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 Introduction

 Oxcarbazepine (OXCBZ, Trileptal [10-oxo-10, 11-di-
hydro-5H-dibenz (b, f)-azepine]) is a modern antiepileptic drug 
used as both monotherapy and adjunctive therapy for the treat-
ment of partial seizures. Melting point of this neutral lipophilic 
molecule is 215 − 216°C with molecular weight 252.268 g/mol. 
This potential antiepileptic molecule has very low bioavailabili-
ty due to its low solubility. Therefore, several formulation strate-
gies have been tried to enhance its dissolution rate such as com-
plexation with hydroxypropyl β-cyclodextrin[1,2], microcrystals 
with methylcellulose[3,4] granulation with solubility and release 
enhancing agents[5], solid dispersions[6]. Even few polymorphs[7,8] 
solvates[9] and amorphous form[10] have also been prepared to im-
prove its solubility related problem. Pharmaceutical co-crystals 
are solid molecular complexes comprising an API with a neutral 
guest compound coformer which are a pharmaceutically accept-
able or GRAS molecule within the same crystal lattice. Thus, 
co-crystallization is a viable means to improve the physicochem-
ical properties such as solubility and dissolution to expand the 
potential of non-salt forming APIs and present manuscript is in 
continuous with our previous work in which two co-crystals and 
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Abstract

 The present research utilises the crystal engineering technique to modi-
fy the physiochemical properties of Oxcarbazepine (OXCBZ), antiepileptic drug 
used for the treatment of partial seizures with or without secondary generalization 
in adults and children. Crystal engineering comprises rational design and modified 
fabrication crystal structures and hence offers manifold prospects to selectively 
improve the biopharmaceutical parameters of Oxcarbazepine on the basis of in-
depth knowledge of crystallization processes and molecular properties. Oxcarba-
zepine co-crystals were evaluated for parameters by visual morphology, differ-
ential scanning calorimetry, infrared spectroscopy, X-ray diffractometry. In vitro 
drug release testing of co-crystals showed an increase in drug release as compared 
to drug release from the pure drug.
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one solvate of oxcarbazepine[11] have been reported. The present 
manuscript describes the co-crystals of oxcarbazepine (OXC-
BZ) with nicotinic acid (NA), nicotinamide (NCT) both these 
counter molecules are highly soluble and are of GRAS status.

Experimental section
 A gift sample was obtained from Ami Life Science Pvt. 
Ltd., Baroda, India. Both the coformers were of 99% purity and 
were procured from Hi Media Laboratories Pvt. Ltd., Mumbai, 
India. Solvents used were of AR grade. 

Method of preparation of co-crystals 
 Oxcarbazepine (OXCBZ) (252 mg) was dissolved in 
20 mL mixture of isopropyl alcohol and water (1:1) at 37 °C. To 
this solution nicotinamide (NCT) (122 mg) and nicotinic acid 
(NA) (123 mg) were added in small portions separately. Both the 
solutions were stirred continuously at 37°C for 6 hours. Finally 
clear solutions were obtained which were lyophilized at - 20°C 
under reduced pressure. The dried fluffy powder was obtained 
and stored in desiccator under controlled condition and charac-
terized. 
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 The preliminary characterization was performed us-
ing Differential scanning calorimeter (DSC), Fourier-transform 
infrared spectroscopy (FT-IR) and Powder X-ray diffraction 
(PXRD). 

Differential Scanning Calorimetry (DSC): DSC Q20 (TA In-
struments, USA) was used for recording the thermal behavior 
of both the co-crystals. The samples (3 − 5 mg) were scanned 
at a ramping rate of 10°C/min under a dry nitrogen atmosphere 
(flow rate 50 mL/min). The data were collected from TA Q series 
Advantage software (Universal analysis 2000).

Powder X-ray Diffraction (PXRD): X’Pert PRO diffractome-
ter system (Panalytical, Netherlands) was used to collect PXRD 
data. For the illumination, divergence and anti-scattering slit was 
set at 0.48º C. Aluminium sample holder were used to place the 
samples and scans were obtained between 5 and 50° in 2θ with 
a step size of 0.017°. X’Pert High Score software was employed 
for refinement of experimental PXRD pattern.

Fourier Transform-Infrared Spectroscopy (FT-IR): FTIR 
data was obtained from RX-I FTIR spectrometer (Perkin-Elmer, 
UK) in the KBr diffuse-reflectance mode (sample concentration 
2 mg in 20 mg of KBr) over the range of 4000 − 400 cm−1. Data 
were recorded using Spectrum software.

Solid state stability studies
 Approximately 200 mg of each of the co-crystals were 
placed in loosely capped glass vials and kept at 25°C/60% RH, 
40°C/75% RH and under the ambient conditions for four weeks 
in humidity controlled photo stability chamber (Thermo lab, 
Model no. TH0000400G). Samples were then characterized by 
PXRD. The same procedure was repeated for the physical mix-
tures of OXCBZ and NCT, NA (unmilled) in a 1:1 molar ratio 
and monitored for any cocrystal formation by FTIR and PXRD.

Powder dissolution experiment
 Powder dissolution of OXCBZ as well as OXCBZ– NA 
and OXCBZ–NCT was evaluated in 0.1 N HCl. To obtain an 
approximate particle size of 150 μm the samples were sieved 
using Gilson mesh sieve. A flask containing 50 mL of 0.1 N HCl 
was equilibrated at 37°C in a constant temperature bath in each 
experiment. Approximately 100 mg of the sample was added to 
a flask pre-equilibrated at 37°C containing 0.1 HCl. The result-
ing slurry was shaken at 200 rpm and aliquot at different time 
intervals (5, 10, 15, 20, 25, 30, 40, 50, 60, 90, 120, 150, 210, 
270, and 360 min). The samples were aliquot analyzed by high 
performance liquid chromatography after filtering through 0.22 
μm membrane filter. At the end of the experiment the pH of the 
slurry was measured and the remaining solids were filtered, air-
dried, and analyzed by PXRD.

Equilibrium solubility studies
 An excess amount of drug and the co-crystals (approx. 
20 mg) were shaken in 10 ml of phosphate buffer of pH 7.4 (rec-
ommended medium in USP XXV) at 37°C for 24 hours at 200 
rpm in a water bath shaker (MSW-275, Macro scientific Works, 
Delhi). The resulting mixture with PBS was filtered and anal-
ysed by HPLC.

Crystal structure determination by PXRD
 Reflex Plus module of Materials Studio (BIOVIA 7.0) 
was used to determine the crystal structure of the co-crystals 
. The various peaks in the powder diffraction pattern were in-
dexed using X cell module and the unit cell was created and the 
approximate lattice parameters were depicted. It was followed 
by the Pawley refinement till the figure of merit reached a good 
quality of fit. The powder solve was performed by introducing 
the geometrically optimized structures (using DMol3) of the 
drug and coformer into the empty unit cell using a simulated 
annealing algorithm. It was followed by rietveld refinement and 
the final structure was obtained.

High performance liquid chromatography (HPLC)
 The concentration of OXCBZ in pure commercial sam-
ple of OXCBZ and co-crystals (OXCBZ–NA, OXCBZ–NCT) 
was determined by Waters Alliance HPLC system (Waters Cor-
poration, Milford, MA). The assembly includes a Waters 2996 
Photodiode Array Detector, and a Sun Fire C18, 5 μm columns 
(4.6 mm × 150 mm). Pure acetonitrile was used to prepare stan-
dards of OXCBZ, NA and NCT and was diluted with 70:30 mix-
ture of 0.1 M acetic acid/ACN to obtain various concentrations 
to obtain standard curve. The separation of the drug in cocrystal 
was performed using the mobile phase of 0.1 M acetic acid/ACN 
(70:30) pumped at a flow rate of 1.0 mL/min at a temperature of 
35°C. The drug (OXCBZ) and the conformer (NA, NCT) were 
detected at 305 and 216 nm respectively[11].

Result 

 The prepared cocrystals of OXCBZ with nicotinamide 
and nicotinic acid were characterized by various techniques.

Differential scanning calorimetry (DSC)
 DSC thermographs of OXCBZ showed single sharp 
melting endotherm at 221.98°C followed by degradation where-
as NCT and NA showed a single sharp peak at 125.49°C and 
238.85°C respectively (Figure 1). However, in DSC curve of 
OXCBZ – NCT cocrystal, a single endothermic peak appeared 
at 202.14°C which is in between the melting of drug and NCT. 
Similarly DSC curve of OXCBZ – NA cocrystal showed a sin-
gle endothermic peak at 194.16°C corresponding to melting of 
cocrystal different from both the components. The appearance of 
single melting endotherm unique to both the drug and coformer 
suggested the formation of new solid phase in both cases. The 
DSC scans of physical mixture showed two individual melting 
peaks in both the cases corresponding to the drug and the co-
former. Slight deviation from the original melting points may be 
due to interaction induced by thermal energy between the drug 
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and the coformer, during the DSC scan of sample. 

Figure 1: DSC thermograph of (a) OXCBZ  (b) NCT (c) OXCBZ – 
NCT(PM) (d) OXCBZ – NCT (e) NA (f) OXCBZ – NA(PM) (g) OX-
CBZ – NA.

Fourier transform infrared spectroscopy
 In FT-IR spectrum (Figure 2) of OXCBZ – NCT co-
crystal, C = O stretch of carboxamide groups of OXCBZ and 
NCT shifted from 1652.9 cm-1 and 1680 cm-1 to 1682.7 cm-1 
while N–H stretch of OXCBZ shifted from 3340 cm-1 to 3358.8 
cm-1 suggesting some interaction between the amide groups of 
two molecules. In IR spectrum of OXCBZ – NA cocrystal, C = 
O stretch of amide group of OXCBZ and carboxylic group of 
NA at 1652.9 cm-1 and 1710 cm-1 respectively shifted to 1667.4 
cm-1 while N–H stretch of OXCBZ shifted to 3336.7 cm-1 from 
3340 cm-1 suggesting the formation of hydrogen bonds between 
–CONH and –COOH groups of OXCBZ and NA respectively. 
Thus, on the basis of these hydrogen bond interactions, it can 
be suggested that new phases formed between OXCBZ and the 
coformers. 

Figure 2: FT-IR spectra of (a) OXCBZ (b) NCT (c) OXCBZ – NCT (d) 
NA (e) OXCBZ – NA
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Powder X- ray diffraction (PXRD)
 OXCBZ – NCT cocrystal showed additional unique 
crystalline peaks (Figure 3) at 2θ values of 14.4, 14.8, 23.6, 24.9 
and 26.1. Similarly, OXCBZ – NA exhibits distinguishable re-
flections different from those 17.6, 19.0, 20.0, 21.0, 24.8, 28.7, 
32.0 and 33.0 which were absent in both the drug and the co-for-
mer. Thus presence of these additional peaks suggested the for-
mation of new crystalline form.

Figure 3: PXRD spectra of (a) OXCBZ (b) NCT (c) OXCBZ – NCT 
(d) NA (e) OXCBZ – NA

Crystal structure determination by PXRD: The crystal 
structure of OXCBZ–NCT was determined using PXRD, as 
described in the Experimental section. These co-crystals are 
formed as a result of heteromeric interactions between OXCBZ 
and coformers by replacing the homomeric interactions in OX-
CBZ as shown in Figure 4. OXCBZ – NCT crystallizes in the 
triclinic system with the space group P1. The asymmetric unit 
and (Figure 5), NCT is attached to OXCBZ through a hydrogen 
bond formed between the amide group (N5) of NCT and carbon-
yl group (O1’) of OXCBZ, H5N5……..O1’, However, the NCT 
molecule is connected with OXCBZ by hydrogen bonding be-
tween amide group at N2’ of OXCBZ and carbonyl group at O5 
of NCT through H2’N2’……O5 motif. While all asymmetric 
units are held together by van der Waals forces. Packing pattern 
is given in (Figure 6a & Figure 6b).

Figure 4: Hydrogen bonding interaction of OXCOZ-NCT.



Figure 5: Asymmetric unit of OXCBZ-NCT.

Figure 6a: Packing pattern of cocrystal OXCOZ-NCT.

Figure 6b: Packing pattern of cocrystal OXCOZ-NCT.

Discussion

Solubility studies
 The solubility of oxcarbazepine has increased from 78 
mg/L to 113 mg/L in OXCBZ-NCT and 85 mg/L in OXCBZ – 
NA. Both the co-crystals showed improved solubility (Figure 
7) in water by 1.45 folds in case of OXCBZ – NCT and 1.10 
folds in case of OXCBZ – NA as compared to pure drug. Post 
solubility residues of both the co-crystals showed peaks of pure 
drugs when analysed via FTIR spectroscopy and PXRD suggest-
ing that both the co-crystals are unstable and breaks to individual 
components under aqueous conditions. 

Figure 7: Solubility profile of OXCBZ and its respective cocrystals.

Intrinsic dissolution studies
 Intrinsic dissolution studies were performed for the 
drug and co-crystals in 0.1 N HCl at 37 ºC for 6 hrs and con-
centrations determined using HPLC shows (Figure 8) the disso-
lution profile of co-crystals in comparison with pure drug indi-
cating that OXCBZ – NCT exhibited maximum concentration at 
30 min (0.2076 mg/mL) as compared to OXCBZ – NA (0.142 
mg/mL at 15 min) and pure drug (0.132 mg/mL at 30 min). The 
order of dissolution profile was found to be: OXCBZ – NCT > 
OXCBZ – NA > OXCBZ. 

Figure 8: Dissolution profile of OXCBZ, OXCBZ – NCT and OXCBZ 
– NA  in 0.1 N HCl at 37°C

Log P studies
 The concentration of OXCBZ was measured in octanol 
and water at 265 nm through HPLC. The Log P of OXCBZ was 
1.84; OXCBZ-NCT was 1.82 and OXCBZ-NA was1.8 respec-
tively. Therefore, there is no significant change in log P in each 
solid form which suggested that formation of co-crystals do not 
bring any change in the lipophilicity of the drug. 

Physical stability studies 
 Analysis of the drug and the co-crystals was performed 
after subjecting them to accelerated stability studies as men-
tioned in experimental studies. No change was observed in FTIR 
and PXRD of the OXCBZ-NA and OXCBZ-NCT (Figure 9). 
This indicates that the samples were stable even after 4 months. 
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Figure 9:  FIRT & PXRD data after stability studies.

In-vivo studies 
 In present work co-crystals of the drug were prepared 
with an aim to improve its solubility and hence its bioavailability. 
To support this hypothesis pharmacological efficacy of the drug 
and its co-crystals were tested by conducting MES experiment 
on mice after administering the dose and observing absence of 
hind limb extension. Results were reported as median effective 
dose (ED50 (mg/kg) required to protect 50% of animals tested 
against MES induced seizures (Figure 10). It was observed that 
OXCBZ – NCT and OXCBZ – NA showed ED50 of 10.8 mg/kg 
and 12.4 mg/kg than the drug 14.8 mg/kg suggesting that a lesser 
dose of co-crystals is required to prevent hind limb extension in 
mice in comparison to the pure drug.

 
Figure 10: Comparative ED50 values of the respective newly prepared 
solid forms and the drug.

Conclusion

 Co-crystallization has been found to be eco-friendly 
viable technique for improving the solubility and dissolution. 
Co-crystals of OXCBZ with NA and NCT were prepared by 
solution evaporation method and characterized by DSC, PXRD 
and FT-IR. The solubility of OXCBZ – NA was comparable with 
pure OXCBZ while it was more in case of OXCBZ – NCT (1.45 
times). OXCBZ – NA was found to be unstable under ambient 
conditions and (40°C/75 RH) whereas OXCBZ – NCT was sta-
ble under these conditions. Based upon improved solubility of 
OXCBZ – NCT it was hypothesized that its absorption would 
also be improved due to enhanced exposure. This was confirmed 
by the MES tests in mice since the ED50 value for OXCBZ – 
NCT was lowered from 14.8 mg/kg for OXCBZ to 10.8 mg/kg. 
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