL of the diazotized agent solution produced the 
highest azo dye absorbance intensity. 
 
3.2.4. The impact of the base type solutions 
The coupling reaction between D-4NA and MEL 
occurs in an alkaline medium, so the impact of 
various bases and alkaline salts was probed to 

determine which produced the highest absorbance. 

From the results in Figure 3, it was clear that sodium 

hydroxide gives the highest absorbance. Therefore, 
it was used in subsequent experiments. 
 

Table 2: Effect of amount of diazotized agent. 

Amount of 
diazotized agent 

Absorbance 

0.5 0.552 
1.0 0.563 
1.5 0.556 
2.0 0.544 
2.5 0.532 

 

 

 

 
Figure 3: The impact of the base type solutions. 

 
3.2.5. The impact of the amount of base 
A study was carried out to establish the typical 
amount of base solution by adding diverse volumes 
(0.5-2.5 mL) of sodium hydroxide. It was found that 
1.5 mL of NaOH gives the highest absorbance at 
pH=10.9. From the results listed in Table 3, it is clear 

to us that the relationship is a positive one at the 

beginning. Then, after the added quantity reaches 
1.5 mL (pH 10.9), we will obtain the highest 
absorption of the dye formed, and then it may 
plateau or decrease. The reason for an increase, in 
the beginning, is that the sodium ion originating from 
the sodium hydroxide displaces the chloride ion in 

the diazonium salt. Consequently, a positively 
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charged diazonium ion is formed, which functions as 
an electrophile and undergoes a reaction with the 
MEL, resulting in the formation of an azo dye. The 

reason for the decrease in absorbance after that is 
due to the ionization of MEL. 
 
3.2.6. The impact of time on the stability of the dye 

formed 
The stability of the produced dye was investigated by 
examining how time affected the absorbance of three 
different concentrations (5.0, 10, and 15 μg.ml-1) of 
MEL, following the suggested method procedure. The 
outcomes in Table 4 show that the reddish-orange 

dye remains stable for 50 minutes. 

3.3. The Eventual Absorption Spectrum 
After selecting the optimum conditions shown in 
Table 5, the eventual absorption spectrum was 

measured using 1.0 ml of MEL, 1.0 mL of D-4NA, and 
1.5 mL of NaOH. The reaction was carried out in an 
ice bath (0-5°C), and then the solution was left for 
5.0 minutes to complete the reaction. The volume 

was then finished with water to 25 mL. The 
absorption was measured against the blank solution. 
It was found to give a higher absorbance at 514 nm, 
while its blank gave a little absorption at the same 
wavelength. The results are shown in Figure 4. 
 

 
Table 3: The impact of the amount of base. 

Amount of NaOH (0.1 M) Absorbance pH 

0.5 0.482 5.9 

1.0 0.541 8.2 

1.5 0.563 10.9 

2.0 0.554 11.1 

2.5 0.513 11.6 

 
Table 4: The impact of time on the stability of the dye formed. 

Time 
(min) 

Absorbance 

5.0 μg mL-1 10 μg mL-1 15 μg mL-1 

5 0.261 0.563 0.734 

10 0.261 0.563 0.734 

15 0.261 0.563 0.733 

20 0.261 0.562 0.733 

25 0.260 0.562 0.733 

30 0.260 0.562 0.732 

35 0.260 0.561 0.732 

40 0.260 0.561 0.731 

45 0.258 0.560 0731 

50 0.258 0.559 0.730 

55 0.251 0.552 0.725 

60 0.242 0.522 0.686 

 

Table 5: Summary of optimum conditions. 

Parameter Optimum conditions 

λmax 514 mL 

Amount of 7.1×10-4 mol L-1 (MEL) 1.0 mL 

Amount of 5×10-3 mol L-1 (D-4NA) 1.0 mL 

Amount of HCl (1.0 mol L-1) 2.0 mL 

Amount of NaOH (0.1 mol L-1) 1.5 mL 

Solvent Water 
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Figure 4: The eventual absorption spectrum for the determination of MEL (10μg mL-1) versus water (SW), 

MEL vs. blank solution (SB), and blank solution vs. water (BW). 
 

3.4. The Calibration Graph 

After selecting the optimized experimental 
conditions, ranging from 0.2 to 2.5 mL of MEL drug 
solutions were transferred to a series of volumetric 
flasks (25 mL). These volumes corresponded to 
concentrations ranging from 2.0 μg mL-1 to 25 
μg.mL-1. Subsequently, 1.0 mL of diazotized 4-

nitroaniline solution was added, followed by the 
addition of 1.5 mL of NaOH. The volumes were then 

completed with water, and the absorbance was 

measured against the blank solution at 514 nm. 
Figures 5 and 6 demonstrate that the calibration 
graph adheres to Beer's law in the range of 2.0 to 25 
μg.mL-1, while higher concentrations appear to show 
a negative deviation from Beer's law. The molar 
absorptivity was determined to be 1.5989×104 

L.mol-1.cm-1, and Sandall's index value was 0.02198 
μg.cm-2. 

 

 
Figure 5: The calibration graph for the estimation of MEL using the suggested method. 

 

 
Figure 6: The calibration graph spectra for the estimation of MEL using the suggested method. 
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3.5. The Precision & Accuracy 
The precision and accuracy of the method were 
examined by measuring the recovery percentage, as 

well as the relative standard deviation (RSD%) and 
the relative error (RE%). This was done for three 
different concentrations (5.0, 10, and 15) μg ml-1, 

with the absorbance being measured six times at a 
wavelength of 514 nm for each concentration. The 
average was then taken. The findings in Table 6 

showed that the method for determining MEL had 
acceptable precision and accuracy. 

 

Table 6: The results of precision and accuracy. 

Amount of MEL (µg mL-1) *RE% *Recovery% *RSD% 

Taken Measured    

5 5.05 1.0 101 1.42 
10 10.12 1.2 101.20 1.55 
15 14.83 -1.13 98.86 0.96 

*Average of six times 
 
3.6. The Limit of Detection 
The limit of detection was calculated by measuring 
the absorption of the blank solution (32) under 
optimized conditions (six times) at a wavelength of 

514 nm using Equation: LOD=3.3 SD/b (33,34), 

where (SD) is the standard deviation and (b) is the 
slope of the calibration curve. The limit of detection 
of the method was found to be 0.2109 µg mL-1. 
 
 
 

 
 

3.7. Studying the Ratio of MEL and Diazotized 
4-Nitroaniline in Forming Azo Dye 
The stoichiometry of the product was investigated 
through the employment of the continuous variation 

method, also known as Job's method. This method 

was utilized to determine the characteristics of the 
resulting product and the proportion of the drug's 
ability to bind with the diazotized agent (35). The 
outcomes in Figure 7 indicate that the ratio of azo 
dye formed between diazotized 4-NA and MEL is 1:1. 
 

Scheme 1 shows the suggested mechanisms for the 
reddish-orange dye formed by the reaction of MEL 
with the diazotized 4-NA in the basic medium. 

 

 
Figure 7: Continuous variation method of azo compound. 

 

 
Scheme 1: The suggested mechanisms for the reaction. 
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3.8. Stability Constant of the Dye Formed (Ks) 
To determine the stability constant for the 1:1 
formed product (MEL and diazotized 4-NA), we 

utilized the outcomes of the Job's method as detailed 
in Section (3.7). Solutions were prepared containing 
equimolar quantities of MEL and diazotized 4-NA, 
each having a concentration of 7.1X10-4 mol L-1. The 

absorbance of each solution was measured in 
comparison to its respective blank and denoted as 
(As). Furthermore, solutions were also prepared with 
the same quantity of MEL but with an excess amount 
(2 mL) of the diazotized agent, and their absorbance 

was denoted as (Am). The degree of dissociation (α) 
was determined using Equation 1. Subsequently, the 
stability constant of the reddish-orange dye 

produced in the aqueous solution was calculated 
using Equation 2. The results shown in Table 7 
indicate that the product is highly stable. 
 

𝛼 =
𝐴𝑚−𝐴𝑠

𝐴𝑚
     (1) 

 

𝐾𝑠 =
1−𝛼

𝛼2𝐶
      (2) 

 

Table 7: Stability constant. 

KS, L.mol-1 α 
Absorbance *Concentration (C) 

mol L-1 Am  As 

3.2106  0.02069 0.580 0.568 7.1X10-4 

*(C) The concentration of the colored product. 
 

3.9. The Applications Part 
The methods were applied to a pharmaceutical 

formulation containing MEL drug, which is the 
pharmaceutical formulation (Loxim) produced by 
Ajanta Pharma Limited, Mumbai, India, in the form 
of tablets, and each tablet contained 15 mg of MEL. 
 
3.9.1. Direct method 

In order to demonstrate the validity of the suggested 
method in the estimation of MEL in the form of 
tablets with three different concentrations, the 
results are summarized in Table 8. The assay results 
indicated that the proposed method is applicable. 
 
 

3.9.2. The standard addition method 
To demonstrate that the method was free from 

interferences, the standard additions method was 
used to determine the concentration of MEL in its 
pharmaceutical preparation. Two series of six 25 mL 
volumetric flasks were prepared, with constant 
volumes (0.5 and 1.0 mL) of the pharmaceutical 
preparation added, equivalent to a concentration of 

(5.0 and 10 μg.mL-1). Increasing volumes of MEL 
solutions were added, and then the absorption was 
measured against the blank solution at the 
wavelength of 514 nm. Table 9 and Figure 8 show 
the accordance of the standard addition method with 
the suggested method. 

Table 8: The results of the direct method for the determination of MEL in pharmaceutical preparations. 

Amount of MEL (µg mL-1) 
*RE% *Recovery% *RSD% 

Taken Measured 

5 5.10 2.0 102 1.91 

10 9.92 -0.8 99.2 1.13 

15 15.02 0.13 100.13 1.61 

*Average of six times 
 
 

Table 9: The results of standard-addition method for the identification of MEL in tablets 

Amount of MEL (µg mL-1) *RE% *Recovery% *RSD% 

Taken Measured    

5 5.10 2.0 102 1.86 

10 9.79 -2.1 97.9 1.12 

*Average of six determinations 
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Figure 8: The standard addition curve for the identification of MEL in tablets. 

 
3.10. Advantages of Our Spectrophotometric 

Method Compared to Other Analytical 

Technique 
In this section, a comprehensive analysis is provided 
to elucidate the advantage of our spectrophotometric 
approach in contrast to other frequently employed 
analytical methodologies, including high-
performance liquid chromatography (HPLC), 

polarography, and flow injection analysis. 
Emphasizing crucial factors such as precision, 
expenditure, temporal efficacy, usability, and 
instrumental prerequisites. 
 
Accuracy: The current method offers high accuracy 
and consistent results. HPLC also provides very high 

accuracy, precise analysis, and separation but 
demands intricate preparation. Electrochemical 
conditions and impurities in the sample influence 
accuracy in polarography. Flow injection analysis 

delivers good accuracy but is susceptible to changes 
in flow rate and environmental factors. 

 
The cost: The current method is cost-effective 
because it requires minimal equipment and no 
expensive reagents. In contrast, HPLC is expensive 
due to its complex instruments and costly chemicals. 
Polarography has moderate costs involving 
specialized electrochemical equipment. Flow 

injection analysis has medium to high costs due to 
precise flow control and fluid handling systems. 
 
Time Efficiency: The current method provides fast 
results within minutes. HPLC is slow, taking hours for 
preparation and analysis. Polarography is moderately 
time-consuming, contingent on electrochemical 

response time. Flow injection analysis is quick but 

needs a pre-analysis setup. 
 
The simplicity of utilization: Our method is user-
friendly and does not necessitate sophisticated 
technical competencies, rendering it appropriate for 

regular laboratory assessments conducted by skilled 
technicians. Conversely, HPLC demands advanced 

technical proficiency and practical know-how to 

manage and uphold the intricate machinery. 

Polarography necessitates a grasp of electrochemical 
examination but is comparatively less intricate than 
HPLC, whereas flow injection analysis mandates 
technical expertise to supervise flow systems and 
calibrate the equipment. 
 

Equipment Requirements: The utilization of the 
spectrophotometric approach necessitates solely a 
basic spectrophotometer and an illuminating source, 
rendering it feasible for the majority of laboratory 
settings. Conversely, the application of HPLC 
mandates sophisticated chromatographic apparatus 
and equipment for sample preparation. 

Polarography, on the other hand, calls for a 
polarograph and supplementary electrochemical 
devices, whereas flow injection analysis necessitates 
a precise continuous flow mechanism and linked 

control instruments. 
 

This comparison clearly illustrates the superiority of 
our spectrophotometric method in terms of 
simplicity, cost-effectiveness, and rapid analysis, 
making it an ideal choice for routine laboratory 
analysis compared to the more complex and 
expensive alternatives. 
 

3.11. Comparison of the Method 
Table 10 displays a comparison of various analytical 
variables between the current method and 
alternative methods found in the literature. 
 
3.12. Statistical Agreement t-Test 
Both the current method and the method described 

in the literature (36) were simultaneously utilized in 

the calculation of the t-test, with the obtained value 
then compared against statistical tables for eight 
degrees of freedom at a 95% confidence level. The 
findings presented in Table 11 demonstrate that 
there is no significant discrepancy between the two 

methodologies. 
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Table 10: The comparison study between the suggested method and other techniques reported in the 
literature. 

Method 
λmax 
nm 

Linear 

range 
µg mL-1 

RSD% Recovery% 
LOD 

µg mL-1 

Literature 

method 
Ref. 

Current method 514 2 0.96-1.42 98.86-101.2 0.2109 - 

L
it

e
r
a
tu

r
e
 m

e
th

o
d

 Spectroscopy 708 0.1-11 0.25-0.73 98.7-99.5 0.0092 7 

HPLC 290 1.0-50 ˂ 3.9 100.4 0.25 13 

Polarography - 0.38-15.0 0.27 99.20 0.02 23 

Voltammetry - 

10-90 in 

both *SWV 
& **DPV 

2.72 for 

SWV & 3.06 
for DPV 

98.5 for SWV 

98.7  
for DPV 

1.50 in 

both SWV 
& DPV 

26 

FIA 530 10-160 1.2 97.0-104 6.0 28 

*(SWV) Square wave voltammetric method, **(DPV) Differential pulse voltammetry. 
 

 
Table 11: The results of t-test analysis. 

Drug 
Pharmaceutical 

preparation 

*Recovery% 
t. exp 

Current method Literature method (36) 

Loxim Tablet 99.95 98.4 0.77 

*Average of five determinations 
 
4. CONCLUSION 
 
A robust spectrophotometric method was developed 
and validated for determining meloxicam in pure 

form and its pharmaceutical formulation through azo 
dye formation. Key performance metrics highlighted 
method efficacy. The linear range was 2.0-25 µg mL-

1 with a high correlation coefficient, showing 
excellent linearity for quantitative analysis. Molar 

absorptivity was 1.5989×104 L mol-1 cm-1, and 

Sandell's sensitivity was 0.02198 μg cm-2, indicating 
high sensitivity to detect small meloxicam quantities. 
LOD was 0.2109 µg mL-1, demonstrating the 
method's capability to identify low concentrations 
accurately. The recovery rate was 98.86% - 
101.20%, ensuring accuracy and reliability with 
common excipients. Relative standard deviation 

values were 0.96% to 1.55%, highlighting method 
precision and reproducibility. The stability constant 
of the azo dye complex was 3.2×106, which indicates 
that it is a highly stable complex suitable for routine 
analysis. The method's applicability to the 
pharmaceutical formulation Loxim was confirmed, 
showing that common excipients did not interfere 

with the determination of meloxicam. This validation 
suggests that the proposed method is robust and 
versatile for quality control purposes in the 

pharmaceutical industry. 
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Abstract: In general, oxadiazole and benzalaniline derivatives have shown promising activity against a 
variety of diseases. Combining these two scaffolds into a single drug candidate is a strategy that has 
garnered increasing interest in multi-targeted drug discovery. This study aims to identify potential ligands 
from benzalaniline derivatives containing 1,3,4-oxadiazole, targeting various proteins associated with 
Alzheimer’s disease through molecular modeling and docking studies. In silico ADME screening was also 
performed to predict drug-likeness and blood-brain barrier (BBB) permeability, using the QikProp tool from 
the Schrodinger suit 2023-1 (Maestro 13.5.128). The crystallographic structure of the molecular targets 

was obtained from the PDB database, specifically Acetylcholinesterase (PDB ID: 4EY7), 
Butyrylcholinesterase (PDB ID: 4BDS), Monoamine Oxidase (PDB ID: 2V60), and BACE-1 (PDB ID: 7B1P). 
The designed ligands demonstrated strong affinity with key amino acid residues and their drug-likeness. 
Along with BBB permeability, it highlights their potential as inhibitors for these targets. In particular, chloro 
substitution on benzalaniline, combined with hydroxyl aromatic substitution on oxadiazole, exhibited 
favorable binding affinity with the four receptors selected for this study. A ligand with 3-Chloro and 3’-

hydroxy substitution (R139) displayed a strong binding affinity for acetylcholinesterase, with a docking 

score of -10.247. When the chloro group was positioned at the second site (R114), it was more effective 
against butyrylcholinesterase, yielding a docking score of -7.723. Furthermore, a ligand with 3-chloro and 
4’-hydroxy substitution showed a superior binding score (-10.545) with MAO-B. All proposed compounds 
fell within the acceptable ADME range (BBB permeability: QPPMDCK value >500; QPlog BB 3 to 1.2). Based 
on the data presented in this study, the suggested ligands should be considered as potential inhibitors. 
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1. INTRODUCTION 
 
Oxadiazole is a compound containing two nitrogen 
atoms and oxygen atoms in a five-membered ring 
(1). It exists in several isomeric forms, with 1,2,4-

Oxadiazole being the most common. Oxadiazoles 
have a variety of applications in medicinal chemistry 
and agrochemicals due to their electronic and 
physicochemical properties (2). In medicinal 
chemistry, these compounds exhibit promising acti-
vity against cancer, microbial infections, and 

neurodegenerative disorders. Additionally, they 
possess anti-inflammatory and antioxidant proper-
ties (3). 

 
Bioisosteric replacement is a technique used in drug 
design to enhance the activity of the original 
compound. This method is commonly applied in 
drug discovery to optimize biological activity, 

selectivity, and safety. Aza-resveratrol is an analog 
of resveratrol, in which one of the carbon atoms in 
the structure is replaced by a nitrogen atom (4). 
 
Due to its improved bioavailability and pharma-
cological properties, this bioisostere-containing mol-

ecule may be a promising therapeutic candidate. 
These aza compounds demonstrate anti-inflamm-
atory and antioxidant properties, as well as the pot-
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ential to treat neurological diseases. Resveratrol, a 
polyphenol found in berries, grapes, and peanuts, is 
produced by plants in response to fungal infections 

and injury. As a result, it functions as a phytoalexin, 
contributing to plant defense. Because of this, 
resveratrol is believed to offer similar protective 
benefits in humans (5). Researchers have 

discovered various benefits of resveratrol in human 
health, including its anti-aging properties, which 
keep it under continued scientific investigation. 
 
The nitrogen aton in aza-resveratrol forms a 
hydrogen bond, which enhances its solubility in 

aqueous media, thereby improving its bioavailability 
and therapeutic potential (6). Aza derivatives also 
exhibit greater stability and a longer shelf life than 

resveratrol. However, further research is needed to 
fully understand their pharmacological Properties 
and to demonstrate their efficacy in humans. Aza-

resveratrol primarily consists of benzalaniline (6). 
 
The neurodegenerative process in Alzheimer's 
disease is both complicated and multifaceted (7), 

with cognitive decline being the primary symptom. 
Several pathological mechanisms contribute to the 
disease. The major factors include oxidative stress, 
inflammation of the brain, and the accumulation of 
beta-amyloid and tau protein (Figure 1) (8). Since 
no single clinical issue can be effectively targeted to 

treat Alzheimer’s disease, a multifaceted approach 
is necessary. 

 

 
Figure 1: Multiple disease mechanisms of Alzheimer’s Disease. 

 
Multi-targeted drug candidates, i.e., compounds 
that target various pathways in disease-related 
processes, are crucial in the development of 

Alzheimer’s Disease treatments (9,10). Such drugs 
offer more therapeutic benefits than single-target 
approaches (11). To prevent the accumulation of 
tau and amyloid-beta proteins, reduce neuronal 
inflammation, and promote neuronal survival in 

Alzheimer’s Disease, the creation of a multi-
targeted drug is essential (12). Given that 

Alzheimer's disease is influenced by multiple clinical 
factors, this strategy may prove effective. 
Additionally, by applying these realistic strategies, it 
may be possible to reduce dosage, toxicity risk, and 
drug-drug interactions. 
 
Multi-targeted drugs represent an important and 

effective strategy in the development of new 
treatments due to their ability to address different 
pathological processes simultaneously (13). 
Combining different scaffolds into a single drug 
framework, known as scaffold hybridization or 

scaffold merging, is another approach to developing 
potent and effective drugs (9). This strategy aims to 
create compounds that incorporate the beneficial 

properties of both scaffolds, leading to increased 
potency and efficacy. Scaffold merging can be 
achieved by covalently linking the two scaffolds 
(11). 
 

The challenges of bioavailability, toxicity, and 
selectivity associated with individual scaffolds can 

be addressed through the fusion of two or more 
compounds (14). This approach optimizes the 
pharmacokinetic and pharmacodynamic profiles of 
the drug and may improve therapeutic outcomes 
(15). Additionally, scaffold hybridization creates 
compounds that not only target multiple pathways 
but are also less likely to lead to drug-resistant 

(16). A promising strategy for developing new drug 
candidates for Alzheimer's disease involves the 
hybridization of oxadiazole with benzalaniline 
(Figure 2). 
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Figure 2: Hybridization of two scaffolds-new strategies for drug discovery. 

 
2. MATERIALS AND METHODS 
 
2.1. Materials 
For our study, we utilized the Schrodinger Maestro 
software suite (2023-1, Maestro 13.5.128) and 
various biological databases, including the Protein 

Data Bank (PDB). The tools employed include the 
2D sketcher for ligand preparation, Glide for 
molecular docking, LigPrep for generating flexible 
and accurate 3D molecular models, SiteMap for 
predicting binding sites, and QikProp for rapid ADME 

predictions of compounds. The Protein Data Bank, 

the only global repository of structural data on 
biological macromolecules, contains structural 
information obtained through techniques such as 
NMR and X-ray crystallography. 
 
2.2. Protein Preparation 
The crystal structure of recombinant human 

acetylcholinesterase in complex with donepezil (PDB 
ID: 4EY7) at 2.35 A˚, human butyrylcholinesterase 
in complex with tacrine (PDB ID: 4BDS) at 2.1 A˚, 
human beta-secretase (BACE1) (PDB ID: 7B1P) at 
1.77 A˚, and human MAO B (PDB ID: 2V60) at 2 A˚ 
were downloaded from the Protein Data Bank (PDB) 
and used to model the protein structure in this 

study. The protein structures were preprocessed 

and refined using the protein preparation wizard 
tool from Schrodinger software, version 13.5.128. 
This process included assigning bond orders, adding 
missing hydrogen atoms, setting zero-order for 
metals, creating disulfide bonds, and deleting water 

molecules beyond 5 A˚. The possible ionization 
states were generated, and the most stable state 
was selected. Protein structure minimization was 
performed using the OPLS3e force field (17). 
 
2.3. Preparation of Ligands 
The structures of the chemical compounds were 

designed using the 2D sketch tool in Schrodinger 
Maestro, version 13.5.128. These ligands were then 
processed through the LigPrep module in the 
Schrodinger suite 2023-1. This process involved 

converting the 2D ligand structures to 3D, 
optimizing stereochemistry and ionization states, 
generating tautomeric variations, and performing 
energy minimization and geometric optimization. 
Chirality was corrected, missing hydrogens were 
added, bond orders were adjusted, and charged 

groups were neutralized. Ionization and tautomeric 
states were generated using the Epik module. The 
compounds were then minimized using the OPLS3e 
force field (18). 
 

2.4. Receptor Grid Generation 

Grid generation involves creating a 3D grid of points 
within the receptor protein (19), representing 
potential binding sites for a ligand. This helps in 
calculating interaction energies. The co-crystallized 
ligands of acetylcholinesterase, butyrylcholines-
terase, and beta-secretase enzymes were retained 
and used for grid preparation (20). This was done 

using the receptor grid generation tool in 
Schrodinger. However, in the case of MAO, the 
sitemap tool was used to identify the largest binding 
pocket. 
 
2.5. Glide Ligand Docking and ADME Prediction 
The in-silico ADME properties, including BBB 

permeability and drug-likeness, of the proposed 

compounds were determined using the Qikprop 
module in Schrodinger Maestro, Version 13.1.141. 
Glide docking of the proposed compounds was 
performed using the previously created receptor 
grid and the ligand molecules. Positive interactions 

between the ligand molecules and the receptor were 
recorded using the Glide ligand docking program. 
All these calculations were carried out in extra 
precision (XP) mode, which provides more accuracy 
compared to other modes (21). QikProp is a module 
in Schrodinger software that predicts various 
physicochemical and pharmacokinetic properties of 

ligand molecules. These predictions include: 
 
1. Property prediction: Molecular weight, log P, 

polar surface area, hydrogen bond donors, and 
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acceptors, in line with lead-likeness property 
prediction (Lipinski’s Rule of Five). 

2. Pharmacokinetic properties: Oral bioavailability, 

blood-brain barrier penetration, and CYP450 
metabolism. These predictions are useful for 
prioritizing compounds based on their 
pharmacokinetic profiles. 

3. Lipophilic Efficiency: This module calculates the 
balance between a compound’s lipophilic 
properties and its potency, helping to identify 
compounds with optimal hydrophobicity. 

 
 

 

3. RESULTS AND DISCUSSION 
 
Based on the availability of chemicals and 

information gathered from the literature, 150 
ligands (R1-R150) were designed using the 2D 
sketch tool in Schrodinger software (Figure 3). 
These ligands were then subjected to ligand 

preparation. ADME properties are crucial in the 
development of anti-Alzheimer's drugs, as they 
influence the drug's efficacy, safety, and 
pharmacokinetic profile. The ADME properties of the 
synthesized compounds can be predicted in-silico 
using the Qikprop module in the Schrödinger suite 

2023-1. 
 

 
Figure 3: Ligands R1 to R150. 

 

The computed dipole moment of the molecules 
ranges from 2.535 to 8.006. The total solvent-
accessible surface area (SASA) is between 485.52 
and 767.341. The hydrophobic components (FOSA) 
of SASA, i.e., saturated carbon and attached 
hydrogen, are in the range of 34.228 and 405.756, 

while the hydrophilic component (FISA) of SASA is 
in the range of 32 and 216.885. The π component 
(PISA) of SASA is in the range of 115.719 to 
513.439. The number of hydrogen bonds donated 
by the solute to water molecules in aqueous 
solution ranges from 0 to 3, while the number of 
hydrogen bonds formed by the solute from water 

molecules is between 4.25 and 6.5. The predicted 

octanol/water partition coefficient values for the 
compounds are in the range of 1.717 to 6.216. 
Prediction for binding to human serum albumin 
(QPlogKhsa) range from -0.372 to 0.98. Some 

violations of Lipinski’s rule of five were observed, 
with the number of violations ranging from 0 to 1. 
Out of the 150 compounds, only 57 obey Lipinski’s 
rule. Many of the compounds show human oral 
absorption percentage between 50 % and 100%. 
Two parameters were used to predict the blood-

brain permeability of the ligands: QplogBB and 
QPPMDCK. The QPlogBB values for all the 
compounds fall within the accepted range of -3.00 
to 1.2, and the QPPMDCK values are greater than 
25 (values below 25 indicate poor permeability, 
while values above 500 are considered excellent). 
These results suggest that all the compounds 

exhibit BBB permeability. Based on the drug-

likeness properties and strong BBB permeability, 12 
compounds were selected for docking studies 
(Figure 4). The detailed ADME properties of these 
12 compounds are presented in Table 1. 
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Figure 4: Workflow of the computational study. 

 
Advanced molecular docking using Schrodinger 
Maestro, version 13.5.128, was conducted to 

determine the binding affinities of the compounds 
towards four key receptors involved in Alzheimer's 
disease. The docking protocol for ligand docking 
included the following steps: (1) protein preparation 
with Protein Preparation Wizard, (2) ligand 
preparation with LigPrep, (3) site prediction with 
SiteMap, (4) grid generation with the receptor grid 

generation tool, and (5) ligand docking with Glide. 

Predicting the protein binding sites is represented 
as a group of points called site points (22). Based 

on the ligand-binding sites, grids were created, with 
details provided in Table 2 and Figure 5. Ligand 
docking searches for the best fit and potential 
interactions between a ligand and the receptor grid. 
The grid serves as the search area, containing 
information about the force field surrounding the 
receptor protein (23). 

 

      
a)     b) 

      
   c)     d) 

Figure 5: a) 4EY7 with grid box; b) 4BDS with grid box; c) 2V60 with site map; d) 7B1P with grid box. 
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Table 1: ADME properties of compounds. 

Ligands Dipole SASA HB Donor 
HB 

Acceptor 
QPlogPo/w QPlogBB QPPMDCK 

Rule of five 
(violations) 

R14 3.411 734.296 1 5 4.983 -1.095 802.237 0 

R15 3.605 734.296 1 5 4.983 -1.095 802.237 0 

R25 7.22 742.301 0 6.25 4.651 -0.955 1037.661 0 

R38 5.124 721.235 1 5 4.843 -0.999 526.02 0 

R63 5.024 727.676 1 5 4.877 -1.011 526.02 0 

R88 5.357 736.187 1 5 4.907 -1.036 523.193 0 

R114 5.194 730.92 1 5 4.922 -1.12 685.391 0 

R115 3.457 730.92 1 5 4.922 -1.12 685.39 0 

R125 7.928 737.078 0 6.25 4.587 -0.963 908.692 0 

R139 4.013 734.836 1 5 4.986 -1.097 802.234 0 

R140 4.078 734.836 1 5 4.986 -1.097 802.234 0 

R150 7.649 740.673 0 6.25 4.651 -0.939 1063.453 
0 
 

Recommended 
range 

1 - 12.5 300-1000 0.0-6.0 2 - 20 -2 -6.5 -3 – 1.2 
<25 poor 

>500 good 
Max 4 

 
 

Table 2: Grid box dimensions. 

Receptors Xcent Ycent Zcent Xrange Yrange Zrange 

4EY7 -14.029 -43.997 27.959 27.782 27.782 27.782 

4BDS 133.238 116.200 41.060 21.641 21.641 21.641 

2V60 53.794 148.823 21.943 50.345 50.345 50.345 

7B1P 29.174 74.215 19.706 24.284 24.284 24.284 
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The ligands were docked to the receptors, and the 
results indicated that compound R139 exhibited a 

strong affinity for acetylcholinesterase compared to 
other derivatives. In contrast, compounds R114, 
R88, and R140 demonstrated higher Glide scores 
with butyrylcholinesterase, BACE-1, and MAO-B, 

respectively. These variations can be attributed to 
the different positions of similar functional groups. 
The findings are detailed in Table 3 and are 
illustrated by 2D and 3D representations (Figures 6, 
7, 8, and 9) of the docked ligands. A hydrogen bond 
(bond length 2.69 A˚) was formed between R139 

and a water molecule within the binding site of 
acetylcholinesterase, highlighting the significance of 
water molecules within the 3A˚ region and their 
influence on ligand binding in the active site. 
Additionally, R139 interacts with the amino acid 
residues TYR 337, PHE 338, and TRP 286 through 

pi-pi interactions. For butyrylcholinesterase, the 

ligand R114 exhibited strong affinity, forming a pi-pi 
bond with PHE 329 and TRP 82 and a hydrogen 

bond with TYR 332 (bond length 2.06). R88 showed 
a greater affinity for BACE-1 compared to other 
ligands, displaying a pi-pi interaction with TYR 71, a 
hydrogen bond (bond length 2.68) with a water 

molecule in the binding pocket, and an additional 
hydrogen bond (bond length 2.09) with ASP 32, 
involving the oxygen of oxadiazole ring and the 
benzal aniline nucleus. Moreover, R140 exhibited 
improved interaction with MAO-B. Chlorine and 
hydroxyl substitutions vary in position across these 

four ligands, suggesting that these substitutions are 
necessary; receptor affinities are affected by their 
positions. The results are summarized in Table 4. 
The bioavailability of all four ligands, as predicted 
using SwissADME, is similar, with each ligand 
showing a bioavailability score of 0.55. 

 

Table 3: Docking studies for compounds. 

Ligands 

Acetylcholinestera
se (PDB ID: 4EY7) 

Butyrylcholinesterase 
(PDB ID: 4BDS) 

β Secretase 
(PDB ID: 7B1P) 

MAO-B 
(PDB ID: 2V60) 

Docking 
Score 

Glide 
Score 

Docking 
Score 

Glide 
Score 

Docking 
Score 

Glide 
Score 

Docking 
Score 

Glide 
Score 

R14 -7.484 -7.485 -7.314 -7.315 -4.181 -4.182 -7.230 -7.231 

R15 -7.600 -7.609 -6.817 -6.826 -2.972 -5.451 -6.906 -6.915 

R25 -9.199 -9.199 -6.645 -6.645 -2.702 -2.702 -8.750 -8.750 

R38 -9.956 -9.985 -6.808 -6.837 -3.144 -3.173 -6.538 -6.567 

R63 -9.994 -10.023 -5.652 -5.681 -2.620 -2.649 -8.135 -8.164 

R88 -9.283 -9.311 -4.762 -6.571 -5.185 -5.213 -9.575 -9.604 

R114 -9.240 -9.242 -7.723 -7.724 -2.860 -2.861 -7.248 -7.249 

R115 -9.176 -9.185 -6.642 -6.651 -2.456 -2.465 -9.158 -11.637 

R125 -9.351 -9.351 -6.829 -6.829 -2.901 -2.901 -5.868 -5.868 

R139 -10.247 -10.248 -6.828 -6.829 -3.862 -3.863 -8.014 -8.015 

R140 -9.398 -9.407 -4.555 -4.564 -3.049 -3.058 -10.545 -10.555 

R150 -9.190 -9.190 -7.300 -7.300 -2.192 -2.192 -9.728 -9.728 

Ligands 
having 
High 

affinity 

R139 R114 R88 R140 

 

  



Kizhakeveedu R et al. JOTCSA. 2024; 11(4): 1473-1482 RESEARCH ARTICLE 

1480 

 

      
    a)      b) 

Figure 6: Docked pose of R139 in 4EY7; a)3D representation; b) 2D representation. 
 
 

      
    a)      b) 

Figure 7: Docked pose of R114 in 4BDS; a) 3D representation; b) 2D representation. 

      
a)       b) 

Figure 8: Docked pose of R88 in 7B1P; a)  3D representation; b) 2D representation. 
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    a)      b) 

Figure 9: Docked pose of R140 in 2V60; a- 2d representation; b- 2D representation. 
 

Table 4: Summary of result. 

Basic structure 

 

Ligand  X Y’ Affinity with 

R 139  3-Cl  3’-OH  Acetylcholinesterase (4EY7)    

R114  2-Cl  3’-OH  Butyrylcholinesterase (4BDS)  

R140  3-Cl  4’-OH  MAO β (2V60)  

R88  4-CH3  1’-OH  BASE (7B1P)  

 

4. CONCLUSION 
 
A computer-based approach was used to identify 

potential drug candidates for treating Alzheimer's 
disease, focusing specifically on a group of chemical 
compounds known as 1,3,4-oxadiazole derivatives 
with benzal aniline. These compounds were 
validated through docking simulations, which 
demonstrated their ability to effectively bind to the 
active sites of four different receptors in the brain 

that are known to play a role in Alzheimer's disease. 
This in-silico approach helped to identify promising 
lead compounds for further investigation. In this 
study, we conclude that a series of chloro-
substituted benzal aniline compounds combined 
with hydroxyl aromatic-substituted 1,3,4-oxadiazole 
showed inhibitory activity against the four key 

receptors. Specifically, R139, R114, R88, and R140 
demonstrated significant anti-Alzheimer activity. 
The ADME analysis also confirmed that all these 
ligands possess the necessary ADME properties 
required for anti-Alzheimer’s activity. With further 
testing and refinement, these candidates may serve 

as promising drug treatments for Alzheimer’s 
disease in the future. 
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Abstract: In this study, the novel nanocomposites were prepared from the natural biopolymers, chitosan 
(CS), sodium alginate (SA) and clinoptiolite (CL) particles, and also having glutaraldehyde as a crosslinker by 
cryogelation technique. CS biopolymer was produced from crayfish Astacus leptodactylus Eschscholtz, 1823. 

Characterization of the prepared CS, CS-co-SA (CS/SA) and drug loaded CS/SA/ CL nanocomposite were 
performed by Fourier Transform Infrared Spectroscopy (FTIR) and Scanning Electron Microscopy (SEM) 
analyses. The anesthetic drug release behavior of the prepared nanocomposite was investigated for the model 
drug lidocaine (LD) using UV-Vis spectrophotometry and High Performance Liquid Chromatography (HPLC) 
techniques. The effect of different LD and CL content on the drug release behavior of the prepared 
nanocomposite were studied. LD release data was fitted to various kinetic models to study the drug release 
behavior. The LD release from all the prepared nanocomposite hydrogels fitted zero-order, first-order, 

Higuchi, and Korsmeyer-Peppas models. The swelling and drug release properties of the new CS-based 
nanocomposite hydrogels were improved with the inclusion of SA and CL in the gel structure.  
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1. INTRODUCTION 
 

In recent years, interest in controlled drug release 

systems in which polymers are used as a means of 

controlling drug delivery has increased greatly all 
over the world (1-5). This technology enables the 
drug to remove the harmful toxic side effects that will 
be caused by the systemic route by giving the drug 
in large doses continuously and in small amounts 
with controlled drug release systems instead of giving 
many drugs in the conventional way. Controlled drug 

release technology, which is developing rapidly day 
by day, offers many advantages such as transporting 
the drug to the desired target area only, keeping it in 
the desired time and therapeutic value, and 
preventing the breakdown of drugs with a short in 

vivo half-life. Some limitations on the usage of 
hydrogels in terms of providing homogeneity and 
stability have led researchers to search for new 

materials, namely polymeric nanocomposite 
hydrogels (6,7). In numerous studies conducted 
today, zeolite minerals in polymeric composite 
nanohydrogels are used in the formulations of 

polymer composites and drugs for many reasons 
such as increasing the stability of the drug, 
extraordinary swelling, improving mechanical and 
drug release properties, and being economical (8,9).  
In this study, a natural polysaccharide such as 
chitosan (CS) was used to synthesize the hydrogel. 
CS is a bio-polysaccharide of interest in the 

pharmaceutical industry as a polymeric drugs carrier 
thanks to its non-toxicity, low allergenicity, 
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biocompatibility, biodegradability, bioactivity, and 

mucoadhesiveness (2,4-9). Chitosan exhibits a 
remarkable water retention ability due to its 

hydrophilic nature, which renders it a superb choice 
for drug release applications (4-10). It also forms 
micelles, forming a hydrophobic center for 
hydrophobic drugs (2,4). Recent research has 
brought focus to the CS nanoparticles in the 

development of a drug delivery system aimed at 
enhancing the therapeutic effectiveness of anesthetic 
agents while minimizing the required dosage (9). 
Sodium alginate (SA) is one of the most promising 
natural polymers and has also excellent properties 
like its non-toxicity, biodegradability, good 

biocompatibility, hydrophilicity properties and low 
price (3,4).  
 

Since zeolite materials are abundant in nature and 

are economical, the use of them in gel formulation to 
improve material properties is increasing today (9-

11). The reasons for the interest in zeolite are the 
swelling capacity of zeolites in water, their effect on 
stable gel structure, adsorption capacity, and large 
ion exchange capacity. Clinoptiolite (CL), one of the 
most common zeolite minerals in nature, is used in 

many fields such as dentistry, medicine, treatment of 
burn wounds and cancer treatment. In the field of 
dentistry of this material, there are studies in the 
fields of prosthesis, canal filling material, 
periodontology and oral surgery     (9-12).   
 

The aim of the study is to develop a CA/SA/CL 
nanocomposite containing lidocaine (LD) as a model 
drug. Although there are many examples in the 
literature where SA and CS are used as drug carrier 
systems, the fact that CL and LD used in this study is 

not included in the literature and that chitosan was 
obtained by isolating it from a freshwater crayfish 

species adds some novelty to the study.  
 
2. EXPERIMENTAL SECTION 
 

2.1. Materials 
Chitosan, derived from the crayfish species Astacus 
leptodactylus Eschscholtz, 1823 was obtained from 
specimens captured by local fishermen in July 2020 
at Kocahıdır Dam Lake located in Edirne, Turkey. 
Glutaraldehyde (Pcode: 1003100323, Sigma-Aldrich, 
İstanbul, Turkey), phosphate-buffered saline (Pcode: 

1003090549, Sigma-Aldrich, İstanbul, Turkey), 
alginic acid sodium salt (Pcode:180947, Sigma-
Aldrich, İstanbul, Turkey) and lidocaine hydrochloride 
monohydrate (Pcode: L5647, Sigma-Aldrich 
Company, İstanbul, Turkey) clinoptiolite (Etibank 
Company, İstanbul, Turkey) are all chemicals and 

reagents were of analytical grade and used without 

further purification. Drug release was calculated 
using UV-VIS spectrophotometer (Shimadzu UV-VIS 

2401, Shimadzu, İstanbul, Turkey) and High 

Performance Liquid Chromatography (Shimadzu 
HPLC Prominence Modular LC20A, Shimadzu, 

İstanbul, Turkey). SEM (FEI-QUANTA FEG 250 SEM, 
Madrid, Spain) and FTIR (Bruker FTIR VERTEX 70 
ATR, Bruker, Switzerland) instruments were used to 
characterize the prepared hydrogels. 
 

2.2. Preparation of chitosan 

Crayfish shells, previously washed and dried, were 
crushed in a mortar. In order to obtain chitin, 
approximately 40 g of ground crayfish shell, was first 
demineralized by refluxing with 450 mL of 2.2 M HCl 
at 80 °C, and 800 rpm for 6.5 hours. After 

demineralization, it was filtered through a filter paper 
and washed with distilled water. Then, the filtrate 
was treated with 450 mL of 2.2 M NaOH for 23 hours 
at 80 °C for deproteinization. Then it was washed 
again with distilled water until the pH was neutral and 
filtered. The resulting chitin was dried in an oven at 

45 °C for a few days.In order to produce chitosan, 

13.3 g of dry chitin was deacetylated with 199.5 mL 
of 70% NaOH solution at 150 °C for 4 hours. Then 
the obtained chitosan was washed with pure water 
until the pH was neutral, filtered, and dried in the 
oven at 45 °C. 
 
2.3. Preparation of hydrogels 

CS, CS/SA, CS/SA/CL, and drug loaded CS/SA/CL 
composite hydrogels were prepared from chitosan 
and sodium alginate (SA) using glutaraldehyde as a 
crosslinker by hydrogelation technique (5). Initially, 
0.1 g of crayfish CS was dissolved in a 1% acetic acid 
solution consisting of 10 mL. This dissolution process 

took place through stirring on a magnetic stirrer set 
at 25 °C and 500 rpm for a duration of 10 minutes. 
Then, a 2% (wt/v) aqueous solution of SA was added 
to 10 mL of CS solution. Different amounts of CL were 

added into beakers containing CS/SA solution. 
Different amounts of a model drug (LD) were added 
to CS/SA/CL solutions and stirred for one hour. A 

crosslinker, consisting of a 0.4% glutaraldehyde 
solution measuring 2.5 mL, was introduced into the 
resulting solution. The mixture was then agitated for 
a duration of 10 minutes. Subsequently, the thick gel 
blend was introduced into compact glass tubes 
measuring 5 mm in inner diameter and 10 cm in 
length. These tubes were then placed in a deep 

freezer set at -20 °C for a duration of 48 hours. 
Following this, the resultant hydrogels were acquired 
as cylindrical rods by fracturing the glass tube, and 
subsequently defrosted in distilled water (5). Since 
LD was loaded in polymer/CL dispersions, all the 
amount of drug was entrapped into the hydrogel with 

maximum drug loading efficiency. The preparation of 

the hydrogels is shown in Figure 1. 
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Figure 1: The preparation of CS/SA/CL hydrogels. 

 
2.4. Drug release  
The drug was loaded on the CS/SA/CL gels during gel 
synthesis. The gel containing the drug was immersed 
in a phosphate buffer (PBS) solution at a temperature 

of 37 °C and pH 7.4 to facilitate drug release, and 
their release behavior was examined using a UV-Vis 
spectrophotometer at a wavelength of 262 nm 
depending on time. After selected intervals, 3 mL of 
the released drug solution was drawn from the 
solution to conduct spectroscopic measurements at a 
wavelength of 262 nm using a UV-VIS 

spectrophotometer and placed again into the same 

vial so that the liquid volume was kept constant. The 
amounts of the drug released were calculated using 
a calibration curve (Figure S1).  

 
How much drug the gels released at equilibrium was 

calculated using HPLC. HPLC device was worked in 
the isocratic mobile phase. The mobile phase used 
80% ammonium acetate (0.2 mol/L), 20% 
acetonitrile, and 0.2% (w/v) trifluoroacetic acid. 5 
μm C18 (150 × 4.6 mm) column (Kinetex C18 HPLC 
column, Germany) was used, and the UV-Vis 
detection wavelength was 262 nm. The injection 

volume was 20 µL and the flow rate was 1.5 mL/min. 
In HPLC analysis, as can be seen in Figure S2, the 
characteristic peak of retention (retention time (RT) 
LD) appears at 1.819 minutes. Based on the areas in 
the chromatograms given by standard LD solutions 
prepared at different concentrations in 1.819 

minutes, an HPLC calibration line was created (Figure 

S2). The amount of time to reach equilibrium was 
determined as 1 week. The release amount of the 
synthesized gels at the time of equilibrium was 
calculated as a result of HPLC analysis. 
 
2.5. Theory and calculation for hydrogels  

 
Equations (1) and (2) were used to calculate mass 
swelling and equilibrium mass swelling (%):      
                              

𝑀𝑎𝑠𝑠 𝑆𝑤𝑒𝑙𝑙𝑖𝑛𝑔 (%) =
(𝑚𝑡−𝑚0)

𝑚0
∗ 100  (1) 

𝐸𝑞𝑢𝑖𝑙𝑖𝑏𝑟𝑖𝑢𝑚 𝑀𝑎𝑠𝑠 𝑆𝑤𝑒𝑙𝑙𝑖𝑛𝑔 (𝑆𝑒𝑞%) =
(𝑚∞−𝑚0)

𝑚0
∗ 100  (2) 

where m0 is mass of the dry gel, mt and m are mass 

of the swollen gel at time t and  at equilibrium, 
respectively (13-15). 
 
Equations 3-5 are applied to analyze the drug release 

kinetics of the various hydrogels that were assessed 
using zero-order, first-order, Higuchi, and 
Korsmeyer-Peppas models. 
 

For zero-order kinetics (16): 
 

𝑀𝑡/𝑀∞ = 𝐾0 𝑡    (3)  

 
where K0 is the zero-order release constant. 
 
For first-order kinetics (17): 

 
ln( 1 − 𝑀𝑡/𝑀∞) = −𝐾1𝑡   (4)  

 
where K1 is the zero-order release constant. 
 
For Higuchi model (18): 

𝐹 = 𝐾2 𝑡1/2    (5)  
 

where K2 is the Higuchi constant. 
 

For Korsmeyer-Peppas model (19) 
 

𝐹 =
𝑀𝑡

𝑀∞
= 𝑘𝑡𝑛    (6)   

 

where Mt/M ,  where Mt is the amount of absorbed at 

time t, M is the maximum amount absorbed,  k is a 
constant, n is the diffusional exponent. 
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3. RESULTS AND DISCUSSION 

 
3.1. FTIR and SEM analysis 

FT-IR spectra of CS, CS/SA, CL, Lidocaine, and drug 
loaded CS/SA/CL are shown in Figure 2. The 
characteristic absorption peaks of CS are 3281 cm-1 
(–OH stretching band), 2919 cm-1 (aliphatic –CH2 
groups) and 2897 cm-1 (aliphatic –CH3 groups), 1643 

cm-1 (amide I peak, N–H bending), 1377 cm-1 (C-O-
C) and 1027 cm-1 (C-O stretching) (20,21). The 
characteristic absorption peaks of SA were shown at 
1550 and 1407 cm-1 (COO- carboxylic groups) (22). 
Characteristic peaks of CL are seen at 1627,62 cm-1 
(the presence of water in the natural zeolite) and 

1019,72 cm-1 (Al-O or Si-O bonds), and 791 cm-1 

((T−O−T) symmetrical stretching vibrations, T = Al 
or Si) and 448,77 cm-1 (O-Al-O or Al-O group ; O-Si-
O or Si-O group) (23). Characteristic peaks of LD, as 
seen in the FT-IR spectrum of the model drug 
Lidocaine: 3451 cm-1 (N-H stretch), 3383 cm-1 (N-H 

stretch), 1686 cm-1 (carbonyl group of amide group), 

1474 cm-1 (hydrochloride), 1271 cm-1 (tertiary 
amine), 1152, 714 and 597 cm−1 (aromatic ring)  
(1,3).  
 
In the FT-IR spectrum of CS/SA/CL hydrogel seen in 
Figure 2, chitosan's 2821 cm-1 (aliphatic –CH3 
groups) and 1026 cm-1 (C-O stretching) are seen. 

The characteristic peaks of SA in the FT-IR spectrum 
of CS/SA/CL are observed at 1550 and 1410 cm-1 
(COO-carboxyl groups), 2923 cm-1 (C-H stretching) 
and 807 cm-1 (Na-O). Characteristic peaks of CL in 
the FT-IR spectrum of CS/SA/CL are seen at 1627,62 
cm-1 (the presence of water in the natural zeolite) 

and 791 cm-1 ((T−O−T) symmetrical stretching 
vibrations, T = Al or Si) The characteristics peaks of 
LD are illustrated at 1471 cm-1 (hydrochloride), 1284 
cm-1 (tertiary amine), 1152, 714 and 597 cm−1 

(aromatic ring) in the FT-IR spectrum of CS/SA/CL 
hydrogel. 
 

Figure 3 shows SEM micrographs of CS, CS/SA, 

CS/CL, CS/SA/CL and drug loaded CS/CL and 
CS/SA/CL composite hydrogels. As can be seen in 

Figure 3, pure CS and CS/SA have a porous structure 
and a smooth surface morphology. In contrast, it is 
seen that when zeolite CL particles are added in 
CS/SA gel formulation, the structure of the hydrogel 
composites becomes inhomogeneous. This was 

expected that CS was intercalated in CL because of 
the strong interaction between the CS/SA matrix and 
silicate layers (11,20). Finally, when drug LD 
particles are added to the structure, they filled the 
porous structure of the hydrogel composites and 
coated them (Figure 3e and 3f). 

 
3.2. Swelling properties of the hydrogels 
The swelling properties of the prepared hydrogels in 
water are shown in Figure 4. As can be seen in Figure 
4, the mass of the synthesized gels in distilled water 
increased with time. The value of Seq% of CS is 1003 

but Seq% of CS/SA is 1545 due to the incorporation 

of SA (ionizable groups) groups into CS chains. SA 
contains many ionic units (–COOH). The amount of 
SA included in the CS gel leads to a noticeable 
increase in swelling since their addition to the 
reaction medium increases the hydrophilicity of the 
prepared hydrogel because of their high hydrophilic 
character (23). So, the CS/SA gel structure has many 

hydrophilic functional groups including -OH, -COOH, 
and NH2 groups (4,20,21).  
 
Mass swelling percentages of the synthesized 
CS/SA/CL and CS/CL hydrogels are less than those 
without zeolite content (pure CS, CS/SA). This 

indicates that the CL particles fill the pores and 
reducing the volume required for swelling in the 
composite hydrogel (24). When the SEM analyses 
seen in Figures 5 are examined, it is seen that the CL 

particles fill the porous structure and empty spaces 
of the chitosan polymer, and swelling supports the 
SEM results (9).
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Figure 2: Fourier transform infrared spectra of (a) CS, (b) CS/SA, (c)CL, (d) LD drug (e)drug loaded 

CS/SA/CL. 
 
 

 



Sözkes S et al. JOTCSA. 2024; 11(4): 1483-1494  RESEARCH ARTICLE 

1488 

 
Figure 3: The SEM images of the hydrogels: a) CS, b)CS/SA, c) CS/SA/CL, d)CS/CL, e)drug loaded 

CS/SA/CL, f)drug loaded CS/CL. 
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Figure 4: The swelling properties of CS, CS/SA, CS/CL, CS/SA/CL. 

 
3.3. Effect of CL on drug release amount 
As can be seen in Figures 5a and 5b, the time-
dependent drug release amounts and release 
percentages of the CL-free chitosan (CS) hydrogels 
are higher than that of the CL-containing hydrogels. 
As seen in the SEM analysis, the structure becomes 

denser with the increase of the CL content in the 
structure. Thus, the CL layers act as a barrier and 
slow the release of drug molecules (9, 22). The 
absence of burst in drug release from CS/SA/CL 
samples may be due to surface characteristics of the 
nanocomposite hydrogels, intrinsic dissolution rate of 

drug, heterogeneity of matrices (26).  
 

It is seen from Table 1 that an increase in the amount 
of drug loading leads to an increase in the cationic LD 
drug adsorption capacity of CS/SA/CL composite 
hydrogels. At pH 7.4, CL and sodium alginate have 
negative charge potential on the composite surface 
and this leads to an increase in the anionic character 

of CS/SA/CL hydrogel. These gels have many anionic 
carboxyl groups which can increase the interactions 
between cationic groups of cationic LD and carboxyl 
groups of gel (24,25). As shown in Figure 5, these 
interactions cause the release of the drug to be 
delayed from the composite having higher drug 

content, and LD release (%) decreases when the 
drug loading amount in the composite increases 
(25,27). 
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Figure 5: Drug release properties of CS, CS/SA, CS/CL, CS/SA/CL hydrogels. 

 
Table 1: Equilibrium drug uptake capacity and equilibrium drug release (%). 

 

LD loaded 

hydrogels 

Equilibrium LD uptake (mg LD/g gel) and eq. LD 

release  

(%) 

CS/SA 
1500291.50 mg/g  (LD:15 mg) 98.97% 

490.30  mg/g  (LD:30 mg) 89.50% 

CS/SA/CL 

141.25 mg/g   (LD:15 mg,  CL:15 mg) 70.30% 

166.63 mg/g (LD:15 mg, CL:35 mg) 61.70% 

151.22 (LD:30 mg, CL:35 mg) 44.10% 

 
 
3.4. Drug release kinetics 
In Figure 6, LD release kinetics of all the prepared 
hydrogels were used by zero-order, first-order, 
Higuchi, and Korsmeyer-Peppas models. The best-

fitted model with the release data was evaluated by 
the values of the regression coefficient. All the model 
constants are presented in Table 2 together with the 
r values. It is evident that all the kinetic models fitted 
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well to the release data (r2>0.99). The n<0.5 value 
indicates that the release mechanism is diffusion 
controlled (27,28). For samples CS/SA and 

CS/SA/CL, the value of nis between 0.5–1, indicating 
that the LD released follows a non-Fickian diffusion 

mechanism, and the LD released by diffusion and 

relaxation of the polymer chains occurs 
simultaneously (29).

 

 
Figure 6: LD release kinetics of all the prepared hydrogels were used by (a) zero-order, (b)first-order, 

(c)Higuchi and (d) Korsmeyer-Peppas models.  
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Table 2: LD release kinetics of all the prepared nanocomposite hydrogels were used by (a) zero-order, (b) 
first-order, (c) Higuchi and (d) Korsmeyer-Peppas models. 

 

Kinetic Models CS CS/SA CS/SA/CL 

Zero   order Kinetics 

Ko (min-1) 0.56 0.98 0.71 

R2 0.9983 0.9789 0.9855 

First-order Kinetics 

K1 (min-1) 0.0097 0.0199 0.0106 

R2 0.9893 0.9988 0.9944 

Higuchi Model 

K2 (min-1) 0.062 0.110 0.0795 

R2 0.9855 0.9989 0.9970 

Korsmeyer- Peppas model 

N 0.40 0.76 0.69 

K 0.10 0.04 0.02 
R2 0.9833 0.9918 0.9947 

 
 

4. CONCLUSION 
 
In this work, a new type of drug loaded CS/SA/CL 
nanocomposite hydrogels was prepared by 
cryogelation technique from the natural biopolymers, 
chitosan and sodium alginate using glutaraldehyde as 
a crosslinker. FTIR spectroscopy and SEM analysis 

confirmed the successful preparation of the 
nanocomposite hydrogels. The improvements in 
swelling, diffusion, and drug adsorption and release 
properties of the new CS composite hydrogels with 
the addition of sodium alginate and clinoptiolite in the 
gel structure were achieved. Thus, the experimental 

results suggest that the prepared nanocomposite 

hydrogels can be suitable for potential use in 
biomedical applications. 
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Abstract: This review explores the innovative use of nano-catalysts in the synthesis of 5-substituted 1H-
tetrazole derivatives, highlighting their significant biological applications. The novel methodologies discussed 
demonstrate enhanced efficiency and selectivity in the production of these compounds. Key findings include 
the optimization of reaction conditions and the discovery of new catalytic pathways that improve yield and 
reduce reaction time. The synthesized tetrazole derivatives exhibit strong potential as therapeutic agents due 
to their biological activity. This work provides a comprehensive overview of the state-of-the-art techniques 
in nano-catalytic synthesis, emphasizing their practical applications in medicinal chemistry and materials 
science. 
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1. INTRODUCTION 
 
Tetrazoles are artificial heterocyclic organic 
compounds that have one carbon atom and four 

nitrogen atoms arranged in a five-membered ring. 
They are among the stable heterocycles with the 
highest nitrogen concentration. Tetrazoles are 
classified into two more common categories 
according to the number of substituents (Figure 1): 
(i) the simplest parent tetrazoles, (ii) Tetrazoles that 
have been mono-, 2-, or 5-substituted, (iii) 

Tetrazoles that are di-substituted (1,5- or 2,5-

disubstituted). 
 
"J. A. Bladin created and described tetrazole for the 
first time in 1885 (1,2), marking a significant 
milestone in organic chemistry. His pioneering work, 
conducted on the campus of Uppsala University, laid 

the foundation for subsequent studies exploring 
tetrazole derivatives' diverse applications in 
pharmaceuticals, materials science, and other fields, 
as evidenced by numerous scholarly articles available 
on Google Scholar. Tetrazoles exhibit stability 
throughout an extensive pH range and demonstrate 

resistance to a variety of oxidizing and reducing 
agents (1). They function as ligands in coordination 
chemistry and are essential (2) as explosives within 
the field of material science (3) and serve as 

substitutes for carboxylic acids in medicinal 
chemistry (4). Because of the many nitrogen atoms 
in their structure, they function as flexible 
pharmacophores in medicinal chemistry. Among the 
drugs are those with tetrazole rings. Antimicrobial 
(5), antifungal (6), antiviral (7), analgesic (8), and 
anti-inflammatory (9). 

 

In recent years, advancements in nanoscience and 
nanotechnology have brought about revolutionary 
changes in many sectors, such as biology, medicine, 
wellness, environmental protection, and catalysis 
(10,11). Utilizing nanotechnology to capitalize on 
catalytic processes is one of the most important 

research fields among them, considering its direct 
influence on human society and evolution (12,13). 
The name "Nano" comes from the Greek word 
"dwarf". Anything that is at least one magnitude 
smaller than 100 nm in nanotechnology and has a 
clear view of its limit is called a nanoparticle (NP) 
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(14). Applications for nanoscale materials are 
growing in frequency, including fuel conversion, 
pollution control, and chemical synthesis. Transition 

metal NPs are of particular interest in nearly every 
branch of research and industry (15,16). Depending 
on their size, shape, composition, aggregation, 
material origin, and similarity, nanocatalysts can be 

distinguished from one another. Among other factors, 
the structure and form of NPs have a significant 
influence in determining how dangerous they are to 
people and their surroundings (17,18). Because of 
their enormous catalytic activity, NPs are useful for 
chemical procedures in both industry and research 

(19,20). There are several different kinds of NPs, 
including metal/metal oxide, ceramic, 
semiconductor, carbon-based, and polymeric NPs 
(21-26), among the first uses of NPs in catalysis. 
Several substances and elements, including titanium 
dioxide, steel, aluminum, and silica, have been 
employed as nanoscale catalysts over the past 

decades (27,28). It has been successful in using 
nanocrystalline metal oxides as poisons and gasses 
of hazardous substances (29). The literature claims 
that changing a nanomaterial's size, texture, and 
composition can change its properties (30-33). The 
ability of the activity catalyst to be retrieved from the 
reaction media after the reaction is a critical 

component in determining its utility in practical 
applications. On a large scale, this problem poses 
serious environmental and financial challenges. 
Because of this, heterogeneous catalysts are much 

more varied and often used in industry than 
homogeneous catalysts (34,35). However, 
heterogeneous catalysts' lack of efficiency is their 

worst flaw, which is why developing catalysts with 
extremely high efficiencies is a top priority. In 
addition to organic modification, nanocatalysts have 
many other uses (36,37). Thermal decomposition, 

organic vapor synthesis, microwave irradiation, sol-
gel process, non-sono and sonoelectrooxidation, 
chemical precipitation, the hydrothermal approach, 
the photochemical method, shine discharge plasma 
electrolysis, the antisolvent the process of the 
precipitation microwave radiation exposure, wet-

chemical approach, and sonochemical strategy are 
among the many techniques utilized for producing 
these nanocatalysts (36-40). To grasp the signifi-
cance of nanocatalysts, one can examine the 
information available on the (Web of Science) 
platform, covering the period from 2000 to 2022. The 
volume of publications has shown a consistent annual 

rise, with notable advancements emerging, particu-
larly after 2010. This observation leads us to posit 
that the realm of nanotechnology exerts influence 
across various scientific domains, see (Figure 2). 5-
replaced 1H-tetrazoles are among the most 
significant and fascinating of all the tetrazole classes 
due to their many applications in the field of 

medicinal chemistry. Thus, the most recent 
developments in the synthesis of 5-replaced 1H-
tetrazoles will be the main subject of this study. 

 

 
Figure 1: The classification of tetrazoles (37). 
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Figure 2: Publication vs. year record of published nanocatalysts. 

 

2. THE FUNCTION OF 1H-TETRAZOLES WITH 5-
SUBSTITUTES IN MEDICINAL CHEMISTRY 
 
In medicinal chemistry, 1H-tetrazoles with five 
substitutes are frequently used as carboxylic acid 
bioisosteric substitutes or, more precisely, as 
carboxylic acid surrogates (41). Despite structural 

differences, neither of these functional groups 
exhibits comparable biological activity because of 
substantially related physiochemical characteristics 
(42). It is known that there are two tautomeric forms 
of 1H-tetrazoles with five substitutes with a free N-H 
bond: 1H- and 2H-tautomers in an approximately 

1:1 ratio (Scheme 1) (43). Larsen, Liljebris, and 
coworkers (44) found that, as compared to utilizing 
the comparable carboxylate counterparts, adding a 

lipophilic tetrazole moiety to a range of PTB1B 
inhibitors dramatically enhanced Caco-2 cell 
permeability. The impact of substituting a 1H-
tetrazole with five substitutes for a carboxylic acid in 
terms of pharmacodynamics is complex. It is 
impossible to forecast with any degree of accuracy 
whether the pharmacodynamics will rise, fall, or even 

vanish (45). A negative charge resonance in the 
tetrazole ring may raise or lower the interaction with 
a certain receptor, according to the electron 
configuration within a receptor site (46). The primary 
benefit of 1H-tetrazoles with five substitutes is that 
one of its nitrogen atoms can be glucuronidated, 

allowing both of its tautomers to act as platforms 
(47). 

 

 
Scheme 1: The two tautomeric forms of 1H-tetrazoles with five substitutes (43). 

 
3. DIFFERENT METHODS TO SYNTHESIZE 

TETRAZOLES WITH FIVE SUBSTITUTES 
 

Tetrazoles with five substitutes Have been used in 
photography, organic chemistry, medicine, and 
weaponry (45). It is an important intermediate in the 
synthesis of organic compounds that is derived from 
tetrazole in organic chemistry. (Scheme 2) and (Table 

1) show some indicated methods for producing these 
specific tetrazole derivatives. The majority of these 
methods are based on the condensation of a CN 
group plus an azide moiety. Tetrazoles with five 
substitutes can be synthesized by (I) Nitrile reaction 
with NaN3 and NH4Cl or (C2H5)3N.HCl in N, N-
dimethylformamide (DMF) with microwave 

assistance (48), (II) Nitrile, and NaN3 reacting using 

(C2H5)3N.HCl in toluene (49), (III) ammonium 

chloride, dodecyl trimethylammonium or hexadecyl 
trimethylammonium bromides, and nitrile 

condensation using water with NaN3 (2), (IV) acetic 
acid and NaN3 used to treat nitrile in N-methyl 
pyrrolidine-2-one (NMP) solution (50), (V) 
Trimethylsilyl azide (TMSN3) and nitrile are reacted 
by tetrabutylammonium fluoride (TBAF) trihydrate 

(51), Microwave procedure for treating (NaN3) in H2O 
with nitrile and ZnCl2 (52), (VII) amide, NaN3, and 
HCl3Si undergo MeCN condensation (53), (VIII) 
Under a reflux condition, zinc bromide is used to 
condensate NaN3 and nitrile in water (54), (IX) using 
heterogeneous catalysts, such as Pt NPs, to condense 
nitrile and sodium azide in dimethylformamide (55). 
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Table 1: Different methods to synthesize Tetrazoles with five substitutes (55-60). 

Number  Temperatures, and 

duration  

 The solvent and material used  
Ref. 

I (--),10-25 min NaN3, NH4Cl, (C2H5)3 N.HCl  (DMF) (48) 
II 30-100 °C, (--) NaN3, (C2H5)3N.HCl, toluene (49) 
III (--), 3-4 days Nitriles, NaN3, NH4Cl, Dodecyl 

trimethylammonium  
(2) 

IV 220 °C, 5-30 min Nitrile, NaN3, acetic acid, (NMP)  (50) 
V 50-120 °C, (--) TBAF, TMSN3, nitrile (51) 
VI 92-95 °C, (--) NaN3, ZnCl2, H2O (52) 
VII Reflux  Amide, NaN3, SiCl4 in MeCN (53) 
VIII Reflux ZnBr2, NaN3, nitrile (54) 
IX 80-130 °C, (--) NaN3, nitrile, DMF, cat Pt NPs (55) 

 

 

Scheme 2: Different routes to synthesize 5-substituted tetrazoles. 

 
4. SYNTHETIC METHODS OF 1H-TETRAZOLES 
WITH FIVE SUBSTITUTES 

 
The diazotization of amidrazones was one of the first 
widely utilized processes for the production of 1H-
tetrazoles that are 5-substituted before the [3+2]-

cycloaddition process. Hydrazine and imitators were 
used to create these amidrazones. Using this 
technique, an imidoyl azide is produced before the 

1H-tetrazoles with five substitutes (Scheme 3) (61). 
Hantzsch and colleagues revealed how to create 5-
amino-1H-tetrazole in 1901 by employing azoimide, 
a hydrazoic acid, and cyanamide (62). Up to the 
1950s, the main reactants used to prepare tetrazoles 

were hydrogen cyanide and hydrazoic acid. Some of 
these reactants are dangerous; hydrazoic acid, for 

instance, is extremely volatile, poisonous, and 
explosive (63). This method also has a number of 
other problems, including the use of strong Lewis 
acids and moisture-sensitive reaction conditions 

(64). This led to further efforts to modify the 
protocols for the synthesis of 1H-tetrazoles with five 
substitutes. 1958 saw Finnegan with associates (65), 

present their fundamental study as well as an 
improved procedure for producing 1H-tetrazoles with 
five substitutes from nitriles in DMF by using 
inorganic NaN3 and ammonium chloride (Scheme 4). 
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Scheme 3: 1H-tetrazoles with five substitutes synthesis from amidrazones . 

 

 
Scheme 4: 1H-tetrazoles with five substitutes are synthesized from nitriles by employing sodium azide and 

ammonium chloride. 

 
Consequently, safer, faster reaction times and higher 
product yields have been achieved through the 
development of novel synthesis techniques. Utilizing 
microwave (MW) irradiation, reaction times were 

shortened (43). Over time, research has been done 

on the use of various catalysts in various reaction 
settings. The most common catalyst is the Lewis acid 
(such as BF3·OEt2 (66), ZnBr2 (67), etc.). These 
catalysts do, however, have drawbacks, such as 
laborious separation processes and inadequate 

recovery and recyclable properties. Consequently, to 
get around these shortcomings, heterogeneous 
catalysts such as ZnO nanocrystals (68), CuFe2O4 
NPs (69), CoY zeolite (70) Fe3O4@SiO2 (71), Ag NPs 

(72), SnCl2-nano-SiO2, Au NPs, graphene, graphene 
oxide/ZnO nanocomposites, Pt NPs@rGO (57) etc., 
used to make 5-substituted 1H tetrazoles. Currently, 
efforts are being made to improve safer and more 

efficient synthesis techniques. 
 

This section will give a quick rundown of the four 
methods for making 1H-tetrazoles with five 
substitutes: microwave-assisted synthesis, 
heterogeneous catalysts, miscellaneous methods, 

and NPs as heterogeneous catalysts. However, we 
will concentrate on using NPs as heterogeneous 
catalysts in the synthesis of 1H-tetrazoles with five 
substitutes (Figure 3). 

 

 
Figure 3: Various methods for producing 1H-tetrazoles with five substitutes Microwave-assisted synthesis. 
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Another process used to prepare tetrazole derivatives 
is microwave-assisted synthesis   , which we briefly 
describe as only one method for this preparation. The 

production of 1H-tetrazoles with five substitutes has 
difficulties due to extended reaction durations. This 
disadvantage has been addressed by the use of 

microwave (MW) irradiation. In 1986, an initial 
published work involving organic reactions aided by 
microwaves was released. Despite the expensive 

expense of specialized microwave equipment, it is 
nevertheless widely used. It is thought that 
microwave irradiation produces reactions with higher 

yields, less time for reaction, and more purity than 
traditional heating (73-75). Using MW irradiation, 
Harusawa, and colleagues (76) for the conversion of 
1H-tetrazoles with five substitutes in DMF from inert 

nitriles (Scheme 5). 

 

 
Scheme 5: Microwave-assisted synthesis of 1H-tetrazoles with five substitutes. 

 
4.1. Heterogeneous Catalysts Synthesis 
When the phases of the reactants and catalyst are 
different, this is known as heterogeneous catalysis. 
Initial homogeneous catalysts for the synthesis of 

1H-tetrazoles with five substitutes have low recovery, 
recyclability, and time-consuming separation 
processes. Heterogeneous catalysts were created as 
a solution to these problems, and they are now a 

common option for the production of 1H-tetrazoles 
with five substitutes (43). Nagarkar et al. developed 
a successful process for the synthesis of 1H-

tetrazoles with five substitutes using the 
heterogeneous solid acid resin Amberlyst-15 as a 
catalyst (77) and employed DMSO as a solvent for 12 
hours at 85 °C, yielding a 36-47% product. The 
highest yield, 94%, was obtained from 5-(4-methoxy 
phenyl)-1H-tetrazole using 4-methoxybenzonitrile. 

They employed the catalyst subsequently after 
recovering it eventually by simple filtration. The 
Akhlaghinia group employed Cu(II) immobilized on 
aminated epichlorohydrin-activated silica (CAES) in 
DMSO as a catalyst for the production of 5-
substituted 1H-tetrazoles (59). According to the 
mechanism, Cu(II) first activates the nitrile's 

nitrogen atom, accelerating the [3+2] cycloaddition. 
An acidic workup is then performed to produce 5-

substituted 1H-tetrazoles. Up to five reuses of the 
recovered catalyst were possible. Overall, yields 
ranged from 75 to 96%, with terephthalonitrile 
(benzene-1,4-dicarbonitrile) yielding the largest 
amount of 5-(4-cyanophenyl)-1H-tetrazole (96%). 

 

The preparation of tetrazole derivatives by this 
method has been tried by many others, each using 
their methods, and some using the same technique 
as before, but with some changes in solvent or 

temperature or so on, some of the heterogeneous 
catalysts used in these preparations with good and 
satisfactory yields were (Ln(OTf)3-SiO2, TBAHS, 
CAES, and [bmim]N3 ionic liquid (azide source), 

etc.). 
 
4.2. Miscellaneous Methods Synthesis 

This technique is another good technique that gets 
reliable results including Metal Azide Precursors, 
Cyclization of Nitriles, Cyclization of Amidines, Cu(I)-
Azide-Alkyne Cycloaddition (CuAAC) and additional 
processes, such as those described by Sridhar and 
colleagues (78) can synthesize 1H-tetrazoles with 

five substitutes in a single step, employing 
bismuth(III) triflate to catalyze the reaction of 
aldehydes in DMF at 120 °C with sodium azide and 
acetohydroxamic acid. With moderate to good (60–
87%) production, 5-Aryl, 5-Heteroaryl, 5-Alkyl, and 
5-Vinyl-1H tetrazoles were synthesized in 15–28 
hours. When benzaldehyde was utilized, the highest 

output was noted (Scheme 6). 
 

Heravi and colleagues reported a solvent-free, green 
synthesis of 5-alkyl- and 5-aryl-1H-tetrazoles in high 
yields (89–97%) utilizing nitriles and [bmim]N3 at 
120 °C for 5–12 hours. The reaction was catalyzed 
by heteropolyacid (H3PW12O40) (79). With 4-

nitrobenzonitrile, the maximum yield was obtained 
(Scheme 7). 
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Scheme 6: Bi(OTf)3-catalyzed synthesis. 

 

Scheme 7: H3PW12O40-catalyzed synthesis. 

 
4.3. NPs as Heterogeneous Catalysts 
In green synthesis, nanomaterials and nanocatalysts 
are crucial. Benefits like giving the reactant access to 
a greater surface area and using a minuscule 
quantity of catalyst to produce meaningful results are 

attained by shrinking the catalyst. Additionally, it is 
possible to attain higher selectivity, which will 
prevent the formation of undesirable products (80) 
In this section, we will examine some common ways 
to create the product we want and discuss the 
importance of each method. 
 

4.3.1. Fe3O4 NPs 
Kolo and Sajad produced 5-(arylthio)-1H and 5-
(alkylthio)-1H tetrazoles with yields of up to 94% 
(81). It employs Fe3O4 NPs, which are reused and 
magnetized recoverable, by using thiocyanates 

(Scheme 8). The nitrile group of the thiocyanate 
formed a compound with the catalyst, imparting its 
electrophilic property, which activated the nitrile 
group on the catalyst's surface. This is followed by a 
sodium azide nucleophilic assault. The catalyst's 
catalytic activity did not significantly decrease 
throughout its easy recovery and reuse. 

 

 
Scheme 8: Fe3O4 NPs catalyzed synthesis (81). 
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4.3.2. Cu(II)-O-AMWCNTs-PhTPY NPs 
Sharghi et al. produced 1H-tetrazoles with five 
substitutes with acceptable to good products (75–

98%) by immobilizing the 4′-phenyl-2,2′:6′,2″-
terpyridine complex onto multiwalled nanotubes of 

carbon with activation [AMWCNTs-O-Cu(II)-PhTPY] 
in DMF at a temperature of 70 °C (82) (Scheme 9). 
Up to five cycles of good reusable were shown by the 

catalyst (43). 

 

 
Scheme 9: PhTPY-Cu(II)-O-AMWCNTs catalyzed synthesis (82) . 

 

4.3.3. Fe3O4@SiO2/Salen complex of Cu(II) NPs 
Superparamagnetic Fe3O4@SiO2 NPs [Fe3O4@SiO2 

/Salen complex of Cu(II)] are the foundation of the 
Cu(II) Salen complex. was determined by Sardarian 
and associates to be the catalyst responsible for the 
generation of 1H-tetrazoles with five substitutes in 
DMF at 120 °C (83) seven times without experiencing 

a discernible decline in activity. It was possible to get 
a maximum yield of up to 92% by utilizing 
terephthalonitrile or 4-nitrobenzonitrile (83).  In 
addition to this product, 12 other products can be 
obtained from this reaction within 6 hours (Scheme 
10). 

 

 
Scheme 10: Cu(II) catalyzed salen compound of Fe3O4@SiO2 synthesis . 

 
4.3.4. Silver NPs (Ag NPs) 
Awasthi and coworkers used silver NPs (Ag NPs) in 

DMF at 120 °C. (72), for the production of (1H-

tetrazoles with five substitutes) that produced 93% 
yields. Chemically, Ag NPs activate the nitrile group's 

nitrogen atom, giving the group's carbon atom an 
electrophilic characteristic. Tetrazoles are also 

formed as a result of sodium azide's nucleophilic 

assault. This method does not yield as pleasantly 
(Scheme 11). 
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Scheme 11: Using Ag NPs as Catalyzed Synthesis. 

 
4.3.5. Gold (Au) NPs 

Gold(III) chloride [HAuCl4·3H2O, Au(III)] and gold 
nanoparticles [Au NPs, Au(0)] were used as catalysts 

for the synthesis of 1H-tetrazoles with five 
substituents in DMF, as reported by Awasthi, 
Agarwal, and colleagues (84). Chemically, the C≡N 
functionality is first activated by the nucleophilic 
addition of NaN3, and it is subsequently activated by 

protonolysis to produce 1H-tetrazoles with five 

substitutes through a [3+2]-cycloaddition reaction. 

For Au(0) NPs, a similar mechanism is expected. 
Greater reactivity in Au(0) resulted in larger yields in 

less time. This could be because Au(0) NPs have a 
higher surface area, which makes it easier for C≡N 
and Au(0) to coordinate. Five-substituted 1H-
tetrazoles were produced in 83–99% yields (16 
instances) by using Au(0) NPs, whereas 82–98% 

yields were obtained by using Au(III) (Scheme 12). 
 

 
Scheme 12: Au NPs catalyzed synthesis (84). 

 
4.3.6. Nickel zirconium phosphate (NiZrP) NPs 
Abrishami and associates used a single nickel 
zirconium phosphate (NiZrP) nanocatalyst in DMSO 

at 120 °C to create 1H-tetrazoles with five 
substitutes (85). Up to five cycles of reuse of the 

catalyst would not result in a discernible decrease in 
its capacity to catalyze (Scheme 13). Excellent yields 
(60–99%) of the 1H-tetrazoles with five substitutes 

were achieved; the greatest yield was produced by 
4-bromobenzonitrile. 
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Scheme 13: NiZrP NPs catalyzed synthesis (85) . 

 
4.3.7. Monodisperse platinum (Pt NPs@rGO) NPs 

Tetrazole derivatives were produced in a different 
method by Kaya, Sen, and associates (55). Applying 

two techniques, the first Using sodium azide, a 
heterogeneous catalyst known as monodisperse 
platinum NPs supported by reduced graphene oxide 
(Pt NPs@rGO) was employed to perform [3+2] 
cycloaddition on a variety of benzonitriles (55). 5-
aryl- and 5-heteroaryl-1H-tetrazoles were generated 

in good yields (87–99%) in a short reaction time 

(0.4–5 hours) (Scheme 14a). Up to six times could 

be retrieved and utilized again without significantly 
reducing the catalyst's catalytic activity. Second, 

they prepared another product The subsequent 
Tetrazoles (5-aryl and 5-heteroaryl-1H) were 
synthesized with excellent yields (89–99%). Using a 
brief reaction time (90 °C, 140 W, constant mode, 
10–30 minutes) and microwave irradiation in DMF to 
monodisperse platinum NPs coated on activated 

carbon (Pt NPs@AC) (Scheme 14.b) (86). 
 

 
Scheme 14: (a) Synthesis catalyzed by Pt NPs@rGO (55). (b) Pt NPs@AC catalyzed synthesis (86). 

 

4.3.8. Nickel oxide (NiO) NPs 
Nickel oxide is one of the latest NP catalysts with 
unique properties that are widely used in many fields, 
Safaei-Ghomi J. and Paymard-Samani S. (87) by 

using a Domino Knoevenagel condensation method 
to react aldehyde, sodium azide, and malononitrile in 
DMF for six hours at 70 °C while a nano nickel oxide 
catalyst was present (Scheme 15). 
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Scheme 15: Nano-NiO (87). 

 
This table details the conditions, kinds, and 
quantities of NPs utilized, together with the number 
of items developed by multiple researchers. 

 

While some have just replicated the work of their 
forebears with variations in solvent, temperature, NP 
type, and methodology, others have performed 

exceptionally well and generated compelling results 
(Table 2). 

 
Table 2: The conditions and types of NPs used and the amount of products worked on by several 

researchers. 

Entry 
Reaction Condition: (T) 
°C, Time, and reflux 

Solvent and yield Type nanocatalysts Ref 

 110 °C,-,- DMF, (83-97%) Fe3O4@SiO2/Schiff base/Cu(II) (88) 

 120 °C, 12 h,- DMF, (92%) CuFe2O4 NPs (89) 
 140 °C,-,- DMF, (94%) Cu-MCM-41 NPs  (56) 
 -, reflux, 2 h DMF, (78–95%) nano-TiCl4·SiO2 (90) 
 110 °C, 15–120 min,- ([bmim]N3), (70–98%) Fe3O4@chitin (91) 

 120 °C, various,- (PEG), (60–98%) 
Immobilization of Cu(II) on 
Fe3O4@SiO2@L-arginine 

(92) 

 -,-, reflux H2O/i-PrOH (1:1), (75–94%) Cu/AC/r-GO nanohybrid (93) 

 130 °C,-,- PEG-400, (up to 95%) Cu(II)-Adenine-MCM-41 (94) 
 -,-, reflux H2O, (96%) Fe3O4@SiO2-TCT-PVA-Cu(II) (95) 

 120 °C,-,- PEG-400, (up to 95%) Pd-SMTU@boehmite (96) 

 

The following nanocatalysts are employed in the 
manufacture of tetrazole: (Fe3O4 NPs (81), 
AMWCNTs-O-Cu(II)-PhTPY (82), Fe3O4@SiO2 (83), 
Ag NPs (72), Au NPs (84), NiZrP (85), Pt NPs@rGO 
(55), nano-NiO (87), etc). Nitriles and sodium azide 
undergo [3+2] cycloaddition to complete these 
syntheses. The utilization of green nanocatalysts in 

the manufacturing of heterocycles with a specific 
reaction time, low chemical consumption, high yield, 
and ease of operation are all advantageous. In most 
processes, the utilized catalyst may be readily 
extracted from the reaction mixture and recovered 
without losing its catalytic activity. Nitriles and 
sodium azide undergo [3+2] cycloaddition to 

complete these syntheses. The use of green 

nanocatalysts in the manufacturing of heterocycles 
with a specific reaction time, low chemical 
consumption, high yield, and ease of operation are 
all advantageous. In most processes, the utilized 
catalyst may be readily extracted and retrieved 
without losing its catalytic function from the reaction 

mixture. 

To summarize, the utilization of nanocatalysts in 
synthesis offers a means of attaining more effective, 
focused, and environmentally friendly chemical 
reactions, which has implications for both lab-based 
studies and commercial uses. Scholars persistently 
investigate and create novel nanocatalysts to tackle 
certain synthetic chemistry problems. 

 
5. BIOLOGICAL APPLICATIONS OF TETRAZOLE 
DERIVATIVES 
 
Tetrazoles are a family of synthetic heterocyclic 
compounds made up of 2 hydrogen atoms, a single 
atom of carbon, and 4 nitrogen atoms arranged in a 

five-member ring (Figure 4). Tetrazole's chemical 

formula is CN4H2. Tetrazole is a crystalline solid that 
is white to pale yellow in color, soluble in alcohol or 
water, and has a faint, distinctive smell. It has an 
acidic nature since it contains four nitrogen atoms 
(97). 
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Figure 4: Tetrazole structure. 

 
Numerous uses for tetrazole chemistry are emerging 
in the domains of biochemistry, medicine, and 
agriculture (98). The literature has discussed the 
chemistry of tetrazole derivatives and their medical 

uses (61). Tetrazole's distinct structure has piqued 
the curiosity of many in the field of medical 
chemistry, as have its derivatives. The main reason 
the tetrazole moiety is important is that it can act as 

a bioisostere of the carboxylic acid group in 
supramolecular and pharmaceutical chemistry. 
Above all, tetrazoles are highly versatile ligands that 

readily conform to various binding modes. 
 

Derivatives of tetrazole demonstrated antibacterial 
(99), antifungal (100), anticancer (101), analgesic 
(102), anti-inflammatory (103), antidiabetic, 
antihyperlipidemic (104), and antitubercular 

activities (105). The US FDA has approved a large 
number of compounds with a tetrazole moiety that 
are significant for medicine (106). Many studies have 
been done on the use of tetrazole derivatives in 

biology, several of which are presented in (Table 3). 
 
 

 

Table 3: Some works using Tetrazole derivatives. 

Entry Biological applications Ref 

1.  Antibacterial (99) 
2.  Antifungal (100) 

3.  Anticancer (101) 
4.  Analgesic (102) 
5.  Anti-inflammatory (103) 
6.  Antidiabetic, Antihyperlipidemic (104) 
7.  antitubercular activities (105) 
8.  Anticancer Activity (120) 
9.  Anticonvulsant Activity (121)   

 

5.1. Anticancer Activity 
Numerous research institutions have investigated 
low-toxicity broad-spectrum medicinal methods 

(107). They make it rather evident that it can be 
advantageous if one chemical simultaneously blocks 
several important pathways and processes 
(multitherapy). Since patient tumors need to be 
analyzed for certain mutations to assign patients to 
the appropriate therapy, many of these treatments 
can only be loosely referred to as individualized. 

When considering individual biological variation as a 
whole, certain mutations only account for the 
slightest amount of personalization. A far more 
thorough evaluation of genetic and even lifestyle 
factors, such as dietary choices, exercise routines, 
and biobehavioral (stress management) techniques, 
can be seen in truly customized therapy approaches, 

along with additional host characteristics including 
immunological condition and inflammation. The 
methodical practice of integrative medicine, which 
was crucial in the creation of this broad-spectrum 
cancer therapy concept, embodies this kind of 

personalized treatment (108,109). Two of the actions 
taken: A variety of steroidal tetrazole derivatives 

were synthesized by Shamsuzzaman et al. (2014) 
using a simple technique in two steps. The MTT assay 
method was used to examine the synthesized 
compounds' antiproliferative ability in vitro against 
cervical cancer (HeLa), myeloid leukemia (KCL-22), 
breast cancer (MDA-MBA-231), and normal cell lines.  
It was discovered that the class one molecule 

exhibited significant action (IC50 >60 M) against the 
three human cancer cell lines while being innocuous 
to the normal cell lines (110). The MCF-7, MDA-MB-
231, and ZR-75 cell lines were employed to test a 
range of novel substituted tetrazole derivatives that 
were synthesized by Arshad et al. (2014) (111). 
 

Bhaskar et al. produced a novel class of tetrazole 

derivatives (2010). With a growth percent of 34–94, 
compound in (Figure 5) was discovered to be the 
most effective and potent anticancer drug against 
ovarian cancer cell lines, SK-OV-3 (112). 
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Figure 5: Tetrazole derivative. 

 
5.2. Antimicrobial Activity 

Arora et al. (2004) synthesized numerous triazole 
derivatives using a 5-substituted tetrazole and 
evaluated their antifungal activity against Candida 
spp. in vitro, Cryptococcus neoformans, and 
Aspergillus spp. It has been determined that 
compound (1) (Figure 6) is a crucial structural 

element of antifungal efficacy (113). A novel class of 

substituted-3-mercapto-1, 2, 4-triazoles was synthe-
sized and assessed as an antifungal agent by Collin 
et al. (2003). Compound (2) (Figure 6) shows signifi-
cant efficacy in inhibiting Candida tropicalis and 
Candida albicans (114). Many others have worked, 
but we have mentioned only these two. 

 

 
Figure 6: Compounds (1) and (2). 

 
5.3. Antioxidant Activity 

Elmegeed et al. (2011) produced a novel family of 

derivatives of indolyl tetrazolopropanoic acid. (Figure 
7.a) had been discovered to possess antioxidant 
qualities that could be effective against oxidative 
stress brought on by ACR treatment (115). 
 

A unique series of 3-substituted-5-(1-phenyl-1H-

tetrazole-5-yl) methyl)benzene-1,2-diol was synthe-

sized by Adibi et al. (2011). Using the 1,1-diphenyl-
2-picrylhydrazyl (DPPH) radical scavenging and 
reducing power test method, the antioxidant activity 
was carried out. Of the molecules that were 
produced, (Figure 7.b) demonstrated a higher level 
of antioxidant activity (116). 
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Figure 7: (a) 2-(1H-tetrazol-5-yl)acetyl)tryptophan, (b) 3-methoxy-5-((1-phenyl-1H-tetrazol-5-

yl)methyl)benzene-1,2-diol. 

 
5.4. Anti-diabetic Activity 
Gao et al. (2010) synthesized tetrazole (117) using 

N-glycosides as SGLT2 inhibitors and tested the 

drug's hypoglycemic effects in vivo on mice using the 
oral glucose tolerance test (OGTT). The most potent 
molecule against the common drug dapagliflozin was 
found to be one particular one. Nicolaou and 
colleagues employed pyrrolyl-tetrazole derivative as 

a nonclassical bioisostere of a carboxylic acid moiety. 
(2010) created a novel series of compounds and 

assessed their ability to inhibit aldose reductase in 

vitro. The observations suggest that a compound 
exhibited strong antioxidant action, and the isomers 
of pyrrolyl-tetrazole were putative starting points for 
the synthesis of drugs of selective aldose reductase. 
See the (Figure 8). 

 

 
Figure 8: Tetrazole derivative. 

 

5.5. Anti-HIV Activity 

Uraglian et al. (2006) developed a novel family of 
aryltetrazolylacetanilides and assessed them as HIV-

1 non-nucleoside reverse transcriptase inhibitors 
using the therapeutically relevant K103N mutant 
strain (118). 5-(phosphonomethyl)-1H-tetrazole was 

created by Hutchinson et al. (1985), who then 
assessed its effectiveness against the Herpes 
Simplex Viruses-1 replication, DNA polymerase 
inhibitor action, and virus of influenza type A RNA 

transcriptase activity (119). See the compounds in 
(Figure 9). 

 

 
Figure 9: Anti-HIV tetrazole derivatives compounds. 
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6. CONCLUSION 
 
Tetrazoles are important heterocyclic analogs found 

in many different chemical and pharmaceutical 
substances. Following the synthesis and analysis of 
each of these studies on the tetrazole derivative 
preparation. Although there are many ways to 

synthesize these tetrazoles, a green synthetic 
method is quite effective. Particles with a distinct 
view of the boundary of something at the nanoscale 
are known as NPs, and they are less than 100 nm by 
at least one magnitude. Using nanocatalysts is one 

of the most popular green synthesis methods for 
producing tetrazole derivatives. Nitrides and sodium 
azide undergo [3+2] cycloaddition to complete these 
syntheses. The utilization of green nanocatalysts in 
the manufacturing of heterocycles with a specific 
reaction type, high yield, quick reaction time, little 
chemical consumption, and ease of operation are all 

benefits. In the majority of operations, the utilized 

catalyst may be readily removed and repurposed 
without losing its catalytic activity from the reaction 
mixture. 
 
Tetrazole and its derivatives, belonging to the 
nitrogen-containing heterocycle family, have a wide 

range of biological actions, including antibacterial, 
antifungal, anticancer, analgesic, anti-inflammatory, 
antidiabetic, anti-hyperlipidemic, and antitubercular 
effects. This review discusses the biological 
relevance, uses, and distinctive qualities of tetrazole. 
The many synthesis methods and varied biological 

activities of substituted tetrazole derivatives are 
reviewed in this inquiry. This study aimed to gather 
the literature work offered by researchers on 
tetrazole for their diverse biological actions, in 
addition to reporting on current efforts done in this 

area. 
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Abstract: The purpose of this study was to examine the antioxidant, anti-urease, and anticholinesterase 
properties of extracts from plant seeds, as well as their toxicity on normal cells. In addition, the goal of this 
work was to use an in silico and in vitro method to evaluate the biological activity and mechanism of action 
of A. esculentus. DPPH (2,2-diphenyl-1-picrylhydrazyl), CUPRAC (Cupric ion reducing antioxidant capacity), 
and FRAP (Ferric reducing antioxidant power) techniques were used to examine the antioxidant properties of 
plant extracts. The extracts' anticholinesterase, anti-urease, and cytotoxic activity were determined using 
the Ellman, Indophenol, and MTT techniques, respectively. Computer algorithms were used to estimate 

ADMET and molecular docking techniques for compounds in plant. When the antioxidant activity results were 
examined, it was determined that water (IC50:0.313 mg/mL) and ethanol (IC50:0.314 mg/mL) extract showed 
DPPH activities close to each other. It was determined that the water (7.780mM FeSO4/mg extract, 1.106 
mM troloxE/mg extract) extract showed higher activity than the ethanol (3.420 mM FeSO4/mg extract, 0.343  
mM troloxE/mg extract) extract in FRAP and CUPRAC experiments. Considering the enzyme inhibition results, 
it was determined that the water extract showed the highest anti-urease activity, while the ethanol extract 

showed the highest anticholinesterase activity. It was also determined that both extracts had no toxic effect 

on normal cell lines (L-929). Based on pkCSM values, procyanidin B1 and procyanidin B2 compounds have a 
low volume of distribution, whereas rutin and quercetin compounds have a high volume of distribution (VDss). 
Not all compounds were predicted to have mutagenic and hepatotoxicity effects. In terms of score and ligand 
efficiency, procyanidin B1, procyanidin B2, quercetin, and rutin compounds appear to be superior to the 
reference. The chemicals quercetin and procyanidin B2 are thought to be key players in the pathophysiology 
of oxidative stress. In this study, the fact that the seeds’ extracts have biological activity and have no toxic 

effects on normal cell lines suggests that the seeds can be used medicinally and nutritionally in the future. 
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1. INTRODUCTION 
Dietary antioxidants are food molecules that diminish 
the detrimental effects of ROS, RNS, or both on 

humans' normal physiological functioning. The 
oxidative damage of these oxidants in cells has been 
linked to the etiology of non-communicable human 
illnesses such as diabetes mellitus, rheumatoid 
arthritis, Parkinson's disease, Alzheimer's disease, 
and cancer (1,2). Furthermore, it is widely 

established that oxidative stress activation is a 
complex system (including several proteins / 
pathologies and varies depending on illness 

etiology), therefore pinpointing the putative 
antioxidant mechanism is challenging. However, 
these problems may be solved by combining 
computer models and laboratory experimentation 
(3). Alzheimer's disease (AD) is the world's most 
prevalent neurological ailment. There is currently no 
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effective treatment that permits the condition to 
heal; instead, treatment focuses on delaying the 
disease's development and relieving symptoms. The 

majority of anti-Alzheimer’s are acetylcholinesterase 
(AChEI) inhibitors (donepezil, rivastigmine, tacrine, 
and galantamine). However, most of these medicines 
cause hepatotoxicity, sleeplessness, diarrhea, or 

illness as a side effect. Many investigations on the 
usefulness of natural products in the treatment of 
Alzheimer's disease have been undertaken in recent 
years. Antioxidant capabilities are found in most 
therapeutic herbs, which help to remove reactive 
species. By targeting amyloidogenesis and apoptotic 

pathways, several chemicals identified in medicinal 
plants have favorable effects on cell survival and 
cognition (4-7). Natural treatments that are used to 
treat human problems and have few side effects have 
gained popularity in recent years, both in developed 
and developing nations (8). The Malvaceae family's 
Abelmoschus esculentus L. (or Hibiscus esculentus or 

okra) has long been utilized as a culinary vegetable 
in many nations. Okra has been shown to come from 
a variety of species in Southeast Asia, India, West 
Africa, and Ethiopia, according to genetic analyses. 
It was first grown by the Egyptians in the 12th 
century B.C., and it quickly spread throughout the 
Middle East and North Africa (9). Okra may be eaten 

raw or cooked, and it can be added to soups, salads, 
and stews. Okra is a high-moisture vegetable that is 
also abundant in nutrients and a good source of 
vitamins and minerals (10). Okra is a valuable crop 
because its leaves, buds, flowers, pods, stems, and 
seeds have various uses in traditional and 

contemporary medicine. Okra fruits have been 
utilized as aphrodisiac, cooling, appetizer, and 
astringent agents for centuries. Chronic dysentery, 
gonorrhea, urinary discharges, bladder obstruction, 

and diarrhea are among the various ailments for 
which this herb is used. Okra seeds have been 
utilized as a fungicide and anticarcinogen (11). 

Because of its rich fiber, vitamin C, calcium, 
potassium, and folate content, okra is a popular 
health food. The roots are high in mucilage and have 
a significant demulcent effect. Syphilis is treated 
using an infusion made from the roots. In Nepal, the 
roots' juice is applied topically to cure cuts, wounds, 
and boils. The leaves make a soothing poultice. 

Seeds have antispasmodic and stimulating properties 
(12). Chemoinformatic computer algorithms now 
give critical information on whether or not a chemical 
may be used as a therapeutic without the use of 
animals. Because certain laboratory bioactivity 
studies are too expensive, the most essential choice 

on the journey from plant to drug will be to 
theoretically show the ADMET properties of the 

chemicals in the medicinal plant and examine their 
potential as medications or drug raw materials (13). 
In an examination of the literature, just a few 
investigations of the plant's biological activities were 
uncovered. As a result, the purpose of this study is 

to look at the antioxidant, anti-urease, and 
anticholinesterase properties of different extracts 
from the plant's seeds, as well as their toxicity on 
normal cells. Polyphenolic compounds are also 
thought to be responsible for medicinal plants' 
biological action. As a consequence, the ADMET 
(absorption, distribution, metabolism, excretion, and 

toxicity) properties of procyanidin B1, procyanidin 
B2, quercetin, and rutin compounds, which were 
explored in this species in the previous work, were 

determined in silico (14). In addition, using an in 
silico and in vitro method, this work intended to 
evaluate the antioxidant, anti-urease, and anticholin-
esterase mechanisms of A. esculentus, a dietary and 

traditional medicine. 
 
2. EXPERIMENTAL SECTION 
 
2.1. Preparation of Extracts 
Seeds of Abelmoschus esculentus were purchased at 

the market. After weighing 200 g of seeds and 
grinding them into powder, ethanol and water 
extracts were prepared using the maceration 
method. The liquid fractions were filtered through 
filter paper after the extraction processes, and the 
solvents were evaporated in a rotary evaporator to 
obtain crude extracts. The extracts were kept 

refrigerated at 4 °C until the day of the experiment. 
 
2.2. Antioxidant Activity Assays 
2.2.1. 2,2-diphenyl-1-picrylhydrazyl (DPPH) assay 
To the 0.1 mL extracts prepared at various 
concentrations (5, 3, 2, 1, and 0.5 mg/mL), 240 µL 
DPPH solution (0.1 mM) was added. The prepared 

mixtures were mixed for 1 minute before being 
incubated for 30 minutes at 25 °C. The absorbances 
of the mixtures were determined daily at 517 nm. 
Determining the absorbance of the control sample 
was carried out under the same conditions using 10 
µL of methanol instead of the extract. DPPH radical 

scavenging experiments were also performed using 
ascorbic acid solutions prepared at different 
concentrations (0.5, 0.4, 0.2, 0.1, 0.05 mg/mL) and 
were used as a standard. The % DPPH radical 

scavenging activity was calculated by the formula: 
DPPH radical inhibition = ((A0 − A1)/A0) × 100, where 
A0 is the absorbance of the control solution and A1 is 

the absorbance of plant extract or standard 
solutions. The IC50 is defined as the extract/standard 
concentration that causes a 50 percent reduction in 
DPPH radical concentration. The IC50 value was 
calculated using the equation obtained by calculating 
the % radical scavenging activity against the 
concentrations studied. The data obtained from the 

investigation are given as IC50 = mg/mL. The assays 
were performed three times, and the averages and 
standard deviations of the results were calculated 
(15). 
 
2.2.2. Cupric ion reducing/antioxidant power 

(CUPRAC) assay 
In brief, 60 µL of Cu(II)·2H2O, 60 µL of neocuproine, 

and 60 µL of 1 M NH4Ac were mixed, followed by the 
addition of 60 µL of the extracts at different 
concentrations (0.5, 1, 2, 3, and 5 mg/mL) and 10 
µL of ethanol to the mixture. After 60 min, the 
absorbances of the mixtures were spectrophoto-

metrically measured at 450 nm against the reference 
solution, which was prepared using adding ethanol 
instead of the plant extracts. To obtain the Trolox 
standard curve, a 1 mM stock Trolox solution was 
prepared which was diluted to working solutions of 1, 
0.8, 0.6, 0.4, 0.2, and 0.1 mM using ethanol. Trolox 
solutions prepared at different concentrations were 
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evaluated using the CUPRAC method. The CUPRAC 
method was also applied to butylated hydroxyanisole 
(BHA) solutions prepared at different concentrations 

(0.5, 1, 2, 3, and 5 mg/mL) and used as a standard. 
For the further procedures, (1) absorbance versus 
concentration plots were constructed, (2) calibration 
curves were prepared, and (3) the corresponding 

linear regression equations were obtained. The 
calibration equation for Trolox was A = 3.0550x + 
0.2344 (R2 = 0.9933). The CUPRAC values of the 
extracts were given as mg Trolox/mg extract (16). 
 
2.2.3. Ferric reducing antioxidant power (FRAP) 

assay 
The FRAP reagent (25 mL 300 mM acetate buffer (pH 
3.6), 2.5 mL of 2,4,6-tri(2-pyridyl)-1,3,5-triazine 
solution, and 2.5 mL of 20 mM FeCl3·6H2O) was kept 
at 37 °C for 30 min. The absorbance was measured 
at 593 nm in the 4th minute after dissolution of 190 
µL of the FRAP reagent with 10 µL of the plant 

extracts prepared at concentrations of 0.5, 1, 2, 3, 
and 5 mg/mL, against the reference prepared by 
adding distilled water instead of the extract. A 1 mM 
stock solution of FeSO4·7H2O was prepared to obtain 
the FeSO4 standard curve equation. Subsequently, 
working solutions of 0.5, 0.4, 0.2, 0.1, and 0.05 mM 
concentrations were prepared by diluting the stock 

solution with water. The FeSO4·7H2O solutions 
prepared at different concentrations were also 
evaluated using the FRAP method. The FRAP method 
was applied to butylated hydroxyanisole (BHA) 
solutions prepared at different concentrations (0.5, 
1, 2, 3, and 5 mg/mL) and were used as a standard. 

For the further procedures, (1) absorbance versus 
concentration plots were constructed, (2) calibration 
curves were prepared, and (3) the corresponding 
linear regression equations were obtained. The 

calibration equation for Fe2+ was A = 12.8603x − 
0.0066 (R2 = 0.9986). The FRAP values of the 
extracts are presented as mg Fe2+/mg extract (17). 

 
2.3. Enzyme Inhibitory Activity 
In a phosphate buffer solution (pH 8, 0.1 M, 40 L), 
AChE (20 µL) and various quantities of extracts (20 
µL) were added. This mixture was incubated for 10 
minutes at 25°C. After incubation, the mixture was 
mixed with DTNB (100 μL) and AcI (20 μL) as a 

substrate. At 412 nm, 5-thio-2-nitrobenzoic acid was 
spectrophotometrically determined (18). The indo-
phenol technique was used to examine the plants' 
anti-urease activity (19). 
 
2.4. Determination of the Cytotoxicity of the 

Extracts 
The cytotoxic effect of the extracts was determined 

using the MTT technique. The extracts were diluted 
in methanol at a concentration of 1 mg/mL, and their 
effects on cell viability were investigated using the 
Cell Proliferation Kit I (MTT kit) (Roche) in the L-929 
(ATCC CCl-1) cell line, according to the manufac-

turer's instructions. 
 
2.5. In silico Molecular Docking 
In molecular docking research, Autodock Vina was 
used to predict binding affinity for procyanidin B1, 
procyanidin B2, quercetin, and rutin. Galantamine 
was chosen as a reference for the acetylcho-

linesterase enzyme, thiourea for the urease enzyme, 
and ascorbic acid and butylated hydroxyanisole-BHA 
for the oxidoreductase enzymes. PubChem 

(https://pubchem.ncbi.nlm.nih.gov) was used to find 
3D structures of compounds. The PubChem IDs are 
11250133 for procyanidin B1, 122738 for 
procyanidin B2, 5280343 for quercetin. Human 

acetylcholinesterase-AChE (PDB code: 4M0E) 
(https://doi.org/10.1021/ml400304w), urease (PDB 
code: 4UBP) (https://doi.org/10.1007/ 
s007750050014), human cytochrome P450-CYPs 
(PDB code: 1OG5) (https://doi.org/10.1038/ 
nature01862), lipoxygenase (PDB code: 1N8Q) 

(https://doi.org/10.1002/prot.10579), and 
myeloperoxidase from humans (PDB code: 1DNU) 
(https://doi.org/10.1021/bi0111808). The RCSB 
Protein Data Bank (https://www.rcsb.org) was used 
to find nicotinamide adenine dinucleotide phosphate 
oxidase-NAD(P)H oxidase (PDB code: 1DNU) (20) 
and xanthine oxidase-XO (PDB code: 3NRZ) (21). 

The protein structures were stripped of water 
molecules, as well as polar hydrogens and Kollman 
charges have been added (22). Discovery Studio 
Visualizer 2021 v21.1.0.20298 (23) was used to 
determine the amino acids in the catalytic domain of 
enzymes. Morris et al. (1998) (24) used the 
Lamarckian Genetic Algorithm as the docking engine, 

with all docking settings set to default. The inhibitors 
with the lowest energy docking score were selected 
from 10 conformations provided from Vina docking 
calculations. For the depiction of 2D and 3D figures, 
Discovery Studio Visualizer 2021 and UCSF Chimera 
1.13.1 (25) were used. 

 
2.6. ADMET Properties 
Anticipating the pharmacokinetic features of 
pharmacological compounds improves the chances of 

reaching the target faster and more precisely. 
Absorption, distribution, metabolism, excretion, and 
toxicity are all abbreviated as ADMET. The proper-

ties of investigated chemicals from A. esculentus 
were predicted using pkCSM, a free online web 
server (https://biosig.lab.uq.edu.au/pkcsm/). Molin-
spiration cheminformatics (https://molinspi-
ration.com/) was used to compute the molecular 
polar surface area and molecular lipophilicity 
potential. 

 
2.7. Statistical Analysis 
The mean standard deviations (SD) of three 
independent and parallel measurements were used 
to calculate the results. ANOVA procedures were 
used to perform a one-way analysis of variance, and 

a Tukey Multiple Comparison test was used to 
determine significant differences between means, 

with p<0.05 considered statistically significant. 
 
3. RESULTS AND DISCUSSION 
 
3.1. Antioxidant Activity 

The DPPH method is a quick, easy, low-cost, and 
commonly used method for determining a 
compound's potential to act as a free radical 
scavenger or hydrogen donor, as well as determining 
the antioxidant activity of foods. This approach for 
determining the overall antioxidant capacity and free 
radical scavenging activity of fruit and vegetable 
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juices is simple and effective (26). The ferric 
reducing ability of extract (FRAP) assay works on the 
premise of ferric-tripyridyltriazine (Fe3+–TPTZ) 

complexes being reduced to ferrous tripyridyltriazine 
(Fe2+–TPTZ) complexes by antioxidants in a sample 
at a low pH level. The final product (Fe2+–TPTZ) is 
blue in color with a maximum absorption at 593 nm, 

and the decrease in absorbance is proportional to the 
extract's antioxidant capacity. The CUPRAC method 
relies on antioxidants in a sample reducing Cu(II) to 
Cu(I) (27). DPPH, FRAP, and CUPRAC techniques 
were used to assess the antioxidant activity of the 
extracts produced from the samples. The results are 

shown in Table 1. The extracts' and ascorbic acid's 
free radical scavenging abilities were assessed by 
comparing their IC50 values. According to the 
findings, the water (IC50: 0.313 mg/mL) and ethanol 
(IC50: 0.314 mg/mL) extracts had extremely similar 

free radical scavenging activity when compared to 
one another. All extracts demonstrated weaker 
radical scavenging activity than ascorbic acid 

(IC50:0.004 mg/mL). When the FRAP values obtained 
as a consequence of this investigation were 
compared, it was discovered that the plant's water 
extract (7.78 mM FeSO4/mg extract) had a higher 

iron (III) ion reduction potential than the ethanol 
(3.42 mM FeSO4/mg extract). Furthermore, all 
extracts were shown to have lower FRAP values than 
the BHA compound (16.91 mM FeSO4/mg extract). 
The water extract (1.106 mM troloxE/mg extract) 
was shown to have a better capability to reduce 

Cu(II) to Cu(I) than the ethanol (0.343 mM 
troloxE/mg extract) extract in this investigation. All 
extracts were also shown to have lower activity than 
the reference compound (1.81 mM troloxE/mg). 

 
Table 1: The antioxidant activity of Abelmoschus esculentus seeds’ extracts. 

Extracts 
DPPH 

(IC50: mg/mL) 
FRAP 

(mM FeSO4/mg extract) 
CUPRAC 

(mM troloxE/mg extract) 

Water 0.313±0.0496* 7.780±1.164* 1.106±0.0263* 

Ethanol 0.314±0.0052* 3.420±1.317* 0.343±0.0507* 

Ascorbic acid 0.004± 0.007   

BHA  16.91±0.02 1.81±0.001 

 
BHA (Butylated hydroxyanisole): positive control for 
CUPRAC and FRAP assays; Ascorbic acid: positive 
control for DPPH assay; TE: Trolox equivalent; 
Values are mean of triplicate determination (n =3) 
±standard deviation;* P < 0.05 compared with the 
positive control. 

 
3.2. Enzyme Inhibitory Activity 
The indophenol method was used to assess the 
percentage inhibition of the urease enzyme in the 

obtained extracts, and the findings are reported in 
Table 2. In comparison to the ethanol extract 
(4.52%), the water extract (12.80%) had the 

stronger anti-urease action, according to the data. 
Furthermore, when all of the data were analyzed, it 
was discovered that all of the extracts had lesser 
activity than the standard chemical (78.84%). The 
indophenol method was used to compare the 
acetylcholinesterase enzyme inhibition percentages 

of different extracts derived from the plant. 
According to the findings, the ethanol extract 
(41.80%) of the plant had more activity than the 
water extract (17.38%). The extracts were found to 

have lower activity than galantamine (88.14%), 
which was employed as a control. 

 
Table 2: The enzyme inhibition potential of different extracts from the plant. 

Extracts 
Urease enzyme inhibition (%) 

(12.5 µg/mL) 

AChE inhibition (%) 

(200 µg/mL) 

Water 12.80±0.3510 17.38±2.754 

Ethanol 4.52±1.568 41.80±3.322 

Thiourea 78.84± 0.09  

Galantamine  88.14±0.14 

 
3.3. Cytotoxicity of Abelmoschus esculentus 
Extracts 
The MTT test was used to study the influence of 

extracts derived from A. esculentus seeds on cell 

viability. Ethanol and water extracts at given 

quantities (100 g/mL) have no cytotoxic effect on 
L929 cells, as demonstrated in Figure 1. Cell viability 
was determined at 94.62% for ethanol extract and 

88.79% for water extract after 24 hours of incubation 

(Table 3). 
 

Table 3: Cell viability values after 24 h incubation. 

Groups Cell viability (%) 

Control (untreated) 100.00 

Positive control (15% DMSO) 52.84 

Negative control (ultrapure water) 112.24 

Ethanol extract (100 µg/mL) 94.62 

Water extract (100 µg/mL) 88.79 
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Figure 1: Cytotoxic activity of different extracts from the plant. 

 

3.4. The Results of Molecular Docking In Silico 
The molecular docking method provides a wide 
perspective on describing in vitro mechanisms and 
anticipating potential enzyme-substrate interactions 
(https://doi.org/10.1016/j.jscs.2021.101418). 

Based on the predicted binding scores, possible 
ligand-amino acid interactions and inhibitory effects 
of procyanidin B1, pro-cyanidin B2, quercetin, and 

rutin compounds in the A. esculentus in 
anticholinesterase, urease and antioxidant tests 
were assessed. When molecular docking experiments 
were compared to reference compounds, significant 
differences in enzyme binding affinity and ligand-

enzyme interactions were discovered. Table 4 lists all 
of the molecular docking results. 

 
Table 4: Molecular docking scores (kcal/mol) of procyanidin B1, procyanidin B2, quercetin, and rutin 

compounds on anticholinesterase, urease, cytochrome P450, lipoxygenase, myeloperoxidase, xanthine 
oxidase, and NADPH enzymes. 

Enzymes Procyanidin B1 Procyanidin B2 Quercetin Rutin 

Anticholinesterase -10.5 -9.1 -7.2 -9.1 

Urease -11.1 -8.1 -7.7 -8.3 

Cytochrome P450 -12.8 -10.7 -8.8 -9.0 

Lipoxygenase -10.5 -10.6 -8.4 -9.6 

Myeloperoxidase -11.3 -10.4 -9.7 -10.0 

NADPH -13.0 -9.9 -8.5 -8.7 

Xanthine oxidase -7.9 -6.3 -8.5 -5.7 

 
Docking scores of reference molecules, galantamine 
for acetylcholinesterase is -7.7 kcal/mol and thiourea 
for urease is -3.2 kcal/mol. Butylated hydroxyanisole 
(BHA) docking scores for cytochrome P450, 

lipoxygenase, myeloperoxidase, NADPH, and 
xanthine oxidase enzymes are the lowest -5.4 
kcal/mol (for lipoxygenase) and the highest 
(xanthine oxidase) -6.3 kcal/mol. Ascorbic acid 
docking scores for cytochrome P450, lipoxygenase, 
myeloperoxidase, NADPH, and xanthine oxidase are 

the lowest -5.5 kcal/mol (for cytochrome P450) and 

the highest (xanthine oxidase) -6.2 kcal/mol. 
 
Taking into account the interactions of a few key 
chemicals and enzymes, Figure 2a shows that the 
rutin molecule has docked to the active site of the 
anticholinesterase enzyme with a binding affinity of -
9.1 kcal/mol and has formed typical hydrogen bonds, 

carbon-hydrogen bonds, hydrophobic pi-alkyl, and 
pi-sigma interactions. Conventional hydrogen bonds 
between the functional groups of the rutin molecule 
and the anticholinesterase amino acids have 

interaction lengths in the range of 1.86-2.93 Å. 
Thomas Steiner established a criterion for hydrogen 
bond strength. In the range of 1.2-1.5 Å, hydrogen 
bonding is very strong. It is moderate if it is between 

1.5 and 2.2 Å, and it is weak if it is larger than 2.2 Å 
(28). Rutin binds to the anticholinesterase active site 
with moderate interactions, according to these 
values. With a binding score of -11.1 kcal/mol, the 
Procyanidin B1 compound with the highest binding 
scores is docked in the catalytic region of the urease 

enzyme (Figure 2b). At the active site of the urease 

protein, the procyanidin B1 molecule has three 
conventional hydrogen bonds, five pi-alkyl, and one 
pi-anion interaction. Procyanidin B1's hydrogen bond 
lengths are typically in the range of 2.17-3.10 Å. 
Procyanidin B1 has weaker hydrogen bond contacts 
than rutin, but both compounds are macrocyclic; 
therefore it still has six pi-aromatic ring connections. 

Rutin, on the other hand, has three pi-alkyl and one 
pi-sigma ring interactions. High ring contacts prevent 
the ligand from being withdrawn, allowing it to attach 
more securely to the receptor. On xanthine oxidase 
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and cytochrome P450 enzymes, quercetin and 
procyanidin B2 exhibit similar actions (Figures 3a and 
b). With a binding score of -8.5 kcal/mol, quercetin 

is attached to the catalytic site of the xanthine 
oxidase enzyme and has two weak hydrogen bonds 
(2.73-2.96 Å). Procyanidin B2, on the other hand, is 
located in the catalytic region of the cytochrome 

P450 enzyme with a binding affinity of -10.7 kcal/mol 
and has three conventional hydrogen bond 
interactions in the 2.29-2.45 Å range, like the 

quercetin molecule. The chemicals quercetin and 
procyanidin B2 are thought to be key players in the 
pathophysiology of oxidative stress. 

 

 
Figure 2: (A) The 2D map of amino acid-ligand interactions and the position of the rutin on the 

acetylcholinesterase enzyme. (B) The 2D map of amino acid-ligand interactions and the position of the 
procyanidin B1 on the urease enzyme. 
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Figure 3: (A) The 2D map of amino acid-ligand interactions and the position of the quercetin on the 

xanthine oxidase enzyme. (B) The 2D map of amino acid-ligand interactions and the position of the 
procyanidin B2 on the cytochrome P450 enzyme. 

 

 
Figure 4: The H-bond interactions between Procyanidin B1 ligand and anticholinesterase, urease, 

cytochrome P450, lipoxygenase, myeloperoxidase, xanthine oxidase and NADPH enzymes. 
 
The hydrogen bond is the most important of all the 
directed intermolecular interactions. The procyanidin 
B1 molecule serves as a hydrogen bond giver and 

acceptor, and it is deeply buried in the catalytic sites 
despite its huge size (Figure 4). This increases the 
likelihood that the ligand will remain on the enzyme 
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at high pressure and temperature, functioning as an 
inhibitor and inhibiting the enzyme. In terms of score 
and ligand efficiency, procyanidin B1, procyanidin 

B2, quercetin, and rutin compounds appear to be 
superior than reference molecules (galantamine for 
anticholinesterase and thiourea for urease). Because 
of their naturalness, these compounds might be used 

as model inhibitors for the treatment of disorders 
connected to them. 
 
3.5. In silico ADMET Properties 
Table 4 shows the results of the compounds' ADMET 
investigations. The percentages of chemicals 

absorbed from the intestine range from 23.446 to 
77.207 percent. In comparison to other chemicals, 
rutin was determined to have poor intestine 
absorption based on pkCSM values. All of the studied 

compounds' Caco-2 permeability values were 
assessed to be low. All of the chemicals are thought 
to pass through the skin. Rutin and quercetin 

compounds have a large volume of distribution, 
whereas procyanidin B1 and B2 compounds have a 
low volume of distribution (VDss). All of the 
compounds were projected to have a poor blood-

brain barrier distribution and be unable to reach the 
central nervous system. The examined compounds 
are not thought to be metabolized by p450 enzymes, 
which are typically located in the liver. Not all of the 
compounds studied are expected to produce 
mutagenic or hepatotoxic effects. All phenolic 

chemicals are absorbed at a low level, according to 
ADMET calculations, and have no hazardous 
consequences (Table 5). 

 
Table 5: ADMET profile screening of compounds in the plant. 

Compounds Absorption 

 Caco2 
permeability 

(log Papp in 10-6 
cm/s) 

Intestinal 
absorption 

(human) 
(% Absorbed) 

Skin Permeability 

(log Kp) 

Procyanidin B1 -1.225 66.749 -2.735 
Procyanidin B2 -1.225 66.749 -2.735 

Quercetin -0.229 77.207 -2.735 
Rutin -0.949 23.446 -2.735 

 Distribution 

 
VDss (human) 

log L/kg 

BBB 
permeability 

(log BB) 

CNS permeability 
(log PS) 

Procyanidin B1 -0.158 -1.94 -3.983 

Procyanidin B2 -0.158 -1.94 -3.983 
Quercetin 1.559 -1.098 -3.065 

Rutin 1.663 -1.899 -5.178 

 Metabolism Excretion 

 CYP 450 
substrate 

CYP 450 
inhibitor 

Total Clearance 
(log ml/min/kg) 

Renal OCT2 
substrate 

Procyanidin B1 No No -0.085 Yes 
Procyanidin B2 No No -0.085 Yes 

Quercetin No No 0.407 No 
Rutin No No -0.369 No 

 Toxicity 

 

AMES toxicity Hepatotoxicity 
Oral Rat Acute 
Toxicity (LD50) 

(mol/kg) 

Skin 
Sensitisation 

Procyanidin B1 No No 2.482 No 
Procyanidin B2 No No 2.482 No 

Quercetin No No 2.471 No 
Rutin No No 2.491 No 

 

When the ROS system and transition metal ions are 

engaged for a lengthy period of time in the body, it 
disrupts the work of homeostatic proteins. It is one 
of the most common causes of sickness and its 
consequences. Polyphenols and flavonoids have a 
high hydrogen-donating capacity, allowing them to 

stabilize and delocalize unpaired electrons by 
forming hydrogen bonds with free radicals and 
preventing the Fenton reaction (29). Our present 
research has also demonstrated the antioxidant 
performance of several plant extracts in neutralizing 
free radicals and transition metal ions. Furthermore, 
in silico models are used in current experimental 

pharmacology to screen phytoconstituents in 

therapeutic plants that are being studied. An in silico 

docking analysis was also performed in this work to 
investigate the binding affinity of proposed 
antioxidants with a number of proteins implicated in 
oxidative stress induction. The identification of the 
lead hit molecule, which may be recognized in three 

ways, is aided by docking. Binding energy is defined 
as the sum of binding affinity, hydrogen bond 
interactions, and hydrogen bond residues. The 
compounds with the highest abundance in the plant 
were chosen and docked against five free radical 
producers, including lipoxygenase, myeloperoxidase, 
xanthine oxidase, cytochrome P450, and NAD(P)H 

oxidase, to discover the primary antioxidant. By 
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changing the active site iron atom from Fe2+ to Fe3+ 
state, lipoxygenase oxygenates polyunsaturated free 
fatty acids (such as linoleic and arachidonic acid) to 

create lipid metabolites that contribute to pathogenic 
situations. Myeloperoxidase is mostly generated by 
circulating neutrophils, which play a crucial role in 
inflammation and oxidative stress processing. 

Although this enzyme kills microorganisms within 
cells, it also damages host tissue on the outside (30). 
Xanthine oxidase, a convertible form of xanthine 
dehydrogenase, is produced by a single gene. In 
epithelial, endothelial, and connective tissue cells, 
xanthine oxidase has been identified as the principal 

generator of oxygen radicals. This enzyme may be 
involved in oxidative stress, aldehyde detoxification, 
neutrophil mediation, and oxidative stress-mediated 
ischemia reperfusion (31). Drug metabolism in the 
liver is aided by CYP450 enzymes. The 
pathophysiology of inflammation, apoptosis, 
diabetes, hypertension, hypertrophy, and 

angiogenesis is linked to NADPH oxidase (32). The 
current study reflects the anti-binding oxidant's 
expected affinity for oxidative stress sites. 
 
Abelmoschus esculentus has long been used as a 
vegetable, and earlier research has revealed that the 
plant contains antibacterial, antioxidant, 

antidiabetic, anti-fatigue, anticancer, 
antihyperlipidemic, and neuroprotective effects. The 
biological activities of the plant are known to be 
glycosides, terpenoids, tannins, carotenoids, 
flavonoids, alkaloids, steroids, and phenolic 
compounds (33). All portions of the plant were 

extracted with crude methanol, aqueous soluble 
fraction, and n-hexane soluble fraction extracts, and 
their antioxidant properties were compared. 
According to the findings, aqueous soluble fraction 

extract (IC50:26.87 µg/mL) had stronger DPPH free 
radical scavenging activity than crude methanol 
(IC50:46.99 µg/mL) and n-hexane soluble fraction 

(IC50:29.37 µg/mL) extracts (34). Quercetin-3-O-
gentiobiopyranoside, quercetin-4''-O-methyl-3-O-β-
D-glucopyranoside, quercetin-3-O-[β-D-xyl-( 1--2)] 
-β-D-glucopyranoside, quercetin, L-tryptophan, 
isopropyl (9Z,12Z)–octadeca-9,12-dienoate, 
stigmasterol, stigmasterol-3-O- β-D-
glucopyranoside and uracil compounds were isolated 

from a 70% methanol extract of the plant's fruit (35). 
The DPPH radical scavenging activity of a methanol 
extract from the plant's seeds was examined, and it 
was shown to be lower than the standard compound. 
In addition, HPLC-DAD was used to examine 
procyanidin B1, procyanidin B2, quercetin, and rutin 

components in this investigation (14). In another 
investigation, the Soxhlet technique was used to 

extract 80% methanol and water extracts from the 
plant's seeds, and it was discovered that the 
methanol extract had higher ferric reducing power 
activity than the water extract (36). 
 

In vitro antidiabetic and antioxidant activities of 
methanol extract prepared from immature fruit of A. 
esculentus by the soxhlet method were investigated. 
In addition, in this study, the binding interaction of 
α-amylase and α-glucosidase with the extract was 
determined by molecular docking method. It was 
determined that the DPPH radical scavenging 

percentage of the extract at concentrations of 31–
1000 µg/mL varied between 1.618% and 13.487%. 
The enzymatic antioxidant activities of methanol 

extract such as catalase (CAT), peroxidase (POD) 
and superoxide dismutase (SOD) were found to have 
significant potentials with the values of 3.99±1.05, 
1.27±2.6 and 23.80± 0.03 U/mg protein, 

respectively. At a concentration of 50–200 µg/mL, 
the percentage of α-glucosidase and α-amylase 
inhibition was found to vary between 14.36±0.099% 
and 19.23± 0.172% and 15.89±1.877% and 37.19 
± 7.430%, respectively. The maximum glucose 
uptake percentage of the extract was found to be 

68.420±1.752% at 3 mg/mL extract and 5 mM 
glucose concentration. In silico analysis in this study 
also revealed that the ligand molecule can bind to α-
glucosidase and α-amylase molecules (37). 
 
Unlike the previous studies, we used the maceration 
process to prepare ethanol and water extracts from 

the plant seeds, and we tested their antioxidant 
activity using the DPPH, FRAP, and CUPRAC 
methodologies. The water extract was shown to have 
higher DPPH and FRAP antioxidant activity than the 
ethanol extract, according to the findings. This 
disparity shows that the explanation is due to the 
extraction procedure and the diversity of solvents 

utilized. This study also looked at the antiurease, 
anticholinesterase, and cytotoxic properties of both 
extracts. 
 
4. CONCLUSION 
 

In this study, the antioxidant, antiurease, 
anticholinesterase, and cytotoxic activities of various 
extracts of okra seed used by the public were 
investigated. It was determined that the water 

extract obtained from the seed of the plant had 
stronger antioxidant and antiurease activity than the 
ethanol extract. The antiacetylcholinesterase activity 

of the ethanol extract from the plant's semen was the 
greatest. Furthermore, the cytotoxic activity of the 
plant on the normal cell line (L-929) was investigated 
in this study owing to the plant's use as food, and no 
hazardous effects were discovered. Furthermore, the 
substances it contains have no mutagenic, 
hepatotoxic, or minnow toxicity effects, suggesting 

that the plant's seeds can be employed medicinally 
and nutritionally in the future. In terms of score and 
ligand efficiency, procyanidin B1, procyanidin B2, 
quercetin, and rutin compounds appear to be 
superior than reference molecules (galantamine for 
anticholinesterase and thiourea for urease). 

Furthermore, quercetin and procyanidin B2 
chemicals are thought to be key players in the 

pathogenesis of oxidative stress. 
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Abstract: Azides have garnered significant interest in chemical research for their diverse properties and 
applications, ranging from their use in airbags and detonators to their roles in photochemistry. Despite this 

attention, there remains a dearth of detailed studies focusing on the synthesis and characterization of 
binary azides. In this study, a robust and safe method for the synthesis of RbN3 via ion exchange is 
presented, addressing the inherent challenges associated with handling highly explosive alkali metal azides. 
The experimental procedure, conducted under stringent safety measures, resulted in the successful 
production of high-purity RbN3, as confirmed by X-ray powder diffraction (XRPD), Fourier-transform 
infrared spectroscopy (FTIR), and Raman spectroscopy analyses. XRPD data with the reference intensity 
ratio method (RIR) confirmed phase purity above 99 %, which is in good agreement with the elemental 

ratio found by SEM-EDX analysis. The synthesized RbN3 exhibited crystalline white powder morphology, 
free from impurities, thus demonstrating the efficacy of the ion exchange approach. X-ray powder 
diffraction (XRPD) and Vibrational spectroscopy analyses provided additional insights into the structure and 
purity of RbN3 in accordance with theoretical expectations; the characteristic vibrational modes for N3

- 
could be well found at the expected theoretical and experimental ranges. These findings show an easy, 
safe, and reliable method for synthesizing binary azides and contribute to a deeper understanding of azide 
chemistry, with implications for various scientific disciplines. 
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1. INTRODUCTION 
 
Azides were first discovered 100 years ago, and 
since then, they have received great attention due 

to their interesting chemistry and properties, such 
as shock and friction sensitivity and explosive and 
energetic nature. With such properties, the 
applications of azide compounds are rich from the 
binary azides (e.g., NaN3) in the fields of nitrogen 

sources, airbags, detonators, and biocides to the 
Heterolepticcomplex (C6H5)3PAuI[N3] in the field of 

photochemistry (1). The research on azide 
chemistry is also vast and contains many examples 
of Homoleptic Azido Complexes (1-6) and 
Heteroleptic Azido Complexes (7-9). The azide ion 
(N3-) acts as a terminal and a bridging ligand in 
these complexes, as shown in the literature 
(10,11). 

 
The azide chemistry was thoroughly investigated by 
Beck et al. starting in the 1960s (5). More recently, 

Haiges discussed the syntheses, properties, and 
crystal structures of various metal oxopolyazides 
(12). The coordination properties of the first binary 
titanium azides, including [Ti(N3)4], [Ti(N3)5]-, and 

[TiN3)6]2- were investigated (13). Christe et al. also 
studied the crystal structure and vibrational 
spectroscopy of the binary zirconium and hafnium 
polyazides [PPh4]2[M(N3)6] (M=Zr, Hf) (14). 
Polyazido adducts [(bpy)Ti(N3)4], [(phen)Ti(N3)4], 

[(bipy)2Zr(N3)4]2•bpy, and [(bipy)2Hf(N3)4]2•bpy 
were recently reported by Saal and coworkers (15). 

Many other successful examples of the synthesis 
and characterization of rich azide chemistry can be 
found in a recent review article by Beck et al. (5). 
In most of these investigations, the binary azides of 
alkali metals such as LiN3, NaN3, KN3, RbN3, and 
CsN3 that contain symmetric azide anions are used 
to synthesize the more complex compounds. These 

binary azides can be described as hard to handle, 
unstable, and decomposing when exposed to heat 
and light. Thus, it is important to obtain binary 
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azides using a safe and sound method. Most of the 
investigations use NaN3 directly in acidic or solvent 
mediums to directly synthesize other binary azides 

or complex azides that can lead to impurities and 
safety hazards, and there is a lack of research in 
the detailed synthesis and characterization of binary 
azides (16-18). These methods specifically consist 

of reacting a soluble inorganic azide (usually NaN3) 
with a soluble target compound salt, usually nitrate 
or acetate salts, in an aqueous solution, forming the 
target azide compound as a precipitate (19,20). 
However, in these methods, the precipitate could 
usually be contaminated with the cation originating 

from the educt azide (e.g., NaN3) and the anion 
coming from the target azide educt (e.g., nitrate or 
acetate). In addition, there is a lack of research on 
alternative synthesis methods for binary azides in 
literature (5,16). Therefore, herein, the high-purity 
synthesis and characterization of RbN3 via an ion 
exchange method are presented. As the soluble 

inorganic azide cation (e.g., Na+) is trapped in the 
ion-exchange column, and carbonates would react 
to form CO2(g), leaving the reaction vessel, high 
purity can be obtained at the end by this method. 
Binary azide, RbN3, is first synthesized through a 
column ion exchange method, and the compound is 
later crystallized through the evaporation of a 

solvent medium. The synthesis and physical 
characterization, through X-ray powder diffraction, 
FTIR, and Raman spectroscopy, are reported in 
detail. 
 
2. EXPERIMENTAL SECTION 

 
2.1. Synthesis 
Alkali metal azides have highly explosive natures, 
so all material handlings must be carried out with 

utmost care and under extreme safety cautions 
(e.g. protective shields, goggles, shock-resistant 
gloves etc.). Also, the minute amount of samples 

should be used in order to prevent damage in case 
of an explosion hazard. For the synthesis of alkali 
metal binary azides, first, the resin column (l = 800 
mm, Øi = 14 mm) was filled with acidic cation-
exchange resin (Merck). Then, the resin column was 
exchanged for an H+ cycle using a 1M solution of 
H2SO4. Distilled water was passed through the ion 

exchange column afterward to wash away the 
excess amount of H2SO4. Afterward, NaN3 (Merck 
99.9 %) was dissolved in water to obtain a 2M 
solution; 2M solution of NaN3 was then passed 
through the H+ loaded ion exchange column, 
resulting in HN3 (the drop rate of HN3 solution is 

adjusted to 5 mL/min.) at the end of the column 
reacting with Rb2CO3 as shown in Figure 1. 

 

 
Figure 1: Synthesis scheme of RbN3 via ion-

exchange method. 
 
In order to pass the newly formed HN3 through the 

ion column to the end of the column, distilled water 
was added continuously on top of the column to 
keep the ion-exchange resin wet during the 
exchange. The formation of HN3 at the end of the 
column was confirmed by checking the pH in 
different time intervals Table 1. 
 

Table 1: pH control for HN3 formation. 

Time (minutes) pH 

0 6.8 

5 6.5 

15 5.7 

20 4.9 

25 4.1 
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The other binary azides chosen from alkali and 
earth alkali metals can also be synthesized similarly 
with the change of carbonate source. The 

completion of the reaction (Rb2CO3 + 2HN3 → 2RbN3 
+ H2CO3) was controlled with the disappearance of 
any solid residue in the reaction and the pH control 

of the medium that should be in the range of ~ pH 
= 4. The white powder, RbN3 was obtained at the 
end by the evaporation of the remaining solvent at 
40-50 °C overnight. The evaporation temperatures 
above 50 °C should be prevented due to the 
explosive nature of azides. 

 
2.2. Characterization 
Fourier-transform infrared spectroscopy (FTIR) was 
measured with a Thermo Scientific Nicolet iS10 
spectrometer (a single reflection diamond 
attenuated total reflectance (ATR) module). 
Renishaw Raman microscope equipped with a 532 

nm laser as the excitation source was used to 

perform Raman spectroscopy. The phase and purity 
of RbN3 were determined by X-ray powder 

diffraction (XRPD) using a Rigaku MiniFlex X-ray 
diffractometer and Cu Kα1 radiation (operated at 15 
mA, 40 kV). Scanning electron microscope 

measurements were performed SEM, Thermo Fisher 
Quattro ESEM FE-SEM. 
 
3. RESULTS AND DISCUSSION 

 
At the end of the synthesis via the ion exchange 
method, a crystalline white powder was acquired. 
This powder was carefully ground in an agate 
mortar for the X-ray powder diffraction (XRPD) 
analysis, and excessive force was avoided during 

grinding to prevent the explosion of azides. The 
XRD powder pattern (XRPD) of the synthesized 
RbN3 is shown in Figure 2. The XRPD pattern of 
RbN3 synthesized via ion exchange method directly 
matches the theoretical pattern, and no impurity 
phases can be detected. The phase purity was 
found to be above ~ 99 %, which was calculated 

through the reference intensity ratio (RIR) method 
(21). 

 

 
Figure 2: XRPD pattern of the ion-exchange synthesized RbN3 vs the theoretical pattern (Crystallography 

Open Database no 1538340). 
 
The vibrational spectroscopy analysis is in good 

agreement with XRPD analyses in terms of 
confirming the high purity of the RbN3 phase after 
the synthesis and is also comparable to the NaN3 
phase. The common spectroscopic relevant unit in 
RbN3 can be assigned as the discrete (N3)– moiety 
with the symmetry D∞h. In line with this 
assignment, the vibrational spectra can be 

investigated in general within four well-separated 
wave regions (1,5,6,22). The vibrations' most 
common (N–N–N) stretching modes can be 

distinguished into two separate sets of frequencies 

between 1200–1500 cm–1 and 1700–2100 cm–1. 
The range 500–800 cm–1 is dominated by in and out 
of plane (o.o.p.) deformations δ(N–N–N) and γ(N–
N–N) of the azido group. The valence and bending 
vibrations of the metal nitrogen bonds, as well as 
lattice vibrations, appear below 400 cm-1, which 
cannot be clearly assigned due to their overlap in 

Raman spectra and device limitation in FTIR 
spectra. 
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Figure 3: FTIR spectrum of the ion-exchange synthesized RbN3 vs NaN3 educt. 

 
Specifically, the FTIR spectra of the synthesized 

RbN3 and the comparison to the NaN3 educt used 
for the synthesis are depicted in Figure 3. The 
valence modes for the azido group can be assigned 

to the peaks at ~ 2010 cm–1 and 1370 cm–1. The 
peaks below 1000 cm–1 stem from the bending 
modes of the azide moiety, as well as from 
combination modes, and the findings are in 

alignment with literature findings (1,5,6). The 
valence and bending vibrations of the metal 
nitrogen bonds are expected to appear below 400-
500 cm–1, but they are not recorded due to the 
device measurement limitation. 
 
The Raman spectra of the synthesized RbN3 and the 

comparison to the NaN3 educt used for the 
synthesis are depicted in Figure 4. Again, Raman 
spectroscopy analysis is in good agreement with 
XRPD and FTIR analyses in terms of confirming the 
high purity of RbN3 phase after the synthesis, and 
also directly comparable to the NaN3 phase 

confirming the reaction of Rb2CO3 with HN3 

producing RbN3. The peaks appearing at 1335 cm–1 
and 1265 cm-1 in the Raman spectrum of RbN3 can 
be assigned as the stretching modes of the azide 
group in RbN3 (17). The valence and bending 

vibrations of the metal nitrogen bonds are observed 

below 400 cm-1 in Raman spectra but are hard to 
distinguish due to the overlap in this region. 
Nevertheless, all analyses (XRPD, FTIR, and 

Raman) performed confirmed the successful 
synthesis via ion exchange method and revealed 
similar results in terms of the purity of the 
synthesized compound. 

 
Scanning electron microscopy (SEM)-EDX analysis 
of the ion-exchange synthesized RbN3 is depicted in 
Figure 5. The shape of the particles is not very well-
defined, and the crystallite size of RbN3 particles 
approximately ranges from 2 µm to 5 µm. These 
crystallites seemingly form larger agglomerates in 

the range of 20 to 50 microns. The EDX analysis 
confirms the phase pure synthesis that is in good 
agreement with XRPD, FTIR, and Raman analyses 
shown and discussed in detail. The elemental 
weight ratio for Rb and N were found to be 68.52 
wt-% and 31.48 wt-%, respectively, from the 

analysis, which is very close to theoretical values of 

67.03 wt-% and 32.97 wt-% expected for RbN3, 
and corroborating the high purity phase obtained by 
the ion-exchange synthesis. 
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Figure 4: Raman spectrum of the ion-exchange synthesized RbN3 vs NaN3 educt. 

 

 
Figure 5: SEM-EDX analysis of the ion-exchange synthesized RbN3. 

 
4. CONCLUSION 
 
In conclusion, azides have captivated the interest of 
researchers for over a century due to their 

intriguing chemistry and diverse applications, 
ranging from their use in airbags and detonators to 
various other fields. Even with the extensive 

exploration of azide chemistry in literature, there 
remains a gap in detailed research on the synthesis 
and characterization of binary azides. In this study, 
a robust and safe method for the synthesis of RbN3 

via ion exchange was presented. The meticulous 
experimental procedure, outlined with utmost safety 
precautions, yielded high-purity RbN3, as confirmed 



Afyon S. JOTCSA. 2024; 11(4): 1527-1534  RESEARCH ARTICLE 

1532 

by X-ray powder diffraction (XRPD), Fourier-
transform infrared spectroscopy (FTIR), and Raman 
spectroscopy analyses. X-ray powder diffraction 

(XRPD) coupled with the reference intensity ratio 
(RIR) analysis confirmed a phase purity above ~ 99 
%. The synthesized RbN3 exhibited a crystalline 
white powder morphology confirmed by optical 

observations and SEM-EDX analysis, devoid of 
impurities, thus affirming the efficacy of the ion 
exchange method. Further characterization analyses 
by vibrational spectroscopy (FTIR and Raman) 
provided additional insights into the structure and 
purity of RbN3, aligning well with theoretical 

expectations and confirming the successful 
synthesis. These findings underscore the 
importance of developing safe and reliable methods 
for the synthesis of binary azides and pave the way 
for future research exploring their potential 
applications across various fields. Moreover, this 
study contributes to the broader understanding of 

azide chemistry, offering valuable insights into the 
synthesis and characterization of complex azide 
compounds. 
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Abstract: Ethylene is the ripening hormone of fruits and vegetables. 1-Methylcyclopropene (1-MCP) is used 
as the inhibitor of the ethylene actions for extending the postharvest shelf life of the plants. To control the 
ripening and extending the shelf life of the plants, the adsorption characteristics of ethylene and 1-MCP on 
Al-doped graphene structure (AlG) were investigated as a gas sensing application by density functional theory 
(DFT) calculations. The geometric structures were optimized, HOMO and LUMO, energy gap, adsorption 
energies, the density of states (DOS), electrostatic potential (ESP) and the global reactivities were calculated 
for different distances between the adsorbed ethylene or 1-MCP and the adsorbent AlG. Chemisorption and 

physisorption interactions were analyzed. For the chemisorption process of ethylene and 1-MCP on AlG, the 
adsorption energies were 19.34 kJ/mol and 56.53 kJ/mol, respectively. Whereas for the physisorption 
process, the adsorption energies of ethylene and 1-MCP were -60.16 kJ/mol and -7.32 kJ/mol, respectively. 
As a result, it was presented that the AlG structure has sufficient characteristics to be a good adsorbent and 
a gas sensor of ethylene and 1-MCP. 
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1. INTRODUCTION 
 
Ethylene is widely known as the phytohormone 
responsible for the ripening of fruits and vegetables 
and its involvement in plant growth and development 

processes. It is naturally produced in plants via 
biochemical reactions defined as the Yang cycle (1). 
Additionally, ethylene gas added to the environment 
is also used in ripening rooms under modified 
atmosphere conditions. On the other hand, to 
prevent unwanted ripening the ethylene level better 
be continuously monitored inside the conservation 

chambers to maintain the appropriate storage 
conditions and to extend the shelf life of fruits and 
vegetables (2). Fruit suppliers will need information 
to reduce economic losses by control ripening time 
during fruit storage. For this purpose, the use of 
practical and sensitive sensors to be developed will 
be more efficient in completing the processes (3). 

 

1-Methylcyclopropene (1-MCP) (C4H6) has been 
developed commercially and is used as a synthetic 

plant regulator. It is a cycloalkene compound and 
exists as a gas at room temperature (4). Since it 
inhibits the ethylene receptor, it is used to delay the 
ripening and softening process of the plants by 
reducing the respiration rate. Due to the use of 1-

MCP for some fruits, color development slows down 
compared to those that are not used (5,6). It not only 
significantly reduces the respiration of the plants but 
also keeps the product hardness, brittleness, color, 
flavor, aroma and nutrients. As a result of this, the 
use of 1-MCP in the post-harvest preservation of 
fruits and vegetables has become widespread. On 

the other hand, no toxic properties and no detectable 
odor of its use have been reported (7-10). 
 
There are many studies in the qualitative 
determination of 1-MCP and various chemical 
reagents are needed for this (11). Due to the physical 
and chemical properties of the 1-MCP molecule, such 

as vapor pressure of 570 mm Hg at 25 °C and 

molecular weight of 54 g/mol, GC-MS or LC-MS/MS 
analysis methods are widely used for the analysis of 
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1-MCP, but effective and accurate quantitative 
analysis presents difficulties. 

 
However, since the molecular weight of 1-
methylcyclopropene is small, the traditional 
detection method cannot accurately quantify it due 
to the possibility of interference with trace volatile 

compounds in fruits and vegetables, and therefore 
the research needs of sensitive and accurate analysis 
techniques cannot be met (12). For this reason, since 
1-MCP is a gas molecule, the gas sensor to be 
developed will facilitate the detection process. 
 

Graphene, which is a flat mesh of regular hexagonal 
rings, is a two-dimensional monolayer structure 
containing only carbon atoms. Although graphene 
contains many carbon atoms in two dimensions, it 
contains only one layer of carbon in the third 

dimension, making it one of the thinnest materials 
with the best surface-to-weight ratio. Since its 

discovery in 2004 (13,14), many theoretical and 
experimental researches have been carried out on 
physical or chemical interactions of graphene and 
various metal-doped graphene structures with 
various chemicals. Recently, experimental and 
theoretical gas sensor studies have been reported for 
the detection of various gases such as NO2, N2O, 

H2O, HF, CO2 etc. on graphene (15-17). 
 
The Van der walls interaction between the carbon 
atoms of graphene and the atoms of the adsorbed 
gas molecule is relatively weaker than the other 
bonding types. In this respect, this interaction with 

the atoms of various adsorbed gas molecules could 

occur within the limit of a relatively close band of 
energies and/or bonding coordination. On the other 
hand, metal-doped graphene can interact with 
various gas molecules by the Van der walls, covalent 
and especially coordinate covalent bonding types due 
to their Lewis acid-base properties. In this respect, 

metal doping to graphene could improve the 
sensitivity and selectivity of graphene as a gas 
sensor. Recent studies have shown that various 
metal-doped graphene system has much higher 
adsorption energy and higher net charge transfer 
value than pure graphene due to Lewis acid-base 
interaction (18). After graphene is doped with N 

which has Lewis base propertied, carbon atoms lose 
electrons while nitrogen atom gain electrons. On the 
other hand, when graphene is doped with Al, which 

has Lewis acid properties, carbon gains electrons 
while aluminum atom loses electrons. The low 
frequency absorption peak of Al-doped graphene 

shifts the lower energy compared to pure graphene, 
making the transitions between π and π* easier. This 
situation shows that it can lead to an opened gap and 
reveals the feature of being used as a sensor (19). 
 
Many researches have been focused on metal-doped 
graphene such as Lewis acid Al, Si, P, B, Ge, Ga, etc. 

(20-23). Most recently, Al-doped graphene (AlG) was 
suggested to be a promising structure as a novel 
molecular sensor to NH3 (24), NO2 and N2O (25), CO 
and CO2 (26), some halo-methane (27), CH4 (28), 
etc. molecules. The B and N doped graphene have 

also been investigated for the toxic gaseous such as 
cyanide, formaldehyde and phosgene (29-31). 

Moreover, the interactions of various molecules such 
as acrolein (32), guanine (33), cyanuric fluoride (CF) 

and s-triazine (ST) (34) onto Al-doped graphene 
have also been examined theoretically. 
 
In this study, due to its importance for post-harvest 
preservation of some agricultural products, it was 

considered to design high-performance gas sensor 
study for the determination of ethylene and 1-MCP 
molecules. For this purpose, the adsorption of 
ethylene and 1-MCP molecules on Al-doped graphene 
structure (C2H4/AlG and 1-MCP/AlG, respectively) 
was investigated, using the density functional theory 

(DFT) calculations. The characterization of ethylene, 
1-MCP and AlG and also the adsorption of these 
molecules on the Al-doped graphene were 
investigated and compared in detail. 
 

2. EXPERIMENTAL SECTION 
 

2.1. Computational Details 
In this study, the first principles based on DFT 
calculations were performed (35,36) by using the 
Quantum ESPRESSO (QE) computational package 
(QE) (37-39). The ultrasoft pseudopotential (USPP) 
(40) approach for the core-valence interactions and 
Perdew-Burke-Ernzerhof (PBE) (41) approximation 

for the exchange-correlation functional have been 
applied as implemented in the QE package. A cubic 
unit cell and the structures were built by using 
XCRYSDEN (42) and VESTA (43) packages. In order 
to prevent the interactions between the adjacent 
structures, the dimensions of the cubic unit cell were 

set to 20 Å. In the DFT calculations, all atoms and all 

the bonds are relaxed. The AlG structure includes 36 
carbon atoms and 1 Al atom that was located at the 
center of the cluster structure. All dangling carbon 
atom bonds of the AlG were saturated with 15 
Hydrogen (H) atoms to neutralize the charge on the 
structure. The kinetic energy cutoff for the 
description of Kohn–Sham orbitals and for the charge 

density and potential were set at 50 Ry and 400 Ry, 
respectively. The convergence threshold for each 
consecutive self-consistency step was set at 10-8 Ry 
and 7x7x1 Monkhorst-Pack grid were used for k-
point sampling (44). The geometry of the structures 
was optimized and bond lengths were determined. 

Highest occupied molecular orbital (HOMO) and 
lowest unoccupied molecular orbital (LUMO) energies 
were calculated and the energy gap (Eg) was 

obtained by using the HOMO (EHOMO) and LUMO 
(ELUMO) energies. 
 
Eg = ELUMO - EHOMO     (1) 

 
The adsorption energies (Eads) were calculated by the 
following equation. 
 
Eads = Esystem – Eadsorptive – Eadsorbed   (2) 
 
where Esystem refers to the energy of C2H4/AlG or 1-

MCP/AlG, the adsorptive energy (Eadsorptive) is the 
energy of AlG and Eadsorbed is the energy of ethylene 
or 1-MCP. Density of states (DOS) and electrostatic 
potential (ESP) were calculated. The global indices of 

reactivity of the structures were investigated by 
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calculating the chemical hardness (η), chemical 
potential (μ) and electrophilicity (ω) (45-47). 

 

𝜂 =
(ELUMO – EHOMO )

2
     (3) 

 

𝜇 = −
(ELUMO + EHOMO )

2
    (4) 

 

𝜔 =  
𝜇2

2𝜂
      (5) 

 
3. RESULTS AND DISCUSSION 
 

3.1. The structure of ethylene, 1-MCP and AlG 
The structure of ethylene, 1-MCP molecules and AlG, 
which was optimized by DFT calculations, was 
presented in Fig. 1 and the optimized bond lengths 
were listed in Table 1, respectively. From Table 1, 1-
MCP, being a cyclopropene, has a shorter π-bond of 

1.2994 Å (C1M-C3M) than that of the ethylene, 

1.3317 Å. A similar difference was also observed 
between the C-H bonds of 1-MCP (1.0828 Å) and 
ethylene (1.0907 Å). 

The optimized structure of AlG was presented from 
the top and the side views in Fig. 1(c) and Fig. 1(d). 

The 2 sp2 - 3 sp2 hybridization of the three carbon 
atoms in the graphene with the aluminum atom 
disrupts the planarity at an angle of 120 degrees and 
turned the planar structure of graphene into an 
umbrella-like structure. Moreover, the empty pz 

hybrid orbital of octet-deficient aluminum gave the 
AlG extraordinary properties such as Lewis acidity 
(48). The calculated bond lengths of the Al atom with 
the neighboring C atoms (1,846 Å) were slightly 
greater than the C-C bond length in the pristine 
graphene structure (Table 1). At the same time, the 

C-C bond lengths of the other neighboring C atoms 
were different from those of the graphene. In other 
words, since the remarkable negative potential 
distributes on the location of the Al atom, in the 
aluminum-centered-doped graphene (AlG) the 

aromatic homogeneity of the pure graphene was 
changed, relatively. 

 

 

 
Figure 1: The optimized geometric structure of ethylene (a), 1-MCP (b) and top (c) and side (d) views of 

AlG. 

 

Table 1: The optimized bond lengths of ethylene, 1-MCP and AlG. 

C2H4 (Å) 1-MCP (Å) AlG (Å) 

C1E-C2E 1.3317 C1M-C2M 1.5109 C1-Al 1.8466 C4-C5 1.4781 

C1E-H1a 1.0907 C2M-C3M 1.5117 C2-Al 1.8466 C5-C6 1.4780 

  C1M-C3M 1.2994 C3-Al 1.8466 C6-C21 1.4397 

  C3M-C4M 1.4716 C3-C4 1.4114 C19-C20 1.3652 

 
3.2. Orbital Analysis of Ethylene, 1-MCP and AlG 
Frontier molecular orbitals (HOMO and LUMO) and 
the HOMO and LUMO energies and the DOS of 

ethylene, 1-MCP and AlG were calculated and 
presented in Fig. 2, Fig. 3, Fig. 4 and Table 2, 
respectively. As can be seen in Fig. 2, the HOMO of 
ethylene was symmetrically localized on the C1E-C2E 
bond and the LUMO was on the opposite side. The 

HOMO of 1-MCP was relatively located more on the 

carbon atom C1M due to the inductive effect of the 
methyl group (Fig. 3). The energy gap (Eg) of 1-MCP, 
that was calculated by using Eq. (1), (Eg = 5.01 eV) 

was smaller than that of ethylene (Eg= 5.68 eV). 
 
In Fig. 4, the HOMO of AlG was partially localized 
over the aromatic π-clouds in the carbon rings, while 
the LUMO was mainly centered over the Al atom of 

the AlG. Depending on that the greatest extension of 
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LUMO shape was on the Al atom, the electrophilic 
reactions between ethylene or 1-MCP and AlG were 

expected to be observed on the Al atom. The HOMO 
and LUMO energies of AlG were -4.47 and -3.01 eV, 
respectively and the energy gap was 1.48 eV (Table 

3). In addition to these, due to the relatively lower 
LUMO energy with respect to that of ethylene and 1-

MCP, AlG can be considered to be a good electron 
acceptor to adsorb the ethylene or 1-MCP molecules. 

 

 
Figure 2: The graph of DOS as a function of energy and the HOMO and LUMO and energy gap of ethylene. 
 

 
Figure 3: The graph of DOS as a function of energy and the HOMO and LUMO and energy gap of 1-MCP. 
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Figure 4: The graph of DOS as a function of energy and the HOMO and LUMO and energy gap of the AlG. 

 
3.3. Adsorption of Ethylene and 1-MCP 

Molecules on AlG and Global Reactivity Analysis 
Ethylene and 1-MCP can be physically and chemically 
adsorbed on AlG structure. In order to investigate 
both of these absorption mechanisms of ethylene and 
1-MCP on AlG, the adsorption was analyzed by 

considering the two structurally optimized systems, 
that in the first one the adsorbed molecule was 

relatively nearer to AlG than that in the second one, 
for each of the adsorbed molecules. In this respect, 
to determine the corresponding chemical and 
physical adsorption distances between the adsorbed 
molecules and the adsorbent structure in the first 
step of the analysis, a series of structural geometry 
optimizations and energy convergence analyses were 

performed for each of the molecules. As a result, for 
the physical adsorption mechanism of ethylene and 
1-MCP at position 1 (P1) (2.38 and 2.45 Å, 
respectively) and for the chemical adsorption 
mechanism of them at position 2 (P2) (2.12 and 2.09 
Å, respectively) were determined and presented in 

Fig. 5-8. 

 
Ethylene molecule is π-ligand and it bonded to AlG as 
η2 bridging ligand. 1-MCP molecule was bonded to 
AlG by a coordinate covalent bond, due to both the 
inductive effect of the methyl group and the steric 
factor. These differences in the bonding were also 

confirmed by the difference in the bond lengths in the 
optimized structure (Table 2). According to Fig. 5, 
the ethylene molecule was physically adsorbed at a 
distance of 2.38 Å, while it was chemically absorbed 
as a η2 bridging ligand at a bond length of 2.12 Å 
(Fig. 6). On the other hand, in Fig. 7, 1-MCP was 
physically adsorbed at a distance of 2.45 Å, while it 

was chemically adsorbed with a coordinated covalent 
bond with a bond length of 2.09 Å (Fig. 8). The 
difference in bond lengths highlights that 1-MCP was 

better adsorbed than ethylene on AlG. 

The HOMO and LUMO energies of ethylene and 1-

MCP on AlG (C2H4/AlG and 1-MCP/AlG, respectively) 
for P1 were -4.15, -2.61 eV and -4.18, -2.69 eV, and 
for P2 were -4.19, -2.63 eV and -4.09, -2.57 eV, 
respectively (Table 3). Since aluminum atom has one 
valence electron less than that of carbon atom, AlG 

is an electron-deficient system. During the 
adsorption, there occurs an electron transfer from 

ethylene and 1-MCP molecules onto AlG. It was 
observed that ethylene forms a π-complex (a trigonal 
ring), and on the other hand, the bonding structure 
of 1-MCP over C1M carbon was relatively more stable, 
due to the steric and inductive effects of the methyl 
group. 
 

Comparing the DOS of AlG (Fig. 4) to that of the 
C2H4/AlG and 1-MCP/AlG (Fig. 5, 6, 7, 8), a change 
in the confirmation of hybridization was determined. 
The Eg values of C2H4/AlG and 1-MCP/AlG structures 
were slightly greater than that of AlG for both 
positions (P1 and P2) (Table 3). 

 

The global indices of reactivity of ethylene, 1-MCP, 
AlG, C2H4/AlG and 1-MCP/AlG were presented in 
Table 3, where chemical hardness (η), chemical 
potential (µ), electrophilicity (ω) were calculated 
using Eq. 3-5, respectively. The hardness of AlG 
decreases by the adsorption of ethylene or 1-MCP. 

The electrophilicity of AlG was higher than that of 
ethylene and 1-MCP. The adsorption energy (𝐸𝑎𝑑𝑠) of 

ethylene and 1-MCP, that was defined in Eq.2, was –
60.16 kJ/mol and -7.32 kJ/mol for P1 and 19.34 
kJ/mol and 56.53 kJ/mol for P2, respectively. The 
larger the adsorption energy and the shorter the 
distance between the adsorbed molecule and AlG 

suggest that 1-MCP has a better chemical bonding 
than ethylene. 



Aydin F and Sel K. JOTCSA. 2024; 11(4): 1535-1544 RESEARCH ARTICLE 

1540 

 
Figure 5: The graph of DOS as a function of energy and the HOMO and LUMO and energy gap of the 

C2H4/AlG for position 1. 
 

 
Figure 6: The graph of DOS as a function of energy and the HOMO and LUMO and energy gap of the 

C2H4/AlG for position 2. 
 

 
Figure 7: The graph of DOS as a function of energy and the HOMO and LUMO and energy gap of the 1-

MCP/AlG for position 1. 
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Figure 8: The graph of DOS as a function of energy and the HOMO and LUMO and energy gap of the 1-

MCP/AlG for position 2. 
 

Table 2: The optimized bond lengths of C2H4/AlG and 1-MCP/AlG for position 1 (P1) and position 2 (P2). 

 
C2H4 / AlG 
(P1) (Å) 

C2H4 / AlG 
(P2) (Å) 

1-MCP /AlG 
(P1) (Å) 

1-MCP/ AlG 
(P2) (Å) 

C1-Al 1.8873 1.8489 1.8537 1.8354 

C2-Al 1.8745 1.8350 1.8550 1.8288 

C3-Al 1.8752 1.8365 1.8556 1.8288 

C3-C4 1.4082 1.3998 1.4063 1.4055 

C4-C5 1.4762 1.4880 1.4758 1.4874 

C5-C6 1.4766 1.4873 1.4752 1.4838 

C6-C21 1.4416 1.4332 1.4380 1.4386 

C19-C20 1.3641 1.3605 1.3700 1.3645 

 
Table 3: The adsorption energy (Eads), HOMO and LUMO energies (EHOMO, ELUMO), energy gap (Eg), chemical 

hardness (η), chemical potential (μ) and electrophilicity (ω) of ethylene, 1-MCP, AlG, C2H4/AlG and 1-
MCP/Alg position 1 (P1) and position 2 (P2). 

 C2H4 1-MCP AlG 
C2H4/AlG 

(P1) 
C2H4/AlG 

(P2) 
1-MCP/AlG 

(P1) 
1-MCP/AlG 

(P2) 

Eads (kJ mol-1)    -60.16 19.34 -7.32 56.53 

EHOMO (eV) -6.73 -5.65 -4.47 -4.15 -4.19 -4.18 -4.09 

ELUMO (eV) -1.05 -0.64 -3.01 -2.61 -2.63 -2.69 -2.57 

Eg (eV) 5.68 5.01 1.48 1.54 1.56 1.49 1.51 

η (eV) 2.84 2.50 0.74 0.77 0.78 0.75 0.76 

μ (eV) 3.89 3.15 3.75 3.38 3.41 3.43 3.33 

ω (eV) 2.67 1.98 9.51 7.40 7.42 7.89 7.31 

 

3.4. The ESP Analysis 
The ESP map conveys information about possible 
reaction sites of electrophilic or nucleophilic attacks. 
The three-dimensional ESP of ethylene and 1-MCP on 
AlG were calculated and the ESP maps were 
presented in Fig. 9 by a blue-green-yellow colored 
spectrum of the cross-sectional plane, that is passing 

through the carbon atoms of ethylene or 1-MCP and 
the Al atom of AlG. The yellow color, that indicates a 

negative ESP, is the lower potential region that the 
charge is depleted most and the blue color, that 
indicates a positive ESP, is the higher potential. 
Additionally, the graded black curves on the cross-
sectional view of the ESP (Fig. 9) represent the equal 
ESP curves. Accordingly, the ESP maps shows that 
the Al atom is on a level of lower potential, which 

indicates a higher nucleophilic reactive site. In Fig. 9, 
the ESP changes color around the C, H and Al atoms. 
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Figure 9: The electrostatic potential (ESP) map of (a) AlG, (b) C2H4/AlG and (c) 1-MCP/AlG. The graded 

black curves represent the equal ESP curves. 

 
4. CONCLUSION 
 
In the present study, the adsorption and activity of 

ethylene and 1-MCP molecules on Al-doped graphene 
(AlG) as a theoretical point of view were 

characterized through structural geometry 
optimization, HOMO and LUMO, adsorption energy, 
global reactivity and ESP calculations by using the 
DFT calculations. 
 
The HOMO was located on the alkene carbon atoms 
of the ethylene and 1-MCP molecules while LUMO 

was located on the aluminum atom in AlG. From the 
HOMO/LUMO graphs corresponding to the 
interactions of the studied molecules, it is seen that 
the carbons of the interacting ethylene contribute 
largely to the HOMO, while in 1-MCP, the interaction 
center is different due to the steric and inductive 
effects of the methyl group. Global reactivity 

analyses confirmed that Al-doped graphene treats as 
electron acceptor and so ethylene and 1-MCP 
molecules treat as electron donor. So, the chemical 
hardness of the Al-doped graphene (0.74 eV) is lower 
than that of ethylene and 1-MCP (2,84 and 2.50 eV, 
respectively) and also the values of electrophilicity 

index (9.91 eV) is higher than of the ethylene and 1-
MCP (2.67 and 1.98 eV, respectively) molecules. The 
adsorption energies of the ethylene and 1-MCP 
molecules in interaction with Al-doped graphene 
were calculated as -60.16, 19.34, -7.32 and 56.53 
eV for P1 and P2 adsorption mechanism, 
respectively. The chemical and physical adsorptions 

of these gas molecules by AlG were effectively 
confirmed by different analyses such as ESP and 

DOS. According to these results, AlG is capable to be 
a new gas sensor for the adsorption of both ethylene 

and 1-MCP molecules. Moreover, these analyses 
implied that AlG is a better adsorbent/gas sensor for 
1-MCP molecule than ethylene molecule. 
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Abstract: In conclusion, the sulfur wastes obtained from chemical and thermal methods for sulfur 
purification in the Mashreq field has been present for decades in significant quantities, approaching two 
million tons, with its harmful impact on the environment. Our research focused on using a different 

approach by utilizing the acidic sulfur wastes (foam) as a source of sulfuric acid and elemental sulfur 
containing bituminous materials. The goal was to make use of the sulfuric acid present in the sulfur wastes 
to oxidize bituminous materials. This was achieved by mixing various proportions of elemental sulfur at a 
temperature of 150-160 °C to achieve the best viscosity while monitoring chemical and spectroscopic 
changes using SEM, XRD, and FTIR devices. The aim was to eliminate the negative effects of bituminous 
and acidic materials and repurpose sulfur wastes, converting it into economically and scientifically valuable 
materials. The filtration of molten elemental sulfur from foam was conducted using a specially designed 

metal filter for the filtration process, along with the use of a filtration aid. This process successfully 
recovered 81% of the elemental sulfur, and the results met the Iraqi Standard Specification 2199. 
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1. INTRODUCTION 
 

Various methods are employed in the extraction of 
elemental sulfur, ranging from chemical methods 
using chemical substances to thermal methods 

using heat, or using physical methods through using 
clayd or suitable hydrocarbon solvents Al-jubori MO 
(1). Jasim HS et al. (2) extracted elemental sulfur 
from sulfur deposits in the Mashraq mine by adding 

concentrated sulfuric acid within a temperature 
range of (130-190) °C and in the presence of air. 
The effect of air on the carbon particles formed due 
to the carbonization of organic materials by the air 
and sulfuric acid became evident through an 
increase in their size and agglomeration as a result 
of the increased polarity of the system. Ibrahim (3) 

successfully recovered sulfur from the sulfuric 
wastes residues left behind by the chemical method 
using a solvent, kerosene, with a 91%Treating 
molten sulfur with concentrated sulfuric acid to 
oxidize organic matter and then adding a type of 

silica earth (celite) to adsorb organic matter and 

facilitate separation of heavy molten sulfur from the 
foam layer. Alkhafaji et al. (4) employed an 

undisclosed hydrocarbon solvent for extracting 
elemental sulfur from solid sulfuric wastes residues 
resulting from the thermal method. Shareef et al. 

(5) was able to recover 75% of the elemental sulfur 
present in the sulfuric wastes residues, known as 
"foam," using air-based thermal treatment within a 
temperature range of 130-180 °C, under industrial 

filtration conditions. 
 
Patwardhan (6) were able to recover sulfur from 
industrial wastes rich in sulfur by raising the 
temperature to its boiling point and then 
condensing the resulting sulfur, which is 
characterized by high purity and direct usability for 

industrial and agricultural purposes. Masotta et al. 
(7) and others used a rotary kiln to burn the sulfur 
filtration residues in a concentrated sulfuric acid 
reactor known as "cake", which is rich in sulfur. 
Sulfur is burned in the range of 1100-1400 °C to 

obtain sulfur dioxide gas, which is used in the 
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production of sulfuric acid. Golub et al. (8) and 
others recovered elemental sulfur by heating sulfur-

rich residues between 120-160 °C to separate solid 
materials. Then, they heated the remaining 
substances between 450-500 °C to produce sulfur 
vapor, which was passed into condensers operating 
in the range of 120-140 °C to obtain molten sulfur. 

The residue left in the furnace consists of wastes 
materials. In our research, we used both foam-
containing bituminous impurities and sulfur with 
organic materials in the production of sulfuric acid. 
 
2. THE EXPERIMENTAL METHOD 

 
1. The Air blowing instrument of the Dawson Mc 

Dawson type. 
2. The air blowing device of the Dawson McDawson 

variety. 

3. A German (delto) style electrical furnace that 
can reach temperatures of up to 1100 °C. 

4. The Hamburhao Shaker Germany electric motor 
gadget. 

5. Mantel Heater. 
6. The Fifth Ae ADAM Sensitive Balance. 
7. The Expert Phillips Holland X-Ray Diffraction 

Device 9. 
8. Energy Dispersive Spectroscopy Eds Tescan 

Mira3 France. 
9. French SEM Tescan Mira3 10. Using electron 

microscopy. 
10. Raw materials: sulfur residues, mattress 

sulfur, ethanol, phenolphthalein 
 

2.1. The Raw Materials' Preparation 

Preparation of models of sulphur and sulphur 
residues by mixing vomit and sulfur bed ratios 
according to the following table. 
 

No %Mining Sulfur %Foam 

1 5 95 

2 10 90 

3 15 85 

4 20 80 

5 25 75 

6 30 70 

 
2.2. Oxidation Using Sulfur Residues and Air 
Weigh 5 grams of powdered sulfur and 95 grams of 

foam. Place this mixture into a three-necked round-
bottom flask. In the first neck, insert a 
thermometer, the second neck is connected to a 
condenser, and the third neck is connected to an air 
supply at a rate of 120 cm3/min. Melt the sulfur at a 
temperature between 150 °C and 160 °C, and 

maintain this temperature for one hour. Monitor the 
temperature within the specified range. After 
completion, pour the resulting sample into a special 
mold. Repeat this process for the other proportions 
as specified in the table until obtaining the desired 
samples. After the oxidation process, perform 
chemical analyses on the samples, including 

measuring acidity, extracting organic material, and 
determining the carbon content. Additionally, 
conduct XRD (X-Ray Diffraction), SEM (Scanning 

Electron Microscopy), EDS (Energy-Dispersive X-

Ray Spectroscopy), FTIR (Fourier Transform 
Infrared Spectroscopy), and mapping histogram 

measurements for each sample 
 
2.3. Estimation of Acidity in Sulfur Residues 
and Oxidized Samples 
Place 10 grams of sulfur residues, 2 mL of ethanol, 

and 200 mL of distilled water in a beaker. Mix the 
components thoroughly. Cover the beaker with a 
watch glass and heat it on an electric hot plate until 
it boils. Boil for 15 minutes. Allow it to cool to room 
temperature, then filter it into a 250 mL volumetric 
flask. Wash the residue with distilled water and 

complete the volume to the mark. Transfer 100 mL 
of the filtrate to an Erlenmeyer flask and titrate with 
0.01 N sodium hydroxide using phenolphthalein as 
an indicator. Prepare a standard solution by 
dissolving 10 mL of ethanol and 90 mL of distilled 

water. Heat until boiling for 15 minutes, cool, and 
titrate with sodium hydroxide using the same 

indicator. Repeat the experiment for the remaining 
oxidized samples. Calculate the acidity based on the 
sulfur residues using the following equation: 
 

% H2SO4= 
𝐹 (𝑉−𝑉1)

𝑊
 

 
V = Volume of sodium hydroxide used for titrating 
the sample. V1 = Volume of sodium hydroxide used 
for the standard solution. W = Weight of the 
sample. F = A constant that can be determined 

after finding the standardized NaOH through 
titration with a 0.01 N HCl solution with known 
concentration (1). 

 
F = N. exact × 4.9 × 2.5 
 
2.4. To Measure The Carbon Content (Carsul) 

in Sulfur, Sulfur Residues, and Oxidized 
Samples: For Carbon Extraction from Sulfur 
Residues and Oxidized Samples 
Place 10 grams of the sample (sulfur, sulfur 
residues, or oxidized samples) into a 250 mL glass 
flask. Add 2 mL of 96% ethanol and 25 mL of a 
10% sodium hydroxide solution. Heat the mixture 

using a Bunsen burner to a temperature of 80-90 
°C for two hours while stirring continuously. Filter 
the mixture through a G4-grade filter funnel. Rinse 
the residue several times with hot water and dry it 
in an oven at 80 °C for one hour. Treat the residue 

several times with 5 mL of carbon tetrachloride until 

it becomes colorless. Drip dry the organic material 
and dry it at 105 °C for 24 hours. Weigh the dried 
organic material and calculate its percentage, 
representing the organic material content in the 
oxidized samples. The remaining residue on the 
filter paper is dried again at 80-90 °C, collected, 
weighed, and its percentage calculated (9). 

 
2.5. To Estimate the Free Sulfur Content in 
Mined Sulfur 
Weigh 0.5 grams of finely ground sulfur and place it 
in a 250 mL glass flask. Add 50 mL of a 20% 
sodium thiosulfate solution. Attach a reflux 
condenser and heat for five hours while stirring. 

Transfer the solution to a separation funnel, 

allowing two layers to form (organic and water). 
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Separate the water layer, filter it, and transfer it to 
a 250 mL volumetric flask. Complete the volume 

with distilled water to the mark. Transfer 25 mL of 
the solution to an Erlenmeyer flask, add 20-30 mL 
of water, 1-2 drops of phenolphthalein indicator, 
and 5 mL of a 20% formaldehyde solution. The 
solution should turn gray. Leave the sample for five 

minutes, add acetic acid drop by drop until the gray 
color disappears, and titrate with 0.1N iodine 
solution, using starch solution as an indicator. 
Record the volume of iodine used in the titration 
and calculate the free sulfur percentage according 
to the given equation. Repeat the same experiment 

to calculate the free sulfur percentage in sulfur 
residues (1). 
 

Free sulfur %= V.of I2 *N.of I2 
𝐄𝐪 .𝐰𝐭 𝐨𝐟 𝐬𝐮𝐥𝐟𝐮𝐫

𝟏𝟎𝟎𝟎
∗

𝟐𝟓𝟎

𝟐𝟓
∗𝟏𝟎𝟎 

𝑾𝒕 𝒐𝒇 𝒔𝒂𝒎𝒑𝒍𝒆
 

 
3. RESULTS AND DISCUSSION 
 
Considering the undesirable properties added by the 
bituminous materials impregnated in sulfur 

extracted by the Frasch method (10), such as the 
change in its color from yellow sulfur to dark brown 

sulfur, as well as their economic effects in reducing 
the market value of sulfur and their negative impact 

on reactions, various methods have been developed 
to eliminate these materials to obtain pure sulfur. 
These methods have ranged from chemical methods 
using oxidizing agents such as concentrated sulfuric 
acid and nitric acid to thermal methods, thermal 

oxidation methods This method is known as 
submerged combustion distillation The filtration unit 
consists of three main units: the bath burning unit, 
the sulfur recovery unit, and the filtration unit, and 
physical methods using solvents or adsorption on 
special carriers. In this research, sulfuric acid 

present in sulfur wastes (foam) was used for the 
purpose of oxidizing bituminous materials. The 
research included the following: 
 
3.1. Study of The Composition of The Raw 

Materials 
To monitor the changes that occur in the 

composition of the raw materials, represented by 
elemental sulfur and sulfur wastes (foam), the 
results recorded in Table (1). 

 
Table 1: Main components of mining sulfur and sulfur wastes (foam). 

Sulfur Wastes (Foam) Mine Sulfur Parometer %wt Hem 

0.00 1.011 Bitumenous materials 1 

1.2432 0.134 Carbonous materials 2 

0.833 0.00 4SO2Acidity as H 3 

 

were obtained. From Table (1), it can be observed 
that elemental sulfur is characterized by a high 
content of bituminous materials known for their 
negative effects. The sulfur wastes (foam) were also 
characterized by its acidity as a result of the use of 

concentrated sulfuric acid in carbonizing and 
oxidizing bituminous materials (10). The above 
indicates the availability of suitable conditions for 
purifying elemental sulfur on one hand and 
eliminating the negative effects of both bituminous 
and acidic materials, as well as utilizing sulfur 
wastes (foam) on the other hand. 

 

3.2. Study of Purification of Elemental Sulfur 
The study of purifying elemental sulfur involved 
several stages as follows 
 
Reaction of Raw Materials at a Thermal Range of 

150-160 °C To reach the minimum viscosity: 
Different proportions (5%, 10%, 15%, 20%, 25%, 
30%) of elemental sulfur were mixed with foam and 
thermally treated at a temperature of 150-160 °C 
to maintain the viscosity within the specified limits. 
Changes in the carbosulfur, bituminous, and acidic 
materials were monitored. The results obtained are 

illustrated in Table (2). 
 

Table 2: The main components of the mined sulfur mixture are foam in different proportions and heat 
treated with a temperature range of 150-160 °C. 

Bitumenous 
Materials % 

Acidity as 
H2SO4 % 

Carbon-sulfur 
Materials % 

Ratio of Mine 
Sulfur % 

No 

0.00 0.800 2.618 5 1 

0.00 0.379 3.873 10 2 

0.041 0.376 4.002 15 3 

0.024 0.3675 4.652 20 4 

0.025 0.316 4.996 25 5 

0.012 0.235 5.249 30 6 

 

Basic components of foam-mixed elemental sulfur 
at different ratios and thermally treated at a 
thermal range of 150-160 °C. To align the results 
with the required standard specifications, it is 
necessary for the decrease in both bituminous and 
acidic materials to be parallel. Therefore, different 

quantities of elemental sulfur were used to achieve 
the best conditions and results. From the table 

above, it can be observed that even though the 
percentage of bituminous materials decreased in 
experiments (1,2), the acidity remains high, causes 
a black mass that covers the equipment, and the 
presence of these materials causes blockage of 
valves and sewers and slows down the transfer of 

heat, which leads to corrosion of the equipment 
(12) which affects the quality of sulfur by impacting 
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equipment, whether during loading or use. With an 
increase in the quantity of elemental sulfur, there is 

a presence of bituminous materials, albeit in low 
amounts, which can still influence the color of 
industrial sulfur. Despite the decrease in acidity, it 
did not approach the required standard 
specifications (Iraqi Standard Specification). 

 
3.3. Study of Carbosulfur Materials Extracted 
by Sodium Hydroxide Solution 
To comprehensively address the topic and propose 
appropriate treatments, the nature of the 

carbosulfur materials present in foam and the 
resulting reaction between sulfuric acid and 

bituminous materials or sulfur and bituminous 
materials were studied. Nature of Carbosulfur 
Materials of Raw Materials: 
 
The nature of carbosulfur materials was studied 

using scanning electron microscopy Scanning 
electron Microscopy (SEM), and the images 
captured in sulfur wastes (foam) and elemental 
sulfur showed that they have nanoscale fine nature 
with spherical and semi-spherical shapes. 

 

  
Figure 1: Scanning electron microscope (SEM) analysis of the reaction of raw materials with a temperature 

range of 150-160 °C in the presence of air. 
 
The figure also indicates that the granular size of 

carbosulfur materials in sulfur wastes ranged from 
(60.08-43.28) and in elemental sulfur from (73.83-
56.67). The presence of carbosulfur materials of 

these sizes requires special conditions for industrial 
sulfur filtration. X-ray Energy Dispersive 
Spectroscopy (EDS) study associated with SEM 

technology revealed the elemental arrangement of 

these materials. Elemental arrangement determined 
by (EDS) Reaction of Raw Materials at a Thermal 
Range of 150-160 °C in the Presence of Air: To 

obtain optimal conditions, the same experiments 
(1-2-3) were conducted in the presence of air, and 
the same changes were monitored. 

 
Table 3: The main components of the mixture of mined sulfur and foam in different proportions, which are 

heat treated with a temperature range of 150-160 °C. 

Bitumen Acidity % 
Carbon Sulfur 
Materials% 

Ratio of Mine 
Sulfur% 

No 

0.033 0.5145 3.942 5 1 

0.028 0.3185 4.303 10 2 

0.023 0.3082 4.948 15 3 

0.017 0.252 5.050 20 4 

0.016 0.119 6.173 25 5 

0.005 0.005 8.694 30 6 

 
Illustrates the most important results obtained: 
Table (3): Basic components of a mixture of 

elemental sulfur and foam at different ratios, 
thermally treated at a thermal range of 150-160 °C. 
From the table, it can be observed that there is a 
parallel decrease between bituminous and acidic 
materials, accompanied by an increase in 
carbosulfur materials. The mine sulfur ratio yielded 
the best results, achieving two goals 

simultaneously: getting rid of bituminous materials 
in elemental sulfur and the acidity present in the 

foam. After obtaining positive results, before 
starting the filtration processes, it is essential to 

study the nature of the carbosulfur materials 
resulting from both treatments. 

 
Table 4: Studying the nature of carboxy sulfur 
materials resulting from thermal and pneumatic 

treatment. 

Foam Mine Sulfur Element %wt No 

22.36 26.98 Carbon 1 

77.47 69.68 Sulfur 2 

0.17 3.34 Oxygen 3 
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From the table above, it is noticeable that 
carbosulfur compounds primarily consist of sulfur 

and carbon chemically bonded (11), along with a 
small percentage of oxygen. One of the main 

objectives of purifying elemental sulfur is to 
separate these materials from the elemental sulfur 

in a suitable manner, as shown in the figure. 

 

 
Figure 2: The X-ray power spectrum EDS for the basic components of carbs. 

 
3.4. Study of The Nature of Carbosulfur 
Materials in The Thermally and Thermally-Air 
Treated Reaction Mixture 

The percentage of the major elements in the 
carbosulfur materials of the mixture of elemental 
sulfur and foam was theoretically calculated to 
understand the changes resulting from the reaction 
conditions, We note from the table the percentages 
(C%. S%O%.) are not parallel due to the elements 
present in the device’s detector and materials 

added to the model to increase its electrical 
conductivity. as shown in Table (5). 
 
 
 
 

 

Table 5: The main components of sulfur materials 
for the mixture of mine sulfur and foam calculated 

theoretically. 

%O S% C% % Mine Sulfur 

0.33 77.08 22.59 5 

0.49 76.69 22.82 10 

0.62 76.33 23.05 15 

0.70 75.92 23.38 20 

0.96 75.52 23.52 25 

1.12 75.13 23.75 30 

 

Major components of carbosulfur materials in the 
mixture of elemental sulfur and foam theoretically 
calculated. The carbosulfur materials resulting from 
the reaction between elemental sulfur and foam 

were separated and studied using scanning electron 
microscopy (SEM), as depicted in the Figure (3). 

 

 
Figure 3: Scanning electron microscopy (SEM) analysis of carboxylate materials after heat treatment. 

 
The figure shows an increase in the percentage of 
elemental sulfur and a decrease in granular size to 

(24.69 nm). The carbonaceous materials from the 

reaction of the bituminous material present in 
elemental sulfur with both sulfur and sulfuric acid 

did not undergo significant changes in granular size 
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so far. In the case of thermal-air treatment, an 
increase in granular size was observed. This is due 

to an increase in the polarity of carbosulfur 
materials, resulting from the entry of oxygen into 

the structure, leading to the aggregation of 
molecules with each other, as shown in the Figure 

(4). 

 

  
Figure 4: Scanning electron microscope (SEM) analysis of carboxylate materials after heat and air 

treatment. 
 
3.5. Filtration of Molten Elemental Sulfur from 
Foam 
The process of filtering molten sulfur differs from 

regular liquid filtration, requiring special conditions 
and equipment. To achieve this, a metal filter was 
used, consisting of an outer part that forms an oil 
bath made of carbon steel with a diameter of 3 cm 
and a length of 50 cm. It is externally heated and 

equipped with a thermostat to provide and adjust 
the appropriate temperature, which should be 

between 130-140 °C. The inner tube represents the 
actual filter, made of stainless steel with a diameter 
of 4 cm and a length of 53 cm, ending with a wire 
mesh made of stainless steel grade (110*24) with a 
diameter of 85 microns. It is connected from above 
to a tube for the passage of compressed air, 

exerting a pressure of 4 cm3/kg on the surface of 
the sulfur to accelerate the filtration process. The 
24/110 Stainless Steel Grade 304 Hollander Mesh 
offers numerous benefits for filtration applications. 
Its precise weave and dual wire thicknesses 

(0.35mm and 0.25mm) provide an excellent 
balance between strength and functionality, 
allowing for effective filtration with absolute micron 

retention of 110-112. Before starting the filtration 
process of the molten sulfur, a filtration aid, which 
is salt, was used to pass through the pure molten 
sulfur containing the filtration aid. Without this 
process, solid particles would quickly accumulate on 

the surface of the metal mesh, leading to its 
clogging, and the filtered sulfur would not achieve 

the required purity. The filtration aid is an inert 
material capable of forming a filtration layer, 
transferring the filtration process from the metal 
mesh to the entire mass of the filtration aid. After 
that, the molten sulfur was passed through for the 
purpose of filtration to obtain pure sulfur. Douglas 

managed to recover 81% of the elemental sulfur 
present in the fusion mixture. Table (6) shows the 
results obtained in comparison with the Iraqi 
Standard Specification 2199. 

 
Table 6: Specifications of pure sulfur resulting from the treatment of 30% sulfur mine smelt into foam, 

treated pneumatically and thermally with a range of 150-160 °C. 

Iraqi stardaid 2199 Pure sulfur Element%wt No 

99.6% 99.78 Sulfur 1 

0.08% 0.073 Carbon 2 

0.08% 0.006 Ash 3 

 
Table (6): Specifications of pure sulfur resulting 

from the treatment of a 30% mixture of elemental 
sulfur with foam, thermally and thermally-air 
treated at a range of 150-160 °C. From the table, it 
is evident that the filtered sulfur complies with the 
Iraqi Standard Specification 2199 for the year 2002. 
The purity of industrial sulfur is one of the most 
important factors determined by industries that 

consume it. This highlights the focus on getting rid 

of bituminous impurities, which are among the most 

significant impurities affecting sulfur purity. 

Bituminous materials resulting from the combustion 
of bituminous impurities would cover equipment 
surfaces, reducing their efficiency and requiring 
continuous cleaning. As for the sulfuric acid present, 
its corrosive effect on equipment is well-known. 
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4. CONCLUSION 
 

industrial sulfur has been purified, and a solution 
was found to eliminate critical impurities that 
negatively affect the quality of pure sulfur, 
specifically bituminous and acidic materials. These 
impurities were found in two different sources of 

elemental sulfur and elemental sulfur foam wastes. 
The process involved the reaction of elemental 
sulfur with sulfur foam wastes and a filtration 
procedure similar to industrial sulfur filtration, 
resulting in the production of pure sulfur that meets 
standard specifications. High-quality sulfur is 

produced using the Claus method and submerged 
combustion distillation 
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Abstract: Techniques for weight loss, electrochemistry, scanning electron microscopy (SEM), and Fourier 

transform infrared spectroscopy (FTIR) were used to investigate the inhibitory impact of Lannea microcarpa 
leaves extract. The weight loss data showed that the plant extract's ability to suppress corrosion increased 
with higher concentrations and decreased with higher temperatures and HCl acid concentrations. According 
to the electrochemical data, the plant extract uses a mixed type mechanism to limit both cathodic and 
anodic reaction rates. Calculated activation energies were found to be higher in inhibited systems than in 
uninhibited systems, indicating physisorption, while negative values of ∆G point to a process that is both 
possible and spontaneous. The inhibitory mechanism was demonstrated by FTIR spectra to be an 

adsorption process through the functional groups present in the phytochemicals of the plant extract onto 
the surface of Al metal. SEM surface morphology study demonstrated the protection that the extract 
provided on the metal surface. Compared to other isotherm models that were examined, the adsorption 
data were found to be more reliable and suited the Langmuir isotherm well. 
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1. INTRODUCTION 

 
Due to their low cost, high strength, ductility, 
formability, durability, and conductivity, aluminium 
and its alloys are employed in a variety of industries 
and in a variety of capacities (1). Despite the fact 
that aluminium promotes the formation of a 

compact, adherent passive oxide film to protect it 
from corrosion in a variety of environments, this 
film's surface is amphoteric and dissolves 
significantly when the metal is exposed to strong 
acid or base solutions, making it susceptible to 

corrosion (2). Metal corrosion management can be 
achieved using a variety of approaches, but using 

inhibitors is the most efficient, secure, and cost-
efficient approach (3). Due to the hazardous effects 
of synthetic chemicals on human and animal life 
during their manufacturing and usage, synthetic 
inhibitors are increasingly causing greater 
environmental problems (4). For their eco-
friendliness, accessibility, cost, and effectiveness, 

phyto-inhibitors are now receiving more attention in 
the research community than their synthetic 
equivalents (5). 

Lannea microcarpa, an African grape that is 

dioecious and a member of the Anacardiaceae 
family, is found in the Sudanian zone (6). It has a 
70cm diameter and a maximum height of 15 
meters. It has a spherical parasol-like top with a 
few branches that fall and have dense foliage (7). 
The species can be found over much of Nigeria and 

the western Sahel (typically in rocky regions with 
pockets of sand) (8). We have found that there is a 
dearth of literature on the use of Lannea microcarpa 
as a corrosion inhibitor for Al metal. This paper 
focuses on the application of weight loss, 

electrochemical, FITR and SEM techniques in using 
Lannea microcarpa leaf extract as a corrosion 

inhibitor for Al metal in acid solution. 
 
2. EXPERIMENTAL SECTION 
 
2.1. Plant Sample Collection 
From the Bayero University Kano (Old campus), 
Gwale local government area, Kano state, Nigeria, 

fresh leaves of Lannea microcarpa were harvested. 
It was identified by a botanist from the Bayero 
University Kano's Department of Plant Biology and 

https://doi.org/10.18596/jotcsa.1192167
mailto:ayubaabdullahi@buk.edu.ng
https://dergipark.org.tr/jotcsa
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given the herbarium registration number BUKHAN 
280 for records and references. The leaves were 
then washed, let to air dry, powdered into a powder, 

and sieved to pass through a sieve with a mesh size 
of 250nm. 
 
2.2. Plant Extraction 

500 g of the sieved, powdered plant extract sample 
was soaked in 1.5 L of 95 percent ethanol for two 
weeks while being constantly stirred. Following that, 
the mixture was filtered and concentrated using 
rotavapor (BUCHI Labortechnik AG/9230 
Flawil/Switzerland) to remove the extract from the 

ethanol. After one week of air drying, the 
concentrated extract was weighed and labelled for 
future use. 
 
2.3. Aluminium Coupons Preparation 
Al (99.36%), Si (0.02%), Fe (0.14%), S (0.04%), 
Cl (0.03%), K (0.03%), Cu (0.02%), Ti (0.01%), 

Ga (0.01%), and Mn (0.01%) are the components 
of the aluminium sheet employed in this 
investigation. The sheet was mechanically cut into 
coupons that were each 4 x 3 x 0.11 cm in size. 
Each voucher was cleaned with ethanol, dipped in 
acetone, left to dry in the open air to remove any 
remaining grease, and then preserved in a 

dessicator (9). 
 
2.4. Preparation of Plant Extract Solutions 
Weighing 0.2, 0.4, and 0.6 g of the extract, 
respectively, and dissolving each in 5 mL of ethanol, 
then transferring each into 1 litre of 0.2 M HCl 

separately and making up to the mark, were used 
to prepare 0.2, 0.4, and 0.6 gL-1 of the extract in 
0.2 M HCl. The extract solutions (0.2, 0.4, and 0.6 
gL-1) in 0.4 and 0.6 M HCl were made using the 

same method. In order to balance the solutions, 
5ml of ethanol was added to 0.2, 0.4, and 0.6 M 
HCl to create blank corrodent solutions. 

 
2.5. Phytochemical Analysis of the Plant 
Extract 
The ethanolic extract of Lannea microcarpa leaves 
underwent phytochemical analysis using the 
procedure described by Prishant et al. (10). 
Alkaloids, saponins, phytosterols, phenols, 

flavonoids, proteins, amino acids, and triterpenes 
are a few of the secondary metabolites that were 
examined. 
 
2.6. Weight Loss Experiments 
Aluminium coupons that had already been 

processed and weighed were immersed separately 
and completely in 100 mL beakers containing test 

solutions at various concentrations, both with and 
without the inhibitor. The beakers were sealed 
before being placed inside a thermostatic water 
bath that was kept at a specific temperature. For a 
total of 4 hours, the coupons were removed from 

the test solutions at 1-hour intervals, washed with 
distilled water and a soft brush, dried in acetone, 
and reweighed. The weight disparities were 
interpreted as weight reduction (11). The 
temperature (303, 313 and 323 K), corrodent 
concentration (0.2, 0.4 and 0.6 M HCl), and extract 
concentration (0.2, 0.4 and 0.6 g/L) were varied 

during the weight loss experiment. The inhibition 
effectiveness (%I) of the inhibitor, the degree of 
surface covering (θ), and the corrosion rate of the 

Al metal coupon (CR) were determined using 
equations 1-3, respectively, from the weight loss 
findings (12): 
 

%I = (1 – 
w1

w2
) X 100   (1) 

 

θ = 1 − 
w1

w2
    (2) 

 

CR(gh−1cm−2)
∆w 

At
    (3) 

 
Where w1 and w2 represent the weight loss (g) of 
aluminium in the presence and absence of an 
inhibitor, respectively, in HCl solutions, θ denotes 
the degree of surface coverage, CR denotes the rate 

of corrosion, ∆w denotes the weight loss (g), A 
denotes the area of the specimen (cm2), and t 

denotes the time spent submerged (h). 
 
2.7. Electrochemical Measurements 
The electrochemical tests used Al metal samples 
that were 1 cm x 1 cm in size. Then, these were 

covered with epoxy resin, leaving only one square 
surface measuring 1.0 cm2 exposed. The exposed 
surface underwent acetone degreasing, distilled 
water rinsing, and warm air drying. At a scan rate 
of 0.333mV per second and a temperature of 298K, 
linear polarization studies on uninhibited and 
inhibited (0.2, 0.4, and 0.6 g/L) samples in 0.2 M 

HCl were performed on potential ranges of -1000 to 
-2000 mV (13). 
 
2.8. Fourier Transform Infrared 
Spectrophotometry (FT-IR) Analysis 

The main functional groups in the leaves extract of 

Lannea microcarpa and the corrosion by product of 
inhibited Al metal in HCl solution were identified 
using an FT-IR instrument type Cary 630 FTIR 
Spetrophotometer (Agilent Technologies). The 
material was scanned 32 times at a resolution of 8 
cm-1 throughout a wave number range of 650 to 
4000 cm-1 for the analysis (14). 

 
2.9. Scanning Electron Microscopy (SEM) 
Analysis 
Using a scanning electron microscope, 
morphological analyses of the aluminium coupon 
surfaces exposed to uninhibited and inhibited 
corrosion systems (0.6 M HCl) for 4 hours at 323 K 

were taken (Phenom World Eindhoven). A very little 
amount of the materials to be examined were 

distributed on the stub during the sample 
preparation process for SEM analysis, and the stub 
was then viewed in the instrument to obtain 
micrographs at an accelerating voltage of 15.00 kV 

and x500 magnification (13). 
 
3. RESULTS AND DISCUSSION 
 
3.1. Phytochemical Screening 
According to the phytochemical analysis of an 
ethanolic extract of Lannea microcarpa leaves, 

flavonoids, tannins, phenols, proteins, sterols, and 
saponins were present (Table1). The corrosion 
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prevention properties of plant extracts on metal 
surfaces have been attributed to the presence of 
secondary metabolites (4). The phytoconstituents in 

the ethanolic extract of Lannea microcarpa leaves 
are thought to have prevented aluminium from 
corroding because the chemical structures of the 
majority of these phytoconstituents contained 

electron-rich bonds or heteroatoms, which facilitate 
their ability to donate electrons. Researchers have 

obtained similar conclusions on the inhibition of 
metal corrosion by plant extracts (15–16). 
Additionally, Obi-Egbedi and Obot (17) reported 

that the presence of π-electrons or appropriate 
functional groups may facilitate the transfer of 
charge from the inhibitor's molecule to the charged 
metal surface (physical adsorption) or the transfer 

of electrons from the inhibitor's molecule to the 
vacant orbitals of the metal (chemical adsorption). 

 
Table 1: Phytochemical Screening of the Leaves Extract of Lannea macrocarpa. 

Bioactive agent Qualitative analysis 

Flavonoids + 
Phenols + 
Proteins/amino acids + 
Alkaloids - 

Saponins + 
Triterpenes - 
Phytosterols + 
Tannins + 

key: + indicates the presence of phytochemical, - indicates the absence of phytochemical. 

 
3.2. Weight Loss Experiment Results 
3.2.1. Effect of corrodent concentration 
Studying the weight loss of aluminium in 0.2, 0.4, 
and 0.6 M HCl solutions for 4 hours at 303, 313 
and 323 K examined the effect of corrodent 
concentration. The findings demonstrated that 

weight loss and the rate of corrosion in unhindered 
aluminium are both accelerated by an increase in 
acid concentration (Figure 1). The corrosion rate of 
aluminium in blanked 0.2 M HCl at 303 K is 0.0875 
mgh-1cm-2, while that in blanked 0.6 M HCl at the 
same temperature is 1.8229 mgh-1cm-2, as shown 

in Table 2. The aforementioned finding might be 
explained by the fact that chemical reaction rates 
rise as active species concentrations do (18). In 

general, the presence of water, air, and H+ is 
thought to speed up the corrosion process. As a 

result, as the acid concentration rises, the active 
species, H+, rises as well, increasing the corrosion 
rate. The observation might possibly be the result 
of an increase in the rate of active species' 
diffusion and ionization during corrosion reactions 
(19). 

 
Additionally, the increase in weight loss brought on 
by an increase in acid concentration on aluminium 
that has been inhibited may be explained by the 
fact that acid molecules at higher concentrations 
can break the bond between extract compounds 

and aluminium surface to form a hydrogen-
aluminium bond (20), which leads to a higher 
accumulation of the active sites by acid molecules 

and prevents the penetration of extract molecules 
to the surface of the aluminium. 

 

 
Figure 1: Variation of Weight Loss with Time for the Corrosion of Aluminium in Blank HCl at Varying 

Temperatures. 
 

3.2.2. Effect of inhibitor on the corrosion process 
At 303, 313 and 323 K, the influence of the inhibitor 
Lannea microcarpa at varied concentrations (0.2, 
0.4 and 0.6 g/L) on the corrosion process of 
aluminium has been investigated. The weight loss 
over time of aluminium immersed in 0.2, 0.4, and 
0.6 M HCl with varied extract concentrations at 303, 

313 and 323 K is depicted in Figures 2a-c. The 

results clearly show that, in all three concentrations 
of HCl and at all temperatures, the weight loss of 
aluminium increases with increasing contact time 
but reduces with increasing inhibitor concentration. 
The findings also show that all three doses of 
Lannea microcarpa prevented aluminium corrosion 
in all concentrations of HCl and at all research 

temperatures. Table 2 showed that while surface 
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coverage and inhibition effectiveness increased with 
increasing inhibitor doses, the rate of corrosion of 
aluminium decreased. The inhibition efficiency rises 

from 57.14% to 76.19% when the inhibitor 
concentration is changed from 0.2 g/L to 0.6 g/L in 
0.2 M HCl. This demonstrates how Lannea 
microcarpa extract can prevent aluminium from 

corroding in HCl solutions by acting as an inhibitor. 
The adsorption of extract molecules onto the Al 
metal, which reduces the area of contact between 
Al metal and corrosive media, is responsible for the 
decrease in weight loss and corrosion rate that is 
observed with increasing extract concentrations. 

According to Thilagavathy and Saratha (21), similar 
outcomes were obtained. 
 

However, Table 2 shows that the extract's ability to 
prevent growth declines as temperature rises. For 
example, the extract's ability to inhibit growth (0.6 
g/L) in 0.2 M HCl at 303 K was 76.19 %, but when 

the temperature was raised to 323 K under the 
same conditions, the effectiveness dropped to 47 % 
(Table 2). This shows that the physical adsorption 
mechanism described by Awe et al. (13) is 
consistent with the adsorption of extract of Lannea 
microcarpa on Al metal. 

 

 
 

a) 303 K b) 313 K 

 
c) 323 K 

Figure 2: Variation of Weight Loss with Time of Aluminium Immersed in different Concentrations of Extract 
in 0.2, 0.4 and 0.6M HCl at Varying Temperatures (303, 313 and 323K). 

 
3.2.3. Effect of temperature on the corrosion 
process 

By adjusting the temperature (303, 313 and 323 
K), it was possible to determine the impact of 
temperature on the weight loss and corrosion rate 
of Al metal immersed in 0.2, 0.4, and 0.6 M HCl for 
four hours. The results are shown in the Figures 
(3a-c). The data show that the weight loss of Al 
metal, both inhibited and uninhibited, increases 

with temperature in all three acid concentrations. 
Additionally, Table 2 shows that in all three acid 
concentrations, the corrosion rate rises with rising 
temperature. At 303 K, the corrosion rates of the 
blank and the 0.6 g/L inhibited Al metal were 
0.0875 and 0.0208 mg/h.cm2 respectively, whereas 

at 323 K, the rates increase to 0.4167 mg/h.cm2 
and 0.2208 mg/h.cm2, respectively (Table 2). This 
observation demonstrates that a rise in temperature 
improves the reactivity of the corrosion medium's 
active ingredients. A boost in temperature typically 

accelerates the cathode's hydrogen evolution 
reaction, which raises the rate at which metals 

dissolve. The fact that chemical reactions intensify 
with rising temperature is another argument in 
favour of it (general rule guiding the rate of 
chemical reactions). Additionally, a rise in 
temperature boosts the kinetic energy of the 
molecules in the corrosion medium, allowing 
corrosion to more quickly overcome the energy 

barrier. 
 
Table 2 also shows that inhibitory effectiveness 
diminishes as temperature rises. This can be 
ascribed to the protective coatings on the metal 
being more soluble, increasing the metal's 

sensitivity to corrosion (22). Due to the increased 
molecule desorption at higher temperatures, this 
data shows poor physical adsorption contact 
between the inhibitor and Al surface (23). 
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a) 0.2M HCl b) 0.4 M HCl 

 
c) 0.6 M HCl 

Figure 3: Variation of Weight Loss with Time of Aluminium Immersed in Various Concentrations of Extract 
at Varying HCl Concentration at 303, 313 and 323 K. 

 

Table 2: Weight Loss Calculated Parameters of Various Concentrations of Lannea microcarpa Extract. 

Temp. 

(K) 

Conc. 
of 

extract 
(g/L) 

0.2 M HCl 0.4 M HCl 0.6 M HCl 

CR 
(mg/cm.h) 

x 10-2 
θ 

% I 
(%) 

CR 
(mg/cm.h) 

x 10-2 
θ 

% I 
(%) 

CR 
(mg/cm.h) 

x 10-2 
θ 

% I 
(%) 

3
0
3
 

0.0 8.8 - - 26.0 - - 182.2 - - 

0.2 3.8 0.57 57.1 12.9 0.50 50.4 100.0 0.45 45.1 

0.4 2.9 0.67 66.7 10.6 0.59 59.2 85.8 0.53 52.9 

0.6 2.1 0.76 76.2 10.0 0.62 61.6 74.6 0.59 59.1 

3
1
3
 

0.0 21.3 - - 64.6 - - 250.4 - - 

0.2 12.7 0.40 40.2 40.6 0.37 37.1 167.7 0.33 33.0 

0.4 11.3 0.47 47.1 37.3 0.42 42.3 152.7 0.39 39.0 

0.6 8.8 0.59 58.8 28.9 0.55 55.2 130.2 0.48 48.0 

3
2
3
 

0.0 41.7 -  104.6 - - 434.6 - - 

0.2 28.3 0.32 32.0 77.1 0.26 26.3 369.4 0.15 15.0 

0.4 25.0 0.40 40.0 70.8 0.32 32.3 317.1 0.27 27.0 

0.6 22.1 0.47 47.0 57.5 0.45 45.0 269.2 0.38 38.1 

 
3.3. Polarization Measurements 
Tafel's polarization curves of an aluminium electrode 
in 0.2 M HCl are shown in Figure 4 in both the 

presence and absence of various amounts of extract 
from Lannea microcarpa. The plots also show that 
both cathodic and anodic reactions were suppressed 
with the addition of various concentrations of 
Lannea microcarpa, indicating that the plant extract 
served as a mixed-type inhibitor, reducing the rates 
of both anodic dissolution and cathodic hydrogen 

evolution reactions. It can be seen from Figure 4 
that the cathodic and anodic reactions in blank HCl 
follow Tafel's law. 

 
Additionally, it can be seen from Figure 4 that the 
polarization plots for the inhibited electrodes don't 
differ significantly from those for the uninhibited 
electrode, indicating that the presence of Lannea 
microcarpa extract only slows down corrosion rather 
than changing the electrochemical reactions that 
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cause corrosion (24). 
 
In Table 3, the electrochemical characteristics 

obtained by extrapolating Tafel lines are shown, 
including inhibition efficiency (IE), corrosion rate 
(CR), corrosion potential (Ecorr), cathodic and anodic 
Tafel slopes (βc and βa, respectively), and corrosion 

current density (Icorr). The inhibitory efficiencies 
were determined using equation 4 and it was 

discovered that they rose as extract concentration 
rose (25). 
 

𝐼𝐸(%) =
𝑖𝑐𝑜𝑟𝑟

𝑜  − 𝑖𝑐𝑜𝑟𝑟

𝑖𝑐𝑜𝑟𝑟
𝑜  𝑋 100   (4) 

 
Where 𝒊𝒄𝒐𝒓𝒓

𝒐  and  𝒊𝒄𝒐𝒓𝒓 are the corrosion current 

densities obtained from uninhibited and inhibited 
solutions respectively. 

 

 
Figure 4: Overlayed Tafel Polarization Curves Recorded for Al in 0.2 M HCl Solution at Varying 

Concentrations of Lannea microcarpa. 

 
Table 3: Electrochemical Parameters Obtained from Tafel polarization technique for Al in 0.2 M HCl Solution 

at Varying Concentrations of Extract at 25 °C 

Extract 

concentration 
(gL-1) 

ίcorr  

(μAcm-2) 

Ecorr 

(mV) 

βa  

(mV dec-1) 

βc  

(mV dec-1) 

% I (%) 

0.0 -389.197 -701.151 29.996 102.27 - 
0.2 -37.571 -737.556 56.091 50.156 90.35 
0.4 -28.892 -730.858 37.206 53.955 92.58 

0.6 -22.704 -703.843 14.729 36.837 94.17 

 
3.4. Fourier Transform Infrared (FT-IR) 
Spectroscopic Results 
In the images, the IR spectra of a corrosion product 
with an inhibitor and a powdered extract of Lannea 

microcarpa leaves are displayed (Figures 5 a-b). 
The C-N stretch at 1100 cm-1 shifts to 1112 cm-1, 

the C-O stretch at 1153 cm-1 shifts to 1156 cm-1, 

the N-O stretch at 1316 cm-1 changes to 1343 cm-1, 
the C-C stretch in the ring at 1447 cm-1 drops down 
to 1410 cm-1, and the N-H bend shifts from 1607 
cm-1 to 1547 cm-1, according to a comparison of the 

spectrum of extract and corrosion product with 
inhibitor. The change in frequency suggests that the 

metal and plant extract are interacting (26). 
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(a) FTIR Spectra of the Ethanol Leaves Extract of Lannea microcarpa 
 

 
(b) FTIR Spectra of the Corrosion Product of Aluminium in Extract of Lannea microcarpa 

 
Figure 5: FTIR Spectra of the studied species. 

 
3.5. Scanning Electron Microscopy 
After immersion in the test solutions for 4 hours at 
323 K, morphological investigations of the surfaces 
of uncorroded aluminium and corroded (inhibited 
and uninhibited acids) specimen were performed 

using scanning electron microscopy (SEM) (6). The 

uninhibited system (Fig. 6a) exhibits the most 
severely corroded surface, which is thoroughly 
damaged by the presence of cracks, pits, and 
patches throughout the surface. This is followed by 

the metals in the inhibited acid Figures (6b-d), 
which are clearly less corroded than the uninhibited 
metal. Uncorroded Al metal doesn't have any 
surface flaws (Fig.6e). This implies that addition of 
extract of Lannea microcarpa leaves to acid 

solutions protected the Al metal from undergoing 

severe corrosion by formation of protective layer on 
the surface through adsorption of the extract on the 
aluminium surface. 
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(a) (b) 

  
(c) (d) 

 
(e) 

Figure 6: SEM Micrographs of Aluminium Dipped in 0.6 M HCl for (a) 0.0 g/L (Blank) (b) 0.2g/L (c) 0.4 g/L 
(d) 0.6 g/L of Lannea microcarpa Extract, (e) Uncorroded Aluminium. 

 
3.6. Adsorption Isotherms 
By creating a thin adsorption layer on the metal 

surface, inhibitors prevent corrosion on metal 
surfaces. The degree of inhibitor molecule 
adsorption on the metal surface has a significant 
impact on an inhibitor's effectiveness. The 

adsorption properties of the inhibitors have been 
used to determine the type of corrosion inhibitors 
(21). Surface coverage (θ) and inhibitor 
concentrations can be used to assess the adsorption 
properties of inhibitors. The interactions between 
inhibitors and metals are described by a variety of 

isotherm models. Langmuir, Freundlich, Temkin, 
Florry-Huggins, and El-Awady isotherm were five of 
these models that were utilized. The best fit 
isotherm among them was chosen using the 
correlation coefficients (R2) between them. The 
parameters from the plots of each isotherm at 303, 
313 and 323 K are shown in Table 4, and the best 

fit was determined by taking into account the values 
of R2 at all the temperatures. The extract of Lannea 
microcarpa leaves demonstrated strong adherence 
of the inhibitory process to the Langmuir adsorption 

isotherm due to its near to unity when compared to 
the other isotherms, according to the values of R2 of 

the investigated isotherms at all temperatures. 
 
The creation of a monolayer adsorbate layer on the 
adsorbent's outer surface is quantitatively described 

by the Langmuir adsorption isotherm. The model 
assumes homogeneous adsorption energies on the 
surface and prevents adsorbate transmigration in 
the surface's plane (27). For both chemical and 
physical adsorption, the Langmuir equation is the 
ideal isotherm (28). The equilibrium constants Kads 

values in Table 4 are all positive, indicating a 
favorable adsorption (29). Equation 5 presents the 
Langmuir isotherm. 
 

C
θ⁄ = 1

Kads
⁄ +  C     (5) 

 

Where C is the concentration of inhibitor, θ is the 
surface coverage and Kads the adsorption 

equilibrium constant 
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Figure 7: Langmuir Adsorption Isotherm for Al metal in HCl at Different Temperatures. 

 
Table 4: Adsorption Parameters for the Adsorption of Lannea microcarpa Extract on Aluminium Surface. 

Isotherm Temperature (K) Slope ∆Gads (kJmol-1) R2 Kads 

Langmuir 303 1.09 -15.043 0.9932 7.06 
313 1.38 -13.894 0.9690 3.75 
323 1.63 -13.885  0.9925 3.17 

Freundlich 303 0.26 -9.738 0.9883 0.86 
313 0.33 -9.428 0.9395 0.67 

323 0.35 -9.214 0.9968 0.56 
Temkin 303 0.39 -22.579 0.9777 140.48 

313 0.37 -20.919 0.9122 55.74 
323 0.31 -21.442 0.9876 52.81 

Flory-Huggins 303 1.35 -15.460 0.9286 8.33 
313 1.75 -14.268 0.7913 4.33 
323 2.87 -14.921 0.9686 4.66 

EL-Awady 303 0.77 -13.894 0.9635 4.47 
313 0.66 -12.043 0.9138 1.84 
323 0.57 -11.187 0.9914 1.16 

 
3.7. Thermodynamic Studies 

The free energy of adsorption, ∆Gads was calculated 
according to the equation (6): 
 

∆Gads − 2.303RTlog (55.5Kads)  (6) 

 
∆Gads is the Gibbs free energy, Kads is the 
equilibrium constant for adsorption calculated from 

the intercept of each adsorption isotherm, R is the 
universal gas constant, T is the system 
temperature, and 55.5 is the molar concentration of 
water. For all of the investigated isotherms, the 
computed values of ∆Gads vary from -2.238 to -
22.579 kJmol-1, which is significantly less than the 
threshold value of -40kJmol-1 needed for the 

mechanism of chemical adsorption to operate (30). 
As a result, the adsorption of the Lannea 
microcarpa leaf extract on the surface of aluminium 
is spontaneous and consistent with physical 
adsorption (31). Table 4 shows the computed values 
for ∆Gads and Kads for the tested isotherms at 303, 

313 and 323 K. The activation energy for the 

corrosion process was calculated by using the 

Arrhenius equation 7: 

 

logCR =  logA −
Ea 

2.303RT
   (7) 

 
Where CR is the corrosion rate of metal, A is 
Arrhenius pre-exponential factor, Ea is activation 
energy (minimum energy needed before the 

corrosion reaction of the metal proceed), R is 
universal gas constant and T is the temperature of 
the system. 
 
The activation energies were computed and are 
shown in Table 5 as a straight line with a slope 

equal to -Ea/2.303R when the logCR plot versus the 
reciprocal of absolute temperature from equation 7 
is performed. While the Ea found for the blank is 
36.121 kJmol-1, the computed values of Ea for the 
extract range from 53.363 to 54.340 kJmol-1. The 
computed values of Ea were found to be higher in 
inhibited aluminium than in blank aluminium, 

pointing to the possibility of an adsorption coating 

that is physically electrostatic in nature (32–33). 

 
Table 5: Energy Parameters for the Dissolution of Aluminium in HCl in Absence and Presence of Different 

Concentrations of Lannea macrocarpa. 

Extract Conc. (gL-1) Ea(KJmol-1) ∆Ha(kJmol-1) ∆Sa(kJmol-1) 

0.0 (blank) 36.121 33.575 -0.1296 
0.2 54.330 51.544 -0.0754 
0.4 54.340 51.726 -0.0759 
0.6 54.363 50.711 -0.0804 
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The values of enthalpy and entropy changes of the 
corrosion inhibition processes were calculated 
according the transition state equation: 

 

log (
CR

𝑇
) = {log

𝑅

𝑁𝑎ℎ
+

∆𝑆𝑎

2.303𝑅
} −

∆Ha

2.303𝑅𝑇
  (8) 

 
Where ∆Ha signifies the enthalpy of the corrosion 
process, ∆Sa denotes the entropy of activation for 
the corrosion process, NA is Avogadro’s number and 
h is plank’s constant. 
 

The enthalpy and entropy change of activation for 
the corrosion inhibition process were estimated 
from the straight line with slope equal to (-
∆Ha)/(2.303R) and intercept equal to logR(Nah + 
(∆Sa)/(2.303R) that results from the plot of CR/T vs 
reciprocal of absolute temperature, as shown in 
Table 5. The endothermic nature of the aluminium 

dissolving process is shown by the positive values of 
enthalpy change of activation in both the presence 

and absence of extract (34). While the activated 
complex in the rate-determining stage represents 
association rather than dissociation, as shown by 
the negative values of adsorption entropies, there is 
a decrease in disorderliness as one moves from 

reactant to activated complex (35). 
 
4. CONCLUSION 
 
The results of this investigation employing weight 
loss, electrochemical, SEM, and FTIR demonstrate 

that the leaves extract of Lannea microcarpa 
efficiently suppresses the corrosion of aluminium 
under the examined conditions. With a rise in 
extract concentration but a decrease in corrosion 
concentration or temperature, the extract's ability 
to suppress aluminium corrosion increases. Because 

several phytochemicals were detected in the 

extract, it was determined that the inhibitory 
process was of the mixed type by adsorption. 
Thermodynamic measurements showed that the 
extract spontaneously and endothermally adhered 
to the aluminium surface, supporting the physical 
adsorption process mechanism. 
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Abstract: Biodiesel, a sustainable and environmentally friendly substitute for diesel, has attracted growing 
attention in recent years. The reuse of non-edible neem oil as a feedstock for biodiesel production is affordable 
and naturally safe. This study aimed to understand the understudied benefits of using heterocyclic organic 
hydrazone derivatives as catalysts for high yield biodiesel production. The catalysts were characterized using 
techniques such as EIMS, NMR, CHN and FTIR analysis, which revealed the morphological and functional 
characteristics of the catalyst. The optimum process conditions were found to be catalyst concentration of 
50mg/10mL, methanol-to-oil molar ratio of 3:1, reaction temperature of 60 °C, and reaction duration of 60 

min; these conditions yielded 95% biodiesel. The produced biodiesel was analyzed using FTIR, and different 
parameters like moisture content, saponification value, density, acid value, iodine value, and FFA value. The 
use of neem oil and organic based catalysts for biodiesel production is an economical and environmentally 
sustainable process. 
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1. INTRODUCTION 
 
In terms of energy security, modern society faces a 

number of challenges. As a result of overpopulation, 
energy demand has increased significantly on earth 

(1,2). Energy needs around the world are largely met 
by fossil fuels. Increasing population is causing these 
natural resources to rapidly deplete because of 
overconsumption of energy (3). In addition, fossil 
fuels are non-renewable and their combustion causes 
a number of environmental problems (4). Globally, 
89 million barrels of fossil fuel diesel are consumed 

each year. In 2007, there were 806 million cars and 
trucks on the road, which will rise to 1.3 billion by 
2030 and 2 billion by 2050 (5). 
 
Currently, researchers are exploring alternative 
energy sources, and biodiesel (fatty acid methyl 

ester (FAME)) known as neat-fuel (6) or bio-oil (7) is 

one of the best options due to its cheapness, non-
polluting, environmentally friendly, non-toxic nature, 
and recyclable properties (8-10). Almost 95% of 
biodiesel is produced from plant oils extracted from 

seeds (11). Here is a high demand for edible oils 
(sunflower, palm, coconut, soya bean, etc.), but non-
edible oils (neem, castor, karanja, tobacco, jojoba, 

rubber seed, etc.) can also be used for biodiesel 
production (12). Since, neem (Azadirachta indica) is 

natural antiseptic and widely harvested around the 
globe (13), however, a large amount of neem seeds 
wasted. It is estimated that neem seeds contain 30-
40% oil, with a very high value of free fatty acids (1). 
Biodiesel production for oils with high FFA (free fatty 
acid) value have two major steps, 1st step 
(esterification), to reduce FFA by using an acid 

catalyst and 2nd step (transesterification), to convert 
esterified oil into monoester by using alkaline 
catalyst (14,15). 
 
The production of biodiesel is accelerated by the use 
of catalysts. In order to accomplish this goal, various 

catalysts can be used, including homogeneous, 

heterogeneous, enzyme, and biocatalyst catalysts 
(16). In homogeneous catalysts, triglycerides are 
converted into esters when sodium hydroxide or 
potassium hydroxide react with methanol or ethanol 

https://doi.org/10.18596/jotcsa.1493074
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to form alkoxide ions (17). The product is difficult to 
separate because of its extremely basic nature (16). 

Apart from these, sodium carbonate and sodium 
bicarbonate also show effective results (18). Since 
heterogeneous catalysts can be used both for 
esterification and transesterification, researchers 
prefer heterogeneous catalysts (19,20) due to their 

hydrothermal stability and acid-base nature (21), 
which include metal salts, metal oxides (14) like MgO 
(22,23), CdO2 (24), CaO (10,25,26), Al2O3 (27), 
ZnO, Mn-doped ZnO (28,29), BaO (30), TiO2 (31), 
heteropoly acids (32), zeolites (33), ZrO2-SBA-15 
(34), lipases (35), laccases (36), LOBE (37). 

 
Besides these inorganic catalysts, a limited number 
of organic compounds can also be used to catalyze 
biodiesel production, including imidazole (38), 

sulphonic acid derivatives (39), organic amine 
derivative (40), cellulose derivatives (41,42), 
graphene-based heterogeneous catalyst (43,44) and 

MOFs (45-49). Organic-based catalysts can be easily 
separated or recycled due to their organic nature and 
exhibit promising results (50). 
 
In recent years, organic compounds have attracted a 
great deal of attention for the production of biodiesel 
due to their ease of use, high thermal stability, easy 

racialization, less CO & CO2 emissions and high yield 
(51). The current work aims to synthesize some 
heterocyclic-organic compounds (hydrazones) and 
investigate the efficiency of these synthesized 
catalysts for biodiesel production from neem oil. 

Hydrazone contain azomethine linkage and gained 

much importance during the past few decades due to 
its unique nature, structure and properties (52). The 
synthesized catalysts were characterized a variety of 
spectroscopic techniques including EIMS, NMR, FTIR, 
and CHN, while FTIR was used to confirm and 
characterize produced biodiesel. Based on the results 
of this study, more than 75% of the production can 

be achieved with these synthesized heterocyclic 
catalysts in a shorter time frame. 
 
2. MATERIAL METHOD 
 
2.1. Feedstock 
Neem oil is readily available on the local market, 

obtained from the neem tree and stored at room 
temperature for a long time. 
 
2.2. Catalyst Preparation 
For the production of neem biodiesel, eight 
heterocyclic hydrazone derivatives were synthesized. 

previously, three hydrazone (L2, L21 & L24) were 
reported (53,54) while five (L12, L19, L20, L22 & 
L23) were newly synthesized. All furan-2-
carbaldehyde derivatives were synthesized by the 
reaction of substituted anilines and furan-2-
carboxyaldehyde via Meerwien Arylation (55). These 
substituted aldehydes were refluxed with different 

hydrazides (benzohydrazide, isoniazide, nicotinic 
acid hydrazide, salicylic acid hydrazide) in ethanol for 

3 hours with 2-3 drops of catalyst (HCl). 
Recrystallization of synthesized yellow colored 
products was carried out with ethanol and ethyl 
acetate (3:1). For further use, the desired products 
were characterized and stored. 

2.3. Characterization 
Vactor 22 FTIR, Bruker AV 300 & 400 NMR, Thermo 

Scientific FLASH 2000 CHN analyzer, and MAT 312 
mass spectrometer were used to characterize all 
synthesized hydrazone derivatives. A pre-coated TLC 
was used to minister the reaction, and spots were 
visualized in a UVC-11 compact UV lamp at 254nm 

and 365nm. 
 
2.4. Acid Value & Free Fatty Acid Value 
Acid value and free fatty acid values of neem oil, 
esterified oil and biodiesel were calculated via 
titration method as reported (56,57), the sample was 

titrated with 0.1N KOH solution while 
phenolphthalein was used as indicator until solution 
become light pink. The acid value and free fatty acid 
value was calculated by the mentioned formula 

equation 1&2. 
 

FFA (%) =
𝐴×𝑁×28.2

𝑊
     (1) 

 

Acid value (mg/g) =
𝐴×𝑁×56.1

𝑊
    (2) 

 
2.5. Reaction Procedure 
Free Fatty acid value of neem oil is very high, so, to 
reduce this FFA value and increase efficiency of 

biodiesel, two-step process esterification before 
transesterification was performed (15). This was 
accomplished by using organic heterocyclic 
hydrazone derivatives instead of normal acid as 
catalysts in 1st step and alkali catalyst in 2nd step. 

 
2.6. Esterification of Neem Oil 

50mg catalyst (hydrazone) and 15 mL methanol 
were added to 10 mL neem oil. In a Pyrex container, 
the mixture was heated for 60 minutes at 40°C. The 
resulting mixture was then poured into a funnel and 
kept undisturbed for 24 hours until two clear layers 
were formed. Oil layer was separated, washed and 
stored for further use. 

 
2.7. Transesterification of Esterified Oil 
10mg KOH in 8mL methanol was mixed with 10mL of 
pretreated oil for 60 mint at 60°C. The mixture was 
poured in separating funnel until two layers formed. 
During this synthesis, the top layer contains 

biodiesel, the middle layer contains glycerin, and the 
bottom layer mostly contains unreacted catalysts. 
 
2.8. Washing & Drying of Biodiesel 
Hot distil water was added in biodiesel layer and 
separated. Process was continued for several times 
until a clear biodiesel layer separated. After washing 

biodiesel, it may contain traces of water, that are 
removed by heating it at 100°C. In order to 
characterize, it was cooled and stored at room 
temperature. 
 
Percentage yield was calculated by Equation below; 
 

𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑦𝑖𝑒𝑙𝑑 =
Weight of biodiesel produced

Weight of neem oil used
× 100 (3) 
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3. RESULTS AND DISCUSSION 
 

3.1. Synthesis of Heterocyclic Hydrazone 
Catalysts 
Substituted aldehydes were prepared according to 
the reported procedure (Meerwien Arylation). These 
aldehydes were treated with four different 

hydrazides to produce hydrazone moieties. 
 
Prior to their use as catalysts for biodiesel 
production, all yellow colored synthesized 
heterocyclic compounds were purified, recrystallized 
and characterized. 

 

3.2. Characterization of Heterocyclic Catalysts 
Structure, ketonic nature, purity and bonding of 

these moieties was confirmed by spectral analysis 
and elemental analysis. EIMS confirms the structure 
by molecular ion peak and fragmentation peaks. 
Important functional groups like N-H, O-H, C=O, N-
N, C=N, and C-N show absorption bands at 3200 cm-

1, above 3000 cm-1, above 1600 cm-1, ~1030 cm-1, 
~1600 and ~1100 cm-1 in FTIR. Two singlet peaks 
appeared in the 11-12 ppm region, confirming the 
presence of N-H and O-H. A singlet at 8.4 ppm was 
also a sign of hydrogen directly attached to C=N. 
 

 
Figure 1: General scheme for synthesis of catalysts. 

 

 
Figure 2: Ketonic structure of synthesized catalysts. 

 
3.3. Production of Biodiesel 
These synthesized compounds were used as an 
efficient acid catalyst for biodiesel formation from 
neem oil. The N-H group in these compounds 

enhances their acidic activity. In the same way, the 
electronic effects of azomethine groups influence the 
acidic character indirectly. With these hydrazone 
derivatives, we achieved yields of over 75% within a 
short period of time. 
 

3.4. Optimization of Reaction Parameters 

Several parameters can effect on the yield of 
biodiesel, including reaction time, reaction 
temperature, choice of solvent and amount of 
catalyst. 
 

3.4.1. Reaction Time 
Reaction time, an important parameter that effect 
biodiesel’s yield and quality. Daramola reported that 
an increase in reaction time can lead to an increase 

in impurities or soap formation (58). The goal is to 
test the efficiency of the synthesized catalysts during 
esterification, which produces biodiesel. The yields of 
all catalysts increase from 20 mints to 60 mints but 
decrease when time increases to 80 mints, which 
may be caused by side reactions. As the time 

increased to 80 mints, a thick waxy layer formed that 

was difficult to separate. 
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Table 1: Characterization of synthesized hydrazone catalysts. 

Heterocyclic 

catalyst 
EIMS FTIR 1H-NMR 

CHN 

(found) 

L2 
[M+] 336, [M+-NO] 306, [M+-
C6H4NO2] 214, [M+-C11H8N3O3] 106, 

[M+-C12H8N3O4] 78 

N-H (3219.0), 
C=O (1664.9 Sh), 
C=N (1602.7), 
C-N (1147.9) 

N-H (12.2, S), 
C-H=N (8.44, S) 

60.63 (C)  
3.38 (H) 

16.37 (N) 

L12 

[M+] 351, [M+-NO] 321, [M+-

C7H5O2] 231, [M+-C8H7N2O2] 188, 
[M+-C10H6NO3] 163, [M+- 
C11H7N2O3] 137, [M+-C11H8N3O3] 
121 

N-H (3237.7), 

O-H (3060.3 b), 
C=O (1623.9 Sh), 
C-N (1148.4), 
N-N (1034.5) 

N-H (11.9, S), 
O-H (11.8, S), 
CH=N (8.412, 

S) 

61.55 (C) 
3.76 (H) 
11.81 (N) 

L19 

[M++2] 361, [M+] 359, [M+-CO] 
329, [M+2- C2H2Cl] 302, 
[M+2-C6H5N2O] 239, [M+-C6H5N2O] 
237, [M+-C11H8N3O2] 145, 

[M+-C11H7Cl2N2O] 106, [C5H4N]+ 78 

N-H (3177.0), 

C=O (1654.4 Sh), 
C=N (1564.8), 
C-N (1153.5), 

N-N (1026.8), 
C-Cl (794.3) 

N-H (12.1, S), 
CH=N (8.39, S) 

56.73 (C) 
3.03 (H) 
19.56 (Cl) 

11.49 (N) 

L20 

[M++2] 376, [M+] 374, [M+2-
C4H2Cl2] 256, [M+- C4H2Cl2] 254, 
[M+-C7H6NO2] 237, [M+-C7H5Cl2] 
219, [M+C9H7N2O3] 182, [M+-
C11H7Cl2N2O] 121, [C6H5O]+ 93 

N-H (3218.3), 

O-H (3072.2 b), 
C=O (1640.8 Sh), 
C=N (1559.9), 
C-N (1169.9), 
N-N (1028.2), 
C-Cl (801.2 Sh) 

N-H (11.9, S), 
O-H (11.8, S), 
CH=N (8.417, 

S) 

57.48 (C) 
3.18 (H) 
18.84 (Cl) 

7.36 (N) 

L21 

[M++2] 360, [M+] 358, [M+-2] 356, 
[M+-C5H7] 295, [M+2-C7H5O] 255, 
[M+2-C7H6NO] 240, [M+2-C10H5Cl2O 
]149, [C5H7]+ 69 

N-H (3217.7), 
C=O (1649.5 Sh), 
C=N (1150.4), 
C-N (1142.8), 
N-N (1026.7), 
C-Cl (796.6) 

N-H (12.0, S),  
CH=N (8.44, S) 

59.91 (C) 
3.29 (H) 
19.79 (Cl) 
7.82 (N) 

L22 

[M++2] 361, [M+] 359, [M+2-
C2H2Cl] 302, [M+-C6H5N2O] 237, 
[M+2-C6H5N3O] 225, [M+-C8H5Cl2O] 
174, [M+2-C11H8N3O2] 147, [M+-
C11H7] 220, [Cl2N2O3]+ 106, 
[C5H4N]+ 78 

N-H (3146.2), 
C=O (1667.2 Sh), 

C=N (1550.0), 
N-N (1030.6), 
C-Cl (790.6) 

N-H (12.19, S), 

C-H=N (8.44, 

S) 

56.39 (C) 
3.02 (H) 
19.62 (Cl) 
11.55 (N) 

L23 

[M++2] 361, [M+] 359, [M+-Cl] 324, 
[M+2-C2H2Cl] 302, [M+-C2H2Cl2] 
266, [M+2-C6H5N2O] 239, [M+-
C6H5N2O] 237, [M+-C8H5Cl2O] 174, 
[M+2-C11H8N3O2] 147, [M+-

C11H7Cl2N2O] 106, [C5H4N]+ 78 

 N-H (3192.3), 
C=O (1611.1 Sh), 
C=N (1552.3), 
C-N (1150.0), 
N-N (1026.6), 

C-Cl (797.8) 

H-N) (12.12, S), 
C-H=N (8.43, 

S) 

56.57 (C) 
3.02 (H) 
19.69 (Cl) 
11.56 (N) 

L24 

[M++2] 376, [M+] 374 [M+2-C2H3O] 
335, [M+-2Cl] 305, [M+-C4H2Cl2] 
254, [M+- C12H9N2O3] 145, [M+- 

C11H6Cl2NO] 135, [M+-C11H7Cl2N2O] 
121, [C6H5O] 93, [M+2- 

C13H9Cl2N2O2] 85, [M+-
C14H9Cl2N2O2] 69 

N-H (3234.4), 
O-H (3083.4 b), 
C=O (1619.4 Sh), 

C=N (1538.0), 
C-N (1140.6), 

N-N (1024.2), 
(C-Cl (790.4) 

N-H (11.96, S), 

O-H (11.74, S), 
CH=N (8.44, S) 

57.81 (C) 

3.18 (H) 
18.97 (Cl) 
7.37 (N) 
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Figure 3: Optimization of reaction time. 

 
3.4.2. Reaction Temperature 
No doubt, the reaction temperature is one of the 
most critical parameters that affects the production 
and quality of biodiesel. Leung reported, the yield is 
generally increased as the temperature is increased 

during the esterification and transesterification 
process (59), but the quality is usually decreased 
because of the presence of byproducts during these 
processes (60). Using the silica-based catalysts, Zuo 
and coworkers proposed that 60°C is the optimal 

temperature for esterification (61). During the 
esterification process, the highest yield (up to 95%) 
was obtained at 60°C, but this decreased (up to 
80%) as the temperature increased to 80°C. 
Similarly, the same effect was observed in 

transesterification. The maximum yield was obtained 
at 60°C and as the temperature increased, the yield 
decreased due to the formation of soap and by-
products as the temperature increased. 

 

 

Figure 4: Optimization of reaction temperature during esterification. 
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Figure 5: Optimization of reaction temperature for transesterification. 

 
3.4.3. Solvent Type 
Additionally, solvent is directly related to biodiesel 
production. A polar solvent, such as methanol, or an 
alcohol, can facilitate and solubilize the reactants in 
order to improve biodiesel yields. It was preferable 

to use methanol as a solvent instead of ethanol or 
any other alcohol since it was easy to separate with 
less soap precipitation (34). There is a larger amount 
of solvent required for non-edible oils as compared 
to edible oils, less alcohol amount causes thick 

material to form, which is more difficult to separate. 

Ali et.al., reported the molar ratio of oil and methanol 
should be 1:3 for high production (1). Furthermore, 
the use of ethanol in non-edible oils can lead to the 
formation of soap. It has also been reported that 
heptane, hexane, and toluene have been used as co-
solvents to increase the yield of biodiesel. However, 
this can lead to toxic environmental effects or 

increase biodiesel toxicity (62). 
 

3.4.4. Catalyst Amount 
Biodiesel production is strongly influenced by the 
amount and type of catalyst used. The basic catalyst 
can be used for biodiesel production if the free fatty 
acid content is less than 1-2% (63). However, the 

free fatty acid content in non-edible oils like neem oil 
exceeds 20% and the basic catalyst causes soap 
formation (64). As a result, it is necessary to 
minimize this FFA value by esterifying with an acid 
catalyst before transesterification or using a basic 

catalyst (65). The study used organic derivatives as 

acid catalysts during esterification, which affected 
biodiesel production. The optimal amount of acid 
catalyst for biodiesel production was 50mg, and by 
increasing or decreasing the amount, the yield also 
decreased, possibly due to the formation of by-
products or side reactions. 
 

 

 
Figure 6: Optimization of catalyst's amount. 

 
Similarly, the biodiesel production is also effected by 
concentration of basic catalyst (transesterification). 
The optimum amount calculated experimentally was 

10mg of KOH. According to Aboelazayem and co-
workers, the optimum KOH ratio should be 1:3-1:7 
for high production yields (66). Strong alkali causes 
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soap formation and deceases the yield of biodiesel 
(64). To avoid this problem, KOH was preferred as a 

best activator for transesterification (67) with FAME’s 
yield up-to 99% (68). 

3.5. Characterization of Biodiesel 
A range of parameters such as moisture content, 

viscosity, density, pH and color were presented in 
Table 2.

 
Table 2: Characterization of biodiesel synthesized from organic heterocyclic catalysts. 

Sample Color %age 
Yield  

Density 
g/cm3 

Viscosity 
mm2/s 

pH Moisture 
content 
(%) 

Neem Oil 
(69,70) 

light yellow - 0.91 31.99 6.10 4.61 

Biodiesel (71) 
(standard) 

Yellow-colorless - 0.83-
0.89 

1.9-6 5.97-6.76 0.3-6.0 

Neem Biodiesel 
(70,72) 
(standard) 

Golden yellow - 0.89 4.99-5.21 6.69 >0.5 

L2 Bright yellow 79 0.81 5.1 6.52 0.3 

L12 Yellow 95 0.86 4.79 6.73  0.13 

L19 Light yellow 80 0.87 5.16 6.66 0.27 

L20 Yellow 90 0.81 5.41 6.91 0.19 

L21 Dull yellow 82 0.86 5.33 6.36 0.14 

L22 Light yellow 84 0.86 4.66 6.71 0.22 

L23 Light yellow 86 0.83 4.82 6.71 0.19 

L24 Golden  89 0.87 4.97 6.55 0.15 

 
As, high moisture content promote microbial growth 
(9). Moisture content of neem biodiesels was low 
ranging 0.13-0.3 % that was within the standard 
limits indicating purity of these biodiesels. The 
samples ranged in color from yellow to colorless, with 

little variation in pH between 6.3 and 6.91. According 

to the results, FFA value of neem oil was very high 
24.76(mg/g), therefore, alone transesterification 
cause soap formation and affect the quality as well 
as yield of biodiesel (73). To reduce this FFA, 
esterification with acid catalysts (organic hydrazone 
derivatives) was successfully performed and FFA 

value is less than 1 in all cases indicating it as an 
excellent diesel fuel. Density of biodiesel is 0.83-0.89 
g/cm3 while for neem biodiesel 0.91g/cm3. All the 
synthesized biodiesel exhibit densities ranges 0.81-
0.87g/cm3 suggest the good quality of these 
biodiesels. Viscosity of neem oil is very high 31.99 

(mm2/s) and cause smoke while standard biodiesel 
and neem biodiesel has low viscosity 1.9-6 (mm2/s) 
and 4.99-5.21 (mm2/s) respectively. All the 

synthesized biodiesel has also low viscosity ranges 
4.66-5.33 (mm2/s) that is better for good 
combustion and less smoky. Moisture content is also 
low in all biodiesels indicate the purity. 
 

Basically, acid value is the mg of KOH to neutralize 

FFA of 1g oil/fat, higher the acid value less will the 
quality and quantity of biodiesel (9). Acid value of 
neem oil is very high due to high FFA (9.163 mg/g) 
while biodiesels have low acid value (0.161-0.261 
mg/g) within the standards. Iodine value indicate the 
unsaturation of neem oil due to the presence of 

unsaturated fatty and is very high 73.814 (mg 
I2/100g), while neem biodiesel has 49.49 (mg 
I2/100g), other biodiesels also have low iodine value 
51-58 (mg I2/100g). Saponification value of neem oil 
is also very high (199.810 mg/g) indicating its high 
tendency to form soap when reacted to basic catalyst 

which reduces to (167-176 mg/g) significantly and 
presented in Table 3. 

 
Table 1: Acid value, iodine value, FFA and saponification value of biodiesels. 

Sample Acid value 
(mg/g) 

Iodine value 
(mg I2/100g) 

FFA value Saponification 
value (mg/g) 

Neem Oil (71,74) 9.163 73.814 24.76 199.810 

Biodiesel (71,75) 
(standard) 

≤0.80  8.9  ≥2 - 

Neem Biodiesel (71,76) 
(standard) 

0.13 49.49 0.7 167.36 

L2 0.228 56.31 0.87 171.33 

L12 0.161 51.55 0.76 167.37 

L19 0.182 53.20 0.82 170.29 

L20 0.166 52.11 0.71 167.61 

L21 0.171 53.04 0.83 167.67 

L22 0.299 57.93 0.81 176.31 

L23 0.261 55.63 0.83 170.11 

L24 0.223 56.79 0.89 172.74 
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3.6. FTIR Characterization 
In addition to the physical parameters mentioned 

above, the synthesized biodiesels were characterized 
using FTIR (Figure 7-14). Broad absorption band of 
–OH near 3000-3400cm-1 is absent indicate these 
biodiesels are almost free from moisture. Sharp 
absorption peak near 1743 cm-1 are caused by C=O 

stretch indicating the presence of esters in all 
samples, while CH stretching results in peaks near 

2922 cm-1 and 2850 cm-1. Asymmetric and 
symmetric deformation vibrations of CH are 

approximated at 1458 cm-1 and 1380 cm-1, 
respectively indicate mono, di or triglyceride glycols 
in all tested samples. Due to C-O stretching, there 
are absorption peaks near 1166 cm-1, 1240 cm-1, and 
1100 cm-1, while long chain absorption peaks appear 

at 720 cm-1. 

 

 
Figure 7: FTIR spectra of biodiesel prepared by L2 as a catalyst. 

 

 
Figure 8: FTIR spectra of biodiesel prepared by L12 as a catalyst. 
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Figure 9: FTIR spectra of biodiesel prepared by L19 as a catalyst. 

 

 
Figure 10: FTIR spectra of biodiesel prepared by L20 as a catalyst. 
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Figure 11: FTIR spectra of biodiesel prepared by L21 as a catalyst. 

 

 
Figure 12: FTIR spectra of biodiesel prepared by L22 as a catalyst. 
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Figure 13: FTIR spectra of biodiesel prepared by L23 as a catalyst. 

 

 
Figure 14: FTIR spectra of biodiesel prepared by L24 as a catalyst. 
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5. CONCLUSION 
 
Biodiesel is an alternative fuel that contributes to 
energy stability. A variety of renewable sources can 
be used to produce biodiesel today, making it an 

extremely attractive alternative to fossil fuels that is 
non-toxic, biodegradable, and can be produced from 
a variety of renewable energy sources. In recent 

years, the extraction of neem oil from neem seeds 
has attracted the attention of many scientists based 
on the ease of cultivation, the lack of impact on food 
production, and the ability to grow on non-cultivable 
lands, compared to other biomass sources. 
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This paper summarizes the use of some newly 
synthesized organic heterocyclic hydrazone 

derivatives as catalysts for the production of neem 
biodiesel instead of previously reported catalysts due 
to their high yields and ease of optimization. Using 
ultrasonic irradiation method, we synthesized 
hydrazone derivatives in less than three minutes and 

were able to characterized these compounds using 
EIMS, NMR, FTIR and CHN spectroscopic methods. It 
was expected that these compounds exist in ketonic 
form and were highly pure since they showed a 
significant N-H peak in the 1H-NMR range of 11.9-
12.2 ppm and in the FTIR range of 3146-3237 cm-1, 

which confirmed their purity. Accordingly, the O-H 
absorption peak was found at 11.8 ppm in 1H-NMR, 
and the broad band was found to be above 3000 cm-

1 in FTIR. A sharp peak range of 1600-1700 cm-1 was 

observed by FTIR for the carbonyl group. Elemental 
analysis and mass spectra confirmed their molecular 
weights and molecular formula. 

 
As, FFA acid value of neem oil is very high 4.2% and 
before biodiesel formation it should be reduced and 
esterification performed before transesterification. 
For this purpose, we use, these derivatives as acid 
catalysts instead of simple acids. The reaction 
parameters like reaction temperature, reaction time, 

solvent and catalyst amount were optimized for 
better understandings. The optimized time for 
esterification was 60mint, optimized temperature for 
esterification as well as for transesterification was 
60°C, methanol used as optimized solvent while 

optimized amount of catalyst was 50mg. These 

optimized parameters produced high yield and highly 
purified biodiesel ranges 79-95%. 
 
These produced biodiesels showed 6-6.91 pH range, 
density (0.81-0.87 g/cm3), viscosity (5.41-4.79 
mm2/s) and moisture content less than 0.5. Acid 
value, FFA, iodine value and saponification value of 

all these biodiesels were 0.161-0.261(mg/g), 0.71-
0.89 (%) 51-58(mgI2/100g), and 167.37-176.31 
(mg/g) very close to the reported standard neem 
biodiesel. These neem biodiesels were characterized 
by FTIR spectra, exhibited CH stretching peaks near 
2900 cm-1 and 2800 cm-1 while sharp absorption 
peak for C=O above 1700 cm-1 while –OH absorption 

band was absent. This conclude that hydrazone 
derivatives can be used as excellent acid catalysts in 
esterification for production of highly purified 
biodiesel from neem oil with a yield up to 95%. 
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Abstract: Nanotechnology has emerged as a leading and widely adopted technology, particularly in the 
improvement of healthcare strategies and other fields. In the near future, the pharmaceutical and 
biotechnology industries are expected to undergo significant transformations due to the integration of 
nanoscale technology in drug delivery systems, particularly through the use of polymeric nanoparticles. These 
nanoparticles have been extensively studied as particulate carriers in the pharmaceutical and medical fields 
because of their potential as drug delivery systems, owing to their controlled and sustained release properties, 
subcellular size, and biocompatibility with tissues and cells. Several methods are employed in the preparation 
of polymeric nanoparticles, which are considered crucial for drug encapsulation. Materials such as PLGA, PLA, 

and chitosan are frequently used for encapsulating anticancer, antihormonal, and antimalarial drugs to 
enhance their release rates. Additionally, polymeric nanoparticles have applications in dentistry and oral 
health systems, particularly in the treatment of infections. The combination of polymeric nanoparticles with 

antibacterial drugs helps reduce infections. To achieve effective drug delivery, it is essential to understand 
the interactions of nanomaterials with the biological environment, including targeting cell-surface receptors, 
drug release, multiple drug administration, stability of therapeutic agents, and the molecular mechanisms of 

cell signaling involved in the pathobiology of the disease. 

 
Keywords: Nanochemistry, Polymeric nanoparticles, Drug delivery system. 
 

Submitted: February 16, 2024. Accepted: October 8, 2024. 
 
Cite this: Hama AA, Aziz DM, Qader IN, Ibrahim BM, Meena BI. Nanocarriers for Controlled Drug Delivery A 
Convergence of Polymer and Nanochemistry. JOTCSA. 2024;11(4): 1581-1594. 
 
DOI: https://doi.org/10.18596/jotcsa.1436845 

 
*Corresponding author’s E-mail: asiaasos28@gmail.com 
 

1. INTRODUCTION 
 
Nanochemistry is a branch of chemistry that studies 
chemical systems and processes at the nanoscale. 

The primary focus is on the properties, behavior, and 
manipulation of materials at the nanometer scale—
typically between 1 and 100 nanometers. Due to the 
enhanced surface-to-volume ratio and quantum 
mechanical effects, nanoscale systems exhibit 
unique phenomena and characteristics (1). Polymeric 
nanoparticles, a type of nanoparticle used in drug 

delivery systems, are polymers prepared at the 
nanoscale (1-100 nm). They play a crucial role in 
various fields, as evidenced by numerous 
publications on polymeric nanoparticles, as 
illustrated in Figure 1. Drug delivery systems (DDSs) 

involve a multi-step process that includes the 

administration of a therapeutic product, the 
controlled release of active ingredients, and the 
transport of these active ingredients across biological 
membranes to reach the target site. DDSs can take 

various forms, such as formulations (e.g., capsules, 
tablets, or patches) or devices (e.g., pumps or 
implants) (2). 
 
Nanochemistry is recognized as an important 
technique with applications across multiple fields, but 
it also faces limitations. To address these challenges, 

drug delivery systems can be integrated with 
nanochemistry to reduce their respective limitations. 
By combining these two systems, their limitations 
can be minimized, making them even more 
significant in various applications (3). 
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In particular, the drug delivery system has been used 
to overcome some of the limitations of 

nanochemistry. The linkage between these two 
systems can reduce constraints on both sides. As a 
result, pharmaceuticals and other drugs can be 
enhanced through nanochemistry to improve their 
effectiveness. The use of polymeric nanoparticles 

with drugs enhances their efficiency, and when drugs 
are encapsulated with polymeric nanoparticles, the 
result is a highly biocompatible drug. For example, 
anticancer drugs encapsulated with polymeric 

nanoparticles become more effective and are 
released more rapidly at the target site (3). 

 
This study aims to link two important systems—
nanochemistry and drug delivery systems—and 
explain each system individually before 
demonstrating their combined significance. By using 

polymeric nanoparticles for drug encapsulation and 
applying them in oral and dental applications, more 
effective therapeutic outcomes can be achieved. 

 

 
Figure 1: A visual depiction of the number of publications of polymeric particles during the period cited in 

Web of Science. 
 
2. IMPORTANCE OF CONTROLLED DRUG 
DELIVERY 
 
A Drug Delivery System (DDS) is defined as a system 

that facilitates the delivery of therapeutic drugs into 
the body while enhancing safety and efficiency by 
regulating the rate, time, and location of drug release 
and absorption. The DDS also refers to the 
interaction between the drug and the patient, 
determining the required dosage and administration. 
This process includes the use of a medicinal product, 

the release of active chemicals from the product, and 
the subsequent transport of these active compounds 

across biological membranes to their site of action. A 
substance that stimulates the development of an 
active therapeutic agent in vivo, such as in gene 
therapy, is also referred to as a therapeutic 
substance (2). 

 
2.1. Drug Delivery Routes 
Drugs are absorbed by the human body through 
several anatomical pathways. These drugs may be 
directed toward specific organs or intended for 
systemic effects. The choice of the route of 

administration depends on the illness, the desired 
outcome, and the available materials. Drug delivery 
routes are classified into several types. One common 
route is oral administration, which is preferred due to 
two factors: patient acceptance and ease of use. 

Another route is nasal drug delivery. For many years, 

medications have been inhaled for both topical and 
systemic effects. Topical treatments include 
medications for sinusitis, rhinitis, nasal blockages, 
allergies, and other long-term conditions. Examples 

of drugs used include corticosteroids, antihistamines, 
anticholinergics, and vasoconstrictors. The nasal 
route is appealing because it can bypass the 
disadvantages of oral administration, such as rapid 
first-pass metabolism and gastrointestinal drug 
breakdown. 
 

3. POLYMERIC NANOPARTICLES 
 

Polymeric nanoparticles (PNs) are derived from 
natural, semi-synthetic, or synthetic polymers. 
These nanoparticles are tiny, typically in the 
nanometer size range, often between 1 and 100 
nanometers. Polymeric nanoparticles (PNs) are 

produced through polymerization processes involving 
monomer units. Under controlled conditions, these 
nanoparticles self-assemble into nanoscale 
structures (4). 
 
3.1. Types of Polymeric Nanoparticles 

Polymeric nanoparticles (PNs), based on their 
structural organization, are categorized into two 
types: nanospheres and nanocapsules. Nanocapsules 
differ from nanospheres in that they have a reservoir 
structure, but both are important types of polymeric 

nanoparticles. Nanospheres, one type of polymeric 
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nanoparticle, trap the drug within the polymer 
matrix. On the other hand, nanocapsules consist of a 

polymeric membrane encasing a liquid core of either 

water or oil, where the drug must dissolve within the 
liquid core to be effective (5). Figure 2 shows the 

schematics of polymeric nanoparticles. 
 

 
Figure 2: Schematics of polymeric nanoparticles. 

 

3.2. Methods for Synthesizing a Polymer 
Nanoparticle 
Polymeric nanoparticles can be prepared based on 
their desired application across different fields, 
making the preparation process crucial to their 
effectiveness. Two primary techniques are used for 

the preparation and formulation of PNs: preformed 
polymer dispersion and direct polymerization of 
monomers. The first method, preformed polymer 
dispersion, includes several useful approaches in 
polymer chemistry, such as solvent evaporation, 
dialysis, salting out, the use of supercritical fluid 

technology, and nanoprecipitation, which involves 

the dispersion of preformed polymers. Some 

preparation techniques are explained further, 
starting with solvent evaporation, which is the first 
technique under type 1Solvent evaporation was the 
original method developed to produce (PNPs). The 
process begins by creating emulsions after preparing 
polymer solutions in volatile solvents. In the past, 

dichloromethane and chloroform were commonly 
used as solvents for preformed polymers, but ethyl 
acetate has gained popularity due to its better 
toxicological profile. As the solvent evaporates and 
the emulsion disperses into its continuous phase, it 
forms a suspension of nanoparticles (6). Figure 3 

reveals solvent evaporation represented in schematic 

form. 
 

 
Figure 3: Solvent evaporation represented in schematic form (6). 

 
Another technique is salting out. In this method, 
instead of using chlorinated solvents, a water-
miscible solvent such as acetone, ethanol, or N-
methyl-2-pyrrolidone is used. The aqueous phase 

can be saturated with electrolytes like magnesium 
acetate, magnesium chloride, or calcium chloride to 

prevent the mixing of organic and aqueous phases. 

To create an O/W emulsion, an organic solution 
containing the drug and polymer is emulsified into an 
aqueous phase that includes a colloidal stabilizer and 
salt. The emulsion is then diluted with enough water 

to enhance acetone penetration into the aqueous 
phase, leading to polymer precipitation (7). Figure 4 

The schematic representation of salting out. 
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Figure 4: The schematic representation of salting out (6). 

 
Type (2) is monomer direct polymerization, which 
includes several techniques such as controlled radical 

polymerization, microemulsion and emulsification-
based polymerization, interfacial polymerization, and 

single-molecule direct polymerization, including 
mini-emulsion polymer formation (8). 
 
Some preparation techniques are explained further. 
The first technique in Type 2 is emulsion 
polymerization, which is a highly scalable and 

efficient method for creating nanoparticles. This 
approach is divided into two categories depending on 
whether an aqueous or organic continuous phase is 
used. In the continuous organic phase method, a 
single molecule is distributed in an oily solution, an 
inverse microemulsion, or a material in which the 
monomer is insoluble. Several mechanisms can 

initiate the polymerization process. The process 

begins when an initiating molecule, which might be 
an ion or a free radical, comes into contact with a 
monomer molecule dissolved in the continuous 
phase. Alternatively, high-energy radiation, such as 
UV radiation or intense visible light, can convert a 
single substance into a starting radical. An anionic 

polymerization mechanism leads to the collision of 
monomer ions or radicals with other monomer 
molecules, triggering chain growth. Phase separation 
and the formation of solid particles can occur either 

before or after the polymerization process is 
completed (6). 

 
Another technique is interfacial polymerization, a 

well-established method for creating polymer 
nanoparticles with a proven track record. The process 
involves step polymerization of two reactive 
monomers or agents dissolved in two separate 
phases: the dispersed phase and the continuous 
phase. The reaction occurs at the interface between 

these two liquids. The monomer is carried by the 
organic solvent, which is miscible with water, and 
polymerization occurs at the interface (6). 
 
Polymers that are commonly prepared include 
polyprotic acid, polyglutamic acid, polycaprolactone, 
polylactic acid, and polyglycolic acid. On the other 

hand, examples of natural polymers include albumin, 

alginate, chitosan, collagen, and gelatin (5). 
 
3.3. Nanotechnology-based Drug Delivery 
System Design 
The unique properties of nanoparticles have 
garnered significant attention in the field of drug 

delivery. They enhance drug delivery in various ways, 
especially for poorly soluble drugs. In Figure 5, the 
difference between drugs that can utilize nanotubes 
(i.e., polymeric nanoparticles) and those that cannot 
is explained (9). 

 

 
Figure 5: The distinction between targeted and untargeted delivery of drugs (9). 
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The following describes the role of nanoparticles in 
targeted drug delivery: 

 
Better Solubility: The low solubility of many 
medications can limit their absorption and 
therapeutic effectiveness. Nanoparticles offer large 
surface areas and can be engineered to encapsulate 

or solubilize poorly soluble drugs, thereby enhancing 
their bioavailability. Targeted Drug Delivery: 
Nanoparticles can be functionalized or modified to 
target specific tissues or cells. This targeted delivery 
concentrates the drug at the site of action, reducing 
side effects and minimizing systemic exposure. 

Surface modifications, such as ligand conjugation, 
allow nanoparticles to recognize and bind to target 
cell receptors. 
 
The Enhanced Permeability and Retention (EPR) 

effect is a phenomenon in which abnormal 
vasculature in tumors tend to accumulate 

nanoparticles more than in normal tissues. 
Nanoparticles can exploit this property, enabling 
passive targeting of drugs to tumor sites and thereby 
enhancing the effectiveness of cancer therapies. 
 
Controlled Release: A sustained therapeutic effect 
can be achieved by engineering nanoparticles to 

release medication in a controlled manner. This is 
particularly useful for drugs with a narrow 
therapeutic window or those that need to act 
gradually. 
 
Protection of Drugs: Polymeric nanoparticles can 

shield drugs from degradation and metabolic 

breakdown, which may prolong the stability and 
potency of certain medications. 

 
Combination of Diagnostic and Therapeutic: 
Nanoparticles can be engineered to carry both 
therapeutic agents and diagnostic imaging agents. 
This enables simultaneous diagnosis and treatment, 

a practice known as theragnostic. 
 
Personalized Medicine: The ability to customize 
nanoparticle-based drug delivery systems makes 
personalized medicine possible for specific patient 
populations. 

 
Biocompatibility: The body can easily tolerate many 
materials that can be used to create biocompatible 
nanoparticles, reducing the likelihood of adverse 
reactions and immunological responses. 

 
The use of nanoparticles in drug delivery holds great 

promise for enhancing the therapeutic effectiveness 
of medications while minimizing adverse effects. 
Researchers continue to explore and develop 
innovative nanoparticle formulations for various 
medical applications (10). 
 
3.4. Drug Delivery Using Polymeric 

Nanoparticles 
The nanoparticles of polymers known as (poly-d,l-
lactide-co-glycolide, polylactic acid, poly-
caprolactone, poly-alkyl-cyanoacrylates, chitosan, 
and gelatin) are the most widely used in drug 
delivery systems. The most popular polymeric 

nanoparticles in drug delivery systems are explained 

in Table 1. 
 

Table 1: Polymeric nanoparticles that are most frequently utilized in drug delivery systems 

Material  Full name Abbreviation Reference 

Artificially created 
polymers 

Poly(lactide) 
Poly(lactide-co-glycolide) 

PLA 
PLGA 

(11) 

Natural polymers 

Chitosan 

Gelatin 
Alginate 

 (11) 

Copolymers Poly(lactide)-poly (ethylene glycol) PLA-PEG (11) 

Colloid stabilizers 
Poly (vinyl alcohol) 
dextran 

PVA (11) 

 
Characteristics that make nanoparticles an 
excellent drug delivery system: 

1.Non-toxic, Biodegradable, and Biocompatible: 
Non-toxic: Nanoparticles used for drug delivery 

should not harm the body. They should not induce 
toxicity or cause adverse reactions. 
 
Biodegradable: The system should be capable of 
breaking down into non-toxic components after 
delivering the drug, allowing for natural elimination 
from the body. 

 
Biocompatible: The nanoparticles should interact 
favorably with biological systems without causing 
harm or triggering immune responses. 
 
2. Improved Formulation Design: 

Solubility Enhancement: Use various techniques such 
as micronization, nanosuspensions, or complexation 

to improve drug solubility. 
 

Bioavailability Enhancement: Incorporate excipients 
that enhance drug absorption, such as surfactants, 
penetration enhancers, and lipid-based formulations. 
 
Stability Enhancement: Develop formulations with 
stabilizers, antioxidants, and appropriate packaging 
to protect drugs from degradation. 

 
3. Benefits of therapy: 
Controlled Bioavailability: Maintaining therapeutic 
drug levels in the body is crucial. A drug delivery 
system that allows precise regulation of 
bioavailability ensures a predictable release of the 

medication. 
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Biodistribution and Tissue Uptake: The distribution of 
drugs in the body and the tissues' ability to absorb 

medications can significantly impact treatment 
outcomes. Targeted drug delivery can increase drug 
concentration in specific areas while reducing 
exposure in non-targeted cells. 
 

Enhanced Drug Efficacy: Prolonged and controlled 
drug release can improve the overall efficacy of 
treatment, especially for medications with a narrow 
therapeutic window or those requiring continuous 
exposure for optimal effectiveness. 
 

Improved Patient Compliance: Controlled drug 
delivery systems often require less frequent dosing, 
which can improve patient adherence to the 
treatment regimen. 
 

Reduction of Side Effects: Controlled drug release 
can help mitigate side effects by avoiding sharp 

peaks and troughs in drug concentration. This results 
in a more stable and tolerable treatment experience 
for the patient (7). 
 

4. ENCAPSULATION OF DRUGS IN POLYMERIC 
NANOPARTICLES 

 
As mentioned above, polymeric nanoparticles are 
prepared using various methods depending on the 
application and the type of drug encapsulation. To 
demonstrate the effectiveness of nanomedicine, 

polymeric nanoparticles are used for the 
encapsulation of various drugs. The most useful 
polymers for this purpose are biodegradable 
polymeric nanoparticles. These nanoparticles offer 
successful drug release properties, as well as optimal 
subcellular size and bioactivity when interacting with 

cells (12). The general linkage between the 
encapsulation and polymeric nanoparticles is shown 
below in Figure 6. 
 
5. PLGA (Poly D, L-lactide-co-glycolide) 

 
PLGA (poly-d,l-lactide-co-glycolide) is an important 

nanoparticle used in nanomedicine and drug delivery 
systems. It is composed of biodegradable monomers, 
lactic acid and glycolic acid, which break down 
naturally in the body (4). Such as explained in Figure 
7. 

 

 
Figure 6: The encapsulation of drug and polymer nanoparticles. 

 
 

 
Figure 7: Hydrolysis of PLGA. 
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Different cancer-fighting drugs encapsulated on 
PLGA nanoparticles: 

 
The FDA accepts PLGA for therapeutic use in 
treatment due to its beneficial properties in 
nanomedicine. Key characteristics of PLGA 
nanoparticles include: 

 
Particle Size: The particle size of nanoparticles 
significantly impacts the drug delivery system. With 
sizes ranging from 1 to 100 nm, their small size 
enhances tissue penetration, cellular uptake, and 
provides an increased surface area for interactions. 

 
Surface Morphology: Well-defined surface 
morphology improves stability, cellular uptake, and 
overall biocompatibility, making it an important 
property in nanomedicine. 

 
Surface Charge: The stability of nanoparticles in 

suspension and their interaction with biological 
membranes are influenced by their surface charge. 
 
9-Nitrocamptothecin (9-NC) is a potent anticancer 
agent, but its low water solubility and instability at 
physiological pH present challenges for effective 
delivery. Nanoprecipitation techniques can address 

these issues, and PLGA (poly (lactic-co-glycolic acid)) 
is often used to encapsulate such lipophilic drugs. By 
encapsulating 9-NC in PLGA nanoparticles, you can 
achieve high encapsulation efficiency (over 30%) 
while preserving the drug's biological activity and 
preventing degradation of the lactone ring, which is 

crucial for its anticancer efficacy. This approach 

improves the drug's stability and bioavailability, 
making it a promising strategy for enhancing the 
therapeutic potential of 9-NC (12). 
 
Cisplatin is a widely used anticancer agent with a 
mechanism of action that involves forming cross-

links with DNA, which inhibits DNA replication and 
transcription, and can affect both genomic DNA 
(gDNA) and mitochondrial DNA (mtDNA). This action 
can effectively kill cancer cells, but its clinical use is 

limited by side effects and the development of drug 
resistance (13). 

 
To overcome these challenges, cisplatin has been 
encapsulated in PLGA–mPEG (poly(lactic-co-glycolic 
acid)–methoxy poly(ethylene glycol)) nanoparticles 
using a double-emulsion method. This formulation 

helps improve the stability and controlled release of 
cisplatin at the targeted site, which can enhance its 
therapeutic efficacy and reduce side effects. The 
quick degradation of these nanoparticles and their 
prolonged release at the tumor site contribute to 
better inhibition of cancerous tumor growth, 

potentially improving the overall effectiveness of 
cisplatin-based treatments (12). 
 
Paclitaxel is a highly effective anticancer agent used 
to treat various cancers, including breast, 

endometrial, and cervical carcinomas. However, its 
clinical use is often limited by its poor solubility in 

water, which complicates drug delivery (14). To 
address this issue, paclitaxel can be encapsulated 
using PLGA (poly(lactic-co-glycolic acid)) 
nanoparticles combined with vitamin E and 
tocopherol. The solvent evaporation/extraction 
methods used in this approach help trap paclitaxel 
within the nanoparticles, improving its solubility and 

stability. This method not only enhances the drug's 
solubility but also allows for faster and more efficient 
drug administration. The encapsulation in PLGA–
vitamin E–tocopherol nanoparticles can improve the 
pharmacokinetics of paclitaxel, leading to better 
therapeutic outcomes and potentially reducing side 

effects (12). 

 
6. POLYLACTIC ACID (PLA) 
 
Polylactic acid (PLA) is an aliphatic polyester 
characterized by the presence of ester bonds 
connecting its monomer units. It is highly valued in 

the biomedical field for its biocompatibility and 
biodegradability, with a variety of uses for suture 
threads that are active, bone-fixing screws, and 
drug-delivery equipment (15). Figure 8 reveals the 
formation of polylactic acid (PLA). 

 
Figure 8: The formation of polylactic acid (PLA) 

 

6.1. Encapsulation of Oridonin on PLA 
Nanoparticles 
Oridonin (C20H28O6) is a kaurene-type diterpenoid 
extracted from Rabdosia rubescens, known as 
“Donglingcao” in Chinese. It exhibits a range of 
biological activities, including anticancer, 

antibacterial, anti-inflammatory, and anti-fibrotic 

effects. However, its clinical use is limited by its low 
therapeutic index and poor water solubility (16). To 
address these limitations, oridonin can be 
encapsulated in poly (lactic acid) (PLA) nanoparticles 
using an improved spontaneous emulsion technique. 
This formulation helps overcome the drug's solubility 

issues and enhances its stability. The PLA 
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nanoparticles facilitate a prolonged blood circulation 
time, which can improve the drug's therapeutic 

efficacy by increasing its bioavailability and allowing 
for sustained release at the target site (12). 
 
6.2. Hormone (Progesterone) Encapsulation on 
PLA Nanoparticle 

Progesterone, a C-21 steroid hormone, plays crucial 
roles in the female menstrual cycle, pregnancy, and 
embryonic development across various species. Its 
therapeutic applications extend beyond these 
physiological roles, including potential uses in cancer 
treatment. 

 
To enhance the delivery and efficacy of progesterone, 
it can be encapsulated in PLA–PEG–PLA (poly(lactic 
acid)–poly(ethylene glycol)–poly(lactic acid)) 
nanoparticles using the solvent evaporation method 

(12). 
 

7. GELATIN 
 
Gelatin is Naturally occurring, biocompatible, and 
sustainable, biopolymer and contains an active group 
for this reason it is used in many applications and it 
has a low cost. Gelatin contains both anionic and 
cationic groups which means poly-ampholyte in 

nature (17). 
 
Didanosine and chloroquine phosphate are both 
important medications with specific challenges in 
their clinical use, which can be addressed by 
encapsulating them in gelatin nanoparticles. 

 

Didanosine Encapsulation 
Didanosine (ddI) is an anti-HIV medication with a 
strong affinity for water, which facilitates its ability to 
cross the blood-brain barrier (BBB). However, 
effective delivery to the brain requires precise 
formulation. By encapsulating didanosine in mannan-

coated gelatin nanoparticles using the desolvation 
method, several benefits are achieved: 
 
Enhanced BBB Penetration: The gelatin 
nanoparticles, especially with mannan coating, help 
didanosine effectively traverse the BBB. 
 

Improved Efficiency: Encapsulation enhances the 
stability and bioavailability of didanosine, ensuring 
better therapeutic outcomes in the treatment of HIV. 

 
Chloroquine Phosphate Encapsulation 
Chloroquine phosphate is an antimalarial drug used 

to treat malaria by killing the parasite that infects red 
blood cells. Despite its efficacy, it is associated with 
side effects such as headache, drowsiness, vomiting, 
and nausea. Encapsulating chloroquine phosphate in 
gelatin nanoparticles offers several advantages: 
 
Reduced Side Effects: The gelatin nanoparticles can 

help mitigate adverse reactions by controlling the 
release of the drug and reducing its systemic 
exposure. 
 
Improved Drug Functionality: Encapsulation 

enhances the stability and effectiveness of 

chloroquine phosphate, potentially leading to better 
therapeutic outcomes with fewer side effects. 

Both encapsulation strategies illustrate how gelatin 
nanoparticles can be utilized to improve the delivery, 
efficacy, and safety profiles of medications, 
addressing their inherent limitations and enhancing 
their therapeutic potential (12). 

 
8. CHITOSAN 
 
Chitosan, a biopolymer derived from chitin, is indeed 
a valuable material for drug delivery systems due to 
its unique chemical properties and biological 

compatibility. Three functional groups make up 
chitosan: hydroxyl groups both primary and 
secondary at places C2, C3, and C6, as well as an 
amino group. The hydroxyl groups in chitosan have 
a significant impact by chemically supplying side 

groups to the reactive hydroxyl groups; this process 
is carried out without altering the physical in natural 

functions of the material (18). 
 
8.1. Encapsulation of Insulin on Chitosan 
Nanoparticles 
Enterocytes cells lining the small intestine 
responsible for nutrient absorption. The absorption of 
insulin is facilitated by cells of intestine lining. For the 

purpose of enhanced intestinal absorption, The 
intestinal absorption of insulin was significantly 
improved by the insulin-loaded chitosan 
nanoparticles (12). 
 
Antihormonal (glycyrrhizin) medications 

encapsulated on chitosan tiny particles: 

 
Glycyrrhizin (GL) indeed a major bioactive compound 
found in licorice root (Glycyrrhiza glabra), and it has 
been recognized for diverse pharmacological and 
biological activities, like. 
 

Antiviral Activity: Glycyrrhizin has proven to have 
antiviral properties against several viruses, such as 
the HIV, the influenza virus, and the herpes simplex 
virus. 
 
Anti-Inflammatory Activity: According to reports, GL 
has anti-inflammatory qualities, which it might be 

helpful for inflammation-related conditions. 
 
Antioxidant Activity: The compound exhibits 

antioxidant effects, which help combat oxidative 
stress in the body. 
 

Anticancer Activity: Studies, both in vitro and in vivo, 
have suggested glycyrrhizin may have anticancer 
properties, with potential effects on various types of 
cancer cells (19). 
 
Chitosan have demonstrated a remarkable ability to 
bind with ammonium glycyrrhizinate. The pattern of 

release of ammonium glycyrrhizinate exhibits a 
noticeable peak and a gradually increasing release 
phase; however, if the nanoparticles are employed, 
they may enhance the uptake of ammonium 
glycyrrhizinate orally (12). 
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9. POLY-CAPROLACTONE (PCL) 
 

One of the rare synthetic biodegradable polymers 
with great potential for use in drug delivery systems 
is poly-caprolactone (PCL). This polymer is 
hydrophobic and has a crystalline structure, with its 
crystallinity decreasing with increasing molecular 

weight. This kind of polymeric nanoparticles is made 
using widely used methods, like the ring-opening 
polymerization of 2-methylene-1-3-dioxepane by 
free radicals. It can also be made using a different 
method that doesn't involve free radicals, which is 
ring-opening polymerization (20). 

 
PCL nanoparticles are used to encapsulate insulin 
and other diabetes medications: One of the 
hormones made by the pancreatic beta cells that 
regulates our blood sugar levels and is absorbed in 

the intestines is insulin. Insulin administered orally 
via poly-caprolactone (PCL) polymeric nanoparticles 

is one of the most commonly used insulin carrier 
medications. Since the cells in the small intestine 
adsorb strongly to FITC-insulin-loaded nanoparticles, 
the cells in the intestine absorb insulin more readily 
when the insulin is loaded onto PCL nanoparticles 
(21). 
 

Encapsulation of clonazepam drugs on PCL 
nanoparticles: 
One medication that calms the brain and nerves is 
clonazepam. It is a member of the benzodiazepine 
drug class. The copolymer known as poly (N-
isopropyl acrylamide)-b-poly(3-caprolactone) 

(PNPCL) is highly effective in the encapsulation of 

clonazepam. Additionally, poly-N-isopropyl 
acrylamide (PNiPAAm) is formed; the formation of 
these PNiPAAm hydrogel layers delayed the release 
of the drug because they can function as a barrier 
and an additional part. Consequently, the PCL 
copolymer has a significant impact that facilitates 

clonazepam's release and absorption more 
successfully (12). 
 
10. BIOCOMPATIBILITY AND TOXICITY 
 
Biocompatible Materials in Dental and Oral Systems: 
To boost the effectiveness of dental and oral systems, 

biocompatible polymeric nanoparticles are 

employed. Antibiotics have been added to a range of 
biomaterials to target specific areas and boost the 

efficacy of antibiotic therapy because of this. In 
dentistry, where localized drug delivery can help 
treat infections and prevent complications, this tactic 
is particularly crucial. Chitosan, gelatin, and alginate, 
as well as Poly(lactic-co-glycolic acid), also known as 

PLGA and Polylactic Acid (PLA), are the two most 
significant polymeric nanoparticles utilized in 
dentistry. In addition, PLA is a biodegradable polymer 
nanoparticle that can be employed in dental 
applications, acting as a carrier and gradually 
releasing medication. It A naturally occurring 

polymeric nanoparticle that serves as an antibiotic 
increases the delivery of antibiotics locally, 
encouraging healing and lowering the risk of 
infections (22). 
 

10.1. PLGA in Dentistry 
PLGA is one of the most common polymer-based 

nanoparticles used in dentistry. They serve a variety 
of purposes, including screw bone fixation and 
periodontal pairing (23). In the form of implants, 
disks, and dental care films, PLGA can be used to 
treat periodontal disease, improve local antibiotic 
delivery, and lessen the systemic side effects of 
general antibiotic delivery (24). Direct pulp capping 

is used to treat exposed dental pulp, which is 
typically the result of trauma or caries, in order to 
maintain pulp vitality and promote the formation of 
reparative dentin. The use of PLGA composites with 
bioceramics in direct pulp capping is being studied, 
with an emphasis on different materials and 

techniques to increase the procedure's success. PLGA 

is a well-liked polymer for controlled drug delivery 
systems because it is biocompatible and 
biodegradable. On the other hand, bioceramics—a 
term for materials that are compatible with biological 
tissues—are widely used in orthopaedic and dental 
applications (23). The positive results of the PLGA 

materials indicate that more research is required, 
especially in the areas of material delivery to dental 
tissues and pulp capping ability of PLGA composites. 
To elaborate, the dental field employs PLGA materials 
for a multitude of purposes. Figure 9 illustrates the 
most commonly used PLGA substances and their 
respective applications in dentistry (25). 

 

 
Figure 9: The most popular PLGA substances and how they are used in dentistry (25). 
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Dental cavity system of administration using chitosan 
as a natural polymeric carrier for dental disorders: 

Chitosan is a natural polymer of significant functional 
importance, making it one of the most crucial natural 
polymeric nanoparticles used today due to its high 
biocompatibility, nontoxicity, and excellent 
degradability (26). Chitosan-based carriers are 

employed to deliver nutrients, antimicrobial agents, 
anti-inflammatory compounds, chemotherapy 
medications, and vaccines to specific cells through 
various forms such as films, fibers, sponges, 
micro/nanoparticles, and gels (26). In dental fields, 
chitosan-based drug delivery systems are used to 

treat conditions such as tooth caries and 
periodontitis, as well as to provide extended local 
anesthesia and support endodontic treatments for 
root canals (27). 
 

The disadvantages of systemic antibiotic and anti-
inflammatory drug administration have shifted the 

focus toward targeted drug delivery systems. These 
systems allow for the continuous release of 
medications in specific areas, sustaining therapeutic 
concentrations at the site for extended periods (28). 
Chitosan exhibits anti-inflammatory properties on 
human gingival fibroblasts (HGFs) by downregulating 
chemokines (such as CXCL-8) and cytokines (such as 

TNF-α and IL-1β). This suggests that chitosan may 
play a significant role in modulating the inflammatory 
response, which is crucial for tissue healing. The 
impact of chitosan on inflammation can vary 
depending on the substances and components 
involved. This underscores the importance of 

understanding the unique properties of chitosan 

formulations to maximize their beneficial effects. The 
potential for chitosan to support the regeneration of 
injured gingival tissue is supported by observed 
increases in cell survival and metabolic rates, as well 
as its anti-inflammatory effects. Thus, chitosan may 
be a promising option for promoting wound repair 

and tissue renewal in the oral cavity (29). Since 
gram-negative rods are the primary cause of 
gingivitis, metronidazole is considered an essential 
antibiotic for the management of gum disease. 
Research suggests using chitosan-based gels and 
films to deliver metronidazole locally, reducing the 
number of applications, potential systemic side 

effects, and the healing time (30). A study led by 
Pichay Korn et al. examined chitosan nanoparticles 
filled with metronidazole (MTZ-MPs). The findings 

indicate that MTZ-MPs loaded into hydrogels exhibit 
a more favorable release profile compared to MTZ-
MPs incorporated into films (31). 

 
Chitosan-based drug transporters are used for the 
management of root canal diseases. Chitosan/gelatin 
nanoparticles have been applied in endodontic 
treatments and root canal infections, with one of the 
most important applications being the sustained 
release of calcium hydroxide. Calcium hydroxide is 

widely used in endodontics due to its antimicrobial 
properties and its ability to promote tissue repair. 
Nano-carriers, with their high surface area, can 
provide controlled release of the encapsulated drug, 
prolonging its therapeutic effect. This sustained 

release is particularly advantageous in root canal 
treatments, as it ensures that the therapeutic agent 

remains active within the root canal system for an 
extended period, increasing the chances of 

eliminating or controlling infection. Additionally, the 
biodegradability of chitosan is beneficial in such 
applications, as the nano-carriers can gradually 
break down and be eliminated from the body, 
minimizing potential long-term side effects (32). 

Consequently, calcium hydroxide combined with 
chitosan nanoparticles exhibits greater antibacterial 
activity compared to calcium hydroxide alone (33). 
 
Modifications of oral hygiene products: 
Porphyromonas gingivalis and Streptococcus mutans 

are the main pathogens that cause gingivitis and 
dental cavities, two common conditions in the oral 
cavity. Mouthwashes, dentifrices, toothpaste, and 
other dental products come in liquid, paste, gel, or 
powder form. These products contain active 

ingredients that work in multiple ways to maintain 
dental health and enhance oral hygiene. Recent 

advancements in dental care product development 
have concentrated on utilizing naturally occurring 
anti-plaque agents with potent anti-carious 
efficaciousness (34). Cytotoxicity, consistency, and 
biofilm-inhibiting properties have all been examined 
when comparing the broad spectrum prolonged anti-
bacterial activity of chitosan-based toothpaste and 

mouthwashes to commercial ones evaluated. In the 
field of oral care, toothpastes containing stannous 
material and fluoride modified by chitosan have been 
the focus of much research. Chitosan-modified 
Fluoride Toothpaste: Fluoride is well-known for its 
ability to prevent tooth decay by encouraging 

remineralization and preventing demineralization of 

enamel. When combined with chitosan, this 
toothpaste seeks to maximize the protective effects 
of fluoride on tooth enamel. 
 
The efficacy and adherence of the mixture might be 
enhanced by the addition of chitosan. Stannous-

containing Toothpaste: Another ingredient found in 
toothpaste formulas is stannous fluoride. Its capacity 
to offer several advantages, such as antibacterial 
qualities and sensitivity alleviation, has been 
acknowledged. It is thought that stannous 
compounds create a layer of protection on the 
surface of the teeth, preventing dentin and enamel 

loss. In contrast to store-bought toothpaste: These 
altered formulations are frequently compared in 
studies to toothpaste products that are sold 

commercially. Fluoride is added to toothpaste 
formulations for enamel protection, along with other 
additives for flavor and texture, and standard 

cleaning ingredients. Assessing factors like bacterial 
inhibition, abrasion resistance, enamel hardness, and 
overall tissue loss reduction efficacy may be part of 
the comparison (34). 
 
10.2. Antifungal Properties Substances 
Numerous studies have demonstrated that chitosan 

coating medical devices lowers the risk of poisoning. 
Tissue conditioning products and denture adhesives, 
two of chitosan's derivatives, are expected to be 
effective in treating denture stomatitis and other 
common oral fungal infections due to their strong 

anti-fungal properties (36). The anti-fungal 
mechanism of chitosan is believed to be fungistatic 
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as opposed to fungicidal, and it is similar to the 
antibacterial mechanism that was previously 

discussed (37). One of chitosan's well-known 
antimicrobial qualities is antifungal activity. By 
adding high-molecular-weight chitosan to the 
denture adhesive, wearers of dentures may benefit 
from improved oral health by preventing fungal 

growth. A low-molecular-mass chitosan solution 
applied for two weeks is a more effective treatment 
for denture stomatitis than nystatin (38). 
Additionally, when treating oral inflammatory and 
candidiasis lesions, chitosan-curcumin mouthwash 
without alcohol yielded better results than 

chlorhexidine (39). 
 
10.3. Tissue Engineering 
Periodontitis is a very serious inflammation that 
affects not only the bone but also the soft tissues that 

support the teeth, as well as dental tendons and 
ligaments. The phases of periodontitis are as follows: 

Gingivitis, the early stage of periodontal disease, is 
characterized by gum inflammation. Gingivitis is 
often brought on by plaque, a sticky bacterial film 
that forms on teeth. Gingivitis can lead to 
periodontitis if it is not properly treated. also, 
Periodontal Pocket Formation: As gingivitis advances, 
inflammation cause creation of periodontal pockets. 

These are openings where bacteria can grow and 
proliferate between teeth and gums. The pockets 
offer a conducive environment for growth of more 
harmful bacteria. bone loss: when Periodontitis is not 
treated the bone that shields the teeth loss results in 
defect the bone of the teeth. Tooth Loosening: the 

continued methods leads to the tooth losing bone, 

causing in the teeth loosening also it may be in 
severe cases tooth mobility becomes evident and 
leads to an increase in the effect of tooth loss (40). 
Chitosan and its derivatives are naturally occurring 
biomaterials that meet all of the necessary 
requirements and characteristics for tissue 

scaffolding. When the new target tissue forms, 
chitosan does not break down into hazardous 
compounds, especially when broken down by 
lysosomes, nor does it trigger the immune system 
when it is inserted. In dentistry, bone, gums, and 
tooth pulp are regenerated using scaffolds made of 
chitosan (41). 

 
Metallic-Based Concoction for Medicine 
Administration in Dental Issues: 

Because of their unique properties, which include 
their high surface-to-volume ratio and importance in 
the study of dental issues, nanoparticles have 

attracted a great deal of interest in a variety of fields, 
including the medical sciences and dentistry. Another 
characteristic of nanoparticles that makes them 
significant is their shapes. Another type of 
nanoparticle used in dentistry are metallic ones. 
Titanium nanoparticles, for example, are used in 
dental implants due to their remarkable biological 

compatibility and durability. Gold: Used in imaging 
and with special optical properties for therapeutics 
and diagnostics. Silver: Silver nanoparticles are 
utilized in dental materials to prevent infections 
because of their well-known antimicrobial qualities 

(42). 
 

11. CONCLUSION 
 

nanotechnology has become a new revolution It is a 
cutting-edge method for finding and delivering 
drugs. Polymeric Nanoparticles that are prepared 
from polymers are the most types of nanoparticles 
used in the field of nanotechnology to improve many 

functions of drugs and sustain the release of the 
drugs in a shorter time than the drug without the use 
of polymeric nanoparticles, the most important 
polymeric nanoparticles that explained are PLGA and 
poly lactic acid(PLA) and chitosan also alginate, they 
are the most important polymeric nanoparticles and 

prepared by polymerization process that discussed, 
they are used in encapsulation of drugs such as 
encapsulation of anticancer and antihormonal and 
antimalarial also insulin most other drugs were 
discussed that uses polymeric nanoparticles in their 

encapsulation by encapsulation improve their 
efficiency also improve their releasing rate also can 

act most beneficial drugs that reduce side effects of 
drugs. by means polymeric nanoparticles can be 
used in the field of dentistry, to boost the 
effectiveness of dental and oral systems, 
biocompatible polymeric nanoparticles are 
employed. Antibiotics have been incorporated into a 
range of biomaterials to target specific regions and 

enhance the efficacy of antibiotic therapy due to 
these reasons. PLGA, PLA, and chitosan are the most 
important polymeric nanoparticles that are used in 
dental problems, chitosan used in toothpaste, has 
more benefits than the toothpaste used without 
using chitosan as a part of it, also PLGA is the most 

multi-functional uses in the field of dentistry such as 

used in endodontic treatments and oral cancer 
therapy, at the end of the study explained that two 
systems that work and link together most benefit 
system. 
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Abstract: This study focuses on the electrochemical investigation of modifiers and their components that 
can provide the easiest and most sensitive results for electrochemical sensors. For this purpose, a 
nanocomposite of tannic acid and carbon nanotubes with extraordinary properties was obtained. The 
nanocomposite and its components were immobilized on glassy carbon electrode surfaces by the drop-drying 
technique. The morphological and electrochemical properties of the nanocomposite and its components were 
examined by scanning electron microscopy and cyclic voltammetry techniques. The surfaces modified with 
the nanocomposite and its components exhibited different electrochemical behaviors. Tests performed in 
ferricyanide, ferrocene, ruthenium hexamine (III) chloride, and ferricyanide/ferrocyanide probes showed that 

the nanocomposite-modified surface exhibited the best voltammetric behavior. Scan rate and pH studies 
showed that the nanocomposite-modified surface catalyzed electron transfer more and increased the active 
surface area. 
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1. INTRODUCTION 
Tannins are also known as tannic acid. Tannins are 

compounds with polyphenolic structures and are 
obtained from plants such as tea, rapeseed, broad 
bean, and sorghum. Tannic acid (TA) is present in 
numerous vegetables, fruits, and beverages, 
including wine, beer, coffee, black tea, and white tea. 
Simultaneously, due to the presence of numerous 

hydroxyl and functional groups in their structures, 

they are capable of forming cross-links with proteins 
and other macromolecules. TA, a water-soluble 
polyphenol compound, has been actively used to 
treat many diseases for years (1,2). TA analysis is 
gaining importance due to its wide range of studies, 
such as environment, medicine, and food. TA is used 

as a food additive and sweetener (3) as well as an 
additive in medicine and veterinary fields due to its 
antimicrobial, anticarcinogenic, and antimutagenic 
potential. At the same time, TA protects cells against 
oxidation properties (4,5). Determining the amount 
of tannic acid contained in fruit, tea, and beer is very 
important in evaluating the quality of the products 

(6). TA, which has a very wide area of use in 
medicine, is used in the treatment of tonsils, 
pharyngitis, hemorrhoids, and some diseases due to 

its astringent effects on vessels and mucosa. This 
compound also has antioxidant, antitumor, 

antimutagenic, and antiviral properties and other 
types of physiological activities (7-9). An important 
feature of TA is its strong interaction with metal ions, 
polymers, and proteins (10). The TA molecule 
contains a large number of active phenolic groups 
and is easily converted to polytannic acid (PTA), 

which can bind to various molecules through covalent 

or non-covalent bonds. Therefore, PTA has attracted 
great interest in surface modification due to its good 
adhesion, excellent biocompatibility, 
biodegradability, antimicrobial and antioxidant 
effects (11,12). In addition, thanks to its active 
phenolic groups, it easily forms composites by 

integrating with various molecules (13). Therefore, it 
can be effectively used as a modifier for 
electrochemical sensors. 
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Scheme: The molecular formula of tannic acid. 

 
Nowadays, it has been determined that 

nanocomposites are superior to pure polymers in 
terms of thermal, optical, mechanical, electronic, and 
catalytic properties. Studies have shown that the 

incorporation of nanoparticles in nanocomposites has 
several beneficial and enhancing effects (14). This is 
due to the fact that nanoparticles or nanostructured 
materials increase the adhesion/bonding between 

the matrix and nanostructured materials thanks to 
their large surface areas (15). In addition, the easy 
and homogeneous incorporation of nanostructures 
into the matrix also takes their positive effects to the 
next level. Considering these properties of 
nanostructures, carbon nanotubes (CNTs) are known 
to be the hardest and most durable man-made 

nanomaterials known so far (16). In addition to all 
the advantages they offer, they have also attracted 
interest in areas related to electrical devices and 
communication thanks to their high electrical 
conductivity properties (17,18). Moreover, due to 
their very small dimensions, these structures can 

also be used if they are homogeneously embedded in 
matrices. To increase the chemical affinity of carbon 
nanotubes (CNTs) to polymer matrices, chemical 
modification of graphitic sidewalls and ends is 
required. The properties and applications of CNTs 
have been very active areas of research in the last 
decade (19-23). CNTs exhibit high flexibility, low 

bulk density, and a large aspect ratio (typically 
greater than 1000). MWCNTs can transport electrons 
along long lengths without significant interruption, 
making them more conductive than copper (24). The 
main advantage of CNTs, which makes them ideal 
reinforcements for several applications, is that their 
mechanical and electrical properties can be utilized 

in combination (25,26). 
 

TA is an oligomeric polymer of carbon-carbon bonded 
flavonoid units resistant to hydrolysis and can work 
in harmony with nanostructures during 
enzymatic/chemical reactions. This allows the 

integration of TA with carbon-based nanostructures 
or nanoparticles as a sensor interface to trigger the 
correct enzymatic reactions and significantly increase 
the detection capability of the modified electron. 
Thus, it provides the potential to provide innovative, 
fast, simple, durable, and accurate high-sensitivity 
measurements in the development of 

electrochemical sensor systems. The combination of 
carbon nanotubes with the advantageous features of 
tannic acid is anticipated to yield novel composite 
forms, offering cost-effective and efficient modifiers 

and facilitating the development of revolutionary 
electrochemical sensors (13). 
 

This study aims to prepare a nanocomposite by 
taking advantage of the superior properties of tannic 
acidic active phenolic groups and multi-walled carbon 
nanotubes. For this purpose, the nanocomposite 

suspension prepared by sonication in chloroform was 
modified on glassy carbon electrode surfaces via the 
drop-drying technique. Tannic acid and multi-walled 
carbon nanotubes, which are the components 
constituting the nanocomposite, were also prepared 
in the same manner, and modified electrodes were 

obtained. Then, the electrochemical and 
morphological characteristics of the obtained 
surfaces were investigated and compared with both 
each other and the bare GCE. 
 
2. EXPERIMENTAL SECTION 

 

2.1. Materials 
Potassium ferricyanide (≥99%), tannic acid (99%), 
ferrocene (98%), acetonitrile (%97), 
tetrabutylammonium tetrafluoroborate (99%), 
potassium ferrocyanide (99.9%), and chloroform 
(≥99.5%) were ensured by Merck, VWR, and Sigma-
Aldrich. Carbon nanotubes (110–170 nm) were 

purchased from Sigma. Ultrapure water was used in 
aqueous solutions, acetonitrile was used in non-
aqueous solutions, and all solutions were kept at 
+4°C. 99% pure N2(g) was used to remove dissolved 
oxygen in the cell before electrochemical 
experiments. 

 
A Gamry Interface 1000B 

Potentiostat/Galvanostat/Zra analyzer was used for 
electrochemical experiments. In this analyzer, which 
has a three-electrode system, a nanocomposite-
modified glassy carbon electrode (BASi Model MF–
2012) served as the working electrode. The 

reference electrodes employed were the BASi model 
MF-2052 of Ag/AgCl/KCl (3M), the BASi model MF-
2062 of Ag(AgNO3(0.1M)), and the counter electrode 
was a Pt wire (0.5mm). 
 
2.2. Functionalization of MWCNTs 
Before modification, commercial MWCNTs were 

sonicated in a concentrated HClO4(98.5-102.0%) + 
HNO3(96-98%) (3:7, v:v) solution for 5 h to 
functionalize their surfaces (27). The functionalized 
MWCNTs were then filtered, repeatedly washed with 

ultrapure water to neutralize, and dried at room 
temperature. 

 
2.3. Preparation of Modifier Suspensions 
MWCNTs suspension: prepared by sonicating 1 mg of 
MWCNTs within 5 mL chloroform for 1 h. 
 
TA suspension: prepared by sonicating 1 mg of TA 
within 5 mL chloroform for 1 h. TA/MWCNTs 

suspension: prepared by sonicating 1 mg of MWCNTs 
within 5 mL chloroform for 5 min, then adding 10 mg 
TA to the solution and sonicating the solution for 
another 1 h. 
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2.4. Modification 
After the preparation of MWCNTs, TA, and 
TA/MWCNTs suspensions, 5.0 μL of each suspension 

was immobilized on the cleaned glassy carbon 
electrode surfaces by the drop-drying technique. 
Three modified electrodes defined as MWCNTs/GCE, 
TA/GCE and TA/MWCNTs/GCE were obtained. 

 
2.5. Characterization 
For the morphological characterization, SEM images 
were taken of the MWCNTs/GCE, TA/GCE, and 
TA/MWCNTs/GCE surfaces at 1µm. 
 

For the electrochemical characterization of bare GCE, 
TA/GCE, MWCNTs/GCE, and TA/MWCNTs/GCE 
surfaces with cyclic voltammetry (CV) technique in 
ferrocene, ferricyanide (HCF(III)), ruthenium 
hexaamine(III) chloride and ferri-ferrocyanide 
(HCF(III)-HCF(II)) redox probes, respectively; 

 

✓ In 1.0 mM ferrocene solution, within the -
0.2/+0.4 V range, at 100 mV/s scan rate, against 
Ag/AgNO3 reference electrode, 

✓ In 1.0 mM HCF(III) solution, within the +0.6/0.0 
V range, at 100 mV/s scan rate, Ag/AgCl refer-
ence electrode, In 1.0 mM ruthenium hexa-
mine(III) chloride solution, within the -0.5/0.2 V 

range, at 100 mV/s scan rate, against Ag/AgCl 
reference electrode, 

✓ In 1.0 mM HCF(III)-(II) solution, within the -
0.3/0.8 V range, at 100 mV/s scan rate, against 
Ag/AgCl reference electrode, voltammograms 
were recorded. 

 
To provide insight into the TA, MWCNTs, and 

TA/MWCNTs structures to the GCE surface and to 
obtain information on whether there is an active 
group or groups that can be protonated on the 
surfaces after modification, voltammograms of each 
of the bare GCE, TA/GCE, MWCNTs/GCE and 

TA/MWCNTs/GCE surfaces were recorded separately 
on 1.0 mM HCF(III) probes prepared with BR buffer 
solutions at pH 2.0; 3.0; 5.0; 7.0; 9.0; and 11.0 
(within the +0.6/0.0 V range, at 100 mV/s scan rate 
against an Ag/AgCl/KCl(sat) reference electrode). 
 
To determine the electron transfer pattern of TA, 

MWCNTs and TA/MWCNTs structures on the GCE 
surface, voltammograms of each of the bare GCE, 
TA/GCE, MWCNTs/GCE, and TA/MWCNTs/GCE 
surfaces were recorded against the Ag/AgNO3 

reference electrode within the -0.2/0.4 V range in 1.0 
mM ferrocene probe prepared in CH3CN containing 

100 mM TBA-TFB at scan rates of 25, 50, 100, 200, 
300, 400, 500, 600, 700 mV/s. 
 
3. RESULTS AND DISCUSSION 
 
3.1. Scanning Electron Microscope Examination 
of MWCNTs/GCE, TA/GCE, and TA/MWCNTs 

GCE Surfaces 
Elucidating the morphology of modified surfaces 
provides important ideas. For this reason, 1µm 
surface images of the prepared MWCNTs/GCE, 
TA/GCE, and TA/MWCNTs/GCE modified electrodes 

were recorded with the SEM technique and presented 
in Figure 1. When the SEM image of the 
MWCNTs/GCE surface given in Figure 1A is 

examined, it is observed that MWCNTs are 
homogeneously distributed on the GCE surface, and 
there is no agglomeration. In Figure 1B, it is 
observed that TA also exhibits a homogeneous 

distribution without agglomeration. When Figure 1C 
is examined, it is determined that the 
TA/MWCNTs/GCE surface exhibits a complex 
structure by homogeneously dispersing the structure 
of MWCNTs functionalized with the multi-armed 
polyphenol structure of TA and flavonoid oligomer 

polymers. The homogeneous dispersion of MWCNTs, 
one of the components forming the nanocomposite 
(TA/MWCNTs), into the TA structure, showed that the 
adhesion/bonding between the matrix and 
nanostructured materials increased thanks to the 
large surface areas of the nanostructured materials 

(15). 

 
3.2. Electrochemical behaviors of Bare GCE, 
TA/GCE, MWCNTs/GCE, and TA/MWCNTs/GCE 
in Redox Probes 
Electrochemical tests performed by cyclic 
voltammetry (CV) in the presence of redox probes 
are an effective method to reveal whether electron 

transfer occurs between the surface and the 
electrolyte. Therefore, the electrochemical behaviors 
of bare GCE, TA/GCE, MWCNTs/GCE, and 
TA/MWCNTs/GCE were individually examined using 
the CV technique in the presence of HCF(III), 
ferrocene, HCF(III) – HCF(II), and ruthenium 

hexamine(III) chloride probes. The electrochemical 
behaviors of the modified GCE surfaces were 

compared with the electrochemical behavior of the 
bare GCE surface. Figure 2A presents the 
voltammograms of bare GCE, MWCNTs/GCE, 
TA/GCE, and TA/MWCNTs/GCE in the HCF(III) probe 
within the 0.0/0.6 V range at 100 mV/s scan rate. 

The voltammograms reveal that the peak current for 
MWCNTs/GCE is higher than that for TA/GCE, which 
can be attributed to the large surface area of 
MWCNTs and their functional groups that enhance 
catalytic activity and conductivity on the electrode 
surface (28). TA/MWCNTs/GCE showed the best 
voltammetric response compared to TA/GCE and 

MWCNTs/GCE modified surfaces. This is due to the 
synergistic effect created by combining the functional 
groups within the structure of MWCNTs and groups 
in TA with a multi-armed polyphenolic structure 

(29,30). Therefore, we can say that this effect 
improves the sensing ability of the surface and 

increases the electrode surface area and 
conductivity, improving the electron transfer rate. 
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B) 

 
C) 

 
Figure 1: SEM micrograph A) MWCNTs/GCE, B) TA/GCE and C) TA/MWCNTs/GCE. 

 
Figure 2B. represents the voltammograms of the 
ferrocene probe within the -0.2/0.4V range at 100 
mV/s scan rate for the bare/GCE, TA/GCE, 
MWCNTs/GCE, TA/MWCNTs/GCE surfaces. The 
anodic peak currents of the bare GCE, TA/GCE, and 
MWCNTs/GCE surfaces are found to each other, while 

the TA/MWCNTs surface exhibits the highest peak 
current by showing the best electrocatalytic activity. 
This can be attributed to the formation of cross-links 
with electrochemical molecules with a large number 
of hydroxyl groups and functional groups in the 
structure of TA. In addition, due to the presence of a 
large number of active phenolic groups, it is also 

associated with the successful modification of the 
surface by transforming into a multiple TA structure 

that can adhere to various electrode surfaces 
through covalent or non-covalent bonds. Moreover, 
it has been observed that the composite structures 
used as modifier species do not make the electrode 

surface electro-inactive. Therefore, the voltammetric 
responses observed with the ferrocene probe 
indicated that electron transfer occurred on both the 
bare GCE and the modified GCE surfaces without any 
obstruction impeding the process (31,32). 
 
Figure 2C shows the surface voltammograms for bare 

GCE, TA/GCE, MWCNTs/GCE, and TA/MWCNTs/GCE 
within the -0.3 to 0.8 V range at 100 mV/s scan rate 
using the HCF(III)-HCF(II) probe. Both reduction and 
oxidation peaks are visible on the bare GCE and 

modified GCE surfaces. This is due to the oxidation 
of Fe2+ ions to Fe3+ ions and the subsequent 
reduction of Fe3+ ions back to Fe2+ ions. Moreover, 
the voltammetric responses for the HCF(III)-HCF(II) 
probe show that while bare GCE and MWCNTs/GCE 
surfaces have similar peak currents and potential 

shifts, the TA/MWCNTs/GCE surface provides the 
most favorable voltammetric response. This 
improved performance is likely due to the excellent 
surface compatibility provided by the carbon-carbon 
bonded flavonoid units of TA, which are resistant to 
hydrolysis, in combination with functionalized carbon 
nanotubes on the surfaces (33). Thus, the electron 

transfer of TA/MWCNTs/GCE in the HCF(III)-HCF(II) 
probe was more catalyzed. 

 
Figure 2D represents the voltammograms for bare 
GCE, TA/GCE, MWCNTs/GCE, and TA/MWCNTs/GCE 
surfaces within the -0.5 to 0.2 V range at 100 mV/s 

scan rate using the ruthenium hexaamine(III) 
chloride probe. All surfaces exhibit sensitivity to 
ruthenium for both reduction and oxidation 
reactions. While the bare GCE, MWCNTs/GCE, and 
TA/GCE surfaces show similar voltammetric 
responses to the ruthenium hexamine(III) chloride, 
the TA/MWCNTs/GCE surface demonstrates a more 

pronounced peak current. This enhanced sensitivity 
of the TA/MWCNTs/GCE surface to the ruthenium 
hexaamine(III) chloride probe may be attributed to 
TA’s role as a compatible polymer material, forming 
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strong π-π interactions through the stacking of 
hydroxyl groups esterified with phenolic structures 
when combined with carbon-based nanostructures 

(34,35). It can be concluded that TA/MWCNTs/GCE 
significantly increases the detection capability and 
sensitivity thanks to this interaction. 
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Figure 2: Surface voltammograms of bare/GCE, TA/GCE, MWCNTs/GCE, TA/MWCNT/GCE against at 100 
mV/s scan rate A) Ag/AgCl/KCl(sat) reference electrode in 0.0/0.6 V potential range in 1.0 mM HCF(III); 

B) Ag/AgNO3 reference electrode in the potential range of -0.2/0.4 V in 1.0 mM Ferrocene,  
C) Ag/AgCl/KCl(sat) reference electrode in the potential range of -0.3/0.8 V in 1.0 mM HCF(III)-HCF(II) 
solution D) against Ag/AgCl/KCl(sat) reference electrode in the potential range of -0.5/0.2 V in 1.0 mM 

ruthenium hexaamine(III) chloride solution. 
 
5.3. pH Effect on Bare GCE, MWCNTs/GCE, 
TA/GCE and TA/MWCNTs/GCE Surfaces 

The voltammetric responses of bare GCE, TA/GCE, 
MWCNTs/GCE and TA/MWCNTs/GCE surfaces in the 
+0.6 ̶ 0.0 V potential range in the pH range from 2.0 
to 11.0 in 1.0 Mm HCF(III) redox probe were 
investigated by CV technique and are presented in 

Figure 3. Peak currents were observed at pH 2.0 and 

3.0 on bare GCE surface (Figure 3A). However, there 
were decreases in peak currents with increasing pH 
and peak currents were not observed at high pHs. 
Therefore, it was concluded that the bare GCE 
surface was sensitive to pH in acidic media. As 
presented in Figure 3B, the MWCNTs/GCE surface is 

sensitive to pH, but no peak current is observed on 
the surface at basic pH values such as pH 7.0, 9.0, 
11.0, while a good peak current is obtained at acidic 
pH values, especially at pH 2.0. The reason for this 
decrease in peak currents with increasing pH can be 
associated with the negatively charged OH- ions, 
which increase as a result of the basicity of the 

medium, repel the negatively charged HCF(III) ions, 

thus reducing electron transfer and thus decreasing 
the voltammetric peak currents of the 

MWCNTs/GGCE surface. In Figure 3C, it is observed 
that the TA/GCE surface gives similar peak currents 
with small shifts in peak potentials at pH 3.0, 5.0, 
7.0 and 9.0, and the best voltammetric peak current 
occurs at pH 2.0. However, it is seen that it does not 

form a peak current by being blocked at basic pH 
values such as pH 11.0. It can be said that this 

situation is due to the repulsion of negatively charged 
molecules in TA and the OH- ions that increase in the 
media at high pHs. It can also be explained by the 
fact that structures such as gallic acid and 
polyphenolic acid in the TA structure negatively affect 
the electron transfer on the surface and prevent the 

formation of a voltammetric response (36,37). As 
presented in Figure 3D, the TA/MWCNTs/GCE surface 
exhibits similar sensitivity at pH 3.0, 5.0, and 7.0. A 
well-defined peak current was obtained with a shift 
in the peak potential at pH 2.0. However, it was also 
determined that the surface was blocked at pH 11.0 
and did not produce a peak current response. This 
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can be associated with the OH- groups attached to 
the carbohydrate (usually D-glucose) and phenolic 
groups in the center of the TA structure and the OH- 

ions abundant in the media at pH 11.0 repelling each 
other and negatively affecting the electrocatalytic 

activity of the modified surface. Experimental 
findings showed that the reactions of modified GCE 
surfaces in the HCF(III) redox probe were more 

reversible at low pH values.
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Figure 3: CV voltammograms of A) bare GCE, B) MWCNTs/GCE, C) TA/GCE, D) TA/MWCNTs/GCE surface 
in 1.0 mM HCF(III) probe against Ag/AgCl/KCl(sat) reference electrode in the potential range +0.6-0.0 V at 

100 mV/s scan rate in the potential range +0.6-0.0 V at pH 2; 3; 5;7;9;11. 
 
5.4. Scan Rate Effect on Bare GCE, TA/GCE, 
MWCNTs/GCE and TA/MWCNTs/GCE Surfaces 
To investigate the properties such as reversibility and 
electron transfer pattern of bare GCE, TA/GCE, 
MWCNTs/GCE and TA/MWCNTs/GCE surfaces, 

voltammograms were recorded at 25, 50, 100, 200, 
300, 400, 500, 600 and 700 mV/s scan rates against 
Ag/AgNO3 reference electrode within the -0.2/0.4 V 
range using CV technique in 1.0 mM ferrocene probe 

and are presented in Figure 4A-D. While almost no 
change was observed in the peak potentials of all 
surfaces with the increasing scan rates, a linear 

increase in the peak currents was observed. The 
same situation occurred in the reverse scan. To 
better understand the reaction mechanism on the 
electrode surface, peak currents were plotted against 
both the scan rate and the square root of the scan 
rate. A linear relationship was observed between the 

peak currents and the square root of the scan rate 
(Figure 4E-H). For adsorption-controlled reactions on 
electrode surfaces, the graphs should be linear, and 
the slopes should be greater than 0.5. However, it is 
known that the reaction is diffusion-controlled if the 

slope value is less than 0.5 (38). The peak currents 
versus the square root of the scan rate were plotted, 
R2 values were calculated, and it was found that R2 
= 0.9997 for the bare GCE surface, R2 = 0.9977 for 

the MWCNTs surface, R2 = 0.9989 for the TA/GCE 
surface, and R2 = 0.9997 for the TA/MWCNTs/GCE 
surface. Since the obtained R2 values were very close 

to 1.0 and the slope values were greater than 0.5, it 
was determined that the electrochemical reaction 
taking place on the bare GCE, MWCNTs/GCE, TA/GCE 
and TA/MWCNTs/GCE surfaces was an adsorption-
controlled reaction. 
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Figure 4: CV voltammograms of A) bare/GCE, B) MWCNTs/GCE, C) TA//GCE, D) TA/MWCNTs/GCE surface 

in 1.0 mM ferrocene solution against Ag/AgNO3 reference electrode at scan rates of 25; 50; 100; 200; 300; 
400; 500; 600; 700 mV/s. Peak currents plot against the square root of scan rate for E) bare/GCE, F) 

MWCNTs/GCE, G) TA//GCE, H) TA/MWCNTs/GCE. 
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4. CONCLUSION 
 
This study focused on gaining features that are fast, 

easy, cheap, and environmentally friendly by using 
fewer chemicals for the preparation of 
nanocomposites, which are becoming increasingly 
popular. Superior properties were gained by 

incorporating carbon nanotubes into its structure 
using a natural polymer such as tannic acid. 
Homogeneous distribution of the components of the 
nanocomposite within each other was confirmed 
morphologically. As a result of detailed 
electrochemical examinations of the nanocomposite 

and its components, when the voltammograms of 
HCF(III), ruthenium hexamine (III) chloride, and 
HCF(III) – HCF(II) probes were compared, it was 
determined that the TA/MWCNTs/GCE surface 
exhibited the best voltammetric behavior. In pH 
studies, it was determined that the surfaces were 

sensitive to pH, and in scan rate studies, the 

electrochemical reaction taking place on the 
TA/MWCNTs/GCE surface was an adsorption-
controlled reaction. The active surface areas were 
calculated as 0.124 cm2 for GCE and 0.3405 cm2 for 
TA/MWCNTs/GCE. This indicated that 
nanocomposite-modified electrode TA/MWCNTs/GCE 
has a large and active surface area and can be 

successfully used to detect analytes in 
electrochemical sensor technology (13). 
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Abstract: The effect of total gastrectomy (TG) on plasma free amino acid (PFAA) concentrations in patients 
with stage II gastric cancer was investigated in the study. Nineteen patients' plasma samples were collected 

before and three months post-gastrectomy, and PFAA levels were quantified using LC-MS/MS. For gradient 
elution of amino acids, the mobile phases (A: 3% formic acid-5% methanol-30 mM ammonium formate, B: 
acetonitrile) and a Hypersil C18 column (100 mm x 2.1 m, 1.9 µm) were used. The findings revealed 
substantial modifications in the profile of PFAA after TG. In particular, the concentrations of twenty amino 
acids increased significantly, including branched-chain amino acids, L-glutamate, L-alanine, L-methionine, 
glycine, L-cystine, and L-histidine. Conversely, L-arginine was also reduced statistically. These alterations in 

the PFAA profile indicate the favorable effects of TG on various physiological processes, such as enhanced 
immune function, improved tissue healing, and increased energy production. Investigating the effects of 
various surgical techniques on PFAA profiles is a promising approach for optimizing surgical procedures, 
improving metabolic function, increasing immunological responses, and improving overall quality of life. 
These findings highlight the significance of evaluating amino acid metabolism as an important part of 

treatment, given its potential to improve clinical outcomes and general well-being. 
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1. INTRODUCTION 
 
Radiation and chemotherapy are the most popular 

treatment options for gastric cancer. However, the 
disease's recurrence and high death rate following 
these therapies necessitated a variety of surgical 

resections. As a result, total and subtotal 
gastrectomy is frequently favored in gastric cancer 
(1,2). 
 
Total gastrectomy (TG) is a surgical procedure that 
removes the entire stomach. As a result, the rate and 

amount of macronutrients such as amino acids, 
carbs, and lipids entering the systemic circulation 
vary (3,4). In addition, gastrectomy influences the 
release of numerous digestive enzymes (pepsin and 
pepsinogen) from the intestine. As a result, protein 
digestion and amino acid absorption are impaired. 

Insufficient intake of macronutrients disrupts 
biological reactions and metabolic functioning, 
causing malabsorption, symptoms, and mortality 

(5). 
 
Eliminating the negative consequences of TG will 

both allow long-term survival and increase the 
quality of life of patients. Biochemical parameters to 
be used in monitoring the health status of patients 
after TG are guided in the development of new 
treatment strategies. In recent studies, parameters 
such as amino acids, metabolites, and trace elements 

have been investigated in detail to monitor diseases 
and treatments. Thanks to these studies, molecular 
mechanisms and biological processes leading to 
complications can be clearly revealed (6). 
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Amino acids contribute to immune function by 
activating T lymphocytes, B lymphocytes, and 
macrophages and by producing antibodies, 

cytokines, and other cytotoxic substances. They also 
play a key role in energy production, tissue repair, 
and development by providing protein synthesis (7). 
Previous clinical studies have shown that amino acid 

supplements can improve the clinical profile and 
reduce symptoms of various diseases. It is also 
known that dietary supplementation of certain amino 
acids to malnourished people improves immune 
status and thus reduces mortality. Monitoring amino 
acid profiles in biological fluids can both predict 

possible organ damage and symptoms and guide the 
development of different treatment strategies (6,8-
12). 
 
Maintaining the balance of plasma-free amino acids 
(PFAAs) is critical for the continuation of biological 

and physiological processes in individuals. Many 

previous studies have shown that gastrectomy 
affects the fecal microbiome and metabolome 
profiles over time (13). As can be seen, these studies 
reveal the effects of the surgical procedure on 
biological processes. Therefore, changes in amino 
acid metabolism and concentrations after TG should 
be taken into consideration. Because changes in the 

PFAA profile following TG may have profound effects 
on the nutritional status, weight gain, and general 
well-being of patients. 
 
There are only two studies in the literature 
investigating the effects of TG and fundectomy on 

plasma amino acid concentrations. These studies 
were conducted only on male individuals and pigs 

(14,15). More comprehensive studies are needed to 
elucidate the relationship between TG and amino acid 
metabolism. Changes in PFAA concentrations 
following TG were determined by liquid 
chromatography-tandem mass spectrometry (LC-

MS/MS). Thus, the study aimed to contribute to the 
understanding of changes in plasma amino acid 

profiles, metabolic processes, and their long-term 
effects after TG in patients with stage II gastric 
cancer. 

 
2. MATERIALS AND METHODS 
 
2.1. Study Design and Participants 

Between May 2018 and May 2019, the study was 
conducted at the Intensive Care Unit of the 
Department of General Surgery at Atatürk University 
Research Hospital, including 19 patients with stage 
II gastric cancer and decided TG (9 females and 10 
males, aged 37-81). The tumor histological type of 

the patients was moderately differentiated 
adenocarcinomas, and they were diagnosed with 
stage II stomach cancer according to the 
classification of malignant tumors (TNM). The study 
was conducted in Erzurum, Turkey. The study was 
approved by the Non-Interventional Clinical Trials 

Ethics Committee, Ataturk University, with ID: 

B.30.2.ATA.0.01.00/244. This study was conducted 
in accordance with the World Medical Association's 
Helsinki Declaration (2000). Prior to the surgery, 
patients were informed about the study, and written 
consent was obtained. Gastroscopy-enhanced 
computed tomography (CT) of the abdomen and 
pelvis, plain CT of the chest, and ultrasound scanning 

of the tumors were used for preoperative evaluation. 
Patient information and tumor characteristics of 
gastric cancer are presented in Table 1. Patients with 
poorly/advanced differentiated adenocarcinomas, 
gastric surgery, different cancer diseases other than 
stage II gastric cancer, or urgent surgery due to 

complications such as bleeding, perforation, or 
obstruction were excluded from the study. To ensure 

that diet did not affect the concentrations of amino 
acid in the plasma, a standard nutritional protocol 
was followed for 3 days before plasma samples were 
taken. Daily calorie and protein intakes were ensured 
to be ≥25 Kcal/kg and ≥1g/kg, respectively (16). 

Postoperative treatment protocols were similar for all 
patients. 

 
Table 1: Demographic and clinical variables of patients. 

Patient No 
Gender/ 

Age (years) 
Tumor Size 

(cm) 
Depth of Invasion Lymph Node Metastasis 

1 F/59 <5 T2 N0 

2 F/37 3.5×2.5×2 T3 N2 

3 M/47 2.5×2.5×1.5 T3 N1 

4 M/54 2.5 T3 N2 

5 F/62 2.5×2×1 T3 N1 

6 M/54 2×1.5 T3 N0 

7 M/81 3×2×1.5 T3 N2 

8 F/53 3 T3 N2 

9 M/52 <3 T3 N2 

10 F/65 2.5×2.5×1 T4 N2 

11 M/75 6×5×2 T3 N2 

12 M/51 6.5×5.5×1.5 T3 N0 

13 F/47 4×1.5×0.7 T4 N0 

14 F/65 3×2×1.5 T3 N0 

15 M/54 2.5×2×1.5 T4 N2 

16 M/58 4×2.5 T3 N2 

17 F/48 4×1.5×1 T4 N0 

18 F/64 <5 T2 N0 

19 M/71 <5 T2 N0 
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2.2. LC-MS/MS Analysis of Plasma Amino Acid 
Levels 
The concentrations of amino acids in plasma were 

determined by the validated LC-MS/MS method 
developed using the JASEM Amino Acids LC-MS/MS 
Analysis Kit (12). Following an overnight fasting 
period, blood samples were collected from the 

antecubital vein of all participants into blood 
collection tubes containing 
ethylenediaminetetraacetic acid (EDTA) as an 
anticoagulant, both before the operation and 3 
months after the operation. To obtain plasma, the 
tubes were centrifuged at 3500 rpm for 10 minutes. 

Plasma samples were stored at -80°C until analysis. 
 
After the samples were thawed at room temperature, 
they were vortexed for 30 seconds. 50 µL of plasma 
sample from both the before-surgery (BS) and after-
surgery (AS) groups were placed in separate 

Eppendorf tubes. Subsequently, 50 µL of internal 

standard was added to each tube, followed by 
vortexing for 10 seconds. 
 
Then, 700 µL of an amino acid solvent solution 
consisting of Mobile Phase A and Mobile Phase B in a 

1:4 volume ratio was added to each tube. The 
samples were vortexed for 5 seconds and then 
centrifuged at 4000 rpm for five minutes at 4°C. The 

supernatant was filtered with 0.45 µm filters. The 
clear supernatant was decanted into an HPLC vial 
prior to injection. 
 

The LC-MS/MS system (Agilent 6460 Triple 
Quadropol, USA) was utilized to quantify the 
samples. Amino acids were separated using a 
Hypersil C18 column (100 mm x 2.1 mm, 1.9 µm). 
The mobile phase (A: Formic Acid–Methanol–30 mM 
Ammonium Formate (3:5:92; v:v:v), B: Acetonitrile) 

was passing through the system in gradient elution 
mode and at a rate of 0.4 mL/min. The analysis time 
was 22 minutes. Chromatographic conditions and 
mass spectrometry settings, which enabled the 
separation and identification of amino acids, are 
provided in Tables 2 and 3, respectively. 

 

The regression equations, correlation coefficients, 
linear ranges, and LOQ of the LC-MS/MS method are 
given in Table 4. 

 

Table 2: Solvent Composition Schedule during the gradient elution for LC-MS/MS. 

Flow: 0.7 mL/min Change Solvent Composition 

Time A B 

1.00 min 22.00 % 78.00 % 

4.00 min 70.00 % 30.00 % 

5.00 min 70.00 % 30.00 % 

5.10 min 22.00 % 78.00 % 

9.00 min 22.00 % 78.00 % 

*A: Formic Acid – Methanol–30 mM Ammonium Formate (3:5:92; v:v:v), B: Acetonitrile 
 

Table 3: Mass conditions. 

Parameters Value (+) Value(-) 

Gas Temp (°C) 150.00 150.00 

Gas Flow (L/min) 11.00 11.00 

Nebulizer (psi) 40.00 40.00 

Sheath Gas Heater 375.00 375.00 

Sheath Gas Flow 11.00 11.00 

Capillary (V) 2000.00 0.00 

VCharging 0.00 0.00 

Injection Volume (µL) 1.00  

Ion Source  AJS ESI  
Ion Mode Positive  

 
2.3. Metabolic Pathway Analysis 
The metabolic pathways affected by the changing 
amino acid profile after TG were determined with 
MetaboAnalyst 4.0 Software. The number of amino 

acids involved in the affected metabolic pathways 
was also determined. 
 
2.4. Data Analysis 
The statistical analyses were performed using SPSS 
Statistics (IBM v.20, Chicago, IL, USA). Initially, the 
factor analysis was conducted on the cluster of data 

for normalization. The Non-paired Student's t-test 

was used for normally distributed data, and the non-
parametric Mann-Whitney U-test was also used for 
non-normally distributed data. The statistical 
significance was set at p < 0.05. This statistical test 

allowed for the comparison of mean values between 
the two groups to determine if there were significant 
differences in amino acid levels before and after the 
surgical procedure. 
 
For visualizing amino acids with significant 
differences among the groups, boxplot graphs were 

created using the ggpubr package in RStudio (v. 
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1.3.1093). The correlation graph was generated 
using the GGally package. The Spearman correlation 
matrix method was used to reveal the correlation 

between plasma concentrations of amino acids over 
time following TG (12,17). 

 
Table 4: The regression equations, correlation coefficients, linear range, and LOQ of the LC-MS/MS 

method. 

Amino Acids 
Internal 
standard 

Regression equations R2 
Linear 
range 

(ng/mL) 

LOQ 
(ng/mL) 

1-methyl-L-
histidine 

- y= 0.009171x - 0.017750 0.99937 1.0-350.0 1.0 

3-amino 
isobutyric acid 

- 
y= 0.003340x + 
0.001234 

0.99732 0.1-110.0 0.1 

3-methyl-L-
histidine 

3-methyl-L-
histidine IS 

y= 0.078033x - 0.410524 0.99922 5.0-350.0 5.0 

Beta-alanine - y= 0.003194x - 0.004878 0.99605 1.5-50.0 1.5 

Ethanolamine - y= 0.812943x - 5.866369 0.99768 5.0-270.0 5.0 

Gamma-

aminobutyric acid 
- 

y= 0.015012x + 

0.001904 
0.99956 0.01-110.0 0.01 

Glycine Glycine IS y= 0.001123x - 0.040868 0.99847 
50.0-

1700.0 
50.0 

L-2-aminobutyric 
acid 

- y= 0.230656x - 0.502684 0.99567 2.5-80.0 2.5 

L-alanine L-alanine IS y= 0.002418x - 0.067955 0.99813 
25.0-

1400.0 
25.0 

L-anserine - y= 0.008411x - 0.005699 0.99605 0.01-25.0 0.01 

L-arginine L-arginine IS y= 0.010397x - 0.050441 0.99930 1.0-320.0 1.0 

L-asparagine L-asparagine IS y= 0.013342x - 0.037875 0.99728 1.0-200.0 1.0 

L-aspartic acid L-aspartic acid IS y= 0.023892x - 0.085002 0.99782 5.0-160.0 5.0 

L-citrulline L-citrulline IS 
y= 0.013412x + 
0.004663 

0.99845 0.1-80.0 0.1 

L-cystathionine - 
y= 0.012178x + 

0.001751 
0.99878 0.01-24.0 0.01 

L-cystine DL-Cystine IS y= 0.008333x - 0.014697 0.99949 1.0-220.0 1.0 

L-glutamic acid L-Glutamic acid IS 
y= 0.014644x + 
0.171485 

0.99881 
20.0-

1500.0 
20.0 

L-glutamine L-glutamine IS 
y= 0.004897x + 
0.012509 

0.99954 1.0-1400.0 1.0 

L-histidine - 
y= 0.266900x – 
2.381075 

0.99968 1.0-1200.0 1.0 

L-isoleucine - y= 0.001207x - 0.004704 0.99822 5.0-1000.0 5.0 

L-leucine L-leucine IS 
y= 6.330595E-004x – 
0.005242 

0.99783 10.0-440.0 10.0 

L-lysine L-lysine IS y= 0.018868x - 0.083803 0.99875 5.0-420.0 5.0 

L-methionine L-methionine IS y= 0.021931x - 0.041218 0.99855 2.5-90.0 2.5 

L-norvaline - 
y= 0.082804x + 
0.030635 

0.99684 0.05-22.0 0.05 

L-ornithine L-ornithine IS y= 0.016225x - 0.077035 0.99804 2.5-340.0 2.5 

L-phenylalanine 
L-phenylalanine 
IS 

y= 0.015304x - 0.148367 0.99808 10.0-480.0 10.0 

L-proline L-proline IS y= 0.005904x - 0.111633 0.99804 10.0-900.0 10.0 

L-serine L-serine IS y= 0.013875x - 0.225179 0.99866 10.0-900.0 10.0 

L-threonine L-threonine IS 
y= 0.010328x + 
0.016741 

0.99787 1.0-500.0 1.0 

L-tryptophan L-tryptophan IS y= 0.024814x - 0.086062 0.99747 2.5-150.0 2.5 

L-tyrosine L-tyrosine IS y= 0.009429x - 0.053190 0.99464 5.0-260.0 5.0 

L-valine DL-Valine IS y= 0.003244x - 0.031811 0.99781 5.0-750.0 5.0 

Taurine - 
y= 1.04617E-004x - 
6.482529E-005 

0.99873 1.0-440.0 1.0 

Trans-4-hydroxy 
L-proline 

- y= 0.001151x - 0.006470 0.98052 5.0-140.0 5.0 

LR: Linear regression equations, R2: Correlation coefficient 
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3. RESULTS 
 
After TG, patients were put on a diet according to the 

postoperative treatment protocols. There was no 
significant difference between the patients' BMI 
values before and 3 months after TG (25.72 ± 0.69 
vs. 24.87 ± 2.47, p = 0.059). Plasma-free amino acid 

concentrations of the patients were measured. 
Amino acids whose concentrations changed 
significantly were identified. The metabolic pathways 
in which these amino acids take part were 
determined. 
 

3.1. LC-MS/MS Analyses Results: Alterations in 
Plasma Amino Acid Concentrations After 
Gastrectomy 
To evaluate the impact of TG on the amino acid 
profile, a validated LC-MS/MS method was employed 

(12). This method was chosen due to its high 
precision, certainty, and accuracy, enabling the 
generation of reliable qualitative and quantitative 

data. Blood samples were collected from 19 
individuals who participated in the study, both prior 
to the operation and three months after the 
operation. The LC-MS/MS analysis was conducted to 

measure the levels of 34 specific PFAAs, allowing for 
a comprehensive assessment of any potential 
changes in the amino acid profiles resulting from the 
surgical procedure. The chromatograms and 
spectrums of the BS and AS groups obtained from 
LC-MS/MS analysis are given in Figure 1a-d. Table 4 

shows the linear regression equations and correlation 
coefficients for PFAAs. The obtained data were 
analyzed using linear regression equations. The 
concentrations of PFAA determined by LC-MS/MS are 
expressed as mean ± standard deviation in Table 5. 

 

 
Figure 1: Typical chromatograms and spectrums obtained from LC-MS/MS: a) The chromatogram of the 
BS group, b) The mass spectrum of the BS group, c) The chromatogram of the AS group, b) The mass 

spectrum of the AS group. 
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Table 5: PFAA concentrations (ng/mL) of stage II gastric cancer patients before and after TG (n=19). 

Amino acids 

Group BS 

Mean±SD 

(ng/mL) 

Group AS 

Mean±SD 

(ng/mL) 

p-value* 

1-methyl L-histidine 6.67 ±0.94 8.81 ±0.86 0.1502 

3-aminoisobutyric acid 2.69±0.81 4.13±0.76 0.0052* 

3-methyl L-histidine 9.40±0,24 10.54±0,19 0.0033* 

Beta-alanine 3.98±0.40 4.69±0.61 0.0880 

Ethanolamine 73.49±6.31 93.00±4.72 0.1685 

Gamma-aminobutyric acid 0.14±0.26 0.34±0.19 0.0162* 

Glycine 339.01±31.61 512.99±28.73 0.0021* 

L-2-aminobutyric acid 32.66±3.76 33.65±1.28 0.8394 

L-alanine 547.53±16.76 731.16±21.39 0.0058* 

L-anserine 1.03±0,01 0.99±0,03 0.6848 

L-arginine 155.11±0,26 93.32±0,58 4.1e-07* 

L-asparagine 54.55±2.43 67.65±2.62 0.0063* 

L-aspartic acid 39.80±1.93 31.59±2.46 0.1139 

L-citrulline 52.98±9.42 41.41±4.76 0.3237 

L-cystathionine 0.18±0.03 0.32±0.01 0.0196* 

L-cystine 62.76±5.54 76.43±6.31 2.2e-06* 

L-glutamic acid 477.70±34.43 1360.88±76.81 0.0037* 

L-glutamine 818.56±62.43 683.19±38.16 0.5477 

L-histidine 168.65±18.43 210.54±14.36 0.0169* 

L-isoleucine 94.82±3.78 136.79±5.14 0.0001* 

L-leucine 157.73±9.74 190.88±6.87 0.0302* 

L-lysine 231.25±18.29 279.55 ±23.48 0.0135* 

L-methionine 20.23±1.93 30.86±1.58 6.21e-07* 

L-norvaline 0.56±0.03 0.42±0.02 0.0959 

L-ornithine 110.07±19.15 175.97±11.74 0.0009* 

L-phenylalanine 126.16±9.26 137.20±10.71 0.3582 

L-proline 290.04±35.65 320.32±27.85 0.3512 

L-serine 204.06±17.36 211.88±20.3 0.6096 

L-threonine 163.58±14.16 199.33±13.11 0.0145* 

L-tryptophan 65.28±1.78 66.24±2.41 0.7537 

L-tyrosine 75.33±7.43 91.96±8.63 0.0065* 

L-valine 202.98±19.59 255.64±24.51 0.0007* 

Taurine 332.50±12.37 329.20±17.15 0.9199 

Trans-4-hydroxy L-proline 13.30±1.72 16.15±2.09 0.0058* 

*: p<0.05; BS: Before surgery, AS: After surgery 
 

3.2. Non-paired Student's t-test Analysis 

Through the utilization of the Non-paired Student's t-
test analysis, significant differences were identified 
between the BS and AS groups in terms of specific 
amino acids. The analysis revealed that a total of 20 
amino acids exhibited statistically significant changes 

(p < 0.05) in their plasma profiles across the two 
groups. Table 5 highlights the amino acids that 
exhibit notable variations in their concentrations 
subsequent to the surgical procedure. These findings 
suggest that the operation had a discernible impact 
on the levels of these specific amino acids, potentially 

reflecting underlying metabolic shifts or physiological 

adaptations associated with the surgery. 
 
After a period of 3 months following TG, no 
statistically significant differences were observed in 
the plasma concentrations of L-tryptophan, taurine, 

L-phenylalanine, L-norvaline, ethanolamine, Beta-
alanine, L-2-aminobutyric acid, L-aspartic acid, L-
serine, and L-proline. These specific amino acids 
exhibited no marked alterations in their plasma 
levels, suggesting that their concentrations remained 
relatively stable during the postoperative period. 
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After TG, a notable alteration in the plasma 
concentrations of L-threonine, L-leucine, L-
isoleucine, and L-valine was observed statistically. 

Following gastrectomy, the plasma levels of these 
specific amino acids exhibited a distinct increase 
(Figure 2a-d). 

 
 

 
Figure 2: Box plots graphs showing differences in amino acid levels: a) L-isoleucine, b) L-leucine, c) L-

threonine, d) L-valine. 
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After a period of 3 months following surgery, 
significant changes in plasma levels of L-ornithine, 
Trans-4-hydroxy L-proline, and L-methionine were 

observed, with a marked increase in their 

concentrations (Figure 3a-d). Conversely, the 
plasma level of L-arginine exhibited a remarkable 
decrease during the same timeframe (Figure 3d and 

Figure 4a-d). 
 
 

 
Figure 3: Box plots graphs showing differences in amino acid levels: a) L-ornithine, b) Trans-4-hydroxy L-

proline, c) L-methionine, and d) L-arginine. 
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Figure 4: Typical chromatograms and product ion mass spectrums for L-arginine: a) The chromatogram 

BS of the group, b) the mass spectrum of BS the group, c) the chromatogram of AS the group, and d) the 
mass spectrum of AS group. 
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A comparative analysis of plasma amino acid levels 
between the BS and AS groups revealed significant 
differences. According to the t-test analysis results, 

plasma concentrations of L-asparagine, L-alanine, 

gamma-aminobutyric acid (4-aminobutanoate), and 
L-glutamic acid (L-glutamate) exhibited a 
noteworthy increase in the AS group compared to the 

BS group (Figure 5a-d). 
 
 

 
Figure 5: Box plots graphs showing differences in amino acid levels a) L-asparagine, b) L-alanine, c) 

gamma-aminobutyric acid, d) L-glutamic acid, e) L-histidine, f) 3-methyl-L-histidine, g) L-tyrosine, and h) 

3-aminoisobutyric acid. 
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Among the amino acids analyzed, four demonstrated 
statistically significant differences in plasma 
concentrations following gastrectomy. These amino 

acids included L-histidine, 3-methyl-L-histidine, L-

tyrosine, and 3-aminoisobutyric acid. Notably, the 
plasma levels of these amino acids exhibited a 
significant increase after a three-month period 

following the surgical procedure (Figure 6a-d). 
 
 

 
Figure 6: Box plots graphs showing differences in amino acid levels a) L-histidine, b) 3-methyl-L-histidine, 

c) L-tyrosine, and d) 3-aminoisobutyric acid. 
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Furthermore, significant changes were observed in 
plasma concentrations of glycine, L-cystathionine, L-
cystine, and L-lysine following TG, particularly after 

a three-month duration. Notably, the plasma levels 

of these amino acids demonstrated a distinct 
increase, highlighting their altered metabolic profiles 
in response to the surgical intervention (Figure 7). 

 
 

 
Figure 7: Box plots graphs showing differences in amino acid levels: a) glycine, b) L-cystathionine, c) L-

cystine, and d) L-lysine. 
 
3.3. PCA (Principal Component Analysis) 
PCA was performed on 34 amino acid variables. Eight 

principal components with eigenvalues of 1 or above 
were extracted. The eight principal components 
explained 78.0% of the total variance. Table 6 shows 
the eigenvalues and variance ratios of the eight 
principal components. The first principal component 
had the largest eigenvalue (15.558) and explained 

40.9% of the total variance. The second principal 
component had the second largest eigenvalue 
(3.492) and explained 9.9% of the total variance. 
The third principal component had the third largest 

eigenvalue (2.926) and explained 7.7% of the total 
variance. The remaining five principal components 

explained 19.5% of the total variance. 
 
Table 7 shows the results of the Kaiser-Meyer-Olkin 
(KMO) test and the Bartlett test. The Kaiser-Meyer-
Olkin Measure and Bartlett's test of sphericity were 
used to assess sampling adequacy. Kaiser-Meyer-

Olkin Measure was 0.748, and Bartlett's test of 
sphericity was 306 (df 703; p < 0.001), suggesting 
acceptable sample adequacy. 
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Table 6: PCA results (Total Variance Explained). 

Total Variance Explained 

Component 

Initial Eigenvalues 
Extraction Sums of Squared 

Loadings 
Rotation Sums of Squared 

Loadings 

Total 
% of 

Variance 
Cumulative 

% 
Total 

% of 
Variance 

Cumulative 
% 

Total 
% of 

Variance 
Cumulative 

% 

1 15.558 40.943 40.943 15.558 40.943 40.943 14.784 38.905 38.905 

2 3.492 9.189 50.131 3.492 9.189 50.131 2.785 7.330 46.235 

3 2.926 7.701 57.832 2.926 7.701 57.832 2.343 6.166 52.401 

4 2.440 6.421 64.253 2.440 6.421 64.253 2.040 5.369 57.770 

5 1.604 4.221 68.474 1.604 4.221 68.474 2.037 5.360 63.130 

6 1.300 3.420 71.894 1.300 3.420 71.894 2.037 5.359 68.490 

7 1.227 3.228 75.123 1.227 3.228 75.123 1.868 4.916 73.406 

8 1.100 2.894 78.017 1.100 2.894 78.017 1.752 4.611 78.017 

9 0.965 2.540 80.557       

10 0.942 2.479 83.036       

11 0.808 2.127 85.163       

12 0.727 1.912 87.075       

13 0.653 1.718 88.793       

14 0.516 1.358 90.151       

15 0.478 1.259 91.410       

16 0.434 1.142 92.552       

17 0.393 1.034 93.586       

18 0.329 0.867 94.453       

19 0.314 0.827 95.280       

20 0.304 0.800 96.080       

21 0.246 0.646 96.727       

22 0.217 0.570 97.297       

23 0.195 0.513 97.810       

24 0.151 0.396 98.207       

25 0.131 0.345 98.551       

26 0.106 0.278 98.829       

27 0.085 0.225 99.054       

28 0.065 0.170 99.224       

29 0.059 0.156 99.380       

30 0.047 0.124 99.505       

31 0.045 0.117 99.622       

32 0.037 0.098 99.720       

33 0.031 0.081 99.801       

34 0.029 0.075 99.876       

35 0.020 0.053 99.930       

36 0.013 0.034 99.964       

37 0.008 0.021 99.985       

38 0.006 0.015 100.000       

Extraction Method: Principal Component Analysis. 

 
Table 7: The Kaiser–Meyer–Olkin and Bartlett test results of PCA analysis. 

KMO and Bartlett's Test 

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. 0.748 

Bartlett's Test of Sphericity Approx. Chi-Square 3060.971 
df 703 
Sig. 0.000 

 



Akman TC et al. JOTCSA. 2024; 11(4): 1605-1622 RESEARCH ARTICLE 

1618 

3.4. Correlation Matrix 
Utilizing correlation matrix (R, Spearman) analysis, 
the interrelationship among plasma concentrations of 

amino acids over time following TG was investigated. 
Notably, a strong positive correlation coefficient 
exceeding 0.8 was observed between the branched-
chain amino acids (BCAAs) L-leucine, L-isoleucine, 

and L-valine. These amino acids demonstrated a 
concurrent increase in their plasma levels after 
surgery. Additionally, plasma L-histidine levels 

exhibited a similar pattern of increase alongside L-
ornithine, L-leucine, and L-isoleucine. Conversely, a 
correlation coefficient greater than 0.8 was found 

between L-tyrosine levels and L-lysine, L-
methionine, L-valine, and L-leucine. Furthermore, 
Spearman correlation matrix analysis revealed a 
strong positive correlation among plasma levels of L-

ornithine, glycine, L-phenylalanine, and 
ethanolamine (Figure 8). 

 

 
Figure 8: Spearman correlation matrix of plasma free amino acids levels. Positive and negative 

correlations are indicated by blue and red colors, respectively. 
 
3.5. Metabolic Pathway Analysis 
The metabolic pathways that the metabolic changes 
could impact were identified through pathway 
analysis. Using the MetaboAnalyst 4.0 software, the 
20 amino acids listed in Table 8 were analyzed in 

detail to determine their metabolic pathways. Figure 
9 displays the relevant pathways and their respective 
effect values. According to the data obtained from 
MetaboAnalyst 4.0, it was observed that 25 different 
metabolic pathways may be affected due to the 
significant difference observed in 20 amino acids. 
Amino acids that were significantly altered, involved 

in the pathways of which have -log p values higher 

than 2 were discussed below (Significantly changed 
amino acids / total metabolites in an individual 
pathway): 4/8 valine, leucine, and isoleucine 
biosynthesis, 5/36 arginine and proline metabolism, 
4/28 alanine, aspartate and glutamate metabolism, 

3/14 arginine biosynthesis, 3/16 histidine 
metabolism, 3/28 glutathione metabolism, 3/33 
glycine, serine and threonine metabolism, 3/33 
cysteine and methionine metabolism, 3/40 valine, 
leucine and isoleucine degradation, 2/15 butanoate 
metabolism, 1/4 phenylalanine, tyrosine and 
tryptophan biosynthesis. 
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Table 8: Metabolic pathway analysis of amino acids whose concentration changed significantly after TG. 

Pathway Name 
Match 

Status* 
p -log(p) 

Valine, leucine, and isoleucine biosynthesis 4/8 1.0302E-6 5.9871 

Arginine and proline metabolism 5/36 4.3297E-5 4.3635 

Alanine, aspartate and glutamate metabolism 4/28 2.5837E-4 3.5878 

Arginine biosynthesis 3/14 4.9883E-4 3.302 

Histidine metabolism 3/16 7.5577E-4 3.1216 

Glutathione metabolism 3/28 0.004033 2.3944 

Glycine, serine and threonine metabolism 3/33 0.0064644 2.1895 

Cysteine and methionine metabolism 3/33 0.0064644 2.1895 

Valine, leucine and isoleucine degradation 3/40 0.011095 1.9549 

Butanoate metabolism 2/15 0.013189 1.8798 

Phenylalanine, tyrosine, and tryptophan biosynthesis 1/4 0.047432 1.3239 

* Significantly changed amino acids / total metabolites in an individual pathway. 
 

 
Figure 9: Impact analysis for pathways created by MetaboAnalyst online: main pathways altered in the BS 

group vs the AS group. 
 
4. DISCUSSION 
 
Understanding the interaction between amino acids 
and molecular pathways may be useful for optimizing 

pharmaceutical and surgical treatment methods and 
reducing mortality (18). The study provides 
important insights into the changes in amino acid 
profiles in patients with stage II gastric cancer after 
TG. The study suggests that negative symptoms 
(overall morbidity, ≥ grade 3 and local complications, 
intraabdominal infection, intestinal obstruction, 

abnormal food passage, disturbed nutrition intake, 

compromised digestion and absorption processes, 
and deficiencies in essential micronutrients) can alter 
PFAA levels in 3 months post-gastrectomy. 
 

Understanding the specific alterations in PFAA 
profiles is crucial for several reasons. First, it can 
shed light on the underlying mechanisms responsible 
for postoperative nutritional deficiencies and 
metabolic changes, enabling the development of 
targeted interventions to mitigate these issues. 
Second, it may help identify potential biomarkers for 
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assessing the nutritional status and prognosis of 
gastric cancer patients postoperatively. 
 

The results of the PCA analysis suggest that the eight 
principal components can be used to represent the 
34 amino acid variables. The first principal 
component is likely to be related to the overall 

hydrophobicity of the amino acids. In contrast, the 
second principal component is expected to be 
associated with the overall polarity of the amino 
acids. The third principal component is likely to be 
related to the overall charge of the amino acids. The 
remaining five principal components are likely to be 

related to other properties of the amino acids. The 
PCA analysis provides a way to reduce the 
dimensionality of the 34 amino acid variables to eight 
principal components. This can be useful for further 
analysis of the data. 
 

The study revealed a significant increase in plasma 

concentrations of L-leucine (p = 0.0302), L-
isoleucine (p = 0.0001), and L-valine (p = 0.0007) 
after gastrectomy. In contrast to these results, 
Tatara et al. (15) did not observe a significant 
difference in plasma levels of L-leucine, L-isoleucine, 
and L-valine one year after TG in men (p>0.05). 
Another study revealed that long-term fundectomy 

statistically reduced plasma leucine and valine 
concentrations in pigs (14). Accordingly, it is seen 
that BCAAs concentrations, which increase due to the 
impaired function of the gastric-hypothalamic-
pituitary axis in the first periods after TG, can 
decrease and reach normal levels within a year. It 

can be thought that, unlike TG, fundectomy may 
further reduce the plasma concentrations of these 

amino acids in the long term. The increase in BCAAs 
concentrations in the three months after TG may be 
a sign of pathology due to the increase in tissue 
repair in the surgical area, muscle catabolism, and 
prevention of trauma-induced cachexia (12,19,20). 

Additionally, the correlation matrix analysis found 
correlation values larger than 0.8 (R, Spearman) for 
leucine, isoleucine, and valine (Figure 8). The 
analysis showed that the plasma concentration of 
BCAA increased together for 3 months following TG. 
These findings suggested that the TG increases BCAA 
breakdown in muscles by affecting BCAA metabolism 

and highlight the need for clinical studies to 
determine whether BCAA supplementation can 
prevent organ damage in patients after TG. 
 

Glutathione (GSH), synthesized using cysteine, 
glutamate, and glycine, is vital for activating T-

lymphocytes and leukocytes and producing 
cytokines. Thereby it facilitates robust immune 
responses for the body in the face of immunological 
challenges. Maintaining adequate GSH 
concentrations is crucial for the immune system, less 
weight loss, regulation of gastrointestinal hormones, 
and inflammation (21,22). In this study, plasma 

concentrations of L-glutamic acid (glutamate) 
(p=0.0037), glycine (p=0.0021), and L-cystine 
(p=2.2e-06) increased significantly, while the 
decrease in L-glutamine level was not statistically 
significant. (Table 5) In a previous study in men, TG 
did not considerably alter L-glutamic acid, glycine, L-

cystine, and L-glutamine plasma concentrations 
(15). 
 

In contrast to the results, prolonged fundectomy 
decreased both glycine and glutamine concentrations 
(14). On the other hand, long-term fundectomy 
increased glutamate and cystine concentrations, 

which is parallel to the study. According to these 
results, it is estimated that the release of L-
glutamate, glycine, and L-cystine from the gastric 
mucosa increases to reduce weight loss and 
inflammation in the first 3 months of TG. It can be 
thought that L-glutamine is also consumed for 

glutamate synthesis. In 1 year, the concentrations of 
these amino acids may have reached normal levels 
with the use of GSH synthesized from these amino 
acids, adequate nutrition, and the end of weight loss 
and inflammation. Consequently, supplementation 
with L-glutamine may be recommended to increase 

intracellular levels of these amino acids, thereby 

maximizing glutathione synthesis. 
 
L-lysine plays a role in regulating nitric oxide 
generation from arginine and acts as a crucial 
precursor for energy production and protein 
synthesis. L-arginine serves as a precursor for 
synthesizing various essential amino acids, including 

nitric oxide, L-proline, L-ornithine, L-glutamate, and 
L-citrulline. In addition to its role as a precursor, L-
arginine plays a critical role in tissue repair and 
wound healing processes, facilitating the 
regeneration and restoration of damaged tissues 
(20,23). In this study, at the end of 3 months, L-

arginine (p=4.1e-07) concentration decreased 
statistically, while L-lysine (p=0.0135), L-ornithine 

(p=0.0009), and L-glutamate (p=0.0037) increased. 
In parallel with this study, fundectomy significantly 
decreased L-arginine levels and increased glutamate 
over a 1-year period. However, unlike the study, L-
arginine, L-lysine, L-ornithine, and L-glutamate 

concentrations did not change significantly at the end 
of 1 year following TG. This reduction in the first 
period of TG may be due to the use of L-arginine in 
the regeneration of damaged tissues and protein 
synthesis. 
 
Additionally, L-arginine may have decreased after TG 

to produce L-lysine, L-ornithine, and L-glutamate. It 
has been reported that plasma nitric oxide levels 
increase after gastrectomy (24). This may explain 
the increase in L-lysine production for the increased 

energy needs due to malnutrition after gastrectomy. 
 

In the study, L-alanine, L-asparagine, L-histidine, 3-
methyl-L-histidine, and L-methionine plasma levels 
increased significantly in the 3 months after 
gastrectomy (Table 5). In previous studies, while 
histidine and alanine did not change considerably in 
the first year after fundectomy, the plasma 
concentration of methionine decreased significantly, 

unlike our study. In another study, like this study, 
although an increase in alanine and histidine plasma 
concentrations was observed 1 year after TG, this 
change was not significant. L-asparagine has a 
suppressive effect on apoptosis (25). L-alanine and 
L-methionine improve the immune system 
(20,26,27). L-histidine is a crucial amino acid that 
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serves as a substrate for histamine synthesis in 
specific immune cells, including macrophages, 
platelets, dendritic cells, and T lymphocytes. 3-

methyl-L-histidine is an amino acid that increases 
muscle and tissue destruction (28,29). Significant 
changes in these amino acids indicate that TG affects 
tissue regeneration and the immune system. 

 
5. CONCLUSION 
 
Total gastrectomy statistically changed the 
concentrations of 20 amino acids and affected 12 
metabolic pathways. The effect of total gastrectomy 

on amino acid profiles may have some consequences 
for patients with stage II gastric cancer. First, the 
changes in amino acid profiles may lead to impaired 
metabolic functioning, which could increase the risk 
of complications such as malnutrition, anemia, and 
infection. Second, the changes in amino acid profiles 

may impair the immune response, which could 

increase the risk of cancer recurrence. Third, the 
changes in amino acid profiles may lead to fatigue, 
weakness, and other symptoms that can negatively 
impact the quality of life. However, contrary to these 
expectations, the findings support that total 
gastrectomy has a positive effect on the immune 
system, tissue repair, and energy production. It is 

conceivable that L-arginine supplementation after 
gastrectomy may prevent the risk of cancer 
recurrence, the possibility of infection, and 
malnutrition. By maintaining optimal levels of L-
arginine, patients' immune function, tissue healing, 
and overall well-being can be improved after surgery. 

All these results need to be supported by new and 
more comprehensive studies. The study showed that 

assessing amino acid profiles may help improve 
metabolic functioning, immune response, and quality 
of life in these patients. Investigating the effects of 
different surgical approaches on amino acid 
metabolism can contribute to optimizing surgical 

strategies and improving long-term outcomes for 
patients. 
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Abstract: In this study, P-N type Schiff bases (imino-phosphine) and their secondary amine (amino-
phosphine) derivatives were synthesized. After the successful synthesis of Schiff bases and the relevant 
secondary amines obtained from the reduction of Schiff bases, the antioxidant activities of all synthesized 
molecules were examined by the DPPH (2,2-diphenyl-1-picrylhydrazyl) and ABTS (2,2′-azino-bis(3-
ethylbenzothiazoline-6-sulfonic acid)) methods and IC50 values were calculated. Secondary amines (amino-
phosphine derivatives 4 and 7) obtained by reduction of Schiff bases (imino-phosphine derivatives 3 and 6) 
were found to exhibit high DPPH free radical scavenging activity. At the same time, all synthesized 
molecules demonstrated very high ABTS cationic radical scavenging activity. Most of the molecules showed 

better antioxidant activity than the BHT and BHA molecules used as positive controls. The structures of all 
synthesized molecules were characterized by 1H-NMR, 13C-NMR, GC-MS, and FT-IR. 
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1. INTRODUCTION 
 

Schiff bases and secondary amines obtained by 
their reduction are a very important class of 
molecules in the field of organic chemistry because 
they have many biological activities, such as 
antibacterial, antifungal, antioxidant, anti-tumor, 
anti-HIV, and anti-inflammatory (1–12). In addition 

to these important biological properties, these 

molecules are also important because of their 
widespread use as intermediates in the synthesis of 
a variety of natural products (13–17). There are 
also studies in the literature showing that these 
molecule derivatives catalyze many reactions, such 
as Heck and Suzuki coupling, especially P-N type 

ligands in imino- and amino-phosphine structures 
(18,19). Although there are many articles on the 
catalytic activity of Schiff bases and secondary 
amine structures, there are a limited number of 
studies discussing their biological activity. However, 
in these studies, it is understood that these 
molecules also have high biological activity. All the 

above characteristics increase the number of 
studies involving the synthesis of new Schiff bases 

and related secondary amines and the investigation 

of the biological and catalytic properties of the 
resulting molecules. 

 
In this article, new Schiff bases with the imino-
phosphine structure were synthesized from the 
reaction of 4-aminoindan and 5-aminoindan 
molecules with 2-(diphenylphosphino)benzaldehyde. 
The corresponding amino-phosphine derivatives 

were also obtained by the reduction reaction of 

these molecules. The structures of all synthesized 
molecules were elucidated by NMR, FTIR, and GC-
MS methods, and their antioxidant activities were 
investigated by DPPH and ABTS methods. The 
structure-activity relationship has been discussed 
based on molecular structures with the same 

skeleton but differing in positional substitutions. 
 
2. EXPERIMENTAL SECTION 
 
2.1. Materials 
All reagents were obtained by Sigma-Aldrich or 
Merck.  Bruker Ultrashield Plus Biospin Avance III 

400 MHz NaNoBay FT-NMR, Chebios Optimum-One 
UV-Vis spectrophotometer, and Perkin Elmer 

Spectrum-100 were used for 1H and 13C NMR 

https://dergipark.org.tr/jotcsa
http://www.turchemsoc.org/
https://orcid.org/0009-0008-7097-6443
https://orcid.org/0009-0002-5412-3367
https://orcid.org/0000-0001-9278-1091
https://doi.org/10.18596/jotcsa.1522459
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spectra, antioxidant activities, and FT-IR spectra, 
respectively. 

 
2.2. General Method for The Synthesis of 
Molecules 
2.2.1. Synthesis of the schiff bases 
0.15 g (1.13 mmol, 1 eq.) 5-aminoindan (1) or 4-

aminoindan (5) was dissolved with MeOH (8 mL) 
and then 0.39 g (1.35 mmol, 1.2 eq.) 2-
(Diphenylphosphino)benzaldehyde (2) was added. 
The resulting solutions were stirred at room 
temperature until the TLC analysis revealed the 
consumption of the starting material (maximum 2 

h). The solvent was evaporated, and products (3 or 
6) were purified by crystallization (2). 
 
2.2.2. Synthesis of secondary amines 
1 mmol of the synthesized Schiff bases (3 and 6) 

was taken and dissolved in 20 mL of methanol, and 
2 mmol of NaBH4 was slowly added and mixed for 3 

hours. The solvent was removed under vacuum 
after the reaction was confirmed by thin-layer 
chromatography. The residue was washed with 3x10 
mL of methylene chloride with the addition of 10 mL 
of water. After the collection of the organic phases, 
they were dried with sodium sulfate. After the 
removal of the solvent, the secondary amine 

derivatives were obtained (4 or 7) (2). 
 
2.3. Antioxidant Activities 
2.3.1. DPPH free radical scavenging activity 
The 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical 
scavenging assay was used to measure antioxidant 

activity. Butylated hydroxytoluene (BHT) and 

butylated hydroxyanisole (BHA) were used as 
reference test materials. At the beginning, the 
concentrations (6.75 - 400 μg/mL) of all the 
synthesized compounds and the reference test 
materials were prepared in EtOH. Then, 1 mL of 
each sample was added to 1 mL of 1 x 10-4 M DPPH 

solution, which was prepared as freshly prepared, 
and they were incubated in the dark for half an hour 
at room temperature. The absorbance of each 
sample was measured at 517 nm at the end of the 
incubation period. The scavenging activity was 
calculated as a percentage according to the formula 

given below (Equation 1). The IC50, which is the 
concentration necessary for 50% removal of DPPH 

free radicals, was calculated (1,2,20). 
 
% DPPH Scavenging = (Ao-As/Ao)x100     (1) 
 
(Ao= Absorbance of the control; As= Absorbance of 

the sample at 517 nm) 
 
2.3.2. ABTS cation radical scavenging activity 
The ABTS scavenging activity of the synthesized 
molecules was determined as described by Re et al. 
Briefly, ABTS radicals were generated by a reaction 

of 2 mM ABTS in H2O with 2.45 mM potassium 
persulfate (K2S2O8), and it was stored for 2 h at 
room temperature in the dark. This solution was 
diluted in 0.1 M sodium phosphate buffer (pH=7.4) 
to an absorbance of 0.900 ± 0.100 at 734 nm. 

Subsequently, 1 mL of ABTS•+ solution was added 
to 3 mL of each synthesized molecule at a 

concentration of 400 µg/mL, and the absorbances 
were read at 734 nm after 30 min. Equation 2 was 
used to calculate the results as percentages. 
Different concentrations of each active molecule 
were prepared to calculate IC50 values after 
determining the active compounds (21). 
 

% ABTS Scavenging activity = (Ao-As/Ao)x100    (2) 
 
(Ao= Absorbance of the control; As= Absorbance of 
the sample at 734 nm) 
 
3. RESULTS AND DISCUSSION 

 

For the synthesis of Schiff bases, 5-aminoindan (1) 
and 4-aminoindan (5) were chosen as starting 
compounds. By separately reacting these amine 
compounds with 2-
(Diphenylphosphino)benzaldehyde (2) in methanol 
at 40 °C, the target Schiff bases (imino-phosphine 

derivatives) (3) and (6) were synthesized in high 
yields (Figure 1). After purification by 
crystallization, the Schiff bases were reduced to the 
corresponding secondary amines (amino-phosphine 
derivatives) (4) and (7) by reaction with NaBH4. 

 

 
Figure 1: Synthesis of Schiff bases (3 and 6) and their related secondary amines (4 and 7). 

 
After successful synthesis, the structures of all 
synthesized molecules were elucidated using 1H-

NMR, 13C-NMR, FTIR spectroscopy, and GC-MS. 1H-
NMR spectra of the synthesized Schiff bases (3 and 

6) show that aromatic protons appear in the range 
of δ 8.13-6.22 ppm in accordance with the 

literature (1,2). The specific imine (-N=CH-) 
protons of the Schiff bases (iminophosphine) 
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resonated as a doublet in the range δ 9.05-9.00 
(18). It is seen that the three -CH2 groups in the 

structure are only affected by each other in 
accordance with the structure and resonate as 
triplet and quintet, respectively (2). In the NMR 
spectra of molecules 4 and 7 synthesized by 
reducing the -N=CH- group in molecules 3 and 6, 

the signals belonging to the -N-CH2- group 
resonated as a singlet in the range δ 4.54-4.47 ppm 
(2). 1H-NMR spectra of all molecules are in 
agreement with the structure. In addition to the 1H-
NMR spectra, 13C-NMR, FTIR, and GCMS 
measurements also support the successful and pure 

preparation of the molecules. 
 
DPPH scavenging activity 
After the successful completion of the target 
molecules, it was aimed to determine the 

antioxidant activities of all molecules. Radicals, 
which are known to be continuously produced in the 

human body for various reasons, can cause cell 
destruction and many diseases, such as 

cardiovascular disease. These radicals can be kept 
under control by antioxidants (20,22). Therefore, it 
is of great importance to obtain new molecules with 
high antioxidant properties. In light of this 
information, firstly, the radical scavenging 

properties of the synthesized molecules were 
investigated by the DPPH (2,2-diphenyl-1-
picrylhydrazil) method, which is widely used in the 
literature. 800 µg/mL was determined as the 
highest concentration, and solutions of the 
synthesized molecules at this dose were prepared. 

In preliminary experiments at the highest dose, it 
was determined that 4 and 7 molecules showed 
high radical scavenging activity. In order to 
calculate the IC50 values of these molecules, lower 
dose solutions were prepared, the measurements 

were repeated (Figure 2), and IC50 values were 
determined (Table 1). 

 

 
Figure 2: DPPH scavenging activities of each molecule for each concentration. 

 
When the results obtained are evaluated, it is seen 
that the secondary amine derivatives 
(aminophosphines 4 and 7) have much higher 

radical scavenging activity compared to Schiff bases 
(iminophosphines 3 and 6). It is clearly understood 
that this result is due to the -NH groups present in 
the secondary amines obtained after the reduction 
of Schiff bases. On the other hand, the antioxidant 

activities of molecules 4 (synthesized via 5-

aminoindanes) and 7 (synthesized via 4-
aminoindanes), which have different positions but 
similar molecular structures, were found to be 

significantly different. This result showed that 
besides the side groups, different positions of the 
same groups can also change the antioxidant 
activity to a high extent. As a result, DPPH 
scavenging activity changes in the order of 

BHT>4>BHA>7. 

 
Table 1: IC50 values of synthesized molecules for DPPH scavenging activities. 

Compound 4 7 BHT BHA 

IC50 values 
(µg/mL) 

51.3 262.6 40.9 86.8 

Equation 
y = 0.7426x + 

11.867 
R² = 0.994 

y = 0.1131x + 
20.304 

R² = 0.8751 

y = 0.5766x + 
26.396 

R² = 0.9305 

y = 0.3475x + 
19.825 

R² = 0.9578 

 
ABTS scavenging activity 
The reaction between ABTS and potassium 
persulfate produces the radical cation ABTS, which, 
with water, produces a blue solution. This solution 
gives absorbance at 734 nm, and the antioxidant 

activity of molecules is measured according to the 

decrease in absorbance. While the DPPH method is 
generally based on the transfer of hydrogen atoms, 
the ABTS method is based on the transfer of 
electrons (21,23,24). 
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The solutions prepared for the DPPH method were 
also used for this method. Preliminary 

measurements at the highest concentration (800 
µg/mL) showed that all molecules had very high 

ABTS activity. Measurements were repeated for 
solutions prepared at lower concentrations (Figure 

3), and IC50 values were calculated using the 
equations obtained (Table 2). 

 

 
Figure 3: ABTS scavenging activities of each molecule for each concentration. 

 

The results showed that all synthesized molecules 
had much better ABTS activity than the positive 
controls. At first glance, it is clear that these high 
activities are due to the triphenylphosphine group in 

all molecules. According to the ABTS activities in the 
order of 3>6>7>4> BHT>BHA, Schiff bases have 
higher ABTS activity compared to secondary 
amines. 

 
Table 2: IC50 values of synthesized molecules for ABTS scavenging activities. 

Compound 3 4 6 7 BHT BHA 

IC50 values 
(µg/mL) 

1.12 1.96 1.34 1.93 4.10 4.41 

Equation 
y = 12.2x + 

36.4 
R² = 0.9517 

y = 14.2x + 
22.2 

R² = 0.9785 

y = 13.4x + 
32 

R² = 0.9486 

y = 15.9x + 
19.3 

R² = 0.9657 

y = 14.714x 
– 10.457 

R² = 0.9783 

y = 14.2x - 
12,6 

R² = 0.9632 

 

(E)-N-(2-(diphenylphosphino)benzylidene)-
2,3-dihydro-1H-inden-5-amine (3, C28H24NP) 
1H NMR (400 MHz, CDCl3) δ 9.00 (d, J = 5.2 Hz, 
1H, -CH=N-), 8.13 (ddd, J = 7.7, 3.9, 1.2 Hz, 1H, 
Ph-H), 7.36 (t, J = 7.5 Hz, 1H, Ph-H), 7.30 – 7.19 
(m, 11H, Ph-H), 7.05 (d, J = 8.0 Hz, 1H, Ph-H), 

6.84 (ddd, J = 7.7, 4.7, 0.9 Hz, 1H, Ph-H), 6.70 – 

6.64 (m, 2H, Ph-H), 2.78 (td, J = 7.4, 2.4 Hz, 4H, -
2CH2), 2.03 – 1.94 (p, J = 7.5, 2H, -CH2) ppm. 13C 
NMR (101 MHz, CDCl3) δ 157.9 (CH=N), 157.7 
(PhC), 150.2 (PhC), 145.1 (PhC), 142.1 (PhC), 
139.6 (PhC), 139.4 (PhC), 138.5 (PhC), 138.3 
(PhC), 136.6 (PhC), 136.5 (PhC), 134.2 (PhC), 
134.0 (PhC), 133.5 (PhC), 130.6 (PhC), 128.9 

(PhC), 128.9 (PhC), 128.7 (PhC), 128.6 (PhC), 
127.9 (PhC), 127.9 (PhC), 124.5 (PhC), 119.3 
(PhC), 116.7 (PhC), 32.8 (-CH2), 32.4 (-CH2), 25.6 
(-CH2) ppm. FTIR (KBr): = 3051, 2948, 2837, 
1596, 1579, 1482, 1432, 741, 693 cm-1. GC-MS: 
405.2 (M+), 290.1, 261.1, 183.0, 107.0, 51.0. 

 
 

N-(2-(diphenylphosphino)benzyl)-2,3-
dihydro-1H-inden-5-amine (4, C28H26NP) 
1H NMR (400 MHz, CDCl3) δ 7.49 (dd, J = 7.1, 
4.0 Hz, 1H), 7.42 – 7.25 (m, 11H, Ph-H), 7.21 – 
7.13 (m, 1H, Ph-H), 6.96 – 6.88 (m, 2H, Ph-H), 
6.30 (d, J = 1.8 Hz, 1H, Ph-H), 6.22 (dd, J = 8.0, 

2.2 Hz, 1H, Ph-H), 4.47 (s, 2H, -NCH2), 3.83 (bs, 

1H, -NH) 2.76 (t, J = 7.3 Hz, 4H, -2CH2), 1.98 
(sext, J = 7.3 Hz, 2H, -CH2) ppm. 13C NMR (101 
MHz, CDCl3) δ 146.5 (PhC), 145.1 (PhC), 143.8 
(PhC), 143.6 (PhC), 136.5 (PhC), 136.4 (PhC), 
134.0 (PhC), 133.8 (PhC), 133.5 (PhC), 133.0 
(PhC), 129.0 (PhC), 128.8 (PhC), 128.6 (PhC), 
128.5 (PhC), 128.1 (PhC), 128.1 (PhC), 127.3 

(PhC), 124.5 (PhC), 111.3 (PhC), 109.0 (PhC), 53.3 
(-NCH2), 33.1 (-CH2), 31.9 (-CH2), 25.6 (-CH2)  
ppm. FTIR (KBr): = 3411, 3051, 2920, 2842, 
1613, 1584, 1499, 1433, 906, 742, 694 cm-1. GC-
MS: 407.1 (M+) not appeared, 223.1, 205.1, 149.0, 
104.0, 32.0. 
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(E)-N-(2-(diphenylphosphino)benzylidene)-
2,3-dihydro-1H-inden-4-amine (6, C28H24NP) 
1H NMR (400 MHz, CDCl3) δ 9.05 (d, J = 5.2 Hz, 
1H, -CH=N-), 8.24 (ddd, J = 7.7, 3.9, 1.0 Hz, 1H, 
Ph-H), 7.44 (t, J = 7.6 Hz, 1H, Ph-H), 7.38 – 7.26 
(m, 11H, Ph-H), 7.10 – 7.00 (m, 2H, Ph-H), 6.91 
(ddd, J = 7.6, 4.6, 1.0 Hz, 1H, Ph-H), 6.47 (d, J = 

7.2 Hz, 1H, Ph-H), 2.89 (t, J = 7.4 Hz, 2H, -CH2 ), 
2.73 (t, J = 7.3 Hz, 2H, -CH2), 1.98 (p, J = 7.5 Hz, 
2H, -CH2) ppm. 13C NMR (101 MHz, CDCl3) δ 
158.8 (CH=N), 158.6 (PhC), 148.4 (PhC), 145.3 
(PhC), 139.7 (PhC), 139.5 (PhC), 138.5 (PhC), 
138.3 (PhC), 137.2 (PhC), 136.5 (PhC), 136.4 

(PhC), 134.2 (PhC), 134.0 (PhC), 133.4 (PhC), 
130.7 (PhC), 128.9 (PhC), 128.9 (PhC), 128.7 
(PhC), 128.6 (PhC), 127.9 (PhC), 127.9 (PhC), 
127.0 (PhC), 121.6 (PhC), 116.3 (PhC), 33.1 (-
CH2), 30.4 (-CH2), 25.1 (-CH2)  ppm. FTIR (KBr): 

= 3053, 2944, 2842, 1618, 1579, 1467, 1432, 
1121, 742, 693 cm-1. GC-MS: 405.2 (M+) not 

appeared, 290.1, 261.1, 183.0, 107.0, 51.0 
 
N-(2-(diphenylphosphino)benzyl)-2,3-
dihydro-1H-inden-4-amine (7, C28H26NP) 
1H NMR (400 MHz, CDCl3) δ 7.52 – 7.46 (m, 1H, 
Ph-H), 7.37 – 7.27 (m, 11H, Ph-H), 7.19 (t, J = 7.7 
Hz, 1H, Ph-H), 7.00 – 6.89 (m, 2H, Ph-H), 6.60 (d, 

J = 7.4 Hz, 1H, Ph-H), 6.30 (d, J = 8.0 Hz, 1H, Ph-
H), 4.55 (s, 2H, -NCH2), 3.75 (s, 1H, -NH), 2.85 (t, 
J = 7.5 Hz, 2H, -CH2), 2.35 (t, J = 7.4 Hz, 2H, -
CH2), 1.99 (sext, J = 7.3 Hz, 2H, -CH2) ppm. 13C 
NMR (101 MHz, CDCl3) δ 144.5 (PhC), 144.0 
(PhC), 143.8 (PhC), 143.5 (PhC), 136.5 (PhC), 

136.5 (PhC), 135.8 (PhC), 135.6 (PhC), 134.0 

(PhC), 133.8 (PhC), 130.9 (PhC), 129.1 (PhC), 
128.8 (PhC), 128.7 (PhC), 128.6 (PhC), 128.5 
(PhC), 128.3 (PhC), 128.2 (PhC), 128.1 (PhC), 
127.4 (PhC), 113.5 (PhC), 107.6 (PhC), 71.8 (-
NCH2), 33.3 (-CH2), 29.0 (-CH2), 24.5 (-CH2) ppm. 
FTIR (KBr): = 3341, 3054, 2922, 2845, 1592, 

1472, 1434, 1180, 1116, 907, 721, 693 cm-1. GC-
MS: 407.1 (M+) not appeared, 223.1, 205.1, 149.0, 
104.0, 57.1. 
 
4. CONCLUSION 
 
New Schiff bases (iminophosphine) were 

synthesized by utilizing the reactions between 4-
aminoindan or 5-aminoindan and 2-
(Diphenylphosphino)benzaldehyde, and secondary 

amines (aminophosphine) were obtained with high 
yields by reduction of synthesized Schiff bases. The 
antioxidant activities of these newly synthesized 

molecules were examined by using DPPH and ABTS 
methods. When the antioxidant activity results are 
discussed, it was observed that only the secondary 
amine derivatives have DPPH activity, while all 
synthesized molecules have very high ABTS activity. 
The significant difference in DPPH activities between 
molecules 4 and 7, which have the same groups in 

different positions, indicated that not only positional 
variations but also the side groups significantly 
affect biological activity. The structural similarity of 
the synthesized molecules enabled a discussion of 
the structure-activity relationship. 
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Abstract: In this experimental study, the effect of edaravone (EDA) on liver damage caused by valproic acid 
(VPA) was investigated. The antioxidant, oxidative stress, and inflammation indicators such as glutathione 
(GSH), total lipid (TL), sialic acid (SA), aspartate (AST) and alanine transaminase (ALT), alkaline phosphatase 
(ALP), gamma-glutamyl transferase (GGT), catalase (CAT), superoxide dismutase (SOD), glutathione 
peroxidase (GPx), glutathione reductase (GR) and glutathione-S-transferase (GST) were examined. Male 
Sprague Dawley rats were used in the experiment and randomly divided into 4 groups. The experiment lasted 

for 7 days. Group I: control group rats; Group II: rats receiving 0.5 g/kg VPA intraperitoneally daily. Group 
III: rats receiving 30 mg/kg EDA intraperitoneally daily. Group IV: rats receiving 0.5 g/kg VPA and 30 mg/kg 
EDA intraperitoneally daily (at the same time). On day 8, all animals were sacrificed under anesthesia, and 
liver tissues were removed. VPA caused the decreases in GSH, CAT, SOD, GPx, GR, and GST values and the 
increases in AST, ALT, ALP, GGT, sialic acid, and total lipid values. EDA reversed the in all values. These 
results suggest that EDA administration potentially reduces liver injury in VPA-induced hepatotoxicity. 
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1. INTRODUCTION 
 
Epilepsy is one of the most common neurological 
problems, occurring in 1-2% of people worldwide, 
although it is particularly prevalent among young 
people (1). Anti-epileptic drugs (AEDs) are primarily 

used to treat epilepsy. AEDs are widely used as long-
term adjunctive therapy or as monotherapy for other 
indications. AEDs include drugs that are highly 
susceptible to interactions (2,3). Valproic acid (2-
propylpentanoic acid, VPA) is one of the oldest and 
most frequently prescribed drugs for epilepsy, 

bipolar disorder, migraine prophylaxis, 
schizoaffective disorders, addiction diseases and 
neuropathic pain (4,5). VPA activity is mediated by 
an increase in the synthesis and release of γ-
aminobutyric acid and blockade of voltage-sensitive 
sodium channels (6,7). VPA is used as a 
neuroprotector in cases of Alzheimer's disease (8), 

migraine (9), and bipolar disorders for multiple 
tumors, neurodegenerative diseases such as 
Huntington's disease, Parkinson's disease, Duchenne 

progressive dystrophy, etc., and human 
immunodeficiency syndrome (10,11). 
Epidemiological studies suggest that VPA can cause 
hepatotoxicity (12), pancreatitis (13), and 
teratogenicity (5). The mechanism that causes liver 
damage has not been fully elucidated; hepatotoxicity 

may be due to reasons such as the development of 
oxidative stress, increased apoptosis, and 
microvesicular liver steatosis (14,15). 
 
An increase in the amount of reactive oxygen 
characterizes oxidative stress. Disruption of the 

balance between reactive oxygen species (ROS) and 
antioxidant mechanisms leads to physiologic and 
biochemical dysfunctions (16,17). Antioxidants play 
an important role in disease prevention due to their 
reactive oxygen species scavenging activity (18). 
Edaravone (3-methyl-1-phenyl-2-pyrazolin-5-one) is 
a novel free radical scavenger with potent 

antioxidant properties and is used in patients with 
acute brain infarction. Several studies have shown 
that it prevents cell damage caused by oxidative 

https://doi.org/10.18596/jotcsa.1548185
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stress by capturing hydroxyl radicals and scavenging 
ROS (19,20). EDA is a lipophilic molecule, and mainly 
non-enzymatic peroxidation is a new antioxidant 

moving by inhibiting lipoxygenase activity in vitro 
(21-23). In addition to edaravone’s antioxidizing 
activity, it has anti-inflammatory, anti-apoptotic, and 
anti-necrotic effects (24). 

 
This study aimed to investigate the potential 
protective effect of EDA, which has antioxidant 
properties, against VPA-induced liver injury. 
 
2. EXPERIMENTAL SECTION 

 
2.1. Chemicals 
VPA and EDA were obtained from Merck (Darmstadt, 
Germany). All other chemicals used in the 
experiments were of analytical purity and were 
purchased from Merck (Darmstadt, Germany), 

Sigma-Aldrich (St. Louis, MO, USA), and Fluka 

(Buchs, Switzerland). 
 
2.2. Laboratory Animals and Experimental 
Design 
All the experimental procedures were approved by 
the Istanbul University Local Ethics Committee on 
Animal Research (2010/54-the ethic committee 

number). 
 
Thirty-eight Sprague Dawley rats (2.5-3 months old, 
male) were randomly divided into 4 groups. The 
animals were housed in the standard cage with 
optimal temperature (20 °C±2) and light/dark (12 h 

light/12 h dark) conditions. Group I: control rats 
(n=8). Group II: rats receiving intraperitoneal 0.5 

g/kg VPA daily for 7 days (n=10). Group III: rats 
receiving 30 mg/kg EDA intraperitoneally daily for 7 
days (n=10). Group IV: rats receiving 0.5 g/kg VPA, 
intraperitoneally 30 mg/kg EDA administration daily 
for 7 days (n=10) (at the same time). All rats were 

sacrificed under anesthesia 16 hours after VPA and 
EDA administration. On day 8, liver tissues were 
taken. Liver homogenates (10% w/v) were prepared 
in physiological saline (NaCl, 0.9%). 
 
2.3. Biochemical Analysis 
Biochemical analyses were performed on blood, 

serum, and liver homogenates according to the 
methods specified below. 
 
2.3.1. Estimation of Glutathione (mg % GSH) 

Glutathione (GSH) levels were determined by the 
method using metaphosphoric acid and 5,5′-

dithiobis-2-nitrobenzoic acid (DTNB) (25). 
 
2.3.2. Estimation of Total Lipid (mg % Lipid) 
The sulfophosphovanillin method was used for the 
determination of total lipids in serum. This method is 
based on the principle of pink coloration of lipids with 
vanillin in sulfuric and phosphoric acid medium. The 

color intensity was determined in a 
spectrophotometer at 532 nm (26). 
 
2.3.3. Estimation of Sialic Acid (mmol sialic acid/L) 
Sodium periodate was used to oxidize sialic acid (SA) 
in concentrated phosphoric acid. Next, TBA was 
combined with the product of periodate oxidation. A 

pink chromophore was obtained, which was then 
extracted into cyclohexanone (27). 
 

2.3.4. Estimation of Aspartate Transaminase (U/ g 
protein) 
Aspartate transaminase (AST) activities were 
measured by converting L-glutamic acid to 

oxaloacetic acid, and the color was given by 2,4 
dinitrophenyl hydrazine in the medium. The color 
obtained was measured with a spectrophotometer at 
546 nm (28). 
 
2.3.5. Estimation of Alanine Transaminase (U/ g 

protein) 
Alanine transaminase (ALT) activities were measured 
by converting L-alanine to pyruvic acid and the color 
given by 2,4 dinitrophenyl hydrazine in the medium. 
The color obtained was measured with a 
spectrophotometer at 546 nm (28). 

 

2.3.6. Estimation of Alkaline Phosphatase (U/ g 
protein) 
Alkaline phosphatase (ALP) activities were 
determined at 405 nm according to the two-point 
method (29). 
 
2.3.7. Estimation of Gamma-glutamyl Transferase 

(U/ g protein) 
Gamma-glutamyl transferase (GGT) activity is based 
on the determination of the amount of p-nitroaniline 
formed as a result of the reaction by reading it in a 
spectrophotometer (30). 
 

2.3.8. Estimation of Catalase (U /mg protein) 
Catalase (CAT) activities were determined based on 

the reduction of hydrogen peroxide (H2O2) to water 
(H2O) (31). The decrease in absorbance was 
measured spectrophotometrically at 240 nm. 
 
2.3.9. Estimation of Superoxide Dismutase (U /g 

protein) 
Superoxide dismutase (SOD) activities were 
measured as the ability to increase the rate of 
photooxidation of riboflavin-sensitised o-dianisidine 
(32). 
 
2.3.10. Estimation of Glutathione Peroxidase (U /g 

protein) 
Glutathione peroxidase (GPx) activities were 
determined according to the Wendel method, in 
which the conversion of GSH to GSSG was measured 

(33). 
 

2.3.11. Estimation of Glutathione Reductase (U /g 
protein) 
Glutathione reductase (GR) activity is based on 
calculating of the proportion of NADPH oxidized 
during the reduction of oxidized glutathione (GSSG) 
by GR at 340 nm (33). 
 

2.3.12. Estimation of Glutathione-S-Transferase (U / 
mg tissue) 
Glutathione-S-transferase (GST) activity was 
assayed by determining the amount of product 
obtained by conjugation of GSH with 1-chloro-2,4-
dinitrobenzene (CDNB) (34). 
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2.3.13. Estimation of Proteins 
Lowry et al., developed the method to determine the 
amount of protein in liver tissue (35). 

 
2.4. Statistics 
Statistical analysis of biochemical results was 
calculated with GraphPad Prism 9.0 (GraphPad 

Software, San Diego, California, USA). Values are 
shown as mean ± standard deviation (SD). Unpaired 
t-test and analysis of variance (ANOVA) followed by 
Tukey multiple comparison analyses were used for 
the results. A value of P<0.05 was considered 
statistically significant. 

 
3. RESULTS AND DISCUSSION 
 
In this study, VPA administration caused a decrease 
in GSH levels (p<0.01) and an increase in total lipid 
(p<0.0001) and SA (p<0.01) levels compared to the 

control group. In addition, GSH levels (p<0.001) 

increased and total lipid (p<0.0001) and sialic acid 

levels (p<0.01) decreased in the VPA+ EDA treated 
group compared to the VPA (Figure 1). 
 

In our study, there was a significant increase in AST 
(p<0.0001), ALT (p<0.0001), ALP (p<0.0001) and 
GGT (p<0.001) activities in the VPA group compared 
to the control group. However, there was a 

significant decrease in AST (p<0.0001), ALT 
(p<0.0001), ALP (p<0.0001) and GGT (p<0.01) 
activities in the VPA+EDA group compared to the VPA 
group (Figure 2). 
 
 

The present study showed that the administration of 
VPA was associated with a decrease in the activities 
of CAT (p<0.001), SOD (p<0.01), GPx (p<0.05), GR 
(p<0.001), GST (p<0.0001) compared to the control 
group. VPA+EDA group caused a significant increase 
in CAT (p<0.01), SOD (p<0.01), GPx (p<0.001), GR 

(p<0.01) and GST (p<0.05) activities compared to 

VPA group (Figure 3). 
 

 

 
Figure 1: Blood GSH, serum total lipid and serum sialic acid levels. 

The columns represent mean ± SD. VPA: Valproic acid group, EDA: Edaravone group, VPA+EDA: Valproic 
acid+Edaravone, GSH: Glutathione. 

** represent p <0.01, ***represent p <0.001, **** represent p <0.0001 
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Figure 2: Liver AST, ALT, ALP and GGT activities of the groups. 

The columns represent mean ± SD. VPA: Valproic acid group, EDA: Edaravone group, VPA+EDA: Valproic 

acid+Edaravone, AST: Aspartate transaminase, ALT: Alanine transaminase, ALP: Alkaline phosphatase, 
GGT: Gamma-glutamyl transferase. 

** represent p <0.01, ***represent p <0.001, **** represent p <0.0001 
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Figure 3: Liver CAT, SOD, GPx, GR and GST activities of the groups 

The columns represent mean ± SD. VPA: Valproic acid group, EDA: Edaravone group, VPA+EDA: Valproic 

acid+Edaravone, CAT: Catalase, SOD: Superoxide dismutase, GPx: Glutathione peroxidase, GR: 
Glutathione reductase, GST: Glutathione-S-transferase. 

*represent p <0.05, ** represent p <0.01, ***represent p <0.001, **** represent p <0.0001 
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VPA is prescribed as a first-line antiepileptic drug due 
to its high efficacy and low cost and is one of the 
most common causes of acute liver failure (36,37). 

Therefore, VPA has been used since the 1960s to 
treat seizures and mood disorders and to treat many 
diseases, such as migraine (38). Hepatocyte damage 
is a common effect after VPA administration and can 

sometimes lead to irreversible, fatal liver failure. 
However, oxidative stress is generally considered 
critical for hepatocyte damage (39). Superoxide 
radicals, hydroxyl radicals, and hydrogen peroxide 
radicals cause an increase in ROS in the body, and 
this increase in ROS disrupts the antioxidant and 

oxidant balance in the body. Many organs and tissues 
in the body are adversely affected by this (17, 40). 
Free radicals impair cell functions and can cause cell 
death by destroying membrane lipids and proteins 
(41). 
 

Antioxidants play an important role in disease 

prevention due to their reactive oxygen species 
scavenging activity (18). The production of reactive 
metabolites and ROS can affect GSH balance (42). 
GSH is an important cell protective biomolecule 
against synthetic activated cytotoxicity by 
electrophilic compounds and through glutathione-S-
transferase (GST) conjugation (43). GSH is also an 

important antioxidant agent capable of immediate 
enzymatic (glutathione peroxidase, GPx) -mediated 
formation of ROS hydrogen peroxide and lipid 
hydroperoxides (44). ROS are also are removed by 
antioxidant enzymes such as catalase (CAT), 
superoxide dismutase (SOD), and reduced GSH. 

Antioxidants play an important role in disease 
prevention due to their ROS scavenging activity 

(45,46). 
 
Edaravone is a free radical scavenger previously 
approved in Japan for the treatment of patients with 
acute ischemic stroke, and EDA has also been 

approved for the treatment of amyotrophic lateral 
sclerosis due to its neuroprotective effect (23,47). 
The radical scavenging activity of EDA is mediated by 
an electron-donating mechanism on a wide range of 
radical species (48-51). However, the antioxidant 
mechanisms of EDA are not fully understood. 
Accordingly, it is hypothesized that EDA may manage 

oxidative stress by regulating ROS-NOX signaling 
pathways. 
 
It has been reported that GSH concentration in liver 

tissue was significantly reduced in VPA group 
compared to control group (52-54). In another 

study, it was reported that the amount of GSH 
decreased in the VPA group compared to the control 
group (55). In addition, Oktay et al. reported that 
there was no significant change in GSH level in the 
VPA group compared to the control group (56). In 
our study, we found that GSH levels decreased with 
VPA compared to the control group. Alzoubi et al. 

reported an increase in GSH levels using EDA in the 
treatment of memory impairment caused by chronic 
L-methionine administration (57). In the study 
investigating the protective effect of EDA on 
cyclophosphamide-induced oxidative stress and 
neurotoxicity in rats, it was reported that the amount 
of GSH increased with EDA (58). EDA increased GSH 

levels in a study on oxidative stress and allergic 
airway inflammation (59). In our study, GSH levels 
were significantly increased in the VPA + EDA group 

compared to the VPA group. 
 
Dyslipidemia is implicated in the development of 
cardiovascular diseases. In particular, high total 

cholesterol and low-density lipoprotein cholesterol 
(LDL-C) levels as well as low high-density lipoprotein 
cholesterol (HDL-C) are associated with 
cardiovascular mortality. VPA is well known to cause 
weight gain and insulin resistance and to increase 
triglyceride levels (60). Different effects of VPA on 

total cholesterol have been described in previous 
studies. Nikolaos et al. reported that VPA decreased 
total cholesterol levels, while Erminio et al. reported 
that VPA increased cholesterol levels (61,62). 
According to another study, a decrease in total 
cholesterol and low-density lipoprotein levels was 

observed in pediatric groups given VPA (63). In our 

study, we found that total lipid levels in serum 
increased with VPA compared to the control group. 
Experimental studies show that antioxidants have 
protective effects on atherosclerosis and endothelial 
damage. Dietary antioxidants have been reported to 
protect endothelial function (64,65) and prevent 
atherosclerosis in cholesterol-fed rabbits (66). Xi et 

al. have reported that mice given high doses of 
cholesterol in their diet and given EDA at the same 
time for 4 weeks had smaller atherosclerosis lesions 
(67). In our study, total lipid levels in serum 
decreased with EDA administration to the VPA group. 
 

SA levels have been reported to increase during 
inflammatory processes, probably due to increased 

levels of acute phase glycoproteins, 
hypertriglyceridemia, and atherosclerosis (68-72). 
Various studies have reported that SA is a marker for 
inflammatory diseases. Increased SA levels reflect 
the body's self-protection (68-72). In our study, VPA 

administered to rats caused a significant increase in 
sialic acid levels in serum. Oktay et al. reported that 
administration of VPA+EDA group SA levels 
decreased when compared to the VPA group (56). 
EDA administration has been reported to cause a 
significant decrease in SA levels in pancreatic 
functions compared to VPA animals (73). In our 

study, it was observed that SA levels, which were 
increased by EDA administration to the VPA group, 
decreased. 
 

Abdelkader et al., (2020) reported that VPA 
administration caused a significant increase in ALT, 

AST, ALP, and GGT activities in serum, which are 
considered to be an indicator of hepatocellular 
damage (53). Various studies have shown that VPA 
administration causes liver damage and significantly 
increases serum ALT, AST, and ALP levels compared 
to the control group (54,74). Koroglu et al. showed 
that administration of VPA group serum ALT levels 

significantly decreased when compared to the control 
group. There was no significant difference among the 
groups in terms of serum AST and GGT levels (75). 
In our study, VPA caused a significant increase in 
AST, ALT, ALP, and GGT activities in liver tissue. 
Hassanein et al. reported that the administration of 
VPA+EDA group AST, ALT, and ALP levels decreased 
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when compared to the VPA group (76). In our study, 
VPA+EDA group AST, ALT, ALP and GGT values 
decreased compared to VPA group. 

 
Reactive oxygen species formed in the body are also 
removed by antioxidant enzymes. Antioxidants play 
an important role in the prevention of diseases due 

to their ROS scavenging activities (45,46). VPA 
administration has been reported to significantly 
decrease CAT in the autistic groups compared with 
the healthy groups (77). It has been reported that 
the activities of SOD were decreased in the liver of 
VPA-treated rats compared to the control group (75). 

In our study, CAT and SOD enzyme activities were 
lower in the VPA group compared to the control 
group. Sheng-Rui Fan et al. showed that 
administration of EDA group CAT and SOD levels 
increased when compared to the VPA group (78). 
EDA administration has been reported to cause a 

significant increase in SOD levels in heart functions 

compared to VPA animals (79). All these studies 
(78,79) support our findings that CAT and SOD 
values increased in rats administered VPA+ EDA. 
 
There are conflicting results in GPx activities. CE 
reported decreased GPx activity in erythrocytes of 
patients treated with VPA, and Cotariu et al. reported 

decreased GPx activity in rats treated with 
intraperitoneal VPA (80,81). In contrast to these 
results, Hamed et al., Cengiz et al., and Kurekci et 
al. found an increase in GPx activity in VPA-treated 
patients (82-84). In our study, a decrease in GPx 
activity was observed in the VPA group. The decrease 

in GPx levels may indicate that the antioxidant 
capacity, which is effective in preventing various 

damages caused by VPA metabolism and its side 
effects, has decreased. It has been reported that EDA 
administration caused a significant increase in GPx 
activity in the VPA group (85). In our study, a 
decrease in GPx activity and GSH levels was 

observed in the VPA group and a significant increase 
in GSH and GPx activities in the VPA + EDA group. 
 
GR is one of the antioxidant enzymes (86) and 
Oztaylan et al. investigated the effect of VPA on the 
lens and reported that the amount of GR increased 
with VPA administration (87). Turkyilmaz et al. 

reported that GR activity decreased in VPA-induced 
brain injury (55). In another study, it was reported 
that GR activity decreased in the VPA group 
compared to the control group (88). In this study, we 

found that GR activity in liver tissue was significantly 
decreased in the VPA group. Hassan et al. reported 

an increase in GR, one of the antioxidant enzymes, 
in heart tissue when EDA was given for protection 
against isoproterenol (ISO) (89). Bayrak et al. 
reported that glutathione reductase activities 
decreased insignificantly in the VPA group in lung 
tissue, whereas GR activity increased significantly in 
the EDA group (85). In our study, VPA+EDA group 

GR values increased compared to the VPA group. 
 
Tong et al. found an increase in α-GST levels, a 
marker of hepatocyte damage, in serum 4 days after 
VPA treatment (90), while Chaudhary et al. found a 
decrease in GST activity in the cerebellum and 
cerebral cortex (91). In another study, in valproic 

acid-induced brain injury, GST decreased in the VPA 
group compared to the control group (55). It was 
reported that a decrease in GST levels in a rat model 

study of VPA-induced autism spectrum disorder (92). 
We found a significant decrease in GST activity in 
liver tissue in the VPA group compared to the control 
group. EDA administration has been reported to 

cause a significant increase in GST levels in heart 
functions compared to VPA animals (79). In another 
study, GST activity increased in the VPA+EDA group 
compared to the VPA group (89). Lu et al. reported 
an increase in GST levels in the VPA+EDA group 
compared to the EDA group (92). We found a 

significant decrease in GST activity in liver tissue 
VPA+ EDA group compared to the VPA group.  
 
4. CONCLUSION 
 
VPA is a widely used anti-antiepileptic. Although it 

has beneficial effects, there are many systems and 

organs that are affected due to its serious side 
effects. The liver is the organ most exposed to and 
affected by toxicity and free radical species. 
Protecting this tissue is a vital goal for all research. 
For this purpose, EDA was chosen as a preservative 
because its protective effects have been shown in 
previous studies and it is a good antioxidant. The 

biochemical results obtained from this study support 
the protective effects of EDA on liver tissue exposed 
to VPA. 
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Abstract: Benzotraazolium-based ionic salts have been prepared with an alkyl group (methyl and allyl), with 
iodine anion, the prepared compound ([diMBt]I (1), [AMBt]I (2) and [AMBt]I3 (3) structure have 
determined by single crystal x-ray and they used for desulfurization of sulfur from model diesel oil in order 
to obtain reduced sulfur fuel with more environmental friendly properties. The prepared compounds were 

characterized using several techniques, and their efficiency in removing sulfur from the sample oil was 
evaluated. The results showed that the removal efficiency was acceptable and could be improved in future 
research. 
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1. INTRODUCTION 

 
Liquids with just ions are generally referred to as 
anionic liquids. Nevertheless, any salt that is heated 
to the point of melting, like sodium chloride, is an 
ionic liquid with a very high melting point of 803°C. 
This term has another definition that differentiates it 

from the traditional definition of molten salts. Melted 
salts are typically considered extremely corrosive, 

highly viscous, and have a high melting point; 
however, ionic liquids are liquid at temperatures 
below 100°C and have a relatively low viscosity. The 
melting point temperature of 100°C is the relatively 
sharp boundary that separates molten salts from 

ionic liquids (1-3). 
 
In theory, there are one trillion different types of 
ionic liquids. Ionic liquids are available for chemists 
to select from based on what their work requires. 
Organic solvents and ionic liquids are not the same 
thing. Gases cannot be formed from their 

evaporation. Thus, ionic liquids cannot produce new 
air pollution or hazardous gases in chemical 
experiments. Ionic liquids have been of interest to 

chemists because they are recyclable multiple times. 
Therefore, the design, development, and application 
of chemical products and processes aimed at 

minimizing or completely doing away with using and 

producing substances harmful to the environment 
and human health is known as "green chemistry" (4-
6). 
 
Ionic liquids have many potential uses in the energy 
sector, from nuclear applications to the petroleum 

industry. Ionic liquids can potentially address several 
unresolved problems in the industry, including waste 

minimization, recycling, and recovering helpful 
hydrocarbon fuels from refractory sources. Although 
many of these ideas have been demonstrated in the 
lab, there have not been many reports or widespread 
attempts to scale them up to industrial proportions 

(3,7-9). 
 
The increase in harmful emissions to the atmosphere 
is one of the effects of industrialized countries' rapid 
development. Elevated sulfur oxide levels are a 
primary historical source of air pollution because they 
can be converted to sulfuric acid when combined with 

water vapor. This is why high sulfur oxide levels 
cause unwanted acid rain. The combustion of fossil 
fuels containing sulfur is the primary source of these 

pollutant emissions, and environmental regulation 
efforts are concentrated on reducing emissions from 
transportation exhaust gases (10-12). 
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This work aims to determine how well 
benzotriazolium iodide de-sulfurizes model diesel oil. 

 
2. MATERIAL AND METHODS 
 
2.1. Preparation of Benzotriazolium iodide Salts 
(13-17) 

1,3-dimethyl benzotriazolium iodide salt [diMBt]I 
(1): The preparation of this compound involved 
dissolving 0.01 mol, 1.19 g of Benzotriazole in 10 mL 
of ethanol and adding 0.01 mol, 0.62 mL of methyl 
iodide to the mixture in a 50 mL round-bottom flask. 
Next, 10 mL of 10% KOH was added to the mixture. 

Refluxing the mixture lasted for one hour. The 
mixture was refluxed for one hour with five milliliters 
of methyl iodide added. The mixture was extracted 
three times with an equal volume of regular hexane 
to eliminate the extra methyl iodide. The solution 

was then set aside for a day. Diethyl ether was used 
to extract yellow crystals, filter them, and repeatedly 

wash them. 
 
1-allyl -3-methyl benzotriazolium iodide salt 
[AMBt]I (2) It was prepared using the same 
method as in (1), with the exception that, in order 
to produce brown-yellow crystals, the solution 
mixture was supplemented with 5 milliliters of allyl 

chloride in the second step rather than methyl iodide. 
Compounds (1) and (2) were characterized by NMR 
spectroscopy, mass spectroscopy, and other 
spectroscopic methods such as infrared 
spectroscopy. The results of these measurements 
are given in the attached supplementary file. With 

DMSO-d6 as the solvent and 20°C, the proton 
nuclear magnetic resonance was measured using a 
BRUKER AVANCE DPX 400 MHz instrument. The Trio-
1000 Mass Spectrometer was used to perform these 
measurements. 
 

1-allyl -3-methyl benzotriazolium triiodide salt 
[AMBt]I3 (3) was accidentally created while the 
second compound was being prepared, as its 
precipitated crystals were separated using the same 
preparation technique from the second compound's 
remaining solution. 
 

2.2. X-Ray Diffraction 
On a (Bruker D8) diffractometer, 1.5 kW graphite 

monochromated Mo radiations and an APEX CCD 
detector were used to gather single crystal X-ray 
data. The crystal's distance from the detector was 
5.985 cm. During the data collection process, 
exposure times of 10 seconds per frame and scan 

widths of 0.3º were employed. 
 
The crystals' faces were indexed for a numerical 
absorption correction, and their separations from the 
center were measured. Three ω scans with varying φ 
values were used to collect the data, which produced 

data with an average completeness of 90.2-99.7% in 
the 2.33 to 33.04° range. The SAINT v7.45a (150) 
was integrated with the frames. Using SADABS 
V2008-1 (151), a numerical absorption correction 

based on the crystal's size and shape was performed. 
The structure was solved and improved using X-

SEED, a graphical interface for SHELX (18,19). 
 
2.3. Desulfurization of Fuel 
The model diesel oil was made by dissolving 
dibenzothiophene (DBT) by weight in n-hexane, 

resulting in a concentration of 3000 parts per million 
of DBT. In order to identify the best compound and 
conduct additional testing with a different 
concentration, time, and concentration, all of the 
prepared compounds were tested for extractive 
desulfurization using model fuel with the same 

concentration and time (10 g of model fuel, with 0.05 
g of the compound dissolved in 5 ml of DMSO, 30 min 
of extraction). A flame ionization detector is used in 
gas chromatography (GC-FID). (CARLO ERBA 
STRUMENT-AZIONE 4200) It was used to perform 

the gas chromatography. The temperatures of the 
program are as follows: The temperature of the 

injector is 295°C, the detector is 273°C, and the oven 
is 130°C for two minutes before ramping up to 175°C 
for ten minutes. Details of gas flow rates: 
"Water:1kg/cm2. Cosmetics (air): 1 kg/cm Helium: 2 
kg/cm2, air: 1.5 kg/cm2. Column characteristics: Call 
sign: SE-30, 30 m in length, 0.53 mm in diameter, 
and 1.2 µm in film thickness" (20,21). 

 
3. RESULT AND DISCUSSION 
 
The outcome is dependent on the reaction process, 
which involves adding methyl (allyl) group to the 
second nitrogen atom in Benzotriazole and then 

substituting the methyl group on nitrogen, as 
illustrated in scheme 1. 
 
1H-NMR of [diMBt]I (1): DMSO-d6 was used as a 
solvent to measure the proton nuclear magnetic 
resonance (NMR) spectra. The singlet signal at (4.63 
ppm) with integration (6.11) is associated with two 

methyl groups on the 1 and 3 positions of the 
nitrogen atom. The four protons of the benzene 
aromatic ring in the benzotriazole are represented by 
the multiple signals in (7.99 - 8.37 ppm) with 
integrations of (4.20). The mane mass fragments are 
m/z: 133 (100.0%), 132 (20%), 119 (10%). 
[AMBt]I (2): singlet signal at (2.10 ppm) with 

integration (2.95) is associated with nitrogen atom 

methyl groups. The doublet signal in (4.64 ppm) with 
integrations of 1.84, its chemical shift, and its 
integration are associated with the protons in the 
allyl group's terminal (CH2) group. The protons in the 
allyl group with the nitrogen atom in the 

benzotriazole's attached (CH2) groups are 
responsible for the second doublet signals in (5.71 
ppm) with integrations (1.78). With integrations of 
1.04, the multiple signals in (5.46–5.55 ppm) 
correspond to the proton of (CH) in the allyl group. 
The four protons of the multiple signals in (8.00-8.02 
ppm) and (8.34-8.39 ppm) with integrations of 

(1.80) and (1.85), respectively, belong to 
benzotriazole's aromatic ring. 
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Scheme 1: Preparation of organic salt (1,2). 

 
3.1. Characterizations of Salts 
The yellow crystals of compound (1) [diMBt]I, have 
been studied using a single crystal X-ray. An 
orthorhombic crystal system with a Pnma space group 

is present in the crystal size (0.52x 0.51x 0.40 

mm3). A perspective drawing of compound (1) and 
the atom-numbering system are displayed in Figure 
1. 50% of the time, displacement ellipsoids are 
depicted, and H atoms are displayed as tiny spheres 

with arbitrary radii. 
 

 
Figure 1: Crystal structure of compound (1) [diMBt]I. 

 
Planar organic ions are those that are situated on the 
crystallographic mirror plane. 50% occupancy results 
in disordered methyl hydrogen. The positively 

charged portion of the corresponding cation is not 
directly connected to the anion I-. Instead, I- holds 

cations together via C-H.C(5)-H(5)...I1 (2.93 Å) and 
C(3)-H(3)...I1i (2.95 Å) are examples of I-hydrogen 
bonds. These findings are in good agreement with 

the literature (17,22). Table 1 contains a list of the 
crystal data. 
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Table 1: Crystal data of compound (1) [diMBt]I. 

Empirical 
formula 

(C8 H10 N3)+ . I- Index ranges 

-13<=h<=13, -

9<=k<=9, -

26<=l<=26 

Formula weight 275.09 Reflections collected 16404 

Temperature 153(2) K Independent reflections 
1922 [R(int) = 

0.0606] 

Wavelength 0.71073 Å 
Completeness to theta = 

32.00° 
99.7 % 

Crystal system Orthorhombic Absorption correction multi-scan 

Space group Pnma Max. and min. transmission 
0.3597 and 

0.2858 

Unit cell 
dimensions 

a = 8.8972(4) Å   
 α = 90° 

b = 6.4646(3) Å   
 β = 90° 

c = 17.0708(7) Å  

γ = 90° 

Refinement method 
Full-matrix 

least-squares on 
F2 

Volume 981.86(8) Å3 Data/restraints/parameters 1922 / 0 / 76 

Z 4 Goodness-of-fit on F2 1.005 

Density 
(calculated) 1.861 Mg/m3 

Final R indices 
[I>2sigma(I)] 

R1 = 0.0322,  
wR2 = 0.0773 

Absorption 
coefficient 3.213 mm-1 R indices (all data) 

R1 = 0.0418,  
wR2 = 0.0816 

F(000) 528 Extinction coefficient 0.0398(18) 

Crystal size 
0.52 x 0.51 x 0.40 

mm3 
Largest diff. Peak and hole 

1.310 and -
1.612 e.Å-3 

 
The Brown-yellow crystals of compound (2) [AMBt]I 

have been studied using a single crystal X-ray. 
Compound (2) crystallizes in the Triclinic space 

group P-1. A crystal size (0.39 x 0.40 x 0.10 mm3) 
was measured, and the substitution of methyl and 

allyl groups on the 1,3 position on nitrogen atoms 

was clarified (14). Figure 2 shows the crystal 
structure of compound (2). The crystal data are 

listed in Table 2. 

 

 
Figure 2: Crystal structure of compound (2) [AMBt]I. 
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Table 2: Crystal data of compound (2) [AMBt]I. 

Empirical 

formula 
(C10 H12 N3)+ . I- Index ranges 2.33 to 28.31°. 

Formula weight 301.13 Reflections collected 
-10<=h<=10, -
10<=k<=10, -

13<=l<=13 

Temperature 100(2) K Independent reflections 7816 

Wavelength 0.71073 Å 
Completeness to theta = 

32.00° 
2798 [R(int) = 

0.0894] 

Crystal system Triclinic Absorption correction 
Semi-empirical 

from equivalents 

Space group P -1 Max. and min. transmission 0.972 and 0.409 

Unit cell 
dimensions 

a = 7.8839(12) Å     
α = 114.093(2)° 

b = 8.2265(14) Å β 
= 104.033(15)° 

c = 9.9957(17) Å  γ 

= 92.201(13)° 

Refinement method 
Full-matrix least-

squares on F2 

Volume 567.20(16) Å3 Data/restraints/parameters 2798 / 0 / 128 

Z 2 Goodness-of-fit on F2 0.955 

Density 
(calculated) 1.763 Mg/m3 

Final R indices 
[I>2sigma(I)] 

R1 = 0.0349, 
wR2 = 0.0641 

Absorption 
coefficient 2.790 mm-1 R indices (all data) 

R1 = 0.0399, 
wR2 = 0.0661 

F(000) 292 Extinction coefficient 
1.581 and -
1.354e.Å-3 

Crystal size 
0.39 x 0.40 x 0.10 

mm3 
Largest diff. peak and hole 2.33 to 28.31°. 

 

The unexpected result is the preparation of the novel 
organic salt [AMBt]I3 (3) isolated as a brown crystal 

through the preparation of the complex salt of the 
formula [AMBt]2[CuCl2I2] of complex salt in the 

attempt to prepare copper (II) chloride with the 
organic salt number (2) [AMBt]I. The suggested 

mechanism is shown in the equations below: 

 
 

A single crystal x-ray characterized this new organic 
salt [AMBt]I3 (3). A perspective drawing of 
compound (3) is shown in Figure 3. All the bond 

lengths and angles are in the normal range and 
similar to those in the literature data (23,24). 

 

 
4 [AMBt]I CuCl2 .2H2O [AMBt]I3 Cu+2 2H2O 2 Cl- 3[AMBt]+ I-

I-I- I2 2e-

Cu+2 2e- Cu0

I2 I- I3
-

Crystals
Solution

Oxidation

Reduction

2 Cl- 2[AMBt]+ 2[AMBt]Cl Solution
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Figure 3: The crystal structure of compound (3) [AMBt]I3. 

 
Different views of a fragment of the crystal structure 

of compound (3) [AMBt]I3 are shown in Figure 4. Due 
to its large size, the linear triiodide anion is ideal for 
forming numerous weak C-H hydrogen bonds and 

interacting with the electropositive phenyl rings of 

the cations. The overall positive charge of the cation 
is spread out over the hydrogen atoms. 

 

 
Figure 4: Different views of the crystal structure of the compound (3) [AMBt]I3. 

 
Five cations surround every tri-iodide anion. The I3-
ions are encircled by the organic molecules, creating 
a structure resembling a cage. The terminal I atom 

of the long bond (I2) in the tri-iodide anion (I1-I2, 

2.9451(5) Å; I1-I3, 2.8822(5) Å) accepts more 

hydrogen bonds from the cations than the other I 
atoms in the anion. The H atoms are depicted as 
spheres with arbitrary radii, and displacement 

ellipsoids are drawn with a 50% probability. Table 3 

contains a list of the crystal data. 
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Table 3: Crystal data of compound (3) [AMBt]I3. 

Empirical 

formula 
C10 H12 I3 N3

 Theta range for data 

collection 
2.33 to 27.10°. 

Formula weight 554.93 Index ranges 
-12<=h<=12, -
17<=k<=18, -

14<=l<=15 

Temperature 100(2) K Reflections collected 10767 

Wavelength 0.71073 Å Independent reflections 
3327 [R(int) = 

0.0226] 

Crystal system Monoclinic Absorption correction 
Semi-empirical from 

equivalents 

Space group P21/n Max. and min. transmission 0.8365 and 0.5773 

Unit cell 
dimensions 

a = 9.5684(13) Å   α = 
90° 

b = 14.2827(19) Å β = 
111.566(2)° 

c = 11.9163(16) Å  γ 

= 90° 

Refinement method 
Full-matrix least-

squares on F2 

Volume 1514.5(4) Å3 Data/restraints/parameters 3327 / 0 / 193 

Z 4 Goodness-of-fit on F2 1.078 

Density 
(calculated) 2.434 Mg/m3 

Final R indices 
[I>2sigma(I)] 

R1 = 0.0199,  wR2 = 
0.0407 

Absorption 
coefficient 6.173 mm-1 R indices (all data) 

R1 = 0.0274,  wR2 = 
0.0423 

F(000) 1008 Largest diff. Peak and hole 
0.547 and -0.620 

e.Å-3 

Crystal size 
0.10 x 0.10 x 0.03 

mm3 
  

 

3.2. The Desulfurization of Model Diesel Oil 
Model diesel oil has undergone treatment multiple 

times at various concentrations following the creation 
of a calibration curve using the gas chromatography 
method (25,26). As indicated in Table 4 Diagram 1, 

the calibration curve diagram was created using the 
relationship between the concentration of the 

standard solution and the ratio of the standard 
Dibenzothiphene (DBT) peak's area over the 
celebrant's Hexadecane (C16) peak's area. 

 

Table 4: The relative area of (DBT) over (C16) and the concentration of a standard solution. 

DBT % C16 % DBT / C16 
Conc. ppm 

Χ1000 

384958 207314 1.8568 4 

315797 226161 1.3963 3 

143349 141492 1.0131 2 

79067 135207 0.5847 1 

30586 133305 0.2294 0.5 

 

 
Diagram 1: Calibration curve of standard solution. 
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The prepared compounds (1-3) were all tested in the 
extraction process for 30 minutes at the same 

concentration (0.05g), which was the process' ideal 
condition. The outcomes are shown in Table 5. In 

order to achieve the highest extraction efficiency, the 
optimal conditions for the extractive sulfur extraction 

process were predetermined and included 30 
minutes at 25°C and a weight of ionic salts 0.05 g. 

 
Table 5: The removal of sulfur % for 30 min and 0.05g extractive treatment. 

No. DBT % C16 % DBT/C16 DBT conc. ppm S removal % 

1 79602 138832 0.5734 1206.0249 22.4122 

2 116492 182211 0.6393 1344.7557 13.4872 

3 67591 125265 0.5396 1134.9612 26.9840 

 
The extraction efficiency is good compared to 

previous studies (27, 28), with the observation that 
less salt is used; adding more weight will improve the 
extraction efficiency and the sulfur removal process. 
In conformity with the literature (15,27,28), it is also 
mentioned that the ionic liquids utilized are less 

effective than those that do contain Lewis acids, such 
as ferric chloride or other Lewis acids (28,29). 

Increasing the percentage of Lewis acids is 
anticipated to improve the extraction process' 
efficiency (30,31). The results indicate this. The rate 
at which sulfur is removed increases as iodine ions 
rise. 
 
4. CONCLUSION 

 
The prepared compounds have varying 
desulfurization efficiencies because the different 
anion or cation interacts differently with the 
organosulfur compounds in diesel oil. Because of the 
significant tri-iodide anion, salt (3) produced the best 

desulfurization. 
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Abstract: Solar cell material from organic chromophores is interesting to develop because it has adjustable 
electronic and optical properties, the material is relatively cheap, the manufacturing method is simple, 

environmentally friendly, and easy to recycle. This research aims to study the potential of leaf extract from 
binahong as a raw material for the development of organic solar cells in terms of its chromophore. The study 
was carried out through an analysis of leaf extracts from binahong with red stems and leaf extracts from 
binahong with green stems with the help of a UV-VIS spectrophotometer instrument and a Shimadzu LCMS 
– 8040 LC/MS instrument. The compounds identified from each extract through their LCMS chromatograms 
were then characterized computationally using gamess applications with the DFT method and 6.31G* basis 
set. The results showed that the leaf extract from binahong with red stems had a different color and band 

gap than the leaf extract from binahong with green stems. This is because the red-stemmed binahong leaf 
extract has an excess of 3 compounds, namely kaempferol-3-(6"-malonyl glucoside), prodelphinidin B1, and 
prodelphinidin C2. The LCMS chromatogram showed that there were 55 bioactive compounds identified in 
the leaf extract from binahong with red stems and 52 compounds identified in the leaf extract from binahong 
with green stems. Of all these compounds, the majority, namely 44 compounds in the leaf extract from 
binahong leaves with red stems and 42 compounds in the leaf extract from binahong with green stems, are 
chromophores that have the potential to be used as raw materials for developing solar cells. 
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1. INTRODUCTION 
 
The rapid increase in energy consumption due to 
population growth and modernization which is not 

matched by rapid energy production due to limited 
primary energy sources, has triggered a global 
energy crisis (1). This also causes an increase in the 
amount of carbon in the air which contributes greatly 
to air pollution and an increase in global 

temperatures which is the main cause of the 
greenhouse effect (2). To solve this, it is necessary 

to develop new energy sources that are oriented 
towards renewable and environmentally friendly 
energy sources or clean energy (3). 
 
Sources of clean energy that are much looked at and 
are being intensively studied include solar cells (4). 
This is related to abundant sunlight that has not been 

utilized optimally yet (5). It should be noted that the 
average exposure to sunlight reaches 12 hours more 
per day (4,422 hours per year) for the tropics (6), 

which is equivalent to energy above 120 W/m2 (7). 
The solar cell works by converting light energy or 
photons from the sun into electrical energy. Of 
course, as one of the most important sources of 

sustainable electricity that is fossil-free and 
environmentally friendly, the realization of highly 
efficient solar energy is urgently needed. 
 
Silicon-based solar cells with an optimum band gap 

of 1.12 eV, which dominate the market and are used 
worldwide, can use at most about 30% of the sun's 

energy to be converted into electricity (8,9). This 
happens because of the spectral mismatch between 
the solar spectrum (photons) and the absorption 
properties of the material. For example, photons with 
an energy higher than the band gap that is absorbed 
exhibits excess energy lost due to thermalization. 
Meanwhile, photons with lower energy than the band 

gap are not absorbed and their energy is not used for 
the generation of charge carriers. Another limiting 
factor is due to the recombination of charge carriers. 

https://doi.org/10.18596/jotcsa.1217367
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Solar cells developed with silicon-based inorganic 
materials, apart from having high production costs 
and low efficiency (10), also have the potential to 

pollute the environment (11). Therefore, attention is 
diverted to solar cells made from organic materials 
called organic solar cells. 
 

The use of organic materials as raw materials for 
solar cells has attracted a lot of attention because of 
their promising properties. Organic solar cells have 
adjustable electronic and optical properties, relati-
vely inexpensive materials, simple manufacturing 
methods, low material toxicity, environmental friend-

liness and easy recycling (12,13). The organic 
materials used to develop organic solar cells are 
materials that can be conductors or semiconductors. 
These materials have chromophores in the form of 
functional groups which are generally in the form of 
conjugated bonds (alternating single and double 
bonds). Such bonding results in a delocalization of 

the electrons along the chain. The conjugated π 
bonds of these organic compounds have received 
great attention during the last three decades due to 
their advanced technological applications in the field 
of photodiodes (14,15), solar cell (16,17), and 
molecular electronics (18,19) in addition to its 
adjustable electronic devices, optical properties and 

stability properties (20). 
 
Organic materials used as raw materials for making 
organic solar cells are generally obtained from plants 
that have parts such as roots, stems, leaves, flowers 
or fruit that are colored (21). Plants of this kind that 

are easy to grow and have the potential to be used 
as raw materials for making organic solar cells, 
include binahong. 
 

Binahong, with the Latin name Anredera cordifolia, is 
really important to study as a promising potential raw 
material for the development of organic solar cells, 

because binahong, which is a vine, is very easy to 
grow in various locations with fruit, leaves or stems 
producing quite strong colors. This causes binahong 
to be estimated to have the potential to produce 
efficient solar cells because the stronger the color, 
the higher the efficiency of the solar cell (22). 
 

The study of the binahong plant as a source of 
chromophore in the development of organic solar 
cells this time starts from the extract of the leaves, 
which besides the fruit, are also thought to contain 
organic compounds that have conjugated double 
bonds (23). Potentially important compounds in the 

development of organic solar cells from third 
generation solar cells and organic-inorganic 

combination solar cells from fourth generation solar 
cells (24). 
 
Because the binahong plant generally grows with red 
stems and green stems, the chromophore potential 

of the leaf extract of the red-trunked binahong plant 
and the leaf extract of the binahong plant with green 
stems is currently being studied as a raw material for 
making organic solar cells. To ensure the possibility 
of each of these extracts being used as a raw 
material for solar cell development, the band gap is 
checked with a UV-VIS spectrophotometer. Further-

more, to detect the compounds contained in each 
binahong leaf extract, analysis is carried out using 
LCMS. As for predicting these compounds as 

potential chromophores for the development of 
organic solar cells, chemical computations are 
carried out with the B3LYP function, the DFT method, 
and the 6.31G* basis set where the results are then 

compared with the TiO2 conduction band energy and 
the energy of the LUMO redox couple of I-/I3

-. 
 
2. EXPERIMENTAL SECTION 
 
2.1. Materials 

The main research material was binahong leaves 
from the red-stemmed binahong plant and from the 
green-stemmed binahong plant which were 
harvested from the environment in East Java, 
besides aquadest. The instruments used are a rotary 
evaporator, UV-VIS spectrophotometer, Shimadzu 
LCMS – 8040 LC/MS, and a Zeon computer with 

gamess applications to perform chemical 
computations and Avogadro to virtualize molecules 
and create input files. 
 
2.2. Method 
2.2.1. Preparation of binahong leaf extract 
Each binahong leaf extract was obtained by 

extracting the dried binahong leaves with water 
solvent using a rotary evaporator. Each extract 
obtained was divided into two. A part of the extract 
was measured for its spectrum with a UV-VIS 
spectrophotometer to determine the band gap (25). 
The other part of the extract was analyzed with the 

help of the Shimadzu LCMS – 8040 LC/MS to 
determine the compounds contained in each of the 
binahong leaf extracts (26). 
 

2.2.2. Determination of chromophores in extracts 
that have potential as raw materials for solar cells 
The potential of the compounds contained in 

binahong leaf extract as a raw material for solar cells 
was determined through chemical computation.  
Molecular models of the compounds detected in the 
LCMS chromatograms were made by redrawing the 
molecules and then optimizing their geometries 
using the Avogadro application. The molecular model 
has then degenerated into a games application input 

file with the B3LYP function, the DFT method, and a 
6.31G* basis set using the games input generator in 
the Avogadro application. Furthermore, a chemical 
computation process was carried out using the 
games application to obtain information on the 
HOMO, LUMO, and bandgap energies of each 

molecular model of the compounds detected in the 
binahong leaf extract. The LUMO energy was then 

compared with the TiO2 conduction band energy and 
the HOMO energy was compared with the LUMO 
redox couple of I-/I3

- energy to find the potential of 
the compounds in each binahong leaf extract as 
chromophores for the development of organic solar 

cells. 
 
3. RESULTS AND DISCUSSION 
 
3.1. Results 
The binahong leaf extract produced from the red-
trunked binahong plant and the green-trunked 
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binahong plant extracted using distilled water is 
shown in Figure 1. Measurement of light absorption 
of each binahong leaf extract with a UV-VIS 

spectrophotometer produced spectra as shown in 
Figure 2. Figure 3 shows the chromatogram of the 
extracts of binahong leaves with red stems and 

binahong leaves with green stems produced using 
the Shimadzu LCMS – 8040 LC/MS instrument. 
 

 
 
 

 

 

 

 
Figure 1: Extracts of leaves from binahong with red stems (left) and binahong with green stems (right). 

 
 

  
Figure 2: UV-VIS spectra of leaf extracts from binahong with red stems (left) and binahong with green 

stems (right). 
 

 

 
Figure 3: LCMS Chromatogram results of binahong leaf extracts with red stems (left) and green stems 

(right). 
 
The details of the compounds identified through each 
chromatogram and the computational results of the 
HOMO, LUMO, and band gap energies of each 

molecule using the games application with the DFT 
method and 6.31G* basis set are shown in Table 1. 
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Table 1: List of compounds and computational results for each molecule contained in binahong leaf 
extract. 

No. Red Binahong Green Binahong HOMO LUMO Band Gap 

   Energy (eV) Energy (eV) (eV) 

1 benzoic acid benzoic acid -6.9906 -1.2136 5.7770 

2 p-coumaric acid p-coumaric acid -5.8967 -1.5402 4.3565 

3 gallic acid gallic acid -5.8967 -0.9687 4.9280 

4 esculetin esculetin -5.7770 -1.5837 4.1933 

5 caffeic acid caffeic acid -5.7361 -1.5211 4.2150 

6 ferulic acid ferulic acid -5.8423 -1.5402 4.3021 

7 spathulenol spathulenol -6.1253 0.8816 7.0069 

8 apigenin apigenin -5.8178 -1.6000 4.2178 

9 naringenin naringenin -5.9185 -1.3252 4.5933 

10 7-O-methyl-
cryptostrobin 

7-O-methyl-
cryptostrobin 

-5.6790 -0.8980 4.7810 

11 demethoxymatteucinol demethoxymatteucinol -5.6436 -0.8626 4.7810 

12 luteolin luteolin -5.7661 -1.5755 4.1905 

13 kaempferol kaempferol -5.6191 -1.2572 4.3620 

14 fisetin fisetin -5.7416 -1.1592 4.5824 

15 phytol phytol -6.1933 0.6993 6.8926 

16 desmosflavone desmosflavone -5.6028 -1.7470 3.8558 

17 ellagic acid ellagic acid -6.1525 -1.8395 4.3130 

18 quercetin quercetin -5.6436 -1.2789 4.3647 

19 myricetin myricetin -5.6083 -1.2436 4.3647 

20 4,7-dihydroxy-5-
methoxy-6- 
methyl-8-formylflavan 

4,7-dihydroxy-5-
methoxy-6- 
methyl-8-formylflavan 

-5.7008 -1.4095 4.2912 

21 chlorogenic acid chlorogenic acid -5.7552 -1.6490 4.1062 

22 β-sitosterol β-sitosterol -0.8408 (α) 
/ -6.0681(β) 

0.9306 (α) 
/-0.8408 (β) 

1.7715 (α) 
/5.2273 (β) 

23 β-amyrin β-amyrin -5.7933 0.7538 6.5470 

24 6-β-D-glucopyranosyl-
4',5,7-
trihydroxyflavone 

6-β-D-glucopyranosyl-
4',5,7- 
trihydroxyflavone 

-5.6981 -1.5891 4.1089 

25 vitexin vitexin -5.8586 -1.6272 4.2314 

26 apigetrin apigetrin -5.9021 -1.6980 4.2041 

27 larreagenin A larreagenin A -5.9402 0.1578 6.0981 

28 astragalin astragalin -6.0028 -1.4612 4.5416 

29 quercetin-3-O-

rhamnoside 

quercetin-3-O-

rhamnoside 
-5.8722 -1.1456 4.7266 

30 fisetin-4'-glucoside fisetin-4'-glucoside -5.5865 -1.5592 4.0273 

31 luteolin-7-glucoside luteolin-7-glucoside -5.9212 -1.6980 4.2232 

32 diosmetin-7-O-β-
Dglucopyranoside 

diosmetin-7-O-β-
Dglucopyranoside 

-1.6925 (α) 
/-5.8015 (β) 

-1.1565(α) 
/-1.6925 (β) 

0.5361(α) 
/4.1089 (β) 

33 kaempferol-3-(2''- 
acetylrhamnoside) 

kaempferol-3-(2''- 
acetylrhamnoside) 

-1.5075 (α) 
/-5.5266 (β) 

-0.9769 (α) 
/-1.5075 (β) 

0.5306 (α) 
/4.0191 (β) 

34 kaempferol-3-(3''- 

acetylrhamnoside) 

kaempferol-3-(3''- 

acetylrhamnoside) 
-5.5946 -1.2789 4.3157 

35 kaempferol-3-(4''- 
acetylrhamnoside) 

kaempferol-3-(4''- 
acetylrhamnoside) 

-1.6925 () 
/-5.5729 () 

-1.2898 () 
/-1.6925 () 

0.4027 () 
/3.8803 () 

36 isorhamnetin-3-O-β-

Dgalactopyranoside 

isorhamnetin-3-O-β-

Dgalactopyranoside 

-1.5919 () 

/-5.5620 () 

-1.3769 () 

/-1.5919 () 

0.2150 () 

/3.9701 () 

37 kaempferol-3-(2'',4''- 

diacetylrhamnoside) 

kaempferol-3-(2'',4''- 

diacetylrhamnoside) 
-5.3824 -1.3987 3.9837 

38 kaempferol-3-(3'',4''- 
diacetylrhamnoside) 

kaempferol-3-(3'',4''- 
diacetylrhamnoside) 

-5.8504 -1.5102 4.3402 

39 kaempferol-3-(6"- 
malonyl glucoside) 

- -1.5021 () 
/-5.5130 () 

-1.0694 () 
/-1.5021 () 

0.4327 () 
/4.0109 () 

40 quercetin-3-
Omalonylglucoside 

quercetin-3-
Omalonylglucoside 

-1.5510 () 
/-5.3579() 

-1.1021 () 
/-1.5510 () 

0.4490 () 
/3.8069 () 

41 naringin naringin -6.0355 -1.2436 4.7919 

42 kaempferol 3-(5''- 
feruloylapioside) 

kaempferol 3-(5''- 
feruloylapioside) 

-5.6627 -1.6000 4.0627 

43 kaempferol 3-(6''- 
caffeoylglucoside) 

kaempferol 3-(6''- 
caffeoylglucoside) 

-1.6789 () 
/-5.5212 () 

-1.3034 () 
/-1.6789 () 

0.3755 () 
/3.8422 () 
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44 quercetin-3-glucoside-
7-rhamnoside 

quercetin-3-glucoside-7- 
rhamnoside 

-3.6273 -2.5960 1.0313 

45 rutin rutin -5.8123 -1.6735 4.1388 

46 prodelphinidin B1 - -5.2926 -0.0190 5.2736 

47 myricetin 3-rutinoside myricetin 3-rutinoside -5.8668 -1.6980 4.1688 

48 momordin Ic momordin Ic -5.7851 -0.3646 5.4205 

49 boussingoside A2 boussingoside A2 -4.8355 -2.3184 2.5170 

50 momordin Ia momordin Ia -5.8559 0.0136 5.8695 

51 boussingoside E boussingoside E -5.9076 -0.1388 5.7688 

52 quinoasaponin 9 quinoasaponin 9 -5.8178 -0.1170 5.7008 

53 prodelphinidin C2 - -7.3090 3.2082 10.5172 

54 momordin Iic momordin Iic -3.9164 4.2966 8.2130 

55 momordin Iia momordin Iia -7.4483 3.9731 11.4214 

 
3.2. Discussion 
Figure 1 shows the leaf extract of the red-stemmed 
binahong plant which is red in color, is different from 
the leaf extract of the green-stemmed binahong 
plant which is greenish-yellow in color. In addition, 

there is also a difference in the band gap between 
the two types of extracts based on the results of the 
respective UV-VIS spectral measurements in Figure 
2 which can be rewritten in Table 2. 

 

Table 2: Band gap of binahong leaf extract. 

No. Sample Band Gap 
(eV) 

1 Leaf extract from red-stemmed binahong 2.023 

2 Leaf extract from binahong has green stems 2.388 

 
Even so, the difference in the band gap still exists in 
the band gap area which has efficiency in converting 

power from sunlight (27). 
 
The color difference produced in the red-stemmed 
binahong leaf extract and the green-stemmed 
binahong leaf extract in Figure 1 occurs because 
there are differences in the content of bioactive 

compounds in each extract (28,29). As shown in 
table 1 which details the chromatogram results from 

Figure 2, there are 3 compounds that cause color 
differences in the red-stemmed binahong leaf extract 
from the green-stemmed binahong leaf extract, 
namely kaempferol-3-(6"-malonyl glucoside), 
prodelphinidin B1, and prodelphinidin C2. 

 

  

 
kaempferol-3-(6"-malonyl 

glucoside) 
prodelphinidin B1 prodelphinidin C2 

 
Figure 4: Three compounds that differentiate the red-stemmed binahong leaf extract from the green-

trunked binahong leaf extract. 
 

Table 1 shows that the bioactive compounds 
contained in leaf extracts from red-stemmed 

binahong and leaf extracts from green-stemmed 
binahong are generally semiconductors with energy 
band gaps ranging from 1.0313 eV to 11.4214 eV. 
Semiconductors from bioactive compounds that have 

an energy gap above the standard silicon energy 
gap, namely 1.12 eV, work outdoors in bright light. 
 
Based on an understanding of the DSSC chart (30) 
and an understanding of the optimal electron donor-
acceptor pair that can be selected based on an 
understanding of the TiO2 conduction band as a 

standard, namely -4.05 eV (31,32), then the LUMO 
energy of the chromophore in binahong leaf extract 

that must be sought is the one with a more positive 
value than the TiO2 conduction band. This is based 

on the assumption that the excited state of the 
chromophore is in the LUMO state. This state is 
related to the ability of the chromophore molecule to 
inject electrons from its excited state into the TiO2 

conduction band. For HOMO from the chromophore 
of binahong leaf extract, it is necessary to find a 
molecule that has a HOMO energy that is more 
negative than the energy of the LUMO redox couple 
of I-/I3

- = -4,85 eV (33-35). 
 
Based on the computation of the HOMO, LUMO, and 

band gap in Table 1, ignoring molecules that have 
two types of band gaps energy, there are 44 
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compounds in the leaf extract from the red stemmed 
binahong and 42 compounds in the leaf extract from 
the green stemmed binahong which have the 

possibility of being new chromophores for interest in 
the development of organic solar cells.  
 
4. CONCLUSION 

 
The leaf extract from binahong with red stems has a 
different color than the color of the leaf extract from 
binahong with green stems, as well as the band gap. 
The causes of these differences were the compounds 
kaempferol-3-(6"-malonyl glucoside), prodelphinidin 

B1, and prodelphinidin C2 which were only present in 
leaf extracts from red-trunked binahong, not found 
in leaf extracts from green-trunked binahong. The 
LCMS chromatogram showed that there were 55 
bioactive compounds identified in the leaf extract 
from binahong with red stems and 52 compounds 
identified in the leaf extract from binahong with 

green stems. Of all these compounds, the majority, 
namely 44 compounds in the leaf extract from the 
red-stemmed binahong and 42 compounds in the leaf 
extract from the green-stemmed binahong, are 
chromophores that have the potential to be used as 
raw materials for the development of organic solar 
cells. Based on this and the results of the band gap 

measurements, each binahong leaf extract has the 
potential to be used as a raw material for solar cell 
development. 
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