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ABSTRACT: Drug - drug co-crystallization is proposed as a new method to improve the solubility 

and hence the bioavailability of drugs. The drug-drug cocrystals batches of atorvastatin and aspirin 

were successfully synthesized by neat grinding (NG) , liquid assisted grinding (LAG) and solvent 

evaporation (SE) method. The FDC were selected based on their ability to form hydrogen bonding 

by molecular docking. The docking outcome indicated the possibility of 1 hydrogen bond between 

both drugs and cocrystals were optimized for its physicochemical characterization. The 

physicochemical properties were characterized by scanning electron microscopy (SEM), Fourier 

transform infrared spectroscopy (FTIR), differential scanning calorimetry (DSC) and powder X-ray 

diffractometry. Permeability of the cocrystals were evaluated by using everted gut sac method. 

Compared to pure Atorvastatin, Aspirin the drug- drug cocrystal displayed a 10 , 2 -fold increase in 

solubility and a 2-fold increase in dissolution profile. Improved permeability of the drug is attributed 

to drug – drug interaction. This study showed the utility of the co-crystallization approach to improve 

bioavailability of both drugs. Further in this study sublingual tablet dosage form was made and in 

vitro dissolution study was performed. 
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1.INTRODUCTION 

Pharmaceutical co-crystallization is a feasible approach to modify and enhance physical and 

chemical properties of drugs such as solubility, dissolution rate, permeability, stability and 

compressibility without altering their pharmacological activity. Cocrystal consists of two or more 

neutral molecular components in a crystal lattice with well- defined stoichiometric ratio. Formation 

of cocrystal mainly depends on functional group of APIs and co-formers to allow for the formation 

of hydrogen bonds or other weak type of interactions, mainly hydrogen bonding. The basis for co-

formers selection is its ability to form non - covalent interactions especially hydrogen bonds with 

an APIs. There are various approaches proposed for the selection of co-formers such as 

supramolecular synthon approach, Hansen solubility parameter, pKa based, lattice energy 

calculation, hydrogen bonding propensity and molecular docking. Atorvastatin is the HMG CoA 

reductase inhibitor which acts as lipid lowering agent and it belongs to BCS class II having low 

solubility and high permeability.[1],[2],[3] Atorvastatin undergoes rapid absorption when taken 

orally, with an approximate time to maximum plasma concentration (Tmax) of 1–2 h. The 

absolute bioavailability of the medication is about 14%, but the systemic availability for HMG-CoA 

reductase activity is approximately 30%. Atorvastatin undergoes high intestinal clearance and first-

pass metabolism, which is the main cause for the low systemic availability. Aspirin, also known 

as acetylsalicylic acid (ASA), is a nonsteroidal anti-inflammatory drug (NSAID) used to 

reduce pain, fever, and/or inflammation, and as an antithrombotic. Aspirin is also used long-term to 

help prevent further heart attacks, ischaemic strokes, and blood clots in people at high risk. It 

belongs to BCS class I having high solubility and high permeability. Atorvastatin’s poor aqueous 

solubility is one of the main arising problems in drug research and development because about 40% 

of the new available marketed immediate release oral drugs are practically insoluble. Dissolution 

rate of the drug is critically determined by its water solubility. The limited aqueous solubility limits 

the dissolution rate, absorption and bioavailability of orally administered drugs. In such situation, 

there is need to augment the dose of drug in order to achieve the therapeutic drug concentration in 

blood. Crystal engineering enhances the solubility and dissolution rate of drug by a number of ways 

depending upon the molecular characteristics of active pharmaceutical ingredients and 

crystallization process.[4],[5] To overcome the problems associated with the solubility and hence 

the bioavailability drug-drug cocrystals approach is used in which the atorvastatin is screened with 

aspirin by molecular docking and hydrogen bonding propensity and negative binding energy is 

checked and as per the docking results the combination is finalized for the further study. Drug-drug 

cocrystals could offer potential advantages of synergistic and/or additive effects enhanced solubility 

and dissolution of at least one component, enhanced bioavailability possible stabilization of unstable 

components through intermolecular interactions.[6],[7],[8],[9]. 
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2. MATERIALS AND METHODS 

Materials: 

Atorvastatin calcium was kindly gifted by Ajanta pharmaceuticals Ltd. Aspirin was purchased from 

Research Lab Fine Chem Mumbai ,All required solvents and excipients were purchased from 

Research Lab Fine Chem, Mumbai. Molecular docking was performed by using Auto Dock vina 

software. 

Methods: 

The Atorvastatin calcium and Aspirin were selected based on the fixed dose combination available 

in market and checked for their potential to form  hydrogen bonding to form cocrystal  based on 

number of hydrogen bond formation and bond energy.  

Hardware and Programs:  

A personal computer equipped with Intel Core i5 2.5 GHz processor DRAM 8 GB was used in this 

work. Open Babel GUI 2.2.3 was the program used for the initial preparation of the ligands and 

Auto Dock software was used for the docking process. 

Molecular Docking:  

2D structures of FEX (PubChem CID: 63002) and its co-formers in. mol formats were downloaded 

from https://pubchem.ncbi.nlm.nih.gov. All. mol files of the molecules were converted into. pdb 

files by employing Open Babel GUI 2.2.3. The files were then opened in Auto-Dock 4.2.3 and 

converted into. Pdbqt files by adding polar hydrogen and Kollman charges. The. pdbqt files were 

converted into. pdbqt by calculating their torsion angles and were ready to be used for docking. 

Docking was done with each co-former and the parameters observed were the type and energy (Ei) 

of interactions. 

Preparation of Drug-drug Cocrystal:  

Cocrystals of Atorvastatin calcium prepared with Aspirin as co-former were developed using three 

methods; neat grinding method , liquid assisted grinding method and solvent evaporation. 

1) Solvent evaporation:  

Solvent evaporation method was performed to synthesize the drug-drug cocrystals using petri-plate 

and methanol as a solvent. An equimolar ratio of both APIs ratios (1: 1, 1: 2 , 1: 3 & 1: 4) dissolved 

in methanol and kept to evaporation at room temperature for 3-4 days.[10],[11] 

2) Neat grinding method:  

Neat grinding method was employed for the preparation of ATOR:ASP cocrystals. Drug and co-

former were weighed, mixed in different molar ratios (1: 1, 1: 2 , 1: 3 & 1: 4) and grounded well in 

mortar and pestle for 50 minutes to form cocrystals. 

3) Liquid assisted grinding:   

In liquid assisted grinding method, ATOR and ASP were weighed, mixed in different molar ratios 

(1: 1, 1: 2 , 1: 3 & 1: 4)  using drops of methanol prior to the grinding process. The mixture was 
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grounded well in mortar and pestle for 40 minutes to form cocrystals. 

Characterization of cocrystals:  

The prepared cocrystal in the present research work was preliminary confirmed by comparing results 

of scanning electron microscopy (SEM), infra-red (IR) spectroscopy, differential scanning 

calorimetry (DSC) and x-ray diffraction (XRD) crystallography of developed cocrystals with ATOR 

and ASP as a co-former. In-vitro dissolution and ex-vivo permeation studies were also carried out 

to ascertain the drug release. 

Scanning electron microscopy:  

The surface morphology of  pure ATOR, ASP and optimized batch were examined using a 

scanning electron microscope (Nova Nano SEM 450). The powder sample was directly sprinkled 

over the double-sided adhesive tape that was attached to an aluminium stub that had been coated 

with platinum (about 5 nm thick) and made electrically conductive by keeping them in a vacuum 

for 100 s at 30 W. To examine the surface properties, samples were examined using a scanning 

electron microscope, and micrographs were captured at various magnifications.[12],[13] 

Infrared spectroscopy: 

Infrared spectroscopy was employed to determine the possible interaction between drug and co-

former. The samples were dispersed in KBr pellet and scanned using PerkinElmer IR 

spectrophotometer between 4000 - 400 cm-1 with resolution of 4 cm-1. [14],[15] 

Differential Scanning Calorimetry (DSC): 

DSC was performed on calorimeter (DSC-60, Shimadzu, Japan) instrument having software TA-

60 and an empty standard aluminium pan were used as reference. DSC scans were recorded at 

heating rate of 10 o C / min in temperature range 30-300 o C, DSC measurements were carried out 

on prepared ATOR:ASP cocrystal.  

X-ray diffraction (XRD) study:  

Powder X-ray diffraction pattern of pure ATOR, ASP and cocrystal batch was investigated using 

(Bruker D8 Advance Diffractometer) instrument. The instrument was supplied with a fine focus X-

ray tube and each sample was placed on to a goniometer head that was motorized to permit spinning 

of the sample during data acquisition.  

Ex - vivo permeation study using everted gut sac method:  

To understand the absorption mechanism of ATOR, ASP and ATOR-ASP cocrystal, everted gut sac 

studies using goat intestinal segment were performed. The small intestine with jejunum part was 

identified, segment was then isolated and transferred to a petri dish containing phosphate buffer 

6.8 medium where it was thoroughly cleaned. The cleaned intestine was carefully everted using a 

glass rod and the jejunum section of the everted intestine was then cut into 3 cm pieces. One end 

was tied with a thread and from another end dissected butterfly needle was inserted and tied to form 

a gut sac. 2 mL phosphate buffer pH 6.8 was filled into the gut sac through the inserted dissected 
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butterfly needle. At a time, equal to zero, the everted intestinal sac was incubated in the 

predetermined volume (50 ml) of experimental test solution. The experimental solution was 

continually aerated and maintained at 37 o C. At predetermined time intervals (0, 15, 30, 45, 60 ), 

sample solution (0.5ml) was withdrawn from the sac and diluted up to 5 ml to carry out UV 

spectrophotometric analysis. The volume in the gut sac was maintained at 2 ml with phosphate 

buffer 6.8, each time after the sampling was carried out at respective time intervals. The % drug 

permeation was determined to calculate the n-fold increase in permeability.[16],[17],[18]        

In- vitro dissolution study:                                                                    

In-vitro study was performed by using USP type II dissolution apparatus with rotation speed of set 

to 100 rpm. About 900 mL of phosphate buffer pH 6.8 at 37 ± 0.5 °C was used as a dissolution 

media. At predetermined time intervals 1 mL samples were withdrawn, filtered through 0.45 μm 

membrane and 1 mL blank dissolution medium was added for replenishing of the dissolution 

medium. The amount of dissolved drug was determined at 246.4 nm and 276.6 nm using a UV 

spectrophotometer.[19],[20] 

3. RESULTS AND DISCUSSION 

Screening of fixed dose combination:  

In the process of co-crystallization identifying the most promising co-former is a significant step 

as well as a critical task to impart the desired properties to the cocrystal. The traditional 

experimental approaches for the screening of co-former include solvent evaporation, dry grinding, 

liquid assisted grinding, solution crystallisation, cooling crystallisation, antisolvent addition, and 

slurry crystallisation. There is little reliable data regarding the outcome of the crystallisation 

reaction in experimental procedures, which primarily rely on hit-or-miss co-former selection. 

Unexpected results of co-crystallization investigations include solvates, hydrates, salts, and 

eutectics. In addition, it is not realistic to conduct experimental techniques for a large group of co-

formers since they require a lot of time and resources, are expensive economically, and require a 

lot of resources.[21],[22],[23] With the development of robust and sophisticated computing 

systems, it is now possible to carry out in-silico co-former screening tests to quickly identify the 

optimal co-former from a large library of various compounds. The Cambridge Structural Database 

(CSD) is a vast collection of various chemicals that provides insights into the crystal structures of 

molecules, predicts expected intermolecular interactions, and enables knowledge-based cocrystal 

creation. There are other various methods reported to be efficient such as conductor like screening 

model for real solvents (COSMO-RS), molecular electrostatic potential surfaces (MEPS), lattice 

energy calculations and Hansen solubility parameter (HSP) etc. for the pre - screening of co-

formers. Co-former selection methods also included the supramolecular synthon approach, the 

pKa-based method, the computation of the lattice energy, the hydrogen bond propensity, and 

molecular docking. 
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Molecular docking is a type of computational modelling that makes it easier to anticipate the 

preferred binding orientation of one molecule (such as a ligand) to another (such as a receptor) 

when they interact to form a stable complex. The strength and stability of complexes, as well as 

their energy profile (such as their binding free energy), can all be predicted using information on 

the bound molecules' preferred orientation. Auto-Dock, GOLD, Le-Dock and Flex X etc. are 

various soft-wares used for molecular docking.[24],[25],[26] The virtual screening of co-former 

(ASP) for formulating co-crystal with ATOR was done by molecular docking.(Fig.No.1) Auto 

Dock software was used for docking, the type of interaction and binding energy between the drug 

and the co-former was the two parameters observed for the selection of the co-former. Co-former 

selected for molecular docking was Aspirin as it is available with the Atorvastatin calcium Fixed 

dose combination.[27],[28],[29] 

            Fig.No.1: Docking Outcome Of Atorvastatin Calcium With Aspirin 

The molecule ATOR contains 6 hydrogen bond donors and 12 hydrogen bond acceptors hence it is 

possible to form cocrystals with Aspirin, the result of virtual screening of co-former for molecular 

docking was shown below which revealed that Aspirin able to form non-covalent interactions with 

ATOR. Aspirin showed 1 hydrogen bond formation as well as II-II stacking interaction with ATOR 

with binding energy - 4.2 Kcal/mol. 

Scope of Drug-Drug Cocrystal (DDC): 

Cocrystal containing both the components as Active pharmaceutical ingredient (API’s) is called 

“drug-drug cocrystal”. DDC offers a feasible approach to overcome the problem related with 

conventional combination of drugs. Additionally, it has the potential to be used as solid forms for 

the administration of dual drug therapy and can alter the physicochemical properties of parent drugs. 

In comparison to other drug combination technologies, DDC may enhance the physicochemical 
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characteristics of relevant APIs, such as improved dissolution of at least one component, increased 

bioavailability, enhanced stability of unstable components, and support in lifecycle management of 

existing products. Today, many major diseases (such as infectious diseases, HIV/AIDS, cancer, 

diabetes, and cardiovascular disorders) are treated by using a combination of multiple drugs, which 

confidently pushes out monotherapy (aimed at a definite receptor). The use of cost-effective and 

multi-target fixed-dose drug combinations (FDC) can significantly decrease the pill load without 

adding to the risk of adverse events or drug resistance, enhancing patient compliance by optimizing 

disease management.[11],[30],[31],[32] Employing multi-component crystals with more than one 

active pharmaceutical ingredient, such as salts, complexes, and cocrystals, is an alternate method of 

using drug combinations. The pharmaceutical industry pays the most attention to cocrystals among 

all the multicomponent systems discussed since the US Food and Drug Administration (FDA) has 

introduced regulatory standards as a result of increased patent portfolios. Unfortunately, the majority 

of cocrystal investigations are devoted to the supramolecular synthesis of API-based cocrystals and 

crystal engineering. For instance, the [sulfadimidine + aspirin] cocrystal, which can be thought of 

as an antibacterial and NSAID therapeutic medication, has not had its pharmaceutical qualities 

assessed.[33],[34],[35],[36] Another example is a two-component crystal containing gentisic acid 

(NSAID) and piracetam (a nootropic medication), for which no research has been done outside those 

examining the role of the synthons in the cocrystal formation. In terms of their potential usage in 

the pharmaceutical sector, drug cocrystal research is far less intensive. Creating drug-drug cocrystals 

of commercially available drugs may result in a shorter development time (including clinical trials) 

than that required to create new chemical entities because cocrystals do not require structural 

alteration of the APIs.[37],[38],[39] 

Scanning electron microscopy (SEM):  

As depicted in SEM micrograph (Fig 2 ), pure ATOR revealed crystals with an irregular size with 

columnar and rod-like shapes (Fig 2a) whereas pure ASP crystals were in irregular sizes and flat 

rod shapes (Fig 2b). Fig 2c & 2d shows granular and cuboidal shaped crystals with irregular size 

for developed co-crystal of ATOR with ASP (1:4). 

Fourier Transform Infrared Spectroscopy (FTIR):  

In IR spectroscopy, shift of the IR absorption bands of the functional groups of starting drug and 

co-former is generally used to examine the formation of cocrystals, polymorphs, salts, solvates or 

the formation of new solid between drug and conformer. Fig.No.3 shows FTIR spectra for pure 

ATOR, ASP, and ATOR-ASP cocrystal batches. (Fig.3a)FTIR spectrum of Atorvastatin Calcium 

showed a strong absorption band at 3362 cm-1,in the region of 2970 cm-1 ,1649 cm-1  and  at 1241 

cm-1 which is attributed to broad N–H stretching , C-H stretching , C=O stretching and C-N 

stretching and  1215 cm-1 , 1578 cm-1, 1549 cm-1,  1157 cm-1 , 1315 cm-1 , 842 cm-1, 745 cm-1,  692 

cm-1  C-F stretching , C=C stretching , C-O stretching , C-N stretching , C-H bending and 
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deformation were observed. 

 

Fig.No.2: SEM Micrographs Of A) Atorvastatin Calcium B) Aspirin And Cocrystals Batches 

 

  Fig.No.3: FTIR Spectrum A) Atorvastatin Calcium B) Aspirin And Cocrystals Batches 

 (Fig 3b) The broad absorption peak of ASA that spans from approximately 3250 to 2500 cm−1  

contains stretching modes of the O–H group from the acid, CH3 group attached to the ketone, and 

C–H bonds located on the benzene ring. C=O stretching was assigned to the peaks observed at 
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1749 cm−1 for the ester and 1679 cm−1 for the carboxy group. (Fig 3c) FTIR spectrum of Batch 1 

showed shift of the characteristic peaks of aspirin from 2829 cm-1 to 2862 cm-1 . This confirmed 

the formation of hydrogen bond  as well as  covalent bonding between drugs. . (Fig 3d) FTIR 

analysis of cocrystal batch 2 showed slight peak shift corresponding to O–H carboxylic acid stretch 

of Aspirin from 2829 cm-1 to 3277 cm-1, indicating hydrogen bonding between Atorvastatin calcium 

and Aspirin which facilitates cocrystal formation. 

Differential Scanning Calorimetry (DSC): 

Fig.No.4: DSC Thermographs Of A) Atorvastatin Calcium B) Aspirin And 

Cocrystals Batches 

DSC has been used to screen and confirm the formation of cocrystals based on the differences in 

thermal behaviour of drug, conformer and their cocrystal in molar rations. DSC thermograms for 

ATOR, ASP and cocrystal batches are showed in Fig.4. (Fig 4a) showed a sharp endothermic peak 

at 158.78 o C demonstrating the crystalline nature of the drug. A sharp endothermic peak was also 

observed for Aspirin at  143.83 o C indicating the crystalline nature of drug  (Fig. 4b). The Batch 

1 thermograms (Fig. 4c) showed  a sharp endothermic peak at 102.22 ⁰ C which is distinct from 

an individual peak of both components and might be related to the cocrystal formation. In (Fig.4d) 

The DSC thermogram of Batch 2 showed a sharp endothermic peak at 104.62 ⁰ C which is distinct 

from an individual peak of both components and might be related to the cocrystal formation. 
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Powder X-ray diffractometry (PXRD):  

As depicted in Fig 5a & 5b, PXRD diffractograms of pure ATOR and pure ASP showed several 

sharp intense between of 2θ 10-40, respectively.  

      Fig.No.5: PXRD graphs of a) Atorvastatin calcium b) Aspirin and cocrystals 

batches 

Fig.5a) The sharp peaks at 12.10, 15.10, 16.92, 18.22, 18.78, 19.36, 21.52, 22.60, 23.20, 23.62, 

24.36, 26.26, 27.34, 28.20, 29.04, 30.20, 31.78, 33.18, 33.90, 37.16 and 39.24 degrees indicated the 

crystallinity of the drug. Fig. 5b whereas pure Aspirin showed several sharp intense between 10-40 

2θ. The sharp peaks at 14.06, 15.58, 16.72, 18.14, 20.60, 21.48, 22.60, 23.18, 24.96, 26.98, 28.88, 

29.56, 30.20, 31.44, 32.62, 33.84, 34.46, 35.96, 36.54, 37.48, 39.26, and 40.50 degrees indicated 

the crystalline nature of Aspirin.Fig.5c) PXRD of batch 1 showed several sharp peaks with 

characteristic peaks reported at 15.50, 16.88, 18.14, 19.30, 21.46 and 22.54 degrees which were 

relevant to both the components in the prepared cocrystal batch indicating the retention of 

crystallinity of cocrystal prepared. Fig.5d) PXRD of batch 2 showed several sharp peaks with 

characteristic peaks reported at 15.48, 16.86, 18.84, 19.28, 21.76 and 23.14 degrees which were 

relevant to both the components in the prepared cocrystal batch indicating the retention of 

crystallinity of cocrystal prepared.  
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Permeability study for developed cocrystal: 

ATOR:ASP cocrystals:  

Permeability study for prepared cocrystals of ATOR:ASP (1:4) batch prepared by solvent 

evaporation was carried out in Phosphate buffer pH 6.8 as a media. Time vs % drug permeated 

graph was plotted.(Fig.No.5) The permeability of both the drugs is increased for Aspirin and 

Atorvastatin calcium from 13.65 % & 8.74 % to 22.61 % & 11.20 % . The increase for Atorvastatin 

calcium is 1.28 fold and for Aspirin is 1.66 fold.[33],[36] 

 

      Fig.No.6: Ex-Vivo Permeability Study Of A) Atorvastatin Calcium B) Aspirin 

And Cocrystals Batches 

In-vitro dissolution study of developed ATOR:ASP cocrystal tablets:  

From permeability study observations and benefits of ATOR:ASP, cocrystal batch prepared using in 

1:4  ratio by solvent evaporation method was further selected for in vitro drug release study. 

To conduct in-vitro dissolution study, prepared cocrystals were developed into a tablet using direct 

compression method. These developed tablets showed hardness 3.2 kg/cm2, friability of 0.664% 

with disintegration time of 50 sec. In-vitro dissolution study was performed to compare release of 

ATOR and ASP from prepared cocrystals and release study is graphically presented in Fig.6 & 7. 

In-vitro release profile of prepared ATOR:ASP cocrystal was compared with pure ATOR ,ASP as 

well as marketed   formulation. The % drug release of pure ATOR, ASP, marketed tablet of ATOR 

& ASP and  prepared cocrystal tablet was found to be 54.46 %, 62.88 % , 60.10 % ,70.01 % and 

for cocrystal tablet 94.60 % & 95.13 % respectively at the end 60 min. 
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Fig.No.7: In Vitro Dissolution Study Of Atorvastatin Calcium API Tab, Marketed Tab And 

Cocrystals Tablets 

 

Fig.No.8: In Vitro Dissolution Study Of Aspirin API Tab, Marketed Tab And Cocrystals 

Tablets 

The study indicates that drug release from tablet containing ATOR:ASP cocrystal was complete at 

the end of 60 min and though the ATOR belong to BCS Class II  and ASP belong to BCS Class I 

incomplete release was observed from pure drug. It was observed that the drug release of ATOR & 
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ASP was improved by formulating cocrystal tablet.[37],[40]  

Summary: 

ATOR is a BCS Class II drug having low solubility. The drug of concern undergoes extensive first 

pass metabolism  and causes its low oral bioavailability. Drug– Drug cocrystals of ATOR:ASP 

were successfully prepared to make use of ASP as a co-former to increase solubility of ATOR by 

using molecular docking analysis. Cocrystals of ATOR:ASP (1:1, 1:2 1:3 & 1:4) were successfully 

prepared using neat grinding, liquid assisted grinding and solvent evaporation methods. Based on 

outcome of permeability study, batch 1:4 was selected as an optimized batch which exhibits 1.28-

fold increase in permeability for ATOR and for ASP it is 1.66 fold. FTIR, SEM, DSC and PXRD 

study outcome confirmed the formation of cocrystal. Drug–Drug cocrystal sublingual tablet was 

prepared using direct compression method which showed complete drug release at the end of 60 

min. 

4. CONCLUSION 

In conclusion, the co-crystallization of Anti-hyperlipidemic drug Atorvastatin calcium with 

Aspirin used as a conformer was successfully prepared using Solvent evaporation (SE) method. 

The resulting cocrystal was characterized by FTIR, SEM, DSC and PXRD. Compared to the 

original API ATOR– ASP cocrystal displayed superior tableting performance. The permeability 

and dissolution profile of ATOR– ASP cocrystal showed, 1.74 fold and 1.513 fold  increase in 

drug release and 1.28-fold  and 1.66 fold increase in permeability to that of pure ATOR and ASP. 

The result of this study suggests that co-crystallization with Aspirin offers a valuable way to 

improve physicochemical properties of Atorvastatin calcium. 
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