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ABSTRACT 

 

Nimesulide (4'-nitro-2'-phenoxy methane sulfonanilide) is a selective cyclooxygenase-2 inhibitor and one of the 

potent non steroidal anti-inflammatory drugs (NSAIDs). It is practically insoluble in water and hence has a low 

bioavailability. To improve solubility and dissolution of nimesulide, its β-cyclodextrin complex were prepared. 

Nimesulide was complexed with β-cyclodextrin in 1:1, 1:2 and 1:3 molar ratios using solvent evaporation 

method with the addition of freeze drying. The prepared inclusion complexes were evaluated for solubility, 

scanning electron microscopy (SEM), differential scanning calorimetry (DSC), X ray powder diffraction 

(XRPD) and in vitro dissolution study. All the complexes showed about up to 12 fold increase in solubility.  The 

complex prepared in 1:3 ratios showed the greatest improvement in solubility (from 9.67 to 108.60 μg/ml). In 

SEM, the complexes showed irregular disc shaped non-porous surface. XRPD data indicated that maximum 

amorphization was induced in the complex prepared with 1:2 ratio. The DSC data confirmed the formation of 

inclusion complex. The dissolution of the drug in the complexes was also found to be improved. Complex 

prepared by solvent evaporation method in 1:2 molar ratio showed a marked improvement in dissolution profile 

(complete release in just 30 minutes) than that of pure drug which showed just 60.02 % drug release at the end 

of 3 hour.  It was concluded that the β-cyclodextrin complex made in 1:2 molar ratio showed good solubility and 

the dissolution profile as compared to the complex made in 1:1 and 1:3 molar ratio. It was concluded that the 

complex prepared by solvent evaporation method with 1:2 molar ratio showed the best performance with respect 

to great improvement in solubility, the best amorphization and the best in vitro dissolution profile as compared 

to other complexes.  
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INTRODUCTION 

 

For the Biopharmaceutical Classification System 

(BCS) class ІІ drugs (low solubility, high 

permeability) drug solubility (aqueous) is the rate-

limiting step for the absorption and hence the 

bioavailability of the drugs. The solubility of a drug 

is one of the most critical factors in developing a 

drug into a dosage form or delivery systems. The 

aqueous solubility governs the amount of drug that 

will diffuse and be available for dissolution 

subsequently. Therefore, the diffusion (of the drug 

in gastrointestinal fluid) and hence the solubility is 

the rate limiting step in the dissolution process. The 

drugs which have the water solubility less than the 

10 mg/ml (over the pH range of 1 t-7 at 37 ºC) 

show the potential bioavailability problems [1]. 

Therefore, orally administered drug must have a 

fair solubility in gastro intestinal medium for the 

good bioavailability. Dissolution and solubility are 

the two important properties which play an 

important role in formulation development of the 

drugs [2, 3]. Poor solubility and the dissolution of 

drugs is the major challenge for formulation 

scientists. Various techniques like solid dispersion, 

solvent deposition, micronization etc. have been 

investigated for resolving solubility issue in 

pharmaceutical product development. Each of these 

techniques has its own merits and some demerits. 

Out of these, the complexation technique has been 
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employed more precisely to improve the solubility 

and the dissolution of poorly water soluble drugs 

[4-10].  

 

Cyclodextrins (CDs) are important class of 

compounds that form inclusion complexes. These 

complexes are prepared when the cyclodextrin 

envelops any drug partially or fully inside it. The 

inclusion complexes of a drug improve its various 

properties like solubility, dissolution, stability, 

bioavailability etc. [11].
 

 

Cyclodextrins (CDs) are produced in the bacterial 

degradation of cellulose.  These are amphiphilic 

molecules (cyclic oligosaccharides) which consist 

of (α-1,4) linked α-D-glucopyranose units with 

lipophilic central cavity and a hydrophilic outer 

surface. [12]. It has been found that for the 

solubility or dissolution rate limited drugs 

(specially BCS class II drugs; and class IV drugs in 

some cases) cyclodextrins complexation may be a 

potential approach to improve the dissolution, 

absorption and the bioavailability [13-18].  

 

Nimesulide (4'-nitro-2'-phenoxy methane 

sulfonanilide) is a selective cyclooxygenase-2 

(COX-2) inhibitor and is 5-16 folds selective for 

COX-2 than COX-1 (Fig. 1).  It is one of the potent 

non steroidal anti-inflammatory drugs (NSAIDs) 

[19-21]. It is very sparingly soluble in water (about 

0.01 mg/mL), due to which its dissolution in gastro 

intestinal fluid is very low, which in turn adversely 

affects its bioavailability.  It also shows hepatic and 

gastrointestinal toxicity in long term use [22-24]. 

Due to the poor aqueous solubility and wettability 

of nimesulide it is always a challenge to formulate 

its oral or parenteral dosage forms. As the 

absorption of nimesulide is dissolution (and hence 

solubility) rate limited, increasing the aqueous 

solubility of nimesulide may be a potential 

approach to improve its dissolution and hence the 

bioavailability. Therefore, the present study aims to 

develop of inclusion complex of nimesulide with ß-

cyclodextrins (BCD) for improving its aqueous 

solubility and the dissolution. The complexes (N-

BCD) thus prepared were evaluated for solubility, 

thermal behaviour (by DSC), crystallinity (by X-

RPD), surface morphology (by SEM) and in-vitro 

dissolution study. 

 

MATERIALS AND METHODS 

 

Materials: Nimesulide (98%) was obtained 

from Panacea Biotech, Delhi (India). ß- 

cyclodextrin was obtained from Sigma Aldrich, 

Mumbai India. All other chemical and reagents 

were of analytical grade. 

Method of Preparation of Inclusion Complexes 

of Nimesulide: In the present study, nimesulide-β 

cyclodextrin (β-CD) complex in the different molar 

ratio 1:1, 1:2 and 1:3 were prepared by solvent 

evaporation methods. 

 

The nimesulide-β CD complexes - NBCD1:1, 

NBCD1:2 and NBCD1:3 were prepared by taking 

three different molar ratios of drug: β-CD as 1:1, 

1:2 and 1:3, respectively with the solvent 

evaporation method. The desired molar weight of 

nimesulide (dissolved in minimum quantity of 

methanol: water in 1:1) and β-CD (which was 

pretreated with hot water) was mixed. The resultant 

solution was evaporated for 2 hour under vacuum 

at 45
◦
C in rotary vacuum evaporator (Perfit 5600, 

India). When the solution remained to 3-4 ml, the 

solution was freeze dried at – 45
o
C and a 

compression pressure of 0.5 torr.  The dried 

products were collected and placed in vacuum 

desiccator overnight. 

 

Characterization of Prepared Inclusion 

Complexes of Nimesulide  

Solubility Study:  The change in solubility due to 

complexation was determined in distilled water at 

25 ± 0.1 
o
C solubility for drug and the complex [25, 

26].  

 

SEM: SEM of the complex was performed using a 

Scanning Electron Microscope (JEOL JSM 5600). 

 

X-RPD: To study the change in crystallinity of 

nimesulide post complexation X-ray powder 

diffractometry of the different powder samples was 

performed on a Bruker AXS-D8 Discover Powder 

X-ray diffractometer, Germany [26]. 

 

DSC: Differential Scanning Calorimetry of 

nimesulide, β-CD and the N-BCDs were performed 

using a 2910 Modulated Differential Scanning 

Calorimeter V4.4E (TA Instrument, USA). Each 

sample weighing 5.0 ± 0.2 mg was heated in a 

covered sample pan under nitrogen gas flow over 

the temperature range 20-300°C at a heating rate of 

10 °C min
-1

. Individual thermograms were recorded 

and studied.   

 

Dissolution Study: In vitro dissolution studies for 

NBCD complexes as well as plain drug were 

performed in triplicate in a USP XXIII six station 

dissolution test apparatus (Veego Model No. 6DR 

India) at 100 rpm and at 37
◦
C. An accurately 

weighed amount of the complex equivalent to 50 

mg of drug was put into 900 ml of phosphate buffer 

solution (pH 6.8). Samples of dissolution fluid 

were withdrawn at different intervals and replaced 

with the equal volume of fresh media. Withdrawn 

samples were filtered, diluted suitably and then 

analysed spectrophotometrically.
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Statistical analysis: Results were expressed as 

mean values and standard deviations (± SD). 

 

RESULTS AND DISCUSSION 
 

In the present study, nimesulide-β cyclodextrin 

complex in the different molar ratio 1:1, 1:2 and 

1:3 were prepared by solvent evaporation methods 

to improve solubility and dissolution of the drug.  

 

Solubility Study: The pure nimesulide showed 

aqueous solubility of 9.67±0.902 μg/ml. On the 

other hand all the complexes showed about up to 

12 fold increase in solubility (Table 1). The 

complex NBCD1:3 showed the greatest 

improvement in solubility (from 9.67 to108.60 

μg/ml).  

 

Surface Morphology (SEM): The scanning 

electron microscopy (SEM) of nimesulide and the 

complexes are given in fig. 2.  Nimesulide was 

seen as tabular-shaped crystals with smooth 

surfaces (Fig. 2a). The β-CD appeared as irregular 

shaped crystals (Fig. 2b). The complexes showed a 

clear and significant change in the morphology and 

shape of particles. All the complexes showed 

irregular disc shaped non-porous surface (Fig. 2c, 

2d and 2e). But there was no clear difference 

between the complexes prepared in different ratio. 

In particular, with NBCD 1:2 and 1:3 the particles 

were more irregular with relatively rough surface.  

 

The irregular and rough surface of the complex 

prepared in 1:2 and 1:3 ratio (NBCD1:2 and NBCD 

1:3) might be responsible for the better 

improvement in solubility. Though SEM does not 

provide much information regarding complexation 

it helps in assessing the probable nature of the 

complex with respect to solubility and the presence 

of single component in the complex. It was also 

evident that in the SEM of NBCD 1:2 it was not 

possible to differentiate crystals of both 

components and this indicated the better interaction 

of drug particles with cyclodextrin.  

 

Crystallinity Study (XRPD): The X-Ray 

diffraction pattern of the N, β-CD and the 

complexes revealed the changes in crystallinity of 

the drug in the complex (Fig. 4). In the X-ray 

diffractogram, nimesulide showed sharp diffraction 

peaks indicating drug as the crystalline material 

(Fig 3a). The crystalline peaks of drugs were 

predominant in the thermogram of the physical 

mixture (Fig 3c). On the other hand, X-ray 

diffraction pattern of NBCD complexes exhibited 

reduction (in NBCD 1:1 and NBCD 1:3) and 

disappearance (in NBCD 1:2) in the intensity of 

large diffraction peaks of drug. Evidently it was not 

possible to distinguish the characteristic peak of the 

drug. This indicated the decrease in crystallinity or 

the partial amorphization of the drug. The result 

confirmed that nimesuilide was no longer present 

as a crystalline material in its β-CD complex and 

existed in the amorphous state [27-29].  

 

It was also evident that the rank order of 

crystallinity in the comoplexes was NBCD1:1> 

NBCD1:3> NBCD 1:2. The maximum 

amorphization was observed in NBCD 1:2  and this 

was evident due to disappearance of crystalline 

peaks corresponding to the drug in the particular 

thermogram (Fig 3e). While the other two 

complexes showed intermediate crystallinity and 

hence the partial amorphization was confirmed. 

These results are well supported by previous 

studies reported for other drugs with amorphous β-

CD and its derivatives [30-31].  

 

Thermal Analysis (DSC): Differential scanning 

calorimetry (DSC) was performed to indicate the 

formation of the inclusion complex. The complex 

formation is indicated by any significant change 

(elimination of endothermic peaks, the appearance 

of new peaks, change in peak, shape and its onset, 

peak temperature, melting point and relative peak 

area or enthalpy) in characteristic peak of the drug 

and or the complexation agent.  

 

The DSC curve of nimesulide (Fig. 4a) exhibited 

sharp endothermic peak at 150.50 ºC, caused by the 

melting of nimesulide. The β-CD (Fig. 4b) showed 

a broad endothermal peak between 55°C to 150°C. 

This broad peak might be due to the loss of water.  

All the complexes showed significant change in the 

endothermic peak corresponding to the drug (Fig 

4d, 4e and 4f). Among the prepared complexes, the 

complex NBCD 1:2 showed almost complete 

disappearance of the endothermic peak 

(corresponding to that of nimesulide). This 

indicated that the inclusion complex was formed 

and it was not having any free nimesulide. On the 

other hand, the physical mixture did not show any 

change in the characteristic peak of drug and 

cyclodextrin (Fig. 4c).  

 

Due to complete disappearance of the endothermic 

peak of nimesulide in NBCD 1:2, it was confirmed 

to be an inclusion complex without any free 

nimesulide. This data was well supported by the 

XRPD studies in which NBCD 1:2 also showed the 

most significant change in the crystallinity of the 

drug. In a previous study, nimesulide-β-CD (N-β-

CD) complex were prepared. In almost all the 

complexes prepared with α-, β-, and γ-CDs with 

kneading and coevaporation method, there was a 

marked reduction in intensity (and/or broadening) 

of the nimesulide’s endothermic peak at around 

150°C and this indicated partial inclusion of 
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nimesulide in the CD. In the case of N-β-CD, 1:2 

M the endothermic peak of nimesulide completely 

disappeared [32]. Hence the complete 

disappearance of the endothermic peak of the drug 

in the prepared complexes indicated the formation 

of a true inclusion complex. Other studies also well 

supported the results [33-35].
  
. 

 

Dissolution Study: The nimesulide-β-CD complex 

(NBCD1:1, NBCD 1:2 and NBCD1:3) showed 

better dissolution profile than the nimesulide (Fig. 

5). The pure nimesulide showed a total of only 

60.02% drug release at the end of 120 minutes. On 

the other hand the complexes released the complete 

drug in 30 to 40 minutes only.  NBCD 1:2 released 

the complete drug in just 30 minutes.  

 

NBCD 1:2 being the best in amorphous nature (as 

confirmed by the XRD data) might have shown the 

better dissolution. SEM, dissolution and DSC data 

also well supported the dissolution study. SEM 

showed more irregular and rough surface in NBCD 

1:2 which resulted in improved solubility and 

enhanced dissolution rate as compared to pure 

drug. In various previous studies beta-cyclodextrin 

(β-CD) has been reported to form water soluble 

complex with many lipophilic water insoluble drug 

and thereby significantly improving the dissolution 

of the said drugs [26, 36, 37].
   

 

CONCLUSION
 

 

Nimesulide is a BCS Class II drug which shows 

dissolution rate limited absorption. Therefore, to 

improve its solubility and dissolution profile 

various β-cyclodextrin complexes were prepared in 

three different molar ratios (1:1, 1:2 and 1:3). The 

complexes were evaluated for solubility, SEM, 

XRD, DSC and in vitro dissolution study. The 

study concluded that the complex prepared by 

solvent evaporation method with 1:2 molar ratios 

showed the best performance with respect to great 

improvement in solubility, the best amorphization 

and the best in vitro dissolution profile as 

compared to other complexes.  
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Table 1: Solubility Study of Nimesulide and Its β-CD Complexes at 25 
o
C 

Drug/ Complex Solubility in water (µg/ mL)* 

Nimesulide 9.67 ± 0.902 

NBCD1:1
 

96.42 ± 0.24 

NBCD1:2 104.68± 1.26 

NBCD1:3 106.60  ± 1.42  

* Data expressed as mean values and standard deviations (± SD); n=3 

NH

S

O

O

O

NO2  

Figure 1: Chemical structure of nimesulide. 
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Figure 2: Scanning Electron Micrographs of nimesulide (a); β-CD (b); and its β-CD Complexes NBCD 1:1 (c); 

NBCD 1:2  (d) and NBCD 1:3 (e) 
 

 

 

 

Figure 3: X-ray powder diffraction (XRPD) study of nimesulide (a); β-CD (b); physical mixture (c) 

and its β-CD Complexes F1 (d); F2 (e) and F3 (f) 
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Figure 4: DSC curves of nimesulide (a); β-CD (b); physical mixture (c) and its β-CD Complexes F1 

(d); F2 (e) and F3 (f) 

 

Figure 5: Dissolution study of nimesulide and its complexes 
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