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1. Introduction
Creams are semi-solid preparations of homoge-

nous appearance, typically consisting of a lipophilic 
phase and an aqueous phase, one of which is finely dis-
persed in the other. In hydrophilic creams, the continu-
ous phase is the aqueous phase. They usually contain 
oil-in-water emulsifiers combined, if necessary, with 
water-in-oil emulsifiers [1, 2]. Hydrophilic creams are 
o/w emulsions, but a dispersed system containing aggre-
gates of o/w and w/o emulsifiers without an oil phase can 
be considered a cream. 

In pharmacy, oil-in-water emulsions are widely 
used as bases for medicinal products containing hydro-

philic and/or lipophilic active substances [3]. Emulsions 
are thermodynamically unstable systems; therefore, their 
physical stabilisation is an important issue in the pharma-
ceutical development of hydrophilic creams [4]. For this 
purpose, a variety of emulsifiers (both o/w and w/o) [5], 
surfactants [6], hydrophilic homopolymers [7], cellulose 
nanocrystals [8], aluminium oxide nanoparticles in com-
bination with cationic surfactants [9], etc., are used. In 
the review [10], the prediction of the physical stability of 
semi-solid preparations, which are o/w emulsions, is dis-
cussed. It is important to note that the physical stability 
of emulsions is contingent upon the volume ratio of 
phases, the type and concentration of emulsifiers, the 
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hydrophilic-lipophilic balance (HLB) of emulsifiers, and 
the parameters of the technological process. It is empha-
sised that when developing the composition of emulsions, 
it is very important to possess a detailed understanding 
of the microstructure of adsorption layers and critical 
factors affecting the stability of emulsions [10].

Research into surfactants (emulsifiers) and emul-
sions has a long history [11–13], but many problems re-
main unresolved [6]. It is imperative to establish a cor-
relation between the microscopic characteristics of the 
adsorption layer and the physical stability of emulsions 
on a macroscopic scale. It is imperative to ascertain the 
correlation between the rheological properties of emul-
sions and the structure of adsorption layers, as this will 
facilitate the control of the physicochemical properties of 
emulsions [14].

Hydrophilic surfactants, together with lipophilic 
surfactants, contribute to the formation of small, uniform 
droplets of the dispersed phase in oil-in-water emulsions, 
even with a high oil phase content [15]. The structure 
formed at the oil-water interface prevents the coales-
cence of oil-phase droplets [16]. In order to stabilise 
emulsions, the swift formation of viscoelastic interfaces 
between the aqueous and oil phases is necessary; these 
interfaces should consist of two types of surfactants (hy-
drophilic and lipophilic). It is necessary to understand 
the cooperative adsorption of these surfactants and the 
properties of the adsorption layers. A knowledge-based 
approach to emulsion development will replace empirical 
approaches [17]. A comprehensive understanding of the 
cooperative adsorption of these surfactants and the prop-
erties of the adsorption layers is imperative. A knowl-
edge-based approach to emulsion development is set to 
supersede empirical methods [17]. The presence of 
mixed surfactants has been shown to result in a substan-
tial reduction in interfacial tension between oil and wa-
ter [18]. Understanding the effect of surfactant structure 
on the properties of the phase boundary surface and dy-
namic processes in emulsions is crucial for the rational 
development of stable emulsion compositions [18]. Cur-
rently, there is still limited understanding of the effect of 
different combinations of emulsifiers on the formation 
and stability of emulsions. This is a crucial aspect that 
should be given greater attention in future research. For 
instance, the HLB-based approach to emulsifier selection 
does not always provide a reliable prediction of the effec-
tiveness of individual or mixed surfactants in emul-
sions [19]. Nevertheless, this approach remains in use for 
the development of stable o/w emulsions and the study of 
their properties [20–22].

One of the main issues in this field is the lack of an-
alytical methods that can provide comprehensive insights 
into the composition and structural configuration of emulsi-
fiers within extremely thin interfacial layers in real time [19].

In the study of the gel formed by cationic surfac-
tant cetyl trimethyl ammonium chloride, cetearyl alcohol 
and water, rheological methods, small-angle X-ray scat-
tering (SAXS) and diffusion NMR were utilised [23]. It 
was demonstrated that the gels possessed a locally lamel-
lar structure, exhibiting periodic repeating distances of 

31.4 nm and 28.5 nm in the cases of rapid and slow cool-
ing, respectively. The cross-polarized microscopy imag-
es reveal the presence of multilamellar vesicles. The data 
on the supramolecular aggregates allowed rationalizing 
the mechanical behavior of these two samples of gel.

The complex of cetyl alcohol, cetomacrogol-1000 
and water (1:1:1) was characterized by freeze-drying 
scanning electron microscopy, small-angle X-ray diffrac-
tion (SAXD), and ultra-SAXD etc. [24]. 

From our perspective, the spin probe method is the 
most informative for the study of micelles of surfactants 
and aggregates of surfactant with w/o emulsifiers [25, 26]. 
It has been demonstrated that, based on the EPR spectra 
of probe 4 palmitamido-2,2,6,6-tetramethylpiperi-
dine-1-oxyl, the micelle cores are two-dimensional liquid 
in consistency and anisotropic in viscosity at 25°C. In the 
case of aggregates of nonionic surfactant and long-chain 
fatty alcohols C16–C21 in an aqueous medium, lateral 
phase separation occurred with the formation of sol-
id-like domains of long-chain fatty alcohols and liquid 
domains of nonionic surfactant. The hypothesis that 
mixed aggregates of surfactant and higher fatty alcohols 
possess a non-spherical configuration was debatable due 
to the limited research conducted with specific spin 
probes [27]. The study focused on a dispersion system 
with only a single mass ratio of nonionic surfactant to 
aliphatic alcohols. This limitation precluded the correla-
tion of the composition of emulsifiers and the structure 
of their mixed aggregates with the rheological properties 
of the dispersion systems [27].

It should be noted that dispersed systems containing 
non-ionic, anionic, or cationic surfactants together with 
cetyl and stearyl alcohols are widely used in pharmaceuti-
cal formulations, particularly in the composition of creams. 
Examples of such products include Bepanthen® Plus 
cream (GP Grenzach Productions GmbH, Germany) [28] 
and Trimistyn®-Darnitsa ointment (Darnitsa Pharmaceuti-
cal Company, Ukraine) [29]. Certain emulsifiers are pro-
duced as a mixture of a surfactant and cetostearyl alcohol, 
for instance, Kolliphor CSL (BASF) [30]. 

The aim. To study the effect of the microstructure 
of mixed aggregates and adsorption layers of non-ionic 
surfactant and cetostearyl alcohol (CSA) on the rheologi-
cal characteristics of hydrophilic cream bases and the re-
lease of certain active substances in experiments in vitro.

2. Planning (methodology) of the research
The experiment was planned incorporating a 

non-ionic surfactant, namely cetostearyl ether macrogol 
20 (M20CSE), along with CSA. These excipients exhibit 
substantial disparities in their physicochemical proper-
ties [1, 30]. The objects of study comprised cream bases 
without an oil phase, which were dispersions of surfac-
tant and CSA in a mixed solvent water – propylene gly-
col (PG) (90 : 10% w/w), in which the structure of water 
prevailed [31], as well as cream bases with an oil 
phase (o/w emulsions) and with the same emulsifiers and 
dispersion medium.

The study was planned to explore the rheological 
properties of cream bases using rotational viscometry, as 

https://www.sciencedirect.com/topics/materials-science/mechanical-property
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a function of the mass ratio of surfactant to CSA, with a 
constant dispersion medium composition and a tempera-
ture of 25°C. 

The methodology encompassed the utilisation of 
the spin probe method to determine alterations in supra-
molecular configurations formed by surfactant and CSA 
molecules in a dispersion medium (in the absence and 
presence of an oil phase), which are concomitant with 
changes in the rheological characteristics of cream bases. 
Four spin probes, based on fatty acids, were used to de-
tect surfactant and CSA aggregates at the boundary zone 
between polar and non-polar regions, as well as at vari-
ous levels within the hydrophobic core. 

Comprehensive studies were planned to identify 
the mechanisms of coagulation structure formation in 
cream bases.

In addition, the effect of coagulation structure on 
the release of active substances from cream bases was to 
be investigated through a series of in vitro experiments. 
For the experiment, two substances were selected: oflox-
acin [1] and dexpanthenol [29].

3. Materials and methods
The following excipients were used in the exper-

iments: propylene glycol (Kollisolv® PG) – PG; macro-
gol cetostearyl ether 20 (Kolliphor® CS 20) – M20CSE; 
cetostearyl alcohol (Kolliwax CSA 50) – CSA, all of 
these materials were produced by BASF. Purified wa-
ter (hereinafter referred to as water) was also used. 
The oil phase was constituted by a mixture of paraffin 
liquid (OQEMA GmbH) and paraffin soft (MERCAN 
KIMYA SAN VE TIC A.S.) (1 : 1) [1]. Pharmacopoeial 
grade excipients (Ph. Eur.) were used for the experi-
ments [3]. 

The compositions of the studied cream bases 
without an oil phase (hereinafter referred to as disper-
sions) and bases with an oil phase (hereinafter referred 
to as o/w emulsions) are presented in Tables 1, 2. 

Laboratory samples of bases were obtained by melt-
ing the components at approximately 70°C. The resulting 
mixture was then homogenised using POLYTRON® 
PT 3100 dispersing unit equipped with a PT-DA 3020/2T 
dispersing aggregate (Kinematica AG). The samples were 
subsequently cooled while stirring to ~ 25°C. 

The rheological properties of the experimental sam-
ples were examined by rotational viscometry [1]. Rheo-
grams were obtained at 25°C [1] using a Rheolab QC rota-
tional viscometer with CC-27 coaxial cylinders (Anton 
Paar GmbH; RHEOPLUS software version 2.66). The 
flow behaviour, the yield stress (τ0), and the apparent vis-
cosity (η) at various shear rates (Dr) or dynamic viscosi-
ty (η) were determined from the rheograms.

Electron paramagnetic resonance (EPR) spectros-
copy was employed to study the microstructure of the 
aggregates of surfactant and CSA [25]. The following 
spin probes were used:

– probe 1: 4-Palmitamido-2,2,6,6-tetramethylpiper-
idine-1-oxyl (Mr 409.67; CAS [22977-65-7]); 

– probe 2: 4-(N,N-dimethyl-N-hexadecyl)am-
monio-2,2,6,6-tetramethylpiperidine-1-yloxy iodide 
(Mr 551.65; CAS: [114199-16-5]); 

– probe 3: 5-Doxyl Stearic acid, ammonium salt 
(Mr 401.61; CAS: [2315262-05-4]) (5-DSA, NH4 salt); 

– probe 4: 16-Doxyl Stearic acid (Mr 384.57; 
CAS [53034-38-1]) (16-DSA). 

The spin probes were added to the studied sys-
tems at a concentration of 10–4 mol/l. The EPR spectra 
were recorded at 25°С using the ESR Spectrometer 
CMS8400 («Adani»; software EPRCMD).

By the EPR spectra, which were triplets, the peak 
heights at the low-field (h+1), central (h0) and high-
field (h–1) components, as well as the linewidth at the 
low-field (∆H+1) and central (∆H0) components were de-
termined. The rotational correlation times of the spin 
probes (τ+1, τ–1, τ±1) and the anisotropy parameter (ε) were 
calculated using the following equations:
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According to Stokes’ equation, the rota-
tional correlation time (τ) is directly propor-
tional to the viscosity (η) of the local microen-
vironment of the spin probe and inversely 
proportional to the absolute temperature (T):

( ) ( )34 3 .τ π η= ⋅ ⋅ ⋅ ⋅ ⋅R k T  	 (5)

Table 1
Composition of the studied dispersions

Constituent Content (g/100 g) in the base No.:
1D 2D 3D 4D 5D 6D 7D 8D 9D 10D 11D 12D

M20CSE 0.5 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 9.5 10.0
CSA 9.5 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.5 0
PG 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0

Water 81.0 81.0 81.0 81.0 81.0 81.0 81.0 81.0 81.0 81.0 81.0 81.0

Table 2
Composition of the studied emulsions o/w

Constituent
Content (g/100 g) in the base №:

1Е 2Е 3Е 4Е 5Е 6Е 7Е 8Е 9Е 10Е 11Е 12Е
M20CSE 0.5 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 9.5 10.0

CSA 9.5 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.5 0
PG 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0

Water 63.0 63.0 63.0 63.0 63.0 63.0 63.0 63.0 63.0 63.0 63.0 63.0
Paraffin 
liquid 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0

Paraffin 
soft 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0

https://scifinder.cas.org/scifinder/substances/answers/B64F8E5BX86F350B0X4E2F32CD34BAF5FC47:B664C6C0X86F350B0X427B83B313EA21D1C0/1.html?key=REGISTRY_114199-16-5&title=114199-16-5&launchSrc=sublist&pageNum=1&nav=eNpb85aBtYSBMbGEQcXJzMzE2czZIMLCzM3Y1MDJIMLEyNzJwtjJ2NDY1dHI0MXQ2QCoNKm4iEEwK7EsUS8nMS9dzzOvJDU9tUjo0YIl3xvbLZgYGD0ZWMsSc0pTK4oYBBDq_Epzk1KL2tZMleWe8qCbiYGhooCBgYELaGBGCQN3cGiAa1B8kL-PazBQJL-4kKGOgRkoz1jCwFRUhmqjU35-Tmpi3lmFooarc369A9oYBbOxgAEAhh8-pg&sortKey=RELEVANCE&sortOrder=DESCENDING
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The AN constant, which characterizes the polar-
ity of the radical’s environment, was determined as the 
distance (in mT) between the central and high-field 
components.

In the case of the EPR spectra for probes 3 and 
probe 4, AN constant and the order parameter (S) were 
calculated after determining the hyperfine splitting con-
stants A∥ and A⊥ according to the following equation: 

АN = (A∥ + 2A⊥) / 3;		  (6)
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A circulating thermostat Julabo 
F12-ED («Julabo Labortechnik GmbH») 
was used to maintain the required tem-
perature.

In the course of in vitro experi-
ments, the release of ofloxacin and dex-
panthenol was studied. The investigation 
focused on creams containing 0.1% oflox-
acin in bases numbered 4D and 4E (Ta-
bles 1, 2), a 0.1% ofloxacin solution in a 
mixed solvent water – PG (9 : 1), as well 
as a 5% aqueous solution of dexpanthenol 
and Bepanthen® Plus cream (batch 
GP02ZH1)

The release of active substances 
from creams and solutions was determined by dialysis 
through a semipermeable cellulose membrane at (32 ± 
0.5)°C using a Vertical Diffusion Cell System HDT 1000 
(COPLEY Scientific, UK). A quantity of 0.5 g of cream 
or solution was placed into the donor chamber. The con-
tact area with the membrane was 1.00 cm2. The volume 
of receptor medium (water) was 6.6 ml, the stirring fre-
quency was 600 rpm, and the sample volume was 0.3 ml. 

The quantity of an active substance released into 
water per unit of membrane area (1 cm2) was determined. 
The rate of active substance release (b), correlation coef-
ficient (R), coefficient of determination (R2), cumulative 
content (A) (at the time point 6 hours), and recovery (at 
the time point 6 hours) were calculated. 

The procedures for the in vitro release test (IVRT) 
were validated in accordance with established approach-
es [32, 33]. 

The quantification of ofloxacin or dexpanthenol 
was conducted by liquid chromatography, employing the 
analytical procedures described in the papers [34] 
and [35], respectively.

4. Research results
The rheological characteristics and apparent vis-

cosity of cream bases at 25°C were contingent on the 
mass ratio between M20CSE and CSA (Fig. 1, 2).

As the mass fraction of M20CSE increased, the 
rheological parameters rose and reached their peak val-
ues at mass ratios between M20CSE and CSA of ap-
proximately 3.0:7.0 (Fig. 2). It was shown that, up to a 
certain mass ratio of M20CSE to CSA, the cream bases 

exhibited plastic flow (Fig. 1). Hysteresis loops are evi-
dent in the rheograms (Fig. 1), indicating that when 
shear stress was applied, the apparent viscosity de-
creased and did not immediately recover. At certain 
ratios of M20CSE to CSA, the flow behavior of the 
bases shifted toward Newtonian flow (Fig. 1). The re-
sulting o/w emulsions demonstrated a liquid consisten-
cy and experienced rapid separation.

The apparent viscosity of dispersions containing 
M20CSE and CSA in ratios of 2.0 : 8.0 to 3.0 : 7.0 was 
approximately 4 times lower than the apparent viscosity 

Fig. 1. Rheograms of cream bases with M20CSE and CSA at different 
ratios: a – rheograms of dispersions (see Table 1 for markings);  

b – rheograms of emulsions o/w (see Table 2 for markings)

a b

Fig. 2. Dependence of apparent viscosity (η) of bases on 
the content of M20CSE (C) at shear rate (Dr) 14.6 s‒1 (1), 
48.6 s‒1 (2), 82.1 s‒1 (3) and 25°C: a ‒ apparent viscosity 
of dispersions; b ‒ apparent viscosity of emulsions o/w

a

b
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of o/w emulsions (Fig. 2). However, both dispersions and 
o/w emulsions with this emulsifying composition could 
be used as cream bases. In order to exercise control over 
the properties of such bases, it was first necessary to 
develop a comprehensive understanding of how the 
structure of mixed aggregates of M20CSE and CSA 
changed at the supramolecular level in response to varia-
tions in their mass ratio. The objective was to compre-
hend the mechanisms that initiated alterations in the 
rheological parameters of dispersed systems.

The EPR spectra of the hydrophobic spin probe 1 
are presented in Fig. 3. The alkyl chain of probe 1 was 
localised in the non-polar part of the mixed aggregates 
M20CSE and CSA, and the nitroxyl radical was localised 
in their polar part.

In dispersions No. 1D – 6D, the EPR spectra of 
probe 1 were superpositions of a singlet and two triplets; 
in dispersions No. 7D – 10D, they were superpositions of 
two triplets, and in dispersions No. 11D and No. 12D, the 
EPR spectra were triplets. The EPR spectra indicated that 
lateral phase separation occurred in the M20CSE and 
CSA aggregates in dispersions No. 1D – 10D. In the do-
mains formed by CSA in dispersions No. 1D – 6D, CSA 
molecules were found to be very densely packed. In this 
phase, probe 1 provided two EPR spectra, namely: a sin-
glet caused by exchange broadening due to the contact of 
nitroxyl radicals with each other through dense packing, 

and a triplet with an isotropic constant AN of approxi-
mately 2.1 mT. The second is a triplet with an isotropic 
constant AN of approximately 2.1 mT. This finding sug-
gests that the nitroxyl radical of probe 1 was localized in 
a hydrophilic dispersion medium. The domain formed 
from CSA molecules at the interface with the dispersion 
medium was hypothesised to have a solid consistency; 
the tight packing of CSA molecules prevented hydropho-
bic hydration of their alkyl chains.

Based on the EPR spectra of probe 1 in dispersions 
No. 7D – 10D, it was possible to determine the isotropic 
constant AN of the EPR spectra of probe 1 in the phase of 
M20CSE, which was approximately 1.64 mT. This indicat-
ed that the nitroxyl radical of probe 1 was localized in the 
polyethylene oxide chains of M20CSE. It was observed 

that the greater the specific 
proportion of M20CSE, the 
lower the signal intensity 
with a high isotropic con-
stant of ~2.1 mT, and the 
greater the signal intensity 
with a value of AN ≈ 1.64 mT. 
It was demonstrated that an 
increase in the specific frac-
tion of M20CSE resulted in 
a decrease in signal intensi-
ty with a high isotropic con-
stant of ~ 2.1 mT, and an in-
crease in signal intensity 
with a value of AN ≈ 1.64 mT. 
In dispersion No. 11D, mole-
cules of CSA and probe 1 
were distributed almost uni-
formly in the plane of the 
aggregates containing 90% 
M20CSE. The solubilised 
CSA molecules contributed 
to the increase in the micro-
viscosity of M20CSE mi-
celles in dispersion No. 11D 
by approximately 1.43 times 
compared to system No. 12D; 
the values of τ±1 increased 
from 0.77 ns to 1.10 ns.

The presence of a 
singlet in the EPR spectra 
of probe 1 is characteristic 
for dispersed systems with 

plastic flow and thixotropic properties. The transition to 
EPR spectra that were superpositions of only two triplets 
indicated a transition to dispersed systems with Newto-
nian flow (Fig. 1, a, 3). 

Thus, one of the reasons for the formation of coag-
ulation structures is the lateral distribution of phases and 
the presence of a certain quantity of solid CSA domains. 
However, sample No. 1, containing 9.5% CSA and 0.5% 
M20CSE, with the largest quantity of solid domains, was 
characterised by low rheological parameters, which in-
creased with an increase in the content of hydrophilic 
surfactant M20CSE to 2–3%. This can be explained by 

Fig. 3. EPR spectra of probe 1 in dispersions at 25°C (in Fig. 3–6, the EPR spectra 
markings correspond to the markings in Table 1)

https://context.reverso.net/%D0%BF%D0%B5%D1%80%D0%B5%D0%BA%D0%BB%D0%B0%D0%B4/%D0%B0%D0%BD%D0%B3%D0%BB%D1%96%D0%B9%D1%81%D1%8C%D0%BA%D0%B0-%D1%83%D0%BA%D1%80%D0%B0%D1%97%D0%BD%D1%81%D1%8C%D0%BA%D0%B0/This+can+be+explained+by+the+fact+that
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the fact that, within a dispersion medium where water 
structure was dominant, mixed aggregates of M20CSE 
and CSA must be hydrated 
to some extent. The pres-
ence of a non-ionic surfac-
tant ensured this hydration 
process. The graphs, which 
illustrate the dependence of 
rheological parameters on 
the composition of emulsifi-
ers (Fig. 2, a), demonstrate 
extremes that are associated 
with two processes: an in-
crease in the hydration of 
aggregates, on the one hand, 
and a decrease in the quanti-
ty of CSA solid domains, on 
the other. 

A hydrophilic spin 
probe 2, which is a cationic 
surfactant, was utilised in the 
experiment. The alkyl chain 
of probe 2 was also localised 
in the non-polar regions of 
the aggregates, and the ni-
troxyl radical was localised in 
their polar parts.

The EPR spectra of 
probe 2 in dispersions 
No. 1D–5D are the super-
positions of two triplets, 
which were separated in 
the high-field. The hydro-
philic properties of probe 2 
enabled the prevention of 
exchange expansion, even in circumstances where its 
molecules were localised in CSA domains. 

The absence of a singlet in the spectra, which were 
superpositions, facilitated their processing compared to the 
spectra of probe 1. The isotropic constant AN of the first 
signal was 1.73 mT, and AN of the second signal was ap-
proximately 1.62 mT. A decline in the CSA content resulted 
in a decrease in the proportion of the signal exhibiting a 
higher AN value. According to the EPR spectra of probe 2, 
the lateral phase distribution occurred in the aggregates of 
M20CSE and CSA in dispersions No. 1D–5D. In the high-
field component of the EPR spectrum in dispersion No. 6D, 
the superposition of two spectra remains discernible. Some 
parameters of the triplet EPR spectra of probe 2 in disper-
sions No. 7D–12D were calculated (Fig. 4, Table 3). 

The decrease in the values of isotropic constant AN of 
the EPR spectra of spin probe 2 from 1.68 mT to 1.62 mT, 
coupled with a decrease in CSA content, is likely indicative 
of a uniform distribution of M20CSE and CSA in their ag-
gregates. A decline in CSA content resulted in a decrease in 
the rotational correlation times of probe 2. In the case of 
dispersion No. 7D, the value of τ±1 was 1.72 ns, i.e., close to 
the slow rotation; for dispersion No. 12D, this value de-
creased to 1.29 ns. Furthermore, the anisotropy parameter ε 
also decreased from 0.20 to 0.08. It can be posited that, in 

dispersions No. 1D–5D, the molecules of the spin probe 2 
rotate very slowly within the CSA domains.

Table 3
Parameters of the EPR spectra of spin probe 2 in 

dispersions No. 7D–12D at 25°C
Disper-

sion
М20СЕ 

content, %
CSA con-
tent, % τ+1, ns τ–1, ns τ±1, ns ε AN, mТ

No. 7D 6.0 4.0 > 2.0 0.88 1.72 0.20 1.68
No. 8D 7.0 3.0 > 2.0 0.87 1.69 0.18 1.66
No. 9D 8.0 2.0 > 2.0 0.83 1.58 0.17 1.64

No. 10D 9.0 1.0 1.90 0.80 1.45 0.13 1.63
No. 11D 9.5 0.5 1.18 0.70 1.40 0.09 1.62
No. 12D 10.0 0 0.87 0.62 1.29 0.08 1.62

The results of studies conducted with probe 2 also 
demonstrated a correlation with the dependence of the 
rheological properties of the dispersions on the ratio of 
M20CSE to CSA. Furthermore, the results obtained indi-
cated lateral phase separation in the aggregates of M20CSE 
and CSA, as well as the presence of solid CSA domains.

Subsequent experiments were conducted using 
spin probe 3, whose alkyl chain localized in the non-po-
lar region of the aggregates, and the doxyl radical also 
localized in the non-polar region, at a level of approxi-
mately the 5th carbon atom.

The EPR spectra of spin probe 3 in dispersions 
with high rheological parameters were anisotropic, and 

Fig. 4. EPR spectra of probe 2 in dispersions at 25°C

https://context.reverso.net/%D0%BF%D0%B5%D1%80%D0%B5%D0%BA%D0%BB%D0%B0%D0%B4/%D0%B0%D0%BD%D0%B3%D0%BB%D1%96%D0%B9%D1%81%D1%8C%D0%BA%D0%B0-%D1%83%D0%BA%D1%80%D0%B0%D1%97%D0%BD%D1%81%D1%8C%D0%BA%D0%B0/This+can+be+explained+by+the+fact+that
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high values of the order parameter S were characteristic 
for them: 0.47 for dispersion No. 1D, 0.48 for dispersion 
No. 2D, 0.49 for dispersions No. 3D and No. 4D, 0.48 for 
dispersion No. 5D. The EPR spectra of spin probe 3 in 
dispersions with high rheological parameters were aniso-
tropic, and high values of the order parameter S were 
characteristic for them: 0.47 for dispersion No. 1D, 0.48 
for dispersion No. 2D, 0.49 for dispersions No. 3D and 
No. 4D, 0.48 for dispersion No. 5D. The doxyl radical 
was found in a non-polar environment, as evidenced by 
the isotropic constants of the EPR spectra, which were 
approximately 1.49 mT.

A further increase in the specific fraction of 
M20CSE and a decrease in the CSA content resulted in 
the transformation of the EPR spectra of probe 3 into 
triplets. The order parameter S of the EPR spectrum of 
probe 3 in dispersion No. 6D decreased to 0.29, and aver-
aged 0.22 for dispersions No. 7D–12D.

Therefore, at the level of the 5th carbon atom of the 
alkyl chains, according to the EPR spectra of probe 3 in 
dispersions No. 3D and No. 4D, which were characterised 
by the highest apparent viscosity, there was a very dense 
and ordered packing of alkyl chains in the mixed aggre-
gates of M20CSE and CSA. This packing exhibited sub-
stantial disparities in density and orderliness when com-
pared to that observed in dispersions No. 6D – 12D with 
the higher content of M20CSE. In dispersion No. 8D, the 
rotational correlation times of probe 3 exhibited charac-
teristics indicative of systems with a liquid consisten-
cy (τ‒1 = 1.07 ns, τ±1 = 1.53 ns). In particular, the EPR 

spectrum of probe 3 in liquid paraffin at 37°C was char-
acterised by the following parameters: τ‒1 = 0.94 ns, 
τ±1 = 1.61 ns. Due to the liquid consistency of the mixed 
aggregates, coagulation structures did not form in the 
water-glycol dispersion medium, where the structure of 
water prevailed.

The alkyl chain of probe 4 is located in the non-po-
lar region of the aggregates, and the doxyl radical is also 
located in the non-polar part, approximately at the level 
of the 16th carbon atom. 

At ratios of M20CSE to CSA of 0.5:9.5 and 1.0:9.0, 
the EPR spectra of probe 4 were superpositions of the 
anisotropic spectrum and triplet (Fig. 6), indicating later-
al phase distribution at the level of 16th carbon atoms. At 
ratios of M20CSE to CSA of 2.0:8.0 and 3.0:7.0, at which 
the maximum values of the apparent viscosity of dis-
persed systems were observed (Fig. 2, a), the EPR spec-
tra of probe 4 in these systems were anisotropic with high 

values of order parame-
ters S, which were 0.43 and 
0.45, respectively. At ratios 
of M20CSE to CSA of 
4.0:6.0 and 5.0:5.0, the EPR 
spectra of probe 4 were 
once again superpositions 
of two spectra: an anisotro-
pic one with parameter S 
0.45 and a triplet. It is evi-
dent that, at these certain 
ratios M20CSE and CSA, 
lateral phase distribution 
occurred at the level of the 
16th carbon atom. As the 
fraction of M20CSE in-
creased, the EPR spectra 
gradually transformed into 
triplets (Fig. 5). 

In the EPR spectra of 
probe 4 in dispersions 
No. 7D and No. 8D, triplets 
were dominant (Fig. 6), i.e., 
lateral phase distribution at 
the level of the 16th carbon 
atom of alkyl chains practi-
cally did not occur. This 
finding aligned with the 
change of the flow be-
haviour of dispersed sys-

tems from plastic flow to Newtonian (Fig. 1a). It was 
characteristic for the EPR spectra of probe 4 that at a ratio 
of M20CSE to CSA of 7.0:3.0 (dispersion No. 8D) and with 
a further decrease in the CSA content, the parameters of 
the EPR spectra practically did not change (Table 4).

The cores of the spherical micelles formed by 
M20CSE at the 16th carbon atom level at 25°C were in a 
liquid state, as evidenced by the parameters of the EPR 
spectra of spin probe 4 in dispersion No. 12D (Table 4). 
The doxyl radical was in a non-polar environment, as 
indicated by the low values of isotropic constant of the 
EPR spectra (AN = 1.49 mT). The liquid consistency of 

Fig. 5. EPR spectra of probe 3 in dispersions at 25°C
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the micelles at this level was confirmed by the values of 
the EPR spectrum parameters of probe 4 in liquid paraf-
fin at 25°C: τ+1 = 0.43 ns, τ−1 = 0.58 ns, and τ ± 1 = 1.28 ns.

Unlike the spherical micelles, the alkyl chains at 
the 16th carbon atom in dispersions No. 3D and No. 4D 
underwent dense and ordered packing. This indicates 
that the mixed aggregates M20CSE and CSA were 
non-spherical in configuration. Fig. 7 illustrates the dif-
ference in the EPR spectra of the four spin probes in 
these dispersed systems. One dispersion exhibited plastic 
flow behaviour and thixotropy, while the other was a 
Newtonian liquid (Fig. 1, a). In dispersion No. 11D, the 
M20CSE and CSA molecules were evenly distributed 
within the plane of the mixed aggregates, as can be seen 
from the EPR spectra, which were triplets.

In the case of dispersions with a maximum ap-
parent viscosity (Fig. 2, a), the non-polar part of the 
associates was in a solid-like state and highly ordered 
along the entire length of the alkyl chains. Lateral 
phase separation was only observed at the interface 
with the dispersion medium, where solid domains 

formed by CSA were located next to liquid domains 
of M20CSE, which ensured the hydration of mixed 
aggregates. The EPR spectra of four fatty acid-based 

spin probes differed sig-
nificantly in the case of 
such mixed aggregates 
compared to the spectra 
in the case of spherical 
micelles (Fig. 7).

Similar studies 
were conducted on cream 
bases with an oil phase, 
i.e., o/w emulsions. The 
EPR spectra of the hydro-
phobic spin probe 1 in 
these emulsions are pre-
sented in Fig. 8 (Table 2 
for markings).

The EPR spectra of 
probe 1 in emulsions 
No. 1E–4E were superpo-
sitions of a singlet and 
two triplets. In emulsions 
No. 5E–9E, the spectra 
were superpositions of 
two triplets. In emulsion 
No. 10E, the EPR spec-
trum was a triplet (Fig. 8). 
These spectra indicated a 
lateral phase distribution 
within the adsorption lay-
ers in the case of emul-
sions No. 1E–9E. An in-
crease in the M20CSE 
content resulted in a de-
crease in the signal inten-
sity in the high-field com-
ponent with a high AN 
value of ~ 2.15 mT, indi-
cating a reduction in the 
quantity of CSA solid-like 
domains.

The highest apparent viscosity was observed in 
emulsions No. 3E and No. 4E (Fig. 2, b). At a mass 
ratio of M20CSE and CSA of 3.0 : 7.0, the optimal 
balance was achieved between the hydration of the 
adsorption layers and the fraction of CSA domains 
with dense packing. In the case of emulsions No. 5E, 
No. 6E and No. 7E, the singlet disappeared in the EPR 
spectra (Fig. 8), and their apparent viscosity de-
creased (Fig. 2, b). In the case of emulsion No. 10Е, 
the M20CSE and CSA molecules were uniformly dis-
tributed across the adsorption layers. According to the 
parameters of the EPR spectrum of probe 1 (τ‒1 = 0.54 ns, 
τ±1 = 1.33 ns), these layers had a liquid consistency. In 
this case, coagulation structures were not formed, the 
physical stabilization factor was lost, and the emul-
sions quickly separated during storage.

The EPR spectra of four spin probes in emulsion 
base No. 4E, which exhibited the highest apparent vis-

Fig. 6. EPR spectra of probe 4 in dispersions at 25°C

Table 4
Parameters of the EPR spectra of spin probe 4 in dispersions No. 7D–12D at 25°C

Dispersion Content 
М20СЕ, %

Content 
CSA, % τ+1, ns τ–1, ns τ ±1, ns ε AN, mТ

No. 8D 7.0 3.0 0.56 0.28 0.60 0.11 1.49
No. 9D 8.0 2.0 0.52 0.28 0.54 0.10 1.49
No. 10D 9.0 1.0 0.50 0.29 0.59 0.10 1.49
No. 11D 9.5 0.5 0.56 0.29 0.62 0.11 1.49
No. 12D 10.0 0 0.56 0.31 0.58 0.10 1.49

0.54 ± 0.035 0.29 ± 0.015 0.59 ± 0.037 0.104 ± 0.007 1.49 ± 0
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cosity, and in emulsion No. 10E, which had a liquid 
consistency and separated during storage, are presented 
in Fig. 9. 

The EPR spectra of probe 1 in emulsion No. 4E 
were found to be superposition of a singlet and two trip-
lets, which were separated in the high-field compo-
nent (Fig. 9, a). This finding indicates lateral phase sepa-
ration in the adsorption layers. The EPR spectrum of 
probe 2 in emulsion No. 4E exhibited a superposition of 

two triplets. In the case of emulsion No. 10E, which was 
a Newtonian liquid, EPR spectra of probes 1 and 2 were 
triplets.

The EPR spectrum of 
spin probe 3 in emulsion 
No. 4E was anisotropic, ex-
hibiting a high value of order 
parameter S ≈ 0.47. An in-
crease in the M20CSE content 
resulted in a decrease in the 
values of S parameter to 0.42 
in emulsion No. 6E and to 0.41 
in emulsion No. 7E. This de-
crease correlated with a re-
duction in the apparent viscos-
ity of the emulsions (Fig. 2, b). 
At a mass ratio of M20CSE to 
CSA of 9.0 : 1.0 in liquid 
emulsion No. 10E, the EPR 
spectrum of probe 3 was a 
triplet (Fig. 9, b).

The EPR spectra of 
probe 4 to emulsion No. 4E 
were superpositions of two 
triplets separated in the high-
field component (Fig. 9, a), in-
dicating lateral phase separa-
tion at the level of the 
16th carbon atom. The doxyl 

radical of probe 4 was located in a 
nonpolar environment, as confirmed 
by the values of isotropic constant of 
the EPR spectra, which were found 
to be approximately 1.42–1.49 mT. 
The phase separation was presum-
ably caused by the formation of 
dense domains by some of the alkyl 
chains, while others dissolved in the 
oil phase exhibited greater rotational 
freedom.

A decrease in the apparent 
viscosity of emulsions (emulsions 
No. 5E–10E) (Fig. 2, b) was accom-
panied by a transformation of the 
EPR spectra into triplets. The pa-
rameters of these EPR spectra indi-
cated a liquid consistency of the 
adsorption layers at the level of the 
16th carbon atom. Thus, in the case 
of the EPR spectrum of probe 4 in 
emulsion No. 10E (Fig. 9, b), τ+1 
was 0.60 ns, τ–1 was 0.33 ns, and τ±1 
was 0.70 ns.

The present study investigat-
ed the influence of the coagulation structure in cream 
bases No. 4D and No. 4E on their performance charac-
teristics regarding the release of the active ingredient 
ofloxacin from these bases in experiments in vitro (in 
vitro release test). The study was conducted at 32°C. 
An increase in temperature by 7°C did not have a sig-

Fig. 7. EPR spectra of probes 1, 2, 3, 4 in the different dispersions at 25°C:  
a ‒ No. 3D (M20CSE і CSA 2.0:8.0); b ‒ No. 11D (M20CSE і CSA 9.5:0.5)

a b

Fig. 8. EPR spectra of probe 1 in o/w emulsions at 25°C (In Fig. 8, 9, the EPR 
spectra markings correspond to the markings in Table 2)
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nificant effect on the configuration and parameters of 
the EPR spectra of spin probes in these cream bases. 
Thus, the EPR spectra of spin 
probe 3 remained anisotropic; 
at temperatures of 25°C 
and 32°C, the values of order 
parameter S in cream base 
No. 4D were 0.49 and 0.48, 
respectively, and in cream 
base No. 4E, they were 0.47 
and 0.45, respectively.

A comparative study was 
conducted on the release of oflox-
acin from cream bases No. 4D 
and No. 4E, as well as from 
mixed solvent PG – water (1 : 9).

The release parameters 
of ofloxacin were significantly 
higher in the case of PG – wa-
ter solvent (1 : 9) than from 
cream bases (Fig. 12, Table 5). 
The kinetics and release pa-
rameters of of loxacin from 
cream bases No. 4D (without 
oil phase) and No. 4E (with oil 
phase) were found to be almost 
identical (Fig. 12 and Table 5).

Bepanthen® Plus cream 
contains 5% dexpanthenol. The 
base of this cream is o/w emul-
sion, which is characterized by 
a plastic flow type and thixo-
tropic properties (Fig. 13). Gas 
chromatography was utilized 
to analyze the formulation of 
the preparation, revealing the 
presence of 3.6% cetyl alcohol 
and 2.4% stearyl alcohol. Liq-
uid chromatography was used 

to ascertain that the concentration of macrogol 40 stea-
rate is 3.0%.

Fig. 9. EPR spectra of probes 1, 2, 3, 4 in the different o/w emulsions at 25°C:  
a ‒ No. 4Е (M20CSE і CSA 3.0:7.0); b ‒ No. 10Е (M20CSE і CSA 9.0:1.0)

a b

Fig. 10. Chromatogram of the reference solution with ofloxacin content 26.50 µg/ml for the in vitro release test

Table 5
Ofloxacin release parameters 

Parameter
Value in the case of release from:

0.1% solution dispersion No. 4D o/w emulsion No. 4Е

Release rate (b), μg/cm2/h‒1/2 192.48 ± 9.63
SD: 7.7550

25.42 ± 3.17
SD: 2.5498

24.76 ± 1.92
SD: 1.5426

Correlation coefficient (R) 0.98580 0.99833 0.99940
Coefficient of determination (R2) 0.97180 0.99666 0.99880
Cumulative amount (A) (at the 

time point 6 h), μg/cm2
406.67 ± 18.23

SD: 14.6817
55.49 ± 6.20
SD: 4.9943

58.35 ± 2.90
SD: 2.3366

Recovery (at the time point 6 h),% 81.33 ± 3.65
SD: 2.94

11.10 ± 1.24
SD: 1.00

11.67 ± 0.58
SD: 0.47
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In the case of Bepanthen® Plus cream, the EPR 
spectrum of probe 1 exhibited a superposition of a singlet 
and two triplets, while the EPR spectrum of probe 2 man-

ifested a superposition of two triplets. The EPR spectrum 
of probe 3 was anisotropic, with a high value of order 
parameter S, which was 0.54. With regard to probe 4, its 
EPR spectrum exhibited a superposition of two triplets 
that were not fully separated in the high-field compo-
nent (Fig. 14).

The release parameters of dexpanthenol were 
found to be considerably higher in the case of a 5% 
aqueous solution compared to Bepanthen® Plus 
cream (Fig. 15, Table 6).

Fig. 11. Representative chromatograms of dialysate samples obtained during the in vitro release test for ofloxacin

Fig. 12. Ofloxacin release rate plots in the case of 
release from: 1 – 0.1% solution; 2 – dispersion No. 4D; 

3 – o/w emulsion No. 4Е

Fig. 13. Rheogram of Bepanthen® Plus cream at 25°C

Fig. 14. EPR spectra of spin probes 1, 2, 3 and 4 in 
Bepanthen® Plus cream at 25°C
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5. Discussion of research results
The rheological parameters of hydrophilic cream 

bases were contingent upon the mass ratio of M20CSE to 
CSA (Fig. 2). This phenomenon is due to the microstruc-
ture of compatible associates and adsorption layers of 
these two excipients. It is noteworthy that the maximum 
apparent viscosity of the o/w emulsion was approximate-
ly fourfold higher than that of the dispersion (cream base 
without of the oil phase).

The study of the cream bases was conducted using 
the spin probe method, which involved the use of four spin 
probes based on fatty acids. These probes were utilised to 
detect varying levels of the nonpolar component of associ-
ates/adsorption layers. The primary characteristics of the 
microstructure of mixed aggregates of nonionic surfactant 
and CSA were elucidated, thereby providing a foundation 
for understanding the formation of coagulation structures 
with high apparent viscosity at relatively low total concen-
trations of emulsifiers in dispersed systems. The forma-
tion of coagulation structures in these dispersed systems is 
contingent upon the following conditions:

– lateral phase distribution in aggregates/adsorp-
tion layers accompanied by the formation of solid hydro-
phobic CSA domains and liquid hydrophilic domains of 
nonionic surfactant;

– presence of solid CSA domains at the interface 
with the dispersion medium and ordered packing along 
the entire length of the alkyl chains;

– adequate hydration of mixed aggregates and ad-
sorption layers at the interface with the dispersion medi-
um, provided by nonionic surfactant domains;

– non-spherical configuration of mixed 
aggregates and adsorption layer domains.

Another condition for the formation of 
coagulation structures is a sufficient concen-
tration of particles with the specified proper-
ties. A decline in the total concentration of 
M20CSE and CSA (3.0 : 7.0) in dispersions 
resulted in a decrease in rheological parame-
ters (Fig. 16), and at a concentration of 2.0%, a 
Newtonian liquid was formed. 

The microstructure of the associates 
depended on the mass ratio of the nonionic 
surfactant (M20CSE) to CSA (Fig. 3–9). 

It was demonstrated by in vitro experiments that 
the coagulation structure in cream bases (both without 
an oil phase and those containing one) was a factor that 
significantly reduced the release parameters of ofloxacin. 

The findings of the studies were corroborated 
when Bepanthen® Plus cream was utilized as the test 
object [28, 29]. The preparation is an o/w emulsion stabi-
lized with another nonionic surfactant, namely macrogol 
40 stearate (HLB = 16.9) [30] at a concentration of 3.0%, 
as well as a mixture of cetyl and stearyl alcohol at con-
centrations of 3.6% and 2.4%, respectively. The mass 
ratio of nonionic surfactant to the total content of aliphat-
ic alcohols in this cream is 3:6. (Note: According to 
BASF, the HLB of M20CSE is 15.0, and in the product 
Kolliwax CSA 50 contains cetyl and stearyl alcohols in a 
ratio of 5:5). Both in the case of the model emulsion and 
in the case of the commercially available cream, the EPR 
spectra of spin probes 1, 2, 3, and 4 are similar in config-
uration (Fig. 9, а, 14). The formation of a coagulation 
structure in Bepanthen® Plus cream significantly retard-
ed the release of dexpanthenol, which is a very soluble in 
water [1].

Practical relevance. The results obtained provide 
a theoretical basis for the development of cream formula-
tions using surfactants and CSA. 

Fig. 15. Dexpanthenol release rate plots in the case of 
release from: 1 – 5% solution; 2 – Bepanthen® Plus cream

Table 6
Dexpanthenol release parameters 

Parameter
Value in the case of release from:

5% solution Bepanthen® Plus cream 

Release rate (b), μg/cm2/h‒1/2 7.33 ± 0.22
SD: 0.177

1.43 ± 0.07
SD: 0.057

Correlation coefficient (R) 0.98953 0.99968
Coefficient of determination (R2) 0.97917 0.99936
Cumulative amount (A) (at the 

time point 6 h), μg/cm2
16.69 ± 0.75

SD: 0.605
3.53 ± 0.19
SD: 0.153

Recovery (at the time point 6 h),% 66.75 ± 3.01
SD: 2.42

14.14 ± 0.76
SD: 0.61

Fig. 16. Rheograms (at 25°C) of bases containing 
M20CSE and CSA (3.0:7.0) at their total concentration: 

1 – 10%, 2 – 8%, 3 ‒ 6%, 4 – 4%, 5 – 2%
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Study limitations. This paper presents the find-
ings of studies conducted on cream bases containing 
CSA only with non-ionic surfactant. 

Prospects for further research include studying 
similar cream bases with different surfactants, such as 
anionic or cationic ones. Furthermore, subsequent re-
search may be focused on the release of various kinds of 
active substances from the cream bases.

6. Conclusions
The rheological characteristics of hydrophilic cream 

bases are contingent on the microstructure of mixed aggre-
gates or adsorption layers formed by nonionic surfactant 
and CSA. These properties can be modified by adjusting the 
mass ratios between these emulsifiers. In the case of cream 
bases, where a coagulation structure has formed, the release 
of active ingredients is found to be significantly retarded. 
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