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The experimental study of the cream with cerium dioxide
nanoparticles on the model of the photodynamic injury
in guinea pigs

Aim. To study the photoprotective action of the cream with cerium dioxide nanoparticles (CDN) on the model of
the photodynamic injury in guinea pigs.

Materials and methods. CDN were synthesized in OOO “NanoMedTech”, the cream with CDN was developed in
SSI “Institute for Single Crystals” of the NAS of Ukraine. The photodynamic injury in guinea pigs was modeled with an
UV-emitter. The cream with CDN was applied preventively in the dose of of 2 mg/cm?. The erythema intensity was as-
sessed according to S. V. Suvorov colorimetric scale, then the photoprotective activity (PPA) was calculated. The skin
temperature was measured within 4 hours after exposure. The wound healing action was assessed as the number of
days till complete healing of the skin of guinea pigs.

Results and discussion. The photoprotective action (PPA — 43.2 %) of the cream with CDN exceeded that of
the reference drug (the cream with titanium dioxide) since the number of ulcers and deep lesions of the skin was
lower. The preventive application of the cream with CDN led to the skin temperature normalization, which confirmed
the ability of CDN to prevent inflammation. The wound healing action of the cream was also observed — the complete
epithelization of the damaged zone took place in 5.86 days compared to 11.00 days in untreated animals.

Conclusions. The results regarding the photoprotective, wound healing action of the cream with CDN and its ability
to prevent inflammation create opportunities for further study of this formulation as a photoprotector.
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[. B. 3anuenko, O. A. lNokoTtuno

EkcnepumeHTanbHe AocniXeHHA KpeMy 3 HaHOYaCcTUHKaMU Lepito aiokeuay

Ha moaeni poToAMHaMIYHOI TPaBMM Y MypyakiB

Meta po60TH — BMBYEHHSA (DOTOMPOTEKTOPHOI aKTUBHOCTI KpeMy 3 HaHo4acTuHKamu uepito giokevay (HL) Ha
mMogeni (poToaMHaMIYHOT TpaBMK Y MypYaKkiB.

Martepianu Ta metogu. HU[ cnHTe3oBaHi y TOB «HaHoMenTex», kpem 3 HUL pospobnexun y HTK «lHcTuTyT
MoHokpucTanis» HAH Ykpainu. PotognHamivyHy TpaBmy MypyakiB Buknukanm Y®-onpomiHioBavem. Kpem 3 HLI HaHo-
cunu NpodinakTuyHo B A03i 2 Mr/cm?. OUiHKY CTYNEHS1 BUPAXXEHOCTi epUTEMU MPOBOAMIN 32 KONTOPUMETPUYHOH) LLIKa-
noto C. B. CyBopoBa, po3paxoByBanu hoTONPOTEKTOPHY akTuBHICTb (PI1A). Bnpogosx 4 roguH nicnst onpoMiHeHHs
BMMIipIOBanNu TemnepaTypy LWKIpHUX NOKPUBIB. PaHo3aroloBanbHy akTVBHICTb BU3Ha4anu 3a KinbkicTio Aid 40 NOBHOrO
3aroeHHs LLKipU MypyakiB.

Pe3ynbraTty Ta ix o6roBopeHHs. 3a dpotonporekTopHoto akTuBHICcTIO (PIA — 43,2 %) kpem 3 HL[ nepeBuimB
pecbepeHTHUI Npenapart, Kpem 3 TUTAHY OiOKCMAOM, Ha L0 BKadyBara MeHLUa KifbKiCTb BUPA30K i MUOOKNX ypaXkeHb
LWKipHUX NokpuBIB. MpodinakTnyHe HaHeceHHs kpemy 3 HLIO cnpuano Hopmani3adii Temnepartypu LWKipy TBapwH, Lo
€ NigTBEPOKEHHAM 30aTHOCTI nmonepeaxaty 3ananeHHsi. Ha paHo3aroloBarnbHy akTUBHICTb KpeMy BKasyBara MnoBHa
eniTenisayis 30HM ypaxeHHs 3a 5,86 fi6 nopiHAHO 3 11,00 y HenikoBaHUX TBapUH.

BucHoBku. Pesynbsraty oo ooTonpoTekTOpHOI, paHo3arooBarbHOT akTMBHOCTI kpemy 3 HL Ta noro 3gatHoCTi no-
nepepkaTi 3ananeHHs BigKpMBatoTb NEPCNEKTVBM AN NOLAsbLUIOMO BUBYEHHS AAHOT NiKapChKoi hopmum SK hoTonpoTekTopa.

Knrovoei cnoea: HaHowacmuHKU uepito Giokcudy; ¢homornpomeKkmopHa akmugHicmb; homoduHaMiyHa mpasma

A. B. 3anyeHnko, O. A. lNokoTuno

dKkcnepuMMeHTanbHOe UccregoBaHue Kpema ¢ HaHo4YacTULaMu QUoKcuaa uepus
Ha mogenu poToaMHaAMUNYECKON TPaBMbl Y MOPCKUX CBUHOK

Lenb pa6oTbl — n3yyeHne oTONPOTEKTOPHOM aKTUBHOCTM Kpema ¢ HaHovacTuuamm avokevaa uepust (HOL) Ha
mMozenu hOTOANHAaMNYECKON TPaBMbl Y MOPCKMX CBUHOK.
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Matepuansi u metoabl. HIL| cuHTesnposaHbl B OO0 «HanoMenTex», kpem ¢ HOL, paspabotaH B HTK «HcTUTYT
MoHokpucTannos» HAH YkpanHbl. DoToanHammnyeckyto TpaBMy MOPCKUX CBMHOK BbidbiBanu Y®-obnyyatenem. Kpem
¢ HOLL HaHocunm npodomnakTuyeckn B fo3se 2 Mr/cm?. OUeHKy CTENEHN BbIPaXKEHHOCTU 3pUTEMbI MPOBOAUIIM MO KOMNO-
pumeTpudeckon wkane C. B. CyBopoBa, paccunTbiBany hOTONPOTEKTOPHYO akTuBHOCTL (PI1A). B TeveHne 4 yacos
nocne obny4yeHnsa n3mMepsany TemnepaTtypy KOXHbIX MOKPOBOB. PaHO3aXMBAOLLYIO aKTUBHOCTb ONpeaensnm rno Konu-
YecTBY AHEN A0 MOMHOro 3aXMBMEHUS KOXN MOPCKMUX CBUHOK.

PesynbraTthl u ux obeyxaeHue. No dortonpotekTopHon aktnBHocTu (PrA — 43,2 %) kpem ¢ HOLL npeBbicun
pedepeHTHBbIN NpenapaTt KpeM C AMOKCUAOM TUTaHa, Ha YTO yKa3biBarno MeHbLUIEeEe KONMMYECTBO 3B U rIy6oKux nopaxe-
HUIA KOXHBIX NOKPOBOB. MNMpodunakTnyeckoe HaHeceHne kpema ¢ HIL, cnocobcTBOBano Hopmanuaauum Temneparypbl
KOXM >XMBOTHBIX, YTO SBMAETCS NOATBEPXAEHNEM CMOCOBHOCTM NpeaoTBpaLlaTe BocnaneHme. Ha paHo3axuBngoLLyo
aKTMBHOCTb KpeMa yKasblBara nosnHasi annutenusaums 30Hbl nopaxkeHusi 3a 5,86 cytok no cpasHeHuto ¢ 11,00 cyTkamm
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Y HeneYvYeHbIX XUBOTHbIX.

BbiBoabl. Pe3ynbtathl kKacaTernbHO (DOTOMPOTEKTOPHON, paHO3aXUBNSALWeNn akTuBHOCTK kpema ¢ HOLL n ero
crnocobHOCTU NpefoTBpaLlaTh BOCMnaneHve OTKpbIBaOT NepCneKkTVBbl ANA AanbHENWero n3y4eHnss JaHHowm nekap-

CTBEHHOW (POPMbI Kak (pOTONPOTEKTOPA.

Knrodeenle cnoea: HaHoYacmuubl duokcuda yepusi; pomornpomeKkmopHasi akmueHoCcmb; ghomoduHamuyeckast

mpasma

Ultraviolet (UV) radiation skin damage is a wide-
spread pathology that is observed in almost all popula-
tions. The prevalence of photodynamic injury increases
in summer. A tendency towards frequent sunburns throug
hout the year is observed among tanning salon attendants,
persons working in the open air at high altitude, patients
with some dermatological diseases, people with genetic
predisposition to UV burns, and those who contact with
photosensibilizing substances. The sunburn risk is inver-
sely proportional to the level of skin pigmentation. Those
who are subject to excessive UV exposure are at a high
risk of melanoma, squamous cell carcinoma, and basal
cell carcinoma development [1-4].

Due to UV exposure, keratinocytes start releasing
cytokines and nitrogen oxide NO into the intercellular
space. These substances penetrate the dermis and cause
vasodilation and erythema. Apoptosis is observed in the
epidermis in 1 h of insolation; the so-called “burned”
cells appear. UV waves also cause degranulation of mast
cells and histamine release into skin tissues. Prostaglan-
dins E, and F,, accumulate in the intracellular space of
the dermis and epidermis, cause pain and hyperemia.
UV irradiation also activates metalloproteinases that break
down structural proteins of the dermis [2, 5, 6].

Photoprotectors of different composition are used for
prevention of the photodynamic injury nowadays. Cos-
metic products and drugs with “physical” filters have
gained popularity recently. There is titanium dioxide (TD)
and zinc oxide among them. These substances effecti-
vely reflect and refract UV waves in the spectrum that
is harmful for the organism. Usually they are safe, but
can have photocatalytic properties because of partial ab-
sorption of solar energy, which is a cause of the skin
damage [7-9].

Cerium dioxide nanoparticles (CDN) are a new active
substance with the dual mechanism of the photoprotec-
tive action. On the one hand, CDN are an effective “physical”
photoprotector — a light filter, which is capable of selec-
tively dispersing sunlight, reflecting and scattering harm-
ful UV waves and transmitting the visible light. On the other
hand, CDN are potent antioxidants, and it is an addi-

tional factor of their efficacy as a photoprotector and
indicates the absence of the photocatalytic action. This
double mechanism of CDN action makes them unique:
they do not prevent tan, but protect against sunburns (which
is not the case for the majority of modern photoprotec-
tors). The safety of CDN was proven in the previous
toxicological studies in vitro and in vivo [10-12].

The aim of the work was to study the photoprotec-
tive action of the cream with CDN on the model of the
photodynamic injury in guinea pigs.

Materials and methods

CDN with the particle size of 6-15 nm were synthe-
sized in OO0 “NanoMedTech”, the dermal cream with
CDN was developed in SSI “Institute for Single Crys-
tals” of the NAS of Ukraine. The photoprotective ac-
tion of the cream with 0.25 % CDN was studied on the
model of the photodynamic injury in guinea pigs [13] —
acute photodynamic skin inflammation (UV erythema)
caused by an OKN-011M UV-emitter (Zavet, Ukraine).
The irradiation range was 220-400 nm. The efficacy of
the cream with CDN was compared to the reference drug —
the cream “Biocon SPF 40” with TD as an active substance.

Experiments were carried out on 40 outbred guinea
pigs of both sexes with the body mass of 450-500 g.
Guinea pigs were divided into 4 experimental groups,
10 animals each: group 1 — intact animals, group 2 —
animals with the untreated photodynamic injury (radia-
tion-exposed animals), group 3 — animals that received
the cream with CDN prior to UV exposure, group 4 —
animals that received the cream with TD prior to UV
exposure.

The study was carried out in accordance with condi-
tions of the Directive 2010/63/EU of the European Par-
liament and of the Council of 22 September 2010 on the
protection of animals used for scientific purposes.

Prior to the beginning of the experiment all animals
underwent depilation of the region of the back, which
was divided into three smaller regions of 3 cm? each.

The UV irradiation source was positioned at 10 cm
away from the skin surface, the exposure time was 3 min,
which corresponded to 5 MED (minimal erythema doses).
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The creams were applied in the prevention regimen
on the depilated skin regions of guinea pigs 20 min prior
to UV exposure in the dose of 2 mg/cm?, the dose was
chosen in compliance with the international recommen-
dations [7]. Each animal from group 3 received a topi-
cal dose of 0.1 mg/kg of CDN.

A degree of erythema intensity was measured in points
(from 0 to 4) 1, 2, 4, 8, 16, and 24 h after UV exposure
according to S. V. Suvorov colorimetric scale: 0 — the ab-
sence of erythema, 1 — mild erythema (rose skin tone),
2 — moderate erythema (rose-red skin tone), 3 — pro-
found erythema (red skin tone), 4 — severe erythema (bright
red skin tone). For each animal the arithmetic mean was
measured based on 3 cm? regions on the back [14].

The photoprotective action (PPA) of creams was cal-
culated by formula:

PPA=(E,—E,) x 100 /E,,

where: E_ — is the degree of erythema intensity (points)
on the skin region where the cream was applied (groups
3, 4), in 24 hours after exposure; E_ — is the degree of
erythema intensity (points) on the skin region underwent
UV irradiation (group 2 — radiation-exposed animals),
in 24 hours after exposure.

To assess the degree of the UV tissue injury within
4 hours after exposure the temperature of the skin sur-
face was measured [15]. It is an integral index of the in-
flammatory process activity and a marker of vascular
changes in the dermis in the case of UV irradiation. An in-
crease in temperature manifests itself due to release of pro-
inflammatory and vasoactive mediators, such as hista-
mine, serotonin, bradykinin, prostaglandins, and inter-
leukins [16, 17]. The measurement of the temperature
of the animal skin folds was carried out with a MT1931
thermometer (Microlife, Switzerland).

The process of wound healing in guinea pigs was re-
corded every day in the same time starting from the mo-
ment when UV irradiation completion, and it was mea-
sured in the number of days to complete recovery. The cri-
teria of complete recovery were epithelization of the irra-
diated region, the complete absence of ulcers, bleeding,
and other visible lesions of the epidermis and dermis.

The statistical processing of the experimental data
was performed with the IBM SPSS Statistics v.23 soft-
ware (IBM, USA) using two-sample t-test assuming equal
variances for independent samples and paired sample
t-test for dependent ones. Differences were considered
statistically significant at p < 0.05.

Results and discussion

The dynamics of the erythema development in guinea
pigs was assessed by the degree of erythema intensity
during the experiment (Tab. 1). An increase of the pa-
rameter was seen in radiation-exposed animals throughout
the study (24 hours). Areas with severe erythema and
skin wounds were observed in these guinea pigs.

The less serious injury was seen in animals received
the cream with CDN prior to UV exposure. The degree
of erythema intensity was 88.9 % lower in this group
compared to radiation-exposed animals after 1 hour of
the experiment. PPA of the cream with CDN was 43.2 %.

In animals that received the cream with TD (the refe-
rence drug) prior to UV exposure the photodynamic injury
was also less pronounced than in radiation-exposed ani-
mals (pathology). The degree of the erythema intensity
was 77.8 % lower in 1 hour of the experiment. Howe-
ver, the efficacy of the cream with TD was inferior to
the one of the formulation studied. More ulcers were
observed on the skin of guinea pigs that received the re-
ference drug compared to animals treated with the cream
with CDN, and the area of injury was also larger. In ani-
mals that received the cream with CDN prior to UV expo-
sure the degree of the erythema intensity was 55.6 %
and 46.2 % less in 2 and 4 hours of the experiment, res-
pectively, compared to the group of the preventive use
of the cream with TD. PPA of the reference drug was 32.4 %.

Thus, the cream with CDN showed a pronounced
photoprotective action and was not inferior to the referen-
ce drug. There was less number of ulcers and deep le-
sions on the UV exposed regions of the skin of guinea
pigs in the group of the preventive use of the cream with
CDN compared to the group of animals that received
the cream with TD. The area and intensity of the photo-
dynamic inflammatory process, which main element was
erythema, were smaller in the group of animals received
the cream with CDN prior to UV exposure.

Table 1

The dynamics of the erythema development in guinea pigs with the photodynamic injury and in the group
of animals received the cream with CDN prior to UV exposure (n = 10; M + m)

Groups Degree of erythema intensity, points

1 hour 2 hours 4 hours 8 hours 16 hours 24 hours
Intact 0.00+0.00 | 0.00£0.00 | 0.00+0.00 | 0.00+0.00 | 0.00£0.00 | 0.00+0.00
Radiation-exposed (pathology) 1.80 220 280+ 330+ 3.60 370

0.25% 0.25* 0.25* 0.26* 0.16* 0.15*
Radiation + the cream with CDN 0.20 + 040+ 0.70 + 1.40 + 1.80 + 210+
(mg/cm?) 0.13%/** 0.16%/**/*** | 0,1 5%/**/*** 0.27*/** 0.20*/** 0.18*/**
Radiation + the cream with TD 0.40 + 0.90 + 1.30 + 1.80 + 210+ 2,50+
(2 mg/cm?) 0.16%/** 0.23%/** 0.26%/** 0.25%/** 0.23%/** 0.27%/**

Note: n — the number of animals in the group; * - p < 0.05 compared to intact animals; ** - p < 0.05 compared to radiation-exposed
animals; *** — p < 0.05 compared to animals received the cream with TD prior to UV exposure.
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Table 2

The dynamics of the skin temperature changes in guinea pigs with the photodynamic injury and in the group
of animals received the cream with CDN prior to UV exposure (n = 10; M £ m)

Grouns Skin temperature, °C
P Baseline 1 hour 2 hours 4 hours
Intact 36.900 + 0.084 36.920 + 0.051 36.870 + 0.067 36.910 + 0.028
. 37.850 + 38.100 + 37.440 +
Radiation-exposed (pathology) 36.900 + 0.037 0.040% %% 0.061%/*%% 0.043%/*x
Radiation + the cream with CDN 37.150 = 37.030 = 36.950 +
Radiation + the cream with TD 37.940 37.380 37.110 =
(2 mg/cm?) 20.88050.055 0.059%/**** 0.070%/**/***x 0.043% /%% [*x%x*

Note: n — the number of animals in the group; * - p < 0.05 compared to intact animals; ** — p < 0.05 compared to radiation-exposed
animals; *** — p < 0.05 compared to animals received the cream with TD prior to UV exposure; **** — p < 0.05 compared to the baseline.

Regarding the skin temperature the values were phy-
siological in intact animals (Tab. 2). In radiation-expo-
sed guinea pigs starting with the 1-st hour of the experi-
ment and onwards, the temperature increased compared
to intact animals and the baseline values. In 4 after expo-
sure the value increased by 0.54 °C.

In 4 hours of the study the skin temperature normali-
zed in animals received the cream with CDN prior to UV
exposure, which was indicative of the ability of the for-
mulation studied to prevent inflammation.

The reference drug was less efficacious than the cream
with CDN. The skin temperature in guinea pigs in 1, 2,
and 4 hours of the experiment was by 0.79, 0.35 and
0.16 °C higher, respectively, compared to the group of
animals that received the cream with CDN. No norma-
lization of the parameter was observed; the skin tempe-
rature remained increased after application of the cream
with TD and UV exposure throughout the interval stu-
died.

The time of complete epithelization of the skin of
animals was studied in order to determine the wound
healing action of the cream with CDN (Tab. 3). The comp-
lete wound healing was observed in all guinea pigs. The pro-
cess was more rapid in the group of animals that recei-
ved the cream with CDN (by 46.7 %) than in radiation-
exposed animals. The preventive application of the for-
mulation studied reduced the time to complete epitheli-
zation of the skin by 1.88-fold. The data obtained con-
firm the photoprotective and wound healing action of
the cream with CDN.

In animals that received the reference drug the comp-
lete epithelization of the skin was 36.4 % faster than in
untreated guinea pigs. The differences of this parameter
were not statistically significant for groups of applica-
tion of both creams.

CONCLUSIONS

The cream with CDN in the preventive use in the dose
of 2 mg/cm? on the model of the photodynamic injury
in guinea pigs has exhibited the photoprotective action
(PPA—43.2 %). It exceeds the reference drug (the cream
with TD) by the photoprotective action due to less de-

Table 3

The time of complete epithelization of the skin
of guinea pigs with the photodynamic injury
and in the group of animals received the cream
with CDN prior to UV exposure (n = 10; M + m)

Time of complete
epithelization, days
Intact 0

Groups

Radiation-exposed (pathology) 11.00 + 0.90*
Radlatlon2+ the cream with CDN 5.86 + 0.86%/**
(2 mg/cm?)

Radlatlon2+ the cream with TD 7.00 + 0.76%/**
(2 mg/cm?)

Note: n — the number of animals in the group;
* - p < 0.05 compared to intact animals; ** — p < 0.05 compared
to radiation-exposed animals.

gree of the erythema intensity — lower number of ulcers
and deep lesions of the skin. Normalization of the skin
temperature was indicative of the photoprotective action
of the cream with CDN and its ability to prevent inflam-
mation, while in animals that received the cream with TD
prior to UV exposure the higher values (by 0.16-0.79 °C)
were observed throughout the experiment.

The cream with CDN revealed the wound healing
action. There was the complete epithelization of the skin
of guinea pigs within 5.86 days of the experiment, it was
faster by 46.7 % than in the group of animals with the un-
treated photodynamic injury, for which the value was
11.00 days.

The cream with CDN showed better photoprotective
action than the reference drug as indicated by less se-
verity of the photodynamic injury and normalization of
the skin temperature.

The results obtained create opportunities for further stu-
dy of the cream with CDN as a photoprotector with the wound
healing action and the ability to prevent inflammation.
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