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Are There Any Specific Enhancers to Increase Skin Permeation of Only
Lipophilic or Hydrophilic Drugs ? : Studies Using Several Enhancers
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The purpose of this study is to determine a specific enhancer to increase the skin
permeation of only lipophilic or hydrophilic drugs. Seven kinds of enhancers were evaluat-
ed about the specificity or selectivity of their skin permeation-enhancing effects by an in
vitro permeation study using 2-chamber diffusion cells and excised hairless rat skin.
Isosorbide dinitrate and antipyrine were used as models for typical lipophilic and hydro-
philic drugs. The enhancement factors were calculated by dividing the obtained steady-
state flux of the drugs with each enhancer by that without enhancer (control), and the
specificity of the enhancers was evaluated using these factors. As a result, the effect of each
enhancer was greatly related to the lipophilicity of the drugs. The enhancers were
therefore divided by the values of the factors into type 1 enhancers, which specially
increased the skin permeation of the lipophilic drug isosorbide dinitrate such as lauric acid
and lauryl alcohol ; type 2 enhancers, which promoted the permeation of the hydrophilic
drug antipyrine such as e-terpineol, /-menthol and N-methyl-2-pyrrolidone ; and type 3
enhancers, which enhanced the permeation of both drugs such as isopropyl myristate and
Azone®. The difference in the specificity in the enhancing effects might be the result of the
skin permeation-enhancing mechanism. The mechanism may be related to structural
properties of the enhancers rather than their physicochemical characteristics.

Keywords——skin permeation ; permeation enhancer ; enhancement factor ;selectivity
of skin-permeation enhancing effect
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TagLE I. Molecular Structures and Physicochemical Properties of Drugs Used
in This Experiment

Structure Molecular weight K@
QNoO,
Isosorbide dinitrate 0
sorbi initr _
(ISDN) 236.1 15.8
(0]
ONO,
GH, CH,
Antipyrine ]
(ANP) QN 188.2 0.20
o]

@) Partition coefficient between octanol and water.
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TaBLE II. Molecular Structures and Physicochemical Properties of Skin Permeation Enhancers Used
in This Experiment

Enhancer Structure Molecular weight Solubility parameter?®?®
Hy
a-Terpineol HC —CH, 172.3 8.08
H3
. /CH; 970, 8.54
Isopropyl myristate CH,(CH,),,CO0CH 0.5
\CH,
OH
I-Menthol i“ 156.3 9.22
H,C —CH,
H,
Lauric acid CH,(CH,),,COOH 200.3 9.35
Lauryl alcohol CH;(CH,),,CH,0H 186.3 9.37
0
Azone® G‘—(CH;)“CH, 281.5 9.55

(o]

N-methyl pyrrolidone 1 N—CH, 99.1 11.50

4. FYOREERERO

BEATVATy b (781 EREEEEERY MV ES =) b)Y LREYF (50 mg/kgi.p.) 18
U7, B LUEEED 60 U 37°C IR - L BHEER 0.95 cm? © 2 F v > —BEE L VI ik
SAE, Fr— (AER) Bl ricEY % 1.0mg/ml (0.1%) B2, EEXF% 30 mg/ml (3.0%) #*
B, AEL LLRBES Y ABE2.5ml #EALL., vy—y— (AERB) Blericiz 1/15m R
) RSB 2.5 ml 2N RB TG L. BENC LYYy — N~ o —EBOY Y INVEBEEFERL,
FOHERBOBEREZMZACER 2 —ETR o7z, LUV A hOEYE 2 HIE UEEIREE RE
B (Flux) *EHUL, £/, Iof2HEVWTIY -t 2 BEBRI{ERESE (Enhancement Fac-
tor: EF) Z&EH U7,

5. X g

WAL 7 AR AW TERRGE Y o~ b5 7EE (L7000, HIZ, Hx) 2AWCERLLS,

g Rt £ B
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FREREROBEHR LT, MEYOKEBEAREORTY (~2BMDT 754 L0B—EDEREE
ERLIEDT, ~0BHOF—F 2BV TERRE Flux 28 L7, Fig 2 W20ERE2RT., 48,
M DEMAOMEIZ 7 > b o — VBN T 2 REEFEAROEEREEY Flux H (EFow) Th 3,
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3 #| % Vol.58, No.1 (1998) 13

150

80

ISDN ANP

Pp i —
% E 601t
2 100 ¢+ g
E E
[ -
g g ot
s 5
; 50 o
a8 & 2
z <

0 0

Fig.1. Permeation Profiles of ISDN and ANP from Enhancer Aqueous Systems through
Hairless Rat Skin
a) ISDN. b) ANP. @, a-terpineol; O, isopropyl myristate ;" &, [ -menthol; A,
lauric acid ; M, laury! alcohol; [J, Azone®; ¥, N-methyl pyrrolidone; ¥V, control.
Each value represents the mean+S. E. of 3 experiments.
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Fig. 2. Steady-State Permeation Flux of ISDN and ANP from Aqueous Water Systems
through Hairless Rat Skin
Each value represents the mean=S. E. of 3 experiments.
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O, AEBREOTREM LAY, BB, EREEN, BEESIRVRERAOEBRSOAEEBRE~D



14 # | % Vol.58, No.1 (1998)

TasLE III. Classification of Enhancers by Selectivity of Skin Permeation-
Enhancing Effect

Type EF ixe/EF 508 Permeation Enhancer EF ane/EF son
Type 1 EF ane/EF15p: <0.5 Lauric acid 0.15
Laury! alcohol 0.16
Type 2 2.0<EFnp/EF 1spx {-Menthol 6.64
a-Terpineol 5.09
N-methyl pyrrolidone 6.18
Type 3 0.5SEF \5o/EFspn=2.0 Azone® 0.97
Isopropy! myristate 1.46
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