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Abstract

The object of the study was to analyse relationship between the rheological properties, thermogravimetric behaviour, physical
stability, and the wetting contact angle of the lipophilic and aqueous phase of 300 creams of different compositions with a high
water content (60—80%, w/w). The starting point was Junginger’s theory: water is found in the cream structure in energetic
(interlamellar) and steric forms (bulk water). Based on our investigations, an exponential function was found to exist between
the contact angle of wetting and the slope of the TG-curves, between the contact angle of wetting and the viscosity of the creams,
and between the contact angle of wetting and the evaporation rate of water. A linear relationship was found between the contact
angle of wetting and the quantity of water separable by centrifugation.
© 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction so-called “invisible” structure that is the rheological
) ) _ character iinzel and Ammann, 1955a,b, 1956
Coherent emulsions are of three different types: ()  The research of creams can be divided into three
creams (washable and unwashable ointments with Wa-steps, which cannot be separated in time and over-
ter content); (i) gel emulsions; and (iii) microemul- |ap each other. The first step is constituted by the
sion gels. Their typical property is that they have a yse of rheological methods. In addition to the exact
yield value and a thixotropic rheological character. gescription of the rheological character, the role of
When deformed with slight shear stress, they exhibit grfactants in the formation of a coherent structure
a viscoelastic character. The present study is fOCUS'ng(Elworthy and Florence, 1967: Talman et al., 1968:
on coherent-structured gels with a high water content Tajman and Rowan, 19¥0the role of the emulsified
belonging to the first group. _ water in the structureRichter and Kadner, 1969
~These systems represent the most important ve- and the effect of the increasing water quantity on the
hicles in dermatological and cosmetic preparations, rheological properties Hrés and Ugri-Hunyadvari,
so quite understandably they have been in the fore- 1977 Erés et al., 1980 Kedvessy et al., 198r6s
ground of pharmaceutical technological research for a g Kedvessy, 198&aleb and Eds, 199§ were elu-
long time. The scientific study of the cream structure cjgated with rotational and oscillatory viscosimetric
of optical and electronoptical methodsgtirner et al.,
1969; Barry, 1971; Mduller-Goymann and Fuhrer,
"+ Corresponding author. Tek:36-62-545-571; 1_987; l\_/luller:Goymann, 1984, 19§il_he use of X-ray
fax: +36-62-545-571. diffraction (Fuhrer et al., 1978; Junginger et al., 1979
E-mail address: eros@pharma.szote.u-szeged.hu (BSEr and the application of thermal analysis. With the help
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of thermal analysis it was clarified that water is fixed In our previous studies wetting between the hy-
in the structure basically as (i) interlamellarly bound drophilic and lipophilic phases of creams was
water, and (ii) bulk waterJunginger, 1984a)b The found to be the most important factor of structure
third step of research was constituted by the devel- formation Mednyanszky, 1984 For this reason
opment of structural theories. In the first scientific the contact angle, which gives the quantitative
theory, the coherent structure of creams was explained description of wetting between the lipophilic and
by the formation of complex-emulsifier pairfglinzel hydrophilic phase, was studied thoroughly in ap-
and Berneis, 199 According to Barry’s theory, the propriate model experiments.

structure of systems consisting of surfactant, long (ii) Detailed studies were performed to find out how
carbon-chain alcohol and water is a solidified lig- the contact angle of the wetting of the two phases
uid crystalline structureBRarry, 197). The lamellar with opposite polarity influences the binding of
theory about the microstructure of creams was set the water phase in the gel structure. The evap-
up by summarizing the results of X-ray diffraction, oration rate of the water phase was studied us-
microscopic, electron microscopic, thermoanalytic, ing differential thermoanalysis and a relationship
differential scanning calorimetric, and rheological was searched between the wetting contact angle
studies. According to this, amphiphilic components and the bond energy of water.

(surfactants, long carbon-chain fatty alcohols) have (iii) The relationship between the rheological prop-
a lamellar structure. Water representing the external erties (parameters describing the “invisible”
phase of creams, therefore, can be found between the structure of coherent systems) and wetting was
bilayer, bound in the gel phase or exists as bulk water studied.

(Junginger, 1984a;lEccleston, 1986 (iv) The relationship between individual components
Significant attention is being focused on the struc- of stability (e.g. evaporation of the aqueous
tural examination of creams today, too. Noteworthy phase, temperature dependence of the viscos-
and important results have been achieved with the ity of creams, quantity of water separated by

simultaneous application of rheology and thermo- centrifugation) was studied in detail.

gravimetry Peramal et al., 1997 rheological meth-

ods make it possible to select the optimum surfactant _
combinations Korhonen et al., 2000, 20pland in 2. Experimental
structure research a new perspective is represented by, .
neural network modelingGaSperlin et al., 1998 2.1. Materials

Drug release is another important field of research ¢ lipophilic phase of the creams consisted of

(Laugel et al., 1998ErGs et al., 200pClément etal.,  \yhite petrolatum (Vaselinum album Ph. Hg. VII.) and
2000. N . ) cetyl-stearyl-alcohol (Alcoholum cetylstearylicum,
In addition to the above overview, important re- (pp_ Hg. VII., Eu. Pharm. 4)). Distilled water and 1%
s_earch made by several other auth_ors could be_men'hydroxy-ethyl-cellulose (hydroxyaethylcellulosum,
tioned. However, only results serving as the direct pp, Hg. VII.) solution served as the aqueous phase.
experimental preliminaries to our research were in- ¢ following emulsifiers were used: Tween 20, 40,
cluded. 60, 80 (Unigema); Tagat S, S2, O, 02, L, L2, TO,
In spite of the great number of research results, the R40, Emulgator BTO (Goldschmidt AG, Germany);
formulation of creams, the selection of major compo- Cremophor, A6, S9, Rh40, RH60, (BASF, Germany);
nents of structure formation and the determination of g ,c5r0| AGE/EC, AGE/ET, AGE/SS (Lamberti SpA,
the surfactant concentration are still performed exper- ltaly). The concentration of the emulsifiers was 3, 5,

imentally. , , and 10% (w/w) Table 9.
The following aims were set in our experiments:

2.2. Methods
(i) A simple and rapid method was searched for the
measurement and for the numerical description  Quantitative description of wetting: a uniform film
of the major components of structure formation. of the lipophilic phase was formed on a glass plate.
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Table 1
Composition of studied creams

Components Series 1 Series 2 Series 3

Amount in % (w/w)
Cetyl-stearyl-alcohol 10 10 10 10 01 5 5 5 5 5 5 5 5 5 5

White petrolatum 27 22 17 12 7 30 25 20 15 10 25 20 15 10 5
Surfactant 3 3 3 3 3 5 5 5 5 5 10 10 10 10 10
Distilled watef 60 65 70 75 80 60 65 70 75 80 60 65 70 75 80

@ Containing 0.1% methyara-hydroxi-benzoate.

Emulsifier-containing water was dropped onto the  The stability of the systems was analyzed on the
lipophilic phase from a microburette and the arising basis of the evaporation of the aqueous phase and
contact angle was determined using Lerk's method centrifugation experiments data. Evaporation was
and apparatud érk etal., 197% The Weber-Wolfram  examined gravimetrically in a desiccator of a con-
equation was used to calculate the contact angle stant moisture content. Centrifugation experiments
(Wolfram, 197). were performed with a Janetzki K-23 apparatus at
The rheological examinations were performed us- 5000 rpm for 30 min. The physical stability of creams
ing Rheometer MC1 (Paar Physica) apparatus andwas described with the separation of the agqueous and
Rheostress 1 apparatus (Haake KG). The completeoil phases and with the volume of the separated water.
yield and viscosity curves were drawn and the yield The order of the performed examinations is given in
values as well as the initial and equilibrium viscosity Fig. 1
were determined. The following relationships were studied:
Thermoanalysis was carried out with the MOM ap-
paratus (MOM Derivatograph C). The TG-, DTG-and e contact angle of wetting versus structural viscosity;
DTA-curves were drawn. The energy of the water e contact angle of wetting versus the slope of the
binding was described with the slope of the TG-curves.  TG-curves (in the temperature range of 2528%,

Composition

Oil phase
Emulsifiers |
Watgr phalse

'

! water
fixed interlamellarly

WETTING
(contact angle)

_» Structure

formation

bulk water
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Fig. 1. Order of experiments. Elements and sections of investigations.
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contact angle of wetting versus the slope of

viscosity—water concentration functions;

contact angle of wetting versus the evaporation rate
of the aqueous phase;

contact angle of wetting versus the thermostability

of viscosity;

contact angle of wetting versus water separated by
centrifugation (physical stability).

3. Results and discussion
3.1. Structure formation and rheological studies

Based on their rheological character, the studied
creams (300 creams of different compositions) were
viscoelastic and thixotropic systems with a yield value
(in the shear rate range of 0.1-5001/s). The thixotropic
character is illustrated iRig. 2 The flowcurves of 5%
(w/w) Eucarol and 60-80% (w/w) water-containing
creams are shown ifig. 2

The viscosity of the creams is a numerical charac-
teristic of forces acting in the coherent structure: the
greater the forces in the coherent lipophilic phase, the
greater the viscosity of the cream. Viscosity was found
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to show a characteristic increase with the increase of
the contact angle(g. 3).

This increase can be described with an exponential
function:

n = no expa®) 1)

wheren, the initial viscosity of gels (mPa sy, vis-
cosity pertaining to 0 wetting®, contact angle of
wetting ().

This phenomenon can be explained with the frame
elements hydration. More hydrated gel frame (in-
creasing amount of water bound in the lamellar space)
results in lower wetting contact angle and creams
with softer consistency characterized by lower struc-
tural viscosity. The background of poor wetting is
that less water is fixed interlamellarly and the ra-
tio of bulk water is higher, resulting in a higher
viscosity.

A relationship was found not only between viscos-
ity and wetting, but also between the constant of the
viscosity function and water content and the wetting
contact angleKig. 4).

According to our studies the viscosity of hydrophilic
creams shows a characteristic decrease with the in-
creasing water content. This decrease can be described
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Fig. 2. Flow curves of creams containing different concentration
(w/w), distilled water: 60—80% (w/w).)
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of water. (Composition: Series 2, emulsifier: Eucarol AGE/SS in 5%
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Fig. 3. The effect of wetting on the structural viscosity of creams. (Results of 18 compositions, concentration of emulsifiers: 5% (w/w),
concentration of water: 70% (w/w).)

with an exponential function the concentration of emulsified water (w/w%,
constant.
= 1o eXp(—mc 2 . .
7 = 10 EXMX ) 2) The slope of the functionnf) shows how water is
wheren, the initial viscosity of creams;g, the vis- bound in the gel structure. If a substantial quantity of
cosity of systems with O water concentratioq,; water is in energetic binding (closed interlamellarly)
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Fig. 4. The effect of wetting on the structure formation constant. Structure formation constant can be calculated from the relationship
between structural viscosity—water concentratiblednyanszky, 198}t The slope of this linearized exponential function can be considered
as the structure formation constant. (Total 18 compositions, concentration of emulsifier: 5% (w/w), concentration of water: 60—80% (w/w).)
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Fig. 5. TG-curve of cream containing 5% (w/w) Eucarol AGE/SS and 80% (w/w) water.

and only a smaller quantity is in mechanical binding can be described with the following functions:

(bulk water), the slope of the functions is a constant

of a small numerical value. Amy = Amo + a1T(20-85) (4)
In our studies an exponential relationship was

also found between the constants of the water

concentration—-viscosity functions and the contact  \yhere Am, mass decreasey, anda, constantsT,
angle: temperature.
m = mo exp(h®) 3) A character_istic relgtionship was found_ between the
slope of the first sectiora{) and the wetting contact
angle: the poorer the wetting (the greater the contact
angle), the greater the evaporation rate of water. There-
fore, the quantity of the energetically (interlamellarly)
bound water can be deduced from the extent of wet-
ting. This function is also an exponential equation

(Fig. 6):

3.2. Examination of the aqueous phase binding by a = agexpcO®) (6)
thermoanalysis

Amp = Amo + a2T(85-100) (5)

where m, the slope of the viscosity—water concen-
tration functions Eq. (2); ©®, the contact angle of
wetting; b, the constant of the function. Constdmgx-
presses the extent of viscosity increase accompanying
the increase of contact angle unit.

wherea, the slope of the first section of the TG-curve;
The most efficient method for the examination @, contact angleay andc, constants.
of the water phase binding is the thermogravimet-
ric method (unginger, 1984a)b The TG-curve of 3.3. Sability of creams and wetting
differential thermoanalysisHg. 5 shows the mass
change (probably the decrease of water content) with  Two factors were studied with respect to the stability
the temperature increase. of creams: (i) the evaporation of the water phase, and
Our results show that the TG-curves consist of two (ii) separation due to centrifugation.
sections with different slope. The first section has a  During the evaporation studies the water content
lower slope, the second section a higher one and theyof creams was found to decrease according to a
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Fig. 6. The effect of wetting on the evaporation of water under heat. (The slope of first section of TG-curves, based4)n (Total
18 compositions, concentration of emulsifier: 5% (w/w), concentration of water: 70% (w/w).)
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Fig. 8. The effect of wetting on water evaporation rate (calculation is basdeqori7) 14 composition, emulsifier: 5% (w/w) and 10%

(w/w), concentration of water 70 and 80% (w/w)).

well-defined function Eig. 7):

Aw = Awg +d(#)® )

where Aw, mass decreasé; examination timewg
andd, constants.

The evaporation of water is in correlation with
wetting: the smaller the energy of water binding, the
greater the extent of the water evaporation of the

An exact description of physical stability is given by
the amount of water separated by centrifugation. The
guantity of the separated water—contact angle function
is given inFig. 9. A linear relationship was found be-
tween this element of physical stability and the contact
angle:

S =So+no 9)

cream. This relationship can also be described with whereS, the quantity of the separated waté?; the

an exponential functionHg. 8):

d = doexpg®) (8)

where d, the evaporation rate of water (slope of
Eq. (7); do andg, constantsp, the contact angle of
wetting.

contact angle of wettingg andn, constants.

The correlation coefficients of the contact angle
functions Egs. (1), (3), (6), (8) and (Pare summa-
rized in Table 2 These constants prove that wetting
characterized by the contact angle is a decisive factor
in the structure formation.

Table 2

Relationship between wetting of hydrophilic and lipophilic phases and properties of creams

Wetting Properties of creams Function Correlation coefficient Figure Equation
Contact angle Viscosity of creams Exponential 0.979 Fig. 3 Eq. (1)
Contact angle Slope of-water content Exponential 0.841 Fig. 4 Eq. (3)
Contact angle Slope of TG-curves Exponential 0.867 Fig. 6 Eq. (6)
Contact angle Rate of evaporation Exponential 0.874 Fig. 8 Eq. (8)
Contact angle Water separation by centrifugation Linear 0.753 Fig. 9 Eq. (9)
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1 determination of wetting between the hydrophilic and

lipophilic phase.

3 Emulsifiers also can be characterized by these wet-
ting investigations. It is essential to determine the de-
- crease in the value of contact angle at the water and
/ oil interface when using a new emulsifier in different

0.5

concentrations.
0 /. The following methods are advised in order to
/ exactly characterize the structure and stability of
/ cream-systems high water content: determination of
the wetting angle, rheological examinations, ther-
05 mogravimetrical measurements, and their correlation
with the above-mentioned experiments.
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