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EFFECT OF NANOCERIUM ON STRESS SYNDROME SEVERITY
AND ANTHROPOMETRY IN RATS WITH CHRONIC STRESS AND OBESITY

Introduction. Nanotechnology has opened new promising directions in modern biology and medicine.
Nanocrystalline materials, such as cerium dioxide-based nanomaterials, play a leading role in these developments.
Significant experimental data have been accumulated, demonstrating the high biological activity of nanocrystalline
cerium and revealing its potential use in the development and application of nanocomposites capable of activating
cellular and humoral immune defense systems.

The aim of the study — effect of nanocerium on stress syndrome severity and anthropometry in rats with
chronic stress and obesity.

Research Methods. Experimental studies were conducted on 103 white non-linear rats of both sexes, modeling
obesity induced by glutamate, chronic stress, both separately and in combination. Obesity was induced by postnatal
subcutaneous injection of sodium glutamate. The animals were maintained on a standard vivarium diet for 4 months.
Body weight, BMI, and Lee index were monitored weekly throughout the experiment. Chronic stress was modeled
using Hans Selye’s method by immobilizing the animals on their backs for 5 hours. The severity of stress was
assessed by Selye’s triad. Starting from 1 month of age and for the next three months, the experimental rats were
orally administered nanocrystalline cerium dioxide using a probe. Somatometric measurements showed that in
obese animals, growth was stunted, and body weight did not significantly differ from intact animals.

Results and Discussion. For example, the body weight of intact animals was 165,2 + 5,1 g, while rats
with glutamate-induced obesity weighed 213,7 + 9 g. Despite the increase in body weight, the body length
of obese rats was shorter compared to intact animals. It has been shown that nanocrystalline cerium has high
antioxidant activity and can be considered a candidate for the creation of a therapeutic agent for the treatment
of obesity. Intravenous administration of nanocrystalline cerium to animals with modeled obesity and chronic
stress associated with obesity significantly reduced BMI compared to respective control animals.

Conclusions. Nanocerium effectively prevented the development of visceral obesity in animals exposed
to isolated and combined effects of obesity and stress, as evidenced by a significant reduction in fat mass in
the visceral fat depot of the animals. Thus, nanocrystalline cerium dioxide is a potential agent for correcting
experimental obesity under chronic stress conditions, as confirmed by other studies.

KEY WORDS: periodontal tissues; rats; monosodium glutamate; visceral fat; cerium oxide; thymus;
adrenal glands.

INTRODUCTION. Over the past three stress interact and enhance each other [3].

decades, obesity has increased worldwide,
particularly in low- and middle-income
countries due to uncontrolled urbanization and
the change-over to a “western-style” diet [1].
Obesity is a rapidly growing pandemic with
serious health consequences. In recent years,
there is increasing evidence that stress, and
in particular increases in the glucocorticoid
stress hormone — cortisol, plays a role in the
development of obesity [2] .

It is known that in our modern society, the
obesity pandemic coincides with an increase
in factors that enhance cortisol production,
such as chronic stress, consumption of high-
glycemic index foods, and sleep deprivation.

This indicates a vicious circle where
increased glucocorticoid action, obesity and
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Although it is known that the main cause of
the obesity epidemic is an imbalance between
energy intake and expenditure, however,
when taking account of the effects of chronic
exposure to cortisol, there is increasing
evidence that cortisol is also a major factor
in this pandemic. It has been proven that, on
average, obese people have higher levels of
cortisol in their hair. A meta-analysis by Stalder
et al. also found evidence of a relationship
between cortisol and BMI: cortisol in the hair
of obese patients increased by 9,8% for every
2,5-point increase in BMI [4].

Nanotechnology is a branch of science that
studies particles in the 1-100 nm range. These
particles are called nanoparticles, and they
exhibit unique electronic, optical, magnetic,
and mechanical properties that distinguish
them from the basic material. Nanotechnology
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has opened up new and promising directions
in modern biology and medicine. The leading
role in them is occupied by nanocrystalline
materials, which include nanomaterials based
on cerium dioxide. Currently, considerable
experimental material has been accumulated,
which testifies to the high biological activity of
nanocrystalline cerium and reveals the potential
possibility of its use for the development and
application of nanocompositions capable of
activating the systems of cellular and humoral
immune protection, prevention and therapy of
viral diseases, as well as for increasing the
effectiveness of the treatment of malignant
neoplasms [5].

It has been proven that nanocrystalline
cerium has high antioxidant activity, it exerts
a neurotrophic and neuroprotective effect,
increases the viability of brain cells, has
antimicrobial properties [6], and can be
considered as a candidate for the creation of a
drug in the treatment of obesity [7].

RESEARCH METHODS. Experimental
studies were conducted on 103 white nonlinear
rats of both sexes, modeling glutamate-induced
obesity, chronic stress, both separately and in
combination.

Obesity was induced by postnatal
subcutaneous administration of monosodium
glutamate (MSG) to newborn rats [8] at a dose
of 4 mg/g on days 2, 4, 6, 8, and 10 after birth.
Control group rats received subcutaneous
injections of physiological saline at a dose
of 8 ul/g. The animals were maintained on a
standard vivarium diet for 4 months.

Body weight, BMI, and Lee index were
monitored weekly throughout the experiment.
Chronic stress was modeled according to Hans
Selye’s method by immobilizing the animals
on their backs for 5 hours during the last week
before slaughter, which was performed 2 hours
after stress under thiopental anesthesia by
exsanguination. Starting from 1 month of age
and continuing for the next three months,
the experimental rats were administered
nanocrystalline cerium dioxide orally via a probe
at adose of 1 mg/kg dissolved in injection-grade
water, with a volume of 2,9 ml/kg according to
the following schedule: daily administration for
2 weeks, followed by a 2-week break, repeated
for 3 months.

The work was carried out within the framework
of the research project of the Department
of Biochemistry at Poltava State Medical
University, titled “Development of means to
correct pathological changes in the organs of the

digestive system under conditions of civilization
diseases” (0124U001922). The obtained results
were subjected to statistical processing using
the IBM SPSS Statistics 26 software package
(2019). The Kruskal — Wallis test was used to
determine statistically significant differences
between groups. Differences were considered
statistically significant at p < 0,05.

RESULTS AND DISCUSSION. The
experimental efficacy of nanocerium was
demonstrated based on the analysis of
indicators reflecting the severity of stress,
specifically the development of gastric mucosal
ulcerations. The results showed a complete
absence of ulcers in obese rats treated with
nanocerium and a reduction in the frequency,
severity, and multiplicity of ulcers in stressed
animals and obese animals under stress when
treated with nanocerium, compared to the
respective control groups (Table 1).

In rats that received (MSG) at a dose
of 4 mg/g, visceral obesity developed after
4 months after birth, primarily due to MSG-
induced excitotoxicity [9].

Somatometry measurements indicate that
growth was slowed in obese animals, while body
weight did not significantly differ from intact
animals. For example, the body weight of intact
animals was 165,2 £ 5,1 g, whereas rats with
glutamate-induced obesity weighed 213,7 £ 9 g.
Despite the increased body weight, the body
length of obese rats was shorter compared to
intact animals. The shorter, more rounded body
shape of MSG-treated rats explains the lack of
difference in body weight. Hence, in this model
of glutamate-induced visceral obesity, there is
a simultaneous slow-down in development and
growth with an accumulation of excess adipose
tissue. The most objective anthropometric
indicators are body mass index (BMI) and the
Lee index.

We found that BMI increased by 22,9% in
rats that received neonatal MSG, confirming
obesity development in this group. Another
crucial index for assessing obesity severity
is the Lee index. Using this criterion allows
for more precise assessment of differences
between groups and the identification of
significant differences not apparent with other
criterion due to less variance in values.

It was found that glutamate-induced obesity
significantly increased the Lee index. In rats
with modeled obesity and chronic stress on
top of obesity, this index significantly increased
compared to intact animals. The combined
effect of obesity and chronic stress led to a
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Table 1 — Indicators of severity of stress syndrome in animals according to Selye’s triad (x * SE, n = 103)

Rate of Multiplicity Relative weight

gastric (Number of Severity, Relative weight of the adrenal

Animal groups of the thymus,

mucous | ulcers for 1rat ~ scores molg gland,

ulcers, % per group) mg/g
1. Control, n =10 - - - 1,08 +0,17 0,23 £ 0,02
2. Obesity, n =14 - - - 1,10 £ 0,07 0,16 £ 0,02
3. Obesity + stress, n =17 60 0.93 5 0,99 + 0,072 0,17 + 0,02
4. Stress, n =10 75 1.79 6 0,77 £ 0,16 0,30 £ 0,04
5. Nanocerium control, n =10 - - - 0,89+ 0,13 0,20 + 0,04
6. Obesity + Nanocerium, n = 16 - - - 1,15+ 0,08 0,23 + 0,02
/. Obesity + stress + 9 0.09 1 1,27 +0,10° 0,31+ 0,06

Nanocerium, n = 16
8. Stress + Nanocerium, n = 10 10 0.4 2 0,79 £ 0,06 0,29 + 0,04
Note: In this and following tables, n is the number of animals (p < 0,05).
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Fig. 1. Weekly Monitoring of the Lee Index (¥ g/cm) in rats with glutamate-induced obesity, chronic stress,
and nanocerium correction
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Fig. 2. Weekly Monitoring of Body Mass Index (g/cm?) in rats with glutamate-induced obesity, chronic
stress, and nanocerium correction
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Table 2 — Anthropometric indicators in 4-month-old rats with glutamate-induced obesity, chronic stress,

and nanocerium correction (x = SE, n = 103)

Animal groups Lee index, g1/3/cm Visceral fat mass, g BMI, g/cm?
1. Control, n =10 0,254 + 0,003 0,50 + 0,262 0,35 + 0,012
2. Obesity, n = 14 0,268 + 0,003" 11,42 +1,30° 0,43 £ 0,01°
3. Obesity + stress, n = 17 0,263 + 0,002° 12,90 £ 0,74 0,39 + 0,012
4. Stress, n =10 0,258 + 0,002 0,09 + 0,09° 0,37 £ 0,01
5. Nanocerium control, n = 10 0,257 + 0,002 0,00 + 0,00 0,39 + 0,01
6. Obesity + Nanocerium, n = 16 0,258 + 0,002¢ 5,05+ 1,08° 0,37 £ 0,01°
/. Obesity + stress + 0,251 + 0,003° 1,59 + 0,47¢ 0,33+ 0,01
Nanocerium, n = 16
8. Stress + Nanocerium, n = 10 0,255 + 0,003¢ 0,71 +£0,38°¢ 0,36 + 0,01

Note: different letters indicate values that differed one from another significantly within one line of the table according to
the results of comparison using nonparametric Anova by Kruskal-Wallis.

statistically reliable increase in the Lee index
and visceral fat mass compared to those in the
glutamate-induced obesity group and intact
group (table 2).

CONCLUSIONS. The administration of
endogastrally nano-crystalline cerium to animals
modeled with obesity and chronic stress
contributed to a significant reduction in bmi
compared to respective control animals (table 2).
In rats with glutamate-induced obesity and
chronic stress, nano-cerium administration led
to a significant decrease in lee index, visceral fat
mass, and bmi by 1.1-time, 8-times, and 1.2-time,
respectively, compared to obese animals under
chronic stress without correction (table 2). Nano-
cerium effectively prevented the development of
visceral obesity in animals exposed to isolated
and combined effects of obesity and stress, as
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_NOATABCbKUW AEPXXABHWV MEANYHWN YHIBEPCUTET
2IHCTUTYT MIKPOBIO/IOrII TA BIPYCO/IOr I IMEHI 4. K. 3BABEO/IOTHOIO HAH YKPAIHU

BIIV/IB HAHOI&I]EEPII-O HA BAXKICTb CTPECOBOI'O CUHAPOMY
TA AHTPOIIOMETPIIO B IITYPIB 13 XPOHIYHUM CTPEC TA O KUPIHHAM

Bcmyn. HaHomexHos102ii BiOKpU/IU HOBI MepPCrieKmMuUBsHI HanpsiMu 8 cy4acHil 6ios102ii ma MeduyuHi. HaHo-
Kpucma/iiyHi Mamepia/iu, iK-om HaHoMamepia/iu Ha OCHOBI 0iokcudy yepito, sidieparoms MposioHY Posib Y Yyux
po3pobkax. Hakonu4yeHo 3Ha4Hi ekcriepumMeHmasibHi 0aHi, siki 0eMOHCMPYoMb BUCOKY 6i0/102i4HY akmusHicmb
HaHOKpUCMasiyHo20 yepito ma to2o nomeHyiliHe BUKOPUCMAaHHS 8 PO3POB/IEHHI ma 3acmocyBaHHi HAHOKOMITO-
3umis, 30amHuUx akmusysamu K/IImuHHUU | 2ymopasibHUl iMyHHUU 3axucm.

Mema 00c/iOXeHHs1 — BUBYUMU BI1/IUB HAHOKPUCMA/TIHHO20 UEepito Ha BaXKKiCmb CmMpecoso20 CUHOPOMY
i aHmpornoMempuyYHi NOKa3HUKU 8 WYpiB i3 XPOHIYHHUM CMPECOM | OXXUPIHHSIM.

MemoOdu docidxeHHs1. EkcriepumeHmasibHi 00C/IiOXeHHS nposoousiucsi Ha 103 6innux HeiHIUHUX wypax 060x
cmamedl, MOOesBa/Ilu OXUPIHHS, IHOYKOBaHe 2/1ymamMamoM, XPOHIYHUU cmpec SK OKPEMO, Mak i 8 MOEOHAHHI.
OXUPIHHS IHOYKYBa/lu W/ISIXOM MOCMHamasibHUX MOWKIPHUX IH'EKYit eymamamy Hampito. TBapuH ympumysasiu
Ha cmaHOoapmHil sisapHili diemi npomsizom 4 micsyis. FNpomsi2omM ycb020 eKCrepuMeHmMy WOMUXXHS KOHMPO/Io-
Basiu macy mina, iHoekc macu mina (IMT) ma iHoekc /1i. XpoHiyHuli cmpec Modesosasu 3a Memodom [aHca Cerbe
wi/IsIXOM (pikcayii meapuH Ha CriuHi Ha 5 200uH. Baxxkicmb cmpecy oyiHrosasiu 3a mpiadoro . Cesbe. [MoyuHarouu
3 1-Mics19HO20 BIKY ma Mpomsi20M HacmyrnHUX MpbOX MICSYI8 eKcriepuMeHmasibHUM wypam yBoousiu HaHOKpUcma-
SiiYHUU OIOKCUO Yepito NepopasibHO 3a 00NOMO20t0 30HOa. CoMamoMemMpPUYHI BUMIPHOBaHHS rokasasiu, Wo y maa-
PUH 3 OXXKUPIHHAM picm 6y8 yrosi/ibHeHUl, a Maca misia He BiOpIi3HSA/1acsi 3Ha4YHO BI0 Macu IHMakmMHUX MBapuH.

Pe3ynbmamu (i 062080peHHs. Harnpukiad, maca mina IHmakmHux meapuH cmaHosusia 165,2 + 5,1 2, mooi
K WYpU 3 OXUPIHHAM, IHOYKOBaHUM 2/lymamMamomM, saxusiu 213,7 + 9 2. He3saxarodu Ha 306i/1bWEHHST Macu
mina, 00B8XuHa mifna wypis 3 OXUPIHHAM 6y/1a MEHWO MOPIBHAHO 3 IHMaKmMHUMU msapuHamu. okasaHo, wo
HaHokpucmasiiqHul yepiti Mae BUCOKY aHMUOKCUOaHMHy akmusHiCmb i MOXe po3esisidoamucs sik kaHoudam Ha
CMBOPEHHST MepanesmuyHo20 3aco0y 0715 /liKyBaHHSI OXXUPIHHS. BHYmMpiwHb08E€HHE BBEOEHHSI HAHOKpUCMalii-
HO20 yepiro meapuHam 3i 3M00e/IbOBaHUM OXUPIHHAM | XPOHIYHUM CMPECOM, M0B’A3aHUM 3 OXUPIHHSAM, 3Ha4YHO
3HUXXYBa/10 IHOEKC Macu misia MopisHSHO 3 BIOMNOBIOHUMU KOHMPO/bHUMU MBapuHamu.

BucHosku. HaHokpucmaiiyHul yepiti ecpekmusHO 3arobizae po3s8UMKy BiCUepPaibHO20 OXUPIHHS Y MBapuH,
niodaHux i30/1b08aHill | KOM6GIHOBaHIU Oii OXUPIHHA macmpecy, Wo niomsepoXyembCsi 3HAYHUM 3MEHUWEHHSIM
JKUPOBOI Macu y sicyepasbHOMYy XUposomy 0erno msaapuH. Onmyke, HaHOKpucmasiiyHull 0ioKCuO Yepito € MomeH-
yitiHum 3acobom 07151 KOpeKyil ekcriepuMeHmasibHO20 OXUPIHHS B YMOBaxX XPOHIYHO20 CMPECY, W0 momsepoxy-
€MbCS IHWUMU OOC/TIOKEHHSIMU.

KMKOYOBI C/TOBA: napofoHTa/ibHI TKAQHMHW; LypPWU; MOHOHATPIEBUI rnyTamar; BicLepa/ibHUIA XUp;
AioKcua uepito; TMMYC; HafHUPKOBI 3a/103M.
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