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Abstract 

The formation of solid dispersions is an effective method of increasing the dissolution rate of poorly soluble 
drugs. and hence, of improving their bioavailability. We used the dissolution method to prepare solid dispersions of 
ketoprofcn and polyethylene glycol 6000 (PEG hOO0). and compared the dissolution kinetics of the dispersions with 
physical mixtures and pure drug. Physicochemical characteristics were determined by X-ray diffractomctry and 
differential scanning calorimetry. Drug/polymer mixtures containing up to SO? ketoprofcn formed cutcctic 
compounds. The results of dissolution kinetics stud& showed that PEG hOO0. when used ;IS a carrier for solid 
dispersions, increased the dissolution rate of ketoprofen. The t,,,,, of dissolution for pure drug (X8.5 min) decreased 
to 1.0, 4.0 and 22.5 min. respectively. in solid dispersions containing IO: 90. SO: 50 and 90: IO proportions of 
kctoprofen/PEG 6000. WC conclude that the 10: 90 solid dispersion displays the best dissolution kinetics of those 
tested. 

Kc~ M,ortls: Solid dispersion; X-ray diffractometry: DSC; Dissolution kinetics 

1. Introducction 

Diverse factors are involved in increasing the 
dissolution rate of drugs, e.g., increased wettabil- 
ity, drug/carrier ratio, and physical structure of 
the dispersion, among others (Ford, 1986). Many 
recent reviews have dealt with the formation of 
solid dispersions of poorly soluble drugs with 
different water soluble, pharmacologically inert 
carriers as a means of increasing the dissolution 
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rate (Goldberg et al., 1965; Chiou and Riegel- 
man, 1971: Hajratwala, 1974; Puisieux and Henry, 
1981; Kreuter, 1983; Vila Jato et al., 1983, 1984; 
Ford, 1986). This approach improves the bioavail- 
ability of the drug when absorption is !imited by 
solubility. 

This mechanism works because of the reduced 
particle size in solid dispersions. Under optimal 
circumstances, the particle is reduced to molecu- 
lar size, and yields a solid-state solution within 
the carrier. 

At a normal gastric pH of 1.2, the snlubility of 
ketoprofen (0.051 mg ml-‘) is low and pH-de- 
pendent (Herzfeldt and Riimmel, 1983). We de- 
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signed the present study to improve the solubility 
and dissolution rate of this drug by preparing 
solid dispersions in polyethylene glycol 6000 (PEG 
6000). The physical characteristics of the 
drug/carrier combinations were determined by 
differential scanning calorimetry (DSC) with X- 
ray diffractometry. and dissolution kinetics wcrc 
then measured. The results were compared with 
those obtained for pure ketoprofen and physical 
mixtures prepared to match the proportions used 
in solid dispersions. 

2. Materials and methods 

Ketoprofen (Rhone-Poulenc, Madrid), PEG 
hOO0 (Hoechst. Frankfurt) and analytical grade 

96% ethanol were used. 

Solid dispersions (SD) containing different 
percentage proportions of drug/PEG 6000 (Ta- 
ble I) were prepared according to the dissolution 
method described by Chiou and Riegelman 
(1971). Alcohol was used as the solvent, and 
evaporated in an oven at 30°C. Desiccation was 
complctcd in a vacuum oven until constant weight 
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C‘ompoGtion and melting pomt ot hynary mixture of ketopro- 

fen and polyethylene glycol 6000 

Composition (‘P) Melting point (“0 

Kctoprofen/PEC; 6000 PEG 6000 Ketoprofen 

100 

IO YO 

31 x0 

30 70 

JO ho 

50 50 

ho 40 

70 30 

X0 20 

00 IO 

IO0 

h.i.hi 
h I .oo 
50.57 

62.00 

55.61 

5 I.33 
51.17 75.10 

51.70 x4.37 

4Y.Y7 YO. IO 

54.10 0‘L.X 

05.13 

was achieved, and the resulting solids were pul- 
vcrized and sieved to obtain the granulometric 
fraction (0. IS-O.20 mm) with a mean particle size 
of 0. I75 mm. Solid dispersions containing 30: 70 
and 40 : 60 proportions of drug/PEG 6000 took 
the form of a white. plastic solid which could not 
be pulverized, obviating X-ray analysis and disso- 
lution kinetic studies of the powdered form. 

Physical mixtures (PM) were prepared by ho- 
mogenizing the two components in the propor- 
tions shown in Table I. 

2.3. X-ray diffraction studies 

X-ray diffraction patterns of powdered sam- 
ples were obtained with a Rigaku-Miniflex <‘a 
3005 apparatus equipped with a nickel filter, US- 
ing CUKU radiation. The rate was 2” at 2H/min 
over a range of 5-40”. 

DSC (MettIer FP X0 calorimeter) was used to 
obtain thermograms of 5 mg samples, using a 
heating rate of S”C/min over the range of 30- 
110°C. Phase diagrams of the binary ketopro- 
fen/PEG 6000 mixtures were obtained at peak 
transition temperature. 

2.5. Llissoiution kinetics 

Samples in the form of powder were studied in 
an automated, closed-circuit system. The dcvicc 
was loaded with 2500 ml deionized water at 37 _t 
OYC as the solvent. and pumped through a con- 
tinuous flow chamber of a spectrophotometer 
(Perkin Elmer 124) set at 261 nm to record the 
cumulative absorbance/time curves. The prcs- 
cncc of PEG 6000 did not interfere with mea- 
surements of ketoprofen. 

All assays were performed by placing a sample 
of powdered pure ketoprofen (100 mg) or keto- 
profen, in the form of SD or PM containing 
amounts of drug equivalent to 100 mg, on the 
surface of the dissolution medium. The cut-of1 
point for the assays was extended to 1X0 min, 
however, after 60 min ketoprofen dissolved slowly 
in all samples, reaching an asymptotic peak. The 
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figures therefore illustrate the concentrations a- 
tained during the first 60 min only. 

Dissolution kinetics were determined from the 
mean of five determinations by fitting the experi- 

PEG 6000 

mental data to logarithmic (first or&r) and cutlc 
root functions to obtain rectilinear plot\ of disso- 
lution rates. 

3. Results and discussion 

The peaks in the X-ray diffractogl-ams (f?g. I ) 
rctlectcd, in number and height. the relative COW 
tent of the drug and carrier used in the mixtures. 
In SD with low proportions of drug ( IO: 90 and 
20: 80). the kctoprofen peaks wcrc masked. In 
50 : 50 combinations and those containing a larger 
proportion of ketoprofen, PEG 6000 lad it\ 

masking effect. and the diffractograms for SD 
and PM showed superimposable peaks for the 
drug and carrier. Fig. 1 illustrates thu results only 
for ketoprofen contents of up to 50’/;. As notctl 
in section 2, diffractograms were not obtained t’ol 
30 : 70 and 40 : 60 dispersions. 

Thermograms for ketoprofen and PEG hOO0 
alone, SD and PM are given in Fig. 7. The DSC‘ 
curves of each component gave a single cndother- 
mal peak for the melting of’ ketoprofen (05.13”(‘) 
and PEG 6000 (63.63”C). One or two cndothcr- 
mal peaks were obtaincd from SD and PM, dc- 
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pending on the proportion of drug to polymer 
(Table 1). 

At proportions of ketoprofen above 50pG 

(60 : 30 and 90 : 10). the thermograms showed two 
endothermal peaks: the low-temperature peak rc- 
flcctcd melting of PEG 6000. while the cn- 
dotherm for ketoprofen shifted progressively with 
increasing proportions of the drug. 

Diminishing ketoprofen content (50 : SO and 
10: 00) led to the disappearance of the drug’s 
fusion endotherm. with a single endothermal peak 
rcprcscnting melting of PEG 6000, and a shift in 
peak tcmpcrature toward the melting point of the 
polymer. Loss of the endothermal peak for keto- 
profen melting was associated with solubilization 

of the drug in melted PEG 0000. 
Physical mixtures the drug and polymer (Fig. 

7) displayed a thermal bchavior similar to that of 
the corresponding SD. suggesting that there was 
no chemical interaction between ketoprofen and 
PEG hOO0. This was confirmed by the X-ray 
diffraction results. 

The phase diagram (Fig. 3) constructed from 
the peak melting point (Table I) was typical of a 

monotectic system. taking the form of a simple 
eutcctic diagram. One of the liquid branches had 
disappeared. and the branch illustrating the com- 
ponent of lower melting point (PEG 6000) had 
been replaced with the eutectic compound in 
samples containing up to 50% ketoprofen. The 
liquid branch remained essentially unchanged as 

ketoprofen content increased, indicating that the 
drug was solubilized in liquid PEG 6000. Once 
the polymer reached its melting point (63.63”C’). 
it was able to dissolve its own weight in kctopro- 
fen (SO : SO samples). 

This type of‘ system is also typical of SD of 
testosterone (Hoelgaard and Moller. lY75), grise- 
ufluvin. tolbutamidc (Rabinder et al.. 1980). and 
diflunisal (Najib and Suleiman, 1Y8Y). among 
other substances. 

3.3. LXxrolutior~ kinetic., 

Our study of the dissolution kinetics of the SD 
and PM was based on experimental data of con- 
centrations recorded during the first 30 min of 
the assays (n = 11). as dissolution was YO% or 

better in most SD and PM after this time‘. When 
the data were fitted to first order and cube root 
functions, and subjcctcd to linear regression ana- 
ysis. the dissolution process was found to refcct 
first order kinetics. with ;I significant correlation 
coefficient at p < 0.001. The exception was the 
IO : 90 DS, which rcachcd asymptotic conccntra- 
tion (01 .OY%) within 5 min. hcncc the dissolution 
kinetics could not bc dctcrmincd. That f’EG 0000 
accclcratcd the solubilization of kctoprofcn i\ 
shown in Fig. 4-g. which illustrates the dissolu- 
tion curves for pure ketoprofen, and for the drug 
in SD and PM. After 30 min. 03.26’~; of the drug 
had dissolved; this concentration reached X3.00- 
YO.8l% in PM and X4.00-Y(1.71% in DS. ‘l’hc 
drug generally dissolved more rapidly in SD: the 
exception was the 00: IO combination. in which 
the high proportion of ketoprofen in the binary 
mixture impeded ultrafine crystailization within 
the carrier. and the dissolution of PE(; 0000 
released an cxccss of kctoprofcn particles. TOM- 
ing dissolution. 

The dissolution rates of cutectic mixtures at 
IO : YO. 20 : X0 and 50 : SO wcrc faster than in other 
samples. Ketoprofen forms a dispersion of small 
particles in the soluble carrier, which. in contact 

with the dissolution medium. gives rise to ;I t’inc 
suspension of readily dissolved kctoprofcn: the 
greater the number of particles in the dispersion. 
the faster dissolution occurs. ‘I‘hc t,,,,, values 
calculated by interpolation on the dissolution 

I‘able 2 

(min) (111111) 

IO:YO I.Y 3.03 0.~140 0.X5 17.2 

‘0:X0 3.58 0.05Y 0.76 3.2 3.73 0.051 0.x.5 s.0 

50:50 3.72 O.OYX 0.Y I 4.0 3.40 0.063 (1.YO 10.1) 

ho: 10 3.X? 0.007 0.93 5.4 4.02 O.OhY (I.‘)? Ill.0 

70: 30 4.19 0.080 O.Yh Il.1 3.w 0.065 O.YO ‘)..I 

x0: 70 I.43 O.II I 0.w 12.0 4.22 I).Oh2 I).‘)5 IS.5 

YO: IO 1.32 0.05s O.YX z.5 -1.10 O.Oh7 O.‘F Ii I) 

Kctoprofen retcrencc (II = I I): \ = 4 41 0.03 \. I,\,> ~~ 0.‘)7. 

’ \,I’ , = XX.5 min. 



curve (Table 2) were 1.9, 3.2 and 4 min for the 
10: 90. 20: 80 and 50 : 50 DS, respectively; these 
times were much shorter than the t,,,,; of 88.5 
min for pure ketoprofen. 

The phase diagram shows that SD of ketopro- 
fen/PEG 6000 obtained by the dissolution 
method form simple eutectic mixtures displaying 
monotectic behavior. The carrier PEG 6000 ef- 

fectively improves ketoprofen solubilization, with 
10: 90 solid dispersions showing the best dissolu- 
tion kinetics. 
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