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Abstract: Phthalates, which are used as plasticizers to soften rough polymers in the industrial processes,
possess endocrine system disrupting activities. In this study, a hydrophilic-lipophilic balance solid-phase
extraction method was optimized for seven phthalates as dimethyl, dipropyl, benzyl butyl, di-n-butyl,
dicyclohexyl, di-(2-ethylhexyl) and di-n-octyl phthalates in terms of the type and the volume of the
conditioning and the elution solvents. The phthalates were quantified by a validated HPLC/UV method. The
recovery values were higher than 80% for dimethyl, dipropyl, benzylbutyl, di-n-butyl and dicyclohexyl

phthalates. Using optimized conditions, three types of liquid pharmaceutical preparations as an intravenous
isotonic sodium chloride solution, an intravenous dextrose solution and an osmotic laxative kept in
polymeric packages were analyzed with high accuracy, precision and recovery. Only the intravenous
isotonic sodium chloride solution was determined to be contaminated with dipropyl phthalate at a
concentration of 13.2+0.16 ug/L.
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INTRODUCTION Considering the negative impacts of phthalates on

human health, it became more of an issue to
Phthalates are a class of dialkyl or alkyl aryl esters develop reliable extraction and analysis methods.
of 1,2-benzenedicarboxylic acid. They are Because of the low concentration levels and
suspected endocrine-disrupting compounds complex sample matrices, direct use of the
widely used to increase the flexibility of plastics analytical methods is usually limited by their
or in common household products, cosmetics, sensitivity and/or selectivity. Generally, a pre-
detergents, flame retardants, plastics, inks, concentration/clean-up step is necessary prior to
adhesives, metal food can liners, and medical analysis. In this purpose, solid-phase extraction
devices (1). Since phthalates are not chemically (SPE) is one of the mostly used methods in
bounded to polymer matrices, they can easily determination of phthalates (4). Different types
migrate to foods, beverages, cosmetics, and of SPE sorbents such as PLRP-S (5), C18 (6),
pharmaceuticals kept in polymeric packages (2). polymeric anion exchanger (7), florisil (8), carbon

nanotubes (9), magnetic carbon nanotubes (10),
Some of the phthalates are thought to disrupt the magnetic graphene (11, 12) and molecularly
endocrine system by competing with 178- imprinted polymers (13) have been used for the
estradiol for binding to the estrogen receptors extraction of phthalates from various matrices. In
(3). Also, toxicological studies have revealed that a study, hydrophilic-lipophilic balance (HLB)
the lower molecular weight phthalates were sorbent, which is a hydrophilic modified polymeric
irritating to eyes, nose, throat, and larger reversed-phase material, was used to investigate
molecular weight phthalates were suspected the potential migration of plasticizers, plastic
carcinogens (1). components and additives from several plastic

water bottles (14). Since HLB is water-wettable,
it possesses high retention capability even if the
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sorbent runs dry. Also HLB contains both nonpolar
and polar functional groups, that provides
retention of a wide range of analytes from
aqueous samples (4).

One of the reasons of the exposure to phthalates
for human is the contaminated pharmaceutical
preparations kept in polymeric packages. There
are several studies on migration and/or
determination of pharmaceutical packaging
materials in the literature (15, 16). In the present
study, it was aimed to determine the phthalate
content of liquid pharmaceutical preparation
samples in polymeric packages by an offline SPE-
HPLC/UV method. A SPE procedure was optimized
for the extraction of seven phthalates as dimethyl
(DMP), dipropyl (DPP), benzyl butyl (BBP), di-n-
butyl (DBP), dicyclohexyl (DCHP), di-(2-
ethylhexyl) (DEHP) and di-n-octyl (DOP)
phthalates using HLB cartridges. The analytes
were detected by a simultaneous HPLC-UV
method. Finally, the developed SPE-HPLC/UV
method was applied to 3 different types of liquid
pharmaceutical preparations as an intravenous
isotonic NaCl solution, an intravenous dextrose
solution, and an osmotic laxative preparation
kept in polymeric packages.

MATERIALS AND METHODS

Materials and chemicals

The analytical standards of DMP, DPP, DBP, BBP,
DCHP, DEHP, DOP and formic acid (FA) were
purchased from Sigma (Darmstadt, Germany).
The stock solution that contained each of the
analyzed phthalates at a concentration of 10
mg/L was prepared with HPLC-grade methanol.
The standard solutions in the range of 0.05-2.50
mg/L were prepared by diluting the stock solution
to appropriate volumes with the mobile phase.
Supel™-Select HLB SPE cartridges (200 mg/6
mL) were purchased from Sigma-Aldrich (Diren,
Germany). Methanol (MeOH) (HPLC-grade),
acetonitrile (ACN) (HPLC-grade), o-phosphoric
acid (OPA) and potassium dihydrogen phosphate
(KH2PO4) were purchased from Merck
(Darmstadt, Germany). The phosphate buffer
was prepared with 0.78 g KH2PO4 and 340 uL of
OPAin 1 L of ultra pure water. All of the glassware
used was rinsed with n-hexane and dried at 90°C
to avoid any contamination of phthalates. Also a
blank analysis was carried out to check the purity
of the chemicals and SPE cartridge used.

Pharmaceutical preparation samples
Intravenous isotonic NaCl solution, intravenous
dextrose solution, and osmotic laxative
preparation in polymeric packages were
purchased from a local drugstore in Istanbul
(Turkey) in 2017.

Instruments and analytical conditions

The quantitative analysis of the phthalates was
accomplished with a Shimadzu (Shimadzu, Kyoto,
Japan) LC20A HPLC system with UV detection.
Analytes were separated on a GL Sciences (GL
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Sciences, Tokyo, Japan) Intersil ODS-3 column
(C18, 250%x4.6 mm, i.d. 5.0 um) and quantified
by a slightly modified HPLC-UV method, which
was developed and validated in a former study
(2). A gradient program with a mobile phase
system consisting of 0.2 M KH,PO4 buffer (pH 2.6)
and MeOH/ACN (50:50, v/v) was established for
the elution. The flow rate was 1 mL/min and the
injection volume was set to 20 pL. The column
temperature was adjusted to 40°C. The analyte
peaks were detected at 230 nm. All of the
analyses were performed in triplicate. The data
obtained were analyzed by the LabSolutions
software (version 1.25).

Quantification of phthalates

Phthalates were identified by comparing their
retention times with those of the ones in the
samples and with the increase of the peak areas
after spiking. Data obtained using different
wavelengths were compared. The quantification
was performed by the external standard method.
The calibration curves were prepared in the
concentration range of 0.05-2.50 mg/L with six
replicates. The linear regression model of least-
squares was used for the calibration and analysis
of the results (LabSolutions, Version 1.25).

Optimization of the SPE method

At first, the SPE optimization studies were
performed with a standard solution containing
each of the phthalates at a concentration of 0.10
mg/L. The volume and the type of the
conditioning and the elution solvents were
optimized to obtain the highest recovery values.
Several conditioning solvents (A: MeOH, water;
B: MeOH; C: MeOH, 1% o-phosphoric acid
solution; D: MeOH at pH 3.0 by o-phosphoric
acid, water; E: MeOH at pH 3.6 by phosphate
buffer) were examined to get the best retention.
Three different types of elution solvents
(MeOH/ACN, 50:50 v/v; ACN; ACN with 1% FA)
were compared in terms of elution efficiency. The
volumes of the conditioning and the elution
solvents were selected following the trials
performed with 3, 6 and 12 mL of each. Later,
phthalates were extracted from the original and
spiked (at 0.10 mg/L) liquid pharmaceutical
preparation samples using the optimized SPE
procedure. The standard solutions, original and
spiked samples were extracted in triplicate to
check the repeatability of the method. The
precision of the method was determined as the
percent relative standard deviation (RSD%) of
the three replicate extractions. The recoveries
from the standard solutions were calculated using
the HPLC analysis data and the real concentration
of the solutions. The recovery from the
pharmaceutical preparation samples were
determined by the data of the original and the
spiked samples.

RESULTS AND DISCUSSION

In the present study, Supel™-Select HLB
cartridges, which were composed of hydrophilic



Kdéseoglu Yilmaz P. JOTCSA. 2019; 6(3): 271-280.

modified styrene polymer, were used for the
extraction of phthalates. One of the advantages
of HLB sorbents for the extraction of analytes with
aromatic rings is their selectivity to these
compounds by n—-n interactions. In addition, HLB
sorbents possess both nonpolar and polar
functional groups, providing the extraction of a
wide range of polar to nonpolar and acidic to basic
compounds from aqueous samples. Considering
these advantages, an HLB SPE method was
developed and applied for the extraction of DMP,
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DPP, BBP, DBP, DCHP, DEHP and DOP (Figure 1)
from liquid pharmaceutical preparations kept in
polymeric packages. The volume and type of the
conditioning and the elution solvents were
optimized to obtain the highest recovery values.
Phthalates were quantified by a slightly modified
HPLC-UV method, which was developed and
validated by Yilmaz et al. (2). The analytical
performance of the present HPLC-UV method was
given in Table 1.

ot okEs

R, R'=CHj: dlmethy] phthalate
R, R'= C;H5: dipropyl phthalate
R, R'= C,4Hy: di-n-butyl phthalate

R= CsHsCH>, R'= C4;Hg: benzylbutyl phthalate

R, R'= CgH,: dicyclohexyl phthalate
R, R'= CgH,7: di-n-octyl phthalate

dlethylhexyl phthalate

Figure 1. Chemical structures of the analyzed phthalates.

Selection of the conditioning solvent type
The general conditioning procedure for an HLB
cartridge includes conditioning with an organic
solvent like methanol (MeOH) or acetonitrile
(ACN) followed by water or a buffer solution
for aqueous samples. In the present study,
several conditioning solvent types (A: MeOH,
water; B: MeOH; C: MeOH, 1% o-phosphoric
acid solution; D: MeOH at pH 3.0 by o-
phosphoric acid, water; E: MeOH at pH 3.6 by
phosphate buffer) were examined to get the
best retention from a standard solution
containing each of the phthalates at a
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concentration of 0.10 mg L' (Figure 2).
Recovery values higher than 80.00% were
obtained by using conditioning solvent E. Only
DEHP and DOP had lower retention (recoveries
52.88% and 32.62%, respectively) since the
polarities of these analytes were significantly
lower than the others. After conditioning, 6 mL
of the standard solution was loaded. The
cartridge was washed with 3 mL of water to
avoid the water soluble interferences. Then
the analytes were eluted with 6 mL of ACN
containing 1% FA.
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Table 1. Analytical performance of the HPLC/UV method (n = 6).

Analyte tr (Min) Calibration range Linear equation R2 LOD LOQ Tailing factor Resolution
(mg/L) (mg/L) (mg/L)

DMP 4.285+0.018 0.05-2.50 y=1016567x+7258.6 0.9999 0.01 0.02 1.167+0.035 -

DPP 6.589+0.035 0.05-2.50 y=504397x+4266.2 0.9999 0.01 0.02 1.145+0.049 12.018+0.162

BBP 7.589+0.095 0.05-2.50 y=632886x+4272.5 0.9999 0.01 0.02 1.137+0.085 5.704+0.055

DBP 7.897+0.033 0.05-2.50 y=290853x+3066.5 0.9999 0.01 0.03 1.141+0.063 2.057+0.063

DHCP 9.659+0.021 0.05-2.50 y=250847x+2352.1 0.9999 0.01 0.02 1.118+0.055 9.481+0.085

DEHP 13.581+0.045 0.05-2.50 y=2562203x+546.5 0.9999 0.01 0.02 1.102+0.065 17.764+0.046

DOP 14.415+0.019 0.05-2.50 y=241992x-2914.6 0.9977 0.09 0.27 1.110+0.078 2.941+0.084
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DCHF DEHP

DOP

Figure 2. Selection of the conditioning solution. Loading: 6 mL of 0.10 mg/L standard solution, washing:
3 mL H;0, elution: 6 mL ACN (1% FA). n = 3, RSD%: 0.62 - 2.35.

Selection of the elution solvent type

Three different types of elution solvents
(MeOH/ACN, 50:50 v/v; ACN; ACN with 1% FA)
were examined to optimize the SPE procedure.
The highest recovery values were obtained with

ACN containing 1% FA (Figure 3). Non-acidified
elution solvents were incapable of breaking the
interactions between the phthalates and the HLB
sorbent sufficiently.

100.00

80.00

60.00

Recovery, %

20.00

0.00

ACN (1% FA)
ACN
MeOH:ACN

DMP

DPF  BEP

DEP DCHF DEHP

popP

Figure 3. Selection of the elution solvent. Conditioning: 6 mL of MeOH - 6 mL of water, loading: 6 mL of
0.10 mg/L standard solution, washing: 3 mL H,O. n = 3, RSD%: 0.74 - 2.14.

Selection of the conditioning and the elution
solvents’ volumes

Several studies were performed to optimize the
volumes of conditioning and the elution solvents.
For this purpose 3, 6, and 12 mL of conditioning
and elution solvents were used for the extraction
of the phthalates. Considering the recovery
values, 6 mL of conditioning solvent (Figure 4)
and 6 mL of elution solvent were selected as the
optimum volumes (Figure 5). The volume values
higher than 6 mL provided similar results of
recovery.
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Pharmaceutical preparation sample analysis
Using the optimized SPE procedure, phthalates
were extracted from three different types of liquid
pharmaceutical preparations as an intravenous
isotonic NaCl solution, an intravenous dextrose
solution, and an osmotic laxative preparation in
polymeric packages. Six milliliters of the sample
was loaded to HLB cartridge after conditioning
with 6 mL of MeOH at pH 3.6 (adjusted by
phosphate buffer). The sorbent was washed with
3 mL of water and the analytes were eluted using
6 mL of ACN containing 1% FA. The solvent was
evaporated under reduced pressure and the
residue was dissolved in 0.6 mL of the mobile
phase. Twenty microliters of the filtered solution
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(through 0.45 pm) was injected to the HPLC-UV
system. The SPE procedure was triplicated for
each of the original and the spiked (at 0.10 mg/L)
samples. All of the HPLC-UV analyses were
performed in triplicate. Precision of the method

RESEARCH ARTICLE

was determined in terms of relative standard
deviation percent (RSD%), which was lower than
2.85% (Table 2). The recovery values of the
phthalates were higher than 80% except DEHP
and DOP (Table 2).

100.00

2
g

Recovery, %
&
2

!l

m3iml #6mL w1Zml

DCHP DEHP DOP

Figure 4. Selection of the conditioning solvent volume. Conditioning: 6 mL MeOH, loading: 6 mL 0.10 mg/L
standard solution, washing: 3 mL HxO, elution: 6 mL of ACN (1% FA). n = 3, RSD%: 0.52 - 2.11.
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Figure 5. Selection of the elution solvent volume. Conditioning: 6 mL of MeOH, loading: 6 mL 0.10 mg/L
std solution, washing: 3 mL of H0, elution: 6 mL ACN (1% FA). n = 3, RSD%: 0.96 - 2.41.
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Table 2. Precision and accuracy of the SPE-HPLC/UV method”.

Analyte Isotonic NaCl solution Dextrose solution Osmotic laxative
Recovery% RSD% Recovery% RSD% Recovery% RSD%

DMP 92.45 2.36 103.48 1.99 108.96 1.68
DPP 96.33 2.59 100.65 1.86 90.21 2.85
BBP 87.21 1.89 96.55 2.10 90.25 2.01
DBP 86.66 2.45 88.23 1.98 86.63 1.68
DCHP 80.55 1.50 80.55 2.05 81.02 1.56
DEHP 50.88 1.02 54.72 2.01 53.12 2.01
DOP 45.77 2.05 40.52 2.54 41.22 2.11

* Samples were spiked at 0.10 mg/L (n = 3).

In other studies, DEHP and DBP were detected in
pharmaceutical preparations kept in polyvinyl
chloride and polyethylene packages, respectively
(16, 17, 18, 19). Unlikely, the analyzed samples
did not contain any of the phthalates examined in
the present work, except isotonic NaCl solution

A

10 \ N

which was determined as contaminated with DPP
at 13.2+0.16 pjg/L (RSD%, 1.24%). HPLC
chromatograms belonging to original and spiked
isotonic NaCl solution samples were given in
Figure 6.

Figure 6. HPLC chromatograms of A) original and B) 0.10 mg/L spiked isotonic NaCl solution sample.

CONCLUSION

In the present study, an SPE method was
optimized for the simultaneous extraction of
seven phthalates from liquid pharmaceutical
preparations by HLB cartridges. The optimized
extraction method was capable of extraction of
DMP, DPP, DBP, BBP and DCHP with recovery
values higher than 80%. The extraction
recoveries were below 80% for DEHP and DOP
since they have lower polarities. A conditioning
solvent with lower polarity might be more
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appropriate to improve the retention of DEHP and
DOP by HLB sorbent. The optimized SPE method
provided determination of low concentrations of
phthalates (at level of pg/L) with good precision
and accuracy using a common HPLC system with
UV detection. To the best of our knowledge, the
proposed work might be the first report on
phthalate content of pharmaceuticals kept in
polymeric packages in Turkey.
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Abstract: In the present study, the extract of an endemic plant ourkey Marrubium sivasense Aytag,
Akgul & Ekici was investigated for phytochemical profile, antioxidant properties and inhibition of
several enzymes. The chemical composition of the extract was investigated with LC-MS/MS
technique. Forsythoside B, verbascoside and leucoseptoside were identified as the main compounds.
The free radical scavenging activity of the extract was determined against DPPHe radicals (IC50 0.34

mg/mL) and ABTSe+ cation radicals (TEAC 2.3 mM). In the xanthine-xanthine oxidase (XO) system
and in B-carotene bleaching assay the extract demonstrated moderate activity (Inh% 16.54 and
Inh% 43+1.26, respectively). The extract demonstrated hypoglycemic activity (Inh% 49.67+1.09)
via inhibition of porcine pancreatic a-amylase. The antiinflammatory effect tested via inhibition of 5-
LOX was found as Inh% 18.71+0.74. However, no antityrosinase activity was found.
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tyrosinase.
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INTRODUCTION

The genus Marrubium L. (Lamiaceae) consists
of 40 species indigenous in Europe, the
Mediterranean and Asia. In the Flora of
Turkey, the genus is represented by 21 taxa,
of which 12 are endemic (1-3). The endemism
rate (57%) shows that Turkey is an important
center of diversity for the genus (4, 5). Several
aspects on chemical and pharmacological
potent of the genus Marrubium were reported
by Meyre-Silva et al (6). A previous
phytochemical studies on Marrubium species
resulted with polyphenols (7), essential oils
(8), labdane diterpenoids and sterols (9, 10).
Biological activity investigations of Marrubium

species encompasses antibacterial (11),
antioxidant, antiproliferative (12),
antinociceptive (13), antidiabetic (14),

antihypertensive (15), hepatoprotective (16),
antiinflammatory (17), cardioprotective (18)
and cytotoxic/cytostatic (19) potentials. Some
Marrubium species are traditionally used to
treat various diseases, including asthma,
pulmonary infections, inflammation and
hypotension, as cholagogues and sedative
agents, and for pain relief. M. vulgare
(horehound) is cultivated in Lithuania (20) and
serves as raw material and source for food
flavoring and for medicinal purposes (herbal
extracts) and beverage industries (21). The
plant has also been used as a substitute for
hop in beer-breweries and as an ingredient of
pastilles, as a flavoring in stick candy, and
candy drops (22, 23). In Turkey, Marrubium
species are known as “Agor galbasi” (in Sivas
province), “salba” (in Antalya province) and
“kayiskiran otu” (in Kirklareli province) (24).

Marrubium sivasense Aytag, Akgul & Ekici is
the local endemic species in Sivas province of
Turkey (1). The local name of this plant is
“kukasotu”. Taking into consideration the
previous literature data on the chemistry and
biological activities of Marrubium species as
well as lacking information about M.
sivasense, we aimed to investigate chemical
composition and biological potential of this
species. Therefore, the extract of M. sivasense
was screened for antioxidant activity using
different in vitro methods like 2,2-diphenyl-1-
picrylhydrazyl (DPPH') radical scavenging
test, Trolox equivalent antioxidant capacity
test and p-carotene bleaching test. The
antioxidant effect of extract on oxidative
damage was also evaluated with enzymatic
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method using XO system that generated
superoxide anion radical (02-). The test
samples which interact with XO can affect the
kinetics of xanthine oxidation to uric acid
which causes hyperuricacidemia associated
with gout (25). XO has a role in the generation
of reactive oxygen species in various
pathologies such as viral infection,
inflammation, brain tumors or the process of
ischemia/reperfusion. Thus, inhibitors of XO
are expected to be therapeutically useful for
the treatment or prophylaxis of these
diseases. Earlier, it has been supposed that
the essential oil of M. peregrinum L. may
contain compounds that would be more
effective in the treatment of gout from the
widely used allopurinol because of they can
inhibit XO as well as neutralize 02-¢ (26). In
literature there is no any information about
effect of Marrubium sivasense on XO enzyme.
Therefore, it was aimed to investigate
inhibitory effect of M. sivasense extract on XO
enzyme.

In the literature there is information about
antiinflammatory properties of M. vulgare and
M. allyson (27, 28). The phenylpropanoid
glycosides from M. vulgare have been reported
as the strong inhibitors of enzymes associated
with  inflammation. Therefore, it was
interesting to investigate the extract of M.
sivasense against 5-lipoxygenase (5-LOX)
enzyme, which linked to inflammation
process.

Recently, the perspectives of M. vulgare as
antidiabetic natural product have been
discussed in several papers (14, 29, 30). The
investigation of M. sivasense inhibitory activity
against pancreatic a-amylase, which is known
as key enzyme in digestion of dietary
carbohydrate in organism, may give
information on antihyperglycemic potential of
the plant. The inhibitors of O-amylase enzyme
may be effective in retarding carbohydrate
digestion and glucose absorption to suppress
postprandial hyperglycemia.

A literature search revealed information about
tyrosinase inhibition potent of flavonoids and
phenylethanoid glycosides isolated from M.
velutinum and M. cylleneum. (7). In the scope
of the present work, we attempted to
investigate in vitro potential of M. sivasense
against tyrosinase enzyme which is the key
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enzyme in production of melanin (31). The
central role of tyrosinase in dopamine
neurotoxicity as well as contribution to the
neurodegenerative Parkinson’s disease has
earlier been well documented (32). The
inhibitors of tyrosinase found application in
cosmetic products for whitening and
depigmentation after sunburn as well as for
the treatment of hyperpigmentation.
Nowadays, there is increasing demand for
naturally derived inhibitors of tyrosinase due
to diverse side effects of synthetic products.
The tyrosinase inhibitory activity of M.
velutinum and M. cylleneum was reported to
be due to flavonoid and phenylethanoid
glycosides (7). It was supposed, that
flavonoids and cinnamic acid derivatives may
contribute to antityrosinase activity of M.
vulgare extract (33). The above mentioned
reports encouraged us to investigate M.
sivasense for antityrosinase activity. The
present research work is the first contribution
into the chemistry and biological activities of
M. sivasense, endemic species from Turkey.

MATERIALS AND METHODS

Chemicals and Enzymes

3,4-Dihydroxyl-L-phenilalanine, B-carotene,
linoleic acid, Tween-20, butylated
hydroxytoluene (BHT), gallic acid, (£)-6-

hydroxy-2,5,7,8-tetramethylchromane-2-

carboxylic acid (Trolox), 2,2-diphenyl-1-
picrylhydrazyl (DPPH'), amonium acetate,
kojic acid, acarbose, 3,4-dihydroxy-L-

phenylalanine (L-DOPA), nordihydroguaiaretic
acid (NDGA), allopurinol, a-amylase from
porcine pancreas (Type VI-B, EC 3.2.1.1),
tyrosinase from mushroom (EC 1.14.18.1),
xanthine oxidase from bovine milk (Grade 1V)
and lipoxidase from Glycine max (Type I-B)
were purchased from Sigma-Aldrich (St. Louis,
MO, USA). Soluble starch extra pure, iodine
and potassium iodide were purchased from
Merck (Darmstadt, Germany). Sodium
phosphate, disodium phosphate, aluminum
chloride, water and methanol were extra pure
analytical grade. A C9-C40 n-alkane standard
solution was purchased from Fluka (Buchs,
Switzerland). All solvents were purchased
from Sigma Aldrich (Germany) and were of
analytical grade.
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Equipment

Shimadzu 20A HPLC system equipped with
Applied Biosystem 3200 Q trap MS/MS
detector was wused for chromatographic
analysis of the extract. Microtiter plate assay
was performed with Biotek Powerwave XS
microplate reader. Ultrapure water was
obtained from a Direct-Q Water Purification

System (Germany). Spectrophotometric
measurements were carried out with a UV-
Pharma Spec 1700 (Shimadzu)
spectrophotometer.

Plant Material

The aerial parts of M. sivasense were collected
in Sivas province, vicinity of Mancilik village of
Kangal district, on June, 2015 and dried under
the shade. Botanical identification was
performed by Dr. Mehmet Tekin (Trakya
University, Faculty of Pharmacy, Department
of Pharmaceutical Botany). The voucher
specimen is stored in the Herbarium of
Cumbhuriyet University, Faculty of Science
(CUFH) under herbarium code Tekin 1686.

Preparation of the Extract

Aerial parts of M. sivasense (10.0 g) were
powdered and subjected to maceration in
methanol (200 mL) by shaking (3000 per min)
at room temperature for 24 h. The obtained
liquid extract was filtered and dried under
vacuum. The dried methanol extract was kept
at 4°C until phytochemical analysis and
biological activity tests.

Liquid-Chromatography - Mass

Spectrometry (MS/MS)

LC-MS/MS analysis was carried out using an
Absciex 3200 Q trap MS/MS detector. The
experiments were performed with a Shimadzu
20A HPLC system coupled to an Applied

Biosystems 3200 Q-Trap LC-MS/MS
instrument equipped with an ESI source
operating in negative ion mode. For the

chromatographic separation, a GL Science
Intersil ODS 250 x 4.6 mm, i.d., 5 ym particle
size, analytical column operating at 40°C was
used. The solvent flow rate was maintained at
0.5 mL/min. The detection was carried out
with PDA and MS detectors. The elution
gradient consisted of mobile phases (A)
acetonitrile : water : formic acid (10:89:1,
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v/v/v) and (B) acetonitrile : water : formic acid
(89:10:1, v/v/v). The composition of B was
increased from 10% to 100% in 40 min. LC-
ESI-MS/MS data were collected and processed
by Analyst 1.6 software.

Identification of Compounds

Identification of phenolic constituents was
based on matching of mass-spectral patterns
obtained with LC-MS/MS system.

Free Radical Scavenging Activity (DPPH"
assay)

The hydrogen atoms or electrons donation
ability of M. sivasense extract was evaluated
according to bleaching of purple colored
DPPH®° stable radicals by using of the method
of Brand-Williams (34) with slight

Inh%=(

where, Abscontrol is the absorbance of the
control (containing all reagents except the test
compound), Abssample is the absorbance of
the sample with added DPPH reagent. The
IC50 values were obtained by plotting the
DPPH " scavenging percentage of each sample
against the sample concentration. Data were
analyzed using the SigmaPlot software
(Version 12.0).

Trolox Equivalent Antioxidant Capacity
(TEAC Assay)

The free radical scavenging activity of the
extract was tested against 2,2'-azino-bis(3-
ethylbenzothiazoline-6-sulfonic acid)
(ABTSe+) cation radicals according to the
procedure described by Re et al. (35) with
slight modifications. 7 mM ABTS and 2.5 mM
K2S208 dissolved in 10 mL ultrapure water
were allowed to stand in the dark for 16 h at
room temperature to create ABTSe+ cation
radicals. Prior to the assay, ABTSe+ solution
was diluted with absolute ethanol to get an
absorbance between 0.7-0.8 at 734 nm. The
solutions of the extract (5 mg/mL) and Trolox
(standard, 3.0; 2.0; 1.0; 0.5; 0.25; 0.125
mM) were prepared in methanol. In the
experiment, the sample solution (10 ulL) was
mixed with 990 pL ABTSe+ solution. Ten
microliter of methanol instead of the sample
mixed with ABTSe+ solution was used as the
control. Gallic acid solution (0.1 mg/mL) was
used as the positive control. Decrease in the
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modifications. The solution of DPPH® (0.08
mg/mL, in methanol) was freshly prepared
daily, kept in the dark at 4 oC between the
measurements. The solutions of the extract
(10 mg/mL) and gallic acid (0.1 mg/mL) were
prepared in methanol. In the experiment, 100
ML of the sample (extract/ standard) solution
and 100 pL of DPPH solution were pipetted by
multichannel automatic pipette (Eppendorf
Research® plus, Germany) into 96-flat bottom
well plate cells and allowed to stand in the dark
for 30 min. The control well contained 100 pL
methanol (instead of the sample) mixed with
100 pL of DPPH. The decrease in the
absorbance was recorded at 517 nm. Gallic
acid (standard) was used as the positive
control. The experiments were performed in
triplicate. The free radical scavenging activity
of the samples was expressed as percentage
of inhibition calculated according to Equation
1:

M)Xloo (Eq. 1)

Abscontrol

absorbance after 30 minutes of incubation was
recorded at 734 nm to get linear Trolox
equation. ABTSe+ scavenging activity of the
sample was expressed as Trolox equivalent
antioxidant capacity and calculated using
linear  equation obtained for  Trolox
(y=33.644xx+ 2.6523, r2=0.9942).

B-Carotene/Linoleic Acid Peroxidation
Inhibition Assay

B-Carotene/linoleic acid peroxidation inhibition
assay used linoleic acid as the model lipid
substrate in an emulsified form (with Tween-
20) lies in between methods employing only
model substrates (e.g. DPPH') and those
using real lipids (36). Inhibition of lipid
peroxidation by M. sivasense extract was
measured according to method of Marco (37)
with slight modifications. Briefly, B-carotene
(5 mg) dissolved in chloroform (5 mL) was
added to flask containing linoleic acid (120
mg) and Tween-20 (1200 mg). The content of
flask was vigorously shaken and chloroform
was evaporated under the vacuum. After
evaporation, pure water (300 mL) was added
and shaken vigorously. BHT (1 mg/mL) was
used as the standard inhibitor. The sample
(extract/ standard) solution (10 ulL) and B-
carotene emulsion (2 mL) were mixed in the
deep well plate. After that, 300 pL of the
mixture was placed by multichannel automatic
pipette (Eppendorf, Germany) into a 96-well
microplate cells and incubated at 50°C for 2 h.
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Control was prepared without sample or
standards according to the same procedure.
The rate of B-carotene bleaching was
monitored by measuring the absorbance at 15
min periods at 470 nm in an ELISA microplate

AbSOsgmpie— AbS1205qmp1
AA% = 1_( sample sampe) % 100
AbSOcontrot—AbS120control

where, AA is an antioxidant activity,
AbsOsample and Absl20sample are the
absorbance values of the sample at 0 min and
120 min, AbsOcontrol and Abs120control are
the absorbance values of the control at 0 min
and 120 min.

Xanthine Oxidase (XO) Inhibition Assay

The XO inhibition assay was carried out
according to procedure reported by Chen (38)
with slight modifications. Namely, the stock
solution of the extract (5 mg/mL) prepared in
methanol was diluted with phosphate buffer
(0.1 M, pH 7.5) up to 1 mg/mL. In the
experiment, the sample solution (100 pL),
buffer (1.75 mL) and 40 pL of XO (0.33 U/mL
in sodium phosphate buffer) were pipetted in

Inh% = [(Abscuntrul_Abscuntrul blank) ~(AbSsample—AbSsample blank)] % 100

AbScontrot—AbScontrol blank

where Abscontrol and Abscontrol blank are the
absorbance values of the control and its blank,
Abssample and Abssample blank are the
absorbance values of the sample and its blank.

Tyrosinase Inhibition Assay

An inhibitory activity of M. sivasense extract
on tyrosinase was assessed using the modified
microplate method reported by Masuda (39).
The solution of the extract (1 mg/mL) was
prepared in phosphate buffer (pH 6.8) with
adding DMSO. The experiment was carried out
as follow: eight wells were used, A (three
wells, control), B (one well, blank), C (three
wells, sample), and D (one well, blank), which
contained the following reaction mixtures: A,

_ (Absp—Absg )—(Absc—Absp)
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reader (Biotek Powerwave XS). Analyses were
run in triplicate and the results were expressed
as average of inhibition percentage values
with SEM calculated according to Equation 2:

Equation (2)

quartz cuvette and pre-incubated for 10 min
at 25 °C. The reaction was initiated by addition
of the substrate solution (100 pL 0.5 mM
xanthine in buffer). Then, the mixture was
subjected to the second incubation for 12 min
at 25 °C. The sample blanks contained all
reaction reagents and 40 pL buffer instead of
enzyme. The control cuvette contained all the
reagents without the sample (plus equivalent
amount of the sample solvent was added).
Control incubations, representing 100%
enzyme activity were conducted in the same
manner replacing the plant extract with the
solvent used for the solution of the extract.
The standard inhibitor of XO, allopurinol (1 mM
in DMSQO) was used as the positive control.
Absorbance at 295 nm was recorded with a
spectrophotometer. The percentage inhibition
was calculated according to Equation 3:

(Eqg. 3)

120 uyL of phosphate buffer (0.1 M, pH 6.8)
and 40 pL of tyrosinase (33.3 U/mL) in the
buffer; B, 160 L of the buffer; C, 80 pL of the
buffer, 40 uL of tyrosinase (33.3 U/mL) in the
buffer, 40 yL of the sample-buffer solution
containing DMSO; D, 120 L of the buffer and
40 pL of the sample solution containing DMSO.
Pipetting was performed with multichannel
automatic pipette (Eppendorf Research® plus,
Germany). Kojic acid (0.01-0.1 mg/mL in
buffer) was used as the positive control. The
contents of each well were mixed and then
preincubated at 23°C for 10 min, before 40 pl
L-DOPA (2.5 mM) in the buffer was added.
After incubation at 23°C for 15 min, the
absorbance at 475 nm was measured using an
ELISA microplate reader (Biotek Powerwave
XS). The percentage inhibition of the
tyrosinase activity (Inh %) was calculated
according to Equation 4:

Inh% =

(Abs,—Absg)

a-Amylase Inhibition Assay

The inhibitory potential of the extract on
activity of a-amylase was measured using
Caraway-Somogyi iodine/potassium iodide
(I/KI) method (40) with slight modifications.
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x 100 (Eq. 4)

The substrate solution (0.05 %) was prepared
by dissolving soluble potato starch (10 mg) in
20 mL ultrapure water then boiling for 10 min
and cooling to room temperature before use.
As a positive control experiment, acarbose
(0.01-0.1 mg/mL in buffer) was used. The
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experiment was carried out as follows: 20 mM
sodium phosphate buffer (pH 6.9) was
pipetted in the 96-well flat bottom plates with
multichannel automatic pipette (Eppendorf,
Germany), then 25 uL sample solution and 50
ML a-amylase (0.8 U/mL in buffer) were added
and incubated for 10 min at 37°C. After
incubation, 50 pL substrate solution was
added to the mixture. The mixture was
subjected to the second incubation for 10 min
at 37°C. The reaction was stopped by addition
of 25 pL HCI (1 M). Finally, 100 pL of I/KI
reagent was added to the wells. The sample
blanks contained all reaction reagents and 50
ML buffer instead of enzyme. The control wells
contained all reaction reagents and 25 pL
solvent (instead of the sample solution). The
control incubations, representing 100%
enzyme activity were conducted in the same
manner replacing the plant extract with the
solvent used for solution of the extract. The
absorbance values were recorded for the
sample and blank at 630 nm. The percentage
inhibition of the a-amylase activity (Inh %)
was calculated according to Equation 3.

Lipoxygenase Inhibition Assay

Inhibition of 5-LOX activity was measured with
spectrophotometric method described by
Albano et al. (41). The solutions of the extract
(1 mg/mL) and NDGA (0.1 mg/mL) were
prepared in methanol. The substrate solution
(4 mM) was prepared as follows: 50 mg
linoleic acid, 50 mg Tween-20, 500 pL NaOH
(1 M) were mixed and the total volume (40
mL) was adjusted with 0.1 M phosphate buffer
(pH=8). The enzyme solution was prepared in
phosphate buffer (273000 U/mL). In the
experiment, 50 pL of the sample solution
(extract/standard), 2.5 mL phosphate buffer
and 50 pL of 5-LOX were mixed in quartz
cuvette and incubated for 10 min at 25 °C.
Then, the reaction was initiated by adding
linoleic acid (25 pL). Increase in the
absorbance at 234 nm was recorded for 6 min.
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The percentage inhibition was calculated
according to equation 3.

Statistical Analysis of Data

Data obtained from antioxidant and enzyme
inhibition experiments were expressed as
mean standard error (£SEM). IC50 values
were estimated using a nonlinear regression
algorithm.

RESULTS AND DISCUSSION

In the literature, there are a number of papers
promising about phytochemical properties and
biological activities of diverse Marrubium
species (7,11-19). However, there is no
information about phytochemistry and
biological potent of endemic species M.
sivasense. The main objective of the present
work was to evaluate chemical composition
and confirm the biological potent of non-
volatile metabolites of M. sivasense. The
extract was subjected to evaluations for free
radical scavenging, lipid peroxidation
inhibition and Trolox equivalent antioxidant
capacity. Another goal was to determine
inhibitory potential of the extract on enzymes
involved in oxidation metabolism (XO),
digestion of carbohydrates (a-amylase),
process of inflammation (5-LOX), and linked to
melanin formation and Parkinson’s disease
(tyrosinase).

Composition of Extract

In scope of the research, M. sivasense
methanol extract phenolics were determined
with LC-MS/MS technique. Phenylethanoid
glycosides: forsythoside B, verbascoside,
alyssonoside, martynoside were identified as
the main compounds. Chromatographic profile
of the extract is presented on Figure 1.
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Figure 1: Liquid-chromatographic profile of the methanol extract of Marrubium sivasense.

The list of the constituents detected with MS
detector is summarized in Table 1. The
composition of the extract was constituted by
phenylethanoid glucosides as well as cumaroyl
glycosides of apigenin. Forsythoside B,

verbascoside and leucoseptoside were found
as the main phenolic constituents in M.
sivasense. Several of these constituents have
earlier been reported for M. alysson, M.
anisodon and M. cylleneum (42-44).

Table 1: Characterization of chromatographic peaks detected in the methanolic extract of Marrubium

sivasense.

Rt [I;:;/I'Iz] Fragments Compound Reference
11.5 755 593,461, 315, 297, 179, Forsythoside B (45)
13.0 623 461, 315, 179 Verbascoside (43, 46)
13.2 769 593, 575 Alyssonoside (43, 46)
14.0 463 300, 271 Quercetin glucoside (7)
15.2 637 461, 315, 297, 175 Leucoseptoside A (43,45, 46)
15.9 431 311, 269 Apigenin glucoside (45, 47)
16.3 461 445, 297, 283, 255 Chrysoeriol glucoside (42)
17.6 651 193, 175, 160 Martynoside (7)
20.1 377 249, 205 Unknown
21.1 577 431, 311, 269 Apigenin coumaroylglucoside (7, 44, 48)
23.4 577 431, 413, 269, 145, Apigenin coumaroylglucoside (7, 44, 48)
28.3 723 576, 269 Similar to Apigenin di- (44,48)

coumaroylglucoside
30.5 267 223 Unknown

Antioxidant Activity

Antioxidant activity assessments of M.
sivasense extract were performed in vitro by
using non-enzymatic and enzymatic systems
employing different model substrates: stable
free radical DPPHe and cation radical ABTS+e
as well as real substrates: linoleic acid
peroxides and superoxide anion radicals (02-
¢). Such approach allowed obtaining rather
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realistic results about the antioxidant potent of
the sample. The extract demonstrated
antioxidant activity in all antioxidant activity
assays. Namely, the extract scavenged
DPPH " free radicals with IC50 0.34 mg/mL. It
was more effective than BHT (IC50 0.50
mg/mL.), but less effective than ascorbic acid
(IC50=0.03 mg/mL.) and gallic acid (IC50
0.003 mg/mL.). The extract prevented
bleaching of B-carotene by inhibition of linoleic
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acid peroxidation with Inh% 43. In the TEAC
assay, the extract demonstrated noteworthy
ABTSe+ bleaching activity equivalent to 2.3
mM of Trolox. Such significant activity may be
observed due to phenolic compounds detected
in the extract as reported in Table 2. In the
xanthine/xanthine oxidase system, the extract
demonstrated moderate inhibitory effect
(16.54 %). As can be seen from the
antioxidant activity determination results
(Table 2), the extract of M. sivasense may be
considered as potential source of antioxidant
agents in prevention of oxidative damage. LC-
MS/MS analysis revealed that extract of M.
sivasense contained phenylethanoid
glucosides: forsythoside, verbascoside and
leucoseptoside. It has earlier been reported
that these compounds displayed notable
antioxidant capacity (49). In the literature,
there is increasing evidence that polyphenols
have multiple beneficial effects on preventing
of oxidative damage. The phenol content is
well known to correlate with higher antioxidant
activity in plant extracts (50). The mechanism
by which polyphenols exert their effects is not
fully clarified, but a consensus was reached
that polyphenols protect  membranes,
proteins, and DNA against damage by
scavenging free radicals generated through
oxidative metabolism.

Enzyme Inhibition Assays

Inhibitory Effect of the Extract on Mushroom
Tyrosinase Activity

In scope of the research work, the inhibitory
effect of M. sivasense extract on mushroom
tyrosinase activity was evaluated. The extract
was found to be inactive when tested at a
concentration of 1 mg/mL (Table 2).

Inhibitory Effect of the Extract on Porcine
Pancreatic a-Amylase Activity
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M. sivasense extract was evaluated in vitro for
hypoglycemic activity via inhibition of the
porcine pancreatic a-amylase. As can be seen
in Table 2, the extract demonstrated inhibitory
activity (Inh% 49.67). It seems to be that M.
sivasense can be considered as perspective
potential source of natural phytochemicals
with hypoglycemic effect. Earlier, antidiabetic
phytochemicals from different Marrubium
species have been proved to be effective
agents. The hypoglycemic effect of M. vulgare
extract was clinically documented in patients
with type II non-controlled diabetes mellitus
(51). It was reported, that M. radiatum extract
exerted the strongest activity against a-
amylase and a-glucosidase (52). The
evidenced-based therapeutic usage of many
plants is scarce. Nowadays, there is demand
for new effective and safe natural products
with hypoglycemic property. The efficacy of
known synthetic hypoglycemic products is
debatable. So, the plants reputed for their
antidiabetic effect should be verified either
experimentally or clinically.

Inhibitory  Effect of
Lipoxygenase Activity

the Extract on

Antiinflammatory effect of M. sivasense was
tested with 5-LOX enzyme inhibition system.
Actually, 5-LOX catalyzes the oxidation of
arachidonic acid, produces 5(S)-
hydroxyperoxyeicosatetraenoic acid (5-HETE)
which undergoes dehydration, resulting in the
formation of leukotriene. Enzymatic hydrolysis
of leukotriene, as well as conjugation with
other substances, leads to the formation of
inflammatory mediators.

In the present study, the extract of M.
sivasense was found to be as moderate
inhibitor of 5-LOX with Inh% 18.71 when
tested at 5 mg/mL concentration (Table 2).
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Table 2.The biological activity of M. sivasense extract”.

DPPH°® B- TEAC2 XOD®, a-AMLS, LOX?, TYR®,
) Carotene?, ’ Inh% Inh% Inh% Inh%
ICso Inh% mM
(mg/m
L)
Extract 0.34 43.04 2.3 16.54 49.67 18.71 N/A
Gallic acid 0.003 - - - - - -
Ascorbic acid 0.03 - - - - - -
BHT® 0.50 85.0 - - - - -
Acarbosed - - - - 98.0 - -
NDGA® - - - - - 86.38 -
Allopurinolf - - - 81.02 - - -
Kojic acid? - - - - - - 84.0
*Activity values are presented as results of triplicate experiments n=3, p<0.01; BHT:

butylated hydroxytoluene; N/A: not active; a-AML: a-amylase; LOX: lipoxygenase; TYR:
tyrosinase; NDGA: nordihydroguaiaretic acid; 5the deviation from the mean is <0.01 of the
mean value; Concentrations of the tested sample: 25 mg/mL;?1 mg/mL; 90.5 mg/mL; 90.3

mg/mL; ©0.1 mg/mL; 71.0 mM.

CONCLUSION

The liquid
Marrubium

chromatographic analysis of
sivasense methanol extract
resulted with identification of phenolic
constituents, namely forsythoside B,
leucoseptoside A, verbascoside, alyssonoside,
martynoside, as well as glucosides of
quercetin, apigenin and chrysoeriol, and
coumaroylglucoside of apigenin. Evaluation of
the extract in different model systems
revealed that M. sivasense methanol extract is
good inhibitor of a-amylase enzyme. However,
the extract did not demonstrate noteworthy
effect on 5-LOX, XOD and tyrosinase enzymes.
The data gathered from the current study
support that M. sivasense is a good source of
flavonoid constituents and other bioactive
compounds that might be responsible for the
observed antioxidant and some enzyme
inhibitory activities. These interesting results
encourage further investigation geared
towards the isolation of potent phytochemicals
of different polarity from M. sivasense.

ACKNOWLEDGEMENTS

Authors are grateful to Anadolu University
Scientific Research Department for supporting
this research project (Grant Number
1705S171).

289

REFERENCES

1. Aytac Z, Akgul G, Ekici M. A New Species of
Marrubium (Lamiaceae) from Central Anatolia,
Turkey. Turk J Bot. 2012;36:443-9.

2. Akgll G, Ketenoglu O. The new subspecies
for the Flora of Turkey: Marrubium
cephalanthum Boiss. & Noé subsp.
akdaghicum (Lamiaceae). In: Urglip, Turkey:
IXth National Conference on Ecology; 7-10
October;, Nevsehir: Nevsehir University
Faculty of Science; 2009.

3. Tuylu M, Buyukkartal HN, Akgul G, Kalyoncu
H. Marrubium lutescens Boiss. ve M.
cephalanthum Boiss. & Noé subsp.
akdaghicum (Lamiaceae)'un gbévde ve yaprak
Ozelliklerinin anatomik olarak karsilastiriimasi.

Sileyman Demirel Univ. J Nat Appl Sci.
2017;21(1):113-7.
4. Firat M. Marrubium eriocephalum

(Lamiaceae); a Species New to the Flora of
Turkey, with Contributions to its Taxonomy.
PhytoKeys. 2016(58):9-20.

5. Davis PH, Mill RR, Kit T. Flora of Turkey and
the East Aegean Islands (Suppl. 1).
Edinburgh: Edinburgh University Press; 1988.
p. 202-3.



Goger F et al. JOTCSA. 2019; 6(3): 281-292.

6. Meyre-Silva C, Cechinel-Filho V. A Review
Of The Chemical And Pharmacological Aspects
of the Genus Marrubium. Curr Pharm Des.
2010;16(31):3503-18.

7. Karioti A, Protopappa A, Megoulas N,
Skaltsa H. Identification of Tyrosinase
Inhibitors from Marrubium velutinum and
Marrubium cylleneum. Bioorg Med Chem.
2007;15(7):2708-14.

8. Golmakani H, Rabbani Nasab H, Sharifan M,
Kamali H, Yadollahi A. The Essential Oil
Composition and Antibacterial Activity of
Marrubium duabense Murata from North
Khorassan Province, Iran. J Essent Oil Bear
Plants. 2016;19(4):963-71.

9. Masoodi M, Ali Z, Liang S, Yin H, Wang W,
Khan IA. Labdane Diterpenoids from
Marrubium vulgare. Phytochem Lett.
2015;13:275-9.

10. Piozzi F, Bruno M, Rosselli S, Maggio A. The
Diterpenoids of The Genus Marrubium
(Lamiaceae). Nat Prod Commun. 2006;7:585-
92.

11. Dehbashi Z, Mazaheri M, Saeedi S,
Sabbagh SK. Antibacterial Activity of
Marrubium vulgare L. Against Antibiotic

Resistance Klebsiella pneumoniae Strains. Adv
Herb Med. 2015;1(3):9-14.

12. Hamedeyazdan S, Sharifi S, Nazemiyeh H,
Fathiazad F. Evaluating Antiproliferative And
Antioxidant Activity of Marrubium crassidens.
Adv Pharm Bull. 2014;4(Supp1):459-64.

13. De Jesus R, Cechinel-Filho V, Oliveira A,
Schlemper V. Analysis of the Antinociceptive
Properties of Marrubiin Isolated From
Marrubium vulgare. Phytomed.
2000;7(2):111-5.

290

RESEARCH ARTICLE

14. Boudjelal A, Henchiri C, Siracusa L, Sari M,
Ruberto G. Compositional Analysis And In Vivo
Anti-Diabetic Activity Of Wild Algerian
Marrubium vulgare L. Infusion. Fitoterapia.
2012;83(2):286-92.

15. Namjoyan F, Azemi ME, Abdollahi E,
Goudarzi N, Nikan K. Angiotensin I Converting
Enzyme Inhibitory Activities Of Hydroalcoholic
Extract of Nardostachys jatamansi, Prangos
ferulacea and Marrubium vulgare. Jundishapur
J Nat Pharm Prod. 2015;10(2):e17255.

16. Ettaya A, Dhibi S, Samout N, Elfeki A,
Hfaiedh N. Hepatoprotective Activity Of White
Horehound (Marrubium Vulgare) Extract
Against Cyclophosphamide Toxicity In Male
Rats. Can ] Physiol Pharmacol.
2015;94(4):441-7.

17. Saad S, Ouafi S, Chabane D. Anti-
Inflammatory And Acute Toxicity Evaluation Of
Aqueous Infusion Extract Obtained From Aerial
Parts of Marrubium deserti de Noé growing in
Algeria. Afr J Tradit, Complement Altern Med.
2016;13(1):71-5.

18. Yousefi K, Soraya H, Fathiazad F, Khorrami
A, Hamedeyazdan S, Maleki-Dizaji N, et al.
Cardioprotective Effect Of Methanolic Extract
Of Marrubium vulgare L. on Isoproterenol-
Induced Acute Myocardial Infarction In Rats.
Ind J Exp Biol. 2013;51(8):653-60.

19. Argyropoulou A, Samara P, Tsitsilonis O,
Skaltsa H. Polar Constituents Of Marrubium
Thessalum Boiss. & Heldr.(Lamiaceae) And
Their Cytotoxic/Cytostatic Activity. Phytother
Res. 2012;26(12):1800-6.

20. Pukalskas A, Venskutonis PR, Salido S, de
Waard P, van Beek TA. Isolation, Identification
And Activity Of Natural Antioxidants From
Horehound (Marrubium Vulgare L.) Cultivated
in Lithuania. Food Chem. 2012;130(3):695-
701.

21. Letchamo W, Mukhopadhyay S. Variability
in Chromosomes, Herb Yield, Essential Oil



Goger F et al. JOTCSA. 2019; 6(3): 281-292.

Content And Potentials Of Horehound For
North American Commercial Production. J
Horticult Sci. 1997;72(5):741-8.

22. Weel KG, Venskutonis PR, Pukalskas A,
Gruzdiene D, Linssen JP. Antioxidant Activity
Of Horehound (Marrubium vulgare L) Grown in
Lithuania. Eur J Lipid Sci Tech.
1999;101(10):395-9.

23. Orhan IE, Belhattab R, Senol F, Gllpinar
A, Hosbas S, Kartal M. Profiling of
cholinesterase inhibitory and antioxidant
activities of Artemisia absinthium, A. herba-
alba, A. fragrans, Marrubium vulgare, M.
astranicum,  Origanum  vulgare  subsp.
glandulossum and Essential Oil Analysis Of
Two Artemisia Species. Ind Crops Prod.
2010;32(3):566-71.

24. Tuzlaci E. A Dictionary of Turkish Plants.
Melisa Matbaacilik: ALFA Press; 2006.

25. Song H-P, Zhang H, Fu Y, Mo H-y, Zhang
M, Chen ], et al. Screening for Selective
Inhibitors Of Xanthine Oxidase From Flos
Chrysanthemum Using Ultrafiltration LC-MS
Combined With Enzyme Channel Blocking. J
Chromatogr B. 2014;961:56-61.

26. Kaurinovic B, Vlaisavljevic S, Popovic M,
Vastag D, Djurendic-Brenesel M. Antioxidant
Properties Of  Marrubium Peregrinum
L.(Lamiaceae) Essential Oil. Molecules.
2010;15(9):5943-55.

27. Sahpaz S, Garbacki N, Tits M, Bailleul F.
Isolation and Pharmacological Activity Of
Phenylpropanoid Esters From Marrubium
vulgare. ] Ethnopharmacol. 2002;79(3):389-
92.

28. Essawy SS, Abo-Elmatty DM, Ghazy NM,
Badr JM, Sterner O. Antioxidant and Anti-
Inflammatory Effects Of Marrubium Alysson
Extracts In High Cholesterol-Fed Rabbits.
Saudi Pharm J. 2014;22(5):472-82.

201

RESEARCH ARTICLE

29. Benkhnigue O, Ben Akka F, Salhi S, Fadli
M, Douira A, Zidane L. Catalogue Des Plantes
Médicinales Utilisées Dans Le Traitement Du
Diabéte Dans La Région d’Al Haouz-Rhamna
(Maroc). J Anim Plant Sci. 2014;23(1):3539-
68.

30. Orch H, Douira A, Zidane L. Etude
Ethnobotanique Des Plantes Médicinales
Utilisées Dans Le Traitement Du Diabéte, Et
Des Maladies Cardiaques Dans La Région
d'Izaréne (Nord du Maroc). J Appl Biosci.
2015;86(1):7940-56.

31. Tsukamoto K, Jackson 1J, Urabe K,
Montague PM, Hearing V. A Second
Tyrosinase-Related Protein, TRP-2, Is A

Melanogenic Enzyme Termed Dopachrome
Tautomerase. EMBO J. 1992;11(2):519-26.

32. Xu Y, Stokes AH, Freeman WM, Kumer SC,
Vogt BA, Vrana KE. Tyrosine mRNA is
Expressed In Human Substantia Nigra. Mol
Brain Res. 1997;45(1):159-62.

33. Namjoyan F, Jahangiri A, Azemi ME, Arkian
E, Mousavi H. Inhibitory Effects of Physalis
alkekengi L., Alcea rosea L., Bunium persicum
B. Fedtsch. and Marrubium vulgare L. on
Mushroom Tyrosinase. Jundishapur J Nat
Pharm Prod. 2015;10(1):1-6.

34. Brand-Williams W, Cuvelier M-E, Berset C.
Use Of A Free Radical Method To Evaluate
Antioxidant Activity. LWT-Food Sci Technol.
1995;28(1):25-30.

35. Re R, Pellegrini N, Proteggente A, Pannala
A, Yang M, Rice-Evans C. Antioxidant Activity
Applying An Improved ABTS Radical Cation
Decolorization Assay. Free Rad Biol Med.
1999;26(9-10):1231-7.

36. Prior RL, Wu X, Schaich K. Standardized
Methods For The Determination Of Antioxidant
Capacity And Phenolics In Foods And Dietary
Supplements. J Agric Food Chem.
2005;53(10):4290-302.



Goger F et al. JOTCSA. 2019; 6(3): 281-292.

37. Marco GJ. A Rapid Method For Evaluation
Of Antioxidants. J Am Oil Chem Soc.
1968;45(9):594-8.

38. Chen C-H, Chan H-C, Chu Y-T, Ho H-Y,
Chen P-Y, Lee T-H, et al. Antioxidant Activity
Of Some Plant Extracts Towards Xanthine
Oxidase, Lipoxygenase And Tyrosinase.
Molecules. 2009;14(8):2947-58.

39. Masuda T, Yamashita D, Takeda Y,
Yonemori S. Screening For Tyrosinase
Inhibitors Among Extracts Of Seashore Plants
And Identification Of Potent Inhibitors From
Garcinia subelliptica. Biosci Biotech Biochem.
2005;69(1):197-201.

40. Yang X-W, Huang M-Z, Jin Y-S, Sun L-N,
Song Y, Chen H-S. Phenolics from Bidens
bipinnata And Their Amylase Inhibitory
Properties. Fitoterapia. 2012;83(7):1169-75.

41. Albano SM, Lima AS, Pedro MGMLG,
Barroso JG, Figueiredo AC. Antioxidant, Anti-
5-Lipoxygenase And Antiacetylcholinesterase
Activities Of Essential Oils And Decoction
Waters Of Some Aromatic Plants. Rec Nat
Prod. 2012;6(1):35.

42. Michelis F, Tiligada E, Skaltsa H, Lazari D,
Skaltsounis A-L, Delitheos A. Effects of the
Flavonoid Pilloin Isolated From Marrubium
Cylleneum On Mitogen-Induced Lymphocyte
Transformation. Pharm Biol. 2002;40(4):245-
8.

43. Calis I, Hosny M, Khalifa T, Riedi P.
Phenylpropanoid Glycosides From Marrubium
alysson. Phytochem. 1992;31(10):3624-6.

44, Hussain A, Perveen S, Malik A, Afza N,
Igbal L, Tareen RB. Urease Inhibitiory Flavone
Glucosides from Marrubium anisodon. Pol J
Chem. 2009;83(7):1329-35.

45, Mitreski I, Stanoeva JP, Stefova M, Stefkov
G, Kulevanova S. Polyphenols in

292

RESEARCH ARTICLE

Representative Teucrium Species in the Flora
of R. Macedonia: LC/DAD/ESI-MS (n) profile
and content. Nat Prod Commun.
2014;9(2):175-80.

46. Kirmizibekmez H, Montoro P, Piacente S,
Pizza C, Dénmez A, Calis I. Identification by
HPLC-PAD-MS and Quantification by HPLC-PAD
of Phenylethanoid Glycosides of Five Phlomis
Species. Phytochem Anal. 2005;16(1):1-6.

47. Ulubelen A, Topcu G, Kolak U. Labiatae
flavonoids and their bioactivity. In: Atta ur R,
editor. Studies in Natural Products Chemistry.
Vol. 30: Elsevier; 2005. p. 233-302.

48. Buckingham ], Munasinghe VRN.
Dictionary of Flavonoids with CD-ROM: CRC
Press; 2015.

49, Tsvetkov D, Dmitrenok A, Tsvetkov YE,
Menshov V, Yashunsky D, Yashin AY, et al.
Phenylethanoid Glycosides From Teak Wood
Knots And Their Antioxidant Activity. ] Biol
Active Prod Nat. 2016;6(4):272-81.

50. Zhang H, Tsao R. Dietary Polyphenols,
Oxidative Stress And Antioxidant And Anti-
Inflammatory Effects. Curr Opin Food Sci.
2016;8:33-42.

51. Herrera-Arellano A, Aguilar-Santamaria L,
Garcia-Hernandez B, Nicasio-Torres P,
Tortoriello J. Clinical trial of Cecropia
obtusifolia and Marrubium wvulgare Leaf
Extracts On Blood Glucose And Serum Lipids
In Type 2 Diabetics. Phytomed. 2004;11(7-
8):561-6.

52. Loizzo MR, Saab AM, Tundis R, Menichini
F, Bonesi M, Piccolo V, et al. In vitro Inhibitory

Activities Of Plants Used In Lebanon
Traditional Medicine Against Angiotensin
Converting Enzyme (ACE) And Digestive
Enzymes Related To Diabetes. ]

Ethnopharmacol. 2008;119(1):109-16.



Salisu A, Salga MS. JOTCSA. 2019; 6(3): 293-302. RESEARCH ARTICLE

00000,

Journal of The Turkish Chemical Sociery

Secrion: A (_}|_| EM |5TR\ TURKISH

CHEMICAL SOCIETY

Green Preparation of Hyphaene thebaica Fiber Grafted Acrylic Acid for
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Abstract: In this study, a green chemistry approach was employed in the preparation of Hyphaene thebaica
fiber grafted polyacrylic acid via microwave assisted method using potassium persulfate as the chemical
initiator. The optimum percentage grafting of 92% was achieved under 5 g concentration of acrylic acid,
0.2 g concentration of potassium persulfate (KPS) and 2 minutes of reaction time. The grafted sample was
characterized using the following techniques, FTIR, SEM and XRD. The prepared graft copolymer was
examined for adsorption of Pb(II) ions from aqueous solution in batch mode systems. The adsorption

parameters such as pH, initial metal ion concentration and contact time were also studied. The Langmuir
and Freundlich isotherm models were applied to simulate the equilibrium adsorption experimental data.
The Langmuir model fitted well with experimental data with maximum adsorption capacity (gmax) of 20.37
mg/g at 45 minutes. Higher regression coefficient obtained confirmed the suitability of the Langmuir
isotherm model which assumed monolayer coverage on the adsorbent surface. The adsorption studies
revealed the efficacy of the grafted fiber for removal of Pb(II) ions from dilute aqueous solutions.
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INTRODUCTION (8), etherification (9), mercerization (10) and

grafting with various monomers were explored to
Cotton is by far the largest source of cellulosic alter the porosity and functionality of cellulose.
fibers. Other substantial sources include; jute, Among these methods, grafting with various
sisal, flax, kenaf coir, hemp, etc. Agricultural monomers present a great opportunity to tailor
waste biomasses such as sugarcane bagasse, rice the physical and chemical properties of cellulose
husk, corn husk, saw-dust, orange peels, etc. are (11). Microwave irradiation initiating system for
another potential large sources of ligno-cellulose. free radical polymerization reaction displays the
Cellulose (Figure 1) is a sustainable, less best potential for use and fits the concept of green
expensive, non-toxic, and biodegradable chemistry, i.e. less solvent consumption, shorter
biopolymer; that has found a wide range of reaction time, energy saving, and less toxic (12).
applications in many areas such as textile Cellulose and its derivatives have been tested for
industry (1), automobile industry (2), civil sorption of heavy metals from aqueous solutions
engineering (3), pharmaceutical industries (4), (13, 14, 15). Pollution of surface waters has been
and catalysis (5). Agricultural wastes are mostly a major ecological problem in less developed
burned after dried, thus presenting a considerable countries. Contamination of surface waters by
risk of pollution of the environment. Instead, toxic heavy metals such as Pb, Cd, As, Ni, Cr, Zn,
proper utilization of these materials for other Cu, etc. endangered humans and aquatic
value added products has been the keen interest organisms (16). For example, lead can cause
of many researchers (6). Chemical modifications several disorders that include; renal damage,
of cellulose such as esterification (7), acetylation hepatic damage, central nervous system damage,
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and damage to the reproductive system (17).
Currently, the existing conventional heavy metal
wastewater treatment technologies include
chemical precipitation, oxidation, evaporation,
electro-deposition, chelation, ion-exchange,
coagulation, membrane filtration and adsorption
(18). Each of the methods has positive and
negative attributes; however, adsorption has
been widely reported as cheap, effective and less
technical compared to other techniques (19, 20).
The focus of the present study is to modify
Hyphaene thebaica fiber, a huge lingo-cellulose
agricultural waste produced in tons annually in
most sub-Saharan African countries, with acrylic
acid via microwave free radical graft
copolymerization, characterize the graft
copolymer prepared and tested for its potential
for sorption of lead ions from aqueous solution.
H

o H
HO O
HO O ')
OH
H n
Figure 1: Chemical repeating unit of cellulose.

MATERIALS AND METHODS

Materials

Acrylic acid, acetone, methanol, and potassium
persulfate (KPS) were purchased from Sigma-
Aldrich (USA). Pb(NOs3); was purchased from
Loba Chemie (England). A stock solution of Pb(II)
ions (1000 mg/L) was prepared by dissolving
1.599 g of Pb(NO3); salt in a beaker (250 mL)
with deionized water. The prepared stock solution
was transferred to a 1.0 liter volumetric flask,
followed by the addition of 100 mL of 0.1M HNO3
and made to the mark with deionized water.
Desired concentrations of the metal solutions
were prepared by serial dilution of the stock
solution using deionized water. Other chemical
reagents were of analytical grade and used as
received.

Sample Collection and Pretreatment

A fresh stalk of Hyphaene thebaica was collected
from the local fields near Kayauki village, along
Daura road Katsina State, Nigeria, in clean plastic
containers. The stalk (300 g) was cleaned with
distilled water, pulverized and soaked in distilled
water at room temperature for 24 hrs. Thereafter
the fibers were removed and washed thoroughly
with distilled water and oven-dried at 50 °C.
Subsequently, mercerization of the fiber was
carried out with 5% (w/v) aqueous sodium
hydroxide (500 mL) for 24 hours in a 1000 mL
beaker at room temperature. This treatment
removes lignin, wax and oil and also increases
hydrophilicity (fiber wetting). The alkali treated
fibers were washed thoroughly with distilled
water until the pH of wash water becomes
neutral. The fibers were oven dried at 50 °C.
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Graft Copolymerization of Acrylic Acid onto
Hyphaene Thebaica Fiber

The graft copolymer was prepared using the
procedure described previously (21) with minor
modifications. Mercerized Hyphaene thebaica
fiber (0.5 g) was soaked in 50 mL distilled water
in a 250 mL Bomex beaker for 24 hours before
graft copolymerization, in order to activate the
reaction sites on the fibrous surface. Required
amount of acrylic acid and KPS were added and
stirred well. The reaction vessel was placed at the
center of a rotating ceramic plate in the domestic
microwave oven (Model WMO20L-MGSB, Skyrun,
Nigeria). The reaction vessel was then exposed to
microwave radiation at 900 W power for desired
time. Periodically, the microwave irradiation was
stopped and the reaction vessel was allowed to
cool by placing it in cold water. Reaction
parameters such as monomer concentration,
initiator concentration and microwave exposure
time were varied. Afterwards, polymeric product
was precipitated by adding excess acetone and
oven-dried at 50 °C. The sample was extracted
by Soxhlet extraction with methanol for 6 hours
to remove the homopolymer adhered to the
fibrous surface. Thereafter, the prepared grafted
fiber was oven-dried at 50 °C.

The percentage grafting was measured using
equation (1).

Wa-W,

(%) Grafting = x 100 (Eq. 1)

1

where W;j is the initial weight of the fiber sample,
W; is the weight of the grafted fiber after Soxhlet
extraction (22).

Characterization Techniques

Fourier Transform infrared analysis was
performed by using a FTIR VERTEX 70/70v
spectrometer (Agilent Technologies, USA). A
scanning electron microscope (SEM) micrograph
of the fiber and its surface morphology was
examined using PHENOM PRO X (Netherlands).
Powder X-ray diffraction patterns were recorded
on ARL X'TRA X-ray Diffractometer (Thermo
Scientific, Switzerland) using graphite
monochromatic CuKal (1.5406 A) and Ka2
operated at 40 kV and 30 mA in the range of 26
angles of 5-70°.

Batch Equilibrium Adsorption Experiment

Batch experiments were performed by varying
different variables such as pH, contact time,
metal ions concentration. The experiments were
carried out in 250 mL conical flasks by adding 0.1
g of the grafted fiber with 25 mL of various metal
ion solution of concentrations, 20, 40, 60, 80,
100, 120, and 140 mg/L and adjusted to desired
pH at room temperature using a shaker operating
at 300 rpm. At desired times, the adsorption
experiments were stopped, all of the 25 mL of
metal ion solutions with the grafted fiber was
filtered. The metal ion concentration was
determined and the separated grafted fiber was
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placed again into the same batch and continue to
the second adsorption period. All the experiments
were conducted in duplicate and averages of
duplicate readings were presented. The amount
of Pb(II) adsorbed per unit mass of the adsorbent
at equilibrium (qge) (mg/g) was calculated using
equation (2)

ge (Mmg/g) = (Co‘ce)% (Eq. 2)
where ¢, is the initial metal ions concentration
(mg/L), and ce is the equilibrium concentration of
metal ions in solution (mg/L), V is the volume of
metal ions solution used (L) and M is the mass of
the grafted fiber used (g). The equilibrium data
obtained were tested using the linear forms of
Langmuir isotherm model (23) and Freundlich
isotherm model (24), using equation (3) and (4),
respectively:

Ce 1 Ce
; - dmax QL dm (Eq 3)
log g = log KF+%Iog Ce (Eq. 4)
Adsorption kinetic experimental data were

modelled using two kinetic models; pseudo-first-
order (25) and pseudo-second-order (26)
expressed using equations (5) and (6)
respectively.
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log(ge — q¢) = log ge — 2';03t (Eq. 5)
Where gq.and q.(mg/g) are the amount of (metal
ions) adsorbed at equilibrium and at time t
respectively, and k,;(min) is the equilibrium rate
constant for pseudo-first-order adsorption
process. The plot of log (qe — q¢) versus t gives a
straight line. From the slope of the straight line,
the rate constants ki were calculated. Pseudo-
second-order kinetic model is expressed by the
following equation:

t

e

+_
e

(Eq. 6)

kZQe
Where q.and q.(mg/g) are the amount of the
uptake of adsorbate at equilibrium and at time ¢
respectively, and k,(g/mg/min) is the equilibrium
rate constant for pseudo-second order adsorption
process. The slope and intercept of the plot ofqi

t
versus t can be used directly to calculate the

kinetic parameters, adsorption capacity (qe) and
rate constant (kz).

RESULTS AND DISCUSSION
The experimental (conditions and results) of graft

copolymerization reaction between the fiber and
acrylic acid are presented in Table 1.

Table 1: Summary of results and reaction conditions of synthesis Cell-g-PAA.

S/N wt of fiber wt of acrylic wt of KPS Time % grafting
(9) acid (9) (9) (s)
1 0.5 5 0.1 120 58
2 0.5 5 0.2 120 92
3 0.5 5 0.3 120 73
4 0.5 5 0.4 120 43
5 0.5 2.5 0.2 180 7.2
6 0.5 7.5 0.2 60 27
7 0.5 5 0.5 120 39
0
/
CH C-OH
O
o~ CH C OH
K S O 0]
n Acryllc acid
an (111)

Scheme 1: (I) Cellulose, (II) Cellulose-macroradicals, (III) Cell-g-PAA.

A graft copolymer can be defined as a
macromolecule that has branches of another
polymeric species emanating from different
points along its backbone (27). Different grades
of graft copolymers were prepared by varying the
KPS and acrylic acid concentration (Table 1). The
plan of the synthesis involve optimization with
regard to KPS, maintaining the acrylic acid
concentration constant (i.e. S/N 1, 2, 3 & 4).
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Afterwards, optimization with respect to acrylic
acid keeping the KPS concentration constant (i.e.
S/N 5 & 6). The percentage grafting, G(%)
decreased when the initiator amount was
increased above 0.2g. This could be attributed to
more free-radical generation that eventually may
lead to premature termination (by coupling) of
the growing radicals at higher concentration (16).
It was observed that the highest percentage
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grafting was acheived at acrylic acid
concentration of 5 g and KPS concentration of 0.2
g. It was also observed that the reaction reached
to the optimum at a very short reaction time of 2
minutes. Microwave assisted synthesis involves
synergism between microwave radiation and free
radical initiator to form macroradical active sites
on the cellulose backbone. Cellulose is having
many —-OH groups along its length, when exposed
by microwave radiation in the presence of
persulfate initiator. Persulfate initiator dissociates
to produce a pair of persulfate ion radical (SO4%
). These radicals may abstract H-atom from the
easily accessible (-OH) group (28). This would
form active sites on the cellulose backbone
(macroradicals), this would eventually initiate
graft copolymerization on contact with acrylic

RESEARCH ARTICLE

acid. The plausible mechanism of the reaction is
shown in Scheme 1.

Characterization of The Grafted Fiber

FTIR Analysis

FTIR spectrum of the mercerized fiber is shown in
Figure 2. The broad absorption peak at 3335 cm-
1 was attributed O-H stretching vibrations of
cellulose and the absorption peak at 2888 cm-!
was assigned to C-H stretching vibration. The
peak at 1026 cm™! was attributed to stretching C-
O of B-glucosidic linkage of pyranose ring (29).
Meanwhile in the spectrum of the grafted fiber
(Figure 3), an additional sharp absorption peak at
1707 cm! indicates the C=0 stretching vibration
of carboxylic acid functional group, this confirmed
that the polyacrylic acid had been successfully
grafted onto the surface of the fiber.
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Figure 3: FTIR spectrum of the grafted fiber (Cell-g-PAA).
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XRD Analysis

The XRD pattern of mercerized and grafted fiber
was presented in Figure 4. The characteristic
peaks of mercerized fiber were observed at
22.13° and 14.3° (206 degree) with relative
intensities of 1056 and 606, respectively. The
peaks of grafted sample were found at 20.25° and

Relative Intensity (a.u.)

Raw Fiber
Cell-g-PAA Fiber
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16.1° (26 degree) with relative intensities of
806.2 and 509.5, respectively. This showed that
grafting has resulted in the decrease in the peak
intensity of grafted sample. It was observed that
the grafting of polyacrylic acid onto the backbone
of the fiber changed most of the crystalline phase
to amorphous phase (30).

10 20 30

40

50 60 70

2Theta degree
Figure 4: X-ray diffractogram of mercerized fiber and grafted fiber (Cell-g-PAA).

Scanning Electron Microscopy (SEM)

Surface morphology of mercerized fiber and the
grafted fiber were examined using a scanning
electron microscope. The SEM images of
mercerized and grafted fiber were shown in
Figure 5a and 5b, respectively. The SEM images
were taken at the same magnification for a
suitable comparison of morphological changes
that occured. It is clearly seen that the

o S —— FEB

BATCH ADSORPTION STUDY

Effect of pH of the Solution

In order to examine the influence of this
important parameter on the adsorption of Pb(II),
the experiments were conducted in the pH range
of pH 2.0-9.0. The adsorption capacity for
different values of pH is represented in Figure 6.
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mercerized fiber was smooth after mercerization
which removed lignin lipids and waxes. It can be
observed that a substantial amount of polyacrylic
acid was left behind on the surface of the grafted
fiber after Soxhlet extraction that removed the
homopolymer that is unreacted with the fiber.
This has confirmed the grafting of polyacrylic acid
onto the surface of the fiber.

Figure 5: SEM images of (a) mercerized fiber and (b) grafted fiber (Cell-g-PAA).

The maximum adsorption capacity of Pb(II) takes
place at pH 5.0 and decreased afterwards. At low
pH values, there is a greater competition between
protons and metal ions which may eventually be
protonated most of the adsorption sites on the
adsorbent surface, resulting in low adsorption
capacity because of electrostatic repulsion. With
the increase of pH from 6.0-8.0, the carboxyl
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groups (-COOH) in polyacrylic acid and hydroxyl
groups in cellulose (-OH) become free from
protonation due to the diminishing of hydrogen
ion concentration, resulting in the decreased in
competition of protons with Pb(II) ions for

[T Pb(i
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adsorption sites and subsequently good
adsorption capacities were also observed.
However the precipitation of Pb(II) may

predominates over adsorption at pH values above
pH 9.0 that is why they are not considered.

Effect of Initial Metal Ion Concentration

In order to study the influence of initial metal ion
concentration affecting the overall adsorption
process, various batch adsorption experiments
were carried out for different concentration in the
range of 20 to 140 mg/L, keeping other
parameters constant. The results are presented
in Figure 7. The amount of Pb(II) adsorbed per
unit mass of the adsorbent relatively increased
with the increased in metal ion concentration

5

pH

Figure 6: Effect of pH on adsorption of Pb(II) onto Cell-g-PAA (initial Pb*2 conc. = 80 mg/L, adsorbent
dose = 0.1 g, contact time = 60 min, batch volume = 25 mL).

from 20 up to 100 mg/L. However, at
concentrations of 100 and 120 mg/L, the amount
adsorbed was virtually the same. Having
observed this, we concluded that the significant

amount of Pb(II) adsorbed at higher
concentration could be due to greater driving
force at the liquid-solid interface, which

consequently affect the mass transfer of the
adsorbate from solution to adsorbent surface
(31).

20 - HT i e
[TI1 Pb(Il) T I§il
d—-15- T
m T ]
S~ i
[=)]
510- -
L'
U -
5-
0 |} ) L]
20 40 60 80 100 120 140
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Figure 7: Effect of initial metal ion concentration on adsorption of Pb(II) onto Cell-g-PAA (initial pH =
5.0, adsorbent dose = 0.1 g, batch volume = 25 mL)
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Effect of Contact Time

Figure 8 represents the results of equilibrium
adsorption time and the adsorption capacity of
the adsorbent. It was observed that the
adsorption capacities increased steadily with the
increased contact time from 5 to 60 minutes, and
equilibrium point was attained after 45 mins for
20 mg/L concentration and 50 mins for 40 and 80
mg/L concentration. To ascertain the potential
mechanism controlling the rate of adsorption,
pseudo-first-order and pseudo-second-order
were chosen to fit the experimental data. Table 2

18 <

[ 20 mg/L
16+ [ 40 mg/L
144 I 50 mg/L

5 10 15 20 25

30
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showed the results of the kinetic models after
simulations for different initial metal ion
concentration. It was clear from the results that
the adsorption kinetics followed pseudo-second-
order model, with regression coefficients greater
than 0.99 in all cases. Furthermore, calculated
values of adsorption capacities agreed
satisfactorily with the experimental data. Thus,
chemisorption was assumed to be the rate-
limiting step, indicating strong interactions due to
the affinity of the adsorbent for the metal ion.

35 40 45 50 55 60 65

Time (minutes)

Figure 8: Effect of contact time on adsorption of Pb(II) onto Cell-g-PAA (initial Pb(II) conc. = 100 mg/L,
pH = 5.0, adsorbent dose = 0.1 g)

Table 2: Rate constants and regression coefficients for adsorption Pb(II)-

Pseudo-first-order model

Pseudo-second-order model

Co Omax exp Omax cal. ki (1/min)
(mg/L) (mg/g) (mg/g)

20 3.81 1.63 0.008

40 11.30 5.25 0.007

80 17.62 10.31 0.005

R? Qmax cal. ka R2
(mg/g) (9/mg/min)
0.711 3.75 0.091 0.996
0.882 10.90 0.084 0.999
0.912 16.43 0.075 0.998

Analysis of Adsorption Isotherms

Adsorption isotherm models are considered as the
most versatile tools to understand adsorption
patterns of adsorption systems. In this study, the
Langmuir isotherm model was found to fit the
experimental data well as illustrated in Figure 9.
From the linear plots of the two isotherm models,
all the adsorption parameters were determined as
presented in Table 3. Based on regression
coefficients (R?) of the two models, Langmuir
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isotherm model described the adsorption process
well with the calculated maximum adsorption
capacity of 20.37 mg/g. Furthermore, separation
factor (R.) which is a dimensionless constant
calculated was below unity; thus indicating the
favorability of the adsorption. Langmuir
adsorption model assumed homogenous
distribution of adsorbate onto the adsorbent
surface (monolayer coverage) (32).
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Figure 9: Langmuir isotherm plot for adsorption Pb(II) onto Cell-g-PAA.

Table 3: Isotherm constants and regression coefficients for adsorption of Pb(II)

Langmuir model

Freundlich model

Jmax R QL R? Kr n R2?
(mg/qg) (L/mg) (mg/g)
20.37 0.004 0.821 0.998 1.09 20.40 0.739
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INTRODUCTION pyrazolones. In one of the studies about

phenylhydrazines, Dayakar et al. synthesized a
Schiff bases are regarded as one of the most series of pyrazole and pyrazolone derivatives by
studied compound group because of their refluxing phenylhydrazines with ethyl-4-chloro-3-
potential using areas ranging from pharmacology oxobutanoate (10). Besides, various pyrazole and
and industry to biology and chemistry. Versatility, pyrazolone compounds derived from
stability, and ease of synthesis of the Schiff bases phenylhydrazine Schiff bases were studied and
induce their broad in scope applications reported as antimicrobial and anticancer agents
containing catalysts, dyes and pigments, by different groups (11-13). In another study,
corrosion inhibitors, and bioactive materials (1- N,O0-hydrazone Schiff base ligand and its
8). Among those applications, bioactive materials complexes with nickel and copper were
have come to the forefront especially because of synthesized and catalytic effects of the complexes
the contribution of the azomethine group to on oxidation of benzyl alcohol were studied (14).
bioactivity by interacting and forming hydrogen Finally, half-sandwich complexes of phenyl
bonding with certain sites in the cell structure (9). hydrazone Schiff base ligands prepared by

Lapasam et al. exhibited good antibacterial
For the synthesis of the Schiff bases, various activity againist P. aeruginosa and B.
amine compounds have been used. thuringiensis (15).

Phenylhydrazine compounds are also used for this
purpose especially by converting to pyrazoles and
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Alzheimer's disease (AD), one of the most
common neurodegenerative diseases, most
commonly affects people in the 65-90 age range
and many studies have been carried out on its
treatment. One of the target proteins intensily
used in these studies is cholinesterase enzymes.
Inhibition of acetylcholinesterase (AChE) and
butyrylcholinesterase (BChE) enzymes alleviates
the symptoms of AD regulating the level of
acetylcholine in certain regions of the brain.
Therefore synchronized inhibition of these two
enzymes have been promising for the treatment
of AD, which may develop for many reasons (16)
and there are so many studies on inhibition of
AChE and BChE in the literature (16-22).

Andrade-Jorge et al. evaluated new isoindoline
and dioxoisoindoline compounds for AchE
inhibition. They compared the compounds to
observe the effect of carbonyl group on inhibition
activity (20). A series of compounds were
prepared to evaluate their AChE and BChE
inhibitory activities by Arumagum et al. Molecular
docking and in vitro studies showed good
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inhibitory activities for all compounds(21). In
another study, very potent cholinesterase
inhibitors based on a weak cholinesterase
inhibitor called minaprine were prepared. As a
result, two of the compounds exhibiting high
activity were revealed for new drug active
material candidates (22).

The desire to hinder waste of time and resources
of scientists interesting in bioactivity studies have
driven forward computer based drug design
approaches over the last decades. The usage of
these methods before clinic studies has been
increased the efficiency drug development
process. Especially enzyme inhibition studies
about the diseases like tuberculosis, cancer,
diabetes, Alzheimer's, and epilepsy have
intensely appeared in the literature (23-26).

In this study, six Schiff bases were prepared and
defined by FT-IR, 'H- and 13C-NMR spectroscopic
methods. Besides, molecular docking studies of
the Schiff bases were carried out as AChE and
BChE inhibitors against AD.

o
I

o

o
H N H NH H N
_ —\H, _
X HO AN
HO OH OH
- —_—
X HO OH X X OH
X=F l1a X 2a
a  1b 0.N 2b OH

=F
=c

Scheme 1: The Schiff bases synthesized in this study.

EXPERIMENTAL SECTION

Chemistry

1H- and 13C-NMR spectra of the imine compounds
were measured using AC Bruker 400 MHz NMR
spectrometer in d-methanol at ambient
temperature. FT-IR spectra were recorded on a
Jasco FT-IR 4700 spectrometer in the range of
400-4000 cmt. Elemental analyses were
recorded on a Elementar Vario Micro Cube
elemental analyzer. Solvents and chemicals were
used as received from commercial sources.

Docking Studies

Docking calculations were made by
DockingServer (http://www.dockingserver.com).
In order to energy minimization of ligand
molecules, the MMFF94 force field was used by
DockingServer (27). Gasteiger partial charges
were added to the ligand atoms. Non-polar
hydrogen atoms were combined, and rotatable
bonds were defined. Docking calculations were
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made on AChE (PDB ID: 2ckm) and BChE (PDB
ID: 1p0i) proteins. The addition of essential
hydrogen atoms, Kollman united atom type
charges, and solvation parameters was carried
out by AutoDock tools (28). Affinity (grid) maps
of 100x100x100 A grid points and 0.375 A
spacing were created by the aid of the Autogrid
program (28). For the calculation of the van der
Waals and the electrostatic terms, AutoDock
parameter set- and distance- dependent
dielectric  functions were used. Docking
simulations were made through the Lamarckian
genetic algorithm (LGA) and the Solis & Wets
local search method (29). Initial position,
orientation, and torsions of the ligand molecules
were set randomly. Every docking experiment
included 100 runs that were set to terminate after
a maximum of 2500000 energy evaluations. The
population size was adjusted to 150. During the
search, a translational step of 0.2 A, and
quaternion and torsion steps of 5 were used.
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Experimental

Fluoro- or chlorophenylhydrazine (6 mmol) was
placed in a round-bottom flask with ethanol (30
mL). After addition of NEtsz, this solution was
mixed until all content was dissolved. Then, the
carbonyl compound (6 mmol) was added to the
clear solution. The reaction mixture was mixed for
a couple of days. During this time the solution has
changed to yellow or orange. After reaction’s
completion, reaction mixture was left to
crystallization and the obtained precipitate was
washed with ethanol and diethyl ether.

1a: Yield 55%; mp: 161 °C. FT-IR (cm™): 3320
(N-H), 3268 (0O-H), 2999 (C-H), 1596
(azomethine, C=N); 'H-NMR (CH3OH-d4, 9,
ppm): 2.33 (3H, s, CH3), 6.34 (1H, s, CH), 6.38
(1H, d, CH), 7.01 (4H, dd, CH), 7.35 (1H, d, CH).
13C-NMR (CH30H-d4, 3, ppm): 11.29, 102.74,
106.43,112.82,113.51,115.05, 115.28, 127.97,
142.22,149.30, 155.95, 158.30, 158.85, 159.34.
Anal. calcd. for Ci4H13FN2O2 (260.27 g/mol): C,
64.61; H, 5.03; N, 10.76. Found: C, 64.47; H,
5.52; N, 11.09%.

1b: Yield 62%; mp: 198 °C (decomp.). FT-IR
(cm-1): 3056 (O-H), 2954, 2910 (C-H), 1578
(azomethine, C=N); H-NMR (CHsOH-d4, 9,
ppm): 2.81 (3H, s, CH3), 6.53 (1H, d, CH), 6.60
(1H, dd, CH), 6.99 (2H, dd, CH), 7.35 (2H, dd,
CH), 7.78 (1H, d, CH). 13C-NMR (CH3OH-d4, 9,
ppm): 15.06, 102.45, 107.86, 109.57, 114.96,
115.98, 126.74,129.02, 129.15, 133.88, 143.31,
143.72, 161.42, 165.87. Anal. calcd. for
Ci14H13CIN20; (276.72 g/mol): C, 60.77; H, 4.74;
N, 10.12. Found: C, 60.52; H, 5.25; N, 10.89%.

2a: Yield 43%; mp: 197 °C (decomp.). FT-IR
(cm): 3203 (N-H), 3046 (O-H), 1564
(azomethine, C=N); !H-NMR (CH3OH-d4, 39,
ppm): 6.76 (1H, s, CH), 6.90 (1H, d, CH), 7.05
(4H, dd, CH), 7.22 (1H, dd, CH), 8.22 (1H, s, CH).
13C-NMR (CH30H-d4, &, ppm): 113.61, 115.14,
115.25,115.40, 115.48, 123.10, 123.42, 141.29,
146.05, 150.70, 159.14, 159.88. Anal. calcd. for
Ci3H11FN20; (246.24 g/mol): C, 63.41; H, 4.50;
N, 11.38. Found: C, 63.79; H, 3.95; N, 11.87%.

2b: Yield 85%; mp: 194 °C (decomp.). FT-IR
(cm't): 3285 (N-H), 3063 (O-H), 1564
(azomethine, C=N); !H-NMR (CHsOH-d4, 9,
ppm): 6.89 (1H, d, CH), 7.03 (2H, dd, CH), 7.19
(1H, dd, CH), 7.25 (2H, dd, CH), 7.38 (1H, d, CH),
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8.17 (1H, s, CH). !3C-NMR (CH30H-d4, 5, ppm):
113.33,114.35,115.33, 116.01, 122.85, 123.88,
124.68, 128.74,129.02, 144.02, 145.93, 149.02,
150.08. Anal. calcd. for Ci3H11CIN;O2 (262.69
g/mol): C, 59.44; H, 4.22; N, 10.66. Found: C,
59.08; H, 5.02; N, 11.41%.

3a: Yield 61%; mp: 176 °C. FT-IR (cm™): 3305
(N-H), 3103,3083 (C-H), 1575 (azomethine,
C=N), 1339,1295 (NOz); *H-NMR (CH3OH-d4, 8,
ppm): 7.05 (2H, dd, CH), 7.15 (2H, dd, CH), 7.62
(1H, d, CH), 8.05 (1H, dd CH), 8.15 (1H, s, CH),
8.82 (1H, s, CH). 3C-NMR (CH30H-d4, 3, ppm):
113.35,115.13,115.36, 119.92, 121.91, 129.52,
130.70, 135.09, 137.14, 141.06, 147.08. Anal.
calcd. for C13H9CIFN30; (293.68 g/mol): C, 53.17;
H, 3.09; N, 14.31. Found: C, 52.83; H, 3.47; N,
14.81%.

3b: Yield 72%; mp: 188 °C. FT-IR (cm™): 3301
(N-H), 3094, 3074 (C-H), 1575 (azomethine,
C=N), 1340,1289 (NO2); 'H-NMR (CH3OH-d4, 5,
ppm): 7.13 (2H, dd, CH), 7.25 (2H, dd, CH), 7.62
(1H, d, CH), 8.05 (1H, dd, CH), 8.17 (1H, s, CH),
8.81 (1H, d, CH). 13C-NMR (CHs0H-d4, 3, ppm):
113.59, 120.02, 122.17, 124.54, 128.76, 130.45,
130.75, 135.19, 137.33, 143.37, 147.03. Anal.
calcd. for Cy13H9CI2N307 (310.13 g/mol): C, 50.35;
H, 2.93; N, 13.55. Found: C, 50.57; H, 3.37; N,
13.98%.

RESULTS AND DISCUSSION

The reaction of carbonyl compounds with fluoro-
or chloro-phenylhydrazines in an equimolar ratio
completed in a couple of days and target
compounds were obtained by crystallization from
EtOAc:hexane solvent system (2:1) with
moderate to high yields. The compounds were
moisture- and air-stable, and soluble in methanol
and DMSO. Their structures were proved by FT-
IR, 1H- and 13C-NMR spectroscopic methods.

FT-IR Spectra

The important IR bands were presented in the
experimental section. Besides, FT-IR spectra of
1a was shown in Figure 1. The sharp N-H band of
hydrazine compound in 1a was observed at 3320
cm as overlapped with broad O-H stretching
vibrations around 3268 cm™!. The band at 1596
cm-! was indicator of the imine bond. Other Schiff
bases were observed to exhibit FT-IR spectra with
similar frequencies and no important changes.
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Figure 1: FT-IR spectrum of 1a.
NMR Spectra two doublet peaks belonging to carbonyl

The 'H- and 13C-NMR spectra of all compounds
confirmed the expected Schiff base structures.
The 1H- and 13C-NMR spectra of 1a were shown in
Figure 2. The singlet at about 2.33 ppm was
induced by the three protons of the methyl group.
The other singlet was attributed to the methine
proton placed between two tertiary aromatic
carbon of carbonyl compound. While one of the
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compound segment was observed at 6.38 ppm,
the other one originating from methine proton
adjacent to imine group was at 7.35 ppm. As it
comes to phenylhydrazine ring protons, they
were observed as overlapped at 7.01 ppm. 13C-
NMR peaks were in accordance with that of 'H-
NMR peaks.
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Figure 2: 'H- and 13C-NMR spectra of 1a.
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Molecular Docking Studies

Schiff bases were docked against AChE (PDB ID:
2CKM) and BChE (PDB ID: 1P0I) downloaded
from Protein Data Bank by using Molecular
Docking Server (Figure 3). Their binding affinity

RESEARCH ARTICLE

and interaction of amino acid residues near their
binding sites were also examined. Besides, pymol
visual images of interacted proteins and ligands
were shown in Table 1.

Acetylcholinesterase (2CKM)

Butyrylcholinesterase (1P0I)

Figure 3: PDB structure of the proteins.

The amino acid fragments predicted to form
hydrogen bonds with ligands were GLU 374, GLU
455, TYR 282, TYR 121, ASN 230, SER 87, SER
235, GLN 514, ARG 515, ALA 516, VAL 453.
Among six ligands, fluoro derivative had the

higher activity against butyrylcholinesterase
while chloro derivative exhibited the higher
binding affinity against acetylcholinesterase
(Table 2).

Table 1: Pymol visual images of ligand docked proteins.

AChE
Ligands
(2CKM)
1a
ib

BChE

(1POI)
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2a

2b

3a

3b
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Table 2: Calculated binding affinity values between proteins and ligands.

2CKM 1POI
Ligand Docking Score Esti_m_a?ed Docking Score Estimated
(kcal/mol) nhibition (kcal/mol) Inhibition
Constant Constant
la -2.62 12 mM -3.14 5 mM
ib -2.76 9.42 mM -3.85 1.52 mM
2a -3.23 4.31 mM -3.39 3.25 mM
2b -3.61 2.26 mM -3.28 3.96 mM
3a -3.54 2.53 mM -4.14 926.18 uM
3b -4.31 692.01 uM -3.60 2.28 mM
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Tacrine (THA) is the first cholinesterase inhibitor,
approved by the FDA and then withdrawn from
the market because of its adverse effects.
Showing lower side effects in comparison with
THA, 7-methoxy derivative (7-MEOTA) was
observed to exhibit similar activity against
cholinesterases. The Schiff base compounds 1a-
3b synthesized in this study exhibited lower
docking scores in comparison with THA [-9.9
kcal/mol for AChE (2ckm) and -9.5 kcal/mol for
BChE (1p0i)] and 7-MEOTA [-9.8 kcal/mol for
AChE (2ckm) and -9.3 kcal/mol for BChE (1p0i)]
(30).

CONCLUSIONS

In conclusion, the Schiff bases composed of
phenylhydrazine  halogen  derivatives and
carbonyl compounds were synthesized and
characterized by spectroscopic methods (FT-IR,
1H- and 13C-NMR). The compounds were prepared
by mixing fluoro- or chloro-phenylhydrazine with
the carbonyl compounds in equimolar amount in
ethanol. The results of spectroscopic methods
were used to explain the structures of the
compounds and verified the predicted Schiff base
structures. Besides, the compounds which were
likely to exhibit inhibition activity on Alzheimer's
disease were examined by molecular docking
methods. The possibility of exhibiting inhibition
activity of the Schiff bases on Alzheimer's disease
was estimated based on similar chemical groups
(phenyl ring and nitrogen atoms) included in their
structure with Tacrine. All of the compounds
exhibited low to mild binding affinities against
acetylcholinesterase and butyrylcholinesterase in
comparison with reference compounds (THA and
7-MEOTA). Schiff bases 3a and 3b derived from
2-chloro-5-nitrobenzaldehyde showed best
results for both cholinesterase proteins.
According to the calculated results, especially 3a
and 3b were decided to be modified so as to use
potential therapeutic agents for treating
Alzheimer's disease.
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INTRODUCTION

Rose Bengal (RB) is an anionic dye derived from
Among the studies on macromolecule-small xanthene. It is a water-soluble, xanthene -
molecule interactions, comprehensive studies are derived, an anionic dye, which has a high
available on dye compounds and binding through absorbance coefficient in the UV-visible region
water-soluble synthetic or natural polymers. and high sensitivity to light. The tendency to
Many dyes were found to exhibit very different transfer long life radicals from the triplet excited
binding properties to unmodified PEIL. Previous state and intersystem crossing efficiency is high
studies in this area have shown that the binding (7, 8). Since it is a dye that is highly sensitive to
affinity of polyethyleneimine (PEI) is suitable (1, a micro-environment, it is much preferred in
2). Among the cationic polymers, photophysical studies.
polyethyleneimine (PEI) is an applicable
transfection reactant derived from the polyamine This study aims to examine the polymer-dye
group (3). It is a polymer with linear or branched interactions between Polyethylenimine (PEI) and
forms. PEI acts as a good polymer chelating agent Rose Bengal (RB) by using UV-Vis absorption and
due to its water solubility and suitable molecular fluorescence spectroscopy techniques. In this
weights. It is a polymer where chelating context, PEI is a good candidate because
properties are examined by using potentiometric polyamine polymers have a high concentration of
and spectrophotometric methods (4, 5). In this amine groups, which provides an effective
study, a branched PEI containing primary, macromolecular environment in the aqueous
secondary, and tertiary amino groups at solution. In this study, we will provide RB-PEI
approximately 1/4, 1/2 and 1/4 rates interaction, and the photophysical parameters
respectively, were used (6). In this study, PEI will be discussed and an attempt presented for
provides a change in the spectral properties for the polymer-dye interaction mechanism. The
Rose Bengal (RB) dye through n -n stacking and formation of complex and aggregation in the dye-
electrostatic interaction. polymer interactions is one of the most common
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situations in the literature. The dye-polymer
studies are a powerful tool for determining the
binding region, the driving forces in the binding,
conformational changes of the polymer and which
polymer has an affinity to the dye. In this respect,
this study is significant in terms of adding a dye-
polymer relationship to the literature.

(2)

| " NH;
Y

N N H H
HQN/\\'/ SN NI TN \.//“‘“*[\”_12

HQN/\/N\/\NHQ
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EXPERIMENTAL

Chemicals

Rose Bengal and Polyethyleneimine (the
molecular structures are shown in the Figure 1la
and 1b, respectively) were purchased from
Sigma. Methanol was purchased from Fluka. RB
and PEI were stored in the dark as concentrated
stock solutions of 1.0 mM in methanol. The
chemicals were used without further purification.
All experiments were done in distilled water.

(b) Cl

Figure 1. Molecular structures of (a) Polyethyleneimine and (b) Rose Bengal (Rose Bengal b sodium salt).

Equipments

Absorption and fluorescence spectra of samples
were taken with Lambda 35 UV / Vis
Spectrophotometer and Shimadzu RF-5301PC,
respectively. Time-resolved fluorescence
measurements were recorded in the Photon
Technology Instrument (PTI) Time Master TM3.
The excitation and emission slits were adjusted at
1.0 nm. The absorption spectra were recorded in
the region of 455 nm to 620 nm at room
temperature. For the fluorescence spectra, the
system was excited at 520 nm and the
fluorescence spectrum was recorded between 525
nm and 620 nm. A more detailed description of
the method time depending fluorescence
measurements is given other where (9).

Fluorescence Quantum Yield Measurements
Fluorescence quantum yields (®r ) were
calculated using a reference solution and using
equation 1.

om0 () (252)  (ean)

In equation 1, Ds and D, refer to the integrated
area under the corrected fluorescence spectra for

312

sample and reference, ns and n, are refractive
indexes of sample and reference solutions,
respectively. The ODs are the sample and the ODr
is the reference optical density read at the
excitation wavelength (10, 11). The fluorescence
quantum yield of 1uM Rh101 is 1.00 in methanol
(12).

RESULT AND DISCUSSION

Effects of PEI on the absorption spectra of
RB

PEI does not show any absorbance in the visible
region. The UV-Vis absorption spectra of the RB
(2.0 uM) at various PEI concentrations changing
from 0.02 to 0.90 mg/mL are shown in Figure 2.
Figures 2a and 2b show the absorption spectra
and normalized absorption spectra of the dye at
room temperature and in a distilled water
medium, respectively. RB shows maximum
fluorescence absorption at 549 nm. When the
various concentration polymer solutions are
titrated to the dye solution, spectral shifts occur
as a function of the PEI concentration. The
biggest shift of about 15 nm was observed at the
highest PEI concentration.
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Figure 2. (a) Observed and (b) normalized UV-Vis absorption spectra of RB with various concentrations
of PEI in distilled water. (c) Relation between the relative absorbance and the ratio of as a function of

concentration of PEI.
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According to the theory of molecular exciton, the
transition moments are final for the electric dipole
changeover from the ground state to the excited
state or from the ground state to the higher
energized excited state. It is known that a linear
transition dipole will cause dimer, aggregation, or
higher complexity. Such interactions always
result in strong red shifts for the dimer,
aggregate, and complex transition (13, 14). The
absorption band of RB-PEI expands about 5 nm,
and a strong red shift is observed in the
comparative absorption bands of the RB alone.
These spectral changes confirm the RB attaches
to the polymer chain of PEI (15). These
interactions lead to a decrease in absorbance at
lower PEI concentrations and an increase in
absorbance in higher PEI concentrations. This is
clearly illustrated in the graph in Figure 1c
showing the relative absorbance values based on
the PEI concentrations. The change of the
interaction of the resulting complex is clearly
shown.

Determination of binding constant and
evaluation of the quantities of binding.
Absorbance measurements were made for pure
dye and PEI-dye mixture. For dye, Agye refers to
absorbance of RB dye alone; A refers to
absorbance for the PEI- RB and the difference
occured in absorbance is calculated with the
following formula:

A_Adye =44 = (Cp (‘gcomplex - gdye) = Cpde (Eq.2)
where Cy is the concentration of bound dye and

Ae is the change of the molar absorption
coefficient of the bound dye or complex and the

RESEARCH ARTICLE

free dye. The balance of complex formation
between polymer and dye is shown as follows

K
PEI + dye < Complex

where K is the binding constant. If the complex is
considered to be composed of 1: 1

_ [complex] _ Cs
= Cr[PEI\free  Cr [PEfree (Eq.3)

where Cr refer to the free dye concentration.
When the FEIL is overdone, [PEI]¢ye, ~[PEl]¢otq and
represents [PEl];ota: @S [PEI] be simplified;

__Cs Cs _
K= & 1Pl or &= K [PEI] (Eq.4)

The total dye concentration C; is shown by
CT = CB + CF (Eq.5)
By dividing Eq.5 by Eq.2, we get the following:

Cr - Cp+Cr (Eq6)

24 Cgae

By simplifying Eq.6 with the replacement of the
value of Cg / Cr from Eq.4 we have
Cr

—=ﬁ(1+ L (Eq.7)

4A K [PEI]

Eq. 7 is the linking of experimentally known or
quantifiable amounts of 44 to K and A4t to the
binding study (16). Figure 3 shown the plot of
Eq.7 (CT/AA vs 1+ 1/ K [PEI]) for system. The
experimental data were given in Table 1.

Table 1. Binding Constant and Extinction Coefficients for the PEI-Rose Bengal System

sdye x105
SYSTEM (M4 em™)

Ag x 105
(M1tcm)

€complex X10° K x 102
(M1 cmt?) (M)

PEI-RB 3.00 1.81

35

1.19 3.75

R*=0.99
30+

25«
20 -

15 =

CT/A

10 =

5=

¥ T ¥ T
0 20 40

T ¥ T
60 80 100

1+ 1/ K [PEI]
Figure 3. Plot of Eq. (6) for RB-PEI system.
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Effects of PEI on the fluorescence spectra of
RB

The fluorescence spectra of the RB (2.0 uM) in
different PEI concentrations ranging from 0.02 to
0.90 mg/mL are shown in Figure 4. Figures 4a
and b show the fluorescence spectra and
normalized fluorescence spectra of the dye in a
distilled water medium and at room temperature,
respectively. PEI does not release any emissions
during the absorbance. The fluorescence band of
the RB in distilled water was monitored at 560
nm. This band was initially quenched by forming
its complex structures depending on the PEI
concentration. As the concentration of the PEI
continued to increase, fluorescence began to
increase. This is clearly shown in Figure 4c in the
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graph of relative fluorescence values to the PEI
concentration. The increased fluorescence of
complex is an indication that the existing
interaction converts the RB molecules to
aggregates (17, 18). It is known that the
formation of aggregate blocks non-radiative
decay and increases the fluorescence of dye by
intramolecular rotation in the phenyl rings (19,
20). In view of the emission spectra of the RB,
the enhanced fluorescence resulting from the
increase in the presence of PEI was proven to
interact with the tendency of dye. The bands at
longer wavelengths arise from the excimer
emission of the interplayed aromatic units and
aggregate (21, 22).

500 =

400 =

300 =

200 =

Fluorescence Intesity (a.u.)

100 <

w7 uM RB without PEI
and 2 uM RB with
e ().02 mg/mL PEI
= ().09 mg/mL PEI
e ().18 mg/mL PEI
0.27 mg/mL PEI
s ()36 mg/mL PEI
e ().54 mg/mL PEI
0.72 mg/mL PEl
w=).90 mg/mL PEI

1
620

Wavelength (nm)

(b)

1.0 =

Fluorescence Intesity (a.u.)

=2 uM RB without PEI
and 2 uM RB with
e (.02 mg/mL PEI
s ().09 mg/mL PEI
e (). 18 mg/mL PEI

0.27 mg/mL PEI
s ().36 mg/mL PEI
s ().54 mg/mL PEI
s ().72 mg/mL PEI
s (.90 mg/mL PEI

T T
600 620

T
580

Wavelength (nm)

315
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0.5

0.4 =

Relative Fluorescence (a.u)

0.3

0.2

(<)

T ¥ T v
0.0 0.2

T
0.4

T
0.6 08 1.0

[Concentration] (mg/ml.)

Figure 4. (a) Observed and (b) normalized fluorescence spectra of the RB with various concentrations of
PEI in distilled water. (c) Relation between the relative fluorescence and the ratio of as a function of

concentration of PEI.

Determination of photophysical parameters
for PEI-RB system

The dye-polymer interaction resulted in the band
shifting absorption. Similarly, the fluorescence
spectra altered the fluorescence intensity of the
RB and changed the fluorescence quantum yields
(®5) of the dye (Table 2). The data from Table 2
indicates that the quantum yield of RB decreases
or increases depending on the fluorescence.
Meanwhile, the fluorescence quantum efficiency
varies greatly by the nature of the adhesion (23).
The fluorescence lifetimes of the dye increased
with the concentration of the polymer. The dye

molecules are more stable when they interact
with the polymer and this increases the life time
values due to the molecule spending more time
on excited energy levels (24). The emission band
maximum of the dye, which shifted from 560 to
574 nm, proves the formation of the n-stacked
binding complex (25). The fluorescence lifetime
of the dye is calculated and shown in Table 2.
Fluorescence lifetime and fluorescence quantum
yield are associated with the non-radiative (knr)
and radiative (k) rate constants given in
Equations 8 and 9 (26, 27).

Table 2. Photophysical parameters of RB in distilled water and PEI aqueous solutions.

[PEI] Aabs Ar bs Tf X2 k: (s71) knr (s71) Kor / K
(mg/mL) | (nm) (nm) (x10-3) (ns) x10° x10° ne /s
Distilled 1 559 ' 560 18.0 0.095 1.2 18.95 10.34 54.5

water
0.02 552 563 19.0 0.123 1.1 15.45 7.975 51.6
0.09 557 566 17.0 0.185 1.0 9.19 5.313 57.8
0.18 563 569 12.0 0.222 1.0 5.40 4.450 82.3
0.27 564 571 16.0 0.246 1.0 6.50 4.000 61.5
0.36 564 573 18.0 0.338 1.1 5.32 2.905 54.6
0.54 565 573 20.0 0.371 1.2 5.39 2.641 49.0
0.72 565 573 22.0 0.413 1.2 5.33 2.368 44.4
0.90 566 574 23.0 0.455 1.1 5.05 2.147 42.5
Ke=®/ 1 (EQ.8) main excited-state deactivation pathway is
internal conversion (28).
Knr=1/T¢ -k (Eq.9)
CONCLUSION
Using these equations, kn/ kr values were

calculated for dye in the PEI solutions and distilled
water. Table 2 shows that the kn/ kr values for
dye were higher at PEI concentrations of 0.18
mg/mL. On the other hand, kn/ k- values are
often above the average in similar systems. In
addition, high kn/k: values of RB show that the
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In the present study, the effects of PEI on the
photophysical properties of RB dye were
examined using spectroscopic techniques. The
interactions of the RB dye and PEI in distilled
water caused differences in the photophysical and
spectroscopic properties of the dyes. RB (2 uM) in
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the presence of PEI displays strong red shifts and
changes of absorption and emission band
intensities when compared to that in distilled
water, which are assigned to the dye-polymer
interaction. The values of kn/k: for the dye are
calculated in the PEI media. The changing
photophysical parameter values of the RB are due
to the local micro viscosity and polarity variations
as well as the probe surrounding interactions in
this medium and dye interactions. Changing and
limiting the photophysical properties of the dye
with the concentration of the polymer will be
beneficial tools used in optical studies.
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Abstract: An unsymmetrical zinc phthalocyanine (ZnPc) (5) bearing one pyrene (Py) and six tert-
butylphenoxy units was synthesized in 3 steps. The unsymmetrical zinc phthalocyanine carrying the
protecting group was synthesized in the first step. In the second stage, the protecting group was removed
and in the final stage pyrene structure was introduced with the Sonagashira coupling reaction. The new
compound was characterized by using spectroscopic techniques. The photophysical measurements of the
conjugated structure were performed to determine the effect of the pyrene group on the fluorescence of

Pc. It was determined that the absorption of the pyrene structure around 350 nm was overlapping with the
B-band of phthalocyanine after conjugation. Fluorescence quantum vyield (®f) and lifetime (T¢) were
calculated. The fluorescence quenching examinations were performed by adding the different concentration
of 1,4-benzoquinone (BQ) in N,N-dimethylformamide (DMF) and the Stern-Volmer constant (Ksy) and
quenching constant (kq) values of unsymmetrical zinc phthalocyanine (5) were determined.
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INTRODUCTION intersystem crossing to the triple state, hence
restricting the applications of phthalocyanines in
Phthalocyanines (Pcs) have 18 n-electron system imaging (8). The fluorescence properties of the
and they are disc-like aromatic macrocycles. Due aromatic structure may alter by the interaction of
to the n-electron delocalization over the a Pc core with a fluorescent probe like pyrene
molecule, they have unique photophysical, group. The chemical or physical binding of the
photochemical, redox, and coordination fluorescent probe to the Pc causes a shift in the
properties, and high chemical and thermal spectrum or a change in intensity (9).
stability (1). The properties of Pcs depend on both
the electronic properties of the central metal It is well known that pyrene (Py) has a high
cations and the nature of substituents. It is quantum vyield of fluorescence and a relatively
advantageous to substitute the functional groups long lifetime of singlet excited state (10). Pyrene
at the peripheral or non-peripheral positions of is one of the most popular fluorescent
the Pcs, since they provide solubility and it also chromophores used for photochemical
tunes the color of the material. Substitution of applications. Pyrene derivatives with high
functional groups also changes the electron quantum vyields and lifetime, and are also
density of the phthalocyanines and allows the use valuable molecular probes for fluorescence
in various fields such as solar cells, sensors, liquid spectroscopy (0.65 and 410 ns, respectively, in
crystals, and nonlinear optics (2-6). ethanol at 293 K) (11). In addition, pyrene and
its derivatives have often been used as anchor
Although Pcs display good chemical and groups to facilitate electron transfer into the
photochemical properties, their fluorescence acceptor domains (12).

properties are poor (7). Large central metals
reduce the fluorescence by enhancement of the
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Phthalocyanine-pyrene (Pc-Py) conjugates
appear to be promising candidates for solar cells,
sensors, nonlinear optical and photovoltaic
applications because of their photophysical and
photochemical properties (13-16). According to
the literature, the presence of pyrene groups in
the structure of phthalocyanine improves the n—n
interaction between the Pc-Py and single-wall
carbon nanotubes (SWCNT). Non-covalent
functionalization of single-wall carbon nanotubes
(SWNTs) with Pc-Py molecules were
accomplished by Torres et al. to form stable
hybrids (17). Durmus and coworkers synthesized
hybrids of SWNT with phthalocyanines bearing
one pyrene unit and studied their sensory
response to ammonia vapor (18). They reported
that the pyrene units and its derivatives display a
strong affinity towards sp2-nanocarbon networks
(19, 20). In another study, tri-and tetra-pyrene
substituted indium phthalocyanines (InPcs) with
strong triplet absorption and high triplet yields
were investigated for the third- and second-order
nonlinearities by Nykong et al. (15).

From the point of view, the aim of this study is to
synthesize pyrenyl substituted unsymmetrical
zinc phthalocyanine for the preparation of light-
harvesting antennae. Although there are
symmetrically or unsymmetrically substituted
phthalocyanine-pyrene conjugated structures in
the literature (21-24), unsymmetrically
substituted zinc phthalocyanine in which the
pyrenyl group was bound to the phthalocyanine
ring, was synthesized for the first time. The
photophysical properties of this new compound
was investigated by fluorescence measurements.

EXPERIMENTAL SECTION

Materials and methods

All reported 'H- NMR spectra were recorded on an
Agilent VNMRS 500 MHz spectrometer.
Fluorescence and UV-Vis spectra were obtained
using Perkin-Elmer LS55 fluorescence and Scinco
LabProPlus UV/Vis spectrophotometers. FTIR
spectra of the compounds were recorded on a
Perkin-Elmer Spectrum One FTIR spectrometer.
Mass spectra were measured on a Bruker
Microflex LT MALDI-TOF MS spectrometer. The
isotopic patterns for all assigned signals are in
agreement with the calculated natural
abundance. 4,5-Bis-(4-tert-
butylphenoxy)phthalonitrile (1), 4-(3-hydroxy-3-
methyl-1-butynyl)phthalonitrile (2),
2,3,9,10,16,17-hexakis(tert-butylphenoxy)-23-
(3-hydroxy-3-methyl-1-
butynyl)phthalocyaninato zinc(II) (3) and
2,3,9,10,16,17-hexakis(tert-butylphenoxy)-23-
(ethynyl)phthalocyaninato zinc(II) (4) were
prepared according to reported procedures (25-
27).

Preparation

Synthesis of 2,3,9,10,16,17-Hexakis(tert-
butylphenoxy)-23-(pyrenyl)phthalocyaninato

320

RESEARCH ARTICLE

zinc(II) (5): 100 mg of compound 4 (0.07 mmol)
was dissolved in 10 mL of dry tetrahydrofuran
(THF) /trimethylamine (1:1) mixture and then 40
mg of 1-bromopyrene (0.13 mmol), 3 mg of
bis(triphenylphosphine)palladium(II) chloride
(0.004 mmol), and a catalytic amount of
copper(l) iodide (1 mmol, 0.1 mg) were added to
this solution. The reaction mixture was heated to
60 °C for 24 h under nitrogen (N2) atmosphere.
Once the ethynyl derivative is consumed,
monitored by TLC, the mixture was filtered over
celite and the solvent was removed under
vacuum. The green product was purified by
column chromatography on silica gel using first
hexane/dioxane (3:1) and then dichloromethane
(DCM) /methanol (MeOH) (50:1) as eluents.
Solubility: Soluble in THF, CH,Cl,, DMF, and
DMSO. Yield: 0.026 g, (24 %). FT-IR (Umax/cm™):
3039 (Ar-C-H), 2957-2869 (Aliph. -C-H), 2206
(C=C), 1506 (Ar-C=C), 1173 (Ar-O-Ar), 1087
(Ar-O-Ar). UV-Vis Amax (nm) THF: 269, 356, 683;
DMF: 267, 365, 684. 'H-NMR (500 MHz, CDCIs):
0, ppm 7.65-7.33 (42 H, m, Ar-H) 1.30 (54 H, s,
CH3). Anal. Calc. for C110H95N8062n (1689.68
g/mol) %: C, 78.11; H, 5.72; N, 6.63 Found: C,
78.12; H, 5.69; N, 6.56. MS (MALDI-TOF): m/z
1689.66 [M]*.

Photophysical parameters

Fluorescence quantum yields and lifetimes:

The comparative method was used to determine
the fluorescence quantum yields (®f) according
to the Eq. (1) below (28, 29), utilizing non-
substituted ZnPc in DMF as the standard (®f =
0.17) (28, 29):

Br=0¢(Std) _FAswn®

FstaANZeg
(Eq. 1)
where F and Fsiq are the areas under the
fluorescence emission curves of the
phthalocyanine (5) and the standard,
respectively. Astg and A are the respective

absorbances at the excitation of standard and 5,
Nstd and n are the refractive index of solvent (Nowmr
= 1.496) used for the standard and sample.

The fluorescence lifetime (7f), which is the
average time of the molecule at the excited state
before fluorescing, was found using the
PhotochemCAD program and the Strickler-Berg
equation. The fluorescence quantum vyield (®f)
and the fluorescence lifetime (T¢) value are
directly proportional. The natural radiative
lifetime (1,) was calculated with Eq. (2) (28, 29):

or = /o ( )
Eqg. 2

Fluorescence quenching by 1,4-benzoquinone:

Fluorescence quenching experiments were
carried out in DMF with the addition of BQ
solutions ranging from 0 to 0.040 M into the ZnPc
solution. With the addition of BQ, an energy
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transfer takes place between the excited ZnPc
(fluorophore) and the BQ (quencher). The
fluorescence spectra of ZnPc were recorded each
time after the addition of different concentration
of BQ. Changes in fluorescence intensity due to
BQ concentration were consistent with the kinetic
mechanism of the Stern-Volmer (SV) equation
(Eq 3) (30):

%=1+ Key[BOQ]
(Eq. 3)

where Ip and I are the fluorescence intensities of
fluorophore in the absence and presence of
quencher, respectively. [BQ] is the concentration
of the quencher and Ksy is the Stern-Volmer
constant. Ksy is the product of the bimolecular
quenching constant (kq) and the Tf, and is shown
in Eq. (4) (31):

KSV = kq X Tp

(Eq. 4)

The ratios of Io/I were calculated and plotted
against [BQ] according to Eq. (4), and Ksy is
determined from the slope.

RESULTS AND DISCUSSION
Synthesis and
characterization

There are three methods for the preparation of
usymmetrically substituted Pcs. These include a
statistical condensation of two different
phthalonitriles (32-34), a polymeric support
method (35, 36) and a ring-expansion of sub-
phthalocyanine (SubPc) (37, 38). Sub-Pcs
undergo ring expansion when reacted with
diaminoisoindoline or its analogues, resulting in
the AsB type phthalocyanines. Although ring
expansion reaction is highly selective and the As:B
phthalocyanine is the major product, this only
applies to limited phthalonitriles. It is because the
ring expansion reaction is dependent on the
experimental conditions and the electronic
properties of the reactants (39-42). Despite the
variety of commercially available polymeric
supports, phthalonitriles having a functional

spectroscopic
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group that can bind to the polymer and then be
separated under acidic or alkaline conditions is
limited. Therefore, the synthesis of AsB type
phthalocyanines by the polymeric support route
is restricted (43, 44). Since the starting materials
used in this study do not have a functional group
that can bind to the polymer, the statistical
condensation method is preferred. If the
reactivities of the two phthalonitrile involved in
the condensation are similar, the symmetrical A4
type Pc (33%), the asymmetrical AsB type Pc
(44%) and the remaining Pcs (23%) can be
obtained using a 3 : 1 (A:B) ratio. In this method,
the use of phthalonitriles with different solubility
properties will facilitate purification of the
targeted asymmetric phthalocyanine.

Phthalonitrile 1 and phthalonitrile 2 were used as
starting materials. Compound 1 was synthesized
from the reaction of 4-tert-butylphenol with 4,5-
dichlorophthalonitrile in dimethyl sulfoxide
(DMSO). The reaction was completed at 90 °C for
4 hours and potassium carbonate (K,COs3) was
used as the base (25). Nitrile 2 was prepared by
the reaction of 2-methylbut-3-yn-2-ol with 4-
iodophthalonitrile under typical Sonogashira
reaction conditions (26, 45). The mixed
condensation of phthalonitrile precursors 1 and 2
with zinc chloride (ZnCly) in 2-
dimethylaminoethanol (DMAE) at 145 °C afforded
the corresponding zinc phthalocyanine (3)
(Scheme 1). The desired phthalocyanine (3) was
purified by column chromatography. The
dioxane:hexane (1:3) mixture was used as the
eluent on silica gel and the compound was
obtained in moderate yield (14%) (27). The
protecting group was then removed by treatment
with sodium hydroxide in toluene to give the
ethynyl derivative (4) (27). The resulting crude
product was purified by column chromatography
on silica gel by using dioxane:hexane (1:5) as
eluent. Phthalocyanine 4 was obtained as green
solid in a 69% yield. The Sonagashira coupling
reaction between compound 4 and 1-
bromopyrene in  THF/trimethylamine  with
bis(triphenylphosphine)palladium(II)chloride and
copper(l)iodide as catalyst at 60 °C under N3
atmosphere led to the formation of 5 in 24%
yield.
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NC R
X ;
NC R =

(iii)

Scheme 1. Synthetic route to unsymmetrical ZnPc (5) (i) ZnCl,, DMAE, 24 h, reflux. (ii) NaOH, toluene,
reflux, 6h. (iii) 1-Bromopyrene, Pd(PPh3).Cl,, Cul, THF, Triethylamine, 60 °C, 24h.

The spectroscopic characterization of the newly were detected at 354 (4), 356 (5) and 678 (4),
synthesized compound (5) included 'H NMR, IR, 683 (5) nm, respectively (Figure 1). Two
mass and UV-Vis. In the FT-IR spectrum of absorption peaks were observed at 267 and 346
compound 5, aromatic CH, aliphatic CH, C=C and nm in the spectrum of pyrene in DMF (Figure 1).
C-0O-C vibrations were observed at 3039, 2957- The Q band of ZnPc (5) slightly red shifted (5 nm)
2869, 2206 and 1266-1212 cm™!, respectively. after coordination with Py. The reason for this
In the 'H NMR spectrum of 5, the aromatic shift is the extended n conjugation of
protons were observed between 7.65 -7.33 ppm phthalocyanine structure (23). After the
as multiplet in CDCls. The aliphatic CHsz protons conjugation, the B band of ZnPc-Py (5) was
were resonated at 1.30 ppm as singlet. In the almost as intense as its Q band because of the
mass spectrum of compound 5, the presence of pyrene absorption in the B band region (21, 22).
the characteristic molecular ion peak at m/z = As seen in the literature, the Soret band of
1689.66 [M]* confirmed the proposed structure. phthalocyanine (5) overlaps with the absorption

of pyrene unit at around 346 nm (21-23).
In the UV spectra of compounds ZnPc (4) and
ZnPc-Py (5) in DMF, the B bands and Q bands
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Figure 1. UV/Vis spectra of ZnPc (4), ZnPc-Py (5) and pyrene (Py) in DMF (6 x 10> M)

The fluoresence measurements and fluorescence
quenching studies of 5 were performed in DMF
upon exitation at 615 nm. The fluorescence
emission, excitation, and absorption spectra of 5
were shown in Figure 2. Fluorescence emission
peak of 5 was detected at 705 nm and Stokes’
shifts was evaluated as 27 nm. The observed
Stokes’ shift was within the region ~20-30 nm as

1.5 4

Absorbance

typical for Pc complexes (46). The excitation
spectrum was similar to absorption spectrum and
both were mirror images of the fluorescent
spectra for 5 in DMF. This shows that the nuclear
configurations of the ground and excited states
are similar and not affected by excitation (28,
29).

90

Intensity, a.u.

T T
500 550 600

T
650

T
750

T
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Wavelength, nm

Figure 2. Absorption (red), excitation (blue) and emission (green) spectra of 5 in DMF (4 x 10 M)

The fluorescence quantum vyield (®f) of
compound 5 was calculated as 0.173 which is
very close to the ®r value of the ZnPc used as
reference. According to the literature, the
insertion of a diamagnetic central metal is known
to increase the fluorescence quantum yield (®F)
(47). For standard ZnPc the ®f value is known to
be 0.17 in DMF (28, 29).

According to the literature, Ozgcesmeci and
coworkers synthesized phthalocyanines bearing
four pyrene units and studied their photophysical
properties (21). In another study performed by
Sirgln et al., pyrenyl substituted phthalocyanine
synthesis and photophysical measurements were
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performed (22). In these studies where the
pyrene groups were not conjugated to the
phthalocyanine ring, the fluorescence quantum
yields measured for ZnPc’'s were close to the
value of the standard ZnPc. ZnPc-Py conjugate
structure was accomplished by Ogbodu and
coworkers (23). They reported that the
fluorescence quantum vyield of the pyrene
substituted unsymmetrical ZnPc was close to the
reference yield. In this study, we extend the
conjugation of the Pc by adding a pyrenyl group
and the fluorescence quantum yield of 5, was
found to be very close to the value in the
literature.
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The natural radiative lifetime (7,) value was
calculated as 13.07 ns and the fluorescence
lifetime (kf) value was 2.26 ns. For the
unsubstituted ZnPc, the T, and kr values are 6.05

50
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30
25
20
15
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Intensity, a. u.

]

650

700
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ns and 1.03 ns, respectively. It was observed that
the natural radiative lifetime and the fluorescence
lifetime values for 5 were higher than non-
substituted ZnPc in DMF.

750 800

Wavelength, nm

Figure 3. Fluorescent emission spectral changes of 5 (4 x 10°® M) in DMF in which different
concentrations of hydroquinone in DMF were added as quencher. [BQ] = 0.000, 0.008, 0.016, 0.024,
0.032, 0.040 M

0 0.01

0.02
[BQ]

y=37.764x+1
R? =(0.9872

0.03 0.04 0.05

Figure 4. Stern-Volmer plot of 5 for BQ ([BQ] = 0.000, 0.008, 0.016, 0.024, 0.032, 0.040 M)

The fluorescence quenching of the compound 5
by benzoquinone (BQ) in DMF was found to obey
Stern-Volmer kinetics, which is consistent with
diffusion-controlled bimolecular reactions. The
emission spectrum of 5 with the addition of
varying concentrations of BQ is shown in Figure
3. As the concentration of BQ increases, the
intensity of 5 decreases in parallel to the
increasing concentration of BQ. The slope of the
graph studied for equation 3 is linear, indicating
that the diffusion controlled quenching
mechanisms. The Ksy value from the slope of the
graph was found to be 37.76 M-! (Figure 4) (28,
29). kq is the bimolecular quenching constant of
5 in DMF for BQ quenching and the value for 5 is
1.67x10%% s71, The Ks, and kg values of compound
5 are smaller than unsubstituted ZnPc (Ksy =
57.60 M1, kg = 5.59x1010 s°1),
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CONCLUSION

In the present work, pyrene and tert-
butylphenoxy substituted unsymmetrical zinc
phthalocyanine was synthesized and

characterized by various spectroscopic methods
and confirmed the proposed structure. The
overlap of the Soret band of Pc with the band at
346 nm of Py caused an increase in the intensity
of B band of compound 5 after conjugation. The
slight red shifting of Q band of Pc was also
determined after Pc-Py conjugation. The
photophysical properties of Pc-Py (5) conjugate
was investigated and compared with an
unsubstituted ZnPc. The fluorescence quantum
yield of compound 5 is close to unsubstituted
ZnPc, while its lifetime is higher than that of
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unsubstituted ZnPc. In addition, the fluorescence
quantum yield of compound 5 was compared with
the fluorescence quantum vyield of other
tetrasubstituted ZnPc substituted with pyrene
groups in the literature (21-23). The fluorescence
quantum vyield of 5 is in agreement with the
literature values. Furthermore, the fluorescence

quenching studies were performed by
benzoquinone typically. The Stern-Volmer
kinetics were also investigated in DMF. In
comparasion with unsubstituted zinc

phthalocyanine, compound 5 showed lower K,
and kg values.
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0.1% with the method.

Keywords: Method validation, salt analysis, Mohr method, olive, brine.
Submitted: December 13, 2018. Accepted: July 17, 2019.

Cite this: Sezey M, Adun P. VALIDATION OF MOHR’S TITRATION METHOD TO DETERMINE SALT IN OLIVE AND
OLIVE BRINE. JOTCSA. 2019;6(3):329-34.

DOI: https://doi.org/10.18596/jotcsa.496563.

*Corresponding author. E-mail: perihan.adun@neu.edu.tr.

INTRODUCTION term ‘accuracy’ is often used in
documents/standards referring to method
Method validation is the series of procedures used validation. Under current ISO definitions, accuracy
to demonstrate that the analytical method utilized could be defined as the agreement between a
for a specific test is suitable for its intended measurand a true value, actually it includes the
purpose. Results from method validation can be effect of both precision and trueness, since a
used to evaluate the reliability and precision of that measurand is an average of individual test results
method and it is an integral part of good laboratory and dispersion of test results effects trueness and
practices (1). bias. Precision, which is closeness of test results to
each other, is another important method
Method validation should be applied according to performance criterion for all measurements but
ISO 17025 (2), when a method is developed in- particularly in comparative studies. Method must be
house or obtained from the literature/third parties. tested to assess sensitivity, linearity, working range
Whenever a laboratory undertakes method and limit of detection (LOD). Sensitivity is defined
modification or there is a change in the as the slope of the calibration curve. Detection limit
performance of the method over time, the effects is the lowest detectable level of analyte
of analytical variables should be established. distinguishable from zero. The higher the analytical
sensitivity is, the lower the detection limit will be
Different method performance parameters will be (3).
important in different situations. Trueness has at
most importance for calculating absolute values of A test laboratory shall have a procedure for the
properties or analytes. It should be noted that the determination of measurement uncertainty and
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shall apply to this procedure. Uncertainty does not
assure trueness; however in an analytical point of
view, uncertainty defines the range of the values
that could reasonably be attributed to an analytical
result. Uncertainty arises not only from random
errors in the analysis such as short-term deviations
in temperature, relative humidity and power source
variations, but also from systematic errors such as
wrong solvent use, changes in instrumental
calibrations. When laboratories report uncertainty
together with an analytical result, it gives a
quantitative indication of the quality of the
analytical result and allows the user to make
decision. The confidence can be placed on a result
when it is compared with certain limits defined in a
specification or regulation. The validation of the
result and to compare analytical results from
different laboratories can be possible by using
uncertainty value (4). Different approaches can be
used to estimate measurement uncertainty such as
Gum Approach, method validation and use of
method performance data, inter-laboratory studies,
internal quality control studies and external quality
assessment data (5).

Cakistes is one of the most typical table olive
products of Northern Cyprus prepared by cracking
pink or green domestic olives. Domat, Memecik and
Yamalak varieties are used to prepare Cakistes.
After the olives are transported to the plant, they
are graded and scratched on 2 or 3 sides and put
into fresh water to remove bitter taste. The water
should be changed every day to obtain the desired
taste. Then, olives are transferred into brine which
is composed of 7% NaCl, 1% citric acid and 1%
CaCl;, in fermentation tanks. The brine salt ratio is
increased progressively keeping salt ratio constant
at 7-8%. When salt ratio in olives reaches to 5-6%,
Cakistes olives are now ready for consumption and
packaging. This process takes almost one month

(6).

Sodium chloride (NaCl) concentration is a crucial
parameter which strongly influences the storage
and quality of table olives. Its level is very effective
to achieve stability of the products, as salt prevents
growth of pathogens and hence its spoilage. In
recent years, consumers have developed a
tendency to low sodium intake, since a diet rich in
sodium leads to higher blood pressure. Therefore,
scientists have focused on the viability, application
and consequences of replacement of sodium with
calcium or potassium in table olive fermentation

(7).

Selection of a method to determine sodium chloride
content of any food is an important criterion
designing a quality assurance plan. There are
various methods available for determining salt
content of food; every single method has their own
advantages and limitations. Based on method
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performance criteria, analysts prefer standard
methods to determine salt content such as
refractometry, ion-selective electrodes, and
titration (8). Mohr’s titration method was applied
and validated in this study, since this method is
widely used for salt analysis in olive, olive brine and
many other food samples.

The Mohr’'s method, named after Karl Friedrich
Mohr, determines the chloride ion concentration of
a solution by titration with silver nitrate. As the
silver nitrate solution is slowly added, a precipitate
of silver chloride forms. The end point of the
titration occurs when all the chloride ions are
precipitated. Then additional silver ions react with
the chromate ions of the indicator, potassium
chromate, to form a red-brown precipitate of silver
chromate (9):

Ag*aq) + Cl aq) — AgCls) (Ksp = 1.6 x 10710)

2Ag+(aq) + Cr042_(aq)9 AngrO4 (s) (Ksp =1.1x 10'12)

The aim of this study is to validate Mohr’s method
to determine the amount of salt in olive and olive
brine and to evaluate accuracy and precision of the
method and to estimate measurement uncertainty.
Acceptability of test results was also checked during
the Cakistes production season by an internal
quality control technique based on comparisons of
duplicated test results.

EXPERIMENTAL

Water, olive brine and olive samples fortified with
NaCl at three different levels i.e. 3, 5 and 7% were
used as material for validation experiments.

Preparation of fortified water samples
Distilled water enough for the experiments was
fortified with pure sodium chloride (NaCl) at 3
different levels i.e, 3, 5 and 7%, for 6 replicates at
each level and at three different occasions.

Preparation of fortified olive brine

Olives were manually picked from trees. They were
at green color maturity period. Samples were taken
in plastic boxes and transferred to factory. Firstly,
olives were washed in washing machine and
separated according to size in sorting machine.
Then they were cracked with crushing machine and
put into pure water as same as in practice. Olives
were kept in water for 3 days to include olive matrix
components into brine water representing the
conditions in practice. Olives were then separated
from water and this water was fortified with pure
sodium chloride (NaCl) at 3 different levels i.e., 3,
5 and 7%, enough for 6 replicates at each level and
for three different occasions.
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Preparation of fortified olive matrix

2 kg of olive were picked from trees. They were
transferred to the laboratory. Olives were washed
and fruit flesh were chopped, then comminuted and
homogenized. Homogenized olive samples were
fortified with pure sodium chloride (NaCl) at 3
different levels, i.e, 3, 5 and 7%, for 6 replicates at
each level and for three different occasions.
Fortified samples were kept for one day at room
temperature, so that NaCl can incorporate with
olive matrix. Next day, salty olive samples were
filtered through filter cloth.

Preparation of internal quality control test
samples

Picked olives were washed in washing machine and
sorted. Then, they were cracked with crushing
machine and put in polyester boxes. When the box
was full with olives, brine, which contained 7% salt
and 1% citric acid was added. During fermentation
period of olives, brine samples were taken from
selected boxes in duplicates and analyzed in
different days. Total 18 analyses were performed
and the following formula was used to calculate
laboratory uncertainty from differences of duplicate
measurements of test samples.

1 [z e
SER I T

standard deviation of analysis from

duplicate laboratory determinations

d: the difference of duplicates in one
laboratory

n: the number of data pairs

Where s:

Preparation of calibration curve

Calibration curve was constructed to assess limit of
detection, although calibration curve is not used for
quantitation of NaCl amount in routine analysis.
Olives were picked from trees and then transferred
to the laboratory. They were washed and fruit flesh
were chopped, then comminuted and
homogenized. Homogenized olive samples were
fortified with pure sodium chloride (NaCl) at 7
different levels, i.e, 1, 2, 3, 4, 5, 6 and 7%. Fortified
samples were kept for one day, so that NaCl can
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incorporate with olive matrix. Next day, salty olive
samples were filtered through filter cloth and then
used for the construction of calibration curve with
replicate titrations.

Salt analysis by using Mohr’s titration method
All fortified samples and olive brine samples taken
during the olive fermentation period for internal
quality control purpose were analyzed for the salt
content by Mohr titration method by 6 replicates at
the level of 3, 5 and 7% salt and at three different
occasions.

Procedure is described below:

e An aliquot of 1 mL was taken from brine
and put into an Erlenmeyer flask.

e 0.5 mL of 5% potassium
(indicator) was added.

e The burette was filled with 0.1 N of AgNO3
until the zero point.

e The sample was titrated with standardized
AgNOs3 solution until the first perceptible
pale red-brown color.

e The color should remain constant for 30
seconds.

e Titration volume was recorded.

e The following formula was used to calculate
the amount of salt.

chromate

VXN XF x0.0585x 100
m

NacCl content (%) =

V: Consumption of 0,1 N AgNOs in titration
(mL)

N: Normality of AgNOs3

F: Factor of 0,1 N AgNO3

m: mass of sample (g)

RESULTS and DISCUSSION

Validation results of fortified matrices

Table 1 shows the recoveries and repeatability
values for all fortified matrices at each occasion of
analysis. Salt recoveries from fortified pure water
changed between 101% and 121%, from brine
94% to 117% and from olive solutions 100% to
119%. Repeatability values changed from 3% to
6% RSD among the replicates of three different
fortification levels at the same day.
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Table 1. Method validation characteristics for different matrices (n=162).

Matrix Days of Analysis

Average Recovery
(%)

Precision
as Repeatability of Recoveries
(RSD%, n=18)

Water

109
110
113

Olive brine

103
105
107

Olive

WNEFEFWNEFEWNE-

107
106
105

wWwhoumwwou b~ >p

Accuracy and reproducibility of the Mohr’s
Method

Table 2 summarizes the recoveries for all fortified
matrices at each fortification level. Mean recoveries
for olive brine and olives were found as 105% and
106% respectively, whereas 111% for direct
aqueous solutions with the relative standard
deviations of 4, 4 and 5% respectively (see Figure
1). Our findings are in accordance with the similar

titrimetric method validation criteria, although not
any validation data on Mohr’'s method could be
found.

Finally, overall recovery, in other words, accuracy
of the Mohr’s titration method was 107% with RSD
of 5% (n=162) for three matrices, three levels and
three different occasions.

120

115

110 1 ]

105 —

Recoveries, %

100 —

90

Fortified water salt solutions

Fortified olive brine

Fortified olive

Figure 1. Mean recoveries and RSD values of fortified water solutions, fortified olive brine and fortified olive

at three different salt level (%).

Table 2. Method validation characteristics of the method at different levels independent of the matrix. Analysis

uncertainty is expressed as CVa (n=162).

Fortification Level Accuracy

(Average Recovery, %)

Precision
as Reproducibility of Recoveries
(RSD%, n=18)

3% 111 6
5% 105 2
7% 106 4
Overall recovery 107 5%

*coefficient of variation (CVa) for the analysis.

Internal Quality Check Results Obtained from
Duplicate Analysis of Olive Brine
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Olive brine samples were taken during the
fermentation period for the estimation of laboratory
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uncertainty, three sampling parties were selected
during one-month period. Three samples were
taken from each barrel with weekly intervals.
Sample 1 was analyzed on the day of sampling, the
2nd sample was analyzed the next day and sample

RESEARCH ARTICLE

3 was stored as a control sample. Total 18 samples
were analyzed in the same manner and laboratory
uncertainty was calculated as 3% (Table 3), which
was better and in accordance with analysis
uncertainty (5%).

Table 3. Results of two groups of measurements under repeatability conditions for the estimation of laboratory

uncertainty

Sample Replicatel Replicate2 Relative Square of Sum of CViab
difference relative squares
between differences
duplicates
1 4.50 4.79 -0.062 0.00390 0.01214 0.02597
2 5.82 5.55 0.047 0.00226
3 6.40 6.40 0 0.00000
4 4.38 4.38 0 0.00000
5 6.05 6.14 -0.014 0.00022
6 6.61 6.55 0.009 0.00008
7 5.50 5.90 -0.070 0.00492
8 6.31 6.14 0.027 0.00075
9 6.23 6.25 -0.003 0.00001
Linearity and Limit of Detection (LOD) parameter in internal quality control of linearity,
Linearity and limit of detection are important should be < 0.1 (11-12). This was the case in the

method performance criteria to be determined in
method validation experiments. One simple way to
estimate linearity and LOD is the use of calibration
curves in matrix (10). The standard deviations of

study that correlation coefficient R2 was 0.998 and
Srr was 0.03 (Figure 2). Typical LOD value for salt
calculated from the calibration curve was found to
be 0.1%.

Calibration chart WLR

relative residuals (Srr), which is a decisive

9
8
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6
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5 y =1,057x + 0,071
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2 4 6
Concentration of NaCl, %

Figure 2. Calibration graph of salt analysis by using Mohr method.
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CONCLUSION

Mohr's titration method for the determination of
salt amount in olive and/or olive brine was
successfully validated, since the accuracy and
precision of the method were within the acceptable
ranges (accuracy 70-120% and RSD 5%).
Laboratory uncertainty value was in accordance
with method’s reproducibility value (CVa) from
validation study. Mohr’'s method can be used for
routine analysis of salt determination by
implementing quality control measures during its
use.

This study was presented as an oral presentation at
the Thirtieth National Chemistry Congress, 5-8
November 2018, Famagusta, Cyprus.
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Abstract: The present study juxtaposes for the first time the heterogeneous methanolysis of gmelina oil
over KNOs activated MgO-ZnO with a NaOH base methanolysis for biodiesel production. The conditions for
biodiesel production such as temperature, reaction time, NaOH (or KNO3 dose) and methanol-gmelina oil
ratio were optimised. The 4%w/w KNO3 activated MgO-ZnO afforded high biodiesel yield (71.5%) at 65 °C,
predominantly consisting of C13-C25 cuts of linear fatty acid methyl esters (FAME). This heterogeneous

catalyst was characterised using X-ray diffraction (XRD), energy dispersive X-ray (EDX) analyser, scanning
electron microscopy (SEM) and Fourier transform infrared spectroscopy (FTIR). Gas-chromatography-mass
spectrometry (GC-MS) revealed the selectivity to petroselinic acid methyl ester. The fuel properties of the
biodiesel and its blends were consistent with standards. Relatively, the NaOH process yielded higher
biodiesel (96.8%) at 60°C, 90 min, 1.2% NaOH and 9:1 methanol-oil ratio.
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INTRODUCTION drawbacks such as catalyst recovery and severe
corrosion necessitate the need to search for
Concerns on the hike, non-renewability, alternative materials such as heterogeneous
unfriendliness, and non-biodegradable nature of catalysts and biocatalysts (9-12).
crude oil products have jointly necessitated an
intensive search for alternative fuels (1-3). By There has been considerable motivation to invest
far, numerous approaches and technologies such in heterogeneous biodiesel synthesis with
as supercritical method (4), pyrolysis (5), emphasis on cost-effectiveness, biodiesel yield,
emulsification (6) and transesterification (7) have process efficiency, the viability of the fatty acid
been engaged in sustainable biodiesel production feedstock and quality of the biodiesel produced
from fat- or oil-based triglycerides. Among these (13-16). The high activity of co-
technologies, transesterification is at the forefront precipitation-derived CaO-ZnO mixed oxides with
due to its greenness, cost-effectiveness, and or without doses of K,CO3 have proved effective
convenient properties of triglyceride feed. for the methanolysis of sunflower oil (15,16). In
Basically, transesterification involves the reaction the present study, we investigate the efficiency of
of lipids with short-chain alcohols such as KNOs3 activated, co-precipitation derived MgO-
methanol (in a process called methanolysis) or ZnO for the synthesis of biodiesel from gmelina
ethanol (by ethanolysis), to yield long-chain fatty oil. Because the industrial process of biodiesel
acid methyl esters (known popularly as synthesis  exploits = homogeneous alkaline
biodiesel), and glycerol as co-product (8). Even catalysts, NaOH methanolysis was also studied.
though alkaline methanolysis is known to achieve Nowadays, edible oils are considered unviable
high biodiesel yield in shorter process time, feedstocks and are marginally utilised in biodiesel
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synthesis as opposed to vegetable and animal
oils. The choice of gmelina oil for this study is
therefore governed by the fact that it is non-
edible and the source plant Gmelina arborea Linn.
Roxb., is widely available in the wild of tropical
countries (17).

MATERIALS AND METHODS

Seed samples and chemicals

The seeds of Gmelina arborea were collected from
Bayero University Old Campus, Kano, in March,
2015. Methanol (99.8%, Sigma-Aldrich),
Zn(NOs3)2.4H,0 (98%, BDH), Mg(NO3)2.4H;0
(99%, BDH), KNO3 (99%, BDH), NH40OH (Sigma
Aldrich, 36%), n-hexane (98%, Sigma Aldrich)
were used as received from the manufacturers.
Petrodiesel standard was obtained from Kaduna
Refinery and Petrochemical Company (KRPC), a
subsidiary of Nigeria National Petroleum
Corporation (NNPC). De-ionised water was used
in all preparations.

Oil extraction and pre-treatment

Gmelina oil was extracted from the Gmelina
arborea seeds in the same manner described by
Kansedo and Lee (18). Seeds were cleaned and
dried in an oven at 100 °C overnight. The dry
seeds were ground to fine particles using a mortar
and pestle and then re-dried to remove moisture.
The oil was extracted with n-hexane using soxhlet
apparatus, operated at 70 °C for 4 h. Pre-
treatment steps followed to remove free fatty
acids from the oil were those of Sanek et al. (19).
Exactly 40.7 g of the extracted oil was mixed
thoroughly with 43.7 mL of methanol and 8.4 mL
of 25% methanolic solution of
tetramethylammonium hydroxide. The resultant
mixture was shaken for 10 min and allowed to
separate overnight in separating funnel and the
phases so obtained were subsequently withdrawn
and analysed.

Preparation of heterogeneous catalyst

The solid catalysts used in this work were
prepared by co-precipitation followed by
impregnation. The method of Istadi et al. (13)
was applied, but substituting calcium for
magnesium precursor. A solution of
Zn(NO3)2.4H,0 (2 mol/L) was co-precipitated
with solution of Mg(NO3)2.4H,O (2 mol/L) in
presence of NH4OH. The gel formed was collected,
washed with deionised water, and then dried in
the oven overnight at 110 °C. The dry solid was
calcined at 600 °C for 3 h in a muffle furnace to
obtained MgO-ZnO composite. This material was
then impregnated with appropriate amounts of
KNOs and dried in an oven at 110 °C overnight to
produce 1 to 6%w/w. The resulting solid catalysts
were calcined in the furnace at 600 °C for 3 h.

Heterogeneous methanolysis

The production of biodiesel by using the KNOs3
activated MgO-ZnO catalysts was performed in a
two-necked 500 mL glass reactor, and fitted with
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a condenser and thermometer. The catalyst
amount was fixed at 0.8 g, but the impregnation
solution was varied from 1 to 6%w/w. Prior to
methanolysis, the catalyst was first activated in
methanol at 40 °C with constant stirring for 40
min. After activation of the catalyst, 40 g of oil
(heated at 100 °C for 30 min prior to the reaction)
was added to the batch reactor. The system was
agitated using a magnetic stirrer. In order to
separate the catalyst, the resulting mixture was
filtered through a Whatman filter paper (125 mm
diameter, 2.5 ym pore size). The filtrate was
allowed to stand for 24 h in separating funnel.
Subsequently, the glycerol resident at the bottom
was separated from the biodiesel. The percentage
of biodiesel yield was calculated using the
following equation:

Biodiesel yield (%) = Weigh;:if;i‘fjie;;lui:;duced x 100 (1)
Homogeneous methanolysis

In order to compare the rate of the
heterogeneous methanolysis with the
conventional NaOH base methanolysis, biodiesel
was produced using a previously described
method (20). Exactly 40 g of oil was measured
and poured into 500 mL round bottom flask. The
catalyst was weighed and 20 mL methanol was
added to it in a conical flask and stirred until the
pellet dissolves, to form sodium methoxide
solution. The solution was poured into the oil; the
resultant mixture was refluxed at 50 to 70 °C for
90 min, in the presence of desired methanol to oil
molar ratio and a known amount of NaOH.
Agitation speed was 600 rpm. After completion of
the reaction, the mixture was transferred into a
separating funnel and allowed to stand overnight
to allow for proper settling of the glycerol.

In order to remove residual by-products such as
soap, residual methanol and glycerol, the
biodiesel produced was purified by several
washing cycles, using de-ionized water. The
biodiesel was diluted (30%), stirred for 2 min and
transferred to a clean separating funnel and
allowed to stand for 5 h. The top layer was pure
biodiesel. The impure bottom layer was re-
extracted repeatedly until no appearance of by-
products. The resulting biodiesel was then
allowed to form pure biodiesel (B100) by standing
for 24 h. Biodiesel blends, B20 and B50, were
prepared by mixing petroleum diesel and pure
biodiesel in a ratio of 80:20 and 50:50.

Gmelina oil and biodiesel characterisation

Free fatty acids (FFA) content and a saponification
value of the gmelina oil were determined using
the titrimetric methods described by the
American Oil Chemists Society (AOAC) (21, 22).
Fuel properties of the gmelina oil, biodiesel and
petrodiesel such as kinematic viscosity, flash
point, cloud point and specific gravity were
determined using the methods of American
Society for Testing and Materials (ASTM) (23).
The composition analysis of the biodiesel was
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performed with the aid of gas chromatography-
mass spectroscopy (GC-MS) using a Shimadzu
QP2010 Plus GCMS. The injector of the GC was
kept at 200 °C. Injection mode was split by a ratio
of 20. The column was VF-5, held at 60 °C for 2
min and ramped at the rate of 10 °C/min to 280
°C for 7 min.

Effect of reaction variables

The operation parameters (methanol to oil molar
ratio, KNOs loading levels, reaction time and
temperature) for the heterogeneous system were
varied from 3:1 to 18:1, 1 to 6%w/w, 2 to 7 h,
45 to 65 °C by the classical one factor at a time
method at fixed agitation velocity (600 rpm),
catalyst amount (0.8 g) and initial gmelina oil
mass (40 g). All parameters were optimised. The
potential of reuse of the solid catalyst was
investigated at the optimised conditions using the
recovery method. On the other hand, the
homogeneous process was investigated using 3.1
to 9:1 methanol to oil molar ratios, 0.4 to 2.0%
NaOH for 30 to 90 min reaction times at 45 to 70
°C.

Characterization of the solid catalyst

The solid catalyst with an outstanding
performance was characterised. X-ray diffraction
(XRD) analysis was performed on a Philips X'Pert
Pro diffractometer, using Cu-Ka source
(A=1.56877 R). The diffractometer was run at 30
kV and 30 mA, over a 26 range of 10° to 120°.
Scanning electron microscopy was carried out on
Leica Stereoscan-440 SEM hyphenated with
Phoenix energy dispersive X-ray analyser.
Crystallite size was estimated using the Debye-
Scherer formula:

_ k
- BcosO

(2)
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where D is the crystalline diameter; k is the
crystallographic constant (0.9, for spherical
crystals), A is the wavelength of CuKa radiation,
0.156877 nm; B is the full width of half maximum
(FWHM) while 8 is the diffraction angle. As
crystallite sizes depend mainly on diffraction
angles, the average crystallite size of the catalyst
was calculated using equation (3).

. . Y.( crystallite size)
Average crystallite size = Number of peaks. (3)
Elemental measurements were carried out on
Leica Stereoscan-440 scanning electron
microscope instrument interfaced with Phoenix
Energy-dispersive X-ray spectrometer. The
instrument was operated using Pd X-ray tube at
25 kV and 1.2 mA. Fourier transform infrared
spectroscopy was performed on an Agilent Cary
630 diamond attenuated total reflectance Fourier
transform infrared spectrometer (ATR-FTIR),
within a spectral range of 1000-650 cm™1.

RESULTS AND DISCUSSION

Catalyst characterization

The crystalline structure of 4% w/w KNOs
activated MgO-ZnO, the best performing
composite, was characterised using XRD plot
(Figure 1). From the figure, the XRD peaks of ZnO
are clearly seen at 26 angle of 31.8°, 34.48¢°,
36.3°, 47.6°, 56.6°, 62.9°, 66.47°, 69.1°, 71.8°,
76.8°, 80.7° (JCPDS «card 36-1451). The
diffractogram also clearly reveals peaks of MgO at
26 angle of 42.9°, 53.76°, 62.2°, 73.7°, 78.6°,
83.7°, 86.1° (JCPDS file 01-072-0447). It also
shows reflection peaks consistent with that of K—
O (JCPDS file 77-2176) with 26 angles of 23.08°,
26.7°, 28.96°, 40.7°, 82.78°, 90.1°, 91.3°,
109.76°. The average crystallite size of the
catalyst was calculated using Debye-Scherer
equation to be 66.45 nm.
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Figure 1. The X-ray diffractogram of 4%w/w KNOs3 activated MgO-ZnO.

The external morphology of the synthesised

catalyst is displayed in Figure 2. The SEM image

The elemental composition of the 4% w/w KNO3
activated MgO-ZnO catalyst is presented in Table
1. The ratios of the EDX peak concentrations in
the table revealed atomic ratios which confirm the
formula of 4% w/w KNOs activated MgO-ZnO
catalyst to be the non-stoichiometric oxide
K4.08N0.73Mgo.54-ZN0>2.33. The ATR-FTIR spectrum
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shows lumps of organised grains. Section analysis
informs of the dimension of the grains to be in the
order of hundreds to a thousand plus nhanometer.

P

of the prepared catalyst revealed the sharp peak
between at 527 cm! characteristics of stretching
mode of Zn-O bond (24). The incorporation of
Mg?* into the ZnO crystal structure is
corroborated by the intense Mg-O peak at 474
cml (25). The formation of K-O bond was
confirmed by the peak at 491 cm-t.
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Table 1. Energy dispersive X-ray data of the composite.

Element Weight Relative ratios
percentage
(%)

K 48.1 4.08

O 25.1 2.38

Zn 11.8 1.00

Mg 6.4 0.54

N 8.6 0.73

Optimisation of reaction conditions

Primarily, the methanolysis of oil to biodiesel is a
stoichiometric reaction involving 1 mole of
triglyceride with 3 moles of methanol to yield
methyl esters and glycerol. However, because the
methanolysis of triglycerides is a reversible
reaction excess methyl alcohol is required to
favour the rate of reaction that forms the
biodiesel. The yield-methanol profiles for both the
heterogeneous catalyst and the NaOH mediated
counterpart are shown in Figure 3. The figure
shows a general increase in the yield of the
methyl ester with increasing methanol-oil ratio
from 3:1 up to 12:1 for the solid catalyst (and 9.1
for the NaOH catalysed process). This may be

120 -

100 -

attributed to the equilibrium shift in the direction
of methyl ester. Excess amounts of methyl
alcohol do not improve the biodiesel yield as
indicated by the levelling off of both curves in
Figure 3. The decline in yield may be as a result
of the dissolution of glycerol in the excess methyl
alcohol which hinders the interaction of the
reactants with the catalyst. From the figure, the
methanol to oil molar ratio of 12:1, with a yield
of 72.85%, is considered optimum for the
heterogeneous process while 9:1 is optimum for
the homogeneous process. Feyzi and Shahbazi
(3) achieved a higher yield (96.1%) with 6 wt%
Al-Sr/ZSM-5 catalyst at a methanol-oil molar
ratio of 12:1.

80 -

60 -

Yield (%)

40 -

——(a)
—a—(b)

10

15 20

Methanol/oil molar ratio

Figure 3. Effect of methanol to oil molar ratio on biodiesel yield in presence of (a) 1% NaOH catalyst.
Temperature = 65 °C, agitation velocity = 600 rpm, initial mass of oil = 40 g, reaction time = 90 min. (b)
4% w/w KNOs activated MgO-ZnO catalyst. Mass of gmelina oil = 40 g, reaction temperature = 60 °C,
reaction time 4h, catalyst loading = 0.8 g, stirring speed = 600 rpm.

The influence of KNO3 promoter (1 to 6% w/w) in
the MgO-ZnO catalysts was investigated at the
predetermined optimum methanol-oil ratio. The
methyl ester yield increased proportionally with
the addition of 1 to 4% w/w KNO3, with the
highest vyield (72.85%) corresponding to the
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limiting catalyst dose (4% w/w) (Figure 4).
Therefore, KNO3 loading of 4% w/w is optimum
for the heterogeneous methanolysis. A yield of
90% was earlier reported when K-La was used as
a promoter of ZSM-5 zeolite for the methanolysis
of soybean oil (26).
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Figure 4. Effect of KNO3 levels on the performance of the MgO-ZnO catalyst for the biodiesel synthesis.
Mass of gmelina oil = 40 g, Mass of MgO-ZnO (0.8 g), temperature = 60 °C, reaction time = 4 h,
methanol to oil molar ratio = 12:1, stirring speed = 600 rpm.

In the homogeneous methanolysis, the influence
of NaOH (0.4 to 2%) was investigated at the
optimum methanol-oil ratio. Increasing presence
of NaOH from 0.4 to 1.2% enhanced the yield,
with maximum vyield (98.1%) corresponding to

100 T

96 -

92 -

88

Yield (%)

84 -

1.2% NaOH (Figure 5). The decline in biodiesel
yield above 1.2% NaOH (Figure 5) can be
attributed to a high concentration of by-products.
Therefore, a base catalyst loading of 1.2% was
applied in the homogeneous methanolysis.

80 T
0.00 0.50

1.00

1.50 2.00 2.50

Catalyst loading (%)
Figure 5. Effect of NaOH on biodiesel yield. Reaction time = 90 min, methanol-oil molar ratio = 9:1,
temperature = 65 °C, stirring speed = 600 rpm, mass of gmelina oil = 40 g.

Reaction temperature is one of the most
important parameters that influence biodiesel
yield. The reaction temperature was investigated
in a range of 45 to 70 °C for the solid catalyst and
45 to 65 °C for the NaOH mediated process
(Figure 6). Biodiesel yield was enhanced until 65
(or 60) ©°C for the heterogeneous (or
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homogeneous) process. This can be linked to
corresponding enhancement of miscibility and
mass transfer. Above this temperature biodiesel
yield does not increase, likely due to the
volatilisation of methanol and its decreasing
polarity, hence the sodium methoxide population.
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Figure 6. Effect of reaction temperature on biodiesel yield in presence of (a) 0.8 g of 4% w/w
KNO3/Mg0-Zn0O. Mass of gmelina oil = 40 g, methanol-oil molar ratio = 12:1, reaction time = 7 h,
stirring speed = 600 rpm (b) 1.2% NaOH. Reaction conditions: methanol-oil molar ratio = 9:1, reaction
time = 90 min, stirring speed = 600 rpm.

The influence of reaction time was studied
between 2 and 7 h, at optimum temperature (60
°C), catalyst loading (0.8 g of 4 wt% KNO3/MgO-
Zn0), methanol-oil molar ratio (12:1) and at a
constant stirring speed (600 rpm). As shown in
Figure 7, the  Dbiodiesel vyield increases
progressively with increase in reaction time and
reached its maximum (71.5%) at 7 h. This

80 -

Yield (%)
- 4] =] ~J
= = = =

o
o

20 -

10 A

0 T T

catalyst was chosen as optimal for the biodiesel
synthesis. The optimal catalyst is not very active
(yield <90%) (15). However, it is not uncommon
with yields of biodiesel yield to be lower than this
threshold, especially with heterogeneous
catalysts. A vyield of 87.7% was obtained with
ZSM-5 supported Ba-Sr nanocatalyst at optimum
operating conditions (27).

0 2 4

8 10 12

Reaction time (h)

Figure 7. Effect of reaction time on biodiesel production over KNO3 activated MgO-ZnO.

The influence of reaction time in this NaOH
mediated methanolysis was performed in a range
of 30 to 90 min at constant temperature (60 °C),
methanol-oil molar ratio (9:1), catalyst loading
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(1.2%), gmelina oil (40 g) and stirring speed (600
rpm). The results show an increase in biodiesel
yield with an increase in reaction time up to 90
min with a maximum yield of 96.8% (Figure 8).
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Figure 8. Effect of reaction time on biodiesel production using NaOH.

Oil characterisation

Prior to and after extraction of the gmelina oil,
drying and pretreatment, acid value, free fatty
acids and saponification values are given in Table
2. Gmelina oil was found to have high acid value
(11.6 mg KOH/g) prior to pretreatment when
compared to those from Karanja oil (5.06 mg

KOH/g) (28). The saponification value of the oil
declined by 4%, while the free fatty acid (FFA)
value and the acid value was lowered by 82%.
The FFA value obtained after pretreatment
(1.056%) implies a low tendency to undergo
saponification.

Table 2. Properties of gmelina seed oil.

Property Before After pretreatment
pretreatment

Acid value (mg KOH/g oil) 11.64 2.10

Free fatty acids (%) 5.85 1.06

Saponification value (mg KOH/g oil) 194 186

The fuel properties exhibited by gmelina oil,
biodiesel (B100), the blends B20 and B50 and
those of petrodiesel were determined (Table 3).
Due to exceedingly high fuel properties such as
cloud point (6 °C), flash point (126 °C), kinematic
viscosity (11.91 mm?2/s) and specific gravity, the
gmelina oil must be upgraded or converted to
another form prior to application as fuel. A
comparison with  petrodiesel shows the
unsuitability of the gmelina oil for use as fuel.

Upon methanolysis however, the biodiesel
product and its blends exhibit properties
consistent with those of ASTM standard.

Specifically, the specific gravity (0.86) is more or
less that of typical biodiesel (0.88) (29). The
viscosity of the gmelina oil was reduced to 3.66
mm?/s, a value that is lower than that of Moringa
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oleifera methyl esters (4.83 mm?2/s) (30).
Similarly, the specific gravity of gmelina oil is
reduced down to acceptable values, by
conversion to biodiesel blends B100, B50 and
B20. The cloud point of the oil and B100 (-5 °C)
nears that of typical cottonseed oil (-4 °C) (31).
The B100 Furthermore, the biodiesel and its
blends (Table 3) are inherently “sweet” (with S
content << 0.5%) which is usual with biomass
oils and consistent with green emissions. The
sulphur content of B100 and gmelina oil is even
lower than that of petrodiesel. The cetane number
for B100 was determined to be 51.7 which
complies with ASTM (23). The value measured in
this study is slightly higher than that reported for
castor biodiesel (48.9) (32).
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Table 3. Fuel properties of gmelina oil, biodiesel and its blends with petrodiesel.

Fuel Unit Petrodiesel Gmelina B100 B50 B20 ASTM (23)
properties oil

Kinematic cSt 2.60 11.91 3.66 3.10 2.91 1.9-6.0
viscosity

@40°C

Sp. Gravity kg/L 0.846 0.90 0.863 0.860 0.846 0.860-0.900
@27°C

Flash point °C 49 126 106 80 56 100-170
Combustion °C 59 125 96 91 65 -

point

Cloud point °C -5 6 2 -2 -5 -6 to 12
Sulphur % 0.167 0.012 0.0220 0.0929 0.100 -
content

Cetane °C - ND? 51.7 49.5 48.6 48-65
number

2Not determined

Methanolysis products

The products of methanolysis were detected by
GC-MS. The chromatographic peaks (Fig. 9) were
interpreted using NIST107.LIB GC library.

There are fourteen peaks on the chromatogram,
corresponding to different fatty acid methyl
esters. These fatty acid methyl esters and their
retention property are displayed in Table 4.
Majority of the compounds have a base peak at
m/z = 74 indicating a common fragment
[CH=CHCH,CH;]*. The compound petroselinic

ntensity

acid methyl ester (or 6-octadecanoic acid methyl
ester) eluted at 20 min retention time, has the
broadest and most intense peak and accounts for
about 62% of the fatty acid methyl esters yield of
the methanolysis process. It was earlier noted
from Table 4 that the cloud point of B100 is higher
than petrodiesel, though within the acceptable
range. This can be explained based on the waxing
of the major product and other methyl esters
which emerged at higher retention times (Table
4) at extremely low temperatures.

39.162.898

35000000+

30000000+

25000000

20000000+

15000000+

10000000+

5000000

|

)

| __J\u L.M'. e

CTIC*1.00

ki

=
T T

e T
30

| ‘ .
200 280

i

Figure 9. Elution peaks of fatty acid methyl esters with petroselinic acid methyl ester dominating the
chromatogram.
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Table 4. Chemical and common names of the fatty acid methyl ester (FAME) of the as-prepared biodiesel.

Peak Retention time Peak area Assignment of peaks C atoms

No. (min) (%)

1 13.908 0.94 Dodecanoic (capric) acid methyl ester Cis

2 13.975 0.98 Tridecanoic acid methyl ester Cia

3 16.317 1.21 Tetradecanoic (myristic) acid methyl Cis
ester

4 18.550 14.22 Hexadecanoic (or palmitic) acid methyl Cis
ester

5 20.442 62.22 6-octadecanoic (or petroselinic) acid Cio
methyl ester

6 20.567 6.37 Octadecanoic (or stearic) acid methyl Cio
ester

7 20.792 3.97 Linolelaidic (or 9,12-Octadecadienoic) Cio
acid methyl ester

8 21.783 1.18 5,8-octadecadienoic acid methyl ester Cio

9 21.958 2.41 9-octadecanoic (or elaidic) acid methyl Cio
ester

10 22.167 2.39 Eicosanoic (arachidic) acid methyl ester Ca1

11 22.983 0.26 Heptacosanoic acid methyl ester Cx

12 23.792 2.30 Docosanoic (or behenic) acid methyl Cas
ester

13 24.592 0.39 Tricosanoic acid methyl ester Caa

14 25.525 1.17 Tetracosanoic (or lignoceric) acid methyl Cys

ester

Reusability of the KNO3 activated composite
Recovery of the synthesized catalyst was
evaluated using 12:1 methanol to oil molar ratio,
65 °C reaction temperature, and reaction time of
7 h. After each run, the spent catalyst was
recovered, washed with petroleum ether to
remove the adsorbed materials. This catalyst was
then reactivated for reuse by calcination in a
muffle furnace for 2 h at 400 °C. The results

80 -

Yield (%)
W Y o (=] ~
=] =] =] =] =]

N
=]

[
=]

(Figure 10) showed that the catalyst can be
reused for five consecutive runs while maintaining
considerable methanolytic activity (above 50%).
The decrease in biodiesel yield from 72.5% in the
first cycle to 56.8% after five cycles may be
attributed to deactivation of the catalyst sites

caused by the various chemical species
undergoing competitive adsorption and
desorption.
3 4 5
Cycles

Figure 10. Effect of K4.08No.73Mgo.54-ZNn03 38 recycling on biodiesel yield. Reaction conditions: Time = 7 h,
temperature = 60 °C, catalyst loading = 0.8 g of 4% w/w KNO3/MgO-ZnO, methanol-oil molar ratio =
12:1 and stirring speed = 600 rpm.
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Transesterification kinetics

Generally, transesterification reactions proceed
through three elementary steps comprising the
conversion of triglyceride to diglyceride (the rate-
limiting), diglyceride to monoglyceride and then
finally monoglyceride to fatty acid methyl esters
(FAME) and glycerol. The triglyceride conversion
is traditionally first-order and can be used to
evaluate the reaction rate constant (33).
Basically, the logarithmic function of FAME is
related to time by the equation:

IN[FAME]: - In[FAME]o = k't (4)

w
(0]
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Where [FAME]o= initial concentration of fatty acid
methyl ester at time t = 0 and [FAME]: is the
concentration at time t. The plot of In[FAME]:
against t (Figure 11) for the heterogeneous
system gives a straight line with a correlation
coefficient (R2) of 0.986 indicating consistency
with pseudo-first-order. The slope of the plot
which equals to the rate constant (k) of the
heterogeneous process is 4.8 x 10-3 min-l. The
corresponding rate constant for the NaOH base
methanolysis was found to be 3.8 x 103 min!,

3
-u—;-' 2.5 -
a y = 0.004x + 1.431
< 2 - R2 = 0.986
st
£ 1.5 4

1 4

0.5 -
0 L L L L L]
0 100 200 300 400 500
Time (s)

Figure 11. First-order kinetic plot of gmelina oil conversion over KNO3 activated MgO-ZnO composite.

Activation parameters
Temperature dependence results permitted the
estimation of energies of activation. The
logarithmic function of the rate constant for the
biodiesel production is related to activation
energy by the Arrhenius equation (5).

Ink = Ind — 22 (5)

RT

Where A is the Arrhenius factor (hrt), E; is the
activation energy (J/mol K), R is the molar gas
constant (8.314 J /mol K) and T is the absolute
temperature (K). Activation functions were
obtained from the plot of Ink against 1/T (Figure
12). The activation energy and the pre-
exponential factor for the Ks.08No.73Mgo.54-Zn03.38
mediated biodiesel synthesis are 68.92 kJ/mol
and 9.698x107 mint, respectively, while the
corresponding values for the NaOH-assisted
process are 38.55 klJ/mol, 2.75x10% min,
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The Eyring equation (expressed as Equation (6))
permits the estimation of other energies of
activation (AG*, AH*, AS™).

k AH k, AS
In| —|=—| — |-|In| 2 |+—| (&)
T RT h R
Where k; is the Boltzmann constant (1.38 x 1023

J/K) and h is the Plank’s constant (6.63 x 10734
Js) while other quantities have their usual

k
meaning. A plot of ln[? against the inverse of

temperature (1/T) at 338 K as in Figure 13 gives
AH . . .

a slope equal to - while the intercept provides

AS

-
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Figure 12. Arrhenius plot correlating Ink with 1/T for the conversion of gmelina oil to biodiesel over KNO3
activated MgO-ZnO composite.
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Figure 13. Eyring plot correlating In(k/T) with 1/T for the conversion of gmelina oil to biodiesel over
KNO3 activated MgO-ZnO composite.

Table 5. Activation energies of gmelina methyl esters and reference values from selected literature.

Methyl esters* AG (kJ/mol) AH (kJ/mol) AS (kJ/mol K) Reference

GME 100.50 66.004
RME 105.6 139.5
CME 96.128 36.124
SPME 92.71 16.35

-0.102 This work
-98.0 (34)
-180.19 (35)
-232.83 (33)

*Gmelina methyl esters (GME), rapeseed methyl esters (RME), Chlorella methyl esters (CME), Spirulina

platensis methyl esters (SPME).

The activation properties for gmelina biodiesel are
presented in Table 5. Also in the same table for
the sake of comparison are thermodynamic
properties of the methyl esters of rapeseed,
Chlorella and Spirulina platensis. The Gibbs free
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energy, enthalpy and entropy of the gmelina
methyl esters produced by the heterogeneous
catalyst are 100.50 kJ/mol, 66.00 kJ/mol and -
0.102 kJ/mol K. The corresponding activation
properties of the NaOH base system are 92.14
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kJ/mol, 34.23 kJ/mol and -0.174 kJ/mol K. The
enthalpies of activation are within the range
reported in various literature. As seen from the
Table, the gmelina transesterification process is
characterized by negative entropies of smaller
magnitude which implies the formation or more
ordered transient structures en route the
formation of methyl esters (36).

CONCLUSIONS

Methyl esters were successfully produced from
gmelina oil via methanolysis using NaOH and for
the first time compared with KNOs activated MgO-
ZnO. At optimal reaction condition, the biodiesel
yields were significant for both the heterogeneous
and homogeneous processes. Petroselinate or 6-
octadecanoic acid ester was the major product
and its fuel properties are within ASTM limits. It
still remains a challenge to achieve a combination
of high yield, low methanol-oil molar ratio and
short reaction time with heterogeneous catalysts
relative to the conventional base process.
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INTRODUCTION Given the importance of BTZ heterocyclic

systems, they have been the object of several
To date, benzothiazinone (BTZ) skeleton have synthetic studies. For example, BTZ derivatives
been extensively used as pharmacophore group were successfully synthesized by the
for the construction of numerous biologically condensation of  a-aminothiophenol with
active compounds such as anti-tubercular (1), aryltrichlorocarbinol (10), or
antimicrobial (2), allosteric modulator (3), dibromonitroacrylates (11), from methyl 2-
inhibitor of glycogen synthase kinase 38 (3), iodobenzoate and cyclic thiourea (12) or 2-
monoamine oxidase B inhibitors (4), adenosine mercaptoacetate and substituted 2-iodoanilines
A2A receptor antagonists (4), antioxidant (5), (13) via the Cu-catalyzed coupling processes. In
anti-candida (6) and antitumor agents (7). attempts to establish a green approach to

elaborate new derivatives of BTZ, Sharifi et al.
Currently, BTZ compounds were identified as a (14) developed a green synthesis of various
possible new class of acetylcholinesterase benzothiazinones via the condensation of 2-
inhibitors for curing the symptoms of Alzheimer’s bromoalkanoates with a-aminothiophenol using
disease (8). ball milling and KF-Al,O3 support. Recently, new,

facile, and regio-controlled methods to obtain
In continuation of evaluation of BTZ's properties, BTZ derivatives by reacting a-aminothiophenol
Ghailane et al. (9) were able to classify some BTZ with different electron acceptor epoxides were
derivatives as anticorrosive agents for mild steel reported (15). Therefore, the improvement of
in 1M HCI based on quantum chemical studies and these methods in terms of reaction time, product
electrochemical measurements. purity and vyield is highly desirable given

environmental considerations.
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MAP, DAP, and TSP are ones of the most
important and popular members of phosphate
fertilizers family due to their composition rich in
nitrogen (from NHs* (MAP, DAP)), phosphorus
(from PO43- (MAP, DAP, TSP)) and calcium (from
Ca (TSP)). Nowadays, they prove to be eco-
friendly, economically and highly active
heterogeneous catalysts for Knoevenagel
condensation (16), 2,3-dihydroquinazolin-4(1H)-
one synthesis (17) and synthesis of 1-
(benzothiazolylamino) methyl-2-naphthol
derivatives (18).

As part of our previous efforts to valorize
phosphate fertilizers (16) we describe herein a
‘green’ optimization of the one-pot synthesis of
BTZ derivatives from gem-dicyano epoxide 1 as
described by Ghailane et al. (15) using MAP, DAP
and TSP fertilizers as novel heterogeneous and
reusable catalysts.

EXPERIMENTAL

Chemicals and instruments

Chemicals were purchased from Fluka or Aldrich
Companies. Catalysts MAP, DAP and TSP, were
purchased from OCP group. They are marked as
mention in our previous work (16). Mono-
Ammonium Phosphate: MAP 11-52-00 - Binary
Fertilizer, complex granule with Nitrogen: 11% N
and Phosphorus: 52% P,0s. Di-Ammonium
Phosphate: DAP 18-46-00 - Binary Fertilizer,
complex granule with Nitrogen: 18% N and
Phosphorus: 46% P,0s.Triple Super Phosphate:
TSP 00-46-00 - Simple granule Fertilizer with
Phosphorus: 46% P;0s.

All  known compounds were identified by
comparing their melting points with literature
data. Melting points were recorded on a Wagner
& Munz HEIZBANK Kofler bench.

Separation of catalyst’s particles according
to their size

The catalyst was crushed and sieved on a
mechanical sieve shaker to provide different size
of catalyst particles. Three different powders of
catalysts MAP, DAP and TSP were tested in this

H3;C

CN

10 mol% catalyst
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work. The first (designated F1) comprised catalyst
powder in size range of 36-71 um. The second
(designated F;) was of the size range between 71
and 90 um. The last powder tested (designated
F3) comprised between 91 and 120 um.

General experimental procedure for the
phosphate fertilizers MAP, DAP and TSP
catalyzed the one-pot synthesis of 2-(p-
tolyl)-2H-benzo[b][1,4]thiazin-3(4H)-one,
3a

Into a 25 mL round-bottomed flask equipped with
a reflux condenser and mechanical stirrer were
placed 2 mmoles of epoxide 1, 2 mmoles of a-
aminothiophenol 2 dissolved in 3 mL of
acetonitrile. 10 mol% of catalyst was then added
to the mixture. The latter was stirred for an
appropriate time. The progress of the reaction
was monitored by TLC, eluted with
chloroform/petroleum  ether  (2:1).  After
completion of the reaction, the mixture was
filtered to separate the catalyst. Then, the solvent
of the filtrate was removed under vacuum, and
the oily residue obtained was triturated with a
mixture of diethyl ether and petroleum ether
(9:1) to give 2-arylbenzothiazin-3-one as a solid
which was collected and crystallized from ethanol.

Recyclability studies on the catalysts

The catalyst separated from the mixture was
rinsed with EtOH (2x5 mL), dried at 70 °C for 6
hours and reused for subsequent catalytic
reactions.

RESULTS AND DISCUSSION

Catalytic synthesis of BTZ

To obtain the optimal reaction conditions, one-pot
synthesis of BTZ was carried out using MAP, DAP
and TSP as heterogeneous catalysts. The reaction
of epoxide 1a with a-aminothiophenol was
selected as a model reaction to produce 2-(p-
tolyl)-2H-benzo[b][1,4]thiazin-3(4H)-one (3a).
In the preliminary studies, the reaction was
conducted following the conventional synthesis
conditions earlier described (12) in the presence
of 10 mol% of catalyst from fraction 1 (Fi)

CHs;

H g CN

SH
- X
NH,

1a 2

3 mL CH3CN, reflux

(Scheme 1).
©i8
N (@)
H

3a

Scheme 1: Synthesis of compounds 3a in the presence of MAP, DAP or TSP catalysts.

Table 1: Catalytic test runs.

Entry Catalyst Time Yield (%)
1 Neat 22 h 80
2 MAP 1h20 87
3 DAP 1h 85
4 TSP 2h 82
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Influence of reaction parameters

Effects of reaction solvent

After screening the potential activity of phosphate
fertilizers MAP, DAP, and TSP, an optimized
procedure for the preparation of 2-(p-tolyl)-2H-
benzo[b]1,4]thiazin-3(4H)-one (3a) over these
heterogeneous catalysts were therefore
developed. Initially, the reaction was carried out
in several solvents including MeCN, EtOH, AcOEt,
CHCI3 using 10 mol% of catalyst (F1) (Table 2).
As shown, the three catalysts tested were highly
active and gave the desired BTZ 3a in high yields
within short reaction time in EtOH (Table 2,
entries 4, 5 and 6). These results can be
explained by the fact that EtOH contains polar
molecules and an acidic hydrogen atom which is
liable to establish a hydrogen bond with the
oxygen atom of epoxide to facilitate the bi-
nucleophilic attack of a-aminothiophenol.

RESEARCH ARTICLE

Effects of catalysts’ amount

The catalytic activities were then tested with a
range of catalyst amounts (F1), from 10
mol% up to 40 mol%, to determine the optimal
catalyst loading for each catalyst. The reaction
was conducted under otherwise identical reaction
conditions in the presence of EtOH as a solvent.
As can be seen, MAP, DAP and TSP catalysts
exhibited high activities under a catalyst loading
of 10 mol% and afforded the desired product
within 40, 35, and 55 minutes, respectively, in
high yields (Table 3, entries 1, 5 and 9). A further
increase in the catalysts’ amounts up to 40 mol%
resulted in an extension of the reaction time with
a slight decrease in the product yield, indicating
the catalyst amount of 10 mol% to be optimal.
This observation established the excellent
catalytic activity of the recently developed
catalysts.

Table 2: Optimization of the reaction solvent using MAP, DAP and TSP catalysts.

Entry Catalyst (10 mol %) Solvent (3 mL) Time Yield (%)
1 MAP MeCN 1h20 87
2 DAP MeCN 1h 85
3 TSP MeCN 2h 82
4 MAP EtOH 40 min 92
5 DAP EtOH 35 min 89
6 TSP EtOH 55 min 90
7 MAP AcOEt 3h30 75
8 DAP AcOEt 3h 73
9 TSP AcOEt 2h 50 65
10 MAP CHCIs 3h10 63
11 DAP CHCl3 3h40 60
12 TSP CHCI; 4 h 55

Table 3: Optimization of the catalysts amount for the synthesis of 2-(p-tolyl)-2H-benzo[b][1,4]thiazin-
3(4H)-one 3a.

Entry Catalyst Catalyst loading (%) Time Yield (%)
1 MAP 10 40 min 92
2 MAP 20 55 min 91
3 MAP 30 1h10 85
4 MAP 40 1h25 82
5 DAP 10 35 min 89
6 DAP 20 45 min 88
7 DAP 30 1h 85
8 DAP 40 1h15 83
9 TSP 10 55 min 90
10 TSP 20 1 hO05 85
11 TSP 30 1h20 83
12 TSP 40 1 h35 79

Effects of catalysts’ particle size

In the current study, we also focused on
determining the effect of the catalysts’ particle
size in an attempt to compare the results with
those obtained in our previous work (18). No
remarkable influence of the catalyst particle size

351

on the catalysts activities was observed. The
results prove our previous findings that the three
phosphate fertilizers MAP, DAP and TSP can
constantly show high catalytic activities even
when their particle size increases.



Bahammou I et al., JOTCSA. 2019; 6(3): 349-354.

RESEARCH ARTICLE

Table 4: Screening of the effects of catalyst particle size on the catalytic activities of MAP, DAP and TSP
for the synthesis of 2-(p-tolyl)-2H-benzo[b][1,4]thiazin-3(4H)-one 3a.

Entry Catalyst (10 mol%) Particle size range Time (min) Yield (%)
1 MAP 36-71 uym 40 92
2 MAP 71-90 ym 40 93
3 MAP 90-120 pm 40 91
4 DAP 36-71 uym 35 89
5 DAP 71-90 ym 35 89
6 DAP 90-120 pm 40 88
7 TSP 36-71 ym 55 90
8 TSP 71-90 ym 55 88
9 TSP 90-120 um 55 91

Control of the generality of the catalysts

To further screen the scope and the generality of
our new catalysts, the reaction of a-
aminothiophenol  with  various substituted
epoxides for the synthesis of BTZ derivatives was
studied under the optimized conditions using
catalyst from fraction 1 (F1). As shown in Table 5,
almost all of the epoxide substrates with either

electron-withdrawing or electron-donating
substitution furnished the corresponding adducts
in high yields. It is noteworthy that the reaction
time was extended to 45 min for MAP, 50 min for
DAP and 1h for TSP when the epoxide was
substituted with the nitro group (Table 5, Entries
7, 8 and 9).

Table 5. Synthesis of BTZ derivatives over phosphate fertilizers MAP, DAP and TSP under the optimized

conditions.
Entry R 1 Catalyst Product Time (min) Mp (°C) Yield (%)
1 CHs 1a MAP 3a 40 198-199 92
2 CHs 1a DAP 3a 35 198-199 89
3 CHs 1a TSP 3a 55 198-199 90
4 cl ib MAP 3b 25 186-187 96
5 Cl 1ib DAP 3b 30 186-187 93
6 cl ib TSP 3b 40 186-187 94
7 NO> 1c MAP 3c 45 202-203 92
8 NO> 1c DAP 3c 50 202-203 85
9 NO> 1c TSP 3c 60 202-203 90
Recyclability studies on the catalysts the synthesis of 2-(p-tolyl)-2H-

In another study, the reaction of epoxide 1a and
a-aminothiophenol 2 was tested in the presence
of recovered MAP, DAP and TSP to establish the
reusability of the three catalysts developed for

benzo[b][1,4]thiazin-3(4H)-one 3a, the results
are displayed in Table 6. To our delight, MAP, DAP
and TSP catalysts were found to be reusable with
consistency in activity up to four times.

Table 6. Recyclability of MAP, DAP and TSP catalysts.

Entry Catalyst Run number Time(min) Yield (%)

1 MAP 1 40 92

2 MAP 2 40 92

3 MAP 3 40 91

4 MAP 4 40 90

5 DAP 1 35 89

6 DAP 2 35 88

7 DAP 3 35 88

8 DAP 4 35 87

9 TSP 1 55 90

10 TSP 2 55 88

11 TSP 3 55 88

12 TSP 4 55 87
CONCLUSIONS benzo[b][1,4]thiazin-3(4H)-ones from a-

aminothiophenol and gem-dicyano epoxide.

Through this study, we demonstrated the

catalytic efficiency of the phosphate fertilizers
MAP, DAP and TSP for the C-S and C-N coupling
reactions. A “green” optimized procedure was
therefore designed for the synthesis of 2-aryl-2H-
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Abstract: In this study, total phenol, flavonoid, and free radical scavenging activity of Onosma Sericeum
Willd (Boraginaceae), a plant grown in Turkey and traditionally used for wound healing, were determined
by using spectrophotometric methods. Its cytotoxic effect on breast cancer cells (MCF-7) was
investigated. Furthermore, mineral and trace element composition of the plant roots, collected in
different times, was determined by using inductively coupled plasma mass spectroscopy (ICP-MS).
Onosma Sericeum Willd, which was collected in Besni region, Adiyaman in May, June and July and dried
properly, was extracted by using different solvents in the study. Total phenol content of the extracts was
calculated by using the Folin-Ciocalteu method in gallic acid equivalent as 58.42+0.13-93.34+0.68 mg
(GAE)/g. The flavonoid content was calculated as 21.79+1.3-60.33+£0.36 mg (KUE)/g in quercetin
equivalent by using the aluminum chloride method. Free radical scavenging activity was measured
spectrophotometrically by using the 2,2-diphenyl-1- picrylhydrazyl (DPPH) assay. DPPH radical
scavenging activity rates were found to be in the range of 60.27+0.06-78.60+0.21% in the form of %
inhibition. It was observed that extracts which were prepared by using ethanol produced the cytotoxic
effect on the MCF-7 cancer cells depending on the dosage. It was concluded that the rates of phenol,
flavonoid, free radical scavenging activity, and cytotoxic effect differed based on the solvent used for
extraction and the time of plant collection. Moreover, trace element and mineral composition of the plant
samples, collected in different times, were determined.
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INTRODUCTION population worldwide, and the possibility of
finding dozens of active substances with
Mankind has sought ways of coping with pharmaceutical efficacy in every plant, we come
diseases since the beginning of the world, and to realize how an endless world we live in.
this adventure is still ongoing. One of the Hence, knowledge that has been acquired and
primary sources used by people in this process is learned for centuries has resulted in the
plants. Archeological research indicates that cooperation of different disciplines in this area.
herbal medicine dates back to the ancient times.
Increased knowledge of plants over time and Turkey hosts a wide variety of plant species due
positive outcomes of the treatment of diseases to its geographical location and diverse climate.
brought along the concept of medication. One of them is the family Boraginaceae. Spread
Therefore, the first medications were herbal in the tropical, subtropical and temperate
drugs. Considering the plant diversity and regions of the world, the family is represented
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by 154 genus and 2500 species. The primary
regions where the family shows greatest
diversity are Iran-Turan and the Mediterranean.
The family is also present in the Central and
North America. Growing in different regions of
Turkey, the family Boraginaceae includes 357
taxons, consisting of 34 genera, 325 species, 16
subspecies and 16 variants. Phytochemical
analyses indicate that the family Boraginaceae,
rich in naphthoquinone, includes alkannin-
shikonin and their derivatives (1). In
pharmacological  activity  studies, it s
acknowledged that these are strong candidates
with pharmaceutical potential thanks to their
antimicrobial, antifungal and anti-inflammatory
activity as well as anticancer effects with the
inhibition of topoisomerase I and topoisomerase
IT (2). The genus Onosma L. is the largest one in
the family Boraginaceae (3,4). The word
Onosma derives from the Greek word “onos” and
“osmé&”, and Latin word “osma”. It means
"scent, fragrance", and locally known as "emzik
otu" or "yalanci hava civa" in Turkish.

Because of the considerable use of the Onosma
species particularly in traditional medicine,
i , o {" | F
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significant research has been conducted on them
for many years. Traditional use of the Onosma
species among local people in Turkey includes
the treatment of bronchitis, tonsillitis and
hemorrhoid (5). It was found that root extract of
the Onosma argentatum comprises bioactive
compounds with antioxidant and antimicrobial
effects such as deoxyshikonin, acetylshikonin, 3-
hydroxy-isovalerylshikonin and 5,8-O-dimethyl
acetylshikonin (6,7). It was reported that
Onosma echioides extract helps diminishing the
growth of tumors and oxidative stress (8). Ozer
et al. stated that Onosma heterophyllum
(Griseb) has enzyme inhibitory and antioxidant
activities (9).

It is well known that some species under the
family Boraginaceae (Onosma Sericeum Willd.,
Onosma Microcarpum Steven ex D.C.) produce
wound healing effects in traditional application,
and are used for the treatment of burns (10).
Onosma Sericeum Willd in particular is used in
diverse areas such as food and textile thanks to
the red pigments in its roots (11).

Figure 1. Onosma Sericeum Willd.

Onosma sericeum, the subject of this study, has
been used to treat injuries and burns in
Adiyaman for many years. It is known that
mostly cream formulations, prepared with the
roots of the plant, help treatment, without
leaving scars. As is well-known, natural and/or
synthetic molecules have been used for a long
time for treatment in the process of healing
injuries, in which many different variables are at
play. Among them, especially plants and plant
extracts attract a great deal of attention. Plants
are frequently used in healing injuries due to
their phenolic compounds and antioxidant
properties in particular. It is known that
polyphenols and antioxidants, considered as
bioactive compounds, have antiinflammatory
and anticarcinogenic effects (12). Another
important point about plants is the time of
collection, because the amount and composition
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of bioactive compounds may vary depending on
the time they are collected. Another aim of this
study was to explore the mineral and trace
element composition of the Onosma Sericeum
Willd, in addition to its biological activities, which
has been the subject of few studies. Determining
the mineral and trace element composition of
the plant is vital for both identifying its positive
effects on metabolic processes and human
health, and for detecting potential toxic effects
on plants with increasing environmental
pollution. This is because element levels are
affected by pesticide residues, industrial
pollution and automobile exhaust to which the
plant is exposed where its grows (13,14).

In light of this information, the Onosma
Sericcum Willd, a member of the family
Boraginaceae, was collected in May, June and
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July, extracted by using different solvents, and
total phenolic, flavonoid content and free radical
scavenging activity of the extracts
weredetermined. Cytotoxic effect of different
extracts on the MCF-7 breast cancer cell was
investigated. Trace element and mineral
composition of the plant which was gathered in
different times was also identified.

MATERIALS AND METHODS

Collection and Identification of Plant
Material

Specimens of the Onosma Sericeum Willd
(Boraginaceae) used in the study were gathered
in Besni district of Adiyaman, Turkey in May,
June and July 2018. The plant was identified by
Assoc. Prof. Riza Binzet from the Department of
Biology of the Faculty of Arts and Sciences,
Mersin University. After properly dried, roots of

the plant were used throughout the study.

Materials

Methanol and ethanol, used as extraction
solvents in the study, were procured from
Merck. Folin-Ciocalteu phenol reagent, 2-2-

diphenyl-1-picrylhydrazyl (DPPH), ascorbic acid,
and gallic acid were obtained from Sigma.
Sodium carbonate was procured from Tekkim.
Quercetin, aluminum chloride (Fluka), sodium
nitrite (Merck) and sodium hydroxide were
supplied by Sigma. Nitric acid (65%, Merck),
hydrochloric acid (37%, Merck), hydrogen
peroxide (30%, Merck), and dimethyl sulfoxide
(99.9%, Merck) were used in experimental
work. Cell culture applications used fetal bovine
serum (Sigma), Trypsin-EDTA solution (Sigma),
Penicillin-Streptomycin solution (Sigma),
Thiazolyl blue tetrazolium bromide (MTT) (98%,
Sigma) and RPMI 1640 medium (Sigma). The
MCF-7 breast cancer cells were procured from
ATTC (catalogue number: HTB-22). All the
chemicals used in the study were of analytical
grade, and 18.2 mQ of distilled water needed
throughout the research was obtained through
the Milli-Q A10 water purification system.

Instruments

All  spectrophotometric measurements were
conducted by wusing a Shimadzu UV-1601
spectrophotometer. Element and mineral

composition was analyzed by using the Agilent
7500ce  Inductively Coupled Plasma-Mass
Spectrometry (ICP-MS). CEM Mars 240/50
microwave system was used to digest the
samples on the ICP-MS. Thermal shaking water
bath was used for plant extraction. The study
also used Heidolph Reaxtop vortex and Heidolph
Laborota 4000 efficient evaporator.

Extraction Procedure

5 g of crushed plant roots was obtained, and
mixed with 25 mL of ethanol (EtOH), methanol
(MeOH), and boiled water, respectively. It was
kept in shaking water bath for 1 hour. This
procedure was repeated 3 times. Later, the
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extracts were filtered withwhite filter paper and
evaporated at maximum 40 °C by using a rotary

evaporator. Dried extracts were dispersed by
using solvents, and stock solutions were
prepared and filtered through 0.45 pm

membrane filters. The stock solutions were
stored under suitable conditions to be used in
determining biological activity and trace
element/mineral composition. Nine different
extracts which were collected in May, June and
July were named as May EtOH, May MeOH, May
water, June EtOH, June MeOH, June water, July
EtOH, July MeOH and July water.

Total Phenolic Content Analysis

Total phenolic content of the extracts was
determined spectrophotometrically by using the
Folin-Ciocalteu method (15). 100 pL of sample/
extract sample was mixed with 7900 plLof
distilled water and 500 pL of Folin-Ciocalteu’s
reagent in a test tube (10%, v/v in water). The
mixture was vortexed and allowed to stand to
incubate in the dark at room temperature for 2
minutes. After that, 1.5 mL of Na.CO; (20%)
solution (w/v) was added to the mixture, and it
was vortexed again. After the mixture was kept
in the dark at room temperature for 2 hours,
absorbance of the resulting blue solutions was
measured by using the UV spectrophotometer at
765 nm wavelength. Gallic acid was used as
standard. Results were expressed as average of
the three measurements, in mg GAE/g dry
weight.

Total Flavonoid Content Analysis

Total flavonoid content of the extracts was
determined spectrophotometrically through the
aluminum chloride/sodium nitrite method (16).
After 500 pL of extract sample, diluted to a
certain extent, was placed in a test tube with 3
mL of distilled water, 0.3 mL of aqueous NaNO,
solution (5%) was added, and the mixture was
vortexed. After 5 minutes, 0.3 mL of aqueous
AICl; solution (10%) was added to the mixture.
Then, by adding 2 mL of 1 M NaOH after 1
minute, the final volume of the mixture was
completed to 10 mL, with distilled water. This
final mixture was vortexed again, and its
absorbance was measured at 510 nm. Results
were expressed as the average of the three
measurements, in mg Quercetin/g dry weight.

DPPH Free Radical Scavenging Activity

Free radical scavenging activity of the extracts
was assessed spectrophotometrically through
the DPPH method (17). 100 pL of the root
extract and ascorbic acid solution with different
concentrations, used as standard, was mixed
with 2.9 mL of 80 pyM DPPH solution, freshly
prepared in methanol. The mixture was vortexed
and kept in the dark for 1 hour to incubate. After
this procedure, absorbance of each mixture was
measured at 517 nm. Theresults are given as
average of the three measurements, in %
inhibition (Equation 1).



Dodgan Calhan S, Glindogan M. JOTCSA. 2019; 6(3): 355-364.

% Inhibition =[(AbScontro=AbSsampie)/ AbScontror] X 100

Cytotoxic Effect

The MTT (3-(4,5-dimethylthiazolyl-2)-2,5-
diphenyltetrazolium bromide) assay, a
colorimetric method, is based on the principle of
the reduction of tetrazolium salt to colored
formazans. Cell viability is assessed by dying the
cells at various levels with the MTT according to
their mitochondrial activity. After the formazan
crystals are dissolved, reading is made at 570
nm wavelength.The present study used the
method proposed by Turan et al. (18) with some
modification. In the present study, the MCF-7
cells were seeded into 4 plates containing 96
wells, with 10* cells in each well. Water was
placed in the outermost wells of the plates to
adjust moisture balance. Nine samples (May
EtOH, May MeOH, May water, June EtOH, June
MeOH, June water, July EtOH, July MeOH, July
water) were administered to the MCF-7 breast
cancer cells in 3 different concentrations (50ug/
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(Eg. 1)

mL, 100 pg/mL, 200 pg/mL). The procedure was
repeated 10 times for each concentration
(n=10). After 24 hours, the extracts in the cells
were taken from the wells and mixed with the
MTT solvent. The cells were kept for incubation
at 37 °C, with 5% CO,, The plates were wrapped
with aluminum foil to prevent the entrance of
light. The cells were taken out after being kept
in incubation for 5 hours, the medium over them
was removed, and 200 pL of dimethyl sulfoxide
was added to each well. In this way, unsolved
formazan crystals were also dissolved. After
waiting for 15 minutes, they were measured by
using an ELISA set at 570 nm wavelength. Outer
wells which did not contain any cells were
introduced as empty. IC50 value and cell
viability was calculated by using the absorbance
rates and the formula in Equation 2.

Relative cell viability (%)= OD570 of the treated sample/OD570 of the control (Eq. 2)

To count the viable cells, Cedex XS (Roche,
Mannheim, Germany) was used. This device
distinguishes between viable and non-viable
cells with high precision, by providing
information about cell concentration and viability
based on the trypan blue exclusion method, in a
semi-automatical manner. 20 pL of resuspended
cells were taken and added to 0.2 mL of
Eppendorf tube. The cells were mixed with 20 pL
of trypan blue solution (0.4%), diluted with
distilled water which helps to distinguish
between viable and non-viable cells (Roche,
Mannheim, Germany). After this mixture was
homogenized through pipetting, 20 pLof it was
put in the Smart Slides chamber, special slide of
the device (Roche, Mannheim, Germany). Later,
the sample was placed on the Cedex XS cell
counter in the chamber, and the cells were
counted by using the software of the device.
Determination of Mineral and Trace
Element Composition

0.5 g of the plant roots which were collected in
May, June and July was obtained, and digested
using the heat controlled microwave system. For
this procedure, 12 mL of nitric acid-hydrochloric
acid mixture and 1 mL of hydrogen peroxide
were used. Digestion process took 30 minutes at
175 °C. The system settings of the device were
optimized to 239 PSI and 720 w. After the
resulting acidic solution was diluted properly,
measurements were made through the ICP-MS.
Operating parameters of the ICP-MS device are
given in Table 1.

Statistical Analysis

The results were calculated by taking the
average of the three measurements and
standard deviation (meanxSD). Repeated
Measures Analysis of Variant was used for
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comparing more than two dependent averages
(in different times). Contrast process was used
to determine in which time intervals the
difference occurred. The statistical significance
level was set at 0.05 in all analyses. The data
was analyzed by using SPSS 21.

Table 1. Operating Conditions of ICP MS.

Parameter Value

RF power 1500 W
Sampling Depth 8.8mm
Flow Rates of Plasma Gas 15 L/min
Flow Rates of Carrier Gas 0.9 L/min
Flow Rates of Auxiliary Gas 1 L/min
Integration Time 0.60 s

RESULTS AND DISCUSSION

It is known that the genus Onosma, including
the Onosma Sericcum Willd, the subject of
thepresent study, is used in traditional
treatment, especially in healing wounds (19,
20). Studies conducted on the Onosma roots
found alkannin/ shikonin derivatives displaying
biological activity and these structures have
healing, anti-inflammatory, anti-tumor, anti-
thrombotic, and anti-microbial properties (21-
23). For this reason, it is highly important and
necessary to carry out Dbiological activity
research on this genus. Thus, this study
investigated the biological activity of theOnosma
Sericeum Willd species, which is not studied as
much as the other Onosma species, depending
on collection time and extraction solvent. The
study also determined its element composition
which plays significant roles and/or has toxic
effects in biological processes.

In the study, Onosma Sericcum Willd was
collected in Besni region, Adiyaman in May, June
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and July 2018, and its roots were extracted by
using ethanol, methanol, and water. The total
phenol, flavonoid content and DPPH radical
scavenging activity of the extracts were
determined. The cytotoxic effect of the extracts
on the MCF-7 cells was investigated through the
MTT method. Trace element and mineral
composition of the plant samples, collected in
different periods, was determined through the
ICP-MS after the samples were digested using
microwave.

Total phenol was determined by Folin-Ciocalteu
reactive using the spectrophotometric method. A
calibration graphic was created by preparing
gallic acid solutions in specific concentrations
(used as standard)and the amount of sample in
the extract was calculated in gallic acid
equivalent as 58.42+0.13-93.34+0.68mg(GAE)/
g by taking into consideration
y=0.001x+0.0033, R?=0.9901 regression
equation and dilution.

RESEARCH ARTICLE

The total flavonoid content was determined
through the spectrophotometric method by using
the aluminum chloride/sodium nitrite method. A
calibration graphic was created by preparing
quercetin solutions in specific concentrations
(used as standard), and the amount of sample in
the extract was calculated in quercetin
equivalent as 21.79+£1.3-60.33+0.36 mg(KUE)/
g by taking into consideration
y=0.0002x+0.0078, R?=0.9717 regression
equation and dilution.

The DPPH radical scavenging activity rates of the
extracts were given in % inhibition which is used
as the indicator of antioxidant activity.
Calculations were carried out based on y=-
0.0038x+0.7616  regression equation and
Equation 1. According to the results, it was
found that the % inhibition rates were in the
range of 60.27+0.06-78.60+0.21%.

All the results are given as the average of the
three measurements and with standard
deviation rates (Table 2).

Tablo 2.Total phenol, flavonoid, and % inhibition rates of the Onosma Sericeum Willd extract.

PHENOL CONTENT* FLAVONOID RADICAL SCAVENGING
mg GAE/g CONTENT *mg ACTIVITY*% Inhibition
KUE/g

May EtOH 93.34+0.68 60.33+0.36 60.27+0.06

May MeOH 70.46+1.31 46.79+0.95 62.13+0.21

May Water 62.36+0.13 24.5+1.65 78.60+0.22

June EtOH 75.01+1.31 40.54+0.95 67.37+0.11

June MeOH 68.19+1.31 32.21+0.95 61.09+0.27

June 60.46+0.13 23.25+1.25 73.82+0.22

Water

July EtOH 70.08+0.47 42.42+0.95 66.87+0.38

July MeOH 59.78+0.26 31.58+1.30 60.81+0.23

July Water 58.42+0.13 21.79+1.30 73.75+0.62

* The results were given based on dry weight and as the average of three measurements.

An assessment of the results indicated that the
rates of phenol, flavonoid, and free radical
scavenging activity differed according to
collection time and extraction solvent, and the
difference between the averages was statistically
significant. A statistically significant difference
was found in the phenol content between May
EtOH, June EtOH, and July EtOH (p=0.001).
Accordingly, it was determined that the
difference was between May and June
(p=0.001), May and July (p=0.001), and June
and July (p=0.036) periods. It was observed
that there was a statistically significant
difference (p=0.011) in the phenol content
between May MeOH, June MeOH, and July MeOH
(p=0.011); and this difference was between May
and July (p=0.004), and June and July
(p=0.007) periods. A statistically significant
difference (p<0.001) was also observed in the
phenol content between May Water, June Water,
and July Water. It was concluded that this
difference (p=0.002) was between May and July
(p<0.001), and June and July (p<0.001)
periods. Moreover,a statistically significant
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difference (p<0.001) was identified in the
flavonoid content between May EtOH, June
EtOH, and July EtOH, which was found to be
between May and June (p=0.001) and May and
July (p=0.001). There was a statistically
significant difference in the flavonoid content
between May MeOH, June MeOH, and July MeOH
(p=0.004). The difference was observed
between May and June (p=0.003) and May and
July (p=0.006) periods. The difference in the
flavonoid content between May Water, June
Water, and July Water (p=0.011) was also
statistically significant. Accordingly, this
difference was between May and July (p=0.006),
and June and July (p=0.020) periods. Another
statistically significant difference was identified
in the radical scavenging activity rates between
May EtOH, June EtOH, and July EtOH (p<0.001).
The difference was between May and June
(p=0.001) and May and July (p<0.001) periods.
There was a statistically significant difference
(p=0.009) in the radical scavenging activity
rates between May MeOH, June MeOH, and July
MeOH. The difference was between May and
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June (p=0.015) and May and July (p=0.001)
periods. Finally, a statistically significant
difference was found in the radical scavenging
activity rates between May Water, June Water,
and July Water (p=0.002),which was between
May and July (p<0.001) periods.

In a study by Mazandarani et al. (24) in 2011,
phenolic and flavonoid contents were detected in
different extraction solvents of the Onosma
Dichroanthum  Boiss (ethanol, methanol,
acetone). According to the results of this study,
the total phenol concentration varied between
4.5 £ 0.7 and 125.6 = 3.01 mgGAE/g, and
flavonoid concentration was between 9.8 + 3
and 41 £ 2.3 mgKUE/g, which is compatible with
the results of the present study.

In a biological activity study conducted as result
of the extraction of theOnosmatauricum with
ethyl acetate, methanol and water, the phenolic
and flavonoid concentrations were determined
as 40.88 pmolGAEs/g and 7.40 pmolREs/g,
respectively.This finding is also compatible with
the results of the present study (25). The
cytotoxic effect of the samples which were
collected in May, June, and July and extracted

May EtOH
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100 200
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by using ethanol, methanol, and water,
respectively, on the MCF-7 cells was investigated
through the MTT test (3-(4,5-dimethylthiazol-2-
y)-2,5 -diphenyltetrazolium  bromide), a
colorimetric method. 24 hours after adding the
extract, the % relative cell viability of the MCF-7
cells was determined by using the Equation 2. It
was found that the extracts prepared with
methanol and water did not have any cytotoxic
effect on the cancer cells; on the contrary, these
samples triggered the growth of these cells
(Relative cell viability>100). In addition, it was
found there was a significant cytotoxic effect,
depending on the dosage, on the samples
collected in May, June, and July and extracted
with ethanol (Figure 2-4). Cell Vviability
decreased in all concentrations compared to the
control group. The concentration which
decreased the cell viability most was 50 ug/mL.
The more the concentration increased, the more
the cytotoxic effect on the cancer cells
decreased. It is considered that the plant has a
positive impact on cell growth due to its wound
healing property, and it produced cytotoxic
effect on the cancer cells in low concentrations
while it affected the growth of cancer cells
positively in high concentrations.

Conc pg/mL Relative cell

viability (%)

May EtOH 50 62.13+11.33
May EtOH 100 64.58+12.39
May EtOH 200 83.79+11.83

Figure 2. Cell viability (%) for May EtOH 50 ug/mL, 100 pg/mL, and 200 pg/mL.

June EtOH
120

100
a0

&0

20

Relative cell viability (100% control)

Contral 50 100 200

Concentration (ug/mL)

Relative cell
viability (%)

Conc pg/mL

June EtOH 50 40.92 + 6.81
June EtOH 100 47.47 £ 15.3
June EtOH 200 89.55 + 20.77

Figure 3. Cell viability (%) for June EtOH 50 ug/mL, 100 ug/mL, and 200 pg/mL.
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Relative cell
concug/mL  iability (%)
July EtOH 50 28.76+11.31

July EtOH 100 41.75+15.56
July EtOH 200 72.71+£17.07

Figure 4. Cell viability (%) for July EtOH 50ug/mL, 100 pg/mL, and 200 pg/mL.

In a study investigating the cytotoxic effects of
the Alkanna, another significant species in the
family Boraganicae (26), five different cancer
cell lines were used. Also using the MCF-7
cancer cells, the study assessed cytotoxic effects
through the MTT analysis. Some of the findings
demonstrated that the more the extract
concentration decreased, the more cytotoxic
effect increased. The study emphasized that the
more the purity of biologically active substances
creating cytotoxic effect increased, the more the
amount of concentration, in which it was active,
decreased. These results are consistent with the
rates obtained in the present study. Moreover,
the study reported that roots of the plant
displayed higher cytotoxic effect than ground
surface parts.

The present study revealed that the extract
producing cytotoxic effect on the cancer cells
was prepared in ethanol for all months. It was
determined whether the dosage made any

statistically significant difference was identified
between May EtOH 50 pg/mL, June EtOH 50 pg/
mL, and July EtOH 50 pg/mL (p<0.001). This
difference  was between May and June
(p<0.001), May and July (p<0.001), and June
and July (p<0.001) periods. The difference
between May EtOH 100 pg/mL, June EtOH 100
pg/mL, and July EtOH 100 pg/mL was
statistically significant (p=0.001). Accordingly,
the difference was between May and June
(p=0.003) and May and July (p=0.001) periods.
However, there was no statistically significant
difference between May EtOH 200 pg/mL, June
EtOH 200 pg/mL, and July EtOH 200 pg/mL
(p=0.565).

After the Onosma Sericeum Willd, collected in
May, June and July, was digested using the
microwave, its trace element and mineral
composition was defined. The results are given
as the average of three measurements (Table
3).

statistical difference for all months. A
Table 3. Total content of metals (ppb) in dried Onosma Sericeum Willd.
May June July
B 9944+1.594 16328+4.598 2262.4+3.196
Na 9600+0.002 9600+0.003 13600+0.012
Mg 47200+£0.013 67200+£0.019 7200+0.046
Al 4217.6+0.818 5449.6+1.834 9056+6.908
P 42040+9.444 78200+2.244 41288+2.255
K 909600+0.191 1267200+0.240 912000+0.540
Ca 508000+0.043 939200+0.151 1233600+0.748
Cr 1114.4+0.271 1504.8+0.623 1695.2+1.516
Mn 2238.4+0.309 4124+0.965 2818.4+1.659
Fe 12000+£0.001 13600+£0.004 15200+0.013
Co nd nd nd
Ni 234.4+0.037 357.6+0.023 339.2+0.157
Cu 1388+0.057 1807.2+0.135 1915.2+0.814
Zn 3107.2+0.037 2702.4+0.085 5067.2+2.124
As 395.2+0.105 356+0.132 362.4+0.322
Se 661.6+0.407 278.4+0.162 195.2+0.239
Cd nd nd nd
Sn 1549.6+0.200 1887.2+0.043 1600+0.861
Ba 4338.4+0.323 10680+1.738 11392+5.653
Pb nd nd nd

nd: not detected
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As it is seen in Table 3, the concentration values
of toxic elements such as cobalt, cadmium and
lead could not be determined as they were
below 1ppb. Nickel, arsenic, and selenium were
relatively in low concentrations, and they were
at proximate levels in three periods when the
plant was collected. Among the toxic elements,
only the concentration rate of aluminum was

higher compared to nickel, arsenic and
selenium. It was identified that all the other
elements were essential and had higher

concentration rates than other toxic elements.
CONCLUSION

The use of plants for therapeutic purposes is as
old as the human history. In fact, mostly plant
and plant extracts were used for medical
purposes until the discovery of synthetic drugs.
In this process until the present day, the idea
that synthetic drugs have greater potential
harmful effects has led people to use drugs of
natural origin. Interest in natural products has
increased gradually with the promotion of print
and visual media. One of the significant
disadvantages of this deep interest is the idea
that natural products have no harmful or side
effects. However, it is vital that herbal products
are procured from reliable sources using proper
methods, and recommended and administered
by competent persons. Otherwise, it might result
in serious mortality and morbidity. Besides, the
data on plants, particularly those with traditional
use, must be built on a scientific foundation. In
addition to all these, the area where the plant
grows, collection time, soil and climate
conditions might change the quantity of
bioactive components and composition of the
plant. Moreover, it is necessary to carry out
toxicity studies while determining the dosage to
be used.It is a fact that antioxidant activity
which plays a significant role especially in
healing the wounds depends on the quantity of
phenolic and flavonoid species. Thus, the
present study investigated the changes in the
biological activity of the Onosma Sericeum Willd,
traditionally used and known for its therapeutic
properties among public, depending on collection
time and extraction solvent. Its cytotoxic effect
on the MCF-7 was also investigated. The highest
cytotoxic effect was detected in the extracts
containing ethanol which also had high phenolic,
flavonoid and radical scavenging activity rates.
At the same time, the study assessed trace
element/mineral composition which plays a

significant role in understanding biological
processes. The results demonstrated that
biological activity changed depending on

collection time and extraction solvent. Although
the family Boraginacea has drawn the attention
of many researchers due to its bioactive species,
studies on the Onosma Sericeum Willd, a
member of this family, are considerably limited.
In this sense, we believe that our study will
make a contribution to the relevant literature. In
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continuation of this study, the researchers
intend to carry out the isolation of bioactive
compounds belonging to this species,
assessment of their biological activities, and
assessment of possible cytotoxic effects on
different cells.
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groups were converted into azide moieties by nucleophilic substitution. Hydrophilic poly(N,N-
dimethylacrylamide) (PDMA) side chains were then attached via a “grafting to” approach by using copper-
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INTRODUCTION polymerization case as a result of limited
functional-group tolerance of the polymerization
Based on their outstanding properties, such as procedures (9).
superb thermal and chemical stability,
mechanical strength, and resistance to radiation The post-modification concept has made a great
degradation (1, 2), polysulfones (PSU) have been progress by the development of “Click Chemistry”
widely employed in numerous industrial (10). Basically, click chemistry term covers the
applications such as food processing, fuel cells, chemical approaches with several advantageous
and electronics (3, 4). Moreover, based on their properties including high vyields, tremendous
biocompatible and non-degradable nature, they orthogonality and selectivity (11). Although here
have also been used in bio-applications including exist different type of click reactions including
bioreactors, hemodialysis, etc. (5, 6). However, Diels-Alder and thiol-ene reactions, the
their poor tracking resistance and weathering pioneering approach, copper-catalyzed azide-
properties remains as the major challenges limit alkyne cycloaddition (CuAAC) has gained broad
their even wider utilization (7). Not only to interest and has been extensively utilized for the
overcome these problems, but also to fulfill the preparation of numerous complex
necessities of the application, functionalization of macromolecular structures (12). For instance, it
suitable PSU precursors have gained growing has been established that many macromolecular
interest recently (8). Using functional co- architectures such as graft/block and star
monomers through the polymerization or post- copolymers, polymeric networks, functional
modification approaches are the two main polymers and hyperbranched polymers can be
approaches utilized for this purpose. However, prepared by CuAAC click reactions (13).
the latter method, in which the desired Moreover, CuAAC has been also demonstrated to
functionalities are incorporated to the PSU chains, be a powerful tool for the modification/
appears to be a more powerful approach, since functionalization of different polymeric materials
polymerizations may be inhibited in the direct (14, 15).
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Amphiphilic polymeric materials have been the
basis of different bio-applications ranging from
drug delivery systems to membranes (16-18). As
a result of their unique chemical structure, they
form polymeric micelles with a hydrophobic core
and hydrophilic shell where the core act as a
reservoir for hydrophobic drugs and the
hydrophilic part stabilizes the core by serving as
an interface between aqueous phase and the
hydrophobic domain. This exceptional property
makes them perfect materials for encapsulation
and delivery of hydrophobic drugs (19, 20).
Among the various polymers employed as
hydrophilic domains for amphiphilic polymers,
poly(N,N-dimethylacrylamide) (PDMA) is one of
the most widely used one due to their hydrophilic
in the absence of ionic functionalities and
inertness to biomolecules (21, 22).

In the current study, a “grafting to” approach is
described for the synthesis of PSU-based graft
copolymers through CuUAAC. PDMA was purposely
chosen as the side chain to obtain amphiphilic
polysulfone graft copolymers. Thus, the obtained
polymer scaffold is believed to be a suitable
candidate for biomedical applications and drug
delivery systems.

EXPERIMENTAL SECTION

Materials

Polysulfone (PSU, Udel® P-1700, Solvay),
paraformaldehyde (95%, Merck), tin(IV) chloride
(98%, Alfa Aesar), trimethylsilyl chloride (=
99.0%, Aldrich), sodium azide (97%, Aldrich),
N,N'-dicyclohexylcarbodiimide (DCC, 99%,
Aldrich),  4-(dimethylamino)pyridine (DMAP,
98%, Aldrich), propargyl alcohol (99%, Aldrich),
copper (I) bromide (98%, Acros), N,N,N’,N"' ,N"’-
pentamethyldiethylene triamine (PMDETA, 99%,
Aldrich), N,N-dimethylacrylamide (99%, Aldrich),
N,N-dimethylformamide (DMF, = 99.8%, Merck),
and methanol (100%, VWR) were used as
received. Alkyne functional RAFT agent (RAFT-
alkyne) was synthesized according to previous
literature (23).

Characterization

'H NMR spectra were recorded on a Bruker
Advance III, 300 MHz spectrometer at room
temperature in CDCIs with tetramethylsilane as
an internal standard. Molecular weights and
distributions were determined by GPC using
Viscotek GPC max system including a pump
module (GPC max, Viscotek, Houston, TX) and a
refractive index (RI) detector (VE 3580,
Viscotek). In the analyses, 1 mL/min flow rate
and 50 pL injection volume were used with
autosampler system. The calibration of RI
detector was done by narrow molecular weight
polystyrene standards. Two columns (LT5000L,
Mixed, Medium Organic 300x8 mm and LT3000L,
Mixed, Ultra-Low Organic 300 x 8 mm) with a
guard column (TGuard, Organic Guard Column 10
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x 4.6 mm) were used for the tetrahydrofuran
eluent at 35 °C. Viscotek OmniSEC OmniO1
software was used to analyze the data. Fourier
transformed infrared spectroscopy (FTIR) studies

were performed by using a Perkin-Elmer
Spectrum Two Spectrometer (Lambda 25,
Waltham, MA) equipped with a diamond

attenuated total reflectance (ATR) device at
ambient temperature.

Chloromethylation of polysulfones

PSU-CI was synthesized by following a literature
protocol. Briefly, PSU (10 g, 0.25 mmol) was
dissolved in chloroform (300 mL) by using an
ultrasonic bath and then paraformaldehyde (29
mL, 225 mmol) and trimethylsilyl chloride (29
mL, 225 mmol) were added. After stirring for a
while, tin(IV) chloride (0.26 mL, 2.25 mmol) was
added and the mixture was stirred at room
temperature for 72 hours. At the end of the given
time, the product was precipitated by pouring into
excess methanol. Then, the precipitate was
filtered and dried in a vacuum oven at room
temperature.

Azidation of polysulfones

PSU-Cl was synthesized by following a literature
protocol. Briefly, PSU (10 g, 0.25 mmol) was
dissolved in chloroform (300 mL) by using
ultrasonic bath and then paraformaldehyde (29
mL, 225 mmol) and trimethylsilyl chloride (29
mL, 225 mmol) were added. After stirring for a
while, tin(IV) chloride (0.26 mL, 2.25 mmol) was
added and the mixture was stirred at room
temperature for 72 hours. End of the given time,
the product was precipitated into excess
methanol. Then, the precipitate was filtered and
dried in a vacuum oven at room temperature.

Synthesis of alkyne functional PDMA (PDMA-
alkyne)

PDMA-alkyne was synthesized by reversible
addition-fragmentation chain-transfer (RAFT)
polymerization according to previous literature.
Briefly, DMA (50 eq.), RAFT agent (1 eq.), and
AIBN (0.01) were dissolved in DMSO. After
deoxygenation by purging with N2, the mixture
was heated at 60 °C. After given time the reaction
was terminated by cooling to 0 °C and exposed to
air. The mixture was dissolved in a large excess
of DCM and extracted twice by distilled water. The
organic phase removed by reduce pressure, the
concentrated mixture was precipitated in ten-fold
excess of Et;0 and dried under reduced pressure.

Click Reactions

In a typical click reaction, azide functional PSU
(50 mg), PDMA-alkyne (3 x 10~* mol), catalyst
(Cu'Br, 3 x 10=% mol), ligand (PMDETA, 6 x 10~4
mol), and 4 mL of toluene were placed in a
Schlenk tube. The reaction mixture was degassed
by three freeze—pump—thaw cycles and stirred at
room temperature for 24 h. After the click
reaction, the reaction mixture was passed
through a column filled with neutral alumina to
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remove the copper salt, 10-fold excess of
methanol and dried under reduced pressure.

RESULTS AND DISCUSSION

Among the various potential approaches that
could be employed for the synthesis of PSU graft
copolymers, CuAAC appeared to be the most
appropriate one for numerous motives. In
addition to its orthogonality and excellent yields,
the procedure is also compatible the functional
groups existing in the PSU backbone.(24) Thus, it
enables the attachment of the desired side chains
in a straightforward manner. Accordingly, a PSU

0]
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with pendant chloro-groups was prepared by
using a chloromethylation procedure. Then,
chloro- units were converted into azide groups by
a nucleophilic substitution reaction using NaNs to
give the azide-functional PSU (PSU-N3).

On the other hand, alkyne functional PDMA
(PDMA- alkyne) was prepared following a
literature procedure with slight changes (Scheme
1). Accordingly, an alkyne functional RAFT agent
was synthesized by esterification reaction, which
was then used to mediate RAFT polymerization of
DMA to access the anticipated PDMA-alkyne.

o)
/\o&s\n/s ~ N
S
RAFT 7
60 °C \)k’?/

Scheme 1: Synthetic route to PDMA-alkyne.

Finally, the PDMA chains were grafted to the PSU
main chain via CuAAC reactions to give the
desired amphiphilic polysulfone graft copolymers.

367

Overall process for the synthesis of graft
copolymers is summarized in Scheme 2.
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Scheme 2: Overall process for synthesis of PSU-g-PDMA copolymers by CUAAC.

different PDMA-alkyne with diverse molecular
weights.

As can be seen from Table 1, molecular weights,
and thus, hydrophilicities of the formed graft
copolymers could be manipulated by using

Table 1: “"Grafting to” of PDMAs to PSU-Ns2.

Sample M, M./M,* WCA
(g molt)® )
PSU-g-PDMA-1¢ 39 300 1.77 72
PSU-g-PDMA-24 46 100 1.79 65

a M,(PSU-N3) = 30,200 g mol~1, M,/M, = 1.74, b Determined by GPC, <PDMA-1 (M, = 1,300 g mol1,
Mw/M, = 1.09) was used as the antagonist click component, ¢ PDMA-2 (M, = 2,100 g mol~t, My/M, =
1.09) was used as the antagonist click component.

Each step of the process was followed by 'H-NMR 4.35 confirming quantitative azidation. The

analysis. The degree of the chloromethylation
was determined as 10 mol% by comparison of the
integration area of-CH,Cl protons of the
chloromethyl at & = 4.55 ppm with the aromatic
signals of PSU backbone (Figure 1). Subsequent
to the azide substitution, the mentioned
methylene signals were entirely shifted to & =
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successful click process was also confirmed as can
be seen from the spectra of the graft copolymer.
Thus, a new signal appeared, in addition to the
aromatic peaks of PSU segment, around & = 2.87
corresponding to characteristic signals of —CHs
moieties of PDMA.



Ciftci M. JOTCSA. 2019; 6(3): 365-372. RESEARCH ARTICLE

CH,CI
PSU-CI | \ |
-CH,N,
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Figure 1: 'H NMR spectra of PSU-CI, PSU-N3 and PSU-g-PDMA.

FT-IR results also confirmed both azidation and carbonyl bands (1720 cm™!) of the PDMA segment
grafting processes (Figure 2). After the azidation, in addition to the aromatic stretching bands of
the typical -Ns peak around 2120 cm™! was clearly PSU units at 1590 and 1480 cm™t. Moreover, the
detectable. On the other hand, the spectrum of complete disappearance of —-N3 signal represents
the graft copolymer displays the distinguishing the quantitative yield of the click reaction.

PSU-CI

PSU-N,

PSU-g-PDMA

r . T v T ) T 1 T ' J

3500 3000 2500 2000 1500 1000

Wavenumber (cm™)

Figure 2: FT-IR spectra of PSU-CI, PSU-N3 and PSU-g-PDMA.

The GPC curves of the precursor polymer and its graft copolymers towards higher molecular
corresponding graft copolymer analogues are weight region (lower elution volumes), indicates
illustrated in Figure 3. The obvious shift of the successful grafting.
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PSU-g-PDMA-1

12 14

elution time (min.)
Figure 3: GPC traces of PSU-N3, PSU-g-PDMA-1 and PSU-g-PDMA-2.

Hydrophilicity of the graft copolymers were
investigated by demonstrated by water contact
angle (WCA) measurements. The WCA results of
the pristine PSU and corresponding graft
copolymer analogues are presented in Figure 4.
WCAs of graft copolymers were lower (72° and

65°) then the precursor PSU (81°) as expected.
Moreover, as can deduced from the higher WCA
of PSU-g-PDMA-1 that bears a shorter hydrophilic
PDMA side chain compared to PSU-g-PDMA-2, the
WCAs decreased with the increase of the PDMA
side chain content in the structure.

Figure 4. Shapes of water drops on thin films of PSU-Ns (left), WCA: 83°, PSU-g-PDMA-1 (middle),
WCA: 72°and PSU-g-PDMA-2 (right), WCA: 65°.

In summary, amphiphilic polysulfone graft
copolymers, with different hydrophilicities were
obtained. In the process, chloro-functional PSUs
were synthesized from a commercial PSU then
azide groups were then incorporated to the
polymer chain. Subsequently, alkyne functional
PDMAs, prepared by RAFT polymerization by
using functional RAFT agent, were attached via
CuAAC to give the amphiphilic polysulfone-g-
poly(N,N-dimethylacrylamide) (PSU-g-PDMA)
copolymers. The obtained graft copolymers
possessing hydrophobic PSU main chain and
hydrophilic PDMA side chains appear as suitable
candidates for various application especially
biomedical applications.
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Abstract: Imidazole is a common and important heterocyclic fragment of many biologically important
molecules. 5-imidazole-carbaldehydes containing mono- (N-1) methyl (or aryl) analogs are commonly
used as building blocks in medical chemistry. In this study, starting from 4-methyl-1H-imidazole-5-
carbaldehyde, the N-1 atom of the imidazole ring is derived with different alkyl groups. In addition,
both N atoms of the starting imidazole-carbaldehyde were methylated to give 5-carbaldehyde-1,3,4-

trimethyl-3-imidazolium salt. The salt which possess quite reactive carbaldehyde group could be used
as a precursor for synthesis of other imidazolium derivatives. Furthermore, 4-methyl-5-imidazole
carbaldehyde was converted into the benzoxazole, benzothiazole and benzoimidazole by a two-step
reaction over the aldehyde group. These nhew compounds could display some biological activities.
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INTRODUCTION containing imidazole and mono-N-alkylated

imidazole rings, have been synthesized. For
Imidazole ring is one of the most basic groups example, ipronidazole is a drug developed as
of biologically important compounds. Many an anti-protozoal agent (1). Nimorazole, a
biologically active compounds containing the heterocyclic N-alkyl substituted compound, is
imidazole ring have been synthesized. an effective antimicrobial drug in parasites of
Imidazole derivatives are wused for the the genus trichomonas, synthesized in 1970
development of antifungal, antibacterial, (2). The imidazole derivative known under the
anticancer, and antimalarial drugs. Until now, trade name of moxnidazole is an antimicrobial
many drug and drug candidate isomers, drug acting with trichomonas parasites.

373


mailto:ersinorhan@duzce.edu.tr
https://doi.org/10.18596/jotcsa.530757
https://dergipark.org.tr/jotcsa
http://www.turchemsoc.org/
mailto:ersinorhan@duzce.edu.tr
https://orcid.org/0000-0002-5461-1005
mailto:mahmutkose@gmail.com
https://orcid.org/0000-0003-2689-6661
mailto:alkandemet@hotmail.com
mailto:leylagundogdu01@gmail.com
https://orcid.org/0000-0002-0485-9926

Orhan E, Kose M, Alkan D, Oztiirk L. JOTCSA. 2019; 6(3): 373-382.

Another imidazole derivative that is effective
against the Trichomonas parasites is
flunidazole (3-6). Imidazole derivatives also
have been used in the development of drugs
for the treatment of ulcers. For example, the
imidazole derivative known as Cimetidine is a
highly effective drug in the treatment of ulcers
(7). Highly complex imidazole-based drugs
containing the imidazole group have also been
developed. For example, the imidazole
derivative known as dazadrol, is used as an
anti-depressant (8). The drug called cimicoxib,
which exhibits anti-inflammatory properties, is
also an imidazole derivative (9). The imidazole
derivative, Cipralisant, synthesized in recent
years, has been found to be effective in
attention deficit syndrome on animal studies.
This compound is probably thought to be good
for Alzheimer's disease (10-12). Imidazolium
derivatives have begun to work in recent years.
James H. Davis, Jr. et al. synthesized the first
biologically active ionic liquid crystalline
imidazolium cation starting from miconazole
which exhibit antifungal properties (13). Azami
et al. have synthesized many 1,3-dialkyl
imidazolium derivatives and some of these
compounds have antibacterial properties (14).
In another study, imidazolium derivatives
containing long alkyl chains on the N atom
were synthesized and these compounds were
found to have quite good antimicrobial activity
on gram-negative, gram-positive bacteria and
fungi (15). Donald D. Ourth et al. isolated and
elucidated its structure of 1,3-
methylimidazolium derivatives which occurred
naturally; this compound showed a broad-
spectrum antiviral properties for insects. This
compound also contemplated that can be used
in HIV-1 and HSV viruses seen in humans (16-
18). Jadwiga Zabielska-Matejuk et al. have
synthesized several 1,3-dialkyimidazolium
derivatives and studied their antifungal
properties to protect wood materials. The
synthesized imidazolium salts have been found
to inhibit the growth of fungus, in particular
Sclerophoma pityophila (19-27).

5-Imidazole-carbaldehyde and its mono- (N-1)
alkyl or aryl analogs are often used in medicine
as drug building blocks, but their dialkyl (N-1
and N-3) analogs are less visible in the
literature. In this work, new imidazole
derivatives were synthesized from 4-methyl-5-
imidazole carbaldehyde by alkylation of N atom
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or condensation of carbonyl
appropriate reagents.

group with

EXPERIMENTAL

General

The starting chemicals were commercially
purchased from Merck, Aldrich, Acros Organics,
and ABCR.

The 'H NMR spectra were recorded on Bruker
400 MHz spectrometers for samples in DMSO
and CDCls. The signals are expressed as parts
per million down fields from (CHs)4Si, used as

an internal standard. IR spectra were
measured using a Jasco FT-IR-300E
spectrometer. Electrospray ionization mass

spectra were obtained in positive ion mode on
a AB SCIEX LC - MS/MS spectrometer. Column
chromatographic isolation was performed on
Merck Kieselgel 60 (70-230 mesh) using ethyl
acetate and n-hexane as the eluent. An
analytical thin-layer chromatography was
performed on Merck pre-coated silica gel 60
GF-254 with 0.25-mm thick TLC plates.

1,4-dimethyl-imidazole-5-carbaldehyde (1)

NaH (60%, 2.179 g, 0.0908 mol) in dry THF
(120 mL) was added to 4-methyl-5-imidazole
carbaldehyde (5 g, 0.0454 mol) at room
temperature for 30 min. Methyl iodide (5.65
mL, 0.0908 mol) was then added and mixed at
room temperature for 20 hours. As a result of
the reaction, the mixture had solid and liquid
phases. The THF phase was isolated, then the
solid phase was washed several times with
CHCI;, then the organic phases were combined.
The remaining precipitate was dissolved in
water and extracted again with CHCls. Then all
the organic phases were combined and the
solvent was evaporated. The resulting
brownish-yellow oily substance was purified by
column chromatography using ethyl acetate
over silica gel. Isomer 1 was obtained as a
yellow oily solid (3.32 g, 59%). 'H NMR (400
MHz, DMSO): dx 2.46 (3H, s, CH3), 3.60 (3H, s,
CHs), 7.73 (1H, s, imidazole C-H), 9.76 (1H, s,
CHO).

1-Benzyl-4-methyl-imidazole-5-carbaldehyde
(2)

4-Methyl-5-imidazole carbaldehyde (1 g, 9.08
mmol) was treated with NaH (60%, 720 mg,
18.16 mmol) in dry DMF (120 mL) at room
temperature for 5 min. Benzyl chloride (1.36
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mL, 11.8 mmol) was then added and mixed at
room temperature for 20 h. After that
saturated sodium carbonate solution (25 mL)
was added to the mixture, extracted by
addition of 30 mL of water and extraction with
ethyl acetate (3 x 30 mL). The combined
extracts were filtered after being dried over
sodium sulfate. The solvent was removed on
the rotary evaporator. The resulting brownish-
yellow oily substance was purified by column
chromatography using ethyl acetate over silica
gel. Yellow oily solid (0.76 g, 42%). Mixture of
isomers 2a and 2b 'H NMR (400 MHz, CDCIls):
du 2.30 (3H, s, CHs), 2.38 (3H, s, CHs), 4.41
(2H, s, N-CH,), 4.67 (2H, s, N-CH,), 7.30-7.62
(10H, m, Ar-H), 9.79 (1H, s, CHO), 9.83 (1H,
s, CHO).

1-(2-phenylethyl)-4-methyl-imidazole-5-
carbaldehyde (3)

4-Methyl-5-imidazole carbaldehyde (0.5 g, 4.5
mmol) was treated with NaH (60%, 220 mg,
5.5 mmol) in dry DMF (120 mL) at room
temperature for 5 min. It was allowed to mix.
2-Phenylethylbromide (0.7 mL, 5 mmol) was
then added and mixed at room temperature for
20 h. Saturated sodium carbonate solution (25
mL) was then added to the mixture, extracted
by addition of 25 mL of water and extraction
with ethyl acetate (2 x V). The combined
extracts were filtered after being dried over
sodium sulfate. The solvent was removed on
the rotary evaporator. The resulting brownish-
yellow oily substance was purified by column
chromatography eluting with ethyl acetate over
silica gel. It was seen from the 'H NMR
spectrum that this compound was an isomeric
mixture in approximately equal proportions.
Yellow oily solid (0.48 g, 49%). Mixture of
isomers 3a and 3b 'H NMR (400 MHz, CDCls):
dy 2.27 (3H, s, CHs3), 2.41 (3H, s, CH3), 2.93
(2x2H, t, 2xCH,),4.05 (2H, t, N-CH), 4.40 (2H,
t, N-CH;), 6.94-7.25 (10H, m, Ar-H), 9.82 (1H,
s, CHO), 9.85 (1H, s, CHO). IR (ATR, v/cm™):
3127, 2923-2852, 1662, 1610. ESI-MS: m/z =
215 (M)*; Calcd. for Ci3H14N20:214.11.

1-(2-Chlorobenzyl)-4-methyl-imidazole-5-
carbaldehyde (4)

4-Methyl-5-imidazole carbaldehyde (1 g, 9
mmol) was treated with NaH (60%, 720 mg,
18 mmol) in dry DMF (120 mL) at room
temperature for 5 min. It was allowed to mix.
2-chlorobenzyl bromide (1.53 mL, 10 mmol)
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was then added and mixed at room
temperature for 1 day. Saturated sodium
carbonate solution (25 mL) was then added to
the mixture extracted by the addition of about
25-30 mL of water and extraction with ethyl
acetate (3 x 40 mL). The combined extracts
were filtered after being dried over sodium
sulfate. The solvent was removed on the rotary
evaporator. The resulting brown-yellow oily
substance was purified by column
chromatography eluting with ethyl acetate over
silica gel. Yellow oily solid was observed as a
mixture of products in *H NMR (0.82 g, 39%).
Main product 4a (%85): '‘H NMR (400 MHz,
CDCIl5): duw 2.42 (3H, s, CHs), 5.48 (2H, s, CH>),
6.90-7.48 (5H, m, Ar-H), 9.73 (1H, s, CHO).
By-product 4b (%15): 'H NMR (400 MHz,
CDCIls): dw 2.37 (3H, s, CHs), 4.66 (2H, s, CH>),
6.90-7.48 (5H, m, Ar-H), 9.85 (1H, s, CHO). IR
(ATR, v/cm™): 3111, 2851, 1661, 1543. ESI-
MS m/z = 235(M)*; Calc. for
C12H11C|N201234.05.

1-(3-Chlorobenzyl)-4-methyl-imidazole-5-
carbaldehyde (5)

4-Methyl-5-imidazole carbaldehyde (1 g, 9
mmol) was treated with NaH (60%, 720 mg,
18 mmol) in dry DMF (120 mL) at room
temperature for 5 min. It was allowed to mix.
3-Chlorobenzyl bromide (1.4 mL, 10 mmol)
was then added and mixed at room
temperature for 1 day. Saturated sodium
carbonate solution (25 mL) was then added to
the mixture extracted by addition of 25 mL of
water and extraction with ethyl acetate (3 x 40
mL). The combined extracts were filtered after
being dried over sodium sulfate. Solvent was
removed on the rotary evaporator. The
resulting oily substance was purified by column
chromatography eluting with ethyl acetate over
silica gel. Yellow oily solid (0.71 g, 33%). It
was found from the 'H NMR results that the
material was isolated as an isomeric mixture.
Main product 5a (%71): '*H NMR (400 MHz,
CDC|3) dy 2.43 (3H, S, CH3), 5.36 (2H, S, CHz),
6.98-7.54 (5H, m, Ar-H), 9.74 (1H, s, CHO).
By-product 5b (%29): 'H NMR (400 MHz,
CDC|3) dy 2.34 (3H, S, CH3), 4.95 (2H, S, CHz),
6.98-7.54 (5H, m, Ar-H), 9.88 (1H, s, CHO). IR
(ATR, v/cm™): 3088, 2936, 2841, 1659, 1598.
ESI-MS m/z = 235(M)*; Calc. for
C12H11C|Nzo:234.05.



Orhan E, Kose M, Alkan D, Oztiirk L. JOTCSA. 2019; 6(3): 373-382.

5-formyl-1,3,4-trimethyl-imidazolium
tetrafluoroborate (6)
1,4-dimethyl-1H-imidazole-5-carbaldehyde (1
g, 8.77 mmol) and trimethyloxonium
tetrafluoroborate (1.55 g, 0.0105 mol) were
stirred in dry ethyl acetate (15 mL) for 2 hours
at room temperature. The solvent was
removed on the rotary evaporator. Due to the
fact that the product is highly polar, the
organic phase could not be extracted and also
could not be purified by chromatography. The
mixture was further left to rinse in a mixture of
ethanol and chloroform. *H NMR analysis was
performed on pure white crystals and the
expected product was observed to be formed.
'H NMR (400 MHz, DMSO): du 2.59 (3H, s,
CHs), 3.79 (3H, s, N-CHs), 4.00 (3H, s, N-CHs),
9.14 (1H, s, imidazolium C-H), 9.94 (1H, s,
CHO).

2-((4-methyl-1H-imidazole-5-
yl)methyleneamino)phenol (8)
4-methyl-1H-imidazole-5-carbaldehyde (1 g,
9.082 mmol), 2-aminophenol (0.99 g, 9.082
mmol) was refluxed in 95% EtOH for 1 day.
The reaction mixture was allowed to crystallize
with EtOH. A light yellow solid 4.3.1 (0.81 g,
44%) was obtained. Compound 8 was found to
have very little impurity from the 'H NMR
spectrum. *H NMR (400 MHz, DMSO): du 2.38
(3H, s, CHs), 6.8-7.07 (4H, m, Ar-H), 7.45 (1H,
s, N=C-H), 7.83 (1H, s, imidazole C-H), 8.73
(1H, s, Ar-OH), 12.61 (1H, broad s, N-H).

2-((4-methyl-1H-imidazole-5-
yl)methyleneamino)benzenethiol (9)
4-Methyl-5-imidazole carbaldehyde (1 g, 9.082
mmol) and 2-aminothiophenol (1.137 g, 9.082
mmol) were refluxed in EtOH (20 mL) for 1
hour. The reaction was followed by TLC (50%
EtOAc / n-Hexane) .The reaction was continued
until the starting material was finished in the
TLC. When the reaction mixture was allowed to
cool, it was immediately observed that light
cream crystals began to form. A quantity of the
obtained solid light cream matter (1.494 g)
was observed to be 12 by 1 H NMR analysis 9
as well as part of the material being converted
to ring closure reaction. It was detected from
the 'H NMR spectrum that the ratio of 9 to 12
was 79:21.

Main product 9 (%79): 'H NMR (400 MHz,
DMSO): ds 2.16 (3H, s, CHs), 3.38 (1H, s, SH),
6.48-6.59 (3H, m, Ar-H), 6.61-6.97 (2H, m,
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Ar-H), 7.45 (1H, s, imidazole C-H), 8.02 (1H,
s, N=C-H), 11.93 (1H, broad s, N-H).

By-product 12 (%21): 'H NMR (400 MHz,
DMSO): du 2.66 (3H,s, CHs), 7.34-7.48 (2H,
d.t., 2xAr-H), 7.70 (1H, s, imidazole C-H),

7.90- 8.04 (2H, d.d., 2xAr-H), 12.56 (1H,
broad s, N-H).

2-((4-methyl-1H-imidazole-5-
yl)methyleneamino)aniline (10)
1-2-diaminobenzene (1.178 g, 10.9 mmol)

with 4-methyl-5-imidazolecarbaldehyde (1 g,
9.082 mmol) was refluxed in 20 mL EtOH for 1
day. The reaction was extracted by TLC (20%
EtOH, EtOAc), the product was observed to be
lower in TLC as it was more polar than
imidazole. The solvent was removed and the
remaining mixture was purified by flash column
chromatography on silica gel using n-hexane,
ethyl acetate and EtOH. (The solvent polarity
for the separation was 20% acetate-n-hexane
and the temperature was increased to 50%
EtOH / EtOAc mixture). The fractions of the
product were collected and the solvent was
removed to give the target compound 10 as a
light brown solid (1.66 g, 90%).

It was determined that there is an isomeric
mixture of 10 from 'H NMR spectrum. The
isomeric mixture may possibly be an E/Z
mixture around -N=CH-. The isomeric ratios
were found to be 63% for the main isomer and
37% for the other isomer. 'H NMR (400 MHz,
DMSO): dus 2.56 (3H, s, CHs), 2.65 (3H, s,
CHs), 7.10-7.59 (8H, m, Ar-H), 7.48 (1H, s,
imidazole C-H), 7.71 (1H, s, imidazole C-H),
7.82 (2H, s, N=C-H), 12.25 (2H, broad s, N-H).

2-(4-methyl-1H-imidazole-5-
yl)benzo[d]oxazole (11)
2-((4-methyl-1H-imidazol-5-
yl)methyleneamino)phenol (8) (0.6 g, 2.28
mmol) and lead tetraacetate (1.32 g, 2.98
mmol) were dissolved in acetic acid (12 mL) at
45-50 °C for 24 hours. The reaction was
monitored by TLC (25% EtOH / EtOAc); TLC
was observed to walk faster because it is less
polar than the starting material of the product.
The reaction mixture was basified in ice bath
with about 20 mL of 10% NaOH. The organic
extracts were extracted with chloroform and
the organic phase was dried over sodium
sulfate. The mixture was separated by column
chromatography on silica gel using n-hexane,



Orhan E, Kose M, Alkan D, Oztiirk L. JOTCSA. 2019; 6(3): 373-382.

ethyl acetate, and EtOH. (The solvent polarity
for the separation was 5% ethyl acetate-n-
hexane and eluted to 25% EtOH / EtOAc
mixture). Compound 11 was isolated as a pale
yellow solid (0.41 g, 69%). 'H NMR (400 MHz,
DMSO): duw 2.63 (3H,s, CHs3), 7.35 (2H, m,
2xAr-H), 7.72 (2H, m, 2xAr-H), 7.83 (1H, s,
imidazole C-H). IR (ATR, v/cm™): 3379, 1642.
ESI-MS m/z = 200(M)*; Calcd. for
Ci1H9N50:199.07.

2-(4-methyl-1H-imidazole-5-
yl)benzo[d]thiazole (12)

Compound 9 (0.6 g, 2.764 mmol) and lead
tetraacetate (1.2 g, 2.764 mmol) were stirred
in acetic acid (10 mL) at 45-50 °C for 1 day.
After termination of the reaction, the mixture
was basified in ice bath with about 20 mL of
NaOH. The organic material was extracted with
chloroform and the organic phase was dried
over sodium sulfate. The solvent was removed
and the residue was chromatographed on silica
gel in a mixture of ethyl acetate-n-hexane (1:
1). Compound 12 was obtained as a yellow
solid (0.348 g, 30%). 'H NMR (400 MHz,
DMSO): duw 2.66 (3H,s, CHs), 7.33-7.48 (2H,
d.t., 2xAr-H), 7.71 (1H, s, imidazole C-H),
7.91- 8.05 (2H, d.d., 2xAr-H), 12.58 (1H,
broad s, N-H). IR (ATR, v/cm™): 3054, 3015,
2937-2838-2711, 1603. ESI-MS m/z =
216(M)*; Calc. for C;1HsN5S:215.05.
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2-(4-methyl-1H-imidazole-5-yl)-1H-
benzimidazole (13)
2-((4-methyl-1H-imidazole-5-
yl)methyleneamino)aniline (10) (1.1281 g,
5.63 mmol) and lead acetate (2.49 g, 5.63
mol) in glacial acetic acid (20 mL) was added
for 24 hours at 35-40 °C. It was basified with
10% NaOH. Extraction with chloroform was
performed. (3xV) and the organic phase was
dried over sodium sulfate. Crystallization
yielded 13 as a light yellow solid (0.66 g,
59%). 'H NMR (400 MHz, DMSO): du 2.55
(3H,s, CHs), 7.14 (2H, m, 2xAr-H), 7.39 (1H,
s), 7.58 (2H, m, 2xAr-H), 7.80 (1H, s,
imidazole C-H), 12.45 (1H, broad s, N-H).

IR (ATR, v/cm™): 3127, 2922, 2852, 1606.
ESI-MS : 293.1(M)*; Calc. for Ci1H10N4:198.09.

RESULTS AND DISCUSSION

The alkylation reaction of 4-methyl-5-imidazole
carbaldehyde is shown in Figure 1. The acidic
N-H hydrogen in the imidazole ring was first
ionized with strong base NaH and then
converted to the corresponding primary alkyl
halides (N-alkylation) by reaction with the Sy2
type reaction.

Me N, NaH / DMF
| Y + grx ———>
B N r.t
0=C H
H
R=

1 2a 3a

Me— QCHQ* @CHZCHf QCHZ—

@O
(CH3)30BF,

dry EtOAc
(4°c)

6
ren
Cl
5a

Cl
4a

Figure 1. The alkylation reaction of 4-methyl-5-imidazole carbaldehyde.

An isomeric mixture or polyalkylation can be
expected because of the presence of two N
atoms on the imidazole ring. As a result of the
reaction with Me-I, very pure N-methylated
imidazole derivative was obtained. 'H-NMR
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analyses showed that there was only one
isomer 1 for this compound. In the Me-I
reaction, although more than two equivalents
of Me-I was taken, multiple alkylation has not
been detected.
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Me
N
| N
" S

(0]

3a

major Product

Me N
i
¢ N

\\

H<
3b

minor product

Figure 2. Isomeric mixtures of 2a, 2b and 3a,3b.

The second reaction of this section is the
reaction with benzyl chloride (PhCH.Cl). Among
the alkyl halides used, only benzyl chloride is
less reactive than the others (other alkyl
halides are alkyl bromides and iodides). From
the benzyl chloride reaction, the product was
impure and is also an isomeric mixture.
However, when the alkylation reaction was
carried out with sterically more hindered alkyl
group, such as 2-phenylethyl bromide, isomeric
mixture (3a and 3b) were obtained (Figure 2).
The 'H-NMR analysis showed that the isomeric
mixture almost in the vicinity of 50:50. When
alkylation reactions was carried out with 2-
chlorobenzyl  bromide or  3-chlorobenzyl
bromide, which are structurally very similar
with benzyl chloride, the reaction proceeded
smoothly and expected products (4a and 5a)
were obtained. In all alkylation reactions,
except Me-I, the product was obtained both as
a low yield and as an isomeric mixture; for
instance, the alkylation reaction of 4-methyl-5-

Cl

Me.
N
|
o L

6 cl MeI N>
H< N/
\\
(0]

4a

major Product

4

minor product

imidazole carbaldehyde with 2-chlorobenzyl
bromide or 3-chlorobenzyl bromide gave about
30% vyield and the products were isomeric
mixture (4a / 4b and 5a / 5b). But from the
similar reaction with Me-I, only one isomer with
higher yield (60%) was obtained.

The isomeric mixtures of 4a and 4b or 5a and
5b, could not be separated completely by
column chromatography (Figure 3). 'H NMR
analysis indicated that the major isomer was
4a and the minor isomer was 4b and the ratio
of the two isomers was 85:15. Similar way, the
H NMR spectroscopy showed that the 5a is
major and the 5b is minor and isomer ratio is
71/29. It is not surprising that, although the
isomeric mixture is not observed in the
reaction with Mel, the alkyl halides with a large
R group causes isomerization. This can be
attributed to the steric effect of the
carbaldehyde group adjacent to the N-H group.

Cl

5a

major Product

5b

minor product

Figure 3. Isomeric mixtures of 4a, 4b and 5a,5b.

4-Methyl-5-imidazole

carbaldehydes

(N-R)

were tried to convert to their imidazolium salts
using (CHs;)s0*BF4, from this reaction only N-
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Me isomer 1 gave desired imidazolium salt 6,
but other isomers (N-R) for example 5a could
not converted to 7(figure 4).
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Me
Me N ®0 Me__N®
I Y (CHa)3OBF, I S
o=¢" N —%— | oM
H dry EtOAc H
(4°C)
Cl o]
5a 7

Figure 4. Unsuccessful synthesis of compound 7.

Synthesis of benzoxazole, benzothiazole
and benzimidazole derivatives from 4-
methyl-5-imidazole carbaldehyde

In the literature, benzoxazole, benzothiazole
and benzimidazole derivatives were
synthesized from less reactive carbonyl
compounds with 2-aminophenol, 2-
aminobenzenethiol and 1,2-diaminobenzene
etc via two step Schiff base reaction and their
antimicrobial effects were investigated (28-32).
Therefore, it was thought that the basic
starting material used in this study, 4-methyl-
5-imidazole carbaldehyde, could react with 2-
aminophenol, 2-aminobenzenethiol, and 1,2-
diaminobenzene. Thus, synthesis of
benzoxazole, benzothiazole and benzimidazole
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derivatives containing imidazole rings has been
tried to synthesize by a two-step reaction as
shown in Figure 5. The intermediate products
(8, 9 and 10), obtained as a result of the first
step shown in Figure 5, were isolated as an
isomeric mixture or with some impurities
(analyzed by 'H NMR spectroscopy). The
isomerization (cis / trans isomers) may be
derived from the -N=CH- double bond. Further
reaction of the intermediates gave new
benzoxazole, benzothiazole and benzimidazoles
(11, 12 and 13) as pure compounds.

In addition, compounds 1, 2, 12 and 13 were
synthesized by different methods from the
literature (33-35).
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8 (X= OH), 9 (X= SH), 10 (X= NH,)

11(Y= 0), 12 (Y= S), 13 (Y= NH)

NH Me~N M
2 N Ethanol H
OO e Oty
X O0=C H Reflux N
\
H X H
8-10
(AcO)4Pb
Glacial AcOH
r.t

Me
N
C—
Y N
|
H

1113

Figure 5.

Synthesis of benzoxazole, benzothiazole and benzimidazole derivativescontaining

imidazole ring.

CONCLUSIONS

In this work, the N-1 atom on the imidazole
ring of the starting 4-methyl-1H-imidazole-5-
carbaldehyde were derivatized with different
alkyl groups. In addition, both N atoms of the
starting imidazole-carbaldehyde were
methylated to give 5-carbaldehyde-1,3,4-
trimethyl-3-imidazolium salt. The salt which
possess quite reactive carbaldehyde group
could be wused for synthesis of other
imidazolium derivatives. Furthermore, 4-
methyl-5-imidazole carbaldehyde was
converted into the benzoxazole, benzothiazole
and benzimidazoles by a two-step reaction over
the aldehyde group. These new compounds
could display some biological activities.
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INTRODUCTION

Olive tree (Olea europaea) is grown to
produce table olives and olive oil, and the
leaves, its abundant wastes, are traditionally
used for therapeutic purposes. Olive leaf is a
substantial by-product of tree pruning and
fruit harvesting. Recent scientific studies have
reported that phenolic extracts from all parts
(such as fruit, leaves, pomace, and even olive
tree extracts) of the olive crop have
remarkable antioxidant activity (1-5).

Olive plantation in Mediterranean countries
counts about 98% (corresponding to 8 ha) of
the world’s cultivation. Olive leaf obtained
from pruning is estimated to be 25 kg per
olive tree, accounting for approximately 10%
of the total weight of the olives from the olive
oil industries. So, this huge amount of waste
by-product should be valorized for both
economic and ecological points. Due to its
beneficial effects to health, interests in this
by-product have been increasing in many
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researchers and commercial organizations
(6,7). Generally, medical properties of this
natural material is mostly attributable to
oleuropein, which is its predominant phenolic
ingredient (8-10). Oleuropein is a phenolic

RESEARCH ARTICLE

secoiridoid compound, and has a formula
similar to the forms of dimethyl oleuropein
(sketched in ChemDraw, see Figure 1) such as
ligstroside, oleuroside, and verbascoside.

OH

OH

OH
Figure 1. Molecular structure of oleuropein.

Since various biological activities of plant
extracts and their phytochemical content have
been reported, the study of higher plants with
known ethnobotanical knowledge has
attracted the attention of researchers. Due to
the transition from disease-based products to
products that promote healthy living,
phytochemicals have high commercial value in
local and global markets. In addition, the
prevalence of chronic diseases that cannot be
treated with  conventional drugs has
transformed the phytochemical industry into
an approaching industrial sector. However, a
common trap associated with this sector is
that the production of these phytochemicals is
often carried out by various conventional
methods, resulting in high losses and low
yields. In order to make the phytochemical
industries suitable and profitable, various
transformations with appropriate processes
such as planting and harvesting, raw material
preparation and high-added value production

are required. Furthermore, the process
technology for successful modernization of
phytochemical processes needs to be

optimized for the purpose of extraction and
product formulation. In this respect, the
modeling of the kinetics of a process is a
beneficial engineering tool for controlling the

process for industrial applications through
optimization and simulation (11).

Ultrasound technology has not been
developed recently (12). Sound waves having
frequencies greater than 20 kHz can move
within a material and may include expansion
and compression cycles during movement in
the environment. The frequency between 18
and 40 kHz range was considered to be an
excellent source of energy to support
ultrasound-assisted extraction (UAE). UAE is
much more rapid than conventional extraction
methods due to the high contact surface area
between the solid matrix and liquid solvent.
High frequency sound energy can separate
phytochemicals from plant materials by
means of cavitation. The formation and
collapse of cavitation or microscopic bubbles
creates a tremendous amount of energy, such
as heat, pressure, and mechanical shear.
Thus, it increases mass transfer and facilitates
solvent diffusion to the cell (13, 14). In this
sense, special attention has been given to the
use of UAE in the recovery of bio-active
compounds from diverse natural sources. The
related cavitation has a great effect on
extraction efficiency and its kinetics.
Therefore, it enhances the penetration
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potential of the solvent to the cell matrix and
favors mass transfer. In the UAE process,
sonication can disturb walls of the bioactive
cells by improving the release of target
content. UAE is cheaper and easier to extract
fine chemicals from natural raw materials
comparing to other advanced methods such
as microwave and supercritical CO; (15). UAE
has been suggested as an advanced
separation method with better recovery of the
target bioactive components with less energy
and solvent consumption (16, 17).

In this study, olive leaves were extracted by
means of UAE under several conditions. The
kinetic description of the UAE process was
carried out by second-order kinetic model with
respect to total phenolic content (TPC)
extraction. Effect of extraction temperature
was also investigated as well as solvent type.
Finally, the most distinguished phenolic
compound of the olive leaf extract was also
quantified by means of high performance
liquid chromatography (HPLC).

MATERIAL AND METHODS

Material

Olive leaf samples were collected from Kas in
Mediterranean area of Turkey. Leaf samples
belong to Tavsan ylregi cultivar of olives. The
samples collected in November (2013), where
the leaves have the highest period in terms of
phenolic matter (18). The leaves were dried
at ambient conditions in dark. After 4 days,
the samples were stored at plastic bags kept
in the dark until grinding for the extraction.
The moisture of the leaf sample was nearly 16
% of the total leaf weight.
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Ethanol, methanol, acetonitrile, and formic
acid were purchased from Merck (Darmstadt,
Germany), while Folin-Ciocalteu, gallic acid,
and sodium carbonate were procured from
Sigma-Aldrich (St. Louis, MO).

Ultrasound-Assisted Extraction

Extraction process was carried out in a
sonicator (Protech) with 50 Hz of frequency
under several temperature values (30, 40, 50,
60, 70, and 80 °C). A specific amount of leaf
samples were added into the selected solvents
(water, ethanol, methanol, and their 50%
ageous solutions (v/v)), respectively. The
beaker containing the material and the
solvent was kept in an ice bath to maintain
the temperature constant. A centrifuge (NUve,
CN 180) was wused to separate the
heterogeneous mixture for 15 min of time at
5000 rpm. Aqueous olive leaf extracts were
dried in a rotary evaporator (Buchi,
Switzerland) under vacuum.

Folin-Ciocalteu Method

The procedure developed by Malik and
Bradford (2006) was exploited for the
quantification of total polyphenolic content of
the extract samples (19). uv-
spectrophotometry (PG Instruments,
T60/Leicestershire, England) was used as
described in detail by Sahin and Samli (2013)
(20). Results were given as gallic acid
equivalence per gram of dried leaf (mg GAE/g
DL).

HPLC

Extracts obtained under optimum conditions
by each solvent system were also analyzed by
High Performance Liquid Chromatography
(HPLC). The gradient elution program used in
this method is shown in Table 1.

Table 1. Gradient program and analysis conditions applied in HPLC.

Conditions Program
Agilent 1260 (Agilent, Waldbronn, ABD) (model) Time (sec) A (%) B (%)
Agilent Eclipse Plus C18 RRHD 18 (3 mm x 5 mm); 0.0 100 0
1,8 pm) (column)
Mobile phase A: Water + 0.1% formic acid (v/v) 0.5 100 0
Mobile phase B: Acetonitrile + 0.1% formic acid
(v/v)
276 nm (wavelength) 7.0 60 40
1 mL/min (flow rate) 7.1 0 100
40 °C (column temperature) 8.6 0 100
20 pL (injection volume) 8.7 100 0
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Kinetics of UAE

Kinetic description of olive leaf extraction by
means of UAE was held by second-order
kinetic model as stated below (Qu et al.,
2010):

—KC-C)

(1)

The linearized form of the equation 1 is
stated as given below:

t 1 N t
—_— —_— 2
C, kCcrC, (2)
where:
Ci= Concentration of TPC at time t
(mg/g)
C.= Concentration of TPC when the

equilibrium is attained (mg/g)
t= Extraction time (min)
k= Rate constant (g/mg-min)
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Statistical analysis

Analysis of variance (ANOVA) statistical test
was utilized through Tukey’s test of InStat®
software (GraphPad, San Diego, CA, USA) to
analyze the means of three replicate outputs.

Reliability of the mathematical model was
evaluated by some indicators such as
correlation coefficient (R?/r?) and the root-
mean-square deviations (rmsd):

- 2
; (Ci,exp - Ci,cal) (5)

n

rmsd =

n= number of the experiments
Ci,exp = concentration value of experiment i
Ci,ca = calculated concentration value of the i

When t approaches to 0, initial
extraction rate can be expressed as h
(mg/g-min):

h=kC? (3)

If h is substituted into Eq. 2, C: can be

stated as follows:
t

Table 2. Change of the extract yield and TPC of the olive leaf extracts as a function of time

T Wnc)

(4)

RESULTS AND DISCUSSIONS

Effect of the type of solvent

under several

Table 2 indicates the influence of solvent type
temperature values on the
extract yield and TPC of each olive leaf extract
obtained by UAE as a function of time.

with various solvent types under different temperatures.

Solvent T Time Extract yield” TPC™
(v/v) (°C) (minute) (mg/g DL) (mg GAE/g DL)

20 194.74 + 6.50 20.78 £ 0.45

30 202.55 £ 9.01 24.56 + 1.20

30 40 255.00 £ 9.81 25.18 + 1.68

50 254,98 + 8.25 27.11 £ 1.88

60 263.06 £ 7.51 28.71 = 2.39

20 202.24 £ 9.82 28.78 £ 1.29

30 220.01 +£ 8.41 31.09 + 1.45

50 % EtOH 40 40 257.60 £ 5.21 31.54 + 2.00
50 270.71 £ 5.60 32.53 £ 2.40

60 281.20 £ 6.74 32.84 £ 1.11

20 277.57 £ 7.71 32.43 £ 1.11

30 298.09 + 6.45 34.50 + 3.32

50 40 301.79 £ 9.46 36.80 £ 1.45

50 320.91 £ 7.55 37.33 £ 3.01

60 322.33 £ 7.01 37.38 £ 1.75

50 % MeOH 30 20 172.44 £ 5.12 26.18 + 1.38
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Solvent T Time Extract yield”
(v/v) (°C) (minute) (mg/g DL) TPC™
(mg GAE/g DL)

30 201.98 £+ 6.66 28.70 = 0.58
40 233.03 £ 8.45 31.03 + 0.28
50 234.09 + 9.01 33.28 £ 0.70
60 234.48 £ 5.01 35.20 + 1.96
20 188.14 £ 4.21 38.55 + 1.65
30 229.89 + 8.02 40.30 £ 2.29
40 40 255.98 +£ 9.78 42.72 £ 3.25
50 277.31 £ 9.90 43.40 £ 1.28
60 279.07 £ 4.00 43.87 £ 3.04
20 242.04 £ 6.12 44.11 £+ 1.76
30 257.57 £ 4.30 46.97 = 2.06
50 40 288.99 £+ 6.13 49.22 £ 2.48
50 303.88 £ 7.13 51.01 +£ 2.85
60 310.26 £ 7.50 51.78 £ 3.03

20 81.89 + 3.51 9.79 £ 0.5
30 100.91 + 5.06 10.99 £ 1.75
30 40 124.07 £ 4.45 12.00 £ 2.03
50 130.21 £ 5.55 13.60 £ 2.32
60 132.89 + 4.44 15.15 £ 1.00

20 127.56 £ 5.50 16.24 £ 1.5
30 131.87 £ 4.12 18.09 + 2.89
100 % EtOH 40 40 134.65 £ 6.77 18.97 £ 3.01
50 145.00 + 4.99 20.06 + 2.21
60 147.53 £ 5.33 20.28 + 1.51
20 160.72 £ 7.50 20.99 + 2.50
30 172.90 + 4.54 23.25 £ 1.78
50 40 172.87 £ 4.33 23.57 £ 2.75
50 173.00 £ 7.10 24.14 = 2.75
60 176.42 £ 7.44 24.46 + 2.02
20 171.89 + 5.09 26.53 + 3.02
30 188.45 + 6.06 27.91 + 3.30
30 40 199.96 + 7.06 30.00 £ 1.45
50 255.98 £ 6.77 30.71 £ 2.06
60 266.89 £+ 6.50 31.42 £ 1.50
20 196.88 + 3.64 30.87 = 3.02
30 242.22 £ 7.79 33.01 + 3.12
100 % MeOH 40 40 254.61 £ 7.03 36.45 + 2.85
50 274.59 £ 6.84 38.40 + 1.98
60 284.04 £ 5.51 39.89 + 3.00
20 252.44 + 6.16 38.49 = 3.00
30 277.65 £ 7.67 41.70 £ 2.45
50 40 296.64 £ 4.55 42.36 £ 1.99
50 312.98 £ 5.78 42.96 £ 2.07
60 328.82 £ 7.02 43.07 £ 3.50
Water 20 178.65 + 4.79 12.30 £ 2.50
30 187.98 + 8.03 14.18 £ 1.88
30 40 192.87 £ 7.16 14.95 £ 2.78
50 200.00 £ 8.01 16.01 £ 3.14
60 207.15 £ 4.00 17.24 £ 2.50
40 20 201.34 £ 7.77 16.99 £ 1.78
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Solvent T Time Extract yield”
(v/v) (°C) (minute) (mg/g DL) TPC™
(mg GAE/g DL)
30 206.23 £ 8.30 18.91 + 3.05
40 211.09 £ 4.73 21.25 £ 1.89
50 218.78 £ 5.79 22.01 £ 2.01
60 217.04 £ 6.00 22.84 + 2.06
20 200.89 £ 5.44 18.70 £ 1.50
30 207.56 £ 6.78 20.95 + 0.98
50 40 212.37 £ 6.00 22.87 £ 0.88
50 218.83 £ 7.11 24.24 = 1.08
60 220.13 + 4,51 26.40 + 2.01
20 209.35 + 6.88 19.24 £ 2.35
30 216.38 £+ 6.44 22.24 + 2.08
60 40 228.26 £ 6.51 25.07 £ 2.11
50 234.92 £ 6.42 28.01 £ 2.71
60 246.40 £ 6.00 30.67 = 3.10
20 226.73 £ 4.89 21.14 = 1.33
30 240.57 £ 5.00 23.02 £ 1.77
70 40 252.34 + 3.01 25.46 + 1.48
50 255.91 £ 5.78 25.65 + 1.86
60 254.86 £ 6.11 25.75 £ 2.50
20 226.59 £ 7.77 22.32 £ 2.03
30 236.71 £ 5.78 23.46 + 3.01
80 40 255.12 £ 7.99 25.19 + 2.14
50 254.98 + 8.78 25.86 = 1.13
60 257.91 £ 9.00 25.96 = 3.00

* Data are expressed as the mean (n=3) £ S.D
* Data are expressed as the mean (n=9) £ S.D

Both extract yield and TPC in all solvent
systems rose steadily with time. Generally,
after 40 minutes, the slow extraction was
found out by a low rise in the yields. Hence,
60 minute is accepted as the equilibrium time
in the relevant process (Table 2). EtOH gave
the poorest extract yield, whereas MeOH
showed the greatest performance. Water did
not produce the highest yields, even though it
is the most polar one among the selected
solvents. This might be a matter of mass
transfer, where water’s comparatively higher
viscosity leads to lower yields. On the other
hand, the 50% MeOH treatment showed the
highest yield of TPC, due to the fact that
addition of water into the solvent gives rise to
open the pores in the plant matrix by
increasing the diffusion of the phenolics into
the solvent. On the other hand, MeOH itself
also assists for disruption of the targeted
ingredients from the plant material (15, 21).
Additionally, water’s high dielectric constant
also might be the another reason since that

increases the polarity of MeOH-water mixture
(22).

Effect of temperature

Figure 2 represents the effect of temperature
on the extract yield and TPC of each olive leaf
extract obtained by UAE through various
solvents. More precisely, the figure exhibits
the comparative extract yield and TPC of
extractions at the 60™ minute (at equilibrium),
respectively. Both extract yield and TPC of all
solvents increased by temperature. Rather,
the same trend was observed for each solvent
with respect to both extract yield and TPC.
However, for water, the TPC of the extracts
started to decrease after a certain
temperature point (60 °C) and reached the
equilibrium at 70 °C. This might be explained
by degradation owing to the hydrolysis and
oxidation of the antioxidant ingredients (23).
This might be ascribed to the enzyme
polyphenol oxidase, which degrade
polyphenols in water extracts, whereas they
are not active in alcohol medium. On the
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other hand, consuming much longer unreasonable condition with respect to
temperature is also obvious to be an economical points.
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Figure 2. Effect of temperature on the extract amount (a) and TPC (b) depending on the
solvent type. Data are expressed as the mean (n=3) £ S.D. Values for each column not
sharing a common letter were significantly different from each cultivar at P<0.05.
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The extracts obtained by 50% MeOH and
EtOH solutions and pure MeOH at 50 °C
shared the highest yield with the values of
310.26, 322.33 and 328.82 mg/g DL, which
are not significantly different at P>0.05
(Figure 2a). On the other hand, the 50% EtOH
extracts at 30, 40 and 50 °C gave the
statistically the same poorest yields (at
P>0.05). The maximum TPC was extracted by
50% MeOH solution at 50°C with the quantity
of 51.78 mg GAE/g DL (Figure 2b). As seen in
the same figure, there was no significant
difference (P>0.05) between the Ilowest
values of TPC obtained by pure EtOH and
water at 30, 40 and 50°C.

Kinetic study of the extraction process

Table 3 presents the initial extraction rate (h),
the equilibrium concentration (C.), the
second-order extraction rate constant (k) and
the correlation coefficient (R?), which were
calculated from the slopes plotted by t/C:
against t (Eq.2). The second-order kinetic
model equation was used to calculate the
predictive values of TPC under the concerned
experimental conditions. The relationship
between the actual findings and the calculated
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results of the kinetic model for different
conditions are also shown with the correlation
coefficient (%) and root-mean-square
deviation (rmsd) in Table 3.

Generally, the kinetic parameters of the UAE
of olive leaf polyphenols increased with
temperature as expected. The kinetic values
were found higher for the pure MeOH
extracts, which are consistent with the results
of the related experiments. The values of
correlation coefficients obtained with the
kinetic model were extremely high (R?=
0.9555-0.9994) for each UAE experiment with
different solvents under several temperature
values. Consequently, second-order Kkinetic
equation has been found to be convenient to
describe the kinetics of UAE of olive leaves.

Depending on the high correlation coefficient
(rP= 0.9332-0.9930) and the low root mean
squared deviation (rmsd= 0.1229-1.7875) in
all the experiments, the second-order kinetic
model used in this study shows to be an
appropriate model for the relevant system.

Table 3. Values for h, k, C. and R? of the second-order kinetic model of UAE through various
solvent types under different temperatures. r* and rmsd of the experimentally obtained values
of the TPC versus the calculated values using the kinetic model for each condition of

extraction.
Relationship
between the
experimental and
calculated data
Solvent T h k C. 2 2
o . . R rmsd r
(v/v) (°C) (mg/g.min) (g/mg.min) (mg/g)
30 2.56 0.0021 34.72 0.9949 0.5286 0.9332
50% EtOH 40 8.08 0.0065 35.21 0.9992 0.1229 0.9930
50 8.01 0.0048 40.82 0.9989 0.2592 0.9607
30 3.07 0.0017 42.74 0.9953 0.6213 0.9672
50% MeOH 40 10.38 0.0047 46.95 0.9987 0.6982 0.9718
50 8.07 0.0028 57.14 0.9997 0.8745 0.9894
30 0.77 0.0017 21.37 0.9555 0.4874 0.9678
100% EtOH 40 2.67 0.0049 23.31 0.9994 0.6347 0.9824
50 5.64 0.0081 26.39 0.9992 0.3645 0.9674
100% 30 5.16 0.0043 34.84 0.9992 0.4093 0.9692
MeOH 40 4.00 0.0018 47.39 0.9969 0.7845 0.9633
50 13.99 0.0067 45.66 0.9995 1.7875 0.9581

390



Sahin S. JOTCSA. 2019; 6(3): 383-394.

RESEARCH ARTICLE

30
40
50
60
70
80

Water

1.39
2.11
1.99
1.57
3.93
4.83

0.0031
0.0027
0.0018
0.0008
0.0046
0.0059

21.19
27.86
32.89
44.05
29.33
28.65

0.9941
0.9983
0.9920
0.9845
0.9966
0.9989

0.2859
0.2571
1.1361
0.6680
1.6563
0.5339

0.9730
0.9859
0.9540
0.9741
0.9505
0.9632

Major polyphenol of the extract

As seen in Figure 3, oleuropein remarkably
surpasses of all phenolic compounds in olive
leaf extract. Oleuropein has been verified to

be the major polyphenolic compound of olive
leaf. Many pharmacological effects of olive
leaf are also attributed to this component (7).

Oleuropein
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Figure 3. HPLC chromatogram of olive leaf extract obtained under optimum extraction
conditions by means of 50% (v/v) methanol.

Figure 4 demonstrates the oleuropein
contents of olive leaf extracts obtained under
optimum conditions by each solvent system.

It was found to be between 8.69 and 31 mg
per gram of dried leaf. This output is
consistent with the reported results (24).
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Figure 4.
CONCLUSION

Addition of water to alcohol improved the
extraction of bioactive ingredients. TPC from
water extracts decreased after a certain
temperature point, as a result of degradation
problems. Second-order kinetic equation has
been found to be adequate to represent the
experimental outcome for the ultrasound-
assisted extraction of biologically active
ingredients from olive leaves.
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Synthesis, spectroscopic, thermal, and structural properties of cyano-
bridged metal complexes containing tetracyanonickelate(II) building
blocks with 4-aminomethylpyridine
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Abstract: New cyano-bridged metal complexes with chemical formulas [Fe(NHs).(ampy)Ni(CN)a4],
[Co(H20)2(@ampy)Ni(CN)4]» and [Ni(NHs)2(ampy)Ni(CN)s]. (ampy = 4-aminomethylpyridine, hereafter
abbreviated as Fe-Ni-ampy, Co-Ni—ampy and Ni-Ni-ampy) were obtained in the form of powders
and examined by vibrational (infrared and Raman) spectroscopy, thermal (TG, DTG and DTA), and
elemental analysis techniques. The infrared and Raman spectra of the complexes were performed in
the range of 4000-400 cm™ and 4000-250 cm™, respectively. General information about the
structural features of synthesized complexes was obtained by considering the changes in the cyano
group and characteristic peaks of ampy. The cleavage of the v(CN) stretching bands in the infrared
spectrum of the complexes shows that the terminal and bridge cyano groups are in the structure.
Considering the variations in the vibrational frequencies of the cyano group and ampy ligand in the
spectrum of the complexes, the Ni atom is in a square plane geometry with four cyano groups and
two of these cyano groups are the bridge and the other two are terminal. In addition, the metal

atoms [Fe(II), Co(II) or Ni(II)] are linked to the ring and amino nitrogen atoms of two symmetric
ampy ligands, the two ammonia (two aqua ligands for Co—Ni—ampy) ligands and the two bridging
cyano groups, and show a distorted octahedral geometry. The thermal degradation of the complexes
was also studied between 30 and 950 °C using TG, DTG, and DTA techniques.
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INTRODUCTION can be formed with changes of metal and organic
linkers. Because of these porous structures, MOFs
are the subject of many areas of work, including
applications such as gas storage (4, 5), iodine
adsorption (6), magnetic materials (7), ion

exchange materials (8) and conductivity (9).

Metal organic lattice framework structures (MOFs)
are formed by binding by organic linkers of metal
centers and these formed structures can be of
one-, two-, and three-dimensional. MOFs have
extraordinary high surface areas and most of them

allow the permanent porous structures to be
formed (1-3). Different sizes of porous structures

The cyano, azide and nitrile short bridge ligands are
highly preferred ligands in the binding of transition
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metals. By using cyano donor atoms, the cyano
anion can either provide monodentate (C-) or
bidentate (C-, N-) coordination. Cyano acts as a
bridging ligand by binding to metal atoms through
both carbon and nitrogen atoms or a terminal
ligand by binding from carbon atoms to metal
atoms. With this feature, the cyano ligand can
produce different polymeric species (7, 10, 11).

The cyano anion is used as a bridging ligand
between metal centers and additionally different
neutral organic molecules  such as 4-
aminomethylpyridne, imidazole, and pyridine can
be obtained metal organic lattice framework
structures. In these structures, octahedral Fe, Co,
or Ni, square pyramidal [Ni(CN)s]*~, square-planar
[Ni(CN)4]*~, tetrahedral [Cd(CN)4]*", trigonal
[Cu(CN);]* and linear [Ag(CN),]~ cyanometallics
are used as main building blocking entities (12,
13). Between these building blocks, the square-
planar [Ni(CN)4]* cyanometallics were intensively
studied (14-19). The cyano groups in the
[Ni(CN)4]* may exhibit two different arrangements
in cyano-bridged metal complexes by acting as
both a bridging and terminal ligands. In this case,
1D, 2D and 3D cyano-bridged complexes can be
obtained.

We reported tetracyanometallate(II) complexes
with 4-aminomethylpyridine (20-24). As a part of
our continuing work on cyano-bridged metal
complexes, cyano-bridged metal complexes of the
type [M(NH3)2(ampy)Ni(CN)4]n, and
[Co(H20)2(ampy)Ni(CN)a]n [ampy = 4-
aminomethylpyridine; M = Fe(II) or Ni(II)] were
synthesized using cyano, 4-aminomethylpyridine,
two ammonia (two aqua ligands for Co-Ni-ampy)
ligands. Structural properties of the resulting
complexes were illuminated by vibrational (infrared
and Raman) spectroscopy, elemental and thermal
analysis methods.

EXPERIMENTAL

Materials

Iron(II) chloride tetrahydrate (FeCl,-4H,O, 99%),
cobalt(Il) chloride tetrahydrate (CoCl,-4H.0, 98%),
nickel(II) chloride hexahydrate (NiCl,-6H.0, 97%),

potassium cyanide (KCN, 96%) and 4-
aminomethylpyridine (CeHsNo, 97%) were
purchased from commercial sources.

Syntheses of the complexes

The cyano-bridged metal complexes were

synthesized in three stages; in the 1st stage
K>[Ni(CN)4]-H20, in the 2nd stage M[Ni(CN).]-H.O
[M = Fe(II), Co(II) or Ni(II)] and in the final stage
[M(NHs)2(ampy)Ni(CN).]n, and
[Co(H20)2(ampy)Ni(CN).]n [ampy = 4-
aminomethylpyridine; M = Fe(II) or Ni(II)]. The
K>[Ni(CN)4]-H.0 complexes were prepared
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according to literature (25). 1 mmol (0.259 g) of
tetracyanonickelate(II) was dissolved in distilled
water, and 1 mmol of the metal(II) chloride
(FeCl-4H,0 = 0.199 g, CoCl*4H.0 = 0.202 g and
NiCl,-6H.O = 0.238 g) was dissolved in distilled
water and added to the stirring
tetracyanonickelate(II) solution and then, the
M[Ni(CN)4]-H.O [M = Fe(Il), Co(II) or Ni(II)] has
been obtained. The colors of Fe[Ni(CN)4]-H20,
Co[Ni(CN)4]-H.O and Ni[Ni(CN)4]-H.O are brown,
pink and pale blue, respectively. A mixture of
{Fe[Ni(CN)4]-H.O = 0.237 g, 1 mmol,
Co[Ni(CN)4]H.O = 0.240 g, 1 mmol or
Ni[Ni(CN)4]-H.O = 0.239 g, 1 mmol} in water (10
mL), ampy (2 mmol, 0.216 g) dissolved in ethanol
(10 mL) and ammonia for Fe-Ni-ampy and Ni-Ni-
ampy (2 mmol, 0.034 g) was stirred at 40 °C for 4
h in a temperature-controlled bath. The resulting
complexes were filtered and washed with distilled
water and ethanol respectively, and dried in air.
These complexes were analyzed for C, H, and N,
and the results obtained: Anal. Found (Calcd.) (%)
for brown CioHisNsFeNi (M, = 360.81 g/mol) : C,
33.45 (33.29); H, 3.68 (3.91); N, 30.76 (31.06);
for pink CioHi2NsO2.CoNi (My = 365.87 g/mol) : C,
33.54 (32.83); H, 3.79 (3.31); N, 21.89 (22.97);
for pale blue CioH14NgNi> (Mw = 363.66 g/mol) : C,
32.13 (33.03); H, 4.39 (3.88); N, 30.41 (30.81).

Measurements

The synthesized complexes were analyzed for C, H,
and N with a LECO CHN-932 analyzer at the Middle
East Technical University Central Laboratory in
Ankara, Turkey. The infrared spectra were recorded
as KBr pellets between 4000 and 400 cm™ (2 cm™
resolution) on a Perkin Elmer 100 FT-IR
spectrometer, which was calibrated using
polystyrene and CO, bands. Raman spectrum of the
synthesized complexes were recorded between
4000 and 250 cm ' on a Bruker Senterra
Dispersive Raman apparatus using 785 nm laser
excitation. Thermal analysis curves of the obtained
complexes were performed in a static air
atmosphere at a heating rate of 10 K min™ in the
temperature region 30-950 °C using Perkin Elmer
Diamond TG/DTA thermal analyzer instrument.

RESULTS AND DISCUSSION

Ligand vibrations

The infrared spectrum of the ampy ligand is shown
in Figure S1. The infrared and Raman spectra of the
obtained cyano-bridged metal complexes are given
in Figures S2-S7. The infrared vibration frequencies
of the ampy (liquid) and the vibration (Infrared and
Raman) frequencies of the obtained cyano-bridged
metal complexes together with the vibrational
assignments of the ampy ligand according to (26)
are presented in Table 1. Asymmetric and
symmetric stretching vibrations and deformation
vibrations of the free ammonia ligand are found in
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the 3400-3000 cm™ and 1650-550 cm™ regions,
respectively (27). In the infrared spectrum of Fe-
Ni-ampy and Ni-Ni-ampy, the v(NHs) and &(NHs)
vibration frequencies are identified at 3381 cm™
and 1661 cm™ for Fe-Ni-ampy, at 3381 and 1672
cm™ for Ni-Ni-ampy, respectively. In general, the
v(OH) and &(HOH) vibration frequencies appear in
the 3560-3200 and 1700-1600 cm™ regions,
respectively (27, 28). The aqua ligand of Co-Ni-
ampy displays a sharp peak of v(OH) at 3544 cm™.
In the infrared spectrum of Co-Ni-ampy, the
0(HOH) bending vibration of the aqua ligand was
also found at 1695 cm™.

The ampy ligand has unpaired electrons on the
nitrogen atom. The ampy ligand which has these
electron pairs can coordinate as monodentate or
bidentate ligand to metal atoms. When the
coordination takes place via the amino nitrogen
atom of the ampy ligand, the N-H bond is
weakened and the NH, stretching frequencies are
lowered. In this case, the M-N bond is stronger,
whereas the N-H bond is weaker. Furthermore, if
the NH, group of the ampy ligand makes a
hydrogen bond, the N-H stretching frequencies are
further reduced. In addition, the out of plane
bending frequencies of NH; shift to higher frequency
region (27, 29, 30). As presented in Table 2,
symmetric and asymmetric wavenumbers of the
v(N-H) belonging to the NH, group in the ampy
ligand are found at 3367 and 3292 cm. In the
infrared spectrum of the complexes, the strong
vibration bands at 3346 and 3274 cm™! for Fe-Ni-
ampy, at 3346 and 3292 cm™ for Co-Ni-ampy and
at 3346 and 3274 cm™ for Ni-Ni-ampy are identified
as the stretching vibrations belonging to the NH:
group. The v(N-H) belonging to the NH. group of
the ampy in the obtained complexes are lower than
those of the free ampy ligand. The band identified
at 1602 cm™ in the infrared spectrum of the free
ampy determined as the out-of-plane bending
vibration of NH; and observed at a higher frequency
according to the free ampy ligand in the spectrum
of the complexes. Shifts in the NH; stretching and
bending vibration frequencies are sensitive to
metal. On the other hand, when the ampy ligand is
linked to metal atoms from the ring nitrogen atom,
there are significant shifts in the ring stretching and
the deformation vibration frequencies. Especially,
the increase in ring stretching frequencies is
observed (17, 23, 31). The ring stretching modes
of the free ampy ligand, v(skeletal) assigned as the
strong and sharp bands at 1220, 1088, 1065 and
994 cm™ in the infrared spectrum of the free ampy.
In the complexes, the metals are N-bonded (ring)
since the v(skeletal) of the free ligand is shifted to
higher frequencies around 3-40 cm™. Other
significant bands of the free ampy ligand are the
v(CH) at 3070 and 2991 cm™, the v(CH) at 2991
cm™ and 2898 cm™, the v(CC) at 1560 cm™, the
O(CH>) at 1496 and 1446 cm™, the t(CH.) at 877
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cm™ and r(NH;) at 591 cm™. In the complexes,
these vibration bands show upward or downward
shifts in frequency according to those of the free
ampy ligand. Therefore, infrared and Raman
spectra show that the ampy ligand in the obtained
complexes is N-bonded from both ring nitrogen
atom of pyridine and NH, group.

Vibrations (infrared and Raman) of the
[Ni(CN).]* group

The vibrational assignments and frequencies of the
tetracyanonickelate(II) in the complexes are
included in Table 1. The assignments of vibrational
bands belonging to vibrations (infrared and Raman)
of the tetracyanonickelate(II) in the obtained
complexes are performed using that of the solid
Na,[Ni(CN)s] salt presented by McCullough et al.,
(32). The distinctive band in the cyano-bridged
metal complexes is the vibration band of the cyano
group. The v(CN) stretching vibration band of the
cyano group gives a strong and sharp peak in the
range of 2200-2000 cm™ and can be easily
determined in the spectrum of the complexes. The
v(CN) stretching vibration frequency of free cyano
ligand in ionic KCN is determined at 2080 cm™ (27).
When the cyano ligand is coordinated to a metal
atom from the carbon atom, the v(CN) stretching
vibration frequency is undergoes a blue-shift. In
this case, the M-CN type terminal property is seen
in the complexes (23, 33-35). If the cyano ligand is
bound to two separate metal atoms from both the
carbon and the nitrogen atom, v(CN) stretching
vibration occurs more blue shift and the M-CN-M’
type bridge forms in the complexes. Both terminal
and bridge property of cyano ligand in the cyano-
bridged metal complexes is intensively observed
(23, 33-35). The terminal Ni-CN of obtained
complex K>[Ni(CN)4]-H,O exhibits a distinctive peak
at 2120 cm™ in the infrared spectra. In the infrared
spectrum of the cyano-bridged metal complexes,
the Vv(CN) stretching vibration frequency is
observed at 2124 cm™ (for Fe-Ni-ampy), 2123 cm™
(for Co-Ni-ampy) and 2125 cm™ (for Ni-Ni-ampy).
The v(CN) stretching vibration frequencies in the
complexes M-Ni-ampy ([Fe(II), Co(II) or Ni(II)]
are closer that of the terminal Ni-CN. M-CN-M’ type
bridge in the cyano complexes can easily be
determined with infrared spectroscopy. According
to this, the v(CN) stretching vibration in obtained
cyano-bridged metal complexes were determined at
2162 and 2143 cm™ (for Fe-Ni-ampy), 2160 cm™
(for Co-Ni-ampy), 2162 and 2143 cm™ (for Ni-Ni-

ampy). Bridge  v(CN) stretching vibration
wavenumbers in obtained cyano-bridged metal
complexes are usually identified at higher

frequencies due to kinematic binding, which is a
mechanical limitation upon the bridging cyano
ligand bound to the second metal (13, 17, 27). The
cleavage of the v(CN) supports the presence of
bridges and terminal cyano groups in the cyano-
bridged metal complexes. In the resulting
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complexes, the A;y and By, cyano stretching modes
are observed at 2186 and 2169 cm™ (for Fe-Ni-
ampy), 2187 cm™ (for Co-Ni-ampy), 2187, 2170
and 2150 cm™ (for Ni-Ni—-ampy). This data show
that the Ay and B;; modes are observed to have
higher wavenumbers in the region of 9-27 cm™ in
obtained cyano-bridged metal complexes. In
addition, the modes originating from v(NiCN) and
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O(NiCN) vibrations for the obtained cyano-bridged
metal complexes are determined between 600 and
400 cm™. In the infrared spectrum of M-Ni-ampy
[M(II) = Fe(II), Co(II) or Ni(II)], the modes found
at 557 and 429 cm™ in Fe-Ni-ampy, 557 and 438
cm™® in Co-Ni-ampy, 555 and 429 cm™ in Ni-Ni-
ampy are expressed as the v(NiCN) and &(NiCN)
vibrations, respectively.

Table 1 The vibrational wavenumbers of the tetracyanonickelate(II) group in M-Ni-ampy (cm™).

Assignments (32) K3[Ni(CN)4]-H.O Fe-Ni-—ampy Co-Ni—ampy Ni-Ni—ampy

A, V(CN) (2160) vs (2186) s, (2187) vs (2187) s,
(2169) vs (2170) vs

Big, V(CN) (2137) m (2150) vs - (2150) vs
2162 s, 2163 s, 2143 s,

E., V(CN) 2120 vs 2143 5. 2124 vs 2160 vs, 2126 m 2125 s

v(**CN) 2084 vw 2087 vw 2097 vw 2084 vw

E., V(NIC) 542 w 557 w 557 w 555 m

Az, N(NICN) 443 w 468 vw 486 w 472 vw

Ey, 8(NIiCN) 414 vs 429 s 438 s 429 s

v; valence, 0; in-plane, &; out-of-plane, s; strong,
vibrational frequencies in the Raman spectrum are en

As a result, the ampy ligand acts as a bridge ligand
between metals, while the cyano ligand acts as a
terminal and bridging ligand. In this case, it is

m; medium, w; weak, sh; shoulder, v; very. The
closed in parentheses.
considered that the structures of the complexes
according to the obtained spectral data are as
shown in Figs. 1 and 2.

N
C
NH; NH;
P
— M— N= Ni— C=N—M—7+
wd | w?
NH, C NH,
N
B B
_ l
N N
| SN | K
M——N=C Ni C=N—M——
NH; ‘ NH; |
C
M = Fe(II) or Ni(IT) N
L —1n

Figure 1. Representation of molecular structures of Fe-Ni—ampy and Ni-Ni-ampy.

398



Karaagag D. JOTCSA. 2019; 6(3): 395-402.

Table 2. The vibrational wavenumbers of the liquid ampy and the ampy in the complexes (cm™).

Assignment (26) ampy Fe-Ni-—ampy Co-Ni-ampy Ni-Ni—ampy
(liquid) Infrared Raman Infrared Raman Infrared Raman
v(NHz) 3367 vs 3346 s 3354 w 3346 s 3346 vw 3346 s 3353 vw
v(NH2) 3292 s 3274 s 3291 w 3292 s 3271 vw 3274 s 3292 w
v(NHz) 3197 sh 3188 m 3200 vw 3197 sh 3190 vw 3188 m 3200 vw
v(CH) 3070 s 3090 w 3088 w 3073 m 3078 vw 3091 w 3088 w
v(CH) 2991 s 2972 w 2983 vw 2972w 2964 vw 2971w 2982 vw
v(CH>) 2898 s 2936 w 2946 w - - 2935w 2946 vw
v(CH.) 2849 s 2829 vw 2847 vw 2855 sh - 2851 vw 2842 vw
v(C=N) 1652 sh 1661 vw 1666 vw 1695 w 1681 vw 1671 vw 1668 vw
0 (NH>) 1602 vs 1612 s 1625 w 1618 s 1627 w 1612 s 1625 w
v(CQO) 1560 vs 1582 m 1592 vw 1563 m 1586 vw 1582 m 1595 vw
0 (CHy) 1496 s 1505 w 1516 vw 1506 w 1509 vw 1505 w 1516 vw
0 (CHy) 1446 s 1457 vw 1468 vw - 1451 vw 1457 m 1452 vw
w(CH) 1416 vs 1423 s 1434 vw 1428 s 1437 vw 1424 s 1434 w
t(CH) 1387 s 1376 w 1373 vw 1369 w 1363 vw 1375w 1371 vw
t(NH>) 1287 m 1324 w 1335 vw 1322 vw 1332 vw 1324 w 1333 vw
v(skeletal) 1220 s 1249 s 1254 w 1227 m 1223 w 1249 s 1255w
v(skeletal) 1088 m 1094 w 1104 vw 1093 w 1091 w 1094 m 1092 w
v(skeletal) 1065 s 1072 w 1084 w 1072 w - 1072 w -
v(skeletal) 994 vs 1014 s 1026 m 1017 s 1034 w 1015 s 1027 m
t(CHy) 877 vs 874 vw 885 vw 876 vw 898 vw 874 vw 886 vw
r(CH2), w(NH>) 822 sh 819w 831w 852 vw 862 vw 819w 832 w
r(NH>) 667 w 646 m 680 w 689 vw 679 w 646 m 680 w
r(NH>) 591 s 615w 621 vw 563 w 535w 615 m 612 vw

v; stretching, §; deformation, w; wagging, t; twisting, r; rocking, s; strong, m; medium, w; weak, sh; shoulder, v; very.
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Figure 2. Representation of molecular structures of Co-Ni—ampy.

Thermal Analysis

Thermal decompositions of the synthesized
complexes were investigated by TG, DTA, and DTG
methods in a static aereal atmosphere at 30-950
OC temperature range. Thermal analyses of the
synthesized complexes are given in Figures S8-
S10. Thermal degradation of the complexes began
at approximately 150, 30 and 180 °C for Fe-Ni-
ampy, Co-Ni-ampy, and Ni-Ni-ampy, respectively.
As seen in Figures S8-S10, TG, DTA, and DTG
curves of Fe-Ni-ampy, Co-Ni-ampy, and Ni-Ni-
ampy are similar to each other and thermal
decomposition of the complexes occurs in two
stages. In the first stage, two ammonia ligands
between 65 and 174 °C [Found (Calcd.) (%) = 9.46
(9.43)] for Fe-Ni-ampy, between 65 and 213 ©°C
[Found (Calcd.) (%) = 9.83 (9.36)] for Ni-Ni—ampy
and two aqua ligands between 30 and 101 ©°C
[Found (Calcd.) (%) = 9.88 (9.85)] for Co-Ni-
ampy are released from the structure of the
complexes. In the second stages, the loss of the
one ampy ligand and the four cyano ligands take
place between 174 °C and 628 °C for Fe-Ni—ampy
(DTAmax = 413 ©°C ), 101 and 910 ©°C for Co-Ni-
ampy (DTAmax = 353 ©C) and 213 °C and 685 °C
for Ni-Ni—ampy (DTAmax = 346 °C ). The remaining
products after the loss of the ligands were found to
be FeO and NiO for Fe-Ni-ampy, CoO and NiO for
Co-Ni-ampy and 2(NiO) for Ni-Ni-ampy [Found
(Calcd.) (%) = 40.20 (40.61) for Fe-Ni-ampy,
37.14 (40.89) for Co—-Ni—ampy and 39.13 (41.07)
for Ni-Ni—ampy].

CONCLUSIONS

In this article, we have prepared and reported new
cyano-bridged metal complexes with chemical

formulas [M(NH3)2(ampy)Ni(CN)aln, and
[Co(H20)2(ampy)Ni(CN)a4]n [ampy = 4-
aminomethylpyridine; M = Fe(II) or Ni(II)].

According to the spectral data obtained from the
complexes, the coordination environment of the
M(II) atoms is coordinated to the octahedral
geometry by the ring and amino nitrogen atoms of
two symmetric ampy ligands, two nitrogen atoms
of two ammonia ligands (two oxygen atoms of two
aqua ligands for Co-Ni-ampy) and two symmetric
nitrogen atoms of the cyano groups, while the
Ni(II) atom is coordinated to the square-plane
geometry by the four carbon atoms of the cyano
groups. In addition, it has been concluded that
cyano ligand along with ring nitrogen and NH
group of the ampy is involved in the formation of
complexes. The spectral properties reveal that the
complexes are composed of two dimensional
networks. When the thermal properties of the
complexes are examined, the two ammonia ligands
(two aqua ligands for Co-Ni-ampy) are first
released from the unit formula of the complexes,
then an ampy and four cyano groups are released.
In addition, the thermal degradation of the
complexes between 30 and 950 °C are in good
agreement with elemental analysis results.
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Figure S1. The infrared spectrum of the ampy ligand.
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Abstract: Antioxidant silver nanoparticles (AgNPs) and platinum nanoparticles (PtNPs) were synthesized
by using ginger and turmeric extracts with green method in this work. Thus these nanoparticles
synthesized were characterized by UV-Vis spectroscopy, SEM-EDX and FTIR. The UV-Visible spectra of
the AgNPs revealed a characteristic surface plasmon resonance peak at 420-425 nm and the UV-Visible
spectra of the PtNPs revealed a characteristic surface plasmon resonance peak at 234-240 nm. The
synthesized AgNPs and PtNPs acted as a catalyst to the degradation of dyes (rhodamine B, methyl
orange, and methylene blue) with sodium borohydride (NaBH.). Green synthesized antioxidant silver
nanoparticles effectively degraded the dyes nearly 4-10 min. and green synthesized antioxidant platinum

nanoparticles effectively degraded the dyes nearly 15-24 min. of exposure time.
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INTRODUCTION

Noble metal nanoparticles such as silver and
platinum have emerged as promising
antimicrobial agents and catalytic elements so
have been greatly applied in the cosmetic,
medical, textile and food industries (1). Catalysts
of metal nanoparticles such as silver are efficient
for wvarious reactions. Silver have earned
significant caution due to their inimitable
electronic properties and high Fermi potential (2,
3).

Over the last few years, herb-welded biologically
synthesis of the nanoparticles are earned
overage significance because of their inexpensive
and environmentally approach (4-7). The
applications of AgNPs and PtNPs in medicine,
optoelectronics, optics, and catalysis are well
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known and has received great attention due to
the surface strong absorption in the visible region
which can be easily monitored by UV-visible
spectrophotometer (8). Moreover, these NPs
have been gaining significant research interest
due to their unique shape and size-dependent
optical, antimicrobial and catalytic properties (9).

In this work, silver and platinum nanoparticles
are synthesized, for the first time, using ginger
and turmeric antioxidant extracts as a reducing
agent for the first time. Antioxidants limit the
deleterious effects of oxidative reactions so they
can involve scavenging free radicals followed by
the stabilization of nanoparticles.

Organic dyes are a major class environmental
pollutant in various industries, particularly
textiles. The organic dyes can cause many
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diseases such as blood diseases, cancer, renal
and hepatic damage for living beings (10). These
dyes generate tons of wastewater. Clean and
usable water is a prerequisite for life.
Nanoparticles provide remediation and treatment
in water (11). In order to remove dyes such as
methyl orange (MO), methylene blue (MB) and
rhodamine B (RB) faster from water, catalytic
potential role of the synthesized AgNPs and
PtNPs' in the in the presence of sodium
borohydride (NaBH,) is investigated in this study.

EXPERIMENTAL SECTION

Preparation of the extract

Ginger and turmeric powders were purchased
from the haberdasher. To obtain ginger and
turmeric extracts, 1 g of the particular powder
was added to 50 mL of distilled water. The
mixture was stirred continuously at 25°C for 5
hours. After grinding, the solution was filtered
through a filter paper. Then all extracts were
stored at room temperature to be used for
biosynthesis of silver and platinum nanoparticles
from silver nitrate or chloroplatinic acid.
Synthesis of silver and
nanoparticles

In order to investigate the effect of antioxidant
extracts on the synthesis of AgNPs and PtNPs,
each extract was mixed with silver nitrate
(AgNOs3) or chloroplatinic acid (H»[PtCls].H20).
Each extract (7 mL) was added to 0.01 M 50 mL
of AgNO; or (H,[PtCls].H,0). The solutions were
left at room temperature under magnetic stirring
for the completion of the synthesis. Reduction of
silver ions (Ag*) to silver (Ag®) was completed
around 3-5 min. and formation of nanoparticles
was visually identified by color change and
followed the UV-Vis spectral analysis. Reduction
of platinum ions (Pt**) to platinum (Pt°) was

platinum

Absorbance
Absorbance

Ginger AgNPs

Tumenc AgNPs

270 ~r

Wavelength nm)

Figure 1. UV-Vis
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completed around 12-15 min. and was followed
by the color change of the solution from yellow to
brownish-yellow to deep black.

Catalytic study

The reduction of methyl orange (MO), methylene
blue (MB) and rhodamine B (RB) by sodium
borohydride (NaBH.) in the existence of each
AgNPs and each PtNPs as a heterogeneous
catalyst at 25 °C was conducted. 1 mL of the
NaBH, solution (1102 mol L) is mixed with 1
mL of dyes (110° mg L™). 0.5 mL antioxidant
silver or platinum nanoparticles was added to this
mixture and then the UV-VIS spectra have been
recorded at regular intervals of time. The
degradation of all dyes are shown by the
decolorization of the solution to colorless. The
concentrations of the MO, RB and MB dyes were
quantified by measuring the absorption band at
465, 564 and 664 nm, respectively.

RESULT AND DISCUSSION

Characterization

Silver and platinum nanoparticles fabricated from
ginger and turmeric extracts as a reducting agent
have been examined for their heterogeneous
catalytic activity reaction. The reduction of both
extract metal ion solutions was quantitative and
identified by a change in color from yellow to
brown and orange to dark brown for ginger and
turmeric respectively. The phenols and the other
compounds in the antioxidant extracts provide in
efficient reduction of silver and platinum salts to
nanoparticles (12,13). Figure 1 showed that the
UV visible spectra of the AgNPs revealed a
characteristic surface plasmon resonance peak at
420-425 nm and the UV-Visible spectra of the
PtNPs revealed a characteristic surface plasmon
resonance peak at 234-240 nm.

Ginger PtNPs
== Turmeric PtNPs

A

Wavelength (nm)

. spectra of A) AgNPs and B) PtNPs.
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The FTIR spectra of ginger silver nanoparticles
(Gng-AgNPs) and turmeric silver nanoparticles
(Trm-AgNPs) were shown in Figure 2. The bands
at 1566 cm™ proved that C=C double bond or
aromatic annulus or C=0 carboxyl groups. The
bands at 1026 cm™ proved that -CN- amine
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groups. The IR bands at 1307 cm™ proved the
presence of geminal methyl (14-16).

The FTIR spectra of ginger platinum nanoparticles
(Gng-PtNPs) and turmeric platinum nanoparticles
(Trm-PtNPs) were shown in Figure 3.
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Figure 2. ATR-FTIR spectra of Gng-AgNPs (red line) and Trm-AgNPs (blue line).
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Figure 3. ATR-FTIR spectra of Gng-PtNPs (black line) and Trm-PtNPs (brown line).

The crystalline nature of the silver nanoparticles
was confirmed by SEM and EDX pattern as shown
in Figure 4. Also, elemental analysis was obtained
using the SEM-EDX combination. An EDX
spectroscopy was used to approve the existence
of silver nanoparticle. The EDX view evidently
confirmed the existence of silver nanoparticles by
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demonstration of a violent spectra within
fundamental elements. Ag, Mg, Al, Fe etc. were
observed in the EDX analysis samples which were
concluded that these could be caused by
antioxidant extract.
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B L R TR PPN
1 1

F|gure 4. SEM |mages and EDX results of Gng-AgNPs (a) and Trm-AgNPs (b).

Catalytic study (1x10® mg L*). 0.5 mL antioxidant silver or
The reduction of methyl orange (MO), Rhodamine platinum nanoparticles was added to this mixture
B (RB) and methylene blue (MB) by sodium and then the UV-Vis spectra have been recorded
borohydride (NaBH.) in the existence of each at regular intervals of time. The degradation of
AgNPs or each PtNPs as a heterogeneous catalyst all dyes are shown by the decolorization of the
at 25 °C was conducted. 1 mL of NaBH.4 solution solution to colorless.

(1x102% mol L) is mixed with 1 mL of dyes
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Figure 5. Degradation mechanism of the MB and MO and color change.

All dyes can be reduced by both nanoparticles to catalytic activity than platinum nanoparticles can
nontoxic species and the reduction rate is very speed up the reduction rate of dyes, thus
fast. Antioxidant silver nanoparticles with higher increasing the degradation capacity.
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Figure 8. UV-Vis. spectra of the catalytic reduction of Rhodamine B.

CONCLUSION

Antioxidant silver and platinum nanoparticles
were prepared successfully via a facile, simple,
economic, and eco-friendly route from ginger and
turmeric extracts. The UV-Vis, FTIR, SEM, EDX
spectroscopic analyses confirmed the formation
of nanoparticles. The catalytic feature of the
Gng-AgNPs, Gng-PtNPs, Trm-AgNPs and Trm-
PtNPs in degrading RB, MB and MO to their end
products in the presence of NaBH. at room
temperature were studied.

Antioxidant silver and platinum nanoparticles in
the existence of NaBH,4 catalyze the degradation
reaction, which leads to the removal of RB, MB
and MO. Absorbance became almost zero in the
case of all of dyes. Thus Gng-AgNPs Gng-PtNPs,
Trm-AgNPs and Trm-PtNPs provided a good
electron transfer that catalyzes the reactions by
reducing the activation energy. Also, as a
reducing agent, NaBH., was not capable to
reduce RB, MB and MO in absence of a catalyst,
indicating the efficacy of Cnm-AgNPs Gng-PtNPs,
Trm-AgNPs and Trm-PtNPs. Therefore, it was
concluded that antioxidant silver and platinum
nanoparticles significantly reduce the color of RB,
MB and MO dyes in the existence of NaBH., but
antioxidant silver nanoparticles with higher
catalytic activity than platinum nanoparticles can
speed up the reduction rate of dyes, thus
increasing the degradation capacity.
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Abstract: Phaeophytin a, a-amyrin and lupeol isolated from Brachystelma togoense were screened against
S. aureus, E. coli, S. pneumoniae, S. typhi, and C. albicans using Ciprofloxacin and Terbinafine as standards.
The results showed that these phytochemicals displayed antimicrobial activity against the tested organisms
with the zone of inhibition from 12 - 27 mm. The result of minimum inhibitory concentration (MIC) showed
that phaeophytin a was most active against C. albicans (0.09 mg/mL). The minimum bactericidal
concentration (MBC) showed that phaeophytin @ and lupeol were most active against S. aureus, S.
pneumoniae and S. typhi (0.37 mg/mL). The result of minimum fungicidal concentration (MFC) showed that

phaeophytin a was most active against C. albicans (0.1875 mg/mL).

The activities of these

phytoconstituents in B. togoense justified ethnomedicinal uses of the plant to treat various ailments.
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INTRODUCTION

Medicinal plants are used in developing countries
as alternative medical treatments and
phytochemicals isolated from these plants have
shown in vitro and in vivo biological activity (1).
Previously, humans have used natural products,
such as plants, animals, microorganisms, and
marine organisms, in medicines to alleviate and
treat various diseases.

These natural products have a unique chemical
diversity, which results in diversity in their
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biological activities and drug-like properties (2).
The use of medicinal plants for the treatment of
diseases dates back to the history of human life, as
the use of plants was their only choice of treatment
(3). The World Health Organization (WHO) defines
traditional medicinal plants as natural plant
materials which are used at least or in the absence
industrial processing for the treatment of diseases
at a local or regional scale. Traditional herbal
medicine has been used for thousands of years
because it is natural and causes relatively fewer

complications (3). There is a promising future of
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medicinal plants as many plants around the world,
and most of them are not investigated yet for their
medical activities and their hidden potential of
medical activities could be useful in the treatment

of present and future studies (4).

Brachystelma was first described by Robert Brown
in 1822. The genus Brachystelma R. Br.
(Apocynaceae: Asclepiadoideae) is represented by
about 100-120 species (5). Brachystelma is chiefly
distributed in South Africa, South-East Asia, and
Australasia (6). A total of 18 species are known in
India (7) and out of them, 3 species are in
Maharashtra. Brachystelma togoense is distributed
on partially degraded hill slopes and open hill tops
among grasses. It is an erect perennial herb,
growing up to 30 cm, recorded from Ghana to
Nigeria, in lowlands to montane situations. The
tuber is said to be edible raw (8). The leaves are
green in color, opposite, decussate, sessile or
subsessile, linear to lanceolate to narrowly elliptic,
3-8 x 0.4-1 cm, acute, and margin ciliate. Tubers
of Brachystelma species are known to be eaten as
a food supplement in rural areas when there is a
food shortage. Many of the tuberous Brachystelma
are known to be used medicinally for the treatment
of headache, stomach ache, and colds in children.
In China, Brachystelma edule tubers are edible and
the plant is used for the treatment of coughs and
reduction of phlegm (9).

The secondary metabolites, phaeophytin a, a-
amyrin, and lupeol, were previously isolated from
the CH,Cl; and MeOH extracts of B. togoense. The
structures were elucidated using 'H, **C and 2D
NMR. The presence of phaeophytin a, a-amyrin,
and lupeol in B. togoense justified the use of the
plant for medicinal purpose in Nigeria (10). The
aim of this study is to carry out antimicrobial
studies of the phaeophytin a, a-amyrin, and lupeol
isolated from the aerial parts of B. togoense.

MATERIALS AND METHODS
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Chemicals

The chemicals used for this study are CH,Cl,, MeOH,
EtOH, DMSO, and EtOAc. All the chemicals were of
analytical grade.

Material
Collection of plant

The stem bark of Brachystelma togoense was
collected in April 2018 from Benue State, Nigeria.
The plant was identified by the plant taxonomist
Mallam Sanusi Namadi and a voucher specimen
(no. 25856) is retained in the Biological Science
Department, Ahmadu Bello University, Zaria-
Nigeria.

Extraction and isolation

The air-dried B. togoense was manually reduced to
powder using a mortar and pestle. Exactly 1000 g
of the powdered plant material was extracted on a
shaker (labcon sw39, 136 rpm) at room
temperature (at 25 °C) using 100%
dichloromethane (CH:Cl;) for 72 h. The extracts
were concentrated using a rotary evaporator
(Rotavapor R-215) at 40 °C resulting in a brown
gum-like texture (32.0 g). The same procedure
was used for methanol (MeOH) which yielded a
brown gum-like texture (36.0 g). The CH.Cl, and
MeOH extracts were then separated by flash
chromatography (Biotage SP1) over silica gel using
three solvents. Firstly, an n-hexane/ CHCl,,
gradient starting with 100% hexane and gradually
increasing the polarity to 100% CH,Cl,. Secondly,
CH,Cl,/ EtOH/EtOAc from a 100% CH,Cl, to 50%
EtOH/ EtOAc and to 100% EtOH/ EtOAc to yield
various fractions (fr. 1-100). Fr.20 was spotted on
the TLC plate using 100% CH,Cl, and appeared a
pure compound 1 (51.0 mg). The same procedure
was repeated for the MeOH extract vyielding
compounds 2 (32.0 mg) and 3 (28.0 mg) which
were spotted as pure compounds using CH,CI,
JEtOH/ EtOAc (7:3) from fr.30. The structures of
phaeophytin a (1), a-amyrin (2) and lupeol (3) are
shown in Figure 1.
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Figure 1. Structures of phaeophytin a (1), a-amyrin (2) and lupeol (3).

Antimicrobial screening of the isolates
The antimicrobial activities of the isolates were

determined using some pathogenic
microorganisms. The microorganisms were
obtained from the Department of Medical

Microbiology, Ahmadu Bello University Teaching
Hospital, Zaria, Nigeria. All isolates were checked
for purity and maintained in slants of blood agar.
The antimicrobial activities of the isolates were
evaluated by the broth dilution assay as described
previously for the bacteria and Mueller Hinton broth
assay for the fungi (11). The microorganisms
tested were as follows: Staphylococcus aureus,
Streptococcus  pneumoniae, Escherichia coli,
Salmonella typhi, and Candida albicans.

Determination of Zone of Inhibition

Solutions of 6.0 mg of the compounds were
prepared using 10.0 mL dimethyl sulfoxide
(DMSO). This solution was used to check the
antimicrobial activity of the compound. A control
experiment was also set up using DMSO.

The standardized inocula of the isolates were
uniformly streaked onto freshly prepared Mueller
Hinton agar plates with the aid of a sterile swab
stick. Using a sterile cork borer (6 mm in
diameter), 5 appropriately labelled wells were
punched into each agar plate. An aliquot of 0.3 mL
of the appropriate isolate concentration was placed
in each well and then allowed to diffuse into the
agar. An extra plate was streaked with the isolate
and Ciprofloxacin (10 pg/disc) was placed on it.
The plates were incubated at 37 °C for 24 h. While
for the fungi, Sabouraud dextrose broth was used
and the incubation period was 30 °C and 48 h. The
antimicrobial activities were expressed as diameter
(mm) of inhibition zones produced by the plant
extracts.
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Minimum Inhibition Concentration (MIC)

The minimum inhibition concentrations of the
isolates were carried out on the test microbes
using the broth dilution method as outlined by the
Clinical and Laboratory Standards Institute (CLSI)
(12). Mueller Hinton broth was prepared as follows:
10.0 mL was dispensed into tubes and was
sterilized at 121 °C for 15 minutes and allowed to
cool. The McFarland turbidity standard scale 0.5
was prepared to give turbidity of the solution.
Normal saline was prepared, 10.0 mL was
dispensed into a sterile test tube and the test
microbes were inoculated and incubated at 37 °C
for 24 hours. Dilution of the test microbes was
done in the normal saline until the turbidity
matched that of the McFarland turbidity scale by
visual comparison at this point the test microbe
has a concentration of about 1.5x10% cfu/mL. Two-
fold serial dilution of the extracts in the sterilized
broth was made to obtain the concentrations of
3.00 mg/mL, 1.50 mg/mL, 0.75 mg/mL, 0.37 mg/
mL, 0.18 mg/mL and 0.09 mg/mL. The initial
concentration was obtained by dissolving 6.0 mg of
the isolate in 10 mL of the sterile broth. Having
obtained the different concentrations of the
extracts in the sterile broth, 0.3 mL of the standard
inoculum of the test microbe in the normal saline
was then inoculated into  the different
concentrations. Incubation was made at 37 °C for
24 h, after which each test tube of the broth was
observed for turbidity (growth). The lowest
concentration of the isolate in which the broth
shows no turbidity was recorded as the Minimum
Inhibition Concentration (MIC).

Determination of Minimum Bactericidal
Concentration/Minimum Fungicidal
Concentration (MBC/MFC)

This was carried out to determine whether the
microorganisms could be completely killed or their
growth could only be inhibited. The minimum
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bactericidal concentration of the isolates was
determined as outlined by the CLSI on the nutrient
agar plates. Minimum bactericidal concentrations
were determined by assaying the test tube
contents of the MIC determinations. A loopful of
the content of each tube was inoculated by
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streaking on a solidified nutrient agar plate and
then incubated at 37 °C for 24 h for bacterial and
30 °C for 48 h for fungi. The lowest concentration
of the subculture with no growth was considered as
minimum bactericidal concentration/ minimum
fungicidal concentration.

Table 1. Diameter of Zone Of Inhibition (mm) of Phaeophytin a.

Concentration (mg/mL)

Microorganisms 3 1.5 0.75 0.375 Ciprofloxacin Terbinafine
(10x10®) (30x 10°)

S. aureus 21 19 16 14 25

E. coli 20 17 14 12 33

S. pneumoniae 20 17 14 12 20

S. typhi 19 17 15 13 19

C. albicans 27 24 21 20 33

Table 2. Diameter of Zone Of Inhibition (mm) of a-amyrin.

Concentration (mg/mL)

Microorganisms 3 1.5 0.75 0.375 Ciprofloxacin Terbinafine
(10x10°) (30x 10°)

S. aureus 18 16 15 14 25

E. coli 20 18 16 13 34

S. pneumoniae 18 14 13 12 20

S. typhi 19 16 15 14 18

C. albicans 22 19 16 14 33

Table 3. Diameter of Zone Of Inhibition (mm) of lupeol.

Concentration (mg/mL)

Microorganisms 3.0 1.5 0.75 0.375 Ciprofloxacin Terbinafine
(10x10°) (30x 10°)
S. aureus 19 16 14 13 25
E. coli 20 18 16 16 35
S. pneumoniae 22 18 15 13 20
S. typhi 20 18 16 15 20
C. albicans 21 18 15 13 33
Table 4. Minimum Inhibitory Concentration (MIC)
Concentration(mg/mL)
Microorganisms Phaeophytin a a-amyrin lupeol
S. aureus 0.18 0.37 0.37
E. coli 0.18 0.37 0.37
S. pneumoniae 0.18 0.37 0.18
S. typhi 0.18 0.37 0.18
C. albicans 0.09 0.37 0.18
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Table 5. Minimum Bactericidal Concentration (MBC).

Concentration(mg/mL)

Microorganisms Phaeophytin a a-amyrin lupeol
S. aureus 0.37 0.75 0.75
E. coli 0.75 0.75 0.75
S. pneumoniae 0.75 0.75 0.37
S. typhi 0.75 0.75 0.37

Table 6. Minimum Fungicidal Concentration (MFC).

Concentration(mg/mL)
Microorganism Phaeophytin a a -amyrin lupeol
C. albicans 0.18 0.75 0.37

P
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Figure 2. Graphical representation of Minimum Inhibitory Concentration (MIC) of the isolates against the
microoganisms.
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Figure 3. Graphical representation of the Minimum Bactericidal Concentration (MBC) of the isolates against
the microorganisms.
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Figure 4. Graphical representation of the Minimum Fungicidal Concentration (MFC) of the isolates against
the fungus.

RESULTS AND DISCUSSION

This study was carried out to investigate the in
vitro antimicrobial activities of the
phytoconstituents in B. togoense so as to justify its
ethnomedicinal uses in the treatment of various
ailments. The results of the antimicrobial studies
showed that the compounds exhibited remarkable
activity at 3.0 mg/mL against the five
microorganisms tested. These phytochemicals
displayed antimicrobial activity against the tested
organisms with the zone of inhibition at various
concentrations used ranging between 12 - 27 mm
(Tables 1, 2 and 3). The MIC (Table 4 and Figure
2) showed that Phaeophytin a inhibited the growth
of the microorganisms between 0.09- 0.18 mg/mL.
That of a-amyrin was observed at 0.37 mg/mL
while lupeol showed MIC between 0.37-0.75
mg/mL. The MBC (Table 5 and Figure 3) showed
that Phaeophytin a killed the microbes between
0.37-0.75 mg/mL. That of a-amyrin was observed
at 0.75 mg/mL while lupeol showed MBC between
0.37-0.75 mg/mL against these microbes. The
result of MFC (Table 6 and Figure 4) showed that
phaeophytin a, a-amyrin and lupeol stopped the
growth of the microbes at 0.18 mg/mL, 0.75
mg/mL and 0.37mg/mL, 0.18 mg/mL respectively.

Phaeophytin a was most potent against C. albicans
(0.09 mg/mL). The MBC showed that Phaeophytin
a and lupeol were the most potent against S.
aureus, S. pneumoniae and S. typhi (0.37 mg/mL)
which confirmed the antimicrobial activity of lupeol
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(13). Pheophytin had exhibited in vitro
antimicrobial action against fungal and bacterial
standard strains (14). This confirmed the potency
of Phaeophytin a in this study against the
microorganisms tested. The result of MFC showed
that Phaeophytin a was most potent against C.
albicans  (0.1875 mg/mL) confirmed that
pheophytin a possess strong antimicrobial activity
against C. albicans (ATCC 90028) and C. albicans
(ATCC 76615) (14). Pheophytin a had also
exhibited antimicrobial action against various
microorganisms tested (15). a- and B-amyrin and
amyrin acetate derivatives have exhibited potential
antifungal activity against Candida spp (16). The
pentacyclic triterpenoids, a -amyrin and 8 -amyrin,
and lupeol have showed antibacterial activity
against S. aureus and E. coli (17). In general, a-,
B-amyrin have proved to be active by reducing
bacterial viability < 20 % (18). a- and B-amyrin
had inhibited the growth of Bacillus subtilis,
Staphylococcus aureus, Enterococcus faecium and
Staphylococcus saprophyticus (19).

CONCLUSION

Phaeophytin a, a-amyrin, and lupeol isolated from
Brachystelma togoense were screened against S.
aureus, E. coli, S. pneumoniae, S. typhi, and C.
albicans using Ciprofloxacin and Terbinafine as
standards. The results of activity of these isolates
supported the ethnomedicinal uses of this plant in
the treatment of skin infections, abdominal
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disorders, gonorrhea, cough, cold, and typhoid
fever. Though isolation and characterization of
these compounds have been reported (10), this is
the first report of antimicrobial activity of this
genus. The activities of these phytoconstituents in
B. togoense justified ethnomedicinal uses of the
plant.
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INTRODUCTION groundwaters having different chemical
compositions (3).
The vast majority of groundwater comes from

rains and melting of ice. Water fills the spaces Well water quality and their suitability for
between stones and soil forming aquifers (water drinking were discussed through physico-
reservoirs). Groundwater can be considered as chemical parameters. Well water was taken in
one of the hidden resources. Groundwater may different depths and analysed for pH,
contain natural impurities or pollutants regardless conductivity in water (CW), nephelometric
of human activity (1). Groundwater is an turbidity unit (NTU), bicarbonates (HCO3"),
important water resource and a major factor for carbonic strength (CS), alkaline (A-HCI),
maintaining the regional ecological environment, chlorides (CI7), nitrites (NO2- N), nitrates (NOs-
which plays a significant role in ensuring water, N), and ammonia (NH3-N).

food, economic, and ecological security (2). The

chemical composition of groundwater is the pH is a very important parameter in water quality
product of the long-term interaction between (4). Turbidity results from the scattering of light
groundwater and the surrounding environment. in water by organic and inorganic particles;
During the evolution of a groundwater system, however, high turbidity usually is caused by
different hydrogenochemical processes result in suspended inorganic  particles, particularly

419


https://doi.org/10.18596/jotcsa.493909
mailto:valdrin_beluli@hotmail.com
https://doi.org/10.18596/jotcsa.493909
https://dergipark.org.tr/jotcsa
http://www.turchemsoc.org/
mailto:valdrin_beluli@hotmail.com
https://orcid.org/0000-0003-1234-6888

Beluli VM. JOTCSA. 2019; 6(3): 419-428.

sediments (5). Conductivity of water (CW), also,
known as specific conductivity, represents the
ability of water to convey electricity, and is
related to the concentration of ionised substances
in water (6).

Ammonia (NH3-N) is present in groundwater very
often. Its presence in water describes its
formation as the result of the reduction of organic
substances containing nitrogen, deamination of
amines, etc. The main source of nitrite ions (NO2-
N), in water is the process of mineralisation of
organic matter and nitrification from bacteria.
Nitrites are much more toxic than ammonia and
nitrates (7). In our case, some groundwater
contains high amounts of NO2 and their values
are not in accordance with WHO, etc.
Concentration of nitrates in groundwater often
reaches alarming values. The concentration of
NO3-N higher than 10 mg/L in water is a cause
for the methemoglobinemia of children, a disease
characterised by cyanosis and blue skin colour.
NOs-N deactivates haemoglobin by transforming
into methaemoglobin, a form that cannot make
oxygen transport. This illness hits hard babies up
to three months after birth. Chlorides are
inorganic anions that are most commonly found
in natural and contaminated waters and mainly
come from natural minerals and industrial
pollution. In drinking waters such as
groundwater, salty taste is derived from the
presence of high amounts of CI- (1). Water
hardness considers the amount of mineral salts
dissolved in water or water capability to form a
stone scale. The water hardness indicator is of
great importance for determining the use of
drinking water and for industrial purposes (4).
The largest number of European countries rely
more on surface water than on groundwater. In
many countries, groundwater is used as the main
source of water for public use because such
processing and water supply costs are relatively
low, while water is of high quality, etc. The
parameters analysed in groundwaters are based
on WHO criteria.

EXPERIMENTAL

Chemicals

Some of the reagents used for groundwater
analysis: Nitri Ver 3 (HACH®), Nitra Ver 5
(HACH®), 0.01 M HCI, KzCrOs4 0.257 mol/L,

AgNOs 0.01 M, methyl orange, phenolphthalein,
0.1 M HCI, Ammonia Salicylate reagent (HACH®),
Ammonia Cyanurate reagent (HACH®).

Physico - Chemical and
methods analysis

Absorption spectrophotometry in the ultraviolet
and visible region is based on the
electromagnetic radiation absorption of molecules

parameters
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in the UV spectra of 160-400 nm and Vis 400-
780 nm range. UV-Vis radiation absorption
causes the excitation of the electrons of chemical
bonds by passing the molecules to higher energy
levels (8). The absorption of UV-Vis radiation
from complex molecules and inorganic salts of
transitional metals, as well as of lanthanides and
actinides, causes the molecule to move from its
basal to its excited state (9). The HACH® Model
DR/2010 Spectrophotometer is a microprocessor-
controlled single-beam instrument for
colorimetric testing in the laboratory or in the
field. The instrument is precalibrated for over 120
different colorimetric measurements and allows
convenient calibrations for user-entered and
future HACH® methods (10).

The pH and CW are defined in the groundwater
sampling areas so that the results are as
accurate and realistic as those waters. The pH is
determined with a WTW 3010 type instrument,
while CW is determined with WTW Cond 3110 at
uS/cm. NTU results were obtained in labs shortly
after laboratory sampling. The instrument used
was the 2100N ISC Turbidimeter HACH® (ISO
Method 7027).

In aquatic environments, total ammonia exists in
two chemical forms, unionised ammonia and
ionised ammonium (NHs3-N). Nowadays, there is
increasing attention and a significant number of
studies that are focusing on nitrogen to gain
more knowledge about the factors that are
influencing its different transformation pathways
(11).

NHs3-N concentration was determined using in
first step Ammonia Salicylate reagent and in
second step using Ammonia Cyanurate reagent
(Nitrogen Ammonia Test 0 - 0.50 mg/L, Method
8155) and the absorbance level was then
measured using a spectrophotometer (HACH®
DR/ 2010, USA) at A = 655 nm.

NO2-N concentration was determined using Nitri
Ver 3 reagent (Nitrite Test 2 - 150 mg/L, Method
8153) and the absorbance level was then
measured using a spectrophotometer (HACH® DR
900, USA). Nitrate (NOs3-N) concentration was
determined using Nitra Ver 5 reagent (Nitrate
Test 0-30 mg/L, Method 8039) and the
absorbance level was then measured using a
spectrophotometer (HACH® DR / 2010, USA) at A
= 500 nm.

The water sample alkalinity is the measurement
of its capacity to neutralise the acids. Water
accumulation is mainly due to weak acid salts.
We took 100 mL of the analysed sample, added 4
drops of phenolphthalein and if the 100 mL
solution gets purple, then water has bases as a
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result of pH above 8.3, and if it does not get
purple, then 2 to 3 drops of methyl orange is
added, which gives yellow colour. It is titrated
with 0.01 M HCI until the solution gets orange
and the amount of titre used is written (7).

The determination of chlorides was carried out in
an Erlenmeyer flask containing 100 mL of water
sample (adjust pH 7-10 if necessary). With the
addition of 1 mL of (K2CrO4 (C= 0.257 mol/L))
the sample turned to a yellowish colour. Titration
was done with silver nitrate (AgNOs3 (C = 0.01
mol/L)) and it stopped at the moment when the
solution gets light red colour. The value of the
chlorides in the sample was calculated according
to Eq. 1 (12):

ClF mg/L = 35.453 - M - (Vi V) (1)
Vs
where V1 is the volume of the titre for the sample
(mL), V2 is the volume of the titre for blank
sample (mL), M is molarity of AgNO3 0.01 M, and
Vs is the volume of the sample used (100 mL in
our case).

e )
] 1.1 — . _.f:_! “'-.':' . e

Figure 1. Research areas of groundwaters within th
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Carbonate strength (CS) is defined as the
alkalinity to methyl orange. A volume of 100 mL
water sample was transferred to a 500 mL
Erlenmeyer flask and 2-3 drops of methylene
chloride were added. The titration was performed
with standard HCI solution (C = 0.01 mol/L) until
the colour changed to orange. The analysis
results were calculated in German degrees (°dH)
water hardness scale according to E. 2 (12):

CS(°dH) =28y ", (2)

2.8 is a constant, Vi is the consumed volume of
HCI, and the concentration of HCl is 0.1 mol/L.

RESULTS AND DISCUSSION

The location of the analysed samples

To analyse a large-scale neighbourhood is a
challenge. We have analysed 15 groundwaters in
the Arbéria neighbourhood in municipality of
Gjilan, where the distance from one sample to
the other sample is about 100-200 m and the
depth of the groundwaters are 8 to 60 m. Before
sampling the waters, sampling planning has been
carried out to divide into three sampling areas
such as Area 1, Area 2 and Area 3, see Figure 1.

municipality of Gjilan.

Transporting samples to the laboratory

First, we have cleaned the glass bottles and
sterilised them well in order to be in a level of
purity, then started collecting 1000 mL water
samples and in each area were taken 5 samples
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in deep wells of 8-60 m. The water samples were
transported from 15 locations to a laboratory
with a temperature of 4-5 °C. The water is taken
from taps that have been connected with
groundwater and before the samples are taken,
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the water flow should be within a 15-minute time
interval. The samples were taken according to
EPA / 600 / R-94/205.

Results for the pH

pH is a very important parameter in
groundwaters, surface waters, and atmospheric
waters. In our case, the pH does not express any
degradation as a parametre and is in accordance
with the WHO regulation. In area 1, pH ranges
from 7.1-7.45 in depths of 8-60 m, see Table 1.
In Area 2, pH in groundwaters with depth of 8-30
m is 7.39-7.81, while in area 3 pH in
groundwaters with depth of 25-40 m is 7.2-7.8,
see Table 1. pH in area 2 is slightly higher
compared to Areas 1 and 3.

Results for the conductivity water (CW)
Electrical conductivity in water, also known as
specific conductivity, is the ability of water to
convey electricity, and is related to the
concentration of ionised substances in water (7).
If the electrical conductivity in the water is too
high, then this indicates that in that sample the
water contains many minerals. In the CW water
chemistry is an important parameter that is
carried out at the place where the samples are
taken. CW in groundwaters where we have
obtained values in the deposits in the three areas
is not presented as a problem in the three areas
analysed (Figure 1). In Area 1, where the
sampling depth was 8-60 m, which CW is 867-
1673 pS/cm as seen in Table 3. In a groundwater
with a depth of 18 m, the CW is slightly high and
is not in compliance with WHO allowed values.
see Table 1. Groundwaters in area 2 with a depth
of 8-30 m, CW value is from 471-1448 uS/cm
and these groundwaters are in accordance with
WHO, see Table 1, also in Area 3 where
groundwater with depth of 25-40 m CW included
in 920-1400 pS/cm, see Table 1. Meaning that
even in Area 3 conductivity is in accordance with
WHO rules. Groundwaters have always been
found to possess a higher conductivity than
surface water (lakes, rivers etc).

Results for Nephelometric turbidity unit
(NTU)

Turbidity is a measurement of the influence of
suspended solids on an aqueous solution’s ability
to transmit light (13). In the groundwaters from
the evidence of scientific research it has
concluded that in the groundwaters it is difficult
to achieve a high turbidity, eventually if there is
extreme contamination near an underground
water, etc. In Area 1 of groundwaters with depth
of 8-60 m, the value of NTU is not high which is
0.75-3.54 and is in accordance with the WHO
regulation, while in area 2 (Figure 1), where
groundwaters with depth 8-30 m, the NTU are
from 0.44 to 0.65, these NTU values that are
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analysed are in accordance with WHO. In Area 3,
NTU in groundwaters with depth of 25-40 m is
0.5-3.1, see Table 1. NTU values in the three
areas analysed are in accordance with WHO.

Results for chlorides (CI)

Chlorides (CI") are present in both fresh and salty
water, and are essential elements of life. High
chloride concentrations in fresh water can harm
aquatic organisms by interfering with
osmoregulation, the biological process by which
they maintain the proper concentration of salt
and other solutes in their bodily fluids (14).
Chlorides in groundwaters often are higher than
surface water because water is always in contact
with the various layers of soil which may contain
different ions. Groundwaters in Area 1 with depth
of 8-60 m, there is no high concentration of
chlorides is 26.2-55 mg/L, see Table 1. In Area 2,
groundwaters with depth of 8-30 m, the
concentration of Cl- in this area is 12.6-49.4 mg/
L. In Area 3, the concentration of CI- in
groundwaters with depth of 25 -60 m is 22-60
mg/L, see Table 1. In Area 3 (Figure 1) the
concentration of Cl- is higher compared to Area 2
and Area 1, see Table 1. In all groundwater
samples, the concentration of ClI- is in accordance
with WHO.

Results for Alkalinity

Alkalinity is determined by volume through class
titrations or potentiometric titrations (6). The
alkaline in these waters are in accordance with
the WHO regulation and this appearance a
positivity in these groundwaters that we have
analysed. In Area 1, the amount of alkalinity in
groundwaters with depth of 8-60 m is 6.39-8.57
HCI/ mL, while in area 2 the amount of alkalinity
is 4.2-8.6 HCI/mL in the groundwaters’ depths of
8-30 m, see Table 1. In Area 3, groundwaters
with a depth of 25-40 m, the amount of alkalinity
is 4.73-8.46 HCI/mL, see Table 1. In the three
areas analysed (Figure 1), all values obtained in
this groundwater are in accordance with the WHO
regulation for this parameter, see Table 1.

Results for bicarbonates (HCO3")

The amount of bicarbonate (HCOz3") often
expresses great concern in groundwaters,
because limestone layers can be found in the
interior, etc. In Area 1, the concentration of
HCOs3™ in groundwaters with depth of 8 - 60 m is
390.4 -523.2 mg/L, so in two groundwaters of
this area are not in accordance with the WHO
regulation. In area 2, groundwaters with a depth
of 8-30 m of HCO3™ is 256.2-524.6 mg/L. In Area
3, groundwaters with a depth of 25-40 m of
HCOs3" is within 289-516.5 mg/L, see Table 1. The
concentration of HCO3 in those groundwaters
that is not accordance with WHO:



Beluli VM. JOTCSA. 2019; 6(3): 419-428.

(i). In groundwater with a depth of 8 m in Area
1, the concentration of HCO3 is 523.2 mg/L. This
concentration indicates that it is not in
accordance with the WHO regulation because it is
more than 23.2 mg/L, see Table 1. In addition, in
this area there is another groundwater that is not
in accordance with the WHO regulation, which is
in depth of 9 m, where the concentration of
HCOs™ is 518.5 mg/L. This indicates that the
concentration of 18.5 mg/L is more than the
WHO allowed regulation, see Table 1.

(ii). In Area 2, there is only a groundwater that is
not in accordance with the WHO. The depth of
this groundwater reaches up to 12 m where the
concentration of HCOs3z is 524.6 mg/L, so
according to this value, the concentration of 24.6
mg/L is above the WHO allowed value, see Table
1.

(iii). Also, in Area 3, groundwater with a depth of
30 m and other groundwater with a depth of 40

m are not in accordance with WHO. 1In
groundwater with a depth of 30 m, the
concentration of HCOs3z is 516.5 mg/L, so
according to this concentration in this

groundwater there are more than 16.5 mg/L
HCO3", see Table 1. In groundwater with a depth
of 40 m, the concentration of HCO3 is 501.9 mg/
L, see Table 1 and compare with WHO criteria for
these parametres that have been analysed in
three areas.

Results for nitrites (NO2- N) and nitrates
(NOs- N)

Nitrates (NOs~) and nitrites (NO2™) are frequently
present in plants, soils and waters; since their
chemistries are practically indissociable, one
rarely is found without the other. If in excessive
levels, these ions can have an adverse impact on
public health and ecological systems. NO3~ is the
foremost toxic agent, but the fairly inert nitrate is
easily reduced to nitrite by bacterial action in the
soil or within the digestive system (15). With the
development of agriculture, the use of artificial
fertilisers increases, which means that the
consumption of nitrates increases, while the
phosphate consumption remains the same. There
is a risk of NO3~, because approximately 10% of
fertilisers and pesticides are removed from the
soil surface (16). In Area 1, the concentration of
NOs-N in groundwaters with a depth of 8-60 m
does not contain a high concentration, where
values are within 3-7.1 mg/L, while in Area 2 the
concentration of NOs-N is within 1.9-35 mg/L in
groundwaters with depth of 8-30 m, see Table 1.
In Area 3, groundwaters with depth of 25-40 m
does not display a high concentration of NOs-N,
where values are within 1.9-8.9 mg/L. The
concentration of NOs-N which is not in
accordance with WHO regulation:
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(i). In Area 2, groundwater with a depth of 8 m
(Figure 1) possesses a very high concentration of
nitrate up to 35 mg/L, see Table 1. This
concentration is too high for a groundwater,
containing more than 25 mg/L as compared to

WHO regulation. This groundwater is not in
accordance with WHO, see Table 1.

Nitrites (NO2-N) usually display many
complications in groundwater, where these

waters are open in the ex-agricultural land, as in
our study.

The nitrites in our case in the groundwater with a
depth of up to 60 m have been proved to be
present in most groundwaters, the concentration

of NO2-N in some groundwaters is not in
accordance with WHO. In Area 1, NO2-N in
groundwaters with depth of 8 - 60 m, the

concentration of NO2-N is 0.001-0.008 mg/L, see
Table 1. In Area 2, in groundwaters with depth of
8 - 30 m, the concentration of NO2-N is 0.003-
0.008 mg/L, while in Area 3, the NO2-N quantity
is within 0.002-0.009 mg/L, see Table 1. The
concentration of NO2-N in groundwaters in the
Arbéria neighbourhood that are not in accordance
with the WHO regulation:

(i). In Area 1, groundwater with a depth of 8 m,
NO2-N is 0.008 mg/L, see Table 1 and this
concentration is high compared to WHO, see
Table 1. In this groundwater NO2-N is more than
0.003 mg/L compare to the permissibility up to
0.005 mg/L.

(ii). In Area 2, groundwater with a depth of 12 m
displays an obstacle in this water because the
concentration of NO2-N is 0.008 mg/L, this
concentration of NO2-N is not in accordance with
the WHO. So, in this groundwater the
concentration of NO2-N is more than 0.003 mg/L
compare to the permissible concentration up to
0.005 mg/L, see Table 1.

(iii). In Area 3, groundwater with depths of 30 m,
32 m and 40 m, the value of NO2-N is high, see
Table 2. In groundwater with a depth of 30 m the
concentration of NO2-N is 0.007 mg/L and this
value display in one consistent with the WHO
regulation and this indicates that it is not in
accordance, see Table 1. In groundwater with a
depth of 30 m, the concentration of NO2-N is
0.006 mg/L, this value is not in accordance with
the WHO because in this water is more than
0.001 mg/L, while in groundwater with a depth of
40 m, the concentration of NO2-N is 0.009 mg/L,
this value is out of regulation or better to say it is
not in accordance with the WHO regulation,
because it contains more than 0.004 mg/L, see
Table 1.
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Results for ammonia (NH3-N)

Nowadays, there is increasing attention and a
significant number of studies that are focusing on
nitrogen to gain more knowledge about the
factors that are influencing its different
transformation pathways (7). Amount of
ammonia (NH3-N) in groundwater with depth of
8-60 m reaches the concentration of 0-0.09 mg/L
in Area 1, see Table 1. These concentrations are
in accordance with WHO. In Area 2, in
groundwater with a depth of 8-30 m, NH3-N is 0O-
0.08 mg/L, this chemical parameter in this area
is in accordance with the WHO, see Table 1. Area
3 (Figure 1), in groundwater with depths of 25-
30 m, NH3-N quantities is 0-0.03 mg/L and these
values do not indicate any risk, see Table 1. In
Area 3, all results obtained in this groundwaters
are in accordance with WHO, see Table 1. In Area
1, NHs3-N is present with a higher concentration
compared to Areas 2 and 3.

Results for carbonic strength

Water hardness is considered to be a
disadvantageous parameter in the use of water
for urban purposes and factories (due to the
formation of lacquer layers in the steam pipes).
But it should be said that drinking water should
have a moderate hardness value because in
these cases the solubility of the toxic metals is
lower and the water represents a higher buffering
effect on acidic compounds. In addition, medium-
medium water presents a better taste as well as
evidence that it is better for health in particular
in reducing cases of some heart disease (6).
Natural water which has a high amount of soluble
calcium and magnesium salts is called strong
water (17).

The carbonic strength (CS) in the groundwaters
we have analysed in three different areas (Figure
1) is a bit high, but this creates a benefit for
reason that reduces heart disease, also the third
toxic metals. In Area 1, groundwaters with a
depth of 8-60 m, the amount of CS is 21.67-
40.02 °dH, see Table 1. In Area 2, the amount of
CS is 12.53-37.07 °dH in the groundwaters with
depth of 8-30 m, while in Area 3 in groundwaters
with depth of 25-40 m, the amount of CS
includes values 20.64-36.47 °dH. Carbonic
strength (CS) in groundwaters with depths of 8-
60 m which are not in accordance with the WHO
regulation:

(i). In Area 1, all groundwaters entered the
category of strong water according to WHO, while
the very high CS value in this area is at a depth
of 18 m which reaches up to 40.02 °dH. This
value is not in accordance with WHO, see Table
1.
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(ii). In Area 2, all groundwaters entered the
category of strong water according to the
German ©°dH degree. In groundwater with a
depth of 30 m, the value of CS is 37.07 °dH, this
value is not in tune because this groundwater
entered the category of very strong water, see
Table 1.

(iii). Also, in area 3, groundwaters entered the
category of strong waters. In groundwater with a
depth of 32 m, where the value of CS is 36.47
°dH, as well as in groundwater with a depth of 40
m value of CS is 31.2 °dH, see Table 1. In these
two high groundwaters mentioned in area 3, they
entered the category of groundwater with high
hardness according to the German scale and this
two groundwaters are not in accordance with
WHO, see Table 1.

If the water contains large amounts of
bicarbonate, this will determine the hardness of
the CS rather than the general hardness (GH). In
this case, after determining the total hardness
(GH), it equals the carbonate strength.

The health side effects that may have some
underground water in the three study areas
of the Arbéria neighbourhood

One current challenge in geochemistry is
determining the genesis and particularly the
geochemical processes controlling the chemical
compositions of mineral waters, which are often
generated in complex hydrogeological systems
(18).

Arterial hypertension, affecting about one billion
people worldwide, is the most prevalent
modifiable risk factor for cardiovascular diseases
and related disability (19). In many cases,
groundwater has caused many health problems
due to the scarcity of chemical knowledge. In our
case, some groundwaters containing HCO3" that
are not in accordance with WHO and can cause
health problems (Figure 2) due to the formation
of alkalosis.

Normal arterial blood pH is restricted to a very
narrow range of 7.35 to 7.45. A person who has
a blood pH below 7.35 is considered to be in
acidosis  (actually, “physiological acidosis,”
because blood is not truly acidic until its pH drops
below 7), and a continuous blood pH below 7.0
can prove fatal. Acidosis has several symptoms,
including headache and confusion, and the
individual can become lethargic and easily
fatigued. A person who has a blood pH above
7.45 is considered to be in alkalosis, and a pH
above 7.8 is fatal. Some symptoms of alkalosis
include cognitive impairment (which can progress
to unconsciousness), tingling or numbness in the
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extremities, muscle twitching and spasm,
nausea, and vomiting. Both acidosis and alkalosis
can be caused by either metabolic or respiratory
disorders. Metabolic alkalosis is the opposite of
metabolic acidosis. It occurs when the blood is
too alkaline (pH above 7.45) due to too much
bicarbonate (called primary bicarbonate excess),
see Table 2. A transient excess of bicarbonate in
the blood can follow ingestion of excessive
amounts of bicarbonate, citrate, or antacids for
conditions such as stomach acid reflux—known as
heartburn. Cushing’s disease, which is the
chronic hypersecretion of adrenocorticotrophic
hormone (ACTH) by the anterior pituitary gland,
can cause chronic metabolic alkalosis. The over
secretion of ACTH results in elevated aldosterone
levels and an increased loss of potassium by
urinary excretion. Other causes of metabolic
alkalosis include the loss of hydrochloric acid
from the stomach through vomiting, potassium
depletion due to the wuse of diuretics for
hypertension, and the excessive use of laxatives
(20).

Nitrogen compounds are formed in the air by
lightning or discharged into it from industrial
processes, motor vehicles, and intensive
agriculture (21). Nitrites in the water supply
system can also reach due to their frequent use
as a corrosion inhibitor during industry water
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processing. When the nitrite ions reach the
stomach, the high concentration of hydrochloric
acid in the stomach turns nitrite into nitrous acid
(HNO2) which reacts with secondary amines from
the digestive tract and forms N-nitrosoamine. N-

nitrosoamines are known as carcinogenic
substances (1).
Sampling in the Smﬁom?fe'
areas studied hurman health

8

W?If,l | ®

¥ Three areas of T
Laboratory study Drinking
analysis of — I water from
groundwate @ i some
samples groundwater

|

and submission of
reports (resulis)

Figure 2. Scientific description of chemical
problems in groundwaters with depths of (8-60)
m in Arbéria neighbourhood in municipality of
Gjilan.
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Table 1. Physico-chemical results of groundwaters with depth 8-60 m in the Arbéria neighbourhood in
Gjilan Municipality.

s ’g pH NTU cw Ccr A" mL HCOs; CS NO>-N NOs-N NHs:-N
E ~ BuS/cm mg/L HCI mg/L °dH mg/L mg/L mg/L
S 0.1
o
7]
(a]
8 7.19 3.54 1400 55 8.57 523.2 23.21 0.008 7.1 0.05
9 7.45 0.75 1076 46 8.5 518.5 21.67 0.002 5.6 0.06
: 12 7.32 1.62 867 26.2 6.39 390.4 21.79 0.002 5.9 0.02
g 18 7.4 1.15 1693 55 7.1 433.1 40.02 0.004 4 0.09
60 7.1 1.66 1037 28 8.1 494.1 26.27 0.001 3 0
8 7.57 0.65 920 39 5.6 341.6 23.08 0.003 5 0.04
12 7.74 4.52 1170 45.2 8.6 524.6 29.35 0.008 5 0.06
2 18 7.51 0.44 978 65 7.78 292 25.27 0.003 6.9 0
g 30 7.39 0.45 471 49.4 4.26 260.1 12.53 0.004 1.9 0.01
30 7.81 0.51 1448 12.6 4.2 256.2 37.07 0.003 3.4 0.08
25 7.3 1.5 920 43 4.73 289 24.08 0.002 7.3 0.03
30 7.31 3.1 1230 29 8.46 516.5 20.64 0.007 8.7 0
“g 30 7.12 2.99 1310 22 7.05 430.1 21.94 0.004 8.1 0
g 32 7.2 0.45 1295 60 6.54 399.1 36.47 0.006 1.9 0
40 7.8 0.5 1400 59 8.22 501.9 31.2 0.009 8.9 0.01
WHO 7.2 5 1500 250 10.5 250 18 0.005 10 0.5
reference to to to (Method
values 7.8 500 30 8039)
Table 2. Types of Acidosis and Alkalosis
pH PCO: HCO3"
Metabolic acidosis { N, then {
Respiratory acidosis { T N, then 1
Metabolic alkalosis T N, then? T
Respiratory alkalosis T { N, then |
Reference values (arterial): pH: 7.35-7.45; pCO2:
male: 35-48 mm Hg, female: 32-45 mm Hg; total
venous bicarbonate: 22-29 mM. N denotes normal;
T denotes a rising or increased value; and |
denotes a falling or decreased value.
CONCLUSION good quality in some areas due to the high

The quality and quantity of water for human
during history has been a vital factor in
determining the welfare. The results obtained on
the basis of laboratory analysis conclude that in
the neighbourhood Arbéria the water is not of
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concentrations of NO2-N and HCOs3 ions and
these values of these ions send us in a direction
that the waters in this neighbourhood are
included a high CS at the German °dH scale.
During the analysis we have concluded that there
is a high carbonic strength (CS) in the three
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research areas, and this happened when the
water comes into contact with the underground
lime layers by dissolving them. In conclusion we
can say that water quality is not very good due to
the carbon strength exceeding the allowed
drinking norm and this is dangerous for direct
consumption and for use in the field of industry.
The reason why these waters are not suitable for
human organs is that these waters after use will
cause problems over time in the digestive
system, cardiovascular problems etc. NO2-N in
these groundwaters express a great concern
because nitrites are very toxic. After receiving
the results, we immediately informed the users of
these groundwater where their parameters were
not in accordance with the WHO regulation. In
some groundwaters of the three analysed areas it
is proved that those parameters that are not in
accordance can cause major problems of normal
metabolism.

List of symbols and abbreviations

CW - conductivity water, NTU - nephelometric
turbidity unit, CS - carbonic strength, EDTA -
ethylenediaminetetraacetic acid, GH - general
hardness, WHO - World Health Organisation, A -
Alkalinity, ACTH - adrenocorticotrophic hormone.
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Abstract : This work was carried out on the cytotoxic activity of semicarbazone and anilide derivatives of
ketoeicosanoic acids on canine mammary tumor cell line (CMT-U27). Five semicarbazone compounds (1-
5) and five anilide compounds (6-10) were used in this study. 8-Semicarbazone eicosanoic acid (3) was

shown to be cytotoxic. In contrast, 10-keto eicosanoic acid anilide (9) has been shown to be less
cytotoxic towards CMT-U27 cell line.
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INTRODUCTION saturated and unsaturated fatty acids have been
observed (10). As another one, it has been
In recent years, pharmaceutical industry has suggested that surfactants prepared from fatty
been focused on the development of new acids have a skin irritation-reducing effect. They
innovative drugs for cancer therapy, due to show good biodegradability and low toxicity, so
cancer represents an important health problem at they are defined as environmentally friendly (11).
a global level. Many natural and synthetic Amides and anilides are also important in
compounds are in charge of affecting selectively pharmaceutical, agrochemical industries, and are
specific organs and tissues within a biological used as protecting groups in organic synthesis
system. Particularly heterocyclic compounds are (12,13). It has been proved that some of the
being studied as anticancer reagents. Among fatty acid amides and anilides synthesized have
such compounds, Schiff bases are important good activity against gram-positive bacteria (14).
functional groups in terms of biological activities The anticancer activities of vanillin
as antimicrobial (1-3), anti-inflammatory (4,5), semicarbazone have been reported against
analgesic (6,7), and pesticidal agents (8,9). Ehrlich Ascites Carcinoma (EAC) (15).
Keto-fatty acids are stable compounds. High In this study, anilide and semicarbazone
molecular weight keto-fatty acids constitute the derivatives of (4-12) monoketo Cj fatty acids
structure of plant waxes. There are many were examined as anti-cancer agent on canine
literature reports on the biological activity of fatty mammary tumor cell line (CMT-U27) and the
acids. For example, antibacterial effects of Ci>-Cis effect of the position of the keto group were also,
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too. Canine mammary tumors (CMTs) are most
frequent neoplasia in female dogs, as well as
considered as a suitable model for human breast
cancer.

MATERIAL AND METHODS

(4-12) Monoketo eicosanoic acid anilides
and semicarbazones synthesis

In previous work, 4-, 6-, 8-,10- and 12-keto Cy
esters were synthesized by Blaise reaction with
high purity by Celik and Ozeris. These esters
were hydrolyzed to the corresponding carboxylic
acids. Then semicarbazone and anilide
derivatives of keto acids were obtained (16).

Cell line and reagents

The canine mammary carcinoma cell line CMT-
U27 was kindly donated by Dr. Eva Hellmén from
Uppsala University, Sweden. Cell line was
maintained in Dulbecco’s modified Eagles Medium
(DMEM-F12) (Invitrogen, CA) supplemented with
1% (v/v) L-glutamine (Gibco, USA), 10% (v/v)
heat-inactivated fetal bovine serum (Invitrogen,
CA) and 100 U/mL penicillin and 100 pg/mL
streptomycin (Gibco, Grand Island, NY, USA) at
37 °C in a humidified atmosphere of 5% CO.. The
cells were cultured at 37 °C in a humidified
atmosphere with 5% CO,. Cells were sub-
cultured as they reached 80-90% confluence and
adherent cells were detached by incubation with
Trypsin/EDTA  solution. Cell number was
determined using a 0.2% trypan blue dye with
the Cedex XS cell counter system (Innovatis,
Roche, Germany). Anilide and semicarbazone
derivatives of Cy keto fatty acids were dissolved
in dimethyl sulfoxide and then further diluted in
culture media. Doxorubicin was purchased from
Sigma-Aldrich (St Louis, MO, USA) and dissolved
in culture media.

NNHCONH,
CH,(CH,)nC(CH,)mCOOH

1-5

1 (n:15, m:2)
2 (n:13, m:4)
3 (n:11, m:6)
4 (n:9, m:8)

5 (n:7, m:10)
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MTT assay

Cell viability was assessed using a commercial
cell proliferation MTT [3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltrazolium bromide] kit (Roche
Applied Science, Germany) according to the
manufacturer’s instructions. Briefly, cells were
seeded at a density of 1x10* cells/well in 96-well
plates (Jet Biofil, Canada) and then allowed to
settle and attach overnight in culture media and
incubated at 37 °C in a humidified atmosphere of
5% CO, for 24h and then treated with varying
concentrations of anilide and semicarbazone
derivatives of Cy keto fatty acids (3.25 - 100
uM) and doxorubicin (0.2-8 yM) for 72h. At the
end of incubation period 10 yL of MTT solution [5
mg/mL in phosphate buffered saline (PBS)] were
added to each well. The plates were incubated for
4 h in a humidified atmosphere at 37 °C with 5%
CO2. The purple water- insoluble formazan salt
was then dissolved with 10% SDS in 0.01M HCI
and the plates were incubated overnight in a cell
culture incubator. The optical densities of the
wells were measured at 595 nm using a Multi-
Mode microplate reader (FilterMax F5, Molecular
Devices, USA). The effect of each compound on
growth inhibition was assessed as percent cell
viability where vehicle (DMSO)-treated cells were
taken as 100% viable. The mean of triplicate
experiments for each dose was used to calculate
the concentration of compounds required for 50%
inhibition of cell viability (ICso) as determined
using the Biosoft CalcuSyn software (Biosoft,
UK).

RESULTS AND DISCUSSION

This work was carried out on the cytotoxic
activity of semicarbazone and anilide derivatives
of keto eicosanoic acids on canine mammary
tumor cell line (CMT-U27). Five semicarbazone
compounds (1-5) and five anilide compounds (6-
10) were used in this study (Scheme 1).

CH,(CH,)nCO(CH,)mCONHCH;

6-10

6 (n:15, m:2)
7 (n:13, m:4)
8 (n:11, m:6)
9 (n:9, m:8)

10 (n:7, m:10)

Scheme 1. Semicarbazone and anilide derivatives of keto eicosanoic acids.

The cytotoxicity was determined using 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
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concentrations (ICso) were calculated by using
Calcusyn software.

At the end of the 72 hour treatment, only
compounds, 8-semicarbazone eicosanoic acid (3)
and 10-keto eicosanoic acid anilide (9) inhibited
cell growth towards CMT-U27 cell line. The other
compounds did not show appreciable activity in
the experiments performed (Table 1). Among

RESEARCH ARTICLE

these compounds, 8-semicarbazone eicosanoic
acid (3) and 10-keto eicosanoic acid anilide (9)
displayed effective cytotoxic potential against
CMT-U27 and ICso concentrations were recorded
at 1.952 yM and 54.01 uM, respectively. The ICs
of  doxorubicin as a positive  control
(chemotherapeutic agent) was founded as 0.8
UM.

Table 1. Cytotoxic activity of keto eicosanoic acid anilides and semicarbazone eicosanoic acids

Compound Cytotoxicity (%)
100 uM 75 uM 50 uM 25 uM 12.5 uM 6.25 uM 3.125 uM
i - - - - - - -
2 - - - - - - -
3 65.77 75.26 70.32 57.95 60.32 60.75 54.27
4 - - - - - - -
5 - - - - - - -
6 - - - - - - -
7 - - - - - - -
8 - - - - - - -
9 61.72 56.45 53.45 31.39 27.43 22.79 26.45
10 - - - - - - -

3: 8-Semicarbazone eicosanoic acid

Cytotoxic activity was not detected in
4-,6-,10-,12-semicarbazone eicosanoic acids and
4-, 6-, 8-, 12-keto eicosanoic acid anilides and,
when the keto group is evaluated in terms of its
location, it has been found that the keto
functional group has a better cytotoxic activity if
it is in the middle of the chain. Anilide and
semicarbazone containing a keto group at the
beginning or at the end of the chain did not show
cytotoxic activity against the CMTU 27 tumor.

8-Semicarbazone eicosanoic acid (3) was shown
to be cytotoxic. In contrast, 10-keto eicosanoic
acid anilide (9) has been shown to be less
cytotoxic towards CMT-U27 cell line.

Our results indicate that 8-semicarbazone
eicosanoic acid (3) may benefit as a novel
chemopreventive compounds for anticancer
therapy.
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Abstract: Biologically active compounds containing nitrogen, natural molecules and drugs are important
for organic synthesis. Mannich reaction is one of the most common methods used for the synthesis of
these compounds. Bi(NOs); was used as an efficient catalyst for the one-pot three-component Mannich
reactions of ketones with different aromatic amines and aromatic aldehydes at room temperature. It is a
good method to prepare B-aminocarbonyl compounds in excellent yield. The high efficiency using simple
starting materials and a catalytic amount of a reusable catalyst is especially noteworthy.
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INTRODUCTION organocatalysts (10). However, there are also
problems such as long reaction time, difficult
In recent years, B-amino ketones are compounds reaction conditions, toxicity, and difficulties in
with significant biological effects such as separating complex molecules. Hence there is an
antibacterial, antifungal, antitumor, antidiabetic increasing interest in developing environmentally
effects (1-6). They can be easily converted into benign reactions for the synthesis of -
their derivatives and are often used in the field of aminocarbonyl compounds’ syntheses.
medicine. These compounds are the most Nowadays, bismuth(III) salts (11-13) are used as
important structural units used for the synthesis catalysts in organic synthesis because of easy
of 1,3-aminoalcohol and B-amino acid forms (2). handling, low cost, and eco-friendly behavior. We
Presently, B-aminocarbonyl forms are present in notify a fast synthesis of [-aminocarbonyl
many synthetic drugs available for treatment in compounds in the presence of Bi(NOs);¢5H,0
various medical conditions (7). B-aminocarbonyl (BN) for it is non-toxic, stable in air, and
compounds are frequently used in the synthesis cheaper.
of various antibiotics such as neopolyoxin and
nikomycin. In the synthesis and modification of The synthesized B-aminocarbonyl compounds
B-amino acids have been recorded several (4a-0) were purified by crystallization and
methods. Mannich reaction has an important role characterized by elemental analysis, FT-IR, 'H
in organic chemistry for obtaining bioactive NMR, 3C NMR, and MS methods. Some of these
compounds and natural products. Several compounds were first synthesized in this study
methods have been reported in the literature for (49, 4j, and 40).

the synthesis of p-aminocarbonyl compounds
using Brgnsted acids (8), Lewis acids (9) and

433


https://doi.org/10.18596/jotcsa.605641
mailto:hasniye@istanbul.edu.tr
https://doi.org/10.18596/jotcsa.605641
https://dergipark.org.tr/jotcsa
http://www.turchemsoc.org/
mailto:hasniye@istanbul.edu.tr
https://orcid.org/0000-0003-3171-9096
mailto:ckubrademir@gmail.com
https://orcid.org/0000-0001-7822-5443

Yasa H, Demir K. JOTCSA. 2019; 6(3): 433-438.

EXPERIMENTAL SECTION

The chemicals used in this study were
commercially available from Merck and Aldrich
and were used without further purification. The
obtained compounds were purified by
crystallization. 'H and **C NMR (500 and 125
MHz, respectively) spectra were recorded using
Me,Si as the internal standard in CDCls. Mass
spectra were obtained on Thermo Finnigan LCQ
Advantage MAX MS/MS spectrometer. FT-IR
spectra were recorded on Bruker Vertex 70.

General procedure for the synthesis of B-
amino carbonyl compounds

Ketone (2.2 mmol), aldehyde (2 mmol) and
amine (2 mmol) and 10 mol% Bi(NOs); (11-13)
were added to a one-necked round bottom flask.
The reaction mixture was stirred vigorously with
a magnetic stirrer at room temperature (r.t.) for
the mentioned time. After reaction completion,
EtOH and H.O at the reaction-mixture were
evaporated at ambient temperature. Then 60 mL
of hot CH,Cl, was added to dissolve the solid
product. The catalyst was removed by filtration
and the organic layer was washed twice with
saturated NaHCOs; solution, dried with Na,SO,,
and evaporated. The product was purified by
recrystallization from an ethanol-acetone mixture
(3/2, wv/v) to afford the corresponding
compounds.

Compounds (4a-f, 4h-i, and 4k-n) are known in
the literature and their results are in accordance
with the literature. The analytical and spectral
data of the other products (4g, 4j, and 40) so
obtained were as follows:

1-(4-Cyclohexylphenyl)-3-phenyl-3-
(phenylamino)-propan-1-one (49),

Yield, 91%; white crystals; Mp.: 157,4- 158,5 °C.
IR (neat, cm™): 3384 (-NH), 3045, 3024, 2921,
2847, 1666(-C0O), 1178 (C-N), 746, 690. 'H-NMR
(500 MHz, CDCls, & / ppm): 1.18 (2H, m, alicyclic
-CH>-), 1.33 (4H, m alicyclic -CH-), 1.69 (2H, m,
alicyclic -CH>-), 1.78 (2H, m, alicyclic -CH,-),
2.48 (1H, m, alicyclic -CH-) 3.34 (1H., dd,
J=16.2 ve 7.8 Hz, -CH,.-CH-NH), 3.43 (1H,, d,
J=16.1 ve 5.2 Hz, -CH,,-CH-NH), 4.91 (1H, dd,
J=7.6 ve 5.2Hz, CH.-CH-NH), 6.51 (2H, d, ]J=7.8
Hz, arom.-CH-), 6.60 (1H, t, J=7.3 Hz, arom.-
CH-), 6.97-7.04 (2H, m, arom.-CH-), 7.15 (1H, t,
J=7.3 Hz, arom.-CH- ), 7.19 (2H, d, J=8.4 Hz,
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arom.-CH-), 7.24 (2H, t, J=7.6 Hz, arom.-CH-),
7.37 (2H, d, J=7.5 Hz, arom.-CH-), 7.76 (2H, d,
J=8.4 Hz, arom.-CH- ). C-NMR (125 MHz,
CDCl;, & / ppm): 26.3 (alicyclic CH,), 27.1
(alicyclic 2xCH>), 34.3 (alicyclic 2xCH,), 34.4
(alicyclic CH,), 44.9 (-CHNH-), 46.2 (-
COCH.CH-), 114.5, 126.8, 127.4 (2xCH), 127.6,
128.7 (4xCH), 129.0 (3xCH), 129.3 (3xCH),
134.7, 154.2, 197.9 (-C=0). MS (ESI+) m/z
(%): 384.0 (100, [M + H]*). Anal. calcd for
Ca7H2sNO (383.22): C, 84.55; H, 7.62; N, 3.65.
Found: C, 84.53; H, 7.63; N, 3.67.

1-Phenyl-2-[(4-hydroxyphenyl)
(phenylamino)methyl]-butan-1,3-dione

(43),

HO

Yield, 89%; vyellow crystals; Mp.: 110,5- 111,5
°C. IR (neat, cm™): 3404 (-OH), 3291 (-NH),
3024, 3007, 2916, 2856, 1646 (-CO), 1220 (C-
N), 752, 698. 'H-NMR (500 MHz, CDCl;, & /
ppm): 1.50 (1H, s, -NH-), 2.08 (3H, s, -CHs-),
3.70 (1H, brs, -OH), 4.13 (1H, d, J= 5.2 Hz, -CH-
CH-NH), 5.34 (1H, d, J= 5.2 Hz, -CH-CH-NH),
7.11- 7.29 (5H, m, arom. -CH-), 7.30-7.39 (7H,
m, arom. -CH-), 7.85 (2H, m, arom. -CH). *3C-
NMR (125 MHz, CDCls, 6 / ppm): 19.4 (-CHs),
28.7 (-CH,), 93.3 (-CH,), 114.8, 119.8, 123.7
(2x-CH), 123.8, 124.5, 124.8, 126.0 (2x-CH),
127.2 (2x-CH), 128.7 (2x-CH), 129.7, 129.9 (-
CH), 134.6, 139.0, 158.9 (-C-OH), 161.2 (-C=0),
187.7 (-C=0). MS (ESI+) m/z (%): 359.1 (100,
[M]*). Anal. caled for Cx3H.;:NOs (359.15): C,
76.86; H, 5.89; N, 3.90. Found: C, 76.83; H,
5.83; N, 3.82.

O O

i

H

1-(4-Bromophenyl)-2-
[phenyl(phenylamino)methyl]-tetradecan-
1-one (40),

O

Br H

Yield, 88%; pale yellow crystals; Mp.: 176,8-
178,1 °C. IR (neat, cm™): 3406 (-NH), 3055,
3028, 2915, 2848, 1578 (-CO), 1180 (C-N), 806,
752. 'H-NMR (500 MHz, CDCls, & / ppm): 0.81
(3H, t, J= 7.8 Hz, -CHs), 1.14-1.31 (22 H, m, -
CH,), 2.29 (1H, m, -CH-CH-NH), 2.84 (1H, dd,
J= 7.5 and 5.2 Hz, -CH-CH-NH), 6.85 (1H, s, -
NH-), 7.00- 7.03 (5H, m, arom. -CH-), 7.25-7.28

C11H22CH3



Yasa H, Demir K. JOTCSA. 2019; 6(3): 433-438.

(5H, m, arom.-CH-), 7.51-7.53 (2H, m, arom.-
CH), 7.74 (2H, d, J= 5 Hz, arom.-CH). *C-NMR
(125 MHz, CDCl;, & / ppm): 14.0 (-CHs), 22.9,
27.9, 28.9 (5x-CH), 29.2 (2x-CH>), 31.0, 31.7,
53.4, 60.0, 116.4 (2x-CH,), 119.6, 122.3, 127.4,
128.1 (2x-CH,), 128.2 (2x-CH>), 129.1 (2x-CH,),
129.4 (2x-CH,), 131.8 (2x-CH,), 136.3, 140.2,
146.2, 207.2 (-C=0). MS (ESI+) m/z (%): 547.1
(100, [MT%). Anal. calcd for Cs3H4:BrNO (547.24):
C, 72.25; H, 7.72; N, 2.55: Br, 14.57. Found: C,
72.23; H, 7.70; N, 2.52; Br, 14.55.

RESULTS AND DISCUSSION

RESEARCH ARTICLE

Mannich reaction of aniline, benzaldehyde, and
acetophenone was selected as a model and
various catalysts have been tried (Table 1). The
highest yield was obtained with Bi(NOs); (Table
1, entry 3). Several conventional organic solvents
such as acetone, ethanol, THF, toluene, and DCM
were used to optimize the reaction conditions.
Ethanol was found to be a more suitable solvent
for the reaction. Different molar ratios of catalyst
were investigated to find the best yield. The
optimum value was 10 mol% of Bi(NOs)s catalyst
(Table 2).

Table 1. Mannich reaction of acetophenone, aniline and benzaldehyde in the presence of several

catalysts.
Entry Catalyst Time(h) Yield?® (%)
1 No catalyst 48 No reaction
2 I, 24 80
3 Bi(NOs)s 24 92
4 AI(NO3)3.9H20 24 68
7 2,4,6-Trichloro-1,3,5-triazine(TCT) 12 75
8 AICl; 20 70

’Isolated yield. Mannich reaction; 2.0 mmol of aldehyde, 2.0 mmol of amine and 2.2 mmol of
acetophenone in 5 mL of ethanol in the presence of catalyst at room temperature.

Table 2. Screening of molar ratios of Bi(NOs); to synthesize of 4a.

Entry Bi(NOs);%  Time (h)  Yield® (%)
1 2.5 24 42
2 5 24 65
3 7.5 24 70
4 10 24 92
5 15 24 86
6 20 24 84

’Isolated vyield. Mannich reaction; acetophenone
(2.2 mmol benzaldehyde (2.0 mmol), aniline (2.0
mmol) in 5 mL of ethanol by Bi(NOs); catalyst at

r.t.

The reactions were also tried with Bi(NOs); under
solvent-free conditions and in ethanol without
catalyst, but good yields were not obtained. The
optimum molar ratio of aldehyde, amine, and
acetophenone was investigated. It was shown
that using ethanol as the solvent,
aniline/benzaldehyde/acetophenone = 2: 2: 2.2
was optimum to obtain the desired product in
good yields.

To investigate the extent and universality of this
method, many different ketones, aromatic
aldehydes and amines were performed for their
Mannich  reactions in ethanol at room
temperature (see Table 3). Mannich reactions
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occurred quite easily by reaction for the time as
disclosed in Table 3 in the presence of 10 mol%
of bismuth(III) nitrate to give the corresponding
B-aminocarbonyl compounds in excellent yields
(Table 3, entries 1-18). Numerous ketones and
aromatic amines having methoxy and methyl
para position and aromatic aldehydes with
different substituents, such as para methyl,
methoxy, hydroxyl and nitro proved to be
suitable for the reactions. The effect of electron-
deficient or donating bulky groups were very
effective on the reaction yield. Our results are
summarized in Table 3. To elucidate the
structures of the synthesized compounds we used
IR, NMR, MS, and elemental analysis.
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Scheme 1. Direct, Bi(NOs)s;-catalyzed, Mannich reaction of various ketones, aldehydes and amines.

Table 3. Results of the obtained B-amino carbonyl compounds.

Entry Products Ry R; R; R, Yield® Mp (°C)
2 (%) Found Literature

1 4a Ce¢Hs, H H H 92 165-166 166-168

(14)
4b CeHs, H CHs H 80 158.5-159.5 159 (15)
4c CeHs, H OCHs; H 76 164.5-165.5 166-167

(16)

4 4d CeHs, H H OH 90 195.2-196.2 181-182
(16)

5 4e CesHs, H H OCHj; 88 155-156 153-156
(17)

6 af Ce¢Hs, H H NO- 94 161.0-161.5 154-156
(18)

7 4g 4-Cyclo-C¢H1:1C¢Hs, H H H 91 157.4-158.5

8 4h CsHs, CH3C=0 (19) H H 87 108-109

9 4i CsHs, CH3C=0 (20) OCHs H 81 109-110

10 4j Ce¢Hs, CH5C=0 H OH 89 110.5-111.5

11 4k CsHs, CH3C=0 (19) H OCHs 85 107.5-108

12 41 CHs, C;HsOC=0 H H 78 105.5-106 106-107
(21)

13 am CHs, C;HsOC=0 CHs H 70 138.5-139.5 137-139
(22)

14 4n CHs, C;Hs0C=0 H OH 79 137.2-138.2 137-139
(23)

15 40 4-BrCeHs4, CH3(CH2)1: H H 88 176.8- 178.1

Mannich reaction; aldehyde and amine (2 mmol) and ketone (2.2mmol) in 5 mL of ethyl alcohol and
10% mol Bi(NOs)s as catalyst at room temperature. "Isolated yield.

In conclusion, we have improved an eco-friendly
and high vyield reaction for three-component
Mannich reactions catalyzed by bismuth(III)
nitrate, which is a practical method for the
synthesis of pB-aminocarbonyls. This method
suggests numerous advantages, including good
yields of the resulting compounds.
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1) Content

2) Experimental section and spectroscopic data
of synthesized B-amino carbonyl compounds 4g
3) 1H, 13C NMR, IR and GC-MS spectra of 4j

4) 'H, 13C NMR, IR and GC-MS spectra of 40



2. General procedure

The chemicals used in this study were commercially available from Merck and Aldrich and were
used without further purification. The obtained compounds were purified by crystallization. 'H and
13C NMR (500 and 125 MHz, respectively) spectra were recorded using MesSi as the internal
standard in CDCl3. Mass spectra were obtained on Thermo Finnigan LCQ Advantage MAX MS/MS

spectrometer. FT-IR spectra were recorded on Bruker Vertex 70.
General procedure for the synthesis of B-amino carbonyl compounds

Ketone (2.2 mmol), aldehyde (2 mmol) and amine (2 mmol) and 10 mol % Bi(NO3)3 [11-13] were
added to a one-necked round bottom flask. The reaction mixture was stirred vigorously with a
magnetic stirrer at room temperature (r.t.) for the mentioned time. After reaction completion,
EtOH and H,O at the reaction-mixture was evaporated at ambient temperature. Then 60 ml of hot
CHxCl; was added to dissolve the solid product. The catalyst was removed by filtration and the
organic layer was washed twice with saturated NaHCOs solution, dried with Na2S04, and
evaporated. The product was purified by recrystallization from an ethanol-acetone mixture (3/2,

v/v) to afford the corresponding compounds.

Compounds (4a-f, 4h-i, and 4k-n) are known in the literature and their results are in accordance
with the literature. The analytical and spectral data of the other products (4g, 4j, and 40) so

obtained were as follows:
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Abstract: The effect of temperature on stability of lipid microbubble shell containing polyethyleneoxide-40-
stearate (PEG4oSt) as emulsifier was investigated. Microbubbles at 4 °C were subjected to different
temperatures up to 48 °C (down-to-up) and it was found that both the number and the size of microbubbles
remained unchanged in the population up to a certain time, so called “onset time”. The onset time was about
6 hours at 10 °C, 2 hours at 20 °C and shorter at elevated temperatures, exhibiting an exponential decrease
with increasing temperature. Once the onset time was reached, the number of microbubbles started to
decrease and the average size of the population started to increase. Observation of single microbubbles on a
constant temperature heating stage exhibited that each microbubble had its own onset time, with the smaller

microbubbles vanishing earlier than the larger ones. The Langmuir monolayer studies showed that hydration
degree of the emulsifier PEG chains decreased with temperature, causing them go through conformational
changes and subsequently destabilization of the shell. By subjecting the freshly produced microbubbles directly
to the desired temperatures in up-to-down fashion, more stable microbubbles were able to be produced, with
their onset time increased 40% at 10 °C to 500% at 38 °C. Overall, the results suggest that the new strategies
need to be developed to control the collapse process in the microbubble shell resulting from the conformational
changes in the PEG chains of the emulsifier for the design of more stable microbubbles.
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INTRODUCTION medicine in order to enhance the therapeutic and

diagnostic capabilities of ultrasound. Microbubble
Microbubbles, micron-size gas bubbles surrounded persistency is generally related to the dissolution of
by a lipid-based monolayer shell, are contrast agents the gas core, which is associated with the shell
used in ultrasound to improve the image quality. permeation resistance (3-8). It is believed that the
Microbubbles are also used in targeted gene/drug Laplace driven dissolution of gas core of lipid
delivery, metabolic gas transport, and hyperthermia microbubbles causes changes in the shell structure
therapy (1). Attachment of therapeutic agents to through buckling and folding process, followed by
microbubbles has become one of the popular the collapse of the shell leading to further dissolution
strategy to achieve more effective targeting, of microbubbles (6, 9-14). However, although
combined with diagnosis and therapy (2). The clinical temperature can have important effect on the
application of microbubbles with a wide range of molecular orientation and arrangement of the
applications is however hampered by their restricted components in a monolayer (15, 16), its effect on
lifetime after their administration. Therefore, the shell microstructure has not been investigated
development of persistent and stable microbubbles truly. The studies mostly focused on temperature
has become one of the most promising fields in dependent behavior of microbubbles. For instance,
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Mulvana et. al showed that commercial SonoVue®
microbubbles exhibit a size dependent dissolution
rate, with smaller size microbubbles dissolving at
higher rates and increasing with increasing
temperature at static and acoustically driven
conditions (17). They also showed that SonoVue®
microbubbles exhibit an increase in the mean bubble
diameter of the population with increasing
temperature and a decrease in bubble concentration.
Through their investigations on the dynamic
behavior of individual SonoVue® microbubbles, they
demonstrated that the majority of the microbubbles
oscillated approximately spherically at room
temperature, while the same size bubbles oscillated
more violently at body temperature (18). Swanson
et al. monitored the change in average size of the
population of oxygen microbubbles of both DSPC and
DPPC with PEG4St and observed that both
microbubble type have a tendency to grow in size
when stored at 4 ©°C, with the DPPC coated
microbubbles exhibiting smaller change in the mean
diameter (19). For the microbubbles composed of
DPPC and PEG4cSt, Farook et al reported that while
the initial sizes of the microbubbles remained
unchanged for almost 2.5 hours at room
temperature, the mean size of the microbubbles
decreased rapidly from 6.6 um to 1.3 ym in less than
an hour at the body temperature (20). Kwan et al
monitored the dissolution behavior of a single
microbubble composed of various phosphocholine
lipids and PEG4cSt as the emulsifier, and filled with
SFe gas, in an air saturated solution and observed
that the microbubbles with longer acyl chain length
are more persistent at lower temperatures (5, 9).
They reported that the use of different emulsifiers,
for instancemDSPE-PEG;000 versus PEG4oSt, did not
significantly affect the dissolution behavior of the
microbubbles (9). In all these studies, the less stable
behavior of the microbubbles with increasing
temperature was attributed simply to the changes in
the physical properties of the phospholipid shell,
which are believed to be determined by the strength
of attractive hydrophobic and van der Waals
interactions between the hydrocarbon tails of the
phospholipid molecules (9, 11, 17, 21, 22). In this
respect, considerable amount of research was
carried out to investigate the effect of Ilipid
hydrocarbon tail length on microbubble stability at
different temperatures (9, 13, 14, 21).
Unfortunately, the aforementioned studies still
remain insufficient to enlighten the mechanism
causing destabilization of the shell under
temperature and to provide a roadmap for the design
of more stable microbubbles. The study investigating
the effect of cooling rate on microbubbles
microstructure is very challenging, evoking that
some other factors as well as hydrophobic and van
der Waals interactions may be effective in the shell
gas permeability (14). So far, no attention was paid
to the role of temperature on emulsifier, which is the
crucial component in microbubble formation and
possesses bulky polyethylene glycol (PEG) chain. In
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the present study, along with monitoring the
microbubbles dissolution behavior at various
temperatures, Langmuir monolayer measurements
were performed to reveal the changes in the PEG
chain of the emulsifier with temperature. The results
showed that the conformational changes induced by
temperature in the PEG chain of the emulsifier affect
the packing density of microbubble shell and thus
has important influence on destabilization of
microbubbles.

MATERIALS AND METHODS

Materials
1,2-Distearoyl-sn-glycero-3-phosphocholine (DSPC)
was purchased from Avanti Polar Lipids Inc
(Alabaster, AL). Polyoxyethylene-40 stearate
(PEG4oSt), propylene glycol (PG) and chloroform
were all purchased from Sigma-Aldrich (St. Louis,
MO). All chemicals were used as received.

Preparation of Microbubbles

A mixture of DSPC and PEG4oSt at a molar ratio of
9:1 was dissolved in chloroform. The solution was
dried under nitrogen gas and kept in a vacuum oven
at room temperature overnight to form completely
dried lipid/emulsifier film. The resulting film was then
hydrated for 2 hours in phosphate buffer saline
(PBS)-propylene glycol (PG) solution mixed at
volume ratio of 4:1 at 60 °C. The lipid/emulsifier
mixture was first sonicated using a probe tip
sonicator (Misonix, S4000, Newtown, CT) with the
probe tip down in the solution to obtain well
dispersed solution. The homogenous mixture was
then sonicated continuously for 30 seconds with the
tip of the probe at the interface of the air-aqueous
solution to form microbubbles. The resulting
suspension was diluted with cold PBS at 4 °C. After
homogenization, the microbubble solution was
aliquoted into 2-mL tubes. Free remaining lipids in
the solution were removed via washing of
microbubble mixture with cold phosphate buffer
solution (PBS) and then centrifugation operated at
2000 rpm for 2 minutes. The infranatant part of the
suspension consisting of residual lipids and vesicles
were discarded. The resulting cake was re-
suspended in the cold PBS and centrifuged again. To
the final cake in each tube was added PBS:PG (4:1)
mixture up to 1 mL volume. All tubes were combined
in a large syringe to get a homogenous mixture and
then the microbubble solution was aliquoted into
small vials and stored at 4 ©C. All analyses were
performed on the next day following storage at 4 °C.

Effect of Temperature on Microbubble Stability
Temperature responses of a population of
microbubbles were investigated at 4 °C, 10 °C, 20
0C, 30 °C, 38 °C and 48 °C. The microbubble solution
was taken from the refrigerator at 4 ©°C and
measured for the concentration and size distribution
by optical microscopy. The microbubbles were then
diluted to concentration of 3.5x108 microbubble/ml
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in a 2 ml tube with temperature equilibrated PBS
buffer and then placed back into the same constant
temperature water bath. 10 pL of the samples was
withdrawn from the tubes at periodic time intervals
and distributed on a thoma cell counting chamber to
measure the size and concentration of the
microbubble population by optical microscopy.
Images of the microbubbles were captured using a
digital camera attached onto an upright microscope
(Olympus CH40) with a 10X objective. Image
analysis was performed using Imagel (NIH free
software). In a separate study, 9:1 DSPC/PEG4,St
microbubbles were produced in the same manner
described above. But instead of washing with PBS at
4 °C, they were washed with PBS at the temperature
to be tested and submerged in the constant
temperature water bath for size and concentration
measurements.

The changes in the diameter of individual
microbubbles were also investigated over time using
a temperature controlled hot stage at 38 °C by
observing the same frame of microscope slide
without cover slip for approximately 40 minutes (Carl
Zeiss Axio Imager.M2 with long working distance
63X objective). Time lapse images were acquired
using a high resolution CCD camera (Carl Zeiss
AxioCam 506 mono) and analyzed by Imagel
software.

Langmuir Isotherms of Microbubble Shell
Components

Langmuir trough (KSV minitrough, Finland) with two
movable barriers was used to investigate the phase
behavior of DSPC, PEG40St monolayers and their
mixture at different temperatures. The trough was
thermostated at desired temperature using a
circulating bath. The system was enclosed in a box
to minimize possible contamination of air-
monolayer-water interface and the disturbance of
the monolayer by air currents. The trough was filled
with ultrapure water with specific resistivity of
1.8x107 Q.cm produced by a Millipore purification
system. Cleanness of the air-water interface was
confirmed by closing and opening the barriers and
ensuring that the surface pressure readings do not
differ by more than £0.1 mN/m. The solutions of the
pure components and the mixture in chloroform were
prepared in screw cap septum vials at concentrations
less than 1.0 mg/ml to avoid chloroform evaporation

n' @

Figure 1. (a) An optica image o the microbu
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and stored at 4 ©C. Prior to spreading the solution,
the sealed vial was taken from the refrigerator,
homogenized using a bath sonicator and cooled
down to room temperature under continuous
stirring. The solution was withdrawn via a Hamilton
microsyringe from the vial sealed tightly. The surface
pressure-area (n-A) isotherms were obtained via
symmetric compression of monolayers by the two
barriers. A compression speed of 5 mm/min was
used in all experiments. Each isotherm was repeated
at least 4-5 times to make sure reproducibility of the
isotherms. The same procedure was employed to
monitor the relaxation behavior of the monolayers.
The monolayers were compressed to the specified
target pressure (30 mN/m and 40 mN/m) at
constant temperature (20 °C and 38 °C) and then
the surface pressure was set to zero and the surface
pressure evolution was followed with time over a
constant area of air-water interface.

RESULTS AND DISCUSSION

Preparation and Characterization of
Microbubbles

Air-filled microbubbles were prepared by sonication
method from the mixture of DSPC and emulsifier
PEG40St mixed at a molar ratio of 9:1, which is the
microbubble formulation commonly used in the
current literature (9, 13, 14, 23, 24). Sonication
method was employed, which is the method used
commonly for the production of microbubbles owing
to its capability to provide fast production with low
cost, but with some polydispersity (25). In this
study, polydispersity of the microbubble solution
enabled us to observe the microbubbles at different
sizes at the same time. Figure 1.a shows optical
microscope image of the microbubbles. Figure 1.b
shows typical optical image captured under the
microscope using a 10X objective and does Figure
1.c the processed micrograph created by the Image]
program for concentration and size determination of
the microbubbles. At least four images from different
field of view were taken and analyzed for size and
concentration measurements. As can be seen from
the figures, the microbubbles have been achieved to
be distributed quite homogeneously on the stage,
allowing for determination of accurate number and
size distribution of the microbubbles.

es captured by 10X objective (b) Micrdécbpe image analysis

microbubbles (c) image processed by Image] for size and concentration measurements.
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Effect of Temperature on Microbubble Stability
The change in the concentration of the microbubbles
with time at varying temperatures is shown in Figure
2.a. The numbers of the microbubbles counted at
each time was determined using optical microscopy
and normalized with respect to the initial number. As
seen from the figure, while the microbubbles
preserved their concentration at 4 °C, at the other
temperatures, the microbubbles maintained their
concentration only up to a certain time, called ‘onset
time’, exhibiting a plateau. The extent of the
plateaus became  shorter  with increasing
temperature. Once the onset time was reached, both
the number of the bubbles started to decrease
(Figure 2.a) and the mean size of the population
started to increase as can be seen from the
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cumulative size distribution of the microbubbles at
20 °C as an example (Figure 2.b). As seen from the
figure, the initial sizes of the microbubbles were less
than 9 um for the 90 % of the population and
exhibited a size distribution up to 14 pm. The size
distribution of the microbubbles shifted to the right
over time, indicating that the average size of the
microbubbles increased in the population while the
number of microbubbles decreased. The initial dsoo
size, which refers to the value where half of the
population resides above this point, and other half
resides below this point, was about 4 pm, and it
increased to about 10 ym at the end of 8 hours. The
microbubbles showed similar behavior at other
temperatures as well (data not shown).
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Figure 2. Change of (a) microbubble concentration (normalized with respect to initial concentration) (b)
cumulative size distribution at 20 °C, (c) onset time and half-life of the 9:1 DSPC/PEG4cSt microbubbles over

time at different temperatures.

Figure 2.c summarizes the onset time as well as half-
life of the microbubbles at different temperatures.
Half-life refers to the time at which the number of
microbubbles dropped to the half of their initial
value. The error bars correspond to the arithmetic
mean of at least three independent measurements.
The microbubbles kept at 4 °C were observed to
remain stable for much longer than the experimental
time scale. The onset time was about 6 hours at 10
°C, 2 hours at 20 °C and it was shorter than an hour
at elevated temperatures. Half of the population was
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lost at 14 hours at 10 °C, 6 hours at 20 °C and in
shorter than an hour at elevated temperatures. Both
the onset time and half-life exhibited an exponential
decrease with increasing temperature, similar to the
observations seen with Sonovue® microbubbles (17)
and SFe microbubbles coated with DSPC/PEG4¢St and
DSPC/DSPE-PEG2000 (9).

To understand the fate of the microbubbles in the
population under the effect of temperature, the
behavior of individual microbubbles was also
investigated by observing the microbubble solution
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on a temperature controlled hot stage without a
coverslip at 38 °C. This allowed to monitor the
behavior of individual microbubbles with different
sizes at constant saturation and temperature. As
seen from Figure 3, each microbubble had a
characteristic onset time proportional to its initial
size, exhibiting a continuous reduction in size beyond
the onset time. The larger microbubbles maintained
their initial size relatively for a longer period of time
compared to the smaller ones. Evaluation of the
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results for population of microbubbles and individual
microbubbles together suggest that the smaller
microbubbles vanish earlier in the population,
leaving the larger ones behind in the suspension.
This explains the reason behind the increase in the
mean size of the population over time after the onset
time. This result is in good agreement with the
Epstein-Plesset theory, suggesting that microbubble
dissolution accelerates once dissolution begins and
ends with a complete disappearance (26).
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Figure 3. Changes in the diameter of individual 9:1 DSPC/PEG40St microbubbles with different sizes over time
at 38 °C. Microbubbles were monitored without a cover slip at constant saturation and temperature.

Langmuir Isotherms of Microbubble Shell
Components

Investigations of temperature on microbubble shell
is very complex because it is not only the molecules
orientations change, but also the gas dissolution can
change. Langmuir monolayer technique stands out
as the ideal technique to eliminate the gas
dissolution effect and investigate the effect of
temperature only on molecules orientation at various
compression states encountered during gas
dissolution. Indeed, Langmuir monolayers composed
of microbubble shell components are considered as
a two-dimensional “skin” of the microbubble shell
(27) and therefore the technique has already been
used in several studies as an experimental tool to
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investigate microbubble shell characteristics (27-
29). The technique has also been used to reveal the
morphological changes in the microbubble shell with
compression using the Langmuir trough in
combination with fluorescence microscopy (9, 13,
14). The Langmuir isotherms of DSPC/PEG4cSt
mixture as well as the pure components were
acquired at different temperatures (Figure 4). The
Langmuir isotherms of DSPC is illustrated at two
different temperatures, being in a good agreement
with the previously published literature (30). The
isotherm for DSPC at 24 °C showed a steep rise at
about 55 A?/molecule and an extended behavior at
40 °C. However, in the low compressibility region
(below ~47 A2/molecule), the isotherm at 40 °C
located to the left of the one at 24 °C.
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In comparison to DSPC monolayer, PEG4cSt
molecules resulted in much larger surface pressures
in mean molecular areas larger than 55
A2/molecule, exhibiting maximum surface pressures
of only 33-35 mN/m depending on the temperature,
known as collapse pressure (13). The isotherms
shifted to the right with increasing temperature from
4 °C to 24 °C. With further increase in temperature
to 38 °C, the isotherm moved to the far left of all
isotherms. Similar to PEG4oSt monolayer, in the high
compressibility region (above 50 A2/molecule), the
mixture isotherm shifted to the right with increasing
temperature, exhibiting an extended behavior. All
isotherms exhibited a plateau at around 33-35
mN/m, with distinct changes at 38 °C and 48 °C,
corresponding to squeeze out of the emulsifier
molecules from the monolayer (13). However, in the
low compressibility region where intermolecular
interactions are more dominant (below about 43
A%/molecule), the isotherms exhibited extended
behavior with increasing temperature up to 30 °C
and then shifted towards left with further increase in
temperature. The numbers in Figure 4.c refers to the
molecular organization state of the monolayer
depicted in Figure 5.

~

The mean molecular areas of the isotherms at
different temperatures were extracted from the
Langmuir isotherms and plotted at different surface
pressures to ease the visualization (Figure 6). In
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Figure 4. Langmuir isotherms of (a) DSPC, (b) PEG40St (c) 9:1 DSPC/PEG4St mixture at different

refers to the stage of the monolayer
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molecules

contrast to the insignificant changes in DSPC
molecules, the changes in the mean molecular area
of the pure emulsifier molecules with temperature
were very prominent at all surface pressures.
PEG40St monolayer exhibited a capricious behavior
with temperature, increasing first and then
decreasing followed by an increase again at 48 °C at
all surface pressures. Similar behavior was observed
also with the mixture. A steady increase in mean
molecular area with temperature was observed for
the mixture at surface pressures less than about 35
mN/m, most likely because of the PEG4oSt molecules
not being squeezed out yet. However, above this
surface pressure, the area per molecule increased
with temperature up to 30 °C and then decreased
again with further increase in temperature,
exhibiting more distinct changes with increasing
surface pressures.

In Langmuir monolayers, higher surface pressures
are observed if adsorbed molecules pack more
densely at the air-water interface, i.e. possessing
smaller mean molecular areas. However, in this
study, achievement of the same surface pressure at
higher mean molecular areas with increasing
temperature can be attributed to the adsorption of
increasing mass of the molecules at the interface,
which can only be explained by ‘curling up’ of the
PEG chain of the emulsifier towards the gas-liquid
interface. The observed effect is more pronounced in
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pure emulsifier monolayer because the mixture
contains only 10% of the emulsifier. Migration of the
PEG chains of the emulsifier towards the gas-liquid
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Figure 5. A cartoon depicting conformational changes and molecular organization of the microbubble shell
component at various compression stages of the monolayer (as shown in Figure 4.c), mimicking the
microbubble shell undergoing gas dissolution at low and high temperatures. Note that, PEG chains are more in
extended into aqueous phase at lower temperatures while they curl up more towards the interface at higher

temperatures.

Indeed, the interaction of ethylene oxide polymers
with water occurs by means of hydrogen bonding,
and the strength of the hydrogen bonds diminishes
with temperature, reducing the miscibility of the PEG
chains with water (31-33). Depending on the degree
of miscibility, PEG chains acquire different
conformations at the interface (30, 34), as depicted
in Figure 6.b. Hence, the steady increase in the mean
molecular area of the emulsifier and the mixed
monolayer with increasing temperature at all surface
pressures is the clear indication of decreased
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miscibility of PEG chains with water, indicating
migration of the PEG chains towards the interface.
The further decrease in the mean molecular areas
indicates the local collapse of the monolayer to
relieve the stress accumulated at the interface due
to excessive accumulation of the PEG chains and
thus increased repulsive forces between them (35).
The observed effect diminished with increasing
surface pressure due to reduced intermolecular
spacing and associated squeeze out of the emulsifier
from the interface.
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The response of the Langmuir monolayer to
increased lateral interactions at  constant
temperature can be considered similar to the
behavior of microbubble shell undergoing various
degrees of compression under gas dissolution at that
temperature. In order to further investigate the
effects of conformational changes and increasing
lateral interactions (i.e. collapse) on the microbubble
shell, monolayer relaxation measurements were
carried out by monitoring changes in the surface
pressure of the monolayer at constant mean
molecular area with time. Monolayer relaxation
occurs because of the compressed monolayer
normally not being in the thermodynamic equilibrium
when the surface pressure is higher than the
equilibrium surface pressure (35, 36). Monolayer
relaxation behavior of the mixed monolayer was
monitored at two different surface pressures (below
and above the collapse pressure of the emulsifier)
and at two different temperatures (20 °C and 38 °C).
The mixture isotherms showed that the surface
pressure of approximately 33-35 mN/m is the
collapse pressure of the emulsifier (Figure 4), in
agreement with the published literature (13). As

20

30 40 50 60

Temperature (°C)

Figure 6. Change in the mean molecular area of (a) DSPC, (b) PEG40St, (c) 9:1 DSPC/PEG4cSt mixed
monolayer at different temperatures and surface pressures. The inset in figure (b) shows the conformational
changes in the PEG chain of the emulsifier with temperature due to its reduced miscibility with water.
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seen in Figure 7, at 20 °C, the monolayer
compressed to 40 mN/m relaxes much more slowly
than the monolayer at 30 mN/m (compare curves b
and c). Because the PEG chains acquire more
extended conformation into the subphase at low
temperatures, during the compression of the
monolayer to higher surface pressures, some portion
of the emulsifier molecules become miscible with
DSPC and/or trapped within DSPC domains even if
the remaining portion undergoes phase separation
and squeeze out, as depicted in Figure 5. Moreover,
in contrast to the monolayers compressed to 30
mN/m, the initial fluctuations (see the inset in Figure
7) observed in the surface pressure of the
monolayers compressed to 40 mN/m at both
temperatures indicates the collapse (exclusion) of
excessive emulsifier molecules, remaining
temporarily associated to the surface and
reinserting, but ultimately collapsing and leaving a
more stable DSPC-rich monolayer behind (see Figure
5), as suggested elsewhere (36-38). The molecules
in more ordered and rigid domains is known to
collapse irreversibly (do not reinsert) (38).



Kilig S. JOTCSA. 2019; 6(3): 439-450.

RESEARCH ARTICLE

At (mN/m)

-7 4 ‘ \

0 20

30
t (min)

40 50 60

Figure 7. Change in surface pressure (n) of 9:1 DSPC/PEG40 St mixed monolayer with time at different
temperatures and target surface pressures (a) r=30 mN/m and T=38 °C, (b) r=40 mN/m and T=20 °C, (c)
n=30 mN/m and T=20 °C, (d) ==40 mN/m and T=38 °C. The inset shows the initial fluctuations during 2.5

minutes.

In contrast to the monolayer at low temperature,
initial decrease in the surface pressure of the
monolayers compressed to 40 mN/m is much higher
at 38 °C. This is because PEG chains become more
hydrophobic, with higher portion of the PEG chains
migrating to the interface and creating larger size
fluid-like domains. As a result, the steric hindrance
for accommodation of bulky PEG chains at the
interface between the hydrocarbon tails of DSPC
becomes much greater at higher temperatures
(Figure 5). Moreover, the cohesive interactions
between the hydrocarbon tails pinning the emulsifier
molecules to the interface get weaker at higher
temperatures to compensate for the steric repulsions
between the bulky PEG chains. As a result, created
fluid-like disordered domains with larger size are
more prone to collapse, resulting in decrease in
surface pressure at higher rates. Equilibration of the
monolayer in shorter time (about 35 min) in the case
of higher temperature is also another indication for
the exclusion of the emulsifier from the monolayer
at a faster rate, leaving behind a DSPC rich
monolayer.

Translation of these results to microbubbles mean
that during low temperature gas core dissolution,
emulsifier molecules, if not all, are trapped between
DSPC molecules and some remain surface-bound
upon collapse. Repetitive reinsertion of the emulsifier
followed by collapse alleviates surface deformation,
inhibiting gas dissolution and resulting in an onset
time during microbubble dissolution. Surface
deformation goes with simultaneous collapse and in-
plane reorganization of the molecules (6, 9).
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Recalling that no microbubble formation is possible
without the emulsifier (10, 13, 39), the microbubble
shell disintegrates when the emulsifier content
decreases below a ‘critical’ value in the monolayer.
During high temperature dissolution however, the
lateral distance at the interface decreases at much
higher rates under the combined effect of
accumulation of more PEG chains at the interface
and accelerated gas core dissolution. This results in
the shell to undergo collapse with the loss of
PEGylated emulsifier from the interface and
disintegration at much faster rate.

In a separate study, the freshly prepared
microbubbles were washed with the PBS at the
target temperatures and tested immediately. The
onset time curve for the microbubbles cooled down
directly to the target temperature located above the
curve for the microbubbles exposed to elevated
temperatures from 4 °C (Figure 8). It was observed
40 % increase in the onset time of microbubbles at
10 °C, while 500% at 38 °C. This result suggests
that DSPC and emulsifier molecules are initially
adsorbed around the gas bubble up to an equilibrium
surface value, then upon cooling down to lower
temperatures, PEG chains undergo extension into
the aqueous phase due to increased hydrophilicity
with decreasing temperature while the gas bubbles
go to compression at the same time. Apparently,
extension of the polymer chains into the aqueous
phase created the space needed for the condensation
of the molecules around the gas bubble while the
surface of the microbubble shell was reaching a new
equilibrium surface value. As a result, the emulsifier
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molecules were retained in the microbubble shell in
extended conformation into the aqueous phase. This
argument is also in good agreement with the
observed microbubble shell morphology changes
with cooling rate reported elsewhere (13, 14). In
those studies, formation of larger dark domains
surrounded by emulsifier-rich continuous phase
(rich-in fluorophore and therefore brighter) during
slow cooling process indicates entrapment of more
emulsifier molecules between condensed phase
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DSPC molecules (deficient in fluorophore and
therefore darker) as results of PEG chains enabling
to have enough time to extend into the aqueous
phase and mix with condensed DSPC molecules, as
discussed above. We also showed that
conformational changes in the PEG chain of the
emulsifier can be controlled by increasing the
PEG40St content in the formulation, leading to
production of more stable microbubbles (40, 41).

9
8 Microbubble efrom 4 OC
. Production
@from 60 oC
7 g2 £g
o B < Area Area  Area
= 6 g¢ “]
5 &
<& ]
£
= o4
g Area Area -~
S3 |
BB R
1 —>
T/
o LI 1 I L L L L L L L e e |
0 5 10 15 20 25 30 35 40 45 50

Temperature (°C)

Figure 8. Comparison of the onset time of 9:1 DSPC/PEG40St microbubbles for two cases. In the first case
(open circles), the microbubbles were cooled down to 4 °C, and then exposed to elevated temperatures. In
the second case (closed circles), the microbubbles were directly cooled down from elevated temperature to

target temperature and tested immediately.
CONCLUSIONS

This study demonstrated that the conformational
changes induced by temperature in the PEG chain of
the emulsifier have important influence on
destabilization of microbubbles. Upon their
production, microbubbles are usually refrigerated
and then exposed to higher temperatures for
administration and/or laboratory investigations.
Langmuir isotherms and surface pressure relaxation
measurements demonstrated that PEG chain of the
emulsifier became predominantly hydrophobic with
increasing temperature, curling up towards the air-
water interface. Accordingly, surface deformations
initiates on the microbubble shell. With the initiation
of surface deformations and subsequently gas
dissolution, microbubble shell undergoes
compression, causing lateral distance between the
shell components to decrease. At the point where the
monolayer exceeds the equilibrium surface pressure
value, the shell/monolayer undergoes collapse
mostly in the emulsifier rich regions, as evidenced by
the reinsertions (i.e. fluctuations) in the monolayer
relaxation experiments. Repetitive reinsertion of the
emulsifier gives rise to the onset time, which is a
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period of time during which the microbubbles
preserve their stability and then exhibit a decrease
in total number by earlier disappearance of the
smaller microbubbles from the population. When
combined with the gas dissolution at a faster rate at
higher temperatures, the more hydrophobic the PEG
chains, the more the surface deformations, resulting
in more destructive collapse of the monolayer and
lower stability of microbubbles. It was shown that
microbubble stability can be improved by controlling
the conformational changes in the PEG chain of the
emulsifier by cooling down the microbubbles to
desired temperature upon their production. As we
have shown before, the another way to control
conformational changes in the PEG chain of the
emulsifier is to increase the PEG4oSt content in the
formulation (40, 41). Overall, the results suggest
that the effect of the conformational changes
induced by temperature in the PEG chain of the
emulsifier should be taken into account for the
design of more stable microbubbles.
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Abstract: Density Functional Theory (DFT) calculation at B3LYP level of theory and 6-31G* basis set was
applied on some triazole derivatives of pyrimidine which led to the optimization of their structures,
generation of electronic and other important Quantum chemical descriptors such as the energy of the highest
occupied molecular orbital (Exomo), the energy of the lowest unoccupied molecular orbital (Ewwmo), energy band
gap (AE), Dipole Moment (u), chemical hardness (n), chemical softness (o), global electronegativity (x) and
number of transferred electrons (AN) using SPARTAN’14 Software. The obtained results shows a good
correlation between the chemical structures of the inhibitors and their experimental inhibition efficiencies
(%IEs). The ranking of these efficiencies (%IEs) nicely matched with the order of a good number of the
generated descriptors but with a varying degree of correlation as majority of the descriptors indicates that I-
4 is the best inhibitor among the data set. Furthermore, molecular dynamic (MD) simulations were carried
out to search the best adsorption configuration of the inhibitor on the steel (1 1 0) surface using Material
Studio 8.0. The obtained results of MD simulations suggest that the interaction was as a results of the
chemical adsorption on the steel surface, since the binding energy > 100 Kcalmol™ for all the inhibitors and
the best adsorption energy was found to be -488.07 Kcalmol™ (I-4). This observation are in good agreement
with the DFT results and the experiment findings. Thus; this study provides a valuable approach and new
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INTRODUCTION processing substances. The cost of corrosion

globally reported in 2010 was about $ 2.2 Trillion,
Corrosion of steel is a serious mechanical problem which was around 3 % of $ 73.33 Trillion (world’s
which affects several areas of industrial processes entire domestic product) (3, 4). Prevention of
especially the oil industry which always leads to corrosion exhibited a vital role for many industries
enormous economic losses (1, 2). The corrosion of particularly petrochemical industries that often
steel may cause mechanical damage of equipment make use of steel (2). Although it is not possible to

and lead to changes in the chemical properties of
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completely avoid the corrosion process, there are
various method to prevent it or slow down its rate
(5, 6). One of the most economical and simple
methods was the use of organic compounds
especially those that contain O, N, P, and S hetero-
atoms and also pi-electron systems as corrosion
inhibitors (7, 8).

Experimental techniques like weight-loss method,
EIS (electrochemical impedance spectroscopy),
potentiodynamic polarization, etc. (9, 10), have
been used to understand the corrosion process and
its inhibition. Although experiments mostly are
time-consuming, costly, and lacking in explaining
the mechanism of inhibition of the corrosion (11,
12). Thus, quantum chemical calculation method
was endorsed as a potent and easy tool to reduce
the cost and time and can help in the interpretation
of the experimental findings (13, 14). Additionally,
Molecular dynamics (MD) simulation was recently
considered as a new tool to study the adsorptive
behavior of the corrosion inhibitors on a metallic
surfaces of interest (11, 15).

Furthermore, the corrosion inhibition efficiency of a
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Olvera et al (16). The required products were
found to have high yields and characterized by
mass spectroscopy, IR and NMR. These
synthesized compounds were evaluated as
inhibitors for steel corrosion in 1 M HCI solution
employing EIS method. The findings shows the
effective behavior of these compounds as inhibitors
for steel corrosion in acidic solution. To the best
search of the authors, these observations was not
studied with any theoretical method. Thus, in the
present study, quantum chemical calculations and
molecular dynamics simulations were carried out
on these compounds in order to give a clear
relationship between their electronic structures,
geometrical parameters and the binding energies
with their experimental inhibition efficiencies (%Es)
earlier reported by Gonzalez-Olvera et al (16).

COMPUTATIONAL DETAILS

Selection of Inhibitors

A set of ten triazole derivatives as corrosion
inhibitors were selected from the literature (16)
and used for this present study. The 2D structure
of each inhibitor in the data set was drawn using
ChemDraw ultra V12.0. The structures of the

series of a new set of triazole derivatives of inhibitors and  their experimental inhibition
pyrimidine was synthesized lately by Gonzalez- efficiency (%IE) are presented in Table 1.
Table 1. Triazole Derivatives of Pyrimidine Nucleobases and Their Inhibition Efficiency (%IE)

S/N Structure %]IE

1

PW /"
N=——
o N o N ’@ 93.1
H
2



Umar BA, Uzairu A, Shallangwa GA. JOTCSA. 2019; 6(3): 451-462. RESEARCH ARTICLE

3 / N/Y\
/J\ N§N/N
(@) H o

95.9
Cl
4 / N/Y\
/g I\I§N/I\I
o H o
96.1
Br
N
NQN/
o N o
H 92.9

Table 1. (continued)

S/N Structure %IE

6 == N/\K\
N
N§N/ 90.2
o N o
H

’ = N/Y\N
/g N§N/
© N 95.0

O

453



Umar BA, Uzairu A, Shallangwa GA. JOTCSA. 2019; 6(3): 451-462.

8 = N/Y\
N=—71
o N (@)
H

N

/

=

9 = N/Y\
/g NQN/N
(@) N o

10

RESEARCH ARTICLE

95.0

95.0

94.9

Optimization and calculation of chemical
parameters

The 2D structure of each inhibitor was converted to
the 3D structure using Spartan 14.0 software. The
molecular mechanic force field (MM+) was used to
clean and minimize the structures using of
SPARTAN’14 software on Dell Intel(R)Core(TM)i7-
5500U CPU), 16.00GB RAM @ 2.400GHz 2.400GHz
processor on Windows 8.1 Pro 64-bit Operating
system, x64-based processor, so as to remove all
the strain on the structures of the inhibitor
molecules. Additionally, this guarantee a fully-
defined and stable conformation of the studied
inhibitor molecules of this study (17, 18).
Geometry optimization was set at ground state
utilizing the DFT at the B3LYP level of theory and
6-311G (d) basis set. The generated chemical
parameters were energy of highest occupied
molecular orbital (E-HOMO), energy of lowest
unoccupied molecular orbital (E-LUMO), dipole
moment (J) and some others were calculated such
as energy band gap (AE), chemical hardness (n),
chemical softness (o), global electronegativity (x),

number of transferred electrons (AN) using
relevant relations (Equations 1-5) as reported
before in literature (5, 15).
AE=E;ymo— Enomo (Eq. 1)
-1
77:7(EHOMO_ELUMO)
(Eqg. 2)
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2
( ) (Eq. 3)
(EHOMO _ELUMO)

T (EHOMO +ELUMO)

B 2

(Eq. 4)

2

E HOMO ~— E LUMO

o= j
(XFe_Xinh)

2<77Fe+77inh) (Eqg. 5)
Where Xre = 7 €V and nr. = 0(19)

AN=

Molecular Dynamics (MD) simulation

The simulation (MD) was applied to portray the
adsorption mechanism between the studied
inhibitors and the steel surface using Materials
studio version 8.0 material simulation program
from Biovia. The inhibitors were optimized and
modeled employing COMPASS force field. The
system (simulation) was carried out at 298K using
Andersen thermostat with NVE microcanonical
ensemble at a time step of 1.0 fs and the
simulation time was set as 5ps. The simulation was
conducted in a box (simulation-box) of (24.82 A
x24.82 A x45.27 R) under periodic boundaries
conditions. The simulation box contains a Fe (110)
slab, solvent (acid) molecules (H,O+Hs0* +CI") and
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an inhibitor. Fe (110) surface was chosen as the
studied Fe surface, because Fe (110) was the most
density packed Fe surface and stable(20, 21). The
Fe crystal has ten (10) layers out of which seven
(7) down layers were frozen. The adsorption and
binding energies values were calculated using
equation 6 and 7 respectively (15).

Eadsorp[ion: ETO[uI_(ESurface+HZO +H30++C1>+E1nhibitor) (Eq . 6)

Ebinding:_Eadsorption (Eq 7)
Where Erow is, E +H,0+H,0"+CI +Inhibitor (the
total energy of the corrosion system) and -Esurace +
H.O + H;O0" + CI" is the energy of the Fe surface
together with H,O+HsO*" +CI" molecules and Einnibitor
is the energy of the inhibitor.

Surface

RESULTS AND DISCUSSIONS

Quantum parameters of the studied inhibitors
In order to examine the inhibitive performance of
the inhibitors in relation to the molecular
structures, some DFT (Quantum) parameters were
generated to explain their mode of adsorption. The
geometry optimized molecular structure, the
distributions of HOMO and LUMO of the first
inhibitor are depicted in Figure 1. Table 4 present
the results of DFT parameters of the studied

inhibitors like the E-HOMO, E-LUMO, Dipole
Moment (), Energy band gap (AE), chemical
hardness (n), chemical softness (o), global

electronegativity (x) and number of transferred
electrons (AN) computed using Spartan 14
software at B3LYP level of theory, 6-31G (d, p)
basis set and some relevant equations.

The HOMOs of the studied inhibitors are mainly
dominated on the pi-bond and then delocalized
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over the whole aromatic pyrimidine ring in each
molecule as seen in supplementary Table 1. The
halogen substituents in each of the inhibitors from
I-2 to I-10 are also involved in the HOMO.
Pyrimidine ring of inhibitor 1 in Figure 1 shows a
significant contribution of the two nitrogen atoms,
pi-bond and the two oxygen atoms of the -dione to
the distributions of HOMO and LUMO. The HOMO
electron density distribution of the studied
inhibitors indicate favorable interactions of the
inhibitors with an electron lacking metallic orbitals.
The distribution of the LUMO electron densities of
all the studied inhibitors were also spread all over
on the pyrimidine rings. The electronic surfaces of
HOMO and LUMO revealed the pyrimidine ring has
the potential to donate and accept electrons under
favorable conditions. This typical behavior is
suitable for donor-acceptor interactions which may
be responsible for the adsorption of inhibitors on
the steel surface.

Based on the frontier orbital (molecular)
approximation, the donor/acceptor relation occur in
between HOMOs and LUMOs (frontiers (molecular)
orbitals) of reacting molecules (22, 23). The
adsorption mechanism of an inhibitor on a metallic
surface usually increases with the increase of the
HOMO energy and decreases with the decrease of
LUMO energy. Therefore, the inhibitor molecule can
donate their lone pair of electrons from the HOMO
orbital to the d-orbital of the metallic molecule and
also the inhibitor molecule will receive the electrons
coming from the metallic d-orbital through the
LUMO orbital for in-electron-donation and electron-
back-donation method. Therefore, E-HOMO has
always related with electron donation of an
inhibitor; a high value of E-HOMO shows the high
tendency of an inhibitor molecule to donate lone
pair of electrons to the d-orbital of the acceptor
metal.
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Figure 1. (A) Optimized Structure (B) HOMO distribution and (C) LUMO distribution for I-1(Inh.1).

Table 2. Selected quantum chemical parameters of the studied inhibitors.

S/N | E-HOMO(eV) | E-LUMO(eV) | AE p (Debye) | n o X AN

1 -6.59 -1.04 5.55 | 3.38 2.775 | -0.360 | 3.815 | 4.419
2 -6.63 -1.07 5.56 | 3.85 2.780 | -0.359 | 3.850 | 4.379
3 -6.66 -1.10 5.56 | 4.04 2.780 | -0.359 | 3.880 | 4.337
4 -6.66 -1.09 5.57 | 4.03 2.785 | -0.359 | 3.875 | 4.352
5 -6.65 -1.08 5.57 | 3.79 2.785 | -0.359 | 3.865 | 4.365
6 -6.32 -0.90 5.42 | 3.99 2.710 | -0.369 | 3.610 | 4.593
7 -6.38 -0.95 5.43 | 3.13 2.715 | -0.368 | 3.665 | 4.527
8 -6.39 -0.96 5.43 | 2.01 2.715 | -0.368 | 3.675 | 4.513
9 -6.41 -0.98 5.43 | 1.92 2.715 | -0.368 | 3.695 | 4.487
10 -6.40 -1.09 5.31 | 2.06 2.655 | -0.377 | 3.745 | 4.321

Energy of highest occupied molecular orbital (E-HOMO), Energy of lowest
unoccupied molecular orbital (E-LUMO) Energy band gap (AE), dipole

moment (u) chemical hardness (n),

chemical softness (o),global

electronegativity (x), number of transferred electrons (AN).

From Table 2, the values of E-HOMO for the
studied inhibitors increases in the order I-4 > I-3 >
I-5>1-2 >1I-1 >1-9 > I-10 > I-8 > I-7 > I-6
respectively. The trend in the increase of the
HOMO energies show some level of consistency
with the increase of the efficiencies (inhibition),
Thus, I-4 with a high efficiency (96.1%) has a
larger HOMO energy and I-6 with the lowest
efficiency (90.2%) has a lower HOMO energy as
seen in Table 2. Conversely, a low value of E-LUMO
of an inhibitor molecule demonstrate the high
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tendency of the inhibitor molecule to receive
electrons coming from the metallic d-orbital during
the back-donation process. From Table 2, the E-
LUMO value in the ascending order are: I-6 > I-7 >
I-8 > 1-9 > I-1 > 1-2 > I-5 > I-4 > I-10 > I-3.
This indicates that I-3 has a stronger chances of
accepting electrons from orbital of the metal as
they interact with the Fe surface. Therefore, I-3
may strongly adsorb on the surface of the metallic
and achieve better inhibition effectiveness though
the second highest in terms of %IE. I-6 strongly
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agrees with EIS findings as it has the lowest %IE
having the highest LUMO energy.

Energy band gap, AE is another crucial property as
most efficient inhibitors were characterized by a
small value of AE (24). In Table 2, the trend at
which the energy gap decreases is not consistent
with the increase in the experimental %IEs of the
studied inhibitors. However, the reverse is the case
i.e. the AE increases when the %]IEs decreases.
The dipole moment (p) is another parameter which
is commonly used for the prediction of direction of
the inhibition process. It shows a distribution of the
electrons on the molecule, and also measure the

polarity in any given bond (25). The molecules with
higher p values tend to form a strong interactions
(dipole-dipole) with the metallic steel surface,
resulting to a strong adsorption of the inhibitor on
the metallic surface and hence resulting in the

better IE% of an inhibitor (26). Nevertheless, there
is no established correlation between the p and IE

% reported (21). The results shown in Table 2
indicate that I-3 has the largest py value and I-9
has the lowest p value. Among all the ten (10)
studied inhibitors, increasing the p leads to an
increment of their IE% due to the increase in the
intermolecular forces.

Inhibitor with the large hardness (n) value is
expected to be weaker compared to other
inhibitors with lower values (7). Thus, as shown in
Table 2, the hardness value increases as the %IE
increases. I-4 has the highest n value hence the
best inhibitor and this agrees with the experimental
observation reported in table 1. The larger o value
indicates that the inhibitor have softer nature and
will have higher chances of donating electrons to
the metallic molecule (27). The arrangement
across the inhibitors in the o values as presented in
Table 2 decreases in the order, I-2 > I-3 > [-4 > I-
5>1-1>17>17 >1-8 > 1-9 > I-6 > I-10. This
suggests that I-2 has the highest and therefore the
most reactive inhibitor molecule.

The electronegativity (x) describes the electron
attracting power of an inhibitor molecule. The high
value of x shows the strong attracting capability of
an inhibitor molecule to accept the electrons from
the metallic (Fe) surface (11). Afterward, the
inhibitors that have larger electronegativities would
have better interaction with Fe surface and then
will have better IE%. From Table 2, it can be
observed that the x values of the ten inhibitors
obey the order I-3 > I-4 > [-5 > I-2 > I-1 > I-10
> [-9 > I-8 > I-7 > I-6, hence, it is confirmed that
I-3 followed by I-4 has the higher tendency of
accepting electrons and I-6 has the least among
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the studied inhibitors and these findings are in
good agreement with the experimental findings.
The values of AN demonstrate the fraction of
electrons that transfer from the inhibitor to the
metallic surface. If AN > 0, then electrons was
transferred from the inhibitor molecule to the Fe-
surface while if AN < 0 , then electrons were
transferred from Fe-surface to inhibitor molecule
through electron back donation process (15). From
Table 2, it can be observed that the values of AN of
the studied inhibitors are all greater than 0 (AN >
0), this indicates that all the studied inhibitors may
donate electrons on to the Fe surface through the
formation of a coordinate covalent bond.
Examination of the results in Table 2 indicates that
the values of AN of the inhibitors has a very little
difference. This further confirms the electron
donating ability of the studied inhibitors as
observed from their experimental findings.

Molecular Dynamic Simulation Studies

Electronic parameters alone are not enough to
determine the trend of the inhibitive performances
of these studied inhibitors despite its success in
explaining the mechanism of action of the
inhibitors. Thus, it is essential to conduct thorough
modelling of the direct interactions of the studied
inhibitors with the Fe surface. It is believed that
the major mechanism of the inhibition of corrosion
is through adsorption. Therefore, adsorption of
these inhibitors on the steel (Fe) surface was
simulated to predict the nature of interactions
between the studied inhibitors and Fe (110) crystal
surface in 1M HCI. The first step of this simulation
process was the geometry optimization of the
studied inhibitors, solvent (acid) molecules (H:O,
HsO*, and CI") and Fe (110) crystal. The geometry
optimization of the corrosion system was
conducted until the total energy of the system
reached a local minimum on the potential energy
surface. During the optimization process, the
atomic coordinates were adjusted using COMPASS
force-field which continues unless the total
energies of the individual structures reached to the
minimum energy, after which, a box was created
for the simulation process by importing the Fe
(110) crystal, solvent molecules (H,O, H;0* and
ClI) and the inhibitor molecule. Then the MD
process were conducted and the system attained
equilibrium when both the energy and temperature
of the system were balanced. All the other
inhibitors were studied similarly. The equilibrium
configurations of the simulated system for the first
inhibitor are depicted in Figure 4. It could be
observed that in Figure 5 and 6 at the middle of
the MD simulation process the system moves
towards the equilibrium. After the system attained
equilibrium, the adsorption and the binding energy
values of the inhibitors adsorbed on the Fe surface
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was calculated according to equations (6) and (7)
respectively and are presented in Table 3.

Table 3. Molecular Dynamic Simulations Results of the studied inhibitors.

S/N | Erercom (kcalmol™) | Emn.(kcalmol™) | Erow (kcalmol™) | Eags.(kcalmol™?) | Esne.(kcalmol?) | BD(R)
1 -125832.513 -42.694 -126294.487 -419.28 419.28 2.595
2 -125832.513 -40.231 -126346.164 -473.42 473.42 2.891
3 -125832.513 -40.376 -126353.079 -480.19 480.19 2.390
4 -125832.513 -40.323 -126360.906 -488.07 488.07 2.160
5 -125832.513 -40.284 -126316.487 -443.69 443.69 3.18

6 -125832.513 -78.975 -126350.438 -438.95 438.95 2.920
8 -125832.513 -78.997 -126377.5 -465.99 465.99 2.783
9 -125832.513 -75.505 -126389.708 -481.69 481.69 2.842
9 -125832.513 -72.986 -126383.419 -477.92 477.92 2.780
10 -125832.513 -74.047 -126356.57 -450.01 450.01 3.050

Ere+son. (Energy of Fe + H>O+Hs0* + CI'), Ei.n. (Energy of the inhibitor), Er... (total energy
of the simulation system), E..s. (Adsorption Energy), Esina. (Binding Energy), BD (Bond

Distance).

It can be observed from the molecular
structures of the examined inhibitors that
these molecules contain various electrons
(lone pair) on the N and O atoms and also
n-bonds of the aromatic systems.
Therefore, these electrons (lone pair) on
the heteroatoms will be donated to an
empty d orbitals of Fe metal. It could be
observed in Figure 4, that the inhibitor
adsorbs almost flatly in orientation with
the Fe surface and the interaction is more
through the pyrimidine ring. This flat
orientation of the inhibitor molecule on
the Fe surface can be as a result of a
chemical bond formation between the
inhibitor and Fe surface. This observation
was supported by the HOMO and LUMO
distributions of these inhibitors as the
region (pyrimidine ring) was found to be
the most active center of adsorption (see
Figure 1). Additionally, it could be seen
from the results presented in Table 3 that
the values of the adsorption energy of the
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simulation systems at 298 K were large
and negative. These high negative values
of adsorption energies may be attributed
to the strong interaction which occur
between these inhibitors and Fe surfaces.
Thus, the calculated adsorption energy
values reveal that inhibitor 4 adsorbs on
the Fe surface more spontaneously than
any other inhibitor among the series.
However, the adsorption capability of an
inhibitor molecule on the Fe surface may
also be determined from the values of the
binding energy. The larger the binding
energy is, the better will be the
adsorption. Therefore, it is further
confirmed from the results presented in
Table 3, that all the adsorption of the
inhibitors on the Fe surfaces occurred
through chemical adsorption process
since the magnitude of the binding
energies is actually within the range of
chemisorption (>100 kcal mol™*) (28).
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Figure 2. Equilibrium interaction configurations of the first inhibitor on Fe (1 1 0) surface.
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Figure 3. Fluctuation curves of Energies obtained from MD simulation for the first inhibitor.
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Figure 4. Equilibrium Temperature curve recorded from MD simulation for the first inhibitor.

Generally, bond distance measured within 3.5 A
describes a strong chemical bond formation
between the atoms and the bond distance greater
than 3.5 & signifies interaction between the atoms
are of Van der Waals type (29, 30). Figure 4
indicates the bond distance (shortest) between the
N-atom of the pyrimidine ring of the first inhibitor
and Fe surface. The measured bond distances for
all the studied inhibitors and Fe-surface were
shown in table 3. From the mentioned values in
Table 3, it can be clearly seen that all the
measured bond distances are in the range (3.5 A),
this indicates that chemical bond was formed
between these inhibitors and the Fe surface. Thus,
chemical adsorption occurred on Fe surfaces. These
findings are consistent with the experimental
results obtained from EIS measurement (16) as
well as from quantum chemical studies. This could
be explained from the molecular structures of the
studied inhibitors and the distribution of the
HOMOs and LUMOs. Inhibitors having halogen
atoms in their molecular structures are more and
easily adsorbed on metallic surfaces and shows
better efficiency (inhibition). It was clear from the
structures given in Table 1 that inhibitor 1-5 has
the similar pattern with the introduction of halogen
atoms which increases the inhibition efficiency in
the order Br > Cl > F while the iodine atom slightly
decreased the %IE. For that reason, inhibitor-4
with bromine atom as the substituent was the best
corrosion inhibitor among the studied inhibitors.
Similarly, inhibitor 6-10 had a similar pattern with
F, Cl and Br and methyl group as substituent have
the same effect in increasing the inhibition
efficiency while the increase with iodine as the
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substituent is also slightly lower. In this regard the
inhibitors with Br, F or Cl are regarded to be the
most potential corrosion inhibitors for steel.

Furthermore, in order to check the affection of the
solvent (acidic) solution on the adsorption process
of the system, the adsorption behavior of the first
inhibitor in  vacuum was simulated via MD
simulation. The adsorption energy obtained in
acidic solution is much less than those obtained in
the vacuum. This could be due to the less
influential effect in vacuum and the complex nature
of the corrosion process in solution, like adsorption
of the solvent (acid) molecules, the affection of the
acid solution, most especially the anions, that have
been proved to have a high influence on adsorption
of the inhibitor (8). It was found that the
adsorption energy of this inhibitor (-1811.528 kcal
mol™) changed significantly compared with the one
simulated in acidic solution (-419.28 kcal mol™?). So
also, the adsorption behavior is not consistent to
those in the acid solution. Therefore, considering a
solvent in the molecular dynamic simulation
process is very necessary.

CONCLUSION

It has been clearly shown that the approach
employed in this study was successful in explaining
the inhibition performance of the studied inhibitors.
Quantum chemical calculation shows that the
reactive sites in the structure of the inhibitors are
majorly the N-atom of the pyrimidine ring, n-
electron centers, and a halogen substituent.
Electron-donation and electron-acceptance



Umar BA, Uzairu A, Shallangwa GA. JOTCSA. 2019; 6(3): 451-462.

capability of these inhibitors were consistent with
the results obtained from the EIS experiment. The
interaction energies (E.ss. and Euinga.) between the
inhibitors and Fe (1 1 0) metal surface via MD-
simulation were large indicating chemical bond
formation and that the inhibitors can more tightly
adsorb on the iron surface. Inhibitor 4 showed high
adsorption energy (-488.07 kcal mol') among
other co-inhibitors as observed from the
experiment. From this molecular dynamics
simulations analysis, we realized that the order of
values of the adsorption and binding energy were
in good agreement to the experimental findings
and also the shortest bond distances measured
indicates that these inhibitors have a very strong
interactions with steel (Fe) surface. Thus, this
guantum chemical calculations and molecular
dynamic simulation results correlate with each
other and suggest the directions for the design of
new anti-corrosion molecules with better inhibitive
potential toward corrosion of steel.
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