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INVESTIGATION OF THE EFFECT OF TEMPERATURE REGIMES ON THE RHEOLOGICAL
PROPERTIES OF DEVELOPED PHOTOPROTECTIVE CREAM

Actuality. The reasons for the rise in skin cancer include excessive ultraviolet radiation (UVR) and an aging population. UVR,
which is the primary risk factor for skin cancer, can be modified. One way to protect the skin from excessive UV rays is to use sunscreens
with high UVA and UVB protection (Perugini, 2019; Roik, 2019). Thus, the production of sunscreen cosmetic products is a key element
in ensuring preventive measures against oncological-dermatological pathology.

The authors have developed a composition for a photoprotective cosmetic product with ultraviolet filters that can provide a broad
spectrum of UV protection based on pharmaco-technological research. Given the intended use of the photoprotective cream at higher
temperatures than its storage, it was relevant to study the effect of temperature on the rheological properties of the developed cream,
which is crucial for ensuring the quality assurance of the final product.

The aim of the study was to determine the rheological (thixotropic) properties of the developed photoprotective cream and the effect
of different temperature regimes on its stability.

Material and methods. Rheological parameters of the cream were measured using a Brookfield Model DV-III rheometer (Brookfield, UK).

Research results. The viscosity of cream decreases with increasing shear rate. Such behaviour is typical for many dispersed
systems, including emulsions, which are often the basis of creams. It is related to the material’s structural breakdown under shear. As
temperature increases, viscosity decreases, which is typical for most fluids and viscoelastic materials. It has been established that the
developed cream belongs to dispersed structured systems characterized by elastic-plastic-viscous properties. It has been proven that
the developed cream exhibits non-Newtonian flow behavior and its flow begins after a certain mechanical stress is applied.

Conclusion. The experimental studies confirmed the rationality of the developed photoprotective cream technology, which showed
stability under different temperature regimes at 20, 25°C (storage temperatures), and 32°C (application temperature), ensuring product
quality. The determination of thermal stability and colloidal stability of the developed cream indicates its stability.

Key words: structural and mechanical properties, rheology, cream, ultraviolet radiation (UVR), photoprotective effect, skin
oncopathology, soft drug for topical application, pharmaceutical technology of soft drug.
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JOCIAKEHHS BIINIMBY TEMIIEPATYPHUX PEXKUMIB HA PEOJIOI'TYHI BJACTUBOCTI
PO3POBJIEHHOI'O ®OTO3AXUCHOI'O KPEMY

Axmyansuicme. [Ipuuunor 3p0cmants WKIPHUX 3AX80PIOBAHb € HAOMIPHe yivbmpagionemose sunpomintoeants (YPB). Ane iioco
6N1U6, AKUL € OCHOBHUM YUHHUKOM PUSUKY PAKY WKIPpU, MOX*CHA MoOugixyeamu. OOHum 3i cnocobie saxucmy wkipu 6i0 Haomipnoi Oii
V®-npomenis ¢ suxopucmanns conyezaxucnux kpemis i3 eucokum cmynenem saxucmy 6io UVA- ma UVB-cnexmpis. Tomy eupobHu-
YMBO COHYEe3aXUCHUX KOCMEMUYHUX 3aCc0Di8 € OCHOBHUM eleMeHmoM 3abe3nedents cmpamezii npo@inakmuyHux 3axo0i6 OHKON02iY-
HO-0epMamonoziunoi namonoeii.

Aemopamu, nHa niocmagi papmakomexHor0IUHUX OOCTIONCEHb ONPAYbOBAHO CKAAO (POMO3AXUCHO20 KOCMEMUYHO20 3AC00Y 3 Vilb-
mpagionemosumu inompamu, Axi 30amui 3a0e3nedyeamu WUPOKull cnekmp saxucmy 6i0 Y®@-npomenis. OcKinbKu 3acmocy8ants
pomosaxucrozo kpemy nepedbaiacmucs 3a 0ol BUCOKUX MEMNEPAmyp, Hidc 1020 30epieaths, 36axcaiouu Ha U020 NPUSHAYEHHS,
akmyanbHum 6yn0 nposedeH s O0CIIONHCEHHS 6NIUSY MEMNEPAMYPU Ha PEONO2IUHI 61ACMUBOCHTI ONPAYLOBAHO20 KDEMY, U0 BUICIUBO
074 3a0e3neuenis eapanmii aKocmi Kinyegoeo npooyKmy.

Mema 00cniddiceHHA — BUSHAYEHHA PEONOSTUHUX (MUKCOMPONHUX) 6AACMUBOCMEL ONPAYLOBAHOZ0 (POMOAXUCHOL0 KPEMY, BNIUEY
PIBHUX MEMNEPAMYPHUX PENCUMIE HA 11020 CIAOITbHICb.

Mamepian i memoou. Bumipiosanus peonoziunux napamempis Kpemy npogoounu 3a 0onomozoio peomempa ‘‘Brookfield Model
DV-III" (Brookfield, Benuxa Bpumanis).

Pesynbmamu 0ocniosicenns. B szxicmv Kpemy 3MeHUyemvcs 31 30inbuleHHAM weuokocmi scysy. Taka nosedinka xapaxmepha ois
bazamvox OucnepcHux cucmem, 30Kkpema emynvCill, AKi 4acmo € 0CHOB0I0 Kpemis. Bona nog’sazana 3 pyiHy8anuam cmpykmypu mame-
piany nio oieo 3¢ysy. 3i 36inbuenHsIM meMnepamypu 8 SI3KiCmb 3MEHULYEMbCSl, WO € MUNOBUM Ot OLNbUOCTI PIOUH | 8 SI3KONPYICHUX
Mmamepianie. Bemanosneno, wo onpayvosanuil kpem Hanedxicums 00 OUCNEPCHUX CIMPYKMYPOSAHUX CUCMEM, Ol AKUX XAPAKMEPHI
NPYHCHO-NIACMUYHO-8 A3KI 8nacmusocmi. [l06edeHo, uo onpaybo8aHuil Kpem Mac HeH 10moHI8CyKull mun nepediey, 1io2o niuHHICb
NOYUHAEMBCA NICTIA 3ACTNOCYBAHHS 0EAKOT MEXAHIYHOI Hanpyeu.

Bucnosok. 3a pezynomamamu eKCnepumMeHmanrbHuxX O0CAIONHCEHb NIOMBEPOAICEHO PAYIOHATLHICb MEXHON02I ONnpaybo8aHo20
Kpemy @omosaxucHoi 0ii, aka 6uasuIa CMabiibHICMb 3a PI3HUX memnepamypHux pexcumis, 3a 20, 25°C (memnepamypu 30epicarns)
i 32°C (memnepamypa 3acmocy8anns), wo 2apanmye siKicme npooykmy. Busnauenns mepmocmabinornocmi ma konoionoi cma6ine-
HOCMI ONPAYLOBAHO20 KpeMy CEIOUUMb PO 1020 CIAOIIbHICD.

Knrwwuosi cnosa: cmpykmypro-mexaniuui 1acmueocmi, peonozis, kpem, yrompaghionemoge sunpominosanus (YPOB), ¢pomosa-
Xucha Oist, OHKONAMON02Is WIKIpU, M SIKUL 3aCi0 OJis 306HIUHLO20 3ACMOCYBANHS, PapMayesmuyna mexHoni02is M IKUxX 3acoois.
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Introduction. Actuality. Skin cancer (SC) is one of
the most devastating cancers of the present decade and
the fifth most common form of cancer (An, 2021; Hasan,
2023). Skin cancer is the most common form of cancer,
and approximately one in five people suffer from skin
cancer at some point in their lifetime (Hasan, Nadaf,
2023). It is further predicted to surpass heart disease
as the main cause of mortality and the biggest obsta-
cle to extending life expectancy in the coming decades.
According to the World Cancer Research Fund informa-
tion, there were more than 331 722 cases of skin cancer
in 2022, including total global skin cancer incidence and
rates in 2022, as well as total global skin cancer mortal-
ity in 2022 (World Cancer Research Fund, 2022).

The analysis of cancer incidence indicators among
the population of Ukraine from 2000 to 2019 showed
an increase in the frequency of skin cancer by 24,0%
during this period, including melanoma by 77,3%. Mor-
tality from melanoma increased by 30,0% during this
period (Gruzieva, 2020). As of June 2024, the Minis-
try of Health of Ukraine registered 21 885 patients with
malignant melanoma of the skin and 93 223 patients
with other malignant skin neoplasms. In 2024, mela-
noma was diagnosed in 3 100 Ukrainians, with over 13
200 patients having malignant skin tumors, and there is
a trend of increasing incidence (Annual report, 2022).

The reasons for the rise in skin cancer include exces-
sive ultraviolet radiation (UVR) and an aging population.
Excessive UVR exposure, artificial tanning, a large num-
ber of moles, fair skin, a history of melanoma, specific
diseases, and an age over 65 years are risk factors for
melanoma. Excess UVR has a damaging effect on dermal
and epidermal cells, causing free radicals that increase the
risk of melanoma (Guan, 2021). Sun exposure can not
only cause skin cancer but also weaken the body’s pro-
tective properties, reducing vaccine effectiveness (Hart,
2020). However, UVR, which is the primary risk factor
for skin cancer, can be modified (Li, 2019; Lee, 2021).
Addressing cancer risk factors is relevant in the context
of the modern health strategy “Transforming our world:
the 2030 Agenda for Sustainable Development” at global
and national levels, according to which cancer control is a
mandatory component aimed at overcoming the epidemic
of non-communicable diseases (Gruzieva, 2020).

One way to protect the skin from excessive UV rays
is to use sunscreens with high UVA and UVB protection
(Perugini, 2019; Roik 2019). Thus, the production of
sunscreen cosmetic products is a key element in ensur-
ing preventive measures against oncological-dermato-
logical pathology.

The authors have developed a composition for a pho-
toprotective cosmetic product with ultraviolet filters that
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can provide a broad spectrum of UV protection based on
pharmaco-technological research.

Creams are soft dispersed systems composed of an
aqueous phase and a lipid phase that form an emulsion
(of the “oil in water” (O/W) or “water in oil” (W/O)
type). Their physicochemical properties, in particular
their rheological characteristics, can change signifi-
cantly depending on the temperature. Optimal rheolog-
ical parameters of the cream ensure even application,
rapid absorption, and prolonged emulsion stability (Gla-
dyshev, 2015).

Studying the rheological properties of the cream is
crucial for optimising its production, packaging, and
application processes. Determining parameters such as
viscosity, thixotropy, and plasticity allows for improv-
ing emulsion stability, ensuring the even distribution of
active components, and enhancing the product’s con-
sumer characteristics (Gladukh, 2016).

Understanding the rheological properties of a cream
allows for optimizing the processes of its production,
packaging, and application to the skin.

For example, to ensure easy spreading of the cream
with minimal viscosity, certain technological parameters
(specifically temperature regimes) need to be controlled,
and a rational composition of components (light oils,
emulsifiers, moisturizers) should be selected (Vlasenko,
2024). Given the intended use of the photoprotective
cream at higher temperatures than its storage, it was rel-
evant to study the effect of temperature on the rheolog-
ical properties of the developed cream, which is crucial
for ensuring the quality assurance of the final product.

The aim of the study was to determine the rheolog-
ical (thixotropic) properties of the developed photopro-
tective cream and the effect of different temperature
regimes on its stability.

Materials and methods. Samples of a processed
photoprotective cream based on an oil-in-water emulsion
were investigated. A combination of two type-1 emulsifi-
ers was used: the lamellar emulsifier Emulsiphos (INCI:
Potassium Cetyl Phosphate, Hydrogenated Palm Glyc-
erides) and the non-ionic biomimetic emulsifier Amisol
Soft (INCI: Behenyl Alcohol, Glyceryl Stearate, Lecithin,
Glycine Soja (soybean) Sterols), within the permitted
concentration range (1-5%). This combination of emul-
sifiers provides stability, enhances the texture and func-
tional properties of the cream, and promotes the even dis-
tribution and stability of the UV filters.

To protect the skin from excessive UV radiation, a
combination of physical Z-Cote (INCI: Zinc Oxide) and
chemical Tinosorb S Lite Aqua (INCI: Bis-Ethylhexy-
loxyphenol Methoxyphenyl Triazine (and) Acrylates/
C12-22 Alkyl Methacrylate Copolymer) filters (BASF,
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Germany) was selected, providing durable protection
against both UVA and UVB.

For the hydrophobic phase, Jojoba oil (INCI: Sim-
mondsia Chinensis) and special plant-derived emollients
were used. Jojoba oil is a liquid wax rather than a tra-
ditional oil, and it has a modest natural SPF (approxi-
mately 4-6); however, its effectiveness is insufficient for
full sun-protective action. Consequently, Jojoba oil is
used as a supplement to the main sun-protective filters —
such as physical filters (zinc oxide, titanium dioxide) —to
enhance overall protection. In addition, its emulsifying
properties help improve the stability of the formulation
by ensuring the even distribution of the cream.

The hydrophilic phase comprises, in addition to puri-
fied water, glycerine and the gelling agent xanthan gum
(INCI: Xanthan Gum).

Based on a review of the literature and its availability,
betaine and the Cosme-phytamis Green Tea active were
chosen as the active components. The ratio of the cos-
metic product’s components was selected on the basis of
biopharmaceutical studies to ensure that the pharmaceu-
tical composition provides photoprotection, antioxidant
effects, and moisturising action.

The rheological parameters of the cream were meas-
ured using a Brookfield Model DV-III rheometer (Brook-
field, UK) in the teaching and research laboratory of
molecular pharmacology, chemogenomics, and bioger-
ontology at the Department of Industrial Pharmacy of the
Kyiv National University of Technologies and Design. A
cream sample weighing approximately 0.5 g was placed
into the rheometer cup under the spindle. Rheologi-
cal parameters were measured at 20 = 0,1, 25 £ 0,1°C,
and 32 + 0,1°C by rotating the spindle at various shear
rates (from 0,2 to 500 sec™), increasing from low to high
and then decreasing again. Therefore, the breakdown of
the emulsion was evaluated at the minimal shear rate of
0,2 s7* and the maximum of 500 s™'. The temperature of
32°C was determined as optimal, as it corresponds to
the average surface temperature of human skin. Given
that the photoprotective cream is applied directly onto
the skin, assessing its rheological properties at this tem-
perature enables an evaluation of its behavior under
real-world conditions.

The flow characteristics at 20, 25°C (storage temper-
atures) and 32°C (application temperature) were deter-
mined according to the Ostwald—de Waele rheological
model, which describes the material’s plastic behaviour
or shear thickening and is calculated using formula (1):

T=K-vy", )

where: T — is the shear stress (Pa);
K — is the consistency index (Paxs);
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v — is the shear rate (s™);
n — is the flow behavior index (dimensionless).

The viscosity of the cream in the studied range of
shear rates is determined by equation (2):

2)

The consistency index is relevant to the fluid’s con-
sistency: if n=1, the fluid is Newtonian, and the param-
eter K equals the Newtonian viscosity 1. The flow
behavior index represents deviations from Newtonian
behavior. If n < 1, viscosity decreases with increasing
shear rate, which is characteristic of non-Newtonian
plastic fluids (Czajkowska-Kosénik, 2022).

The mechanical stability of the cream (MS) was cal-
culated using formula (3):

n:K.y"’l.

MS = %1 3)

where: 11 — is the structural stréngth limit before break-
down; 12 — is the structural strength limit after breakdown.

The degree of thixotropy was calculated using for-
mula (4):

§ =13 M 1004,
B N

where: S — is the degree of thixotropic recovery of vis-
cosity solutions;
i — 1s the viscosity at the i shear rate, measured in a
decreasing shear rate gradient mode;
Noi — is the viscosity at the i shear rate, measured in an
increasing shear rate gradient mode;
i— is the shear rate;
n — is the number of fixed shear rate gradient val-
ues. The study was conducted by both increasing and
decreasing the shear rate to determine the degree of
thixotropy.

The determination of colloidal stability (for emulsion
systems) and thermostability was performed accord-
ing to DSTU ISO/TR 18811:2019 “Cosmetics. Guide-
lines for the stability evaluation of cosmetic products”
(ISO/TR 18811:2018, IDT).

Results. One of the key rheological characteristics of
creams is thixotropy, which describes the material’s abil-
ity to change its viscosity under mechanical loading or
temperature changes. Thixotropy is an essential param-
eter for cosmetics as it determines the ease of applying
the product to the skin and its behavior when mixing
or stirring. Temperature changes affect cream viscosity,
which can be described in detail through rheological
models. The cream sample exhibits a nonlinear depend-
ence of viscosity on temperature. Typically, an increase
in temperature reduces viscosity due to decreased inter-
actions among cream components’ molecules.

“4)
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Fig. 1. Rheograms of the flow of the developed
photoprotective cream depending on temperature

The graph shows the dependence of shear stress and
dynamic viscosity of the cream on shear rate at differ-
ent temperatures. Both dependencies are descending,
indicating non-Newtonian behavior, specifically pseu-
doplasticity. This means cream viscosity decreases with
increasing shear rate (fig. 1). The flow of the tested sam-
ples begins only after a certain applied stress is exceeded,
which is attributed to the formation and structuring of
the material (Romanina, 2016).

Such behavior is typical for many dispersed systems,
including emulsions, which are often the basis of creams.
It is related to the material’s structural breakdown under
shear. As temperature increases, viscosity decreases,
which is typical for most fluids and viscoelastic mate-
rials. This results from an increase in molecular kinetic
energy and weakening intermolecular interactions.

The presence of two ordinate axes (shear stress and
dynamic viscosity) allows evaluating both structural
viscosity (related to structural breakdown) and dynamic
viscosity (related to particle friction). The obtained
curves suggest using the power-law model of flow to
describe the cream’s rheological behavior (fig. 2).

14.00
=\;:;

5 y =-0,9037x + 10,905
- y =-0,8556x + 10,437
-0,9093x + 10,34

#20°C

m25°C

Dynamic viscosity , In (n), mPa-s

32°C

Shear rate , In (t),1/sec

Fig. 2. Dependence of dynamic viscosity (1)
of the studied cream on shear rate (Dr)
at temperatures 20, 25, and 32°C
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Based on the structural-mechanical (rheological)
studies conducted and the data obtained during these
investigations, the mechanical stability (MS) of the
examined cream was determined. The MS index reflects
the extent of the system’s structural breakdown during
irreversible deformations. The research was carried out
following the methodology of G.V. Mykhailova, with
the mechanical stability calculated as the ratio of the
strength of the unbroken system’s structure to that of
the system which has undergone breakdown. Indicators
of the cream’s mechanical stability were determined to
characterise the degree of structural degradation.

Mechanical stability indices of the gel, which char-
acterize the degree of structural breakdown, were calcu-
lated. At 20°C this index was 3,17, at 25°C — 3,54, and at
32°C — 3,4 respectively.

Table
Thermo-rheological indicators of the developed
photoprotective cream

Parameters Temperature,’C
20 25 32
Consistency Index K, Pa’ 10,91 10,43 10,34
Flow Behavior Index, n 0,096 0,144 0,091
Initial Viscosity, mPa’ 54447 | 34098 | 30946
Mechanical Stability, MS 3,17 3,54 3,4
Degree of Thixotropy, % 38,02 29,87 28,52

According to the experimental results presented in
table, the cream samples had a flow behavior index ranging
from 0,091 to 0,144, indicating the plastic nature of their
flow. Rheological measurements can be used for quality
control of the cream at all stages of its production and stor-
age. Changes in rheological characteristics may indicate a
change in the composition or structure of the cream.

The results of the experimental studies confirmed
that the system’s mechanical stability is determined by
its thixotropic properties, which enable the system to
recover after mechanical stress. This finding allows the
prediction of the long-term stability of the structural—
mechanical properties of the developed experimental
cream over the specified storage period (Gnitko, 2018).

Overall, the obtained data allow the conclusion that
the studied cream exhibits complex rheological behav-
ior, which depends on temperature and shear rate. Under-
standing these dependencies is crucial for optimizing the
processes of cream production and application.

The result of determining the colloidal stability
and thermal stability of the processed cream meets the
requirements of the physicochemical properties of cos-
metic creams, namely, the colloidal stability of the cream
samples is stable, the thermal stability of all samples
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at a temperature of 50°C is stable. Thus, the obtained
cream samples are within the limits that comply with
DSTU ISO/TR 18811:2019 “Cosmetics. Guidelines for
determining the stability of cosmetic products” (ISO/TR
18811:2018, IDT).

Conclusions. It has been established that the
developed cream belongs to dispersed structured sys-
tems characterized by elastic-plastic-viscous prop-
erties. It has been proven that the developed cream
exhibits non-Newtonian flow behavior and its flow
begins after a certain mechanical stress is applied.

In summary, the “mechanical stability” value char-
acterises the system as thixotropic, ensuring its recovery
after mechanical stress and allowing for the prediction of
the stability of its structural-mechanical properties during
prolonged storage. The experimental studies confirmed
the rationality of the developed photoprotective cream
technology, which showed stability under different tem-
perature regimes at 20, 25°C (storage temperatures), and
32°C (application temperature), ensuring product quality.

The determination of thermal stability and colloidal
stability of the developed cream indicates its stability.
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