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ABSTRACT
Ketoconazole is a member of imidazole containing compound and
commonly used as a broad spectrum antifungal agent. It used for
treatment or prevention of systemic fungal infections. Ketoconazole is
available as cream, oral tablet and dandruff shampoo formulations.
Ketoconazole has a high permeability and low solubility, its solubility in
aqueous media is not sufficient for the whole dose to be dissolved in
the GI fluids under normal conditions. Now a day’s different
techniques are available to enhance the solubility of drug like cosolvent, chemical modification of drug, the present review deals in
detail about the different techniques used for the improvement of
solubility of poorly water-soluble ketoconazole includes, salt and co
crystal formation, β-cyclodextrins complex formation, pHadjustment,
hydrogel of ketoconazole and PAMAM dendrimer.
KEYWORDS: Antifungal agent, Ketoconazole, Low Solubility, High
Permeability, Salt and Cocrystal Formation.

INTRODUCTION

T

here are many types of fungal germs (fungi) live mainly in the soil, on food, on our skin and in
other places in the environment. However, some types of fungi can grow vigorously on the
surface of the body, to cause infection of the skin, nails, mouth or vagina. General mechanism
of action of ketoconazole is that, they inhibit C-14α-demethylase, thus blocking the demethylation of
lanosterolto ergosterol. This inhibition disrupts membrane structure and function and therefore
inhibits fungal cell growth. There are several different antifungal preparations that are used to treat
various fungal infections. They are as creams, shampoos, tablets, injections and pessaries.
Ketoconazole is developed for the first-choice treatment of human mycotic infections. It is poorly
soluble in water; it is administered either topically or by mouth. Ketoconazole (KTZ)[(±)-cis-1-acetyl-4(4-{[2-(2,4-dichlorophenyl0-2(1H-imdazol-1-ylmethyl)-1,3-dioxolan-4-yl] methoxy}phenyl)piperazine],
is an imidazole derivative with a wide antifungal spectrum and possesses some antibacterial activity.
It is reported to be active in the treatment of systemic blastomycosis, candidiasis, coccioidimycosis,
histoplasmosis, paracoccidioidomycosis and tinea of skin and nails .Ketoconazole is classified in the
Biopharmaceutics Classification Scheme (BCS) as a class IIdrug, since it has a high permeability and its
solubility in aqueous media (0.087mg/l at 25 oc) is not sufficient for the whole dose to be dissolved in
the GI fluids under normal conditions literatures are reported that poor water solubility and wet
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ability of the drug can cause problems with drug release and bioavailability in various pharmaceutical
forms. Ketoconazole is best absorbed at highly acidic levels, so antacids or other causes of decreased
stomach acid levels will lower the drug absorption. Absorption can be increased by taking it with an
acidic beverage. It is very lipophilic and tends to accumulate in fatty tissues. There are various
techniques are available to increase the solubility of poorly water-soluble Ketoconazole i.e. salt
formation, co crystal formation, pro-drug, co solvency, complexation, pHadjustment, miceller
solublization. Among the various approaches, Pharmaceutical salt and co crystal formation
techniques successfully improve the dissolution and bioavailability of poorly soluble, active
Pharmaceutical ingredients because it is simple, economical and advantageous. Approximately 13%
of dose of Ketoconazole is excreted; 2% to 4% is unchanged drug. The major route of excreation is
through the bile into the intestinal tract. Plasma elimination is biphasic with a half-life of 2 h during
the first 10 h and a half-life of 8 h after 10 h. (Papneja P. et. al. 2015)

SOLUBILITY ENHANCEMENT OF KETOCONAZOLE:-

It is well known that drug efficacy can be severally limited by poor aqueous solubility, leading to low
Dissolution rate and thus results in low absorption in the gastrointestinal tract after oral
administration. The ability to increase aqueous solubility is thus a valuable aid to increase the efficacy
for certain drugs.

I.SALT FORMATION:-

Salt formation is an example of how crystal engineering concept can be utilized to address the poor
solubility problem. Salt formation is one of the common approach in modifying the physicochemical
properties of a drug. Salt formation is feasible only when the API has a suitable ionizable site. Salt
formation of a KTZ (very weak base API) also presents a greater risk of disproportionation. Cocrystal
formation is an alternative way to modify the physicochemical properties of API’s, besides salt
formation. Cocrystals are a multi component molecular complex in a definite stoichiometric ratio of
solids that interact through noncovalent interactions, predominantly hydrogen bonds. A large
number of pharmaceutically acceptable cocrystal formers exist, which potentially increase the scope
of Cocrystallization over salt formation. Cocrystallization of pharmaceutical compounds may
potentially be employed with all API’s, including acidic, basic, and nonionizable molecule. (Hiendrawan
S. et. al. 2015)

II.SALT AND COCRYSTAL PREPARATION:-

Salt and co-crystal of KTZ were prepared by slurry conversion method. Equimolar (1:1 mole
ratio)quantities of KTZ and dicarboxylic acid (oxalic acid and fumaric acid) were added in 20 ml of
ethylacetate and mixed under sonication at 40 oC for 1 h. The resulting slurry was filtered through
whatman filter paper and the resulting solid was dried at 70 oC for 5 h. (Hiendrawan S. et. al. 2015)

III.β-CYCLODEXTRIN COMPLEX FORMATION:-

The antifungal drug ketoconazole were prepared with β-cyclodextrin and PEG-6000 by four different
methods with an intention to improve its dissolution properties. Solubility of ketoconazole improves
by Sonocrystallization, Solid dispersion, Hydrotropy and Inclusion complex. In vitro release profile
were evaluated and compared with standard ketoconazole. (Patela J. et. al. 2012)

1) Melt Sonocrystallization technique:-

Drug was melted in a china dish on a paraffin oil bath at 148 oC (the melting point of ketoconazole),
the molten mass was poured in a beaker containing deionized water at 60oC and the content was
sonicated for 15 min with a frequency of 1.5 MHz using bath ultrasonicator. The solidified dispersed
droplets were separated by filtration and dried at room temperature. (Hasnain and Nayak ;2012)

2) Solid Dispersion technique:IJOD, 2017, 5(3), 99-103

www.drugresearch.in

Carrier (PEG6000) was dissolved in 1:1 methanol and dichloromethane using magnetic stirrer to
which the drug was added and allowed to dissolve, resulting mixture was transferred into petridish
and evaporation of the solvents was carried out by keeping the petridish at room temperature.
Obtained mass was crushed with the blunt end of a glass rod and passed through 44 mesh sieve.
(Varagunapandiyan and Gandhi ;2008)

3) Hydrotropy technique:-

Hydrotrophy technique of ketoconazole and solution was prepared in evaporable organic solvent
(ethylacetate) previously saturated with distilled water in a separating funnel to which hydrotrope
(tri-sodiumcitrate) solution was added. Then, the separating funnel was sealed and immersed in a
constant temperature bath and kept overnight for equilibration. After this, the aqueous layer was
transferred into a beaker. (Ammar H et. al.2007)

4) Inclusion Complex Formation technique:-

Solid inclusion complex of ketoconazole and β-cyclodextrin were prepared by the co-evaporation
method. This technique β-cyclodextrin and ketoconazole were taken in stoichiometric ratio and
kneaded thoroughly with minimum amount of water to obtain a paste. This paste was dried under
vacuum pump at room temperature using phosphorus pentoxide as a drying agent. (Parve B et.al.
2014)

IV.PH ADJUSTMENT:-

Poorly water soluble drugs with parts of the molecule that can be protonated (base) or deprotonated
(acid)may potentially be dissolved in water by applying a p H change. PH adjustment can in principle be
used for both oral and parenteral administration.In the stomach the p H is around 1 to 2 and in the
duodenum the pHis between 5-7.5, so upon oral administration the degree of solubility is also likely
be influenced as the drug passes through the intestines. Ionizable compounds that are stable and
soluble after pH adjustment are best suited. To adjust the microenvironmental p H (pHM) of the matrix
to a constant lower pHmodifier within the formulation seems to be the effective means to obtain a
uniform weakly basic drug release from matrix type dosage forms(pellets, tablet). Several organic
acids, such as fumaric, citric, succinic,ascorbic, adipic, sorbic, glutaric, tartaric, and malic were used to
adjust pH. The effect of organic acids on the dissolution profile of weakly soluble drugs is influenced
by many factors connected with the drug such as solubility, molecular weight, pK B. (Steubel A et. al.
2014)

V.HYDROGEL OF KETOCONAZLE AND [poly(amidoamine)] PAMAM DENDRIMERS:-

PAMAM-NH2 and PAMAM-OH dendrimer generation 2 and generation 3 influence on the solubility
and antifungal activity of ketoconazole. The surface charge of PAMAM dendrimers strongly affect
their influence on the improvement of solubility and antifungal activity of ketoconazole. For this
study ketoconazole hydrogel with PAMAM dendrimer are formed and evaluate. The MIC and MFC
values obtained by broth dilution method indicate that PAMAM-NH2 dendrimers significantly (up to
16-fold)increased the antifungal activity of ketoconazole against Candida strains. Lipophilic cavities in
PAMAMdendrimers and hydrophilic surface groups provide the availability to encapsulated or
conjugate with many guest molecules. So far dendrimer have been employed for enhancing the
solubility of drug. (Savjani K et. al. 2012)

CONCLUSION

Ketoconazole is a BCS class II drug it has low solubility but high permeability. Various methods were
employed to enhance the solubility of the ketoconazole. Salt and cocrystal formation, β-cyclodextrin
complex formation, pH adjustment, hydrogel of ketoconazole formation is few methods which
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enhance the solubility of ketoconazole. Salt and cocrystal formation is widely used method to
enhance the solubility of ketoconazole.
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