Bull. Pharm. Sci., Assiut University
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The effect of a number of water-miscible co-solvents
namely; glyeerin, glycerin formal, propylenc
glycol, polyethyulene glyecol; 200, 300, and 400
polypropylene 420, dimethylformamide and dime-
thyl sulfoxid in various concentrations up to
50% with water, as well a number of nonionic
surfactants namely; tween 20, tween 40, tween 60
and tween 80 in various concentrations up to 10%
tn water, on the equilibrium solubility of rifa-
mpicin was evaluated. It was found that the sol-
bility of rifampicin is8 promoted to a marked
extent in presence of the co-solvents and the
nonionie surfactants., However, the extent of
the solubility-promoting effect was dependent on
the type and concentration of the co-solvent and
the surfactant used. Presence of 50% co-solvents
with water increased the solubility of rifampicin
to 1.15, 1.2, 1.5, 6,9, 14, 14.6, €0 and 121.3
times its original water-golubility in cases of;
propylene glycol, glycerin-formal,glycerin, pol-
yethylene glycol 200, polyethylene glyecol 300,
polyethylene glycol 400, dimethyl sulfoxide, po-
Lypropylene glycol 420 and dimethylformamide
respectively. A 10% surfactant concentration in
water, increased the solubility of rifampicin to
9.6, 8.02, 7.74 and 7.35 times 1its original water
golubility in cases of tween 20, tween 40, tween
80 and tween 60 respectively.

Formulation of drugs in equeous solutions is essentially
important when uniformity of dosage, rapid and constant abso-
rption should be insured. However, the limited solubility of
certain drugs in water makes this requirement not easily acce.
ssible.

The solubility of such drugs could be made adequate for aqueous sol-
utioﬁ formulations through a number of approaches viz; formulating at app-

ropriate pH employing suitable buffers, incorporating water miscible mon
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.Aqueous solvents, solubilization by means of surfactants, complexation with

1,9

macromolecules and introduction of specific additives in system

The antibiotic drug, rifampicin is reported to have a sli-

ght water-solubility Os 4

which is inadequate for formulating it
in aqueous solution for therapeutic use. So, an investigation is
enitiated to augment its aqueous solubility through various app-
roaches. In the presented work, the effect of a number of water
miscible non aqueoue solvents namely; glycerin, glycerin formal,
1,2 propylens glycol,polyethylene glycols;200, 300 and 400, poly-
propylene glycol 420, dimethylformamide and dimethyl sulfoxide in
cocentrationsup to 507 with water on the equilibrium solubility
of rifampicin is evaluated. In addition, the solubilizing effect
of a number of nonionic surfactants of the tween groups namely;

'tﬁéen 20, tween 40, tween 60, and tween 80 is also evaluated.

EXPERIMENTAL
Material

Pharm.ceutical or pure grade of rifampicin, glycerin, gly-

cerin formal, 1,2 propylene glycol, polyethylene glycol 200, pol-
yethylene glycol 300, polyethylene glycol 400, polypropylene glye
col 420, dimethyl sulfoxide and dimethylformamide.

Eguiggent:

Rotating bottle dissolution apparatus with constant temp-
erature water bath (+ 0,1). |
Spectrophotometer (Spektromom 204),

Solubility measurement:

Excess aﬁounts of the medicament were placed in a series
of glass stoppered tubes (50 ml capacity). Five ml. of the ‘liquid
to be tested was added to each tube. The tubes were tightly clo-
sed and then rotated at 45 r.p.m. in a constant temperature water
bath at 20°C. After equilibrium was attained (gg ﬁinutes)the’co-
ntents of the tubes were filtered rapidly and the extent of rifa~
mpicin dissolved was determined in an aliquot of the filtrate
using direct spectrophotometry at 485 nm after appropriate dilu-

tion with methanol, comparing its absorbance to that of a freshl:

prepared standard methanolic solu tion.
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RESULTS AND DISCUSSION

Fig. 1 depicts the effect of incorporating the lower hydro-
Xy co-solvents; glycerin, glycerin formal and 1,2 propylene gly-
col with water on the equilibrium solubility of rifampicin. It
18 obvious from this figure that these co-solvents produce a si-
gnificant increase in the solubility of rifampicin. However,this
effect was dependent on the type of the co-solvent and proporti-
onal to its concentration in the system. Fifty per cent(w/v)con-
centration of co-solvent in the systém resulted in incresed sol=«
ubility of rifampicin to 1.5, 1.27 and 1.15 times its original
solubithﬁrinwater in cases of glycerin, glycerin formal and 1,2
propylene glycol respectively. The difference in solubility int~
reasing capacity of these co-solvents towards rifamp%cin couid

0,

be correlated to the difference in chemical_structuré of the co-

solventa$3pecially the number of hydroxyl groups per#molecule.

In figure 2, the effect of polymeric glycols as co-solvents
on the equilibrium solbility of rifampicin is illustrated. It 18
evident from this figure that incorporation of these cosolvents
with water markedly augments the solubility of rifampicin. Howe=-
ver, the extent of such effect is dependent on both the type and
the concentration of the polymeric glycol in the system. polypr-
opylene glycol 420 showed the highest solubilizing effect compa-
red to the pvolyetnylene glycols tested. Comparing the three pol-
yethylene glycols evaluated, ‘it could be observed that rifampic-
in solubilit§ augmenting capacity-of these co-solvents increases
a8 the mumber of the monomeffunit”and hence the molecular weight
of the molecule increases. Thus Khe solubili;ing effect of poly-
ethylene glycol 400 > polyethyligne glycol 300 > polyethylene
glycol 200, Fifty per cent(w/v)concentration of the co-solvent in
the system resulted in' increased solubility of rifampicin to 6,
9, 14, and 60 folds its original solubility in water,in cases of
polyethylene glycol 200, polyethylene gly061'300, polyethylene
glycol 400 and polypropylene glycol 420 respecfively.




4 1 S.A. Ibrahim et al.

‘Figure 3 illustrates the solubility of rifampicin in blends
of water and various concentrationscﬁ'dimethylfdrmamide and dim~
ethyl sulfoxide. It is apparent from this figure that rifampicin
solubility is augmented in blends of both co-solvents with water
compared to its original solubility in water. This effect is in-
creased as the percentage of co-solvent in the blend increased.
The solubility augmenting capacity of dimethylformamide is much
greater than that of dimethyl sulfoxide, Fifty per cent conce=-
ntration of co-solvent in the blend resulted in increased solubi-
lity to 14.4 and 121,23 times its original water-solubility in

cagses of dimethyl sulfoxide'agd dimethylformamide respectively.

The effect of incorporating non-ionic surfactants of the pol-
yoxyethylene sorbitan ester (tween) types with water on the app-
‘afent equilibrium solubility of rifampicin'is illustrated in fi-
gure 4, It is quite evident from this figure that presence of
either of the tested surfacrantgin water results in increased so-
lubility of rifampicin. However, the extent of this solubilizing
effect is8 dependent on the specific type of the tween surfactant
used and directly proportional to its concentration in the systemn.
The rank order of the solubilizing power of the tested surfacta-
nts is, tween 20, tween 40, tween 80 and finallf tween 60, Ten
per cent surfactant concentration in water resulted in increased
rif¢@picin solubility to 9.6, 8.52, 7.74, 7.35 times its original
water—solubility in cases of tween 20, tween 40, tween 80 and
tween 60 respectively. As the concentrations of the surfactant
used were above their critical micelle concentrations their so-~
lubilising effect could be attributed to the micellar solubili-
zation which is increased directly as the number of the micellea
increased by increasing the concentration of the surfactants (5,
The observed difference between the solubilizing capacity of th.
tested surfactant8 could be attributed to the difference in the
mean number of ethylene oxide units per monomer among these sur-
factants (6)., The high the mean number of ethylene oxide units

per monomer, the greater the solubilizing capacity of the surfa-

ctant towards rifampicin.
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