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MORPHOMETRIC, INSTRUMENTAL AND LABORATORY PARAMETERS OF FEMALE RATS
WITH EXPERIMENTAL METABOLIC SYNDROME
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SUMMARY. The aim of the study - to learn the dynamics of changes of morphometric, instrumental and laboratory
parameters in mature females rats with experimental metabolic syndrome.

Material and Methods. 20 females of white, mature laboratory rats, aged 18-20 months were divided into 2 groups.
The first one is an experimental group: 13 female rats with experimental metabolic syndrome; the second one — control
group: 7 intact rats, with standard food and water regime. When working with animals, the standards of the Council of
Europe Bioethics Convention 1997, the European Convention for the Protection of Vertebrate Animals were observed.
Instruments used during scientific research were subject to metrological control.

The simulation of the metabolic syndrome occurred during 60 days. The females supported a special high-calorie
diet (grain with margarine 82 % milk fat, corn and sunflower seeds). The water regime included a 20 % solution of
fructose and regular water ad libitum, with change every other day. Also, during the first and the fourth weeks of the
experiment, the female daily subcutaneously administered Dexamethasone solution at a dosage of 0.1 mg/kg.

Results. Since the beginning of the experiment, female rats who received a special high-calorie diet showed a
statistically significant increase in all morphometric and instrumental indexes compared to similar rats in the control
group. An increase in body weight in the experimental group was found to be 28.93 % higher than the original weight,
was observed arterial hypertension (141/85+5) mmHg, dyslipidemia: elevated total cholesterol (5.37+0.33) mmol/L and
TG (2.55+0.24) mmol/L; elevated level glucose (8.52+0.17) mmol/L. The above indicators are criteria indicating the
presence of metabolic syndrome in animals under study.

Conclusions. The proposed modelof experimentalmetabolicsyndrome, whichincludes subcutaneousadministration
of Dexamethasone solution at a dosage of 0.1 mg/kg in the first and the fourth weeks of experiment, with a special high
calorie diet and a 20 % solution of fructose, is an effective way to reproduce the metabolic syndrome in small rodents.
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Introduction. The problem of prevention and
treatment of metabolic syndrome (MS) is a topical
problem of present time [1]. It is proved that obesity,
especially during pregnancy, is one of the main
mechanisms for the development of MS, which is an
important problem of today and is becoming a world-
wide epidemic [2]. In Europe, obesity is detected in
more than 30 % of patients, and in excess of 50 %
there is overweight [3]. Obesity is an established risk
factor for pregnancy complications, an increase in the
risk of gestational diabetes and preeclampsia [4].

According to some reports, the MS is found in
20-25 % of adult population, with women - 2 times
more often [5]. Some studies have shown that it is
the body weight of a mother during pregnancy that
can be a trigger, which in the future leads to meta-
bolic disorders in offsprings [6, 7]. Over the past de-
cades, obesity in pregnant women has doubled [8],
and an increased body mass index is threatening an
increase in gestational age of pregnancy [9]. Thus,
physicians pay more attention to pregnant women
with overweight and obesity.

The modeling of experimental MS in animals
demonstrates that the mother's obesity "programs”
the offspring for excess body weight [6]. However,
the peculiarities of changes in laboratory-instrumen-
tal and morphometric indices in animals require
more in-depth study.

The aim of this study - to evaluate the dynamics
of changes of morphometric, instrumental and
laboratory parameters in mature female rats with
experimental metabolic syndrome.

Material and Methods. The work was performed
on 20 females of white, mature laboratory rats, aged
18-20 months that were divided into 2 groups. The
first one is an experimental group: 13 female rats
with experimental metabolic syndrome; the second
one — control group: 7 intact rats, with standard food
and water regime. When working with animals, the
standards of the Council of Europe Bioethics Conven-
tion 1997, the European Convention for the Protec-
tion of Vertebrate Animals were observed. Instru-
ments used during scientific research were subject to
metrological control.

Rats were kept in vivarium, 2-3 individuals in a
cage. The simulation of the metabolic syndrome
occurred during 60 days. The females supported a
special high-calorie diet (grain with margarine 82 %
milk fat, corn and sunflower seeds). The water regime
included a 20 % solution of fructose and regular water
ad libitum, with change every other day. Also, during
the first and the fourth weeks of the experiment, the
female daily subcutaneously administered Dexame-
thasone solution at a dosage of 0.1 mg/kg.

Onthe 1st,30th,and 60th day of the experiment,
the females of both groups underwent examination
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of the morphometric parameters: measuring the
mass and body length, calculating the body mass
index (BMI: body mass ratio in grams to square of
body length in centimeters square) and the Lee
index (the ratio of the cubic root mass of the body in
grams to the body length in centimeters).
Instrumental and laboratory studies of females
were carried out on the 60th day, from the beginning
of the experiment, on the basis of the medical
laboratory center of the Zaporizhzhia State Medical

o

Analysis Systems TM BP-2000 Series II.

To measure the BP of rats, they were placed in
special lockers equipped with a thermostatic plat-
form, which provides constant temperature main-
tenance at 37-39° C. Catchers for animals were light-
proof, which provides a faster reduction of stress
response and animal reassurance. The average time
of the registration of blood pressure was 3-7 mi-
nutes, during which 3-5 preliminary and 3-5 control
measurements were performed with the calculation
of mean values of heart rate, systolic and diastolic
pressure [10].

Blood was sedimentation for at least 30 minutes
at 38 °C and centrifuged for 10 min. at 1000 g,
followed by serum selection. The content of total
cholesterol, triglycerides and glucose in the serum
of rats was determined using a biochemical analyzer

University and the veterinary clinic "Dobrodiy"
(zaporizhzhia, 165 Krugova St., the license of the
main department of veterinary medicine in
Zaporizhzhia region AB N0.527006).

The level of systolic and diastolic blood pressure
(BP) was determined by the system of non-invasive
blood pressure measurement of Blood Pressure
Analysis Systems TM BP-2000 Series Il (Visitech
Systems, USA) with automatic temperature control
in the immobilization tunnel.

Fig.1. Definition of blood pressure using the system of non-invasive blood pressure measurement Blood Pressure

HTI BioChem SA (USA) and standard test kits (High
Technology Inc, USA).

Obtained data were statistically processed us-
ing Windows XP Excel 2007 (Microsoft Office, USA)
and “Statistica for Windows 6.0" (StatSoftinc.,
NeAXXR712D833214FANS5). The certainty difference
of data of experimental and control groups was as-
sessed by Student’s test. The compared results con-
sidered such, that for certain differ at p < 0.05 [11].

Results and Discussion. At the start of the
experiment, the body weight of the control group
rats was (250.14+4.45) g, BMI was (0.51+0.01), and
the Lee index was (0.28+0.01). Morphometric indices
of experimental group females on the first day of
observation did not differ statistically from the
control group (Table 1).

Table 1. Morphometric indices of the experimental and control group of rats (M+m)

Animal group Experiment Day Body weight, g BMI, g/cm? Index Lee
Control (n=7) 1t day 250.1414.45 0.51+0.01 0.28+0.01
30t day 26616.19 0.54+0.01 0.29+0.01
60" day 276.85+4.22 0.57+0.02 0.29+0.01
Metabolic 1t day 254.69+7.35 0.52+0.01 0.28+0.01
syndrome (n=13) 30t day 306.53+4.33* 0.63+0.01* 0.3+0.01
60 day 358.61+£7.55* 0.74+0.02* 0.321£0.01*

Notes. * — the results are considered to be reliable at p <0.05; n — the number of animals in the group.
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On the 30th day of observation in the control
group females body mass was (266+6.19) g, which
was an increase in weight of 5.94 %. As a result, the
value of BMI and Lee index increased. In the animals
of the experimental group, one month later, from
the beginning of the experiment, an increase in body
weight was observed for 16.88 %, which was
(306.53%4.33) g. An increase in BMI was observed,
while the Lee index was not statistically different
from that of the control group (Table 1).

Since the introduction model into the experi-
mental metabolic syndrome was calculated for

60 days, therefore, after this period, the females
were more closely monitored. The morphometric in-
dices of the control group's females showed an in-
crease in weight of only 9.64 %, which was
(276.85%4.22) g. The BMI increased, while the Lee
index remained at the previous level (0.29+0.01).
Measurement of blood pressure (Figure 1) showed a
value of (122/78+4) mm Hg.

The laboratory parameters of the control group
showed the following results: total cholesterol (CT)
was (2.42+0.21) mmol/L, triglycerides (TG) (0.77+
0.06) mmol/L, glucose (4.75+£0.28) mmol/L (Table 2).

Table 2. Instrumental and laboratory parameters of the experimental and control group of rats (Mtm)

Indexes Animal group
Control (n=7) Experiment (n=13)
BP, mmHg 122/78+4 141/8545 *
CT, mmol/L 2.42+0.21 5.37+0.33*
TG, mmol/L 0.77+0.06 2.55+0.24*
Glucose, mmol/L 4.75+0.28 8.52+0.17*

Notes.* — the results are considered to be reliable at p <0.05; n — the number of animals in the group.

At the time of the completion of the observa-
tion, all the morphometric parameters of the experi-
mental group's females, who received a special diet
for two months, were significantly higher in compa-
rison with those of the control group of rats. Thus,
an increase in body weight was noted for 28.93 %,
which is equal to (358.61£7.55) g.

Instrumental (blood pressure measurements)
and laboratory tests (determination of CT, TG and
glucose) of the experimental group of rats showed a
statistically significant increase of all indexes in com-
parison with similar parameters of the control group
(Table 2).Thus, blood pressure was (141/85+8) mmHg
vs. (122/78+4) mm Hg, CT (5.37+0.33) mmol/L, TG
(2.55+0.24) mmol/L, glucose (8.52+0.17) mmol/L.

Thus, since the beginning of the experiment, fe-
males who received a special high-calorie diet showed
a statistically significant increase in all morphometric
indexes compared to similar rats in the control group.
Anincrease in body weight in the experimental group
was found to be 28.93 % higher than the original
weight, which was (358.61+7.55) g, respectively, on
the 60th day of the experiment. However, in control
animals the index of body weight increased for 9.64 %
of the original mass (276.85%4.22) g on the 60th day,
respectively).

The use of indicators such as BMI and the Lee
index allowed objectively estimating the presence
of obesity in the animals under study. With BMI, obe-
sity was defined as greater than 0.68 g/cm2 [12]. The
values of the Lee index had the following gradations:
0.3 was considered a limit, > 0.3 — obesity is, <0.3-no
obesity [13].

Analyzing the dynamics of the above-mentioned
indicators, a statistically significant increase in BMI
and Lee index in the experimental group during the
entire observation period compared to the control
group of rats was observed. Females who received a
special high calorie diet for 60 days had an BMI of
(0.74+0.02) and a Lee index of (0.32+0.01) at the end
of the experiment. At the same time, control rats,
with a standard diet, had respectively a BMI (0.57+
0.02) and a Lee index (0.29+0.01). Thus, the results of
the above-mentioned morphometric indices testify
to obesity in the experimental group's females.

In the case of instrumental and laboratory
studies, against the control group's reference values,
at animals of the experimental group there was a
hypertension (141/85+5) mm Hg, dyslipidemia (total
cholesterol level (5.37£0.33) mmol/L, TG (2.55%
0.24) mmol/L), elevated glucose (8.52+0.17) mmol/L.

Some studies have indicated that the most com-
mon combination of metabolic syndrome is the com-
bination of obesity, arterial hypertension, hypercho-
lesterolemia and insulin resistance [14, 15]. Taking
into account the morphometric, instrumental and
laboratory parameters of experimental group rats,
there are grounds to assert that the used model for
introduction into the metabolic syndrome is effec-
tive, and females are in a metabolic syndrome.

Conclusions. 1. Increase of body weight of fe-
male rats in the experimental group for 28.93 %,
against the background of statistically significant in-
crease of other morphometric indices in comparison
with similar values of rats of the control group (BMT
(0.74+0.02), Lee index (0.32+0.01) vs. (0.57+0.02) and
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(0.29+0.01) respectively), gives grounds to talk about
the presence of obesity in the experimental group.

2. Instrumental and laboratory indices have
shown that in the experimental group of female rats
arterial hypertension (141/85+5) mmHg, dyslipide-
mia: elevated total cholesterol (5.37+0.33) mmol/L
and TG (2.55£0.24) mmol/L; high glucose level
(8.52+0.17) mmol/L have been defined. The above in-
dicators are criteria indicating the presence of a meta-
bolic syndrome in animals under study.
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MOP®OMETPHWYHI, IHCTPYMEHTAJIbHI TA JIABOPATOPHI NOKA3HUKWU LLLYPIB-CAMULLb
13 EKCMEPUMEHTAJIbBHUM METABOJTIHHUM CUHOPOMOM

©0. A.purop’eBa, €. B. KopoTuyk

3anopizbKuli depxcasHuli MeduyHull yHiBepcumem

PE3KOME. MeTa — BUBYMTU AMHAMIKY 3MiH MOPPOMETPUYHMX, IHCTPYMEHTA/IbHUX Ta JTA6OPaTOPHNX MOKA3HWMKIB Y
CTaTeBO3Pi/INX CAMMLb LLYPIB i3 eKCNepuMeHTasIbHUM MeTabosliYyHMM CUMHAPOMOM.
Martepian i MeTopu. O6'ekToM AocCnigKeHHA cTanm 20 caMuub 6innx cTaTeBO3pinnx 1abopaTopHMX LLYpPiB BikoM 18—

20 Mmicauis, KoTpi 6ynv nogineHi Ha 2 rpynu. MNepLua — eKcrnepuMeHTasibHa rpyna: 13 camuub 3i 3Moe1boBaHNUM MeTaboniy-
HUM CMHAPOMOM; APYra — KOHTPOJIbHA rpyna: 7 iHTAaKTHMX LLYPiB, 3i CTAHAAPTHUM XapYyoOBMM Ta BOAHMM peXXnmoM. MNpwn
poboTi i3 TBapuHamMu 6yno 4OTPUMAHO HOpMaTUBIB KOHBeHLT 3 6ioeTnkun Pagn €sponun 1997 p., EBponencbkoi KOHBEHLT
NPO 3aXMCT XpebeTHMX TBapuH. Mpunaaau, LWo BMKOPMCTOBYBAINCA Nif YaC HAYKOBMX AOCAIAXKEHb, MiA1Araan MeTpooriy-
HOMY KOHTPOJIHO.

MogaentoBaHHS MeTabosliYHOro CMHApOMY BigbyBasnoch NpoTaArom 60 AHiB. Camuui nepebyBanu Ha cnewianbHin BUCO-
KOKaJI0pilHil Ai€Ti (3epHO 3 MaprapMHOM MOJIOYHUM 82 % XXMPHOCTI, KYKYpy/A3a Ta HaCiHHA COHALIHMKA). BoAHMI pexum
BK/to4YaB 20 % po34mH GpyKTO3M Ta 3BMYalHY Boay ad libitum, 3i 3MiHO Yepes AeHb. TakoXX NPOTAroM MepLUOro Ta YeT-
BEPTOro TMXHiIB eKCNepPUMEHTY CAaMULIAM LLLOJEHHO NiALWKiPHO BBOAW/IN PO34MH JeKCaMeTa30oHy B A03yBaHHi 0,1 Mr/kr.

Pe3ynbTaThU. 3 MOMEHTY NOYATKY EKCNEPUMEHTY Y CAMOK, KOTPi OTPMMYBasM CreLiasibHy BUCOKOKAIOPIMHY Oi€Ty,
BiZIMi4a/10Cb CTAaTUCTUYHO AOCTOBIpHE 36i/blUEHHA YCiX MOPHOMETPUYHNX Ta iIHCTPYMEHTANIbHMX NOKA3HWKIB, NOPiBHSA-
HO 3 aHaNOTYHMMMN MNOKA3HMKAMM LLYPiB KOHTPOJIbHOI rpynu. B eKcnepnMeHTasbHil rpyni 6ys10 KOHCTAaTOBaHO 36i/1b-
LLIeHHA MACK TiNa, MOPIBHAHO i3 NOYaTKOBO MACoto, Ha 28,93 %, cnocTepirasincb apTepiasibHa rineprensia (141/85+5 mm
pT. CT.), AUCAinigemis: nigBuLleHi piBHi 3aranbHoOro xonecrepuHy (5,37+0,33 mmonb/n) Ta TT (2,55+0,24 mmonb/n); nigsu-
LleHWI piBeHb rtoko3u (8,52+0,17 mMosb/n). HaganwkoBa Maca Tina, niaBuLLLEHNI apTepiasibH1IA TUCK Ta 3MiHK nabo-
PATOPHMX NMOKA3HMKIB Y €KCNEPMMEHTAIbHUX CaMULb MiATBEPAXKYBAIM HAABHICTb METAab0oIYHOrO CMHAPOMY.

BUCHOBKM. 3anponoHOBaHa MoAesib BBEAEHHA B €KCMEPUMEHTA/IbHNI MeTabosiYHMIA CUHAPOM, KOTPa BK/IHOYAE
LLlOZleHHe MiALlKipHe BBEAEHHS PO34nNHY AE€KCAMETA30Hy Y A03yBaHHi 0,1 Mr/Kr NpoTAromM NepLLoro Ta YeTBEPTOro THX-
HiB eKCMepuMeHTY, 3i crewjia/ibHOK BUCOKOKAJIOPiNHO AieToto Ta 20 % po3uymMHOM GpyKTO3M, € ePeKTUBHUM CnocobomM
BiATBOpPEHHA MeTaboNiYHOro CMHAPOMY Ha APiOHMX FPU3YHAX.

KJTFOYOBI CJIOBA: WWyp; OXXMPiHHSA; MeTaboniYHNI CMHAPOM; apTepiasibHa rinepTeHsia; gucainigemis.
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Ozn190u iimepamypu, OpU2iHaIbHi 00CAiOXCeHHS, No2/180 Ha npobsiemy, BUNAOOK 3 NPAKMUKU, KOPOMKI NOBIOOMJIEHHS
MOP®OMETPUYECKHUE, UHCTPYMEHTAJIbHbIE U JIABOPATOPHbIE MOKA3ATEJ1N
KPbIC-CAMOK NP 3KCNEPUMEHTAJIbHOM METABOJINYMECKOM CUHAOPOME

©E. A. 'puropbesa, E. B. KopoTuyk
3anopoxcckull 20cydapcmaeHHbIl MeOUYUHCKUU yHUsepcumem

PE3KOME. Lienb — M3y4ynTb ANHAMUKY N3MEHEHNI MOPPOMETPUYECKUX, MUHCTPYMEHTa/IbHbIX 1 1abopaTOpHbIX Mo-
KasaTesien y NosIoBO3pesibiX CAMOK KPbIC C 3KCMEPUMEHTAJIbHbIM MeTabo/IMYeCcKMM CUHAPOMOM.

MaTepuan n metopbl. O6bEKTOM MCC/Ief0BaHMA CTa/iM 20 camMoK HesibiX No0BO3pesibiX S1ab0PATOPHbIX KPbIC B
Bo3pacTe 18-20 MecALeB, KOTopble b6blM NofesneHbl Ha 2 rpynnbl. MepBas — 3KCNepMMeHTasibHadA rpynna: 13 caMok ¢
MOAEe/IMPOBaHHbIM MeTaboIMYeCckKMM CUHAPOMOM; BTOPAasA — KOHTPOJIbHAA IPynna: 7 MHTAKTHbIX KPbIC CO CTaHAAPTHbIM
NULLEBBLIM N BOAHbIM peXuMamu. Mpu paboTe ¢ XNBOTHbIMK Bbln cOb/t0eHbl HOPMATMBbI KOHBEHLMN Mo 61MO3TUKe
CoBeTa EBponbl 1997 1., EBpONencko KOHBEHLMM O 3aLMTE MO3BOHOYHbIX XXMBOTHbIX. [Ip160OpPbI, KOTOPbIE NCMO1b30Ba-
JINCb NP HAYYHbIX NCCeLOBIHUAX, MOAIEXKAIN METPOJIOrMYECKOMY KOHTPOJTHO.

MogenvpoBaHve MeTabosIM4eckoro CMHAPOMa Nponcxoamnsio B TedeHne 60 aHen. CaMku Nosyvyanu cneumasbHyto
BbICOKOKA/IOPUMHYIO AMeTY (3epHO C MaprapMHOM MOJI0MHbIM 82 % XXMPHOCTK, KYKYPY3a M CeMeYKM NOoACo/IHyXa). Boa-
HbI pexunm 6bin npeacTasneH 20 % pactBopoM ¢pyKTo3bl 1 06bI4HOM Bogoi ad libitum, co cmeHol yepes aeHb. Takxe
Ha MEepBY M YETBEPTYIO HEAE/IM 3KCMEePUMEHTA CAMKAM eXeAHEBHO MOAKOXHO BBOAM/IN PAaCcTBOP AEeKCAMETAa30Ha B
nose 0,1 Mr/kr.

Pe3ynbTaTtbl. C MOMEHTA HaYaNa KCNEPMMEHTA Y CAMOK, KOTOPbIe MOJIyYa N CNeunanbHY0 BbICOKOKAJIOPUIHYHO
ONeTY, 0TMEYasioCb CTAaTUCTMYECKN JOCTOBEPHOE YBEIMYEHME BCEX MOPDOMETPUYECKMX N MHCTPYMEHTAJIbHbIX MOKa3a-
TeJsien, MO CPAaBHEHMIO C aHAJIOTMYHbBIMM NOKA3aTeNSAMM KPbIC KOHTPOJIbHOW rpynnbl. Bbl/10 KOHCTaTMPOBAHO yBE/IMYEHNE
MacCbl Tesla B 3KCNEePMMEHTAIbHOW rpynne, Mo CPaBHEHMIO C HaYa/IbHOW MAcCoW, Ha 28,93 %, Habilodanncb apTepuralib-
HadA rmnepTeH3una (141/85+5 MM), AMCAMNNAEMNA: NOBbILLEHHbIN YpOBeHb 06LLlero xonectepuHa (5,37+0,33 MMonb/n) n
Tl (2,55£0,24 MMOJ1b/N); NOBbILLIEHHbIV YPOBEHb MNOKO3bI (8,52+0,17 MMob/n). TakuM o6pa3om, n3bbiToyHaa Macca
Tena, NOBbIWEHHOE apTeEPMA/IbHOE [AaBJIEHME U U3MEHEHMA /Ta6OPATOPHbIX NOKa3aTesien SKCNEPMMEHTA/IbHbIX CAMOK
NnoATBEPXAANN Hanyme MeTabosinyeckoro CMHAPOMaA.

BbiBoAbl. [pefsioxkeHa MoAe b Mo BBEAEHMIO B SKCNEPMMEHTa IbHbI MeTabonyecknii CMHAPOM, KOTopas npea-
yCMaTpMBaeT exeAHeBHOe MOAKOXHOe BBeJeHNe pacTBopa AeKcameTa3oHa B go3e 0,1 Mr/Kr B TeyeHne nepBon u yeT-
BEPTOW Hefesib SKCMEePUMEHTA, CO CreLmabHOM BbICOKOKANoOpUIHON aneton n 20 % pacTBOpoM ¢pyKTO3bl, ABASETCA
3¢ deKkTMBHbIM CNocob0M MoAENNPOBaHNA MeTab0/IMYeCcKoro CMHAPOMA Ha MENIKUX FPbi3yHax.

KJIKOYEBDBIE CJIOBA: KpbiCa; OXMpeEHNe; MeTabonMyeckmuin CMHAPOM; apTepPMasibHAsA TMMepTeH3usa; AUCNNKU-
aemus.

OTtpumaHo 11.08.2020
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