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Summary 

The Laplace transformed equations for the time courses of drug concentration in the skin and net absorption were derived from 

Fick’s diffusion law assuming a two-layer skin model. Based on these equations, a new method for estimating drug concentration in 

the skin directly from the absorption profile was developed by the use of a fast inverse Laplace transform (FILT) algorithm. The 

absorption profiles of topically administered acyclovir in rats obtained through deconvolution of urinary excretion time courses 

against i.v. injection data were analyzed according to this method. The amount of acyclovir excreted into urine was only 0.42% of 

the applied dose at 8 h after topical application with polyethylene glycol ointment, suggesting low skin permeability, while most of 

acyclovir injected intravenously was excreted within 4 h. However, the analysis revealed that a considerable level (57 pg/cm”) 

higher than the minimum inhibitory concentration (MIC) was maintained in the viable tissue under the steady-state conditions. 

Introduction 

In general, the in vivo evaluation of transder- 
ma1 drug delivery is carried out by monitoring the 
plasma concentration or urinary excretion of drug 
after topical application. However, the drug con- 
centration in the skin which determines the topi- 
cal therapeutic and side effects of an applied 
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drug is not easy to estimate from these experi- 
ments. Drug molecules applied to the skin sur- 
face passively diffuse into the deeper area and 
finally are washed away by the blood microcircu- 
lation, forming a concentration gradient in the 
skin during the course of these processes. There- 
fore, the rate of absorption of drug is intimately 
related with its concentration gradient in the 
skin. Tojo et al. (1989) experimentally determined 
a concentration profile of drug in the stratum 
corneum and predicted in vivo steady-state flux 
based on transient diffusion theory. However, it is 
also important to estimate drug concentration in 
viable tissues located in succession to the stratum 
corneum for predicting therapeutic efficacy of 
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topically applied drugs. In order to achieve this 
purpose, the absorption profile must be compre- 
hensively analyzed based on a general skin model 
constructed to cover the total process of drug 
absorption after topical application. 

We have developed an analytical method for 
the in vitro skin penetration of drugs based on 
diffusion models in which the skin was considered 
to comprise a single layer (Hashida et al., 1988), 
two homogeneous layers (Okamoto et al., 1989), 
and two layers with polar and nonpolar routes in 
the first stratum corneum (Yamashita et al., 1990). 
The above approaches allow us to discuss the 
relationship between drug concentration in the 
skin and penetration. In the present article, we 
describe a method for estimating the drug con- 
centration in the skin from the data on urinary 
excretion following topical administration, on the 
basis of a two-layer skin model. Acyclovir, which 
would be expected to show therapeutic efficacy 
against cutaneous herpes simplex virus infection 
(Schaeffer et al., 19781, was selected as the model 
drug and was administered to rats as an oint- 
ment, its skin concentration being estimated us- 
ing this method. 

Experimental 

Materials 
Acyclovir was kindly supplied by Nippon Well- 

come K. K. (Osaka, Japan). Radiolabeled [“Hl- 
acyclovir was obtained from Daiichi Pure Chemi- 
cals Co. Ltd (Tokyo, Japan). Unlabeled and 
[ 3H]acyclovir were dissolved in methanol-water 
(7 : 3) solution and recrystallized under reduced 
pressure to give a final specific activity of 18.5 
MBq/g. The acyclovir ointment was prepared by 
suspending recrystallized [ 3H]acyclovir in poly- 
ethylene glycol base at a concentration of 5% 
w/w. For intravenous administration, 0.9% w/v 
NaCl solution dissolving 0.0185 MBq/ml i3Hl 
acyclovir and 0.45 mg/ml unlabeled acyclovir was 
prepared. 

In vivo percutaneous absorption experiment 
The abdominal hair of a male Wistar rat 

weighing about 200 g was carefully dipped. After 

24 h, urethane was intraperitoneally administered 
to the rat at a dose of 1 g/kg to induce continu- 
ous anesthesia during the experiment and the 
urinary bladder was cannulated with vinyl tubing 
6.d. 0.50 mm, o.d. 0.90 mm, Dural Plastics & 
Engineering, Dural, Australia). After the surface 
had been wiped with wet paper, 50 mg of the 
ointment was rubbed onto the abdominal surface 
with the help of a thin acrylic plate having a 3.14 
cm’ hole and urine samples were periodically 
collected for 8 h. Before each sampling time, the 
urinary bladder was washed twice with 0.2 ml of 
0.9% w/v NaCl solutions through the tubing 
(Nishida et al., 1991). At the end of the experi- 
ment, the site of the skin exposed to the ointment 
was excised and its surface was washed with about 
30 ml of water. The radioactivities in the urine, 
skin samples and washings were measured using a 
liquid scintillation counter (LSC-5000, Beckman, 
Tokyo, Japan). Tape-stripping was repeated 15 
times until the skin surface glittered and then the 
ointment was applied in the same way. 

Intravenous administration experiment 
Under urethane anesthesia, the bladder was 

cannulated and 0.2 ml of the acyclovir solution 
was rapidly injected into the femoral vein. Using 
the pharmacokinetic parameters for i.v. injection, 
the urinary excretion profiles of acyclovir after 
topical application of acyclovir were deconvo- 
luted according to the method of Kiwada et al. 
(1977). 

Data analysis 
The skin was assumed to be composed of the 

stratum corneum and the lower layer. Fick’s sec- 
ond law of diffusion was expressed according to 
the following equations for the stratum corneum 
and the lower viable epidermis and dermis layer, 
respectively: 

aC,/& = DS(~2C,,‘~x2) (1) 

K,/& = D,(J*C,/h*) (4 

where C, and C, are the drug concentrations in 
the stratum corneum and the lower layer, respec- 
tively, and x denotes distance. A penetrant dis- 
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tributes from the vehicle to the surface of stratum 
corneum with a partition coefficient of K, and 
diffuses in the stratum corneum with a diffusion 
coefficient of r>,. At the boundary between the 
stratum corneum and the lower layer, the pene- 
trant distributes itself between them according to 
a partition coefficient of K,/K,, in which K, 
expresses the partition coefficient of a penetrant 
between the vehicle and the lower layer, and 
diffuses in the lower layer with a diffusion coeffi- 
cient of Dd. Assuming that the drug concentra- 
tion on the skin surface is constant (C,,; infinite 
dosing) and that at the edge of the lower layer 
contact with the blood flow is zero (sink condi- 
tion), the boundary conditions are as follows: 

K,C, = C, (x= -L,) (3) 

( G/K, )C, = C, (4) 
D (K/ax) = D (X /ax) 

C:,=o‘ 

d d :” r :: 

jLdj 

(5) 

(6) 

and the initial conditions are given by: 

c,=c,=o (t=O) (7) 

These differential equations were solved by 
means of the LapIace transform (Crank, 1975). 
According to this model, the Laplace-trans- 
formed equations for the drug concentration in 
both layers in the intact skin (C,,,(x) and 
C,,,(x)> and the amount of drug absorbed into 
the systemic circulation (Qi,t> are expressed, re- 
spectively, as; 

= K,C,{ K, D,V,d, sinh d, cash d,( x/L,) 

- KdDdY,d, cash d, sinh d,( x/L,)j/s/k(s) 

Cd,int( x ) 

= K~Kd~d~ddc~ sinh d,(l -X/&)}/S/k(S) 

(9) 

Qi,, = K,K D D VV d d C d s dsd s d 0 /.?/k(s) (10) 

where s is the Laplace operator with respect to 
time, V denotes the volume of each layer, and; 

d, = L,( s/D..,) ‘I2 (11) 

d, = I;,( S/Dd)“2 (12) 

k(s) = K,Z),V,d, sinh d, cash d, 

+ KdDdVddd cash d, sinh d, (13) 

On the other hand, by assuming the tape- 
stripped skin as a homogeneous plane membrane; 
the Laplace-transformed equations for drug con- 
centration in the lower viable tissues (C,,&r)) 
and amount of drug absorbed (Qstr) are derived 
as follows: 

Cd,str( X) = K,C, sinhd,( 1 - X/Ld)/S/Sinhdd 

(14) 

Qstr = K,D,l/,ddC,,/S2/Sinhdd 

When the unknown parameters are defined as 

P, = DJLf (16) 

P, = DJLfj (17) 

P4 = K, DdVdCo/L; (191 

Eqns 8-15 can be rearranged as follows: 

cs.i*t(x) 

= pdp,/~. {6/d, ’ sinhd, cash d,( x/L,) 

- P,/d, * cash d, sinh d,( x/L,)}/s/k’(s) 

(20) 

*sinh d,(l -x/L,)/s/k’(s) (21) 
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Qint =P3 .f’d/s2/k’(s) 

d, = ( s/py2 

d, = ( s,/p2p2 

k’(s) = P,/d, * sinh d, cash d, 

+ P,/d, . cash d, sinh d, 

Cd.&) =P,/f’,/I/,.sinh &Cl -x/b) 

/s/sinh d, 

Q,,, = P4/P2 * d,/s2/sinh d, 

(22) 

(23) 

(24) 

(25) 

(26) 

(27) 

Thus, drug concentration in the skin can be di- 
rectly estimated using hybrid parameters (P, -P4) 
obtained from the analysis of penetration profiles 
without the determined absolute value of C,. 

On the other hand, the urinary excretion rate 
of drug after topical application (dX,/dt) can be 
expressed as follows by convolution of the ab- 
sorption and excretion rates after intravenous 
administration ((dX,/dt)i,P through Laplace 
transforms: 

J(dX,/dt) =_&(dQ/dt) *_&‘((dX,,/dt),} 

(28) 

If the urinary excretion rate after intravenous 
administration is assumed to be expressed by a 
two-exponential function (A . e-O’ + B . epht), the 
cumulative amount of drug excreted into urine 
after topical application is expressed from Eqns 
22 or 27 and 28 as follows: 

Xu,int =P, * P4/S2/k’(S) 

.{A/(s+a) +B/(s+b)} 

X,,s,, = P4/P2. d,/s2/sinh d, 

(29 

.{A/(s +a) +B/(s +b)} (30) 

In this study, the parameters P,-P4 were calcu- 
lated by fitting Eqns. 29 and 30 to the corre- 
sponding data using a nonlinear regression pro- 
gram combined with the FILT algorithm 

(MULTRFILT)) as reported previously (Okamoto 
et al., 1989; Yano et al., 1989). 

Results 

In order to determine the pharmacokinetic 
parameters for in vivo disposition of [3H]acyclo- 
vir, the i.v. injection experiment was performed 
and the urinary excretion rate vs time profile 
obtained is shown in Fig. 1. Radioactivities were 
rapidly excreted in urine and the amount recov- 
ered in urine until 4 h was 88% of the injected 
dose. The excretion rate profile is expressed as 
follows: 

dX,/dt = I&j. e-2.hl.t + 17.4. ,-1).fh6.t 
(31) 

where dX,/dt expresses the urinary excretion 
rate of radioactivities after i.v. administration of 
[3H]acyclovir (% of dose/h). The i.v. administra- 
tion of 5-fold and one-fifth dose of acyclovir (450 
and 18 pg) gave almost equal excretion patterns 
suggesting that the in vivo disposition of acyclovir 
is linear (data not shown). The amount of ra- 
dioactivities excreted in the form of metabolites 
was also confirmed to be negligible. 

Fig. 2 shows the cumulative urinary excretion 
(A) and absorption profile obtained by deconvo- 
lution (B) of [3H]acyclovir through intact and 

Time (hr) 

Fig. 1. The urinary excretion profile of [‘Hlacyclovir injected 
into the femoral vein of rat. Each point represents the mean 

k SD. of three experiments. 
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Fig. 2. The urinary excretion (A) and calculated absorption profile by deconvolution (B) of [“Hlacyclovir administered with 

polyethylene glycol ointment to intact (0) and tape-stripped (0) rat skin. Each point represents the mean f S.D. of three 
experiments. 

tape-stripped rat skin. The plasma concentration 
of 3H radioactivity absorbed through intact skin 
was below the limit of detection. Table 1 summa- 
rizes the amounts of [3H]acyclovir recovered in 
the ointment, skin, and urine at the end of in vivo 
absorption experiment. In intact skin, the amount 
of [3H]acyclovir excreted in urine until 8 h was 
0.42% of the applied dose. By removing the stra- 
tum corneum, the extent of excretion increased 
dramatically to 58% of the dose until 8 h. The 
cumulative amount of [ 3 Hlacyclovir excreted into 
urine increased linearly until 6 h after application 
in the intact skin and until 3 h in the tape-stripped 
skin. Therefore, the data within these time peri- 
ods including the lag phase were used for data 
analyses. 

Table 2 summarizes the penetration parame- 
ters obtained via the present analysis and Fig. 3 

TABLE 1 

Amounts of [3H]acyclouir recovered at the end of 8 h in the 
rioo absorption experiment a, b 

Condition 

Intact 

Stripped 

Amount recovered (wg) 

Ointment Skin Urine 

2660+750 35.1+ 8.3 10.5+ 8.06 

(1.96) 
655* 91 88.8 f 17.7 1450 k92.3 

(340 

a The experimental data represent means f S.D. 

’ Values in parentheses were calculated using the parameters 
summarized in Table 2. 

TABLE 2 

Parameters for in uiuo skin permeation of [3H]acyclouir ob- 
tained by the analysis of the urinary excretion profiles 

D/L2 KDVC,, / L= 
(h-l) (pg/h) 

Stratum corneum 6.97 + 1.05 2.08k 0.25 

Viable tissue 0.571 + 0.102 390 +12 

Parameters are expressed as mean *computer calculated S.D. 

Stratum i Viable Epidermis 
Corneum : and Dermis 

W 

-10 0 20 40 50 30 100 

Position (pm) 

Fig. 3. Simulation of concentration gradient profiles of acy- 

clovir in the skin at different time periods. Each curve was 

calculated using the parameters summarized in Table 1 as- 

suming the thickness of the stratum corneum and the lower 
layer to be 10 ahd 100 pm, respectively. 
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Fig. 4. Simulation of time courses of the mean concentration 

of acyclovir in the stratum corneum and the lower viable 

tissues. Each curve was calculated using the parameters snm- 

marized in Table 1 assuming the thickness of the stratum 

corneum and the lower layer to be IO and 100 ,um, respec 

tively. 

illustrates the estimated time course of acyclovir 
concentration in the intact skin simulated using 
these parameters. For estimating the real concen- 
tration, the thicknesses of the stratum corneum 
and the underlying viable epidermis and dermis 
layer are assumed to be 10 and 100 Frn, respec- 
tively. The concentration gradient of acyclovir in 
the stratum corneum is much steeper than that in 
the viable tissue. The time course of mean con- 
centration of acyclovir in each layer at steady 
state was also calculated by integration of the 
drug concentration (Fig, 4). The estimated 
amount of acyclovir in each layer under steady- 
state conditions shown in Table 1 was lower than 
the experimental value in the intact skin, while 
the estimated value was greater in the tape- 
stripped skin. 

Discussion 

Topical drug absorption occurs by passive dif- 
fusion and therefore the drug concentration in 
the skin is intimately related to the absorption 
rate. This enables us to estimate drug concentra- 
tion directly from the diffusion and partition pa- 
rameters of a drug calculated from an absorption 
profiIe based on Fick’s second law (Hashida et 
al., 1988; Okamoto et al., 1989). In this approach, 
no information about the absolute drug concen- 
tration in the vehicle is necessary and thus the 

analysis can be applied even for complex drug 
delivery systems provided the concentration at 
the skin surface is maintained constant. By using 
the FILT algorithm, the real time course of drug 
concentration at each position in the skin can be 
predicted through curve fitting of a penetration 
profile. 

In the present analysis, the absorption process 
must be extracted from the plasma concentration 
or urinary excretion data after topical administra- 
tion of the drug. Deconvolution is useful for this 
purpose, but divergence of the results frequently 
occurs during the calculation and renders further 
analysis difficult. In order to minimize the error 
during numerical calculation, therefore, we have 
combined equations and fitting of the equations 
(Eqns 29 and 30) was performed directly to the 
urinary excretion data. 

In this study, topical administration of acy- 
clovir with polyethylene glycol ointment was ana- 
lyzed in which only the steady-state permeability 
had been already evaluated (Freeman et al., 1986). 

As shown in Fig. 2, penetration of acyclovir 
through the intact skin was very slow due to its 
high hydrophilicity. In this profile, the decrease 
in urinary excretion rate after 6 h should be due 
to the failure of renal function under long-term 
anesthesia, since infusion of a diuretic such as 
mannitol was not performed. Removal of the 
stratum corneum markedly enhanced the skin 
permeation of acyclovir and decreased the lag 
time, indicating that the stratum corneum acts as 
a major barrier for skin penetration of acyclovir, 
Because of this extremeIy rapid absorption, the 
penetration rate decreased at a relatively earlier 
stage where the infinite dosing condition was no 
longer obeyed. Since 26% of the applied dose of 
acyclovir remained even after 8 h of being sus- 
pended in ointment, the slow dissolution process 
is considered to lead to the decrease in acyclovir 
concentration in the vehicle. 

The steep concentration gradient in the stra- 
tum corneum shown in Fig. 3 was attributed to its 
strong diffusion resistance. In this simulation, the 
thicknesses of the stratum corneum and viable 
epidermis plus dermis layer were assumed to be 
10 and 100 pm. Although the thickness of the rat 
stratum corneum has been reported to be 13.8 
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pm (Bronaugh et al., 19831, the value varies de- 
pending on the methods of measurement 
(Bronaugh et al., 1982) and our histological ob- 
servation gave an approximate value of 10 pm. 

On the other hand, the distance from the 
surface to microcirculation has been reported to 
be 150-200 pm for humans (Scheuplein, 1967) 
and that of rats is considered to be shorter, since 
the thickness of rat epidermis is two-thirds of that 
of human epidermis (Bronaugh et al., 1982). The 
value of 100 pm appears reasonable, since the 
thickness of the whole epidermis of rats was 
reported to be 30.4 pm (Bronaugh et al., 1983) 
and the capillary in the dermis lies in close appo- 
sition to the underside of the epidermis. 

In Table 1, the amounts of acyclovir in the skin 
calculated by integrating the drug concentration 
with these values are compared with the experi- 
mental results. Underestimation of the amount of 
acyclovir in the intact skin might be due to the 
difficulty in washout of the ointment from the 
skin surface. In contrast, the infinite dosing con- 
dition was no longer obeyed at the end of the 
experiment with the tape-stripped skin, which 
resulted in a considerable decrease in the amount 
in the skin from the value estimated under the 
steady-state condition. Since the amount of drug 
in skin applied in aqueous solution or aqueous 
polyethylene glycol 400 solution had been suc- 
cessfully predicted via the analysis based on the 
two-layer skin model (Tojo et al., 1987; Okamoto 
et al., 1989), the deviation of the estimated values 
was considered to be due to above-mentioned 
experimental conditions. 

The present results revealed that the concen- 
tration of acyclovir was higher than its ID,, of 0.1 
FM (Schaeffer et al., 1978) in viable tissues sus- 
ceptible to herpes simplex virus infection. Re- 
ports on clinical trials of acyclovir with polyethyl- 
ene glycol ointment for herpes simplex virus in- 
fection show that applied acyclovir accelerates 
the loss of virus from lesions in immunocompro- 
mised patients (Spruance and Crumpacker, 1982; 
Whitley et al., 1984). Although the concentration 
of acyclovir in the viable tissues estimated from 
the present analysis is higher than its ID,, by two 
orders, insufficient therapeutic effect was also 
reported in humans treated with acyclovir oint- 

ment (Spruance et al., 1984). Therefore, enhance- 
ment of skin permeation of acyclovir may be 
required for more effective therapy in humans 
through the use of penetration enhancers 
(Gonsho et al., 1990; Okamoto et al., 1990), the 
selection of vehicle (Freeman et al., 1986), and 
prodrug approach (Chikhale and Bodor 1991). 

As shown in the present results, the tissue 
concentration of the drug at the administration 
site is maintained at a high level even when the 
amount of drug absorbed into the systemic circu- 
lation appears negligible. For evaluating the effi- 
cacy or comprehensive bioavailability of a trans- 
dermal formulation aiming at a local effect, 
therefore, pharmacokinetic analysis should be 
conducted not only for the plasma concentration 
or urinary excretion of drugs but also for the local 
concentration at the administration site. The 
method presented in this report provides us with 
some useful information about the design and 
evaluation of effective and safe transdermal de- 
livery systems. 

Acknowledgements 

This research was supported by a Grant-in-Aid 
for Scientific Research from the Ministry of Edu- 
cation, Science and Culture, Japan, and the Cos- 
metology Research Foundation. 

References 

Bronaugh, R.L., Stewart, R.F. and Congdon, E.R., Methods 

for in vitro percutaneous absorption studies. II: Animal 

models for human skin. Toxicol. Appl. Pharmacol., 62 

(1982) 481-488. 

Bronaugh, R.L., Stewart, R.F. and Congdon, E.R., Differ- 

ences in permeability of rat skin related to sex and body 

site. J. Sot. Corm. Chem., 34 (1983) 127-135. 
Chikhale, P. and Bodor, N., Improved delivery of acyclovir to 

the skin using a dihydrotrigonelline-trigonelline redox car- 

rier. J. Phnrm. Sci., 80 (1991) 402-403. 
Crank, J., The Mathematics of Diffusion, Oxford University 

Press, Oxford, 1975, pp. 19-27. 
Freeman, D.J., Sneth, N.V. and Spruance, S.L., Failure of 

topical acyclovir in ointment to penetrate human skin. 
Antimicrob. Agents Chemother., 29 (1986) 730-732. 



206 

Gonsho, A., Imanidis, G., Vogt, P., Kern, E.R., Tsuge, H., Su, 

M.-H., Choi, S.-H. and Higuchi, WI., Controlled 

(transjdermal delivery of an antiviral agent (acyclovir). I: 

An in vivo animal model for efficacy evaluation in cuta- 

neous HSV-1 infections. Int. J. Pharm., 65 (1990) 183-194. 

Hashida, M., Okamoto, H. and Sezaki, H., Analysis of drug 

penetration through skin considering donor concentration 

decrease. J. Phurmacobio-Dyn., 11 (1988) 636-644. 

Kiwada, H., Morita, K., Hayashi, M., Awazu, S. and Hanano, 

M., A new numerical calculation method for deconvolu- 

tion in linear compartment analysis of pharmacokinetics. 

Chem. Pharm. Bull., 25 (1977) 1312-1318. 

Nishida, K., Mihara, K., Takino, T., Nakane, S., Takakura, Y., 

Hashida, M. and Sezaki, H., Hepatic disposition character- 

istics of electrically charged macromolecules in rat in vivo 

and in the perfused liver. Pharm. Res., 8 (1991) 437-444. 

Okamoto, H., Yamashita, F., Saito, K. and Hashida, M., 

Analysis of drug penetration through the skin by the 

two-layer skin model. Pharm Res., 6 (1989) 931-937. 

Okamoto, H., Muta, K., Hashida, M. and Sezaki, H., Percuta- 

neous penetration of acyclovir through excised hairless 

mouse and rat skin: effect of vehicle and percutaneous 

penetration enhancer. Pharm. Res., 7 (1990) 64-68. 

Schaeffer, H.J., Beauchamp L., De Miranda, P., Elion, G.B., 

Bauer, D.J. and Collins, P., 9-(2-Hydroxyethoxymethyl) 

guanine activity against viruses of the herpes group. Na- 
we, 272 (1978) 583-585. 

Scheuplein, R.J., Mechanism of percutaneous absorption. II: 

Transient diffusion and the relative importance of various 

routes of skin penetration. J. Inuest. Dermatol., 48 (1967) 
79-88. 

Spruance, S.L. and Crumpacker, C.S., Topical 5 percent acy- 

clovir in polyethylene glycol for herpes simplex labialis: 

antiviral effect without clinical benefit. Am. J. Med., 73 

(1982) 315-319. 

Spruance, S.L., Crumpacker, C.S., Schnipper, L.E., Kern, 

E.R., Marlowe, S., Arndt, K.A. and Overall, J.C., Jr, Early, 

patient-initiated treatment of herpes labialis with topical 

10% acyclovir. Antimicrob. Agents Chemother., 25 (1984) 
553-555. 

Tojo, K., Chiang, C.C. and Chien, Y.W., Drug permeation 

across the skin: Effect of penetrant hydrophilicity. J. 

Pharm. Sk., 76 (1987) 123-126. 
Tojo, K. and Lee, A.C., A method for predicting steady-state 

rate of skin penetration in vivo. J. Invest. Dermutol., 92 
(1989) 105-108. 

Whitley, R.J., Levin, M., Barton, N., Hershey, B.J., Davis, G., 

Keeney, R.E., Whelchel, J., Diethelm, A.G., Kartus, P. 

and Soong, S., Infections caused by herpes simplex virus in 

the immunocompromised host: natural history and topical 

acyclovir therapy. J. Infect. Dis., 150 (1984) 323-329. 

Yano, Y., Yamaoka, K. and Tanaka, H., A nonlinear least 

square program, MULTIfFILT), based on fast inverse 

Laplace transform for microcomputers. Chem. Pharm. 
Bull., 37 (1989) 1035-1038. 

Yamashita, F., Okamoto, H., Hashida, M. and Sezaki, H., 

Pharmacokinetic modeling for skin penetration of drugs 

with enhancers. Proc. Int. Symp. Control. Rel. Biouct. 
Muter., 17 (1990) 405-406. 


