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Simulation of skin permeability in chitosan membranes
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Abstract

To provide an alternative means of evaluating transdermal drug delivery systems, membranes of chitosan were
developed. The membranes were prepared by cast-drying method. The effects of chitosan concentration, sodium
tripolyphosphate (NaTPP) concentration and crosslinking (CL) time on flux and lag time were studied using central
composite design. It was observed that chitosan membrane at a particular composition simulated the permeation of
diclofenac sodium through rat skin The mathematical model developed in the present study can be used to simulate
the permeation of drugs through different species of animal skins. © 2001 Published by Elsevier Science B.V.
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1. Introduction

Transdermal drug delivery systems have been
recognized as an interesting way to provide con-
trolled delivery of drugs to the systemic circula-
tion. Evaluation of these systems in vivo using
human beings is difficult from the viewpoint of
cost, time consumption and ethical restrictions.
An alternative to in vivo studies is in vitro exper-
iments with excised skin (human cadaver, animal).
The animal skin differ significantly from human
skin due to difference in thickness, nature of
stratum corneum, density of hair follicles and
sweat glands (Barry, 1983). Hatanaka et al.,
(1994) have reported various causes for differ-
ences in the in vitro skin permeation and in vivo

percutaneous absorption of drugs. In addition,
the content of skin microconstituents in the nor-
mal skin differs from that of the diseased skin
(Nardo et al., 1998). The difficulty in obtaining
excised skin and the variation in their permeabil-
ity due to race, age, sex, anatomical site and
concern for restricted use of animals has led the
workers to use simulated skin or artificial skin.
Simulated membranes offer several advantages
over biological membranes in terms of ease of
preparation, controlled composition and repro-
ducibility (Feldstein et al., 1998). In the present
study, the aim was to study critical variables
affecting the preparation of chitosan membranes
and permeability of these simulated skins using
statistical experimental design. The objective be-
hind the work was to formulate an artificial skin
that is capable of simulating permeation of drugs
through rat skin.
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2. Materials and methods

2.1. Materials

Chitosan-degree of deacetylation-95% (Central
Institute of Fisheries Technology, Cochin), di-
clofenac sodium (Crystals Pharmaceuticals, Am-
bala), sodium tripolyphosphate (NaTPP) (Loba
Chemie Pvt. Ltd., Bombay).

2.2. Methods

2.2.1. Preparation and conditioning of rat skin
The dorsal skin of albino Wistar rats were

shaved with mechanical hair clipper and subse-
quently, depilatory cream was applied to remove
small hair. The animal was sacrificed after 24 h
and the skin was excised. After removing the
adhering fat, visceral debris and washing with
physiological saline, the whole skin was clamped
on Franz diffusion-cell with stratum corneum fac-
ing the donor compartment. The skin was stabi-
lized for 4 h (by stirring pH 7.4 buffer in receptor
compartment) before in vitro permeability study.

2.2.2. Preparation and crosslinking of chitosan
membranes

Simulated skin membranes were prepared by
modifying the method reported by Remunan-
Lopez and Bodmeier, 1997. Solution of chitosan
(2–5% w/v) was prepared in 10 mM acetic acid
(2% v/v) solution. The solution was homogenized
(Teflon pestle, 2000 rpm) and filtered through
cheesecloth to remove debris. The solution (50 ml)
was degassed and membranes were casted on
polycarbonate petridish (cross-sectional area
50.286 cm2) to achieve thickness close to full
thickness of hairless rat skin. The dried mem-
branes (60°C for 40 h) were stored in polyethylene
bags till use.

Dried chitosan membranes were crosslinked
with NaTPP (10 ml of 3–12% w/v for 3–40 min).
These membranes were washed three times with
water to remove excess of NaTPP. Freshly
crosslinked membranes that retained flexibility
and integrity for more than 24 h were used for in
vitro permeation study.

2.2.3. Experimental design
Chitosan membranes were formulated accord-

ing to the central composite design to study the
effect of independent variables on the permeation
parameters of diclofenac sodium (model drug). To
evaluate three factors (n) at two levels (k), the
central composite design consisted of eight
batches (IF–8F), kn, on factorial points; six
batches (IS–6S), 2n, on axial points and four
replicates (IC–4C) at the center point.

2.2.4. In 6itro permeability study
Vertical Franz diffusion-cell apparatus was

used to study the permeability of diclofenac
sodium employing infinite dose technique (Shah et
al., 1994). The apparatus assembly consisted of
clamped preconditioned rat skin or crosslinked
chitosan membrane onto glass diffusion-cell (3.63
cm2) between donor and receptor compartments.
In the receptor compartment (600 rpm,
37°C),phosphate buffer pH 7.4 (25 ml) contained
formaldehyde (0. 1% w/v of 37–41% v/v solution)
to prevent microbial growth (Michniak et al.,
1994).The donor compartment contained satu-
rated solution of diclofenac sodium in phosphate
buffer pH 7.4. The aliquots (1 ml) withdrawn at
various intervals were immediately analyzed for
drug concentration spectrophotometrically (276
nm), directly or after appropriate dilution with
phosphate buffer. The aliquot withdrawn was re-
plenished with equal amount of phosphate buffer
pH 7.4.

3. Results

Preliminary studies were carried out to prepare
chitosan membranes that could maintain its in-
tegrity for at least 24 h during diffusion studies. It
was observed that drying temperature, concentra-
tion of chitosan, concentration of NaTPP and
crosslinking (CL) time affects the properties of
membrane.

Although Lim et al., (1999) reported that tem-
perature above 80°C changes the physical proper-
ties of chitosan, in the present study temperature
above 60°C resulted in non-uniform membrane.
Thickness close to rat skin was obtained upon
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crosslinking with NaTPP, when the membrane
was prepared using 3.5% (w/v) chitosan solution.
However, the thickness of membrane varied de-
pending upon the concentration of crosslinking
agent.

To study the effect of concentration of chi-
tosan, NaTPP and CL time on the permeation,
crosslinked chitosan membranes were formulated
according to the central composite design (Table
1). The permeation parameters, i.e. flux and lag
time were calculated from the linear portion of
the graph (cumulative amount of diclofenac
sodium permeated versus time) and the intercept
of the extrapolated linearity on the time axis,
respectively. To determine the magnitude of con-
tribution of different factors towards lag time and
flux, multiple linear regression analysis was per-
formed. The effect of coefficients on flux and lag
time is shown in Figs. 1 and 2. The correlation of
factors with lag time was found to improve after
omitting the second order terms associated with
significant coefficients, i.e. b4 and b7, whereas the

correlation of factors with flux was found to
improve after omitting the interaction term asso-
ciated with insignificant coefficients, i.e. b7 and
b8. Further, on comparison of flux and lag time
of rat dorsal-skin, batch 3S and IF of chitosan
membranes, respectively, exhibited minimum dif-
ference. The model, developed from multiple lin-
ear regression, to estimate flux (Y) can be
represented mathematically as

Y=4.817−0.466X1−0.342X2−0.087X3

−0.318X1
2+0.318X2

2+0.387X3
2+0.012X1X2

−0.072X2X3−0.108X1X3

Where, X1=concentration of chitosan; X2=con-
centration of NaTPP; X3=CL time.

Analysis of variance (ANOVA) was applied
(Table 2) to study the fitting and significance of
the mathematical model to estimate flux. The
point to point correlation between cumulative
permeation of diclofenac sodium through rat skin
and batch 3S is shown in Fig. 3.

Table 1
Formulation of chitosan membrane and permeation parametersa

X1 (% w/v) X2 (% w/v) X3 (min)Batch number Flux Thickness Lag time
×10−59S.D. ×609S.D.×10−59S.D
(cm)(mg cm−2 s−1) (s)

−1 (3) −1 (5)IF −1 (10) 6.94890.016 0.65090.010 5.88190.031
0.69390.006 4.66490.0142F −1 (3) −1 (5) 1 (30) 7.28590.023

−1 (3) 6.59690.004 0.72390.006 8.11490.0111 (10)3F −1 (10)
−1 (3) 6.20690.015 0.74390.006 6.65890.0131 (10)4F 1 (30)

3.65090.0030.82390.0066.29090.008−1 (10)5F −1 (5)1 (4)
0.83790.006 10.21390.0256F 1 (4) −1 (5) 1 (30) 5.75590.008

1 (4) 1 (10) −1 (10)7F 5.54890.019 0.85790.006 6.62190.009
8F 6.75690.0040.85790.0065.16590.0041 (30)1 (10)1 (4)

0.92390.0064.55390.0120 (20) 10.28690.0160 (7.5)−1.68 (4.34)IS
2S 1.68 (2.66) 0 (7.5) 0 (20) 5.79390.015 0.70390.006 5.70790.007

0.86790.006 10.16690.0113S 0 (3.5) −1.68 (11.7) 0(20) 4.60790.005
0 (3.5) 1.68 (3.3) 0 (20)4S 5.73990.016 0.68390.006 5.44090.009
0 (3.5) 0 (7.5) −1.68 (36.8)5S 5.30390.001 0.84090.006 7.18690.003
0 (3.5) 0 (7.5) 1.68 (3.2)6S 5.43390.001 0.79790.006 9.88790.004

0 (20)0 (7.5)0 (3.5)IC 7.29990.0090.83390.0064.84490.005
0 (3.5) 7.07590.0122C 0.83390.0060 (7.5) 4.86790.0120 (20)

3C 0 (7.5) 0 (20)0 (3.5) 4.87590.001 0.83790.006 8.28990.027
5.74690.0040.83390.0064.87590.0100 (20)4C 0 (7.5)0 (3.5)

0.71090.0064.66090.012– 5.99190.007––Rat skin

a F, factorial points; S, star points; C, center points. X1, concentration of chitosan; X2, concentration of NaTPP; X3, CL time. The
values in brackets besides the transformed values of factor X1, X2 and X3, represent real values.
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Fig. 1. Effect plot of coefficients of flux (bl, b2, b3=coefficients of main effects; b4, b5, b6=coefficients of square terms; b7, b8,
b9=coefficients of interaction terms).

Fig. 2. Effect plot of coefficients of lag time (bl, b2, b3=coefficients of main effects; b4, b5, b6=coefficients of square terms; b7,
b8, b9=coefficients of interaction terms).

Table 2
ANOVA of the regression (Flux)

Sum of squaresDegree of freedom Mean square F F-significance

Total 17 11.122
7.826 1.3046 4.354Regression 0.017
3.296 0.300Residual 11
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4. Discussion

Central composite design was used to study the
effect of critical variables on the permeation char-
acteristics of cross-linked chitosan membranes.
The real values of the factors were transformed to
facilitate orthogonality of results and easy
calculations.

From Table 1, it was observed that membrane
thickness increases at high level of chitosan con-
centration. During preliminary studies, when con-
centration of NaTPP was more than 5% (w/v) and
CL time was more than 10 min, the swelling of
chitosan membranes was insignificant (B10%) in
phosphate buffer pH 7.4.

Results show that lag time decreases with in-
crease in the concentration of chitosan at low
value of CL time and low level of NaTPP except
at high concentration of chitosan and CL time.
Also lag time decreases at high level of CL time
except at high concentration of chitosan. The
interaction of chitosan concentration–CL time
has maximum effect on lag time, whereas square
of chitosan concentration has minimum effect.
The CL time, interaction of NaTPP–CL time and
interaction of chitosan–NaTPP concentration has
inverse relation with lag time. Interaction of chi-
tosan concentration–CL time, concentration of

NaTPP, concentration of chitosan and square of
CL time has direct relationship with lag time.

Flux of diclofenac sodium increased at low level
of chitosan concentration with decrease in CL
time. However, at low concentration of chitosan
and NaTPP, flux was found to increase with CL
time. The effect of chitosan concentration is max-
imum on flux, whereas the interaction of chi-
tosan–NaTPP is insignificant. The chitosan
concentration, NaTPP concentration and interac-
tion of chitosan concentration–CL time are in-
versely related to flux, whereas square of CL time,
interaction of NaTPP–CL time is directly related
to flux. The multiple regression data show that
square terms should be retained in the mathemat-
ical model to explain the curvature of flux-re-
sponse. The ratio F=4.354 shows regression to
be significant. The estimated model, therefore,
may be used as response surface for flux.

The permeation of diclofenac sodium from chi-
tosan membranes was compared with that across
dorsal skin of Wistar rats. It was observed that
batch 3S simulated the permeation of diclofenac
sodium through rat skin. A good correlation
(R2=0.989) was found for permeation of diclofe-
nac sodium between chitosan membrane of batch
3S and rat skin. It appears that chitosan mem-
brane simulates flux of diclofenac sodium across

Fig. 3. In vitro permeation profile of diclofenac sodium through rat skin versus batch 3S.
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rat skin, although the lag time is more than that
of rat skin. The increased lag time can be at-
tributed to the difference in thickness of chitosan
membrane (batch 3S) and rat skin. However,
chitosan concentration and CL time needs to be
optimized to obtain desired lag time. Alterna-
tively, composite membrane can be designed be-
cause chitosan membrane of batch 3S simulates
flux, whereas batch 1F simulates lag time. To
match permeation through rat skin, the top layer
of composite membrane may consist of batch 1F
and bottom layer of composite membrane may
consist of batch 3S.

5. Conclusions

The unquestionable feasibility of transdermal
drug therapy has been recognized during the past
decade and this therapeutic system has become
established as an effective alternative to other
dosage forms. However, the growing concern for
the restricted use of animals for research work
may delay the development of these dosage forms.
Under these circumstances, the characterized
polymeric membranes can be used as skin imitat-
ing barrier in the evaluation during developmental
stages of transdermal drug delivery systems and
routine quality control tests of these drug delivery
systems. Although chitosan membrane (batch 3S)
was found to simulate the permeation of diclofe-
nac sodium through rat skin in the present study,
trials with drugs with different lipophilicity are
advocated.

It is proposed that similarly derived mathemati-
cal models can be used for the estimation of drug
permeation through other species of animal skins.

Retrospectively, this model can be used to design
chitosan membranes to simulate the permeation
of drugs through different species of animal skins.
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