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ABSTRACT

The ability of loca mucoadhesive vaginal agueous gel to deliver the antibacterial, antiprotozoal
tinidazole (TND) to vagina endolayers is dependent on its releasing out of the drug from vehicle to
the mucosal layer of the vagina and then exert its local effect. This depends upon the physicochemical
properties of the drug, vehicle & the composition of the releasing medium used.

The effect of different concentration of carbomer 941(0.5, 1&2% w/w) on the release of TND
(2%wi/w) from the agueous gel base in absence & presence of various concentration of propylene
glycol (PG) to the stimulant vaginal fluid (S.V.F) medium was investigated. The release of TND from
low concentration of carbomer (0.5% w/w) aqueous gel base was higher & its followed fickian
mechanism of the release while an anomalous mechanism holds the releasing of drug from a high
concentration of carbomer (1&2% w/w) aqueous gel base, the release of TND from aqueous gel
containing low concentration of PG was markedly higher than that of aqueous gel having a higher
concentration of PG. The solubility of TND in different concentration of PG : water solution were also
investigated. The releasing method were carried out using both S\V.F (pH4.2) & citrate buffer
(pH4.2). It was found that the using of S.V.F considered to be useful for the evaluation of topically
prepared vaginal dosage form as areleasing medium.

Furthermore the swelling index or (swelling percent) of 1gm carbomer polymer in SV.F was
measured after 4 hours incubation of the dry polymer in the fluid. The initia rate of swelling & the
swelling equilibrium of (0.5, 1&2% w/w) dry carbomer in the S.V.F were also investigated, 0.5 %
w/w cabomer agueous gel has a high rate of swelling & swelling to equilibrium size rapidly, while
1& 2% w/w carbomer agqueous gel having alow rate of swelling & swelling to equilibrium size slowly.

* Pharmaceutics Department, College of Pharmacy, Baghdad University, Baghdad-Irag.
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INTRODUCTION :

The presence of dense network of blood vessels has made the vagina an excellent rout of drug
delivery for both systemic & loca effect. The main advantages of vagina drug delivery over
conventional drug delivery are the ability to by-—pass first pass metabolism, ease of
administration & high permeability for low molecular weight drugs'®.

TND is an antimicrobial drug with high activity against anaerobic bacteria & protozoa;
ncluding trichomonal vaginitis, bacterial vaginosis also it is used for surgical & gynecological
sepsis®?. TND is usually administered as a single daily dose by mouth, 1.V infusion & as
vaginal p&e&ari%(“), TND is similar to metronidazole but has alonger duration of action & has
many side effect such as nausea, vomiting, unpleasant taste®.

In treatments of bacterial vaginosis metronidazole vaginal gel or cream are found to be nearly
as effective as orally administered drug®.

It has been recognized that the release of drug from topicaly or localy dosage form is
affectec(i7)by the composition of the vehicle & the thermodynamic activity of the drug in the
vehicle'”.

Therefore, in this study in order to examine the influence of the vehicle containing different
concentrations of mucoadhesive aqueous carbomer polymer & co solvent PG, the release of
the TND was determined, S.V.F (pH4.2) was employed as the releasing medium & its effect
on the in vitro release was compared with the result obtained from citrate buffer (pH4.2).

MATERIALS AND METHODS:

Materials:

TND was obtained from Sigma chemica co.Carbomer 941 from Goodrich U.S.A, sodium
chloride, acetic acid, glycerol & glucose from Riedel-dehaen, Germany, potassium hydroxide
from Fisons scientific LTD, England, calcium hydroxide, sodium hydroxide & propylene
glycole from BDH chemicals LTD, England, lactic acid from Fluka AG, Switzland, urea from
Merck, citric acid from Seelze, Germany, hydrochloric acid from AJAX chemical, Australia,
bovine serum albumin from CSL limited biopharmaceutical for life®, Australia.

Methods:
Preparation of simulant vaginal fluid (S.V.F) (pH 4.2)

S\V.F was prepared by dissolving 3.51gm sodium chloride, 1.4gm potassium hydroxide,
0.22gm calcium hydroxide, 0.018gm bovine serum abumin, 2gm lactic acid, 1gm acetic acid,
0.16gm glycerol, 0.4gm urea & 5gm glucose in 1 liter distilled water®.

Preparation of citrate buffer (pH4.2)

Citrate buffer was prepared by mixing a 600ml of solution A (0.1M disodium citrate) &
400ml of solution B (0.1 N HCL).

Preparation of carbomer aqueous gel base

The formulas of agueous gel tested are shown in (table -1- ) carbomer powder was first
dispersed in cold freshly distilled water with the aid of a high speed stirrer, until a solution
was complete : the stabilizer (0.1% disodium EDTA), preservatives 0.15% methylparaben
(m.p) & 0.05% propylparaben (p.p) were then dissolved. The solution was then neutralized
with NaOH (400mg/lgm carbomer)®'?, the mixture of the 2% drug & different
concentrations of PG were then added to the gel base with gentle mixing. The fina pH value
for the prepared aqueous gel was about 5-5.32.
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Table-1- the composition of model aqueous gel formulas

No.of TND Carbomer NaOH PG mp pp DiNa DW Solubility
formulas gm  a(0.5% w/w), gm gn gm gm EDTA upto of TND

b(1% wiw), gm 100ml mg/ml

c(2% w/w)
1 2 ab,c g.s 10 015 005 01 50
2 2 ab,c g.s 20 015 005 01 52
3 2 ab,c g.s 30 015 005 01 54
4 2 ab,c g.s 40 015 005 01 63.3
5 2 ab,c g.s 50 015 005 0.1 72
6 2 ab,c g.s 60 015 005 0.1 75
7 2 ab,c g.s 0O 015 005 0.1 6.1

In vitro TND release test from aqueous gel

A basket with 2.5cm in a diameter (dissolution apparatus I) was enclosed with a multifold
filter paper in order to be filled with 1gm of each base containing 2% w/w of TND. After
connecting to a stirrer motor, the dialysis cell was immersed to about 1cm of its surface in
500ml of S.V.F pH4.2 (collecting medium) containing in aflask of the dissolution apparatus.
The system maintained at 37ce, the collecting medium was stirred at 100r.p.m for five hours
of incubation. Samples were withdrawn from the collecting medium after 0.5,1,2,3,4&5 hours
& replaced with an equal volume of the fluid solution at 37ce. The samples were then
analyzed for their drug content at its Amax. 320nm®**2).

Evaluation the effect of carbomer concentration on the mechanism of TND release
from the aqueous gel base

The effect of different concentration of carbomer polymer (0.5, 1&2% w/w) on the
mechanism of the drug release from aqueous gel were studied.

Measure the swelling index or (swelling percent) of dry carbomer polymer in S.V.F

According to B.P (2001) the swelling index is the volume in ml occupied by 1gm of polymer
after it has swollen in agueous liquid (S.V.F used in the study) for four hours. Place 1gm of
dry carbomer polymer in 25ml graduated cylinder, moisten the polymer with 1ml (ethanol
96%), add 25ml of S.V.F & shake vigorously every 10 minute for one hour, then allow to
stand for three hours. At one & half an hour after beginning the test release any large volume
of liquid retained in the layer of the polymer & any particles of polymer floated at the surface
of the liquid, then measure the volume of polymer according to this equation:

% swelling = (fina volume- initial volume)/initial volume

Evaluation the effect of PG concentration on the mechanism of TND release from the
aqueous gel base

The effect of different concentration of PG (0,10,20,30,40,50& 60% w/w) on the mechanism
of the drug release from aqueous gel were studied.

Evaluation the thermodynamic activity of TND in the vehicle

The solubility of TND in the vehicle of different PG concentration was measured as follows.
After an measured amount of TND powder was added to the mixture of PG-water, the
mixture was shaken in an incubator at 35c- for 48 hour.
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It was then passed through a millipore filter (0.45um). The solubility of TND in the mixed
solvent measured by U.V spectrophotometer after an appropriate dilution with water.

The thermodynamic activity (&), of TND in the gel was defined as : a=Cv/Cs where Cv is the
concentration of TND in the gel & Csis the solubility of TND in gel, Cs was estimated from
solubility data of solvent with the same compositiont?.

RESULTS & DISCUSSION

In this study, S.V.F (pH4.2) was chosen as a collecting medium for in vitro release of TND
from the aqueous vagina gel(14). The fraction of TND released from the agueous gel to the
S\V.F (pH4.2) medium compared with the fraction released to citrate buffer (pH4.2) are
shown in (figure 1 a,b).

0.16
0.14 -
0.12 -

0.1
0.08 -
0.06 -
0.04 -

—m—citrate buffer

%F( fraction release)

—a— Simulant
0.02 - vaginal fluid

0 100 200 300 400
time (min)

figure la- The release of TND from aqueoue gel model 2a to citrate buffer & to
simulant vaginal fluid

mean value of TND release

citrate buffer simulantvaginal fluid

figure 1 b-Mean release of TNDfrom aqueous gelmodel
2a to citrate buffer & to simulantvaginal fluid

The release of TND from the agqueous gel to the S.V.F medium was higher than that occurring
to citrate buffer due to the composition of the fluid medium that promote the increasing in the
solubility of TND to be 37mg/ml & 28.3mg/ml in citrate buffer, S.V.F gives a resembling
effect & ideato what happened in vivo.
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The effect of carbomer concentration (0.5,1&2% w/w) on the mechanism of TND release
from the agueous gel base are shown in (figure 2 a,b).
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° O T T T 1
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time (min.)
figure 2a- Effect of carbomer concentration on the release of TND from aqueous gel

mean value of TND release

2% 1% 0.5%

figure 2 b-Mean effect of carbomer concentration on the release of TND from aqueous gel

The releasing mechanism from carbomer cross-link matrices were influenced by carbomer
concentration. In general the release mechanism was anomalous (non-Fickian) for 1& 2% w/w
carbomer concentration, where the release mechanism appears to be followed (Fickian) for
0.5% w/w carbomer concentrationt®®.

Across-link carbomer with ionizable side chain (high number of carboxylic acid group)™®
swell extensively in agueous medium, this swelling (taking up of liquid by a g& with an
increasing in the volume) depends on the pH of the medium & the presence of electrolytes,
the S\V.F pH4.2 has a lot of electrolytes content : sodium chloride, potassium hydroxide,
calcium hydroxide. This property (swelling) is important since the releasing of drug from
hydrogel depend on the water content of the gel base which is in turn depends on the
concentration of the cross-linked polymer, as well as, increasing the concentration of the
cross-linking polymer increases the hydrophobicity of a gel & decrease the releasing of drug
due to swelling phenomena™”.
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The swelling index or (swelling percent) for 1gm dry carbomer in S.V.F is 209.09%.

The kinetics of swelling of carbomer was studied by measuring the increase in the volume of
dry polymer in 25ml S.V.F solution placed in 25ml graduated cylinder as a function of time
t.A plot of (t/v) t : timein hour, v : volume in ml of aqueous S.V.F absorbed per volume of
dry polymer draw against time t in hour gives an idea about the initial rate of swelling
(reciprocal of intercept) & swelling equilibrium (reciprocal of slope)(15) as shown in table-2-
& figure3 ab

Table 2 . initial swelling rate & swelling equilibrium of carbomer polymer in
simulant vaginal fluid after fours hour.

Initial rate of swelling Swelling to ,
: e . Correlation
(ml of fluid equilibrium size (ml .
Carbomer % w/w . : coefficient
solution/hr.ml of dry of fluid/ml of dry (r)
carbomer) carbomer)
05 9.3%4 242 0.9925
1 7.315 0.973 0.9979
2 1.1669 0.34 0.9955
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figure 3 a- The swelling mechanism of 0.5,1 & 2% carbomer in simulant vaginal fluid
with time
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figure 3b- The sw elling mechanismof 0.5,1 & 2% carbomer in simulant vaginal fluid w ith time
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This result express the reason behind a high initia rate of swelling for 0.5gm dry polymer to
their loosely compacting ordered to be easily penetrated by S.V..F.

Therefore 0.5% w/w aqueous gel base dispersed in the medium, disappeared rapidly & leaves
undetectable swollen volume on the surface of multifold filter paper after five hours releasing
time, so it holds a Fickian releasing process with an exponent value of 0.5, otherwise the
penetration of the fluid into 1 & 2gm dry polymer is slower & less extensive because the
powder at these weight is more tightly compact & has a higher density than 0.5gm.

Aswell as, in 1 & 2% aqueous gel base the swelling takes place at a slower rate to be leaves a
significant volume of gel on the surface of multifold filter paper after five hours of the
releasing process & to be holds an anomalous releasing mechanism with an exponent value
greater than 0.7.

The equation express the fraction (F) release of drug from gel
F= Mt/Mo=kt» attimet

Where Mt is the amount released at time t , Mo is the initial amount of drug, K is the rate
constant & " is the releasing exponent value indicative the mechanism of drug release, if 2 is
0.5 (Fickian) holds the release, if » is greater than 0.5 this indicate (anomalous) releasing
mechanism, » value could be result from the slope obtained by the drawing of In. fraction
released (F) verse In.time t.

In this study, PG was chosen as a main vehicle to solubilize the TND in the aqueous gel since
its use has been well defined in the laboratory™®,

Because PG is a good solvent for TND, the solubility of TND in PG increase with PG
concentration & a significant effect (p<0.05) of PG as a co solvent from 10,20 & 30% w/w to
40,50 & 60%w/w concentration was obtained as shown in figure 4 a.

Figures 5 ab, 6 ab & 7 ab showed that the %F fraction release of TND increased with the
addition of (10,20 & 30%) PG & decreased as the concentration of PG increased.

The decrease in the release of TND with 40,50 & 60%w/w PG aqueous gel may be due to
decrease in the number of free molecules of the drug to be release.

The solubility data were used to estimate the thermodynamic activity of these PG aqueous
gels. The thermodynamic activity changes of TND in these aqueous gels are shown in figure
4b.
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figure 4a-Solubility of TND in PG aqueous solution
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figure 4b-The thermodynamic activity of TND in PG aqueous
solution
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figure 5 a-The effect of PG conc. on the release of TND from 0.5%w/w carbomer aqueous
gel
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figure 5 b-The mean effect of PG conc. on the release of TND from
0.5%w/w carbomer aqueous gel
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figure 6 a -The release of TND from 1% carbomer aqueous gel base
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figure 6 b-The mean effect of PG conc. on the release of TND from 1% w/w carbomer
aqueous base
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figure 7 a-The effect of PG conc. on the release of TND from 2% carbomer aqueous gel
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figure 7 b-Mean effect of PG conc. on the release of TND from 2% carbomer aqueous gel
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Further more the higher solubility of the drug produces a decreases in the thermodynamic
activity of TND in the vehicle™. The concept of thermodynamic activity, described by
Higuchi®?, represents the escaping tendency of drugs & it was supposed that the increase in
this activity leads to an enhanced the releasing of drugs from the vehicle®?. In addition, the
thermodynamic activity is proportional to the solubility of the drug in the vehicle & becomes
maximal with minimal amount of co solvent®Y.

CONCLUTION

In this study, the release of a drug from the aqueous gel base was examined using a stimulant
vaginal fluid S.V.F as a releasing medium, demonstrating that it is possible to modifying the
drug releasing mechanism, by changing the polymer concentration in the aqueous gel base.
The drug release was found to be affected by the concentration of co solvent PG in aqueous
gel base & to be improved by choosing the appropriate concentration for increasing the
thermodynamic activity of the drug in the veh
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