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Abstract

The influence of the vehicle on the delivery of rooperol tetra-acetate, a lipophilic drug, from a gel, oil-in-water,
water-in-oil and ointment vehicle was investigated using an in vitro membrane permeation system. Diffusion studies
were performed under occluded and unoccluded conditions using polydimethylsiloxane membrane. The results
obtained showed that after 8 h of diffusion, the occluded and unoccluded gel systems, followed by the occluded and
unoccluded oil-in-water systems most effectively promoted the delivery of rooperol tetra-acetate. The mean calculated
flux rate was 22.50 +4.65 mg/cm? per h from the occluded gel vehicles compared to 8.23 + 3.23 mg/cm? per h from
the occluded oil-in-water vehicle. The remaining two systems studied exhibited lower flux rates with the ointment base
showing the least drug release. The data obtained from the in vitro permeation studies performed here can be used
as a predictive model for the release characteristics of rooperol tetra-acetate from topical vehicles. © 1998 Elsevier

Science B.V.
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1. Introduction
Topical drug diffusion can be enhanced or re-

tarded by altering the vehicle in which the active
ingredient is formulated. To achieve optimal drug
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penetration into the skin it is necessary to deter-
mine the release characteristics of the drug in
relation to the physico-chemical properties of the
vehicle (Rougier et al., 1989). Rooperol tetra-ac-
etate is a lipophilic drug of high molecular weight
(Fig. 1) and the hypoxoside of rooperol is a
cytotoxic agent with a potential for use in the
treatment of solar keratosis (Albrecht et al.,

0378-5173/98/$19.00 © 1998 Elsevier Science B.V. All rights reserved.

PIT1 S0378-5173(97)00358-X



238 S.C. Pefile et al. / International Journal of Pharmaceutics 161 (1998) 237-243

1995a,b; Smit et al., 1995). To obtain the release
of rooperol tetra-acetate into the skin for this
purpose, an effective delivery system needs to be
developed. In an attempt to optimise delivery
vehicle composition, in vitro permeation studies
were performed to assess the delivery of rooperol
tetra-acetate from a gel, oil-in-water, water-in-oil
and ointment formulations across polydimethyl-
siloxane membrane mounted in Franz diffusion
cells.

The use of artificial membranes is common in
laboratory percutaneous absorption studies. Syn-
thetic membranes are not intended to mimic the
barrier properties or the heterogeneous nature of
the skin but, instead, to serve as predictive models
for topical drug release (Twist and Zatz, 1989).
They are useful in preformulation studies de-
signed to determine the leaving potential of an
active drug from its vehicle and in ensuring batch-
to-batch uniformity of the formulated topical ve-
hicles (ECETOC, 1993). Furthermore, the
stability and batch-to-batch uniformity of syn-
thetic membranes makes them desirable for use in
diffusion experiments (Hadgraft et al., 1987).
Polydimethylsiloxane membrane is ideal in that it
comprises a simple homogenous monolayer which
allows for the dissolution and subsequent passage
of drug molecules through its matrix system
(Barry, 1983).

The objective of this investigation was to com-
pare the permeation of rooperol tetra-acetate
from four topical bases, each possessing different
physico-chemical properties. The assessment also
involved a comparison of the diffusion properties
of the drug under occlusive and non-occlusive
conditions. High performance liquid chromato-
graphic techniques were utilised to determine the
rate and amount of drug diffusing from each
topical vehicle into an ethanol/water receptor
phase.

2. Materials and method
2.1. Materials

Rooperol tetra-acetate was obtained from Stel-
lenbosch University, South Africa and prazepam

was donated by Parke Davis, South Africa. The
following chemicals were used in the formulation
of the topical vehicles: sodium carboxyl methyl-
cellulose, propylene glycol, mineral oil, liquid
paraffin, white soft paraffin, hard paraffin, white
beeswax, cetomacrogol and cetostearyl alcohol.
All chemicals utilised were pharmaceutical grade
and were obtained from local suppliers. The re-
ceptor phase comprised of HPLC grade ethanol
(BDH, Poole, UK) and water in the ratio 60:40.
All water used in the study was purified by pro-
cessing through an Elgacan system (Elga, Buck-
inghamshire, UK). A mobile phase of water and
HPLC grade acetonitrile (Burdick and Jackson,
Muskegon, USA) was used for analytical evalua-
tion of the receptor phase. The polydimethylsilox-
ane (ref. 7458) was 0.12 mm thick and was
obtained from Atos, Horby, Sweden.

2.2. Preparation of vehicles

Three individual batches of each vehicle type
were manufactured. All topical bases were formu-
lated to contain 0.1% rooperol tetra-acetate. Ce-
tomacrogol Emulsifying Cream B.P. and Simple
Ointment B.P. were selected for the formulation
of the oil-in-water and ointment preparations re-
spectively and were prepared according to formu-
lation procedures published in the British
Pharmacopoeia (1988). The water-in-oil vehicle
was an extemporaneous preparation containing
12% cetomacrogol 1000, 10% cetostearyl alcohol,
16% white soft paraffin, 12% light mineral oil,
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Fig. 1. The chemical structure of rooperol tetra-acetate (M,, =
450.45 g/mol).
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25% propylene glycol and water. The gel formula-
tion was manufactured by mixing 25% propylene
glycol with 2% sodium carboxyl methylcellulose
and adding water to form a gel matrix.

2.3. Permeation studies

An assembly of three Franz diffusion cells
(Crown Glass, Somerville, NY) with a diffusional
area of 1.76 cm? was utilised in the diffusion
analyses. Three samples of each batch of topical
formulation compounded were assessed for drug
release potential. The polydimethylsiloxane mem-
brane was soaked in the receptor fluid for an hour
before the start of the diffusion trials.

Prior to each permeation study, approximately
0.25 g of the test vehicle was measured and evenly
distributed over the entire surface of the mem-
brane in the donor compartments using a spatula,
thus creating a dosing of approximately 0.14 mg/
cm?®. In the unoccluded studies, the donor com-
partment of the diffusion cell was exposed to
ambient laboratory conditions. Occluded condi-
tions were achieved by covering the donor cell of
each diffusion cell with parafilm for the duration
of the test. The receptor compartment of each cell
was filled with 12 ml of a 60:40 ethanol/water
mixture. The receptor phase was agitated by
means of a star-head magnetic stirrer and the
temperature of the cells was maintained at 30°C.
Following application of the test vehicle to the
membrane in the donor compartment, 500 ul
aliquots of the receptor phase were withdrawn at
designated time intervals. The receptor compart-
ment was replenished with 500 ul of fresh recep-
tor phase immediately after each sample
collection.

2.4. Analytical method

Analysis of the receptor phase was accom-
plished by a modified high performance liquid
chromatographic technique originally developed
in this laboratory (Pefile et al., 1997; Smith and
Haigh, 1989). A solvent pump, (model SP8810,
Spectra-Physics, CA, USA) was connected to a
manual injection valve (Model 7126, Rheodyne,
CA, USA) equipped with a 20 ul injection loop.

A variable U.V. detector (Linear 200 Model,
Spectra-Physics, CA, USA) was connected to a
datajet integrator (Model SP4600, Spectra-
Physics, CA, USA) and set at a wavelength of 260
nm and a sensitivity of 0.002 A.U.F.S. A 10 um
C18 analytical column custom packed with oc-
tadecylsilane was used. The solutions consisted a
0.5 pug/ml prazepam solution containing rooperol
tetra-acetate in the concentration range of 0.5-1
ug/ml in 85:15 acetonitrile:water solvent.

2.5. Data analysis

Fick’s second law represents the change in con-
centration with time at a specific location within a
membrane during mass transport of a drug. Ide-
ally, the law needs to consider the rate of change
of diffusant concentration at a particular point in
the system. Fick’s second law takes into account
the non-steady state of flow and therefore pro-
vides a fundamental mathematical statement of
diffusion in a form most useful for resolving
diffusional problems (Guy and Hadgraft, 1989).
In the normal experimental situation in which
diffusion is unidirectional, Fick’s second law can
be expressed as:
dc d>c
dr  dx?
where D is the diffusion coefficient, C the concen-
tration of a drug diffusing in the single direction x
over time ¢. To determine the total amount of
drug that has diffused over a specified time, Fick’s
second law is expanded to give the following
expression:

DCyt  hC,
- h 6
2hCo| (— 1) — Dn?I1%t
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Eq. (2) considers the diffusion of a cumulative
mass of diffusant M of concentration C through a
unit area of membrane with thickness % in time ¢.
This equation takes into account the lag time
where non-steady state conditions occur. After the
lag time, steady state is achieved and linear diffu-
sion is observed. A straight line equation can be
derived by modifying Eq. (2).

(D




240 S.C. Pefile et al. / International Journal of Pharmaceutics 161 (1998) 237-243

0.004
O GEL
O OIL-IN-WATER
0.003 — A OINTMENT
g vV WATER-IN-OIL
g
5
E:
X
Z 0.002 —
:
3
2
s
3
0.001
[ ]
;.!F’

V'V yfv.svi %

UNOCCLUDED (n = 9)

Y

3
3
-

u
ot
\l
o
\
X

lh
i

HH

0.000

TIME ¢hrs)

Fig. 2. Graph showing the cumulative drug permeation for each topical vehicle under unoccluded conditions.
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Extrapolation of the steady state portion of the
straight line to the time axis results in an intersec-
tion where M = 0. This intersection is the lag time
(L) which can be measured from the graph. D can

be calculated by using Eq. (4), provided that the
membrane thickness is known.

hZ

- )

Steady state data can be further used to determine
the partition coefficient of the drug between the
membrane and vehicle, provided that the concen-
tration in the donor cell (Cy) is known. Differenti-
ation and substitution of Eq. (3) yields the
following:

dM DCK
ok )

Having measured the drug flux (J,) from the

diffusion experiments, the above equations were
used to calculate the permeation parameters for
rooperol tetra-acetate from the different bases.

3. Results

Figs. 2 and 3 depict composite diffusion profiles
for rooperol tetra-acetate from each of three
batches of the four topical vehicles analysed under
unoccluded and occluded conditions respectively.
Each point represents the mean =+ S.D. of nine
determinations. The steady-state flux rates ob-
tained experimentally are listed in Table 1 for the
unoccluded and occluded state. The lag time listed
in Table 1 was obtained by applying linear regres-
sion analysis to extrapolate the linear steady-state
portion of the permeation profiles of each batch
of formulation to the time axis. In all cases the
calculated correlation coefficient () was not less
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Fig. 3. Graph showing the cumulative drug permeation for each topical vehicle under occluded conditions.

than 0.98. The diffusion coefficients, which are a
function of the lag time and membrane thickness,
were thereafter calculated using Eq. (4). The gra-
dient of the linear region of the plots of mass of
permeant in the receptor fluid against time gave
the flux rates (J,) presented in Table 1. Once the
permeability and diffusion coefficients had been
determined, it was possible to calculate the parti-
tion coefficient. The calculated partition and per-
meability coefficients for rooperol tetra-acetate
from each vehicle are shown in Table 1. It must
be noted that the partition coefficients were calcu-
lated from data obtained from the occluded diffu-
sion experiments as greater control over
experimental conditions was possible and there-
fore, the influence of external variables capable of
altering drug release was minimised.

Typical diffusion results of a lipophilic drug
formulated in bases of different physico-chemical
properties are displayed in Fig. 3 for occluded
delivery conditions. The greatest drug release oc-

curred from the more hydrophillic vehicles and as
the lipophilic content of the vehicle was increased,
drug penetration decreased. The standard devia-
tion bars plotted in Fig. 3 suggest that there are
distinct differences in the drug delivery of each
base analysed. The ¢-distribution test, which was
applied to the results obtained from each base,
indicated that at a 95% confidence level all vehi-
cles are significantly different except for the oint-
ment and water-in-oil bases. This is the rank
order of diffusion that one would expect based on
thermodynamic leaving potential principles. The
results presented in Fig. 2 deviate slightly from
the theoretically expected diffusion profiles due to
unocclusion of the donor compartment. Greater
release of rooperol tetra-acetate is noted from the
oil-in-water preparation than from the gel vehicle.
The ointment and water-in-oil plots in Fig. 2
show a similar diffusion profile as that seen in
Fig. 3. The wide standard deviation bars seen in
Fig. 2 suggest that there are no significant differ-
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Mean permeation parameters for all vehicles under unoccluded and occluded conditions (n =9)

Formulation J, (mg/cm? per h) L (h) D (cm/h x 10%) P (cm/h x 10?) K
Unoccluded
Gel 3.64 +2.02 1.96 +0.27 1.25+0.16 0.20+0.11 1.87 +0.87
Oil-in-water 5.04 +1.81 1.29 +0.26 1.93 +0.35 0.28 +0.10 1.67 +0.45
Ointment 0.55+0.11 1.82 +0.53 1.42 +0.35 0.03 +0.01 0.26 +0.05
Water-in-oil 1.72 +0.76 2.59 +1.00 1.04 +0.30 0.09 +0.04 1.00 +£0.27
Occluded
Gel 22.50 +4.65 1.49 +0.32 1.67 +0.30 1.02 +0.21 7.57+ 191
Oil-in-water 8.23 +3.23 1.44 +0.29 1.95+0.29 0.37 0.15 2.35+0.99
Ointment 0.61 +0.15 2.66 +0.59 0.95+0.21 0.03 +0.01 0.37+0.14
Water-in-oil 2.31 +1.06 3.66 +0.46 0.62 +0.24 0.10 +0.05 2.07 +0.92

ences in the vehicles tested. Application of the
t-distribution test to the results presented in Fig. 2
showed that at a 95% confidence level only the
drug delivery from the gel and oil-in-water bases
were not significantly different.

4. Discussion

Drug penetration is dependent upon the influ-
ence of the vehicle on the thermodynamic activity
of the active ingredient. Rooperol tetra-acetate is
a lipophilic drug, hence its release is favoured
from hydrophilic bases such as the gel and the
oil-in-water formulations which are poor solvents
for the drug. Consequently, there are fewer drug-
vehicle interactions leading to improved partition-
ing of the drug into the membrane. Figs. 2 and 3
clearly demonstrate the superior drug release from
the hydrophilic vehicles when subjected to unoc-
cluded and occluded conditions. Furthermore, the
diffusion coefficients of the gel and oil-in-water
bases shown in Table 1 are notably higher than
those of the hydrophobic bases. The lower ther-
modynamic activity and therefore slower release
of rooperol tetra-acetate from the ointment and
water-in-oil bases is a result of the enhanced
affinity between the drug and the lipophilic vehi-
cles. The longer lag time values of the ointment
and water-in-oil vehicles (Table 1) give further
support to the hypothesis that lipophilic drugs are
preferentially retained by hydrophobic bases. In
addition, the membrane—vehicle partition coeffi-

cients provide an indication of the extent to which
drug—vehicle interactions influence drug release.
A high partition coefficient suggests that the drug
favours the membrane above the vehicle resulting
in enhanced penetration. In these experiments, the
greatest partition coefficient was calculated for the
drug in the gel/membrane system under occluded
conditions. This corroborates the high thermody-
namic leaving potential proposed for this system
and is exemplified by the very high flux rates
measured from the gel vehicle.

An equally important factor which influences
drug partitioning from a topical vehicle into a
membrane, especially biological tissues, is the de-
gree of hydration. Maintaining adequate mem-
brane hydration is essential to the dissolution of
the drug into and subsequent diffusion through
the polymer matrix. During the diffusion experi-
ments, the receptor fluid was in continuous con-
tact with the membrane resulting in complete
hydration of the membrane. Further hydration
was provided through the application of external
occlusion which prevented the evaporation of wa-
ter and volatile constituents from the formula-
tions. Moreover, the composition of the vehicles
in the occluded mode remained relatively constant
throughout the delivery period. In contrast, im-
mediately after the application of a topical base
onto a membrane under unoccluded conditions,
the base begins to undergo physical changes
which alter the composition of the vehicle. In the
unoccluded mode, evaporation of the aqueous
and other volatile components of the base takes
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place throughout the diffusion process. Conse-
quently, the thermodynamic leaving potential of
the drug is constantly changing resulting in a
gradual increase in the lipophilicity of the vehicles,
giving rise to conditions which do not favour the
delivery of rooperol tetra-acetate. It is apparent
from comparing Figs. 2 and 3 that the unoccluded
hydrophilic bases, especially the gel formulation,
are more affected by this steady change in vehicle
composition. The inability to control the evapora-
tion process of the volatile components from the
vehicles resulted in erratic drug release from the
unoccluded bases with marked variability in drug
release rates (Fig. 2).

In vitro diffusion experiments of this type are
useful in that they provide valuable insight into the
performance of potential therapeutic formulations.
The studies performed adequately demonstrated
batch-to-batch uniformity of the topical vehicles
manufactured and tested in the occluded state. It
is clear from these results that quality control tests
for rooperol tetra-acetate are best performed in the
occluded diffusion mode. The use of polydimethyl-
siloxane membrane allowed for controlled research
into the physico-chemical factors that influence
rooperol tetra-acetate release from hydrophilic and
lipophilic bases. The results obtained can be used
to elucidate the mechanisms by which the release
of rooperol tetra-acetate from various topical bases
occurs and thus predict the ideal conditions re-
quired for optimum percutaneous delivery of the
drug. However, clinical administration of products
is more likely in the unoccluded mode and, hence,
the final formulation developed for this therapeutic
agent will need to maximise delivery potential in
spite of evaporation of volatile components.
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