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Abstract

For poorly soluble drugs, such as ketoprofen, the rate of oral absorption is often controlled by
the dissolution rate in the G.I.T. Therefore the solubility and dissolution behavior of a drug is
key determinants of its oral bioavailability. Several formulations of liquisolid capsules
containing two ratios of ketoprofen: Vehicles (1:1 and 1:2) were prepared. In this study the
ratio of microcrystalline cellulose (carrier) to silica (coating powder) was 20:1 for all
formulations and then changed to 10:1. The dissolution behavior of ketoprofen from liquisolid
capsules and conventional capsule formulation was investigated at two different pHs (1.2 and
6.8). The x-ray diffraction ( XRD )of solid dispersion of ketoprofen in ratio of 1:1 was
characterized to ascertain if there were any physicochemical interactions between the drug
and carrier that could affect dissolution.The results showed that liquisolid capsules
demonstrated considerably higher dissolution rate than those of conventionally made
capsules. This could be attributed to increased wetting properties and surface of drug
available for dissolution. XRD showed a change in crystal structure toward an amorphous
form of ketoprofen.
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Introduction

The enhancement of the bioavailability of poorly water-soluble
drugs is one of the greatest challenges of drug development and several pharmaceutical
technologies have been investigated to this end” Numerous efforts have been used to
improve drug dissolution rate, these include, (a) reducing particle size to increase surface
area,(b) solubilization in surfactant systems, (c) formation of water-soluble complexes, (d) use
of pro-drug and drug derivation such as electrolyte salt forms that usually have higher
dissolution rate, and (e) manipulation of solid state of drug substance to improve drug
dissolution i.e. by decreasing crystallinity of drug substance through formation of solid

solution®” The most promising method for promoting dissolution is the formation of

4-7) 14

liquisolid system * . The concept of liquisolid compacts, as defined by Spires et al”’, can be

used to formulate liquid medication such as oily liquid drugs and solution or suspensions of

water-insoluble solid drugs in non-volatile vehicles, into acceptably flowing powders(8’9).
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Using this new formulation technique, a liquid medication may be converted into a dry
looking, non-adherent, free flowing powder by a simple blending with selected powder
excipients referred to as the carrier and coating materials. Various grades of cellulose, starch,
lactose, etc, may be used as the carrier, whereas very fine particle size silica powder may be
used as the coating material (10-12). Various types of non volatile, hydrophilic liquids were
used which consequently contributes to increased drug wetting properties, thereby enhancing
drug dissolution (13).

The anti-rheumatic agent, ketoprofen exhibits poor solubility(14),numerous attempts have
been done to improve the dissolution rate of this drug to obtain more rapid and complete
absorption oral dosage form (15-17).In this study, ketoprofen, was formulated into liquisolid
powders consisting of microcrystalline cellulose, silica, and propylglycol filled in capsules.
The effect of changing in the ratio of drug: vehicle on the dissolution rate of ketoprofen from
capsule was measured using number 2 USP dissolution test apparatus at pH 1.2 and 6.8 and
compared to those conventionally prepared capsules (containing drug alone in hard gelatin
capsule). The effect of coating material at different coating: carrier ratios and effect of change

in vehicle type was also investigated.

Experimental

Materials

Ketoprofen was provided by Menarini Interntionl, Italy,Microcrystalline cellulose (MCC)
from Whatman international Ltd,Sodium starch glycolate from SDI (Samara Drug
Industries),nm-sized silica from Sigm-aldrich.Propylene glycole (PG) from Searle company
(England),Polyethylene glycol (PEG400) from BDH chemical Ltd,England, Tween 80 from
Merck schuchard,Germany,Hard gelatin capsules from ACPC Jordan.

Equipment
U.V spectrophotometer carry uv,varian, Australia, Sartorios balance werke GMDH ,type
2842, Germany, USP dissolution apparatus coply scientific, England, Ultrasonic shaker coply
scientific, England, PH-meter Hanna instrument,pH221, Italy, Filter paper
HatzeldEder,Germany.
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Expermental
Capsules dosage form each containing 50mg of ketoprofen was prepared in 10 formulas as
shown in table (1). Ketoprofen was dispersed in the vehicle (PG, PEG and Tween80) to
prepare the liquid medication in a ratio of 1:1and 1:2 (drug: vehicle) then binary mixtures of
MCC-silica with ratios of (20:1) and (10:1) were added to the mixture containing the drug and
vehicle under continuous mixing in a mortar. Sodium starch glycolate as a disintegrant was
mixed with one formulation for a period of 10 minutes; the final mixture of formula was filled

in a hard gelatin capsules, conventional capsule containing drug alone was also formulated.

Spectrophotometric analysis

Scanning to obtain wave length of maximum absorption was done between 200-400nm in
artificial gastric and intestinal fluids, which recorded Ay.x of 259nm. Spectrophotometric
analysis of ketoprofen sample in aqueous solutions was performed at 259 nm.Standard curve
was prepared by serially diluting a stock solution of the drug in artificial gastric fluid (pH 1.2)

and artificial intestinal fluid (pH6.8). Analysis was carried out on triplicate samples.

Dissolution Studies

The USP basket method was used for all the in vitro dissolution studies. Simulated
gastric fluid (pH 1.2) and intestinal fluid (pH 6.8) without enzyme were used as dissolution
media. The rate of stirring was 50 + 2 rpm. The amount of ketoprofen was 50 mg in all
formulations; the dosage forms were placed in 900 ml of simulated gastric or intestinal fluid
and maintained at 37 + 0.1°C.

At appropriate intervals (5, 10, 20, 30, 40, 50, 60 and 70 min), 5 ml of the samples were taken
and filtered through filter paper. The dissolution media was then replaced by 5 ml of fresh
dissolution fluid to maintain a constant volume.The samples were then analyzed at 259 nm by

UV spectrophotometer. The mean of at least three determinations was used.

X-ray diffraction (XRD)
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X-ray diffraction patterns were recorded on an x-ray powder diffraction system (PANalytical
Spectris Pvt.Ltd, Singapore using Ni-filtered, CuKa radiation, a voltage of 40 KV, and a
current of 25mA). The scanning rate employed was 1°min” over the angle 2q range of 0-50°.

The XRD patterns of ketoprofen raw material and solid dispersion (1:1) were recorded.

Results and discussion

Effect of vehicle type on the release of ketoprofen at different pH

The release of ketoprofen from formulas F1, F2, and F3, which are formulated using PG,
Tween80 and PEG as a vehicle respectively is shown in figure 1. It appears that there is a
significant difference (p<0.05) in the release of ketoprofen from formula F1-F3 relative to the
drug alone. These results indicated that changing the vehicle type in the preparation of solid
dispersion tends to increase drug release and changes the amount released due to differences
in the crystalline nature and hence energies of the solid dispersion obtained ¥ and may be
due to differences in the solubility of the drug in these vehicles .This observation was similar
to those reported by others for non-steroidal anti-inflammatory drugs (NSAI) 7 Finally
improvement in the release of ketoprofen from solid dispersion could be due to several
factors, such as lack of crystallinity i.e amorphization, increasd wetting, dispersibility and

particle size reduction '*??

Effect of vehicle ratio on the release of ketoprofen at different pH

The release of ketoprofen from formulas F1, F2 and F3 (1:1 drug to vehicle) and F5, F6 and
F7 (1:2 drug to vehicle) at different pH is shown in figure 2. It appears that there is a non
significant difference (P>0.05) in the release of drug from 1:1 drug to vehicle than 1:2 drug
to vehicle.These results indicated that the increase in the load factor (the ratio of the amount
of liquid medication over the quantity of carrier material in the system) did not result in
additional improvement in the release of the drug than 1:1 ratio, but when compared with the
release of the drug alone, there is a significant increase (p> 0.05) since 65%, 60% and 64%
released from solid dispersion prepared with PG, Tween 80 and PEG compared with 53%
from capsule containing drug alone after 70 minutes at pH 1.2 . Although in both pH values

there is a decrease in the release of the drug, the greater decrease shown at pH 1.2
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Effect of change the ratio carrier: coating on the release of ketoprofen at

different pH
The release of ketoprofen from formulas F8, F9 and F10 which are formulated using (10:1)
carrier to coating with F1, F2 and F3 which are formulated using (20:1) carrier to coating was
decreased from 81, 74 and 79 to 79, 70 and 75% after 10 minutes of dissolution at pH 6.8, as
shown in figure 3. It appears that there is non significant (p>0.05) difference in the release of
the drug at pH 1.2 and 6.8. The main decrease in the release of the drug from formulas with
10:1 carrier to coating ratio is due to smaller amount of carrier powder and larger quantities of
fine drug loaded silica particles, and the ratios of the amounts of their liquid medication per
powder substrate are relatively higher, during the dissolution process, the primary particles
produced after the disintegration of the liquisolid capsule with low ratios are overloaded with
liquid medication. In such cases, even though the drug diffusion through the primary particles
may be rapid, it might lead to overwhelming (solubility-wise) of the stagnant (adjacent to the
primary particles) dissolution layers with drug, resulting in local precipitation of drug during

the initial stages of the dissolution process, thereby presenting decreased dissolution rates @l

Effect of disintegrant on the release of ketoprofen at different pH

The release of ketoprofen from F4 is faster and higher than that from formula F1 due to the
presence of sodium starch glycolate as a disintegrant as shown in figure 4.

It appears that there is insignificant difference (p>0.05), so there is only improvement in the
dissolution which is attributed to great ability of SSG to absorb higher amount of water when

(22,23)

exposed to an aqueous enviroment and this accelerate dissolution , and this improvement

is higher at pH 6.8 than at lower pH.

X-ray diffraction

In diffractograms, the peak position (angle of diffraction) is indicative of a crystal structure
and the peak height is a measure of sample crystallinity the diffractogram of pure of
ketoprofen exhibit a series of intense peaks which are indicative of ketoprofen crystallinity.
The diffractogram of ketoprofen solid dispersion prepared (1:1 ratio) still show diffraction

peaks corresponding to the pure ketoprofen indicating the presence of crystallinity with a
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marked decrease in their intensity and sharpness compared with original @ This suggests
that part of drug structure may have been converted to the amorphous state, and this probably

explains why the dissolution of the drug was increased by solid dispersion technique.

Conclusion

The liquisolid capsules can be promising alternative for the formulation of water insoluble
drug; and higher dissolution rate displayed by liquisolid capsule may also enhance oral

bioavailability due to increased wetting properties and solubility of drug in the liquid vehicle.
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Table 1: The prepared formulas of ketoprofen liquisolid capsules

Formula no. F1 F2 F3 F4 F5 F6 F7 F8 F9 F10
Ketoprofen (mg) 50 50 50 50 50 50 50 50 50 50
PG 1:1 - - 1:1 1:2 - - 1:1 - -
PEG - 1:1 - - - 12 |- - 1:1 -
Tween80 - - 1:1 - - - 1:2 - - 1:1
MCC(mg) 100 100 100 | 100 | 100 | 100 | 100 |50 50 50
Silica (mg) 5 5 5 5 5 5 5 5 5 5
Sod. Starch - - - 5 - - -

Glycolate (mg)
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Figure (1) Effect of the vehicle type on the release of ketoprofen at different pHs (1.2, 6.8) and
37°C
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Figure (2) Effect of change in vehicle ratio on the release of ketoprofen at different pHs(1.2,6.8)
and 37°C
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Figure (4) effect of disintegrant on the release of ketoprofen at different pHs (1.2, 6.8) and 37° C
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Figure (5) X~ ray Diffraction pattern of pure ketoprofen and ketoprofen solid dispersion

Vol: 6 No: 4, October 2010 161 ISSN: 1992-0784



