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Utility and action mechanism of a multi-component lipophilic skin-penetration enhancer, L-lactic acid-ethanol-
isopropyl myristate (IPM) system (LEI system) were investigated. Silicone {luid, IPM, ethanol-IPM (EI) system,
and L-lactic acid-IPM (LI) system were used for comparison with the LEI system. Rank order of the permeation
of a model compound, ketotifen (KT) through excised hairless rat skin was silicone fluid < IPM < LI system
<< EI system < LEI system. Addition of ethanol in the lipophilic vehicles markedly increased the permeation
of I-lactic acid as well as KF. Enormous effect by I[PM on the ethanol permeation was found from an skin
permeation experiment where the systems were applied on the dermis surface (not the stratum corneum
surface). These results suggest that the penetration-enhancing effect of the LEI system is complicatedly
related to the effects by each component in the system. The KT permeation through two artificial membranes,
silicone membrane and porous polypropylene membrane was then measured for further understanding the
mechanism of the LEI system. Although both membrane permeations were increased by ethanol, the ethanol
effect on the polypropylene membrane permeation was much greater than the silicone one. Addition of L-
lactic acid promoted the KT permeation through the polypropylene membrane. These results using artificial
membranes suggest that the LEI system acts on the lipophilic domain in the skin barrier and that the solvent
drag of KT by ethanol is one of the enhancement mechanism by the LEI system. The skin permeation
experiments were finally done using nine drugs. This data pointed out that ethanol increased the skin
permeation of ethanol-soluble drugs and that the addition of L-lactic acid was useful to increase basic drugs
containing amino groups but acidic drugs containing carboxyl groups.
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Table 1

KT solubility in various vehicle system, and
flux and lag time of KT through hairless rat skin
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vehicle solubility (mg/mL) flux (pug/lcm?m) lag time (h)
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Table 2 Ethanol and L-lactic acid fluxes through

hairless rat skin from various vehicle system
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Table 3 Physicochemical properties of drugs

pKa S.P. M.W. solubility (mg/mL)

(acid / base) (cal/cm®)” silicone fluid IPM El system LEIl system
Ibuprofen 5.20 10.22 206.27 2.56 172.59 301.95 274.41
(1,1P) acid
Aminopyrine 5.00 10.86 231.29 2.36 24.03 52.96 136.83
(2, AMP) base
Antipyrine 1.50 11.27 188.23 0.31 7.35 43.72 44.23
(3, ANP) base
Ketotifen fumarate 6.05 11.89 425.50 0.01 0.10 0.86 2.23
(4, KT :Ketotifen) base
Ethyl paraben 8.4 12.82 166.17 0.05 28.70 134.58 137.38
(5, EP) acid
Diclofenac sodium 4.00 12.93 318.13 0.02 0.06 1.03 0.618
(6, DC :Diclofenac) acid
Indomethacin 4.50 13.03 357.81 0.02 2.47 15.24 17.36
(7. IDM) acid
Isosorbide dinitrate - 13.09 236.14 1.31 23.67 26.22 24.17
(8, ISDN)
Methylparaben 8.4 13.31 152.14 0.04 38.64 103.22 100.86
(9. MP) acid ketotifen

S.P.: solubility perameter, M.W.: molecular weight
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