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I N T R O D U C T I O N

Crystallography is not new but it is ages, around 200 years
ago and was thought that crystallography was more a subject
within itself and was not having any practical implications in
life, rather, chemistry can be used in extensive ways to influ-
ence life [1]. It was only after the discovery by Max von Laue
that crystals diffract X-rays, this despairing attitude towards
crystallography changed. To image the structure of matter at
an atomic and molecular level has been of general interest. In
general, crystallography till 1990′s was used as a tool and of
relevance in structure of a molecule in the crystal in context
of its solution chemistry by organic chemists. It was only with
the advent of organometallic chemistry, the outlook for
crystallography was significantly changed, as complex internal
structure of organo-metallics could not be determined in
solution through NMR and crystal structure was the only one
way.The relationship between chemistry and crystallography
can be expressed as interplay of both. The chemistry has to be
with the molecules: the bonding of atoms to form a molecule
and crystallography has to be with the crystals: which is the
ordered arrangement of molecules. This interplay between the

Crystal engineering has emerged as a method to obtain pharmaceutical
cocrystals, a solid form of an existing active pharmaceutical
ingredient, which can lead to altered physico-chemical properties
without covalent modification in the existing APIs. The overall
developed in obtaining pharmaceutical cocrystals has come up by
the growth in viability of existing APIs as time and cost spent on
obtaining new chemical entity is tremendous and acceptance of these
as a solid form by both United States Food and Drug Administration
and European Medicines Agency. Another aspect and challenge of
immense importance is to obtain API-API cocrystals, which can be
formulated in fixed dosages in pharmaceutical cocrystals. A few
examples of API-API cocrystals existing in the market and potential
candidates in different stages of their clinical trials are highlighted in
this mini review.
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structure and the properties as a molecule and as a crystal came
into existence as "Crystal Engineering".

The term crystal engineering was defined by Desiraju,
crystal engineering is the understanding of intermolecular inter-
actions in the context of crystal packing and the utilization of
such understanding in design of new solids with desired physical
and chemical properties [2]. In the field of pharmaceuticals,
crystal engineering laid a great impetus in development of
new solid forms of Active Pharmaceutical Ingredients (APIs).
By definition, pharmaceutical is a substance used in the diag-
nosis, treatment or prevention of disease and for restoring, corre-
cting or modifying organic functions [3]. However, the marketed
pharmaceutical consists of one or more APIs which are more
often formulated into a suitable final form comprising inactive
excipient. Most of the pharmaceuticals are administered orally
in solid form which is most convenient and usually the safest
dosage forms. The main problem with many of them is tackling
of poor physico-chemical properties viz. solubility, stability,
dissolution rate, hygroscopicity and permeability which remain
of paramount importance [4]. The perspective behind the exten-
sive search of new solid forms of APIs is to improve these
physico-chemical properties [5]. Discovery of new chemical
entity (NCE) is itself a difficult task and if fails in clinical develo-
pment phase which are usually longer, results in significant
losses to the company both in terms of time and cost [6,7].
There-fore, new methods are introduced for new solid form of
APIs with significant chemical and legal advantages to extend
the pharmaceutical space.

A consensus paper defines cocrystal as “solids that are
crystalline single phase materials composed of two or more
different molecular and/or ionic compounds generally in a stoi-
chiometric ratio which are neither solvates nor simple salts” [8].
If one of the components is an API, then it is recognized as a
pharmaceutical cocrystal [9]. The literature is pouring out many
pharmaceutical cocrystals over the last decade or so in search
of some viable cocrystals which can be marketed as cocrystals
[10-14]. Herein, some of the important examples of marketed
and promising future pharmaceutical cocrystals are cited that
are approved by United States Food and Drug Administration
(US-FDA) and European Medicines Agency (EMA).

Few examples of marketed pharmaceutical cocrystals

Escitalopram oxalate (marketed name: Lexapro®): Earlier
considered to be a salt but later on it was established that it is
a pharmaceutical cocrystal (escitalopram oxalate) and approved
by the FDA in 2009, for the treatment of major depressive and
anxiety disorders. Escitalopram belongs to the selective
serotonin reuptake inhibitors [15].
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Sacubitril-valsartan (marketed name: Entresto®): A
pharmaceutical cocrystal approved by the FDA in 2015 for
the treatment of heart failure [16]. Entresto® is a fixed-dose combi-
nation product presented as film-coated tablets containing
sacubitril and valsartan as active substances as a trisodium hemi-
pentahydrate co-crystal by Novartis, Basel, Switzerland, the
first drug in a class combining valsartan (angiotensin receptor)
and sacubitril (inhibitor neprilysinis) to reduce cardiovascular
mortality [16].
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Few examples of promising future pharmaceutical co-
crystals

Celecoxib and tramadol: The successful phase II clinical
trial of fixed dose combination of celecoxib and tramadol by
Esteve and Mundipharma Laboratories GmbH show severe
pain relief [17].
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Ertugliflozin and 5-oxo-proline: A promising cocrystal
of an anti-diabetic drug ertugliflozin with 5-oxo-proline is curre-
ntly in the phase III clinical trials [18].
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Lamivudine and zidovudine: Lamivudine (150 mg) and
zidovudine (300 mg) given as a combination mixture by comm-
ercial name Combivir® registered toViiV Healthcare ULC. The
lamivudine-zidovudine cocrystals for the treatment of HIV
infection offer higher therapeutic efficacy [19].
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Conclusion

The formation of cocrystals of existing Active Pharma-
ceutical Ingredients (APIs) with one another in order to enhance
the solubility and bioavailability of the product and to be used
as a combinational drug is a matter of higher importance. As
it may lead to reduction in the amount of cost and effort put
for New Chemical Entity (NCE) for pharmaceutical potential.
Drugs with similarity in structures and 3D arrangements can
be used for drug and drug synergy to obtain multi-drug cocrystal
systems. Moreover, the development period for medications
is reduced (including clinical tests), since cocrystals are not
NCE and there is no structural modification of the APIs. Thus,
they provide a unique opportunity to strengthen commercial
formulations, but also to advance the development processes of
substances that have not been developed due to low solubility
or reduced stability.
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