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The degree of hydrocortisone binding, was investigated by means of equilibrium dialysis in the pre-
sence of 1% or 3% micellar solutions of polysorbate 20 and 80. Stabilization of the concentration
equilibrium was found in all the cases investigated. The degree of hydrocortisone binding in micelles
depends on the concentration and type of tenside used.

1. Introduction

The use of surface-active compounds has a significant ef-
fect on the pharmaceutical availability of numerous active
substances (Shukła et al. 2002; Wu et al. 2001; Kokot
et al. 2001).
Studies of hydrocortisone release from hydrophilic gels in
the presence of polysorbants demonstrate a slowing of the
process depending on the type and concentration of the
compounds due to binding of the active substance in mi-
celles (Kubis et al. 2000). The process of hydrocortisone
release from the systems may be interpreted according to
a two-compartment model in which the hydrogel forms
the external compartment while the internal compartment
is formed by the active substance which is bound in the
micelles (Kubis et al. 2002). In the first phases release is
from the hydrogel, while in the second phase it depends
on the rate of hydrocortisone diffusion from the micelles
to the gel. This is conditioned by the concentration equili-
brium between the active substance dissolved in the gel
and that bound in the micelles.
The aim of this work was to investigate the rate of hydro-
cortisone binding in micelles on the basis of equilibrium
diffusion in the presence of polysorbate 20 or polysorbate
80 micellar solution.

2. Investigations, results and discussion

The effect of tensides on the equilibrium diffusion of hy-
drocortisone was investigated in the presence of 1% or 3%
polysorbate 20 and 80. Results of the measurement of dif-
fusion rate in relation to time are presented in the Fig.
The measurements confirmed that there was stabilization
of the concentration equilibrium between the donor and
acceptor chambers. The concentrations of hydrocortisone
in the presence of 1% polysorbate 80 in the two chambers
were 71.9% and 27.3% respectively, giving a the total of
99.1%. Similar results were obtained for the remaining
preparations and they are presented in Table 1. In all cases
the concentration of hydrocortisone under conditions of
balanced equilibrium was lower in the acceptor chamber
than in the donor chamber, in which the active substance

was bound in tenside micelles. Thus where tensides are
used, only that hydrocortisone concentration which is in
balance with the micelle-bound hydrocortisone is able to
contact the skin. In the preparations investigated, 27% to
33% of the hydrocortisone contained in the external com-
partment of the preparation will have direct contact with
the skin. As the amount of hydrocortisone in this compart-
ment decreases as a result of absorption, the loss is com-
pensated by diffusion from the internal compartment
formed by the tenside micelles.
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Fig.: Influence of polysorbates on hydrocortisone equilibrium rate

Table 1: Influence of polysorbates on concentration equilibrium
and hydrocortisone diffusion rate

No Concentrations of: Time to achieve
equilibrium
concentrationHydrocortisone (%)

P 80 P 20 H H2O
ad

Donor
chamber

Acceptor
chamber

Total T(h)

1 1 0.01 100 71.85 27.29 99.14 9.53
2 3 0.01 100 71.62 28.13 99.75 7.39
3 1 0.01 100 66.11 33.87 99,98 10.04
4 3 0.01 100 77.60 27.41 99.01 11.25
5 0.01 100 49.20 49.55 99.75 12.24

P 80-polysorbate 80; P20 polysorbate 20; H-hydrocortisone



Contact of the skin with hydrocortisone at a lower concen-
tration than the level contained in the dermatological pre-
paration prevents concentration-related undesirable effects
of the substance.
As can be seen from the Fig., the rate of hydrocortisone
diffusion is consistent with first order kinetics. The times
to achieve equilibrium T (Table 1) were determined, as
with hydrocortisone solution, by extrapolation from the
slopes of the line determining the diffusion rate and the
line showing the concentrations after 24 and 48 h. For hy-
drocortisone solution the time is 12.2 h, while if tensides
are used, it ranges from 7.4 to 11.25 h. Moreover, compar-
ison of the slopes of the lines representing the diffusion
rate in the preparations investigated containing polysor-
bants with the slope of the line representing the diffusion
rate of hydrocortisone in aqueous solution, indicates that the
use of tensides may lead to prolonged activity, illustrated
quantitatively by the rate constant K given in Table 1.
Table 2 presents a statistical evaluation of the hydrocorti-
sone diffusion processes investigated. The high correlation
coefficients and low computed confidence levels prove
that the findings are reproducible.

3. Experimental

3.1. Materials

Hydrocortisone (Jelfa, Poland), Polysorbate 20 and 80, (Koch-Light Lab.
Ltd., England), semi-permeable dialysis membrane as used in artificial kid-
neys (Germany), purified water to the Polish Pharmacopoeia 6th Ed.

3.2. Diffusion of surfactants through a semi-permeable membrane

In view of the aim of the study, it was essential to check whether the
surfactants used for the study diffuse through the semi-permeable mem-
brane used.
Thus 1% or 3% polysorbate 20 or 80 solution was placed in the donor
chamber, and the acceptor chamber was filled with distilled water with a
surface tension 71.1 dyn/cm2. This value was corresponds to the Polish

Pharmacopoeia 6th Ed. The system was shaken and the surface tension was
measured every half hour by the stalagmometric method. The measure-
ments did not indicate any change in the surface tension of the water in
the acceptor chamber. The surface tension in the donor chamber both be-
fore and after the study was 49.85 dyn/cm2 for polysorbate 20 and
61.85 dyn/cm2 for polysorbate 80. The results obtained prove that the sur-
factants used in the study do not diffuse through the semi-permeable mem-
brane.

3.3. Hydrocortisone equilibrium diffusion

The equilibrium diffusion was studied by a method based on active sub-
stance diffusion through a semi-permeable membrane (Poet et al. 2002; El-
Kattan et al. 2000). Thus two chambers, donor and acceptor, isolated from
each other by a semi-permeable membrane were filled with the study solu-
tion and distilled water, respectively. Next the system was shaken. Samples
were taken for analysis every half hour and the hydrocortisone contents
were quantitatively determined.
The donor chamber was filled with 0.01% hydrocortisone solution, while
the acceptor chamber was filled with water. The system was shaken as
above and samples were taken every half hour for 6 h and then after 24 h.
The hydrocortisone content was assessed spectrophotometrically in the do-
nor and the acceptor chambers.
Measurements taken three times at one-hourly intervals after 24 h point to
concentration equilibrium in the study system. The slope of the straight
line indicating the hydrocortisone diffusion rate and concentration rate un-
der equilibrium conditions in the acceptor chamber was used to calculate
by extrapolation the time of achieving equilibrium of the concentrations.
The time for hydrocortisone was 12.2 h. Equilibrium concentrations in the
donor and the acceptor chambers were 49.2% and 49.5% respectively.
The results obtained confirm that hydrocortisone is able to diffuse freely
through the semi-permeable membrane and reaches stability at equal con-
centrations in both chambers.

3.4. Determination of hydrocortisone

Hydrocortisone was determined with a spectrophotometric method accord-
ing to Polish Pharmacopoeia 6th ed. at a wavelength of 248 nm. Hydrocor-
tisone determination was carried out with a Cecil Instruments CE 5510
spectrophotometer.
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Table 2: Statistical evaluation of the measurement of hydro-
cortisone diffusion from tenside micelles to the dis-
persing centre

No r(X,Y) rc t p N

1 �0.98995 0.979994 �20.9965 5.91E-09 11
2 �0.9924 0.984849 �24.1871 1.69E-09 11
3 �0.98953 0.979168 �20.5678 7.09E-09 11
4 �0,99412 0.988275 �27.543 5.32E-10 11
5 �0.99802 0.996044 �47.6044 3.99E-12 11

No –– Number of the trial; r(X,Y) –– correlation coefficient; rc –– determination coeffi-
cient; t –– t statistic; p –– confidence level; N –– number of valid measurements


