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SUBSTANTIATION OF THE COMPOSITION OF SURFACE-ACTIVE SUBSTANCES IN
DEVELOPMENT OF A CREAM WITH SILVER CITRATE

© Z. Polova, 1. Gladukh, H. Kukhtenko

DapmayesmuuHuM eMyIbCiaM HUHI NpUOiIAEMbCs 6ce OLbua y8aed, OCKIIbKU 80HU HAULTU WUPOKe 3ACMOCY-
8anHs 6 MeOuyHitl npakmuyi. Lle cmano moxciusum 3a805Ku AKICHO HOBOMY PIBHIO HAYKOBUX OOCHIOJCeHb md
docsieHelb 8 00NACMI CMEOPEHHS eMYIbCIUHUX CUCIEM, d MAKONC PO3UWUPEHHIO ACOPMUMEHNY 0ONOMINCHUX De-
YOBUH MA BUKOPUCIAHHIO HOBO20 CYYUACHO20 00naoHanHs. Emynvcii aensaroms coborw cemepocenni oucnepchi cu-
cmemu, wo nomenyitino Hecmabinoni. Tomy numanns cmadinizayii emyibCiuHUX CUCIEM € 20JI08HUM 8 MeXHO-
02I1 eMynbCiil.

Mema. Buguenns cmpykmypHo-MexaHiuHux e1acmueocmell KOHYEHMPOBAHUX eMYNbCIIHUX CUCIEM 8 3ANeHCHO-
cmi 6i0 cymaphoi konyenmpayii IIAP ma 0ocnioxcenns Ko10ionoi ma mepmiunoi cmaditbHocmi 3paskie s 00-
IPYHMYBAHHS CKAAOY NOBEPXHEBO-AKMUBHUX PEUOBUH NPU PO3POOYI KpeMy 3 cpibaa yumpamom.

Memoou. ©apmarxo-mexnHonr02iuni Memoou 00Cai0NCeHb NPOBOOUU 32I0H0 3 gumozamu Jlepacasnoi @apmako-
nei’ Ykpainu.

Pe3ynomamu oocnioxncennsn. /[ocniodceno Konoiony ma mepmiyHy cmabilbHICMb 3pA3Ki8 Kpemy eMyabCiliHo20 3
cpibna yumpamom, 3a AKUMU 6CTNAHOBNIEHO, WO BUKOPUCMAHHA eMyabeamopis 6 konyenmpayii 4 % ma 6 % ne
3abesneuye Qizuynoi cmabinbnocmi. Bukonano oucnepcHuil ananiz 2emepo2eHHUX CUCmeM, 3d AKUMU 6CMAHO 8-
JIEHO, WO 3PA3KU i3 BUKOPUCMAHHAM KOMOIHAYIL eMylibeamopie € 00HOPIOHUMU 3d POIMIPOM YACMUHOK MACAAHOL
¢asu, saxi ne nepesuwgyiomsv 10 mim. JJocniodnceno nosedinky 3paskie emyabCilho2o Kpemy 3 cpiona yumpamom
nio yac ma nicis MEXaniunHoi decmpyKyii, pe3yibmamu SKux 2apanmyioms CmadiibHiCmb cucmemu nio 6NAUGOM
MexXaHiuHoi 06pobKU 8 npoyeci NPOMUCI08020 BUPOOHUYMBA MA BUKOPUCTNAHHA.

Bucnoexu. B pezyromami excnepumenmy o0IpyHmMoBarHo GUKOPUCMANHHS 015 CMAbinizayii emyabCitinoi cucmemu
3 cpibna yumpamom KOMOIHAYII0 NOBEPXHEBO-AKMUBHUX peyosuH:. emyaveamop Ne I ma yemocmeapunosuti
cnupmy y xinekocmi 8—10 %

Knrouosi cnosa: emynvcitina cucmema, nogepxHe8o-aKmusHi pewosuru, Kpem, yumpam cpiona, cmabiibHicms
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1. Introduction

Soft medicinal forms are widely used, but emul-
sion creams, which are homogeneous and consisting of at
least two mutually unmixed or partially mixed liquids,
are the most widespread. The problem of emulsion sys-
tems stability is important technological issue [1].

To increase aggregate stability, stabilizers-
emulsifiers and stabilizers-thickeners are introduced into
emulsions; they reduce the interfacial surface tension
between two phases, form strong protective coatings on
the particles surface, and increase viscosity of the disper-
sion medium. Significant stabilization preventing floccu-
lation, coalescence and Kkinetic instability, can be
achieved if structural and mechanical barrier, character-
ized by high structural viscosity parameters, is formed in
the dispersion medium volume and on the verge of phase
separation. Introduction of surface-active substances
(surfactants) allows accelerate drugs resorption; they act
as plasticizers, improving the structural and mechanical
properties of disperse systems [2].

When selecting emulsifiers for pharmaceutical
emulsions, it is recommended to figure on their stabiliza-
tion mechanism, toxicity, pH, and chemical compatibility
with active pharmaceutical ingredients (API). To stabi-
lize emulsions, emulsifiers are used in a wide concentra-
tions range from 0.1 to 25 % [3]. Therefore, it is im-
portant to choose the optimal composition of emulsifiers
in cream composition.

2. Formulation of the problem in a general
way, the relevance of the theme and its connection
with important scientific and practical issues

When designing the composition and technology
of any emulsion it is necessary to consider API’s proper-
ties, method for obtaining, rheological, electrical and
dielectric properties, as well as stability during storage.
The problem of physical stability is the main in emulsion
production technology area.

Surfactant is the essential component of disperse
systems. It’s about compounds that are not distributed
homogeneously in solution, and due to their amphiphilic
nature, they accumulate (adsorbed) on the verge of phase
separation. A decrease in the interfacial tension due to
adsorption monolayers formation is caused by the ad-
sorption on the verge of phase separation. An indispen-
sable condition for such interphase activity manifestation
(concentration on the verge of phase) is the presence of
lipophilic and hydrophilic functional groups in surfactant
molecule. It can be considered that all emulsifiers are
surface-active substances. It is emulsifiers that represent
compounds that take a crucial part in formation and sta-
bilization of emulsion [4, 5]. Therefore, it is important to
select the type and concentration of surfactants that
would provide a stable emulsion.

3. Analysis of recent studies and publications in
which a solution of the problem and which draws on
the author

Trends in development of emulsions for skin ap-
plication are determined along with the other, consumer
characteristics, and environmental aspects are increasing-
ly considered. Thus, currently there is a need for particu-
larly compatible emulsifiers, which should be obtained at

the same time on the basis of raw materials from renew-
able resources. Besides, the absence of unwanted con-
comitant substances that may occur during the emulsifi-
ers obtaining process expected [6, 7].

Peptides are widely studied as emulsifiers due to
their biocompatibility, universality and stabilizing ability.
However, costs and mass production remain problematic
for wider use of these emulsifiers. There is evidence
about the potential use of silk fibroin nanofibers as emul-
sifiers in medicines and cosmetics. Compared to peptide
emulsifiers, nanofibers have several advantages: besides
the improved stabilizing ability, silk nanofibers provide
additional stability to emulsions formed at high salt con-
centration and low pH [8].

The authors [9] describe that some of the highly
dispersed solid particles, when added to a mixture of
water with non-polar solvents, are able to stabilize emul-
sions formed even without surfactant. The so-called
Pickering emulsions are widely used in the cosmetics
industry. Different particles were used to stabilize emul-
sions, such as, for example, colloidal silicon dioxide,
hydrophobic Aerosil, polystyrene microspheres, carbon
nanotubes, zinc oxide, clay particles, aluminum hydrox-
ide, magnetite, and others.

The source [10] presents the data about the
basic principles of stabilization of emulsions by poly-
meric surfactants. Particular attention is paid to poly-
meric surfactants suitable for oil-in-water (o/w) and
water-in-oil (w/o) emulsions, namely hydrophobically
modified inulin.

Emulsifiers used for development of pharmaceuti-
cal and cosmetic emulsions, as surfactants, are mostly
amphiphilic. The lipophilic residues are aliphatic or aro-
matic. Hydrophilic groups are formed by polar structural
elements which can be electrically charged or uncharged;
therefore, on the assumption of the hydrophilic function-
al group, it is possible to divide into ionic and nonionic
emulsifiers [11, 12].

Properties of emulsions also depend on composi-
tion and concentration of the emulsifiers. It is necessary
to select the emulsifying mixture composition according
to the additivity rule in determining the “required” hy-
drophilic-lipophilic balance (HLB) for oil phase and
guided by the theoretical data about the HLB system
application, whereby it is recommended to use two sur-
factants, one of which is characterized by high HLB
value, and the second — by low one [13].

4. Allocation of unsolved parts of the general
problem, which is dedicated to the article

The use of surfactants, which due to their diffu-
sive structure are adsorbed on the interphase surface and
thereby reduce the surface tension, is one of the ways to
stabilize emulsions. To stabilize the oil/water emulsion
system, which is used for the present research as a basis
for the pharmaceutical development of a cream contain-
ing a silver citrate solution, the surfactants such as cetyl
stearyl alcohol, glyceryl monostearate, polysorbate-80,
and emulsifier Ne 1 were studied. On the basis of the
previous studies [14, 15], the use of the surfactants com-
bination: emulsifier Ne 1 and cetyl stearyl alcohol in the
ratio of 1:1, and emulsifier Ne 1 singly was grounded.
The given work is a continuation of the experimental
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studies and is devoted to the research of the emulsifiers
total concentration influence on the physical, structural
and mechanical, and disperse properties of oil/water
emulsions.

5. Formulation of goals (tasks) of Article

The aim of the research is to study the structural
and mechanical properties of concentrated emulsion
systems, depending on the surfactants total concentra-
tion, and the study of colloidal and thermal stability of
the samples for substantiation of the surfactants composi-
tion in the development of the cream with silver citrate.

6. Statement of the basic material of the study
(methods and objects) with the justification of the
results

The objects of research were concentrated 21 %
emulsion systems. The oil phase included vaseline oil,
isopropyl myristate, isopropyl palmitate, octyldodecanol

by 5 % each and 1 % of dimethicone. Purified water was
used as dispersion environment. Two series of the sam-
ples were prepared: the first one containing nothing but
emulsifier Ne 1, and the second one containing the mix-
ture of emulsifier Ne 1 and cetyl stearyl alcohol in the
ratio of 1:1. In the samples, the total concentration of
emulsifiers was 10 %, 8 %, 6 %, and 4 % at calculated
ratio of these substances. The samples composition is
shown in Table. 1.

The samples were prepared using high/high tem-
perature method, in which the oil and water phases were
heated separately to a temperature of 70-75 °C. The
emulsification of the samples was carried out using Rolu-
tron®Sutemem RT 2500 (Kinematis AG, Switzerland)
homogenizer at a speed of 5000 rpm. After decreasing
the temperature of the sample to 50-55 °C, silver solu-
tion and panthenol were added. The samples were left for
a day to structure the disperse system and then they were
used for rheological research.

Table 1

The samples composition

Substances Composition, % / The sample series number
1 | 2 | 3 | 4
Active pharmaceutical ingredient
Silver citrate solution
Dexpanthenol
Disperse phase
Vaseline oil 5
Isopropyl myristate 5
Isopropyl palmitate 5
Octyldodecanol 5
Dimethicone 1
Surfactants composition (SERIES 1)
Emulsifier Nel | 10 | 8 | 6 | 4
Surfactants composition (SERIES 2)
Emulsifier Nel 5 4 3 2
Cetyl stearyl alcohol 5 4 3 2

Disperse environment

Purified water |

up to 100 %

Determination of rheological or structural and
mechanical properties of the samples. The study was
carried out by Rheolab QC Rheometer (Anton Paar,
Austria) using C-CC27/SS coaxial-cylinder system. The
device meets 1ISO 3219 the requirements. The rheological
curve measurements were carried out in three stages:

a) linear increase of the shear rate from 0.1 sec™
to 350 sec™ with 115 measurement points and the meas-
uring point duration of 1 sec;

b) constant sheer at the shear rate of 150 sec™, one
measurement point with a duration of 1 sec;

c) linear decrease of the shear rate from 350 sec™
to 0.1 sec™ with 115 measurement points and the measur-
ing point duration of 1 sec.

The study of thixotropic properties (under “de-
struction-restoration” conditions) was carried out in three
stages:

a) constant sheer at the rate of 1 sec™’, 5 measure-
ment points, duration of the point measurement 5 sec;

b) constant sheer at the rate of 150 sec™, 50 meas-
urement points, duration of the point measurement 1 sec;
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¢) constant sheer at the rate of 1 sec™®, 250 meas-
urement points, duration of the point measurement 1 sec.

The temperature of rheological properties study
was 25 °C.

Determination of the samples colloidal stability.
For the test, laboratory centrifuge with a set of test tubes,
mercury thermometer with measurement scales from 0 to
100 °C and value of division of 1 °C, as well as stop-
watch and water bath, were used. The test tubes were
filled to 2/3 of the volume (approximately 9 g) by the test
samples (in result, masses of the test tubes with the prep-
arations did not differ by more than 0.02 g) and weighed
with accuracy up to 0.01 g. Then, the test tubes were
placed into a water bath at a temperature of 42.5+2.5 °C
for 20 minutes, after that they were wiped to dryness
from the outside and placed in the centrifuge. The sam-
ples were centrifuged for 5 minutes at a speed of 6000
rpm (the relative centrifugation force was about 5000g).

The samples were considered to be stable if in the
test tubes no stratification was observed after centrifuga-
tion. If stratification or sedimentation of the sample were
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found at least in one sample, the analysis was carried out
again. If a retest showed at least one test tube with strati-
fication, the sample was considered to be unstable.

Determination of thermal stability of samples.
5-6 glass tubes with a diameter of 15 mm and a height of
150 mm were used for research. The test tubes were
filled by 8-10 ml of the test samples and placed into a
TC-80M-2 thermostat with a temperature of 42.5+£2.5 °C
for 7 days. After that, the samples were transferred for
7 days to refrigerator with a temper-

sary to begin the system flow (Table 2). The shear stress
value indicates how easy the cream will be extruded from
the tube and the adhesion on skin surface, or on the con-
trary, indicates the spontaneous leak from the tube and
spread over the surface. The segment on the axis ordinate
from 0 to the marginal sheer stress (1o, Pa) points to the
elastic properties of the disperse system, the segment of
ordinates above the marginal sheer stress — to the plastic
properties.

ature of 642 °C and then they were 300
kept at a room temperature for 3 B
days. Stability was determined visu-
ally: if no stratification observed in
any test tube, the sample was con-
sidered to be stable.

..............

Microscopy research method. }
To study the microscopy of the 5 T
emulsions, a Lumam P1 microscope,
equipped with a digital DMC 300 1004}
digital camera, and ScopePhoto
software, were used. A small drop of 50 oossaiaien

emulsion, which was taken with a
glass rod from the middle part of the

00
.........
.........
0000
.....
0000

......
s et s e ye s sreTeere Ll

........................
o

6 %

oo
........
i s s s ety
.....
.......
o0

prepared samples, was placed on the 0 50
slide glass. Then, the drop of emul-
sion was covered with a cover glass.
Then the cover glass was gently
pressed with a rod until a homoge-
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t t
100 150 200 250 300 350 s 4C

Shear Rate 1

Fig. 1. The samples with emulsifier Ne 1 (SERIES 1) shear curves

neous thin layer, transparent when o
viewed with the naked eye, is ob- 35 000
tained. The slide glass with the pre-

pared sample was placed on the .
microscope's stage table. To exam- 25 000-
ine the samples, a lens with a magni- A

fication of 20x and an 1.6 intermedi- g oo
ate magnification was used. The 15 000-
samples were viewed under a halo- a
gen lamp. Microscopy pictures were e
obtained using the Scope Photo 5000+
software. Automatic white balance o 5

and brightness settings were used. o
Comparison scale (50 pm) was ap-
plied on the pictures using a cali-
brated system.

The evaluation of the quality
of emulsions as a basis of a soft 300

50 100 150 200 250 300

—

350 1/s 400
Shear Rate y

Fig. 2. The samples with emulsifier Nel (SERIES 1) viscosity curves

medicinal form was carried out by a
set of such indicators as stability,
homogeneity of disperse phase par-
ticles and consistency [16]. The
consistency or visco-elastic proper-
ties of the studied samples were
evaluated according the rheological
studies results shown in Fig. 1-4 and
Table 2. As it is shown, all samples
are characterized by visco-elastic
properties; the greater their severity,
the higher surfactants concentration.

All samples have a pseudoplastic
flow type, the flow of which begins
after reaching the marginal shear
strain (flow limits), which is neces-

400

Shear Rate y

Fig. 3. The samples with combination of emulsifier Ne 1 and cetyl stearyl
alcohol (SERIES 2) shear curves
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All samples have thixotropic properties, since the
ascending curve describing the sample behavior in in-
creasing the shear rate direction, and the downward curve
that describes the sample behavior in the opposite direc-
tion, form a hysteresis loop.

Fig. 2 and 4 show the viscosity curves, where it is
evident that the structural viscosity of the samples de-

40 000

creases with deformation effort increase, which in turn
indicates the pseudoplasticity of the disperse systems.
The stability properties of the studied emulsions
have a significant influence on the disperse systems sta-
bility and are provided by surfactants [17]. The stability
of the studied samples was analyzed by colloidal and
thermal stability tests. The results are given in Table. 3

mPa-s
35 000 —?

1

30 000+

25 000+

Shear Rate -y

150

200 300 350 1/s 400

Fig. 4. The samples with combination of emulsifier Ne 1 and cetyl stearyl alcohol (SERIES 2) viscosity curves

Table 2
Marginal shear stress (shear limit) by Casson
Samples Samples
SERIES 1 To, Pa SERIES 2 7o, Pa
1 (10 %) 68.30 1 (10 %) 110.55
2 (8 %) 55.168 2 (8 %) 71.75
3 (6 %) 35.36 3(6%) 33.24
4 (4 %) 15.01 4 (4 %) 2.75
Note: n=6, p=<0.05 — the index deviation is reliable compared with the control
Table 3
Colloidal and thermal stability of the samples
SSEag:gsesl Co”g:ﬂ?; sta Thermal stability SSEaS:EISeSZ Cs:'?a:kl)oi:?till Thermal stability
1 (10 %) + + 1 (10 %) + +
2 (8 %) + + 2 (8 %) + +
3 (6 %) + — 3 (6 %) + -
4 (4 %) - - 4 (4 %) - -

Note: n=6, p<0.05 — the index deviation is reliable compared with the control

As it is shown in Table 3, the use of surfactant in
a concentration of 4 % does not provide either colloidal
stability or thermal stability of concentrated emulsion
systems. The total surfactant concentration of 6 % pro-
vides only colloidal stability. The use of surfactant in a
concentration of 8-10 % provides thermal and colloidal
stability of the emulsion disperse system.

The quality of any emulsions is also determined
by their dispersion, namely the size of the dispersed
phase. Primarily the dispersion of emulsions characteriz-
es the uniformity of oil components distribution, emul-
sion stability and viscosity. The results of the dispersion
analysis are shown in Fig. 5 and 6.
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As it can be seen from the pictures, the samples of
the series 2 prepared by using the surfactant combination
of emulsifier Ne 1 and cetyl stearyl alcohol have correct
shape droplets of oil phase that are evenly distributed
throughout the emulsion volume. The density of droplets
with a total concentration of 10 % and 8 % is the same. In
the samples, prepared by using only emulsifier Ne 1 there
are oil phase droplets 25-50 microns size in the emulsion
volume. Thus, on the basis of rheological, microscopic
studies and stability studies of oil/water emulsion systems, it
is expedient to use a mixture of surfactant emulsifier Ne 1
and cetyl stearyl alcohol in a ratio of 1:1 at a total concentra-
tion of 8-10 % for stabilization.
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During the manufacturing process, soft drugs are
under the mechanical effects (homogenization, pipeline
transport, packaging on high-performance equipment,
etc.), resulting in medicinal product destruction. During
pharmaceutical development, one of the obligatory stages
of the research is mechanical stability study. To examine
the mechanical stability of the disperse system, a “de-
struction-recovery” test was carried out using a rotary
reoviscosimeter, the test method is given above. During

1 (10 %)

2 (8 %)

the experiment, the initial structural viscosity of the sam-
ple was recorded at a deformation rate of 1 sec™, then the
sample was deformed using the inner cylinder for 50 sec
with a displacement rate of 150 sec™ (120 rpm) with the
following period of structure restoration under the initial
conditions .

Results of the study of mechanical stability of the
samples under “destruction-recovery” conditions are
shown in Fig. 7 and Table 4.

3 (6 %)

Fig. 5. Microscopy pictures of the samples SERIES 1

1(10 %) 2 (8 %) 3 (6 %)
Fig. 6. Microscopy pictures of the samples SERIES 2
4
5,98741-10
mPa-s
8% 10 %
[esese]
2,202651 04 T ‘T CC27/S-SN29766; d=0mm  CC27/S-SN29766; d=0 mm
-®— 1 Viscosity -O— 1 Viscosity
8% 10%
3 Delta=108,04 % after t=10 s Delta=96,447 % after t=10 s
8,1031-10 T
* - 1n Viscosity -®— 1 Viscosity
8% 10%
n 3 Delta=103,12 % after t=60 s Delta=95,15 % after t=60 s
2’98110 T -®— 1 Viscosity - 1 Viscosity
10%
3 Delta = 101,4 %
1,0966‘10 T -®— 1n Viscosity
2 1l 1l 1l 1l 1l 1l
4,034 1 0 T T T T T T
0 50 100 150 200 250 300 350 s 400 ™ Anton Paar
Timet ——» /P

Fig. 7. Mechanical stability of the samples under “destruction-recovery” conditions
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Table 4

Mechanical stability indexes

The surfactant . . .
content in the po, Pavs Structure recovery in | Structure recovery in | Structure recovery in
' 10 seconds, % 60 seconds, % 100 seconds, %
sample, %
8 % 24700 Pa-s 108.04 % 103.12 % 104.8 %
10 % 27500 Pa-s 96.45 % 95.15 % 101.4 %

Note: n=6, p<0.05 — the index deviation is reliable compared with the control

The data show that the samples with a total concen-
tration of emulsifiers of 8 % and 10 % immediately recov-
er their structure after mechanical influence. At the same
time, the sample with a total concentration of emulsifiers
of 8 %, at the recovery stage at low shear rates shows reo-
exponential properties, namely its viscosity after mechani-
cal influence exceeds the initial one. This phenomenon
needs to be studied in detail to determine the conditions
under which it can be observed and its duration. In the
mentioned experimental conditions, by analyzing behavior
of the sample and considering the rheopexy value, we can
predict that rheopexy disappears over time.

Therefore, complex physical and chemical, struc-
tural and mechanical, and microscopic studies were carried
out at the stage of substantiation of the type and concentra-
tion of surfactants in the cream with silver citrate.

7. Findings from the research and prospects of
further development of this area

1. Research of structural and mechanical proper-
ties of concentrated emulsion systems depending on the

total concentration of surfactants emulsifier Ne 1 and
cetyl stearyl alcohol in the ratio of 1:1 and only emulsifi-
er Ne 1 in the second case was carried out.

2. Colloidal and thermal stability of the samples
of the cream with silver citrate was studied. In result it
was found that the use of the emulsifiers in concentra-
tions of 4 % and 6 % does not provide physical stability.

3. Dispersion analysis of the heterogenic systems
was done. It was found that the samples with the use of
the emulsifiers’ combination were homogenous in rela-
tion to the oil phase particle size, which did not exceed
10 pm.

4. Behavior of the samples of the emulsion cream
with silver citrate was studied during and after mechani-
cal destruction; results prove stability of the system un-
der the influence of mechanical processing during manu-
facturing process and its use.

5. The present study resulted in substantiation of
the use of surfactants combination of emulsifier Nel and
cetyl stearyl alcohol in concentration of 8-10 % for stabi-
lization of the emulsion system.
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