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PECULIARITIES OF IMMUNORE RESISTANCE CHANGES IN THE
EXPERIMENT OF INDUCED PERITONITIS IN ANIMALS OF
DIFFERENT AGES

lvanenko M. O., Klimova 0. M., Sherstiuk S. A., Nakonechna S. A.

Introduction. The protection of the body against external and internal antigenic factors is executed with the help of
the primary cellular and secondary resistance links. Excessive activation of adaptation reactions leads to the formation of
various pathologies of inflammatory nature. Changes in the immune responses occur at all ontogenesis stages. In the
present study, we conduct the experiment of induced peritonitis in animals of different ages in order to investigate more
accurately adaptive responses of the immune system during inflammation.

Obijectives. The aim of our research was to study changes in the indicators of adaptive humoral immunity, levels of
immunoglobulin A and circulating immune complexes, phagocytic activity of neutrophils and the disruption of enzymes
activity, which provide the phagocyte function in the NST test on the model of induced peritonitis in animals of different
ages.

Materials and methods. The studies were performed on 200 white male rats. They were divided into a control group
and the experimental rats, 3- and 22-month-old ones. Acute inflammation and dysbiosis in the small intestine were caused
by intraperitoneal injection of lipopolysaccharide obtained from Escherichia coli strain. The material for the study was
serum and blood elements of experimental animals.

Results. The levels of immunoglobulin A in the blood serum of 3 and 22-month-old rats with the inflammation model
were reduced in comparison with this index in control group animals. The content of the CIC in the rats blood serum of
both age groups was significantly higher in comparison with the control group. All the studied indices of neutrophils
phagocytic activity in the 22-month-old animals with the inflammation model were lower than in the control rats of this
age. In the 3-month-old rats with the inflammation model, the index of phagocytosis completeness was significantly lower
in comparison with the control group. The reduction in the reserve capacity of phagocytic cells was higher in the 22-
month-old animals. An increase in the neutrophils metabolic activity and a decrease in their metabolic reserve in 3 and 22-
month-old rats with the inflammation model were revealed in comparison with the parameters of the control groups.

Conclusions. The results of the study indicate presence of violation of the primary cellular and secondary humoral
immunity during the aging of the body and decrease in the adaptive responses of the immune system during inflammation
due to an increase in antigenic effects.
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factors
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links are gradually included, simultaneously
provide all types of immunological defence:
phagocytosis, functioning of complement

INTRODUCTION

The protection of the body against external

and internal antigenic factors is executed with
the help of the primary cellular and secondary
resistance links. In the process of recognition
and elimination of antigens in the body, various
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system proteins, killer function of T-lympho-
cytes, opsonizing effect of immunoglobulin
antibodies, cytokine activity [1]. This leads to a
reorganization of the relevant metabolic factors
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and provides for adaptation of the body to the
environment  [2-4]. However, excessive
activation of adaptation reactions leads to the
formation of various pathologies of inflame-
matory nature [5-7].

In studying the processes of formation and
development of inflammatory reactions, it has
been shown that the provision of protection
against antigens is carried out with the barrier
function of immunocompetent cells and their
ability to phagocytosis.  Violation  of
phagocytosis can contribute to the development
of dysbacteriosis and various types of diseases,
including gastrointestinal tract diseases [8-10].
Changes in the primary and secondary immune
responses occur at all ontogenesis stages and
leads to the development of inflammatory
reactions. From the point of view of
adaptogenesis, pathological states can be
considered as special reactions of the resistance
system in response to the complex of factors
simultaneously or sequentially affecting the
organism. It is natural that a large number of
experimental and theoretical works are devoted
to studying the formation of various resistance
mechanisms [11-12]. Regardless of the
research level (molecular, physiological or
population), the same methodological approach
is used — the evaluation of the biological system
reaction in response to a particular impact. Most
of these studies are aimed at determining the
general patterns and mechanisms for the
response formation. The development of
adaptogenesis concepts is impossible without
proper consideration of induction ontogenetic
features of primary and secondary adaptive
factors of resistance.

OBJECTIVE

The aim of the work was to evaluate the
interaction features of primary cellular and
secondary  humoral  immunophysiological
factors of resistance in the induced
inflammatory process on the experimental
model. To achieve this goal, the following tasks
were set:

1. To detect changes in the parameters of
adaptive  humoral immunity, levels of
immunoglobulin A and circulating immune
complexes in the experiment of induced
peritonitis in animals of different ages.

2. To evaluate the peculiarities of changes in
the activity of phagocytosis and enzymes of
phagocytic cells of granulocyte neutrophils in

experimental animals on the model of

inflammation.

MATERIALS AND METHODS OF
RESEARCH

The studies were performed on white
3-month-old male rats weighing 100-140 g and
22-month-old ones weighing 200-240 g. In
total, 200 animals were used in the work. Acute
inflammation and dysbiosis in the small
intestine were caused by intraperitoneal
injection of lipopolysaccharide (LPS) obtained
from Escherichia coli strain 0111: B4 (Sigma,
USA) at the rate of 100 pug/kg of body weight in
1 ml of isotonic NaCl solution. The control
group consisted of the same age animals as the
experimental rats. The animals were kept under
standard light and food regimes (water and food
ab libitum) .The material for the study was
serum and blood elements of experimental
animals .The studies were conducted in
accordance with the «General ethical principles
of conducting experiments on animals»and the
norms of the «European Convention on the
Protection of Vertebrate Animals used for
experiments and other scientific purposes» [13—
15].

To determine the state of the humoral
component of immune  system, the
concentration of circulating immune complexes
(CIC) in the blood serum was determined by
spectrophotometric method and the
concentration of immunoglobulin A — by
turbidimetric method [16, 17]. Neutrophil
granulocytes were isolated from peripheral
blood. In the study of phagocytic activity of
peripheral blood neutrophils, the method of
complete phagocytosis was used [18]. The
following parameters of phagocytic activity
were estimated: the number of phagocytic
neutrophils (PNP), phagocytic number (PN),
and the index of phagocytosis completeness
(IPC).

Oxygen metabolism of neutrophils was
judged by their ability to absorb nitros-
inetetrazole (NST) and restore it to the
diformazanin the form of blue granules under
the influence of superoxide anion, formed in the
NADPH-oxidase reaction [19]. The experi-
mental data were processed by conventional
methods of variational statistics [20]. The
statistical processing of the digital data was
carried out using the BIOSTAT program (ver
4.03) [21].



RESULTS AND DISCUSSION

The evaluation of IgA content in the
serum of 3 and 22-month-old control animals
and animals with the model of inflammation

Age-dependent immunopathological condi-
tions should be realized in all parts of the
immunological defence. The violation of the
barrier phagocytic functions can lead to the
formation disruption of the secondary humoral
immune response, which is realized at the level
of immunoglobulin synthesis. It is known that
there is certain correlation between a high level
of IgA in the serum and the severity of the
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inflammatory process, while the content
decrease of this immunoglobulin in the serum
indicates the development of anergy or
irreversible immunodeficiency.

The study of IgA concentration in the serum
showed this index decrease in both groups of
animals with the model inflammation relative to
the reference values. A more pronounced
decrease was noted in 3-month-old rats ((0.42 +
0.05) g/1 vs. (1.30 = 0.09) g/ in the control
group) (fig. 1). A decrease in IgA concentration
may indicate some lack of humoral component
of immune system, as well as its adsorption on
immune complexes [22].
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Fig. 1. IgA content in serum 3 and 22-month-old control animals and
animals with the inflammation model.

Studying  of  circulating  immune
complexes in experimental animals of
different ages on the inflammation model

Since one of the biological functions of
immunoglobulins is the neutralization of
antigens with the formation of circulating
immune complexes (CIC), it was expedient to
evaluate their content in the serum of animals of
different age groups. Under physiological
conditions, the formation and presence of the
CIC in liquids is one of the manifestations of
the body immune response to the ingestion of
antigens and is an important factor providing
for immunity [23].

In the case of pathological changes in the
body, the increased formation of circulating
immune complexes and their prolonged
circulation in body fluids can lead to their
accumulation in tissues, which triggers a chain
of cytotoxic changes that cause autoimmune

diseases. The serum CIC level is an important
indicator of immunological reactivity, since it
shows not only the degree of organism loading
by antigens of infectious agents, but also
destructive degenerative phenomena in the
body and can characterize the processes of
biosynthesis of antibodies as a whole [24]. The
study CIC level in the blood serum of 3 and
22-month-old animals with the model of
inflammation revealed a significant increase in
these parameters in comparison with the control
group. In 22-month-old animals this increase
was more significant and corresponded to the
value (224.0 + 13.0) of relative units, at (150.0
+ 0.5) relative units in the control group and in
3-month-old animals (208.0 + 2.0) relative units
at (170.0£1.0) relative units in the control
group. It can be assumed that the increase in
CIC level is the consequence of the imbalance
between their formation and elimination, or is
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associated with the deficiency of one or more
components of the compliment.

The study of primary and secondary
immunity indices revealed age features of these
parameters in control group animals and in the
rats with the model of inflammation. The
phagocytic index (Pl) and phagocytic number
(PN) in control rats of different ages did not
differ significantly. Pl is equal to (81.17 +
5/40) % and (82.33 + 5.40) %, and PN is 3.62 +
0.20 relative units and (3.71 + 0.20) relative
units in 3 and 22-month-old rats, respectively.

The index of phagocytosis completeness in 3-
month-old animals was significantly higher
than in 22-month-old rats (1.44 + 0.03) relative
units vs (1.13 + 0.03) relative units (tab. 1). In
3-month-old rats with the inflammation model,
Pl and PN did not significantly differ from
those of the control animals (see tab. 1). The
index of phagocytosis completeness in
3-month-old rats with inflammation was
significantly lower than the control values and
was (1.25 + 0.03) relative units.

Table 1

Functional activity of phagocytic neutrophils in control animals
and in animals with the inflammation model

Rat age Animals
Control animals With the inflammation model
P1,% PN, Cl, Pl, % PN, Cl,
relative relative relative relative units.
units. units. units.
mo:r))nh 81,17 +5,40 | 3,62+0,20 1,44 +0,03 76,71 £5,40 3,71+0,20 1,25+ 0,03*
mozﬁth 82,33+5,40 | 3,71+0,20 1,13+0,03 | 66,84 +5,40* | 2,86+0,20 | 0,95+ 0,03**

Notes: Significant differences: 1) * — in comparison with the control, 2) X — between age groups, P < 0.05.

In  22-month-old animals with the
inflammation model, all the investigated indices
of neutrophil activity were lower than in the
control rats. The data obtained indicate
incompleteness of the phagocytosis reactions in
3 and 22-month-old rats with the inflammation
model testifying to the dissociation of
absorption and digestion processes in these
animals. Along with the study of phagocytosis,
the ability of neutrophils to form active forms
of oxygen was determined with the help of the
NST test [19]. To evaluate the bactericidal
status, the resource potential, and the ability of
neutrophils to complete phagocytosis, a
spontaneous and stimulated neutrophil reaction
was studied.

When studying neutrophils  metabolic
activity with the NST test in the control

3-month-old animals, a higher value of the
stimulation index of (SI) of rats was found in
comparison with this index in the 22-month-old
animals (fig.2). In 3 and 22-month-old
experimental animals with the inflammation
model, an increase in the metabolic activity of
neutrophils was observed.

In the animals of both age groups with the
inflammation model, the average cytochemical
index (ACI) was spontaneous (sp) and
stimulated (st) were higher in comparison with
the control group (fig. 3).

The index of SI in animals with the
inflammation model was lower than in the
control group animals, which may indicate the
beginning of the suppressive phase or the
depletion of neutrophils functional activity.



Series «Mediciney. Issue 37

3 - -
T o Stimulation Index
25
2
® ACI (average
15 cytochemical
1 index)
m ACI st (average
0,5 cytochemical
age i
0 [ | el 39 index)

3 months

22 months

Fig. 2. Indicators of the NST test in control group animals of 3 and 22 months of age
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Fig. 3. Indicators of the NST-test in 3 and 22-month-old experimental animals
with the inflammation model

CONCLUSIONS

1. The results of the study indicate certain
violation of the primary cellular and secondary
humoral immunity during the aging of the body
and decrease in the adaptive responses of the
immune system during inflammation due to an
increase in antigenic effects.

2. The levels of immunoglobulin A in the
blood serum of 3 and 22-month-old rats with
the inflammation model were reduced in
comparison with this index in control group
animals.

3. The content of the CIC in the rats blood
serum of both age groups was significantly
higher in comparison with the control group.

4. All the studied indices of neutrophils
phagocytic activity in the 22-month-old animals
with the inflammation model were lower than
in the control rats of this age. In the 3-month-
old rats with the inflammation model, the index

of phagocytosis completeness was significantly
lower in comparison with the control group.
The reduction in the reserve capacity of
phagocytic cells was higher in the 22-month-
old animals. An increase in the neutrophils
metabolic activity and a decrease in their
metabolic reserve in 3 and 22-month-old rats
with the inflammation model were revealed in
comparison with the parameters of the control
groups.

PROSPECTS FOR FUTURE STUDIES

Further study of changes in humoral
immunity in case of induced peritonitis in
animals under the influence of various
immunomodulators remains promising. Also it
is interesting to study the change in the
composition of the intestinal microbiota in this
occasion, given the existence of a gut-brain
axis.
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OCOBJINBOCTI 3MIHA IMYHOPE3UCTEHTHOCTI B EKCHEPUMEHTI IHAYKOBAHOI'O
HEPUTOHITY Y TBAPUH PI3HOI'O BIKY

Isanenxo M. O., Knimosa O. M., lllepcmiok C. O., Haxkoneuna C. A.

Beryn. 3axucr opraHi3My BiJ 30BHIIIHIX 1 BHYTPINIHIX aHTHTCHHHX (aKTOPIB 3IIHCHIOETHCS 3a JOIOMOTOIO
NEepPBUHHMX KIITHHHAX | BTOPHHHHUX PE3UCTEHTHUX JIaHOK. HangMipHa akTHBamist aganTaifHUX peakiii IMpU3BOAUTE IO
YTBOPEHHS PI3HUX IIaTOJIOTIH 3amajbHOTO XapakTepy. 3MiHH B IMYHHHX peaklifiXx BiIOyBalOThCS Ha BCIX eramax
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OHTOTEHEe3y. Y HPECTaBICHOMY JOCHIIKEHHI MU IIPOBENN €KCIIEPUMEHT 3 iHIyKOBAaHUM HEPUTOHITOM Yy TBapHH Pi3HUX
BIKOBUX TpyII, 1100 OUIBII TOYHO JOCTIAUTH aJlaNTalliifHi peakIlii IMyHHOI CHCTEMH IIPH 3allaJICHHi.

MeTta. MeTor0 Hamoro A0CiiKeHHs 0yJI0 BUBYEHHS 3MiH MTOKAa3HUKIB alallTUBHOTO TYMOPAJIbHOTO IMyHITETY, PIBHIB
iMyHOTTIOOYTiHY A Ta nupKymoodnx iMyHHUX KoMiutekciB (LIIK), garomurapHoi akTUBHOCTI HEUTPODITIB 1 MOpYIIEHHS
aKTUBHOCTI (pepMeHTiB, ski 3abe3nedyiots QyHkuito ¢aromurie B HCT-Tecti Ha Monesi iHIYKOBAHOTO MEPHUTOHITY Y
TBapUH Pi3HUX BIKOBUX TPYIL.

Marepiann Ta Meroam. [locmipkeHHsS npoBomwiucs Ha 200 6inmx mypax-camigsix. Borm Oymu posmineHi Ha
KOHTPOJIGHY TPYIY 1 €KCIIEPUMEHTANBHIX IIYpiB BikoM 3 1 22 micsmiB. ['ocTpe 3ananeHHs i 1uc6io3 B TOHKIN KU Oyiu
BUKJIMKaHI BHYTPIIIHLOYEPEBHOIO iH'EKIII€I0 JIiITONoIicaxapyuia, orpuManoro 3i mraMmy Escherichia coli. Matepianom s
JOCIIIKEHHs OyIM CHpOBAaTKa i eJIeMEHTH KPOBI €KCIIepUMEHTAIEHIX TBAPHH.

PesyabTaTu. PiBHI iMyHOr100YyTiHY A B cCHpOBaTLi KpoBi 11ypiB 3 1 22 MicALiB B MOJeNi 3amajaeHHs Oyau 3HIKEHI B
MOPIBHAHHI 3 UM HOKa3HUKOM Y TBapUH KOHTpoJbHOI rpynu. 3mict LIIK B cupoBarii kpoBi mypiB 000X BIKOBUX TpyIl
OyB 3HAYHO BUILE B TIOPIBHIHHI 3 KOHTPOJIBHOIO IPYIIOI0. BCi BUBUCHI MOKAa3HUKK (arolUTapHOI aKTUBHOCTI HEUTPO(iniB
y 22-MiCAYHHX TBapUH 3 MOJACIUIIO 3aManeHHs OyIu HIK4Ye, HDK Y KOHTPOJIBHOI IPyNHU IbOTO BiKy. Y 3-MiCSYHHUX IIypiB 3
MOJIEIUTIO 3alaJIeHHs 1HAEKC 3aBepIueHocTi (aromuroly OyB 3HAUHO HIDKYMH B MOPIBHSHHI 3 KOHTPOJIBHOIO IPYIIOIO.
3HIDKEHHSI Pe3epBHOI €MHOCTI (paromurapHHX KITHH Oyno OLIBII BHpaxkeHe y 22-MiCSYHHX TBapHH. BussieHo
30UTBIIEHHST METa0OoJIIYHOT aKTUBHOCTI HEUTPOQUIIB 1 3HIDKEHHS 1X METa0oJIIYHOTO pe3epBy y mIypiB 3 i 22 MicsuiB 3
MOJIEIUTIO 3aMaJICHHsI B TIOPIBHSHHI 3 IIOKa3HUKAMH KOHTPOJIBEHOT IPYIIH.

BucHoBku. PesynmpraTé nOCHiIKEHHS CBiIYaTh MPO HAsBHI MOPYIIEHHS MEPBHHHOTO KIITHUHHOTO i BTOPUHHOTO
TYMOPAJIbHOTO IMYHITETY MPU CTapiHHI OpraHi3My i 3HIDKCHHS aJalTallifHuX peakiiil iMyHHOI CHCTEMH IpH 3alajeHHi
BHACIIIIOK TOCUJICHHS AaHTUTEHHHUX e(EKTiB.

K/TIO490BI C/IOBA: cupoBaTka KpOBi, IMyHOTTIOOYTIiH A, IIMPKYIIO0Yi IMyHHI KOMITICKCH, (paromnuTos,
(hakTOpH PE3UCTEHTHOCTI

ITH®OPMALIA ITPO ABTOPIB

IBanenko Mapuna OueriBHa, K.6i0J.H., C.H.C. 1aboparopii pamiauifinoi iMmyHonorii 1Y «lHCTHUTYT Mequ4HOT pazionorii
imMeni C. I1. I'purop’eBa HamioHansHOi akamemii MEIWYHUX Hayk YKpainw», Byn. [lymikiHceka, 82, Xapki, YkpaiHa,
61024, e-mail: marinaivanenko0204@gmail.com, https://orcid.org/ 0000-0002-0466-6008.

KnimoBa Onena MuxaiiniBua, 1.6i01.H., npodecop, 3aBigyBad AiarHOCTHYHOI JabopaTopii 3 iMyHO(EpMEHTHHM Ta
imyHO(mIoOpectieHTHIM aHamizoM, Y «lHctuTyT 3arampHOi Ta HeBimkiamHoi Xipyprii imeni B. T. 3aiineea HAMH
Vkpaiuun», B’i31 banakipesa, 1, Xapkis, Ykpaina, 61103, e-mail: ionh.info@gmail.com

Ilepctiok Cepriii OuekciiioBu4, 1.Men.H., mpodecop, 3aBigyBau kadenpu aHaTomil JIOAWHH, XapKiBCBKOTO
HalioHanmpHOTO  yHiBepcuteTy iMeni B.H. Kapazina, wmaiiman CpoGomu, 6, XapkiB, VYkpaiHa, 61022,
e-mail: anatomy@karazin.ua, https://orcid.org/0000-0001-6062-7962

Hakoneuna CaitiaHa AnartoniiBHa, K.0i0.H., JOIECHT Kadeapu aHaToMii JFOJMHH, XapKiBCHKOTO HAI[IOHAJIHHOTO
yuiBepcutery imeni B. H. Kapasina, maiinan Co6oau, 6, Xapkis, Ykpaina, 61022, e-mail: svetmedic2015@gmail.com

OCOBEHHOCTH U3MEHEHU UMM YHOPE3UCTEHTHOCTH B SKCIIEPUMEHTE
HHAYIOUPOBAHHOI'O HEPUTOHUTA Y KUBOTHBIX PASHOT'O BO3PACTA

Heanenxo M. O., Knumoea E. M., Illlepcmiok C. A., Hakoneunasn C. A.

BeTyniienne. 3ammra oOpraHu3Ma OT BHENIHNX W BHYTPEHHNX aHTHT€HHBIX ()aKTOPOB OCYIIECTBISIETCS C MOMOIIBIO
MEePBUYHBIX KJIETOYHBIX M BTOPUYHBIX PE3WCTEHTHBIX 3BEHBEB. Upe3MepHas aKTHBAIUs AaalTAI[OHHBIX pPEaKIUH
NPUBOANT K 0OPa30BaHMIO PA3NIMYHBIX NMATOJIOTHII BOCHAJIHMTENBHOTO XapakTepa. VI3MEeHeHMs B MMMYHHBIX DPEaKIUsIX
NPOUCXOAAT Ha BCEX JTamax OHTOreHe3a. B TpencTaBIeHHOM HCCIENOBAHMM MBI TIPOBENH OJKCIIEPUMEHT C
MHAYLUPOBAaHHBIM MEPUTOHUTOM Y JKHBOTHBIX Pa3HBIX BO3PAcTOB, YTOOBI Oo0Jee TOYHO HCCIENOBaTh aJaNTalllOHHBIE
PEaKIMi UMMYHHOH CHCTEMBI TPU BOCTIAJIEHUH.

Iean. llensio Hamiero wuccieqoBaHHMs OBUIO HM3YYeHHE HM3MEHEHMH IOKa3aTelei alanTHBHOIO TyMOPAIbHOTO
MMMYHHUTETa, ypPOBHEH HMMYHOIJI0OyJIMHa A W LMPKYIUpyromux HUMMyHHbIX KommuiekcoB (IIMK), daromurapHoii
AKTUBHOCTH HEUTPO(DUIOB M HAPYIICHUS] aKTHBHOCTH (pepMEHTOB, KOTOpHIe oOecreunBaroT GpyHkIwio ¢aromuros B HCT-
TecTe Ha MOJIENN HHYIINPOBAHHOTO TIEPUTOHNTA Y KUBOTHBIX PA3HBIX BO3PACTOB.

Marepuansl u Meroasl. ViccnenoBanus npoBoammuch Ha 200 Gembix kpbicax-cammax. OHM ObIIH pa3JiefieHBl Ha
KOHTPOJBHYIO TPYMITY U SKCIIEPUMEHTAIBHBIX KPBIC Bo3pacToM 3 n 22 MecsineB. OcTpoe BoCTIalIeHNE U TCON03 B TOHKOH
KHIIKe ObLIM BBI3BaHBI BHYTPUOPIOUIMHHOW MHBEKIMEH JUIONoIrcaxapyia, mojiaydenHoro n3 mramMa Escherichia coli.
Matepuanom 11t ucCieI0BaHMs TOCITYKHUIN CBIBOPOTKA U SJIEMEHTHI KPOBU IKCTIEPUMEHTANBHBIX ’KUBOTHBIX.

Pe3yabTaTbl. YPOBHH HMMYHOTTIOOYIMHA A B CHIBOPOTKE KPOBH KPBIC 3 1 22 MeCsIEB B MOJIENH BOCIAICHHUS ObLIN
CHIM)KEHBI TI0 CPABHEHHMIO C ITUM IOKa3aTeleM y >KUBOTHBIX KOHTponbHOH rpymmbl. Coxepxanne LIUK B chiBopoTke
KpPOBH KpBIC O0EMX BO3pPACTHBIX TPYNI ObUIO 3HAYUTENBHO BHINIE IO CPAaBHEHMIO C KOHTPONBHOI Tpymmoii. Bce
M3yYeHHBIE TOKa3aTeNy (haronuTapHoil akTHBHOCTU HEHTPOOHIOB y 22-MECSYHBIX KHMBOTHBIX C MOJIEIBIO BOCHAJICHHS
ObUIM HMDKE, YeM Y KOHTPOJIBHBIX KpBIC 3TOTO BO3pacTa. ¥ 3-MECAYHBIX KPBIC C MOJENBIO BOCIAJICHHS HHIEKC
3aBEpLICHHOCTH (aronuTos3a ObUI 3HAUUTEIBHO HIDKE 110 CPaBHEHUIO C KOHTPOIBHOH rpymmoil. CHuXeHHe pe3epBHOI
€MKOCTH (aronMTapHBIX KJIETOK ObUIO 3HAuuTeNbHEE Yy 22-MECAYHBIX JKMBOTHBIX. BBISBIEHO yBEIMUYEHHE
METa00IN4YeCKOW aKTUBHOCTH HEHUTPO(UIOB M CHIDKCHHE UX MeTabOJMYEecKOTro pe3epBa Y Kphic 3 U 22 MecsueB ¢
MOZIENBIO BOCHAJIEHHS 10 CPAaBHEHMIO C TIOKA3aTEISIMU KOHTPOJIBHBIX TPYIIIL.
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