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ABSTRACT
Objective: The main objective of this work is to explore co-crystallization approach for increasing solubility of an antiretroviral drug, Ritonavir
(RTN).
Methods: In this study, different co-formers with different functional groups like carboxylic acid, acid amide, amino acids were tried in ratio of 1:5
(RTN : Co-former) using solvent grinding method and methanol as a cosolvent. Co-formers used were succinic acid (SUC), adipic acid (ADP),
nicotinamide (NIC) and D-alanine (ALA).
Results: The co-crystals formed were characterized by melting point determination, Fourier transform infra red (FTIR), differential scanning
calorimetry (DSC), X ray diffraction (XRD) and solubility studies. Dissolution studies were performed with drug alone and co-crystals of drug with
SUC, ALA and ADP as they showed 3 - 4 folds increase in solubility.
Conclusion: Melting point, DSC, FTIR spectra of co-crystals were different than pure drug and co-formers indicating their interaction. XRD patterns
of co-crystals were not completely amorphous but less intense compared to drug alone. Faster dissolution was seen for co-crystals of SUC and ADP
as compared with ALA.
Keywords: Ritonavir; Co-crystallization; Adipic acid, Succinic acid, D – alanine, Nicotinamide, Solubility enhancement.

INTRODUCTION
In Pharmaceutical industry, screening studies of NCEs as well as
formulation development frequently encounters problem of
solubilisation of poorly soluble drugs. Poorly soluble drugs have
reduced systemic circulation and hence less bioavailability. Different
techniques have been applied and studied to improve solubility and
bioavailability of such drugs. The techniques include use of
surfactants, solid dispersion, drug micronisation, polymorphism etc.
[1]. Ritonavir (RTN) is an antiretroviral drug; the protease inhibitor
class used to treat HIV infection and AIDS. It belongs to BCS class II,
i.e. low solubility high permeability [2, 3]. RTN is used to inhibit a
particular liver enzyme that normally metabolizes protease
inhibitors, cytochrome P450-3A4 (CYP3A4) [4]. Various techniques
were used to enhance solubility and dissolution of RTN as solid
dispersions, complexation as described further. Ritonavir-polyvinyl
pyrrolidone vinyl acetate solid dispersion prepared by spray drying
was found to improve RTN solubility markedly [5]. Hot melt
extrusion of RTN using cremophor, soluplus showed significant
increase in solubility [6]. The solubility of RTN in combination with
beta cyclodextrin (βCD), Solutol HS15 and polyvinyl pyrrolidone
(PVP) K30 was more as compared to βCD alone [7]. The process of
antisolvent precipitation using HPMC and sodium dodecyl sulfate
yielded small, uniform and stable ritonavir nanoparticles with
evidently enhanced dissolution rate [8]. Microparticles for the
controlled release of RTN using cellulose polymer were prepared by
the solvent evaporation method. The release kinetics data and
characterization studies indicated that drug release from
microcapsules was diffusion –controlled [9].
Co-crystals incorporate pharmaceutically acceptable guest molecules,
called as co-formers, into a crystal lattice along with the API. Co-crystals
have regained attention as an attractive alternate solid form for drug
development [10, 11]. Extensive research work has been carried out in
this field to improve the aqueous solubility of poorly water-soluble drugs
like Aceclofenac, Atorvastatin, Carbamazepine [12 - 14]. This approach is
also tried for antiretroviral drugs like Nevirapine and Acyclovir.
Nevirapine co-cystals using malic acid as co-former resulted in fivefold
increase in Nevirapine solubility [15]. Acyclovir was co-crystallized and
amorphisized using tartaric acid, citric acid and PEG400 separately to
improve its dissolution [16]. Co-crystals have the potential to alter and
optimize physical properties such as crystalline form, solubility, and

stability of an active pharmaceutical ingredient (API) without
detrimentally affecting its activity [17]. Nicotinamide (NIC), Adipic acid
(ADP), Succinic acid (SUC) and DL- Alanine (DAL) are GRAS status
compound which can be used as co crystallization agents [18].
Therefore, in this study co-crystals of RTN were prepared using
different co-formers and characterized.
MATERIALS AND METHODS
Materials
RTN pure drug was purchased from Hetero Lab, Hyderabad, All coformers having 99% purity were purchased from local suppliers.
Other chemicals used in the study were of analytical grade.
Preparation of co-crystals
Co-crystals were prepared using liquid assisted co-grinding. API and
co-former in ratio of 1:5 were ground manually in a mortar and
pestle at room temperature for 1 hour with slow addition of small
volume of methanol drop wise. Resulted mass was dried further and
evaporated at room temperature.
Co-crystals with nicotinamide (RTNNIC), succinic acid (RTNSUC),
adipic acid (RTNADP), and D-alanine (RTNDAL) were obtained as
dry mass. They were characterized further.
Characterization of co-crystals
Melting point determination
Melting point of pure API, co-formers and co-crystals were obtained
by capillary method using liquid paraffin.
Differential Scanning Calorimetry (DSC)
Thermal analysis of API, co-former and co-crystal were recorded
individually on DSC (Q200), Waters. The samples were scanned at
10C/min over a temperature range of 50º- 300C with nitrogen
purging.
Fourier Transform Infrared (FT-IR) Studies
FT-IR of pure API, co-formers and selected co-crystals spectra were
recorded individually by a Spectrum RXI, Perkin Elmer FTIR
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spectrophotometer by mixing them with potassium bromide. Scans
were recorded in the range of 400-4000 cm-1 at spectral resolution
of 4 cm-1.
Powder X-Ray Diffraction
The X-ray diffractogram were generated using a Bruker
diffractometer D8 Advance (Software: Diffrac. Suite). Multiscans
over 10-60 minutes were employed over the 2θ- range 0-40.

Fourier Transform Infrared (FT-IR) Studies
As shown in Fig.2, the FT-IR spectrum of RTN showed presence of
C=O amide peak at 1622.14 cm-1 C=O ester peak at 1716.04 cm-1 NH- stretch at 3357.91 cm-1, Amide –NH-bend at 1527.03 cm-1. There
is a shift in the functional groups present in the co-crystals
compared to that of drug, showing presence of new bond formation.

Drug Solubility study
The solubility studies of RTN and co-crystal were performed by
shake flask method. The RTN was added in excess to the distilled
water in vials. The vials were sealed and kept in the rotary shaker
(Orbitek- Scigenics Biotech, India) at 25ºC ± 0.5 and 100 rpm. After
equilibrium the solutions were filtered using 0.45 µ membrane filter
(Pall Corporation, Pall India Pvt. Ltd., Mumbai, India), diluted
suitably and were quantified using HPLC(Perkin Elmer series 200
with PDA detector).
The samples were analysed using Kromasil C8, 25 cm X 4.6mm X 5 µ
column. Mobile phase used was phosphate buffer pH 6.8: ACN
(45:55) v/v. Injection volume and column flow rate were 10 µl and
1.5 ml/min respectively, at ambient temperature.
Drug Dissolution study
As co-crystals of adipic acid, D-alanine, succinic acid showed good
solubility, their dissolution was performed. The dissolution study for
RTN, co-crystal was carried out using USP type II (Paddle type)
Dissolution apparatus with 500 mL 0.1N hydrochloric acid as
dissolution medium at 37C. The samples were withdrawn at
definite time intervals for one hour and were quantified using UV
spectrophotometer (Perkin Elmer lambda 25) at 240 nm.
RESULTS AND DISCUSSION
RTN was co-crystallized using NIC, SUC, DAL and ADP as co-formers
and methanol as co-solvent by solvent assisted grinding method.
They were characterised and evaluated by different techniques.
Melting Point

Fig. 2: FTIR spectra of (A) RTN, (B) RTNNIC, (C) RTNADP, (D)
RTNDAL (E) RTNSUC

Powder X-Ray Diffraction
The crystallogram pattern of co-crystals shows a variation in peak
intensity as compared to that of the pure RTN and co-formers as
shown in Fig.3. Hence it was concluded that, some physical and or
chemical bonding incurred between pure RTN and co-formers
resulting in the formation of respective co-crystals. This change in
the crystallogram pattern can be due to change in the crystal lattice
structure owing to the interaction between the drug and the co –
former.

It was found that the melting point of the co-crystals showed a
significant deviation with respect to the melting point of pure drug
and the individual co-formers indicating their interaction. This test
was used as a preliminary test for confirmation of co-crystal
formation for further characterization.
Characterization by DSC
From the DSC thermograms (fig.1), it was observed that the
thermograms of the co-crystals were different in pattern and
intensity as compared to RTN and co-formers which indicates their
interaction. This shift in the melting point is due to the change in
crystal lattice of the RTN in presence of co-former, forming a
relatively different crystal lattice in co-crystals.

Fig. 1: DSC pattern of (A) RTN, (B) RTNNIC (C) RTNSUC, (D)
RTNDAL, (E) RTNADP

Fig. 3: Overlay of XRD pattern (A) RTN, (B) RTNNIC, (C)
RTNADP, (D) RTNDAL
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