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Development of Transdermal Delivery Systems Containing Clenbuterol

Han-Gon Choi, Qi-Zhe Quan, Si-Young Jung, Jong-Dal Rhee and Chul Soon Yong'

College of Pharmacy, Yeungnam University, Gyongsan, Kyungbuk 712-749, Korea
(Received August 21, 2000)

ABSTRACT-The advantages of transdermal administration are avoiding hepatic first pass effect, minimizing inter- and
intra-patient variation, maintaining steady-state plasma level to provide long-term therapy from a single dose, and allowing
a rapid termination of drug input. Clenbuterol, a selective B,-adrenergic receptor stimulant, has been introduced as a potent
bronchodilator for patients with bronchial asthma, chronic obstructive bronchial disease. For the development of transdermal
systems containing clenbuterol, two limiting factors - long lag time and low flux - must be overcome. In this study, we
attempted to select optimal formulation for preparation of clenbuterol patch using hairless mouse skin and flow-through
diffusion cell. The flux of clenbuterol increased as the percent of clenbuterol dose dependently in the concentration range
of 5-15%. Based on this result, we fixed the concentration of clenbuterol as 15%. The effect of various penetration enhancers

on percutaneous absorption of clenbuterol through hairless mouse skin was investigated. Labrafil

was the most effective

enhancer, which increased the permeability of clenbuterol approximately 4-fold compared with the control without pen-
etration enhancer. Optimal enhancer concentration was 3%. The effect of various adhesives on penetration of clenbuterol was
also investigated. Among the adhesives studied, MA-31 was the most effective adhesive. Furthermore, the clenbuterol patch
composed of 15% clenbuterol, 3% Labrafil and 82% MA-31, which-gave most excellent penetration of drug in in vitro
penetration study, maintained therapeutic plasma levels in in vivo study using S.D. rats. These studies demonstrated a good
feasibility of clenbuterol administration through the intact skin using a transdermal patch, and show a possibility of the

development of clenbuterol patches.

Keywords—Clenbuterol, Enhancer, Transdermal drug delivery systems
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Figure 1-Structure of clenbuterol.
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EAREE, lauric acid, lauryl alcohol, Span 20, Span
80, Span 85, Tween 20, Tween 65, Tween 85, Brij 30,
Brij 92, Brij 97, limonene, cineol, terpeneol, methyl

lauryl PGML®, PGMO® H¥
isoproryl myristate (IPM) &+ Sigma (St. Louis, MO,
USAAFER-E], Labrafil®, Labrasol®, PGMC® % Trans-
cutol& Gattafossé (France)ZFE TY3A . MA-24,
MA-31, MA-46, Acryl A, Acryl B, release liner ¥ E%
4 HE-2 Adhesives Research Inc. (USA)ZHRH Y3t
At} oHEUEZE 2 FABIEF-2 Riedel-deHaen A 2
Kanto Chemical Co. IncolAl 22} FY3IRLH, ]9]9
BE Ak 5 3L Y4FS ARSIt HPLC (Hitachi,
Japan), A4 HE7](Coming, USA), sonicator (Branson,
USA), aspirator (Eyela, Japan), "1344%2]7] (Eppendorf
5415C, Germany), Z&-94152]7] (Supra 22K, Hanil Sci.
Co. Ltd., Korea), shaking water bath (KMC-12055W1,
Korea), pH meter (Orion Research Inc.,

pyrrolidone, pyrrolidone,

Vision Co.,
USA), immersion circulator (Jeio Tech Co. Ltd., Korea),
peristaltic pump (Watson-Mallow, UK), HF37|
(Retriver IV, USA), multi-point magnetic stirrer (Vario-
mag, USA), film applicator (Yoshimitsu Seiki Co. Ltd.,
Japan), roller (Yoshimitsu Seiki Co. Ltd., Japan), micro-
meter adjustable film laminator (Miltutoyo, Japan) %
flow-through diffusion cell (Uil, Korea) 5-& AM-3}4TH
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Table I-Composition of Clenbuterol Patches
Composition (%) A B C D E F G H
Clenbuterol 5 10 15 20 15 15 15 15
Labrafil 3 3 3 3 0 1 2 5
MA-31 92 87 82 77 85 84 83 80

Table II-Permeation Parameters of Clenbuterol Patches with
Different Clenbuterol Concentration

Table III-Permeation Parameters of Clenbuterol Patches
Prepared with Various Adhesives

Clenbuterol Permeation parameters
concentration 2 5
(%) Ty (hr) Jy(ug/em*/hry K, (10°, cm/hr)
5 1.04+ 0.34 0.21 £ 0.05 149+ 0.13
10 0.71 £ 0.12 060+ 0.12 2121 0.10
15 047+ 0.10 134+ 0.67 3.16 = 0.83
20 041+ 0.07 1.40 £ 0.53" 320+ 0.61°

Ty : lag time, Jg : flux, K, : permeability coefficient

Each value represents the mean + S.D. (n=3)

*p>0.05 compared with permeation parameters of patch containing 15%
of clenbuterol

BlE HH AN FAF7t Z7HERES lag time (T
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Acryl-A 3 Acryl-BE AMgEIom ERRHESY W &
3= wEo] o)ARdHA HAAE AMSSR] BT} (Table
). MA-31, MA-46, Acryl-A 2 Acryl-BE A)%3 53
A fluxe 22 1.34, 099, 098 2 0.01 pg/cm*hro]Th.
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Adhesives o Permeation parameters
Ty (hr) Ji(ugfem*hr) K, (10°, cm/hr)
MA-31 0.47 £0.01 134+ 0.67 3.16 £ 0.83
MA-46 0.65+ 0.16 0.99+ 0.16 2.88 + 0.46
Acryl-A 716+ 013 001+ 0001  0.17% 0.003
Acryl-B 0.61 + 0.25 0.98 + 0.16 3.00 £ 0.73

Ty : lag time, Js : flux, K;, : permeability coefficient
Each value represents the mean & S.D. (n=3)

£, MA31°] o) W3t e FATE 7P 2571 1
Eol] MA-31S ZRIREIE ATES 3] daAz 2
A3t
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82% I3 N AUFTTEIA %L 3%= 3 HF A
E AR s in vinodolH AYFFHIE AT
(Table IV). AV ESFEAAEE Table IVS}F 7Fo] Labrafil®,
Spanf, AW 2 2k GF-EF, terpene’F, pyrrolidone’,
TweenFr, A4t ol2HE 313HE 2 Brij & X§si] 5
27 E ARSI B AgeA AREE AEFEA
% Labrafil®, Brijf 2 Tween 65 5 H|o]&A AAEAA
F7 e F5ERA B AR 2 AAEFE TP
Zith® E3], Labrafil®e thzo] ¥8l lag timeS 3H)
J& SEA)7]2 (047 vs. 1.39hr) flxE 48] A% =40
(1.34 vs. 0.36 pg/cm*hr). Labrafil®e T8 F4E&7A| Bt
SR ES] AYFTE SFHE FypFoEE F3
FHE FoEF dFAS FFEIAE 2G5

FURHE FHES AFHA ) A3et Labrafil®] $%5
AARs7] Aty FHREEY] 42 15%F TAZATL
Labrafil®e] 9k 1-5%2, MA-319] %S 80-84%E WA
71HA HAAE AxT O in vir’dIA AAFFAY
< A9 (Table I, C 2 E-H). thr SAU5EE2 3
oA Labrafil®®] ¥=7 Z7119 lag time (T ) 748}

o flux (Js) B permeability coefficient (K)y= 5713t
ATk (Table V). 3+ Labrafil®?] %71 0, 1, 2, 3 &
5% o) fluxE ZkzF 036, 045, 0.89, 134 % 138 ng
cm’/he2A 3% ©]3e] FEANE flux’t Labrafil®®] F%=
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Table IV-Permeation Parameters of Clenbuterol Paiches
Containing Various Enhancers

Enhancer Permeation parameters
Ty(hr) I (uglem’hr) K, (10°, cm/hr)
Control 1.39£094 036+0.05 1,10+ 0.11
Labrafil® 047+ 001 134+ 067 316083
Labrasol® 1.82+024 036 £0.05 1.11+£0.02
Capryol PGMC® 087008 040L£0.02 1.11 £0.08
PGML 13941094 031£008 0.99+023
PGMO 1.60+0.14 033+0.03 1.08 £0.07
IPM 2894010 024£007 0771028
Lauryl alcohol 1.81£025 0.48*=0.09 1.44 £0.25
Lauric acid 1752016 0.14£0.02 0481002
Transcutol® 1.16 £ 033 036 0.04 1.13+0.11
Lauryl pyrrolidone 0.89 £0.20 0.88£0.07 2.58+0.11
Methyl pyrrolidone 2.35+041 031008 0.92+0.18
Span 20 147+0.24 0332020 093X036
Span 80 1.42£0.78 037x0.03 1.13+£0.05
Span 85 1.09£0.15 048=x0.01 1.44£0.05
Brij 30 1.02+£0.25 0.73£0.50 1.69 = 0.69
Brij 92 134£0.16 0.62x£0.01 172 £0.21
Brij 97 1.524+041 0.50£0.05 1.27 +£0.11
Tween 20 195£0.13 0222003 0.70+0.08
Tween 65 187+033 071003 207+007
Tween 80 2.04£020 036x0.004 1.14£0.03
Terpeneol 312045 0.19£0.005 057004
Cineol 259024 02812002 0.94+021
Limonene 2661041 0231012 0.78%+0.33

Ty : lag time, Js : flux, K, : permeability coefficient
Each value represents the mean £ S.D. (n=3)

Table V—Permeation Parameters of Clenbuterol Patches with
Different Labrafil Concentration

Labrafil Permeation parameters
concentration ) B

(%) Ty (hr) Js(uglemhry K, (10°, cm/hr)
0 1.39+£0.94 0.36 £ 0.05 1.10 +0.11

1 1.00+0.15 0.45£0.03 1.57 £0.10
2 0.62+0.04 0.89+0.32 1.97 £0.35
3 0.47£0.01 1.34x£0.67 316+0.83
5 042+006"  1.38£ 048 3.19£0.73°

Ty : lag time, Js : flux, Kp : permeability coefficient
Each value represents the mean + S.D. (n=3)

"p>0.05 compared with permeation parameters of patch containing 3%
of Labrafil

o] tlele] &R 0T A Z718R= b 5%0)49) flux=
3%C1A9] fluxet HlwE ) FAHoR §94 A 278t
A S 7AEe Btk weld FUREE A3Es A3 A
o] Labrafil 9] F=E 3%=2 ZAsIAth

ARG T 251

600¢
500
400
300

200

Concentration (ng/ml)

100

0 1 | - 1 1 J
0 5 10 15 20 25

Time (hr)

Figure 2—Plasma concentration-time profile following in vivo per-
cutaneous absorption study.
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