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The Effect of Enhancers on the Penetration of Clenbuterol through Hairless Mouse Skin.
Han-Gon Choi, Jong-Dal Rhee, Bong-Kyu Yu and Chul Soon Yong'

College of Pharmacy, Yeungnam University, Gyongsan 712-749, Korea
(Received November 17, 2002 + Accepted March 2, 2003)

ABSTRACT-Clenbuterol, a selective 3,-adrenergic receptor stimulant, has been introduced as a potent bronchodilator for
patients with bronchial asthma, chronic obstructive bronchial disease, chronic bronchitis and pulmonary emphysema. The
percutaneous permeation of clenbuterol was investigated in hairless mouse skin after application of 50/50 buffer(pH 10)/pro-
pylene glycol solvent mixture. The enhancing effects of various penetration enhancers such as terpenes, non-ionic sur-
factants, pyrrolidones, fatty acids and some other enhancers on the permeation of clenbuterol were evaluated using Franz
diffusion cell. Among terpenes studied, 1,8-cineole was the most effective enhancer, which increased the permeability of
clenbuterol approximately 39.33-fold compared with the control without penetration enhancer, followed by menthone with
enhancement ratio of 23.57. Nonionic surfactants did not have significant enhancing effects. N-Lauryl-2-pyrrolidone
increased the permeability of clenbuterol approximately 4.51-fold compared with the control. Lauric acid increased the per-
meability of clenbuterol approximately 35.57-fold with decreasing the lag time from 2.64 to 0.52 hr. Oleic acid, linoleic acid,
linolenic acid and capric acid showed enhancement ratio of 22.62, 19.60, 17.45 and 16.51, respectively. Labrafil® enhanced
the permeability of clenbuterol 9.24-fold compared with that without enhancer.

Key words—Clenbuterol, Enhancer, Transdermal drug delivery systems, Permeability
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Figure 1-The structure of clenbuterol.
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Franz diffusion cells} hairless mouse I}5-& o|-&
3} ?7@0}37_ Brtsle] ERAREES] HAHFTTAA NS

e 7zAE2 &85} st
A

Algt R 717

B2 Ao ARggE el FUHHE Mw=277.18) ¥
753} A9 enanthic acid, lauric acid, myristic acid,
oleic acid, linoleic acid, caproic acid, linolenic acid, 2-
pyrrolidone-5-carboxylic acid (PCA), Span 20, Span 80,
Span 85, Tween 20, Tween 65, Tween 85, Brij 30, Bmj
92, Brij 97, N-methyl-2-pyrrolidone (NMP), N-lauryl-2-
pyrrolidone (NLP) % N-ethyl-2-pyrrolidone (NEP) &2
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Sigma (St. Louis, MO, USAXEEE], caprylic acid, pelar-
gonic acid, capric acid, palmitic acid, stearic acid, o-
terpineol, ménthol, thymol, carvone, menthone, o-pinene,
d-limonene, 3-carene, ¥ 1,8-cineole2 Fluka (Buchs, Swi-
tzerlandAFERE FY319 3L, oleoyl macrogol-6 glycerides
(Labrafil®), caprylocaproyl macrogol-6 glycerides (Labrasol®),
propylene glycol monocaprylate (Capryol® 90), propylene
glycol monolaurate (PGML, Lauroglycol® 90), propylene
glycol monooleate (PGMO), diethylene glycol monoethyl
ether (Transcutol®)}2 Gattefosse (Gennevilliers Cedex, France)
A2 B¥, trethylamine, phosphoric acid, boric acid=
Yakuri Pure Chemicals Co. LtdAF=Z*-E, propylene glycol
(PG), sodium azide, acetic acidv= Junsei Chemical Co.
Ltd A2 ¥, acetonitrile® Riedel-deHaenA}ZFH, sodium
hydroxide® Kanto Chemical Co. Inc.ZH¥E] 5t om,
olgle] BE Ak EF 2 AdFS AN, 43
AHEE BE 592 Milli Q Millipore Co., U.S.A)l
18 MQ-cmZ EFAIA AR FFHTE A3l Az
o} 2 Ay AR HPLCE Hltachl/‘]' (Japan)?] A& A}
313t 2 9 71719} 722 A4 271 (Coming, USA),
sonicator (Branson, USA), aspirator (Eyela, Japan), Ll
4182 7] (Eppendorf 5415C, Germany), shaking water bath
(KMC-12055W1, Korea), peristaltic pump
(Watson-Mallow, UK., 8+ 7] (Retriver IV, USA),
multi-point magnetic stirrer (Variomag, USA), pH meter

Vision Co.,

(Orion Research Inc., USA), immersion circulator (Jeio
Tech Co. Lid., Korea) ¥ Franz diffusion cell 52 AR
=g

In vitro BU|&T A8

Ao A3t hairless mouse (SKH-1, USAy= 544
FEE (KoreaPlH T7YE 8~1057%<] §490=, oF
& ARG F3] AFo] Qe AR AT o hairless
mouseZ AT Wl &3p] 1% §lo] FolaL A ¥
RE "9zl %‘ AeAHRe 244 A AASIAL. o] FF-
2 2 BA A O7R -70°CeIM Basien A3 A
o slE3te] AMESIATH

29 hairless mouse FH-E AY el oA A4X3]
0|1 Franz diffusion cell®] donor compartment®l] stratum
corneum®] 33FA Bl receptor compartment AFo]el 71§
o TR ) FH0) SRFEE 2389 SmipH 10 buffer
Ipropylene glycol =50:50% v/v with or without enhancer)
£ 718 & Parafilm®American Can Co., New York,
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NY)S "o tj7]9} ke AlFTh pH 10 buffer/propylene
glycol = 50:50% vive pKagto] 9.58% ZF-H|E0] neutral
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Table I-Effect of Terpenes in 50/50 Buffer(pH 10)/PG Solvent
Mixtures on Clenbuterol Skin Permeation Parameters.
Concentration of Each Enhancer was 1.5% (w/v)

Lag time s K,x10°

Enhancer (ghr) (ug/em?/h) (cgfhr) ER
Control 264+087 096+0.10 0.21+0.08 1
o-Terpineol  1.341£0.73  7.19+1.02 129%0.14 6.14
Carveol 1.04+052 1842+£2.51 292+042 13.90
Menthol 1.22+0.55 1437+£230 2.05+£037 9.76
Thymol 148+0.85 8.04%+2.12 1.17+£025 557
Carvone 1.12£0.71  16.71+4.13 190+0.31 9.05
Menthone 0.87+£043 34531621 4951051 23.57
o.-Pinene 246+1.03 1.13+032 0.18+0.07 0.86
d-Limonene 2.02%0.89 1.32+0.50 024£005 1.14
3-Carene 193093 4.07+072 0.62+006 295
1,8-Cineole 0.67+036 59.65+861 826%0.66 39.33

Values are the mean £ S.D. of three to four determinations at 37°C.
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Figure 2—Permeation profiles of clenbuterol from 50/50 buffer(pH
10)/PG mixtures with various enhancers. Concentration of each en-
hancer was 1.5% (w/v). Symbols represent the average of data
(0=3~4).
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Table II-Effect of Nonionic Surfactants in 50/50 Buffer(pH 10)/
PG Solvent Mixtures on Clenbuterol Skin Permeation
Parameters. Concentration of Each Enhancer was 1.5% (w/v)

Lag time I K. x10°
Enhancer (ghr) (ug/om?/hr) (cl;n/hr) ER
Control 2.64£0.87 0.96+0.10 0.21 £0.08 1
Span20 248%+0.74 1.32+0.30 0.28 +£0.07 1.32
Span80 2.03+0.78 1.41%0.23 0.3010.05 1.43
Span 85 2.19+0.65 1581041 0.38£0.09 1.82
Brij30 1.871052 1971035 0.43 £ 0.06 2.05
Brij 92 1.73+£046 2.1210.31 0.49£0.07 2.31
Brij97 2241049 1511025 0.28 £0.03 1.32
Tween20 3.11+1.02 1.25%£0.20 0.20 £ 0.04 0.93
Tween 65 1451041 2.61£0.29 0.52+0.05 247
Tween 80 2.09%+095 1.66+0.14 0.29+£0.08 1.48

Values are the mean + S.D. of three to four determinations at 37°C .
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Figure 3—Permeation profiles of clenbuterol from 50/50 buffer(pH
10)/PG mixtures with various enhancers. Concentration of each en-
hancer was 1.5% (w/v). Symbols represent the average of data
(0=3~4).
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Figure 4—Permeation profiles of clenbuterol from 50/50 buffer(pH
10YPG mixtures with various enhancers. Concentration of each en-
hancer was 1.5% (w/v). Symbols represent the average of data
(n=3~4).

Table III-Effect of Pyrrolidones in 50/50 Buffer(pH 10)/PG Solvent Mixtures on Clenbuterol Skin Permeation Parameters.

Concentration of Each Enhancer was 1.5% (w/v)

Enhancer Lag time (hr) I, (ng/em?/hr) K, x10° (cm/hr) ER

Control 2.64 £0.87 0.96£0.10 021 +£0.08 1
N-Lauryl-2-pyrrolidone 1.91£0.52 4.43+047 095+0.14 4.51
N-Methyl-2-pyrrolidone 2251061 1.39+0.09 0.30£0.08 1.43
N-Ethyl-2-pyrrolidone 2.12+£0.92 1.82+0.24 0.40 £ 0.09 1.90
2-Pyrrolidone-5-carboxylic acid 283+ 1.12 120+ 0.18 0.2410.12 1.14

Values are the mean + S.D. of three to four determinations at 37°C.
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Table IV-Effect of Fatty Acids in 50/50 Buffer(pH 10)/PG Solvent Mixtures on Clenbuterol Skin Permeation Parameters.

Concentration of Each Enhancer was 1.5% (w/v)

Enhancer Lag time (hr) J; (ug/cm*/hr) K,x10° (cm/hr) ER
Control 2.64+0.87 0.96 £0.10 0.21+0.08 1
Caproic acid(6) 221+0.83 243£0.31 0.53%0.11 2.53
Enanthic acid(7) 2.19+£0.76 3.33+0.42 0.73£0.13 3.47
Caprylic acid(8) 1.63 £0.58 6.08 £0.54 1.33+0.20 6.33
Pelargonic acid(9) 1.97+047 5.00+0.43 1.09£0.18 5.21
Capric acid(10) 0.85+0.45 15.85+1.39 3.47+0.25 16.51
Lauric acid(12) 0.521£0.21 36.07+3.14 7.89£0.63 37.57
Myristic acid(14) 2.24+0.90 3.79+0.28 0.83+0.16 3.95
Palmitic acid(16) 2.56+1.03 3.17£0.23 0.69£0.10 33
Stearic acid(18) 1.82+0.72 434+0.40 0.95+0.21 452
Oleic acid(18,1) 0.72£0.38 21.72 £3.01 4.75 +0.53 22.62
Linoleic acid(18,2) 0.85£0.33 18.82 £ 1.54 3.92+0.34 19.60
Linolenic acid(18,3) 1.02+048 16.75+2.21 3.66 £ 0.40 17.45

Values are the mean + S.D. of three to four determinations at 37°C.
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Figure 5—Permeation profiles of clenbuterol from 50/50 buffer(pH
10)/PG mixtures with various enhancers. Concentration of each en-
hancer was 1.5% (w/v). Symbols represent the average of data
(0=3~4).
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Table V-Effect of Specialized Oils and Solubilizers in 50/50
Buffer(pH 10)/PG Solvent Mixtures on Clenbuterol Skin
Permeation Parameters. Concentration of Each Enhancer was
1.5% (W)

: 3
Enhancer La(ghtrx)m € (g /c{;lz hr) é:/l}g) ER
Control 2641087 096%0.10 0211008 1
Labrafil 1.37£031 891£0.67 1941023 9.24
Labrasol 202+£044 2.10£0.15 0451009 2.14
Capryol 90 1.87+048 263%0.12 057+£0.11 271
Lauroglycol FCC 2.73+0.74 0.89£0.08 0.19£0.10 0.90
PGMO 243+£0.54 149+0.13 0321008 1.52
Transcutol 1.68+£0.63 3.01+024 064+£0.16 3.05

Values are the mean + S.D. of three to four determinations at 37°C.
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Figure 6—Permeation profiles of clenbuterol from 50/50 buffer(pH
10)/PG mixtures with various enhancers. Concentration of each en-

hancer was 1.5% (w/v). Symbols represent the average of data
(n=3~4).
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