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Abstract

The purpose of the research is to investigate links between body mass index and
changes in the leucocyte formula of peripheral blood in rats of different ages in experimental
modeling of nongenetic alimentary obesity with subsequent MS development; to identify
possible associations between these indicators in animals depending on age.

Contingent and research methods. Metabolic syndrome was reproduced according to
the developed method in rats of different age groups by combining high-fat and high-
carbohydrate diet in parallel with pharmacological correction of physiological satiation
inhibition.

Results. It is determined that the mechanisms of low gradient chronic inflammation
development in adipose tissues on the background of metabolic syndrome differ from
classical inflammatory response mechanisms. Weight gain is associated with the activation of
various leucocyte forms depending on age and degree of mass increase. Young rats have body

mass index associated with the amount of peripheral blood neutrophils and more delayed in
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time; adult animals have body mass index associated with eosinophils, starting from the first
month of metabolic syndrome development; old animals have body mass index associated
with monocytes and lymphocytes, during the whole period of the trial. The dependence of
inflammatory reaction symptoms on the age and sex of the animal on the background of
obesity is confirmed by the present associative links (peripheral blood cell composition —
animal’s age - body mass index) and can be determined later, as a marker factor for metabolic
syndrome development.

Keywords: leucocyte reaction; chronic low-grade inflammation; metabolic

syndrome.

JEUOIUTAPHA PEAKIIS NEPU®EPUYHOI KPOBI IIIYPIB Y BIKOBOMY
ACIIEKTI HA TJII EKCIIEPUMEHTAJIBHOI'O MOJAEJIIOBAHHSA
METABOJIIYHOTI'O CUHAPOMY

H. A. lllyroBa

XapkiBcbKHUil HAlliOHAJbHUHM MeIMYHUH YHiBepcuTeT, XapkKiB, YKpaiHa

Pe3rome

Mema pobomu - ROCHIAMTH 3B’S30K MDK IHJIEKCOM MacH Tila Ta 3MIHaMH B
JNeHKonuTapHid  ¢Gopmyni mnepudepudHoi KpoBlI Yy IIypiB PI3HOTO BIKY B yMOBax
EKCTIEPUMEHTAIIBHOTO MO/ICTFOBAaHHS HEIr'€HETHYHOTO AJIIMCHTAPHOTO OXHPIHHS 3 IMOAAIBIITUM
po3ButkoM MC. Bu3HauuTH MOXIIHMBI acolfianii MDK UMW TOKAa3HHKAMH y TBapWH B
3aNIeKHOCTI BiJ BIKY.

Konmuneenm ma memoou oocniodicenns. MeTabOJIIYHUN CHUHAPOM BIATBOPIOBAIIN
3riHO PO3pOOJEHOT METOJWMKH Y IMypiB PI3HHUX BIKOBUX TPyl LUISIXOM KOMOiHaIii
BHCOKO)KMPOBOi 1 BHCOKOBYIJIEBOJHOI Ji€TH Yy mapaieni i3 (apMaKoJIOTIYHOI KOPEKI[IE
rajJbMyBaHHs (i310J0TIYHOTO HACUYEHHS TBAPHH.

Pezynomamu.  BcTaHoOBIEHO, 10 MEXaHI3MHU  PO3BUTKY  HH3BKOTPAIIEHTHOTO
XPOHIYHOTO 3alajeHHs B JKUPOBI TKaHMHI Ha Tl PO3BUTKY META0OIIYHOTO CHHIPOMY
MaloTh BIIMIHHOCTI BiJ KJIACMYHUX MEXaHI3MiB PO3BUTKY 3amanbHOi peakilii. 30UIbIICHHS
MacH Tijla acoLifOBaHO i3 aKTUBALI€I0 PI3HUX (OPM JICHKOLUTIB B 3aJIe)KHOCTI BiJ BIKYy Ta
CTymneHsl 30UTbIIEHHS Macu Tila. Y MOJOJUX IIypiB IHAEKC Macu Tila acoliiioBaHUil i3

KUIBKICTIO HEHTpo( 1B nepudepruHoi KpoBi 1 OLIbLIE BiACTPOUYEHUH Yy 4Yaci; y JOPOCIHX
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TBApUH — i3 €03MHO(IIAMH, MOYMHAIOYM 13 MEPLIOro MicALs PO3BHTKY METabO0JIIYHOTO
CHHIPOMY; y CTapuX TBapuH — 13 MOHOIMTaMHU Ta JIM(QOIMTAMHU, Ha BCIX CTpPOKax
excriepuMenTy. CHpspKeHICTh MPOsBIB 3amalibHOI peakilii BiJ BiKy Ta cTaTi TBapUHH Ha T
PO3BUTKY OXKUPIHHS MiATBEPIPKYETHCS HASBHICTIO aCOLIATHMBHUX 3B’SI3KiB (KIITUHHHUHA CKIIaza
nepudepudHoi KpoBi — BIK TBapUHM — IHAEKC Macu Tila) i MOke OyTH BH3HAYCHO B
MOIANIBIIIOMY, SIK MapKEepHHA (DaKTOp CIIPSMOBAHOCTI PO3BUTKY METa0O0JIIYHOTO CHHPOMY.
KirouoBi ciaoBa: JelikonurapHa peakuis; HU3BKOIPaJdi€eHTHe XPOHidYHe

3anaJjieHHsl; MeTa00JiYHNA CMHIPOM.

JEUOILUTAPHASI PEAKIIUS TEPU®EPUUYECKOI KPOBU KPBIC B
BO3PACTHOM ACNEKTE HA ®OHE DKCHEPUMEHTAJIbHON MO/IEJIA
METABOJIUYECKOI'O CUHAPOMA

H. A. lllyroBa

XapbKOBCKMH HAMOHAJIbHBIA MeIUIMHCKNH YHUBEPCUTET, Y KPauHa

Pe3rome

Ilenb. YCTAaHOBHWTH CBS3b MEXKIY HMHICKCOM MacChl Tela M HW3MCHCHUSMH B
neikonuTapHo (Gopmyse nepudeprudeckold KpOBH Yy KPBIC pa3HOTO BO3pacTa M Ioja B
YCIOBHUAX  SKCIICPUMEHTAIBHOTO  MOJCIUPOBAHUS  HEICHETHYECKOTO  AJIMMEHTapHOI'O
OXKHUPCHHS ¢ JabHEHIMM (POPMHUpPOBAHUEM METa00IMYecKOro cuHapoma. OmNpeneiuTh
BO3MOYKHBIC aCCOIMAIMU MEX]y JAHHBIMH TOKA3aTEISIMH Y JKUBOTHBIX B 3aBHCHUMOCTH OT
BO3pacTa.

Konmuneenm u memoou uccneoosanus. MeTaboIM4eCKUi CHHAPOM BOCTIPOU3BOIHIIN
COIIaCHO pa3pabOTaHHOW METOJUKE: KOMOWHAIWSI BBICOKOKUPOBOW M BBICOKOYTJICBOIHOM
JMEThl B Hapauiead ¢ (papMaKoJIOTHYSCKON KOPPEKIUEH TOPMOKECHUS (U3UOJIOTHYSCKOrO
HACBIIEHHUS )KMBOTHBIX.

Pezynomamer.  YCTaHOBIEHO, YTO MEXaHM3MBI  Pa3BUTUS  HHU3KOYPOBHEBOTO
XpPOHUYECKOTO BOCTAlleHUsI B JKUPOBOW TKaHM Ha (oHE pa3BUTUA METabOIMUECKOTO
CHUHAPOMA, HUMEIOT OTJIMYUS OT KJIACCHUYECKMX MEXaHH3MOB pPa3BUTHS BOCHATUTEIbHOU
peakiuu. YBeJIHMUEeHHWE MAacChl Tella acCCOIMHUPOBAHO C aKTHBAIMEW pazMUYHBIX (Gopm
JEHKOIUTOB B 3aBUCUMOCTH OT BO3pacTa M CTENEHHW YBEIMUYEHHUS MacChl Tena. Y MOJIOMIBIX

KpbIC HHACKC MACCbl TCJIa aCCOLMHUPOBAH C KOJUYCCTBOM HeﬁTpO(bHHOB u Oonee
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OTCpO‘-ICHHbIﬁ BO BpeMeHI/I; y B3pOCHBIX JKHUBOTHBIX - C 303I/IHO(1)I/IHaMI/I, Ha4YuHasi C HepBOI‘O
MeEcsLa pa3BI/ITI/ISI MeTa6OJII/I‘I€CKOI‘O CI/IHILpOMa; y CTapBIX JKHUBOTHBIX - C MOHOILIUTAMHU H
TUMQOIUTaMH, Ha BCeX Cpokax okcrepuMeHTa.  CONpsHKEHHOCTh — MPOSIBICHUH
BOCIIAIUTEIHPHONW PEAaKIMU OT BO3pacTa W I0JIa KUBOTHOTO Ha ()OHE Pa3BHTUS OKHPEHUS,
MOJTBEPIK/ICHHbIE HAIMYUEM aCCOIIMATHUBHBIX CBA3€H (KJIETOUYHBIM cocTaB mepuepruiecKoit
KpOBI/I - B03paCT JKUBOTHOT'O - UTHACKC MACChI Tena) MOFYT OHpCIICJI?ITI)CSI B I{aJ'II)Hef/'IIHCM, KaK
MapKepHbI (PaKTOp HAPABICHHOCTH PAa3BUTHUSI METAO00OIMYECKOTO CHHIPOMA.

KuroueBblie cjioBa: JieliKonUTAPHAsI peakilisi; HU3KOTPaJHEHTHOE XPOHHYECKOe

BOCIIAJIEHME, MeTa0oInYecKuii CUHAPOM.

Introduction

Obesity is a typical pathology form, which is the cornerstone of type 2 diabetes
development, various forms of cardiovascular diseases, as well as one of the mechanisms of
metabolic syndrome (MS) [1, 2]. In response to obesity, by excessive functional activity,
hypertrophied adipocytes indirectly stimulate pro-inflammatory mediators release, activate
corresponding pathways in all metabolically active cells, leading to cytokine production
increase and attracting immune cells to the extracellular space. Therefore, obesity can be
considered as primary (phlogogenic) factor of chronic low-grade inflammation (LGI)
development in the body, which is further supported by immune cells and involves other
tissues to response [3]. LGI biological role in co-morbid condition development as well as its
link with other pathogenetic mechanisms of MS chronicity is currently pending. A lot of
authors note that inflammation mechanisms in MS have specific characteristics [4], so
studying of inflammation activation mechanisms in adipose tissue in obesity, as a MS
component, can help to control the course of MS and determine therapy effectiveness.

Nowadays laboratory, functional, instrumental and other methods are believed to be
the main ones for health condition assessment. It is suggested, that their complex form a
powerful and effective tool for early diagnosis of many diseases [5]. Obesity is usually
diagnosed using anthropometric features measurement by assessing body mass index (BMI),
which allows the doctor to classify patients according to obesity degree: from overweight to
pathological obesity (World Health Organization) [6]. However, this simple and useful index
does not assess metabolic changes associated with obesity, which in turn are prerequisites for
insulin resistance development in peripheral tissues [7], as well as LGI, provided by innate
and adaptive immune systems activation, causing immunological changes [8]. The issue of

early diagnosis and detection of metabolic changes caused by obesity is urgent, and finding
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solution is believed to contribute to integrative assessment criteria in patient’s MS
development. Over the past few years, a term “metabolomics” appeared in literature; this term
is used as a useful assessment tool for metabolic changes at cellular and humoral levels,
typical among patients with overweight or obesity [9].

Taking into account the abovementioned key points, in this research we assumed that
peripheral blood cell composition changes, resulted due to LGI initiation in stimulated
adipose tissue, may be systematic, and subsequently may become the basis for initial
diagnosis and direction of MS initial stage development. Therefore, the purpose of the
research was to investigate the link between peripheral blood leucocyte reaction and body
mass index in animals of different ages in experimental modeling of non-genetic alimentary
obesity with subsequent MS development, to identify possible associations between these
indicators in animals depending on age.

Design, contingent and methods research

The research was carried out using 360 non-linear white rats, bred in KhNMU
vivarium. All animals were divided by age into 3 main groups. The first group included 120
young immature animals aged 3-4 months, weighing 170.0+7.8 g. The second group included
120 adult rats aged 5-6 months, weighing 240.0+ 14.7 g. The 3rd included 120 old rats
(mature, of post-productive period), aged 18 months, weighting 360.0+ 21.8 g. The age of the
animals was selected according to the table of periodization of the animals’ age in comparison
with human age [10]. Each group of rats, in turn, was divided into subgroups by the term of
MS modeling: K - control group (intact animals); A - experimental group with MS modeling
during 1 month; B - MS modeling during 3 months; and the third subgroup C — MS modeling
for 6 months. Each group included both males and females (50% to 50%).

MS experimental model was reproduced in rats using high-fat and high-carbohydrate
diet combination on the background of pharmacological correction of physiological satiation
inhibition, which was reproduced by subcutaneous administration of Betaspan suspension
(impaired glucose tolerance) once a week at a dose of 20 pg/kg of body weight during 6
weeks in combination with aurothioglucose (hyperphagia activation) at a dose of 10 pg/kg
once a week intraperitoneally during 6 weeks [11].

Anthropometric indicators were determined using commonly used methods. During
the trial, rats’ body weight and nasal-anal length were measured and basing on these
indicators body mass index (BMI) was calculated.

Peripheral blood leucocyte reaction was described basing on determination of TLC

and leucocyte formula. TLC was calculated using Goryaev chamber, staining was performed
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using acetic acid with gentian violet. To determine the leucocyte formula, blood smears were
fixed in methanol and stained with azure-ll-eosin. The percentage of leucocytes was
converted to absolute number of cells according to TLC [12].

Statistical analysis was performed using the applied programs package SPSS 17.0. The
mean and standard error of the mean (M £ SEM) were used to describe continuous variables,
complying with normal distribution law. Peripheral blood cell counts and general indices
were compared in groups depending on MS modeling duration using ANOVA single-factor
model. For descriptive statistics, rats with body weight decreased during the high-calorie food
consumption were excluded from further consideration, and the data were adjusted for sex.
Conducted analysis of variance showed that inter-group variance was statistically
significantly greater than the intra-group variance (p<0.001) in subgroups with different diet
durations. A posteriori comparison in these subgroups was performed using Bonferoni test.

Linear regression models were used to determine associations between peripheral
blood parameters and BMI in each age group. Standardized regression coefficients  were
used for comparative analysis of variables differing in mean values and variances. P <0.05
was considered statistically significant.

Animals were withdrawn from the trial under anesthesia using instantaneous
decapitation method, which corresponds with international principles of the Declaration of
Helsinki "On Humane Treatment of Animals”, adopted by the General Assembly of the
World Medical Association (2000) and national “"General Ethical Principles of Animal
Research™ (Ukraine, 2001), consistent with the provisions of the "European Convention for
the Protection of Vertebrate Animals Used for Experimental and Other Scientific Purposes™
(Strasbourg, 18.03.1986), as well as the Charter of the Ukrainian Association of Bioethics and
GLP Standards (1992), standard provisions with issues of ethics of the Ministry of Health of
Ukraine No. 66 dated 13.02.2006.

Results

MS modeling during the first month caused some difficulties; it was found that the MS
development signs expressivity depended on the age and sex of rats. The increase in BMI of
young rats was slower compared to animals of other age groups. BMI of rats of the first group
on the 1-st and 3-rd month of the trial increased slowly and fluctuated within excess body
weight. External signs of obesity were not obvious. The study showed that not all young rats
that received a combined diet for a month, increased their body weight compared to control

values (Fig. 1).
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Fig. 1. Rats total body mass increase depending on the diet duration

It is conclusively noted that the indicators of total body weight gain in 25% of young
males (12/48) and 27% of females (13/48) did not increase, but on the contrary, decreased
compared to control values (Fig. 1). Interestingly, that females weight loss was more
pronounced than in males (M+SEM (7.46 +1.57) g and (21.13+3.18) g, respectively,
p<0.001). Compared with other experimental groups during the first month of MS modeling,
young rats did not significantly gain weight at all (Table).

This probably indicates a great compensatory ability of metabolic homeostasis
maintained by the young organism, which does not depend on the sex of the animal [13].
Young animals’ body adapts more favorably to changes in homeostasis and such adaptation
primarily occurs due to hyperplasia of adipose tissue cells, at the same time inhibiting the
ability of fat cells to perform the endocrine function, as adipose tissue does not produce
inflammatory mediators during hyperplastic growth. It has been noted, that during this period,
despite the development of microcirculatory disorders and adipose tissue hypoxia, there is an
inhibition of phenomenon of "secondary damage”, especially in vital organs [14].

Leucocyte formula of rats of the first group on the background of MS modeling during
the 1st and 3rd months didn’t show any significant changes. Peripheral blood TLC did not
differ significantly from control values. Only by the 6th month of MS development there was
an evidential increase in peripheral blood TLC: 1.7 times compared with intact animals. It has
been noted that the increase in leucocytes amount during the 6th month of the trial occurred
due to increase in banded neutrophils, which are considered to be non-specific primary

defense mechanism in response to environmental changes, possibly due to their re-distribution
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in the circulatory system.

Table

Dependence of changes in the leukocyte response of peripheral blood of rats on body

weight on the background of experimental modeling of metabolic syndrome (M+SEM)

The duration of the diet
Indicators Control
1 month 3 month 6 month
Young rats
BMI, kg/m® 4,33+0,06 4,27+0,06 7,39+0,17%2 8,62+0,24%23
Leukocytes, 10%1 5,37+0,21 5,91+0,18 5,79+0,25 9,47+0,54%23
Neutrophils stab, 101 0,09+0,01 0,23+0,02 0,350,052 1,27+0,09%%3
Segmented neutrophils, 10%I 0,35+0,02 0,69+0,07* 0,70+0,07* 1,29+0,09%23
Lymphocytes, 101 4,42+0,16 4,45+0,12 3,97+0,15 6,04+0,41%23
Monocytes, 10%I 0,34+0,02 0,41+0,02 0,56+0,06" 0,660,062
Eosinophils, 101 0,17+0,02 0,13+0,01* 0,21+0,02* 0,21+0,02?
Mature rats
BMI, kg/m? 5,15+0,38° 6,42+0,90** 8,00+2,40"? 11,41+1,911232
Leukocytes, 1071 5,28+0,13 8,06+0,50° | 16,54+1,43%%% | 1557+1,01422
Neutrophils stab, 101 0,14+0,01 0,65+0,13° 1,87+0,21%22 1,580,152
Segmented neutrophils, 10%I 0,39+0,03 0,88+0,07 1,65+0,10%22 0,94+0,10*3
Lymphocytes, 109 4,20+0,10 | 5,70+0,35*" | 11,32+0,91'2* | 10,63+0,60%%
Monocytes, 10%I 0,45+,01 0,56+0,05 1,17+0,12%22 | 1,63+0,1523%2
Eosinophils, 1071 0,11+0,01 0,27+0,04 0,530,082 0,80+0,08%32
Old rats

BMI, kg/m? 5,22+0,68° | 8,15+1,23%" | 9 95+1 59220 |12 60+2,261232b
Leukocytes, 1091 5,15+0,15 14,06+0,60*° 16,96+0,81° 24,86+1,28%"
Neutrophils stab, 10%I 0,1840,01* | 1,55+0,14'° | 1.89+0,15 | 2,27+0,21122
Segmented neutrophils, 10%I 0,31+0,02 1,49+0,10%20 1,70+0,11%2 1,95+0,20%a0
Lymphocytes, 10%I 3,78+0,12 | 8,03+0,20'*" | 10,53+0,36%* |15,63+0,68%232
Monocytes, 10%I 0,73+0,05%° | 1,50+0,18%9 | 1,63+0,15*" | 3,45+0,281232b
Eosinophils, 101 0,16+0,01 1,41+0,13%2P 1,22+0,12%20 | 1,56+0,17+23ab

“Note: ! — the significance of differences in control; 2 — the significance of differences in
relation to the 1-month diet; — the significance of differences in relation to the 3-month diet;

a

differences relative to mature animals.
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The body mass of rats of the second group (adult rats) increased significantly after the
1st month of MS modeling both in terms of control values compared to the first group. The
diet in group 2A was ineffective in only 16% of males (8/48), and in group 2B in 4.16% of
females (2/48). Throughout the trial, adult rats lost almost 11.97% of their body mass (31.75
[20.25-44.25] g) (Table).

Leucocytes amount significantly increased in all experimental subgroups of group 2.
Thus, in group 2B there was maximum increase in peripheral blood TLC compared to control
values, without significant further dynamics (Table). Increase in leucocytes content was
connected largely with eosinophilic granulocytes. The strongest association of BMI was noted
with eosinophils (Fig. 2). To a lesser extent, the increase in TLC was connected with
monocytes-macrophages, also, in group 2A-2B there was no association of BMI with
segmental neutrophils found.

In group 3 (old rats), MS modeling was the most effective: there was an increase in the
absolute number of monocytes in control group compared with groups 2K and 3K, despite
total leucocyte count remained relatively constant.

After 1 month of trial old rats showed a significant increase in body weight and severe
leukocytosis due to both granulocytes and mononuclear cells (Table). In this group,
lymphocytosis was significantly more pronounced than in 1A and 2A. Activation of
monocytes and eosinophils was observed in group 3B-3C against the background of
developed lymphocytosis. Obvious associative links with BMI with changes in lymphocytic,
monocytic, and (to a lesser extent) eosinophilic reactions have been determined (Fig. 2). It
should be noted that in this age group the leucocyte formula differed from the first and second
groups in control.

Discussion

Thus, the results obtained show that the rats’ BMI increase, which occurs against the
background of MS development, is an active inflammatory reaction stimulator, the severity of
which depends more on the age of the animal and less on its sex. It is established that body
mass increase correlates with an increase in blood inflammatory response in the group of
young animals by the 6th month of MS modeling, but these rates are lower than those of
mature and old rats. This provides a basis for considering adipose tissue activity (caused by
obesity) and impaired lipid metabolism (release of excess free fatty acids into the blood) to be
the initial link in LGI development in adipose tissue, which shows its differences from the

classical development of inflammation depending on animals’ age [15].
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blood of rats depending on age. B is a standardized linear regression coefficient.
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It is known that leucocyte amount in peripheral blood at inflammation can show what
happens in the blood system as a whole, namely the link between the leucocyte outwandering
from the blood to inflammation site and their entry from the bone marrow into the blood [16].
Our data show that changes in peripheral blood leucocyte response, developed on the
background of alimentary obesity, have a number of characteristic features, compared with
the classical development of inflammation, as well as certain associative relationships with
animals’ age. Thus, the group of young animals show the largest correlation coefficients
between BMI and total amount of neutrophils (Fig. 2). The second group of rats shows the
largest associations with eosinophils, which, to some extent, may be consistent with data on
synthetic activity enhancement of eosinophils involved in inflammation site, which, unlike
neutrophils, have the ability to further synthesis [17] and the possibility of autoimmune
component connection in LGI development (Fig. 2). It should be noted that despite the
relatively constant total amount of leucocytes in control for all age groups, the monocyte
count was associated with age the most. It was observed that BMI of older animals is most
associated with monocytes and lymphocytes, as a consequence of the severity of the
monocyte reaction depending on age.

Data obtained indicate the importance of establishing intercellular relationships at
early stages of LGI development, which are supported by the predominance of the release of
anti- or pro-inflammatory mediators, both by activated blood cells and functionally active
adipose tissue cells. This makes it possible to identify additional criteria for LGI development
and to foresee the direction of secondary systemic damage. The obtained data can help to
develop new criteria for diagnostics, monitoring, further development, identification of
prognostic risks of MS occurrence and effectiveness of MS therapy depending on age.

Conclusions:

1. Dependence of inflammatory reactions on animal’s age and sex in alimentary
obesity development with subsequent formation of MS has been established, which is
confirmed by the presence of associative links (body mass index - peripheral blood cell
composition - age of the animal)

2. Associations between changes in BMI and separate peripheral blood cells activity
depending on age have been established. BMI of young rats is associated with neutrophils and
more delayed; BMI of adults is associated with eosinophils, starting from the first month of
MS development; for older animals it is associated with monocytes and lymphocytes, at all

stages of trial.
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3. The obtained data on the ratio of BMI to changes in peripheral blood qualitative
composition, taking into account the age of the animal, which occurs against the background
of MS development can be used as primary monitoring and can be considered as one of the
criteria for determining LGI in adipose tissue and as a prognostic factor in MS probability.
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