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ABSTRACT

Pharmaceutical cocrystallization is a promising alternative for improving the solubility and dissolution
rate or manipulating other physical properties of active pharmaceutical ingredients. The objective of
this investigation was to study the effect of cocrystallization to improve physicochemical properties of
voriconazole (VZ). Liquid assisted grinding method was attempted for preparation of cocrystals. Melting
point, Fourier transformation infrared spectroscopy (FTIR), powder X-ray diffraction (PXRD), and
differential scanning calorimetry (DSC) techniques were employed to investigate the hydrogen bonding
interaction, crystallinity and thermal behaviour of prepared cocrystals respectively. The pharmaceutical
cocrystals were successfully obtained with oxalic acid dihydrate (OAD) in 2:1 stoichiometric ratio. The
physicochemical properties of VZ and corresponding cocrystals were assessed in terms of saturation
solubility and dissolution performance. The VZ cocrystals showed enhanced solubility and dissolution rate
as compared with VZ. The VZ cocrystals (4.179 mg/mL) showed higher solubility in 0.1 N hydrochloric
acid than VZ (3.140 mg/mL). Cocrystals showed higher dissolution rate than VZ. The enhancement in

dissolution rate of VZ cocrystal from OA was 2.28-fold within 10 min.
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1. Introduction

Crystal engineering is the most widely used technique to
modulate the physicochemical properties of drug substances.
Pharmaceutical cocrystals are the multi-component system in
which one of the components is an APl and other is GRAS listed
coformer [1-3]. VZ ((2R,3S)-2-(2,4-difluorophenyl)-3-(5-
fluoropyrimidin-4-yl)-1-(1H-1,2,4-triazol-1-yl) butan-2-ol) is a
triazole anti-fungal drug belonging to BCS class Il drugs (low
solubility and high permeability) with prevalent solubility
problem which results in poor absorption of VZ when
administered through oral route [4]. VZ exhibits antifungal
activity by inhibiting the cytochrome P450 (CYP)-dependent
enzyme 14-alpha-sterol demethylase [5]. It has wide
application against fungal infections caused by Candida spp.,
Aspergillus spp., and Cryptococcus neoformans, including
those resistant to other commonly used antifungal agents [6].
The aim of this study is to enhance the solubility and
dissolution behaviour of VZ by cocrystallization technique
using GRAS listed coformers. Since cocrystals of VZ with
fumaric acid, PABA, and PHBA have been documented,
additional GRAS-listed coformers were explored to enhance

the physicochemical properties of VZ like adipic acid,
glutaric acid, oxalic acid dihydrate, maleic acid, salicylic
acid, succinic acid, tartaric acid, citric acid, cinnamic acid,
malonic acid, nicotinic acid [7,8]. Liquid assisted grinding
method was used to prepare the cocrystals. The formulated
co-crystals were characterized by melting point, FTIR,
PXRD, DSC, solubility and dissolution studies.

2. Materials and Methods

VZ was provided by Hetero drugs Ltd, Hyderabad and
coformers were purchased from S.D. Fine Chemicals
Limited, Mumbai. All other chemicals were of analytical
grade.

2.1. pKa

pKa serves as a basic estimate for predicting cocrystal
formation, as illustrated in Table 1. Salt formation takes
place when the pKa difference between the acid and base is
greater than 3, while a pKa difference of less than 0
indicates the likelihood of cocrystal formation. The pKa
value measures an acid's tendency to donate a proton;
therefore, variations in pKa values indicate the potential for
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proton transfer and the subsequent formation of either
cocrystals or salts [9,10].

Table 1. pKa of drug and coformer

Sl. Name pKa ApKa Inference Reference
no

1 VZ (puredrug) 1.76 - - 11
2 Adipic acid 4.42 -2.66  Cocrystal 12
3 Glutaric acid 4.34 -2.58  Cocrystal 12
4 OAD 1.25 0.51 Cocrystal or salt 12
5 Maleic acid 1.93 -0.17 Cocrystal 12
6 Salicylic acid 2.97 -1.21  Cocrystal 12
7 Succinic acid 4.19 -2.43 Cocrystal orsalt 12
8 Tartaric acid 3.2 -1.44 Cocrystal 12
9  Citric Acid 3.13 -1.37  Cocrystal 12
11 Cinnamicacid 4.4 -2.64  Cocrystal 12
12 Malonic acid 2.83 -1.07 Cocrystal 12
13 Nicotinicacid 4.8 -3.04 Cocrystal 12

2.2. Preparation of cocrystals by liquid assisted grinding
technique

VZ and coformer were taken in 2:1 stoichiometric ratio
and mixed in a mortar and pestle using 2-3 drops of ethanol.
The mixture was triturated for 30-45 mins and stored in a
desiccator. Various coformers used for the preparation of VZ
cocrystals were presented in the Table 2. The formation of
VZ cocrystals was confirmed by melting point
determination, FTIR, PXRD, DSC [13,14].

Table 2. Cocrystals preparation using different coformers

Sl Drug- Ratio  Solvent Inference
coformer
no

1 VZ-Adipic 2:1 Ethanol Product was found to be
acid sticky in nature

2 VZ-Glutaric 2:1 Ethanol Product was found to be
acid sticky in nature

3 VZ-OAD 2:1 Ethanol

Cocrystals might have
formed

4  VZ-Maleic 2:1 Ethanol Cocrystals might have
acid formed

5 VZ-Salicylic  2:1 Ethanol Product was found to be
acid sticky in nature

6 VZ-Succinic 2:1 Ethanol Cocrystals might have
acid formed

7 VZ-Tartaric 2:1 Ethanol Product was found to be
acid sticky in nature

8 VZ-Citric 2:1 Ethanol Product was found to be
Acid sticky in nature

9 VZ-Cinnamic 2:1 Ethanol Product was found to be
acid sticky in nature
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melting points of the VZ and VZ-OAD cocrystal were
determined by open capillary tube method [15,16].

2.4. FTIR

Solid samples of VZ, OAD and VZ-OAD cocrystal were
prepared as KBr pellets and analysed using IR spectroscopy
(Nicolet 6700, Waltham, MA, USA) [17,18].

2.5. PXRD

PXRD is a powerful technique for determining the
presence of polymorphs, crystal habit modifications in drug
crystals and/or generation of new crystal form during
cocrystallization process. The generation of cocrystalline
material was confirmed by X-ray Diffractometer (Bruker
XRD-D8 Advance, Germany) recording diffractometry
patterns of pure VZ, OAD and VZ-OAD cocrystal [19].

2.6. DSC

DSC measurements were conducted using TA Q200 DSC
instrument (New Castle, DE, USA) at 10°C/ min heating
rate to characterize the integrity and purity of APIs. The
bulk purity of the cocrystals were characterized by this
technique to confirm the bulk purity of the formed VZ-OAD
cocrystal [20].

2.7. Solubility studies of VZ cocrystals

Solubility of VZ-OAD cocrystal was determined by
adding excess amount of samples to 10 mL of 0.1 N HCl and
stirring at 100 rpm for 24 hrs at 25°C. Samples were filtered
and analysed by UV spectroscopy. [21].

2.8. Dissolution studies of VZ cocrystals

For the dissolution studies, 0.1 N HCl was selected as a
dissolution medium and measurements were conducted
using Dissolution Apparatus USP - Type Il. VZ-OAD cocrystal
equivalent to 50 mg of pure VZ was filled into capsules and
added into 900 mL dissolution medium at room
temperature [20]. The paddles were stirred at 50 rpm and
the samples were withdrawn at different time intervals
(10, 20, 30, 40, 50, 60 min). Absorbance was measured
using UV spectrophotometer at 255 nm [22].

3. Results and discussion
3.1. Melting point of cocrystals

Among the prepared cocrystals, the VZ -OAD cocrystals
have shown melting point lower than VZ and OAD as shown
in Table 3. These observations clearly indicated the
formation of cocrystals of VZ with OAD. The altered
melting points in cocrystals as compared to VZ and
coformer might be attributable to hydrogen bonding
interaction between APl and crystal forming agent, altered
packing arrangement and change in the crystallinity of
molecules in the cocrystals [23].

Table 3. Melting point of VZ and VZ-OAD cocrystal

Name of Melting point Melting point of Melting point of Inference

10 VZ-Malonic 2:1 Ethanol Product was found to be cocrystal of drug/coformer drug/cocrystals
acid sticky in nature drug/coformer  (observed (observed
. (literature value) value)
11 VZ-Nicotinic  2:1 Ethanol Product was found to be value)
acid sticky in nature
VZ 127-130°C 125-135°C
2.3. Melting point of cocrystals
OAD 101-102 °C 102-105 °C
The melting point of a.compound is a fundamental VI-OAD - ) 118-125°C Cocrystals
physical property determined for the purpose of might have
characterization or purity identification of a compound. The formed
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3.2. FTIR

The possible interaction between the VZ and VZ-OAD
cocrystal, coformer were studied by FTIR spectroscopy and
IR spectra are depicted in Fig. 1. VZ structural characteristic
bands at O-H - 3201.3 cm™ (stretching), C=N - 1619.5 cm™'
(stretching), C=C - 1587.3 cm™ (stretching), C-F 1277.4 cmv
' (stretching) are shown in Fig. 1. VZ-OAD cocrystals showed
bands of O-H - 3203.5 cm™ (stretching), C=N - 1588.3 cm™’
(stretching), C=C - 1644.5 cm™" (stretching), C-F - 1248.4 cm™'
(stretching). It was noted that all significant bands
corresponding to the functional groups of VZ are present in
the cocrystal, along with some new bands. The results
revealed considerable changes in IR bands of VZ in prepared
OAD cocrystals when compared to pure drug, thereby
indicating the presence of hydrogen bonding that had
occurred in cocrystals [24].
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3.3. PXRD

As shown in Fig. 2, unique PXRD reflection patterns
distinguishable from the VZ (drug) and the OAD (coformer)
were noted. It can be seen that the VZ-OAD cocrystal
exhibited spectra with maximum intensity reflection at 23°
which is different from maximum intensity of VZ (20°),
indicating the generation of cocrystals. This was also
strongly supported by the melting points and FTIR observed
for the VZ-OAD cocrystal which were completely different
from VZ and VZ-OAD crystals. Thus, co-crystal formation
was dependent on the non-covalent intermolecular
hydrogen bonding interactions, thereby confirming the
formation of the co-crystal of VZ and OAD [25, 26, 27].
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Fig. 1. FTIR spectral comparison of VZ and OAD (2:1) liquid assisted grinded mixture with its individual components.
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Fig. 2. Comparison of the PXRD reflection pattern of
VZ-OAD cocrystals with its individual components shows
difference in the peak positions.
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3.4. DSC

The DSC thermogram of VZ and VZ-OAD cocrystals were
obtained and and shown in Fig. 3. VZ-AD cocrystals showed
sharp endothermic peak and lower melting point, i.e.,
121.66°C, compared to VZ (138.86 °C) and OAD (102°C) [26].
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Fig. 3. DSC thermogram of VZ and VZ-OAD cocrystal.




3.5. Solubility studies of VZ cocrystals

The solubility of VZ in VZ-OAD cocrystals showed higher
solubility, i.e., 4.179 mg/mL than VZ alone (3.14 mg/mL) as
showed in Fig. 4. The enhanced solubility of VZ might be due
to the formation of cocrystals. This indirectly supports the
characterization of cocrystals. These findings are consistent
with melting point studies, which indicated a successful
interaction between VZ and the coformer, confirming the
formation of cocrystals [27].
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Fig. 4. Solubility of VZ and VZ-OAD cocrystal in 0.1N HCL.

3.6. Dissolution studies of VZ cocrystals

Fig. 5 presents the dissolution-time profile for VZ and
the VZ-OAD cocrystal in 0.1 N HCL. The dissolution data for
the VZ-OAD cocrystal indicated a drug release of 85.38 %
within 60 minutes, demonstrating enhanced drug release
compared to pure VZ, which showed a release of 61.03 %.
The study indicated that the prepared cocrystal facilitated
a faster and more complete release of the drug compared
to VZ [28].
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Fig. 5. Cumulative % drug dissolved-time profile of VZ and
VZ-OAD cocrystals.

4. Conclusion

Crystal engineering approach was employed to alter the
physicochemical properties of VZ. The liquid-assisted
grinding method was utilized to prepare VZ cocrystals in a
2:1 stoichiometric ratio, eleven coformers being tested
during the preparation. The drug exhibited changes only
with the OAD, which was further characterized using FTIR,
PXRD, melting point analysis, and DSC. The FTIR results
indicated significant alterations and shifts in the frequencies
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of IR bands in the VZ-OAD cocrystals compared to VZ. The
PXRD pattern of the VZ-OAD cocrystals displayed different
peak positions than those of VZ and OAD. The results offer
a promising strategy to improve the physicochemical
properties of VZ through cocrystallization with OAD.
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