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ABSTRACT 

According to the BCS classification system class 2 drug have low solubility and high 

permeability. In the present study it was, planned to review the improved solubility of BCS class 

2 drugs by preventing its dihydrate formation, by using co-crystal formation approach. It is 

widely accepted method to improve physical properties of BCS class 2 drug especially 

solubility.Co-crystal are prepared by using co-crystal former because it contains many hydroxyl 

groups and thus has potential to form hydrogen bonds with other components.  
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1. INTRODUCTION 

Due to the introduction of highly advanced 

tools in drug discovery pipeline like high 

trough put screening (HTS), a vast number of 

a hydrophobic drug molecule with high 

molecular weight are developing low 

aqueous solubility of hydrophobic drug 

having less absorption, poor bioavailability, 

and develop a leading problem in product 

development regarding route of 

administration, active pharmaceutical 

ingredient need to dissolve or to be 

solubilized in an aqueous environment at 

least for the same time of drug in the blood to 

produced its therapeutic action. Limited 

aqueous solubility drug often need to give 

more amount of doses so they can achieve 

optimum plasma concentration after oral 

drug administration [1]. The solubility 

related problems increasing day by day, and 

they are more prominent in new chemical 
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entities. A considerable number of 

commercially marketed compound 

(Approximately 40%) and drug under 

developmental pipeline (Approximately 

80%) facing solubility related issue [2]. 

Challenges associated with poor aqueous 

solubility may be seen in the early phase of 

drug development processes, and thus there 

are increasing efforts to link drug discovery 

and development process to formulation 

strategies [3]. 

1.1 Importance of solubility in product 

development 

The oral route of drug administration is the 

most preferable and most suitable route of 

administration. As this route have its own 

advantages like more patient compliance, 

less sterility restriction, less manufacturing 

cost, and most prominently flexible in 

designing in the dosage form though, the 

most vital task with the fabrication of oral 

dosage form lies in there less bioavailability. 

The oral bioavailability depends on the 

number of factors like drug permeability, 

first pass metabolism, drug aqueous 

solubility and dissolution rate. The 

enhancement of solubility and dissolution 

rate is one of the most thought-provoking 

features of the development of dosage forms, 

particularly for the oral dosage form various 

approaches are reported scientific literature 

to improve the solubility of limited aqueous 

soluble drug [4].  

1.2 Formulation approaches for 

improvement of solubility 

Numerous formulation techniques employed 

for the enhancement of clinical efficiency of 

poor water soluble drug. According to the 

biopharmaceutical classification system 

(BCS) of drugs, the drugs are categorized 

into four major categories based on their 

solubility and permeability behavior. They 

are as follows, Class I- high solubility and 

high permeability, class II- low solubility and 

high permeability, class III- high solubility 

and low permeability, and class IV- low 

solubility and low permeability [5].  

Table 1.1 gives a brief idea about various formulation approaches employed for the manufacturing of the dosage form of 
various BCS classes of drugs 

Class- I High solubility and high permeability 
Immediate release and sustained release 

Class- II Low solubility and high permeability 
Modification of drug crystal habits, particle size reduction, 

solid dispersion, complexation, salt formation. 
Class- III High solubility and low permeability 

Immediate release formulation with an absorption 
enhancer. 

Class- IV Low solubility and low permeability 
Class II approaches or joint approaches for class II along 

with absorption enhancer. 

Table 1.1 Feasible formulation approaches 

employed for the manufacturing of dosage 

form of BCS classes of drug. 

The solubility improvement approaches are 

broadly classified into two categories i.e. 
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physical and chemical approaches of 

solubility enhancement. 

1.2.1 Physical approaches to solubility 

enhancement 

The physical approach does not play with the 

structure of the drug molecule [6]. In 

physical method, a drug molecule physically 

modulated by mean of any of the excipient 

added to it, such polymer for solid 

dispersion, or sometime particle size of drug 

is reduced to micron level to improve its 

solubility. The physical method includes 

particle size reduction, modification of drug 

crystal habits, drug dispersed into the 

hydrophilic carrier, complexation with 

cyclodextrin, and solubilization by using a 

surfactant molecule [7].  

1.2.1.1 Particle size reduction 

The solubility of drug is often intrinsically 

related to drug particle size; as a particle 

becomes smaller, the surface area to volume 

ratio increases. The larger surface area allows 

greater interaction with the solvent which 

causes an increase in solubility [8]. 

Conventional methods of particle size 

reduction, such as comminution and spray 

drying, rely upon mechanical stress to 

disaggregate the active compound. Particle 

size reduction is thus permitting an efficient, 

reproducible, and economic means of 

solubility enhancement. However, the 

mechanical forces inherent to comminution, 

such as milling and grinding, often impart 

significant amounts of physical stress upon 

the drug product which may induce 

degradation. The thermal stress which may 

occur during comminution and spray drying 

is also a concern when processing 

thermosensitive or unstable active 

compounds. Using traditional approaches for 

nearly insoluble drugs may not be able to 

enhance the solubility up to desired level. 

Micronization is another conventional 

technique for the particle size reduction [9]. 

Micronization increases the dissolution rate 

of drugs through increased surface area, it 

does not increase equilibrium solubility. 

Decreasing the particle size of these drugs, 

which cause increase in surface area, 

improve their rate of dissolution. 

Micronization of drugs is done by milling 

techniques using jet mill, rotor stator colloid 

mills and so forth micronization is not 

suitable for drugs having a high dose number 

because it does not change the saturation 

solubility of the drug [10].  

1.2.1.2 Solid dispersion 

The concept of solid dispersions was 

originally proposed by Sekiguchi and Obi, 

who investigated the generation and 

dissolution performance of eutectic melts of 

a sulfonamide drug and a water-soluble 
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carrier in the early 1960s [11]. Solid 

dispersions represent a useful pharmaceutical 

technique for increasing the dissolution, 

absorption, and therapeutic efficacy of drugs 

in dosage forms [12]. The term solid 

dispersion refers to a group of solid products 

consisting of at least two different 

components, generally a hydrophilic matrix 

and a hydrophobic drug. The most commonly 

used hydrophilic carriers for solid dispersions 

include polyvinylpyrrolidone (Povidone, 

PVP), polyethylene glycols (PEGs), 

PlasdoneS630. Surfactants like Tween-80, 

docusate sodium, Myrj-52, Pluronic-F68, and 

sodium lauryl sulphate (SLS) also find a 

place in the formulation of solid dispersion 

[14].  

1.2.1.3 Self-emulsifying drug delivery 

system 

The self-emulsifying drug delivery system is 

a lipid-based formulation that enhances the 

solubility and dissolution rate of the 

combined hydrophobic drug. The delivery 

system contains a mixture of oil (natural or 

synthetic lipids, surfactant, co-surfactant and 

co-solvent) the drug delivery system 

classically possesses self-dispersing ability as 

well as the capability to form O/W emulsion 

or micro emulsion after slight agitation. The 

disadvantages is of the system are chemical 

instability of drugs, and some high use 

surfactant may cause gastro intestinal toxicity 

after oral administration [15].  

1.2.1.4 Modification of drug crystal habits 

This method involves the formation of the 

noncovalent derivative of a drug molecule by 

incorporating one or more suitable GRAS 

listed compounds. Different types of 

formulation are obtained during modification 

of drugs crystal habit like co-crystal, 

eutectics systems, and solid solutions [16]. 

The invention provides methods of 

modifying the crystal habit of a compound 

without altering the crystal structure of the 

compound through a controlled precipitation 

technique in the presence of a crystal growth 

inhibitor as well as the crystallized 

compounds formed by these methods. Using 

these methods, the crystal habit of the 

compound may be modified from acicular to 

bipyramidal. The modification in crystal 

habit [17] is attributable to a preferential 

adsorption mechanism of the crystal growth 

inhibitor to a fast growing crystal face of the 

compound. Powder flow properties of the 

crystallized product are significantly 

enhanced with the habit modification. This 

selective crystal habit modification using a 

crystal growth inhibitor provides a strategy to 

circumvent the manufacturing difficulties 

associated with acicular crystal habits [18].  
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1.2.2 Chemical approaches to solubility 

enhancement 

In this approach, the chemical structure of 

active pharmaceutical ingredient is modified 

for the alteration of its biopharmaceutical 

properties. This method includes the 

formation of a new chemical bond with same 

another molecule like the salt formation of 

prodrug formation [19].  

1.2.2.1 Salt formation 

Salt formation is a neutralization reaction 

between acids and bases. Salt formation is 

used for drugs that can be ionized so that 

solubility increases. Salt is formed by the 

transfer of protons from acids to bases [20]. 

Ionic bonds from salts can form and are 

stable if the difference in the pKa (ionization 

constant) between acids and bases (ΔpKa ) is 

>3 [21]. Through this reaction, salt formation 

requires a counter ion, stoichiometric molar 

ratio, and a suitable solvent. The selection of 

the proper salt structure of active drug 

ingredients must be efficient and rational, as 

the salt selection can influence the pre-

formulation evaluation of drugs. Many 

criteria must be considered in the formation 

of salt compounds: the route of drug 

administration, biological factors, pKa, 

biopharmaceutical factors, ionic factors, and 

organic solvents selected [21].  

1.2.2.2 Prodrug formation 

The prodrug is a biologically inactive form of 

an active drug molecule that usually required 

to enzymatic or chemical biotransformation 

within the body to release its active form in 

this method, a drug molecule is covalently 

joined with pro moiety. The disadvantages of 

prodrug formation is a metabolite formed 

during biotransformation is sometime 

produce toxicity [22].  

1.2.2.3  Hydrotrophy 

Hydrotrophy is a solubilization process, 

whereby addition of a large amount of 

second solute, the hydrotropic agent results 

in an increase in the aqueous solubility of 

first solute. Hydrotropic agents are ionic 

organic salts, consists of alkali metal salts of 

various organic acids. Additives or salts that 

increase solubility in given solvent are said to 

“salt in” the solute [23] and those salts that 

decrease solubility “salt out” the solute. 

Several salts with large anions or cations that 

are themselves very soluble in water result in 

“salting in” of non electrolytes called 

“hydrotropic salts”; a phenomenon known as 

“hydrotropism.” Hydrotrophy designate the 

increase in solubility in water due to the 

presence of large amount of additives. The 

mechanism by which it improves solubility is 

more closely related to complexation 

involving a weak interaction between the 

hydrotropic agents like sodium benzoate, 
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sodium acetate, sodium alginate, urea, and 

the poorly soluble drugs [24]. 

1.2.2.3 Complexation with cyclodextrin 

Basically, in this approach, drug form with β 

cyclodextrin through host-guest interaction. 

Cyclodextrins are structurally related to 

cyclic oligosaccharide having a lipophilic 

cavity and hydrophilic external surface [25]. 

The inclusion complex are formed by the 

insertion of lipophilic drug into the lipophilic 

cavity of the cyclodextrin molecule through 

noncovalent interaction [26].  

1.3 Pharmaceutical co-crystals 

The pharmaceutical co-crystal are structural 

homologs to crystalline material composed of 

two or more neutral molecules present 

indefinite stochiometric ratios. In co-crystal, 

drug and coformer are assembled by 

noncovalent interaction like hydrogen 

bonding, pi-pi interaction, van der waals 

interaction [27]. The first co-crystal was 

synthesized by scientist Freidrichwohler is 

quinhydron co-crystal by using 

benzoquinone and hydroquinone at 1:1 

stochiometric ratio. The co-crystal can give 

an apportunity to alter drug physiological 

properties like solubility, stability, melting 

point, hygroscopicity, and mechanical 

properties like flowability compressibility. 

As well, they can improve pharmacological 

properties like bioavailability and 

permeability [28]. The charge transfer is one 

of the commonly seen interaction in the 

synthesis of organic co-crystal. Hydrogen 

bond play a most significant role in the 

formation of organic co-crystal. Some of 

nocovalentinteractions are also dominating in 

the co-crystal self-assembly process. They 

also impact direct structural stability as well 

as physiological properties in co-crystals 

[29].  

1.3.1 Components of pharmaceutical co-

crystal   

The co-crystal contains two main 

constituents they are as follows 

 Coformers or another drug molecule- 

these are non-toxic, and GRAS listed 

compound having the capability to 

form co-crystal with drug. 

 Active pharmaceutical ingredients- 

therapeutic molecule having 

physiochemical problems like low 

solubility, instability, poor flow 

properties, less permeability, etc. 

These two components get joined together 

with the help of noncovalent interaction like 

hydrogen bonding or van der waals 

interaction. The synthons are the structural 

units, in which two molecules get assembled 

or joined with intermolecular interaction 

[30]. There are two types of synthons 

available. 
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A- Homosynthons- In this type of 

synthon, the structural unit within 

supramolecule can be formed within 

the same functional group are called 

homosynthon. The following Figure 

1.1 summarises example of 

homosynthones. 

B- Heterosynthons- In this type of 

synthon, thestructural units within 

supramolecule can be formed within 

the different functional group. The 

following Figure 1.2 explains 

examples of heterosynthons. 

O
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H O

OH

N

O

H O

H N

 
Acid-acid diamer                 Amide-amide diamer 

Figure 1.1 
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H

O

O
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Acid-pyrimidine diamer               Acid-amide diamer 

Figure 1.2 

1.3.2 Advantages of pharmaceutical co-

crystal 

Following are some advantages offered by 

co-crystals, 

 No by-product formation takes place 

during the synthesis of co-crystal. 

 The molecular structure of drug 

remains unchanged in the synthesis of 

co-crystal. 

 High yielding techniques. 

 Synthesis of co-crystals is patentable 

innovation. 

 Almost all type of molecule can form 

a co-crystal. 

1.4 Coformer selection stratergies 

The selection of suitable coformer molecule 

for the synthesis of co-crystal is the most 

challenging and tedious task in the entire co-

crystal manufacturing process. There are 

different coformer prediction tools for 

synthesis of co-crystal are available like 

Hansen solubility parameter, pka etc. 

1.4.1 Hansen solubility parameter 

Hansen solubility parameter is another 

important approach used to measure the 
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miscibility of drug and coformers used for 

co-crystal systems. The miscibility of the 

components in the solid state could predict 

the co-crystal formation. The synthesis of 

cocrystals success rate was improved by 

using the components which have similar 

miscibility. It was demonstrated that the two 

components should be miscible if total HSPs 

differencewas <7MP0.5, otherwise 

immiscible. 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 [31].  

1.4.2 ∆pKa rule 

Cocrystals or salts formation can be 

predicted by proton transfer between acid 

and base. The formation of salts or cocrystals 

can be predicted by determining the 

∆pKa=[pKa (base)–pKa (acid)]. It is 

generally accepted that proton transfer will 

occur from acid to base if the difference in 

the pKa values is greater than 2 or 3. A 

smaller ∆pKa value (less than 0) indicates the 

formation of cocrystals whereas higher value 

(more than 2 or 3) indicates the formation of 

salts [32]. ∆pKa rule was validated and 

quantified by studying 6465 cocrystals from 

CSD and explained a linear relationship 

between ∆pKa value and possibility of 

proton transfer between acid-base pair. It was 

analysed that a non-ionized complex should 

be formed when the value of ∆pKa<–1; an 

ionized 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 co-crystals [33].  

1.4.3 Fabian’s method 

Different sets of reliable co-crystal forming 

structures were extracted from the CSD and 

the molecular descriptors (single atom, bond 

and group counts, hydrogen bond donor and 

acceptor counts, size and shape, surface area 

and molecular electrostatic) were calculated 

for each molecule. On the basis of calculated 

molecular properties, the database described 

pairs of molecules that were able to form 

cocrystals. The strongest descriptor 

correlation was related to the shape and 

polarity of co-crystal formers [34]. 

1.5 Properties altered by co-crystalisation 

The alteration in molecular structure 

assemblies may lead to changes in physical 

properties. The expected changes in 

physiochemical  properties would occur such 

as solubility, melting point, stability and 

other mechanical properties. There are some 
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example which demonstrate the change in 

physiochemical properties [35].  

1.5.1 Melting point 

Melting point is the physical property of 

solids, which is used to determine the purity 

of the product with sharp melts and narrow 

ranges. High melting point demonstrates the 

thermodynamically stability of the new 

materials i.e. thermal stability of an API can 

be increased by selecting the coformer with 

higher melting point. Cocrystals with low 

melting points can also be beneficial when 

dealing with thermolabile drugs [36]. The 

most commonly used techniques for 

determination of melting point and thermal 

analysis are differential scanning calorimetry 

(DSC) and thermal gravimetric analysis 

(TGA). Melting point of pharmaceutical 

cocrystals can be tailored by judicious 

selection of the coformers. Melting point of 

about 50 cocrystals was analysed and the 

results showed that 51% cocrystals showed 

melting points between API and coformers, 

while 39% cocrystals have melting point 

lower than either API or coformer, 6% have 

high melting point than both API and 

coformer, and 4% had same about API or 

conformer [37]. 

1.5.2 Solubility 

Solubility is an important parameter to 

investigate the formulations of poorly soluble 

drugs. Many approaches have been used to 

improve the solubility of drugs such as salt 

formation, solid dispersion, particle size 

reduction, and so on, amongst which 

cocrystallization has been used by several 

researchers. Solubility of antifungal drug 

ketoconazole was increased 53 and 100 times 

by synthesizing salts and cocrystals 

respectively as compared to ketoconazole. 

Thus, higher solubility of drug was obtained 

by cocrystals as compared to salt formation 

[38]. 

1.5.3 Stability 

Stability study is extremely important during 

the development of new dosage formulation. 

During development of pharmaceutical 

cocrystals several stability studies should be 

performed such as relative humidity stress, 

chemical stability, thermal stability, solution 

stability and photostability study. In relative 

humidity stress, automated water 

sorption/desorption studies are performed to 

determine the effect of water on the 

formulation. Several researchers studied the 

behaviour of cocrystals under relative 

humidity stress conditions. Cocrystals of 

glutaric acid and 2-[4-(4-chloro-2-

fluorphenoxy)phenyl]pyrimidine4-

carboxamide showed 0.08% moisture at high 

95% RH and cocrystals were found stable at 

different conditions [39]. 
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1.5.4 Bioavailability 

Bioavailability is defined as the rate and 

extent of pure drug that reaches into systemic 

circulation. Low oral bioavailability of APIs 

is a major challenge during the development 

of new formulations [40]. Crystal 

engineering is mainly used to design and 

synthesize the pharmaceutical cocrystals with 

enhanced aqueous solubility and oral 

bioavailability. Pharmacokinetics study of 

apixaban-oxalic acid cocrystals in beagle 

dogs showed that oral bioavailability was 

increased by 2.7 times as compared to pure 

drug. Oral bioavailability of baicalein was 

increased by formation of cocrystals with 

nicotinamide and showed that cocrystals had 

2.49 times higher peak plasma concentration 

(Cmax) and 2.80 times higher area under the 

curve (AUC) as compared to pure drug in 

rats. Meloxicam cocrystals with aspirin 

exhibited better oral bioavailability as 

compared to pure drug and showed 12 times 

faster onset of action than pure drug in rats. 

Cocrystals of 6-mercaptopurine (a BCS 

Class-II drug) showed higher oral 

bioavailability i.e.168.7% than pure drug in 

rats [41]. 

1.6 Method for the preparation of 

cocrystals 

Till date, different methods have been 

reported for the preparation of cocrystals by 

the researchers. Few traditional methods 

based on the solution and grinding were 

reported for the synthesis of cocrystals [42]. 

A suitable type of solvent is used in solution 

method for the preparation of cocrystals. 

Different types of solution methods such as 

solvent evaporation, solution crystallization 

technique, antisolvent addition, slurry 

conversion method  and reaction 

crystallization method are discussed with 

suitable examples. Grinding methods are of 

two types: neat grinding and solvent drop 

grinding. Some newly emerging methods 

used for the formation of cocrystals are 

ultrasound assisted solution method, 

supercritical fluid atomization technique, 

spray drying technique, hot melt extrusion 

technique [43].  

1.6.1 Solvent evaporation method 

In solvent evaporation method, for both API 

and coformer are dissolved in a suitable 

solvent and the solution is allowed to 

evaporate the solvent slowly. During 

dissolution, the functional groups in the drug 

and conformer interact with each other and 

form hydrogen bonds. This is most 

commonly used method for the preparation 

of cocrystals by researchers [44].  

1.6.2 Grinding method 

Grinding methods have been widely used for 

the for the co-crystal formation over the past 
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few years and found to be superior than other 

methods (solution or melt). Grinding 

techniques are of two types: neat or dry 

grinding and wet grinding. In dry grinding, 

drug and coformer are mixed together in a 

stoichiometric ratio and ground them by 

using either mortar and pestle or ball mill. 

Wet Grinding was performed in a similar 

manner that of neat grinding by addition of 

some drops of solvent in the mixture [45]. 

1.6.3 Ultrasound assisted solution 

cocrystallization 

Sonochemical method has been developed 

for the preparation of cocrystals of very small 

size i.e. for preparation of nanocrystals. In 

this method, API and cocrystal former are 

dissolved together in a solvent and the 

solution is kept in a sonoreactor to form the 

solution turbid. Cold water is supplied during 

the sonication to maintain the constant 

temperature of sonicator and prevent 

fragmentation. The solution is kept overnight 

for drying. Pure cocrystals were obtained by 

this method and the purity of cocrystals can 

be assessed by using X-ray diffraction study 

[46]. 

1.6.4 Supercritical fluid atomization 

technique  

In supercritical atomization technique, the 

drug and coformers are mixed with each 

other by using high pressurized supercritical 

fluid i.e. CO2. Cocrystals are prepared by 

atomizing this solution with the help of 

atomizer. In supercritical antisolvent (SAS) 

method, the cocrystals are prepared from 

solution by the antisolvent effect of 

supercritical fluid [47].  

1.6.5 Spray drying technique 

In spray drying process, cocrystals are 

prepared by spraying the solution or 

suspension of drug and coformer with hot air 

stream to evaporate the solvent. This is the 

most preferred technology because this is a 

fast, continuous, and one-step process. Thus, 

spray drying process will offer a unique 

environment for the preparation and scale-up 

of cocrystals [48]. 

1.6.6   Hot melt extrusion technique 

In hot melt extrusion technique, the 

cocrystals are prepared by heating the drug 

and coformers with intense mixing which 

improved the surface contacts without use of 

solvent. The limitations of this method 

include both coformer and API should be 

miscible in molten form and not used for 

thermolabile drugs. 

1.7 Characterization and evaluation of co-

crystal 

The ultimate goal of co-crystal screen is to 

discover a solid form of an API with improve 

physical properties. In some cases co-crystal 

formation is readily apparent from the 
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resulting physical properties of the new 

material. 

1.7.1 Fourier transforms infrared 

spectroscopy 

FTIR spectroscopy is used to predict the 

intermolecular interactions and compatibility 

study between drug and coformers. This 

technique is widely used to predict the 

chemical conformation of compounds. 

Aakeroy et al. used FTIR to distinguish the 

cocrystals from salts by evaluating the 

carboxylic acid involvement in the hydrogen 

bond formation. Pure drug, coformer, 

physical mixture and cocrystals are analysed 

by FTIR in the range of 400-4000 cm-1. 

FTIR study is also used along with other 

techniques such as DSC or XRD for the 

screening of the cocrystals [49].  

1.7.2 Differential scanning calorimetry 

DSC has been used for screening of co-

crystal formation. Screening of cocrystals 

formation can be determined by the presence 

of exothermic peak followed by endothermic 

peak in DSC spectra. The presence of these 

peaks in the physical mixture of components 

indicates the possibility of formation of 

cocrystals. Pure drug, coformer, physical 

mixture and cocrystals were weighed out 

(1.5-2.5 mg) in aluminium pans and analysed 

with heating rates of 5-30° using similar 

empty pan as a reference. The nitrogen gas 

with flow rate 50 ml/min maintained the inert 

atmosphere. Melting point, glass transition 

temperature, polymorphic nature, heat of 

fusion, endothermic or exothermic behaviour 

can be determined by using DSC. 

1.7.3 X-ray diffraction 

PXRD is commonly used for screening and 

determination of cocrystalstructure. The 

PXRD patterns obtained from diffractometer 

were compared to each other for analysing 

the structure of cocrystals. The different 

PXRD pattern of cocrystals from their 

components is the indication of cocrystals 

formation. Crystal structure of solids at 

atomic level cocrystals is determined by 

using single crystal X-ray diffraction 

(SXRD). The major problem related to this 

technique is that generally single cocrystal 

cannot be produced which is suitable for 

SXRD analysis. Scanning electron 

microscope is the instrument used to 

determine the particle size and morphological 

analysis of cocrystals. A high energy electron 

beams scan the atoms that provide the 

information about the sample surface’s 

topography [50].  

1.7.4 In vitro release of co-crystal 

Dissolution study is used to determine the 

amount of drug release with time in 

dissolution medium and predict the in vivo 

performance of the formulation. Dissolution 
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studies for the cocrystals can be performed 

with the help of the dissolution apparatus. 

The dissolution studies for the cocrystals can 

be done within the suitable dissolution 

medium described in drug protocol of 

referred pharmacopoeia. The drug samples 

can be collected in the suitable quantity at 

predetermined time interval and can be 

examined with the help of suitable means 

like HPLC or UV. 

1.7.5 Solubility 

Solubility study can be assessed by Higuchi 

and Connors method for solubility 

determination. The solubility of pure drug, 

physical mixture and cocrystals can be 

determined in water or suitable medium 

given in the referred pharmacopoeia. Drug 

sample and medium should be added in a 

conical flask, and should be shaken for 24 h 

at room temperature on rotary flask shaker. 

The entire samples should be protected from 

light by wrapping the flask by aluminium foil 

if the drug is sensitive to light. After 24 h 

samples are filtered through Whatman filter 

paper and aliquots are  

suitably diluted and assayed by HPLC or UV 

at suitable wavelength. 

CONCLUSION 

From current review, it can be concluded that 

improvement of solubility of BCS class 2 

drugs by preventing its dihydrate formation, 

by using co-crystal formation approach is 

possible. It is widely accepted method to 

improve physical properties of BCS class 2 

drug especially solubility. Co-crystal are 

prepared by using co-crystal former because 

it contains many hydroxyl groups and thus 

has potential to form hydrogen bonds with 

other components. 
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