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Abstract: Crystal engineering is an integral part of the drug development res-
earch. Crystal forms can modify the physicochemical properties of the parent 
drug molecule. The present work was aimed at the synthesis and character-
ization of crystalline product of lamotrigine (LT), an U.S. Food and Drug 
Administration approved anti-epileptic drug, with citric acid (CA) to improve 
its release in gastric region and oral absorption. The crystalline products of 
LT–CA were developed by solvent evaporation method using ethanol-water as 
the solvent system. Appearance of new characteristic peaks in the FTIR spectra 
for the crystal products indicated formation of new crystal state. In DSC ther-
mogram, melting point of the experimental crystal products was different than 
that of the pure drug. Further, formation of new crystalline phase was con-
firmed from XRD data through the identification of new sharp peaks for the 
selected crystal products. A higher cumulative percentage of drug release was 
observed for the crystal products than for the free drug within 60 min of drug 
release in simulated gastric fluid. However, in vivo studies are warranted for 
the future technology transfer of the product at industrial scale. 

Keywords: anti-epileptic; onset of action; BCS class II; solvent evaporation 
method; lattice strain. 

INTRODUCTION 
Crystal engineering has been emerged as an important tool in pharmaceutical 

industry to improve the dissolution and absorption rate of poorly soluble drugs.1 

Poor dissolution rate directly influences the therapeutic efficacy of pharmaceut-
icals, and significantly lowers the market value of a drug.2 Especially, in the case 
of neurological disorders like epilepsy, timely absorption of drugs is very crucial 
to elicit prompt therapeutic action. However, many pharmaceutical agents have 
low aqueous solubility, which delays their absorption and consequently leads to 
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delayed onset of action.3 Thus, enhancing the dissolution rate of poorly soluble 
drugs without compromising their therapeutic potential or stability has been a 
major challenge in pharmaceutical industry during crystal product development. 
Crystals may be described as orderly arrangement of molecules in a geometrical 
pattern in three-dimensional space, where the molecules are connected through 
intermolecular bonds.4 Suitable crystalline product of active pharmaceutical ing-
redients (APIs) can enhance important physicochemical properties like melting 
point, solubility, dissolution rate, refractive index, stability etc. without affecting 
their intrinsic therapeutic property and thus improves the industrial feasibility and 
patient compliance.5 

Lamotrigine (LT), a widely used anti-epileptic drug, has poor aqueous sol-
ubility with low absorption rate.6 It has been recommended for the treatment of 
both partial and generalized seizures (primary tonic/clonic seizure).6 LT has the 
advantages of fewer side effects associated with a higher therapeutic index unlike 
other anti-epileptic drugs, thus it does not require regular blood monitoring after 
administration. However, LT belongs to class II of Biopharmaceutical System of 
Classification (BSC). Being a BCS class II drug (low solubility and high perme-
ability), it has poor solubility in aqueous medium (0.17 mg/ml at 25 °C) and also 
is slightly soluble in 0.1 M. HCl (4.1 mg/mL at 25 °C). It is a weak base having 
dissociation constant (pKa)7 5.7 with n-octanol: water partition coefficient of 
1.19 (log P) at physiological pH.8 Thus, absorption of LT after oral adminis-
tration is dependent on the rate of dissolution and release under physiological 
conditions. Peak plasma concentrations are achieved after 2.5 h after oral admin-
istration. Low aqueous solubility linked with poor dissolution rate delays its abs-
orption and onset of action. Hence improvement in dissolution rate is expected to 
elicit a faster absorption of the drug leading to a quicker onset of action, which is 
highly essential to control the seizure episodes in epileptic patients. For quicker 
onset of action lamotrigine orally disintegrating tablet has been formulated by 
Patil et al.9 Though, several crystal products of LT has been reported over past 
years for the improvement of solubility and dissolution rate, however an opti-
mized crystalline product of LT with citric acid (CA) is yet to be reported.10–12 
The present work aimed for the development and characterization of a novel 
crystalline product of LT with CA to improve its dissolution rate and oral abs-
orption for enhanced clinical outcome. The study involved characterization of the 
LT–CA crystal products by different analytical techniques along with in vitro 
dissolution studies to report the optimized crystal product for future in vivo studies.  

EXPERIMENTAL 
Chemicals 

LT was received as gift sample from Unichem Pvt. Ltd., MP, India. CA was purchased 
from Sisco Research Laboratories, Maharastra, India. Ethanol was received from Merck Spe-
cialties Pvt. Ltd., India. All other chemicals used in the experiment were of analytical grade. 
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Synthesis of experimental crystal products 
The LT–CA crystal products were prepared by the conventional solvent evaporation 

method with required modifications. Briefly, accurately weighed amount of LT was mixed 
with accurately weighed amount of CA in a beaker. The mixtures were then dissolved in 50 
vol. % ethanol followed by slow drying at 40–50 °C for 72 h.13 Slow evaporation of the sol-
vent under controlled conditions induced crystallization. The crystal products were formulated 
at three different molar ratio of LT with CA, i.e., 1:1, 2:1 and 3:1. After complete removal of 
organic solvent, the dried crystal products were collected, weighed and stored until further use.  
In vitro characterization 

Fourier transform infrared (FTIR) spectroscopy. FTIR study was carried out with the 
help of a FTIR spectrophotometer (JASCO, FT/IR-4100). For the study, LT, CA along with 
selected crystal products, were mixed separately with IR grade potassium bromide (at 100:1 
ratio) to prepare thin pellets.14 A pressure of 5 t was applied in a hydraulic press for 5 min to 
prepare the pellets. Those were then scanned in the FTIR spectrophotometer over a wave 
number range of 400 to 4000 cm-1. The spectra manager software (version 2.0) was employed 
to analyze the peaks. 

Differential scanning calorimetry (DSC). For the DSC experiment, required quantity of 
samples of pure drug (LT), CA and all the selected crystal products were taken in crimped 
aluminum pans with pin-hole.15 Calibration of the instrument about heat flow and temperature 
was done by Indium (m.p. 156.6 °C). Heating rate of 10 °C per min was used within a 
temperature range of 30–300 °C along with an inert (N2) atmosphere. The study was carried 
out by using a DSC-1 (Mettler Toledo DSC) with STARe software. 

X-ray diffractometry. X-ray diffractometry of free drug along with the synthesized crys-
tal powder products was carried out to obtain idea on the crystallinity, crystal orientations 
along with other structural parameters. Briefly, dry powdered sample was placed on the glass 
slide and analyzed with the help of a powder X-ray diffractometer (Ultima, IV, Japan). For the 
experiment, an X-ray of 40 kV/40 mA was applied on the tested samples at a detection angle 
(2θ) for 120 s.16,17 
In vitro drug release study 

The release profile of the drug from different crystal products was estimated in a USP 
XXIII dissolution testing apparatus (Dissolution tester (USP) TDT06L, Electrolab) using 
rotating paddle method.10,18 For the experiment, a weighed amount of powder sample of LT 
(100 mg) and selected crystal products (100 mg equivalent LT) were placed in a dissolution 
vessel rotated at 50 rpm at 37±0.5 °C. Simulated gastric fluid (900 ml of 0.1 M HCl at pH 1.2) 
was taken as the release medium. The study was conducted for 60 min duration. During the 
study, at time intervals of 5, 10, 20, 30 and 60 min, 10 ml of samples were withdrawn from 
the dissolution chamber through a syringe with simultaneous replenishment of fresh release 
medium to maintain the sink condition. After collection, the samples were filtered using a 
membrane filter (0.25 µm). The filtered aliquots following required dilutions were analyzed at 
267 nm using a UV–Vis spectrophotometer (JASCO V-630, Japan) against 0.1 N HCl as blank.  
Statistical analysis 

The experiments were carried out in triplicate for accuracy and reproducibility. Data was 
expressed as the mean ± standard deviation (SD). Model independent statistical methods such 
as the difference factor f1 and the similarity factor f2 were applied for comparison of two 
dissolution profiles. 
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RESULTS AND DISCUSSION 

Crystal product development 
The experimental crystals were synthesized in three different mole ratios of 

LT and CA such as 1:1, 2:1 and 3:1. In all the crystal products, amount of CA 
was kept constant, whereas amount of the drug was varied under identical experi-
mental conditions. Out of several crystal product batches, here we have reported 
three sets of crystal products, i.e., L1S1, L2S1 and L3S1. The composition of 
various crystal products was depicted in Table I. Simultaneously we have pro-
vided a schematic representation of LT–CA crystals (Fig. 1) to depict the pos-
sible mechanism of development of crystal structure by the formation of strong 
covalent bond (peptide) between the functional group of LT and CA. 

TABLE I. Crystal products of lamotrigine–citric acid by solvent evaporation method in 
ethanol–water as solvent system 
Crystal product code Mole ratio (LT:CA) mLT / g mCA / g 
L1C1 1:1 1.87 1 
L2C1 2:1 3.75 1 
L3C1 3:1 5.62 1 

In the schematic diagram, three possible mechanism of crystal formation has 
been depicted via three line diagrams (A, B and C). Considering three numbers 
of acidic (–COOH) groups present in one molecule of citric acid, there arise three 
probable types of stoichiometric ratio between the LT and CA molecules, viz. 
1:1, 2:2 and 3:1 during the formation of crystal structure. Thus, all the three types 
of possible molecular arrangement in the crystal lattice at different ratio have 
been schematically represented. The resultant peptide bond formed between the 
components would make the crystal product more stable and also it would help to 
improve solubility property. This form of peptide bond will remain stable in hyd-
rolysis, however under acidic conditions (pH 2–4); it can be readily broken into 
individual components. 

FTIR study 
FTIR is an important analytical technique, which is often used as a pre-crys-

tal product study to assess any incompatibility between the drug and excipient. 
Any significant shifting in the characteristic peaks of the drug or excipient or 
appearance of new peaks in the crystal product justifies intermolecular interact-
ion and formation of new products. In the FTIR spectra, major functional groups 
of LT that is at 3448 (N–H aromatic stretching), 3210 (C–H aromatic stretching) 
1645 (C=N),9 1292 and 1319 cm−1 (two weak intensity sharp peaks for C–N 
bending vibration), 1405–1458 cm−1 (four peaks in pairs for aromatic C=C 
stretch benzene ring), 1051 (C–Cl), 716 (ortho-substituted benzene), 790 cm−1 
(meta substituted benzene), etc. were all present in the spectrum of pure LT. 
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However, few changes in the characteristic peaks of experimental crystal pro-
ducts as compared to free drug (LT) were observed, which indicate formation of 
new crystalline phases (Fig. 2). The sharp peak observed for LT at 3448.21 cm−1 

(due to N–H aromatic stretching) was found to be shifted at 3360.35 (L1C1), 
3329.5 (L2C1) and 3332.39 cm−1 (L3C1), respectively. Similarly, the strong 
peaks observed in the FTIR spectra of the crystal products due to C–N stretching 
vibration (for aromatic amine), i.e., 1284.36 (L1C1), 1291.11 (L2C1), and 
1297.86 cm−1 (L3C1) were absent in the FTIR spectrum of the pure LT. Further, 
the strong peaks at 1754.9 and 1684.55 cm−1 (C=O stretching of the COOH 
group) along with 3364 and 3011 cm−1 (O–H stretching) for CA were absent in 
the crystal products. Particularly, in the crystal product L3C1 (3:1 mole ratio of 
LT and CA), much changes of the peaks for COOH group was observed, signi-
fying stoichiometric formation of C–N bonds between NH2 groups (three mole-
cules of LT) with three COOH groups (one molecule of CA). In a nutshell, such 
type of changes in the peaks justified successful formation of intermolecular 
bonds in between the components to develop the new crystal state. 

 
Fig. 1. Schematic representation of LT–CA crystal formation. 
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Fig. 2. FTIR spectra of pure drug (LT), excipient (CA) and crystal products (L1C1, L2C 

and L3C1). 

DSC study 
Differential scanning calorimetry helps to study the thermal behavior of the 

crystal form relative to the individual components along with any possible chem-
ical interactions between the drug and excipient.19 DSC thermogram of LT and 
experimental crystal products (L1C1, L2C1 and L3C1) were presented in Fig. 3.  

 
Fig. 3. DSC thermograms of pure drug, excipient (SA) and the crystal products (L1C1, L2C1 

and L3C1). 

DSC study of the pure drug showed sharp endothermic peak at 215 °C, 
whereas the experimental crystal products showed sharp peaks at 183 and 125 
°C, respectively. From the DSC study, thermal profile of formed crystalline pro-
duct was found to be different from that of the pure drug, which overall signified 
formation of new crystalline state. Further, there was no sign of chemical incom-
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patibility found in the DSC thermogram, which is another important criterion for 
successful crystal product development. 

PXRD study 
To depict the phase identification of a crystalline material and to provide 

information on unit cell dimensions, XRD study has been used as an important 
analytical tool.20 In XRD, a monochromatic beam of X-ray is actually allowed to 
fall on the powdered sample. Reflected X-rays are then detected by a detector 
fitted with the machine. Usually, amorphous regions of the samples produce 
broad peaks in contrast to crystalline regions, which produce relatively sharper 
peaks. From the experiment, XRD patterns of the experimental crystal products 
were different from that of the pure drug. For the pure drug, the characteristic 
crystalline peaks have been identified at 2θ 12.39, 17.35, 25.44, 27.78 and 28.33° 
(Fig. 4). However, some new peaks were observed in the crystal products. From 
the XRD data it was clearly found that L3C1 show sharp peak, which was differ-
ent from that of L1C1 and L2C1, which confirmed the formation of novel crys-
talline phase. The relatively smaller peaks in case of L1C1 and L2C1 might be 
due to the phenomenon of amorphization in the product. 

Fig. 4. PXRD data of the pure drug 
and the crystal products (L1C1, L2C1 
and L3C1). 

Debye–Scherrer formula was employed to find out other characteristic pro-
perties like particle size, strain and dislocation density in the formed crystal pro-
ducts (Table II).  

Crystal size was calculated using following equation: 
 D = 0.9λ/βcos θ  (1) 

The particle strain in lattice was determined from the equation: 
 ε = β/tan θ  (2) 
where, e = strain, b = full width half maxima (FWHM), D = crystallite size, l = 
wavelength. 
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TABLE II. Crystal lattice dislocation and strain arising from crystal imperfections 
Crystal product Particle size, nm Dislocation density×1015, m-2 Strain 
LT 69.54 20.68 0.3528 
L1C1 38.90 90.30 0.3455 
L2C1 46.68 66.50 0.6338 
L3C1 53.55 50.72 0.3518 

The dislocation density (δ), which represents the amount of defects in the 
sample and can be defined as the length of dislocation lines per unit volume of 
the crystal was calculated: 
 δ = 1/D2 (3) 

The particle size was found lowest in case of L1C1 as compare to the pure 
drug and other crystal products. The changes in the strain and dislocation value 
between the pure drug and the crystal products may be due to the bond formation 
between LT and CA.  
In vitro drug release study 

In vitro drug release study of the experimental crystal products along with 
the free drug was carried out in simulated gastric fluid (pH 1.2). In vitro drug 
release remains an inevitable piece of study for all solid oral dosage forms, which 
actually signifies the rate and extent that an API is extracted from the crystal pro-
duct. Data generated out of in vitro release experiments play a crucial role in 
designing in vivo test conditions.21 In our study, all the selected crystal products 
showed higher dissolution profile than that of pure LT (Fig. 5). Among the crys-
tal products, L3C1 showed higher percentage of cumulative drug release (97.11 
%) within 10 min of experimental release period. The difference factor f1 and the 
similarity factor f2 as the model independent statistical methods were applied for 
comparison of two dissolution profiles.3,22 Equivalence or similarity between 
two dissolution profiles is based on f1 ≤ 15 and f2 ≥ 50 and so on. f1 and f2 factor 
between LT and L3C1 were found to be 17.807 and 30.964, respectively. Hence, 
L3C1 may be reported as the optimized crystal product in our study as per in 

Fig. 5. In vitro dissolution data of 
pure drug (LT), and crystal products 
(L1C1, L2C1, and L3C1) in simulated 
gastric fluid (0.1 M HCl, pH 1.2) for 
60 min. All set of experiments were 
performed in triplicate. Data show 
mean ± SD (n = 3). Error bars indicate 
standard deviation values. 
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vitro release profile based on the f1 and f2 factor. The higher drug release pro-
perty of the reported crystal product might be due to the well formation of crystal 
lattice with supramolecular arrangement of molecules in a three-dimensional space. 

The uniqueness of the study lies in the formation of strong peptide bond 
between LT and CA during crystal formation. Such strong covalent bond would 
help the crystal product to remain stable under normal experimental conditions 
including hydrolysis, but would readily break under low pH conditions. In the 
presence of acids or at low pH, peptide bond can be broken easily to free the ent-
rapped drug molecule. As the peptides shorter than five residues are usually sol-
uble in water, thus formation of the peptide bond between the components in our 
crystal product would increase the solubility of LT, which was the main aim of 
the work. 

The work is highly expected to have interesting clinical implications in fut-
ure days. These novel crystal products of LT-CA with higher dissolution rate 
may be formulated in tablet dosage forms and can be compared with marketed 
LT tablet crystal products to establish its superiority over other such crystal pro-
ducts. Though, LT tablets are widely available in the market in various doses, the 
extent of variations in LT serum concentration between the marketed tablets and 
tablets formed out of LT–CA crystals are yet to be investigated. By dint of its 
unique developmental feature (i.e., formation of peptide bond, exceptionally 
stable under normal condition, highly sensitive under acidic condition), the expe-
rimental crystal product in suitable dosage forms would certainly provide much 
faster absorption of the drug with quicker onset of action, which undoubtedly 
improve its therapeutic efficacy and patient acceptability. A prompt onset of 
action is highly crucial to control the occurrence of epileptic seizures and is the 
present need of the hour. 

However, our work also has some limitations. As we discussed above, the 
experimental crystal product has not been compared with any marketed LT tablet 
crystal products for the in vitro drug release study. Further, the crystal geometry 
or arrangement pattern of molecules/atoms during development of the crystal 
structure could have been investigated. Moreover, our work is totally restricted to 
in vitro studies; however, to get a clear idea on the therapeutic implications in 
vivo studies, in suitable experimental epileptic animal models, are also required. 
The data on the in vitro-in vivo correlation is also highly needed for its successful 
clinical transfer. All such experiments are planned to be included in the future 
course of our work.  

CONCLUSIONS 

Crystalline products of LT with CA have been developed for the improve-
ment of dissolution rate and oral absorption of the drug. FTIR and DSC studies 
confirmed absence of any incompatibility between drug and excipient, however, 
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minor shifting of some characteristic peaks as well as appearance of newer peaks 
in the crystal product justified the formation of covalent bond (peptide) during 
the formation of crystal structure. In FTIR spectra, strong peaks observed for the 
crystal products, i.e., 1284.36 (L1C1), 1291.11 (L2C1) and 1297.86 cm−1 (L3C1) 
due to C–N stretching vibration (for aromatic amine) were clearly absent in the 
FTIR spectrum of the pure LT. XRD data further confirmed formation of novel 
crystalline phase. In XRD analysis, L3C1 showed much sharper peaks among all 
the tested crystal products and pure LT justifying successful formation of crystal 
phase. In vitro drug release study depicted higher dissolution rate for the crystal 
products than the free LT under the identical experimental conditions. Further, 
among all the crystal products, L3C1 showed the highest dissolution rate (97.11 
% within 10 min) as compared to the pure drug (60.32 % within 10 min) and thus 
reported as the optimized crystal product in our study. The production steps were 
kept very simple with optimization of all critical processing parameters, which 
would help for future technology transfer of the product at industrial scale. 
Further in vivo studies are warranted to establish the crystal product in clinics.  
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И З В О Д  
ЕФЕКАТ КРИСТАЛИСАНИХ ПРОИЗВОДА ЛАМОТРИГИНА ИЗ СИСТЕМА 

ЛАМОТРИГИН–ЛИМУНСКА КИСЕЛИНА НА ПОВЕЋАНО ОСЛОБАЂАЊЕ ЛЕКА У IN 

VITRO СИМУЛИРАНОЈ ЖЕЛУДАЧНОЈ СРЕДИНИ 

BHABANI SANKAR SATAPATHY, ASUPRITA PATEL, RUDRA NARAYAN SAHOO и SUBRATA MALLICK 

Department of Pharmaceutics, School of Pharmaceutical Sciences, Siksha ‘O’ Anusandhan (Deemed to be 

University), Kalinganagar, Bhubaneswar-751003, Odisha, India 

Кристал-инжењеринг је саставни део истраживања у области развоја нових лекова. 
Различите кристалне форме неког лека могу значајно модификовати његова физичко-
хемијска својства. Циљ овог рада је синтеза и карактеризација нових кристалних форми 
ламотригина (LT, од U.S. Food and Drug Administration одобреног антилептичког лека) у 
присуству лимунске киселине (CA) у циљу његовог већег отпуштања у симулираној 
желудачној средини и боље оралне апсорпције. Нове кристалне форме продуката из сис-
тема ламотригин–лимунска киселина су добијене применом методе упаравања смеше 
растварача етанол–вода. Постојање нових форми кристала лека утврђено је на основу 
карактеристичних сигнала у FTIR спектру. Експериментално одређене тачке топљења 
добијених кристалних форми ламотригина су биле различите од тачке топљења чистог 
лека. Такође, формирање кристалних форми лека потврђено на основу постојања нових 
оштрих сигнала у XRD спектру. Нађен је већи проценат отпуштања лека у симулираној 
желудачној средини у току 60 min за експериментално добијене кристалне форме лека у 
односу на чист лек. Међутим, у циљу развоја технолошког процеса за индустријску про-
изводњу лека неопходно је урадити одговарајућа in vivo испитивања. 

(Примљено 5. јула, ревидирано 8. августа, прихваћено 20. августа 2020) 

________________________________________________________________________________________________________________________

(CC) 2021 SCS.

Available on line at www.shd.org.rs/JSCS/



 CRYSTAL PRODUCTS OF REACTION OF LAMOTRIGINE WITH CITRIC ACID 61 

REFERENCES  
1. A. K. El-Yafi, H. El-Zein, Asian J. Pharm. Sci. 10 (2015) 283 

(https://doi.org/10.1016/j.ajps.2015.03.003)  
2. N. Blagden, M. De Matas, P. T. Cavan, Adv. Drug Deliv. Rev. 59 (2007) 617 

(https://doi.org/10.1016/j.addr.2007.05.011)  
3. R. N. Sahoo, A. De, V. Kataria, S. Mallick, Indian J. Pharm. Edu. Res. 53 (2019) s554 

(https://doi.org/10.5530/ijper.53.4s.150)  
4. P. Jiaxin, W. Shuya, L. Wen, K. Dereje, Z. Ying, Z. Bing, Q. Dongli, G. Pan, L. Nan, L. 

Zhidong, Asian J. Pharm. Sci. 14 (2019) 154 (https://doi.org/10.1016/j.ajps.2018.04.009)  
5. S. Indumathi, D. Sameer, Pharmaceutics 10 (2018) 1 

(https://doi.org/10.1021/acs.cgd.7b00599)  
6. G. Péter, C. Pallagigábor, K. Orsolya, J. Piroska, S. Ambrus, Drug Des. Dev. Ther. 11 

(2017) 2453 (https://doi.org/10.2147/DDDT.S138559)  
7. M. L. Cheney, N. Shan, E. R. Healey, M. Hanna, L. Wojtas, M. J. Zaworotko, V. Sava, S. 

Song, J. R. Sanchez-Ramos, Cryst. Growth Des. 10 (2010) 394 
(https://doi.org/10.1021/cg901010v)  

8. M. Lalic, A. Pilipovic,S. Golocorbin-Kon, K. Gebauer-Bukurov, K. Bozic, M. Mikov, J. 
Cvejic, Drugs R&D 11 (2011) 53 (https://doi.org/10.2165/11588260-000000000-00000) 

9. C. Patil, S. Das, Afr. J. Pharm. Pharmacol. 5 (2009)76 
(https://doi.org/10.5897/AJPP10.279)  

10. P. Chappa, A. Maruthapillai, M. Tamilselvi, S. Devikala, J. A Selvi, Mater. Today: 
Proceedings 14 (2019) 504 (https://doi.org/10.1016/j.matpr.2019.04.173)  

11. K. Nigam, A. Kaur, A. Tyagi, M. Nematullah, F. Khan, R. Gabrani, Drug Deliv. 
Translat. Res. 18 (2019) 1 (https://doi.org/10.1007/s13346-019-00622-5)  

12. K. Wen, J. Shao, X. Shen, L. Ping, L. A. Ping, Z. Juying, Z. Jin, Cryst. Growth Des. 10 
(2019) 1 (https://doi.org/10.1021/acs.cgd.9b01028)  

13. Z. Rahman, C. Agarabi, A. S. Zidan, S. R. Khan, M. A. Khan, AAPS PharmSciTech. 12 
(2011) 693 (https://doi.org/10.1208/s12249-011-9603-4) 

14. A. Merdoud, M. Mouffok, A. Mesli, N. Chafi, M. Chaib, J. Serb. Chem. Soc. 85 (2020) 
531 (https://doi.org/10.2298/JSC190326132M) 

15. S. Mallick, S. K. Pradhan, M. Chandran, M. Acharya, T. Digdarsini, R. Mohapatra, 
Results Pharm. Sci. 1 (2011) 1 (https://doi.org/10.1016/j.rinphs.2011.05.003) 

16. S. Mallick, P. K. Dey, S. Sannigrahi, A. Mitra, Acta Pol. Pharm. 61 (2004) 447 
(https://www.ptfarm.pl/pub/File/Acta_Poloniae/2004/6/447.pdf)  

17. R. Mohapatra, S. Mallick, Asian J. Chem. 28 (2016) 1149 
(https://doi.org/10.14233/ajchem.2016.19614)  

18. O. C. Larbi, H. Merine, Y. Ramli, F. B. Toumi, K. Guemra, A. Dehbi, J. Serb. Chem. 
Soc. 83 (2018) 1243 (https://doi.org/10.2298/JSC171112065L) 

19. S. Patrycja, W. Marek, J. Therm. Anal. Calorim. 133 (2018) 785 
(https://doi.org/10.1007/s10973-017-6858-30)  

20. T. S. Latha, M. C. Reddy, V. D. Prasad, S. V. Muthukonda, D. Lomada, Indian J. 
Pharmacol. 49 (2017) 458 (https://doi.org/10.4103/ijp.IJP_536_16)  

21. H. Muhammad, S. Muhammad, R. Yousuf, F. Zafar, Plos One 13 (2018) 1 
(https://doi.org/10.1371/journal.pone.0203123)  

22. A. Pramanik, R. N. Sahoo, A. Nanda, R. Mohapatra, R. Singh, S. Mallick, Curr. Eye 
Res. 43 (2018) 828 (https://doi.org/10.1080/02713683.2018.1446534). 

________________________________________________________________________________________________________________________

(CC) 2021 SCS.

Available on line at www.shd.org.rs/JSCS/



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




