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Nanoceria alleviate oxidative and nitrosative stress
in salivary glands glutamate-induced obesity rats
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The aim was to study the effects of nanoceria on pro / antioxidant balance in the tissues of salivary glands
in glutamate (MSG)-induced obese rats. We included 48 Wistar rats of both genders and divided into four
groups, and conducted comparative assessment of intragastric administration of nanocrystalline cerium
dioxide at a dose of 1 mg/kg at the background of glutamate-induced obesity. We determined the total activity
of NO-synthase, the maintenance of nitrites, the content of TBA-reactive substances, the content of oxidative
modified proteins and catalase activity in the homogenate of salivary glands’ tissues of rats. Intragastric
administration of nanocrystalline cerium dioxide prevents impairment of pro/antioxidant equilibrium in
the tissues of salivary glands of rats on the background of MSG-indused obesity. Intragastric administra-
tion of nanocrystalline cerium dioxide on the background of MSG-indused obesity significantly reduces
the total NO-synthase activity and the nitrate anions content in salivary gland tissues of rats compared to
the group of animals without correction. MSG-induced obesity leads to oxidative stress development in the
salivary glands of rats. Administation of nanoceria contributes to the correction of pathological changes
in salivary glands via restoring pro/antioxidant balance and preventing the activation of NO-ergic system.
Key words: nanocrystalline cerium dioxide; obesity, salivary glands; oxidative stress, obesity complications;

monosodium glutamate; food additives, animal model.

INTRODUCTION

Obesity is one of the most widespread public
health problems worldwide. According to
WHO more than 1.9 billion adults, 18 years
and older, are overweight. Of these over 600
million were obese. In 2014, an estimated
41 million children under the age of 5 years
were overweight or obese [1, 2]. Obesity is
characterized by an abnormal excess of white
adipose tissue, which is a major risk factor for
the development of severe diseases, namely,
diabetes mellitus type 2, cardiovascular diseases
and cancer. Excessive energy intake, physical
inactivity, and genetic susceptibility are main
causal factors for obesity, while gene mutations,
endocrine disorders, medication, or psychiatric
illnesses may be underlying causes in some
cases [1, 3]. Uncontrolled use of food addictives

may contribute to the onset of obesity. MSG
(E621) is a flavor enhancer largely used in the
food industry with individual consumption
steadily increasing worldwide. As a flavor
enhancer, MSG increases the sapidity of food.
MSG produces a flavor that cannot be provided
by other foods. It elicits a taste described in
Japanese as umami, which is translated to
“savory’’ [4]. Higher amounts of individual
MSG consumption are associated with risk of
being overweight of other major determinants.
Studies providing the evidence of MSG toxic
effects have raised the increasing interest in
MSG intake as flavor enhancer. Neurotoxic
effects in brain, obesity and metabolic defects,
,,Chinese restaurant syndrome*, associated with
MSG intake, are among most discussed isssues
[4-6].

© L.P. Hordiienko, T.V. Beregova, K.S. Neporada, T.M. Falalyeyeva, N.M. Zholobak, O.B. Shcherbakov, R.V. Bubnov, M.Ya. Spivak

ISSN 0201-8489 ®ision. scyph., 2018, T. 64, Ne 2



Nanoceria alleviate oxidative and nitrosative stress in salivary glands glutamate-induced obesity rats

Scientific evidence suggests association
between obesity and oral diseases. General
health and oral health shares similar causes and
behaviour mechanisms, and the self perceived
oral health of an individual has been related to
general health [7]. Obesity is associated with
hyposalivation, development of xerostomia,
increased viscosity of saliva [8]. Salivary
gland dysfunction leads to the development of
caries, pathological processes of oral mucosa
and periodontal tissues and causes violation
of the digestive processes in other parts of the
gastrointestinal tract in the obese patients [9,
10]. Pathological mechanisms involved in the
impact of obesity to salivary glands are not fully
established.

It is known that oxidative stress is one of
main factors in the pathogenesis of obesity-
related diseases [11]. One of its primary char-
acteristics is the cellular imbalance between
endogenous antioxidant defenses and reactive
oxygen species (ROS) generation inside the
cells [12]. Several mechanisms have been sug-
gested to explain the enhanced oxidative stress
observed in obese subjects, including altered
lipid and glucose metabolism, chronic inflam-
mation, tissue dysfunction, hyperleptinemia, and
abnormal post-prandial ROS generation [11].

Currently, free-radical oxidation is regarded
as a universal mechanism of regulation base-
ment membrane-dependent processes and cell
functions. On the other side, it is a non-specific
mechanism of damage of cellular structures,
biomolecules, leading to violation of cell me-
tabolism and apoptosis or necrosis [13].

Overtly, obesity is one of the primary chal-
lenges to public health, with consequences af-
fecting many different areas of life, and hence
the necessity for immediate preventive action
[7]. The studies which brought the evidence
about the deleterious effects of MSG administra-
tion led to further research of potential protec-
tive effects of different molecules, especially
antioxidants [4].

In recent years, the interest of scientists to
the nanotechnology, which can improve phar-
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macological therapies, is growing [14]. Nano-
crystalline cerium dioxide (ceria nanoparticles,
nanoceria, NDC, nCeO,) has shown promise as
a therapeutic application due to its antioxidant
auto-regenerative ability and low toxicity. The
electronic structure of NDC at the nanoscale
leads to its antioxidant activity. Both large
surface-area-to-volume ratio with the reduction
in particle size and ability to reversibly switch
between Ce’" and Ce*" present on the surface
result in the formation of oxygen defects in the
crystal lattice that act as “reactive sites” for free
radical scavenging [16, 17].

Recent evidence suggests that NDC slows
the progression of degeneration of retina [18],
has antioxidant properties in brain tissues [19]
fibroblasts of human skin [20] and endothelial
cells [21]. Antioxidant properties of nanoceria in
digestive tract have not been deeply studied yet.

Recently we have demonstrated [22] that
MSG-induced obesity triggers periodontal tis-
sues alteration on rat model. Using nanoceria
contributes to correction of pathological
changes in periodontal tissues in glutamate-
induced obese rats via balancing protein-
inhibitory capacity, reducing depolymerization
of fucosylated proteins and proteoglycans and
antioxidative activity. However, pathogenetic
mechanisms of changes in salivary glands under
the experimental obesity has not yet been com-
pletely elucidated and the ability to correct these
changes with nanocrystalline cerium dioxide.

The aim of the study was to to investigate
the influence of nanoceria on pro/antioxidant
balance in the tissues of salivary glands in MSG-
induced obese rats.

METHODS

Research was conducted in compliance with
the standards of the Convention on Bioethics
of the Council of Europe’s ‘Europe Convention
for the Protection of Vertebrate Animals’ used
for experimental and other scientific purposes’
(1997), the general ethical principles of animal
experiments, approved by the First National

ISSN 0201-8489 @ision. scyph., 2018, T. 64, Ne 2



L.P. Hordiienko, T.V. Beregova, K.S. Neporada, T.M. Falalyeyeva, N.M. Zholobak, O.B. Shcherbakov, R.V. Bubnov, M.Ya. Spivak

Congress on Bioethics Ukraine (September
2001) and other international agreements
and national legislation in this field. Animals
were kept in a vivarium that was accredited in
accordance with the ““standard rules on ordering,
equipment and maintenance of experimental
biological clinics (vivarium)’’. All instru-
ments used for research were the subject for
metrological control.

The study was carried out on on 48 rats of
both genders. The animals were divided into four
groups: [ — intact control (4-month rat) newborn
rats; group II subcutaneously in a volume of 4
mg / g MSG administered at 2, 4, 6, 8, 10 day
life, group IIl — intragastric administration of
nanocrystalline cerium dioxide [23] at a dose
of 1 mg/kg volume of 2.9 ml/kg against the
background of glutamate-induced obesity, the
fourth group of animals treated with a solution
of sodium citrate intragastrically in volume of
2.9 ml/kg (solvent of nanocrystalline cerium).
Introduction of nanocrystalline cerium dioxide
solution starting from 4 weeks after birth
(after weaning from the mother) and continued
intermittently two-week course in 2 weeks.

The changes in a body weight were analyzed
in rats of all groups during 4 months. Four-
month-old animals were decapitated, removed
and weighed visceral fat was measured. Body
length was measured; body mass index (BMI)
(the ratio of body weight (g) of rats to the square
of the body length (¢cm?)) and Lee obesity index
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(the ratio of 1/4 of cube root of body weight
(g) to body nose-to-anus length (cm)) were
calculated as in [23]. Submandibular salivary
glands of rats were excised, minced, homog-
enized, and centrifuged. We determined the total
activity of NO-synthase and the maintenance of
nitrites [24], the content of TBA-reactive sub-
stances [25], the content of oxidation-modified
proteins [26] and catalase activity [27]. We used
MS Excel to calculate Student’s t test comparing
two groups of independent samples of observa-
tions. All results are expressed as the M+SD of n
values. Differences were considered significant
at P values <0.05.

RESULTS

We observed the development of visceral obesity
in 4-month MSG rats that was confirmed by the
increase of the VAT mass by 404% (p <0.001) in
male and 287% (P <0.001) in female (Fig. 1). In
MSG + nCeO, group we established the decrease
of visceral obesity. The VAT mass in MSG-group
vs. MSG +nCeO, group lowered to 19.0+2.0 g
vs. 83+ 1.4¢g P<0.05inmaleand 16.5+2.6¢
vs. 9.9+ 1.3 g., P <0.05 in female rats.

Thus, current study has shown in animal
model that nanoceria could reduce visceral adi-
pose tissue mass effectively, confirming recently
published data [21].

According to modern ideas, ROS increases
the formation of adipose tissue. In turn, many
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Figure 1. Visceral adipose tissue mass in condition of MSG-obesity and nCeO, treatment (A — male; B — female; *** P<0.001
in comparison with 1 group; # P<0.05 in comparison with 2 group): 1. Control; 2. MSG; 3. MSG +nCeO,
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biologically active substances of adipose tissue
(adipokines) perform inflammatory function
and produce ROS themselves, causing oxidative
stress, therefore adipose tissue is considered an
independent factor in the generation of systemic
ROS [28]. Our research is in compliance to the
results obtained by Rocca et al. [29] demonstrat-
ing that nanoceria were proven to interfere with
the adipogenic pathway by reducing the mRNA
transcription of genes involved in adipogenesis,
and by hindering the triglycerides accumulation
in 3T3-L1 pre-adipocytes. Furthemore, the pre-
liminary research results [28, 29] are so promis-
ing that they represent an important step towards
the potential pharmaceutical use of cerium oxide
nanoparticles in the treatment of obesity.

We determined that under conditions of
MSG-induced obesity the total NO-synthase
activity was 1.57 times greater (P <0.05) and the
maintenance of nitrites was 1.21 times greater
(P< 0.05) than control group. Thus, the activa-
tion of NO-ergic system in the submandibular
salivary gland tissues causes the oxidative
stress development due to the formation of
cytotoxic peroxynitrate. Intragastric treatment
with nanoceria significantly reduces the total
activity NO-synthase and nitrate anions content
compared to the group of animals without cor-
rection (Table 1).

Thus, nanocrystalline cerium dioxide pre-
vents the activation of NO-ergic system in the
submandibular salivary gland tissues under the
conditions of MSG-induced obesity in rats.

The level of TBA-reactive substances is
one of the biochemical markers of oxidative-
antioxidative balance [15]. We revealed that
MSG-induced obesity leads to significant in-
creased of TBA-reactive substances content in
submandibular salivary gland tissues in 1.57
times compared to control animals (Table 2). We
determined significant increasing of oxidative
modified proteins in 1.51 times (p < 0.05) in the
tissues of submandibular salivary glands of rats
compared with the control group. Inactivation
of enzymes and hypersensitivity of modified
proteins to proteolysis are the most important
consequences of oxidative modification of pro-
teins [11, 15].

Thus, MSG-induced obesity leads to the
activation of free radical oxidation in salivary
gland tissues of rats.

We revealed that under intragastric admi-
nistration of nanocrystalline cerium dioxide
the content of TBA-reactive substances sig-
nificantly decreased by 1.42 times, parallel with
the significantly decreased OMP content by 1.3
times compared with the group without correc-
tion (Table 2). The results suggest reduction of
reactive oxygen species accumulation under
nanocrystalline cerium dioxide administration,
which acts as a strong antioxidant. Catalase is
one of the key enzymes which converts hydro-
gen peroxide to water and oxygen and protects
against oxidative stress development [30]. It was
established that under MSG-induced obesity the
activity of catalase was significantly decreased

Table 1. The total activity of NO- synthase and the content of the nitrites in the tissues of submandibular salivary
glands of rats under glutamate-induced obesity and correction by NDC (M + m)

Groups of animals

The total activity NO- synthase
activity, [NO, Jumol/g*min

Content of the nitrites, umol/g

1. Control (n = 18) 3.23+0.24 0.834+0.027
2. Obesity (n=12) 5.07+£0.65 1.0134+0.034
3. Obesity + NDC (n = 12) 3.49+0.17 0.714+0.027
4. Obesity + NDC solvent (n = 6) 5.85+0.3 1.07+0.049
P,,<0.05 P,,<0.05
P,,<0.05 P,,<0.05
P,,>0.05 P,,<0.05
P,,<0.05 P,,<0.05
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Table 2. Index of oxidative stress in the tissues of submandibular salivary glands of rats under conditions of glutamate-
induced obesity and correction by NDC (M=+m)

Groups of animals

Content of TBA-reac-

Content of the oxidative | The activity of catalase,

tive substances, umol/g | modified proteins, c.u. nkat/g
1. Control (n = 18) 72.9+3.9 0.171+0.017 6.22+0.46
2. Obesity (n = 12) 114.19+2 .4 0.259+0.01 4.64+0.17
3. Obesity + NDC (n = 12) 80.53+£2.8 0.2+0.007 5.97+0.16
4. Obesity + NDC solvent (n = 6) 121.8+5.5 0.328+0.01 4.62+0.36
P,,<0.05 P,,<0.05 P,,<0.05
P,,<0.05 P,,<0.05 P,,<0.05
P,,>0.05 P,,>0.05 P,,>0.05
P,,<0.05 P,,<0.05 P,,<0.05

by 1.34 times in submandibular salivary glands
of rats compared to control (Table 2). High levels
of hydrogen peroxide are actually considered
more dangerous to cellular homeostasis than
high levels of superoxide anion, because hy-
drogen peroxide is involved in the generation of
the highly damaging hydroxyl radicals through
the Fenton reaction with metals [31]. Under
the administation of nanoceria catalase activity
was significantly increased by 1.29 times in
submandibular salivary glands compared to the
group of animals without correction (Table 2).

Thus, nanocrystalline cerium dioxide
administration improves the oxidative-anti-
oxidative balance in the submandibular salivary
gland tissues under the glutamate-induced
obesity in rats.

DISCUSSION

Salivary glands are responsible for maintain-
ing oral cavity homeostasis. Their dysfunction
results in a change of the composition and
amount of saliva provided to the oral cavity. If
the pathology occurs for a longer period of time,
these changes may impair oral health [32]. In the
present study we established the role of oxida-
tive stress in the pathogenesis and development
of salivary glands pathology in MSG-induced
obese rats as evidenced by significant increasing
of TBA-reactive substances and OMP content
and significant decresing of catalase activity
compared with the control group.
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Low levels of ROS are involved in the
important signaling pathways regulating key
biological responses, including cell migra-
tion, mitosis and apoptosis [33]. For instance,
endogenous oxidants protected the vasculature
by inhibiting endothelial exocytosis that would
otherwise lead to vascular inflammation and
thrombosis, because endogenous hydrogen per-
oxide inhibited thrombin-induced exocytosis of
granules from endothelial cells [34].

Excessive ROS formation damages cells by
starting chemical chain reactions such as lipid
peroxidation or by oxidizing DNA or proteins
as well as disrupts cellular metabolism includ-
ing altered gene expression, signal transduction,
cell growth, and apoptosis [11, 15]. In salivary
glands, ROS are involved in alteration of the
functions. Oxidative stress demonstrated to
induce alteration of secretory function of the
rat submandibular gland, because reduction of
submandibular saliva components such as pro-
tein and calcium was observed in the rat treated
with lead acetate, which induces oxidative stress
[35]. Irradiation, a major treatment modality
administered for head and neck cancer, induces
hypofunction of the salivary glands and conse-
quent xerostomia, in which ROS are believed to
be involved in the hypofunction [36].

Lipid peroxidation is the most sensitive
marker of oxidative damage which is related to
the fact that lipids are very easily and immedi-
ately oxidized. The lipid peroxidation process
changes the physical properties of the cell
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membranes; it reduces the hydrophobic interior,
damages the spatial organization of the lipid
membrane, as well as affects various cellular
functions and pathways. Moreover, oxidation
of lipids components leads to the lipid radical
species that may damage other biomolecules
[15,37].

Oxidatively modified proteins caused by
ROS, not only changes the amino acid residues,
but also violates tertiary structure of proteins and
even cause their aggregation and denaturation
[15] in the tissues of salivary glands of rats
leading to the reduction of their functional activ-
ity (enzymatic, regulatory, participation in the
protein synthesis, transport of ions and lipids).

This is the first study demonstrating that
application of nanoceria under conditions of
MSG-induced obesity restores oxidative / anti-
oxidant status in salivary glands of rats. These
changes of oxidative-antioxidative balance were
associated with the significant decreasing of
TBA-reactive substances and OMP content and
significant increase of catalase activity in the
submandibular salivary glands compared with
the group without correction.

In the present study we clearly demonstrated
the marked elevation in the activity of NO-
synthase and the maintenance of nitrites leading
to nitrosative stress in the salivary gland under
MSG-indused besity. Excessive production of
NO contributes to the formation of peroxynitrite
which interacts with lipids, DNA, and proteins
via direct oxidative reactions or via indirect,
radical-mediated mechanisms. These reactions
trigger cellular responses ranging from subtle
modulations of cell signaling to overwhelming
oxidative injury, committing cells to necrosis or
apoptosis. According to scientific publications,
prolonged excessive formation of nitric oxide
and nitrite ions in the salivary glands leads to
inhibition of saliva secretion and hypofunction
of salivary glands [38].

It is known that antioxidants can be natural
(bioantioxidants) and synthetic. There are such
deficiencies of antioxidants as poor water solu-
bility, ineffective permeability in the gastroin-
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testinal tract and instability in storage. Synthetic
antioxidants have movable hydrogen atom, and
therefore react with free radicals and catalysts
of free radical oxidation, primarily with metal
ions of variable valence. Nanoceria belongs to
this type of antioxidants. It can change valence
from Ce3* to Ce*". The process takes place in
several stages, resulting in oxidation of NDC
followed by regeneration to the original state
[39]. It is specific and very important property of
this material. Traditional antioxidants (ascorbic
acid, tocopherol, etc.) can only participate in a
redox cycle, then moving in oxidative state or
destroyed. Probably the NDC in this aspect takes
precedence over existing antioxidants and in
some cases exceeds them in their activity. In ad-
dition, the toxicity of NDC was reported as low
[40]. Therefore, obtained results can be used for
creation of drugs based on NDC for preventing
or reducing oxidative stress in salivary glands
under conditions of obesity.

As a potential limitation of current research
in regards to association to obesity a direct
pro-oxidative properties glutamate in salivatory
glands might be considered due to the ability to
initiate a cell death program called oxytosis [39].

CONCLUSIONS

1. The introduction of monosodium glutamate to
newborn rats evokes visceral obesity develop-
ment in adulthood. Administration of nanoceria
reduces visceral tissue mass in MSG-treated rats.

2. Under MSG-induced obesity there is ac-
tivation of NO-ergic system in salivary glands
of rats as evidenced by marked elevation in the
total activity of NO-synthase and the mainte-
nance of nitrites. Nanocrystalline cerium dioxide
prevents the activation of NO-ergic system in
the salivary gland tissues under the glutamate-
induced obesity in rats.

3. Administration of nanoceria restored pro/
antioxidant equilibrium in the salivary gland tis-
sues under the glutamate-induced obesity in rats.
We suppose that obtained data are associated
with the strong antioxidant action of the studied
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substance. Nanocrystalline cerium dioxide at-
tenuates the ROS processes in salivary glands
that can prevent injury of salivary glands under
conditions of obesity.
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article.
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HAHOIIEPIM 3HUKYE€ OKUCHUM

TA HITPO3ATUBHUM CTPEC Y CJIMHHUX
3AJO3AX LIYPIB 3 NMIYTAMATIHIYKOBA-
HUM OKHUPIHHSIM

Mertoro nocmimKeHHs Oyn0 BUBUMTH BILUIMB HAHOLEPIIO HA
[PO- —aHTUOKCUIAHTHHI OAJIaHC Y TKAHWHAX CIMHHUX 3aJ103
y IIypiB 3 DIyTaMaTiHAyKOBaHUM OkupiHHsaM. Ha 48 mrypax
ninii Bictap 000X crareli mpoBeeHO NOPiBHAIBHE BUBYCHHS
e(heKTUBHOCTI BHYTPIIUTYHKOBOTO BBEIECHHS HaHOKPHUCTA-
JIYHOTO AIOKCHAYy 1epiro B 1031 1 mr/kr Ha ¢oHi rmyTama-
TIHAYKOBAHOTO O>KMPiHH:. Bu3HavyeHa 3arajibHa aKTHBHICTb
NO-cunTaszu, BMict HUTpUTIB, THEK-akTuBHUX mMpOAyKTiB,
OKHCHO-MOAM(IKOBaHUX O1IKIB, @ TAKOXK AKTUBHICTH KaTala3n
B FOMOTIeHATaX TKAHMH CIMHHUX 3aJ103 11y piB. [TokazaHo, 110
[IyTaMaTiHAYKOBAaHE OXHMPIHHS NMPU3BOAMUTH JI0 PO3BUTKY
OKHCHOTO CTPECy B CIMHHHX 3a103ax 11ypis. Ha ¢oni qucta-
JIaHCY MPO- —AHTHOKCHAHTHOT CHCTEM B TKAHHHAX CITIOHHHX
3aJ103 IIypiB 3 IyTaMaTiHAYKOBAaHUM O>KUPIHHSIM, BHYTpILI-
HBOILTYHKOBE BBEICHHS HAHOKPHUCTATIYHOTO AIOKCH/TY LIEPit0
3HAYHO 3HIKYBAJIO TIOPIBHIHO 3 TPYIIO0 TBAPHH 0€3 KOPEeKIii,
aKTHBHICTH BCiX NO-cHHTa3 Ta BMICT HiTpaT-aHioHiB. Takum
YIHOM, BBEJICHHS HAHOILIEPIIO CIIPUSE KOPEKIIi1 TaTOJIOTIYHUX
3MiH y CJIMHHUX 3QJ103aX, BIAHOBIIIOE IIPO- —AHTHOKCU/IAHTHY
piBHOBary B TKaHWHAaX, MOMEpeIKaroun akTuBamito NO-ep-
T1YHHX CUCTEM.

Kiro4oBi ciioBa: HAHOKPUCTATIYHUN T1OKCH] IEPi0; OKUPIH-
HS1; CIIMHHI 3aJ103H; OKMCHHUH CTpec; TNIyTaMaT HaTpil0; XapuoBi
100aBKHU; TBAPHUHHA MOJIEIIb.
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HAHOIEPUI CHUKAET OKUCJIUTEJIb-
HbIN 1 HUTPO3ATUBHBIN CTPECC B
CJIIOHHBIX )KEJIE3AX KPBIC C I'TYTAMAT-
UHIYLUMUPOBAHHBIM O KUPEHUEM

Llenbro uccnenoBanus ObIIO M3YyYUTh BIUSHUE HAHOIEPHS
Ha MpPO- —aHTHOKCHJIAHTHBIM OanaHC B TKAHAX CIIOHHBIX
’Kene3 y KpbIC ¢ ITyTaMaTHHAYIHPOBaHHBIM O>kipeHneM. Ha
48 kpoicax nuHIK BucTtap 000ero momga mpoBeieHO CpaBHH-
TeJIbHOE HCCieJoBaHUE P (EKTUBHOCTH BHY TPHIKEILYI0YHOTO
BBEJICHNS] HAHOKPUCTAJIIMYECKOTO JHOKCHAA IIEPUs B J103€
1 Mr/kr Ha QoHe IIyTaMaTHHAYLHMPOBAHHOTO OKHPECHUS.
Omnpenenena obmas akTuBHOCTs NO-CHHTA3bI, COACPIKAHHE
HUTPpUTOB, TBK-akTUBHBIX MPOLYKTOB, OKUCIHTENbEHO-MO-
JuUIMPOBaHHBIX OETKOB, a TAKXKE AKTHBHOCTH KaTajlashbl B
rOMOIeHaTe TKAaHEW CIIOHHBIX eje3 Kpbic. Ilokaszano, uto
[TyTaMaTUHAYIMPOBAHHOE OKUPEHHE MPUBOAUT K Pa3BH-
THIO OKHCIHUTEIBHOTO CTPECCa B CIIOHHBIX JKEIe3aX KPBIC.
Ha ¢one nucbananca npo- —aHTHOKCUIAHTHOW CHCTEM B
TKaHAX CIIFOHHBIX JKEJIe3 KPBIC C ITyTaMaTHHIYyIHPOBAHHBIM
O0XXHUPEHHEM, BHYTPIIKETyOYHOE BBE/ICHUE HAHOKPHCTAILIH-
YECKOTO JIMOKCHJIA IEePHsl 3HAUNTENLHO CHIKAJIO, B CPaBHE-
HHH C TPYTHO ’KUBOTHBIX 0€3 KOPPEKIINH, aKTHBHOCTb BCEX
NO-cuHTa3 U copepKaHue HUTPaT-aHUOHOB. TakuM 00pazom,
BBEJICHNE HAHOIEPUs CIIOCOOCTBYET KOPPEKIUH MaTOIOTH-
YECKMX M3MEHEHHUH B CIIIOHHBIX JKEII€3aX, BOCCTAHABIHBACT
IPO- —AHTHOKCHIAHTHOE PAaBHOBECHE B TKAHSIX, MIPEJOTBPAILast
akTuBanuio NO-3prHyecKux CUCTEM.

KiroueBbie c10Ba: HAHOKPUCTATUTMUYECKUH THOKCUA LEPHS;
0XXHPEHHE; CIIIOHHBIE JKENe3bl; OKUCIUTETbHBIN CTPeCC; ITy-
TaMaT HaTPHsT; THIIEBbIe JOOABKH; )KHBOTHAS MOJETb.
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