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Abstract 

Ketoconazole is classified as a BCS Class II drug whose dissolution rate is the rate limiting step in the intestinal absorption. 
In the presented study, solid dispersions (SDs) of ketoconazole (KET) with Pluronic F127 (PLU) prepared by kneading and 
fusion methods were compared with the drug in its pure form. The physicochemical properties of obtained dispersions were 
characterized by DSC, XRPD and FTIR techniques and intrinsic dissolution profiles (IDR) of these formulations were 
evaluated. On the basis of DSC, XRD and FTIR studies the lack of drug-polymer interactions were stated. The significant 
enhancement of ketoconazole dissolution rate in 0.5% sodium lauryl sulphate solution compared with the pure drug were 
observed for the obtained solid dispersions. The solid dispersion prepared by kneading method containing 70 wt% of 
ketoconazole showed a 32-fold dissolution rate improvement in comparison to the pure drug. Solid dispersions of KET 
showed IDR greater than 0.1 mg/cm2/min, therefore a better KET bioavailability than the pure drug should be expected. 
 
Rezumat 

Ketoconazolul este încadrat ca un medicament BCS clasa a II-a a cărui rată de dizolvare constituie o limitare a absorbției 
intestinale. În acest studiu s-au comparat suspensii solide (SDs) de ketoconazol (KET) cu Pluronic F127 (PLU), preparate 
prin metoda de triturare și fuziunie, comparativ cu substanța activă. Au fost evaluate proprietățile fizico-chimice ale 
dispersiilor obținute prin tehnicile DSC, XRPD și FTIR și profilurile de dizolvare intrinseci (IDR) ale acestor formulări. Pe 
baza datelor obținute s-a constatat lipsa interacțiunilor medicament-polimer. Pentru dispersiile solide obținute s-a evidențiat 
creșterea semnificativă a ratei de dizolvare a ketoconazolului în soluție de lauril sulfat de sodiu 0,5%, comparativ cu 
substanța activă. Dispersia solidă care conține 70% ketoconazol a prezentat o viteză de dizolvare de 32 ori mai mare 
comparativ cu substanța activă și a prezentat un profil intrinsec de dizolvare de peste 0,1 mg/cm2/min, prin urmare, 
biodisponibilitatea este superioară substanței active. 
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Introduction 

Low drug solubility of active pharmaceutical 
ingredients (API) represents a problem in both the 
systemic and local treatment of fungal infections, in 
forms for topical administration such as: shampoo, 
aerosols, foams, bioadhesive films, gels, solutions, 
creams, bioadhesive vaginal tablets, bioadhesive 
effervescent tablets for vaginal application [1, 2]. 
Ketoconazole, an azole antifungal agent, is very 
slightly soluble (0.017 mg mL-1 at 25ºC) or 
insoluble at neutral pH, and slightly soluble in 
acidic solutions [2]. The high permeability and 
insufficient solubility of ketoconazole in gastro-
intestinal fluids under normal conditions is the 
reason behind its classification as a BCS class II [3, 
4]. Its low aqueous concentrations severely limit its 
bioavailability and therapeutic effectiveness because 
this drug is eliminated from the gastrointestinal 

tract before it is completely dissolved, which 
reduces its absorption into the blood circulation [5]. 
This can have a negative impact on the antifungal 
activity of the drug, its side effects, pharmaco-
kinetic variability and the development of drug 
resistance [2]. The poor solubility and rate of 
dissolution of ketoconazole reduce the release of 
API from the dosage form to the site of infection in the 
optimal concentration, which affects the efficiency 
of the topical treatment of fungal infections of the 
skin, mucous membranes, and nail [2]. 
Solid dispersions have been proved to be one of the 
promising technologies to improve solubility, 
dissolution and bioavailability [6]. The physico-
chemical properties of solid dispersions and hence 
their performance result from a combination of the 
individual properties of the drug and carrier, their 
mutual interaction and the method of their 
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preparation [7]. Different carriers can be used in 
solid dispersion manufacturing and their choice 
influences the solubility of lipophilic drugs [8]. 
Among these polyethylene glycols (PEG), polymers 
of ethylene oxide with a molecular weight (MW) 
ranging from 200 to 300,000, Pluronics are widely 
used as vehicles for solid dispersions because of 
their low melting point, rapid solidification rate, 
ability to form solid drug solutions, low toxicity 
and low cost [9-12]. Pluronics are polyoxyethylene 
–polyoxypropylene block copolymer nonionic 
surfactants that can achieve the highest degree of 
bioavailability for poorly soluble drugs and stabilize 
solid dispersions, avoiding drug recrystallization. 
For some drugs, the improvement in solubility 
using Pluronics was higher than with other 
polymers, such as PEG [13]. A hydrophobic drug 
may be solubilized within the core of micelle or 
conjugated to the micelle-forming polymer, which 
leads to an increased dissolution of the active 
substance [14]. Enhanced drug dissolution probably 
results from the molecular dispersion of the drug in 
the polymer carrier, the formation of amorphous 
precipitates of the drug and thus the improved drug 
wettability by the dissolution medium [15]. Earlier 
studies showed a significant improvement in the 
dissolution rate of ketoconazole using solid dispersions 
with β-cyclodextrin prepared by solvent evaporation 
method [4,16], solid dispersions in polyvinyl-
pyrrolidone k-17 (PVP 17), solid dispersions in 
PEG 6000 prepared using a fusion method, solid 
dispersions prepared by melt extrusion with PVP 17 
and PVP–vinyl acetate (PVP–VA64) copolymer and 
with Pluronic F127 prepared by physical mixtures 
and the melt-fusion method [17-19]. Similarly, our 
dissolution studies of ketoconazole-Pluronic F127 
mixtures obtained by grinding method showed a 
significant improvement of the dissolution rate of 
ketoconazole (KET) in 0.5 % w/v sodium lauryl 
sulphate compared to the drug alone [20]. 

The aim of the present study was to improve the 
dissolution rate of ketoconazole via a solid 
dispersion technique using Pluronic F127 as a 
hydrophilic carrier. Solid dispersion systems of 
ketoconazole were prepared with Pluronic F127 
using the kneading and fusion methods. Fourier 
transform infrared spectroscopy (FTIR), X-ray 
powder diffractometry (XRPD) and differential scanning 
calorimetry (DSC) were used to characterize the 
solid-state properties of pure ketoconazole and its 
physical mixtures and solid dispersion systems. All 
formulations, including pure ketoconazole, were 
further evaluated for dissolution performance. 
 
Materials and Methods 

Materials 
The ketoconazole (KET) used was a gift sample 
from Hasco-Lek (Poland). Pluronic F127 (PLU) was 
supplied from Sigama-Aldrich (USA). Sodium lauryl 
sulphate (SLS) was purchased from P.P.H. “Stanlab” 
(Poland). Potassium bromide, formic acid and ammonium 
acetate were obtained from POCH (Poland). HPLC-
grade methanol was obtained from Fluka Biochemica 
(Germany). 80% Acetic acid and HPLC-grade 
ethanol was obtained from Chempur (Poland). 

Preparation of solid dispersions 
Kneading method (KN) 
A sufficient volume of ethanol was added to the 
mixtures of drug and polymer in an agate mortar to 
achieve a slurry-like consistency. The solvent was 
then completely evaporated at 40-45°C under 
continuous stirring to obtain a dry mass. The 
obtained solid dispersions were stored under 
vacuum in a desiccator for 24 hours. The dried 
solid residue was pulverized and passed through a 
sieve of 315 µm. The resulting solid dispersions 
were stored in a desiccator, at room temperature, 
until use. The composition and codes of the 
obtained solid dispersions are presented in Table I. 

Table I 
Composition and codes of solid dispersions 

Preparation method Drug:Polymer weight ratio Solid dispersion code 
kneading 10:90 10 KET + 90 PLU - kn 
kneading 30:70 30 KET + 70 PLU - kn 
kneading 50:50 50 KET + 50 PLU - kn 
kneading 70:30 70 KET + 30 PLU - kn 
kneading 90:10 90 KET + 10 PLU - kn 

fusion 10:90 10 KET + 90 PLU - fus 
fusion 30:70 30 KET + 70 PLU - fus 
fusion 50:50 50 KET + 50 PLU - fus 
fusion 70:30 70 KET + 30 PLU - fus 
fusion 90:10 90 KET + 10 PLU - fus 

 
Fusion method (FUS) 
Accurately weighed amounts of PLU were mixed 
with different concentrations of ketoconazole in a 
porcelain dish and heated on an electrical plate to 

80-85°C under continuous stirring to obtain homo-
geneous preparations, then rapidly cooled over an 
ice bath. The obtained solid dispersions were stored 
in a desiccator under vacuum for 24 hrs and then 
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pulverized using an agate mortar and pestle. The 
pulverized powders were sieved using a sieve of 
315 µm and then stored in a desiccator at room 
temperature until use. The resulting solid dispersions 
were stored in a desiccator at room temperature 
until use. The composition and codes of the 
obtained solid dispersions are presented in Table I. 

Characterization of solid dispersions 
Drug content 
The solid dispersion equivalent to 20 mg of 
ketoconazole was dissolved in 50 mL of methanol. 
The absorbance of filtered solutions through a 0.45 
µm membrane filter was determined at 245 nm by a 
UV-visible spectrophotometer (Jasco V-650, Japan). 
The ketoconazole content of the prepared 
formulations was found to be in the range of 97.6 - 
102.7 % of the declared amount. 
Differential scanning calorimetry (DSC) 
The DSC curves of each mixture were obtained 
using a differential scanning calorimeter (Mettler 
Toledo DSC 25) equipped with a heat flow sensor 
and joined 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 aluminium 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-1 in the temperature range 
of 25°C to 200°C. The DSC cell was purged with a 
stream of dry argon at a rate of 50 mL min-1. The 
experiments were performed in triplicate and the 
mean values were calculated. 
Powder X-ray diffraction analysis (XRPD) 
Powder X-ray diffraction patterns were recorded on 
a powder diffractometer (D8 ADVANCE, Bruker) 
with CuKα radiation with a Vantec position 
sensitive detector. The degree of diffractions was 
measured at 10° min-1 between 2° and 60° (2θ). 
Fourier transform infrared spectroscopy (FTIR) 
FTIR spectra were recorded using IRAffinity-1 
spectrophotometer (Shimadzu). Samples were 
mixed with potassium bromide and compressed 
into disks using a hydraulic press (Specac USA) 
before scanning from 4000 to 400 cm-1. 
Intrinsic dissolution (IDR) studies 
The dissolution test was conducted in triplicate 
under sink conditions in 1000 mL of 0.5 % SLS 
aqueous solution at 37 ± 0.5ºC and rotational 
speeds of 50 rpm. The water medium was prepared 
by degassing using cellulose acetate filters (45 mm 
diameter, 0.45 µm pore diameter, with an Agilent 

Technologies filtration system), and by filtering at 
41°C under 900 mBar vacuum. The pH of the 
prepared SLS solution was 6.5. The dissolution 
system was fitted with SR8-PLUS (Hanson) and a 
7-channel peristaltic pump. KET (100.0 mg) or an 
equivalent amount of solid dispersion discs were 
prepared by compressing in a hydraulic press 
(Specac USA) for 1 min under a 2 t compression 
force, using a 13 mm punch. Samples were with-
drawn at appropriate time intervals. A quantitative 
KET determination was performed using an HPLC 
system with a FLD (Agilent 1100). The analysis 
was carried out with the use of Zorbax Eclipse 
XDB-C8 (Agilent). Analysis was performed by 
isocratic elution with a mixture of solvents 
composed of a 50 mM ammonium acetate buffer 
(with 0.1% formic acid and methanol) with a steady 
flow rate of 1 mL min-1. Substances eluted from the 
column were identified by a fluorimetric detector at 
220 nm (excitation) and 380 nm. External KET 
standards were used to obtain calibration curves. 
Evaluation methods were linear in the range of 5 - 
80 µg mL-1 for both compounds (linearity r2 = 0.998). 
 
Results and Discussion 

Differential scanning calorimetry study 
The DSC curves obtained for pure ketoconazole, 
Pluronic F127 and obtained solid dispersions (SDs) 
are shown in Figures 1 and 2. The DSC curve of 
pure ketoconazole shows only one endothermic 
peak corresponding to the melting of the drug at 
150.6°C. Similarly, the DSC curve of PLU shows 
one endothermic effect, associated with its melting 
at 57.4°C. The DSC curves registered for solid 
dispersions prepared by both methods show only 
two endothermal effects, according to phase 
equilibria of KET-PLU system [20]. The onset of 
the first peak consistently appeared near 52.0°C 
(Figures 1, 2), indicating an eutectic reaction. The 
second one, with an elongated shape, indicates that 
the complete melting took place over a temperature 
range.  It is distinctive for two-phase regions (KET 
and its solution in PLU), when a system has one 
degree of freedom. Due to the existence of PLU in 
the dispersion, a characteristic lowering of the 
melting peak of KET was observed. There are 
slight differences between the thermal behaviour of 
the formulations differently prepared. The first peak 
observed on DSC curves, registered for dispersions 
prepared by fusion, is gently wider than for 
dispersions prepared by kneading. This could be 
due to the partial amorphization remaining after the 
melting process. 
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Figure 1. 

DSC thermograms of pure KET, PLU and SDs prepared by the kneading method 
 

 
Figure 2. 

DSC thermograms of pure KET, PLU and SDs prepared by the fusion method 
 
X-ray diffraction 
X-ray diffractograms of pure KET, PLU and 
selected solid dispersions are shown in Fig. 3. The 
XRPD pattern of ketoconazole displayed intense 
and sharp peaks, indicating its crystalline nature. 
Ketoconazole showed sharp peaks at 7.30, 10.61, 
16.04, 17.52, 21.21 and 27.54° (2θ) with peak 
intensities of 1999, 712, 639, 1686, 989 and 857, 
respectively. The X-ray spectrum of PLU also 
revealed two characteristic peaks with the highest 
intensity at 2θ angles of 19.12º and 23.27º, 
indicating that Pluronic F127 is a crystalline carrier. 
Upon increasing the concentration of the carrier, 
the peaks characteristic for ketoconazole became 
less intense. A relative decrease in the crystallinity 
(RDC = Isam / Iref) of solid dispersions was 
determined by comparing some representative peak 
heights in the diffraction patterns of the binary 
systems (Isam) in relation to the pure ketoconazole 
reference (Iref pure KET). The peak height of 7.30° 

and 10.61° 2θ was used to calculate the relative 
decrease in crystallinity (RDC) of ketoconazole in 
all solid dispersions. The RDC values of solid 
dispersions prepared using the kneading method at 
7.30° 2θ were 0.515 and 0.176, and at 10.61° 2θ 
were 0.809 and 0.449 for 90 KET + 10 PLU-kn and 
10 KET + 90 PLU-kn respectively. In turn, the 
RDC values of solid dispersions prepared using the 
fusion method at 7.30° 2θ were 0.298 and 0.176, 
and at 10.61° 2θ were 0.286 and 0.401 for 90 KET + 
10 PLU-fus and 10 KET + 90 PLU-fus respectively. 
All the principal peaks for Pluronic F127 and 
ketoconazole were present on diffractograms 
obtained for the studied solid dispersions, 
suggesting the absence of a chemical interaction 
between the drug and the carrier. Observing of the 
diffractograms it can be deduced that the crystalline 
nature of the drug in solid dispersions was retained; 
although for dispersion 90 KET + 10 PLU-fus 
appeared a slight amorphous halo at 2θ angle close 
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to 20º, and diffraction peaks are not so high and 
sharp as on the diffractogram 90 KET + 10 PLU-kn. 

This confirms the conclusions after the DSC 
analysis. 

 

 
Figure 3. 

X-ray diffractograms of pure KET, PLU and selected solid dispersions 
 
Fourier transform infrared spectroscopy 
FTIR spectra of KET, PLU and obtained solid 
dispersions are shown in Figures 4 and 5. The 
spectrum of pure ketoconazole shows an intense 
band at 3119 cm-1 (=C–H stretch), 1647 cm-1 (C=O 
stretch), 1584 cm-1 (C=C aromatic symmetric 
stretch), 1510 cm-1 (C=C aromatic asymmetric 
stretch), 1222 cm-1 and 1200 cm-1 (30 amine). The 

FTIR spectrum of Pluronic F127 is characterized by 
principal absorption peaks at 2884 cm–1 (C-H, 
stretch, aliphatic), 1342 cm–1 (in-plane O-H bend) 
and 1111 cm–1 (C-O stretch), which were present in all 
solid dispersions. FTIR spectra showed a reduction 
in the sharpness of peaks and absence of a major 
shift in the present peaks of solid dispersions as 
compared to the pure drug (Figures 4, 5). 

 
Figure 4. 

FTIR spectra of Pluronic F127, ketoconazole and its solid dispersions prepared by the kneading method 
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Figure 5. 
FTIR spectra of Pluronic F127, ketoconazole and its solid dispersions prepared by the fusion method 

 
Intrinsic dissolution study 
The intrinsic dissolution rate (IDR) is defined as the 
dissolution rate of a pure compound under the 
condition of constant surface area. IDR was 
determined according to the equation [21]: 

IDR = (𝑑𝑚/𝑑𝑡)max / A, 

where: (𝑑𝑚/𝑑𝑡)max is the maximum slope in the 
dissolution curve evaluated at the start of the 
dissolution process, A is the area of the drug disk 
(cm2), m is the mass (mg), t is the time (min). As 
determination of dissolution rate in comparison to 
solubility studies do not depend on saturation 
concentration of API in the medium it is less 

sensitive to the errors related to possible phase 
changes within the formulation [22]. 
The dissolution curves of pure ketoconazole and 
KET-PLU solid dispersions in 0.5 % SLS at 37 ± 
0.5°C were shown in Figures 6 and 7. Apparent 
IDR of various solid dispersions were measured 
and compared to that of pure KET. Kaplan noted 
that compounds with an IDR below 0.1 
mg/cm2/min usually exhibited dissolution rate-
limited absorption [23]. The IDR of pure KET of 
0.056 mg/cm2/min falls into this category. Table II 
shows the IDR of various formulations prepared by 
kneading and fusion methods.  

Table II 
IDR of KET and its solid dispersions with PLU, and corresponding ratios 

Data are expressed as a mean ± SD (n = 3) 
Solid dispersion code IDR ± SD (mg cm-2 min-1) R2 IDR ratio mixture:pure drug 

10 KET + 90 PLU - kn 1.408 ± 0.0511 0.9757 25.07 
30 KET + 70 PLU - kn 1.193 ± 0.0342 0.9945 21.25 
50 KET + 50 PLU - kn 1.247 ± 0.0284 0.9985 22.20 
70 KET + 30 PLU - kn 1.798 ± 0.0136 0.9967 32.02 
90 KET + 10 PLU - kn 0.513 ± 0.0064 0.9641 9.14 
10 KET + 90 PLU - fus 1.159 ± 0.0181 0.9954 20.64 
30 KET + 70 PLU - fus 1.195 ± 0.0403 0.9897 21.27 
50 KET + 50 PLU - fus 1.711 ± 0.0471 0.9920 30.47 
70 KET + 30 PLU - fus 0.319 ± 0.0007 0.9237 5.69 
90 KET + 10 PLU - fus 0.149 ± 0.0003 0.9582 2.66 

KET 0.056 ± 0.0023 0.9991 - 
R2, coefficient of determination 
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The dissolution rate of pure ketoconazole is very 
low, less than 4% of the drug being dissolved 
within 2-hour dissolution studies. It was found that 
the drug dissolution rate of ketoconazole for all 
solid dispersions was higher than of the pure drug. 
Pluronic F127 could effectively enhance drug 
dissolution rate, and this effect depended on the 
drug:polymer ratio and the method of the 
preparation of solid dispersion [24, 25]. The 
increase of API dissolution rate from solid 
dispersions could be related to a more effective 
wetting of the reduced drug particles, the reduction 
of drug crystallinity or an increase in the 
solubilisation of drug by the carrier [15]. As 
expected, the increase in IDR was sensitive to the 
particular ratio of the drug to the polymers used as 

well as the method of preparation. The considerable 
improvement of dissolution rate of KET was 
achieved for the formulation containing from 10-
50% of a polymer obtained by both methods. The 
solid dispersion 70 KET + 30 PLU-kn obtained by 
the kneading method showed the highest, 32-fold 
increase in the intrinsic dissolution rate compared 
to the pure drug. Similarly to the work of Hirak et 
al. [12] solid dispersions prepared by kneading 
improved drug dissolution rate more than those 
produced by the fusion method. The kneading 
method causes a uniform distribution of drug in the 
polymer carrier crust in highly dispersed state, 
which results, that the hydrophilic carrier dissolves 
rapidly in contact with dissolution medium [11]. 

 

 
Figure 6. 

Dissolution profiles of ketoconazole and its solid dispersions with Pluronic F127 obtained by the kneading 
method (KN) 

 

 
Figure 7. 

Dissolution profiles of ketoconazole and its solid dispersions with Pluronic F127 obtained by the fusion method 
(FUS) 

 
Conclusions 

The analysis of obtained DSC thermograms 
demonstrated that components of the examined 
solid dispersions do not fall together in chemical 

interactions and form a simple eutectic system at a 
composition of 5 wt% of ketoconazole without 
terminal solid solutions. FTIR spectra of examined 
mixtures showed all the characteristic peaks of 
ketoconazole and carrier, thus indicating no 
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significant evidence of a chemical interaction 
between them. XRPD studies have shown that all 
studied solid dispersions are highly crystalline, 
thereby resulting in their physical stability. 
Dissolution rate studies clearly demonstrated that 
the solid dispersion containing a 70% weight of 
ketoconazole prepared by the kneading method 
showed a 32-fold enhancement in the dissolution 
rate in comparison to the pure drug. Our 
investigation indicates that the obtained 
ketoconazole solid dispersion can be applied for the 
preparation of topical dosage forms for the 
treatment of local fungal infections with improved 
dissolution of drug, and, consequently can have the 
potential to release a proper amount of drug at the 
target site and improve the therapeutic efficacy of 
the drug. 
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