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Abstract

Most of Active pharmaceutical ingredients exhibits in different crystalline forms such as polymorphs,
salts, solvates and hydrates and amorphous. Each forms exhibit polymorphism except amorphous.
Crystal engineering approach presents a number of routes such as co-crystallization, polymorphism and
salt formation to improve physico-chemical properties of drugs, which can be implemented through an in
detail knowledge of crystallization processes and the molecular properties of drugs. Various polymorphs
usually have different physic chemical, mechanical and thermal properties that can extremely affect the
bioavailability, stability and other characteristics of the active pharmaceutical ingredients. Co-crystal is a
binding of two molecules for enhancing drug pharmaceutical properties. All this solids form may affect
Chemical and Physical Stability, Apparent Solubility, Dissolution, Bioavailability and Bioequivalence
and Manufacturability of drug product, which require special attention during product development as it
affects the quality, safety and efficacy of drug product.
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Introduction

Solid-state chemistry is referred as a material chemistry; it is the study of synthesis, structure
and properties of solid phase materials. Solid-state chemistry gives idea about packing of
molecules, elements and atoms in solid form. This branch of chemistry is important in all
industries like metals, polymer, rubber, fine chemicals and pharmaceuticals. In last 30 years,
after highlighting Ritonavir case in 1989, view of pharmaceutical section towards crystal
chemistry gets change. Active pharmaceutical ingredients (API) or drug substances is exists in
various solid forms like polymorphs, solvates and hydrates, salts, co-crystals and amorphous.
Fig.1.

B

Fig 1: Various Types of Solid Forms (Pictorial representation (a) Amorphous form (b) Crystalline form
(c) Hydrates and Solvates (d) Clathrates of Drug molecule + Solvent molecule)

s

Each and every form has its unique thermal, mechanical, physical and chemical properties that
have impact on the solubility, dissolution rate, bio-availability, hygroscopicity, melting point,
stability, compressibility and many more. This is reflected and mostly depends on the last
stage of synthesis which is crystallization. Formation of these different forms can be controlled
at the time of the crystallization by effective procedures. Hence, authentic understanding of the
relationship between the particular solid form of an API and its crystallization process is
critical to prepare the most suitable and stable polymorphs of drug substance in formulation. In
this contribution, we will introduce the concepts, properties and perspectives of various solid
forms of drug substances and some examples.
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Polymorphs in Polymorphisms: Many drug solid are
exhibits in different physical forms. Polymorphism is an
ability of a drug substance to exist in two or more than two
crystalline states that are possessing different and distinct
arrangements and/or conformations of molecules in the
crystal lattice. In short, polymorphs have same chemical
compositions with different lattice structure (different packing
chemistry) and/or different molecular conformation. It is an
wide spread phenomenon for the most drug substances, some
of the pharmaceutical active substances are non-polymorphic
form but theoretically there possibilities that can appears in
polymorph. Different polymorphs of a drug molecule
generally have different physical and chemical properties or
physicochemical such as solubility, dissolution rate, stability,
melting point and reactivity etc. Ritonavir is well known
example of polymorphism, which is the drug, introduced and
offer importance for polymorphism. History about it’s that

Ritonavir form-I first introduced in market which has less
stability than Form-II. Change in temperature and humidity
the form-I gets convert into stable Form-II, this stable Form-II
has low solubility around 50% than Form-I. Paracetamol, it is
used as antipyretic drug commonly as a pain reliever and
fever reducer. It uses for many conditions like headache,
muscle aches, arthritis, back ache, toothaches, in cold and
fever. Paracetamol exist in three form most commonly
available monoclinic form, orthorhombic form and third one
is tri-hydrate. Both available form means monoclinic and
orthorhombic form are easily differentiate by simple melting
point technique. All the commercial Paracetamol samples
which having monoclinic form (Form-I) are having melting
point in the range 165-170 °C. While orthorhombic form
having melting point about 155 °C. Thus the Form-II is meta-
stable form and Form-I is stable form. Fig.2.
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Fig 2: Paracetamol in monoclinic and orthorhombic form by scanning electron micrograph.

Similarly Nicergoline a potent blocking agent for o-1-
adrenoreceptor, exist in two Triclinic Form (I) and
orthorhombic Form (II). Triclinic form I is stable up to its
melting point 134°C, while orthorhombic Form (II) melts
about 120-122°C and then Form II gets convert into stable

Hygroscopicity nature mostly depends on polymorphs
packing example of this Stavudine Thymidine nucleoside, it
having two forms. Monoclinic form (I) is less hygroscopic
than Triclinic form (II). Hygroscopicity of Fluoroquinolone F
orm I and Form IIT with impact on solubility is given below in

Form-I by recrystallized using low heating rate. Fig.3.
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Fig 3: a. Hygroscopicity of fluoroquinone

Solvates and Hydrates: It is a Pseudo- polymorphism
crystalline form of compound in which solvent molecules
involved as an integral part of the crystals. Some compounds
while crystallize they entrap solvent in the crystal. Crystals
that contain solvent in the crystallization are called crystal
solvates. When water used as a solvent for crystallization then
it gives Hydrates form. Crystallization occurs in water
without forming hydrates are called anhydrous form or
anhydrates. Theses solvates exhibit a wide range of behavior
depending on the interaction between the solvent and crystal
structure. Some solvents are utilized for holding the crystal

b. Solubility of fluoroquinone

lattice together. Solvates and Hydrates may have different
solubility, dissolution rate, mechanical properties, stability
and bio-availability from their non solvates counter parts.
They are stoichiometric or non-stoichiometric in nature.
Cephaloridine is a first generation semi synthetic derivative of
Cephalosporin C. Cephaloridine exists in six forms of
solvates or hydrates. These different solvates and hydrates
have variable dissolution rate. Following tables show
dissolution rate of Oxyphenbutazone. (Table No.1)
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Samples Dissolution rate( mg/min) In the solvates and hydrates there are transition of forms
Solvate C 21.05 + 0.02 occurs like polymorphs e.g. L-phehylalanine monohydrate
Solvate B 1854+ 047 will transform into its stable anhydrate form, when the
. .. . o .
Anhydrate 1491 2047 temperature is above transition .p01nt 35.4 °C. Formation of
- solvated or non solvated form is totally depends upon drug
Hemihydrates 17.01 £ 0.78 . .. . .
products properties. Similarly dihydrate form of Frovatriptan
Monohydrate 9.13£0.23 Succinate on heating loses water molecule and convert into
anhydrous form. Different form of FS can differentiate by
DSC (Differential scanning calorimetry). Fig.4.
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Fig 4: DSC of Frovatriptan Succinate hydrate and polymorphs.

Pharmaceutical Salts: Salts formation is generally possible
when drug substance having ability of ionization. Only
ionizable drug can take part in salt formation. Reason behind
this is enhancing the solubility of drug substances in aqueous
solution. Thus salts form drug have impact on solubility,
stability, dissolution rate and bio-availability. Now more than
50% drugs are incorporated in form of salts. Salts formation
occurs by giving treatment of acid or base to the drug
molecule. The presence of ions strongly influences the
physicochemical properties of the crystals formed salts. In
presence of these ions drugs improved their pharmaceutical
properties such as solubility, dissolution rate, stability, crystal
habit, crystallinity, and hygroscopicity etc. These salts form
also exhibits in different polymorphs like their counter parts.
Highly polymorphic and prone to solvate formation is
Sertraline Hydrochloride, which has been found to have 28
totall forms, like 17-polymorphs,4 solvates, 6hydrates and
amorphous.

Co-Crystals: Structurally homogenous crystalline materials
containing two or more components present in the standard
stoichiometric amounts and it is a neutral molecule, at
ambient temperature in solid form. While co- crystal formed it
is partnership between main drug and co crystal former. When
one form is in liquid form at room temperature then their
prone to form solvates while both are solid form then result in
co-crystal. In salts form transformation occurs while in co-
crystal this will not happen. Co-crystal phenomenon enhanced
drug solubility, dissolution rate, stability and bio availability.
This co crystal former is might be another drug or inactive
pharmaceutical ingredients (excipients). In Combivir,
Lamivudine and Zidovudine are used, its use as a medicine
for HIV treatment. Both are active pharmaceutical agent, one
is act as a co crystal former. Some acid( citric acid, malonic
acid, glutaric acid, maleic acid, P-Amino benzoic acid etc.),

amide (pyridine) and polymer (Poly vinyl butyrate) used as an
exciepient are actually acts as a co crystal former. Co- crystal
is occure due to van-der waals force, n- m stacking, hydrogen
bonding and halogen bonding between two molecules. Thses
co-crystal is possible between molecule contains group like —
COOH,-N<, pyridine mostly. Most common examples are
norfloxacin saccharinate dihydrate and its co-crystal,
norfloxacin saccharinate—saccharin dehydrate,
carbamazepine-nicotinamide, carbamazepine-saccharin, and
caffeine or theophylline with dicarboxylic acid ligands etc. A
typical hydrogen bonds existing in pharmaceutical co-crystals
as shown in Fig.5.

@ = O 0---H—
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0—H-—0
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Fig 5a: Typical hydrogen bonds existing in pharmaceutical co-

crystals.

Fig 5b: A Co-crystal of Theophylline and Nicotinamide in a molar
ratio of 1:1.
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Theophylline has low solubility than its co crystal
Theophylline- Nicotinamide. Techniques apply for co-
crystallization are neat co grinding, solvent drop cogrinding,
melt crystallization and slow evaporation from solution. Co-
crystals can also form solvates and exhibits polymorphism.

Amorphous solids: This form has non uniform arrangement
of atoms in molecules. Differentiation of this lattice is not
easy. Amorphous form having normally desirable
pharmaceutical properties than their crystalline counter parts.
The difference in solubility of amorphous and crystalline form
has been reported to be between 1.1 and 1000 fold. Even
though amorphous form have high dissolution rate and high
solution concentration than their crystalline counter parts it’s
bio- availability is low as compare to crystalline form. Thus
amorphous form have limited use in pharmaceutical region.
This due to difficulty in preventing recystallization from
amorphous form during In-vitro study. When they are present
in to dissolution medium their prone to crystallize through
form transition. If this transition takes immediately the
supersaturation will be much less than predicted or
theoretically assumed. No supersaturation occurs when their
crystallization is rapid. For achieving this super-saturation and
recystallization some stabilizer are use. Here also there are
possibilities of transition occurs due to mechanical stress or
by using some process. While formulation if the drug use
which is meta-stable form then small change in temperature
and humidity, this form gets change into stable form. This
possibility at the time of stability conditions mostly
accelerated (40°C/75%RH).

Conclusion: The existence of polymorphs, solvates and
hydrates, salts and Co-crystals may potentially be an
important source of variation in pharmaceutical properties,
which can cause problems concerning the stability, solubility
and, consequently, efficacy and bioavailability of drug
products. Co-crystals of drugs and drug candidates represent a
new type of material for pharmaceutical development. Co-
crystals are relatively new to pharmaceutical industry and
pharmaceutical co-crystals have given a new direction to deal
with problems of poorly soluble drugs.
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