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Abstract 

Kinetic model using inter-compartmental rate constants, for permeation of drug across stratum corneum (k0, for 
permeation across viable tissue layer of epidermis (k2), and for back transfer of drug from viable tissue layer into the 
stratum corneum (k3), was applied to in vitro percutaneous permeation process. Permeation data of four drugs, 
propranolol (PR), triamcinolone acetonide (TA), physostigrnine (PHY), and tetrahydroaminoacridine (THA), previously 
studied across two skin membranes, hairless mouse skin (HMS) and human cadaver skin (HCS) were fitted to the 
permeation equation based on the kinetic model to obtain optimized values of the rate constants. The permeation profiles 
were also analyzed by the lag time method to estimate steady state flux (J J ,  lag time (T~ag), diffusion coefficient (D) 
and Skin/donor-phase partition coefficient (Km). The D and Km were used to regenerate the entire permeation profile 
(pre-steady and steady states) using equation based on Fick's laws of diffusion. The kinetic and diffusion models were 
compared by fits of the observed data to the model predicted values by linear regression, and obtaining R 2 and sum 
of squared deviations (SSD). Permeation data for all drugs across HMS or HCS, with or without the presence of 
permeation enhancer, were described very well by the kinetic model (R 2 > 0.99), and the SSD's were smaller than 
that for the diffusion model except for THA. The rate of drug permeation across stratum corneum, ko (kl X Dose, 
amount of drug applied/cm 2 of skin in the donor phase) was similar to Jss as expected from the kinetic model. Diffusion 
coefficient of drug in the viable tissue (Dvt) ranged from 0.003-0.23 X 10-  7 cm2/s, similar to diffusion coefficient of 
similar sized molecules in protein gel as would be expected. Also, Dvt was four orders of magnitude greater than D, 
the diffusion coefficient across stratum corneum, confirming stratum corneum to be the rate limiting barrier in the 
percutaneous permeation of the drugs studied, k 3 for all drugs were negligible indicating that no back diffusion of drug 
from viable tissue into the stratum corneum was occurring under the sink condition following infinite dose application. 
Also, except TA, none of the drug studied was lipophilic enough to be retained by the stratum corneum. Therefore, 
k 3 should not be used in the kinetic model for in vitro percutaneous permeation. For  the PR 27-h, TA control and 
TA with 2% propylene glycol (PG) pretreatment experiments, the experiment duration was less than three Tlag and 
steady state was not achieved, resulting in inaccurate estimates of D and Km and, hence, the regenerated profiles based 
on diffusion model did not describe the data well. However, kinetic model described these data also very well and SSD's 
were significantly smaller (P = 0.05) than that for the diffusion model based regenerated profiles. The kinetic model 
is an alternative to diffusion model to describe the percutaneous permeation process, and the results presented here 
demonstrate the usefulness of the kinetic approach. 
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1. Introduction 

Percutaneous permeation has been treated as a 
diffusion process across a homogeneous membrane 
and equations have been derived based on Fick's 
laws of diffusion, to study the permeation of 
chemicals and drugs across skin (Crank, 1975; 
Barry, 1983; Durgard, 1983). The diffusion model 
describes the in vitro percutaneous permeation of 
drugs fairly well, despite the complex nature and 
structure of skin. Previously we illustrated with 
simulations that at least 3-4 lag times were re- 
quired to achieve steady state diffusion across the 
membrane, and that the lag time method of data 
analysis results in significant errors in Jss and Tlag , 
if the experiment had not been conducted for a long 
enough time period to achieve steady state (Shah, 
1993). To confirm the theoretical findings, perme- 
ation data of four drugs, propranolol (PR), triam- 
cinolone acetonide (TA), physostigmine (PHY) and 
tetrahydroaminoacridine (THA), across two model 
skin membranes, Hairless mouse skin (HMS) and 
Human cadaver skin (HCS), was obtained (Shah et 
al., 1994). The in vitro permeation profiles of the 
above mentioned drugs were evaluated by the lag 
time method, and the diffusion coefficient (D, 
cmZ/second) and the skin/donor phase partition 
coefficient (Km) so obtained were used to regener- 
ate the entire permeation profile (both steady-state 
and non-steady state regions). The fit of the ob- 
served data to the regenerated curve indicated if D 
and Km were accurately estimated by the lag time 
method. It was observed again that, overall, the lag 
time method was successful in the estimation of D 
and Kin, if steady state was achieved at the end of 
the permeation experiment. Kubota et al. also 
found that equation for the simple membrane 
model to estimate permeability coefficient and lag 
time was warranted, provided that permeation data 
collected for a sufficiently long time was used 
(Kubota and Twizell, 1992). 

Treating skin as a simple homogeneous mem- 
brane enables easy treatment of permeation data 
using the lag time method to obtain steady-state 
flux (Jss, #g/cm2/h or DPM/cm2/h), the lag time 

(Tlag , h), D and Km with the above described 
limitations. However, the assumption of skin being 
a simple homogeneous membrane can be ques- 
tioned due to its complex structure and nature. To 
overcome this limitation, a two-layer diffusion 
model with polar and non-polar routes in the 
stratum corneum was used recently for analysis of 
in vivo and in vitro permeation data (Yamashita et 
al., 1994). However, it is mathematically very 
complex, and its biophysical significance has not 
been thoroughly established. A more correct and 
rigorous approach would be to solve the differential 
equations based on Fick's second law using the 
appropriate boundary and initial conditions, and 
fitting the data to obtain relevant parameters 
(Crank, 1975). This is possible, however, it could 
be complex mathematically and may lose its biolog- 
ical relevance. An alternative approach is the treat- 
ment of the drug permeation or absorption across 
skin as a kinetic process. Guy et al. developed a 
pharmacokinetic model to describe absorption of 
various drugs across skin (Guy et al., 1985a; Guy 
and Hadgraft, 1985; Guy et al., 1985b). This model 
described the plasma concentration-time profiles 
following transdermal application of a number of 
drugs fairly well (Guy et al., 1987). However, this 
model has not been applied to describe the in vitro 
percutaneous permeation data of any drug. Nor 
has it been compared to the rigorous diffusion 
model for analysis of the permeation data. 

The objective of this study was to evaluate the 
applicability of the kinetic model to the in vitro 
percutaneous permeation data and compare it to 
the diffusion model used earlier. The kinetic model 
used was essentially derived from the pharmacoki- 
netic model developed by Guy et al. for transdermal 
drug delivery in their earlier work (Guy et al., 
1985a). The in vitro permeation data of PR, TA, 
PHY and THA across two skin models, obtained 
using vertical franz diffusion cells with an infinite 
dose technique and analyzed earlier by the diffusion 
model (Shah et al., 1994), were used as described 
below in the theoretical section. The permeation 
data were analyzed by the kinetic model and the 
diffusion model and compared as described below. 
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Fig. 1. Schematic figure depicting the kinetic model for in vitro percutaneous permeation. In figures 2 9, the regenerated curve (Eq. 
5) is referred to as the diffusion model in the legend and compared to the kinetic model predicted curve (Eq. 1). 

2. Theoretical treatment and data analysis 

2.1. The kinetic model for  percutaneous 
permeation 

Based on the pharmacokinetic model proposed 
by Guy et al. (Guy et al., 1985a; Guy and Had- 
graft, 1985; Guy et al., 1985b), a kinetic model for 
in vitro percutaneous permeation is proposed in 
direct analogy as shown in the schematic Fig. 1. 

In the kinetic model, k~ (/second) is the rate 
constant for diffusion of  drug across the stratum 
corneum. Here the rate of diffusion across stratum 
corneum is assumed to be first order, however, 
in infinite dose situation, the rate of absorption 
or input would be effectively zero order given by 
k0 = kl x Dose, the amount  of drug applied per 
cm 2 of skin in the donor  solution, which is con- 
stant. Therefore, k0 (pg/cm2/h or DPM/cm2/h) 
should approximate steady-state flux, Jss (J== = 
Cs(D/h), where h is the thickness of  the membrane 

and Cs is the drug concentration in the donor 
solution). 

k2 (/second) is the first order rate constant for 
permeation of  drug across the viable epidermis, k 3 
(/second) is the first order rate constant for back 
diffusion of  drug from viable epidermis into the 
stratum corneum and thus reflects the affinity of 
the drug for stratum corneum, and expected to be 
a function of the oil/water partition coefficient of  
the drug. k3/k2 has been shown to be a function of 
n-octanol/water partition coefficient (Guy et al., 
1985a; Guy and Hadgraft, 1985; Guy et al., 1985b). 
V's and C's are the volumes and the concentrations 
of  the drug in the respective compartments. 

Rate-equations were developed for concentra- 
tions in each compartment. The rate equations 
were solved using the laplace transform technique 
to obtain the equation for A (pg or DPM), the 
cumulative amount of  drug permeated into the 
receptor. The details of the derivation is not pro- 
vided however the final equation is as follows: 
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(k  2 -4- k3) (k  2 -Jr- k3) 2 10 
Cumulative Amount Permeated (* 1000 dpm) 

183 

Using Eq. 1, the permeation profile can be 
constructed or simulated with various values of 
k0, k2 and k3. Similarly, the observed permeation 
profile can be fitted to Eq. 1 using a nonlinear 
regression program to obtain the best fit and the 
optimized values of the rate constants, k0, k2 and 
k3. 

The permeation profiles of all drugs studied 
were fitted to Eq. 1 using a nonlinear regression 
algorithm and the optimized values of the rate 
constants so obtained were listed in Table 1. The 
fit of the curve predicted by the kinetic model to 
the data was compared to the regenerated curve 
based on the diffusion model in Figs. 2-9. The R 2 
and the sum of squared differences (SSD) for the 
kinetic models were also calculated, and com- 
pared to that obtained for analysis of data by the 
diffusion model as seen in Fig. 10. Analysis of 
residuals was conducted to determine if the resid- 
uals were scattered randomly about zero as esti- 
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80 

Fig. 3. Propranolol permeation profile (72-h experiment) 
across hairless mouse skin (n = 4). 
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30 

Fig. 2. Propranolol permeation profile (27-h experiment) 
across hairless mouse skin (n = 4). 

mated by serial correlations using MINSQ 
(Micromath Inc., Utah). Also, the residual plots 
were constructed with time, and the observed 
values as independent variables, and evaluated 
visually for any systematic trend. 

2.2. The diffusion modek the lag time method 

This data treatment is described in detail in the 
earlier publications (Shah, 1993; Shah et al., 
1994). The apparent terminal linear (steady state) 
portion of the observed permeation profile was 
fitted to the following equation: 

A -= J s s ( t -  T, ag) (2) 

Where, 

DKmCs 
Z~,, - h (3) 

a n d  

h 2 

T,~g = 6--D (4) 
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D was calculated from Tlag , taking the value of  
thickness of  fully hydrated stratum corneum to be 
40 /zm (Scheuplein, 1967; Bronaugh and 
Maibach, 1983; Higuchi and Yu, 1987). From the 
values of  Jss, D, h, and the drug concentration in 
donor solution (Cs), Km was calculated. The 
estimated parameters were listed in Table 1. 

To determine if Js~ and Tlag were accurate and 
reflected the true permeation parameters (D and 
Km) of  the respective drugs, D and Km obtained 
from Jss and Ylag were  used in Eq. 5 to regenerate 
the complete permeation profile (pre-steady and 
steady states). The cumulative amount of drug 
permeated (A) at various sampling time period 
was calculated numerically using D, Km, Cs and 
h in Eq. 5. An equation has been obtained previ- 
ously for permeation of  diffusant across a mem- 
brane of  finte thickness (Crank, 1975). Similarly, 
the following equation was obtained by Laplace 
transform technique on the appropriate differen- 
tial equation based on Fick's laws of  diffusion, 
using the computer program, LAPLACE (Micro- 
math Inc., Utah): 

Cumulative Amount Permeated (*1000 dpm) 
6 

4 

0 14 

[] 

i I I I 

2 4 6 8 10 12 

Time (hr) 

[] Observed Data --Kinetic Model 

- -  Diffusion Model -- Lag Time Method 

Fig. 4. Triamcinolone Acetonide permeation profile (Control) 
across hairless mouse skin (n = 6). 
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14 

Fig. 5. Effect of 2% PG pretreatment on triamcinolone ace- 
tonide permeation across hairless mouse skin (n = 2). 

DKmCsl/_ff . h2 ) 
A -  ~t - -~-D - 

2hKmCs ~ ( - 1 ) "  { o,2,2,) 
1r2 , = l ~ e \  h2 ; (5) 

The regenerated permeation profiles were plot- 
ted and compared to the observed data for all the 
four drugs (Figs. 2-9).  In Figs. 2-9 ,  the regener- 
ated curve (Eq. 5) is referred to as the diffusion 
model in the legend and compared to the kinetic 
model predicted curve (Eq. 1). To determine how 
closely the regenerated permeation profile corre- 
late to the observed permeation profile, linear 
regression was conducted with observed values as 
the independent variable as for the kinetic model. 
The R z and SSD between the observed and the 
regenerated amounts of drug were calculated for 
each profile (Fig. 10), and compared to that ob- 
tained for the kinetic model. The residuals were 
evaluated in a similar fashion as for the kinetic 
model. If true steady state was achieved at the end 
of the experiment, the lag time method would 
result in fairly accurate estimates of  D and Km. 
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Hence, the regenerated profile from these esti- 
mated values of  D and Km should match with the 
observed permeation profile. 

3. Results and discussion 

We have used a kinetic model based on a 
compartmental model developed earlier for percu- 
taneous absorption of drugs (Guy et al., 1985a). 
The model uses inter-compartmental transfer rate 
constants with some physico-chemical basis to 
describe movement of drug across skin. The per- 
meation data of  four drugs across two skin mod- 
els was fitted to Eq. 1, the analytical solution for 
the cumulative amount  permeated to obtain rate 
constants listed in Table 1. The fit of  the data for 
all the drugs across HMS or HCS, studied under 
various conditions, to the curve based on kinetic 
model was superior to that of  the regenerated 
curve based on diffusion model (Eq, 5) as seen in 
Figs. 2-9 .  The kinetic model based curves (Eq. 1) 

Cumul~iveAmountPerme~ed(*lO00 dpm) 
2000 
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1000 

500 

J 

0 ~.sJ - -  i i i I 

0 ½ 4 6 8 10 12 

Time (hr) 

[] Observed Data --Kinetic Model 

--Diffusion Model -- Lag Time Method 

Fig. 6. Effect of 2% Azone (AZ) pretreatment on triam- 
cinolone acetonide permeation across hairless mouse skin (n 
= 3). 

Cumulative Amount Permeated (* 1000 dpm) 
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14 

Fig. 7. Effect of 2% Azone (AZ) copenetration on triam- 
cinolone acetonide permeation across hairless mouse skin (n 
= 6). 

in Figs. 2 - 9  described the observed permeation 
profiles better than the curves regenerated using 
Eq. 5, derived using application of Fick's laws of 
diffusion to percutaneous permeation. The R 2 for 
fit of  the observed data to the kinetic model Eq. 1 
was greater than 0.99 for all the profiles (Table 1). 
The SSD's for the kinetic model based curve fits 
to the permeation data were smaller (statistically 
significant at (P = 0.05) than that for the regen- 
erated curves for all the profiles except for TH A  
as seen in Fig. 10. Both R 2 and SSD indicated 
that kinetic model predicted the curve described, 
and fitted the observed data better than the diffu- 
sion model-based regenerated curve (Fig. 10). 

The value of  ko, the zero order stratum 
corneum transfer rate matched closely with the Jss 
value obtained by the lag time method as expected 
(Table 1). Therefore, ko, the zero order transfer 
rate constant in the kinetic model is equivalent to 
steady state flux in the diffusion model. This 
should be expected since both define the rate at 
which drug permeates across stratum corneum at 
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steady state, in the respective models, k2, the first 
order rate constant for permeation of drug across 
the viable epidermis, were in the range of 0.1- 
59.9 X 10- 5/second. These values are in the same 
range as reported k2 for testosterone, hydrocorti- 
sone and benzoic acid (Guy and Hadgraft, 1985). 
Dvt (cruZ/second), the diffusion coefficient of drug 
in the viable tissue was calculated from k 2 using 
the eq.: Dvt = k2 X (hv02, where hvt is the 
thickness of the viable tissue and taken to be 
approximately 150/~m (Guy et al., 1985a; Guy et 
al., 1985b). As seen in Table 1, Dv~ ranged from 
0.003-1.35 X 10- 7 cmZ/second. The magnitude of 
these values supports the assumption that k 2 
reflects the rate constant for transport across the 
viable epidermis layer, since, Scheuplein found 
diffusion coefficient across epidermis in the range 
of l0 6-10 7 cm2/second (Scheuplein, 1967). 
Guy et al. considered diffusion across viable tissue 
equivalent to diffusion across a protein gel, and 
found Dvt to be about 10 7 cruZ/second for ben- 
zoic acid and testosterone (Guy et al., 1985a). The 
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20 40 60 
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80 

Fig. 8. Physostigmine permeation profile across human ca- 
daver skin (n = 5). 
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Fig. 9. Tetrahydroaminoacridine permeation profile across 
human cadaver skin (n = 7). 

diffusion coefficient of KC1 across a protein gel is 
6 X 10-7 cm2/second (Cussler, 1991). Thus, the 
observed Dvt for the drugs studied are of the same 
magnitude as the diffusion coefficients for simi- 
larly sized permeants across protein gel and viable 
epidermis. However, the wide range of the Dvt 
observed suggest that to consider diffusion of 
permeant across viable epidermis as diffusion 
across protein gel solely dependent on penetrant 
size is a very rough approximation. K2 involves 
the partitioning of the drug between stratum 
corneum and the viable epidermis and, therefore, 
drug iipophilicity will influence K2 and hence Dvt. 
It is also well known that many drugs and chemi- 
cals interact specifically with skin to result in 
altered diffusional resistance. Therefore, it is sim- 
plistic to assume that Dv~ reflects diffusion of drug 
across protein gel and is solely dependent on its 
molecular size. Dvt will depend on the lipophilicity 
and the molecular size of the drug and on any 
specific interaction of drug with the viable epider- 
mis. This may explain partially the large range of 
Dvt values observed for drugs with varying physic- 
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Fig. 10. Comparison of the fits of the kinetic model based 
curve (Eq. 1) and the regenerated curve (Eq. 5) based on 
diffusion model, as evaluated by SSD of (a) PR, PHY and 
THA permeation data and (b) TA permeation data. ** Signifi- 
cantly better fit of the kinetic model predicted curve to the 
observed data by F test at P = 0.05. The SSDs were plotted 
and compared after normalizing with their exponential terms. 
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ochemical characteristics with and without perme- 
ation enhancers. 

D was also calculated from Tlag taking the 
thickness of hydrated stratum corneum to be 40 
pm. Scheuplein reported the thickness of  hy- 
drated and unhydrated human stratum corneum 
to be 38/Lm and 13/~m, respectively (Scheuplein, 
1967). Higuchi and Yu used 40 /zm as the thick- 
ness of hairless mouse stratum corneum in their 
work with Ara-A prodrugs (Higuchi and Yu, 
1987). The thickness of unhydrated human and 
hairless mouse stratum corneum sections were 
reported to be 16.8 /zm and 8.9 pm, respectively 
(Bronaugh and Maibach, 1983). Considering that 
stratum corneum has enormous capacity to hy- 
drate and swell, the thickness of hydrated stratum 
corneum could easily be 40 /am. Therefore, the 
calculated D value thus reflects the diffusion co- 
efficient of drug across hydrated stratum corneum 
of HMS or HCS. The observed D values were 
indeed much smaller than Dvt by 3 -4  orders of 
magnitude as seen in Table 1. D should be smaller 
than Dvt since, diffusion across stratum corneum 
is considerably slower than that through viable 
epidermis for majority of  drugs and, hence, stra- 
tum corneum is considered to be the permeation 
rate-limiting barrier (Scheuplein, 1967; Barry, 
1983; Durgard, 1983). 

k 3 values were very small (10 -15 to 10 30 
/second) in absolute terms, and also much smaller 
in comparison to other rate constants, ko(kl) and 
k2 as seen from Table 1. k 3 was proposed to be a 
rate constant for the back-transfer of diffusant 
from viable epidermis to stratum corneum. Hence, 
k 3 is a measure of the affinity of  the drug for 
stratum corneum and that ratio k3/k 2 should be a 
direct function of  the octanol/water partition co- 
efficient of  the permeant. In our results, we find 
that for all the drugs studied under various condi- 
tions, the values of  k 3 were almost negligible 
compared to that of k2, and no correlations ap- 
pear to exist between k 3 or k3/k 2 and the 
lipophilicity of the permeant. These findings are 
very unlike the results obtained by Guy et al. 
(Guy et al., 1985a) for various permeant, where a 
rank-order correlation was observed between the 
ratio of k3/k 2 and the octanol/water partition 
coefficient. However, they had obtained k 3 values 
from application of  the analogous pharmacoki- 
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netic model to the plasma concentration time 
profile of the drugs following transdermal applica- 
tion. 

In this study, we applied the kinetic model to in 
vitro permeation data obtained using franz diffu- 
sion cell following application of infinite dose and 
maintaining sink conditions in the receptor com- 
partment. The concentrations in the receptor solu- 
tion were very low in comparison to donor 
concentration throughout the duration of the ex- 
periment. This suggests that the sink condition, 
and the persistently high concentration gradient 
from SC to the dermis precludes possibility of 
back diffusion of drug into the stratum corneum 
from the underlying viable epidermis. If we as- 
sume that there is no back diffusion of drug from 
viable epidermis into the stratum corneum, k 3 can 
be eliminated from the model, i.e. k 3 is zero or 
negligible in comparison to other rate constants. 
In the above scenario, the kinetic model is not 
altered significantly, and Eq. 1 will become: 

ko[e ( k: ,)_ 1] 
A = kot  + (6) 

k2 

The above equation can be further simplified 
to, 

A = ko t -  + ko[e ( " (7) 

At long time intervals, post-steady state, the 
exponential term will become negligible and Eq. 7 
will be similar to Eq. 2, used for the lag time 
method. Thus, comparing Eq. 2 and Eq. 7 at 
longer times, l/k2 may approximate lag time, and 
as seen earlier k0 does approximate Jss, the steady 
state flux. From the values of k3, it appears to be 
of no significance for the drugs studied or of 
consequence to their permeation. Secondly, the 
elimination of k 3 results in equations similar to 
those for the diffusion model. Therefore, as sug- 
gested earlier, there may not be significant back 
diffusion of the drugs studied, into the stratum 
corneum in the in vitro permeation experiments. 
None of the drug studied here except TA, is very 
lipophilic, however, for absorption of very 
lipophilic drugs across skin, k 3 could be signifi- 
cant. Even without k3, the kinetic model for per- 
cutaneous permeation can describe the data well 

and thus low values of k3 does not invalidate nor 
reduce the applicability of the kinetic model. 

Previously, we have described in detail the ap- 
plication of the diffusion model via the lag time 
method to in vitro percutaneous permeation data 
(Shah, 1993; Shah et al., 1994). Overall the lag 
time method was successful in the estimation of 
permeation parameters, D and Km from which 
the entire profile could be regenerated for all the 
drugs studied (Figs. 2-9). However, the lag time 
method did result in inaccurate estimates of D 
and Km if steady state was not achieved as in the 
case of PR 27h (Fig. 2), TA control (Fig. 4), and 
TA with 2% PG pretreatment (Fig. 5). Regener- 
ated profiles in these three cases did not correlate 
well with the observed data. This was due to the 
fact that steady state may not have been achieved 
at the end of the experiment, thus, the lag time 
method resulted in values of D and Km with 
higher errors as demonstrated earlier (Shah, 
1993). However, the kinetic model described even 
these profiles very well (Figs. 2 and 4 and 5), with 
significantly lower SSD's (Fig. 10), and reliable 
values for k0, k2, and Dvt. Therefore, the kinetic 
model is able to describe the permeation data well 
and obtain reliable rate constants, even when 
steady state diffusion of drug may not have been 
achieved during the experiment. 

The kinetic model described all permeation 
data better than the diffusion model as seen from 
the fit of the curves to the data and the values of 
R 2 and SSDs in Fig. 10. Even when lag time 
method resulted in errors in D and Km (PR 27h, 
TA control and TA with 2% PG pretreatment), 
the kinetic model described the data very well 
(Figs. 2-4 and 10). Using kinetic model, k 0 (Jss), 
and Dvt, the diffusion coefficient in the viable 
tissue could be obtained, in addition to D and 
Km even when steady state of diffusion may not 
have been achieved, indicating the strengths of the 
kinetic model. The inherent limitation of the ki- 
netic model is to treat stratum corneum and the 
viable epidermis as well strirred compartments 
(uniform drug concentration), which is incorrect 
since it is a known fact that concentration gradi- 
ent develops across strtum corneum at steady 
state. The results presented here attempted to 
demonstrate the applicability, and evaluate the 
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usefulness of the kinetic model for in vitro percu- 
taneous permeation. These results in no way in- 
validate the diffusion model so widely used for 
description of percutaneous permeation process. 
From a mechanistic point, diffusion model using 
the Fick's two laws of diffusion and using the 
correct analytical solution thereof may be the 
most appropriate model to describe permeation of 
drugs through skin. However, the kinetic model is 
an alternative approach at describing the same 
process in an easily understood manner. 
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