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Abstract

In this investigation, solid dispersions were prepared and characterized to improve the 
solubility and dissolution of poorly water soluble drug Ketoprofen, using glucosamine HCl as a 
carrier. For the improvement of the solubility and dissolution rate of poorly water soluble drugs 
different techniques are used such as solubilization, salt formation, particle size reduction and 
solid dispersion etc, but in the present study, solid dispersions (SDs) of poorly water soluble NSAID 
Ketoprofen were prepared to improve its solubility and dissolution rate, using solvent evaporation 
method with drug-carrier ratio of 1:1, 1:2 and 1:3. Our results indicate that all solid dispersions 
of Ketoprofen and Glucosamine HCl exhibited more enhancements in solubility and dissolution 
rates than corresponding physical mixtures. The DSC thermograms and X-ray diffraction patterns 
showed a slight reduction in crystallinity in solid dispersions which were further verifi ed by FT-IR 
and SEM. It is concluded that solid dispersion is an effective technique for enhancing the solubility 
and dissolution rate of poorly water-soluble drug Ketoprofen using Glucosamine HCl as a carrier. 
This amino sugar (Glucosamine HCl) could be used as a novel potential carrier for preparation and 
formulation of SDs and would have potential commercial benefi ts.
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Introduction
Due to good patient compliance, convenience and low medicine and production 

cost, the oral route of drug administration is the most preferred route. For systemic 
absorption of drug after oral administration it is must for drug to be dissolved in 
gastrointestinal tract (GIT) ϐluids [1]. As dissolution is the rate limiting step for the 
onset of therapeutic and pharmacological effect of drug, therefore, oral bioavailability 
of a drug depends on dissolution rate and solubility [2]. Thus, during developmental 
phases of new product to be launched in the market, poor solubility is one of the 
challenges. According to one estimate 40% of all newly developed drugs or products 
are either poorly water-soluble or insoluble in water [3]. Therefore, efforts are needed 
for enhancing the solubility and dissolution rates of poorly water-soluble drugs in 
order to improve bioavailability and maximize its therapeutic effects.

Different techniques are used, such as solubilization, salt formation, particle size 
reduction and solid dispersion etc, for improving the dissolution rate and enhancing 
the solubility of poorly water-soluble drugs [4,5]. Among all of these techniques, SD of 
drug in water-soluble carrier is one of the promising techniques and has often proved 
to be the most successful for enhancing the solubility and improving the dissolution 
rate of poorly water-soluble drugs, because it is simple, easy to handle and economical 
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[1,6].  Solid dispersions are deϐined as the dispersions of one or more active ingredients 
in inert carriers at solid state prepared by fusion, solvent or solvent fusion method [7]. 
Various mechanisms and contributing factors are involved to enhance and increase 
the solubility and improve dissolution rates of poorly water-soluble drugs, using solid 
dispersions: eutectic formation, formation of true solid solution, reduction of particle 
size to submicron or molecular size [1]. Dissolution rate is increased by reduction in 
particle size. Moreover, in some cases active pharmaceutical ingredients are converted 
from crystalline forms to amorphous forms which have higher energetic states with 
enhanced solubility. The dissolved hydrophilic carrier can improve the wettability of 
some drugs particles [8,9].

Ketoprofen was selected in this study, as a model hydrophobic drug. Ketoprofen 
[2-(3-benzoylphenyl) propionic acid] is NSAID, widely used for reducing inϐlammation 
and pain caused by rheumatoid arthritis, osteoarthritis, spondylitis or abdominal cramp 
associated with menstruation. It is classiϐied as class II drug of Biopharmaceutical 
Classiϐication System. It has low water solubility and hence, poor dissolution rate, so 
to enhance its solubility and dissolution rate SDs of Ketoprofen were formulated and 
developed, by solvent evaporation technique, using novel and potential carrier Glucosamine 
HCl. Glucosamine HCl was chosen as a carrier, because it is non-toxic, highly hydrophilic and 
moreover, it has been used for reduction in pain and improving the mobility in osteoarthritis 
[10].  As Glucosamine is unstable, therefore, mostly its salts either hydrochloride or sulfate 
are used in therapy. Our research group has been extensively investigating, for more than a 
decade, various types of drug delivery systems containing different model drugs, including 
but not limited to Ketoprofen [11,12]. In the present study we have explored the use of 
D-Glucosamine HCl as a hydrophilic carrier to enhance the solubility and dissolution rate of 
hydrophobic drug Ketoprofen Graph 1. Glucosamine HCl was used in this study because it 
is more stable than Glucosamine Sulfate [10].

Material and Methods
Material

Ketoprofen was purchased from Gratis drug testing laboratory, Pakistan. Glucosamine 
HCl (Sigma, UK), ethanol (Fisher Scientiϐic, UK), KH2PO4 (Sigma, UK), NaOH (Sigma, UK) 
were used. All the other reagents and solvents were of analytical grade and were used 
without further puriϐication.

Preparation of Ketoprofen SDs

SDs of Ketoprofen were prepared with drug and carrier (Glucosamine HCl) 1:1, 1:2 
and 1:3 by weight, using solvent evaporation technique [13,14]. The drug was dissolved 

Graph 1: Graphical Abstract.
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in ethanol followed by carrier dispersion (Glucosamine) 50 ml in ethanol. The solvent 
was then removed by evaporation at 40oC by stirring at 100rpm for 24 hours. The solid 
dispersions prepared were then collected and kept at room temperature for 48 hours. 
Then the mass was pulverized in porcelain mortar and pestle and passed through sieve 
no. 100, and stored at room temperature in a desiccator until further use.

Preparation of Ketoprofen physical mixtures

For comparative studies of Ketoprofen solid dispersions, physical mixtures (PMs) 
were also prepared. The physical mixtures prepared were having the same composition 
of the solid dispersions; however, they were prepared by simple trituration of drugs 
and carrier in porcelain mortar followed by thorough blending in poly bags. The 
mixtures were then sieved and stored in desiccator at room temperature until further 
evaluation. The composition of physical mixtures and solid dispersions of the model 
drugs is shown in table 1.

Evaluation of SDs and PMs of Ketoprofen

The evaluation of SDs and PMs was performed using the following different 
techniques:

Drug Content Determination

The drug content in each formulation was determined by taking the SDs or PMs 
equivalent to 50mg of the respective model drug (Ketoprofen) and transferring it to 
100 ml volumetric ϐlask and then small volume (10ml) of phosphate buffer (pH 7.4) 
was added to hydrate the samples. Finally the volume was made up to the mark. The 
samples were shaken for some time to dissolve the drug completely and were ϐiltered 
carefully. The absorbance values of standard (Ketoprofen, supplied by Sanoϐi Aventis, 
Islamabad, Pakistan) and the samples were determined at UV spectrum (λmax) 258 nm, 
using double beam spectrophotometer (UV-1601, Shimadzu, Japan). Three reading 
were taken and then mean and standard deviation were calculated.

Differential scanning calorimetry (DSC) studies 

The DSC study of carrier Glucosamine, pure Ketoprofen, the SDs and physical 
mixtures of the model drug was performed using DSC instrument (Mettler Toledo DSC 
822e) equipped with Star© computer program. Approximately 3-6mg of sample was 
weighed in aluminum pan and then sealed with punched lid. The temperature ranged 
between 20-300oC with heating rate of 10oC/min under nitrogen gas ϐlow.

Fourier transform Infrared (FT-IR) studies

The FT-IR spectra of carrier Glucosamine, pure Ketoprofen, the solid dispersions 
and physical mixtures were taken to observe the drug-carrier interaction, using FT-IR 
Spectrum One spectrophotometer (Perkin Elimer, UK) in the range of 650 to 4000 cm-

1. The sample of several milligrams was placed on the stage of machine and then handle 
of the machine was placed on the sample for generation of enough pressure. Sharp 
peaks with reasonable intensities were obtained. The spectra obtained were the result 
of 4 scans at 1 cm-1 resolution.

Table 1: Composition of SDs and PMs of Ketoprofen (KTP).

Formulation Code Carrier Drug : Carrier Method

F1KTP Glucosamine HCl 1:1 Physical mixture (trituration)

F2 KTP Glucosamine HCl 1:2 Physical mixture (trituration)

F3 KTP Glucosamine HCl 1:3 Physical mixture (trituration)

F4 KTP Glucosamine HCl 1:1 Solid dispersion (solvent evaporation)

F5 KTP Glucosamine HCl 1:2 Solid dispersion (solvent evaporation)

F6 KTP Glucosamine HCl 1:3 Solid dispersion (solvent evaporation)
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X-ray powder diffractometry studies

X-ray patterns of pure Ketoprofen, physical mixtures and solid dispersions were 
taken using a Philips PW 1830 powder diffractometer (Philips, Eindhoven, Netherlands). 
The prepared samples were exposed to Cu Kα radiation (λ=1.5418 Å) in the range of 00 ≤ 
2θ ≤ 500. The step size was 0.050 and the time for each step was kept two seconds.  

Scanning electron microscope (SEM) analysis 

Electron micrographs of carrier Glucosamine, pure Ketoprofen, PMs and SDs were 
obtained using SEM (SEM; Joel JSM-5910, Japan) operating at 10 kV. The samples 
prepared were mounted on a metal’s stub using adhesive tape with double sided and 
gold was used as coating material for conductivity  in an organ atmosphere before 
observation. To study the morphology of active drugs, PMs and SDs, micrographs with 
different magniϐication were obtained.

Solubility measurement

The solubility measurements of pure Ketoprofen, PMs and SDs in distilled water 
were performed according to the well published method by Higuchi and Connors 
(1965). Accordingly, surplus amount (100mg) of Ketoprofen, PMs and SDs were placed 
in 100ml volumetric ϐlasks and then ϐinal volume was made-up to 100 ml with distilled 
water. The ϐlasks were sealed with aluminum foils using rubber bands to avoid solvent 
loss. Then these ϐlasks were kept on shaking using thermostatically controlled shaking 
water bath (Shel Lab, 1217-2E, USA) for 24 hours at room temperature (25oC). The 
oscillation speed was kept at 100 oscillations per minute. After 24 hours all ϐlasks 
were kept undisturbed on ϐlat surface for three hours. A few ml supernatant from 
each ϐlask was taken and ϐiltered through membrane ϐilter (0.45μm). One mL of each 
ϐiltrate was diluted with the same distilled water up to 25ml. The diluted samples were 
evaluated to determine the Ketoprofen solubility, using a UV/Visible double beam 
spectrophotometer (Shmadzu, 1601, Japan) at λmax 258 nm. The calibration curve 
(Standard Curve) was used for the determination of the quantity of soluble drug per 
ml (Supplementary Material 1).

In vitro dissolution studies

The in-vitro dissolution studies were conducted by USP method II (Paddle method) 
using eight stations dissolution apparatus Pharma Test (PTWS-11/P, TPT, Hunburg, 
Germany) and the rotation speed of paddles was set at 100 r. p.m. Each station or ϐlask 
of the dissolution apparatus was ϐilled with 900ml of distilled water used as dissolution 
medium to study percentage dissolution of model drugs (Ketoprofen), PMs and SDs. 
The temperature of dissolution medium was kept 37oC ± 0.5oC. Samples of ϐive ml at 
selected time intervals, such as 5, 10, 15, 20, 25, 30, 40, 50, 60, 70, 80, 90, 100, 110, 
120 min were withdrawn with the help of syringes consisting of 0.45μm ϐilters. After 
each sampling equal volume of fresh dissolution medium was substituted to retain 
the dissolution medium constant. Then after appropriate dilution the samples were 
analyzed for Ketoprofen, using double beam spectrophotometer (UV-1601, Shimadzu, 
Japan) at λmax 258nm. Percent drug dissolution of Ketoprofen was calculated by using 
calibration standard curves of the drug. The study was conducted in triplicate.

Results
Preparation of solid dispersions

Different methods, such as salt formation, solubilization, particle size reduction, 
complex formation, solvent evaporation, etc. are used to prepare SDs to enhance the 
dissolution rate and thereby, improve the bioavailability of poorly water-soluble drugs 
[4], however, in this study solvent evaporation method was used due to its inherent 
ease of handling and no more steps were required. The SDs of Ketoprofen with different 
drug-carrier ratios was prepared. The respective PMs with the same drug and carrier 
ratios were prepared by simple trituration technique for comparative evaluation. 
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For conϐirmation of uniform dispersion of drug in solid dispersions and physical 
mixtures drug content analysis was performed and it was found between 99.57±0.7 
% and 101.3±0.32 % respectively. Similar studies were conducted by [13,15], who 
prepared solid dispersions of Tebinanϐine hydrochloride and NSAIDs by the same 
method obtaining good results in terms of content analysis and uniform distribution 
of the drugs used.

Solubility study

As shown in table 2, the aqueous solubility study of pure Ketoprofen, their PMs and 
SDs was performed in distilled water. The study showed that solubility of Ketoprofen 
was enhanced in presence of carrier (Glucosamine HCL). This effect of solubility 
enhancement was more prominent in case of SDs as compared to that of their respective 
PMs (Table 2). The enhancement of drugs solubility in presence of solid dispersions 
may be due to conversion of drugs to amorphous form as amorphic forms of drug are 
more soluble than their crystalline form [13,16]. The increase in solubility of drugs in 
SDs might also be due to good wettability and dispersability [16]. 

Differential scanning calorimetry (DSC) studies

Differential scanning calorimetry (DSC) studies of pure ketoprofen, their physical 
mixtures and solid dispersions were conducted to investigate the drug- carrier 
interaction. As shown in (Figure 1a-d), the DSC studies of pure Ketoprofen, its PMs 
and SDs exhibited interactive effects. The pure Ketoprofen and carrier (Glucosamine 
HCL) showed sharp endothermic peaks round 94oC and 210oC, corresponding to 
their melting points, while the DSC thermograms of Ketoprofen in physical mixtures 
(MPs) and solid dispersion (SDs) (Figure 1c-d) did not exhibit any major change in 
the endothermic peaks except disappearance of sharpness, indicating occurrence of no 
possible interaction between Ketoprofen and Glucosamine HCl. 

Table 2: Solubility data of different Ketoprofen formulations.
Formulations Solubility (mg/ml)

KPT Pure 0.221
F1 KPT 0.335
F2 KPT 0.355
F3 KPT 0.377
F4 KPT 0.465
F5 KPT 0.501
F6 KPT 0.555

Figure 1: DSC Thermograms of (a) Glucosamine; (b) Pure ketoprofen; (c) Physical mixture; and (d) Solid dispersions 
of ketoprofen with glucosamine.
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Our results are supported by ϐindings in other studies previously conducted by 
several investigators [16,17].

Fourier transform Infrared (FT-IR) studies 

For the conϐirmation of interaction between drugs and carrier in presence of PMs 
and SDs, FT-IR studies were performed. Pure ketoprofen crystals show two carbonyl 
absorption bands at 1694.4 cm-1 and 1654.2 cm-1, indicating carboxyl carbonyl 
and ketonic carbonyl stretching, respectively [18,19], as shown in Figure 2a-d. The 
characteristics stretching band of pure ketoprofen with Glucosamine in PM and SDs 
did not change, and on the basis of these observations no possible interaction was 
observed between Ketoprofen and Glucosamine HCl. The same ϐindings were observed 
by other researchers [20].

X-ray diffractometry studies

As shown in Figure (3a-c) different peaks with high intensity were present in the 
diffractogram around 13o, 14o, 18o, 23o, 24o, 26o and 29o along with some other peaks 
of lower intensity. The same peaks were present in the diffractograms PM and SD but 
with low intensities, indicating the conversion of crystalline form of pure Ketoprofen to 
amorphous form in presence of PM and SDs. Moreover, the peak intensity of Ketoprofen 
was much more reduced as compared to pure Ketoprofen and PM, as shown in Figure 
3b-c. Our results conϐirm the ϐindings of other researchers [17-20].

Figure 2: FT-IR spectra of (a) Glucosamine; (b) Pure ketoprofen; (c) Physical mixture; and (d) Solid dispersions of 
ketoprofen with glucosamine.

Figure 3: X-ray diffractograms of (a) Pure ketoprofen; (b) Physical mixture; and (c) Solid dispersions of ketoprofen 
and glucosamine.
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Scanning electron microscope analysis

Presented in Figure 4a-d,  Glucosamine and pure Ketoprofen has prismatic shape 
(polygonal) and irregular shape crystals, respectively. The SEM analysis showed that 
relatively smaller polyhedral crystalline forms of Glucosamine and Ketoprofen are 
clearly visible in PM, as shown in Figure 4c, the Ketoprofen has smallest, irregular, 
circular and plate like crystals in SDs, which are responsible for enhanced dissolution 
rate. Similar studies were conducted [17,20]. Our results conϐirm their ϐindings.

In vitro dissolution studies

The in-vitro dissolution study was performed for Ketoprofen, Ketoprofen PMs 
and SDs. The dissolution proϐile of pure Ketoprofen, Ketoprofen PM and SDs with 
Glucosamine HCl are depicted in Figures 5,6 respectively. As shown 27.3±0.324% of 
pure Ketoprofen was dissolved after 120 minutes, while in case of physical mixtures 
and solid dispersions with different drug: carrier ratios (1:1, 1:2 and 1:3) the dissolution 
rate was linearly increased and 30±0.932%, 33.1±0.543% and 34.2±0.321% and 
32.5±0.321%, 42.7±0.654% and 46.9±0.765% of drug was dissolved after 120 minutes 
from formulations F1 KTP, F2 KTP, F3 KTP and F4 KTP, F5 KTP, F6 KTP, respectively. 
The fast and rapid dissolution rate of Ketoprofen in SDs may be due to the presence of 
Ketoprofen in amorphous form which is revealed by the results of different techniques 
as mentioned above. On the other hand it may be, that if the percentage (quantity) of 
carrier is too high, this may cause increase in solubility and dissolution rate due to 
absence of crystallinity of drug [21]. 

Discussion

The SDs were prepared of Ketoprofen, using Glucosamine HCl as hydrophilic carrier 
by solvent evaporation method with drug carrier ratio 1:1, 1:2, and 1:3. The results 
depicted that 1:3 (F6 KTP) solid dispersions have the highest dissolution proϐile as 
compared to pure Ketoprofen and other formulations. The order of dissolution rates 
of pure Ketoprofen and different formulations is, pure Ketoprofen ˂ F1 KPT ˂ F2 
KPT ˂ F3 KPT ˂ F4 KPT ˂ F5 KPT ˂ F6 KPT. The enhancement of the dissolution rate 
of solid dispersions can be ascribed to various factors such as lack of crystallinity 
(amorphization), particle size reduction, increased wettability and dispersability 
[21,22]. As shown by dissolution data of the PMs, improvement could be attributed 
higher dispersability and wettability. Therefore, PMs of drug with hydrophilic carrier 
result in greater wetting as compared to pure Ketoprofen.  Different techniques were 
used for solid state characterizations and determination of interactions between drug 
and carrier. Differential scanning caloromitry studies, on the basis of melting point of 

Figure 4: Scanning electron photomicrographs of (a) Carrier (Glucosamine HCl); (b) Pure Ketoprofen; (c) Physical 
mixture of Ketoprofen-Glucosamine HCl; (d) Solid dispersion of Ketoprofen-Glucosamine HCl
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Ketoprofen and carrier conϐirmed that there is no possible interaction between drug 
and carrier. However, broadness of characteristic peaks with reduced peak intensity 
for both PMs and SDs may be attributed higher carrier concentration and uniform 
distribution of the drug in carrier, resulting in complete miscibility of the drug carrier. 
Similar study was conducted by other researchers Chaulang and colleagues [2], using 
sodium starch glycolate for the preparation of Furosemide SDs. The DSC ϐinding were 
also conϐirmed by FT-IR, XRD and SEM studies, as shown in FT-IR spectroscopic 
studies, the spectra of pure Ketoprofen, PM and SDs is similar and the peaks of 
Ketoprofen appeared in mixture and solid dispersion. Thus, there was no possible 
interaction found between drug and carrier. Furthermore, the above ϐindings were 
also conϐirmed by XRD studies, the diffractogram of pure Ketoprofen exhibited series 
of intense peaks which are indicative of their crystallinity, while PM and SD prepared 
showed reduction in sharpness of the XRD peaks intensity, indicating the conversion of 
drug from crystalline from to amorphous form. For further conϐirmation SEM studies 
were conducted, prismatic shape (polygonal) and irregular shape crystals were found 
for Ketoprofen and Glucosamine HCl, respectively. The SEM analysis showed that 
relatively smaller polyhedral crystalline forms of Glucosamine and Ketoprofen are 
clearly visible in physical mixture, while irregular, circular and plate like crystals were 
shown in solid dispersions, which are responsible for enhanced dissolution rates.

Figure 5: In vitro dissolution profi les of pure Ketoprofen and physical mixture with different drug-carrier (Glucosamine 
HCl) ratio.

Figure 6: In vitro dissolution profi les of pure Ketoprofen and solid dispersion with different drug-carrier (Glucosamine 
HCl) ratio.
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Conclusion
The study presented shows that the dissolution rate and solubility of poorly 

water-soluble drug Ketoprofen can be increased considerably, using Glucosamine 
Hydrochloride as a hydrophilic carrier by formulating it as a solid dispersion. It was shown 
that Glucosamine-HCl exhibited a prominent role in the enhancement of dissolution rate 
and solubility of Ketoprofen. The present study depicted that Glucosamine-HCl could 
be used as a novel carrier in SD formulations with potential commercial out comes. 
For solid state characterization of pure drug, solid dispersion and physical mixture 
different techniques were used such as differential scanning calorimeter (DSC), Fourier 
transform infrared spectroscopy (FT-IR), x-ray diffractometry (XRD) and scanning 
electron microscopy (SEM), and all formulations developed were studied and evaluated 
for solubility behavior and in-vitro release proϐile.
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