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ABSTRACT

The objective 04 the wresent study was Lo investigate
the n4luence o4 variation o4 the molecular weight and
the wroportion o4 polyvinyloyrrolidones (PVPs) on the
dissolution o4 propulthiouracil (PL) as a model 04 sparingliy
soluble druugs dispersed «n highly soluble poluymers. Solid
dispersions 04 Pz-PUP werne wrepared by the solvent method.
The dissclution behavioun was defermined as a Aunction 04
the moleculan wedlaht o4 PVP and the drug-to-carviien ratio.
Thrnee PVP molecularn wedlght {ractions were used, namely,PVP
10,000, PVP 40,000 and PUP 360,000. The drug-PVP percent-
ages used wewe 10,20,40,60 and 90% w/w. Enhancement o4
dossolution rate was observed 4dor all solaid dispersion Ays-
tems companed to the dwug alone on the phuysical mixiures.
The dassclution rate was increased with increasing the
oropertion o« PUP to the drwug. Genenally, the enhance-
ment o« the dassolution nate was decreased in the orden:
PUP 10,000 > PVP 40,000> PVUP360,000.DiA4enential scanning
calonimetry (DSC) neveals a decrease in the meliing point
c4 Pt due to netarndation o4 drug nucleation «n the PUP
matrix. X-ray didiractometry ok the highest dissolution
nate solid dpreléLon ndicates the presence 04 Pt 4in an
amoaphous state 4n the carrlen.

INTRODUCTTON

In the last Two decades, the disversion of poorly soluble
srugs 1. nigornly soiuble carriers in order to imorove their
dissclution rates has recelvea z considerable attention. Many

Workers nave usec PVYPs te 1ncorease *he disscolution of wvarious
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2 . .3
drugs, e.g., sulfathiazolel, chlorpropamide , indomethacin ,

prednfsolone4, ibuprofens, nifedipineei and benzodiazepines7.
The enhancement of dissolution has oftenly been attributed
to the presence of the drug in a finely subdivided form or

in an amorphous state in the PVP matrix. Some authors have
also proposed complex formation between the drug and the

. 4,5
carrier .

In the present work the dissolution behaviour of Pt from
its s0lid dispersions in PVPs was investigated. Although this
drug is the medicament of choice in treatment of hyperthyrod-
1ism because of 1ts relatively rapid absorption‘and excretion
in comparison with other antithyroids, patients need long time
to achieve a steady metabolic states. Therefore, it was also
the aim of this study to improve the dissolution rate of this
sparingly soluble drug by dispersing it in PVPs which may

lead to enhancement of its bicavailability.

EXPERIMENTAL

Materials :
- Propylthiouracil (Sigma Chemical Company; St.'Louis, MO, USA).
- Polyvinylpyrrolidones of molecular weights 10,000,40,000 and
360,000 ;eferred hereafter as PVP 10, PVP 40 and PVP 360, respectively
(General Aniline and Film Corporation, Charlotte, NC, USA).

- Ethanol was analytical grade.
Methods :

Known weights of both Pt and each of PVPs were dissolved in a

minimum volume of ethanol in a round-bottomed flask to premare 10,20,40,60

(24

and 90% Pt-PVP sclid dispersions. The flask was fitted to a rotary vacuum
evaporator with its bottom immersed in a& water bath at 45°C. After eva-

poration of the sclvent, the resulting residue was forced through No.50

sieve and the fraction retained on No. 60 sieve (particle size range
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250-297 um) was dried in a desiccator over phosphorous pentoxide.
Complete dryness was ensured by weighing the residue at different time

intervals until a constant weight was obtained.

The dissolution rate studies of Pt alone, in physical mixtures or
solid dispersions in PVPs were carried out in a standard U.S.P. XXI
paddle dissolution apparatus. The dissolution medium consisted of 500 ml
degassed double distilled water to which 0.5 ml of 5% Tween 80 aqueous
solution was added to ensure similar wettability of the powders throe-
ghout the dissolution study. The dissolution apparatus was run at 37°C
and 40 R.P.M. An'equivalent of 25 mg Pt was sprinkled on the surface
of the dissolution medium and 1 ml samples were withdrawn with a
syringe fitted with a filter tip at suitable time intervals. One-halt
ml was diluted ten fold and the Pt content was assayed spectrophotome-
trically at 272 nm using the appropriate blank. The presence of PVPs
in the dilution range employed did not interfer with the assay of Pt.
The dissolution experiments were performed in triplicates and the

mean was taken as the dissolution value. The results were reproducible

for all experiments.

DSC investigations were carried out using a Perkin-Elmer differen-
tial scahning calorimeter Model DSC-IB.Samples (Fig. 5) of about three
mg were examined using aluminium pans and covers at a heating rate of
10°C per min. in an atmosphere of static air. Tin was used as a

standard to calibrate the differential temperature.

The equilibrium solubility of Pt was determined in water and 0.05-4
‘M @Aagueous PVP solutions using a rotating wheel assembly (rotation at 10
R.P.M.) immersed in a water bath at 37 £ 0.5°C. Excess amounts of solute
weYe suspended in 20 ml of;selvent in screw-capped tubes which were rotated
for 36 hrs. to attain equilibrium. Samples were withdrawn, filtered

through No.3 sintered glass funnels and assayed spectrophotometrically at

272 nm after suitable dilution and using the appropriate blank.
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The X-ray diffractogramms were obtained on Philips diffractometer,
Holland, with Cu-K& radiation. Samples of the pure drug, 1:9 Pt-PVP

10 solid dispersion and PVP 10 were investigated.

RESULTS AND DISCUSSION

The dissolution profiles of Pt-PVP solid dispersions,
ohysical mixtures and Pt alone are shown in (Figs 1-3). The
time required for 50% Pt to be dissolved for different systems
is also shown in (Table 1). The dissolution of Pt from the
solid dispsrsions was enhanced 1in comparison with the drug
alone or the physical mixtures. The enhancemenj: the _ the
dissolution rate of drugs dispersed 1in watér soluble polymers
is often attributed to the formation of a multi-layer system
of swollen or gel like layers of increasing solvent uptake
located between the solid polymer and the diffusion layer.
The dissolution kinetics of glassy state polymers (the poly-
mers which give glassy appearance and are amorphous after
evaporating the solvent in which they are dissolved, e,g,

. . _ 9
tVPs ) has been extensively reviewed by Ueberreiter and

O
Merkle1 . The enhancement of dissolution rate has also

been attributed to complex formation between'the drug and

PVPB'5 . as well as the presence of the drug 1in a vefy finely
subdivided form or in an amorphous state in the polymer
matrixll.

Increasing the drug percentage in the’ solid dispersion

fryrom 10 to 90% w/w decreased the dissolution rate as shown

which minimizes the solvent penetration and results in high
supersaturation levels in the surface layer as the preparation

was exposed to the dissolution medium. This may lead to retar-

dation of the solvent uptake by the polymer and subsequently
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the dissolution of both the polymer and the drug is expected
to decrease as the drug proportion in the solid dispersion

18 increased.

The results indicate that an increase in the mean mole-
cular weight of the PVP lead to decreased dissolution rate
of Pt from the solid dispersion as shown by comparing the
dissolution profiles of Pt in (Figs . 1-3) and the time requi-
red for 50% drug to be dissolved (T 50), Table 1. Assuming
that the dissolution of Pt is a diffusion controlled process
and the dissolution rate is inversely proportional to the
viscosity of the diffusion layer, it would be expected that
the difference in the viscosity of the diffusion layer of
the different polymers would lead to differences in the disso-
lution rates of the drug from the solid dispersions. The
intrinsic viscosity of PVP 10, PVP 40 and PVP 360 at 25°C 1is
7.3, 22.5 and 16C cm3 g_l, respectively12. Accordingly,
lower dissolution rates of the drug might be expected on
increasing the molecular weight of PVP in the solid dispers-
ion system. The differences in T 50 between PVP 40 and PVP
360 systems are greater than the differences between the
former and PVP 10 systems. This may be due to the relatively
large difference in viscosity between either PVP 10 or PVP 40
and PVP 360. The previous results may also be supported by
the fact that the hydrophilicity of the PVP is increased

. : 3.
as the molecular weight is decreasedl

The solubility curves of Pt in PVPs (fig. 4) reveal that
the solubilizing effect of the polymers is in the order

PVP 360 2 PVP 40?PVP 10 on molar basis. Considering the

slopes of these curves as a measure of the solubilizing eff-

ects, the sclubility of Pt will be 3.31, 2.01 and 0.125 gM_1
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of PVP 360, PVP 40 PVP 10, respectively. Despite more

work 1s required to investigate the binding affinities

of PVPs toward Pt, these results are not unexpected since
the higher molecular weight polymer has more binding sites
for drug moleculuﬁ£2. Apparantly, strong binding between
drug and polymer is unfavourable to high drug release rates
because of its negative =2ffect on the polymer dissolutionlp
This may also interpret the dissolution results in the pre-
vious section. Increasing the PVP molecular weight has
élso been reported to decrease the dissolution rates of
drugs like indémethacin3 and ibuprofenS.

DSC studies were performed on Pt,PVP and Pt-PVP solid
dispersions. The results obtained are shown in (Fig. 5).
The Pt thermogram shows one endothermic peak at 224°C which
corresponds to the melting point of Pt as confirmed by hot
stage microscopy. No peaks due to PVP either alone (not
shown in the figure) or in the solid dispersions were obser
ved. The endothermic peak appears in 90% drug-PVP at 220°C
for all three systems. A shallow broad endothermic peak at
about 216°C appears in the 60% Pt-PVP 40 system. The dec-
rease 1n the melting point of Pt in presencé of PVP may be
attributed to the retardation of the drug pucleation caused
by the polvmer matrix. The disappearance of the endothermic
peaks at lower drug percentages may be attributéd to the

presence of the drug in an amorphous‘form Oor in solid sol-

ution in the PVP which prevents the drug nucleation.

A study of the relationship between the degree of cry-
stallinity and dissolﬁtion rates of drugs in solid disper-
sions using X-ray diffraction has been reported14. Ssolid
dispersion of Pt-PVP 10 (1:9) was investigated because it
gives the highest dissolution rate in cémparison with other
preparations, Table 1 and Figures 1-3. The X-~-ray spectrum

of the aforementioned solid dispersion lacks the charact-

eristic diffraction peaks of Pt which confirms the amor-

phous state of the drug in the polymer matrix (Figure 6
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& Table 2). This explains the enhancement of the drug

dissolution rate from its dispersion in PVP.

In conclusion, the dissolution of Pt was enhanced by
dispersing it in PVPs. This enhancement was more pronounced
for the lowest molecular weight PVP and the lcwest drug per-
centage in the range 10-90% Pt in PVP. From DSC and X-rayi
diffraction it was found that Pt was distributed in an
amornhous form in PVP matrix. Taking in account the formula-
tion factors, percentages of drug lower than 10 % were
not investigated because of the relatively large dose of Pt.
Further in vivo studies will be useful to elucidate the

corresponding changes on Pt hioavailability.
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Table 1: Time Required for 50% Propylthiouracil to.be Dissolvéd

(T 50) from its Solid Dispersions and Physical Mixtures

in PVi's.

Pt (¢w/w) in the T 50 (Minutes)

501id Dispersions

PVP 10 PVP 40 PVP 360
10 | 1 -5 2.0 505
20 2.5 3,0 ' 9.0
4O 5.5 5.0 10,0
60 7.0 700 12,0
90 9.0 8e5 14.0
10% physical mixture 20,0 26.0 2240
40% physical mixture 2160 25.0 2265
T SO of Pt alone was 33 minutes
Table 2: X-ray Diffraction Data of Propylthiouracil
20 3 (A°) I 26 d (A°) I
10. 344 8.5516 2724 2L 4,82 36359 396
12.324 7.1819 332 24.756 345963 Lhie
16148 5. 4387 162 250825 34498 L0 50
16.667 5¢ 3190 150 29.313 3.0467 228
17.049 5.2005 112 29.426 3,03573 226
18.729 Go?t 377 2L 29e7L7 3.0033 232
19.421 Lo« 5704 356 31.325 2.8555 170
204720 e 2869 704 32,074 247905 182
21.701 L.0552 368 33,631 2.6648 428
21.830 LeC717 674 37.338 2.4083 108
224505 365506 59 37. 486 2e 3991 158
2%,9502 2, 7227 452

PRAPCIIIIIIRINIERRERRAR__—— A
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20:Scanning Angle, d(ﬂﬁﬂnternlanar Distance, I:Intensity
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