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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.!
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.# 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.’

Lamotrigine (LT), a widely used anti-epileptic drug, has poor aqueous sol-
ubility with low absorption rate.® It has been recommended for the treatment of
both partial and generalized seizures (primary tonic/clonic seizure).® 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 11 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. HCI (4.1 mg/mL at 25 °C). It is a weak base having
dissociation constant (pK,)? 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.!0-12
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.!* 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’!. 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.!> 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 (N,) 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
(20) for 120 5.16:17

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) TDTO6L, Electrolab) using
rotating paddle method.!%!3 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 pm). The filtered aliquots following required dilutions were analyzed at
267 nm using a UV—Vis spectrophotometer (JASCO V-630, Japan) against 0.1 N HCI 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 f; and the similarity factor f; 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 1. Crystal products of lamotrigine—citric acid by solvent evaporation method in
ethanol-water as solvent system

Crystal product code Mole ratio (LT:CA) mr/ g mepal g
L1ClI I:1 1.87 1
L2C1 2:1 3.75 1
L3Cl1 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),? 1292 and 1319 cm™! (two weak intensity sharp peaks for C-N
bending vibration), 1405-1458 cm™! (four peaks in pairs for aromatic C=C
stretch benzene ring), 1051 (C—Cl), 716 (ortho-substituted benzene), 790 cm™!
(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™!
(due to N—H aromatic stretching) was found to be shifted at 3360.35 (L1Cl),
3329.5 (L2C1) and 3332.39 cm™! (L3Cl), 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 (L2Cl1), and
1297.86 cm™! (L3C1) were absent in the FTIR spectrum of the pure LT. Further,
the strong peaks at 1754.9 and 1684.55 cm™! (C=O stretching of the COOH
group) along with 3364 and 3011 cm™! (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 NH, 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.
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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

DSC study

and L3C1).

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.!® DSC thermogram of LT and
experimental crystal products (L1C1, L2C1 and L3C1) were presented in Fig. 3.
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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 26 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.

MLWM\ -

L2C1

L1C1

LT Fig. 4. PXRD data of the pure drug
10 15 20 25 30 35 40 45 S0 55 60 65 70 and the crystal products (L1C1, L2Cl
20/° 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 =0.94/fcos 6 (D)
The particle strain in lattice was determined from the equation:
&= pl/tan 6 2)

where, e = strain, b = full width half maxima (FWHM), D = crystallite size, [ =
wavelength.
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TABLE II. Crystal lattice dislocation and strain arising from crystal imperfections

Crystal product Particle size, nm Dislocation densityx1013, m2 Strain
LT 69.54 20.68 0.3528
LICl1 38.90 90.30 0.3455
L2C1 46.68 66.50 0.6338
L3Cl1 53.55 50.72 0.3518

The dislocation density (J), 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:

5=1/D? 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.2! 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 f] and the
similarity factor f, 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 f] < 15 and f> > 50 and so on. f1 and /> 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
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vitro release profile based on the f] and f, 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™! (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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H3BOJ
E®EKAT KPUCTAJIMCAHUX I[TPOU3BOJA JJAMOTPUTMHA U3 CUCTEMA
JIAMOTPUTUH-TIMUMYHCKA KMCEJIMHA HA ITOBERAHO OCJIOBABAILE JIEKA'Y IN
VITRO CUMYJIMPAHOJ XEJTYOAYHOJ CPEIUHHU

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

Department of Pharmaceutics, School of Pharmaceutical Sciences, Siksha ‘O’ Anusandhan (Deemed to be
University), Kalinganagar, Bhubaneswar-751003, Odisha, India

KpucTan-uHXewepuHr je CacTaBHU Je0 UCTPaKUBamwa Y 00IacTH pa3Boja HOBUX JIEKOBA.
Pasnuuute xpucrasHe popme HEKOT Jieka MOTy 3Ha4ajHO MOIHU(UKOBATH HeroBa GU3NUKO-
XeMHjCKa CBOjcTBa. Ln/b OBOT pajia je CHHTe3a M KapaKkTepHu3audja HOBUX KPUCTATHUX HOpMHU
namorpuruHa (LT, ox U.S. Food and Drug Administration ofodpeHOr aHTHIENTHYKOT JieKa) y
npUcycTBY nuMyHcKke kucenuHe (CA) y uusby merosor Beher oTmymrama y CHUMyJIHUPaHOj
KeMyayHoj cpesuHH U Bospe opanHe ancoprnuyje. Hose kpuctanHe popme npomykaTa U3 CUC-
TeMa JIaMOTPUTMH—IMMYHCKa KHCeIWHa Cy Ao0ujeHe MPUMEHOM METOfie yrapaBama CMelle
pacTBapava eTaHoja—Boja. IlocTojame HOBUX (OPMU KpUCTasa Jieka YTBPHEHO je Ha OCHOBY
kapaxtepuctuuHux curiana y FTIR cnextpy. ExcnepumeHnTanHo onpeheHe Tauke Tomsbema
I00HjeHUX KpUCTaJHUX (DOPMHU JIaMOTPUTHHA Cy OWJIe pas3u4yuTe Off TaYKE TOIM/bEHA YUCTOT
nexa. Taxohe, popMupame KpUCTanHUX GOPMH Jieka MOTBPheHO Ha OCHOBY IOCTOjarba HOBUX
owrpux curHana y XRD cnektpy. HaheH je Behu npoueHaT ornyurama jeka y CAMYIUPaHOj
XKETyHAavyHoj CPEJUHHU Y TOKY 60 min 3a eKCriepUMEeHTaIHO JodHjeHe KpucTanHe GopMe Jlexa y
OJHOCY Ha YMCT JieK. MehyTuM, y 11Msby pasBoja TEXHOJIOLIKOT ITpolieca 3a HHAYCTPHjCKy Mpo-
H3BOJIIbY JIEKa HEONIXOMHO je ypaguTH oArosapajyha in vivo UCIUTUBam®a.

(ITpummbeno 5. jyna, pesuavpaHo 8. asrycrta, mpuxsaheno 20. asrycra 2020)
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