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ABSTRACT

Twe fbrﬂalée of benzoyl metronidazole suspension were
prepared, One consisted of Tween 48 (8,2%), sodiur carbaxyaet&y]'
~cellulose (1%), and pctassium dihydrogen phosphate (8.002%) [fermula
Ko, 1] and sodiun chloride (,003%) 1nstead of potassium dihydrogen
pbaspbate [formula No. 2]. [he formulated suspensions, were found
to be superior than the commercial one, The sediment was one layer
compared to two lapers sediment of the commercial product.  The
supernatants were clear and the suspensions were easily redispersed,
The percent drug dissoluted was higher than that of the commercial

product,  The prepared suspensions showed physical and chemical sta-
bility even after 17 months of aging.
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INTRODUCTION

Metronidazole benzoyl ester demonstrated certain
instability problems when prepared in suspensionsl. [t
was reported that preliminary tests showed that benzoyl
netronidazole underwent some colour change on keeping
in phosphate buffer at pH?z. S0, the stability of ben-
zoyl metronidazole was studied?, in different suspen-

sioa stabilizers and different dispersion aedia of dif-

ferent pHZ. Combination of kaolim and citric acid-phos-

phate buffer at pH 5.8 has been foand to be highly rec-
oarended regarding elegamey, stability and maximus drug
release (97.3%)2.

Metronidazole benzoate shows physical stability
problens whea stored im the cold, in that a marked
crystal qrowth may occurl. This increase of the parti-
cle size has recently been shown to be due to phase
trapsition of the anhydrous fore of the metronidazole
ester!, By inclusion coaplexation of metromidazele es-
ter with B-cyclodextrin3, this phase tramsitiop in
inhibited.
the physical stability of metromidazole benzoate sus-

Beside iacreasiag

pensions, the complexatior with B-cyclodextrin pro-
tected the drug against photochemical degradation amd
decreased the rate of hydroiysis.

As elicited from the previous paper4. the commer-
cial products of benzoyl metronidazole suspemsion, ex-
hibited inter-and intrabatch variations. Moreover the
nusber of the large particles increased by aging4. 30,
the ain of the preseat study is to formulate and evalu-

ate benzoy!l metronidazole suspension.

$.4.1brahin et al

EXPERIMENTAL

Materials
Bezoyl metronidazole powder, supplied by Alexan-
dria Co., Eqypt. All chemicals and reagents ware ei-

ther of analytical or pharpaceutical grade and were

used without further purification.

1-Formulation of Suspensions:
A—- Effect of Surfactants on the
Wettability

dazole Powder

of Benzoyl Metroni-
: The apparatus used consists
of an open ended glass tube, the tube was plugged at
its lower end with a wrapped filter strip (2 cm height)
and packed with benzoyl metronidazole powder with
particle size 98-63 um to a constant height of 5 cn.
The packing was not too loose to produce heterogeneous
porosities through the 'powder column. The tubes were
dipped to ope centimeter depth in the sclution of the
tested surfactant. The extent of penefration of the

liquid through the column was measured in centimeters.

The thickening

agents were dissolved 1in water, the drug was levigated

B- Thickening Agents

with the wetting agent, them the solution of the thick-
ening agent was added and the sedimentation volume was

deterxined.

The floccu-

fating aqehts were dissolved in water, the drug was

C- Flocculating Agents

levigated with wetting agent, then the solutions of the
flocculating agent and the thickening agent were added.

The drug was dispersed.thoroughly and was transferred

into stoppered qraduatéd cylinder, and the sedimenta-
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tion volume was determined, The deqree of flocculation

was calculated using the following equations.

Ultinate sediment volume of Flocculated Suspen-
slon.

Ultimate sediment volume of deflocculated suspen-
sion

Preparation of Suspensions

Benzoyl metronidazole powder, 209 mg/iml equiva-
lent to 125 ng metronidazole was levigated with the
chosen surfactant solution in a mortar, the flocculat-
ing agent and the equeous dispersion of the suspending
agent were added with thorough trituration. The sus-
pension was transferred to 23-ml glass stoppered mea-
suring cylinder, The volume of the suspension was com-
pleted with distilled water to make 25 ml. Preserva-
tives viz., methylparaben (8.15%) and propyl paraben
(0.2%) were added to the formulated suspensions to pre-
vent the qrowth of microorganisms. The pH of suspension
were within the range of 3.6-3.8. The cylinders Were
stoppered, shaken and stored in an oven at 38°C. The
prepared suspensions were evaluated at different time

intervals using the preceding cited parameters for

their stahility4, viz., clarity of supernatant, redis-
persibility, sedmintation volume, drug content, parti-

cle length, dissolution behaviour and discoleration.

Thin-layer chromatography (TLC) was also carried
out for determination of the stability of benzoyl

retronidazole suspension.  The system consisted of

chloroforn, acetone and glaial acetic acid at ratio 85
18 : 7.5 respectively. The system was proved to be
capable of separating the deqraded product. Ultravio-

let lamp or iodine vapour was used for the detection of
netronidazole spots.

RESULTS AND DISCUSSION

l1-Formulation of Benzoyl Metron-
idazole Suspension.

a—-Particle Size : The disselution rate stud-
ies were carried out on different particle sizes of
benzoyl metronidazole powder,differing from nore
than 98, 98-63 and less than 63 unm (Fig.l1) It was
observed that the particles > 38 um gave the highest
dissolution rate but the particle size range of 939-
63 Ur was chosen for further studies for its abun-

dance.

The wetta-

bility of benzoyl metronidazole powder was measured

b—Non—-Ionic Surfactants

in absence and presence of solutions of Tween
20,490,608 and B8 (Table 1). The rate of penetration
of water through the drug column was relatively
slow, indicating partial hydrophobicity of benzoyl
petronidazole powder. The chosen surfactant solu-
tions instead of water were found to wet the drug
powder to varying deqrees, depending mainly on the
chenical structure of each surfactant and its con-
centration. The surfactants were found to be more
efficient as wetting agents as their concentration
increased up to 9.2%. Tween 49 at concentration
0.2% was the best non-ionic wetting agent compared

with Tween 208, Tween 60 and 88 after 28 minutes.
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c~Thickening Agents pernatant which was dispersed after 3 to 4 times in-

1-Natural Thickening Agents: versions.

For the naturally occuring thickening agents; gunm

. X e 2—-Water—soluble Cellulose Deri-
acacia, qun tragacanth and agar were used as stabi- |

lizers for benzoyl metronidazole suspension. Table vatives: Different concentrations of methocel

) shows that : qum acacia, when used in 8% concen- E1g and sodium carboxymethylcelluiose were used to

tration yielded suspension exhibiting no phase sepa- ' stabilize benzoyl metronidazole suspension. From

Table 3 1t was observed that : The drug suspension
stabilized by 9.5, 1 and 2% nethocel exhibited very

low sedimentation volume with clear supernatant and

ration after 15 days, while drug suspension stabi-
lized by 4% of acacia showed relatively low sedimen-

tation volume, clear supernatant and ease of redis-

. easily redispersed. On storage for 15 days the sed-
persion.

. L . inentation volume of this suspension decreased.
On using qun acacia in 6% concentration the

sedimentation volune of suspension lies in hetween Sodiun carboxymethylcellulose seemed to be the best

that stabilized by 4 and 8% but not easily redis-

persed. All the produced suspensions formulated

stabilizer. At high concentration (2%) no phase
separation was noticed after 15 days. One percent

with qum acacia exhibited pinkish discoloration af- sodiun  carboxyuethylceilulose gave high sed-

ter few days from preparation which intensified af- inentation volume, while the lower concentration 9.5

ter 15 days. This discoloration increased with in- percent showed high sedimentation volume when fresh

creasing the concentration of qum acacia. It could but on standing this parameter was decreased. All

be attributed to the presence of peroxidase enzyme
in acacia which could catalyze drug deconpositionﬁ.

On the other hand, suspensions stabilized by gqun

tragacanth in concentrations of 9.2,0.4 and 0.6%

showed relatively low sedimentation volume when
fresh, The sedimentation volume slightly increased
on storage. The increase in sedimentation volume,
acconpanying aging of suspemsion, could be due to

the swelling character of bassorin fraction of tra-
gacanth on standing7. suspension stabilized by agar

agar in concentrations ¢.3,0.7% and 1%_ showed no
phase separation at the highest concentration (1%)
up to 10 days. At the lowest concentration (4.5%)

the sedimentation volume was small with turbid su-

the suspensions prepared by 0.5 and 1% sodium car-
boxymethylceliulose showed clear supernatant and

easlly redispersed.

3-Finely-Dispersed Stabilizers

Aerosil and kaolin were used in different concentra-

tions for the stabilization of benzoyl metronidazole

suspension. Table 4 showed that the suspensions

stabilized by | and 2% aerosil showed low sedimenta-

tion volume which increased gradually on storage.
On using 4% concentration of aerosil high sedimenta-

tion volume was observed with turbid supernatant.
On standing this suspension became viscous and not
easlly redispersed, Increase the sedimentation vol-

use of drug suspension stabilized by aerosil might
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be due to the swelling characterizing the eartﬁ sil-
icates. This finding is in agreement with that men-
tioned ahout the hydration of clays and gumsB.

The drug suspension stabilized by kaolin showed
high sedimentation volume when fresh and this param-
eter qradually decreased on storage with formation

of turbid supernatant and the suspensidn was easily

redispersed.
On conclusion sodiur carboxymethylcellulese in

1% concentration was chosen as the suitable stabi-

lizer for formulation of benzoyl metronidazole pou-

der.

d—-Electrolytes
potassiur dihydrogen phosphate, sodium chlnride,
alueiniun chloride and calcium chloride were used to
achieve flocculation of benzoyl wetronidazole sus-
pension stabilized by sodium carboxymethylcellulose
(Table 5 & 6). Table 5 illustrates that potassium
dihydrogen phosphate and sedium chloride at low con-
centrations (8.001-90.4% w/v) yield sﬁspensiOns ex-
hibiting both high sedimentation volume and high de-
gree of ‘flocculation with clear supernatant. At
high concentration (1 and 2%) the sedimentation vol-
ure and the deqree of flocculation were low. This
Bay be due to the loss of viscosity of henzoyl

petronidazole suspension stabilized with sodium car-

boxymethylcellulose, This loss of viscosity might

be due to the salting out effect of the high concen-
trations of sodium chloride. It was reported that

high concentration of electrolytes can lead to salt-
ing out of cellulose stabilizers®.

Aluminium chloride and calcium chlroide (Table

b) at low concentrations 19.0865 and 0,081% respec-

Electrolytes such as

tively showed hiqh sedimentation volume and high de-
gree of flocculation. Increase of the concentration
lead to decrease in both parameters.

It could be concluded that potassium dihydrogen
phosphate and sodium chloride in low concentrations
were the best flocculating agents for preparing ben-
z0yl metronidazole suspension. From Table § it was
observed that 0.002 and 9.805% of potassiue dihydro-
gen phosphate and sodium chloride respectively were
the optimum concentrations used for the formulation
of suspension which gqave high sedimentation volume
and high deqree of flocculation. HNoreover the sus-
pernatants were clear and easily redispersed.

Fron the above discussion Tween 48 (0.2 %) as
the best wetting agent, potassium dihydrogen phos-
phate (0.802%) and sodiun chloride ({9.805%) as
flocculating agent as well as sodium carboxymethyl-
cellulose (1%) as the best thickening agent were
chosen to formulate benzoyl metronidazole suspen-

sions.  Two formulae were prepared one contains

~ potassiun dihydrogen phosphate (formula HNo. 1) and

the other contains sodium chloride as flocculating
agents (formula No. 2). Preservatives viz; methyl-
paraben (9.15%) and propylparaben (8.82%) were added
to the formulated suspensions to prevent the growth
of micro-organisms.

On wusing Nacillivan's and phosphate buffer for
fornulation of suspensions at different pH values it
was observed that sodium carboxymethylcellulose lost
1ts viscosity at different pH values. Hence dis-

tilled water was used instead for preparation of the
suspensions, The pH of suspensions was measured and

found to be within the range of 5.6-5.8,
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Evaluation of the Formulated

Suspensions :

The formulated suspensions were evaluated accord-
ing to the aformentioned parameters. Table 7 shows the
calculated sedimentation volumes of the formulated sus-
pensions where the sedimentation volume was high after
the first two days of preparation and then decreased
slightly by tiee. The supernatant was clear and the
sediment was easily redispersed when fresh and after
agihq for 68 days while the commercial suspensions re-
quire 4-5 times of inversions to achieve redispersibil-

ity after aging for one day only4.

Concerning the drug content there were no signifi-
cant differences between bottles of the same formula.
The percent benzoyl netronidazole recovered was within
the range of 96.9-98.3%. This value was in agreement
with that obtained from the previously formulated sus-

pension with kaolin at pHSZ.

Determination of particle length revealed that
there were no significant differences between the two
formulae. (Fig. 2).

It was worthy to note that the sediment forming one
layer only in contrast to that with commercial product

_which forms two layers?,

Determination of the dissolution behaviour of the
fornulated suspensions showed that the maximum percent
dissolved of benzoyl metronidazole after 5 minutes was
64.5 and 65% for formulae 1 and 2 respectively (Fig.
). After 38 minutes it was observed that the maximun
apount dissolved was 89 and 86% from formulae 1 and 2

respectively. After two hours the amount dissolved

$.4.Ibrabin et al

fron the two formulae seemed to be equal (38.5%) where
these values were higher than that, of commercial sus-
pension4. There was no significant differences (P ¢
8.5 in the amount dissolved and K value between the
four bottles of each formula (Table 8). Furthermore,
the difference was insignificant (P ( 9.85) between the

two formulae,

The suspensions were reevaluated after 2,4,6,8 and
12 nonths for the drug content, particle length (Eig.
2) and the dissolution behaviour (compare Table 8 by
Table 9). No detectable differences in these parame-
ters between fresh and stored samples were recorded.
These data were confirmed by 1.4, which showed that
benzoyl nmetronidazole was stable after 12 months of
fornulation into suspensions.  Also, no detectable
change in pH and the colour of suspensions was ob-

served.

Table 1 : Effect of Different Wetting Agents on the Wettability of Ben-

zoy] Metronidazole Powder.
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Mean values of penetration (ml)of surfactant
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solution after (min)
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Tween 28 §.25 e s T B L
8.1 - === e ememee s
B.2 2.8 2.7 38 34 36 319 4% 4.2

Tween 48 g.95 - - 1.8 ¢ 23 2% 27 i@
b.1 - - 28 2.6 2.7 2% 31 3.
g.} 3.0 4.0 48 5.8 5.¢ 5.4 5.8 5.0

Tween 60 $.05 2.6 2.6 2.8 2.8 2.9 3.2 3.6 3§
8.1 2.3 3.8 3.1 3.2 3.8 4.8 4.2 4.6
0.1 1.6 3.2 3.4 37 40 4.2 4.6 5.0
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Tween 80
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Table 2 : Effect of Natural Stabilizers on the Physical Stability of Bemzoyl Metronidazole Deflocculated Suspension.
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separation
Gun Acacia 4 8.6 8.5 45 0.4 04 035 83 4.3 3 Clear supernatant
and easily redis-
persed

6 0.9 &85 8.8 .8 078 4.7% 8.7  0.69 9  Clear supernatant
and not easily

redispersed
§ | 1 l | S | 1 - No phase separation
Gur Tragacanth 8.2 0 &1 13 1Y 6 01T LT WD 1 Clear supernatant
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persed
8.6 2 63 83 Y 3 03 03T 0.8 1
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Table 3 : Effect of Kater Soluble Cellulose Derivatives on the Physical Stability of Benzoyl Netronidazole Deflocculated

Suspension.
Number of
Concentration Jedimentation Volume After Specified Time Intervals (days) inversion  Clarity of
Stabilizer supernatant
¥ w/v ! 2 4 6 § 18 12 15 after 15 days

Methocel Eyc .5 6.3 83 028 0.5 &L 022 8.2 01% ! Clear Supernatant

! 0.4 039 0.3 3% 03 03 828 0.5 | and easify

) 0.4 043 84 838 0.3 03B 63 4.3 | redispersed
Sodiun 8.5 | l [ 698 0.9 688 0.80 0.7 ] Clear supernatant
Carboxy | ] ! l | I 03 898 0.9 2 and easily redispersed
pethyl Cellulose ) ! | l l ! L 1 ! - No phase separation
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Table 4 : Effect of Finely Dispersed Stabxllzers on the Physical Stability of Benzoyl Metronidazole Deflocculated Suspension.

L
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Table 5 : Effect of Potassium Dihydrogen Phosphate and Sodium Chloride as Flocculating Agents on Benzoyl Netromidazole
Suspension Stabilized with Sodium Carboxymethylcellulose.
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Table 6§ : Effect of Aluminium Chloride and Calcium Chloride as Flocculating Agents on Benzoyl Netronidazole
Suspension Stabilized with Sodium Carboxymethylcellulose.
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Yable 8 : Dissolution Rate Constant K (nin"l] of Formulated Benzoyl
Metronidazole Suspension Freshly Prepared,
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Correlation Coefficient

SET
Forsula No. Bottle Ko.
(r)

| l §.975¢ 2.8469

2 $.9829 2.0415

3 $.9785 2.087%

| 9.9860 2.8895

Kean - 0.9838 2.8571
2 1 8.9898 1.8285

2 8.9873 1,8253

i $.9813 1.7581

§ $.9724 1.7844

Kean - §.9841 1.4807
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Table 9 : Dissolution Rate Constant K (nin™!) of Fornulated Benzoyl
Metronidazole Suspension After Storage.
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T Correlation Coefficient
Fornula No. Bottle Mo, K ) 14
(r)
1 1 9.9703 2.8559
2 §.9880 1,996
3 §.9668 1,9832
4 8.9727 2,0436
Mean - 9.9972 1,9926
] | $.9763 ].8818
2 §.9668 1.0881
3 §.988 1,7826
4 0.9727 1,754}
Nean - §.9636 1.7588
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