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Introduction

Sulfamethoxazole (4-Amino-N-(5-methylisoxazol-3yl) 
benzenesulphonamide) is a member of the sulfonamide 
family of bacteriostatic antibiotics that inhibits normal 
bacterial utilization of para-aminobenzoic acid (PABA) 
for the synthesis of folic acid, an important metabolite in 
DNA synthesis1,2.

Sulfamethoxazole is absorbed from gastro-intestinal 
area; however, its absorption and bioavailability are lim-
ited with its dissolution rate, due to its low solubility like 
all the sulfonamide groups. The aim of the study was to 
develop the inclusion complexes of sulfamethoxazole 
using cyclodextrins to enhance the solubility and oral 
bioavailability.

Cyclodextrins (CDs) were first isolated in 1891 as degra-
dation products of starch and were characterized as cyclic 
oligosaccharides with a hydrophilic outer surface and 
a lipophilic cavity in the center3,4. In aqueous solutions, 
CDs are able to form non-covalent inclusion complexes 

with various types of lipophilic drugs5. Encapsulation of 
a drug molecule is quite effective on many of its physi-
cochemical properties and can result in increased aque-
ous solubility and stability6,7. Some additives such as 
water-soluble polymers or ion pairing agents also have 
a significant effect on the drug-cyclodextrin complex 
formation8–11. The purpose of this study was to investigate 
the effect of a commonly used water-soluble polymers, 
i.e., polyethylene glycol 20000 and non-ionic surfactants 
i.e., polysorbate 20, on the complexation of sulfamethox-
azole with cyclodextrin.

The solid dispersions of active materials using cyclo-
dextrins are prepared by coprecipitation method, knead-
ing method, lyophilization method, physical mixtures 
etc.12–15.

In this study, the solid dispersions were prepared by 
kneading and coprecipitation methods16,17. The physi-
cal mixtures were also prepared for comparison. The 
rates of release of the active material from the resulting 
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complexes were determined from dissolution studies 
using USP XXII paddle method25.

The cumulative amount of excreted drug and the 
rate of drug excretion from the urine can be useful 
in estimating the bioavailability for in vivo study18. 
Thus urinary excretion data were used in this study. 
The selected formulations were given orally to the six 
healthy volunteers and urinary excretion rate were 
followed for 24 hours. Urine analyses were carried out 
by using Bratton-Marshall method19,20. Powder form of 
active material was also studied in the same manner for 
comparison.

Materials and methods

Materials
Sulfamethoxazole (SMZ), β-cyclodextrin (β-CD), poly-
ethylene glycol 20000 (PEG 20000) and polysorbate 20 
(PS 20) were kindly supplied by Fako Pharmaceutical Co. 
Ltd., Fluka and Merck, respectively. All other chemicals 
were analytical grade.

Apparatus
For the experiments, an ultraviolet (UV) spectrophotom-
eter (Shimadzu UV 1202), infrared (IR) spectrophotom-
eter (Jasco FT/IR 420), differential scanning calorimetry 
(DSC) (Netzsch Geratebau DSC 204), and a dissolution 
tester (USP paddle method Aymes, Turkey) were used.

Phase-solubility studies
Solubility measurements were performed by the method 
of Higuchi and solutions containing various concentra-
tions of β-CD ranging from 2 × 10−3 M to 15 × 10−3 M (The 
solubility of β-CD is 16.3 × 10−3 M) were shaken with 
100 mg of sulfamethoxazole in sealed flasks in a ther-
mostate water both at a constant temperature of 37°C21. 
After an equilibrium was attained (approximately three 
days), aliquots were withdrawn and filtered through 
0.45 μm filters. A portion of the filtrate was then diluted 
with water and analyzed spectrophotometrically. The 
solubility constant and the ratio of SMZ/β-CD in the 
complexes were calculated from the phase solubility 
diagram22.

The solubilizing effect of water-soluble polymers and 
nonionised surface active materials was also investi-
gated with phase-solubility studies. For this purpose, an 
excess amount of the drug was added to aqueous solu-
tions containing 0–15% of β-CD and 0.0–0.50% (w/v) of 
polymer and non-ionic surfactant (PEG 20000 and PS 20, 
respectively). After equilibration, at least three days took 
place at room temperature, the suspensions were filtered 
through at 0.45 μm membrane filter and analyzed by UV 
spectrophotometer. The type of complexation and the 
apparent stability constants (K

c
) of the drug-cyclodextrin 

complexes were calculated from the slope of the phase-
solubility diagrams.

Solubility studies
Solubilities of active material and complexes were stud-
ied at two different pH values of 4.5 and 7.0. An excess 
amount of active material (an amount of material, more 
than it could be dissolved) was added to a closed flask 
with either pH 4.5 or pH 7.0 and then mixed in a magnetic 
mixer at 37°C. Thereafter, the liquid phase was filtered 
through 0.45 μm filters and the amount of active mate-
rial in this solution was determined. Solubility of active 
material was calculated by the point measured during 
formation of the equilibrium status.

Preparation of solid complexes
The solid complexes of SMZ with β-CD were prepared by 
using the three different methods.

Kneading method
In kneading method, aqueous ethanol solution (50%) 
was added to the mixture of SMZ/β-CD (1:1) until creamy 
homogenous product was obtained. This mixture was 
transferred to a mortar and kneaded for 30 min. Then it 
was dried in an oven under vacuum at 40°C and sieved.

Coprecipitation method
In coprecipitation method, SMZ (0.1 g) was dissolved in 
acetone and added to the aqueous solution of β-CD. The 
solvent was allowed to evaporate and then dried under 
vacuum at 40°C for 24 h and sieved.

Preparation of physical mixture
The calculated and exactly weighed (1:1 molar ratio) 
amounts of SMZ and β-CD were mixed in a ceramic mor-
tar using the geometric dilution technique.

The solid complexes including solubility enhancer 
such as water-soluble polymer and surface active agent 
were also prepared with the same methods.

Characterization of complexes
The infrared spectroscopy (IR) of SMZ, β-CD and the inclu-
sion complexes were measured with KBr discs. Amount 
of active material in each sample were kept constant in 
each measurement. Differential scanning calorimetry 
(DSC) was performed using a scanning rate of 10°C/min 
on a Netzsch Geratebau DSC 204. Samples were heated 
in a sealed aluminum pans from 50 to 300°C.

Dissolution studies
The USP XXII paddle method was used in the dissolution 
rate studies at 37.0 ± 0.5°C. The dissolution rate test was 
performed at 50 rpm in 900 mL at pH 4.5. All formulations 
were tested for 3 h. Samples taken at predetermined time 
intervals were measured spectrophotometrically.

In vivo studies
The formulations chosen for in vivo studies are given as 
below:

Formulation 1:
Sulfamethoxazole 100 mg
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β-cyclodextrin 448 mg
Formulation 2:
Sulfamethoxazole 100 mg
β-cyclodextrin 448 mg
PEG 20000 35 mg
The in vivo tests were made on six healthy male vol-

unteers whose ages were between 25–50 years. Every 
15 days, the prepared formulations and pure SMZ as a 
control were given to the subjects on an empty stomach 
with 200 mL of water. Each subject took 100 mL of water 
hourly. No food was allowed for four hours. Urine sam-
ples were collected at hours 0, 1, 2, 3, 4, 5, 6, 7, 8–12 and 
12–24. Urine analyses were carried out by using Bratton-
Marshall method.

Results and discussion

Phase-solubility diagram
The cationic form of SMZ is the dominating form at pH 
below about 1.5, the nonionised form dominates between 
pH 2.0 and 6.0 and the anionic form dominates above pH 
about 7.0. β-CD is able to solubilize both nonionised and 
the anionic form of the drug but it has a small solubilizing 
effect on the cationic form. After taking into consideration 
of these results, the pHs of the medium were adopted as 
either 4.5 or 7.0.

The apparent stability constants (K
c
) of the drug-β-CD 

complexes were also determined at room temperature 
with the presence of PEG 20000 and PS20.

The 1:1 stability constants (k) of the soluble complexes 
were calculated from the following equation:

k S S S L S St o o t t o= − − +/[ ( ( ))]� (1)

 where S
t
 is total concentration of dissolved SMZ,  

S
o
 is the equilibrium solubility of SMZ in the  

presence of β-CD and L
t
 is the total concentration  

of β-CD22,23.
Phase-solubility diagrams are categorized into  

A and B types. A type curves indicate the formation of 
soluble inclusion complexes while B type suggests the 
formation of inclusion complexes with poor solubil-
ity. A B

S
 type response denotes complexes of limited 

solubility. β-CD often gives rise to B type curves due 
to their poor water solubility, whereas the chemically 
modified CDs like HP-β-CD usually produce soluble 
complexes and thus give A type systems24. The phase-
solubility diagram obtained for SMZ and β-CD is 
shown in Figure 1. According to Higuchi and Connors, 
the solubility curve can be classified as B

S
 type. The 

stoichiometric ratio of complex determined from the 
descending part of the diagram was found to be 1:1 
(SMZ/β-CD).

Since, solubility of SMZ linearly increased with the 
increase of both β-CD-PEG 20000 and β-CD-PS20 
concentrations, it is considered to be an Al type phase-
solubility curve22 (Figure 2). The apparent stability 
constants (K

c
) calculated from the Equation 1 and the 

solubility values are shown in Table 1 and Table 2, 
respectively.

The solubility of active material was enhanced in the 
presence of β-CD, β-CD-PEG 20000 and β-CD-PS20 at 
either pH 4.5 or pH 7.0 (Table 2).

Characterization of inclusion formation
Evidence for an inclusion formation between drug and 
β-CD was provided by the analysis of the results obtained 

Figure 1.  Phase-solubility diagram of SMZ/β-CD system in distilled water.
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from infrared spectroscopy and differential scanning 
calorimetry.

The IR spectra of SMZ, β-CD, PEG 20000 and the inclu-
sion complexes are shown in Figure 3. The characteristic 
bonds of SMZ at 1599 cm−1 (-NH2), 1306 cm−1 (-SO2) were 
modified significantly in the solid complexes as a result 
of complex formation. The observed decreases in the 
intensities of the characteristic bonds of SMZ may be due 
to its restriction within the β-CD cavity.

Figure 4 shows the thermogram of SMZ, β-CD and 
the inclusion complexes obtained from DSC measure-
ments. The β-CD displayed no peaks in the temperature 
range between 50°C and 300°C while the SMZ exhibited 
its characteristic endothermic peak associated with 
the melting point of the drug around 171°C. However, 
inclusion complexes showed very broad peak, the peak 
of the SMZ disappeared especially in the presence of 
PEG 20000 and PS 20 without distinct phase transition 
around this temperature. The SMZ-β-CD coprepicipi-
tated complex had a less intense peak. The absence of 
the peak in DSC curves may be considered as a strong 
indication for the formation of inclusion of the drug into 
the β-CD cavity.

Dissolution rate studies
The dissolution rate profiles of SMZ and the complexes 
are shown in Figure 5. The figure illustrates that the release 
of active material was strongly affected by the method 
of formulation. The coprecipitated products exhibited 
the best dissolution properties and were followed by the 

kneaded product and physical mixtures, respectively. 
The all complexes studied in this work exhibited better 
dissolution properties, then the pure drug alone. 37.4% 
of active material of kneaded product is dissolved within 
180 min, whereas the values measured for the copre-
cipitated, physical mixture and pure drug were 28.4, 12.4 

Table 1.  The apparent stability constants (K
c
) of the complexes.

Formulations K
c
 (M−1) at pH 4.5 K

c
 (M−1) at pH 7.0

Sulfamethoxazole:  
β-CD (1:1)

136.40 122.3

Sulfamethoxazole:  
β-CD (1:1)-PEG20000 
(0.50% w/v)

243.80 553.9

Sulfamethoxazole:  
β-CD (1:1)-PS20  
(0.50% w/v)

352.30 147.1

Table 2.  The solubility values of sulfamethoxazole in presence 
of various concentrations of different polymers alone and with 
β-CD at 25°C.

Solubility (mg/mL)
Formulations pH 4.5 pH 7.0
Sulfamethoxazole 0.086 0.124

Sulfamethoxazole: β-CD(1:1) 0.175 0.188

Sulfamethoxazole: β-CD(1:1) PEG 20000  
(0.50% w/v)

0.377 0.406

Sulfamethoxazole: β-CD(1:1) PS20  
(0.50% w/v)

0.349 0.386

Figure 2.  Effect of PEG 20000 (0.50% w/v), and PS 20 (0.50% w/v) on the solubility of SMZ at pH 4.5.
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Figure 3.  The IR spectra of (A) Sulfamethoxazole, (B) β-Cyclodextrin, (C) SMZ-β-CD coprecipitated complex, (D) SMZ-β-CD-PEG20000 
coprecipitated complex, (E) SMZ-β-CD-PS20 coprecipitated complex.
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Figure 4.  The DSC thermograms of (A) Sulfamethoxazole, (B) β-Cyclodextrin, (C) SMZ-β-CD coprecipitated complex, (D) SMZ-β-CD-
PEG20000 coprecipitated complex, (E) SMZ-β-CD-PS20 coprecipitated complex.
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and 5%, respectively. The presence of PEG 20000 and 
PS-20 with the concentration of 0.50% (w/v) enhanced 
these values to the 42.6 and 44.1%, respectively (Figures 
6 and 7).

In vivo Studies
In order to investigate the effects of inclusion complexes 
on the bioavailability of pure drug, β-CD:drug complex 
and β-CD:drug:PEG 20000 complexes prepared by 
coprecipitation method were given to healthy volun-
teers. As shown in Figure 8, the cumulative amount of 
active material excreted urinary was found to be highest 
in SMZ:β-CD:PEG 20000 complexes which was followed 
by SMZ:β-CD complex and powder form of active mate-
rial, respectively. From Figure 9 active material area 
under the curves were 90.5, 90.9 and 97.7 mg/ml.hour 
for pure drug, β-CD:drug complex and β-CD:drug:PEG 
20000 complex, respectively. This enhancement may  
be attributed to the high dissolution rate and enhanced 
bioavailability of active material by SMZ:β-CD:PEG 
20000 complex.

Conclusion

As a result of this study, it may be concluded that the 
solubility, the dissolution rate and the bioavailability of 
SMZ was significantly enhanced by the complex forma-
tion. Preparation of inclusion complexes by using poly-
mers and non-ionic surfactants increases the solubilizing 
effect of β-cyclodextrin. SMZ-β-CD-polymer complexes 
are more powerful solubilizers than the simple cyclo-
dextrin complexes and can enhance the drug dissolution 
from solid cyclodextrin complexes. The bioavailability of 
active material can also be enhanced by the preparation 
of SMZ-β-CD-polymer complexes.
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Figure 5.  The dissolution profiles of SMZ and its β-CD complexes in pH 4.5 at 50 rpm and 37°C.
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Figure 6.  The dissolution profiles of SMZ and its β-CD-PEG20000 complexes in pH 4.5 at 50 rpm and 37°C.

Figure 7.  The dissolution profiles of SMZ and its β-CD-PS20 complexes in pH 4.5 at 50 rpm and 37°C.
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Figure 8.  Cumulative urinary excretion profiles.

Figure 9.  Urinary excretion rates of the subjects with the formulations.
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