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FORMULASYON VE BAZI STABILITE CALISMALARI
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In this study emulsions used for cosmetic pur-
poses considered as pharmaceutical forms were
prepared by developing different formulations and
their stabilities were examined. Comparisons were
done by investigating the stabilities of the cosmetic
emulsion formulations prepared by the combina-
tions of two different surfacrants and three differ-
ent active substances.

a - Hydroxy acids (AHAs) are popular natural
compounds found in almost every kind of cosmetic
product. They have special effects on the skin such
as improving skin texture, firmness and brightness,
decreasing wrinkling and pigmentation. AHAs are
incorporated into cosmetic products for different
purposes. The type and concentration of AHAs are
very important points in the cosmetic formulations.
We used three active substances from this class in
our formulations and decided to investigate the
stabilities of the cosmetic emulsions prepared.

Results showed that decomposition of emul-
sions was directly propotional with time and an
increase in pH and in particle size was observed
related to time. It was seen that the formulations
which were stable in the organoleptic controls
were also stable in the centrifuge tests. Besides, it
was observed that the emulsions prepared with
PEG 55 propylene glycol oleat (PEG 55 PGO)
were more stable compared with the ones pre-
pared with PEG 80 sorbitan laurate (PEG 80 SL),
so we decided to use PEG 55 PGO in the prepara-
tions of the emulsions.

Bu ¢alismada farmasétik sekil olarak kozme-
tik amagla kullamlan emiilsiyonlar ele alindi ve
degisik formiilasyonlar gelistirilerek stabiliteleri
incelendi. Iki ayri emiilgator ve iig ayri etken
maddenin kombinasyonlariyla olugturulan koz-
metik emiilsiyon jformiilasyonlarimin  stabilite-
lerinin incelenmesi suretiyle karsilastirma yapild..

a-Hidroksi asitler (AHA lar) dogal bir bilesik
smifindandir ve deri yapisini, parlakligim ve
stkihgim  diizeltmek,  kingikhigr  ve pigmen-
tasyonu azaltmak gibi ézel etkiler olustururlar.
Son yillarda kozmetik preparatlarda giincel
olarak kullamlmas: nedeniyle, formiilasyonlari-
mizda bu siniftan ii¢ etken madde kullanildi ve
hazirlanan kozmetik emiilsiyonlarin stabilitesinin
incelenmesi amagland.

Sonugta, sicakligin artmasiyla orantili olarak
emiilsiyon dayamkhihiginin bozuldugu, zamana
bagl olarak partikiil biyikliginin ve pH'in da
genelde arthigr gozlendi. Organoleptik kontrol-
lerle santrifiij denemelerinin uyum iginde oldugu
goriildi. Illaveten PEG 55 propilen glikol oleat
(PEG 55 PGO) ile yapilan emiilsiyonlarin PEG
80 sorbitan laurat (PEG 80 SL) ile yapilan emiil-
siyonlara gore daha dayamikli oldugu, dolayi-
siyla emiilsiyon yapiminda PEG 55 PGO'mn
kullamlImasinin uygun olduguna karar verildi.
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Introduction

“AHAs” refer to a group of weak
hygroscopic acids which contain a
hydroxy function in the alpha position

relative to the carbon atom bearing the
carboxyl function (1). These acids were
reported for cosmetic use in 1974 for the

86



Acta Pharmaceutica Turcica
XLI(2) (86-92) 1999

first time, are considered as renaissance
materials. However their long-term usage
and formulations are still debated. AHAs
such as glycolic, lactic, tartaric, citric,
malic, mandelic, benzylic and gluconic
were introduced into cosmetic products
either alone or as a complex (2,3). AHAs
are involved in a range of cellular
processes including glucose metabolism,
energy production, redox potential and
glycosaminoglycan synthesis (3). They
are used at low concentrations for the
long-term control of dry skin, ichtiyosis,
acne, age spots and superficial wrinkles
and for increasing the elasticity of the
skin (4).

The AHAs are clearly effective in the
management  of various dry skin
conditions,  particularly hyperkeratotic
disorders such as ichthyosis (3). AHAs
reduce the thickness of hyperkeratotic
stratum  corneum by decreasing
corneocyte cohesion when used topically
(5). One of the properties of the AHAS is
their ability to plasticize the stratum
corneum, thereby making the skin more
flexible and less vulnerable to cracking.
They can improve the extensibility (or
elasticity) of the stratum corneum without
increasing the water content (3,6).

Various acids were examined for their
ability to increase cell renewal at various
pHs, and similar results were observed for
all the acids tested. As pH increased, the
ability to stimulate cell renewal
diminished. Additionally, for all the acids
tested, a maximal stimulation of renewal
at a pH of about 3 was observed ).

Several enzymes (phosphatases,
lipases, transforming growth factor beta
etc.) have maximum activity at pH 5 or
lower values and it is possible that an acid
environment  may  activate  these
mechanisms (4,8). It is impossible to mar-
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ket a raw material or a drug without any
stability test. It should be stored without
any decrease in its chemical, physical
and therapeutic properties during the
storage (9). Emulsions are thermo
dynamically unstable systems and may
undergo some changes after aging. The
aim of this study was to prepare
cosmetic emulsions by using different
-surfactants  and  different - active
substances as citric, tartaric and lactic
acids and to evaluate the stabilities of
these systems.

Materials and Methods

Materials and Apparatus

Almond  oil  (Galenic Pharmaceutical
Wholesale  Store), tartaric acid (Horasan
Chemistry Co. Ltd.), lactic acid (C. H.

Boehringer - suitable to DAB 7), citric acid
monohydrate (Uparc), sodium — carboxymethyl-
cellulose (CMC) (Sigma), methyl paraben,
propyl paraben, PEG - 55 PGO, PEG - 80 SL
(Johnson & Johnson Ltd.) and distilled water
were used in the preparation of the emulsions
Apparatus: Mechanic mixer (Janke and
Kungel), centrifuge (Heraeus Sepatech Minifuge,
Model RF), microscope (OMO), mechanic
shaker (B. Braun), balance (Sartorius Basic and
Shimadzu Libror EB-3200 H), pH-meter (Nel
mod. 821), water bath (BUCHI 461), refrigerator

(Argelik), deep-freeze (Ugur),ovens (Niive,
Hereaus, Dedeoglu, Electro-mag).

Methods

Active substance . 5 g

Almond oil 20 g

Surfactant 15 g

Sodium - CMC 2 g

Methyl paraben 0.10 g.

Propyl paraben 0.05 g.

Distilled water 57.85 g.

According to the formulation given above,
emulsions were prepared by using different
active substances and surfactants. Citric, tartaric
and lactic acids were used as active substances
and PEG 55 PGO and PEG 80 SL as surfactants.
O/W  emulsions were perpared having the
following combinations:



Acta Pharmaceutica Turcica
XLI (2) (86-92) 1999

PEG 55 PGO - citric acid
PEG 55 PGO - lactic acid
PEG 55 PGO - tartaric acid
PEG 80 SL - citric acid
PEG 80 SL - lactic acid
PEG 80 SL - tartaric acid

7 different emulsions were prepared for each
formulation and 6 of these were used for duration
tests and 1 for the temperature variation test.
Totally 42 emlusions were subjected to various
analiysis.

Preparation of the emulsions :

“Surfactant in- water” method was  utilized
when preparing the o/w emulsions (10). 2 g. of
sodium - CMC was swollen in 57.85 g. of distilled
water. 20 g. of almond oil for each formulation
were heated to 70 °C on a water-bath. 15 g
surfactant, 5 g active substance and 0.1 g methyl
paraben were dlssolved in the water phase. 0.05¢g
propyl paraben was dissolved in almond oil and
the oil phase was mixed with the water phase
gently at 800 rpm. by using a mechanical ‘mixer.
The mixing process was continued until the
temperature of the emulsion dropped to room
temperature. These emulsions were transferred to
100 cc bottles

Stability tests

These tests were carried on the 6 of the 7
emulsions prepared as mentioned above and the
temperatures were : a) -24 °C (deep - freeze) b) - 5
°C ¢)Room temperature (20°C) and dark cabin
(11),d) 37°C e) 45°C f) 50°C

Temperature variation test was applied to the
7" formulation. It was kept at -5°C and at 40°C for
24 hours for a period of three weeks. Triplicate
measurements were done for each emulsion.

Control methods :

Stability tests performed were: Duration,
temperature variation and centrifugal analysis.
Organoleptic and particle size controls and pH
measurements were done at certain time intervals
for each emulsion.

1. Duration Tests (12)
The investigations were done on the emulsions
stored;
1) for 24 hrs. under -24 °C.
2) for 1 week under -5 °C.

3) at room temperature and dark after 3

_ Weeks time interval.

4) At 37 °C on the 3" day each week for 3
weeks .

5) under 45 °C after each week of the 3
weeks time interval and also on the 3™ day of the
storage.

6) under 50 °C after the 1%, 3%, 7th days of
the 1 week time interval.

2. Temperature variation test (13)

The emulsions were stored for 24 hrs. under -
5 °C and 40 °C. The test is continued for 3 weeks
in this order and at the end of the 3 week the
position of the samples were both observed and
examined.

3. Centrifuge test (3)

5 g. of each emulsion was transferred into
test tubes. The centrifugation process was
performed at room temperature and 3000 rpm.
for 30 mins. and the samples were observed for
decomposition or phase separation.

" 4. Organoleptic controls (13)

The color, odor and the physical appearance
of the emulsions were examined. The occurrance
of any phase separation was observed. The
examinations were evaluated under 5 >gr(')ups :

1) Stable position

2) The light decomposition of the
homogenity (Slight inhomogenity)

3) Beginning of the separation. (Creaming,
lifting)

4) Certain separation (Marked separation)

5) Complete separation of the phases (Total
separation)

3. Measurement of the pH (12)

The continuous phases of the emulsions were
water and their pHs were measured freshly and
after preparation at certain time intervals.

6. Measurement of the particle size

0.1 ml of each emulsion was transferred into
a test tube and 1ml of distilled water was added.
After stirring for 5 mins with a mechanical mixer
the particle sizes were examined in a sufficient
amount of sample under a microscope. Average
particle size and the physical appearances of the
emulsions were predicted after ten consecutive
measurements. '
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Results and Discussion

The stability of fortytwo different
cosmetic emulsions was investigeted by
developing various formulations. Tests
carried out included; Duration,
temperature variations, centrifugal and
organoleptic controls, pH and particle size
analysis.

Stabilities of the emulsion systems
depend mainly on the preparation method,
apparatus used, oil and surfactants
selected and their concentration, the sizes
of the globules obtained and the
temperature used, along with other
conditions. '

Emulsions must be tested at varying
temperatures in order to ensure their
stability at all possible environmental
conditions. (14). For this reason duration
tests  were performed at various
temperatures.

In this study, the emulsions appearance
were checked every day for phase
separation or microbial contamination. All
the emulsions prepared had a homogenous
appearance  with  good consistency.
Macroscopically they were white and
odourless cream.

The pH of the medium should be
between 1.0-5.5 in the products containing
AHA. The most suitable pH interval is
between 3.0-5.0. By the application of low
pH products on stratum corneum the
bonds between the keratinized cells break
off and thus the effectiveness of the
product increases (15). Therefore the pH’s
of the emulsions should be adjusted both
for the appropriateness of the product to
the users skin and for its stability. In this
work after examining the pHs of the
emulsions initially and at the end of the
durations in different temperatures,
measurements showed that initial pHs
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were 2,48-3.08 and the final pHs were
2,50-3.16. The pHs of the emulsions
should be adjusted to 3.0-5.0 before
application for optimum cutaneus
tolerance (2,11). :

Centrifugation gives a definite idea
about the stability of a simple emulsion.
The cream volume or the separation of
phases at a given time was taken as a
measure of the physical stability of the
emulsion. To accelerate the effect of
gravity, the emulsion was centrifuged at
a speed not below 2000 rpm (16). The
centrifugation was carried on at room
temperature at 3000 rpm. for 30 minutes.
Proceeding the centrifuge studies, it was
observed that the emulsions prepared
with PEG 55 PGO were stable while the
ones prepared with PEG 80 SL
decomposed. In addition, PEG 55 PGO-
L.A and PEG 55 PGO-C.A were stable
while the others decomposed in
temperature variation tests.

The thermal tests give a general
information about the stability of the
emulsions during aging. Cosmetic
products which are exposed to varying
climates are significantly influenced by
temperature. To test the thermal stability
of freshly prepared emulsions, they were
subjected to different temperatures (C)
as:-24°, -5°, room temperature (209, 37°,
45°, 50°. The results are given in Table 1.
According to this table, it can be seen
that the results of the thermal - stability
tests and centrifuge tests were in
accordance.

The method of manufacture has an
effect on the particle size and stability of
the emulsion. As a general rule, each
emulsifier shoul be added to the phase
where it is easily soluble ( 14).

The particle sizes of the emulsions
intended for cosmetic use are expected to
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Table 1- The results of the investigations done on the emulsions stored for 24 hrs. under -24 °C.

Type of organoleptic control pH particle size centrifuge
emulsion int. fin. i.pH f.pH int. fin. -
PEG 55 PGO-L.A. (1)we,0. (Hwe,o0. 3.10 | 3.13 3.25um 3.90 um stable
PEG 55 PGO-C.A. (Iwc,0. (Iwe,o0. 2.78 | 3.08 4.20 pm 4.30 pm stable
PEG 55 PGO-T.A. (1)wce,0. ()wc,o0. 232 | 261 3.70 um 4.20 pm stable
PEG 80 SL-L.A. (I)wce,o. (Hwe,o. 3.07 | 3.14 2.50 um 2.70 pm phase separation
PEG 80 SL-C.A. (1)wc,0. (2)wc,0. 2.78 | 2.87 2.80 um 4.00 pm phase separation
PEG 80 SL-T.A. (I)wce,o. (2)wc,0. 247 | 2.64 1.70 pm 3.70 pm phase separation
1, int : initial LA : Lactic acid (1) : Stable position .
f, fin : final CA : Citric acid (2) : The light decomposition of the
wc : white-cream TA : Tartaric acid homogenity
o : odorless

Table 2- The results of the investigations done on the emulsions stored for 1 week under -5 °C.

Type of emulsion organoleptic control pH particle size centrifuge
int. fin. i.pH f.pH int. fin.
PEG 55 PGO-L.A. (I)we,o. (I)wc,o. 310 | 3.17 3.25um 4.00 um stable
PEG 55 PGO-C.A. (Iwc,o. ()wc,o. 278 | 3.01 420 pm 4.80 um stable
PEG 55 PGO-T.A. (wc,o0. (I)we,o0. 2.71 2.54 4.10 pm 4.50 um stable
PEG 80 SL-L.A. (1)wc,o. 3)wec,o. 3.07 | 3.26 2.50 pm 4.80 um phase separation
PEG 80 SL-C.A. (I)wc,0. (3)wec,0. 2.78 | 2.98 2.80 pm 5.30 um phase separation
PEG 80 SL-T.A. (Hwe,o. (3)wc,0. 247 | 247 2.50 pm 3.80 um phase separation
i, int : initial LA : Lactic acid (1) : Stable position
f, fin : final CA : Citric acid (3) : Beginning of the separation
wc : white-cream TA : Tartaric acid
o0 : odorless

be 0.5-10 pm (16). In the present study
they were found to be 1.7-6.4 um and an
increase in the particle sizes was observed
related to time and temperature. It is seen
from the graphics that PEG 55 PGO-C.A
is the most stable one at all temperatures.
Besides PEG 80 SL- T.A was also found
to be stable at 37°C. The results of thepar-
ticle size are presented at Tables 2,3 and
Figs. 1-4.

The role of the polymeric surfactant in
stabilizing the emulsion interfaces is a
very important point in the stability of the
system. The type of the surfactant could
also be related the mechanical stability of
the W/O emulsion. It must be reflected as
a change in droplet size of the W/O emul-
sion with time. PEG 55 PGO seems to
have a little influence on the stability of
the emulsion systems we formulated.

Emulsion stability decreases at high
temperatures with PEG 80 SL. It seems
that PEG 80 SL does not form a network
within he aquaeus phases of this system.

Low-viscosity grades of methyl
cellulose, hydroxypropyl cellulose,
and/or hydroxyethyl cellulose having
inverse water solubility with respect to
temperature provide a lubricious, dense,
stable, voluminous foam. Sodium-CMC
was used in 2% concentration in our
study (17).

All constituents in the emulsion
system are open to microbial
contamination. This contamination may
lead to several undesired effects such as
influencing the physical and and
chemical stability changing the normal
functions of the skin applied (3). To
prevent the contamination of the
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Table 3- The results of the investigations done on the e

mulsions stored under room temperature

and dark conditions after each week of the 3 weeks time interval.

Type of organoleptic particle size centrifuge
emulsion time control pH
int. (Iwe,o. 3.10 3.25 um stable
PEG 55 PGO - 1% week (I)we,o. 3.19 ) 4.50 um stable
L.A. 2™ week (Iwec,o. 3.06 4.60 pm stable
3" week (1)we,o. 3.15 4.60 pm stable
int. (Iwec,o. 2.78 4.20 um stable
PEG 55 PGO- 1% week (I)wc,o. 3.01 4.20 um stable
C.A. 2™ week (I)we,o. 2.68 4.50 um stable
3™ week (I)wc,o. 2.77 4.70 um phase separation
int. (Iwec,o. 2.71 4.10 um stable
PEG 55 PGO- 1*week (I)we,o. 245 4.30 um stable
TA. 2" week (Dwe,o. 2.53 4.50 um stable
37 week (I)wc,o. 2.50 4.70 pm stable
int. (Iwe,o. 3.07 2.50 um stable
PEG 80 SL- 1% week ()we,o. 3.07 3.00 pm stable
LA. 2™ week (I)we,o. 3.11 3.40 um . stable
3™ week (I)we,o. 3.08 3.80 um stable
int. (Dwec,o. 2.78 2.80 um stable
PEG 80 SL- 1% week (3)wc,o. 2.89 5.70 pm phase separation
C.A. 2™ week (3)wc.o. 2.77 5.80 um phase separation
3™ week (4)wc,0. 2.88 5.80 um phase separation
int. (Dwe,o. 247 2.50 um stable
PEG 80 SL- 1* week (3)wc,o. 2.70 3.40 um phase separation
TA. 2" week (3)wc,0. 2.53 4.10 um phase separation
3% week (4)wc.o. 2.52 6:20 um phase separation
int : initial LA : Lactic acid (1) : Stable position
Wwc : white-cream CA : Citric acid (3) : Beginning of the separation
o : odorless TA : Tartaric acid (4) : Certain separation
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Fig. 1. Changing of the particle size of the
emulsions versus time at room
temperature (20°C)

emulsion system, methyl paraben and
propyl paraben were introduced into the
emulsions. The effects of antimicrobial
agents to the system were confirmed by
other authors, aswell (2,1 1,18,19)
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Fig.2. Changing of the particle size of the
emulsions versus time at 37°C

AHAs may have a physiological
influence on the qualitative character of
the stratum corneum. Topical application
-of these acids can return disordered
hyperkera-tinized skin to a nearly nor-
mal appearance by influencing  the
casting off of old stratum corneum cells
and a return to normal rates and patterns
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Fig.3. Changing of the particle size of the
emulsions versus time at 45°C
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Fig. 4. Changing of the particle size of the
emulsions versus time at 50°C

of cell formation, cohesion and shedding
(7). AHAs in high and low concentrations, in
solutions, lotions, creams and gels provide new
treatment options for a range of conditions,
including dry skin and its variants, acne ‘“age
spots” and actinic keratoses, warts and wrinkles
and for skin peeling. High concentrations of AHA
have more penetrating, more profound but perhaps
less specific effects (20). AHASs are usually used at
low consenrations (4-12%) in cosmetic products
(2,12). We also used AHA in 5% concentration in
the present study.

As a result of all these studies, it was
observed that the stability of the
emulsions decrease as the temperature
increases. Also it can be said that the
particle size and the pH increases by time.
It was also observed that the emulsions
prepared with PEG 55 PGO were more
“stable than the emulsions preapared with

PEG 80 SL.
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