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INTRODUCTION 

1.1 The Need for Solubility Enhancement in Drug 

Development 

One important aspect impacting a drug's absorption 

and bioavailability is its solubility in aqueous 

solutions. Poor solubility affects about 40% of novel 

drug candidates, which restricts their potential for 

therapy and makes formulation more difficult [1]. For 

BCS Class II medications, which have high 

permeability but very little solubility, and BCS Class 

IV substances, which have both small pores and low 

solubility, poor solubility is a major obstacle for the 

pharmaceutical business [2]. The goal of 

pharmaceutical formulation strategies has long been 

to increase drug solubility using techniques including 

lipid-based systems, solid dispersion, and salt 

creation. But these methods frequently have 

drawbacks in terms of reliability, scalability, and 

regulatory approval. An inventive solution to these 

problems that preserves the drug's chemical stability 

is co-crystal formation. 

1.2 Introduction to Co-Crystals 

A substance called an API and a co-former molecule 

combine to form crystalline complexes known as co-

crystals. In contrast to salts, which are made up of 

ionic contacts, co-crystals are usually made up of 

neutral molecules bound together by non-covalent 

connections like van der Waals forces, π-π stacking, 

and hydrogen bonds.  [3]. Because co-crystals provide 

a way to change a medication's chemical and physical 

characteristics without affecting its pharmacological 

activity, they have drawn more attention in the drug 

development process. Co-crystals created by joining a 

medication molecule with a co-former may show: 

• Increased solubility and rate of dissolution [4].  

• Enhanced stability in a range of environmental 

circumstances [5].  

• Release profiles were modified [6].  

Co-crystal formation enables a more precise method 

of medication formulation, maximizing both patient 

compliance and therapeutic efficacy.  

2. Co-Crystal Formation and Mechanism 
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2.1 Mechanisms of Co-Crystal Formation 

Co-crystal formation is a result of molecular bonds 

between the co-former and the API, usually through:  

• Hydrogen bonding: In many co-crystals, this is 

the predominant interaction between groups of 

function on the API and co-former, such as the -

OH, -COOH and -NH2, or -NH groups [7]. 

•  π-π interactions: By interacting with the drug's 

aromatic groups through π-π stacking, aromatic 

co-formers can provide further stability [8]. 

•  Van der Waals forces: The co-crystal lattice's 

overall stability and packaging are facilitated by 

these weak interactions [9].  

Choosing suitable co-formers with the functional 

groups required to communicate with the API is the 

first step in the co-crystallization process. The 

medicine and the chosen co-formers need to be 

compatible in terms of stability, solubility, and 

crystallization behavior.  

2.2 Methods of Co-Crystal Formation 

Several techniques can be employed to form co-

crystals, each offering advantages and limitations in 

terms of scale, cost, and feasibility. 

2.2.1 Solvent Evaporation 

In solvent evaporation, the co-former and API are 

dissolved in an appropriate solvent, and the solvent is 

then evaporated. The atoms crystallize together to 

create a co-crystal as the solvent evaporates. Due to 

its ease of use and affordability, this approach is 

frequently employed; nonetheless, it necessitates 

rigorous supervision to prevent the production of 

contaminants or excessive solvent residues [10]. 

2.2.2 Melt Crystallization 

This process involves melting the co-former and API 

together, then allowing them to cool gradually so that 

crystallization can occur. Melt crystallization is more 

scalable and environmentally benign because it does 

not require solvents. But only medications and co-

formers with comparatively low melting points can 

use it [11]. 

2.2.3 Mechanochemical Grinding 

The API and co-former are ground in a ball mill under 

regulated conditions as part of mechanochemical 

grinding, commonly referred to as ball milling. 

Solvents are not needed for this process, which can be 

scaled up for industrial production. For consistent co-

crystal formation, however, the grinding 

parameters—such as time, speed, and the kind of 

milling media—need to be carefully adjusted [12]. 

2.2.4 Other Methods 

• Spray Drying: This technique involves spraying 

a solution of the API and co-former into a hot 

drying chamber, where the solvent evaporates 

rapidly, resulting in the formation of co-crystals 

[13]. 

• Slurry Crystallization: The API and co-former 

are mixed in a solvent to form a slurry, and the co-

crystal precipitates out as the solvent is 

evaporated or diluted [14]. 
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3. Characterization of Co-Crystals  

Co-crystals must be characterized in order to verify 

their formation, evaluate their stability, and determine 

whether they are suitable for use in medicinal 

applications. The characterisation methods that are 

most frequently employed are as follows: 

3.1 Diffraction of X-rays (XRD)  

When it comes to figuring out the crystal structure of 

co-crystals, XRD is the gold standard. The packing, 

lattice symmetry, and molecular arrangement of the 

API and co-former in the co-crystal are all revealed in 

detail by the diffraction pattern [15].  

3.2 Calorimetry via Differential Scanning (DSC)  

Heat flow related to phase transitions, such as melting 

and crystallization, is measured by DSC. It is possible 

to verify the development of co-crystals by observing 

that they usually have distinct melting points from 

their constituent parts [16].  

3.3 Infrared Spectroscopy Using Fourier 

Transform (FTIR). 

 In order to identify functional group interactions and 

verify whether bonds of hydrogen or other non-

covalent relationships exist between the API and co-

former, FTIR spectroscopy is utilized [17].  

3.4 SEM (Scanning Electron Microscopy)  

Co-crystal morphology images from SEM provide 

details regarding the dimensions, shape, and surface 

properties of the particles, all of which are important 

for creating formulations [18]. 

 3.5 Resonance of Nuclear Magnetic Resonance-  

NMR gives precise details about the molecular 

interactions in the co-crystal, including the locations 

of the atoms that form hydrogen bonds [19].  

4. Advantages of Co-Crystals in Pharmaceutical 

Formulation 

4.1 Enhancement of Solubility and Dissolution 

Rate 

When a medicine is co-crystallized with an 

appropriate co-former, its solubility is frequently 

increased. This is explained by: 

• Lower crystalline energy: Co-crystals are frequently 

easier to dissolve due to their lower lattice energy 

compared to the pure drug [20]. 

• Better hydration: Certain co-crystals increase the 

drug's capacity for interaction with water molecules, 

which speeds up the rate of dissolution [21]. 

 For instance, to increase its rate of dissolution and 

absorption, carbamazepine, an anticonvulsant 

medication that has low dissolution, is being co-

crystallized with nicotinamide [22].  

4.2 Enhanced Stability 

Environmental factors including heat, light, and 

moisture can cause many medications to degrade. By 

encasing the active ingredient in a more durable 

crystalline form, co-crystals can aid in medication 

stabilization.  

• Preventing the usual breakdown of hygroscopic 

medications caused by dampness. Co-crystal 
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production with caffeine greatly increases the stability 

of ritonavir, an anti-HIV medication that is known to 

be volatile in solution [23].  

4.3 Modulation of Release Profiles 

Co-crystals can alter a drug's rate of release, enabling 

continuous or regulated release. The drug's release 

profile and rate of disintegration can be modified by 

carefully choosing the co-former. For example, a 

more regulated release can be obtained by co-

crystallizing the calcium channel blocker felodipine 

with saccharin [24].  

4.4 Improved Absorbance  

The bioavailability of a medicine is often higher in its 

co-crystal form than in its original crystalline form. 

For instance, in animal models, carbamazepine and its 

co-crystal with a substance called have greater plasma 

concentrations and improved solubility in 

gastrointestinal fluids [25].  

5. Co-Crystals in Pharmaceutical Case Studies 

5.1 Case Study 1: Nicotinamide and 

Carbamazepine  

A common anticonvulsant with limited solubility is 

carbamazepine. To increase its solubility and rate of 

dissolution, a co-crystal with nicotinamide was 

created. In preclinical trials, the co-crystal 

demonstrated improved bioavailability, with greater 

plasma levels and faster dissolution than the pure drug 

[26].  

5.2 Case Study 2: Caffeine and Ritonavir  

The anti-HIV medication ritonavir is well known for 

its unstable nature in aqueous solutions. Ritonavir's 

stability was increased and its rate of degradation was 

decreased under different settings by co-crystallizing 

it with caffeine. In both dry and humid conditions, this 

co-crystal formulation demonstrated enhanced 

stability [27].  

5.3 Case Study 3: Saccharin and Felodipine  

To regulate its release, saccharin and felodipine as, a 

medication that blocks calcium channels used to treat 

hypertension, co-crystallized. By lowering the drug's 

maximum plasma concentration and limiting adverse 

effects, the co-crystal demonstrated a better regulated 

release profile [28].  

6. Challenges and Limitations of Co-Crystals 

6.1 Obstacles in Regulation 

Regulatory organizations such as the FDA and EMA 

are presently developing their co-crystal approval 

procedures. In contrast to polymorphs and salts, co-

crystals do not have a clear regulatory structure. 

Consequently, it is difficult for pharmaceutical 

companies to prove the stability, safety, and 

effectiveness of co-crystal formulations [29]. 

6.2 Problems with Scale-Up 

Although co-crystals are easily made in the lab, it is 

not necessarily easy to scale up the technique for 

industrial manufacturing. During the scaling process, 

concerns such solvent removal, crystallization 

efficiency, and batch-to-batch consistency need to be 

properly addressed [30]. 

6.3 Sturdiness and Extended Storage 

Even if they are stable in some situations, some co-

crystals can deteriorate with time. To make sure co-

crystal formulations retain their qualities over the 

course of the product's shelf life, their long-term 

storage stability needs to be carefully evaluated [31]. 

7. Future Directions in Co-Crystal Research 
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7.1 Methods of Green Chemistry  

Increased interest in creating co-crystals based on 

green chemistry concepts is a result of increased 

environmental concerns. Techniques like supercritical 

fluid technology and solvent-free grinding are being 

investigated as more environmentally friendly options 

for co-crystal production [32].  

7.2 Customized Healthcare  

One interesting area for future study is the ability to 

customize medicine formulations to match the unique 

needs of patients. Personalized drug delivery systems 

that maximize release profiles and therapeutic results 

for various patient populations could be created using 

co-crystals [33].  

7.3 Novel Co-Formers and Multi-Drug Co-

Crystals 

Novel co-formers, such as biopolymers and 

biomolecules, are being investigated by researchers in 

an effort to increase the number of medications that 

can co-crystallize. Furthermore, co-crystals that blend 

several medications into one formulation may make 

combination therapy easier to manage and more 

successful [34]. 

CONCLUSION 

A flexible and effective strategy for resolving the 

issues of unstable and poorly soluble drugs is co-

crystal technology. Co-crystals can increase 

solubility, stability, and bioavailability through non-

covalent interactions between the drug and co-former 

without changing the API's pharmacological activity. 

The future of pharmaceutical formulations is bright 

thanks to continued research and development in the 

sector, despite obstacles with regard to long-term 

stability, scalability, and regulatory approval. 
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