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Abstract
Drug design plays a critical role in the pharmaceutical industry, addressing 
the limitations of many compounds with medicinal properties that cannot 
serve as an effective active pharmaceutical ingredient. Extensive research 
has been conducted to overcome this challenge, with co-crystals emerg-
ing as a promising solution. In drug design, active pharmaceutical ingredi-
ents (APIs) often face challenges such as low solubility, poor mechanical 
properties, or degradation risks. Since the discovery of co-crystals, their 
potential applications have expanded significantly. Initially recognised as 
simple solubility modifiers, recent research emphasises their diverse uses, 
including flavour masking and the enhancement of mechanical proper-
ties. With the commercialisation of co-crystal-based drugs, research has 
shifted from their potential applications to optimise production methods. 
This article reviews key production methods, including solvent evaporation 
and hot-melt extrusion, which enable scalable and ecologically sustain-
able co-crystal synthesis. Addressing poor physicochemical properties, 
especially low bioavailability, remains a persistent challenge in pharma-
ceutical development. Co-crystals present an innovative and efficient solu-
tion. An API and a co-former are joined by non-covalent interactions to 
form co-crystals, which are crystalline solids. These structures maintain 
the natural pharmacological efficacy of pharmaceuticals while improv-
ing their physicochemical characteristics, such as stability and solubility. 
They provide a systematic and rational approach to improve API prop-
erties because their design follows well-established crystal engineering 
principles. This review emphasises the increasing interest in co-crystals 
and their importance in crystal preparation methods. Co-crystallisation 
has improved the stability, dissolution rate and solubility of active pharma-
ceutical ingredients. Although, there are challenges related to scalability, 
innovative solutions are necessary to ensure consistent and cost-effective 
production. With ongoing research and advancements in scalable manu-
facturing, co-crystals are poised to revolutionise pharmaceutical develop-
ment by overcoming bioavailability challenges and enhancing therapeutic 
outcomes.
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Drug design aims to develop pharmaceutical 
compounds with optimal efficacy, safety and sta-
bility, but many promising drug candidates fail 
due to poor solubility, low bioavailability and in-
adequate mechanical properties. To solve these 
problems, traditional approaches like salt cre-
ation, prodrug generation and nanotechnology 
have been widely employed; nevertheless, they 
frequently come with problems with stability, 
scalability and regulatory approval.

Co-crystals offer a sensible and adaptable sub-
stitute for improving the solubility, stability and 
bioavailability of active pharmaceutical ingredi-
ents (APIs) while preserving their inherent phar-
macological activity without requiring chemi-
cal modification, co-crystallisation provides a 
calculated method to get around formulation 
issues by taking advantage of the non-covalent 
interactions between the API and a co-former. 
Through non-covalent interactions, such as hy-
drogen bonds or van der Waals forces, co-crys-
tals enhance solubility, dissolution rate, stability 

Graphical abstract

and mechanical strength, leading to better drug 
absorption and therapeutic performance. Ad-
ditionally, co-crystals allow for precise control 
over API properties, enabling the development of 
tailored drug formulations with improved manu-
facturability and patient compliance. This makes 
co-crystallisation a powerful tool in modern drug 
design, bridging the gap between molecular op-
timisation and practical formulation challenges. 
They have revolutionised the pharmaceutical 
landscape by allowing precise control over the 
physical characteristics of solid-state drug for-
mulations.1

Pharmaceutical co-crystals are crystalline sol-
ids made up of several solid components, usually 
an API and a non-toxic co-former that has been 
approved for human use. To improve the stabil-
ity, rate of dissolution and solubility of different 
APIs, the co-crystallisation approach has been 
used extensively. Co-crystals have broadened the 
solid-form landscape of APIs as a unique type of 
multi-component crystals, offering a methodical 

Introduction
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Figure 1: Formation of co-crystals 

way to maximise their physicochemical charac-
teristics. With growing industry demands, the 
focus has now shifted towards developing inno-
vative, scalable and environmentally sustainable 
technologies to improve efficiency and minimise 
environmental impact.2

Historical perspective and definition
In 1844, Wöhler made the first co-crystal discov-
ery when he observed that benzoquinone and 
hydroquinone combined to form a crystalline 
compound that was subsequently named quin-
hydrone. In the past, co-crystals were referred 
to by a number of names, including addition com-
pounds, heteromolecular complexes and molec-
ular compounds. Lawton and Lopez developed 
the term “co-crystal” in 1963 and described them 
as solid crystalline complexes made of bisphenol 
and organic amines in a patent. But Etter, whose 
pioneering studies of hydrogen bonding in organ-
ic crystals laid the groundwork for the basic ideas 
of crystal engineering, is largely responsible for 
the current method of co-crystal design. Two fun-
damental ideas in the development of co-crystals 
are:
•	 Hydrogen bonds are formed by all appropri-

ate proton acceptors and donors.
•	 Remaining proton donors and acceptors form 

intermolecular hydrogen bonds after estab-
lishing intramolecular hydrogen bonds.3

Co-crystals are described as "multi-component, 
solid, crystalline, supramolecular complexes 
composed of two or more components within the 
same crystal lattice wherein the components are 
in a neutral state and interact via non-ionic in-
teractions" by the Food and Drug Administration 
(FDA).4

•	 Molecular co-crystals and ionic co-crystals 
are the two main groups into which co-crys-
tals can be broadly divided.

•	 Molecular co-crystals are made up of two or 
more neutral molecules joined by halogen or 
hydrogen bonds, among other non-covalent 
interactions.

•	 Ionic co-crystals contain at least one ionic 
component and are stabilised by charge-as-
sisted hydrogen bonds or coordination bonds, 
often involving metal cations.5

Co-crystals offer a novel and practical way to alter 
the physicochemical characteristics of APIs with-

out sacrificing the effectiveness of their treat-
ment. This unique advantage makes co-crystals a 
more accessible and versatile option compared to 
other techniques, such as solid dispersion, micro-
nisation, nanoparticle formation, salt formation 
and similar approaches.6 Co-crystals are not the 
same as other solid forms like solvates and hy-
drates. A solvate has an organic solvent molecule 
in its structure, whereas a hydrate has a water 
molecule. Furthermore, co-crystals can also com-
bine with hydrates or salts under certain condi-
tions (Figure 1).7, 8

In order to construct a supramolecular synthon, 
the API is usually combined with a suitable co-for-
mer to form a co-crystal. Zaworotko and Almars-
son observed that specific functional groups (or 
molecular recognition points) within API mole-
cules interact with the co-former, leading to the 
formation of supramolecular units known as 
supramolecular synthons.9, 10 Corey introduced 
the term “synthon” in 1967 to describe structur-
al components observed in supermolecules that 
can be created or assembled using known or hy-
pothetical synthetic processes involving inter-
molecular interactions.5, 11 There are two types 
of supramolecular synthons: hetero-synthons, 
which involve different functional groups and 
homo-synthons, which have identical function-
al groups. Through non-covalent interactions, 
these synthons are essential for maintaining 
the co-crystal structure. A drug-drug co-crystal 
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(DDC) is a co-crystal that is created by combining 
different APIs. This approach offers a promising 
way to enhance therapeutic outcomes by optimis-
ing the physicochemical properties and delivery 
of multiple drugs simultaneously.12 The ∆pKa val-
ue can be used to assess the possibility that an API 
and a co-former will form a co-crystal. A negative 
∆pKa (∆pKa < 0) indicates that no proton transfer 
occurs between the components, which suggest 
the potential for co-crystal formation. This rule 
of thumb helps to predict the compatibility of the 
API and co-former for co-crystallisation. In con-
trast, full proton transfer is indicated by a ∆pKa 
greater than 3, which leads to the creation of salt. 
In cases, where the ∆pKa falls between 0 and 3, 
partial proton transfer occurs, often referred to 
as a salt co-crystal system (Figure 2).13

The co-crystallisation technique has become a 
crucial strategy for modifying drug properties 
while preserving their therapeutic activity, mak-
ing it an appealing method for optimising drug de-
livery. This review explores the increasing interest 
in co-crystals, supported by recent publications 
and patents. It talks about several manufactur-
ing techniques, the choice of co-formers and their 
importance in crystal engineering. It also looks at 
how scalable co-crystal synthesis is, highlighting 
methods like solvent evaporation, hot-melt extru-
sion and other production procedures.

Figure 2: Types of supramolecular synthon; (i) homo-synthon and (ii) hetero-synthon

Co-formers

Co-formers are safe, non-toxic molecules that 
engage with an API by non-covalent interactions 

such as Van Der Waals forces, π-π stacking, or 
hydrogen bonds to create a co-crystal. They are 
crucial for maintaining an API’s natural pharma-
cological activity while improving its physical 
characteristics, such as solubility, stability and 
bioavailability. Selecting an appropriate co-for-
mer is often regarded as the biggest challenge in 
synthesising co-crystals. These co-formers can 
be both active pharmaceutical ingredients and 
excipients; the techniques used to study and con-
firm their suitability as co-formers are the same, 
regardless of whether the compound is an API or 
an excipient.14 Co-formers play a crucial role in 
producing and developing various chemical and 
pharmaceutical products. This is an in-depth ex-
ploration of their importance (Figure 3).15, 16

Figure 3: Importance of co-formers
APIs: active pharmaceutical ingredients;
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Improving solubility and bioavailability
Drugs in the Biopharmaceutical Classification 
System Class II and Class III frequently have 
low bioavailability, which makes absorption 
extremely difficult. This issue primarily arises 
from their poor solubility, which prevents the 
API from dissolving adequately and entering the 
bloodstream in sufficient amounts to exert its 
therapeutic effect.17

Co-formers significantly enhance the solubility 
and bioavailability of APIs by forming cocrys-
tals or solid-state modifications, which increase 
dissolution rates and systemic absorption. This 
improvement is crucial for achieving better 
treatment outcomes, particularly for drugs that 
require high plasma concentrations for therapeu-
tic efficacy.

Stabilisation of the API
A number of environmental variables, including 
temperature, humidity, oxidation and light expo-
sure, can cause APIs to deteriorate over time. A 
loss of potency, decreased efficacy, or even safety 
issues may result from this deterioration.

•	 Stability enhancement: Co-formers help to 
protect APIs from environmental stressors by 
forming stable complexes, reducing suscepti-
bility to oxidation or hydrolysis. This is par-
ticularly beneficial for APIs that are sensitive 
and prone to degradation.

•	 Polymorph control: Many APIs exist in multi-
ple crystalline forms (polymorphs), each with 
distinct stability and solubility characteris-
tics. Co-formers aid in stabilising the desired 
polymorph, ensuring consistent drug perfor-
mance across different production batches.18

Optimisation of drug release
The rate at which a drug is released from its dos-
age form has a major impact on its therapeutic ef-
ficacy (eg tablet, capsule). If a drug is released too 
slowly or too quickly, it may not achieve optimal 
therapeutic outcomes.

•	 Controlled release: Co-formers modify the 
crystal structure of the API through co-crys-
tallisation, allowing precise control over its 
release profile. This can enable sustained or 
controlled-release formulations, ensuring a 
gradual and prolonged drug release, leading 
to stable therapeutic levels over time.

•	 Improved dissolution rates: Co-formers en-
hance the dissolution rate of APIs, increasing 
their solubility and bioavailability. This en-
hances the medication’s overall efficacy by 
facilitating better absorption in the digestive 
system.

Reducing the need for high doses
High dosages are necessary for many poorly sol-
uble medications to reach therapeutic levels in 
the body. This may make the production process 
more difficult and raise the possibility of nega-
tive consequences.

•	 Dose reduction: Co-formers can facilitate the 
decrease of the necessary dosage by improv-
ing the solubility and bioavailability of the 
API, which will make the medicine safer and 
simpler to administer. This is particularly 
beneficial for drugs with a narrow therapeu-
tic window, where the difference between an 
effective dose and a toxic dose is minimal.19

Cost-effective and scalable solution 
Other formulation techniques, such as nanotech-
nology or lipid-based formulations, can be ef-
fective but are often costly and may not be scal-
able for large-scale manufacturing. In contrast, 
co-formers offer a simple and cost-effective ap-
proach to enhance an API’s properties.

Simplicity: Unlike complex techniques that re-
quire specialised equipment and advanced tech-
nologies, the selection and formulation of co-
formers are generally a straightforward process, 
making it a practical and efficient alternative.

Manufacturing simplicity
Co-crystals and co-former-based formulations 
are generally compatible with conventional phar-
maceutical manufacturing processes, allowing 
for large-scale production without requiring sig-
nificant modifications to existing infrastructure. 
This makes them a practical and scalable solution 
for enhancing drug properties while maintaining 
cost-efficiency in manufacturing.20

Ongoing research and technological advance-
ments are expected to make co-crystals a trans-
formative element in pharmaceutical develop-
ment. They offer a practical means of improving 
medication stability, solubility and bioavailabili-
ty, all of which can contribute to improved ther-
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apeutic results. However, challenges still exist in 
large-scale production, necessitating innovative 
solutions to ensure cost-effective and sustainable 
manufacturing.

Examples of co-formers

Co-formers are selected based on their ability 
to enhance the physicochemical properties of 
an API. Co-formers, which can form complex-
es, cocrystals, or salts with APIs, are commonly 
encountered and include organic acids, bases, 
amides and salts. Examples of well-known co-
formers utilised in the pharmaceutical sector are 
listed below:21, 22

1. Saccharin
Co-former type: Organic acid
Example and application: A common co-former 
in co-crystals formulations, saccharin helps to 
make poorly soluble APIs more soluble. When 
ibuprofen, a nonsteroidal anti-inflammatory 
drug (NSAID), is mixed with saccharin, co-crys-
tals are created, these increases the solubility of 
the medication and increase its bioavailability 
(Figure 4).

Figure 4: Saccharin

Figure 5: Nicotinamide

Figure 6: L-proline

2. Nicotinamide
Co-former type: Vitamin (B3 derivative)
Example and application: Nicotinamide is com-
monly used as a co-former to improve the solu-

bility of medications that are not very soluble in 
water, like carbamazepine and ibuprofen. Nic-
otinamide increases these APIs’ bioavailability 
and dissolution rates by creating co-crystals with 
them, which increases their efficacy. Additionally, 
its hydrogen-bonding ability makes it an excellent 
choice for stabilising various drug formulations, 
ensuring prolonged shelf life and consistent ther-
apeutic outcomes (Figure 5).

3. L-Proline
Co-former and type: Amino acid
Example and application: L-proline, a naturally 
occurring amino acid, combines with APIs to cre-
ate stable co-crystals, such as theophylline and 
caffeine. L-proline as a co-former improves the 
solubility of drugs, thermal stability and mechan-
ical properties, making it a valuable choice for im-
proving pharmaceutical formulations. Moreover, 
L-proline-based co-crystals can help to reduce 
the risk of drug degradation, thereby, extending 
the drug’s efficacy over time (Figure 6).

Gaba et al. Scr Med. 2026 Mar-Apr;57(2):303-25.
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Selection of co-formers Co-former screening and
selection techniques

Figure 7: Picolinic acid

Figure 8: Selection of co-formers

4. Picolinic acid
Co-former type: Organic acid 
Example and application: Picolinic acid, an or-
ganic acid with strong hydrogen-bonding capa-
bilities, has been applied to improve the stability 
and solubility of APIs such as nicotinamide and 
caffeine. It is essential for altering drug release 
patterns, which guarantees a better regulated 
and prolonged release of pharmaceuticals. Addi-
tionally, picolinic acid co-crystals being investi-
gated for their potential to increase the amount 
of bioavailable certain antibiotics and anticancer 
drugs.

Co-formers are substances used in combination 
with basic ingredients (such as active compounds 
or other essential components) to enhance the 
food product’s stability, functionality, or texture. 
This term is used in the context of food science 
and formulation. They usually improve the per-
formance, texture and qualities of the finished 
product by combining with other ingredients 
(Figure 7).23-25

Co-formers are essential to the creation of 
co-crystals. When selecting a suitable co-former, 
several factors must be considered, including 
molecular size, functional group type, physical 
form and pKa.26 Compounds classified as Gen-
erally Recognised as Safe (GRAS) are frequently 
utilised in the development of multi-component 
crystals as part of a broader co-former selection 
strategy (Figure 8).27

The selection process relies heavily on under-
standing the API and experimental approaches. 
The trial-and-error method is commonly used in 
experimental studies, with co-crystal identifica-
tion carried out using analytical techniques such 

Hypothetical /theoretical method 
Hydrogen bonding 
The success of co-crystallisation is significant-
ly influenced by the number of hydrogen bond 
acceptors and donors present in both the drug 
and co-former molecules.30 Hydrogen bonding, 
defined as the interaction between an electro-
negative atom (X) and a hydrogen atom, existing 
either within a molecule (intramolecular) or be-
tween different molecules (intermolecular).31 The 
favoured stereo-electronic properties, selectivi-
ty and connectivity patterns of hydrogen bonds 
linked to particular functional groups or combi-

as Raman spectroscopy, Fourier transform infra-
red spectroscopy, differential scanning calorime-
try, powder X-ray diffraction, single crystal X-ray 
diffraction and others. However, the process of 
formulating and identifying co-crystals is often 
time-consuming and resource-intensive. To op-
timise efficiency, alternative methods can some-
times be employed to bypass the trial-and-error 
approach. Effective co-former selection can be 
achieved through pKa-based models, supramo-
lecular synthon compatibility checks, hydro-
gen-bonding analysis, the Cambridge Structural 
Database (CSD), thermal analysis calculations, 
lattice energy calculations and saturation tem-
perature measurements.28, 29
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nations of functional groups involved in hydrogen 
bond formation are all elucidated by the hydrogen 
bond rule. Donohue and Etter established the Hy-
drogen Bond Rules to predict the conditions fa-
vourable for hydrogen bond interactions that lead 
to co-crystal formation (Figure 9).32, 33

Figure 9: Hydrogen bonding

Some key conditions include:
a.	 Effective acceptors for protons (eg –OH, –NH3) 

and donors of protons (eg –COOH, –NH4
+) are 

frequently a part of hydrogen bonds.
b.	 Before intermolecular hydrogen bonds (like 

N-H···O and O-H···O) are established, six-mem-
bered ring intramolecular hydrogen bonds 
(like C-H···O) are formed.

a.	 The best proton donors and acceptors take 
part in intermolecular hydrogen bonding 
once intramolecular hydrogen bonding has 
occurred.

b.	 In the crystal structure, hydrogen bonds are 
formed between all acidic hydrogen atoms.

These guidelines offer a framework for compre-
hending and forecasting how hydrogen bond 
interactions result in the development of stable 
co-crystals.

pKa rule
The ∆pKa value acts as a crucial determinant for 
evaluating a co-former’s suitability in developing 
a co-crystal with a desired API. pKa, represent-
ing the negative logarithm of the dissociation 
constant, measures an acidic molecule’s ability 
to donate a proton. A negative ∆pKa, indicating 
no proton transfer between the co-former and 
API, suggests the potential for co-crystal forma-
tion. Its pH-dependent solubility and rate of dis-
solution allow the BCS Class II medications to be 
further divided into IIA (acidic drugs), IIB (basic 
drugs) and IIC (neutral drugs). Conversely, if the 

∆pKa value exceeds 3, a salt is likely formed due 
to complete proton transfer. The range of 0 to 3 
is considered a gray area, where accurate predic-
tions are difficult.3, 9 The equation used to predict 
co-crystal formation is:
Aghara et al utilised this equation to develop and 

∆pKa = pKa (Base) - pKa (Acid)

design two luliconazole co-crystals with having 
menthol along with mannitol and achieved a five-
fold increase in the solubility of luliconazole com-
pared to the pure drug.10

Supramolecular synthon approach/molecu-
lar recognition points
Designing co-crystals using hydrogen bonding 
principles and the molecular recognition points 
approach involves the following steps:
a.	 Finding the functional groups that are pres-

ent in the co-former and API molecules.
b.	 Assessing the intramolecular interactions be-

tween the API’s individual drug molecules.
c.	 Determining possible functional groups that 

could take part in interactions between mole-
cules inside the pure compounds.

d.	 Determining the probability that several mol-
ecules will interact with one another. 

e.	 Choosing co-formers by assessing the inter-
actions between and among molecules.

There are two types of supramolecular synthon 
approaches: Hetero synthon and Homo syn-
thons, depending upon the interacting functional 
groups found in the medication and co-former. 
When self-complementary functional groups, 
such amide + amide or acid + acid groups, contact, 
homo synthons are created. In contrast, hetero 
synthons arise from the interaction of two dif-
ferent functional groups, such as acid + pyridine, 
acid + amide, or amide + pyridine groups.34 This 
approach provides a systematic framework for 
designing co-crystals by leveraging specific func-
tional group interactions.

Experimental methods/pick and trial approaches
The experimental approach for co-crystallisation 
involves conducting studies using small quanti-
ties of both the API and co-formers. For the pri-
mary purpose of screening possible co-formers, 
mechanochemical synthesis techniques including 
solvent-based grinding and neat (simple) grinding 
are recommended. These techniques rely on kinet-
ic energy to drive the co-crystallisation process.35 
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∆EIeLE = ΔEIrLE + ŲIeLE

In this method, the API and co-former are ground 
together in equimolar ratios for a specific duration 
using either a ball mill or a mortar and pestle.36

In silico techniques

Lattice energy assessment
The degree of ionic bonding in an ionic substance 
is measured by lattice energy. It describes the 
energy shift that takes place when one mole of 
a crystalline ionic compound develops from its 
constituent ions in the gas phase, or the energy 
needed to fully dissociate one mole of an ion-
ic compound into its constituent ions in the gas 
phase. Lattice energy is utilised in virtual screen-
ing, which applies thermodynamic principles to 
predict potential co-formers.37 A co-crystal phase 
is typically favoured if it is more thermodynam-
ically stable than the pure components, meaning 
the lattice energy of the co-crystals should be 
greater than that of their elements.38 The lattice 
energy of a molecule can be calculated using the 
following formula:

Where:
ΔEIeLE = Lattice energy
ΔEIeLE= Conformational intramolecular energy
ŲIeLE = Intermolecular lattice energy

The probability of co-crystallisation rises with 
a greater difference between the lattice energy 
of the pure components and that of the co-crys-
tals.39 Chan et al employed a thermodynamic ap-
proach to predict the formation of co-crystals of 
paracetamol with various co-formers.40 Neutral 
molecules, salts, solvates and other solid and liq-
uid systems can all be assessed using the lattice 
energy assessment method. Notably, this method 
does not require assumptions about hydrogen 
bonding.41

Cambridge structural database (CSD)
Supramolecular retrosynthetic analysis involves 
identifying the intermolecular units required to 
achieve the desired co-crystal structure, utilising 
the CSD. The CSD, which presently houses more 
than 1.2 million crystal structures, includes crys-
tallographic information on hydrogen bonds that 
form between medications and co-formers. With 
nearly 40,000 new structures added each year, 
the CSD serves as an efficient and well-designed 

software tool.42, 43 It can predict stable hydro-
gen bond motifs and verify consistency across 
a range of core structures.44 Additionally, the 
CSD provides hydrogen bonding propensity tool, 
which assists in the design of co-crystals. Each 
entry in the CSD offers detailed information on 
chemical structure, crystallographic data, molec-
ular geometry, crystal packing, stereochemistry, 
molecular dimensions, structure representation 
and conformational analysis.45-47

By leveraging insights into preferred orienta-
tions and geometries of current intermolecular 
interactions, researchers can select co-formers 
for co-crystallisation with APIs.48, 49 Analysing 
statistical datasets of co-crystals available in 
the CSD empowers researchers to employ vir-
tual screening methodologies to identify viable 
co-crystal-forming combinations. This approach 
facilitates the construction of co-crystals through 
molecular modelling, resulting in significant time 
and cost savings.50

Conductor-like screening model for 
real solvents (COSMO-RS)
An increasingly popular substitute for high-per-
formance thermodynamic analysis is COSMO-RS. 
It predicts co-crystal formation by evaluating 
the differences in residual enthalpies between 
individual components and the co-crystals, as-
suming that interactions in the supercooled 
phase are similar to those in the solid phase. As 
a high-throughput screening tool, COSMO-RS is 
particularly valuable for screening hydrates and 
identifying the most suitable solvent for co-crys-
tallisation.51, 52

In a study by Wu et al, COSMO-RS, among oth-
er models, was investigated for predicting the 
co-crystal formation of a host molecule with 
63 other molecules. The results demonstrated 
that COSMO-RS is a potent and reliable method, 
achieving an overall hit rate of 84.1 %.53

Methods of preparation of 
co-crystals

Various techniques can be employed to prepare 
co-crystals and these methods are categorised 
based on the solvent and state of matter involved. 
There is no single method that guarantees the de-
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sired outcome for co-crystal production. The ap-
propriate method is selected according to the spe-
cific properties to be enhanced.54 The three main 
categories of preparation methods are supercrit-
ical fluid techniques, solvent-based approaches 
and non-solvent-based procedures. Green syn-
thesis methods focus on environmentally friendly 
processes, while solvent-based methods involve 
using solvents to facilitate co-crystal formation. 
Supercritical fluid approaches utilise supercriti-
cal fluids to promote co-crystal formation, offer-
ing unique advantages in terms of selectivity and 
efficiency (Figure 10).55 Each method presents its 
own challenges. For example, obtaining co-crys-
tals through mechanochemical methods can be 
complex. In solution-based techniques, selecting 
an appropriate solvent for co-crystallisation is a 
critical challenge and the formation of solvates 
or hydrates cannot be entirely avoided.56 Anoth-
er notable approach for co-crystallisation is the 
cocktail method, which involves co-grinding the 
API with more than two co-formers, potentially 
saving time and cost.57

Figure 10: Methods of preparation of co-crystals

Non-solvent-based methods

Solid-state grinding
Non-solvent based methods provide a sustainable 
and solid-state approach to co-crystal synthesis, 

aligning with green principles by minimising or 
eliminating solvent use. These methods consist 
of liquid-assisted grinding (LAG), neat grinding, 
extrusion and hot-melt extrusion. Each method 
offers distinct advantages in terms of efficiency, 
scalability and environmental impact, expanding 
the range of tools available for co-crystal prepa-
ration.21

Neat grinding method
Either manually or mechanically, the target mol-
ecule and co-former are combined in a prede-
termined stoichiometric ratio and ground for a 
predetermined amount of time. This process in-
volves applying pressure using a mechanical sys-
tem (such as a ball mill with an automated setup) 
or manual tools (like a mortar and pestle).58, 59 A 
key limitation of the dry grinding method is its 
inability to guarantee the formation of a stoichio-
metrically consistent mixture of co-crystals, of-
ten requiring an additional step to achieve a pure 
co-crystal product.60

Solvent-assist grinding method
LAG is a milling technique that adds a small 
amount of solvent during or before grinding.61 Re-
search indicates that this method can effective-
ly produce co-crystals, such as those of adefovir 
dipivoxil and glutaric acid. By using an organic 
solvent, LAG accelerates the co-crystallisation 
process compared to traditional grinding meth-
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ods, making it a preferred choice due to its higher 
success rate and widespread application.62

Hot melt extrusion method
Extrusion is the process of changing a materi-
al’s physical properties by forcing it through 
a die or aperture under controlled conditions. 
This unique technique combines the simultane-
ous mixing and melting of the co-former and API 
using a heated screw extruder. The raw ingredi-
ents are usually put into the heated extruder in 
a molar ratio. Melting takes place, allowing the 
initial ingredients to be thoroughly mixed. Direct 
co-crystals nucleation occurs in the melt and con-
tinuous isolation of pure co-crystals extrudate 
from the extruder is achieved.63 Co-crystals of 
hydrochlorothiazide have been formed through 
hot melt extrusion using co-formers like nicotin-
amide, resorcinol and catechol.64 Hot melt extru-
sion single-step strategy has a greater advantage 
over other ancient strategies.

Contact formulation method
The contact formulation method focuses on en-
hancing the crystallisation rate of particles while 
reducing their size. Pre-milled crystals play a 
crucial role in facilitating the spontaneous re-
action that leads to co-crystal development. 
Many co-crystals have been created using this 
technique, demonstrating that smaller particles 
result in faster co-crystallisation. For example, 
urea and 2-methoxybenzamide exhibit increased 
surface energy due to their reduced particle size, 
accelerating the co-crystal formation process.64

Solvent-based method
Various solution-based methods are used for 
co-crystal preparation, including spray drying, 
evaporation, slurry, reactive co-crystallisation 
and solvent evaporation.65 In evaporative or solu-
tion-based co-crystallisation, solvents act as the 
medium, using under saturated solutions of the 
co-former and the API. This method is particu-
larly noteworthy for generating single-crystal 
co-crystals, which are valuable for diffraction 
research and crystal structure elucidation.66 
Moreover, solution-based techniques offer flexi-
bility in controlling factors such as temperature, 
concentration and solvent choice, which can in-
fluence co-crystal formation. For example, spray 
drying involves atomising a solution into fine 
droplets and rapidly evaporating the solvent to 
produce solid particles, while slurry methods 
involve suspending the drug and co-former in a 

solvent to promote crystallisation. These diverse 
approaches provide researchers with tools to tai-
lor co-crystal properties to meet specific formu-
lation and therapeutic needs.67

Solvent evaporation method
Various articles described the formation of 
co-crystals using the solvent evaporation meth-
od like co-crystal of quercetin with succinic 
acid prepared in 1:1 molar proportion by utilis-
ing solvent evaporation technique.68 It is one of 
the most common methods used for co-crystals 
preparation, which involves dissolving drug and 
co-former at a stoichiometry ratio in a particular 
solvent, stirring the mixture constantly to pro-
mote molecular interaction between the two and 
allowing the solvent to evaporate to form a solid 
known as co-crystals (Figure 11).34

Anti-solvent method
This approach involves treating a solution with 
an anti-solvent to decrease the solute’s solubility, 
which results in the creation of crystals. For ex-
ample, the anti-solvent co-crystallisation method 
is used to create the co-crystals of carbamaz-
epine and saccharin. Methanol, in combination 
with water, effectively facilitates this process.69 
When water is added to a room-temperature 
methanol solution of carbamazepine and saccha-
rin, co-crystals nucleate in two to three minutes. 
After 30 minutes, co-crystallisation is complete, 
yielding 84.5 % solid on a carbamazepine basis. 
This method is an efficient alternative to cooling 
and evaporating co-crystallisation method as 
it requires less energy and can be conducted at 
room temperature (Figure 12).70

Cooling crystallisation method
Cooling co-crystallisation relies on tempera-
ture-dependent solubility changes to produce 
co-crystals. The temperature of the solution is 
decreased to obtain supersaturation after dis-
solving both co-formers and target molecules in 
a solvent.71 Using this approach, Kumar et al em-
ployed the cooling crystallisation method to pre-
pare a co-crystal of luliconazole, aiming to im-
prove its solubility and dissolution rate.72

Slurry co-crystallisation method
A slurry is a mixture of solid particles suspended 
in a liquid. Slurries can be used to transport large 
solids, such as soil and are also utilised in various 
fields, including co-crystals.73 This is the most 

Gaba et al. Scr Med. 2026 Mar-Apr;57(2):303-25.



314

Figure 12: Anti-solvent method

Figure 11: Solvent evaporation method

effective screening and scaling-up technique 
for co-crystallisation.74 Using this technique, 
the co-former and API are dissolved in separate 
solutions at the proper temperature and stirred 
for the required duration. Then, the constituent 
concentration is found to be greater than the 
co-former’s critical activity, allowing nucleation 
growth and crystal formation (Figure 13).75

Reaction method
This approach used a solution containing reac-
tants to produce the co-crystals. Crystals occur 

when a substance is added to another solution 
and stirred in a vessel because the concentra-
tion in the mixture is greater than the solubili-
ty. This kind of approach typically involves rapid 
reactions and the mixing conditions have an im-
pact on the size of the crystals. The expansion of 
nucleation is dependent on mixing at the micro-
state level, which results in supersaturation and 
decreased solubility.76 Using this approach, by 
Ma et al meloxicam co-crystals containing acidic 
co-formers such as maleic acid and salicylic acid 
were obtained.77
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Figure 13: Slurry co-crystallisation method

Supercritical fluid techniques

Supercritical fluid (SCF) methods 
The SCF method involves a mixing of co-former 
and API with constant heating to the melting 
point or a temperature close to the melting point 
of one component, usually the co-former. In order 
to create a single crystal from the multicompo-
nent system, these states are maintained. Super-
critical fluids allow for the effective removal of 
organic solvents from the final product, dissim-
ilate to normal organic solvents and offer faster 
kinetics. Additionally, This approach avoids the 
need for elaborate solvent separation process-
es and associated equipment during co-crystal 
manufacturing, thereby lowering both opera-
tional costs and environmental impact. Super-
critical fluid technology is gaining prominence 
in pharmaceutical research and development due 
to its versatility, efficiency and environmentally 
friendly attributes. It offers precise control over 
process parameters, enabling the creation of 
co-crystals with specific characteristics includ-
ing polymorphic shape, particle size and mor-
phology. Additionally, the use of supercritical 
fluids enables the exploration of novel co-crystal 
systems and enhances the scalability of co-crys-
tal production for commercial applications.78

Supercritical solution rapid growth
Solutes that are very soluble in supercritical flu-
ids, such as CO2, can be dissolved in them. This 

technique rapidly depressurises the solution 
by expanding it through a nozzle. This phenom-
enon was first described in the 1980s and is 
well-known as the supercritical solutions’ quick 
growth. The solubility of solute in CO2 is reduced 
due to the lower density caused by depressurisa-
tion. This immediate decrease in solubility leads 
to a high degree of supersaturation of the solute. 
As a result, the solute precipitates out of the solu-
tion. Rapid expansion of supercritical solution 
has the advantage of being a mild operating tech-
nique that is ecologically benign and produces 
tiny particles in a single step without leaving be-
hind solvent residues as compared to traditional 
precipitation processes.79

Supercritical anti-solvent method
A solvent that is miscible with SCF is used to dis-
tribute the solute or solute + carrier. Solvents 
that satisfy this requirement include ketones like 
acetone and dimethyl sulfoxide as well as alco-
hols like ethanol, methanol and propanol. Subse-
quently, this solution is added to SCF CO2, which 
can be either liquid or gaseous and it functions 
as an antisolvent to induce supersaturation in the 
mixture.19

SCF CO2 has been used in two different meth-
ods to produce cocrystals. In the first method, a 
solution is saturated with CO2 inside a high-pres-
sure vessel until co-crystallisation occurs. This 
process is known as the batch Gas Antisolvent 
treatment. The co-former and dissolved API are 
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present in the solution. A solution including the 
dissolved API and co-former molecules is forced 
via a nozzle into a high-pressure vessel filled 
with supercritical CO2 in the second method, 
which is called the semi-continuous supercritical 
antisolvent process (Figure 14). In both methods, 
CO2 dissolves in the solvent, which increases its 
volume and decreases its solubility, leading to 
precipitation at the end.80

Figure 14: Supercritical anti-solvent method

Regulatory hurdles in the 
usage of pharmaceutical 
co-crystals

Co-crystals are classified differently worldwide: 
the FDA sees them as new solid drug forms, while 
the EMA considers them new active substances. 
Key regulatory points include proving co-formers 
are pharmacologically inactive to ensure safety 
and efficacy. Challenges involve demonstrating 
bioequivalence, stability and consistent manu-
facturing. Regulatory bodies require dissolution, 
bioavailability and stability studies. Issues such 
as stability risks, manufacturing variability and 
patent uncertainties also exist. Overall, clear, 
harmonised regulations are needed to facilitate 
development and commercialisation.

Co-crystals applications 
Co-crystals offer stable crystalline shapes with-
out creating or breaking covalent bonds, unlike 
amorphous solids. They can form from any API 
molecule, whether ionisable or not. Examples 

include food additives, preservatives, excipients 
and APIs. Co-crystals are designed via crystal en-
gineering, making them patentable and advanc-
ing intellectual property. They can be manufac-
tured using green, solvent-free processes with 
high yields. In pharmaceuticals, co-crystals help 
extend the patent life of active ingredients by re-
solving IP issues.

Improve stability 
The stability of a pharmaceutical product signifi-
cantly affects its colour, appearance and efficacy. 
Poor stability can lead to a drug’s toxicity, degra-
dation and diminished therapeutic efficacy. There-
fore, maintaining the stability of a pharmaceutical 
product over its shelf life is essential. Co-crystals 
have been demonstrated to increase API stability. 
Hygroscopic drugs and excipients are particular-
ly prone to unexpected phase changes and insta-
bility issues, which can hinder their effectiveness 
during several stages of the pharmaceutical pro-
cess, including production, packaging, storage 
and transportation. These instability issues can 
also significantly affect the appearance and per-
formance of the final product.81

Enhance solubility 
A drug’s solubility, which has a direct effect on 
the drug molecules’ bioavailability, is one of the 
main determinants affecting its therapeutic 
efficacy. The medicine’s solubility determines 
whether the systemic circulation contains the 
required concentration of the drug. Co-crystals 
present a viable way to increase the solubility of 
medications that are not very soluble in water. 
Co-crystallisation has been shown in numerous 
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studies to increase the solubility of such medi-
cations. For instance, the solubility of apixaban 
has significantly improved when it is co-crystal-
lised with the co-former oxalic acid. Apixaban is 
a medication primarily used to inhibit the blood 
coagulation factor Xa. It is not very soluble in wa-
ter. Compared to the marketed product, research 
shows that the Apixaban co-crystal is more solu-
ble, demonstrating the potential of co-crystals to 
address solubility issues.75

Aghara and Kiran Dudhat had explored the use 
of cooling crystallisation to develop new solid 
forms of drug-co-former co-crystal complexes. 
This method enabled the replication of known 
co-crystal phases and the creation of novel mix-
tures, including co-crystals of luliconazole with 
mannitol and menthol. These co-crystals were 
studied using analytical techniques like PXRD, 
thermal methods and FTIR. The results showed 
a reduced heat of fusion, which suggested en-
hanced entropy and solubility. In contrast to pure 
luliconazole, the luliconazole: menthol co-crystal 
notably showed a five-fold increase in solubility. 
The study concluded that cooling crystallisation 
could effectively enhanced the solubility and 
dissolution of luliconazole by altering its crystal 
structure.82

Improve bioavailability 
For example, carbamazepine co-crystals con-
taining co-formers such glutaric acid, succinic 
acid, adipic acid and malonic acid have shown en-
hanced solubility and bioavailability of the drug, 
which was previously thought to have low bio-
availability. The bioavailability of carbamazepine 
co-crystals was substantially higher than that of 
the pure drug, according to in vivo pharmacoki-
netic experiments conducted on animals. This 
was especially true when glutaric acid was added 
as a co-former.69

Another study examined baicalein (BE), a flavo-
noid with significant pharmacological advantag-
es, such as anti-inflammatory and anti-cancer 
effects, by Pi et al. Its therapeutic potential is, 
however, limited by its poor oral absorption and 
poor solubility. The researchers used a nano-co-
crystal approach to increase the bioavailability 
and rate of dissolution of BE. Utilising high-pres-
sure homogenisation, they produced baica-
lein-nicotinamide (BE-NCT) nano-cocrystals and 
assessed them in vitro and in vivo. In comparison 
to BE coarse powder, the nano-cocrystals, which 
have an amorphous form and an average particle 

size of 251.53 nm, demonstrated a 2.17 to 2.54-
fold higher solubility profile in a variety of me-
diums, greatly enhancing the baicalein-nicotin-
amide dissolving rate. In vivo tests showed that 
it outperformed previous BE formulations with 
a bioavailability that was 6.02-fold higher than 
BE coarse powder. The study concluded that na-
no-cocrystals proved to be a highly effective ap-
proach to improve the solubility and bioavailabil-
ity of poorly soluble natural products like BE.83

Limitations and challenges
Choosing appropriate co-formers and producing 
co-crystals on a big scale are two of the many 
difficulties that come with the intricate and mul-
tidimensional process of co-crystal creation. 
Prediction, screening, synthesis, characterisa-
tion, pre-formulation, pharmacokinetic studies 
(absorption, distribution, metabolism and excre-
tion), formulation, process development, prepa-
ration, submission and investigational new drug 
(IND) application are all steps in the complex pro-
cess of creating pharmaceutical co-crystals. Ulti-
mately, the process culminates in drug clinical 
trials.84 Each step requires careful consideration 
and expertise to ensure the successful develop-
ment of co-crystals with enhanced physicochem-
ical properties and therapeutic efficacy.

Co-former selection
One of the most challenging parts of creating co-
crystals is selecting the co-former. The knowl-
edge-based technique and the experimental 
method are mostly used to choose the co-former. 
Analytical techniques including differential scan-
ning calorimetry (DSC), powder X-ray diffraction 
(PXRD) and others are employed to verify the 
production of cocrystals and the testing proce-
dure is based on trial and error. The resources 
required for this strategy were substantial. The 
lattice energy calculation, Hansen’s solubility 
parameter, pKa-based models, supramolecular 
synthon compatibility utilising the Cambridge 
Structure Database and thermal analysis are oth-
er knowledge-based methods that can be used 
instead to select suitable co-crystals.85

Scale-up of co-crystals
There are no well-established scaling-up tech-
niques for pharmaceutical co-crystal prepara-
tion.44 Numerous techniques, usually carried out 
in batch processing mode, have been investigated 
for co-crystallisation manufacture, including sol-
vent-based and dry powder processes. Fixed batch 
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sizes, several sequential phases, wasteful use of 
raw materials, lengthy lead times, disruptions 
and the need for substantial validation and scale-
up are some of the drawbacks that batch-level 
processes frequently encounter. A number of con-
tinuous co-crystallisation methods, including as 
resonant acoustic mixing and hot melt extrusion, 
have been developed recently. Regulatory bodies 
encourage the adoption of innovative pharma-
ceutical processes for continuous production due 
to the drawbacks of batch-level manufacturing. 
These continuous methods have demonstrated 
the ability to produce co-crystals with higher 
yields, reduced material waste and real-time pro-
cess monitoring. Additionally, they provide ben-
efits including simpler scaling up, more effective 
use of equipment, fully automated production, 
less waste, smaller plant footprints, lower costs, 
reduced energy consumption, enhanced safety 
and shorter manufacturing times. As a result, 

Market formulations of 
co-crystal

The success of co-crystallisation in the pharmaceu-
tical sector is demonstrated by the market’s accep-
tance of drugs made from co-crystals (Table 1). The 

Table 1: Marketed formulations containing co-crystals

API Co-former Dosage
form

Approval
year Manufacturer Observations Ref.Drug name

Seglentis

Meyzent

Steglatro

Odomzo

Entresto

Zafatek

Suglat

Lamivudine
/zidovudineTeva

Celecoxib

Siponimod

Ertugliflozin

Sonidegib

Sacubitril 
sodium

Trelagliptin

Ipragliflazin

Lamivudine

Tramadol

Fumaric acid

L-pyroglutamic 
acid

Phosphoric 
acid

Valsartan 
sodium

Succinic acid

L-proline

Zidovudin

Tablet

Tablet

Tablet

Tablet

Tablet

Tablet

Tablet

Tablet

2021 
FDA

2019 
FDA

2017 
FDA

2015 
FDA

2015 
FDA

2015 
Japan

2014 
FDA

2011 
EMA

Kowa Pharmaceutical, 
Alabama, United States

Novartis,
Basel, Switzerland

Pfizer,
New York, United States

Sun Pharma Global, 
Mumbai, India

Novartis,
Basel, Switzerland

Takeda Pharmaceutical 
Company, Tokyo, Japan

Kotobuki pharmaceutical,
Astellaspharma,

Tokyo, Japan

Teva Pharma BV,
Tel Aviv-Yafo, Israel

Improved
bioavailability

Improved solubility, 
thermal stability

Improved stability of 
Ertugliflozin

Improved bioavailability, 
solubility

Improved bioavailability 
of valsartan by 50 %

Improved bioavailability, 
solubility and efficacy

Improved stability 
against hydrate

formation

Improved stability

[81, 88]

[80, 89]

[90]

[91]

[92]

[93]

[94]

[34,78]

continuous crystallisation is a highly desirable 
approach, particularly when combined with a 
quality by design (QbD) strategy.86

Challenges in the screening of 
co-crystals
Solid-state grinding and solvent-based co-crys-
tallisation are the two main categories into which 
co-crystal preparation methods can be divided. In 
solvent-based methods, scientists face challenges 
such as selecting the appropriate solvent and de-
termining optimal cooling and heating profiles. 
Each approach presents unique obstacles. Sol-
id-state grinding is often preferred for studying 
co-crystals due to its simplicity and efficiency 
compared to solvent-based techniques. However, 
solid-state grinding can sometimes induce phase 
changes in pharmaceutical co-crystals, which 
may complicate the process.87

medications that are on the market that contain 
co-crystals-based APIs are Suglat®, Entresto® 
and Steglatro®.5
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Table 2: Patents on cocrystals

Patent No Title Preparation method Co former Use Year Ref.S No

1

2

3

4

5

6

US20230181507A1

US11717516B2

US20220324808A1

US20230111210A1

US20220259189A1

US20220071936A1

Gabapentin,
ketoprofen and 
lysine, co-crystals 
and their pharma-
ceutical compo-
sitions and their 
medical use

Co-crystals
(Itanapraced)

Co-crystals of
compound
dihydrochloride and 
preparation method 
and use 

Cocrystal
antioxidants of 
protocatechuic acid 
and l-theanine for 
the treatment of 
oxidative stress and 
inflammation

Posaconazole 
co-crystals,
methods of making

Cocrystal of
ketoprofen, compo-
sitions comprising 
the same, process 
of producing the 
same and uses

Cooling
crystallisation 
method

Liquid assist grinding 
method and slurry 
method

Solvent evaporation 
method

Liquid assist grinding 
method

Reaction crystallisa-
tion method

Solvent evaporation 
method and anti-sol-
vent or precipitation 
method

Drug-drug co-crys-
tals of gabapentin 
and ketoprofen, 
lysine

Nicotinamide

Fumaric acid, 
tartaric acid

L-theanine

Aminobenzoic acid 
(4ABA)

Lysine

Reduction of pain 
and/or inflammation

For treatment of 
neurodegenerative 
disorders, infec-
tions, dementias, 
inflammation

Cardiac myosin 
activator drugs and 
drugs for treating 
heart failure

Acute inflammatory 
disease, chronic 
inflammatory 
disease, cardiovas-
cular inflammatory 
disease, oxidative 
stress, diabetes.

Treatment /
prevention of 
fungal, yeast, or 
dermatophyte 
infections

Treatment of pain 
and inflammatory 
diseases

2023

2023

2022

2023

2022

2022

[93]

[94]

[95]

[96]

[97]

[98]

Most recent patents on cocrystals 
Recent advancements in co-crystal engineer-
ing have led to numerous patented formulations 
aimed at enhancing the solubility, stability and 
bioavailability of API. These patents focus on 
novel co-former selection strategies, innovative 

preparation methods such as solvent evapora-
tion, liquid-assisted grinding and supercritical 
fluid technology, as well as applications in con-
trolled drug release and target delivery. Patents 
on co-crystals are provided in Table 2, with a 
co-former, methods of preparation and their uses.

7

8

WO2022263576A1

WO2021044437A1

Co-crystals of 
apixaban with a 
carboxylic acid

The procedure of 
preparing olaparib 
co-crystals

Slurry method

Cooling crystallisation 
Method

Carboxylic acid se-
lected from fumaric 
acid or an aromatic 
carboxylic acid

3,5-dihydroxy-
benzoic acid with 
fumaric acid

Oral anticoagulant

Treatment of 
some people with 
ovarian, breast and 
BRCA-mutated 
cancers

2022

2021

[99]

[100]
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9

10

11

12

WO2021060949A1

US20210277049A1

WO2021137369A1

WO2021230198A1

Co-crystalline 
efinaconazole
and method for
producing the same

Progesterone 
co-crystals, their 
production process 
and their
application

Novel co-crystals of 
empagliflozin

Co-crystals of 
dihydroquinolinone 
compound

Solvent evaporation 
method

Liquid assist grinding 
method and solvent 
evaporation method

Solvent evaporation 
method and cooling 
crystallisation

Anti-solvent method 
(mixing dihydro-
quinolinone and 
one co-former in a 
solvent, then add 
this solution in poor 
solvent)

Polyethylene glycol, 
nicotinamide, fuma-
ric acid, hydroqui-
none, malonic acid 
and caffeic acid

Sophthalic acid, 
4-formylbenzen-
eboronic acid or 
3-nitrophthalic

Fumaric acid, citric 
acid and L-pyruglu-
tamic acid

Gentisic acid or 
salicylic acid

Treatment of fungal 
or yeast infection

Prevents pregnancy

Treatment of
diabetes mellitus

Treatment of
tuberculosis

2021

2021

2021

2018

[101]

[102]

[103]

[104]

Conclusion

Without affecting the medications' inherent 
activity, the co-crystal approach has become a 
crucial way to improve their physicochemical 
characteristics. Co-crystals enhance important 
pharmacological qualities such solubility, bio-
availability, stability and mechanical qualities 
by taking use of non-covalent interactions be-
tween APIs and co-formers. They are therefore 
a useful tool for resolving formulation issues 
with poorly soluble medications, especially 
those in BCS Classes II and IV. 

Several preparation methods, such as sol-
vent-based techniques (like solvent evapora-
tion or anti-solvent crystallisation), non-sol-
vent methods (including hot-melt extrusion 
and grinding) and supercritical fluid technolo-
gies, offer scalable and eco-friendly routes for 
co-crystal production. However, to unlock the 
full potential of co-crystals, increased focus is 
necessary, especially on large-scale production. 
The challenge of scalability in co-crystal pro-
duction presents a major obstacle, demanding 
innovative solutions to achieve consistency and 
cost-effectiveness. For co-crystals to be used 
more widely in the pharmaceutical industry, 
these problems must be resolved. Their route 
to commercialisation is complicated by the FDA 

and EMA's classification of co-crystals and the 
need for comprehensive stability and bioequiv-
alence studies.

Co-crystals have enormous potential in medi-
cation development, despite a number of obsta-
cles. Their ability to extend patent life, improve 
therapeutic performance and enable continu-
ous manufacturing processes positions them as 
a key innovation in modern pharmaceuticals. 
Future research should focus on optimising 
scalable production methods, refining predic-
tive modelling for co-former selection and ad-
dressing regulatory ambiguities to facilitate 
broader adoption.

The next generation of medication formula-
tions, which will deliver safer, more effective 
and patient-compliant medicines, will likely 
heavily rely on co-crystals as crystal engineer-
ing and process optimisation continue to prog-
ress. Co-crystals represent an exciting new 
area in pharmaceuticals that could transform 
medication delivery and enhance healthcare 
outcomes worldwide by bridging the gap be-
tween molecular design and real-world formu-
lation problems.
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This review article excludes any new research 
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