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Abstract

To enhance transdermal delivery of atenolol, ethylene—vinyl acetate (EVA) matrix of drug containing penetration enhancer was
fabricated. Effect of penetration enhancer on the permeation of atenolol through the excised rat skin was studied. Penetrating
enhancers showed the increased flux probably due to the enhancing effect on the skin barrier, the stratum corneum. Among
enhancers used such as glycols, fatty acids and non-ionic surfactants, polyoxyethylene 2-oleyl ether showed the best enhancemen
For the controlling transdermal delivery of atenolol, the application of EVA matrix containing permeation enhancer could be
useful in the development of transdermal drug delivery system.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction iontophoresis, phonophoresi8r(icks et al., 1989;
Bhaskaran and Shree, 20Gihd thermophoresis have
Drug delivery through the transdermal route is lim- been used. Among them, penetration enhancers are one
ited due to low permeability of the skin. The stratum, of the most convenient methods and show relatively
the outer layer of the skin, acts as a barrier and is of- high effects.
ten rate limiting. There is a continuous search to en-  To improve the permeability of drugs through the
hance skin penetration. To increase the skin perme- skin, penetration enhancers have been incorporated
ation of drugs, many methods such as prodigr@anis into a formulation that would reversibly reduce the bar-
and Sloan, 1987 penetration enhance84rry, 1983, rier resistance of the skin and thus allow the drug to
penetrate to the viable tissues and enter the systemic
msponding author. Tel.: +82 62 530 2924: circulation. Itis well known thatgnumber offac_tors can
fax: +82 62 530 29409. affect the transdermal permeation of a drug, including
E-mail addressshinsc@chonnam.ac.kr (S.-C. Shin). the formulation, penetration enhancer, partition coeffi-
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cient, source of skin, and so oGlfien, 1982; Miyazaki
et al., 1983; Phillips and Michaniak, 1995; Shin and
Yoon, 2002; Kim and Shin, 2004

Atenolol is a beta-adrenergic receptor blocking
agent without membrane stabilizing or intrinsic sym-

pathomimetic activities and has been used for the treat-

ment of hypertension, either alone or with other antihy-
pertensives such as thiazide diureti@(naro et al.,

1979. It is also reported that, in case of oral admin-
istration, it can induce the side effects such as diar-
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2.2. HPLC determination of atenolol

The atenolol concentration was determined by
HPLC methods. The column wasBondapak Gg
(20pm, 3.9 mmx 300 mm), the UV detector was set
at the wavelength of 224 nm, and the column temper-
ature was maintained at ambient. The mobile phase
was a combination of methanol/acetonitrile/pH 3 buffer
(1:1:4) at a flow rate of 1.0 ml/min. Under these con-
ditions, atenolol peak appeared at the retention time of

rhea, nausea, ischemic colitis, and mesenteric arterial 6.5 min.

thrombosis. Therefore, the development of transder-
mal drug delivery of the antihypertensives maintain-
ing proper blood level for a long time without ad-
verse effects of frequent oral administration is very
important.

In the previous papeKim and Shin, 2004 the re-
lease study of atenolol from the EVA matrix containing
various plasticizers was carried out and the atenolol-
EVA matrix system containing best plasticizer was for-
mulated. The objective of this study was to develop
the transdermal drug delivery system of atenolol us-
ing EVA polymer that is known for heat-processible,
flexible and inexpensive materiaM{yazaki et al.,
1983 and to study its in vitro permeation charac-
teristics through rat skins. To enhance the perme-
ation of atenolol through the skin, the penetration en-
hancers were added to the EVA matrix system, and

the permeation of atenolol was evaluated through rat

skins.

2. Materials and methods
2.1. Materials

Atenolol was kindly supplied by Hyundai Pharm.
Co. Ltd. (Korea). Ethylene—vinyl acetate copoly-
mers of 40% VA content was purchased from
Aldrich Chemical Co., Inc. (USA) and triethyl
citrate was purchased from Morflex, Inc. (USA).
Linoleic acid, oleic acid, caprylic acid, lauric acid,
polyoxyethylene-23-lauryl ether, polyoxyethylene-2-
oleyl ether, polyoxyethylene-2-stearyl ether, diethy-
lene glycol and tetraethylene glycol were obtained from
Sigma Chemical Co., Inc. (USA). Acetonitrile was

HPLC grade and all other chemicals of reagent grade

were used as received without further purification.

2.3. Drug-containing EVA matrix preparation
containing penetration enhancer

The atenolol-EVA matrix containing an enhancer
was fabricated by solvent casting method. Briefly,
about 2.0g of EVA polymer beads and 30mg of
atenolol were dissolved with vigorous stirring in
methylene chloride and anhydrous ethanol in a beaker.
About 50 mg of enhancer was dissolved in this poly-
mer solution and poured onto a glass plate and the sol-
vent was allowed to evaporate off at room temperature
overnight. The matrix was removed from the plate and
dried for 2 days at room temperature. Then, a piece of
matrix was cut from the membrane and weighed accu-
rately. The drug content was calculated from the weight
ratio of drug, plasticizer, and copolymer used.

2.4. Skin preparation

The animals used for the preparation of skin were
male Sprague Dawley (220-250 g) rats obtained from
Daehan Laboratory Animal Research Center Co. (Tae-
jon, Korea). They could have a free access to food and
water until used for experiments, and were sacrificed in
a CO chamber right before experiments. The hair of
abdominal area was carefully removed with an electric
clipper. The full-thickness skin was surgically removed
from each ratand a square section of the abdominal skin
was excised. After incision, the adhering fat and other
visceral debris in the skin were carefully removed from
the undersurface with tweeze3yrrhein et al., 1980

2.5. Diffusion study

The EVA matrix containing 2.5% enhancer was
prepared as described in Secti@r8. Three differ-
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ent types of enhancer were used to compare the

enhancing effects. The enhancers used were fatty

acids such as linoleic acid, oleic acid, caprylic
acid, lauric acid, the non-ionic surfactants such as
polyoxyethylene-23-lauryl ether, polyoxyethylene-2-
oleyl ether, polyoxyethylene-2-stearyl ether, and the
glycols such as diethylene glycol, tetraethylene glycol.
The freshly excised full-thickness rat skin was
mounted on the Valia-Chien diffusion cell with the stra-
tum side facing the donor compartment and the dermis
side facing the receptor compartment. The drug-EVA
matrix was applied on the skin, and the top cell was
clamped and covered with a parafiim. The sampling
port was sealed with a parafilm to prevent the evapo-
ration of the receptor medium. The receptor medium
was 0.1 M phosphate buffer (pH 7.4) which was main-
tained at constant temperature by a circulating water
bath. The temperature was maintained at@in all
diffusion studies. The samples were withdrawn from
the receptor compartment at predetermined time inter-
vals and replaced by an equal volume of fresh medium.
The samples were analyzed by HPLC. Each value rep-

resents the mean and standard deviation of four deter-

minations. Skin permeation rate was calculated by the
slope of the figureghin et al., 200p

The effectiveness of permeation enhancers was de-

termined by comparing drug flux in the presence and
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Fig. 1. Effects of glycols on the atenolol permeation from the EVA
matrix through rat skin. Bars represent the standard deviatiod}.

showed a better enhancing effect than the short-chain

. X . lycol.
absence of each enhancer, and their ratio was deﬁneog y

as the enhancement factor (ERufgst et al., 1986;
Kadir et al., 1988; Higuchi et al., 1982; Leopold and
Lippold, 1995; Bach and Lippold, 19%8
__ drug flux from EVA matrix containing enhancer
~ drug flux from EVA matrix without enhancer

3. Results and discussion

3.1. Effects of glycols on the atenolol permeation
from the EVA matrix through skin

The effects of glycols such as diethylene glycol and
tetraethylene glycol on the transport of atenolol through
the skin were investigated at concentration of 2.5%.
Fig. 1 shows the timet] course of Q fg/cn?) for
rat skin from the EVA matrix containing 1.5% (w/w)
atenolol. The glycolsKig. 1) increased the permeation
rate of atenolol only slightly. The long-chain glycol

3.2. Effects of fatty acids on the atenolol
permeation from the EVA matrix through skin

The effect of fatty acids such as linoleic acid, oleic
acid, caprylic acid, and lauric acid on the transport of
atenolol through the skin was investigated at concentra-
tion of 2.5%. When fatty acid was added in preparation,
skin permeation rate of drug increasédiigst et al.,
1990.

Fatty acids are known to have a potent skin perme-
ation enhancing effect€Cpoper, 1984; Williams and
Bary, 1992. These effects appear to involve the disrup-
tion of lipid layer that are filling the fluidity of lipids
in the intercellular layers of the stratum corneum be-
cause of their resemblance in structure to the lipids
(Kim et al., 1996. The enhancer might affect the
lipid fluidity of stratum corneum structure, thereby
allowing drug to permeate easily through the rat
skin.
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Fig. 2. Effects of non-ionic surfactants on the atenolol permeation
from the EVA matrix through rat skin. Bars represent the standard
deviation 6=4).

Among the fatty acids tested, oleic acid, having a
double bond, showed the best enhancemEitf. (2).
The result revealed that oleic acid increased the dif-
fusion of drug through the skin that agrees with the
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Fig. 3. Effects of fatty acids on the atenolol permeation from the
EVA matrix through rat skin. Bars represent the standard deviation
(n=4).

al., 1993. In this study, oleic acid was the most ef-
fective enhancer among the fatty acids tested in this
study.

3.3. Effects of non-ionic surfactants on the

reported mechanism by which oleic acid enhanced the atenolol permeation from the EVA matrix through

permeability of drug Kandimalia et al., 1999 Oleic
acid was reported to function by partitioning into the
lipid regions of stratum corneum, disrupting the struc-
ture and lipid fluidity of the stratum corneurKim et

skin

The effect of non-ionic surfactants such as poly-
oxyethylene 2-oleyl ether, polyoxyethylene 2-stearyl

Table 1

Effects of enhancers on drug permeation from the atenolol-EVA matrix through rat skin
Enhancer Rate of permeatipmy/cnt/h Enhancement factor

Glycols Diethylene glycol 0.221 1.17
Tetraethylene glycol 0.251 1.33

Fatty acids Oleic acid 0.446 2.36
Linoleic acid 0.341 1.80
Lauric acid 0.255 1.35
Caprylic acid 0.220 1.16

Non-ionic surfactants Polyoxyethylene 2-oleyl ether 0.641 3.39
Polyoxyethylene 23-lauryl ether 0.216 1.14
Polyoxyethylene 2-stearyl ether 0.454 2.40

Control No-enhancer 0.189 1.00
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ether, and polyoxyethylene 23-lauryl ether on the trans- Chien, Y.W., 1982. “Novel Drug Delivery Systems: Fundamentals
port of atenolol through the skin was investigated at Developmental Concepts and Biomedical Assessments”. Marcel
concentration of 2.5%. Dekker, New York.

. Cooper, E.R., 1984. Increased skin permeability of lipophilic
Table lrepresents the permeation data of atenolol ™~ " o’ J pharm. Si. 73, 1153-1156.

with/without enhancers showing the enhancement fac- pyrrhein, H., Flynn, G.L., Higuchi, W.I., Behl, C.R., 1980. Perme-
tor. The permeation of drug from EVA matrix contain- ation of hairless rat skin: experimental methods and comparison
ing non-ionic surfactants through rat skin showed better with human epidermis permeation by alkanols. J. Pharm. Sci. 69,
enhancing effectRig. 3. Among the non-ionic sur- 8L

factant lvoxvethvlene 2-olevl ether. derivativ f Gennaro, B.D., Solomon, O., Kopec, L., Korostoff, E., Ackerman,
actants, polyoxyethylene 2-oleyl ether, derivalives o J.L., 1976. Controlled release polymeric formulations. In: Paul,

oleic acid having a double bond, showed the best en-  p R Harris, F.w. (Eds.). American Chemical, Washington, DC,
hancement, with an enhancement ratio of 3.39. The re-  pp. 135-146.

sult revealed that po]yoxyethy]ene_2_0|ey| ether, one of Higuchi, W.1., Kim, Y.H., Ghanem, A.H., Abraham, W., Herron, J.N.,
derivatives of oleic acid. increased the diffusion of drug 1982. Mechanistic studies of skin permeation enhancement em-

. . ploying the normal alkanols. Proc. Int. Symp. Controlled Release
through the skin that agrees with the reported mecha- . = =~ Mater., 137138,

nism by which oleic acid enhanced the permeability of kagir, R., Stempler, D., Liron, Z., Cohen, S., 1988. Penetration

a drug Kandimalia et al., 1999 of adenosine into excised human skin from binary vehicles. J.
Pharm. Sci. 77, 409-413.

Kandimalia, K.K., Kanokkannan, N., Singh, M., 1999. Optimization
of a vehicle mixture for the transdermal delivery of MT using
artificial neural network and response surface method. J. Control.
Rel. 61, 71-82.

Among enhancers used such as glycols, fatty acids Kim, J., Shin, S.C., 2004. Controlled release of atenolol from the

and non-ionic surfactants, polyoxyethylene-2-oleyl  ethylene-vinyl acetate matrix. Int. J. Pharm. 273, 23-27.
ether showed the best enhancement. For the control-Kim: C.K., Chi, J.J., Shim, S.C., Shim, C.K., 1993. Effect of fatty

lina t d | deli fat lol. th licati f acids and urea on the permeation of ketoprofen through rat skins.
INng transaermail delivery ot atenolol, the application o Int. J. Pharm. 99, 109—118.

EVA membrane containing permeation enhancer could gim, p.p., Kim, J.L., Chien, Y.W., 1996. Mutual hairless rat skin
be useful in the development of transdermal drug de-  permeation enhancing effect of ethanol water system and oleic
livery system. acid. J. Pharm. Sci., 1191-1195.
Leopold, C.S., Lippold, B.C., 1995. Enhancing effects of lipophilic
vehicles on skin penetration of methyl nicotinate in vivo. J.
Pharm. Sci. 84, 195-198.
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