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ABSTRACT
Dimethyl sulphoxide (DMS0),
linoleic acid (LOA) and propylene
glycol (PG) glyceryl monostearate

(GMS), dioctyl sodium sulphosucci-
nate and Brij 35 were tested as en-
hancers for clotrimazole permeation.

The results revealed that, in-
corporation of the tested promotors
in the oleagenous base increased the
in vitro release rate of the drug

and also 1its antimycotic activity

against candida albicans. Contrast
results were obtained for the water
soluble base.

The amount of clotrimazole de-
termined 1in rabbit skin, was more
pronounced when the additives were
incorporated 1in the water soluble
base. The histological studies of
rabbit skin, showed variable degrees
of penetration and no harmfull
changes of the skin tissues were ob-
served.

INTRODUCTION

It 18 well known that the skin
itself presents an effective barrier
to topically applied drugs. The de-
velopment of penetration promotors
are becoming important in overcoming

the low permeability of drugs across
the skin.

Many substances have been re-
ported as promotors for subcutaneous
absorft%on of drugs 1-16 Viz;

Azone ™%, pMso °'®, pc ©/7 1on 1,

a’"” 1auric aciq®’®

oleic aci and
aurfactantsﬁ,lo'll. Moreover, ethyl
acetate was found to be an effective
promotor for a number of drug312_14.
The promoting effect of cyclic
monoterpenes have been recently
investigatedIS. Since d-limonene
has been found as the main con-

stituent in orange and lemon oils,

its toxicity or irritancy to the

skin is considered to be lowls.

4

Clotrimazole 1is used generally
for the superficial fungus infec-
tion. It is essentially prescribed
for the topical treatment of Tinea
capitis at the same time of the sys-
temic treatment by griseofulvin
tablets. Since, the causative
organism of T.capitis is present in
deep keratinized layer of the skin,
addition of promotors seems im-
portant to enhance penetration and
hence, increase the efficacy of the

drug.

In the preceding work the au-
t:hq:::n:'sl7 recommended that 1% clotri-
mazole in either the water soluble
or oleagenous base achieved good
clinical efficacy. In the present
study, these formulations were se-
lected to investigate the effect of
various promotors on the in vitro
drug release. 1in vitro antimycotic
activity, and penetration of the
drug into the skin. As well as
their effect on skin tissues.



EXPERIMENTAL

Materials:

Clotrimazole (kindly supplied by
the Arab Drug Company, Cairo,
Egypt), PEG 400, 4000 (Fluka, AG,
Switzerland), Brij35 (ICI Am. 1Inc,
Atlas Chem. Div., Willimington,
Delaware Co.), dioctyl gsodium
sulphosuccinate (Sargen-Welch Sci-
ent. Co.), glyceryl monostearate,
dimethyl sulphoxide, (BDH Chem.,
Ltd., Pool, England), Linoleic acid
(Morgan Chem. Co. Cairo, Egypt).

Semipermeable Fischer Cellophane
membrane (30/32). (Fischer. Sci.
Co. Lond.,U.K.) and all other ingre-
dients were of Pharmaceutical grade
samples and were used as received.

Methods:

The procedure of ointment prepa-
ration, in vitro release through
cellophane membrane as well as the
antimycotic activity of the drug us-

ing the cup-diffusion method, were

described in our previous study17.

Determination of Clotrimazole
in Rabbit Skin : ,
The following ointment formula-

tions each containing 1% w/w clotri-

mazole were selected.

-Oleagenous ointment (A).

-Oleagenous ointment containing com-
bination of 20% DMSO, 7% LOA and
3% GMSO (B).

-Water soluble Ointment (C).

~-Water soluble ointment containing

combination of 20% DMSO, 7% LOA
and 3% GMS (D).

Male healthy rabbits, weighing

about 1 -2kg were used. The rabbits
were fed a regular diet with no re-
striction on food and water. The
hair of an area of 4 x 6 cm was
shaved on the back of the rabbit.
This area was selected so as to pre-
vent the rabbit from ingesting any
ointment by bicking the treated
area. 5 gm-sample was applied once

'-paraffin
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daily for one week. The treated
area was covered with aluminium foil
that was tied by a rubber bandage.
At the end of this experiment, the
skin surface was cleaned from any
adhering ointment. Three rabbits,
were used for each formula as well
ag for the control (untreated rab-

bit).

An area of the treated skin

equivalent to about 1 gm was cut
out. The dermal surface was cleared
from any adhering solution and

throughly homogenized.

The homogenized skin samples
were stirred magnetically each with
200 ml chloroform for 24 hours. The
chloroformic extract was evaporated,

then the obtained residue was dis-
solved 1in perchloric acid. The

developed bright yellow colour was

measured colorimetrically at 436
nmlB. The control skin zamples were

similarly treated and used as a
blank experiment.

Histological study :
The following ointment formula-
tions were tested using each of the

water soluble and the oleagenous
bases.

1-Plain Base.

2-0intment containing 1% <lotrima-

zole.
3-0intment containing 20% L4S50.
4-0Ointment containing 20% I.0A.
5-0intment containing comb-nation of
20% DMSO, 7% LOA, and 3% GMS.

After the end of the test period
mentioned above under determination
of clotrimazole in rabbit skin, the
animals were sacrified. The treated
parts was then cut into thin slices
(10 um in thickness), fixed in
formaline and processed to obtain
gections. The sections

were stained with haematoxylin and

eosin for general histological stud-
ies. The stained sections were ex-

amined microscopically and pho-
tographed.

FEE '_ R - - )
N e ad B e L

‘_i!i

v . Lo
:'n..}u- h.l.ilf-.'-."'ll'lt.n.._'.l.'i. !

- =, -. - " )
- L . - . N et
!"‘.r _.I'h'_ -‘_‘_:E ].-:"-fl .'-.-‘ll



o whar = e ek -

e w—

84
g.A.Ibrahim et al

oy

RESULTS8 AND DISCUGSION drug depending cn the type and con-
centration of the enhancer. The en-
1-In Vitro release through hancing effect of DMSO or PG was
cellophane membrane: found to be more pronounced at the
The effect of promotors and | lower concentration (5% w/w).
their combination on the in vitro _'

* releagse of clotrimazole from the wa- Incorporation of 20% DMSO or PG
ter soluble and oleagenous bases was to the oleagenous base resulted in
investigated. the separation of the preparation.

] | whiles 20% LOA still showed the

Enhancer effect was found tc be promising enhancing effect.
related to its structure and concen-
tration as well as to composition of Two combinations of the tested
the "ointment base used(Table land 2) promotors were selected from a vari-

ety of combinations tried.
‘The data presented in Table 1

showed that incorporation of either Composition of Additive Combination
liquid promotors or surfactants in e e
water soluble base invariably ce- Combination No. Composition % w/w
creased the in vitro release of the W e e — o e
drug except for LOA at 20% concen- 1 DMSO 20
tration which enhanced the release 1.OA 7
of the drug from the same base. ) CMS 3
Incorporation of DMSO and PG at I1 IL.OA 20
5,10, or 20% w/w into the base, may AR DMSO 7
increagse the affinity of the drug to | CMS 3
:the base with subseguent reduction e
in 1its releaselg. Kundu et al 20
reported that DMSO at 5,10 and 15% The oleagenous base was selected to
“w/w, has no effect on the in vitro study the influence of these combi-
release of nitrofurazone from PEG nations on the in vitro drug re-
base. At 5%, DMSO did not affect lease. It is clear from Table 4
the- release of testosterone from that the use of combination of pro-
washable basezl. Green and Had- ~motors was found to be highly ef-
graftzz, reported that fatty acids fective as compared to each promotor
enhanced the release of propranolol, " alone. However, the release was
metopranolol or exprenolol through highér on using combination I. This
cellophane membrane. may be attributed to the higher

concentration of LOA.
The effect of surfactantses on the

in vitro release of clotrimazole 2-In Vitro antimycotic acti-
from the water soluble base can be vity :
arranged  as follows: Brij3b The effect of promotors on the
(HLB=16) > GMS (HLB=11) > DOSS in vitro antimycotic efficacy of
{(HLB=1.2). It «can be seen that clotrimazole formulated 1in either
higher in vitro release of the drug the oleagenous or the water soluble
was obtained with Brij35 of the PEG base was investigated by using
higher HLB value and of longer poly- the agar—-cup diffusion method and c.
oxyethylene chain Jlength. albicans as test organism. 'The re-
sults for each base are presented in
On using the oleagenous basge, Table 5. It is apparent that, DMSO,
(Table 2), all the tested promotors PG or IOA at all the tested concen-

enhanced the release rate of the trations (5-20% w/w) reduced the an-



timycotic efficacy of the drug when
they are incorporated in the water
soluble base. The effect is pre-
dominent with LOA which is consid-
ered as a source of carbon for the
organism (C.albicans), facilitating
its proliferation23. However, higher
antimycotic activity has been obser-
ved with Brijzs. This can be exp-

lained by the suggestion that Brijis

may increase the membrane perme-
ability of the cell and hence in-
activate the organism 23.

Table 5 shows also the effect of
the tested promotors on the antimy-
cotic efficacy of 1% clotrimazole
using the oleagenous base. It is
clear that DMSO or PG were of no =2f-
fect on the extent of inhibition,
whereas LOA at all concentrations
decreased the efficacy of the drug
against C. albicans.

As shown in Table 5, combination
of promotors reduced the extent of
antimycotic activity of the drug
mainly due to the presence, of LOA in
the formulation. As expected, com-
bination II that c¢ontaining higher
proportion of LOA showed particu-
larlyv lower activity of the drug as
comp:red -to combination I. congse-
quently, if LOA is to be a useful
additive for the percutaneous ab-
gorption of clotrimazole, it is nec-
esgsary to take into account, that
the product must not be prescribed
for candiases.

3-Determinrnation of clotrima-
zole in rabbit skin :
The amount of clotrimazole pene-
trated the skin was determined. The
results are shown in Table 6.

It is clear that, the amount of
clotrimazole penetrated the skin was
to some extent greater from the PEG
base than from the oleagenous base.
The effect of PEG base on incre€asing
skin permeability is barrier spe-
cific and related to altration of
skin structure and mass flow of wa-

85

‘human

ter24. This observation appeared to

be in agreement with those reported
by Ayers and Lasker25 showing that
penetration of benzocaine into the
stratum corneum is much
greater from the water soluble bases
than from other bases. Further,
Sasaki et. al 26 found that the vehi-
cle not only influence drug penetra-
tion but also the enhancer penetra-
tion.

Incorporating combination of
ILOA and 3% GMS in the PEG base
crease drug permeability 3-fold
control "C", and 4-fold on using
oleagenous ointment "A".

The increased permeability ob-
tained can be attributed 1in one
hand, to DMSO which altered the
conformation of keratin and leads to
disruption of water structure and
increase the membrane permeability
thereby creating holes in the mem-
br.r‘smc-::2 '28. On the other hand, LOA
being a fatty acid, it modifies the
skin barrier properties by its flu-
idizing action on 1lipids of the
stratum corneum2 J . Moreover, the
similarity of LOA to the free fatty
acids in the stratum corneumao.
facilitates its miscibility

and
penetration through the skin.

The synergism obtained by combi-
nation of a number of promotors was
studied by many investigator931_34.
Two component systems consisting of
PG and OA or LOA were found to be
more effective penetration enhancers

as chpared with PG, OA or LOA

alone™ . A maximum penetration of
triamicinolone acetonide with 10%
azone—-ethanol combination was re-

ported32. Moreover addition of 10%

non-ionic surfactant increased the
absorption of flufenamic acid from
petrolatum base. On using combina-
tion of DMSO (5%) and 10% surfactant
in the base, the percutaneous absor-
ption of the drug was further in-

creased due to the formation of h%gh
activity co efficient complex .
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: Bennett et al34 reported combination
of PG and azone acts as a cosolvent layer (acnathosis) and thickening of

to increase the thermodynamic acti- the horny 1layer (hyperkeratosis)
vity of Dbetamethazone-l7-benzoate were observed. There 1s a marked

and hence its bioavailability34. increase in the number of hair fol-
licles (HF) which were seen 1in

groups separated by loose connective
tissue fibres. The dermis also be-

came highly cellular and showed many
empty spaces.

proliferation of the prickle cell
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Histolocgical study :2
It has been reported™™ that the

‘%

% penetration enhancing effect are via
1 alteration of the normal skin struc-
3

3

1
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:

4 ture and could be expected to be
+ asgociated with an inflammatory re- | Figure. l.e. shows the skin af-
sponse. Hence, the effect of the ter treatment with PEG ointment con-

selected ointment formulations on taining 1% clotrimazole and 20% LOA.
4. skin tissues seems to be essential A distinct changes including, marked

practice to evaluate their safety. swelling, vesiculation of epidermal
cells (PCL) and degenerative changes

o .
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'% Photographs of rabbit skin after in hair follidles were observed. In
i 7 days of treatment are 1illustrated addition, an occasional accumulation
i* (Figures 1,2 and 3). Figure. 1l.a. of inflammatory cells, mostly lym-
é' the normal rabbit skin (control). phocytes and infilteration of the
7 It shows two distinct layers. the underlying connective tisgsue with
superficial epidermal layer (E) and the same type of cells were ob-
the deep connective tissue layer gerved. The dermis on the other

hand, showed oedema, an increase 1in
the number of degenerative hair fol-
licle (HF) and a decrease 1in the

amount of connective tissue fibres
(CTF).

(dermis).
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The dermis, 1is the thick dense
connective tissue layer. It contains
the sweat and sebaceous glands as
well as hair follicles. Blood vesg-
sels (BV) are also embeded.

Sweat glands aré hardly observed in
rabbit gkin, whereas gebaceous
glands are associated with hair fol--
.licles. The latter is connected to

the surface of skin.

Figure. 1.f. shows that 20% DMSO
incorporated in the water soluble
bage did not alter the normal ap-
pearance of the skin. However, new
halr formation as 1indicated by the
appearance of small hair follicles
in the dermis was observed. Also, an
increase in the number of hair
follicleg, presence of fine connec-
tive tissue fibres and clear spaces
among these fibres. The latter may
be due to accumulation of the pene-
trated promotors containing the ab-

sorbed drug.

Figure. 1.b. shows the skin af-
ter treatment with the plain water
soluble base. No histoiogical
changes were observed except, sepa-
ration of the horny layers (HL) and
the connective tissue fibres (Ctf)
into thin distinct strands. These
changes may be attributed to the

P ":I'i...l. Il--r.-.';:' ..-.EI.- I-..|:|].-I-- .'. " .;,'.- . — .- - oL u"' T -, o I ' PR o
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after treatment
cintment containing 1% clotrimazole,

hygroscopic properties of FEG base
that lead to withdrawal of water and
its accumulation within the connec-
tive tissue fibres of dermis and su-

perficial horny layers.

Figure. l.c. & d. showsa the skin
with wabter soluble

Figure 2
treated with water soluble ointment
containing 1% clotrimazole and com-
bination, 20% DMSO, 7% LOA and 3%
GMS. This combination leads to some
histological changes in epidermis
including; parakeratosis (Figure 2a)
and disturbed horny layer (HL) in
sites where parakeratosis is absent.



The dermis shows fine connective
tissue fibres, numerous dilated
blood vessels (BV) and accumulation
of tissue fluid especially around
hair follicles (HF) (Figure Z2Za,).
These changes may be attributed to
the presence of GMS in the

formulation. - .

MalkinsonBS repofted that hyper-
and parakeratosis as well as kera-
tinization of the hair follicles
were associated with the application
of ionic surfactants which are es-
sential for the penetration of some

drugs.

The improvement in skin appear-
ance and absence of inflammatory
changes on using combination of
promotors, may be related to the
use of lower concentration (7% w/w)
of LOA.

Regarding the oleagenous base,
Figure.3a illustrated the rabbit
skin treated with plain oleagenous
base. The skin 1is normal and to
some extent, similar to that of the
control. |

-

Figure. 3b shows rabbit skin af-
ter treatment with oleagenous base
containing 1% clotrimazole. ~ The
most notable changes evoked by the
drug are proliferation of hair fol-
licles (HF), and dilatation of blood
vessels (BV). From Figures. 3¢ and
d. it is clear that the c¢! anges in-
duced by LOA or DMSO were more Or
less similar to those obtained with
the water soluble base.

37'm'

Finally, Figure. 3e shows rabbit

.skin treated with the oleagenous

base containing 1% clotrimazole and
combination of 20% DMSO, 7% LOA and
3% GMS. It is evident that combina-
tion of these promotors leads to ac-
nathosis, hyperkeratosis and marked
increase in number of mature hair
follicles.  However, the epidermis
appears"intact all over the treated
area.

Of the tested additives, DMSO
even at higher concentration (20%)
was found to be preferable since, it
exhibited no harmful effect on skin
tissues. However, LOA, Caused re-
duction of the antimycotic activity
of the drug against C. albicans, in
addition, at concentration 20% w/w
it exhibited undesirable histologi-
cal changes.

. Although combination of 20%
DMSO, 7% LOA and 3% GMS in PEG base
showed effective enhancing effect on
the penetration of clotrimazole,
additional work is necessary for the
development of useful antimycotic
delivery system for the topical
treatment of T. capitis 1in Egypt.
In future work, we intend to inves-
tigate the enhancing effect of vari-
ous promotors on the skin pen-

etration of griseofulvin. Further-

more, formulation of griseofulvin-
clotrimazole combination should be
also studied.
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Table 1 : Effect of Promotors on the Inr Vit:o Release Characteristics
of Clotrimazole (1% w/w) from wate.. Soluble Base.
——--—----——---———---------—-——-—----———-—-———r—----—r-n————-ﬂ--———-——-—-——:i ——————————————————
Additive conc.n r K(hr) t (hr).
used (¥ w/wy
Control - 0.990 0.2 04 3.40
DMSO S 0.99737 0.1 13 6.14
10 0.999 0.0 27 0.46
20 0.999 0.1 32 5.28
PG |
S 0.999 0.0 99 6.97
10 0.999 0.1 03 6.71
20 0.999 0.1 26 5.54
LOA
5 0.998 0.1 92 3.63
10 0.999 0.1 81 3.83
20 0.985 0.4 22 | 1.65
DOSS
i 0.999 0.1 10 6.34
3 0.3998 0.0 29 7.03
6 0.996 0.0 48 | 14.68
Brijis |
1 0.999 0.1 25 5.54
3 0.976 0.2 1 3.30
6 0.999 0.1 26 5.50
GMS -
1 0.985 0.1 27 $5.46
3 0.99 0.0 92 7.53
6 0.993 0.0 83 8.35

- Al R W e s i S
——ﬂ“_—-—_“-—--.-in---—-_ﬁ---—_-q---——-—u-——-——--i—--——-—--i--———--_—--—---l-l-—ﬂ__—

control : Water Soluble Ointment Containing 1% Clotrimazole

Table 2 : Effect of Promotors on the Release Characteristics
| of Clotrimazole (1% w/w) from Oleagenous Base,

— o T S e B Gy S Sy el el ke iy e v e dek s ke e " i . — el uils S S sy il g A e Sulak el skl w Tr S wrer ey sy b Gl Ty ey e dals Emn e b nh o sy S S

Additive Conc.n ) o K(hr)"l t (hr)
used ' 5 w/w o -
Control - + 0.999 | 0.0 133 20.9
DMSO 5 0.996 0.0 78 . 8.85
10 0.994 | 0.0 69 10.03
20 - - -
PG
5 0.993 0.0 990 6.99
10 0.985 0.0 48 14.33
20 - - -
LOA
5 0.999 0.0 55 12.54
10 0.992 0.0 94 7.34
20 0.995 0.2 99 2.32
DOSS
1 0.995 0.0 67 10.38
3 0.931 0.0 90 T.72
6 0.988 0.0 76 9.12
Brij35
1 0.998 0.0 44 15.84
3 0.989 C.0 42 16.72
6 0.990 0.0 69 10.03
GMG
1 0.998 0.0 900 7.77
3 0.996 0.0 360 19,25
6 0.989 6.0 35 19.80

Control : Oleagenous Ointment Containing 1% Clotrimazole

L

e

e ——
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Tabla 3 ¢ Effect of Additive Combination on the In Vitro
Release Characteristics of Clotrimazole(l% w/w)

From Oleagenous Base.

Combination r K(hr) 1 t (hr)
NO.
Control™® 0.998 0.0 33 20.9
I 0.960 0.2 46 2.82
I1 0.995 0.4 23 1.64

* Oleagenous Ointment Containing 1% Clotrimazole

Table 4 : Effect of Piromotors on the In Vitre Antimycotic
Efficaﬁy of Clotrimazole (1% w/w) from Oleagenous
and Water Soluble Ointment Using Agar-Cup Method

and Candida Albicans as Test Organism.

Additive Conc.n Inhibition zone diameter {mm)
used (Ew/W) Oleagenous Water soluble
Control* . - 37 | 54,7
DMSO - | o
10 | 32.2° 44.77
20 - 44 .90
PG '
5 ~ 38.0 ' 44.0
10 34.9 44.5
LOA S
5 | 29.25 - 20.0
10‘ 35-5 : 19-2
20 . 25.35 19.0
DOSS - B
6 - 39.00 | 32.4
Brij . - | ; o -
- 6 | - 45.3 E 60.00
| i
Combinationr No. - . b
IT 30.2 ' 30.0

* ointment Containing 1% Clotrimazole

Table 5 : Determination of Clotrimazole Pefmeated From its

Tested Preparations in Rabbit Skin,

The tested Amount of Clotrimazole determined
preparation | | (ug)
"""" AT e
B 24 .00
C 25.00
D 80.64
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The shin of untroeated rabblt

(a), rabbit skin treated with plain
PEG base (b) PEG base conte 1% clots
(c,d), FPEG bane conte 1% clotr. and 20%

1.0A (e), ond PEG vase cont. 1%;c10t¢ and

209 DMSO(£f).

Epidermls (BE)

Nermis (D)

Conneciive tisseue fibre (Ctf)

Hair follicloe (HF)

3 tyratum COITIEUM (5C)

Hormy layer (HL)
(BY)

Blood vesselceo
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Fig. Z(a],az): Skin of rabbit treated with water soluble base
comtaining 1% clotrimazole and combination of
20% DMSo, 7% LOA and 3% GMS.
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Fig. 3(a-e): (3) skin of rabbit treated with:(a) piain olcagt.
tase, (b) oleagi. base containing 1T clot.,
(c} oleagi.base containing 1T clotr,(d) olcagi.
base cont. % clot.amd 20% DPMSc,z2nd(e) ocleagi. -
base containing 1¥ clot. and combination of 20%
S0, 7% LOKR amd 3T GRS,
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