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For the rational design of formulation of substances which affect physiological func—
tion of skin, it is important to establish analytical methods for their percutanous absorp—
tion. A physiological skin diffusion model considering the first stratum corneum layer
with polar and nonpolar routes and the second viable epidermis plus dermis layer com—
bined with blood vessel compartment was constructed, and the corresponding Laplace
transformed equations for percutaneous penetration in the finite dose system were de—
rived from the Fick’s diffusion law. By employing the numerical inversion of these im—
age equations to the real time course by the fast inverse Laplace transform (FILT)algo—
rithm, percutaneous penetration of drugs was theoretically discussed in connection with
their lipophilicities. In addition, the mechanisms of action of penetration enhancer,
which has been the most promising in the methodology for the enhancement of percuta—
neous absorption of impermeable drugs, were analyzed. Based on these analytical re—
sults, the fundamental directions for the use of an enhancer in formulations of various
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drugs was systematized.
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Fig.1 Physiological Skin Diffusion Model
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cumulating in Skin at 24 hr after the Start
of Diffusion as a Function of Partition Co—
efficient between n—0ctanol and Water
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Fig.3 Effect of Each Parameter on Penetration Ratio(A) and Drug Amount in Skin(B) at 24 hr against
Logarithm of Partition Coefficient between n—Octanol and water
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Fig.b Percutaneous Penetration of MT(A), ARA-C(B), AC(C), 5—FU(D), 6—MP(E), HC(F), and BP
(G) through Intact Guinea Pig Skin Preloaded with Ethanolic Solution of Different Doses of GACH
or through Tape—Stripped Skin

Table1l Amounts of Drugs Recovered at the End of 24 hr Diffusion Experiment with Different Doses of

GACH
Drug Preloading dose Recovery (%) Drug Preloading dose Recovery (%)
of GACH (pmol) of GACH (nmol)
Donor Skin Receptor Total Donor Skin Receptor Total
MT 0 95.7210.26 1.0680.16  0.53#0.04  97.3010.13 6-MP 0 91.2413.86  6.6912.07  2.9641.63 100.8843.66
3.2 93.3041.67 1.7310.11 0.6010.12  95.6411.64 3.2 84.2143.99 11.43#3.14  5.0341.27 100.6541.90
6.4 93.1410.77 1.9940.64 1.4410.16 96.6610.62 6.4 77.6126.72 16.3636.21  8.6412.36 101.4912.46
12.7 93.2410.86  1.8310.37  0.9810.04  96.060.93 12.7 63.7916.08 17.3217.23 17.0643.46  98.1614.68
25.6 92.7844.67  2.3910.16 1.8611.35 97.0313.39 26.5 34.8213.92 23.6749.04 47.2746.31 106.7542.22
61.0 71.06¢12.67  6.3811.91 6.16¢1.76  83.60£13.10 51.0 37.0444.59 16.3541.60 42.6316.54  95.9210.92
stripping 27.62¢13.86  4.60:2.46 62.35810.44 84.4748.70 stripping 23.8848.38 - 8.2744.78 56.5611.73  88.7142.95
ara-C 0 92.6740.69  2.69t1.02  0.9110.13  96.3741.49 H 0 66.2747.44 24.2535.07  4.3112.85  94.8313.37
3.2 90.1443.44  2.8120.60  1.65¢0.80  94.60£2.25 3.2 50.6244.38  30.4643.74 11.6411.03  92.7213.01
6.4 91.13¢2.77  3.8110.68  1.9610.66  96.9112.93 6.4 45.1846.97  34.1035.91 16.4912.50  94.77:2.40
12.7 90.6212.22 6.47t2.14  2.87:0.74  98.8610.76 12.7 49.9844.09 32.2315.16 12.4330.75  94.6312.96
26.6 86.8113.07  4.9310.64  4.60:0.66  96.3412.71 25.5 41.9245.44  47.2542.88 11.9414.06 101.1041.49
51.0 71.35¢1.44  10.5041.77 14.664¢1.98  96.5112.19 61.0 32.7817.18  67.16%11.59 10.24#1.60 100.1815.90
stripping 33.84110.38  7.35#3.82 50.35¢14.26  91.5641.37 stripping 23.5414.18 13.2241.24 48.8210.95 85.5744.06
AC 0 96.1710.83 3.2710.14 1.1910.31  100.6210.66 BP 0 8.10¢1.33 29.9043.56  7.99t1.72  46.9911.12
3.2 92.2240.73  4.34$2.39  1.22:0.31  97.7941.97 3.2 9.62¢1,02 66.8413.28  4.2311.64  69.5942.28
6.4 96.1814.62 6.0110.49  1.6110.40 102.7914.88 6.4 8.5910.84 66.2916.38  2.6640.79  76.4316.44
12.7 92.3746.14 6.2810.48 1.4940.36  100.1314.86 12.7 8.4140.63  68.4814.14 1.2110.62  78.0943.66
25.5 85.10:t1.79  8.1741.92  8.24+2.76  101.50%2.00 25.5 12.23t1.72  76.39412.17 1.2110.06  88.83113.78
51.0 66.23110.64 15.8813.83 16.8916.16  99.0122.21 61.0 10.33£2.33  79.6613.18 0 89.9910.78
stripping 41.01412.17 10.9140.97 39.73413.74  91.6611.37 stripping 6.3911.92 33.7249.16 12.76#3.81  61.8716.48
6-FU 0 97.6642.71 3.0941.01 2.0911.60 102.8411.68
3.2 77.95¢1.04  6.8413.72  6.99:2.80  91.7910.97
6.4 74.8612.65  7.5310.52 13.6542.60  96.0411.35
12.7 57.3116.53  10.03t1.81 28.074¢6.80  956.4110.86
25.5 45.72¢4.94  9.65¢1.86 44.9846.77  100.2441.24
61.0 24.98¢4.04  4.7640.78 60.9047.13  90.6314.41
stripping 4.7743.16 2.1410.79 89.3843.82  95.7610.54

The recoveries at 24.hr are expressed as meantS.D.
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Diffusion and Partition Parameters in Each Domain at the Pretreatment with Different Doses of

Polar route  Nonpolar route Viable tissue

Drug  Preloading dose

Drug

Polar route Nonpolar route Viable tissue

Preloading dose

of GACH Gmol) D' Ry D' Ky 0 of GACH (mol) D) K D' Ky Dy K
Gl 1obend) (arl) (end) () () Gl @olen®) el (@® ) ()
MT 0 39.9 7.21 Co - 0.0812 0.693  6-MP 0 39.9 7.21 6.12 0.000146  0.0596 1.04
3.2 49.5 6.99 - - 0.0812  0.693 3.2 49.5 6.99 0.000601 0.0596  1.04
6.4 42.1 19.6 - - 0.0812 0.693 6.4 12.1 19.6 3. 0.00123  0.0696 1.04
12.1 41.8 13.0 - — 0.0812 0.693 13:% 11.8 13.0 2.26 0.00604 0.0696 1.04
26.6 49.6 22.8 - —- 0.0812 0.693 26.6 49.6 22.3 1 0.0469 0.0696 1.04
61.0 48.6 90.4 s 0.0812 0.693 61.0 48.5 90.4 3.16 0.0270 0.0696 1.04
stripping M il et === 0.0812 0.693 stripping --- - == - 0.0596 1.04
ARA-C 0 39.9 7.21 3.62 0.000102 0.0606 0.763 HC 0 39.9 7.21 3.16 0.00187 0.0276 3.19
3.2 49.5 6.99 3.63 0.000206 0.0606 0.763 3.2 49.6 6.99 3.26 0.00600  0.0276 3.19
6.4 42.1 19.6 2.94 0.000166 0.0606 0.763 6.4 42.1 19.6 3.68 6.76 0.0276 3.19
12.1 41.8 13.0 4.87 0.000280 0.0606 0.763 12.1 41.8 13.0 1.27 9.02 0.0276 3.19
26.6 49.6 22.3 6.66 0.000376 0.0606 0.763 26.6 49.6 22.3 0.408 10.6 0.0276 3.19
61.0 48.6 90.4 1.93 0.00393 0.0606 0.763 51.0 48.6 90.4 0.468 12.9 0.0276 3.19
stripping == - - - 0.0606 0.763 stripping -— -—- - s 0.0276 3.19
AC 0 39.9 7.21 5.19 0.0000910 0.0666 0.6656 BP 0 39.9 7.27 0.191 0.238 0.0666 0.279
3.2 49.6 6.99 1.34 0.000296 0.05666 0.666 3.2 49.6 6.99 0.0580 2.86 0.0666 0.279
6.4 42.1 19.6 1.08 0.0000766 0.0865 0.665 6.4 42.1 19.6 0.0498 6.68 0.0566 0.279
12.7 41.8 13.0 2.38 0.000164 0.0665 0.566 12.7 4.8 13.0 0.0276 13.0 0.0866 0.279
26.5 49.6 22.3 1.66  0.00346 0.0665 0.565 26.6 49.6 22.3 0.0602 19.8 0.0666 0.279
61.0 48.6 90.4 2.39 0.00460 0.0666 0.666 stripping -— -— L] = 0.0666 0.279
stripping - o -—— -— 0.0666 0.565
6-FU 0 39.9 7.27 4.4 0.000183 0.0860 1.80
3.2 49.5 6.99 4.30 0.000896 0.0860 1.80
6.4 42.1 19.6 5.60 0.00136 0.0860 1.80
12.7 41.8 13.0 6.26 0.00362 0.0860 1.80
26.6 49.6 22.3 6.88 0.00774 0.0860 1.80
§1.0 48.5 90.4 6.78 0.0178 0.0860 1.80
stripping - -— -— -—- 0.0860 1.80
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Fig.7 Relationship between solubility Parame—
ters of Drugs and Logarithms of Partition
Coefficients between Nonpolar Route and
Vehicle Devided by their Molar Volume
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