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ABSTRACT 

The main obstacles to the development of a novel 

product are the active pharmaceutical ingredient's 

poor water solubility and low oral bioavailability. 

Several strategies have been attempted to improve the 

solubility of medications that are poorly soluble in 

water, but the effectiveness of these strategies 

depends on the physical and chemical properties of 

the molecules being created. The development of new 

drug products with superior physicochemical 

properties, such as melting point, tablet ability, 

solubility, stability, bioavailability, and permeability, 

while preserving the pharmacological characteristics 

of the active pharmaceutical ingredient, is greatly 

facilitated by cocrystallization of drug substances. A 

coformer and an active medicinal ingredient are two 

components that are present in a cocrystal in a 

stoichiometric ratio and are linked by non-

covalentinteractions.    

                                                                                                                                                                                                                                 

Drug-drug cocrystal is becoming more and more 

popular nowadays. It provides a low-risk, low-cost, 

but high-reward path to developing new and improved 

medications, and it may enhance a drug's 

physiochemical and biologic capabilities by adding an 

appropriate therapeutic component without 

undergoingand chemical alteration.  
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I. INTRODUCTION 
Several medications with limited aqueous 

solubility have been found in the recent years. About 

60–70% of the molecules in these recently found 

medications belong to BCS Classes II (low 

solubility/high permeability) and IV (low 

solubility/poor permeability)[1,2]. Low water 

solubility of active pharmaceutical ingredients (APIs), 

which results in limited bioavailability of 

medications, has prevented the development of 

several APIs in formulations [3]. The gastrointestinal 

tract has different pH levels in each section, so drugs 

administered orally have varying degrees of solubility 

in gastrointestinal fluids at varying pH levels. As a 

result, the effectiveness and safety of medications 

cannot be properly assessed. Because of this, 

developing oral dosage forms is a significant problem 

due to the low solubility of drugs [4]. 

To increase a drug's solubility and increase 

its bioavailability, researchers have developed a 

number of strategies. Some methods for improving 

solubility include size reduction, solid dispersion, 

complexation, salt generation, nanoparticles, self-

emulsifying drug delivery systems (SEDDS), 

inclusion of co-solvents, nano-suspension and 

emulsion, and cocrystalformation.of medicines with 

limited water solubility. Each methodology has 

advantages and disadvantages, and when choosing 

one, it is important to consider things like the qualities 

of the active pharmaceutical ingredient (API), the 

nature of the chosen excipients, the method of 

development, and the nature of the dosage form [5]. 

The cocrystals approach stands out from the rest of 

these methods because it does not alter the drug's 

pharmacological properties while potentially 

enhancing its bioavailability and a number of 

physicochemical properties, including melting point, 

tablet ability, solubility, stability, bioavailability, and 

permeability.  

 

II. DIFFERENCE BETWEEN 

COCRYSTALS, SALTS,  SOLVENTS AND 

HYDRATES 
The cocrystal, salt, and polymorphs were 

denounced by the USFDA in the draught advice. The 

substances that exist in several crystalline forms, such 
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as solvates or hydrates (sometimes referred to as 

pseudo polymorphs), as well as amorphous forms are 

referred to as polymorphs. Due to the varied crystal 

lattice arrangements in polymorphs, they also exhibit 

different physicochemical characteristics. The full 

proton transfer from one chemical to another is how 

salts are formed[18]. By transferring a proton from an 

acid to a base, salts and cocrystals can be 

distinguished from one another. Non-covalent 

interactions, such as hydrogen bonds, -stacking, and 

van der Waal forces, hold two components to one 

another.  

 

The pKa value can be used to forecast 

whether cocrystals will form or not. It is generally 

agreed upon that cocrystals will develop when the 

pKa value is less than 0 and salts will form when the 

pKa value is greater than 3. Between pKa values of 0 

and 3, this parameter cannot accurately predict the 

formation of cocrystals in solids, but as pKa rises, the 

likelihood of salt production increases[19,20]. Based 

on the physical state of the constituents, cocrystals 

and solvates can be distinguished from one another. 

Solvates are substances that are liquid at ambient 

temperature as opposed to those substances. 

Solvates are substances that are liquid at 

room temperature, whereas cocrystals are substances 

that are solid at room temperature. Hydrates are 

solvates that have water as a solvent within their 

crystal lattice[21]. Solvates and hydrates can change 

the physicochemical properties of APIs and are 

frequently generated during cocrystallization via 

solution or liquid aided grinding[9]. Due to the 

solvent's presence in the crystal lattice, solvates have 

a different level of stability than unsolved forms. Due 

to the solvent/water loss at high temperatures and low 

humidity levels during storage, as well as the variable 

physiochemical characteristics between hydrated and 

dehydrated forms, solvates/hydrates are extremely 

unstable[22–24]. The solvated versions of 

spironolactone increased the drug's rate of 

dissolution[25]. Liquid aided grinding was used to 

create several polymorphic cocrystals and solvates of 

caffeine and anthranilic acid using various 

solvents[26].  

 

 ADVANTAGES 

Several methods, including as salt creation, 

micronization, solid dispersion, amorphous 

medicines, and encapsulation, can be used to 

customise the physicochemical properties of 

medications. Cocrystals should have the benefit of 

being in a stable crystalline state and not requiring 

additional excipients or additives in formulations 

among all of these[21]. The characteristics of APIs 

and coformers, the type of molecular interaction that 

occurs between them, and the synthetic techniques 

used all have a significant impact on the 

physicochemical attributes. The main benefit of 

creating cocrystals is that, although maintaining their 

pharmacological effects, the APIs' physicochemical 

properties will be improved due to the inclusion of the 

conformer in the crystal structure which is a part that 

alters property. The effect on the API's 

physicochemical qualities depends on the conformer 

that is available [16, 24, 27, and 28].  

 

The fact that cocrystals can be created for 

complex pharmaceuticals with sensitive functional 

groups that might not withstand the harsh reaction 

conditions of strong acids or bases [12,28] and for 

non-ionisable APIs gives them an additional edge 

over the more prevalent salts. The creation of 

cocrystals has a number of other primary benefits. The 

time it takes for APIs to produce new drugs may be 

sped up using cocrystals. Reduced costs as a result of 

shortened development timeframes appeal to 

pharmaceutical corporations. 

Cocrystal solid-state synthesis processes can 

be categorised as green chemistry because they have a 

high yield, don't utilise solvents, and produce few by-

products. Pharmaceutical cocrystals differ structurally 

from their bulk counterparts, and they may be 

patented as a new crystal form together with existing 

APIs. As examples of various pharmaceutical 

cocrystal formulations on the market, mention should 

be made of Viagra (Pzer), which is used to treat 

erectile dysfunction and pulmonary arterial 

hypertension, Entresto (Novartis), which is used to 

treat chronic heart failure, and some other 

formulations that are still in the clinical development 

stage[12,14,16,24,28]. These properties are 

highlighted here with appropriate examples. 

Pharmaceutical cocrystals can improve the 

physicochemical characteristics of drugs, such as 

melting point, tablet ability, solubility, stability, 

bioavailability, and permeability. 

 

 SOLUBILITY 

To examine the formulations of poorly 

soluble medications, solubility is a key characteristic. 

Cocrystallization has been utilised by various 

researchers[37-41] among other methods to increase 

the solubility of pharmaceuticals, including salt 

creation, solid dispersion, particle size reduction, and 

others[23]. By synthesising salts and cocrystals 

instead of the antifungal drug ketoconazole, solubility 

was increased by 53 and 100 times, respectively. As a 
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result, co-crystal formulation produced a higher 

solubility of the drug than salt formulation [37]. 

The amount of apixaban crystals was 

increased by about two times, and crystals 

demonstrated quicker dissolution than pure drug[38]. 

The solubility of pterostilbene-piperazine cocrystals 

was increased six times, whereas the drug quickly 

precipitated in pterostilbene-glutaric acid cocrystals 

due to the high solubility of glutaric acid[39]. 6-

mercaptopurine cocrystals with nicotinamide had a 

two-fold greater rate of dissolution than the 

medication alone[40]. The solubility of cocrystals in 

pure solvent was determined using a theoretical 

method based on Keu (the ratio of solution 

concentrations of cocrystal components at the eutectic 

point), which is also a useful tool for cocrystal 

selection and formulation without the material and 

time requirements of conventional methods[42].the 

cocrystals solubility ratio and solution chemistry by 

using a set of more than 40 cocrystals and solvent 

combinations[43]. In one work, equations for 

cocrystals with acidic, basic, amphoteric, and zwitter-

ionic competents were derived [12, 44] that explain 

cocrystal solubility in terms of product solubility, 

cocrystal component ionisation constants, and 

solution ph. 

 

 STABILITY 

An in-depth analysis of solubility is crucial 

when creating new dosage forms. Many stability tests, 

including relative humidity stress, chemical stability, 

thermal stability, solution stability, and photo stability 

study, should be carried out throughout the creation of 

pharmaceutical cocrystals. Automated water 

sorption/desorption tests are carried out under relative 

humidity stress to ascertain the impact of water on the 

formulation. Cocrystal behaviour under relative 

humidity stress conditions was investigated by several 

researchers[41,45–47]. Cocrystals of 2-[4-(4-chloro-2-

fluorophenoxy)phenyl]pyrimidine-4-carboxamide and 

glutaric acid displayed 0.08% moisture at high 95% 

RH and were proven to be stable under various 

circumstances[41]. Little water sorption was observed 

in indomethacin-saccharin cocrystals during relative 

humidity experiments, and no dissociation or 

transformation took place under experimental 

conditions[45].Theophylline cocrystals with several 

coformers (oxalic acid, malonic acid, maleic acid, and 

glutaric acid) showed relative humidity stability 

behaviour at various RH (0, 43, 75, and 98%) during 

various time periods (1 d, 3 d, 1 w and 7 w). The 

outcomes demonstrated an improvement in the 

stability and physical properties, particularly by 

preventing hydrate formation[47].  

 

Any alteration or chemical deterioration 

should be noted during chemical stability studies be 

examined primarily under accelerated stability 

conditions in the formulation. The literature contains 

very few reports on the chemical stability of 

cocrystals. Cocrystals of glutaric with an API did not 

degrade and shown excellent chemical stability over a 

two-month period at various temperatures (40°/75% 

RH and 60°)[41]. At varied circumstances (5, 40, and 

60° at ambient humidity and high RH stability at 

25°/60% and 40°/75% RH) for 2 mo., carbamazepine 

and saccharin cocrystals demonstrated good chemical 

stability[48]. Based on accelerated stability 

conditions, high temperature stress can also be used to 

predict the physical and chemical stability. Thermal 

stability was a topic that few researchers 

explored[49,50]. When heated by DSC, paracetamol 

cocrystals containing 4,4-bipyridine displayed greater 

stability than other coformers[49].At several 

stoichiometries ranging from 0.3:1.0 to 0.9:1.0, the 

thermal stability of cocrystals (L-883555, a 

phosphodiesterase IV inhibitor) with tartaric acid was 

investigated. Since acid content can occupy the 

crystal's channels and create various binding modes, 

cocrystals with stoichiometries of 0.5:1.0 were 

discovered to be the most stable[50]. 

 

Solution stability is a crucial factor in the 

formation of cocrystals since it may be used to gauge 

the stability of the solution. Studies on solution 

stability help to better understand how cocrystals 

behave in release media[16]. A 20–48 hour study of 

the behaviour of carbamazepine cocrystals in water 

revealed that the cocrystals with high water soluble 

coformers transformed into dihydrates, whilst the 

cocrystals with low water soluble coformers remained 

as such in the solution[51].When materials were 

slurried in water at room temperature for two days, no 

significant change in their physical form was 

noticed[52]. Caffeine/oxalic acid cocrystals also 

displayed better stability than others at all RH up to 

98% for seven days. By mixing equal amounts of the 

two substances in water, the stability of the cocrystals 

of carbamazepine and saccharine was tested. After 24 

hours, powder X-ray diffraction (PXRD) analysis 

revealed that only the cocrystals were present in the 

solution; no other form was found[48]. A photo 

stability research is conducted to examine how light 

affects medications that are sensitive to light. For 

these kinds of medications, photo stability research is 

crucial because many pharmaceuticals are unstable 

under light. The literature contains very few reports 

on the chemical stability of cocrystals. In comparison 
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to the pure drug and physical mixture, the photo 

stability of nitrofurantoin cocrystals with various 

coformers was higher. After 168 hours, all but one of 

the cocrystals showed minimal degradation (3%), 

indicating that cocrystallization can stop the photo 

degradation of light-sensitive drugs.         

 

 BIOAVAILABILITY 

The amount and pace at which a pure 

medicine enters systemic circulation is known as 

bioavailability[54]. The creation of novel 

formulations faces a significant hurdle due to the low 

oral bioavailability of APIs. The principal application 

of crystal engineering is the design and synthesis of 

pharmaceutical cocrystals with improved oral 

bioavailability and aqueous solubility. The oral 

bioavailability of apixaban-oxalic acid cocrystals was 

shown to be 2.7 times higher than that of the pure 

drug in a pharmacokinetics investigation in beagle 

dogs[38]. By creating cocrystals with nicotinamide, 

baicalein's oral bioavailability was increased. Rats 

treated with cocrystals had 2.49 times higher peak 

plasma concentrations (Cmax) and 2.80 times higher 

areas under the curve (AUC) than those treated with 

the drug alone[55]. 

In rats, meloxicam cocrystals with aspirin 

demonstrated a 12 times faster onset of action than the 

pure drug and had a better oral bioavailability than the 

pure drug[56]. Rats' oral bioavailability of 6-

mercaptopurine, a BCS Class-II medication, was 

higher in cocrystals, at 168.7%, than in pure drug[40].             

                                          

 PERMEABILITY 

Drug permeability across the cellular 

membrane is a major factor in drug absorption and 

distribution. Drug permeability is primarily influenced 

by the n-octanol/water partition coefficient, which 

may be calculated using log P and (C log P) for the 

drug's unmodified form[28]. The cocrystallization of a 

BCS class-III medication, 5-uorouracil, with various 

coformers, such as 3-hydroxybenzoic acid, 4-

aminobenzoic acid, and cinnamic acid, increased the 

drug's permeability[57]. Permeability study of 

hydrochlorothiazide and cocrystals with different 

coformers was studied by using Franz diffusion cells. 

With the exception of succinamide crystals, all 

cocrystals contained more drug ux than the pure 

substance. Because of the creation of a heterosynthon 

between the drug and coformer, the permeability of 

cocrystals was increased[58]. 

 

III. SELECTION OF COFORMERS AND 

SCREENING OF COCRYSTALS 
An API and a co-crystal former are two 

neutral molecules that are combined into a single 

crystalline solid to form a pharmaceutical co-crystal. 

An excipient or another medication could be the co-

crystal former[59]. A list of thousands of substances 

that could be used as potential coformers for 

pharmaceutical cocrystals has been kept on file by the 

USFDA[60]. The non-API component that is 

employed as a coformer must be non-toxic and free 

from side effects. 

 

The cocrystal former should ideally be 

authorised as generallyregarded as Safe (GRAS) or be 

listed on the US FDA's "Everything added to food in 

the United States" (EAFUS) list, which contains 

approximately 3000 compounds that are appropriate 

as food additives [61]. The choice of a coformer for 

an API is crucial for developing and screening 

cocrystals. The two methods used to select coformers 

are experimental methods and knowledge-based 

methods. All sorts of coformers for an API and to 

confirm the structure of cocrystals are typically 

utilised in a hit-and-miss manner; they are 

distinguished by acceptable procedures. This method 

is time- and money-consuming. Researchers have 

employed a variety of knowledge-based strategies for 

the selection of appropriate coformers and the 

screening of cocrystals, including the following ones: 

the hydrogen-bonding propensity, syntonic 

engineering, supramolecular compatibility by 

Cambridge Structure Database (CSD), pKa based 

models, Fabian's method, Lattice energy calculation, 

the conductor-like screening model for real solvents 

(COSMO-RS), Hansen solubility parameter, and 

virtual cocrystal screening (based upon molecular 

electrostatic potential surfaces-MEPS), thermal 

analysis, measuring saturation  temperature,  Kofler  

contact  method  and matching[10,62]. 

 

Van der Waal forces, hydrogen bonds, and 

other non-covalent bonding mechanisms are used to 

interact between cocrystals, API, and coformers. 

Among all of these, API-coformer hydrogen bonding 

is crucial for the development of cocrystals[7,8]. 

Every hydrogen molecule that is acidic in nature will 

be present in bond formation, all hydrogen bond 

acceptors will be used when there are hydrogen bond 

acceptors available, and hydrogen bonds will be 

formed when there will be the best hydrogen bond 

donors and hydrogen bond acceptors, according to 

Etter's description of a graph-set notation system[6]. 
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Etter also proposed three rules for preferable 

hydrogen bond formation. 

 

IV. SYNTHONIC ENGINEERING 
The ―synthon approach‖ for the selection of coformers 

which formed a supermolecule. 

By using specie molecular fragments within 

the cocrystal to establish ―supramolecular synthons‖ 

[8].  A coformer with the appropriate functional group 

will be employed for a certain API, and the functional 

groups present in the API and coformer will play a 

significant role in the creation of cocrystals. Super 

molecules contain synthons, which are fundamental 

structural elements connected by non-covalent bonds. 

There are two different types of supramolecular 

synthon approaches: supramolecular homosynthons 

and supramolecular heterosynthons. In contrast to 

supramolecular heterosynthons, which are created by 

distinct functional groups like carboxylic acid-amide 

heterosynthons and acid-pyridine heterosynthons, 

supramolecular homosynthons are made up of the 

same functional groups that are present in API and 

coformer. In general, supramolecular heterosynthons 

are preferred over homosynthons; for example, acid-

amide and acid-pyridine heterosynthons are more 

frequently utilised than carboxylic acid and 

homodimers [22]. 

 

V. HYDROGEN BONDING 

PROPENSITY 
API and coformers interact with one another 

in cocrystals by non-covalent interaction, such as 

hydrogen bonds and van der Waal forces. Among all 

of these, API-coformer hydrogen bonding is crucial 

for the development of cocrystals[7,8]. Every 

hydrogen molecule that is acidic in nature will be 

present in bond formation, all hydrogen bond 

acceptors will be used when there are hydrogen bond 

acceptors available, and hydrogen bonds will be 

formed when there will be the best hydrogen bond 

donors and hydrogen bond acceptors, according to 

Etter's description of a graph-set notation system[6]. 

Etter also proposed three rules for preferable 

hydrogen bond formation. A value between 0 and 1 

was assigned to the quantitative measurement of 

hydrogen bond creation between donor and acceptor 

functional groups contained in indomethacin and 

isonicotinamide, and a greater value indicated the 

establishment of a hydrogen bond[63].A value 

between 0 and 1 was assigned to the quantitative 

measurement of hydrogen bond creation between 

donor and acceptor functional groups contained in 

indomethacin and isonicotinamide, and a greater value 

indicated the establishment of a hydrogen bond[63]. 

 

VI. PKA VALUE 
Proton transfer between an acid and a base 

can be used to anticipate the development of crystals 

or salts. By calculating the pKa=[pKa (base)-pKa 

(acid)], salt or cocrystal formation can be predicted. It 

is generally agreed that if the difference between the 

pKa values is higher than 2 or 3, proton transfer will 

take place from acid to base. Cocrystals develop when 

the pKa value is lower (less than 0), whereas salts 

form when the value is greater (more than 2 or 

3)[19,20]. By analysing 6465 cocrystals from the 

CSD, the pKa rule was validated and quantified, and 

it described a linear link between the pKa value and 

the likelihood of proton transfer between acid-base 

pairs. When pKa-1 was calculated, it was determined 

that a non-ionized complex should develop; an 

ionised complex is formed when the value of ∆pKa<4 

and the possibility of formation of ionized complex 

increase by 17% by increase in ∆pKa by one unit 

from 10% at ∆pKa=–1 to 95% at ∆pKa=4. By  

determining  the  ∆pKa value, the possibility of 

formation of cocrystals and salts can be determined. 

This is a simple and less time-consuming method for 

the preparation of cocrystals[64]. 

 

VII. HANSEN SOLUBILITY 

PARAMETERS 
Another crucial method for assessing the 

miscibility of drugs and coformers used in cocrystal 

systems is the Hansen solubility parameter. The 

development of cocrystals may be predicted by the 

miscibility of the components in the solid state. The 

use of components with similar miscibility increased 

the success rate of the cocrystal synthesis[67]. It was 

demonstrated that the two components should be 

miscible if total HSPs difference2017was <7MPa0.5, 

otherwise immiscible[68]. Another method estimates 

the miscibility of two components if  the  difference is  

≤5  MP0.5 between two substances which are 

supposed to be cocrystal formation[69,70]. 

 

VIII. DIFFERENT METHODS OF 

COCRYSTALS FORMATION 
Researchers have documented a variety of 

strategies for creating cocrystals up to this point. For 

the production of cocrystals, only a few conventional 

techniques based on solution and grinding were 

reported[81]. Cocrystals are created using the solution 

process and an appropriate type of solvent. With 

appropriate examples, many solution methods are 

reviewed, including solvent evaporation[76], solution 

crystallisation technique[41], antisolvent addition[82], 

slurry conversion method[83], and reaction 
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crystallisation method[84]. There are two different 

types of grinding processes: plain grinding and 

solvent drop grinding[85, 86]. Ultrasound aided 

solution method[87,88], supercritical uid atomization 

technique[46,89], spray drying technique[90,91], and 

hot melt extrusion technique[92,93] are some recently 

developed techniques utilised to create cocrystals. 

 

IX. SOLUTION - BASED METHOD 
In the solvent evaporation approach, the 

coformer and API are both dissolved in an appropriate 

solvent, and the solvent is then gently evaporated 

from the solution. The functional groups in the 

medication and conformer engage with one another 

during dissolution to create hydrogen bonds[89]. 

Researchers most frequently use this technique to 

create cocrystals[79,94]. Drugs and coformers are 

dissolved in a solvent that is boiling while being 

stirred, and the boiling of the solution is continued 

until the volume of the solution becomes minimal. 

The boiling solution crystallises quickly after 

cooling for about 15 minutes. Cocrystals are divided 

by filtration and dried in an oven or in the open 

air[41,95]. The process of creating slurry through the 

addition of various solvents to a mixture of an API 

and suitable coformers is known as slurry 

crystallisation. After the solvent has been decanted, 

the solid material is dried and subjected to various 

evaluation techniques. When the drug and coformer 

need to be stable in the solvent, this approach is 

chosen for the creation of cocrystals[29,83,96,and 97]. 

In the antisolvent addition approach, API is 

distributed in the coformer solution using a dispersion 

homogenizer after the coformers have been dissolved 

in various solvents, such as organic solvents. This 

solution is then added to distilled water or suitable 

solution to precipitate the coformer on the 

drug[82,98,and 99]. 

The quick creation of cocrystals at 

microscopic and macroscopic scales using the 

reaction crystallisation method relies on the solubility 

of the cocrystal components for cocrystallization and 

nucleation. The more soluble component (coformer) is 

added in a quantity that is just below its solubility 

limit after the saturated solution of the less soluble 

component (drug) has been created in methanol and 

altered. The intention is to avoid starting solutions 

that contain any extra medication or coformer that can 

be mistaken for a cocrystal. The cocrystals that 

precipitate out of solution are also pure since they do 

not exceed the solubility limits of the constituents. 

Throughout the crystallisation process, solution 

concentrations are measured by HPLC to determine 

whether the solid that was seen looked to be a 

complex of the reactants (cocrystals). Moreover, the 

solid precipitates are gathered and subjected to HPLC 

analysis to ascertain the complex's stoichiometry. 

DSC, TGA, and PXRD are used to further describe 

the solid if the HPLC results indicated that it appeared 

to be a cocrystal[84,100,101]. 

 

X. GRINDING METHOD 
Over the past few years, grinding techniques 

have been used extensively for the formation of 

cocrystals and have been found to be superior to other 

techniques (solution or melt)[85, 86]. There are two 

different sorts of grinding methods: neat or dry 

grinding and wet grinding. In dry grinding, the 

medication and the coformer are combined in a 

stoichiometric ratio and pulverised using a ball mill or 

a mortar and pestle[102]. By adding a few drops of 

solvent to the mixture, wet grinding was carried out 

similarly to neat grinding[103,104]. 

 

XI. ULTRASOUND ASSISTED 

SOLUTION COCRYSTALLIZATION 
For the creation of Nano crystals, or 

cocrystals of extremely small size, a son chemical 

approach has been developed[87]. The API and 

cocrystal former are dissolved together in a solvent in 

this process, and the resulting solution is then 

maintained in a son reactor to make it turbid. To keep 

the sonicator's temperature consistent and avoid 

fragmentation, cold water is provided during 

sonication. The solution is allowed to dry overnight. 

This technique produced pure cocrystals, and X-ray 

diffraction analysis can be used to evaluate the purity 

of cocrystals[88]. Supercritical atomization method: 

In the supercritical atomization method, the drug and 

coformers are combined by using x-ray diffraction 

study [88]. 

 

XII. SUPERCRITICAL FLUID 

AUTOMIZATION TECHNIQUE 
In the supercritical atomization process, 

CO2, a highly compressed supercritical fluid, is used 

to combine the medication and coformers. By 

atomizing this solution with an atomizer, cocrystals 

are created. In the supercritical antisolvent (SAS) 

approach, the antisolvent action of the supercritical 

fluid is used to form cocrystals from 

solution[46,89,105]. 

 

XIII. SPRAY DRYING TECHNIQUE 
Cocrystals are made via spray drying, which 

involves evaporating the solvent from a solution or 

suspension containing the medication and the 

coformer. This technology is the most popular since it 
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uses a quick, continuous, and one-step approach. In 

order to prepare and scale up cocrystals, a special 

environment will be provided by the spray drying 

process[90,91]. 

 

XIV. HOT MELT EXTRUSION 

TECHNIQUE 
By heating the drug and coformers while 

vigorously combining, the hot melt extrusion 

approach produces cocrystals that have better surface 

interactions without the use of a solvent. The 

coformer and API both need to be miscible in molten 

form for this approach to work properly, therefore 

thermo labile medicines cannot be used[29,92,93]. 

 

XV. EVALUATION OF COCRYSTALS 
The compatibility research between drugs 

and coformers and intermolecular interactions are 

predicted using FTIR spectroscopy. The prediction of 

compounds' chemical conformation is frequently done 

using this method. By analysing the role of the 

carboxylic acid in the creation of the hydrogen bond, 

Aakeroy et al.[106] employed FTIR to identify 

cocrystals from salts. FTIR is used to analyse pure 

drugs, coformers, physical mixtures, and cocrystals in 

the 400–4000 cm-1 range. For the purpose of 

screening the cocrystals, FTIR study is also performed 

in conjunction with other methods like DSC or 

XRD[12,76,107]. 

Cocrystal formation screening has been done 

using DSC. The presence of an exothermic peak 

followed by an endothermic peak in the DSC 

spectrum can be used to screen for the production of 

cocrystals. These peaks in the physical admixture of 

the constituents suggest the potential for cocrystal 

formation. Weighed out (1.5-2.5 mg) in aluminium 

pans, the pure drug, coformer, physical combination, 

and cocrystals were then analysed at heating speeds 

ranging from 5 to 30 degrees using a corresponding 

empty pan as a reference. The inert atmosphere was 

maintained by nitrogen gas flowing at a rate of 50 

ml/min. DSC can be used to determine endothermic 

or exothermic behaviour, melting point, glass 

transition temperature, polymorphic character, heat of 

fusion, and more[73,75,98]. 

Thermal analysis is used to determine the 

physical and chemical properties of solids as a 

function of temperature increase (with constant 

heating rate) or as a function of time (with constant 

temperature and/or constant mass loss). The 

temperature of sublimation or decomposition as well 

as the presence of volatile components can all be 

determined using the TGA technique. TGA analysis 

helps forecast cocrystal purity, thermal stability, and 

compatibility. The weight decrease of the sample 

mass during TGA analysis is a sign of volatile 

component loss or cocrystal decomposition[61,108]. 

For the characterization of cocrystals, 

terahertz time-domain spectroscopy (THz-TDS) is an 

alternate method to PXRD. Terahertz spectroscopy 

can discriminate between racemic and chiral 

supramolecular structures[12]. Theophylline 

cocrystals with several coformers, including malic 

acid and tartaric acid, which were present in chiral 

and racemic forms, were distinguished using terahertz 

spectroscopy[109]. 

Solid phases that cannot be examined by 

SXRD are characterised using solid-state NMR 

(SSNMR)[12]. SSNMR was utilised to examine the 

complexity of the complex by measuring the proton 

transfer rate. In order to identify crystals or salt, 

SSNMR is a crucial instrument. By calculating 

hydrogen bonds and local conformational changes 

caused by couplings, SSNMR can also be employed 

to assess the cocrystal structure[110,111]. For 

screening and determining cocrystal structure, PXRD 

is frequently used[89]. For the purpose of analysing 

the structure of cocrystals, the PXRD patterns 

produced from diffractometers were compared to one 

another. 

The different PXRD pattern of cocrystals from their 

components is the indication of cocrystal formation 

[103,112]. 

Cocrystal single crystal X-ray diffraction is 

used to determine the atomic level crystal structure of 

substances (SXRD). The main issue with this method 

is that it is typically unable to produce a single 

cocrystal that is acceptable for SXRD analysis[12]. 

Cocrystal morphology examination and particle size 

determination are done using a scanning electron 

microscope. Atoms that contain information about the 

topography of the sample surface are scanned by high 

intensity electron beams[12,45,46]. 

Dissolution studies are used to calculate the 

rate of drug release over time in the dissolution 

medium and forecast how well the formulation will 

work in vivo. The dissolution apparatus can be used to 

carry out cocrystal dissolution research. The 

appropriate dissolution medium is given in the drug 

protocol of the relevant pharmacopoeia, and this is 

where the cocrystal dissolution studies can be carried 

out. The drug samples can be collected in an 

appropriate amount at a predefined interval and 

evaluated using the appropriate tools, such as HPLC 

or UV [113,114]. 

The Higuchi and Connors method for 

solubility determination can be used to evaluate 

solubility studies. It is possible to determine the 
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solubility of pure drugs, physical mixtures, and 

Cocrystals in water or other suitable media listed in 

the referred pharmacopoeia. The drug sample and 

medium should be combined in a conical flask, and 

the flask should be agitated on a rotary shaker for 24 

hours at room temperature. If the medicine is light-

sensitive, the entire sample should be shielded from 

light by wrapping it in aluminium foil. Samples are 

filtered using Whatman filter paper after 24 hours, and 

aliquots are then appropriately diluted and tested 

using HPLC or UV light at the appropriate 

wavelength [115,116]. 

Information on the shelf life of 

pharmaceutical items under various storage settings is 

provided via stability studies. The storage of 

pharmaceutical goods in glass vials under varying 

environmental conditions (such as humidity, 

temperature, and light) for varying lengths of time is 

recommended. The samples are next examined for 

thermal analysis, drug release analysis, XRD analysis, 

and FTIR analysis, and the results are compared to 

those from the stability research that came before 

[98]. 

 

XVI. APPLICATION 
The physicochemical qualities of 

medications can be improved through 

cocrystallization without affecting their molecular 

structure. The API and particular project will 

determine whether Cocrystals or salts will have the 

desired characteristics. 

In some cases, salts offer superior 

physicochemical characteristics over Cocrystals, such 

as salts having a higher inherent solubility in water. 

When dissolved, Cocrystals with negative pKa values 

will produce non-ionized drugs while salt will 

produce ionised API, which is more water soluble. 

Cocrystals can be preferable to salt forms of drugs 

when dissolution rate rather than equilibrium 

solubility should be a consideration. A different 

method to improve the solubility and bioavailability 

of pharmaceuticals that are poorly water soluble is 

cocrystallization, especially for substances that are 

neutral or weakly ionised in nature [12, 20, and 37]. 

Moreover, as described in earlier sections, 

cocrystallization offers the potential to change and 

improve the melting point, tablet ability, solubility, 

stability, bioavailability, and permeability. 

 

XVII. FUTURE PERSPECTIVES AND 

CHALLENGES 
The increase of the physicochemical 

properties of pharmaceuticals while conserving the 

pharmacological qualities of the API can be 

accomplished through crystallisation. One of the main 

obstacles in the creation of pharmaceutical cocrystals 

is the selection of coformer’s thafuture perspectives 

and challengesselection and cocrystal screening have 

been done in a variety of ways, but each method has 

drawbacks. These substances, which are recognised as 

GRAS by the USFDA and the EAFUS database, 

should primarily be employed as coformers, albeit the 

GRAS designation does not ensure their usage as 

cocrystal forming agents. In the development of 

cocrystals, stability in the presence of excipients is 

also a problem; at the moment, this is an unknown 

area. 

The scaling up of the manufacture of high 

purity cocrystals has certain significant drawbacks 

that make it an unappealing option for industry. 

Guidelines for the pharmaceutical sector on the 

patenting of cocrystals were published by the US-

FDA in 2011. The FDA classified cocrystals as a drug 

product intermediate, not a novel API, but rather as an 

"API excipients" molecular complex. Nonetheless, 

according to EMA, cocrystals should follow the same 

rules for documentation as salt. As a result, even if the 

US-FDA and EMA have distinct regulatory 

philosophies, it does show the growing interest in 

using pharmaceutical cocrystals as prospective 

marketable pharmaceuticals. It takes a lot of time and 

effort to develop, test, and evaluate new drug 

cocrystals; however, as mentioned in other sections 

[10, 24,116], some researchers have employed 

knowledge-based methodologies for conformer 

selection, crystal design, and screening. 

Pharmaceutical cocrystals can only be expected to 

strengthen their hold on medication development as 

cocrystal research continues to expand and new drug 

products based on it hit the market. 

 

Low medication bioavailability and poor 

water solubility are important obstacles in the 

development of oral formulations. Among the many 

methods for overcoming these difficulties, the use of 

cocrystals has the distinct advantage of maintaining 

the drug's pharmacological qualities while gaining the 

benefits of the conformer’s physicochemical 

properties. The main benefit of using cocrystals over 

salts is that they can be utilised for medications that 

are either poorly or never ionisable by nature. 

Therefore, in addition to straight forward formulation 

techniques, cocrystals have the potential to improve 

melting point, tablet ability, solubility, stability, 

bioavailability, and permeability. A combination of 

knowledge-based and experimental methods for 

conformer selection offer a new era in cocrystal 

formation because the cocrystals approach has not yet 
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received much attention. Due to their improved 

pharmacological benefits and shortened medication 

development time, pharmaceutical crystals are gaining 

increasing industrial interest. 

 

XVIII. CONCLUSION 
By carefully choosing coformers, crystallisation is 

one of the noble methods for increasing the many 

aspects of active medicinal substances, including 

stability, solubility, micrometric properties, 

dissolution bioavailability, and pharmacokinetic 

properties. According to the United States Food and 

Drug Administration's guidelines, the coformers 

chosen must not have any toxic effects on the drug. 

The methods utilised to manufacture cocrystals must 

be simple, secure, marketable, environmentally 

friendly, and effective. Moreover, cocrystals offer 

important qualities including an increase in the 

permeability of medications with low solubility and a 

better tableting capability for drugs with weak tablet 

forming properties.  

 

XIX. ACKNOWLEDGMENT 
Author thanks to Dr. Charu Bharti and Dr. Sachin 

Tyagi for their input. 

 

REFERENCES 
 [1]  Babu NJ and Nangia A. Solubility advantage 

of amorphous drugs and       pharmaceutical 

cocrystals. Cryst Growth Des 2011;11:2662-79. 

 [2] Fong SYK, Ibisogly A, Bauer-Brandl A. 

Solubility enhancement of BCS class-II drug by 

solid phospholipid dispersions: Spray drying 

versus freeze-drying. Int J Pharm 2015;496:382-

91. 

 [3]  Yuvaraja K, Khanam J. Enhancement of 

carvedilol solubility by solid dispersion technique 

using cyclodextrins, water soluble polymers and 

hydroxyl acid. J Pharm Biomed Anal 2014;96:10-

20. 

 [4]   Hisada N, Takano R, Takata N, Shiraki K, 

Ueto T, Tanida S, et al. Characterizing  the 

dissolution prole  of  supersaturable salts, 

cocrystals and solvates to enhance in vivo oral 

absorption. Eur J Pharm Biopharm 2016;103:192-

9. 

 [5]  Savjani KT, Gajjar AK, Savjani JK. Drug 

solubility: Importance and enhancement 

techniques. ISRN Pharm 2012;2012:195727. 

 [6]  Etter MC. Encoding and decoding hydrogen-

bond patterns of organic compounds. AccChem 

Res 1990;23:120-6. 

 [7] Etter MC. Hydrogen bonds as design elements 

in organic chemistry. J PhysChem 1991:95;4601-

10. 8.  Desiraju GR. Supramolecular synthons in 

crystal engineering—a new organic synthesis. 

AngewChemInt Ed Engl 34:2311-27. 

 [9]  Almarsson O, Zaworotko MJ. Crystal 

engineering of the composition of pharmaceutical 

phase. Do pharmaceutical cocrystals represent a 

new path to improved medicines? ChemCommun 

2004:1889-96. 

 [10]  Duggirala NK, Perry ML, Almarsson O, 

Zaworotko MJ. Pharmaceutical cocrystals: along 

the path to improved medicines. ChemCommun 

2016;52:640-55. 

 [11]  Braga D, Grepioni F, Maini L, Prosperi S, 

Gobetto R, Chierotti MR. From unexpected 

reactions to a new family of ionic cocrystals: the 

case of barbituric acid with alkali bromides and 

caesium iodide. ChemCommun 2010:46;7715-7. 

 [12]  Qiao N, Li M, Schlindwein W, Malek N, 

Davies A, Trappitt G. Pharmaceutical cocrystals: 

An overview. Int J Pharm 2011;419:1-11. 

 [13] Aakeroy CB, Salmon DJ. Building 

cocrystals with molecular sense and 

supramolecular sensibility. CrystEngComm 

2005;7(72):439-48. 

 [14]  Shan N, Zaworotko MJ. The role of 

cocrystals in pharmaceutical sciences. Drug 

Discov Today 2008;13:440-46. 

 [15]  Horst JHT, Deji MA, Cains PW. 

Discovering new cocrystals. Cryst Growth Des 

2009;9(3):1531-7. 

 [16] Schultheiss N, Newman A. Pharmaceutical 

cocrystals and their physicochemical properties. 

Cryst Growth Des 2009;9:2950-67. 

 [17] Aitipamula S, Banerjee R, Bansal AK, 

Biradha K, Cheney ML, Choudhury AR, et al. 

Polymorphs, salts and cocrystals: What’s in a 

name? Cryst Growth Des 2012:12:2147-52. 

 [18]http://www.fda.gov/downloads/drugs/guidanc

ecomplianceregulatoryinformation/guidances/uc

m281764.pdf. 

 [19]  Bhogala BR, Basavoju S, Nangia A. Tape 

and layer structures in cocrystals of some di- and 

tricarboxylic acids with 4,4-bipyridines and 

isonicotinamide. From binary to ternary 

cocrystals. CrystEngComm 2005:7;551-62. 

 [20]  Childs SL, Stahly GP, Park A. The salt-

cocrystals continuum: The  inuence  of  crystal  

structure  on  ionization  state.  Mol Pharm 

2007:4;323-38. 

 [21]  Morissette SL, Almarsson O, Peterson ML, 

Remenar JF, Read MJ, Lemmo AV, et al. High-

throughput crystallization: polymorphs, salts, 

cocrystals and solvates of pharmaceutical solids. 

Adv Drug Deliv Rev 2004:56;275-300. 

http://www.fda.gov/downloads/drugs/guidancecomplianceregulatoryinformation/guidances/ucm281764.pdf
http://www.fda.gov/downloads/drugs/guidancecomplianceregulatoryinformation/guidances/ucm281764.pdf
http://www.fda.gov/downloads/drugs/guidancecomplianceregulatoryinformation/guidances/ucm281764.pdf
http://www.fda.gov/downloads/drugs/guidancecomplianceregulatoryinformation/guidances/ucm281764.pdf


 

 

International Journal of Pharmaceutical Research and Applications 

Volume 8, Issue 3 May-June 2023, pp: 3112-3124 www.ijprajournal.com   ISSN: 2249-7781 

                                      

 

 

 

DOI: 10.35629/7781-080331123124  | Impact Factor value 7.429  | ISO 9001: 2008 Certified Journal Page 3121 

 [22] Vishweshwar P, McMahon JA, Bis JA, 

Zaworotko MJ. Pharmaceutical cocrystals. J 

Pharm Sci 2006;95:499-516.  

 [23]  Blagden N, Matas M, Gavan PT, York P. 

Crystal engineering of active pharmaceutical 

ingredients to improve solubility and dissolution 

rates. Adv Drug Deliv Rev 2007:59;617-30. 

 [24] Ross SA, Lamprou DA, Douroumis D. 

Engineering and manufacturing of 

pharmaceuticals cocrystals: a review of solvent 

free manufacturing technologies. ChemCommun 

2016;52:8772-86. 

 [25]  Salole EG, Al-Sarraj FA. Spiranolactone 

crystal forms. Drug DevInd Pharm 1985:11;855-

64. 

 [26]  Madusanka N, Eddleston M, Arhangelskis 

M, Jones W. Polymorphs, hydrates and solvates 

of a co-crystal of caffeine with anthranilic acid. 

ActaCrystallogr B StructSciCrystEng Mater 

2014:70;72-80. 

 

 27.  Sekhon BS. Pharmaceutical cocrystals - An 

update. Chem Inform 2013;44:62.  

 28.  Bolla G, Nangia A. Pharmaceutical 

cocrystals: walking the talk. ChemCommun 

2016:52;8342-60. 

 [29] Abourahma H, Cocuzza DS, Melendez J, 

Urban JM. Pyrazinamide cocrystals and the 

search for polymorphs. CrystEngComm 

2011;13:1-22. 

 [30] Batisai E, Ayamine A, Kilinkissa OEY, 

Bathori N. Melting point-solubility-structure 

correlations in multicomponent crystal containing 

fumaric or adipic acid. CrystEngComm 

2014:16;9992-8. 

 [31]  Stanton MK, Bak A. Physicochemical 

properties of pharmaceutical cocrystals: A case 

study of ten AMG 517 cocrystals. Cryst Growth 

Des 2008:8;3856-62. 

 [32]  Aakeroy CB, Forbes S, Desper J. Using 

cocrystals to systematically modulate aqueous 

solubility and melting behaviour of an anticancer 

drug. J Am ChemSoc 2009:131;17048-9. 

 [33]  Fleischman SG, Kuduva SS, McMahon JA, 

Moulton B, Walsh B, Rodriguez-Hornedo RD, et 

al. Crystal engineering of the composition of 

pharmaceutical phases: multiple-component 

crystalline solids involving carbamazepine. Cryst 

Growth Des 2003:3;909-19. 

 [34]  Maeno Y, Fukami T, Kawahata M, 

Yamaguchi K, Tagami T, Ozeki T, et al. Novel 

pharmaceutical cocrystal consisting of 

paracetamol and trimethylglycine, a new 

promising cocrystal former. Int J Pharm 

2014:473;179-86. 

 [35]  Zhou Z, Li W, Sun WJ, Lu T, Tong HHY, 

Sun CC, et al. Resveratrol cocrystals with 

enhanced solubility and tablet ability. Int J Pharm 

2016:509;391-9. 

 [36]  Krishna GR, Shi L, Bag PP, Sun CC, Reddy 

CM. Correlation among crystal structure, 

mechanical behaviour and tablet ability in 

cocrystals of vanillin isomers. Cryst Growth Des 

2015:15;1827-32. 

 [37]  Martin FA, Pop MM, Borodi G, Filip X, 

Kacso I. Ketoconazole salts and cocrystals with 

enhanced aqueous solubility. Cryst Growth Des 

2013:13;4295-304. 

 [38] Chen Y, Li L, Yao J, Ma YY, Chen JM, Lu 

TB. Improving the solubility and bioavailability 

of Apixaban via Apixaban-Oxalic acid cocrystal. 

Cryst Growth Des 2016:16;2923-30. 

 [39] Bethune SJ, Schultheiss N, Henck JO. 

Improving the poor aqueous solubility of 

nutraceutical compound Pterostilbene through 

cocrystal formation. Cryst Growth Des 

2011:11;2817-23. 

 [40]  Wang JR, Yu X, Zhou C, Lin Y, Chen C, 

Pan G, et al. Improving the dissolution and 

bioavailability of 6-mercaptopurine via 

cocrystallization with isonicotinamide. Bioorg 

Med ChemLett 2015:25;1036-9. 

 [41]  McNamara DP, Childs SL, Giordano J, 

Iarriccio A, Cassidy J, Shet MS, et al. Use of a 

glutaric acid cocrystal to improve oral 

bioavailability of a low solubility API. Pharm Res 

2006;23(8):1888-97. 

 [42]  Good DJ, Rodriguez-Hornedo N. Solubility 

advantage of pharmaceutical cocrystals. Cryst 

Growth Des 2009:9;2252-64. 

 [43]  Serajuddin ATM. Solid dispersion of poorly 

water-soluble drugs: early promise, subsequent 

problems and recent breakthroughs. J Pharm Sci 

1999:88;1058-66. 

 [44]  Bethune SJ, Huang N, Jayasankar A, 

Rodriguez-Hornedo N. Understanding and 

predicting the effect of cocrystal components and 

pH on cocrystal solubility. Cryst Growth Des 

2009:9;3976-88. 

 [45]  Basavoju S, Bostrom D, Velaga SP. 

Indomethacin-Saccharin cocrystal: Design, 

synthesis and preliminary pharmaceutical 

characterization. Pharm Res 2008;25(3):530-41. 

 [46]  Padrela L, Rodrigues MA, Velaga SP, 

Fernandes AC, Matos HA, Azevedo EG. 

Screening for pharmaceutical cocrystals using the 



 

 

International Journal of Pharmaceutical Research and Applications 

Volume 8, Issue 3 May-June 2023, pp: 3112-3124 www.ijprajournal.com   ISSN: 2249-7781 

                                      

 

 

 

DOI: 10.35629/7781-080331123124  | Impact Factor value 7.429  | ISO 9001: 2008 Certified Journal Page 3122 

supercritical uid  enhanced atomization process. J 

Supercrit Fluids 2010;53:156-64. 

 [47]  Trask AV, Motherwell WDS, Jones W. 

Physical stability enhancement of theophylline 

via cocrystallization. Int J Pharm 2006:320;114-

23. 

 [48]  Hickey MB, Peterson MI, Scoppettuolo LA, 

Morrisette SL, Vetter A, Guzman H, et al. 

Performance comparison of a new cocrystal of 

carbamazepine with marketed product. Eur J 

Pharm Biopharm 2007:67;112-9. 

 [49] Oswald IDH, Allan DR, McGregor PA, 

Motherwell WDS, Parsons S, Pulham CR. The 

formation of paracetamol (acetaminophen) 

adducts with hydrogen bond acceptors. 

ActaCrystallogr B StructSciCrystEng Mater 

2002:58;1057-66. 

 [50]  Variankaval N, Wenslow R, Murry J, 

Hartman R, Helmy R, Kwong E, et al. 

Preparation and solid state characterization of 

nonstoichiometric cocrystals of a 

phosphodiesterase-IV inhibitor and L-tartaric 

acid. Cryst Growth Des 2006:6;690-700. 

 [51] Childs SL, Rodriguez-Hornedo N, Reddy 

LS, Jayasankar A, Maheshwari C, McCausland L, 

et al. Screening strategies based on solubility and 

solution composition generate pharmaceutically 

acceptable cocrystals of carbamazepine. 

CrystEngComm 2008:10;856-64. 

 [52]  Trask AV, Motherwell WDS, Jones W. 

Pharmaceutical cocrystallization: Engineering a 

remedy for caffeine hydration. Cryst Growth Des 

2005:5;1013-21. 

 [53]  Vangala VR, Chow PS, Tan RBH. 

Cocrystals and cocrystal hydrates of the antibiotic 

Nitrofurantoin: Structural studies and 

physicochemical properties. Cryst Growth Des 

2012:12;5925-38. 

 [54]  Shargel L, Yu AB. Applied 

biopharmaceutics and pharmacokinetics. 4th ed. 

New York: McGraw Hill; 1999. 

 [55]  Huang Y, Zhang B, Gao Y, Zhang J, Shi L. 

Baicalein-nicotinamidecocrystal with enhanced 

solubility, dissolution and oral bioavailability. J 

Pharm Sci 2014:103;2330-7. 

 [56]  Cheney ML, Weyna DR, Shan N, Hanna M, 

Wojtas L, Zaworotko MJ. Coformer selection in 

pharmaceutical cocrystal development: a case 

study of a meloxicam aspirin cocrystal that 

exhibits enhanced solubility and 

pharmacokinetics. J Pharm Sci 2011:100;2172-

81. 

 [57]  Dai XL, Li S, Chen JM, Lu TB. Improving 

the membrane permeability of 5-Fluorouracil via 

cocrystallization. Cryst Growth Des 

2016:16;4430-8. 

 [58]  Sanphui P, Devi VK, Clara D, Malviya N, 

Ganguly S, Desiraju GR. Cocrystals of 

hydrochlorothiazide: Solubility and 

diffusion/permeability enhancements through 

drug-coformer interactions. Mol Pharm 

2015:12;1615-22. 

 [59]  Sekhon BS. Pharmaceutical cocrystal – A 

review. ARS Pharmaceutica 2009:50(3);99-117. 

 [60] Najar AA, Azim Y. Pharmaceutical 

cocrystals – A new paradigm of crystal 

engineering. J Indian InstSci 2014:94(1);45-67. 

 [61] Steed JW. The role of cocrystals in 

pharmaceutical design. Trends PharmacolSci 

2013;34(3):185-93. 

 [62]  Thipparaboina R, Kumar D, Chavan RB, 

Shastri NR. Multidrug cocrystals: towards the 

development of effective therapeutic hybrids. 

Drug Discov Today 2016;21:481-90. 

 [63] Majumder M, Buckton G, Rawlinson-

Malone CF, Williams AC, Spillman MJ, Pidcock 

E, et al. Application of hydrogen-bond propensity 

calculations to an indomethacin-nicotinamide 

(1:1) cocrystal. CrystEngComm 2013:15;4041-4. 

 [64]  Cruz-Cabeza AJ. Acid-base crystalline 

complexes and the pKa rule. CrystEngComm 

2012;14:6362-5. 

 [65] Laszlo F. Cambridge structural database 

analysis of molecular complementarity in 

cocrystals. Cryst Growth Des 2009;9(3):1436-43. 

 [66]  Abramov YA, Loschen C, Klamt A. 

Rational coformer or solvent selection for 

pharmaceutical cocrystallization or desolvation. J 

Pharm Sci 2012;101(10):3687-97. 

 [67] Mohammad AM, Amjad A, Velaga SP. 

Hansen solubility parameter as a tool to predict 

the cocrystal formation. Int J Pharm 2011;407:63-

71. 

 [68]  Greenhalgh DJ, Williams AC, Timmins P, 

York P. Solubility parameters as predictors of 

miscibility in solid dispersions. J Pharm Sci 

2001:88;1182-90. 

 [69] Van Krevelen DW, Hoftyzer P. Properties of 

polymers, their estimation and correlation with 

chemical structure. 2nd ed. Amsterdam: Elsevier 

Science; 1976. 

 [70] Shete A, Murthy S, Korpale S, Yadav A, 

Sajane S, Sakhare S,  et al. Cocrystals of 

itraconazole with amino acids: screening, 

synthesis, solid state characterization, in vitro 

release and antifungal activity. J Drug Delivery 

SciTechnol 2015;28:46-55. 



 

 

International Journal of Pharmaceutical Research and Applications 

Volume 8, Issue 3 May-June 2023, pp: 3112-3124 www.ijprajournal.com   ISSN: 2249-7781 

                                      

 

 

 

DOI: 10.35629/7781-080331123124  | Impact Factor value 7.429  | ISO 9001: 2008 Certified Journal Page 3123 

 [71]  Musumeci D, Hunter CA, Prohens R, 

Scuderi S, McCabe JF. Virtual cocrystal 

screening. ChemSci 2011;2:883-90.  

 [72]  Yamamoto K, Tsutsumi S, Ikeda Y. 

Establishment of cocrystal cocktail grinding 

method for rational screening of pharmaceutical 

cocrystals. Int J Pharm 2012;437:162-71. 

 [73]   Lu E, Rodriguez-Hornedo N, 

Suryanarayanan R. A rapid thermal method for 

cocrystal screening. CrystEngComm 

2008;10:665-68. 

 [74]  Zhou ZZ, Chan HM, Sung HHY, Tong 

HHY, Zheng Y. Identication  of  new  cocrystal  

systems  with  stoichiometric diversity of 

salicylic acid using thermal method. Pharm Res 

2016:33;1030-39. 

 [75]  Yamashita H, Hirakura Y, Yuda M, Terada 

K. Coformer screening using thermal analysis 

based on binary phase diagram. Pharm Res 

2014;31:1946-57. 

 [76] Lin HL, Hsu PC, Lin SY. Theophylline-

citric acid co-crystals easily induced by DSC-

FTIR microspectroscopy or different storage 

conditions. Asian J Pharm Sci 2013;8:19-27. 

 [77] Berry DJ, Seaton CC, Clegg W, Harrington 

RW, Coles SJ, Horton PN, et al. Applying hot-

stage microscopy to cocrystal screening: a study 

of nicotinamide with seven active pharmaceutical 

ingredients. Cryst Growth Des 2008;8(5):1697-

712. 

 [78]  Blagden N, Berry DJ, Parkin A, Javed H, 

Ibrahim A, Gavan PT, et al. Current direction in 

cocrystal growth. New J Chem 2008:32;1659-72. 

 [79]  Manin AN, Voronin AP, Drozd KV, Manin 

NG, Bauer-Brandl A, Perlovich GL. Cocrystal 

screening of hydroxybenzamides with benzoic 

acid derivatives: a comparative study of thermal 

and solution based methods. Eur J Pharm Sci 

2014;65:56-64. 

 [80]  Luo YH, Sun BW. Pharmaceutical 

cocrystals of pyrazinecarboxamide (PZA) with 

various carboxylic acids: crystallography, 

Hirshfeld surfaces and dissolution study. Cryst 

Growth Des 2013;13:2098-106. 

 [81] He GW, Jacob C, Guo LF, Chow PS, Tan 

RBH. Screening for cocrystallization tendency: 

the role of intermolecular interactions. J 

PhysChem 2008;112:9890-5. 

 [82]  Chun NH, Lee MJ, Song GH, Chang KY, 

Kim CS, Choi GJ. Combined anti-solvent and 

cooling method of manufacturing indomethacin-

saccharin (IMC-SAC) co-crystal powders. J Cryst 

Growth 2014;408:112-8. 

 [83]  Zhang S, Chen H, Rasmuson AC. 

Thermodynamics and crystallization of a 

theophylline–salicylic acid cocrystal. 

CrystEngComm 2015;17:4125. 

 [84]  Alhalaweh A, George S, Basavoju S, Childs 

SL, Rizvi SAA, Velaga SP. Pharmaceutical 

cocrystals of nitrofurantoin: screening, 

characterization and crystal structure analysis. 

CrystEngComm 2012;14:5078-88. 

 [85]  Karki S, Friscic T, Jones W, Motherwell 

WDS. Screening for pharmaceutical cocrystal 

hydrates via neat and liquid-assisted grinding. 

Mol Pharm 2007;4(3):347-54. 

 [86] Karki S, Friscic T, Jones W. Control and 

interconversion of cocrystal stoichiometry in 

grinding: stepwise mechanism for the formation 

of a hydrogen-bonded cocrystal. CrystEngComm 

2009;11:470-81. 

 [87] Kotak U, Prajapati V, Solanki H, Jani G, Jha 

P. Co-crystallization technique its rational and 

recent progress. World J Pharm PharmSci 

2015;4(4);1484-508. 

 [88]  Aher S, Dhumal R, Mahadik K, Paradkar A, 

York P. Ultrasound assisted cocrystallization 

from solution (USSC) containing a non-

congruently soluble cocrystal component pair: 

Caffeine/maleic acid. Eur J Pharm Sci 

2010;41:597-602. 

 [89] Yadav S, Gupta PC, Sharma N, Kumar J. 

Co-crystals: An alternative approach to modify 

physicochemical properties of drugs. Int J Pharm 

2015;5(2):427-36. 

 [90]  Alhalaweh A, Velaga P. Formation of 

cocrystals from stoichiometric solutions of 

incongruently saturating systems by spray drying. 

Cryst Growth Des 2010;10(8):3302-5. 

 [91] Grossjohann C, Serrano DR, Paluch KJ, 

O’connell P, Vella-zarb L, Manesiotis P, et al. 

Polymorphism in sulfadimidine/4-aminosalicylic 

acid cocrystals: solid-state characterization and 

physicochemical properties. J Pharm Sci 

2015;104:1385-98. 

 [92]  Boksa K, Otte A, Pinal R. Matrix-assisted 

cocrystallization (MAC) simultaneous production 

and formulation of pharmaceutical cocrystals by 

hot-melt extrusion. J Pharm Sci 2014;103:2904-

10. 

 [93]  Daurio D, Medina C, Saw R, Nagapudi K, 

Alvarez-Nunez F. Application of twin screw 

extrusion in the manufacture of cocrystals, Part-1: 

Four case studies. Pharmaceutics 2011;3:582-

600. 



 

 

International Journal of Pharmaceutical Research and Applications 

Volume 8, Issue 3 May-June 2023, pp: 3112-3124 www.ijprajournal.com   ISSN: 2249-7781 

                                      

 

 

 

DOI: 10.35629/7781-080331123124  | Impact Factor value 7.429  | ISO 9001: 2008 Certified Journal Page 3124 

 [94] Bhatt PM, Azim Y, Thakur TS, Desiraju GR. 

Cocrystals of the anti-HIV drugs lamivudine and 

zidovudine. Cryst Growth Des 2009;9(2):951-7. 

 [95]  Skorepova E, Husak M, Cejka J, Zamostny 

P, Kratochvil B. Increasing dissolution of 

trospium chloride by co-crystallization with urea. 

J Cryst Growth 2014;399:19-26. 

 [96]  Aher NS, Shinkar DM, Saudagar RB. 

Pharmaceutical      cocrystallization: A review. J 

Adv Pharm Educ Res 2014;4:388-96. 

 [97]  Yadav AV, Shete AS, Dabke AP, Kulkarni 

PV, Sakhare SS. Cocrystals: A novel approach to 

modify physicochemical properties of active 

pharmaceutical ingredients. Indian J Pharm Sci 

2009;71(4):359-70. 

 [98]  Vaghela P, Tank HM, Jalpa P. Cocrystals: A 

novel approach to improve the physicochemical 

and mechanical properties. Indo Am J Pharm Res 

2014;4(10):5055-65. 

 [99]  Mutalik S, Prambil A, Krishnan M, Achuta 

NU. Enhancement of dissolution rate and 

bioavailability of aceclofenac: A chitosan based 

solvent change approach. Int J Pharm 

2008;350:279-90. 

 [100] Sugandha K, Kaity S, Mukherjee S, Isaac J, 

Ghosh A. Solubility enhancement of ezetimibe by 

cocrystal engineering technique. Cryst Growth 

Des 2014;14:4475-86. 

 [101]  Nehm SJ, Rodriguez-Spong B, Rodríguez-

Hornedo N. Phase solubility diagrams of 

cocrystals are explained by solubility product and 

solution complexation. Cryst Growth Des 

2006;6:592-600. 

 [102]  Bysouth SR, Bis JA, Igo D. 

Cocrystallization via planetary milling: enhancing 

throughput of solid state screening methods. Int J 

Pharm 2011;411:169-71.  

 [103]  Mukaida  M, Watanabe Y,  Sugano  K,  

Terada.  Identication and physicochemical 

characterization of caffeine-citric acid cocrystal 

polymorphs. Eur J Pharm Sci 2015;79:61-6. 

 [104]  Shan N, Toda F, Jones W. 

Mechanochemistry and cocrystal formation: 

effect of solvent on reaction kinetics. 

ChemCommun 2002;2372-73. 

 [105] Cuadra IA, Cabanas A, Cheda JAR, 

Martinez-Casado FJ, Pando C.  Pharmaceutical 

cocrystals  of the anti-inammatory drug diunisal  

and  nicotinamide obtained using  supercritical 

CO2 as an antisolvent. J CO2 Util 2016;13:29-37. 

 [106]  Aakeroy CB, Salmon DJ, Smith MM, 

Desper J. Cyanophenyloximes: reliable and 

versatile for hydrogen bond directed 

supramolecular synthesis of cocrystals. Cryst 

Growth Des 2006:6;1033-42. 

 [107] Wu TK, Lin SY, Lin HL, Huang YT. 

Simultaneous DSC-FTIR microspectroscopy used 

to screen and detect the cocrystal formation in 

real time. Bioorg Med ChemLett 2011;21:3148-

51. 108. Jiang L, Huang Y, Zhang Q, He H, Xu 

Y, Mei X. Preparation and solid state 

characterization of dapsone drug-drug cocrystals. 

Cryst Growth Des 2014;14:4562-73.  

 [109]  Parrott EPJ, Zeitler JA, Friscic T, Pepper 

M, Jones W, Day GM, et al. Testing the 

sensitivity of terahertz spectrocopy to changes in 

molecular and supramolecular structure: a study 

of structurally similar cocrystal. Cryst Growth 

Des 2009;9:1452-60. 

 [110]  Stevens JS, Byard SJ, Schroeder SLM. Salt 

and cocrystals? Determination of protonation 

state by X-ray photoelectron spectroscopy (XPS). 

J Pharm Sci 2010;99(11):4453-7. 

 [111]  Vogt FG, Clawson JS, Strohmeier M, 

Edwards AJ, Pham TN, Watson SA. Solid state 

NMR analysis of organic cocrystals and 

complexes. Cryst Growth Des 2009:9;921-37. 

 [112] EL-Gizawy SA, Osman MA, Arafa MF, El-

Maghraby GM. Aerosil as a novel co-crystal co-

former for improving the dissolution rate of 

hydrochlorothiazide. Int J Pharm 2015;478:773-8. 

 [113]  Li J, Liu P, Liu JP, Zhang WL, Yang JK, 

Fan YQ. Novel Tanshinone II A ternary solid 

dispersion pellets prepared by a single-step 

technique: In vitro and in vivo evaluation. Eur J 

Pharm Biopharm 2012;80(2):426-32. 

 [114] Gurunath S, Nanjwade BK, Patila PA. 

Enhanced solubility and intestinal absorption of 

candesartan cilexetil solid dispersions using 

everted rat intestinal sacs. Saudi Pharm J 

2014;22(3):246-57. 

 [115] Sathali AA, Selvaraj V. Enhancement of 

solubility and dissolution rate of racecadotril by 

solid dispersion methods. J CurrChem Pharm Sci 

2012;2(3):209-25. 

 [116] Fukte SR, Wagh MP, Rawat S. Coformer 

selection: An  important tool in cocrystal 

formation. Int J Pharm PharmSci 2014:6;9-14 

 


