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{'this work was to improve the solubility and enhance the antimicrobial activity of a poorly water soluble drug
ia formulating it as microemulsion systems. Microemulsions with varying mass ratios (Km) of surfactant
ts (Km 0.5/1, 1/1, 2/1) were prepared using Tsopropylpalmitate (IPP) as oil » phase, poly sorbate 80 (Tween 80)
-butanol as co-surfactant and distilled water as a aqueous phase. The area of o/w microemulsion region in pseudo-
s increased with increasing ratio of Tween 80 to n-butanol. The solubility of CLT in microemulsion
{ Km 1/1 mixture of Tween 80 and n-butanol, the solubility value of CLT increased to 4100-fold,
fwater. The release rate of CLT from microemulsion systems and also (he antimicrobial activity reached the

paximum with 0.3/1 Km.

1. INTRODUCTION

Microemulsions are  clear, thermodynamically
stable. isotropic mixtures of oil, water and surfactant,
frequently in combination with 2 co-surfactant”. A
co-surfactant may be a short chain alcohol, amine, or
other weakly —amphiphilic molecules®.  The
mnicroemulsion structure can be oil-in-water (0/w),
water-in-oil {w/0), or bicontinuous, i.e. effectively
continuous in both water and oil. Beside the obvious
advantages of microemulsions, including physical
stability and ease of preparation, these systems may
offer additional benefits for transdermal use. These
include an increased drug release rate: duc to smaller
particle size compared (o emulsions, and improved
handling du to the transparency of the formulation®”.

Microemulsions and related systems represent
pharmaceutically versatile formulations for various
applications. including drug delivery to and through
the skin®. These systems increase the transdermal
delivery of a compound by different mechanisms.
First. a large amount of drug can be included in the
formulation due to the high solubilization powcr.
Second, an increase in the transdermal flux can be
expected in that the thermodynamic activity of the
drug in the microemulsion can be modified to favor
partitioning into the stratum corncum. Third, the
sufactants in the microemulsion may reduce the
diffusion barrier of the stratum corneum®,

Superficial ~ fungus  infections caused by
dermatophytes or yeast are common dermatological
Srohlcmsl. The humid atmosphere, warm temperature,

ust, socioeconomic standards and abuse of antibiotics

may confribuie 1o the high inc i
may high inc
e g idence of this type of

mzi;‘el agf;“{bll.nudazole antifungal compounds were

boad I'dl(l ’ e, of tllese:.(;lolrlxnazole (CLT) enjoys a

dermatop) ge of aclivity —against  almost all
Phtes and Candida of clinical interest™.

The objectiy ;

SOlubili::iJs::mc of this study was to investigate (he

on-ionig su;f'Of CLT in pharmaceutically accepted
actant systems. In the first part of this

Study,
71 WeCop
: Structed  (he - pseudo-ternary phase

diagrams of water/IPP/Tween 80 and n-butanol at Km
0.5/1, 1/1, 2/1 in order to determine the effect of
alcohol  concentration  on  formulation  of
microemulsions. In the second part of our study, we
determined the cffect of microemulsion components
alone or in combination on the solubility of CLT
which is slightly soluble in IPP then the release rate of
CLT from different systems was determined via rabbit
abdominal skin. Finally we studied the antimicrobial
activity of the systems.

2. MATERIALS AND METHODS
2.1. Materials:

Clotrimazole (CLT) was supplied by Arab drug
Company (Cairo-ARE). Isopropyl palmitate (IPP)
MerkSharp&Dohme  (Intcrnational, — Germany).
Methanol, n-butanol (Sigma Chemical CO.St.Louis,
MO, USA). Tween 80 (EL-Nasr Pharmaccutical
Chemical Co. Cairo-ARE). Triple distilled water was
used through the study.

2.2. Preparation of pseudo-ternary phase diagram:

Surfactant was mixed with co-surfactant in fixed
weight ratio (0.5/1, 1/1 and 2/1). Aliquots of each
surfactant- co surfactant  mixture (S ) were then
mixed with oil and finally titrated with aqueous phase
(distilled water). Mixtures were gently shaken or
mixed by vortexing and kept at ambient (emperature
(25C) to attain equilibrium using the method of
Abbofazeli and Lawrence®. The equilibrated samples
were assessed visually and determined as being clear
and transparent microemulsions, or crude emulsions
or gels.

The physical states were represented on a pseudo-
ternary phase diagram with one axis representing
water, one representing oil and the third representing
the S mix. The influence of mass ratio of surfactant to
co-surfactant on the area of o/w microemulsion region
was investigated on the pseudo-ternary phase diagram.

2-3. Preparation of microemulsion containing
Clotrimazole:

Once the microemulsion region Was. identified,
(CLT) varying from 50 o100 mg was weighted and
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2.4, Physical stability:

\Ycrocmulsions were slo.'cd. at 4°C and rool;n.
remperaturs Their phy sical stability was measureri _\f
periodic 1nspection over 3 months for the presence 0
macroscopic phase separation as shown by cloudiness
or the formation of two distinct layers.

%, Solubility of Clotrimazole:

The solubility of Clotrimazole was determined n
cach componcni of microemulsion systems such as
surfactant. co-surfactant and oil, and also in the oil-
surfactant mixture, oil-co-surfactant mixture and oil-S
. mixture. as well as in dispersed solutions of each
mixture after addition of water as an aqueous phase on
each mixture. respectively. An excess amount of
(CLT) was add to 3 ml of cach dissolution medium
and the mixture was stied for 24 hr at 25 °C
(preliminary test proved that this time is enough for
equilibrium). Triplicate samples were centrifuged at
4000 rpm for 10 min (Eppendurf  centrifuge.
Germany) to remove the excess amount of drug
undissolved. Then. aliquots of supernatant were taken
and the content of (CLT) was quantified by
spectrophotometrically at 260 nm after dilution with
methanol of analytical grade.

2.6. In vitro permeation experiments:

The micreemulsion systems containing 0.5/1. 1/1,
21 Km ratios were tested for permeation using
abdominal rabbit skin (full thickness of abdominal
hairless skin). The hair was removed by a hair clipper.
and the skin was examined visuallv and those
demonstrated any abnormalities in their surface were
discarded. The skin specimens were kept frozen at

-20°C) until used. The specimens were thawed by
inunersion in water at 37 = I°C in a water bath for 4
min. and then soaked in normal saline overnight to
ensure complete hydration. Specimens were cut into
area of approximately 4cm?, each one was fixed at one
end of the diffusion cell and the other end was covered
;n}h a rubber cap. The dermal side of the skin was
‘a(;x)n[%ﬂfeirie;i}/o.r solution which was composed of
R - “a (vv) ethanol phosphate buffer 7.6 a1 37
= 1°C 1o limit osmosis"”. Agitation was affecteq by
Magnenc stirring at 7 rpm. Each sample equivalent to
10 mg (CLT) was applied on the skin. At each
merval. 1 ml from mediym was \\-1'lhdrawn ot
YEP:;M by an equal volume of the fregh dissolu:}gg
mediam, kept the experiment was kept at 37 x1°C

at different time interyals
lometrically at 260 nm,

nped at least three times
ated in each case,

gas determined spectropha
Each experiment was perfo
and the mean wag calcul

2.7, In vitro antimycotic sty fy.

Agar-cup diffusion methed Wag
Candida pseudo tropicalis ygq - ad"‘mcd
carricd out as follows: 15 mj of nutriey e foq
with 24 hrs subculture Candi, pseudu! Mediy "4«
distributed in cach Petri-dish (]q cm_(;f “Pical;, v.-'?
solidification. 8 mm holes were made n'dm_,..[cr)' (:r:
0.5 ml microemulsion. In each plyre - }?“llcd i
medicated microemulsion ang anolhe; lo’bcs for y,
placebo. The-dishes were lefi for two hou:. N "*‘;
incubated at 37°C for 48 hrs, The inhi S.a
measured by taking the mean of 4 re,
was taken from one hole,

Von

bilion Zone . :u
dings. Eagy ::;
3. RESULTS AND DISCUSSIO\'
3.1. Phase studies: '
For preparation of microemulsion syst
the addition of Tween 80 alone nor 1.
can cfficiently promote the mutual o
water and IPP. By adequately
suitable amphiphilic compou
plus n-butanol, it is possible
single phase isotropic syste
composition.

€IS, neithg,
bulanol alope
il solubilizzgy o
mixing Wwalter, [pp. and
l'ldS, such as T“'B‘;"n %
10 obtain a clegy, Stable
M Over a wide range 0;

A; show"n in }?lg. l? the area of a microemulsioy
and isotropic regions increased with increasing the
ratio of surfactant to co-surfactant. It indicates (hay u,;
maximum proport'xons of oil incorporateg in
Tmcrocmulswns 'mcreascd significantly  wiy
increasing the rauo‘ of surfactant 10 co-surfactan
Moref)\.'er, the maximum amount of water 1o be
solubxh;ed in the microcmulsion without phasz
conversion or separation has been shown to increzse
as the mass ratio of surfactant /co-surfactant
increased”” The phase study reveals that the addition
of Tween 80 / n-butanol mixture in mass ratio of 2/1
gave the greater and transparent microemulsion. A
similar result was obtained from mineral oil/ water
solution using Brij 96 as surfactant and glycerin.
ethylene glycol and propylene glycol as co
surfactants"®. Also Zong-GaoGao et al.™® found that
increasing Km of Cremophor EL and Transcutol in
microemulsion containing Captex 355 as oil and watef
as aqueous phase leaded to increase in the region of
microemulsion in phase diagram, From a formulation
viewpoint, the increased oil content in microemulsions
may provide a greater opportunity for the solubili-
zation of poorly water-soluble drugsm)-

3.2. Physical stability:

Physical ~ stability of - microemulsion
investigated at 4°C and room temperature: there * nﬂ
significant change for 3 months in the systef - n
color change nor macroscopic phase separation e

. v o4y b ion O
can be indicated by cloudiness and the formau?
two distinct layers,

was
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3.3, Solubilization of Clotrimazole:

The solubility of (CLT) was found 1o be 11,79
mg/ml in [PP, less than 0,01 mg/ml in water and very
soluble in n-butanol. The solubility of (CLT) in oil-
surfactant  mixture increases with increasing  the
content of Tween 80 (Fig. 2). Also the solubility of
(CLT) in oil- co-surfactant mixture increased \'vilh
increasing the content of n-butanol (Fig. 3). The
solubility of (CLT) in oil - S, mixture with varying
mass ratio (Km) incrcased with increasing the
surfactant content which indicates that the solubility
of (CLT) is greally affected by the surfactant
concentration (Fig. 4). After adding the aqueous
phase, the solubility of (CLT) in oil-surfactant-water
system increased with increasing Tween 80 content
(Fig. 5). The solubility of (CLT) in oil-co-surfactant-
waler system was also incrcased with increasing n-
butanol content (Fig. 6). The solubility of CLT in
system containing all components of microemulsions
(Fig. 7) was increased markedly compared with that
of systems without surfactant (Fig. 6) or co-surfactant
(Fig. 5), and it reached maximum (41mg / ml) at 1/1
S mix of surfactant to co-surfactant™. The maximum
solubilization power is thought to be achieved by the
formation of transparent microcmulsion with small
droplets. At a ratio greater than 1/1 the mixtures also
formed microemulsions, but the lower n-butanol
content in the microemulsion system decreased the
solubilizing capacity of the microemulsion. A similar
result was obtained with Indranil Nandi et al.™* who
found that the solubility of indomethacin and
progesteron was increased by 300 and 3300-fold

_respectively.

3.4. In vitro permeability:

System composed of IPP/Tween 80/ n-butanol
and water gave o/w microemulsion which acts as a
reservoir of (CLT) in dispersed phase. After 4 hr only
43.2 %, 42.6 % and 22, 8% of (CLT) was released
from microcmulsion systems containing S mix 0.5/1,
/1, and 2/1 respectively (Fig. 8). The higher
percentage of (CLT) released from systems prepared
by S mix 0.5/1 and 1/1 may be ascribed to the higher
p.erccntage of alcohol content which reachcd
approximately 60% and 50% for Km 0.5/1 and Kml/ 1
compared to 33% for Km2/1. This result 1s In
agreement with that obtained by Thacharodi ;an
Panduranga Roa"™® who found that an increase‘m
alcohol content Jeads to an increase in permeation
from microemulsions due to it act as penetration

enhancer.
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3,5 v
antimycotic acti

[p-vitro '
Candida pseudo tropicalis Was : ]
thanol, microemulsion system with

CLT solution in me _ ils
oemulsion containing CLT. The

out drug and micr ( ;
area of inhibition zon¢ corresponding 10 CLT solution
in methanol was examined and found to be 6 cm and

compared to (hose of drug solution in different
microemulsion systems (0.5/1, 171, 2/1). As shown 1n
ble | a dramatic antimicrobial effect depend on the
formulation nsed was occurred . It is clear that all
microemulsion formulations are more effective against
Candida pseudo tropicalis than CLT solution form.
The increased biological activity of microemulsion
formulations could be due (0 {he presence of
surfactant and  co-surfactant which increase the
fluidity and causes disruption of the microbial
membrane. This action leads to a leaky cell membrane
andincrease the permeability towards the drug™®. The
above memioned results show that, microemulsion
fc“f}‘“liﬁgns can bg used for topical application of
Pmparalions%fc -y o ‘for oral and ocular
i a(:g:se of the irritant eﬁ'gcl of n-butanol
— r oral administration for long

Table (1) /3 v .
diﬂ"ﬂrEI(]:)' I vitro antimycotic activity of 1% CLT in
“ent microemulsion  systems using  agar-cup

hethod and
Candi . .
Organspy, dida pseudo tropicalis as test

Inhibition zone (mm)

Svstems

|
SRR
| Mo (Kyn)
| containing

T , Placebo
S YT M CLT.
s, 10.0

» I
24 8.0

E: i
e o 24.6 7.0

CONCLUSIONS
« The reported re
. sulls showed (h: il-i
o ¢ \ 1t Oil-in-w;
“r\:!rcc():cl:lrnzl;(])monbpreparcd wilh isopropyl p;:::;l].:fé
s , N-butanol and water
: could solubiliz
CLTupto 4f)mg./ml, which is an 4100- fold inllbmm
'c]:-(l)mpared with the solubility of CLT in water e
. . . g . . « . P ater.
“":;: rzg}t;;:::j c:(t)llc ]acu‘wly of microemulsion system

7 o the % of co-surfact: :

5. | ctant, wher
?ui;!m_r_" o of co-surfactant (Km 0.5/1) (he I‘xrcrca:
;)1; “?lmlon‘f}mc was obtained 37.5¢m, this rcsn‘It !\,vass

rallel with the permeali , i
paral p ion of drug through a rabbit

REFERENCES
1) Lawrence M.J., Rees G.D., Ad
< Jay N . D ¥ sliv
45(1), 89 (2000). V. Drug Dev. 6
2) Paul B.K. and Moulik S.P., 1. Dispe i
Tech..18, 301 (1997). » I Disper. Sci.
3) Scherlund M., Malmsten M Holmqvi
_ > M " qvist P. and
Brodin A., Int. J. Pharm. Sci., 194, 103 (2000)r.l
4) Constantinides P.P., Pharm. Res., 12,1561(1991).
5) Delgado-Charro M.B., Iglesias-Vilas G., Blanco-
Mendez 1., Lopez-Quitela M.A., Marty J.P. and
Guy RH., Euro. J. Pharm. and Biopharm., 43,
37 (1997). '
6) Amin N.A, Hinhawy D.S. and Sorour F.A.,
Zagazig Univ. Medical Journal, 16, 183 (1983).
7) Holt R.J., Ed. By D.C.E.Speller, John Wiley and
Sons Chichester, New York, Brisban, Toronto,
113 (1980).
Martindale, the Extra Pharmacopoeia 28" Ed., the
Pharmaccutical Press, London, 721 (1982).
Aboofazeli R., M. Lawrence 1., Int. J. Pharm.,
93,161 (1993).
10) Gasco M. R.. Carlotti M.E. and Trotta M.. Int. J.
Cosmo. Sci., 10, 263 (1988)
11) Trott M.. Cavalli R., Ugagio E. and Gasco MR,
Int. J. Pharm. 143, 67 (1996)
12) Kale N.J. and Allen L.V, Int. J. Pharm., 57, 87

(1989).

13) GaoGao Z., Gonchoi H., Jongshin
Jeong Lim S., Hwang K.J. and Kin
Pharm. Sci., 161,75 (1998).

14) Nandi L. Bari M. and Joshi H., AAPS Pharm.
Sci.Tech., 4(1), Article 10 (2003).

1d Rao K.P., Int. J. Pharm..

8)

9)

H., Mipark K.,
1 CK., Int. J.

15) Thacharodi D. ar 90,
33 (1998).
16) Attwood D.

Systems, Chapman
17) Twakabayashi, Horiuchi M., Sak
H. and lljima M., Acta Pathol. Jpn.,
(1984).
18) Nelson B.K., Bright
and Goad P.T., Funt
(1989).

and Florence AT.. Surfactant
and Hall, London (1983).

agushi M., Onda
34, 471

g R

well W.S., Khan A.l, Bur
169

lam. Appl. Toxicol.. 12,

Scanned with CamScanner



Mohamed M. EL-Sayed and Hanan M. Mahmoud

ol gl sl e orte

» ' *
T ipans e gling "y ilias s
-\

pas ~ Alelanyl = (_)N.-.u'.ll 3L daals — 4.‘!.)::_-4-“ -‘\:\.‘.S - Ql'_u\.!.l:\.s.a.‘! pd
- - - ) ) ) . ) V
e 0 s — Al S — Ll s

n
Al

Gk e Gy Jsle A D s Sl bl Bl 30l 35 LobsM Gpead 58 Al Al o Ly
Maas ,ALHLLL\L:‘JJ\}AL,»%&&AAM@AAQL&MM?JJA_,.-G_:_;JQUA:\.M.{ALJ?‘,.. |
sae s 22LS LJ_FU}.:—‘AU 5 égl:u LLa el sals w_’el“j L;:.\) L.u}s C.th___:...n_y d.:_‘j,)-‘j):yl ?\:H 1..\

o Sl
Ll 8 S A Usd 320l L 5 —0 Tl () A 0asl Rnad 2l O SN gl 0, oLy

e s ge £1 00 S A5 a3 el Cun Jslinr o toes VY e LB L A 4 d il
i il IS il el il ALy A st Ldal e RN Uil Aoy of @ad UKL L L,
Jlsrm o roes V40 L e Daad) del)

Received: Oct. 04, 2003
Accepted: Dec. 20,2003

Scanned with CamScanner



