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Abstract

In this work, we combined experimental observations of topical drug delivery from acyclovir cream, 5% (Zovirax) with in-silico approaches to model these observations, in order to gain new insights into the potential
factors influencing the cutaneous pharmacokinetics observed, and to thereby advance beyond phenomenological insights.

Experimental Data

In-vitro permeation tests were performed on heat separated epidermal membranes of abdominal hu-
man skin, obtained from three different skin donors with three replicates each. An acyclovir cream, 5%
(Zovirax) containing water and propylene glycol, among other ingredients, was applied at 15 mg/cm2

on an area of 1.33cm2. The cumulative amount of acyclovir permeating through the skin into the re-
ceptor compartment of the diffusion cell was measured every four hours till the end of the experiment
at 48 h. A review of the experimental results, including other acyclovir products for comparison, re-
vealed that, in some cases, the formation of an intermediate plateau in the pharmacokinetic profile
can be observed some hours after application. The available data suggested a possible dependence
of this phenomenon on the propylene glycol content of the products studied. Results for the acyclovir
cream, 5% (Zovirax), averaged over all nine replicates, are portrayed in figure 1.
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Figure 1: Experimental results for the averaged cumulative mass of acyclovir that penetrated the epidermal membranes.

In-Silico Approach

In order to investigate the interplay of acyclovir with the co-permeating propylene glycol, and the
effect of product formulation on the cutaneous pharmacokinetic profiles, we developed an in-silico
compartmental model of the skin, which includes excipient co-permeation and takes excipient inter-
dependencies into account. In a qualitative concept study, using a macroscopic model with deposition,
barrier and uptake layers, we identified possible mechanisms, like changes in thermodynamic or bar-
rier properties, that could lead to an intermediate plateau in the cutaneous pharmacokinetic profile.
A subsequently developed, quantitative model, consisting of formulation layer, stratum corneum, stra-
tum granulosum and stratum spinosum, describes excipient transport through this model geometry,
depending on local diffusion and partition coefficients:

∂
∂tK(x)u(x) +∇[−D(x)K(x)∇u(x)] = 0

K(x) =


Kform, x ∈ Formulation layer
...
Kspin, x ∈ Stratum spinosum

D(x) =


Dform, x ∈ Formulation layer
...
Dspin, x ∈ Stratum spinosum

The expression K(x)u(x) represents a substance’s local concentration C(x). To obtain substance
and skin layer specific values of K and D, we determined model parameters for water, acyclovir and
propylene glycol based on physicochemical parameters, e.g. [1]. The thickness H of each individual
layer is taken from experimental measurements. The parameters used in this model are summarized
in table 1.

Formulation
S. corneum

S. granulosum
S. spinosum

Water Propylene gylcol Acyclovir

H [µm] K D [µm2/s] K D [µm2/s] K D [µm2/s]

150 0.042 6.88 0.12 2.86 0.0275 1.729

13 0.183 0.001072 0.29 0.0001039 0.2439 2.54 10−7

8 0.599 315.84 0.6 63.345 0.6 3.061
22 0.599 381.14 0.6 107.18 0.6 46.825

Table 1: Model parameters for water, propylene glyocol and acyclovir at different sites.

Apart from the basic diffusion equation, which is defined for water, propylene glyocl and acyclovir, the
model takes excipient interdependencies between acyclovir and the co-permeating water and propy-
lene glycol into account. Both are known to affect the barrier properties of the stratum corneum and
the effect of their presence on the penetration of acyclovir is modelled via a concentration-dependent
diffusion coefficient

D∗SC,ACV = DSC,ACV + αCSC,PG + β CSC,H2O.

The parameters α and β determine the extent of a lowered stratum corneum barrier, dependent on
the local amount of propylene glycol and water, respectively. Additionally evaporation of water from
the formulation surface is included via

−Ddon,H2O∇uH2O(x)~n = ω uH2O(x).

This equation describes the concentration-dependent loss of water from the formulation across the its
surface with a proportionality constant ω.

Simulation concept

The parameters α, β and ω have, as yet, no experimental or theoretical estimates available and are
therefore considered fitting parameters. At the start of every simulation a finite amount of water,
propylene glycol and acyclovir of two representative formulations, is homogeneously distributed in the
formulation layer. Due to acyclovir’s limited solubility only 10% is considered eligible for transport.
With this setup the possibilty of penetration enhancement and evaporation as cause for the observed
acyclovir penetration profiles is investigated.

Results

Choosing α = β = ω = 0 reduces the developed model to its basic diffussion equations without en-
hancement or water evaporation, and due to acyclovir’s extremely small diffusion coefficient in the
stratum corneum, the simulation severly underpredicts the experimental results. Introducing α 6= 0
causes an increase in penetrated acyclovir starting at about 20 hours after application, which is de-
pendent on the propylene glycol content of the simulated product. Assuming β 6= 0 instead, results in
an earlier rise of the penetration profile, in this case dependent on the water content:
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Figure 2: Simulated acyclovir penetration profiles with enhancement by propylene glycol (left) or water (right).

Adding water evaporation ω 6= 0 from the formulation surface to the case with β 6= 0 leads to a levelling
off in the simulated penetration profile, some hours after application. Assigning non-zero values to
all three parameters α, β and ω can result in penetration profiles that form an intermediate plateau,
similar to what was observed in the experimental data:
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Figure 3: Simulated profiles with evaporation and enhancement by only water (left) or water and propylene glyocl (right).

Substituting the values for water and propylene glycol from those empirically characterized and es-
timated for acyclovir cream, 5% (Zovirax) to those similarly estimated for other acyclovir cream, 5%
products, a good approximation of the experimental data was achieved by using α = 0.00003µm2/s ·
µm3/µg, β = 0.000043µm2/s · µm3/µg and ω = 0.02µm/s:
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Figure 4: Simulated and experimental penetration profiles for acyclovir.

Conclusions

Our in-silico investigation of acyclovir creams suggests that penetration enhancement of acyclovir, due
to the co-permeating water and propylene glycol, as well as evaporation of water from the formulation
surface, might be responsible for the experimentally observed penetration profiles.

Ongoing Research

• Sensitivity analysis for parameters
• Experimental verfication of postulated effects
•Modelling solubility in the formulation layer
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