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ABSTRACT 

The aim of the presentstudy wasto improve the aqueous solubility and dissolution rate of a BCS Class-IIdrug,ketoprofen 

by β-cyclodextrin ternary complexes incorporating hydrophilic polymers polyethylene glycol 6000 (PEG6000) and 

polyvinyl pyrrolidone (PVP). Initially,ketoprofen (KPF)binary complexes with β-Cyclodextrin (βCD)wereformulated by 

physical mixing,co-grinding, and solvent evaporation methods which was followed by ternary complex formulation of 

selected KPF-βCD binary complex incorporatingPEG6000 and PVP.The solvent evaporation method was used in the 

formulation of ternary complexesof ketoprofen, sincein the beginning of this study, it was proved to be the best 

methodcomparatively in yielding promising binary complexes of ketoprofen.Ketoprofen formed 1:1 M stoichiometric 

binary and ternary inclusion complexes as demonstrated by the AL-type of phase solubility graph. An increase in the 

stability constant value  (Kc) of  KPF- βCD complex in the presence of PEG6000 and PVP conceded higher complexation 

competency. FTIR and SEM studies evidenced the perfect ternary inclusion complex formation. Ternary complexes 

showed improved drug dissolution compared with Ketoprofenalone and KPF-βCD binary complex. The ternary complex 

containg 1:1:2 molar ratio of KPF:βCD:PEG6000exhibited 94.24% drug dissolution in 2 hours, which was significantly 

high in relation to ternary complexes containg PVPand it was found to follow first order release mechanism. Complex 

studied for stabilityshowed no significant change in physical appearance, drug content and drug dissolution characteristic 

indicating high stability. 

 

Keywords: Ketoprofen; Inclusion complex; Hydrophilic polymers; Stability. 

 

INTRODUCTION 

Ketoprofen is a potent and safe nonsteroidal anti-

inflammatory drug confered with good analgesic 

properties1 itsvery low water solubility (0.13 mg mL− 1 at 

25°C)2 can give rise to formulation problems and limit its 

therapeutic applications and 

bioavailability3.Cyclodextrins(CD’s)are hydrophobic, 

cyclic, non-reducing oligosaccharidecompounds of  6-8 

glucopyranase units and have been extensively used to 

improve the aqueous solubility of poorly soluble 

drugs.CD’s have the ability to form inclusion complex 

with many drug molecules wherein the guest drug 

molecule is entrapped partially or completely within the 

cyclodextrin cavity thus resulting in an increase in the 

solubility and dissolution rate of drugs4,5. The inclusion 

complexes so formed werealso shown to improve chemical 

stability6,7 and bioavailability8,9 of many drug substances. 

Among the various Cyclodextrins,  β-cyclodextrin (βCD) 

has been the most commonly used inclusion compound 

owing to its vast availability, low cost, absolute 

biocompatibility and also wide regulative acceptance10. 

Moreover, recent report evidenced that preassociating 

NSAIDs with βCD could save rats against the damaging 

GI adverse effects of NSAIDs while enhancing their 

bioactivity11.Numerous investigations reported that, 

incorporation of small quantity of hydrophilic excipients 

such as organic acids, amino acids, basic compounds, and 

polymers to an aqueous complexation medium usually 

give rise toan enhancement in the CE of cyclodextrins and 

ultimately reduce their amounts in pharmaceutical 

formulations12. The purpose of the current study was to 

improve the aqueous solubility, dissolution rate and thus 

bioavailability of ketoprofen. This could be achieved by β-

cyclodextrin ternary complexation of ketoprofen 

employing hydrophilic polymers PEG6000 and PVP.  

 

MATERIALS AND METHODS 

Materials  

Ketoprofen was obtained as agift sample from Shreya labs 

Pvt.Ltd, Aurangabad. βCD and polymers (PEG6000 and 

PVP) and all other reagents used were of analytical grade 

and were  purchased fromS.D Fine chem. Ltd Mumbai. 

India 

Methods 

Phase solubility study 

Solubility determination of  KPF was performed as per the 

reported method13. Excess quantity of KPF (50 mg) was 

transferred to 20 ml aqueous βCD solution of increasing 
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concentration (3mM to 15mM) in 50 ml Stoppard conical 

flasks. After shaking the contents of the flask at 37°C for 

72 hours on a mechanical shaker, the undissolved KPF was 

filtered through a 0.45mm filter  and the solutions after 

appropriate dilutions were assayed for KPF content at 

259nm spectrophotometrically. Phase solubilitystudies of  

KPF  were  also conducted with  the incorporation of  

polymers(PEG6000, PVP) at a concentration of 0.5% w/v 

to the solutions containing βCD. The blank trials were run 

simultaneously in the same concentrations of βCD in 

distilled water in order to cancel out any absorbance if 

showed by Cyclodextrin molecules. The above solubility 

experiments were repeated for two more times to get 

accuracy in the results. The apparent stability constants 

(K1:1) were computed from phase solubility diagrams using 

the below equation: 

                    Slope 

K1:1= ---------------------- 

              So (1- Slope) 

Where So is the intrinsic solubility of pure ketoprofen. 

Formulation of Ketoprofen solid complexes 

Binary complexes of KPF with βCD at 1:0.5, 1:1, and 1:1.5 

molar ratios respectively were prepared by the following 

methods.  

Physical mixture method (PM) 

The physical mixtures were formulated by triturating the 

calculated quantity of KPF and βCD in a glass mortar. The 

physical mixtures thus obtained were screened through 44-

mesh sieveand then stored in a dessicator until utilized for 

further investigations14,15. 

Co-grinding method (GM) 

The weighed quantity of KPF andβCD were transferred to 

a clean glass mortar and kneaded together with 2ml of 

dimethyl formamide. The damp mass thus obtained was 

passed through 44-mesh sieve and the granules obtained 

were dried at 600C under vacuum, until a constant weight 

was obtained. The granules after drying sufficiently were 

stored in a dessicator until used for further studies15. 

Solvent evaporation method (SM) 

The calculated amount of KPF and βCD were dissolved in 

small volume of dimethyl formamidein a china dish and 

the solution was allowed to stand overnight. The solvent 

was removed at 600C under vacuum until binary complex 

was completely dried. The dried mass was crushed and 

screened through 44-mesh sieve and the powder obtained 

was stored in a dessicator until used in further studies14,15. 

Formulation of Ketoprofen ternary complexes  

Ternary complexes of KPF were prepared using 

KPF:βCD: hydrophilic polymers (PEG6000, PVP) 

at1:0.5:1, 1:0.5:2, 1:1:1 and 1:1:2 molar ratios respectively 

by solvent evaporation method (as described above).  

Drug content estimation 

Formulation equal to 100 mg of KPF was dissolved  in 

100ml of methanol in a volumetric flask. From this stock 

solution 10μg/ml of KPF solutions were prepared using 

methanol and the contents were assayed for KPF by UV-

visible spectroscopy at 259 nm using methanol as a blank.  

Fourier Transform Infrared Spectroscopy 

Fourier transform Infrared(FTIR) spectra of KPF, andits 

ternary inclusion complex were obtained using Perkin 

elmerspectrophotometer by KBr pellet method.  

Scanning Electron Microscopy 

The surface morphology of the KPF and itsternary 

inclusion complex were studied byscanning electron 

microscopy (SEM). Samples were fixed on the brass stub 

using double-sided tape and made electrically conductive 

by coating with a thin layer of gold by sputter coater (Ion 

sputter). ePhotographs were taken at an electric voltage of 

20 kV. 

Wetability study 

Small amounts of Pure ketoprofenand its solid binary and 

ternary inclusion complexes were placed at the bottom of 

a sintered glass funnel (33 mm internal diameter). The 

funnels were pushed into glass beakers containing 0.1N 

Hydrochloric acid such that the surface of a solution in a 

beaker touches the base of the funnel. A small amount of 

methylene blue powder was spread across the surface of 

the drug or its complex in a funnel. The time taken to wet 

the methylene blue powder was recorded. The procedure 

was repeated thrice for each sample and the mean wetting 

time was calculated16. 

In vitro dissolution study 

In vitro dissolution studies for ketoprofen and its solid 

binary and ternary complexes was carried out using 

USPXXI Type-1 dissolution test apparatus (Electrolab, 

India) by the powder dispersion method17. Sample equal to 

50 mg of KPF was used in each test. The   dissolution   tests   

were   performed using 900 ml of 0.1N HCL at 37 ± 0.5C 

with paddle rotation maintained at 50 rpm. The release of 

KPF from each sample was determined by withdrawing 5 

ml samples at preset time intervals, and were filtered, 

appropriately diluted and analysed spectrophotometrically 

at 259nm. 5 ml of fresh medium was transferred to 

maintain sink conditions.  

Stability Study 

Stability Study for selected binary and ternary complexes 

of KPF was carried out by storing 1gm of each selected 

complex in an ambered coloured screw capped glass 

bottles at controlled and accelerated temperatures and 

relative humidities for a period of 3 months as per the 

reported method14. The complexes were evaluated for 

physical appearance, drug content and in-vitro dissolution 

at the end of three months. 

 

RESULTS AND DISCUSSION 

Phase solubility study 

Solubility curves(Fig.1) obtained for solid inclusion 

complexes were claasified according to Higuchi and 

Connors classification as AL type curves, demonstrating a 

linear increase of drug solubility indicative of the 

formation of soluble complexes. The ratio between the 

slopes of the phase solubility curves of the ternary and 

binary complexes, assumed  as  an index of the relative 

solubilizing efficacy, it was 1.14 for KPF-βCD-PEG6000 

ternary complexdescribing the higher effectiveness of the 

ternary complex in comparision to binary complexes. The 

stability constant values obtained for binary complexes of 

KPFare 134.3M-1, 151.6M-1 and 138.5M-1 for βCD,  
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PEG6000, and PVP. The higher constantvlue which was 

observed with KPF demonstrates KPF interacts more 

strongly with PEG6000.The stability constant values 

obtained for ternary complexes of KPFare 182.3M-1, and 

164.6M-1for βCD-PEG6000 and βCD-PVP respectively. 

Thehigher solubility observed in ternary inclusion 

complexes in relation to their binary complexes could be 

due to synergistic effect of added polymers, higher 

constant that was observed with βCD-PEG6000 

demonstrates KPF interacts more strongly with βCD in 

presence of PEG6000. Thus PEG6000independently and 

in combination with βCD showed highest complex 

formation/phase solubilization of KPF as compared to 

PVP. 

Drug content estimation 

The estimated drug content was in the range of 

89.02%±1.092to98.78%±1.008 for binary complexes and  

 
Figure 1: Phase solubility curves of a) KPF-βCD b) KPF-βCD-PVP c) and KPF-βCD-PEG6000 complexes. 

 

 
(a) 

 
(b) 

Figure 2: FTIR Spectrum of (a) Ketoprofen (b) KPF-βCD-PEG6000 ternary complex. 
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(a) 

 
(b) 

Figure 3: SEM Images of (a) Ketoprofen (b) KPF-βCD-PEG6000 ternary complex. 

 

 
Figure 4: Cumulative % drug dissolved vs time profile of ketoprofen ternary complexes. 

*KPF= Ketoprofen, F1 to F4= KPF-βCD-PEG6000 ternary complexes, F5 to F8= KPF-βCD-PVP ternary complexes. 
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96.07%±0.494to98.67%±1.037 for ternary complexes 

with low SD and CV values. These values indicate that 

there was no significant loss of ketoprofen throughout the 

formulation of its binary/ternary complexes. The 

coefficient of variation (CV) was found to be slightly 

higher than 1 in all the prepared complexes, which 

indicates that the methods employed in the preparation of 

ketoprofen binary and ternary complexes were acceptable. 

Fourier Transform Infrared Spectroscopy  

The FTIR spectrum of ketoprofen and ternary complex 

exhibited characteristic absorption band as 

givenbelow.There is a significant change in the nature and 

positions of the peaks.Many of the peaks of IR spectrum 

of pure drug are missing in the spectrum of ternary 

complex. Fourier transform infrared spectroscopy was 

performed on ketoprofen showed prominent peaks  at 

3435, 3050, 2960 to 2977, 840, for hydrogen bonding, 

aromatic C-H stretch, aliphatic ring stretch, aromatic 

substitution respectively. The group frequencies of drug 

confirmed to the respective structure. Ternary inclusion 

complex of  ketoprofen exhibited the peaks at 2960 to 

2973, 1778 and 1126 to1089, for ring structure, oxygen 

linkage, and C-H stretch respectively. In the ternary 

complex spectra the peak for NH groups are appeared as 

broad bands.Similarly, the position of peaks for C-H 

stretching involving asymmetric and symmetric stretching 

for CH3 and CH2 groups are totally changed. The overall 

observation of the spectra for ternary complex revealed 

that there is a change in the position of peaks for functional 

groups as well as different types of bonds. This type of 

changes in the nature and position of the peaks is possible 

only when inclusion complexes are formed (Fig. 2a&b). 

Scanning Electron Microscopy 

 From the SEM images as seen in Fig.3a, pure KPF 

particles appeared as crystalline structure. Microscopic 

observation of ternary inclusion complex (KPF-βCD-

PEG6000) (Fig. 3b) showed a small and irregular piece and 

like inclusion of material in the cavity. Pandya P, et al,have 

reported that a modification in the shape of drug particles 

was indicative of a new solid state18. Thus, changes in 

themorphology of complex as compared to drug showed 

interaction between KPF and a complexing agent. These 

results are consistent with the above FTIR results 

Wetability Study 

The mean wetting time of pure ketoprofen was 36.33 

(±1.527 SD) seconds, KPF-βCD binary complex (1:1 

molar ratio) gave the mean wetting time of 23 (±1 SD) 

seconds, Whereas the mean wetting times of KPF-βCD-

PEG6000 & KPF-βCD-PVP (1:1:1 molar ratios 

respectively) ternary complexes were 12.66 (±0.289 SD) 

seconds and 16.33 (±0.577 SD) seconds respectively. 

These findings are in accordance with the above phase 

solubility results. 

In vitro dissolution studies 

The binary complexes of KPF and their corresponding 

physical mixtures (PM’s) and also ternary complexes were 

Table 1: Various dissolution parameters and best model fitting curve values of ketoprofen and its ternary complexes. 

Complex DE10 

(%) 

DE30 

(%) 

DE60 

(%) 

DP30 T30 

(min) 

T50 

(min) 

MDT30 First order rates K1 

× 102 

(min-1) 

Hix.Crow KHC × 

102 

(mg1/3.min-1) 

R K1 R KHC 

F1 22.52 27.26 43.26 13.079 76.7 149.1 11.43 0.9438 -0.0047 0.8810 -0.0014 

F2 19.07 37.99 42.93 29.098 31.2 60.70 9.21 0.9411 -0.0114 0.8819 -0.0032 

F3 22.49 38.14 43.09 13.698 73.4 142.6 10.56 0.9312 -0.0049 0.8874 -0.0015 

F4 24.60 39.77 44.68 30.289 29.7 57.8 9.17 0.9539 -0.0120 0.7930 -0.0033 

F5 22.07 40.99 48.93 29.082 31.2 60.70 9.21 0.9311 -0.0114 0.8819 -0.0032 

F6 23.46 28.18 42.14 12.019 74.7 136.1 12.45 0.9417 -0.0038 0.8721 -0.0012 

F7 23.85 36.94 43.62 58.693 17.25 30.22 8.56 0.9264 -0.0212 0.8270 -0.0053 

F8 22.07 38.99 43.89 29.099 31.2 60.70 9.21 0.9431 -0.0114 0.8519 -0.0032 

*Where, DEdissolution efficiency after 10, 30 and 60 min, DP percent of drug dissolved after 30 min (DP),T30T50 

Time necessary to  dissolve 30% and 50% of drug, R= coefficient of correlation; K1, KHC= release rate constants for First 

order andHixon crowell’s model respectively. 

Table 2: Stability data of  ketoprofen ternary complexes. 

Formulation  

code 

Physical appearance %Drug content Cumulative% Drug dissolved 

(120th minute) 

Initial 250c 60% 

RH 3M 

400c 75% 

RH 3M 

Initia

l 

250c 60% 

RH 3M 

400c 75% 

RH 3M 

Initial 250c  

60% RH 

3M 

400c 

75% RH 

3M 

F2 White 

powder 

White 

powder 

White 

powder 

98 99 98 96.34 96.33 95.87 

F3 White 

powder 

White 

powder 

White 

powder 

97 98 98 99.98 99.89 99.38 

F4 White 

powder 

White 

powder 

White 

powder 

99 98 97 98.36 98.23 97.89 

F8 White 

powder 

White 

powder 

White 

powder 

98 97 98 98.11 98.10 98 
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evaluated for dissolution characteristics and compared 

with the pure KPF. The dissolution data obtained for KPF 

and its binary and ternary complexes was 

evaluatedstatistically.The In-vitro dissolution results were 

assessed on the basis of cumulative percentage drug 

release, dissolution efficiency and correlation coefficient 

(r). The percentage of KPF dissolved at 30thmin (DP30) and 

dissolution efficiency at 10thmin (DE10), at 30thmin (DE30) 

and at 60thmin (DE60); and the characteristic time for 30% 

and 50% dissolution of KPF (T30&T50 min respectively) 

were computed for all binary and ternary complexes. The 

dissolution efficiency of all formulations was computed as 

per the method reported by Khan19.  

Binary complexes 

All binary complexes showed improved rate and extent of 

drug dissolution and their dissolution efficiency values 

were higher than the PMs and pure KPF. The value of T50 

of all solid binary complexes was much smaller than pure 

KPF. Improved drug dissolution rate and dissolution 

efficiency observed in the binary complexes was due to the 

formation of solid inclusion complexes with good 

interaction of KPF and βCD during the formulation 

process. Increasing the concentration of βCD in the 

formulation increases the rate of drug dissolution from the 

formulations. This could be due to high wettability of the 

formulation with the dissolution media. 

Ternary complexes 

In vitro dissolution data of KPF and its solid ternary 

complexesare showed in Fig.4. The   percent   drug   

dissolved   from   the   solid   ternary   complexes prepared  

 with PEG6000 after 120 minutes was 90.31 (GI 1), and  

 92.73 (GI 2), similarly, the percent drug dissolved from 

the  

solid ternary complexes prepared with PVP after 120 

minutes was 96.00 (GA-1), and 98.85 (GA-2). 

respectively. It was observed that the drug dissolution was 

constantly increased with increasing concentration of 

hydrophilic polymers in the ternary complexes. The 

various dissolution attributes of KPF ternary complexes 

are summarized in Table 1. Dissolution profiles of pure 

KPF, and all its binary and ternary complexes were 

assessed in relation to Hixson-Crowell’s cube root law and 

first order kinetics. The correlation coefficient (r) values of 

the first order kinetics were found to be slightly higher to 

the ‘r’ values of Hixson-Crowell’s cube root model.  Hence 

the release pattern in KPFand all its solid binary and 

ternary complexes were found to follow imperatively first 

order kinetics in relation to Hixson-Crowell’s cube root 

law. 

Stability Study 

There was no significant change in the physical 

appearance, drug content and cumulative percent drug 

dissolution in the KPF complexes. Stability results clearly 

indicates that the  complexes were sufficiently stable under 

controlled and accelerated conditions(Table 2). 

 

CONCLUSION 

The present investigation revealed that the wettability and 

solubility of Ketoprofen was found to be higher in ternary 

complexes (KPF-βCD-PEG6000) as compared to its 

binary complexes (KPF-βCD) and other ternary 

complexes prepared by PVP. SEM and FTIR 

characterization showed that the shape of  KPF was 

changed due to the formation of ternary complex. These 

changes in characteristics of KPF led to the enhancement 

in solubility as well as dissolution rate of the drug. 

Neverthless, further pharmaceutical dosage form 

formulation of the KPF-βCD-PEG6000 ternary complex 

and its pharmacological evaluation would yield much 

satisfactory results.  
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