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1. INTRODUCTION 

Rivaroxaban (RIV) is an oral anticoagulant used to 
prevent blood clots, belonging to the oxazolidinone 
family. It is a potent selective inhibitor of factor Xa, 
effectively preventing venous thromboembolism 
in people who have undergone surgery [1,2]. 
It has high oral bioavailability, predictable 
pharmacokinetics, a rapid onset of action and 
strong effect [3]. RIV is clinically effective in the 
treatment of thromboembolism [4]. RIV is a blood 
thinner with a molecular formula C19H18ClN3O5S 
and molecular weight 435.882 g mol-1 (Figure 1). It 
has low solubility in organic solvents and is virtually 
insoluble in water and aqueous media. log P for RIV 
is 1.74-1.9 with pKa 13.6 (most acidic) and 1.6 (most 
basic) [5,6].

HPLC is a crucial technique for analysis of 
pharmaceutical raw materials, by-products, 

formulations and finished products, in all steps of 
pharmaceutical production. Advances in the column 
technology, which is the heart of the technique, 
provide enhanced chromatographic performance 
with better limits, analysis performance and peak 
shapes [7]. In accordance, HPLC seem to remain 
as the gold-technique in drug analysis, especially 
for analysis of non-volatile compounds. The ultra 
performance liquid chromatography method (UPLC), 
which is evolved from HPLC, is a completely faster 
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ABSTRACT

Rivaroxaban, which is a factor Xa inhibitor, effectively prevents clot 
formation in cardiovasculary system. In this study, a novel UPLC method 
was developed to provide an accurate, sensitive, fast, and reliable way 
for qualitative and quantitative analysis of rivaroxaban in pharmaceutical 
dosage forms. Chromatographic separation was achieved using a 
Phenomenex C18-bonded fused-core silica column (Kinetex® 2.6 μm, 
150 mm × 3 mm i.d.). The separation was performed in isocratic mode 
with a mobile phase consisting of water, acetonitrile, and methanol 
(55:20:25, v/v/v), at a flow rate of 0.5 mL min-1, a column temperature of 
40 °C, and a detection wavelength of 249 nm. The method was validated 
according to ICH Q2(R1) guideline for linearity, range, LOD and LOQ, 
accuracy, and precision and was successfully implemented to the analysis 
of rivaroxaban in tablet formulations.
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Figure 1. Molecular structure of RIV
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system with advanced technology in instrumental 
components, such as pumps, detectors, autosamplers, 
etc. This means shorter analysis time, less solvent 
consumption and higher throughput [8]. UV-Visible 
Spectrophotometry [9-15], HPLC [2, 16-26], UPLC 
[27, 28], HPTLC [29, 30] and LC-MS [31, 32] have 
been published for RIV analysis in pharmaceutical 
formulations. The fact that UPLC analysis for RIV 
determination is less common than other ways 
of analysis has led us to appraise our study into 
use of different stationary phases and contents. In 
pharmaceutical field, there is always a need for fast, 
simple, accurate and sensitive analysis methods. 
Thus, we developed a simple and rapid UPLC method 
for the determination of RIV in pharmaceutical 
tablet formulations. This method addresses the 
limitations of existing analytical techniques by 
offering enhanced sensitivity, improved reliability, 
and greater practicality. Following comprehensive 
optimization and validation including assessments 
of accuracy, precision, and linearity the proposed 
method has proven suitable for quality control of 
RIV tablets.

2. MATERIALS AND METHODS 

2.1. Chemical and Reagents 

RIV reference standard with min 99.5% (w/w) purity 
from Molekula (USA) and Escitalopram (ESC, as 
internal standard) from United States Pharmacopeial 
Convention (USA) were purchased. Analytical grade 
chemicals; HPLC gradient grade acetonitrile (ACN), 
methanol (MeOH) and water for chromatography 
were obtained from Sigma-Aldrich (Germany). 

2.2. Instruments 

Analyses were performed using a Shimadzu Nexera-i 
2040C 3D series compact ultra performance liquid 
chromatography system (Japan); chromatograms 
were processed by using Shimadzu LabSolution 
Version 5.81 data analysis software.

2.3. Chromatographic Parameters 

The mobile phase was composed of water: 
ACN:MeOH in the ratio of 55:20:25, v/v/v. 
Chromatographic separation was performed using a 
C18-bonded core shell silica column (Phenomenex 

Kinetex® 2.6 μm, 150 mm × 3 mm inner diameter). 
The column oven temperature was set at 40 °C. 
Samples were injected at 10 μL aliquotes, and flow 
rate was applied as 0.5 mL/min. To determine the 
optimal wavelength for analysis, spectra were 
recorded across a range of 200 to 800 nm. As a result, 
the maximum absorbance of RIV was determined by 
UV-Visible Spectroscopy at a wavelength of 249 nm 
as shown in Figure 2.  

2.4. Preparation of Solutions 

MeOH:water (40:60, v/v) (dilution mixture) solution 
was used for all dissolution/dilution procedures. 
For the preparation of the stock solution I, exactly-
weighed 5 mg of RIV was taken and dissolved 
in dilution mixture in a 10 mL volumetric flask, 
by mixing with a stirrer for 3 minutes to ensure 
dissolution. As an intermediate, stock solution II at 
100 μg mL-1 concentration was prepared by dilution 
of the stock solution I; stock solution II was used 
to quantify RIV in both samples and test solutions. 
ESC was used as internal standart at 50 μg mL-1 
concentration. An amount of powdered tablets equal 
to the average tablet weight was also dissolved in 100 
mL of the dilution mixture. Resulting mixture was 
centrifuged at 4000 rpm for 10 min. The supernatant 
was filtered through a 0.22 μm pore diameter PVDF 
filter.

2.5. Validation of Analytical Method

2.5.1. Testing of System Suitability
System suitability was recognized as the 
appropriateness of the instrumentation to analytical 
quantification requirements. Calculations for 

Figure 2. Maximum absorption spectrum of RIV with UV-
Visible Spectroscopy
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capacity factor (k), tailing factor (T), resolution (Rs), 
and theoretical number of plates (N) was performed 
according to United States Pharmacopoeia (USP). 

2.5.2. Specificity 
In accordance with the ICH Q2(R1) guideline, 
additional examinations were conducted to evaluate 
method specificity [33]. Chromatograms and peaks 
were carefully analyzed to ensure that there was 
no interference, false peaks, or unexpected signals 
that could affect the accuracy of the analysis. Peak 
purity was assessed to ensure that the observed peaks 
for both the analyte and the internal standard were 
not the result of co-elution with other compounds. 
This evaluation confirmed that the detected 
peaks correspond exclusively to their respective 
compounds.

2.5.3. Linearity and Range 
Seven different levels (9.98, 20, 40, 50, 60, 80 and 
99.8 µg/mL) of RIV concentrations were included in 
a linearity range. Each solution was injected as three 
times, and the average values were used for further 
quality control calculations. Linear regression, 
including both intra-day and inter-day repeats, was 
used to assess linearity. All statistical calculations 
were made with GraphPad Prism v6.0b (trial). 

2.5.4. Precision 
The precision of an analytical method is a measure 
of the consistency and reproducibility of the results 
obtained from multiple measurements of the same 
sample under specified conditions. Reproducibility 
results are given as standard deviation and relative 
standard deviation to describe the precision of the 
method. 

2.5.5. Accuracy 
Accuracy refers to how the measured values are 
coles to the accepted reference value. It reflects the 
extent of any systematic error or bias introduced by 
the analytical method. In practical terms, accuracy 
is often assessed through recovery experiments. 
These involve adding known quantities of the active 
compounds (analytes) to real sample matrices and 
measuring how much of the added amount can be 
recovered. The results are expressed as a percentage 

of recovery, providing a quantitative measure of the 
method’s accuracy. 

2.5.6. Limitations of Detection and Quantification 
According to the guidelines established by the 
International Council for Harmonization of Technical 
Requirements for Pharmaceuticals for Human Use 
(ICH), the LOD and LOQ values were determined 
based on the standard deviation of the response and 
the slope of the calibration curve. The detection limit 
was determined as the concentration corresponding 
to 3.3 times the signal-to-noise ratio. For the 
quantification limit, a concentration equivalent to 10 
times the noise level was prepared and analyzed in 
10 replicates to ensure accuracy and precision. 

3. RESULTS AND DISCUSSION 

The reported method has been examined and 
verified with the parameters of system conformity 
tests, linearity, selectivity, LOD and LOQ, precision 
and accuracy specified in the guidelines of the 
International Conference on Harmonization (ICH 
Q2(R1)). System Suitability Testing (SST) is an 
important part of analytical method development 
and validation. It is necessary to determine the most 
suitable conditions for a good separation of the 
desired analytes in the analyzes. In determining the 
most suitable conditions, analyses were conducted 
to optimize factors such as the mobile phase 
composition, flow rate, analytical columns, column 
temperature, detector wavelength, and injection 
volume. In determining the mobile phase content, it 
is necessary to provide short elution time and good 
peak symmetry. In the selection of the mobile phase 
to be used in the optimization process, analyzes were 
tried at different rates with water-ACN and water-
MeOH mixtures at the beginning. Then, analyses 
were performed with different ratios of water, 
MeOH and ACN solvents and the most suitable 
environment was provided with water:ACN:MeOH 
(55:20:25, v/v/v) mobile phase composition. To 
determine the mobile phase flow, analyses were 
performed between 0.3 and 1.0 mL min-1. For 
the best separation and short analysis time, 0.5 
mL min-1 was found to appropriate. The result of 
column temperature variation on the analysis was 



Kozanlı M and Can NÖ Eur J Life Sci 2024; 3(3): 93-100

European Journal of Life Sciences ▪ December 202496

investigated at temperatures of 25, 30, 40, and 50 
°C. It is determined as an operating temperature of 
40 °C under optimum conditions. In the preliminary 
studies carried out with UV-Spectroscopy and 
UPLC-DAD detector for the determination of the 
study wavelength, the wavelength that creates a 
response in accordance with the chemical structure 
of the substance was determined as 249 nm. With 
its high absorbance, a wavelength of 200 nm could 
also be selected for analysis. But it was not chosen 

because there would be a high fluctuation in the 
mobile phase line. During the optimization studies, 
10 μg mL-1 RIV and 50 μg mL-1 standard substances 
were used and the chromatogram is given in Figure 
3. The mobile phase flow rate was set to 0.5 mL min-1 
to achieve low system pressure and optimal elution 
time.   

In addition, the system suitability parameters for the 
developed method are summarized in Table 1. As a 
result of the optimised conditions according to USP 
Pharmacopoeia very suitable results were obtained 
according to the recommended values. 

Linearity was demonstrated at seven different 
concentrations in the range of 9.98-99.8 μg mL-

1. Injection of each solution was carried out in 
triplicate and linearity was plotted with the mean 
values obtained. Linearity results were found as 
slope, intercept, and correlation coefficient as shown 
in Table 2. The method showed good linearity as 
0.9999. LOD and LOQ of the assay were calculated 
as the ratio of the standard deviation (σ) of the 
response to the slope (m) of the calibration curve 3.3 
and 10. The values of LOD and LOQ for RIV were 
found to be 1.22 and 3.70, respectively. Recovery 
studies were carried out with XARELTO®, which 
contains the active ingredient RIV, which is available 
in the market. First of all, the RIV standard substance 
was added to the prepared test solutions with certain 
quantities. The analyses were carried out at three 
different concentrations and nine different analyses. 

Table 1. System suitability results (n=3)
Parameter RIV ESC Recommended value (USP)
Retention Time  (minute) 3.85 6.40 -
Tailing Factor (T) 1.2 1.9 0.1<T≤ 1.8
Capacity Factor (k) 2.2 4.2 2<k<10
Resolution (Rs) 20.5 27.2 Rs>1.5
Number of theoretical plate (N) 19600 12200 N>2000
Repeatability of peak area (%RSD) 0.94 0.68 %RSD < 1.0

Figure 3. The chromatogram of blank solution and 
standard solutions (10 µg mL-1 for RIV, 50 µg mL-1 for 
ESC)
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As a result of the analysis, the results were obtained 
as given in Table 3. 

The developed method demonstrated high precision 
and accuracy, as shown by intra-day and inter-day 
analyses of standard RIV solutions at concentrations 
of 40.0, 50.0, and 60.0 μg mL⁻¹. Precision was 
confirmed by RSD% values consistently below 
2.0, and accuracy was validated with Bias% values 
also under 2.0. These results highlight the method’s 
reliability and robustness.

Tablet Assay 

Tablet samples (XARELTO 10 mg and 20 mg 
28 tablet) obtained from BAYER TURK were 
subjected to analysis to test the applicability of 
proposed method and to specify rivaroxaban 
content.  Recovery tests were conducted using the 
conventional addition procedure, with a total of 
nine independent determinations performed at three 
different concentrations within the target range. 
Recovery studies were carried out by adding a 
certain amount of standard solution mixture while 

preparing the tablet solutions. In Table 4 and Figure 
4 results and values were found to be in accordance 
with official regulations.

Table 2. Results of validation studies performed to evaluate method linearity, LOD, LOQ for RIV (n=7)
Parameter Calculated value 
Linearity range (µg mL-1) 9.98 - 99.8 
Slope±SD (n=7) 5837 ± 117.2 
Intercept ±SD (n=7) 1567 ± 24 
R2 (n=7) 0.9999
Limit of detection (S/N=3.3, µg mL-1) 1.22 
Limit of quantitation (S/N=10, µg mL-1) 3.70 

Table 3. Accuracy and precision data of RIV

Spiked 
concentration 
(µg mL-1)

Obtained 
concentration 

(µg mL-1)± SD; 
%RSD

Recovery 
(%)

Bias 
(%)

Intra-day precision 
(n = 4) 
Mean 

concentration 
(µg mL-1) ± SD;  

%RSD 

Inter-day precision 
(n = 4) 
Mean 

concentration 
(µg mL-1) ± SD;  

%RSD 
40 40.41±0.57; 1.41 101.03 1.03 40.05±0.11; 0.28 40.30±0.71; 1.76 
50 50.16±0.30; 0.60 100.32 0.32 50.44±0.80; 1.58 49.97±0.28; 0.56 
60 59.47±0.67; 1.12 99.12 0.88 60.25±0.78; 1.29 60.47±0.69; 1.15 

Figure 4. Chromatograms of 10 mg (A) and 20 mg (B) 
tablet solutions
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Results of the determination of RIV in pharmaceutical 
tablet formulations are shown in Table 4. The 
accuracies of the UPLC method for 10 mg and 20 mg 
were 99.80% and 101.10%, respectively, confirming 
the accuracy of the proposed methods. 

4. CONCLUSION

This study developed and validated a rapid, 
accurate, and precise UPLC method for the 
qualitative and quantitative analysis of rivaroxaban 
in pharmaceutical preparations. A simple sample 
preparation and a short chromatographic study time 
were used. 

Due to the hybrid of the liquid chromatography device 
used in the developed method, it is advantageous 
both in terms of working at high pressures and using 
larger diameter columns compared to other UPLC 
devices. In this way, analysis is carried out in a short 
time and allows less consumption of the chemicals 
used.

The linearity test results show that there is a good 
correlation between R≥0.9999 and the peak area 
and concentration for rivaroxaban and that the 
calibration curve is method linear over the studied 
concentration range. In addition, reproducibility and 
accuracy criteria are provided. The low retention 
time and the values of the detection limit (1.22 µg 
mL-1) and quantification limits (3.70 µg mL-1) show 
the superiority of the method over other methods. 

The proposed liquid chromatography method stands 
out with its speed, simplicity, use of environmentally 
friendly solvents and low solvent consumption 
compared to similar studies in the literature. 
These features make the method more reliable and 

sustainable. For these reasons, the proposed method 
will greatly simplify the work of analysts in quality 
control laboratories, particularly for the analysis 
of formulations and finished products. It will also 
provide information for advanced analysis methods 
related to RIV.
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1. INTRODUCTION 

Alzheimer’s Disease (AD) is one of the most common 
diseases among older people. It was first reported 
in 1906, and information about the progression 
of the disease was given [1]. AD is the leading 
cause of dementia worldwide. Characterized by 
neurodegenerative disorders of the brain, the disease 
has a prevalence of more than 10,000 per million 
people and continues to increase with the increasing 
elderly population. Globally, dementia is causing 

a major public health crisis. AD accounts for 70% 
of all dementia cases. It is a disease characterized 
by neuropathological events such as neuronal 
cell loss, amyloid β peptide (Aβ) accumulation in 
extracellular plaques, and intracellular tau (τ) protein 
accumulation [2]. The amyloid cascade theory of Aβ 
deposition is a widely recognised hypothesis that 
posits a causal relationship between the accumulation 
of Aβ peptides in the brain and the development of 
AD [3]. There is no problem with the production and 
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metabolism of Aβ in healthy individuals. However, 
in the case of AD, this process is disrupted and Aβ 
accumulates between neuronal cells. Consequently, 
due to this accumulation, disturbances in nerve 
conduction, decline in cognitive activities and 
memory loss occur [4]. The dementia formation 
pathway is shown in Figure 1.

The etiopathogenesis of the disease is not entirely 
explained by the Aβ hypothesis. In this case, 
neurodegeneration is caused by the τ protein, which 
manifests as a secondary pathogenic event. In neuronal 
cells, Aβ causes τ protein changes. This protein is 
primarily responsible for maintaining microtubule 
stability, undergoes hyperphosphorylation in the 

case of AD, and hyperphosphorylated protein 
structures accumulate in neuronal regions and lose 
their functions. As a result, disruptions in axon 
transmission are observed [5]. In addition to the 
pathophysiological events mentioned above, AD is 
also related to the dysregulation in the cholinergic 
system. The cholinergic hypothesis has been put 
forward to explain these dysregulations. This 
hypothesis is one of the most basic approaches 
accepted for the treatment of AD [6]. Acetylcholine 
(ACh) is found in many regions of the brain and plays 
a role in many events such as learning, memory, 
stress management, and regulation of cognitive 
functions [7]. ACh is found in important brain regions 

Figure 1. Mutations in presenilin 1 (PSEN1), presenilin-2 and amyloid precursor protein (APP) genes are the main genetic 
causes of AD. The concept of Aβ derived soluble ligands or soluble toxic oligomers has been proposed to explain the 
neurotoxicity of Aβ peptide. We would prefer to refer to this as “aggregate stress” in order to highlight potential mechanisms 
that may result in the formation of paired helical filaments (PHFs) of τ protein aggregates, Aβ aggregation, and ultimately 
neuronal loss because the mechanisms of action of these species are not fully understood [3].
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such as the basal forebrain, cerebral neocortex 
and hippocampus. It is degraded by the enzyme 
acetylcholinesterase (AChE) to choline and acetate 
[8]. In order to normalize the decreasing ACh levels 
in the later stages of the disease, the basic approach 
followed in the treatment is to suppress the enzymes 
AChE, which breaks down the neurotransmitter, and 
butyrylcholinesterase (BuChE), which is activated 
when AChE cannot fulfill its function [9].

In this study, thiazole derivatives were synthesized 
and their structure was clarified using HRMS, 
1H-NMR, and 13C-NMR. Ferrous ion-chelating 
and DPPH radical scavenging methods were used 
to evaluate the compounds’ antioxidant qualities. 
Additionally, this study aimed at these derivatives’ 
ability to inhibit AChE and BuChE in vitro.

2. MATERIALS AND METHODS 

2.1. Chemistry 

Synthesis of (E)-2-((1-methyl-1H-pyrrol-2-yl)
methylene)hydrazine-1-carbothioamide (1): 
Ethanol solvent was employed to dissolve 1-methyl-
1H-pyrrole-2-carbaldehyde and thiosemicarbazide. 
Three hours were spent refluxing the resultant 
mixture. After the reaction was finished, the resultant 
solution was placed in a bath of ice to chill. Filtration 
was then used to isolate the resultant precipitate.

Synthesis of Target Compounds (2a-2g): Ethanol 
was utilized to dissolve Compound 1 and a derivative 
of 2-bromoacetophenone. Four hours were spent 
refluxing the resultant mixture. Following the 
completion of the reaction, the mixture was 
transferred to an ice bath to cool. The precipitate that 
is produced was isolated by filtration. Subsequently, 
the precipitate was dried and crystallized by ethanol.

4-(4-Cyanophenyl)-2-(2-((1-methylpyrrol-2-yl)
methylene)hydrazineyl)thiazole (2a): Yield: 78 %, 
M.P.= 195.0 oC. 1H-NMR (400 MHz, DMSO-d6): δ: 
3.86 (3H, s, CH3), 6.08 (1H, s, Aromatic CH), 6.42 
(1H, s, Aromatic CH), 6.95 (1H, s, Aromatic CH), 
7.59 (1H, s, Aromatic CH), 7.86 (2H, d, J=7.84 Hz, 
1,4-disubstituted benzene), 7.99 (1H, s, CH=N), 
8.02 (2H, d, J=7.40 Hz, 1,4-disubstituted benzene), 

11.91 (1H, s, NH). 13C-NMR (100 MHz, DMSO-d6): 
δ= 36.92 (CH3), 107.40, 108.52, 109.97, 114.71, 
119.47, 126.56, 127.39, 128.31, 133.13, 136.26, 
139.28, 149.22, 169.20. HRMS (m/z): [M+H]+ calcd 
for C16H13N5S: 308.0964; found: 308.0966.

4-([1,1’-biphenyl]-4-yl)-2-(2-((1-methylpyrrol-2-
yl)methylene)hydrazineyl)thiazole (2b): Yield: 79 
%, M.P.= 220.7 oC. 1H-NMR (400 MHz, DMSO-d6): 
δ: 3.88 (3H, s, CH3), 6.09 (1H, s, Aromatic CH), 6.42 
(1H, s, Aromatic CH), 6.95 (1H, s, Aromatic CH), 
7.34 (1H, s, Aromatic CH), 7.38 (1H, d, J=6.92 Hz, 
Aromatic CH), 7.48 (2H, t, J=6.72 Hz, Aromatic 
CH), 7.72 (4H, d, J=7.48 Hz, Aromatic CH), 7.94 
(2H, d, J=7.64 Hz, Aromatic CH), 7.99 (1H, s, 
CH=N), 11.84 (1H, s, NH). 13C-NMR (100 MHz, 
DMSO-d6): δ= 36.93 (CH3), 103.07, 108.48, 114.49, 
119.28, 120.70, 126.53, 126.93, 127.28, 127.52, 
127.92, 128.17, 129.43, 135.92, 139.44, 140.14, 
168.95. HRMS (m/z): [M+H]+ calcd for C21H18N4S: 
359.1325; found: 359.1336.

4-(3,4-Dichlorophenyl)-2-(2-((1-methylpyrrol-2-
yl)methylene)hydrazineyl)thiazole (2c): Yield: 69 
%, M.P.= 198.5 oC. 1H-NMR (400 MHz, DMSO-d6): 
δ: 3.86 (3H, s, CH3), 6.09 (1H, s, Aromatic CH), 6.42 
(1H, s, Aromatic CH), 6.95 (1H, s, Aromatic CH), 
7.50 (1H, s, Aromatic CH), 7.66 (1H, d, J=8.32 Hz, 
Aromatic CH), 7.83 (1H, d, J=8.32 Hz, Aromatic 
CH), 7.97 (1H, s, CH=N), 8.07 (1H, s, Aromatic 
CH), 11.86 (1H, s, NH). 13C-NMR (100 MHz, 
DMSO-d6): δ= 36.94 (CH3), 107.55, 108.15, 114.20, 
116.12, 119.89, 126.06, 127.58, 128.28, 129.25, 
131.31, 132.08, 137.30, 142.72, 169.33. HRMS 
(m/z): [M+H]+ calcd for C15H12N4SCl2: 351.0232; 
found: 351.0236.

4-(2,4-Difluorophenyl)-2-(2-((1-methylpyrrol-2-
yl)methylene)hydrazineyl)thiazole (2d): Yield: 76 
%, M.P.= 162.4 oC. 1H-NMR (400 MHz, DMSO-d6): 
δ: 3.86 (3H, s, CH3), 6.08 (1H, s, Aromatic CH), 6.42 
(1H, s, Aromatic CH), 6.95 (1H, s, Aromatic CH), 
7.16-7.20 (2H, m, Aromatic CH), 7.32-7.37 (1H, 
m, Aromatic CH), 8.01-8.05 (2H, m, Aromatic CH, 
CH=N). 13C-NMR (100 MHz, DMSO-d6): δ= 36.92 
(CH3), 104.99, 105.33, 107.66, 108.51, 112.20, 
112.36, 114.67, 122.36, 127.41, 128.29, 130.84, 
136.25, 144.66, 168.33. HRMS (m/z): [M+H]+ calcd 
for C15H12N4F2S: 319.0824; found: 319.0825.
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4-(2,4-Dimethoxyphenyl)-2-(2-((1-methylpyrrol-
2-yl)methylene)hydrazineyl)thiazole (2e): 
Yield: 69 %, M.P.= 219.5 oC. 1H-NMR (400 MHz, 
DMSO-d6): δ: 3.81 (3H, s, CH3), 3.87 (3H, s, OCH3), 
3.90 (3H, s, OCH3), 6.10 (1H, s, Aromatic CH), 
6.46 (1H, s, Aromatic CH), 6.62 (1H, d, J=8.68 Hz, 
Aromatic CH), 6.67 (1H, s, Aromatic CH), 6.98 
(1H, s, Aromatic CH), 7.16 (1H, s, Aromatic CH), 
7.84 (1H, d, J=8.56 Hz, Aromatic CH), 8.05 (1H, s, 
CH=N). 13C-NMR (100 MHz, DMSO-d6): δ= 36.89 
(CH3), 55.77, 56.03, 99.13, 100.39, 105.17, 105.53, 
106.90, 108.60, 114.89, 118.83, 121.72, 127.33, 
128.45, 130.33, 158.20, 160.57. HRMS (m/z): 
[M+H]+ calcd for C17H18N4O2S: 343.1223; found: 
343.1228.

4-(2,4-Dichlorophenyl)-2-(2-((1-methylpyrrol-2-
yl)methylene)hydrazineyl)thiazole (2f): Yield: 70 
%, M.P.= 158.9 oC. 1H-NMR (400 MHz, DMSO-d6): 
δ: 3.86 (3H, s, CH3), 6.09 (1H, s, Aromatic CH), 6.46 
(1H, s, Aromatic CH), 6.97 (1H, s, Aromatic CH), 
7.32 (1H, s, Aromatic CH), 7.51 (1H, d, J=8.28 Hz, 
Aromatic CH), 7.70 (1H, s, Aromatic CH), 7.84-7.86 
(1H, m, CH=N), 8.09-8.13 (1H, m, Aromatic CH). 
13C-NMR (100 MHz, DMSO-d6): δ= 36.94 (CH3), 
108.65, 109.10, 114.98, 115.17, 127.22, 127.96, 
128.63, 130.14, 132.38, 132.88, 133.36, 137.15, 
137.54, 168.01. HRMS (m/z): [M+H]+ calcd for 
C15H12N4SCl2: 351.0232; found: 351.0238.

4-(3-Nitrophenyl)-2-(2-((1-methylpyrrol-2-yl)
methylene)hydrazineyl)thiazole (2g): Yield: 71 %, 
M.P.= 200.6 oC. 1H-NMR (400 MHz, DMSO-d6): δ: 
3.87 (3H, s, CH3), 6.08 (1H, s, Aromatic CH), 6.43 
(1H, s, Aromatic CH), 6.95 (1H, s, Aromatic CH), 
7.60 (1H, s, Aromatic CH), 7.70 (1H, t, J=7.84 Hz, 
Aromatic CH), 7.98 (1H, s, CH=N), 8.12 (1H, d, 
J=8.00 Hz, Aromatic CH), 8.29 (1H, d, J=7.44 Hz, 
Aromatic CH), 8.67 (1H, s, Aromatic CH), 11.95 
(1H, s, NH). 13C-NMR (100 MHz, DMSO-d6): δ= 
36.94 (CH3), 106.22, 108.51, 114.75, 120.36, 122.41, 
127.39, 128.32, 130.66, 132.01, 136.20, 136.72, 
148.56, 148.74, 169.24. HRMS (m/z): [M+H]+ calcd 
for C15H13N5O2S: 328.0863; found: 328.0867.

2.2. Assay for inhibition of cholinesterase enzyme

Inhibition of cholinesterase enzyme assay was 
performed as mentioned in previous studies [10,11].

2.3. Antioxidant Activity

2.3.1. Ferrous ion-chelating effect
Ferrous ion-chelating effect activity was performed 
as mentioned in previous studies [10,11].

2.3.2. DPPH radical scavenging activity
DPPH radical scavenging activity was performed as 
mentioned in previous studies [10,11].

3. RESULTS AND DISCUSSION 

3.1. Chemistry

New thiazole compounds 2a-g were created for 
this investigation, as indicated by Scheme 1. It took 
two stages to synthesize the chemicals. The first 
step was a reaction between thiosemicarbazide and 
1-methyl-1H-pyrrole-2-carbaldehyde to create the 
thiosemicarbazone chemical. In the second stage, 
chemicals derived from 2-bromoacetophenone 
interacted with the thiosemicarbazone product from 
the first step to produce thiazole derivatives.

Scheme 1. Chemical structure and general procedure for 
the synthesis of the final compounds 2a-2g.
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3.2. Cholinesterase Enzymes Inhibition Assay 

The results of the in vitro inhibition experiments of 
the obtained thiazole derivative compounds were 
examined for AChE and BuChE activity. The results 
obtained for galantamine as the reference drug and 
all obtained compounds (2a-2g) are shown in Table 
1. When Table 1 was examined, it was observed 
that the compounds showed low activity. Among 
the compounds, the compound (2e) with a methoxy 
group in the orto and para positions of the phenyl 
ring showed maximum activity in opposition to 
AChE by inhibiting 20.32 ± 0.005% at 50 µM 
concentration. The compound (2d) with a fluorine 
group in the orto and para positions of the phenyl 
ring showed maximum level of activity directed 
toward BuChE by inhibiting 32.54 ± 0.021% at 50 
µM concentration.

3.3. Antioxidant Activity 

Antioxidant properties of target compounds were 
determined by ferric ion chelation and DPPH 
methods using gallic acid as standard. The obtained 
values are given in Table 2. When Table 2 is 
examined, it is seen that the activities of compounds 
2e and 2f are comparable to the reference drug. Their 
IC50 values are 30.02 ± 0.003 μM and 32.09 ± 0.006 
μM, respectively. It is seen that especially compound 
2f shows an activity close to the reference drug gallic 
acid.

4. CONCLUSION

Seven new thiazole derivatives were synthesized as 
potential Alzheimer’s drugs and their AChE, BuChE 
inhibition degrees and antioxidant properties were 
investigated. It was observed that the synthesized 
compounds did not show sufficient inhibition 
against AChE and BuChE when compared with 
the reference drug. The compound with the highest 
activity against AChE was compound 2e with a value 
of 20.32 ± 0.005% at 50 µM concentration. In terms 
of the antioxidant moiety, compound 2f showed 
antioxidant activity similar to the reference drug 
with an IC50 value of 32.09 ± 0.006 µM. According 
to the obtained results, the molecular docking study 
was not performed due to the weak activity of the 
compounds. However, all synthesized compounds 
can be a reference for new thiazole derivatives to be 
synthesized for Alzheimer’s treatment in the future.

Table 1. % Cholinesterase inhibitory activities of the 
synthesized compounds 2a-2g at 50 µM concentrations
Comp. AChE BuChE
2a NA 7.22 ± 0.019
2b 18.16 ± 0.009 NA*
2c NA NA*
2d 11.44 ± 0.007 32.54 ± 0.021
2e 20.32 ± 0.005 NA*
2f 19.06 ± 0.004 NA*
2g 10.74 ± 0.006 23.56 ± 0.016
Gal HBr 97.89 ± 0.01 62.48 ± 0.01
* NA= non-active

Table 2. DPPH free radical-scavenging activity and ferric ion chelating effect (inhibition % ± S.E.M) of synthesized 
compounds at 50 µM and IC50 values (µM)
Comp. DPPH ION CHELATING IC50 (DPPH) 
2a NA NA > 60 µM
2b NA NA > 60 µM
2c NA NA > 60 µM
2d 11.16 ± 0.007 NA > 60 µM
2e 68.74 ± 0.003 NA 30.02 ± 0.003
2f 63.18 ± 0.008 NA 32.09 ± 0.006
2g 75.64 ± 0.026 NA 24.76 ± 0.008
Gallic Acid 70.29 ± 0.005 - 31.13 ± 0.008
Rutin 50 µM - 13.21 ± 0.007 -
BHT 50 µM - 7.06 ± 0.009 -
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1. INTRODUCTION 

The Seseli genus belongs to the Apiaceae family 
and represented in the Flora of Turkey by 10 
species. Seseli libanotis known as ‘moon carrot’ or 
‘mountain stone-parsley’ is common in the eastern 
area of Türkiye. Herb used as a aroma source and 
preservative in cheese [1,2] and its leaves are 
consumed as vegetable in eastern Türkiye [3]. 

Characteristic aroma are associated with its volatile 
constituents and a few studies have been reported 
on the composition of essential oils from different 
parts of plant [1,4-6]. Previous studies has been 
demonstrated the various biological properties of S. 
libanotis such as antioxidant [7,8], antimicrobial [4-
5,8], antiinflamatory [3] activity.

Natural products have long been a significant source 
of bioactive compounds, serving as an inspiration 
for drug discovery and development. Among these, 
essential oils and plant extracts have gained attention 
due to their distinct chemical compositions and 
potential pharmacological activities. 

In the present study, the essential oil obtained 
from the aerial parts of S. libanotis was analyzed 
by GC-FID and GC/MS to identify its chemical 
composition. Additionally, sequential extracts were 
prepared using hexane, ethyl acetate, and methanol. 
Antioxidant (DPPH radical scavenging and TEAC) 
and anti-tyrosinase activities of EO and extracts 
were evaluated. Furthermore, total phenolic and total 
flavonoid contents of extracts were determined.
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to GC and GC/MS analysis. 42 compounds were identified as a major 
component of acorenone B (43.3%), following by cis-sesquisabinene 
hydrate (9.3%), and trans-sesquisabinene hydrate (7.7%). The antioxidant 
activities of the essential oil and extracts were evaluated using DPPH• 
and TEAC assays. While the methanol extract exhibited the highest 
antioxidant activity, no significant tyrosinase inhibition was observed.
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2. MATERIALS AND METHODS

2.1. Plant Material

The aerial parts of Seseli libanotis were collected 
from Artvin, Hatila Valley (forest clearing, 1965 m 
altitude, 41°07.53’N, 45°35.4’E) on August 18, 2014 
(Ahmet Duran, 10027).

2.2. Chemicals and Reagents

All chemicals and solvents were of high purity and at 
least of analytical grade and purchased from Sigma-
Aldrich or Merck.

2.3. Isolation of Essential Oil

The essential oil obtained by hydrodistillation, using 
a Clevenger-type apparatus for 3h and stored at +4°C 
in the dark until the analysis.

2.4. Extraction

The extracts were prepared using the maceration 
method with sequential extraction employing 
solvents of increasing polarity (n-hexane, ethyl 
acetate, and methanol). Each extraction step was 
performed in triplicate using an automatic shaker at 
150 rpm under room temperature and in darkness for 
24 hours. The extracts were concentrated to dryness 
using a rotary evaporator (<40 °C), and their yields 
were calculated as 3.6%, 3.5%, and 8.9% for hexane, 
ethyl acetate, and methanol extracts, respectively.

2.5. GC and GC/MS Analysis

An Agilent 6890N GC system (Agilent, USA; SEM 
Ltd., Istanbul, Türkiye) was used for GC studies. 
FID temperature was adjusted to 300°C and the 
same operating conditions were applied to the same 
column used in GC/MS analysis. Simultaneous auto 
injection was employed to obtain equivalent retention 
times. Relative percentages were determined from 
integration of the peak areas in the chromatograms.

An Agilent 5975 GC-MSD system was used 
to perform GC/MS analysis. Chromatographic 
separation was perfomed by using Innowax FSC 
column (60m x 0.25mm, 0.25µm film thickness) with 
helium as carrier gas (0.8 mL/min.). Temperature 
of oven was adjusted at 60°C for 10 min and 

programmed to 220°C at a rate of 4°C/min, and kept 
constant at 220°C for 10 min and then programmed 
to 240°C at a rate of 1°C/min. The interphase 
temperature was at 280°C. Split ratio was 40:1 and 
the injector temperature was set to 250°C. MS were 
taken at 70 eV between the mass range m/z 35 to 450. 

2.6. Identification of Compounds

Mass spectra of the components were compared with 
in-house Baser Library of Essential Oil Constituents, 
Adams Library [9], MassFinder Library [10], Wiley 
GC/MS Library [11], and determined by retention 
indices. These identifications were obtained by 
comparing their relative retention index (RRI) to 
a set of n-alkanes or retention times with authentic 
samples [12]. FID chromatograms were used to 
determine the relative percentage quantities of the 
separated constituents.

2.7. Antioxidant Activities

The antioxidant activities of the samples were 
assessed using the DPPH• scavenging and Trolox 
equivalent antioxidant capacity (TEAC) methods. 
For DPPH• activity, the method described by Ağalar 
and Temiz (2021) was employed [13]. Briefly, 8-fold 
serially diluted samples were incubated with 0.2 
mM DPPH• solution for 30 minutes in the dark, and 
absorbance was recorded at 517 nm. Gallic acid was 
used as a positive control.

The TEAC assay, following the method of Re et al. 
(1999), utilized ABTS+• radicals generated by mixing 
7 mM ABTS+• and 2.5 mM potassium persulfate, 
which were left to react for 16 hours in the dark [14]. 
Samples were mixed with ABTS+•, and absorbance 
was measured at 734 nm after 30 minutes. Results 
were expressed as Trolox equivalent antioxidant 
capacity (mmol/L Trolox).

2.8. Total Phenolic and Total Flavonoid Content

Folin-Ciocalteu method was employed to determine 
the phenolic content [15]. The calibration curve 
(y=0.853x + 0.0988, R2 = 0.9994) was prepared from 
various concentrations of gallic acid (1-0.8-0.6-0.4-
0.2-0.1 mg/mL) and results were expressed as mg 
gallic acid equivalent (GAE).
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AlCl3 method was used to measure the flavonoid 
content and the absorbances were recorded at 410 
nm [16]. Different concentration of quercetin (1-
0.8-0.6-0.4-0.2-0.1 mg/mL) (y = 1.7604x + 0.0251, 
R2 = 0.9983) was prepared to create the calibration. 
Results were calculated as mg quercetin equivalent 
(QE).

2.9. Tyrosinase Inhibition

The tyrosinase inhibitory activity of the EO and 
extracts was evaluated by using L-DOPA [17]. 
Enzyme (200U/mL) and substrate (5 mM) were 
dissolved in the 0.1 M phosphate buffer (pH 6.8). 
Briefly, 20 µL sample and 20 µL enzyme was 
incubated at 25 ˚C for 10 min. Then, reaction was 
initiated by adding 160 µL L-DOPA and incubated 
at 25 ˚C for 10 min. Absorbance at 475 nm of each 
well was measured and kojic acid used as positive 
control.

2.10. Statistical Analysis

All the experiments were permormed in triplicate, 
and data were expressed as means ± standard 
deviation (SD) by using Sigmaplot 14.0 software 
(Systat Software, Inc., San Jose, CA, USA). IC50 
values were calculated by regression analysis.

3. RESULTS AND DISCUSSION

3.1. Chemical Composition of Seseli libanotis EO

The EO of Seseli libanotis was analysed by GC-FID, 
and GC/MS systems, simultaneously. The essential 
oil yield was calculated as 0.48% (v/w). Fourty-
two constituents were determined as representing 
92 % of the EO. The most abundant compound was 
acorenone B (43.3%), making it the major component 
of the oil. In the literature, aceorenone B has been 
identified as a major component of the essential oils 
of plants such as Niphogeton dissecta (Benth) J.F. 
Macbr, Euphorbia maccorrhiza, and Acorus calamus 
L., and it has been particularly associated with 
cholinesterase inhibition properties [18-20]. Other 
significant constituents included cis-sesquisabinene 
hydrate (9.3%) and trans-sesquisabinene hydrate 
(7.7%), both of which are oxygenated sesquiterpenes 
and contribute to the chemical complexity of the 

oil. The oil also contained spathulenol (2.7%) and 
humulene epoxide-II (2.3%), along with smaller 
amounts of caryophyllene oxide (1.9%) and carotol 
(1.2%), indicating a high prevalence of oxygenated 
sesquiterpenes. Monoterpenes were present in lower 
concentrations, with α-pinene (0.5%) and limonene 
(0.2%) being the most prominent compounds (Table 
1).

The essential oil composition of Seseli libanotis 
varies considerably depending on the plant part 
and extraction method used. Skalicka-Wozniak 
et al. (2010) analyzed the essential oil from fruits 
using hydrodistillation and HS-SPME, identifying 
sabinene and β-phellandrene as the dominant 
compounds, particularly in HS-SPME extracts where 
sabinene reached 46.2% [5]. Furthermore, Masoudi 
et al. (2006) reported the acorenone (35.5%) as the 
major volatile substance alongside limonene and 
α-pinene [6]. Ozturk and Ercisli (2006) found that 
trans-caryophyllene, spathulenol, and caryophyllene 
oxide was the major components of the aerial parts 
[4]. The study of Chizzola et al. (2019) revealed 
that the germacrene D was prevalent in leaves and 
stems, while fruits were conteined higher amounts 
of β-phellandrene and acorenone B [1]. Additionally, 
their root volatiles indicated a dominance of α-pinene. 
In the present study, acorenone B was identified as the 
major component of aerial parts. These differences 
could associated with chemodiversity of S. libanotis, 
influenced by plant part and geographic origin.

3.2. Antioxidant Activities of Oil and Extracts

The DPPH radical scavenging assay revealed that the 
methanol extract with a IC50 value of 65.2 µg/mL, 
indicating the highest radical scavenging activity 
among the tested samples. The ethyl acetate extract 
showed an IC50 value of 480.3 µg/mL. In contrast, 
the hexane extract and essential oil exhibited limited 
activity, with IC50 values exceeding 2500 µg/mL and 
7500 µg/mL, respectively (Table 2).

The TEAC assay provided similar results, with 
the methanol extract displaying the highest Trolox 
equivalent antioxidant capacity (1.51 ± 0.02 mM), 
followed by the ethyl acetate extract (1.00 ± 0.07 
mM) and hexane extract (0.34 ± 0.01 mM). The 
essential oil did not show significant TEAC activity. 
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Table 1. Chemical composition of the essential oil of S. libanotis
RRI Compounds % IM
1032 α-Pinene 0.5 tR, MS
1118 β-Pinene 0.1 tR, MS
1132 Sabinene 0.1 tR, MS
1159 δ-3-Carene 0.2 tR, MS
1203 Limonene 0.2 tR, MS
1218 β-Phellandrene 0.1 tR, MS
1280 p-Cymene 1.0 tR, MS
1528 α-Bourbonene tr MS
1568 trans-α-Bergamotene tr MS
1589 α-Cedrene tr MS
1590 Bornyl acetate tr tR, MS
1591 β-Funebrene (=1,7-diepi-β-cedrene) 0.9 tR, MS
1600 β-Elemene 2.2 MS
1661 Sesquisabinene 0.6 tR, MS
1668 (Z)-β-Farnesene 0.2 MS
1687 α-Humulene 0.3 tR, MS
1690 α-Acoradiene 0.2 MS
1694 β-Acoradiene 0.2 MS
1703 γ-Curcumene 0.1 MS
1704 γ-Muurolene 0.2 MS
1726 7-epi-1, 2-Dehydro sesquicineole 1.9 MS
1740 Valensene 0.1 tR, MS
1741 β-Bisabolene 0.4 tR, MS
1747 Sesquicineole 0.2 MS
1755 β-Curcumene 0.1 MS
1786 ar-Curcumene 2.0 MS
1787 Kessane 0.9 MS
2000 trans-Sesquisabinene hydrate 7.7 MS
2008 Caryophyllene oxide 1.9 tR, MS
2045 Carotol 1.2 MS
2071 Humulene epoxide-II 2.3 MS
2096 cis-Sesquisabinene hydrate 9.3 MS
2144 Spathulenol 2.7 tR, MS
2162 α-Acorenol 1.8 MS
2200 trans-Methyl isoeugenol 3.1 MS
2228 Acorenone B 43.3 MS
2232 α-Bisabolol 0.4 tR, MS
2273 Selina-11-en-4α-ol 0.6 MS
RRI: Relative retention indices calculated against n-alkanes; %: calculated from the FID chromatograms; tr:Trace (<0.1 %). Identification 
method (IM): tR, identification based on the retention times of genuine compounds on the HP Innowax column; MS, identified on the basis 
of computer matching of the mass spectra with those of the in-house Baser Library of Essential Oil Constituents, Adams, MassFinder and 
Wiley libraries and comparison with literature data.
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These results corroborate the DPPH findings, further 
emphasizing the superior antioxidant capacity of the 
methanol extract (Table 2).

The antioxidant activities of S. libanotis extracts have 
been extensively evaluated. The methanol extract of 
the aerial parts demonstrated strong DPPH radical 
scavenging activity with an IC50 of 0.187 mg/mL, 
while the ethyl acetate extract exhibited moderate 
activity with an IC50 of 0.75 mg/mL [7]. In another 
study, the methanol extract of S. libanotis aerial parts 
showed notable antioxidant properties with an IC50 
of 0.46 mg/mL in the DPPH• and ABTS scavenging 
activity ranging from 1.98 to 2.06 mgVitCequivalent/g [8].

3.3. Total phenolic and flavonoid content

Methanol extract was found to be highest phenolic 
(72.4 ± 1.03 mgGAE/gextract) and flavonoid (5.7 ± 0.2 
mgQE/gextract) content followed by the ethyl acetate 
extract with a value of 36.6 mgGAE/gextract and 1.1 ± 
0.05 mgQE/gextract, respectively. The hexane extract 
presented the lowest phenolic content (22.7 mgGAE/
gextract), while flavonoid content was not observed 
(Table 2). In the study reported by Matejić et al. 
(2012), methanol extracts of Seseli libanotis was 
studied in terms of phenolic and flavonoid content 
and results were determined as 85.03 mgGAE/gextract, 
and 12.42 mgQE/gextract, respectively [8]. 

Table 2. Biological activity properties of S. libanotis EO and extracts
TPC  

(mgGAE/gextract)
TFC  

(mgQE/gextract)
DPPH•  

(IC50, µg/mL)
TEAC  

(mMeq./gext.)
Tyrosinase inhibition %

Hexane ext 22.7 ± 1.4 nd > 2500 0.34 ± 0.01 nd
EtOAc ext 36.6 ± 0.3 1.1 ± 0.05 480.3 ± 5.1 1 ± 0.07 nd
MeOH ext 72.4 ± 1.03 5.7 ± 0.2 65.2 ± 0.6 1.51 ± 0.02 nd
EO - - > 7500 nd nd
Gallic acidc 1.93 ± 0.02
Kojic acidc 14.28 ± 0.6
Data was given as mean ± SD (n = 3). nd: not detected; -: not performed; c: Positive controls, values represented IC50, µg/mL).

Table 1. Continued
RRI Compounds % IM
2404 trans-Isoelemicine 1.0 MS
2415 Veratr-aldehyde (=3,4-dimethoxy benzaldehyde) (= Methyl vanillin) 1.6 MS
2471 Veratryl acetone (= 3,4-dimethoxy phenyl acetone) 0.9 MS
2931 Hexadecanoic acid 1.5 MS
 Grouped compounds (%)  
 Monoterpene hydrocarbons 2.2
 Oxygenated monoterpenes 0
 Sesquiterpene hydrocarbons 7.5

Oxygenated sesquiterpenes 73.3
Others 9
TOTAL % 92

RRI: Relative retention indices calculated against n-alkanes; %: calculated from the FID chromatograms; tr:Trace (<0.1 %). Identification 
method (IM): tR, identification based on the retention times of genuine compounds on the HP Innowax column; MS, identified on the basis 
of computer matching of the mass spectra with those of the in-house Baser Library of Essential Oil Constituents, Adams, MassFinder and 
Wiley libraries and comparison with literature data.
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3.4. Tyrosinase inhibiton

Tyrosinase inhibitory properties of extracts and 
essential oil of Seseli libanotis aerial parts were 
studied for the first time. However, there was 
no significant activity in tested concentration of 
samples (Table 2). Therefore, the components of S. 
libanotis may not interact effectively with tyrosinase 
or lack the necessary chemical features for enzyme 
inhibition.

4. CONCLUSION

This study provides the comprehensive investigation 
into the essential oil composition and biological 
activities of Seseli libanotis W.D.J. Koch aerial parts. 
GC and GC/MS analysis revealed that the acerenone 
B were the major component of volatile constituents 
and the sesquiterpenes were exhibited highest 
content of essential oil. Extracts and the essential 
oil were evaluated for their antioxidant activities 
and the methanol extract exhibited the strongest 
antioxidant properties for both DPPH radical 
scavenging and TEAC assays. Furthermore, this was 
the first study on S. libanotis EO and extracts for 
tyrosinase inbition even though no significant effect 
was observed. Results suggest that the constituents 
may lack the necessary structural characteristics for 
tyrosinase interaction. These findings contribute 
valuable chemical and biological insights into S. 
libanotis, offering a basis for further research into its 
potential applications in pharmaceutical, cosmetic, 
and industrial fields.
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1. INTRODUCTION 

Tyrosinase (EC 1.14.18.1) is an important member 
of the polyphenoloxidase enzymes, containing the 
amino acid histidine in its active site. Tyrosinase is 
a metalloenzyme that possesses two copper atoms as 
cofactors. Tyrosinase is an enzyme that catalyzes the 
oxidation of monophenols (monophenolase activity) 
and o-diphenols (diphenolase activity) to reactive 
oquinones. Both tyrosinase activities exhibit wide 
substrate specificities, however they display a greater 

preference for L-isomers as substrates compared 
to D-isomers. Since the initial biochemical studies, 
it has been discovered that the enzyme is widely 
distributed, ranging from bacteria to mammals. The 
most extensively studied tyrosinases are obtained 
from Streptomyces glausescens, Neurospora crassa, 
and Agaricus bisporus. The central copper-binding 
domain of tyrosinase, which has conserved amino 
acid residues, including three histidines, is the 
most significant characteristic seen in the enzyme 
from many sources. A tyrosinase molecule can 
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ABSTRACT

The enzyme responsible for this process is known as tyrosinase, which 
is sometimes referred to as polyphenol oxidase, monophenol oxidase, 
phenolase, or catecholase. It is present in humans, plants, microbes, 
and fungi. Melanin pigments, found in both plants and animals, 
require this enzyme as an essential component. Tyrosinase is present 
in animal creatures, particularly in the pigments of the skin, hair, and 
eyes.  Tyrosinase can cause darkening in foods that is unrelated to their 
inherent color. Beverages such as fruit juice and wine may experience a 
decline in appearance and flavor, as well as the occurrence of turbidity 
and precipitation. The unwanted phenomenon of browning in fruits and 
vegetables, which is frequently caused by enzymatic processes, needs 
to be avoided. Tyrosinase enzyme inhibitors are employed to hinder the 
catalytic oxidations that lead to browning by the tyrosinase enzyme. 
Currently, these basic ingredients are commonly found in skin whitening 
solutions, particularly in the field of cosmetics. In addition, tyrosinase 
inhibitors have practical applications in the treatment of skin problems 
associated with melanin pigmentation. Furthermore, tyrosinase inhibitors 
competitively and reversibly hinder the activity of human melanocyte 
tyrosinase, hence impeding the production of melanin.

Numerous substances possess the ability to hinder the activity of the 
enzyme tyrosinase. Ongoing studies are being conducted on several 
derivatized compounds to increase inhibition. This article explores the 
inhibitory effects of many compounds, including kojic acid, azelaic 
acid, flavonoids, arbutin-deoxyarbutin, curcumin and its derivatives, and 
copper chelators, on the enzyme tyrosinase.
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accommodate a pair of copper atoms, with each atom 
of the bidentate copper cluster forming chemical 
bonds with three histidines [1]. 

Tyrosinase is an enzyme that is present in many 
different kinds of organisms and is essential for the 
creation of melanin pigments.  The enzyme tyrosinase 
helps plants make lignin, which is important for 
their defense mechanisms and growth. Factors 
in the environment, heavy metal exposure, and 
ultraviolet (UV) radiation can all increase tyrosinase 
activity. Plants protect themselves from oxidative 
stress through the antioxidant chemicals phenolic 
and flavonoid, which are produced in response to 
tyrosinase activity. Furthermore, it causes plants 
to undergo enzymatic browning [3]. Apart from 
inducing enzymatic browning in plants, it also causes 
animals to produce melanin. Mammals have melanin 
in their hair, eyes, skin, and inner ears. It plays a vital 
role in pigmentation. The biological process known 
as melanogenesis is responsible for the synthesis of 
melanin, an intricate polymer possessing an indolic 
structure. The pigment melanin is the cause of 
the different skin tones that people have. It is also 
essential for protecting skin from the sun’s harmful 
UV radiation. Melanocytes contain specialized 
organelles called melanosomes, which are where the 
process of creating melanin takes place. The critical 
catalytic step that regulates the rate at which melanin 

is produced is controlled by the enzyme tyrosinase. 
Tyrosinase-induced hyperpigmentation can lead to 
a number of skin disorders, such as melasma, age 
spots, freckles, and malignant melanoma.

This enzyme is essential for the proper functioning of 
melanin pigments, which can be found in numerous 
plant and animal species. Melanin biosynthesis is 
catalyzed by it in three steps: (i) tyrosine undergoes 
hydroxylation to form 3,4-dihydroxyphenylalanine 
(DOPA); (ii) DOPA is oxidized to dopakinone; and 
(iii) indolequinone is produced by oxidation of 
5,6-dihydroxyindole (DHI). The reaction changes 
two types of melanin into completely different 
substances. A brownish-black pigment called 
eumelanin and a reddish-yellow pigment called 
pheomelanin are both present; eumelanin is insoluble 
in water and possesses a polymer structure [4]. 
Figure 2 shows the process, which includes various 
complex enzymatic reactions.

Melanin synthesis regulation involves three 
critical enzymes. Three proteins: human tyrosinase 
(hTYR), tyrosinase-related protein-1 (TYRP-1), and 
tyrosinase-related protein-2 (TYRP-2). A copper 
center distinguishes hTYR from TYRP-1 and 
TYRP-2, which both contain two zinc centers. Nitric 
oxide, MAPK, MC1R/a, PI3K/Akt, Wnt/b-catenin, 
and other signaling pathways within melanocytes 
regulate melanogenesis. Overactive or activated 
tyrosinase could be the consequence of signaling 
pathway disruption. Albinism and vertigo are 
disorders caused by a decrease in the functionality 
of the enzyme tyrosinase and related enzymes. 

Figure 1. Active site of the crystal structure of Agaricus 
bisporus mushroom tyrosinase (Protein Data Bank, PDB 
ID 2Y9W) [2].

Figure 2. Tyrosinase enzyme pathway of melanin synthesis
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When this gene is overexpressed, it can cause 
hyperpigmentation, which manifests as brown spots, 
age spots, freckles, and the like. A person’s standard 
of living may suffer as a result of this. Furthermore, it 
has the ability to develop into malignant melanoma, 
an extremely dangerous and difficult-to-treat skin 
cancer that can be fatal if left untreated [5].

The study of enzymes and their applications is an 
evolving discipline. There has been a lot of study 
into the best ways to isolate and purify enzymes from 
plants and animals, particularly in the last several 
years. The tyrosinase enzyme has numerous uses 
in food, health, cosmetics, agricultural, and other 
related industries due to its involvement in numerous 
critical reactions. Being present in so many different 
types of produce gives it a significant foothold in the 
food business [6].

It catalyzes reactions of oxidation of phenolic 
compounds leading to the formation of pigments 
responsible for color changes in fruits, vegetables 
or processed food products. In the food industry, 
it causes adverse appearance and taste changes, 
turbidity and precipitation in beverages such as fruit 
juice, causing damage. Tyrosinase inhibitors are 
used in the food industry to eliminate the undesirable 
conditions caused by the tyrosinase enzyme. In 
addition, the activity of the tyrosinase enzyme 
is important to enhance the color and flavor of 
foodstuffs such as dried fruits, coffee, tea, cocoa [7]. 

Abnormal production of melanin pigment causes 
significant aesthetic issues because it is involved 
in melanin formation. Because of their capacity to 
prevent the enzymatic browning of food items and 
their skin-lightening effects, tyrosinase inhibitors 
find widespread use in the cosmetics industry.  
Additionally, neurodegeneration has been associated 
with Parkinson’s disease, and tyrosinase has 
been found to induce dopamine neurotoxicity. A 
degeneration of dopaminergic neurons in the brain 
causes Parkinson’s disease, a neurodegenerative 
condition. So, many Parkinson’s disease drugs and 
studies have focused on blocking tyrosinase [8].

Because tyrosinase is a copper chelators such as 
aromatic acids, non-aromatic chemicals phenolic 
ingredients, can compete to inhibit the enzyme [4]. 
Numerous tyrosinase inhibitors have been found 
naturally and synthetically. Hydroquinone, α-arbutin, 
kojic acid, retinoids, azelaic acid, resveratrol, 
camptaric acid, chrysosplenetin and phenylethyl 
resorcinol have been identified as tyrosinase 
inhibitors [9]. 

2. TYROSINASE INHIBITORS

In many studies in the literature, inhibitors are 
evaluated in the presence of tyrosine or DOPA, the 
substrate of the enzyme, in terms of DOPA-chrome 
formation. Tyrosinase inhibitors are mainly used 

Figure 3. Tyrosinase inhibitors chemical structure a) kojic acid, b) arbutin, c) hydroquinone, d) azelaic acid.
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in reference to melanogenesis inhibitors, which 
interfere to some extent with melanin formation.

2.1. Kojic acid and derivatives

Kojic acid (5-hydroxy-2-(hydroxymethyl)-4H-
pyran-4-one) (Figure 4) is one of the metabolites 
produced by various strains of fungi or bacteria 
such as Aspergillus and Penicillium. Kojic acid, 
which is often studied as an inhibitor of tyrosinase, 
is used as a skin whitener in the cosmetics industry 
and is also used in the food industry to prevent 
enzymatic browning [1].  Kojic acid shows a 
competitive inhibitory effect on monophenolase 
activity and a quasi-competitive inhibitory effect on 
the diphenolase activity of fungal tyrosinase. The 
ability of kojic acid to chelate copper in the active 
site of the enzyme explains its competitive inhibitory 
effect. The biological activities of kojic acid are 
attributed to its γ-pyranone structure containing 
an enolic hydroxyl group. If the enolic hydroxyl 
group is retained, the tyrosinase inhibitory activity 
is completely lost. It acts by chelating copper in the 
active site of the tyrosinase enzyme. Kojic acid is 
also an antioxidant and scavenges reactive oxygen 
species that are excessively released from cells or 
formed in tissue or blood. Stable metal kojic acid 
complexes are created when kojic acid reacts with 
metal salts of aluminum, chromium, cobalt, copper, 
gold, indium, iron, nickel, manganese, palladium, 
vanadium, and zinc [10-12].

Based on the fact that kojic acid is an inhibitor 
of tyrosinase enzyme, many derivatives of kojic 
acid were investigated and its inhibition effect 
was examined. The low stability of kojic acid has 
pioneered the search for different derivatives. It has 
been observed that the C-terminal amine groups 
in the structure to be involved in the inhibition of 
tyrosinase enzyme create a high inhibition effect 
[13,14]. 

Aromatic side chains can interact with the 
hydrophobic pocket containing the amino acids 
His63, His216 and Phe59 surrounding the double-
core copper in the active site of the tyrosinase 
enzyme. As a result, aromatic molecules can exert 
competitive, semi-competitive and non-competitive 
inhibition. As a result of conjugation of kojic acid 
and various amino acids, it was observed that kojic 
acid-phenyl alanine had a higher inhibition effect 
than kojic acid and remained stable for more than 
3 months [15]. In another study, compounds formed 
as a result of molecular hybridization of kojic acid 
and aromatic aldehydes exhibited a strong tyrosinase 
inhibitory activity. As a result, it was determined that 
it prevents browning [16]. 

The hydroxypyranone moiety of kojic acid serves as 
a scaffold for tyrosinase inhibitors, as it shows the 
ability to chelate with copper ions in the tyrosinase 
active center. The enhancement of kojic acid with 
functional groups showed an inhibition effect 9-fold 
higher than that of kojic acid [17].  

Numerous studies have examined the inhibitory 
effects of compounds extracted from plant sources, 
fungi, and microbes on tyrosinase. Despite kojic acid 
being the most extensively researched compound, its 
volatility, potential adverse effects from prolonged 
exposure, and limited efficacy have prompted Figure 4. Kojic acid chemical structure
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researchers to explore derivatives to mitigate these 
drawbacks. 

Shao et al. synthesized hydroxypyridinone 
derivatives and formulated variants capable of 
mitigating the adverse effects of kojic acid. The 
compounds demonstrated superior efficacy in 
bleaching compared to kojic acid [18]. 

A cohort of researchers examining the impact 
of the benzapyrone ring on tyrosinase inhibition 
synthesized several derivatives by the conjugation of 
kojic acid and coumarin including the benzapyrone 
ring. The findings indicated that the compounds 
conjugated with coumarin had a greater inhibitory 
impact on tyrosinase than kojic acid [19,20].

2.2. Azelaic acid and derivatives

Azelaic acid is structurally a 9-carbon straight chain 
1,7-heptandicarboxylic acid. It is commonly used 

in the treatment of acne, melanoma, rosacea and 
hyperpigmentation [21]. Azelaic acid is metabolized 
by β-oxidation resulting in the formation of malonyl-
CoA or acetyl-CoA. Due to its chemical structure, it 
has the capacity to inhibit tyrosinase and to a much 
greater extent thioredoxin. Azelaic acid has anti-
inflammatory, antibacterial and anti-keratinizing 
effects and has a significant therapeutic efficacy on 
acne [22,23]. 

Azelaic acid inhibits the enzyme tyrosinase. This 
enzyme is involved in the conversion of tyrosine 
into DOPA and DOPA-quinone, precursors of 
melanin. Dicarboxylic acids do not affect normal 
skin melanocytes, so AZA can be used to treat many 
types of skin hyperpigmentation and does not cause 
discoloration of healthy skin near the lesions [23].

In a study with azelaic acid esters, it was found to 
inhibit the tyrosinase enzyme. It was determined that 
it completely inhibits L-tyrosine oxidation and stops 
esterification reactions [24]. 

2.3. Flavonoids

Flavonoids constitute the principal polyphenolic 
group in plants, often present in the fruits, vegetables, 
drinks, and cereals that we eat every day. Flavonoids 
belong to a class of naturally occurring plant 
polyphenolic secondary metabolites found in many 
plants and therefore widely consumed in the diet. In 
general, they are composed of 15 carbons; a phenyl 
ring and a heterocyclic ring. Biological studies 
carried out on natural and synthetic analogues of 
flavonoids have revealed anti-keratinization, anti-
microbial, anti-cancer, anti-inflammatory, anti-ulcer 
action by these species [25]. 

Flavonoids, due to their polyhydroxyphenolic 
structure, are metal chelators that can interact with 
copper ions in the active site of tyrosinase. Therefore, 
their species and their derivatives are model 
compounds for tyrosinase inhibition. Numerous 
compounds derived from natural products have been 
reported to be moderate to potent tyrosinase inhibitors 
[26]. Among these, many flavonoid derivatives have 
been found to be potent inhibitors of tyrosinase. Four 
important flavonoid compounds, chrysin, quercetin, 
naringin and kaempferol, have been shown to play 
an important role in tyrosinase inhibition [27, 28]. 

The general structure of flavonoids indicates that keto 
groups possess significant potential as tyrosinase 
inhibitors. The -OH group at the C-3 position in the 
structure is crucial for activity. Flavonoids, including 
kaempferol and quercetin, possess a 3-hydroxy-
4-keto moiety in their structure. This allows it 
to function as a copper chelator in the inhibition 
of tyrosinase, thereby obstructing the enzyme’s 
activity. In heterocyclic rings containing 5 or 6 
carbon atoms, the presence of -OH and -CH3 groups, 
frequently observed around the ring, is indicative 
of the structure. These groups exhibit an inhibitory 
effect by influencing the enzymatic activity within 
the structure [29].

Figure 5. Azelaic acid chemical structure
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Chrysin (5,7-dihydroxyflavone) is a natural 
flavonoid derived from many plants and has 
anti-melanogenesis effects [30]. Naringin 
(5,7,4-trihydroxyflavone) is another type of flavonoid 
with tyrosinase inhibition activity [31]. Quercetin 
(5,7,3,4-tetrahydroxyflavonol) also shows tyrosinase 
inhibitory effects through inhibition of diphenolase 
activity [32]. Rocchitta et al. demonstrated in their 
study that the structure of quercetin exhibited 
an inhibitory effect through hydrogen bonding 
interactions with the His85, His244, Thr261, and 
Gly281 residues of tyrosinase [20]. Kaempferol 
(5,7,4-trihydroxyflavonol) is another flavonoid 
inhibitor whose anti-tyrosinase effects have often 
been proven [33].

In a study, the tyrosinase inhibition effects of 
flavonoids such as kaemferol and quercetin were 
investigated. The compounds competitively 
inhibited the tyrosinase enzyme and showed a higher 
inhibition effect than kojic acid [34]. 

2.4. Arbutin-deoxyarbutin and derivatives

Arbutin (hydroquinone-O-β-D-glucopyranoside), a 
natural polyphenol isolated from the bearberry plant 
Arctostaphylos uva-ursi (L.) Sprengel, has whitening 
and anticancer properties. Arbutin is a compound 
in which the D-glucose molecule is linked to 
hydroquinone. D-glucose exists in aqueous solution 

in α, β or γ-anomeric form; the compound in which 
the β-anomer of D-glucose binds to hydroquinone 
is called β-Arbutin (this stereoisomer is called 
arbutin) and the compound in which the α-anomer of 
D-glucose binds to hydroquinone is called α-Arbutin. 
Both forms of arbutin are hydroxylated at the ortho 
position of the catechol group by oxytyrosinase, 
resulting in a complex formed by hydroxylated 
mettyrosinase [35,36]. 

Due to its glucose composition, arbutin is regarded 
as more dependable than hydroquinone. Arbutin is 
highly hydrophilic, so skin penetration is relatively 
low. Arbutin is resistant to light and unstable at 
pH 2. Arbutin can undergo partial hydrolysis to 
hydroquinone in the presence of water, which in turn 
can be oxidized to benzoquinone [37]. α-Arbutin is 
10 times more effective than β-arbutin in inhibiting 
tyrosinase, but α-arbutin is easily degraded by heat 
[37,38].

Deoxyarbutin, another derivative of hydroquinone, 
is clinically more effective and safer than arbutin in 
the treatment of hyperpigmentation. Deoxyarbutin 
is a second generation hydroquinone derivative. 
Deoxyarbutin is less cytotoxic than other 
hydroquinone derivatives [39,40].

After removal of all hydroxyls in the glycoside side 
chain, β-arbutin is converted to deoxyarbutin. This 

Figure 6. Chemical structures of flavonoids
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procedure results in increased lipo-solubility of 
deoxyarbutin compared to β-arbutin. Deoxyarbutin 
shows a stronger tyrosinase enzyme inhibition than 
hydroquinone and β-arbutin [41].  The activity of 
arbutin and its derivatives is related to particle size, 
spatial structure and electrostatic potential around 
the benzene ring [42].

Studies have shown that arbutin, deoxyarbutin and 
their derivatives inhibit the activity of the tyrosinase 
enzyme and prevent the oxidative polymerization of 
melanogenic intermediates, which is common for 
antioxidant compounds that provide protection from 
reactive oxygen species produced by UV radiation. 
In addition, arbutin and its derivatives were found 
to inhibit the maturation of melanoma cells. The 
in vitro study showed that arbutin is gradually 
oxidized in the presence of tyrosinase, which makes 
its effect prolonged in the presence of antioxidants 
such as L-ascorbic acid [42]. In several studies, 
α- and β-arbutin inhibited melanin formation in 
B16 cells induced by α-melanocyte stimulating 
hormone (α-MSH) and blocked thyronazinase 
activity [43–45]. Acetylated arbutin exhibits 
enhanced tyrosinase inhibitory potential, likely due 
to the increased solubility and improved membrane 
penetration conferred by the acetyl group in lipid-
containing systems [44]. There is reason to be 
optimistic about the potential of phenolic compound 
derivatives as tyrosinase inhibitors in the stages of 
melanomagenesis. By inhibiting the production 

of melanin in B16F10 cells, the active phenolic 
and alkylhydroquinone components found in the 
extract of the Rhus succedanea L. tree demonstrated 
a tyrosinase inhibitor effect. Upon conducting 
comparisons with hydroquinone, it was determined 
that the active alkylhydroquinone component 
exhibited an IC50 value of 37 µM. Conversely, 
the IC50 value of hydroquinone was found to be 
exactly 70 µM. It was observed, as a consequence 
of the data that was obtained, that the heptadecenyl 
chain that was present in the structure of the active 
component was responsible for the oxidation of the 
hydroquinone ring. As a consequence of this, a more 
efficient derivative inhibitor molecule was purified 
from hydroquinone [46]. 

2.5. Curcumin and derivatives

Curcumin is commonly regarded as a prototypical 
example of phenylpropanoid compounds due to its 
chemical structure. The compound is called 1,7-bis(4-
Hydroxy-3-methoxyphenyl)-1,6-heptadiene-3,5-
dione [47]. Curcumin is a plant-derived polyphenol 
obtained from Curcuma longa L., also known as 
turmeric. Turmeric is a powdered rhizome of this 
plant that is commonly used to enhance the color 
and taste of food. It is also traditionally believed to 
have medicinal properties for treating inflammatory 
illnesses and other diseases. Curcumin, also known 
as diferuloylmethane, possesses both anticancer and 
tyrosinase enzyme inhibitory effects Curcumin, at 

Figure 7. The molecular structure of a) β-arbutin, b) α-arbutin, c) deoxy-arbutin
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concentrations between 25-110 μM, was discovered 
to possess inhibitory effects on melanin formation 
via activating the Akt/PKB signaling pathway. This 
activation can hinder the process of melanogenesis 
by decreasing MITF levels and blocking the action 
of the enzyme tyrosinase [48,49].

Phenolic chemicals, known for their antioxidant 
properties, can aid in the prevention and relief of 
various chronic diseases resulting from oxidative 
stress. Research has demonstrated that curcumin 
and its derivatives have a greater inhibitory effect 
on the tyrosinase enzyme compared to kojic acid. 
Furthermore, research has demonstrated that the 
β-phenyl-α, β-unsaturated carbonyl structure seen 
in curcumin derivatives is strongly associated with 
the ability to block tyrosinase. Coumaric acids are 
compounds that are derived from mono-hydroxylated 
cinnamic acid in the phenyl group. Among these 
compounds, p-coumaric acid is the most prevalent 
type. p-Coumaric acid is present in substantial 
amounts in numerous fruits, vegetables, and cereals. 
p-Coumaric acid is a potent antioxidant known for its 
ability to eliminate reactive oxygen species (ROS) 
and free radicals [50,51]. Research has demonstrated 
that derivatives of p-coumaric acid exhibit a distinct 
ability to inhibit the enzyme tyrosinase [52,53].  
Furthermore, p-coumaric acids were examined for 
their impact on melanin creation in B16F10 cells and 
were observed to decrease melanin production [54]. 

The polyphenolic content of curcumin has become 
significant in scientific research focused on its 
antioxidant properties and potential as an anticancer 
agent. The literature has examined the effect of 
curcumin on tyrosinase inhibition, specifically 
regarding its whitening properties and its implications 
for melanoma and other skin cancer types [55]. 

2.6. Copper chelators

The majority of drugs that chelate copper ions in 
the active site of the tyrosinase enzyme have the 
ability to inhibit the tyrosinase enzyme. Tropolone 
is an established tyrosinase inhibitor due to its 
ability to chelate copper. Tropolone derivatives were 
synthesized based on the structure of the tiny seven-
membered ring, and it was discovered that these 
derivatives have the ability to block the tyrosinase 

enzyme [56]. The researchers conducted an 
investigation on the red tembul leaves to determine 
the effect of their alkaloids, tannins, and flavonoid 
content as tyrosinase inhibitors. The results of the 
investigation show promising outcomes [57]. 

The study utilized ilapia skin collagen hydrolysate to 
examine the potential for TYR inhibition. The results 
indicated that TYR inhibitory peptides had a greater 
ability to chelate copper [58]. 

2.7. Resveratrol and derivatives

Resveratrol (3,4’,5-trihydroxy-trans-stilbene) has 
been the subject of extensive research over the past 
decade due to its diverse bioactivities, which include 
anti-inflammatory and antioxidant properties, 
as well as effects on cancer, neurodegenerative 
diseases, and aging. Resveratrol has demonstrated 
the ability to mitigate neuroinflammation and 
oxidative stress, primarily through the enhancement 
of neurotransmitter release. Recent studies indicate 
that resveratrol exhibits an inhibitory effect on the 
tyrosinase enzyme [59].

The antioxidant efficacy of resveratrol is contingent 
upon the redox potential of the phenolic hydroxyl 
group and the capacity for electron delocalization 
attributed to its conjugated configuration. The 
antioxidant mechanism of resveratrol encompasses 
the reduction of reactive oxygen species (ROS) 
generation, the scavenging of free radicals, and the 
enhancement of antioxidant biosynthesis. Moreover, 
its phenyl ring has lately garnered significant 
interest owing to its potential chemopreventive and 
chemotherapeutic properties [60,61].

The bioavailability of resveratrol is limited owing 
to its chemical instability and poor solubility. The 
inhibition of tyrosinase by resveratrol derivatives 
was examined to mitigate these drawbacks [62]. 

Oxyresveratrol (trans-3,5,2′,4′-tetrahydroxystilbene) 
possesses an additional hydroxyl group, 
distinguishing it from resveratrol. A study conducted 
in 2021 demonstrated that oxyresveratrol exhibits a 
more potent inhibitory effect on tyrosinase activity, 
attributed to its capacity to form a greater number of 
hydrogen bonds in comparison to resveratrol [62,63]. 
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2.8. Heterocyclic Compounds and Derivatives 
Containing Triazole and Thiazole

Heterocyclic compounds are cyclic structures that 
incorporate oxygen, nitrogen, or sulfur, with at least 
one heteroatom present. Quintuple-ring aromatic 
heterocyclic compounds exhibit remarkable 
stability. Heterocyclic compounds are utilized 
across various domains. Heterocyclic compounds 
that contain nitrogen and sulfur are commonly 
utilized for pharmacological and biological activity. 
Thiazoles, comprising both nitrogen and sulfur 
atoms in their rings, are incorporated into numerous 
pharmaceutical active ingredients as biologically 
active compounds. Triazoles are five-membered 
heterocyclic compounds containing three nitrogen 
atoms. These molecules are often examined for their 
derivatives because of their biological activity [64–
68].

A 2019 study compared the effects of tyrosinase 
inhibition using kojic acid as a positive control and 
synthesized a novel heterocyclic amide compound 
featuring a new triazole and thiazole ring. The 
researchers investigated the inhibitory effect of the 
synthesized compound on the fungal tyrosinase 
enzyme. The presence of two methylene groups in 
the derivative structure enhanced its activity due 
to the steric effect. A comparison of the derivative 
molecule with kojic acid revealed an activity 
enhancement of approximately 15-20 times. The 
findings with various derivatives indicated that the 
polar and bulky substituents on the phenyl ring in the 
derivative molecules adversely affected the activity. 
The same research group examined the inhibitory 
effects of derivatives resulting from modifications 
at the C-3 and N-4 positions of the triazole ring. 
They synthesized various derivatives by substituting 
the ethyl group in the triazole ring with a benzyl 
group in place of the attached acetamide group. 
The synthesized heterocyclic derivative compounds 
exhibited lower IC50 values than standard molecules 
and demonstrated potential as inhibitory agents 
[65,69,70]. 

In a further promising study, the synthesized 
derivative molecule was formed via a hydrogen bond 
between cysteine and the amino group of the thiazole 

ring. The interactions between the thiazole ring and 
histidine were established through hydrogen bond 
formation. The tyrosinase inhibition studies of this 
new derivative molecule indicated a promising IC50 

value in comparison to the standard molecule [71]. 

Shakila et al. synthesized indole-triazole derivatives 
incorporating N-acetamide by linking an indole ring 
to the carbon of the triazole ring. The synthesized 
compounds were evaluated for their potential as 
tyrosinase inhibitors, yielding IC50 values ranging 
from 0.033 to 0.142 μM. The IC50 values obtained 
indicated a substantial inhibitory effect, showing 
a marked difference in comparison to standard 
molecules [72]. 

3. CONCLUSION

This study summarizes and critically analyzes studies 
on isolated compounds with possible tyrosinase 
inhibitory action. The enzymatic oxidation of 
phenols by the enzyme tyrosinase is responsible for 
the browning of nutrients. Consequently, there is a 
degradation of crucial amino acids, a decrease in the 
ability to be digested, and a decline in nutritional 
value, along with the creation of harmful substances. 
The occurrence of these unwanted browning events 
is a significant challenge, and it is imperative to 
explore potent tyrosinase inhibitors to address this 
issue. Melanin has a crucial function in safeguarding 
the skin from the development of skin cancer caused 
by exposure to sunlight. Nevertheless, the excessive 
synthesis of melanin pigment poses both cosmetic 
and medicinal concerns in humans. Nevertheless, 
tyrosinase inhibitors are employed in medical 
practice to treat some conditions associated with 
excessive melanin pigmentation, and they also 
play a significant role in the fields of cosmetics and 
pharmaceuticals due to their ability to lighten the 
skin. Numerous natural and synthetic compounds 
and their derivatives have been shown to inhibit 
tyrosinase effectively; nevertheless, the majority 
have not undergone clinical investigation. At now, 
only a limited number of chemicals are used in 
topical dermatological formulations. However, there 
are only a limited number of commercially accessible 
tyrosinase inhibitors. The limited applicability of 
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these substances is a result of their high intercellular 
toxicity and low stability, which raises concerns. This 
article reviews the capacity of several chemicals to 
hinder the tyrosinase enzyme, as well as the molecules 
that can beyond the constraints and exhibit a stronger 
inhibitory impact.  The advancement of inhibitors in 
the literature and modifications to enhance inhibitor 
activity are significant considerations. The design 
of natural or synthetic tyrosinase inhibitors is a 
significant research topic, driven by considerations 
of high bioavailability, low cytotoxicity, and effective 
inhibition. This review examines the inhibitory 
effects of various derivatives, particularly phenolic 
and heterocyclic compounds, on tyrosinase activity. 
It highlights the significance of understanding 
structural modifications in the identification of new 
inhibitors. This review aims to provide guidance 
and a comprehensive strategy for the development 
of novel, effective, highly active, and safe tyrosinase 
inhibitors for enhanced practical applications in the 
future.
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1. INTRODUCTION 

In the central nervous system (CNS), neurons 
communicate through chemical and electrical signals. 
Therefore, for healthy neural signaling, precise 
regulation in the local ionic microenvironment of 
synapses and axons is essential [1]. During the 
regulation of molecular exchanges between blood, 

neural tissue, and the fluid-filled spaces within the 
brain, six interfaces play a role: the blood–brain 
barrier (BBB), the blood–cerebrospinal fluid (CSF) 
barrier, the meningeal barrier, the circumventricular 
organs, the adult brain ependyma, and the fetal 
neuroependyma [2]. In this review, various concepts 
related to the BBB, the prominent features and 
functions of the components constituting the BBB, 
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approaches for delivering therapeutic substances to the affected area 
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the transport systems involved in crossing the BBB, 
the limitation of drug passage into the brain due to 
the BBB’s strong barrier properties in various brain 
diseases, and various invasive and noninvasive 
strategies developed to overcome this barrier and 
enhance therapeutic efficacy are examined. 

2. COMPONENTS AND FEATURES OF THE 
BBB 

The BBB is a dynamic interface that separates the 
brain interstitium from the luminal contents of 
the cerebral vascular system [3]. This interface 
maintains the integrity of highly fragile brain cells 
under physiological conditions, ensures brain 
homeostasis, and provides an optimal environment 
by protecting the CNS from various physiological 
and pathological changes. Instead of the commonly 
used term “Blood–Brain Barrier,” some researchers 
in recent years have proposed the concept of “Blood–
Brain Border” [4].

The neurovascular unit (NVU) is a complex functional 
unit that reflects the dynamic communication 
between the components of the BBB and neurons 
[5]. It is composed of microvascular endothelial cells 
surrounded by a basal lamina, astrocytic perivascular 
end-feet, pericytes, neurons, microglia, and smooth 
muscle cells [6,3]. Below is a brief overview of the 
components that make up the NVU and maintain the 
integrity of the BBB.

2.1. Endothelial cells

Microvascular endothelial cells are considered 
the anatomical foundation of the BBB due to 
their distinctive morphological, biochemical, and 
functional characteristics that set them apart from 
their counterparts in the peripheral vascular system 
[7,8]. These cells, which line the inner surface of 
brain capillaries in a single layer and are in direct 
contact with the blood, are characterized by being 
surrounded by the basal lamina and astrocytic 
perivascular end-feet, containing tight junctions 
(TJs) composed of transmembrane proteins 
such as claudin, occludin, and junction adhesion 
molecules, having very few pinocytic vesicles in 
their cytoplasm, and lacking fenestrations [9,10]. In 
addition, these cells have smooth, oval nuclei with 

irregularly distributed chromatin, caveolae, similar 
invaginations on the luminal side, and large quantities 
of mitochondria to enhance energy potential for 
enzyme and transport system activities. They are 
also equipped with specialized transport systems and 
receptors that facilitate the uptake of nutrients and 
hormones essential for brain function [8]. 

To eliminate gaps between endothelial cells and 
prevent the paracellular diffusion of substances 
from the blood into the brain parenchymal area, 
the endothelial cells of capillaries and postcapillary 
venules not only possess TJs, which provide primary 
isolation but also have adherens junctions. These 
junctions restrict the paracellular flow of hydrophilic 
molecules but do not limit the passage of small 
lipophilic molecules such as O2 and CO2. Thus, 
these molecules can diffuse freely across plasma 
membranes along concentration gradients. The 
diffusion of O2 and CO2 across the endothelium is 
emphasized as being essential for regulating brain 
metabolism and pH in NVU cells [11]. 

The BBB not only functions as a physical barrier but 
also acts as a metabolic (enzymatic) barrier due to 
the expression of numerous enzymes by endothelial 
cells that can modify a variety of molecules. These 
enzymes can either inactivate pharmacologically 
active drugs or activate inactive prodrugs [12]. These 
include L-amino acid decarboxylase, monoamine 
oxidase, glutamyl aminopeptidase, transaminases, 
and especially cytochrome p450 enzymes. It has 
been noted that some molecules with neuroactivity, 
such as neurotransmitters or drugs that could affect 
normal physiological brain functions are prevented 
from entering the brain by being enzymatically 
converted into inactive forms once they penetrate 
from the luminal surface of the capillary endothelium 
into the cytoplasm [13]. 

2.2. Basement membrane

The blood vessels of the CNS contain various 
basement membranes, including endothelial, 
astroglial, and meningeal. The astroglial and 
leptomeningeal basement membranes form the 
parenchymal basement membrane that defines 
the boundary of the brain parenchyma. In brain 
capillaries, the endothelial and parenchymal basement 
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membranes merge to form a single basement 
membrane [7]. The basement membrane, structured 
by brain microvascular endothelial cells, pericytes, 
and astrocytes, is made up of three adjacent layers 
composed of various extracellular matrix molecule 
classes, including collagen, elastin, fibronectin, 
laminin, and proteoglycans [14]. Thus, the brain 
endothelium is supported by the extracellular matrix 
and basement membranes, along with other cells of 
the NVU [15]. Although the basement membrane 
does not constitute an important barrier against the 
diffusion of small molecules, it has been emphasized 
that it plays key roles in anchoring cells and 
regulating the functions of endothelial cells through 
various signaling molecules [16]. The basement 
membrane can become thicker or thinner in response 
to stress stimuli and certain pathological conditions. 
The loss of the characteristic features of the basement 
membrane is considered one of the factors leading to 
the disruption of the BBB structure [8].

2.3. Astrocytes

Astrocytes are specialized glial cells with crucial roles 
in the CNS. Their end-feet cover the basal membrane 
on the outer surface of the BBB endothelium. They 
are characterized by numerous extensions containing 
intermediate filaments of the cell cytoskeleton and 
glial fibrillary acidic protein. These cells cover more 
than 99% of the abluminal surface of cerebral vessels 
[17] and contribute to the structure, development, 
and unique endothelial phenotype of the BBB. Their 
roles are thought to be facilitated by their anatomical 
proximity to endothelial cells and the expression 
and release of soluble factors [8]. The parenchymal 
surface of cerebral vessels is completely covered 
by a mosaic of astrocytic end-feet and separated 
by gaps of approximately 20 µm [3]. Astrocytes 
interacting with endothelial cells strengthen TJs and 
reduce the gap junction area, playing a crucial role 
in the limited permeability and integrity of the BBB. 
A study investigating the importance of astrocytes 
in the induction of BBB properties suggested 
that astrocytes interacting with endothelial cells 
increase transendothelial electrical resistance and 
that the proximity of astrocytes to the endothelium 
is effective in the development of a tight BBB [18]. 

Due to their polarized anatomical structure and 
the proximity of their end-feet to smooth muscle 
cells in arterioles and pericytes, astrocytes are also 
noted to play a role in regulating blood flow during 
neuronal activity [19]. Astrocytes contribute to 
various functions, including synapse formation and 
plasticity, energetic and redox metabolism, and 
synaptic homeostasis of ions and neurotransmitters 
like glutamate. They regulate cerebral blood flow in 
response to local neuronal activity changes by not 
only stimulating vascular smooth muscle cells but 
also by modulating these diverse functions [20]. 
Therefore, astrocytes are recognized as central 
to dynamic signaling within the NVU and play 
a significant role in coordinating neurovascular 
coupling [21]. 

2.4. Pericytes

Brain pericytes are polymorphic cells with a spherical 
or oval cell body and a distinct round nucleus. 
They also have long cytoplasmic processes with 
heterogeneous morphology that are positioned along 
the axis of the blood vessel [22], as well as secondary 
and tertiary processes that encircle the vascular 
wall with smaller, circular branches [8]. Pericytes, 
which contribute to the regulation of cerebral blood 
flow and strengthen the BBB’s impermeability, are 
embedded in the endothelial basement membrane 
at varying intervals along the vessel [3]. Pericytes 
contain various proteins, including contractile 
proteins, cytoskeletal components, and surface 
antigens. The predominant contractile protein 
localized in microfilament bundles is smooth muscle 
actin [8]. However, their morphology and protein 
expression can vary along the microvascular tree 
[23]. Additionally, pericytes can differentiate into 
fibroblasts, smooth muscle cells, macrophages, and 
other cell populations [24]. It has also been reported 
that adult CNS microvascular pericytes possess neural 
cell potential and serve as a source of multipotential 
progenitor cells [25]. Significant findings indicate 
that pericytes can regulate blood flow in response 
to neuronal activity, whereas capillary diameter 
does not change in regions lacking pericytes. This 
suggests that pericytes, rather than endothelial 
cells, play a role in capillary diameter changes due 
to their possession of contractile proteins [26]. In 
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larger vessels, it is emphasized that myocytes are the 
primary effectors of changes in vessel diameter within 
the NVU [27]. A study investigating the in vivo roles 
of pericytes in the BBB found that pericytes regulate 
BBB-specific gene expression in endothelial cells, 
induce the polarization of astrocytic end-feet, and 
that the extent of pericyte coverage of capillaries is 
significantly related to the integrity, permeability, 
and regulation of the BBB [28]. 

Due to their subendothelial location in the 
microvascular structure, it has been suggested that 
pericytes may also play a role in regulating coagulation 
events that occur following cerebrovascular lesion 
formation [29]. It has been suggested that pericytes 
negatively regulate fibrinolysis in brain endothelial 
cells in vitro, thereby supporting procoagulant 
activity. Additionally, pericytes may exhibit 
endogenous anticoagulant activity due to their role as 
a major in vitro source of the serpin protease nexin-1, 
known for its antithrombin effects [30]. Therefore, 
pericytes, which are important components of the 
NVU, play an essential role in the local coagulation 
process due to their pro- and anti-coagulant effects.

2.5. Microglia

Microglia are a type of glial cell with immune-
competent and phagocytic properties in the CNS 
[31], constituting approximately 10%–15% of all 
glial cells [32]. They are derived from myeloid 
progenitors in the embryonic yolk sac and proliferate 
to colonize the entire parenchyma after migrating to 
the developing neural tube [33]. They continuously 
monitor the brain parenchyma and play a crucial role 
in maintaining the homeostasis of nervous tissue 
[34]. 

Microglia are primarily characterized by two 
fundamental morphologies, depending on the 
physiological and pathological conditions in the 
brain. Under physiological conditions, resting 
microglia have slender, elongated processes that give 
them a branched morphology. These processes allow 
the cells to promptly detect homeostatic disturbances 
in the CNS [31]. These microglia are characterized 
by a small cell body (5–10 µm) and exhibit minimal 
or no cellular movement [35]. Their processes are 
constantly in motion, extending outward from the 

cell body to survey large areas, protruding and 
retracting to interact with NVU components such as 
neurons, astrocytes, and blood vessels. This allows 
them to continuously monitor the functional status 
of synapses [33]. A recent study has found that 
near the tips of the long processes of microglia, 
there are actin-dependent, thin, hair-like filopodia 
that can extend and retract more quickly than 
the main processes. These filopodia significantly 
increase the effective sensing volume of microglia 
[36]. During a pathological condition (such as 
trauma or inflammatory stimuli), microglia rapidly 
become activated, transforming into a phagocytic 
morphology characterized by a large cell body 
and short processes. This transformation is related 
to the type and severity of the damage [35] and is 
associated with changes in the release of cytotoxic 
substances such as oxygen radicals, proteases, and 
proinflammatory cytokines, as well as alterations 
in surface antigens [31]. Microglial reactivity under 
pathological conditions is complex, as these cells 
can exhibit different phenotypes over time or even 
simultaneously. Although the mechanism underlying 
these phenotype differences is not clear, reactive 
microglia are classified as M1 (proinflammatory 
and neurotoxic) and M2 (anti-inflammatory and 
neuroprotective) [37]. M1 microglia are notable 
for their proinflammatory and prokilling functions, 
while M2 microglia play roles in immune regulation 
and repair. Additionally, the phagocytic ability of 
M2 microglia reveals their capacity to clear cellular 
debris and contribute to neural repair [35]. It has 
been reported that activated microglia can provide 
immune optimization by interacting and cooperating 
with astrocytes, another important component of the 
NVU, in conditions such as neuroinflammation [38].

3. DRUG DELIVERY AND BBB OPENING 
APPROACHES

3.1. Challenges for drug delivery

The passage of certain substances through the BBB 
and their entry into the brain depends on numerous 
primary and secondary factors. These factors include 
the size of the molecule, its flexibility, conformation, 
ionization, charge, hydrophilic/lipophilic properties, 
the number of hydrogen bond donors/acceptors, 
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cellular enzyme secretion/stability, affinity for efflux 
mechanisms, and affinity for carrier mechanisms 
[39]. In addition, systemic enzymatic stability, 
affinity for plasma protein binders, uptake of the drug 
into non-target tissues, clearance rate, cerebral blood 
flow, diet, age, gender, species, and the effects of 
existing pathological conditions are also considered 
important peripheral factors [40]. It has been reported 
that more than 98% of large pharmaceuticals with 
different structures such as peptides and proteins, and 
even all small molecules, can not pass the BBB [41]. 
Theoretically, it is emphasized that for a molecule 
to cross the BBB in pharmacologically significant 
amounts, its molecular weight should be <400 Da, 
the molecule should be lipid soluble and should not 
be a substrate for an active efflux transporter at the 
BBB [42]. It should be also taken into account that 
lipophilic molecules, even if they are <400 Da, can 
be degraded by specific enzymes expressed by BBB 
cells and thus be trapped in the metabolic barrier 
[43]. 

The early stages of drug discovery studies, especially 
based on the design of orally applicable molecules, 
are guided by Lipinski’s “rule of five” (Ro5), which 
is an experimental and computational approach 
related to the solubility and permeability of the 
molecule [44]. This rule is actually related to the four 
physicochemical properties of a molecule, namely 
its molecular weight, lipophilicity, and the number 
of hydrogen bond donors or acceptors, and is named 
after the cutoff points of each parameter being close 
to 5 or a multiple of 5. According to this rule, it is 
reported that poor absorption or permeability, i.e. less 
oral bioavailability, is more likely in the following 
cases: i) molecular weight >500, ii) calculated Log 
P (CLogP) value is above 5 (partition coefficient, 
P, value is parallel to the hydrophobicity of the 
molecule), iii) more than 5 hydrogen bond donors, 
and iv) more than 10 hydrogen bond acceptors [45]. 
Today, the Ro5 rule is still used in brain studies 
which are based on drug design, synthesis, and oral 
bioavailability [46].

For assessing BBB passage, the concentrations of 
therapeutic drugs in the blood and pharmacokinetic 
calculations need to be considered. These calculations 
utilize the equation [%ID/g = PS × AUC] [43,12]. In 
this equation, “%ID/g” is the percent injected dose per 

gram of brain, “PS” is the brain permeability surface 
area, and “AUC” is the steady-state area under the 
plasma concentration curve [47]. Accordingly, it is 
noted that drug uptake by the brain can be increased 
through stabilizing the drug in the blood (e.g., 
increasing AUC) and making modifications to the 
drug structure to enhance passive permeability and/
or specificity via transport systems. Strategies such 
as drug manipulation and opening/circumventing 
the BBB have been emphasized for this purpose 
[12]. Similarly, it has been suggested that transiently 
increasing BBB permeability in a controlled and safe 
manner through various methods could enable higher 
drug concentrations to reach brain tissue from the 
bloodstream, potentially offering hope for treating 
localized malignant diseases in the brain [48].

3.2. Invasive and non-invasive strategies

Various mechanisms are involved in the passage of 
substances through the BBB. These mechanisms 
include paracellular diffusion, transcellular 
diffusion, carrier-mediated transport, receptor-
mediated transport, absorptive-mediated transport, 
and cell-mediated transport. Additionally, the 
efficacy of efflux transporters in removing harmful 
substances that reach the CNS is also emphasized 
[49]. Mechanical damage (trauma, surgical 
operations), ischemia (reduced/blocked blood 
flow), infiltration of immune cells (inflammation), 
activation of matrix metalloproteinases, increase in 
reactive oxygen species (oxidative stress), chemicals 
(exposure to heavy metals, pesticides), radiation, 
and some biological factors can lead to disruption of 
BBB integrity [50]. It is known that some primary 
brain tumors also damage the BBB and increase its 
permeability; however, this is a limited increase, and 
these malignancies are protected from therapeutic 
agents due to the intact blood–tumor barrier in 
peritumoral regions [51]. For these reasons, there is 
an important need to develop new drugs to cope with 
various pathologies affecting the central nervous 
system, and various strategies are being followed to 
overcome the problem of these drugs not being able 
to cross the BBB. In these studies, various invasive 
and noninvasive methods have been employed. 
Invasive methods include direct injection of drugs 
into the brain parenchyma for therapeutic purposes, 
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manipulation of certain hyperosmolar solutions 
[52], implantation of controlled release systems 
[53], and focused ultrasound using microbubbles 
[54]. Noninvasive methods include the nose-to-brain 
pathway, inhibition of efflux transporters, chemical 
modification of drugs, and the use of nanocarriers 
(such as liposomes, lipid/polymeric/inorganic 
nanoparticles, nanogels, and nanoemulsions) [49]. 
The intracranial drug delivery, one of the invasive 
methods, has been considered as an interesting 
treatment strategy compared to systemic application 
in difficult-to-treat epilepsies. Although this method 
has some advantages, such as giving the opportunity 
to use substances that are impermeable to the BBB, 
reducing the risk of systemic/neurological side 
effects, and reaching high drug concentrations in the 
targeted localization, and some disadvantages such 
as being an invasive procedure and difficulty in long-
term administration of the drug have been reported 
[55]. The nose-to-brain route, one of the non-invasive 
methods, not only increases the brain bioavailability 
of the drug by reaching the central nervous system 
directly through the olfactory and trigeminal nerve 
pathways, but also it is a promising route even in 
aggressive brain cancer such as glioblastoma due 
to the high vascularization of the nasal mucosa, 
reduced systemic metabolism, low risk of infection 
and suitability for chronic use [56,57]. The safety, 
efficacy, feasibility, advantages, disadvantages, 
and potential complications of these approaches in 
clinical applications have been debated for years and 
continue to be a topic of ongoing discussion.

4. CONCLUSION

The BBB maintains the integrity and homeostasis 
of brain cells under physiological conditions by 
providing a physical barrier, a metabolic barrier, 
and selective transport systems. It protects the brain 
from changes in the blood, metabolizes and modifies 
substances in the blood and brain, and ensures an 
optimal environment for neurons. However, while 
this vital system protects the brain from potentially 
harmful compounds, it also presents a major 
barrier to the passage of therapeutic drugs into the 
brain parenchyma in various brain pathologies.  

It appears that various physicochemical properties 
of substances used for therapeutic purposes and 
some peripheral factors significantly affect BBB 
bioavailability. Various invasive or non-invasive 
strategies are being followed in order to increase the 
effectiveness of treatment in various brain diseases 
by overcoming the BBB barrier in a controlled 
manner. In recent years, some of the non-invasive 
strategies are promising even in the most aggressive 
brain cancers. Considering the wide spectrum of 
central nervous system diseases, it is clear that 
there is a significant need for new drug designs or 
formulations with pharmacokinetic profiling and the 
development of optimal treatment strategies.
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