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INTERACTION OF SURFACTANTS WITH POLOXAMERS 338 AND ITS EFFECT ON
SOME PROPERTIES OF CREAM BASE
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Ganna Grygorova, Anna Liapunova

The aim. Study of the interaction of surfactants with poloxamer 338 (P338) and the effect of P338 on the properties
of cream bases.

Materials and methods. Solutions of the surfactants and P338 as well as cream bases were under study. The aver-
age hydrodynamic diameter (D, ) and zeta potential ({-potential) were determined by the light scattering intensity
and electrophoretic mobility of micelles. The electron paramagnetic resonance (EPR) spectra of spin probes in mi-
celles, solvents and bases were obtained; the type of spectrum, isotropic constant (4,,), rotational correlation times
(v) and anisotropy parameter (¢) were determined. Liquids and cream bases were studied by capillary and rotation-
al viscometry; the flow behaviour and yield stress (t,), dynamic and apparent viscosity (1) as well as the hysteresis
(thixotropic) area (A,) were determined. The microstructure of the bases was examined by optical microscopy. The
strength of adhesion (S, ) was assessed by the pull-off test, and the absorption of water was studied by dialysis.
Results. Under the impact of P338 the hydrodynamic diameters of micelles formed by cationic, anionic and nonionic
surfactants decreased as well as the absolute values of their (-potential became lower, but the microviscosity of the mi-
celle nuclei increased. There was also a change in the structure of the aggregates of surfactant with fatty alcohols; EPR
spectra, which were superpositions characteristic for the lateral phase separation, converted into triplets that indicat-
ed the uniform distribution of lipophilic probes in the surfactant phase. When the content of P338 increased to 17 %,
the rheological parameters of the bases increased drastically, the flow behaviour and the microstructure changed.
The bases had the consistency of cream within temperature range from 25 °C to 70 °C and completely restored their
apparent viscosity, which had decreased under shear stress. P338 enhances the adhesive properties of the bases. Due
to their microstructure, cream bases have a lower ability to absorb water compared to a solution and gel containing
17 % and 20 % P338, respectively.

Conclusions. The structure of surfactant micelles and aggregates of surfactants with fatty alcohols changed under
impact of P338 due to the interaction of surfactants with P338. As a result of this interaction, at a sufficiently high
concentration of P338, the microstructure and flow behaviour of bases changed, their rheological parameters,
which remain high at temperatures from 25 °C to 70 °C, increased significantly, and water absorption parameters
decreased. The bases with P338 were more adhesive
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1. Introduction digits multiplied by 100 give the approximate average
Poloxamers (a-hydro-w-hydroxypoly(oxyethylene) molecular mass (M) of the polyoxypropylene core of
poly(oxypropylene) poly(oxyethylene) block copolymers) copolymer, and the last digit multiplied by 10 corre-
are block copolymers of ethylene oxide and propylene sponds to the percentage by weight of the polyoxyeth-
oxide represented by the following general formula [1, 2]: ylene portion [2]. Many other types of poloxamers are
commercially available, such as proxanol 268, which is

Me an ingredient of some semi-solid medicinal products
0 0 registered in Ukraine and Russia [2—4].
HO " 0 i ny Poloxamer 124 is a liquid, and poloxamers 188,

237, 338, 407 are white or almost white waxy powder,
microbeads or flakes with a melting point of about 50 °C.

Five different poloxamers, numbered 124, 188, Poloxamer 188 is soluble in water; poloxamers 124, 237,
237, 338 and 407 are described in the monograph «Polox- 338, 407 are very soluble in water and practically insolu-
amersy of the European Pharmacopoeia [1]. The first two ble in light petroleum [1, 2]. Poloxamers together with
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mixed solvents water — propylene glycol (PG) — macro-
gol 400 (M400) and PG — M400 form different systems:
clear liquids, clear gels, turbid unstable gels, turbid stable
gels and solids, as shown by the example of proxa-
nol 268 [5]. On the ternary phase diagrams the area of
the region for each above-mentioned dispersed systems
depended on the composition of the systems [5]. There-
fore, poloxamers can be used in liquid, semi-solid and
solid preparations.

Poloxamers are nonionic surface active substances,
their polyoxyethylene chains is hydrophilic while the
polyoxypropylene segment is hydrophobic. Due to their
properties, they are used in pharmaceutical formula-
tions [2]. The data on the functional purpose of poloxam-
ers are summarizes in the literature [2]. They are used as
emulsifiers (in particular, for fluorocarbons), solubilizer,
gelling agents (1,5-20 %), stabilizing agents for dis-
persed systems (1-5 %), components of suppository bas-
es (46 % or 90 %), excipients for tablet technology (5—
10 %), in particular, for coating (10 %) [2]. Poloxamers
may also be used as components of bases for ointments,
creams and gels (5-20 %) [3—5]. Poloxamers have found
use in preparations for the topical treatment of wounds
due to their surface-active properties and ability to ab-
sorb a wound exudate [3, 4, 6]. Poloxamers may cause a
formation of gels when heating their solutions (thermore-
versible systems) [2]; studies regarding use of poloxamer
407 (thermogelling polymer) with cellulose derivatives
for this purpose are described in the literature [7]. Study
of emulgel systems containing poloxamer 407 and Car-
bopol® 974P or polycarbophil was also performed [8].

On the other hand, it is surfactants that are the
most commonly used stabilizing agents for heteroge-
neous dispersed systems with liquid dispersion medi-
um [2]. For physical stabilization of o/w emulsions a
mixture of o/w and w/o emulsifiers is used, which form
mixed aggregates [9, 10]. The structure of mixed aggre-
gates of hydrophilic and lipophilic surfactants depends
on their mass ratio, molecular structure and temperature.
It was established by spin probes method that in mixed
aggregates of emulsifiers, which differ significantly in
the HLB values (for example, hydrophilic surfactants and
higher aliphatic alcohols), in a certain temperature range
there is a lateral phase separation when two-dimension-
ally solid-like and one-dimensionally liquid sites of high-
er fatty alcohols are formed near liquid sites of hydrophil-
ic surfactants. In contrast to spherical micelles, in such
aggregates, with increasing distance to the polar part, the
packing density of alkyl chains of surfactants decreases,
which indicates the nonspherical shape of these aggre-
gates. Sufficient concentration of aggregates and their
hydrophilicity provided by hydrophilic surfactants, non-
spherical shape and solid-like sites cause the formation in
the volume of dispersed systems (with liquid aqueous or
water-glycol medium) coagulation structures. These
structures are characterized by plastic or pseudoplastic
flow behaviour, thixotropic properties and some apparent
viscosity [9, 10]. Due to those properties such dispersed
systems could be used as vehicles (bases) for semi-solid
preparations (SSPs).

Poloxamers as nonionic surfactants in aqueous
solutions also form micelles, and at high concentrations
they create lyotropic liquid crystals with different struc-
ture that leads to the formation of hydrogels [11]. Such
ability as sol—gel transition at increasing temperature,
as well as capacity to solubilize of hydrophobic substanc-
es and incorporate nanoparticles in the micelles make it
possible to use of poloxamers for long-term subcutane-
ous delivery systems and controlled release drugs [11-13].
Poloxamer-based hydrogels are attractive for ophthalmic,
parenteral, transdermal, and vaginal administration.
These hydrogels are liquid at room temperature but be-
come more viscous at body temperature. In this case,
gels remain at the application site for a longer time, and
the release of active substance(s) is prolonged [13]. How-
ever, the prolonged release of active substances from
such gels in situ is limited mainly by insufficient rheolog-
ical and mechanical properties, which cause the rapid gel
erosion and an elimination of barriers for the diffusion of
active substances [14].

Therefore, it is necessary to find mechanisms for
the enhancement of the rheological parameters of gels
and reducing the release rate of active substance(s) in situ.
Additional excipients [7, 12, 14] or chemically modified
poloxamers [14, 15] can be used in order to achieve sus-
tained drug release and prolong the presence of the gel at
the site of its administration. The properties of the emul-
sions stabilized by poloxamer 188 may be affected by the
localization of the molecules of active substance at the
interface between the oil phase and dispersion media [16].

Poloxamers provide gels with a mucoadhesive ef-
fect and are promising in the composition of SSPs for ap-
plication on mucous membranes [17, 18]. Gel consistency
and mucoadhesive properties are important factors for the
development of topical SSPs with poloxamers for adminis-
tration in gynecology [19] and ophthalmology [20].

In aqueous solutions poloxamers could be as mono-
mers, spherical micelles, lyotropic liquid crystals with vari-
ous shapes: cubic, hexagonal and lamellar [11, 21, 22]. The
self-assembly of poloxamer molecules in solutions depends
on the mass ratio between the hydrophobic polyoxypropyl-
ene block and hydrophilic polyoxyethylene blocks, the mo-
lecular weight of the poloxamer, its content and solution
temperature [11,21]. The effect of non-aqueous solvents
(glycerin, PG, ethanol, glycerol triacetate) and surfactants
(nonionic, anionic and cationic) on the formation of various
lyotropic liquid crystalline microstructures with poloxam-
er 407 was also studied; the small angle X-ray scattering
method and ternary phase diagrams were used for the re-
search [21]. The effect of those cosolvents and surfactants
on the phase behaviour of poloxamer 407 has been
shown [21]. The influence of polysorbates on the properties
of poloxamer 407 micelles was studied; it has been shown
that polysorbate molecules are incorporated into poloxamer
micelles and change the structure of micelle nuclei [23].

The results of studies presented in the scientific
literature mainly concern the effect of surfactants and
other excipients on the properties of poloxamer solutions,
but not the effect of poloxamers on surfactant associ-
ates [2, 9, 10]. The use of surfactants in combination with
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poloxamers in semi-solid preparations intended for dif-
ferent routes of administration is not substantiated. Such
studies should be aimed primarily at developing hydro-
philic bases with sufficient rheological parameters to
prevent rapid erosion and mechanical destruction of SSP
in situ. These bases must also possess bioadhesive prop-
erties and be able to prolong release of active substances.
Accordingly, the aim of the study was established.

The aim was to study of the interaction of surfac-
tants with poloxamer 338 (P338) and the effect of P338
on the properties of cream bases.

2. Planning (methodology) of the research

It was planned to use cationic (cetylpyridinium
chloride), anionic (sodium lauryl sulfate), nonionic (mac-
rogol 20 cetostearyl ether) surfactants and P338. The
objects of the research were:

1) surfactant solutions, P338 solutions or solutions
of surfactants with P338 in water and in the mixed sol-
vents PG — M400 — water;

2) relevant disperse systems containing a mixture
of surfactant with cetostearyl alcohol or a mixture of
surfactant with P338 and cetostearyl alcohol;

3) corresponding to disperse systems emulsions
o/w. It was necessary to vary the composition of solutions
and disperse systems, in particular, the content of P338.

Depending on the P338 content, it was necessary
to determine the hydrodynamic diameter of surfactant
micelles, their {-potential as well as rotational correlation
parameters of the fatty acid-based spin probe. The results
of these studies provided the information about changes
in the structure of surfactant micelles under the influ-
ence of P338, which could demonstrate their interaction.

It was planned to study the rheological properties
of disperse systems with liquid dispersion medium de-
pending on the P338 concentration by the rotational vis-
cometry. In order to study the mechanism of influence of
P338 on the rheological properties of disperse systems, it
was necessary to determine the dynamic viscosity of
liquids, which were the dispersion medium, as well as the
rotational correlation parameters of the spin probes:

1) hydrophilic probe TEMPON localized in disper-
sion medium,;

2) fatty acid-based spin probes localized in the
micelles and in the aggregates of emulsifiers.

In the case of disperse systems with high rheological
parameters, it was necessary to study properties which are
important for SSP: apparent viscosity depending on tem-
perature and long-continued shear stress, microstructure,
adhesion (compared to P338 solutions and disperse system
without P338) as well as the kinetics of water absorption by
dialysis (compared to solution and gel containing P338).

Comparative studies of the release of PG, M400
and active substances from dispersed systems, solutions
and gels by dialysis are also essential. But the results of
such studies will be the subject of other publications. To
complete the complex studies, it was necessary to com-
pare the rheological behaviour of disperse systems with-
out oil phase and emulsions o/w, containing the emulsifi-
er o/w, cetostearyl alcohol and P338.

All these comprehensive studies were essential to
find out mechanisms of formation of hydrophilic bases
for SSP which are characterized by high rheological pa-
rameters, significant bioadhesive properties, moderate
ability to dehydrate biological objects and prolonged re-
lease of active substances and hydrophilic solvents.

3. Materials and methods

Cetylpyridinium Chloride (CPC) («Mercky»), Sodi-
um Laurilsulfate (Kolliphor® SLS) (SLS) («BASF»),
Macrogol Cetostearyl Ether (Kolliphor® CS 20) (MCE)
(«BASF»), Poloxamer 338 (Kolliphor® P 338) (P338)
(«<BASF»), Propylene Glycol (Kollisolv® PG) (PG)
(«BASF»), Macrogol 400 (Kollisolv® PEG 400) (M400)
(«<BASF»), Cetostearyl Alcohol (Kolliwax® CSA 50)
(CSA) («BASF»), Paraffin Liquid, Paraffin White Soft
and purified water (hereinafter the water) were used in
the experiments [1].

These substances met the requirements of the
monographs of the European Pharmacopoeia [1]. In addi-
tion, a complex emulsifier Kolliphor® CSL («BASF»),
which is a mixture of SLS and sodium cetostearyl sulfate
with CSA, was used.

Dynamic light scattering (DLS) instrument «Ze-
taPALS Zeta Potential Analyzer» («Brookhaven Instru-
ments Corporationy; software 9kpsdw32 — 5.33 version)
was used to measure the hydrodynamic diameter (D,) and
the polydispersity index (PDI). The fluctuations in the
light intensity due to Brownian motion of the micelle in the
solution were used to determine the intensity weighted
average translational diffusion coefficients. The average
hydrodynamic diameter was estimated from the diffusion
coefficient using the Stokes-Einstein equation:

D,=k,T/3nnD, )

where D is the diffusion coefficient, &, is the Boltzmann
constant, 7 is the absolute temperature, and n is the vis-
cosity of the medium.

For each experiment, the solution was pipetted
into a disposable plastic vial before measuring the inten-
sity of the auto-correlation function at scattering angle of
90°. All the measurements were conducted at tempera-
ture of 25 °C, which was automatically controlled by the
instrument. DLS measurements were performed by ten
consecutive runs on individual sample, 30 s each.

The C-potential (§) was obtained through measure-
ment of the electrophoretic mobility of the micelle using
same equipment «ZetaPALS Zeta Potential Analyzer»
(software palsw32-5.75 version). All investigations were
performed at 25 °C. The zeta potential was automatically
calculated from the electrophoretic mobility based on
Smoluchowski’s formula:

Ednxx(v/E)/e, @)

where 7 is the dynamic viscosity of medium, (v/E) is the
electrophoretic mobility, € is the dielectric constant.

The kinematic viscosity (v) of liquids was deter-
mined by capillary viscometer method and their densi-
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ty (p) was measured using oscillation-type density meter
DMA 500 («Anton Paar GmbHy, Austria; software ver-
sion V1.003). The dynamic viscosity (1) of liquids was
calculated using the equation:

n=v-p. ©)

Rheograms (plots of the shear stress (t) vs the
shear rate (D)) were obtained at certain temperature by
rotational viscometry [1] using a rotating viscometer
«Rheolab QC» with coaxial cylinders CC-27 (for creams
and gels) and DG42 (for liquids) («Anton Paar GmbH»;
software RHEOPLUS, 2.66 version). Rheograms were
used to characterize the flow behaviour as well as to de-
termine the apparent viscosity, hysteresis (thixotropic)
area (4,), yield stress (t,) of bases or the dynamic viscos-
ity of Newtonian liquids ().

The EPR spectroscopy was used for the re-
search [24]. The following spin probes were used for the
experiments:

— (1): I-piperidinyloxy,4-(hexadecyldimethylam-
monio)-2,2,6,6-tetramethyl-, iodide (M  551,65; CAS:
[114199-16-5));

— (2): 4-palmitamido-2,2,6,6-tetramethylpiperi-
dine-1-oxyl (M_409,67; CAS: [22977-65-7]);

—(3): 5-DOXYL Stearic acid (M, 384,57, CAS:
[29545-48-01]);

— (4): 16-DOXYL Stearic acid (M 384,57, CAS:
[53034-38-1]).

—(5): TEMPON (4-0xo-TEMPO) (C,H,NO,;
M 170,23; CAS: [2896-70-0]).

Probe 1 simulated the emulsifier o/w, and probes 2,
3 and 4 served as models of the emulsifiers w/o. The free
radical in probes 2, 3 and 4 are located near different
carbon atoms of the alkyl chains. Probe 5 is hydrophilic,
water-soluble substance, and its EPR spectra provide in-
formation about the dispersion medium.

The probes were added into the disperse systems
at the concentration of 10~* mol/l. EPR spectra were ob-
tained using an EPR Spectrometer CMS8400 («Adani»).

The type of EPR spectrum (triplet, anisotropic spec-
trum, singlet, superposition spectrum) was determined.
Using the EPR spectra, which were triplets, the hyperfine
splitting constant (4,), which characterizes the micropo-
larity of the environment in the vicinity of radical, the peak
heights as well as the width of the low-field component
(AH,,) and central component (AH) were determined.

Rotational correlation times of spin probes (t,,
T_,, T,,) and anisotropy parameter (g) were calculated by
the following equations [24, 25]:

h
T, = /h—°—1 AH, /2-10%, @)
+1

o=l A /3610, )
-1
h

T ={ ;| AL 6654107, ©)

Ne 6(34)2021
hy/h,, —1
e= O/ +1 , (7)
hy/h, —1
where 4, , h, and & | are the the peak-to-peak heights of

the low-field, central and high-field components of EPR
spectrum; AH,, and AH, are the width of low-field and
central components, respectively.

The reorientation of nonspherical molecules dis-
solved in a liquid is characterized by two different cor-
relation times: t_, which is associated with fluctuations
in directions perpendicular to the long axis of the probe,
and t,,, which is associated with its rotation around the
long axis [25]; both of these parameters are taken into
account in the case of t,, [24]. The rotational correlation
time of probes (7) is directly proportional to the effective
radius of the molecule (R) and to the microviscosity of its
local surrounding (1) and inversely proportional to the
absolute temperature (7)) [25]:

T=(4mRn) /34T . ®)

The strength of adhesion was determined by pull-
off test [26]. The adhesion strength (S| ) was estimated as
separation force () per unit of contact area (4,) and
calculated by the formula:

S =F A, ©)

The absorption of water by the bases was studied
by dialysis using cellulose membranes (GOST 7730-89),
which were pre-soaked in water P for 24 hours. A ver-
tical diffusion chambers were used. The chamber with
tested sample (3.0 g) was weighed at regular intervals
and the mass of absorbed water was calculated by
changing the mass of the contents of the cham-
ber [6].

Unless otherwise stated, the experiments were
performed at 25 °C. A circulating thermostat Julabo
F12-ED («Julabo Labortechnik GmbH», Germany)
was used to maintain a necessary temperature.

The microstructure of the systems was deter-
mined by optical microscopy [1, 27] using the micro-
scope with micrometer «Kriiss MBL-2100» («A. Kriiss
Optronic», Germany).

P338 was dissolved in water at 6—8 °C with degas-
sing of the solution. The surfactants were dissolved in
water or in mixed solvent water — PG — M400 at 50—
60 °C, and then cooled to 20-25 °C. If lipophilic compo-
nent (CSA and liquid paraffin) was added into a disperse
system, the mixture of water, surfactant and lipophilic
component(s) was heated to 70-75 °C, stirred until the
surfactant was dissolved and CSA was melted; then
emulsifying was performed with degassing (phase A). A
mixture of PG, M400 and P338 was melted at 65-70 °C
while stirring and degassing (phase B). Phases A and B
were mixed, homogenized and degassed at about 65—
70 °C and then cooled with stirring to ambient tempera-
ture. The compositions of the samples under study are
given in the text of the article.
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4. Research results

Study of the effect of P338 on the structure of
micelles and aggregates of surfactants with CSA

The results of determination of the average hydro-
dynamic diameter (D,), polydispersity (PDI) and {-poten-
tial of micelles in 1 % aqueous solutions of CPC, SLS
and MCE, which contain P338 at different concentra-
tions, are presented in Table 1. The representative histo-
grams characterizing the distribution of micelles by their
hydrodynamic diameter in aqueous solutions can be seen
in Fig. 1.

As can be seen from Table 1, the D, value for the
micelles of non-ionic surfactant MCE was approximately
16.7 times smaller than for CPC micelles and 18.5 times
smaller than for SLS micelles.

P338 in aqueous solutions also forms micelles. At
25 °C the average hydrodynamic diameter of P338 mi-
celles in 5% aqueous solution was 514.24+18.60 nm
(with PDI=0.417), and the {-potential was —22.09+1.70 mV.

When P338 was added to aqueous solutions of sur-
factants, a tendency to decrease the hydrodynamic diame-
ter of micelles and increase their polydispersity index was
observed (Table 1). For example, as the P338 content in-
creased to 5 % D, value for the micelles of CPC, SLS, and
MCE decreased 1.5, 1.5, and 3 times, respectively.

CPC micelles and SLS micelles in aqueous solu-
tions were characterized by positive and negative values
of C-potential, respectively (Table 1). The micelles of
MCE and P338 also had negative (-potential, but they
absolute values were 2.7 and 3.0 times less than for the
SLS micelles, respectively. P338 affected {-potential of
micelles (Table 1). With the presence of P338 and in-
creasing its concentration to 5 % (-potentials of micelles
changed: in the case of CPC from 70.74 mV to 10.62 mV,
in the case of SLS from —65.80 mV to —15.09 mV, in the
case of MCE from —24.57 mV to —10.91 mV.

According to Table 1, it can be assumed that D, of
micelles increased, and their surface was neutralized due
to the interaction of P338 molecules with surfactant mi-
celles. According to the literature [11, 21, 23], they might
form mixed micelles. But the hydrodynamic diameter of
such mixed micelles was due to the colloidal surfactant,
not the block copolymer. This
is most evident in the exam-
ple of aqueous solutions con-

ion-dipole, hydrophobic and steric interactions. Probably
the most significant is the ion-dipole interaction of P338
with CPC.
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Fig. 1. Lognormal distribution of micelles by

hydrodynamic diameter (D,) in aqueous solutions
containing 5 % P338 (a) or 1 % MCE with 5 % P338 (b)

Table 1

D,, PDI and C-potential of micelles in 1 % aqueous solutions of CPC, SLS and MCE

with different content of P338

taining nonionic surfactant

Param- Values at P338 content:
lsvelgfir?nTiblljjigéngsFi?ri l:z eter 0% | 10% | 20% | 30% | 40% | 50%
the mixed solutions cont,ain- Cetylpyridinium chloride (CPC)
ing 1% MCE and P338 there D, nm | 332.77£7.5 |282.67£11.51{266.25+28.91{253.40+23.21|243.50=20.10| 221.47+21.8
were no associates with a PDI 0.321 0.358 0.379 0.409 0.396 0.424
large hydrodynamic diameter {,mV | 70.74+0.36 | 39.80+4.11 | 28.91+£7.61 | 15.48+7.24 | 11.93+1.75 | 10.62+3.10
of about 500 nm, characteris- Sodium laurilsulfate (SLS)
tic for P338 micelles. That is, D,,nm |367.79£23.87|331.38+17.78| 310.21£7.9 [300.34+30.51|271.14=13.59(251.30=23.96
surfactants prevented the for. |FDL 0331 0.326 0.290 0.368 0.401 0.401
mation of P338 micelles. In | GmY [-65.8043.70 [-29.26+2.04 [-24.81+3.80 [-21.70+2.73 [-16.33+2.65 | -15.09+771
mixed micelles, the interac- Macrogol 20 cetostearyl ether (MCE)
tion between ions or mole- |Dwnm| 19.9340.10 | 12.97+0.17 | 9.76+0.06 | 9.40+0.14 | 7.58+0.11 | 6.74+0.15
cules of surfactant and P338 |_PDI 0.195 0221 0261 0.284 0.300 0320
molecules may occur due to | &mY [24.57£1.64 [-21.18£2.99 [-19.611.83 |-14.77+5.10 [-13.65:4.65 [-10.91£10.16
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The effect of P338 on the micelle structure was
studied by spin probe method. The EPR spectra of spin
probe 2 in different objects are illustrated in Fig. 2; some
parameters of these EPR spectra are provided Table 2.

2.5mT
B
Magnetic field
raghetle Hed,

W g
Fig. 2. Probe 2 EPR spectra in: 1 — 0,5 % CPC aqueous
solution; 2 — 0,5 % CPC aqueous solutions containing
15 % PG and 10 % M400; 3 — 0,5 % CPC aqueous
solutions containing 15 % PG, 10 % M400 and 15 %
P338; 4 — 17 % P338 aqueous solutions containing

15 % PG and 10 % M400; 5 — 15 % PG and 10 % M400
aqueous solution

The EPR spectra of the lipophilic
spin probe 2 in aqueous solutions of sur-
factant are triplets (Fig. 2), which indi-

rameters of the EPR spectra of probe 2 in the CPC micelles.
Conversely, when P338 was dissolved in the dispersion
medium, the rotational correlation times of probe 2 in-
creased, and the parameter € became negative. This indi-
cates an increase in the packing density of surfactant mole-
cules in micelles at the interface with the polar part and an
increase in their rotational diffusion anisotropy. The higher
the P338 concentration in the CPC micellar solution, the
greater the values of T, and t_. At the P338 content of 15 %
the value of 7, and 7, of probe 2 in the CPC micelles in-
creased by 2.9 and 2.5 times, respectively, in the SLS mi-
celles — 3.9 and 3.2 times, and in the MCE micelles — in 1.9
and 2.0 times (Table 2). That is, the interaction of surfactants
with P338 led to a change in the structure micelles.

The microviscosity of the nuclei of nonionic sur-
factant micelles (MCE) at the interface with the polar
part was at the level of the microviscosity of liquid paraf-
fin, and the microviscosity of the nuclei of ionic surfac-
tant micelles is approximately 1.6-2.4 times lower (Ta-
bles 2, 3). In the presence of P338 at a concentration of
15 %, the microviscosity of the nuclei of surfactant mi-
celles became close to the microviscosity of white soft
paraffin (Tables 2, 3).

P338 in solution also formed micelles that solubi-
lized probe 2. Compared to surfactant micelles, the rota-
tional correlation times (t,, and t_) of probe 2 in P338
micelles were significantly greater. For example, t_, was
6.5 times greater than in the case of SLS, 5.1 times great-
er than in the case of CPC, and 2.7 times greater than in
the case of nonionic surfactant MCE (Table 2).

The physical stability of microheterogeneous
disperse systems depends among other things on the
viscosity of the liquid dispersion medium, and the re-
lease of dissolved active substances from the base-vehi-
cle may depend on the microviscosity of their local
surrounding [28].

cates the solubilization of the probe by
micelles [9, 24, 25]. In the mixed solvent Sur-

Table 2
EPR spectra parameters of the spin probe 2
in the micelles of surfactant and P338
Content, % Solvent composi- | 7 ,+10',| 7, 10", c AH,| A4,,
factant | Surfactant | P338 tion, g s ] mT | mT

PG —M400 —water (15:10:60) the probe 2

is insoluble, and its EPR spectrum is a CPC 0.5 0 Water 1.76 391 +0.02 | 0.21 [ 1.67

singlet (Fig. 2) [9, 24, 25]. In the case of | cPC | 0.5 o |PG-MI00-wa-) e | 387 |+0.03 | 021|167
e e ter (15:10:74.5)

solubilization of probe 2 molecules, the PG MA00

alkyl chain is localized in the nuclei of | CPC 0.5 5 ter215'10~6;‘g/)a_ 2.08 552 |-0.12 | 0.21|1.63

surfactant micelles, and the nitroxyl rad- PG M 40(') —’wa-

ical is localized in the polar part, as evi- | CPC 0.5 10 ter (15:10:64.5) 3.47 9.75 |-0.15 | 0.21 | 1.61

denced by the values of the isotropic PG — M400 — wa-

constant (4,), which were from 1.6l mT | CPC | 05 | 15 |00 /il S| 438 | 1146 |-0.11 | 023|165

to 1.67 mT (Table 2). The information on PG — M400 — wa-

the packing density and anisotropy of | SLS 0.5 0 | er(isi107a5) | 132 | 303 | 000 018|166

the rotational diffusion of surfactant PG — M400 — wa-

molecules in the lipophilic nucleus of SLS 0.3 15 ter (15:10:59.5) 4.22 1181 1-01510.2211.64

micelles at th§ boundary with the polar MCE 0.5 0 PG — M400 — wa- 263 796 1-0.12 l o022 |1.62

part was obtained by the parameters of ter (15:10:74.5)

the EPR spectra of probe 2. MCE | 05 15 | PO-MA00=wa-l 515 | 1405 | 2015|029 |1.64
As can be seen from Table 2, 15 % ter (15:10:59.5)

PG and 10 % M400 introduced into the _ _ 17 PG —M400 — wa- 8.94 19.69 |—0.02 | 0.29 |1.69

aqueous medium had no effect on the pa-

ter (15:10:58)




ScienceRise: Pharmaceutical Science

Ne 6(34)2021

Table 3
EPR spectra parameters of the spin probe 2 in liquid

paraffin and white soft paraffin

©,+10,| 7,101, AH,
S S & mT Ay
Liquid paraffin 2.78 698 |-021| 024 | 1.56

White soft paraffin| 4.71 1343 |-0.18 | 0.24 | 1.56

Object under study mT

Fig. 3, a shows a plot of dynamic viscosity of
aqueous solutions containing 15 % PG and 10 % M400
vice versa the P338 content. At 25 °C, solutions contain-
ing up to 17 % P338 were liquids, and solutions contain-
ing more than 18 % P338 were gels. That is, P338 at
concentrations of 15-17 % could significantly increase
the viscosity of the dispersion medium.

Note. As the temperature increases, the sol — gel
transition occurred at P338 content which was less than
17 %, but these studies are not the subject of this article.

In contrast to the dynamic viscosity of P338 solu-
tions, the value of t_ of the probe TEMPON increased
linearly in both liquids and creams with increasing P338
content (Fig. 3). This is probably due to the increase in
the amount of bound water, rather than the formation of
some kind of network causing the change of dynamic
viscosity. The so/—gel transition in the solution with
20 % P338 did not affect the linear dependence of t_ on
the P338 content (Fig. 3).

The EPR spectra of the spin probe TEMPON in
liquids and creams without P338 and with 17 % P338 are
shown in Fig. 4. In addition, the EPR spectrum of the
probe TEMPON in 20 % P338 solution, which was a gel,
is provided.

The EPR spectra of the probe TEMPON and the
values of 1_ for both solution and cream with the same
P338 content were almost identical and provided evi-
dence that molecules of dissolved probe TEMPON were
in a state of rapid isotropic rotation in a liquid medi-
um (Fig. 3, b, 4). But the values of t_ of the probe TEM-
PON in the solution and cream with 17 % P338 were
greater by 2.3 and 2.1 times, respectively, compared with
the solution and cream without P338 (Fig. 3).

A factor that might affect the rheological properties
of creams is the structure of mixed aggregates of surfac-
tants with CSA; the construction of three-dimensional
networks and coagulation structures that cause the consis-
tency of the cream are dependent on this structure [9, 10].

Fig. 5 shows the EPR spectra of probe 2 in cream
bases with the oil phase and without one (Fig. 5, a, b,
respectively), with P338 and without P338 (spectra 1
and spectra 2, respectively) (see the base compositions
in Table 4).

The EPR spectra in Fig. 5, a are superpositions of
two EPR spectra which are separated in a high-field com-
ponent. These EPR spectra probably indicate the lateral
phase separation in mixed aggregates formed by CPC
and CSA. The spectrum with a lower isotropic constant
(A,) indicates the localization of probe 2 in the CPS do-
mains, and spectrum with a higher isotropic constant —in
the CSA domains [9, 10]. When P338 was added into
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emulsion o/w the signal intensity of the probe 2, local-
ized in the CSA domains, decreased (Fig. 5, a).
Table 4

120 +
20 1

60 +

1. mPa-s

30 +

CP338,%

a

<10, s

T1

C P338, %
b

Fig. 3. a—P338 content (C) vs dynamic viscosity of P338
aqueous solutions containing 15 % PG and 10 % M400;
b —P338 content (C) vs T , of spin probe TEMPON in
above mentioned solutions (1) and creams based on these
solutions with 0.5 % CPC and 2,0 % CSA (2)

The compositions of the cream bases studied by the spin
probes method (Fig. 5), and some parameters of the EPR
spectra of the probe 2 in these bases

Content, ( % w/w):

Substances Base 1a | Base 2a Base 1b Base 2b
CPC 0.5 0.5 0.5 0.5
CSA 4.5 4.5 2.0 2.0
P338 0 17.0 0 17.0
PG 19.0 10.0 12.5 12.5
M400 17.0 9.0 11.2 11.2

Paraffin

Liquid (PL) 15.0 15.0 0 0

Water 44.0 44.0 73.8 56.8

Characteristic and parameters of EPR spectra

Character- | Superpositions of 2 | Superposition of 2

istic triplets triplets and singlet Triplet
A, mT :12“5190‘ :12“5190‘ ~1.62i~2.10 | ~1.62
t,410'% s 4.99
T,,+10' s 13.27
€ —0.18
AH, mT 0.38 0.38 0.33 0.23
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2,5mT
Magnetic field
1
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Fig. 4. EPR spectra of the spin probe TEMPON in:

a — solutions: without P338 (1); with 17 % P338 (2) and
with 20 % P338 (3); b — creams: without P338 (1) and
with 17 % P338 (2)

Note. The composition of the solutions and creams see in
the captions to Fig. 3

The EPR spectrum No. 1 of probe 2 at the base 15
is a superposition of three EPR spectra: two triplets and
a singlet (Fig. 5, b). Triplets with 4, 1.62 mT and 2.10 mT
indicate the localization of probe 2 in the CPC domains
and CSA domains, and the singlet indicates the associa-
tion of radicals in the domains with higher packing den-
sity of CSA molecules. Addition of 17 % P338 into the
disperse system without oil phase (base 2b) led to the
conversation of the EPR spectrum into a triplet (Fig. 5, b),
which indicate a uniform distribution of probe 2 mole-
cules in the phase of their localization. The microviscos-
ity of this phase was approximately the same as that of

white soft paraffin, as evidenced by the close values of T_|
and t,, (Tables 3, 4). Compared with CPC micelles, the
values of t_ and t,, in this phase were 1.6 and 3.4 times
greater, respectively. They were close to the values of t_,
and 1, , calculated from the EPR spectra of probe 2 in
0.5 % CPC solution containing 15 % P338. The anisotro-
py parameters of the EPR spectra of probe 2 in this solu-
tion (e=—0.15) and in base 2b (e=—0.18) were also similar
(Tables 2, 4). The nitroxyl radical of probe 2 in the base
2b was in contact with the polar medium (4,=1.62 mT).

2.5m
—_—
Magnetic field
ARG e,

2,5mT
Magnetic field

%
b
Fig. 5. EPR spectra of spin probe 2 in cream bases 14,

2a, 1b and 2b (cream base compositions are provided
in Table 4)

The EPR spectra of probes 1, 3 and 4 in the case of
base 1b without P338 were also superpositions (Fig. 6, a).
The EPR spectrum of probe 1 was a superposition of two
EPR spectra separated in a high-field component; the
EPR spectrum of probe 3 was a superposition of the trip-
let and singlet, and the EPR spectrum of probe 4 was a
superposition of two spectra, one of which was anisotro-
pic. This indicates a lateral phase separation in the aggre-
gates formed by CPC and CSA, along the entire length of
alkyl chains.

The EPR spectra of probes 1, 3 and 4 based on
fatty acids in base 2b with 17 % P338, on the contrary,
were triplets (Fig. 6, b), which indicates a uniform distri-
bution of surfactant molecules along the length of alkyl
chains in phase of their localization. The EPR spectra
parameters of probes 1, 2, 3 and 4 in the case of base 2b
are presented in Table 5. They depended not only on the
structure of surfactant aggregates, but also on the molec-
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ular structure of a particular spin probe. But it is obvious
that the free radical of each of the probes was localized
in a certain part of the surfactant aggregates because the
isotropic constants (4,) for them differed significantly
from 1.64 mT to 1.46 mT and indicated a polar and hydro-
phobic environment of radicals, respectively (Table 5).

2.5mT
ey
Magnetic field
L, e Y

2.5mT
—_—
Magnetic field
M i

b

Fig. 6. EPR spectra of the probes 1 (1), 3 (2) and 4 (3) in
the cream bases 1b without P338 (a) and 2b with 17 %
P338 (b) (Table 4)

Table 5
Parameters of EPR spectra of the spin probes 1, 2, 3 and
4 in the cream base 2b

Spin [ T,+10,| ¢ +10%, |7, + 10, AH

A

€ 0’ N
probe s s ] mT | mT
Probe 1 24.16 8.77 1496 |+0.16 | 0.27 | 1.64

Probe 2 4.99 13.27 |-0.18 | 0.23 | 1.62
Probe 3 24.77 391 448 |+035| 0.21 [ 1.58
Probe 4 11.80 5.95 11.48 | +0.11 | 0.23 | 1.46

According to the results of research by spin probes
method it was shown that P338 changed the structure of
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aggregates formed by CPC and CSA, both in emulsions
o/w and in cream bases without oil phase. It was interest-
ing to study the impact of these changes on the micro-
structure, rheological parameters and functional proper-
ties of the bases.

Study of the effect of P338 on the properties of
cream bases. Rheological properties, microstructure,
adhesion and water absorption

The rheograms of cream bases without oil phase
at different contents of P388 are shown in Fig. 7, and
rheological parameters of these bases at 25 °C are pro-
vided in Table 6.

The apparent viscosity of the bases increased by
about 4—6 times with an increase in the content of P338
up to 15 % (Table 6), which can be explained by increas-
ing the viscosity of the dispersion medium (Fig. 3, a).
The bases were characterized by plastic flow with insig-
nificant thixotropic properties (Fig. 7).

When the P338 content is 17 % the flow behaviour
of the base changed, and its rheological parameters in-
creased significantly. Compared with the base without
P338, the yield stress (t,) increased 10.8 times, the hyster-
esis area (4,) — 5.6 times, and the apparent viscosity (1)
at low shear rates (D) — more than 8 times.

The bases with P338 had a yield stress as systems
with a plastic flow, but at the particular shear rates the
flow behaviour became pseudoplastic; at exposure of
shear stress the structure of the base was ruined, which
are illustrated by the large hysteresis areas (Fig. 7, 8).

Table 6
Rheological parameters of cream bases of type @ and
type b with different contents of P338

n, Pastat D :

Base) g rtactant | 5338 c pa| Ar 12359 [a1.66]8231

type % 0 Pa-s o1 o1 o

b 18.7 | 1497 | 2.26 [ 0.85 | 0.50

b 3 [329]1002] 331128078

b | o os opr || 628346 [ 573 [238 [ 155
. 0

b | censov, 11 5871475 | 624 [3.03]2.18

b 13 602 927 | 7.44 [ 391271

b 15 |76.9 (1665 9.89 [ 4.77]3.31

b 17 [201.1] 8436 [19.41] 7.01 [ 3.30

b | Kolliphor | 0 | 198 | 895 | 2.13 | 091 0.60

b | CSL25% | 17 1193.6(12376|17.39 | 4.92 | 2.05

0 [10.61] 928 | 1.19 | 0.45 | 0.24

b \MCE 0.5 %+ ?

+ 59

p |[TESAZIYL 0 1193] 6933 | 18.91 | 6.92 | 3.40

a |cpcosoer| O [104.8]3866 |11.42|4.68 | 2.87

a |TCSAASY%| 17 |641.1]31480]55.81(22.72|12.76

Such changes in flow behaviour and rheological
parameters caused by 17 % P338 added into dispersed
systems occurred with cream bases (without oil phase)
with anionic surfactant and nonionic surfactant used as
emulsifiers o/w, and also in the case of emulsions o/w
with 15 % oil phase (Table 6, Fig. 8).
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Fig. 7. Rheograms of the cream bases of type b (without oil phase) at P388 content: 1 — 0 %, 2 —3 %; 3 -7 %; 4 —
11%;5-13%;6-15%;7-17%
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Fig. 8. Rheograms of cream bases with oil phase («) and without oil phase (b, ¢), containing cationic surfactant (a),
anionic surfactant (b) and nonionic surfactant (c) without P338 (1) and with 17 % P388 (2)
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The micrographs of cream bases 1b and 2b with-
out oil phase are provided in Fig. 9; these bases were
colloidal dispersions of two emulsifiers o/w and w/o:
CPC and CSA, respectively.

Fig. 9. Micrographs of the bases 15 and 2b (Table 4); at x600

In the micrograph of the base 15 without P338
there are no particles of the dispersed phase formed by
the emulsifiers (only a few air bubbles formed during
preparation the sample are visible). In such disperse sys-
tem, emulsifiers form mixed aggregates that are lyo-
tropic liquid crystals. In the dispersion medium, a
three-dimensional network is formed from the emulsifier
aggregates, due to which a coagulation structure is
formed. It provides certain rheological parameters of the
dispersed system, which is a non-Newtonian fluid (see
rheogram 1 in Fig. 7). It is the lyotropic liquid crystals
where the lateral phase separation takes place, which is
detected by the spin probes method (Fig. 5, 6).

In the micrograph of the base 2b with 17 % P338,
on the contrary, there are numerous particles of the
dispersed phase with sizes from about 0.5 um to 2 um.
Probably, this dispersed phase was cetostearyl alcohol
(CSA). Due to the interaction of cationic surfactant
(CPC) with P338, lyotropic liquid crystals, which
should have contained a mixture of CPC and CSA, were
not formed. It can be assumed that CPC together with
P338 were adsorbed on the surface of dispersed CSA
particles, and P338, dissolved in the dispersion medium,
«crosslinked» individual particles of the dispersed
phase with adsorption layers by ion-dipole and steric
interactions with CPC. With a sufficient content of
P338, this three-dimensional network was formed
through the entire volume of the dispersed system,
which led to a change in the flow behaviour. It could be
assumed that a significant increase in the rheological
parameters of the base with 17 % P338 is associated
with the formation of a gel in the dispersion medium.
But this factor would not affect the structure of the ag-
gregates of CPC with CSA and the microstructure of
base, which converted into the suspension of CSA.

The formation of a very viscous dispersed system
occurred at 65-70 °C after mixing degassed phases A
and B under vacuum (section 3). The dependence of the
apparent viscosity of the cream base on temperature are
illustrated in Fig. 10
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In the presence of 17 % P338 in the base, a struc-
tured system with high apparent viscosity was formed at
70 °C (Fig. 10). In the temperature range from 55 °C to
25 °C, the apparent viscosity was approximately the
same. In the case of the base with-
out P338, the apparent viscosity of
such base decreased with increas-
ing temperature, at about 55 °C the
base melted and became a Newto-
nian fluid (Fig. 10).

Since bases without P338 and
with P338 had thixotropic properties,
change of apparent viscosity, which
reflects destruction or restoration of
the coagulation structure, was stud-
ied during stirring the base at rota-
tional speed of 30 rpm and then
keeping without mixing. Table 7
provides the data obtained.

When both of tested bases were exposed to shear
stress the decrease of their apparent viscosity occurred,
which was the greatest within 2 min after start of exper-
iment. Then till the 30" minute, the apparent viscosity of
the base 1b slowly decreased from 0.80 Pa‘s to 049 Pa-s,
but the apparent viscosity of the base 2b continued to be
approximately the same. After 30 minutes of stirring, the
apparent viscosity of base 1b decreased by 65.74 % and
the apparent viscosity of base 2b by 59.73 %.

After keeping without stirring for 24 h, the apparent
viscosity reached up to 79.72 % of the initial value for
base 1b and 105.88 % for base 2b. That is, stirring during
production process should be considered as critical in the
case of base 1b taking into account its low initial apparent
viscosity. The apparent viscosity of base 2b was increasing
significantly sooner, as it recovered from 40.27 % to
63.19 % within 1 h and up to 67.87 % within 2 h (Table 7).

Table 7
Change of apparent viscosity () of cream bases 1b
and 2b (Table 4) while stirring at 30 rpm and then after
keeping without stirring

. Cream base 1b Cream base 2b
Time
1, Pa's % n, Pa-s %
0 Ginitial || 4 100.00 6.63 100.0
value)
during stirring
1 min 0.87 60.83 291 43.89
2 min 0.80 55.94 2.58 38.91
3 min 0.75 52.44 2.66 40.12
4 min 0.72 50.34 2.57 38.76
5 min 0.70 48.95 2.59 39.06
10 min 0.60 41.95 2.70 40.72
15 min 0.55 38.46 2.64 39.81
20 min 0.52 36.36 2.62 39.51
30 min 0.49 34.26 2.67 40.27
after keeping without stirring
1h 0.50 34.96 4.19 63.19
2h 0.52 36.36 4.50 67.87
24 h 1.14 79.72 7.02 105.88
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Fig. 10. The apparent viscosity () (D =14.59 s ") vs

temperature for the cream base (containing 2.5 % Kolliphor®
CSL and not containing the oil phase) without P338 (1) and

with 17 % P388 (2)

Adhesion

Table 8 provides the results of assessment of adhe-
sion by pull-off test for 15 % P338 aqueous solution and
17 % P338 aqueous solution, which additionally con-
tained 12.5 % PG and 11.2 % M400, as well as for cream
bases 1b and 2b (Table 4).

According to Table 8, with increasing P338 con-
tent from 15 % to 17 % the strength of adhesion in-
creased by 2 times. Strength of adhesion in the case of
cream base 2b with 17 % P338 was 3.5 times greater
than in the case of cream base 1b without P338. Thus,
it was P338 which mainly provided adhesion in the

m, mglem’

case of this base. It should be noted that among
objects under study, the hydrophilic base 2b had
the highest apparent viscosity together with the
greatest strength of adhesion. The combination of
such properties is optimal for creams intended, for
example, for vaginal use.
Table 8
Strength of adhesion (S ) of P338 solutions and
cream bases 1b and 2b
S (kg/sm?) in the case of:
15 % P338 17 % P338 | Creambase | Cream base
solution solution 1 2b
0.066 0.134 0.044 0.154

Osmotic activity (water absorption)
The difference in osmotic pressure between
water and cream or gel or liquid, separated by a
permeable membrane, causes multidirectional dif-
fusion processes:
1) active substances and some excipients release
into the chamber with water;
2) water diffuses into a chamber with cream, gel
or liquid [28].
The molecular mass of P338 is established from
12,700 to 17,400 [1], therefore P338 molecules are not

able to diffuse through the permeable membrane.
But solution of P338 might absorb water through a
membrane. The ability to absorb water is an import-
ant property of topical preparation, because, on the
one hand, it can provide exudate absorption and
contribute to the therapeutic effect, and, on the oth-
er hand, can cause tissue dehydration and local irri-
tation [6].
The results of the study of water absorption by
17 % P338 solution, which was a liquid (1), by 20 %
P338 solution, which was a gel (2), and by cream
base 2b (3) containing 17 % P338 in dissolved state
(see Table 4) are presented in Fig. 11 and Table 9.
The increase in P338 content in solutions
from 17 % to 20 % and sol—gel transition, resulting
from it, had little effect on parameters of water ab-
sorption. Thus, the rate of water absorption (R) by
gel (2) increased by an average of 23.47 %, and the
cumulative amount of absorbed water compared to
the liquid (1) increased by an average of 15.85 % due
to an increase in content of P338 from 17 % up to 20 %.

That is, the structural so/—gel transition did not lead

to a decrease in the rate of water absorption and cumu-
lative amount of absorbed water. On the contrary, the
change in the microstructure in the case of base 2b,
which also contained 17 % P338, led to a significant
decrease in parameters of water absorption (Table 9).
The rate of water absorption (R) by the base 2b (3)
decreased by an average of 7.63 times, and the cumu-
lative amount of absorbed water compared to the lig-
uid (1) decreased by an average of 6.55 times.

500 -
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1
300
200
100
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Fig. 11. Water absorption plots for liquid (1), gel Ne 1 (2) and

base 2b (3)

The research results show that significant changes
in the properties of base 2b (increase in rheological param-
eters and decrease in water absorption) are primarily
caused by the formation of the three-dimensional network
due to the interaction of P338 with adsorption layers on the
particles of the dispersed phase formed by CSA.

15




ScienceRise: Pharmaceutical Science Ne 6(34)2021
Table 9
Water absorption parameters by liquid (1), gel (2) and cream base 25 (3)
Parameter Results
Liquid (1) Gel (2) Base 2b (3)
134.96+10.03 166.63+12.36 17.68+3.33
Release rate (R), pg/em?/h 1# SD: 4.98 SD: 6.13 SD: 1.65
Cumulative amount (A) of absorbed water 337.35+22.72 390.68+19.84 51.39+£8.40
(at the time point 6 h), pg/cm? SD: 11.27 SD: 9.84 SD: 4.17
AJA, % - 107.96-125.98 13.21-17.91
R, /R, % — 113.43-135.57 11.44-16.08
Correlation cocfficient ¢ 0.99649+0.00354 0.99502+0.00243 0.99334+0.00484
SD: 0.00176 SD: 0.00120 SD: 0.00240
Coefficient of determination R? 0.993 0.990 0.987
. 159.67+12.21 184.98+9.56 24.36+3.90
Cumulative amount of water (after 6 h), % SD: 6.06 SD- 4.74 SD: 1.94

5. Discussion of research results

Under the impact of poloxamer 338 in aqueous
solutions of surfactants (cationic surfactant CPC, anionic
surfactant SLS and nonionic surfactant MCE) the hydro-
dynamic diameter of the micelles and the absolute values
of {-potential decrease (Table 1). These phenomena are
probably due to the formation mixed micelles of surfac-
tants and P338. The hydrodynamic diameter of the mi-
celles are due to the surfactants that prevent the forma-
tion of larger micelles of P338 (Table 1, Fig. 1). It was
shown by spin probes method that as the P338 concentra-
tion increases, both the packing density of surfactant
molecules in micelle nuclei at the interface with the polar
part and the anisotropy of their rotational diffusion in-
crease (Table 2). That is, the interaction of surfactants
with P338 leads to changes in the structure of micelles.
According to the parameters of rotational diffusion of
spin probes based on fatty acids, the nuclei of surfactant
micelles are two-dimensionally liquid at 25 °C (Table 2,
Fig. 2) [29]. In the presence of 15 % P338, the microvis-
cosity of the micelle nuclei becomes similar to the micro-
viscosity of white soft paraffin (Tables 2, 3).

Poloxamer 338 in solutions forms micelles [23] that
solubilize lipophilic probe 2, but in these micelles the rota-
tional correlation times of probe 2 are greater than in the
micelles of CPC, SLS and MCE (Table 2, Fig. 2). As the
P338 concentration increases, the dynamic viscosity of the
solutions which are the dispersion medium of cream bases
rises (Fig. 3, @). At 25 °C, solutions containing up to 17 %
P338 are liquids, and solutions containing more than 18 %
P338 become gels [23]. P338 binds water in solutions, be-
cause of which the rotational correlation time (z_,) of the
TEMPON hydrophilic probe increases linearly with in-
creasing P338 content both in liquids and in the dispersion
medium of cream bases (Fig. 3, b).

A factor that might affect the rheological proper-
ties of creams is the structure of mixed aggregates of
surfactants with CSA; the construction of three-dimen-
sional networks and coagulation structures that cause the
consistency of the cream are dependent on this struc-
ture [9, 10]. According to the results of research by spin
probes method, P338 changes the structure of aggregates
formed by CPC and CSA, both in emulsions o/w and in
cream bases without an oil phase (Tables 4, 5; Fig. 5, 6).
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With the increase in the content of P338 up to 15 % in-
clusive cream bases are characterized by plastic flow
with insignificant thixotropic properties and their appar-
ent viscosity increases by several times (Fig. 7, Table 6)
that might be explained by increasing the viscosity of the
dispersion medium (Fig. 3, @). When the P338 content is
17 % the flow behaviour of the base changes and rheolog-
ical parameters of cream base increases significantly
(Table 6) due to change of its microstructure (Fig. 9).

In the absence of P338 a three-dimensional network
is formed in the dispersion medium from the mixed aggre-
gates of surfactants and CSA, due to which a coagulation
structure is formed; this coagulation structure causes the
rheological properties of the disperse system (Fig. 7, 8; Ta-
ble 6) [9, 10]. At a P338 concentration of 17 %, lyotropic
liquid crystals containing a mixture of CPC and CSA are
not formed due to the interaction of surfactants with P338;
instead, the CSA as fine particles form the dispersed phase
of the cream base. It can be assumed that CPC together with
P338 are adsorbed on the surface of dispersed CSA particles,
and P338, dissolved in the dispersion medium, «crosslinks»
individual particles of the dispersed phase with adsorption
layers by ion-dipole and steric interactions with CPC. With
a sufficient content of P338, this three-dimensional network
is formed through the entire volume of the dispersed system,
which lead to a change in the flow behaviour (Fig. 7, 8).
This phenomenon occurs in emulsions o/w and in cream
bases without the oil phase, as well as when cationic, anion-
ic and nonionic surfactants are used as emulsifier o/w
(Fig. 7, 8). It should be noted that at temperatures above the
melting point of CSA, which can range from 49 °C to
56 °C [1], cream bases without oil phase with the described
microstructure are emulsions o/w, and at temperatures be-
low the melting point of CSA they become suspensions.

In the case of the cream base without P338, the
apparent viscosity of this base decrease with increasing
temperature, at about 55 °C the base melts and becomes
a Newtonian fluid (Fig. 10, line 1). In the presence of
17 % P338 in the base, a structured system with high ap-
parent viscosity is formed at 70 °C; in the temperature
range from 55 °C to 25 °C, the apparent viscosity is ap-
proximately the same (Fig. 10, line 2). When this base is
exposed to shear stress their apparent viscosity decreases
due to thixotropic properties, but it is completely restored
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during holding without stirring in contrast to the base
without P338 (Table 7).

P338 provided strong enough adhesion in the case
of both solutions and cream bases (Table 8). Strength of
adhesion of cream base with 17 % P338 was 3.5 times
greater than adhesion of cream base without P338. It
should be noted that among objects under study, the
cream base with 17 % P338 had high apparent viscosity
together with the strong enough adhesion (Tables 6, 8).
The combination of such properties is optimal for creams
intended for vaginal use.

P338 binds water, as a result the value of T of the
probe TEMPON increases linearly with increasing P338
content (Fig. 3, b). Due to high molecular mass (from 12,700
to 17,400 [1,2]) P338 molecules are not able to diffuse
through the membrane but solutions of P338 absorb water
diffusing to them through a membrane (Fig. 11, Table 9).

The sol—gel transition, which occurs in solutions
when P338 content is increasing from 17 % to 20 %, has
little effect on the rate of water absorption and cumulative
amount of absorbed water. On the contrary, the change in
the microstructure of the cream base, caused by introduc-
tion of 17 % P338, leads to a significant decrease in water
absorption parameters (Fig. 11, Table 9). The research re-
sults show that significant changes in the properties of this
cream base (increase in rheological parameters and de-
crease in water absorption) are primarily due to the forma-
tion of a three-dimensional network due to the interaction
of P338 with adsorption layers on CSA particles. Accord-
ing to the results of the study regarding water absorption,
the prolonged release of active substances dissolved in the
dispersion medium of the cream base might be expected.
Therefore, further studies concerning the in vitro release
of active substances from bases containing poloxamers
should be considered promising.

Under the impact of 17 % P338 modification of the
properties of cream bases containing surfactants and
CSR occurs. Such bases are characterized by high rheo-
logical parameters, strong adhesion, prolonged osmotic
activity with slight ability to dehydrate of biological ob-
jects. Therefore, these bases are promising for develop-
ment of semi-solid preparations for topical application on
mucous membranes, skin and wounds (in the prolifera-
tive phase of the wound healing) [6].

This article presents a study regarding the interaction
surfactants with P338, as well as the effect of P338 on the
properties of cream bases. According to the obtained results,
similar studies using different poloxamers 188, 237,
407 [1, 2] seem to be reasonable, which would clarify their

peculiarities concerning their performance characteristics
in the composition of semi-solid preparations. Furthermore,
the studies presented here were limited to the use of certain
excipients such as surfactants. According to the litera-
ture [21], for the pharmaceutical development of semi-solid
preparations relevant studies on the effect of hydrophilic
non-aqueous solvents on the structure of the poloxamer as-
sociates and the functional properties of these excipients
might be advisable. For this purpose, research by rotational
viscometry and spin probes method is promising. Probably,
solutions with higher concentrations of poloxamers should
also be studied within certain temperature ranges when
various lyotropic liquid crystals are formed.

6. Conclusions

Under the effect of P338, the hydrodynamic diame-
ter of the micelles of cationic, anionic, and nonionic sur-
factants decreases, the absolute value of their {-potential
decreases, and the microviscosity of micelle nuclei in-
creases. The change in the structure of aggregates of sur-
factant with fatty alcohols also occurs; EPR spectra, which
were superpositions characteristic of lateral phase separa-
tion, are converted into triplets which is evidence of uni-
form distribution of lipophilic probes in the phase of sur-
factant. That is, under impact of P338 the structure of
surfactant micelles and aggregates of surfactant with fatty
alcohols changes due to the interaction of surfactants and
P338. As a result of this interaction at a sufficiently high
P338 concentration (17 %), the rheological parameters of
the bases increase significantly, their flow behaviour and
microstructure change. The rheological parameters of the
bases continue to be high in the temperature range from
25 °C to 70 °C, and their apparent viscosity is completely
restored after prolong exposure of shear stress. P338 en-
hances the adhesive properties of the bases. Due to their
microstructure, cream bases have a lower ability to absorb
water compared to a solution and gel containing 17 % and
20 % P338, respectively. Taking into account their proper-
ties, cream bases with sufficient content of P338 are prom-
ising for the development of medicinal products for topical
application on mucous membranes, skin and wounds (in
the proliferative phase of the wound healing).
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