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| ABSTRACT

The study of drug solubility provides an information about the structure and the nature and strength of intermolecular forces of
drug molecules. There are different augmentation techniques for improvement of the solubility of the poorly soluble compounds.
These techniques can improve their solubility by different mechanisms. One of them including the formation of intermolecular
hydrogen bonds between the drug and another hydrophilic compound or solvent. Also these bonds can be resulted from change
the drug structure into a salt or prodrug form. Which has more tendency for intermolecular hydrogen bonding with water
molecules. Hence will largely increases their solubility. Others include only break or weakened the intramolecular hydrogen
bonding that is present among the molecules of these drugs.
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Introduction
An overview of poorly soluble drugs

Solubility is a property of a substance in a specific solvent. The usage of combinatorial chemistry established a continued
development process belonging to many chemical compounds that have good pharmacological action but unfortunately low
aqueous solubility. Bad bioavailability may result from these compounds depending on their low solubility and rate of dissolution,
which will certain affect their inherent efficacy (1, 2). The biopharmaceutical classification system (BCS) is a system used for drug
categorizing depending on solubility and permeability in GIT. These two properties predict their abilities to enter the circulation (3).
According to BCS, drug substances can be divided into four different classes (Table 1).

Table (1): Biopharmaceutical Classification System (4)

Class Solubility Permeability Considerations in formulation of dosage form

| High High Solubility and permeability do not affect the absorption

1 Low High Dissolution is the rate-limiting factor for drug absorption

11} High Low Permeability is the rate-limiting factor for drug absorption

v Low Low Challenging to develop because both dissolution and
permeability are the rate-limiting.
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Despite high permeability, the low solubility of class Il drugs is related to low dissolution rate in GIT, resulting in low bioavailability.
Sequentially poor absorption is mentioned with these drugs. In comparison to class IV drugs, they have low aqueous solubility and
permeability, which largely reduces their absorption capabilities. Generally, class IV drug represent a poor drug candidate for
development. because the restricted membrane permeability, so solubility and dissolution improvement may not be enough to
increase its bioavailability. So this class drugs can be developed through the same methods used to class Il drugs but with absorption
enhancers (5, 6).

Overview of some techniques for solubility augmentation
Different methodologies are accessible to improve the solubility of poorly soluble drugs (7). Many of them are listed briefly below:

e Particle size reduction: such as nanosuspension and nanocrystals

e Modification of the crystal habit: such as polymorphs and hydrates/solvates(8).

e Complexation: there are many types of complexes, such as inclusion complexes, which are formed by the use of
cyclodextrins that have a hydrophilic outside and a hydrophobic cavity (9, 10).

e  Particle dispersion: Such as solid dispersions, which can be defined as a solid products group consisting of a hydrophobic
drug dispersed in one or more hydrophilic carriers, resulting in improved wettability, dispersion ability, and reducing
aggregation of drug (11).

e Hydrotrophy is a compound that solubilizes hydrophobic ones in aqueous solutions. Hydrotropes include a hydrophilic
and a hydrophobic parts like surfactants. But the hydrophobic part is too tiny to make self-aggregation spontaneously
(12).

e  Co-crystallization: is a multicomponent system that combines a hydrophobic drug with a suitable coformer(s) in an
accurate stoichiometric ratio via a non-covalent bond (13, 14).

e Prodrug approach: Though not all prodrug approaches were made to improve solubility. This technique can be used to
modulate pharmacokinetic properties and poor solubility. Examples of products presented for poor solubility were esters,
amides, and amino acids. Other chemical groups are used, but to a lesser extent, like glycol groups and glycosides (15).

e Salt formation: The drug (must be in ionizable form) is ionized by a proton transfer with the aid of an acid or base counter
ion (16).
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Figure 1.Some methods of solubility augmentation (17).
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An overview of hydrogen bonds

The hydrogen bond is an interesting bond that occurs between a hydrogen atom of a certain molecule or a molecular fragment X-
H, at which X is more electronegative than the hydrogen atom, and an atom or a group of atoms at the same or a different molecule,
leading to evidence of bond formation. It will be found in two types: intramolecular and intermolecular hydrogen bonds. Generally,
hydrogen bonding can be examined by different methods, like measurements of dipole moments, solubility behavior, freezing-
point lowering, and heats of mixing. The presence of hydrogen bonding can be confirmed mainly by FTIR or Raman, electronic, and
NMR (18, 19). The simplest hydrogen bond consists of three atoms: donor, acceptor, and hydrogen (20).

Relationship of hydrogen bond formation with solubility of poorly soluble drugs

The solubility of these drugs is largely affected by their abilities to form intermolecular hydrogen bonds with another hydrophilic
compound or with a polar solvent. Also depend on the capability of the solvent or the other hydrophilic compound to break or
weakend the intramolecular hydrogen bonding that is present among the molecules of these compounds. Generally, the action or
effect of hydrogen bonding on the solubility profile can be summarized in many ways, as below:

A-Drugs with more hydrogen bond donors and acceptors: These drugs can interact strongly with a hydrophilic polymer,
increasing their solubility by forming an intermolecular hydrogen bond between them (21, 22).

B-Crystalline and amorphous drug forms: When poorly soluble drugs exist in crystalline forms, being more ordered and having
strong intermolecular hydrogen bonds within their structure, they need more energy for breakage, so have less solubility. While
when these drugs exist in amorphous forms, they have a less ordered structure, fewer intermolecular hydrogen bonds, and hence
less energy required for molecules to go to solution (23, 24).

C-Salt drug forms: Change the drug structure into a salt form, which has more tendency for intermolecular hydrogen bonding with
water molecules (25).

D-Prodrug forms: changing the drug structure into prodrug form (if being more soluble forms) has more tendency for hydrogen
bonding with water molecules (15).

E-Solvent properties: The coordination effect of either the solvent (26) or cosolvent (27) with the drug molecule that can break or
weaken intramolecular drug molecules interactions depending on the hydrogen bond donor or acceptor effect of these solvents
resulted in an improvement of drug solubility. Generally, the drug aqueous solubility can be measured by relative strength of the
interactions between its molecules in the solid state and the interaction whose molecules can make with water or other polar solvent
(28). By another meaning, if hydrogen bonding is possible between solute and solvent, this will increase solute solubility largely or
infinitely (19).

But if there is a strong hydrogen bond formation between the drug molecules and any of these five possible ways cannot overcome
or disrupt the intramolecular forces, the poor solubility may remain unchanged or decrease (29). In this condition, the hydrogen
bond formation has a negative effect on its solubility.

Table (2): Examples of some poorly soluble drugs that have hydrogen bonding through different solubility augmentation
techniques

Drug example BCS class | Technique of  solubility | Characterization Referenc
augmentation technique of hydrogen | e
bond
Felodipine Il Solid dispersion FTIR and NMR (30)
spectroscopy
Ciprofloxacin Y, Prodrug Not characterized (€X))]
Curcumin Il liquisolid technology FTIR (32)
Paclitaxil Y, Complexation FTIR (33)
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Haloperidol and Il Solid dispersion FTIR (34)

droperidol

Loratadine Il Nanosuspension FTIR (35)

Nifedipine and Il Coamorphous formation FTIR (36)

ketoconazole

Sorafenib Il Salts formation Not characterized (37)

Dapsone v Salt formation or cocrystals Not characterized (38)
Deep eutectic solvents FTIR, NMR (39)

Indomethacin and | Il drug-drug amorphous FTIR and (40)

sulindac formulations Raman spectroscopy

Conclusion

There are a lot of techniques for improvement the solubility of poorly soluble compounds. These poorly soluble drugs are class Il
and class IV of BCS. Many of them including the formation of intermolecular hydrogen bonds between the drug and another
hydrophilic compound or with hydrophilic solvent molecules. Others change the drug structure into a salt or prodrug form, which
has more tendency for intermolecular hydrogen bonding with water molecules. Usually the presence of hydrogen bonding can be
confirmed mainly by FTIR or Raman and NMR.
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