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Pe3iome. B crathe mipencTaBiieHbl pe3yJibTaThl UCCIAEAOBAHUS BIUSHUS aHTOLIMAHWUHOB Ha KJIETOYHBIN
WUMMYHUTET Y KPbIC Ha MOJAEIN aIMMEHTApHOTO oXupeHus. Llenpio uccienoBaHusl SBISIJIOCh U3YYEHUE
BJIMSIHUST pallMoHa, 0OOTAIIeHHOTO aHTOIIMaHWHAMU, Ha KJIETOUYHBIM MMMYHUTET TIPU WHIYIIMPOBAHHOM
NIMETOU oXupeHuU y Kpbic. PaboTa BhinojiHEHa Ha Kpblcax camiiax JuHuM Wistar ¢ uCXoAHO# Maccoit Tena
108+2 r. 2KMBOTHBIE OBLIM paHIOMU3UPOBAHbI IO Macce Tejia Ha 3 TpyIIibl (1o 8 KpbIC B rpyrine). B Teue-
Hue 12 Helenb KPBICHI 1-11 (KOHTPOJILHOI) TPYIIIBI MOJIyYaau HOJTHOLIEHHBI MOAN(MUIIMPOBAHHBIN palliOH
AIN93M; KpbIChI 2-1i TPYIITLI MOTPEOJISIJIM BHICOKOKATOPUIHBINA XoauHoAebUIUTHbIN pauroH (BKXIIP),
cofiepXkaHue XX1upa B KOTOPOM COCTaBIISIIO 45%, dpykTo3bl — 20% OT 9HEpreTUYECKOM [IEHHOCTH pallioHa;
KpbIchl 3-ii rpymisl toaydyanu BKXJIP ¢ no6aBneHrneM cTaHIapTU30BaHHBIX 9KCTPAKTOB YEPHUKU U Yep-
HoIt cMopoauHbI (30% aHTOLIMaHWHOB) B CyTOUHOM J03¢ 11 MI aHTOLIMAaHMHOB/KT Macchl Tejia. 2KUBOTHBIX
COJIEpKaJTu TI0 2 0cO0U B IUIACTUKOBBIX KJIETKAaX Ha MOJICTUJIKE U3 IPEBECHBIX CTPYXKEK TTPU UCKYCCTBEHHOM
OCBEIIEHUU C paBHOI MPOAOTKUTEILHOCTHIO HOYHOIO M JHEBHOIO MEPUOJOB U HE OTPAaHUYUBAIU B YIIO-
TpebyieHnn BOAbl. DKcrpeccuio AuddepeHIMPOBOUYHBIX MAPKEPOB JTUM(POIIMTOB MeprudepruiecKoil KpOBU
KpbIC OMpeAessIi METOIOM MTPOTOYHON UTOMIyopuMeTpun. B pesynbrare nccienoBaHus YCTAaHOBIICHO,
4TO y KPbIC 2-i TPYMIIbl C aTMMEHTApHBIM OXupeHueM noBbiieHo (p < 0,05) B nepudepudeckoin KpoBu
oTHocuTeabHOoe comepxanue T-xennepos (CD3*CD4%) (75,75£1,11% nporus 70,07+0,49% — 1-g rpyn-
na, 72,1410,91% — 3-a rpynma) u cHrmkeHo (p < 0,05) comepxkanue T-IIMTOTOKCUYECKUX JMMQOIIMTOB
(CD3*CD8") (22,54+1,14% nporus 28,09+0,72% — 1-a rpymna, 26,07+0,87% — 3-s rpynna). CooTHO-
menue CD3/CD4 y kpbic 2-ii rpyniibl mpeBbiciiio (p < 0,05) naHHBII TToKa3aTedb y KpbIC 1-ii 1 3-ii Tpynn
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(3,44+0,25 npotus 2,47+0,09 — 1-g rpynna, 2,79+0,13 — 3-a rpynmna). O6oramenue BKXIP skctpaktamu
YEpHUKU U YePHOW CMOPOAMHBI MTPUBEIO K HOPMAIU3allMM YKa3aHHBIX ITapaMeTPOB KJIETOYHOTO UMMYHU -
teta. Yucno B-numpountos (CD45R"), T-mumbonuror (CD3*) u NK-kierok (CD161%) B nepudepnye-
CKOIi KPOBU KPbIC BCEX IKCMEPUMEHTAILHBIX TPYMIT HE UMEJI0 CTaTUCTUUYECKU JOCTOBEPHBIX pa3nuuuii. Pe-
3yJIbTaThl UCCENOBAHMUS KIETOYHOTO UMMYHUTETA Y KPBIC C AJIMMEHTAPHBIM OXKHUPEHUEM CBUAETEIbCTBYIOT
0 HaIuyuu MetaBocnajeHusd. JlobaBieHre B pallMOH KPbIC aHTOLIMAHWHOB 00ECIIeYnJIO BOCCTAHOBJICHWE
U3YYEHHBIX MOoKa3aTejeil afanTUBHOIO KJIETOYHOTO UMMYHUTETA A0 YPOBHS KPbIC KOHTPOJBLHOU TPYIIbI.
TTonmydyeHHbIe pe3yabTaThl CBUIETEIBCTBYIOT O MEPCHEKTUBE MPUMEHEHUSI OMOJOTUYECKU aKTUBHBIX Be-
IIECTB — AaHTOLIMAHWHOB B TUETOTEPANIMU OOJBHBIX OKWUPEHUEM U APYTUMU aTUMEHTAPHO-3aBUCUMBIMUA
3a001€EBaHUSAMMU.

Knrouesuie crosa: arumenmapHoe oxcuperue, KAemouHslil UMMyHUmem, aumgpoyumot, NK-kaemku, anmouuarunut,
MemaesocnaneHue

ANTHOCYANINS AS AFACTOR IN THE ALIMENTARY
RESTORATION OF CELLULAR IMMUNITY IN DIET INDUCED
OBESITY IN RATS

Trushina E.NN.?, Mustafina O.K.?, Aksenov L.V.2, Tutelyan V.A.>"¢

@ Federal Research Centre of Nutrition, Biotechnology and Food Safety, Moscow, Russian Federation
b 1. Sechenov First Moscow State Medical University, Moscow, Russian Federation
¢ Peoples’ Friendship University of Russia, Moscow, Russian Federation

Abstract. The article presents the results of a study of the effect of anthocyanins on cellular immunity
in rats on a model of alimentary obesity. The aim of the study was to study the effect of an anthocyanin-
enriched diet on cellular immunity in diet induced obesity in rats. The study was carried out on male Wistar
rats with an initial body weight of 108+2 g. The animals were randomized by body weight into 3 groups
(8 pcs. in group). For 12 weeks, rats of the 1% (control) group received a complete modified diet of AIN93M;
rats of the 2" group consumed a high-calorie choline-deficient diet (HCChDD), the fat content of which
was 45%, fructose — 20% of the energy value of the diet; rats of the 3 group received HCChDD with the
addition of standardized blueberry and blackcurrant extract (30% anthocyanins) at an average daily dose
of 11 mg anthocyanins/kg body weight. The expression of differentiation markers of peripheral blood
lymphocytes was carried out by flow cytofluorimetry. As a result of the study, it was found that in rats of the
2n group with alimentary obesity, the relative content in the peripheral blood of T helpers (CD3*CD4") was
increased (p < 0.05) (75.75%+1.11% versus 70.07+£0 49% — group 1, 72.14+0.91% — group 3) and reduced
(p < 0.05) content of T cytotoxic lymphocytes (CD3*CD8") (22.54+1.14% versus 28.09+0.72% — 1 group,
26.07+0.87% — 3™ group). The CD3/CD4 ratio in rats of the 2" group exceeded (p < 0.05) this index in rats
of the 1*t and 3™ groups (3.44+0.25 versus 2.47+0.09 — 1group, 2.79%0.13 — 3" group). Enrichment of the
HCChDD with the blueberry and blackcurrant extract led to the normalization of these parameters of cellular
immunity. The number of B lymphocytes (CD45R"), T lymphocytes (CD3*) and NK cells (CD161%) in the
rat peripheral blood of all experimental groups had no statistically significant differences. The results of the
study of cellular immunity in rats with alimentary obesity indicate the presence of metainflammation. The
received data indicate the prospect of using biologically active substances, anthocyanins, in the diet therapy of
patients with obesity and other alimentary-dependent diseases.
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Introduction

Obesity is a multifactorial widespread disease
that is a consequence of excess intake of calories
and insufficient degree of their utilization. Obesity
is accompanied by chronic inflammation and is a
pathogenetic basis for the development of cardio-
vascular pathology, metabolic syndrome, type 2
diabetes mellitus, and insulin resistance [10]. Obe-
sity causes dysregulation throughout the immune
system, affecting the balance and levels of cytokines,
adipokines and innate and adaptive immunity [2, 5].
Currently, the problem of metainflammation, which
is metabolic in nature, chronic, associated with
moderate expression of pro-inflammatory mediators
and accompanied by modification of the structure of
metabolic tissues with infiltration by immune cells,
is being actively studied [4, 10]. In the genesis of the
disease, the main role is played by oxidative stress and
chronic inflammation in metabolically active tissues:
adipose tissue, liver, intestines, muscles, pancreas, and
others [9]. There are increases in pro-inflammatory
cytokines and organ infiltration by increased numbers
oftissue macrophages, B lymphocytes, T lymphocytes
and mast cells with decreased numbers of regulatory
T lymphocytes, MAIT cells (mucosal-associated in-
variant T cells), ILC2 (innate lymphoid cell) and
invariant NKT cells and accompanied by changes
in immune cell content in peripheral blood [5]. The
problem of immunometabolism is being actively
studied on rats and mouse models of diet induced
obesity.

Excessive accumulation of body fat, disorders
in the insulin-dependent signaling pathway, and
hyperlipidemia lead to tissue hypoxia and the
development of oxidative stress [12]. One of the
components of therapy for insulin resistance, im-
munodeficiency in obesity has been the use of
natural and synthetic antioxidants [3]. Currently,
the effectiveness of the use of anthocyanins, a water-
soluble subclass of flavonoids, has been proven in
the treatment of a number of metabolic disorders,
including glucose tolerance, insulin resistance,
abdominal obesity, dyslipidemia, and arterial hyper-
tension [7]. It has been established that they have
vasoprotective properties, have antioxidant, anti-in-
flammatory, antiatherogenic and vasodilating ef-
fects [4].

The aim of the study was to study the effect of an
anthocyanin-enriched diet on cellular immunity in
diet induced obesity in rats.

Materials and methods

The study was carried out on male Wistar rats
with an initial body weight of 108+2 g. Rats were
obtained from the nursery of the “Stolbovaya” branch
of the Federal State Budgetary Institution of Science
“Scientific Center for Biomedical Technologies of
the FMBA”. The study was approved by the Ethics
Committee of the “Federal Research Center for
Nutrition and Biotechnology” (meeting No. 11 dated
December 15, 2021) and was carried out in accordance
with the recommendations of GOST 33216-2014
“Guidelines for accommodation and care of animals.
Species-specific provisions for laboratory rodents and
rabbits”.

The animals were randomized by body weight
into 3 groups (8 pcs. in group). For 12 weeks,
rats of the 1% (control) group received a complete
modified diet of AIN93M [13]; rats of the 2" group
consumed a high-calorie choline-deficient diet
(HCChDD), the fat content of which was 45%,
fructose — 20% of the energy value of the diet; rats
of the 3 group received HCChDD with the addition
of standardized blueberry and blackcurrant extract
(30% anthocyanins, Healthberry 865, Evonik
Nutrition & Care GmbH, Germany) at an average
daily dose of 11 mg anthocyanins/kg body weight.
Animals were kept in 2 individuals in plastic cages on
a bed of wood shavings under artificial lighting with
equal duration of the night and day periods and were
not limited in the use of water. Withdrawal from the
experiment was carried out by decapitation with a
preliminary (16 hours) weaning of feed. Expression
of CD45R, CD3, CD4, CD8a, CDI161 receptors
on rat peripheral blood lymphocytes and negative
control IgGl/IgG2a was determined by direct
immunofluorescent staining of whole blood cells
using a panel of monoclonal antibodies conjugated
to fluorescein: APC, FITC, PE (manufactured by
“Miltenyi Biotec GmbH”, Germany). The samples
were analyzed by flow cytometry using Cytomics FC
500 and CXP software (“Beckman Coulter”, USA).
The leukocyte subsets were defined by forward- and
side-scatter pattern. The negative control value
was determined by a fluorescence background and
antibody-nonspecific staining. The statistical analysis
was performed to assess differences between groups
using 1-way ANOVA. The hypothesis about the
difference in the distribution function of data in the
compared groups was additionally tested using the
nonparametric Mann-Whitney test. Differences were
considered significant at p < 0.05. The calculations
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TABLE 1. LYMPHOCYTE SUBPOPULATIONS IN RAT PERIPHERAL BLOOD (Mxm, %)

CD45R* CD3* CD3*CD4* CD3*CD8"* CD4/CD8 CcD161*
Group
number T cytotoxic ratio of CD4/

B lymphocytes | T lymphocytes T helpers lymphocytes cD8 NK cells
st 22.63+1.77 67.43+2.10 70.07+0.49 28.09+0.72 2.47+0.09 3.26+0.29
2nd 22.15+1.33 62.10+1.99 75.75x1.11*** | 22.54+1.14*** 3.44+0.25* ** 3.15+£0.49
3rd 23.66+1.75 62.39+3.34 72.14+0.91 26.07+0.87 2.79+0.13 3.30+0.58

Note. 1t gr., control, diet AIN 93M; 2" gr., high-calorie choline-deficient diet (HCChDD), 3 gr., HCChDD" blueberry and
blackcurrant extract. * p < 0,05, compared with the control group; ** p < 0,05, compared with the 3 group.

were performed using the SPSS 20.0 software
package. Data are presented as M+m.

Results and discussion

The study results of lymphocyte subpopulations in
the rat peripheral blood are presented in the Table 1.
Our analysis demonstrated that in the rats of the 2™
gr with diet induced obesity an increase in the relative
contentof T helpers (CD3*CD4") and adecreaseinthe
percentage of T cytotoxic (CD3*CD8") lymphocytes
were found relative to these subpopulations in rats of
the control group and the 3™ group (p < 0.05). The
ratio of CD3/CD4 in rats of the 2" group exceeded
this indicator in rats of control group and the 3™
group (p < 0.05). Enrichment of the HCChDD with
the blueberry and blackcurrant extract led to the
normalization of the relative content of T helpers and
T cytotoxic lymphocytes, as well as the ratio of CD4/
CDS8 in relation to the control group (p < 0.05). The
number of B lymphocytes (CD45R™") lymphocytes,
T lymphocytes (CD3") and NK cells (CD161%) in the
rat peripheral blood of all experimental groups had no
statistically significant differences (Table 1).

The currently obtained results of studies of
the mechanisms of metabolic disorders in obesity
convincingly show that the immune system takes an
active part in the regulation of metabolism. On the
one hand, this is the preservation of the integrity of
organs and tissues that control metabolism, on the
other hand, the influence of the metabolic status
of the body on the effector abilities of the immune
cells themselves [6]. This study demonstrates, that
antigen-specific lymphocytes which are fundamental
to immune function, providing for the nature of

the immune response (CD3*CD4*) and direct
cytotoxicity (CD3*CDS8") are affected by obesity.
The increased amount of T helpers (CD3*CD4")
and ratio of CD3/CD4 increase testify to the
development metainflammation. The presence of
metainflammation in obesity rats is confirmed in
our previous work, which demonstrated significant
increase in plasma levels of pro-inflammatory
cytokines IFNy, MIP-3a, and RANTES and a
decrease in the content of most immunoregulatory
cytokines [14].

With the development of the inflammatory process,
cells innate immunity: leukocytes, macrophages,
dendritic cells, mast cells and others enhance the
production and release of reactive oxygen species
through “respiratory burst”. Activated lymphocytes in
adaptive immunity generate cytokines, chemokines,
growth factors and other inflammatory mediators that
stimulate signal transduction cascades in addition
to alterations in transcription factors. Cellular stress
reactions are mediated by changes in the expression of
nuclear factor of activated T cells, hypoxia-inducible
factor-1o (HIF1-a), nuclear factor kappa B (NF-xB),
activator protein-1, NF-E2 related factor-2. In
addition, an important role in the development of
stress-induced metainflammation is assigned to
changes in the expression of specific microRNAs,
initiation of cyclooxygenase-2 (COX-2), inducibility
of nitric oxide synthase (iNOS) [3].

Antioxidants have been used in the diet therapy
of obesity and other nutritionally dependent diseases
for quite a long time. Anthocyanins are a water-
soluble subclass of flavonoids with endogenous
antioxidant properties [15]. It has been established
that anthocyanins reduce cellular oxidative damage
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through a number of cellular mechanisms, including
the Keapl/Nrf2/ARE redox-sensitive signaling sys-
tem, the expression of antioxidant enzymes, such as
superoxide dismutase, catalase [1, 11], and suppress
the expression of the transcription factor NF-kB in
activated cellsand activator protein AP-1[8]. Thus, the
efficiency of consumption of anthocyanin-rich foods
is due to the activation of various cellular pathways
that contribute to the creation of a dynamic cellular
antioxidant/anti-inflammatory microenvironment
capable of responding to fluctuations in redox
potential.

Conclusions

Based on the study of cellular immunity in
diet induced obesity in rats, the presence of meta-
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