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Abstract 

Purpose: To evaluate the physicochemical properties of clotrimazole (CLT) solid dispersion with 
Pluronic F127 (PLU). 
Methods: Solid dispersions of the antifungal drug, clotrimazole, were prepared with Pluronic F127 using 
grinding (PM) and fusion (FUS) methods. Physicochemical characterization of the dispersions were 
performed using differential scanning calorimetry (DSC), x-ray powder diffraction (XRPD) and Fourier 
transform infrared spectroscopy (FTIR).  In vitro drug release was carried out using the rotating disc 
method. 
Results: These studies showed that there was no chemical interaction between CLT and PLU. Release 
studies on the SDs showed a significant (> 90-fold) improvement in dissolution rate compared to pure 
CLT. The greatest increase in dissolution (< 80 %) was observed for the solid dispersion (CLT/PLU) 
prepared by FUS in the ratio 60:40 % w/w. 
Conclusion: The results demonstrate that the developed solid dispersion system is a suitable approach 
for enhancing the dissolution rate of CLT. 
 
Keywords: Clotrimazole, Pluronic F127, Solid dispersion, Dissolution, Differential scanning calorimetry, 
Phase diagram 
 

Tropical Journal  of Pharmaceutical Research is indexed by Science Citation Index (SciSearch), Scopus, 
International Pharmaceutical Abstract, Chemical Abstracts, Embase, Index Copernicus, EBSCO, African 
Index Medicus, JournalSeek, Journal Citation Reports/Science Edition, Directory of Open Access Journals 
(DOAJ), African Journal Online, Bioline International, Open-J-Gate and Pharmacy Abstracts 

 
INTRODUCTION 
 
Clotrimazole (1-[(2-chlorophenyl) diphenyl 
methyl]-1-H-imidazole) is a synthetic imidazole 
derivative of broad-spectrum antifungal activity 
against pathogenic dermatophytes and yeast, 
such as Candida albicans, Trichophyton, 
Microsporum, Epidermophyton and Malassezia 
[1]. Its low and differentiated substance 
bioavailability after oral administration is 
associated with its lipophilic character, low 
solubility (0.49 mg/L) and slow dissolution in 
aqueous solutions [2]. As a result, oral drug 

administration leads to incidences of 
gastrointestinal disorders and neurological 
reactions [3].  
 
Clotrimazole is, however, a very effective drug 
when used topically in the form of vaginal tablets, 
lozenges, ointments, creams, gels, and 
suppositories [1,4,5]. However, its low solubility 
is also a problem in the treatment of cutaneous 
diseases through a topical application of the 
drug. The drug should be delivered to the site of 
infection in a topical dosage form in sufficient 
concentration in order to achieve effective 
treatment. Ahmed et al stated that the topical 
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application of clotrimazole to the skin, on the 
mucosa mouth or the vagina, results in it being 
washed off the application site relatively quickly 
[6]. Thus, improving CLT's solubility and rate of 
release is essential to achieve rapid antimycotic 
activity. Previous studies to improve the solubility 
of clotrimazole show the possibility of preparing 
liposomes, microcapsules, suspensions with a 
polymer, nanoemulsion, nanospheres, 
cyclodextrin inclusion complex and solid 
dispersions with a substance [3,7,8]. Systemic 
delivery of inclusion complex of clotrimazole with 
cyclodextrins for oral administration and for rectal 
administration in suppositories on the basis 
poloxamer–propylene glycol are characterized by 
low drug loading and incomplete drug dissolution 
[9].  
 
Solid dispersion (SD) is a dosage form that is 
capable of increasing the solubility of the 
incorporated antifungal drug [10]. Solid 
dispersions of drugs with a polymer can be 
prepared by melting, solvent, melt evaporation, 
melt extrusion, microwave or supercritical 
methods [11]. Balata et al prepared solid 
dispersions of clotrimazole with 
polyethyleneglycol 400 and polyvinyl pyrrolidone 
by the solvent evaporation method and obtained 
dissolution improvements to clotrimazole from 
these compositions [3].  
 
Various drug, carrier and preparation methods 
induce the formation of different forms of solid 
dispersions, i.e. eutectic compounds, solid 
solutions and coprecipitated compounds [12]. 
The aim of the present study was to prepare 
solid dispersions of clotrimazole with a water-
soluble carrier, Pluronic F127 (PLU), in varying 
weight ratios, by co-grinding and fusion methods 
in an attempt to increase CLT's dissolution 
properties. The proposed matrix material, 
Pluronic, is a block copolymer is used for diverse 
pharmaceutical applications. Using Pluronic 
F127 as a carrier of solid dispersions can lead to 
an enhanced solubilization of poorly water-
soluble drugs, e.g., ketoconazole [13,14] and 
itraconazole [15]. Pluronic can act as a polymer 
matrix as well as a surface active-agent, leading 
to a dissolution enhancement of a drug [16].  
 
EXPERIMENTAL  
 
Materials 
 
Clotrimazole (CLT) was kindly provided to us by 
P.P.F. Hasco-Lek” S.A. in Poland. Pluronic F127 
(PLU) was supplied from Fluka Biochemica in 
Germany. Sodium lauryl sulfate (SLS) was 

purchased from P. P. H. „Stanlab” in Poland. 
Ethanol HPLC grade was obtained from 
Chempur in Poland.  Methanol and acetonitrile 
HPLC grade were supplied by T. J. Baker in the 
Netherlands. Other chemicals and reagents used 
in this study were of analytical grade. 
 
Preparation of solid dispersions 
 
Solid dispersions of CLT and PLU were prepared 
by mixing the appropriate amount of clotrimazole 
and polymer through grinding and fusion 
methods. 
 
Grinding method (PM) 
 
The mixtures of CLT and PLU were prepared by 
grinding them in an agate mortar for 10 min using 
accurately weighed quantities of each 
component. The weight ratios of the mixtures 
were 90.0/10.0, 80.0/20.0, 70.0/30.0, 60.0/40.0, 
50.0/50.0, 40.0/60.0, 30.0/70.0, 20.0/80.0 and 
10.0/90.0 per cent respectively. The obtained 
solid dispersions were passed through a sieve of 
315 µm and stored in a desiccator at room 
temperature until use.  
 
Fusion method (FUS) 
 
Accurately weighed amounts of CLT and PLU 
were mixed in a porcelain dish and heated on an 
electric plate to 160 °C while being stirred 
continuously to obtain homogeneous 
preparations, then rapidly cooled over an ice 
bath. The received mixtures contained 
respectively 90.0/10.0, 80.0/20.0, 70.0/30.0, 
60.0/40.0, 50.0/50.0, 40.0/60.0, 30.0/70.0, 
20.0/80.0 and 10.0/90.0 CLT/PLU weight 
percentages. The obtained solid dispersions 
were stored in a desiccator under a vacuum for 
24 h and then pulverized using an agate mortar 
and pestle. The powders were then passed 
through a sieve of 315 µm and then stored in a 
desiccator at room temperature until use. 
 
Drug content assay 
 
Solid dispersions equivalent to 10 mg of 
clotrimazole were dissolved in 25 ml of methanol. 
The received solutions were diluted in distilled 
water and determined at 260 nm by UV-visible 
spectrophotometer (Jasco V-650, Japan) within 
the range of a standard curve. CLT content was 
computed as the ratio of actual amount of CLT in 
the sample to theoretical amount of CLT in the 
sample, expressed as a percentage. 
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Differential scanning calorimetry (DSC) 
 
The DSC thermogram of each mixture was 
obtained using a differential scanning calorimeter 
(Mettler Toledo DSC 25) equipped with a heat 
flow sensor and connected via a TA Controller 
TC 15 interface to a computer. Measurements 
were driven by STARe software. Samples for 
DSC measurements were sealed in 40 µl 
standard aluminum crucibles with a single hole 
punched in the lid. An empty pan of the same 
type was employed as a reference. The DSC 
instrument was calibrated using the melting point 
of indium (156.6 ± 0.3) as a standard. DSC 
scans of each solid dispersion were performed at 
a heating rate of 5 °C/min in the temperature 
range of 25 to 160 °C. The DSC cell was purged 
with a stream of dry argon at a rate of 50 cm3 
min-1.  
 
Powder x-ray diffraction analysis (XRPD)  
 
Powder X-ray diffraction patterns for solid 
dispersions containing CLT and PLU and pure 
substances were recorded on a Ultima IV powder 
diffractometer equipped with a Cross Beam 
Optics (Rigaku, Japan) with CuKα with radiation 
at room temperature. The degree of diffractions 
was measured at 10 °/min between 3° and 60° 
(2θ).  
 
Fourier transform infrared spectroscopy 
(FTIR) 
 
FTIR spectra of clotrimazole and Pluronic F127 
and solid dispersions of these substances were 
obtained using a Perkin-Elmer Spectrum Two 
FT-IR spectrometer (Perkin Elmer, USA). In 
order to measure this, a suitable amount of the 
sample was constantly applied on the crystal 
plate surface of the device so that it covered the 
entire surface of the prism. The sample was then 
pressed against the head to the point of 
transition of the radiation beam. Spectra were 
recorded in the range 450 to 4000 cm-1. 
 
Dissolution studies 
 
Dissolution studies were carried out for pure CLT 
and solid dispersions with CLT/PLU percentages 
of 90.0/10.0, 80.0/20.0, 70.0/30.0, 60.0/40.0, 
50.0/50.0, 40.0/60.0, 30.0/70.0, 20.0/80.0 and 
10.0/90.0 respectively. The dissolution system 
was fitted with SR8-PLUS (Hanson, USA) and a 
7-channel peristaltic pump. The dissolution rate 
was measured using the rotating disk method. 
CLT (100.0 mg) or an equivalent amount of solid 
dispersion discs were prepared by compressing 

powder in a hydraulic press Specac (Mettler 
Toledo, Switzerland) for 2 min under a 1 t 
compression force, using an 8 mm punch. The 
die was mounted on the stirring drive mechanism 
and was rotated at 50 rpm. The dissolution test 
was conducted under sink conditions in 1000 mL 
of distilled water containing 0.5 % SLS at 37 ± 
0.5 ºC. Samples were withdrawn at appropriate 
time intervals. A quantitative determination of 
CLT was performed using an HPLC system Gold 
126 Module (Beckman, USA) with a column of 
Zorbax ODS C18 (5 μm, 4.6 × 150 mm, Agilent). 
Analyses were performed using isocratic elution 
with a mixture of solvents with a composition 
ratio of acetonitrile to water of 70:30 with a 
steady flow rate of  1.5 mL/min. Substances 
eluted from the column were identified by a 
spectrophotometric detector at 230 nm. External 
standards of CLT were used to obtain calibration 
curves. Evaluation methods were linear in the 
range of 0.009 - 0.011 mg/mL for both 
compounds (linearity r2 = 0.999). 
 
Statistical analysis 
 
The dissolution data were subjected to statistical 
analysis using Student’s t-test and Statistica 10.0 
software, and differences between data were 
considered significant at p < 0.05. 
 
RESULTS 
   
Drug content 
 
The clotrimazole content of the solid dispersions 
was found to be in the range of 96.34 to 103.29 
% in the declared amounts. 
 
Thermal characteristics 
 
The DSC curves received for pure clotrimazole, 
Pluronic F127 and the solid dispersions are 
shown on Figures 1 - 3. The DSC curve of pure 
clotrimazole (Fig 1) shows only one endothermic 
peak corresponding to the melting of the drug at 
143.6 °C. Similarly, the DSC curve of PLU, 
presented on the same figure, shows one 
endothermic effect, associated with its melting at 
52.6 °C. Our thermal studies show that 
clotrimazole and Pluronic F-127 form a simple 
eutectic phase diagram (Fig 4). The parameters 
of the eutectic point (E) established by 
interpolation of solidus line and extrapolation of 
liquidus line are as follows: 
 
– composition: weight fraction of CLT 5.0 %, 
weight fraction of PLU 95.0 %; 
– temperature: 46.6 °C. 
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Figure 1: DSC thermograms of pure CLT and PLU 
 
 

 
 
Figure 2: DSC thermograms of solid dispersions 
prepared by grinding method 
 

 
 
Figure 3: DSC thermograms of solid dispersions 
prepared by fusion method 
 

 
Figure 4: Phase equilibrium diagram of the 
Clotrimazole-Pluronic F-127 system 
 
Powder x-ray diffraction 
 
The X-ray diffractograms of pure components 
and solid dispersions of CLT with PLU are shown 
in Fig. 5. The X-ray diffractograms of pure CLT 
showed distinct peaks at 12.34 θ and 20.66 θ, 
whereas for PLU of peaks at 19.06 θ and 23.24 θ 
can be observed, which indicate their crystalline 
properties. 
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Fourier transform infrared spectroscopy 
 
The FTIR spectra of CLT and solid dispersions of 
CLT with PLU are shown in Fig. 6. The bands at 
3166 cm-1 (C-H aromatic stretch), 1584 cm-1, 
1487 cm-1 (benzene ring stretching) and 741 cm-1 

(C-H stretching) [4] are characteristic for pure 
clotrimazole, whereas the spectra of Pluronic 
F127 have absorption peaks at 2889 cm-1 (C-H 
stretching vibrations), 1342 cm-1 (O-H bend) and 
1111 cm-1 (C-O-C stretching vibrations). 
 

 
 
Figure 5: XRPD patterns of (a) CLT; (b) 80.0/20.0 %w/w CLT/PLU-FUS; (c) 80.0/20.0 %w/w CLT/PLU-PM; (d) 
50.0/50.0 %w/w CLT/PLU-FUS; (e) 50.0/50.0 %w/w CLT/PLU-PM; (f) 20.0/80.0 %w/w CLT/PLU-FUS; (g) 
20.0/80.0 %w/w CLT/PLU-PM and (h) PLU 
 

 
Figure 6: FTIR spectra of (a) CLT; (h) PLU and selected solid dispersions: (b) 70.0/30.0 %w/w CLT/PLU-FUS; 
(c) 70.0/30.0 %w/w CLT/PLU-PM; (d) 50.0/50.0 %w/w CLT/PLU-FUS; (e) 50.0/50.0 %w/w CLT/PLU-PM; (f) 
30.0/70.0 %w/w CLT/PLU-FUS and (g) 30.0/70.0%w/w CLT/PLU-PM 
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Figure 7: Dissolution profiles of solid dispersions 
prepared by grinding method in 0.5 % sodium sulfate 
aqueous solution. Data are expressed as means ± SD 
(n = 3) 
 
Figures 7 and 8 showed the amount of CLT 
dissolved as a function of time from solid 
dispersions with PLU. It is evident that the rate of 
dissolution of pure clotrimazole is very low, less 
than 1 % of the drug being dissolved within 2 h. 
The dispersion of clotrimazole in the hydrophilic 
carriers considerably enhanced dissolution to 84 
% for solid dispersions 60.0/40.0 % w/w 
CLT/PLU-FUS and to 62 % for 20.0/80.0 % w/w 
CLT/PLU-PM respectively compared to the pure 

drug. Statistical analysis of the dissolution 
profiles data indicates that the profiles are similar 
only for solid dispersions (CLT/PLU) prepared by 
both methods in the ratio 90:10 % w/w, 
compared to the pure drug. For all the other solid 
dispersions, statistically significant differences in 
dissolution profiles were observed. 
 
DISCUSSION 
 
On the majority of thermograms of solid 
dispersions two endothermic peaks were 
observed. The onset position of the first peak 
appears approximately at the same temperature, 
46.6 °C, regardless of the quantitative 
composition; this is the temperature in which the 
eutectic reaction between PLU and CLT takes 
place (solid CLT + solid PLU  =  liquid). The 
second endothermic peak, whose maximum 
temperature lowers when the percentage of CLT 
in the formulation of the mixture is decreased, 
corresponds to the transition to a liquid state (L). 
 
DSC data indicate that CLT and PLU did not 
interact with each other, which is also confirmed 
by FTIR results. 

 
 
Figure 8: Dissolution profiles of solid dispersions prepared by fusion method in 0.5 % sodium sulfate aqueous 
solution. Data are expressed as means ± SD (n=3) 
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The inspection of spectra of solid dispersions of 
CLT and PLU shows the effect of the presence of 
polymer on absorption levels, although the 
activity of the whole compound as well as the 
activity of characteristic groups of CLT are 
unaffected. There is no appreciable change in 
the position of the peaks of solid dispersions with 
respect to values of pure substances, as 
confirmed by the absence of interaction of CLT 
with polymer. 
 
The FTIR spectra for the various solid 
dispersions showed peaks which were a sum of 
the characteristic peaks obtained with the pure 
drug and pure carrier. This study showed that 
there was no chemical interaction of the 
clotrimazole with Pluronic F127. 
 
Both methods of preparation of solid dispersions 
can be used to improve the dissolution rate of 
CTL. Craig proposed the following possible 
mechanisms of the increased dissolution rate of 
solid dispersions: the reduction of the drug 
particle size, a solubilization effect of the carrier, 
absence of aggregation of drug crystallites, 
improved wettability and dispersibility of the drug 
from the dispersion, dissolution of the drug in the 
hydrophilic carrier, conversion of the drug to an 
amorphous state, and finally a combination of the 
above mentioned methods [17]. The increased 
dissolution rate in this study can thus be 
contributed to several factors such as the 
solubilization effect of the carrier, and an 
improved wettability and dispersibility of the drug. 
SDs containing a low content of PLU for 10 - 30 
% w/w prepared using both methods are 
characterized by a lower solubility of CLT. This 
confirms the effects of polymer on an increase of 
the drug solubility, while the greater solubility 
belonged to SDs obtained by fusion method. 
 
CONCLUSION 
 
The physicochemical properties and dissolution 
studies of CLT/PLU solid dispersions obtained by 
grinding and fusion methods showed that these 
methods are effective techniques for enhancing 
the dissolution rate of CLT. In addition, XRPD 
and FTIR tests show no chemical interactions 
between the components and also confirmed an 
absence of terminal solid solutions. Increase in 
dissolution rate was probably the result of 
decrease of particle size, decrease in 
agglomeration of particles, as well as increased 
wettability and dispersibility of clotrimazole. 
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