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ABSTRACT

Fluconazole is used in treatment of the surface mycoses of the skin. Menthol, salicylic acid and benzocaine are the components of
many preparations for topical use. When mixed they form the eutectic mixtures. The purpose of our research was to prepare the
antifungal creams with fluconazole containing eutectic mixture: menthol-salicylic acid or menthol-benzocaine and to compare
and estimate the influence of these mixtures on physical properties of these preparations. At the beginning, the creams were
subjected to physical tests such as spreadability, slip and tenacity. Further, the rheological properties were evaluated. The
fluconazole creams with eutectic mixtures had better physical properties. The rheological studies, based on Ostwald de Waele
model, showed the pseudoplastic character of flowing at 32°C and the correlation between the rheological parameters and the

composition of the creams. Moreover, all the preparations had thixotropic properties.
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INTRODUCTION

Fluconazole, as the synthetic antifungal derivative of
the triazole, is used in treatment of the surface mycoses of
the skin such as: tinea corporis, tinea cruris, tinea faciei,
tinea mannum and tinea pedis [2,15]. The fungicidal ac-
tivity is the inhibiting of 14a — demethylase that is
responsible for the synthesis of ergosterole — the com-
pound required for the synthesis of cell wall [4].

Menthol, a monocyclic monoterpene, is the main
component of mint and peppermint of Labiate plants and
has a long application history in traditional medicine.
Compared with other synthetics, menthol has lower toxic
side effects and higher safety [11]. Menthol is also ap-
proved as a penetration enhancer in the transdermal
transport of several drugs [12].

Salicylic acid is pharmaceutical active substance for
topical use. It inhibits the secretion of sebaceous and
sweat glands. At low concentration it has keratoplastic
and in high doses keratolytic effect. Salicylic acid has
a weak antimicrobial activity.
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Benzocaine is a local anesthetic commonly used as
a topical pain reliever. It is the active ingredient in many
over-the-counter anesthetic ointments. Benzocaine inhibits
the voltage-dependent sodium channels on the nerve mem-
brane, stopping the propagation of the action potential.

Separately, menthol, salicylic acid and benzocaine, are
solid bases. When mixed, in certain quantities by weight,
however, they form an eutectic mixture (that is the melt-
ing point of the mixture is lower than the melting points of
the individual components). The eutectic mixture is the
oil, thus can be formulated into preparations without the
use of a non- aqueous solvent. This allows higher concen-
trations of ingredients to be formulated into the prepa-
ration and maintained during application. The examples
of such mixtures are EMLA — eutectic mixture of equal
quantities by weight of lidocaine and prilocaine and ICY
RUB GEL - the mixture of benzocaine, menthol and thy-
mol [9,14, 16].

The influence of eutectic mixture camphor — menthol
on physical properties of hydrogels with ibuprofen have
been studied by Gohel et al. They have found that the ad-
dition of eutectic mixtures cause decreasing of hydrogels
viscosity and increasing of ibuprofen release [8]. The
same authors describe the formulation and characteriza-
tion of transdermal fluconazole spray [7].
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The purpose of our research was to prepare the antifun-
gal creams with fluconazole containing eutectic mixture:
menthol-salicylic acid or menthol-benzocaine and to
compare and estimate the influence of these mixtures on
physical properties of these preparations.

MATERIALS AND METHODS

Chemicals. Fluconazole, Lanatte wax N PH, Speciol
V95G were received as a gift from 3V Sigma SPA, IMCD,
Warsaw; Ethanol —P.P.H. “Stanlab” Lublin; Liquid paraffin
— Galenic Laboratory Olsztyn, White Petrolatum — Ga-
lenic Laboratory PZF Cefarm Lublin; Salicilic acid,
Menthol, Benzocaine — POCH Gliwice.

Apparatus. Extensometer; Ultratermostat MLW UH 4
— VEB MLW Medingen Germany; Mixer Cito-UNGUATOR

Evaluation of the physical properties of preparations

Determination of the spreadability. Determination of
the spreadability was conducted in extensometer at 25°C
+0.1. The apparatus consists of the larger glass plate fixed
in a holder and a second mobile glass plate [1]. The sam-
ple of 1 cm3 of cream was applied into the centre of the
larger glass plate and the second plate was put on the sam-
ple. The weight of 200g of each cream was placed on the
upper glass plate in every one minute (for 5 minutes). Af-
ter every minute the diameter of the spread sample was
measured. The experiments were performed in triplicate
and mean diameter was calculated [6]. The relationships
between the load and stretched surface of the preparations
(mm?) are showed on Fig. 1.
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Preparations. Four kinds of preparations (cream I, | 7000
. g 6000 —a— cream [
cream II, cream I1I, cream IV) have been prepared. Their |2 ./ |
compositions are given in Table 1. 2 4000 __/— == cream II
E 3000 =— cream III
Table 1. The composition of the preparations with fluconazole 2000 —m— cream IV
Ingredients (g) Cream I Cream II Cream III Cream IV 1000
Fluconazole - 2.0 2.0 2.0 0 ! ! ! !
Ethanol 760g/I 10.0 10.0 10.0 10.0 1 2 3 4 8
White petrolatum 10.0 10.0 10.0 10.0 time (min)
Liquid paraffin 10.0 10.0 10.0 10.0 . .
Lanettae WPH 10.0 10.0 10.0 10.0 Fig. 1. Spreadability of the creams
Speziol V95 2.0 2.0 2.0 2.0
Salicilic acid - - 1.0 -
Menthol - - 1.0 1.0 Determination of the slip. In slip test the load, causing
Benzocaine - - - 5.0 . .
Water 58.0 56.0 54.0 50.0 the move of two plates with the preparation between

Preparing of the hydrophilic creams

Cream I. Wax lanatte, liquid paraffin and white petro-
latum were melted in the dish on a water bath. Then
Speciol V 95G (dissolved in water at 75°C) and ethanol
were added with continuous stirring.

Cream II. Wax lanatte, liquid paraffin and white petro-
latum were melted in the dish on a water bath. Then
Speciol V 95G (dissolved in water at 75°C) and flucona-
zole (dissolved in ethanol) were added with continuous
stirring.

Cream III. Wax lanatte, liquid paraffin and white pet-
rolatum were melted in the dish on a water bath. Then
Speciol V 95G (dissolved in water at 75°C), fluconazole
(dissolved in ethanol) and eutectic mixture of salicylic
acid and menthol were added with continuous stirring.

Cream IV. Wax lanatte, liquid paraffine and white pet-
rolatum were melted in the dish on a water bath. Then
Speciol V 95G (dissolved in water at 75°C), fluconazole
(dissolved in ethanol) and eutectic mixture of benzocaine
and menthol were added with continuous stirring.

All preparations were homogenized in Unguator® in
order to obtain the uniform consistency.
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them, was measured. The results are showed as the aver-
age £ SE (standard error) of five calculations on Fig 2.
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Fig. 2. Studies of the slip

Determination of the tenacity. The tenacity test was
conducted in special apparatus according to Miinzel proj-
ect [13]. The apparatus consists of two stainless steel
plates of 27 mm in diameter. The lower plate is attached to
the base; the upper is suspended by a string of balance
dish. On the lower plate, an equal amount of cream was
applied to and covered with a top plate. About 5 g of
weigh was added every 20t second until detachment of
the plate. Average results of 6 measurements with the
standard error (SE) are presented on the Fig. 3.
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Fig. 3. Studies of the tenacity

Rheological studies. Rheological studies are very im-
portant in the evaluation of creams. In this way we can
determine the stability, viscosity and character of fluidity
of these preparations. It is also important to examine if
thixotropy appears [3, 10].

In our research “Rheotest-2” Medingen viscometer
with coaxial cylinders S/S1 was used. The measurements
were conducted at 20°C and 32°C. The aim of these stud-
ies was calculation the shear stress (t;) and apparent
viscosity (1) at the determined values of shear rates (D;) in
the range of 1.5 s1-646 s'l. The samples of the creams
were shared in the range of increasing and decreasing
shear rates. Each cream was examined three times. After
calculation of shear stress (t;) the graphs t, - f(D;) (Fig. 4,
5) and the graphs n = f(D;) (Fig. 6, 7) were made.
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Fig. 4. Ascending and descending rheogram for the creams
LILIILIV at 20°C

Then, using Ostwald de Waele power-law model (Eq.
1) [5], the relative viscosity coefficient (k) and power ex-
ponent (n) were calculated (Tab. 2).

.=k Dr" Eq.1
where
T, — shear stress,
k — relative viscosity coefficient,
n — power exponent,
D, - shearrate.
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Fig. 5. Ascendingand descending rheogram for creams LILIILIV
at 32°C
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Fig. 6. Creams viscosity curves LILIILIV at 20°C
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Fig. 7. Creams viscosity curves LILIILIV at 32°C

All creams have thixotropy, which is confirmed by the
occurrence of characteristic hysteresis loops. The values
of the hysteresis loop areas are presented in Table 2.

Table 2. The calculated values of n, k, AH for creams at 20 and
32°C

Temp.(°C) |Const Cream I Cream II  |Cream III |Cream IV
k 99.53 81.04 73.15 55.09
20°C n 0.21 0.42 0.29 0.40
AH 122529 97363 50294 59815
k 82.64 74.57 50.09 53.03
32°C n 0.38 0.37 0.28 0.33
AH 64210 68578 21079 51396

k - relative viscosity coefficient (mPa-s), n - power exponent, AH - hysteresis loop
area (mPa-s)
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RESULTS AND DISCUSSION

Creams with eutectic mixtures (III and IV) have larger
spreadability than the basic cream I and cream II without
eutectic mixture, but the kind of eutectic mixture has no
effect on the size of spreading (Fig. 1).

The slip and tenacity studies show that the addition of
eutectic mixtures enhances the quality of the creams (Fig.
2, 3). The slip was 6.53g for cream II, but 5.99¢ for cream
[T and 5.81g for cream V. Whereas the tenacity of cream
II was 49.67g, but for creams with eutectic mixtures was
respectively 34.57g and 42.79g for creams III and 1V.

Rheological studies at 20°C show that cream I and
cream II have plastic character of flowing with yield value
Tro = 88.00 mPa for cream I and t,, = 78.82 mPa for cream
II. The creams with the eutectic mixture behave like pseu-
doplastic systems without explicitly specified T,
However, at 32°C all creams are pseudoplastic. Both at
20°C and 32°C all creams have thixotropic properties, but
creams I and II have the largest hysteresis loop areas at
20°C (AH = 112592 mPas for cream I and AH = 97363
mPas for cream II). The addition of the eutectic mixtures
in creams III and IV causes decreasing of thixotropy (AH
= 50294 mPas for cream III and AH = 59815 mPas for
cream IV). At 32°C all creams have lower thixotropy.

The values of relative viscosity coefficient (k), calcu-
lated by using Ostwald de Waele model, at 20°C show
that cream I has the highest relative viscosity (k = 99.53
mPas), the addition of eutectic mixtures causes decreasing
of relative viscosity coefficient (k= 73.15 mPas for cream
IIT and k = 55.09 mPas for cream I'V). At 32°C the values
of relative viscosity coefficient (k) are lower, but creams I
and II still have higher k than creams with eutectic mix-
tures.

The eutectic mixtures enhance physical properties of
creams III and IV, that is why increasing of fluconazole
release in comparison with the pure creams I and II can be
expected. Thus, the influence of eutectic mixtures on flu-
conazole release from creams will be the aim of our next
studies.

CONCLUSIONS

1. The using of eutectic mixtures for preparing antifungal
creams with fluconazole enhances their physical pa-
rameters such as spreadability, slip and tenacity.

2. The mathematical description of rheological parame-
ters of the preparations is based on Ostwald de Waele
power-law model.

3. There is a correlation between the rheological parame-
ters and the composition of creams — when the power
exponent (n) is relatively constant, relative viscosity
coefficient (k) will increase for creams with eutectic
mixtures.
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4. The increase of temperature does not cause the loss of
thixotropic properties.
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