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METABOLIC DISTURBANCES IN HYPERTENSIVE SHR RATS
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The aim of research was to determine the parameters of carbohydrate and lipid metabolism biochemical indices in hyperten-
sive SHR rats. The research was carried out in 20 male Wistar rats and 47 SHR rats of 5-6 months old. The concentration of
glucose, insulin, leptin, lipids, triglycerides and cholesterol in the blood serum has been determined by biochemical methods.
The intraperitoneal glucose tolerance test has been carried out. The results of the research have shown that according to
the basal glycemia level in SHR rats 32% of animals have fasting normoglycemia, 38% - disturbed glucose tolerance, 30% -
fasting hyperglycemia. The glucose tolerance test in normoglycemic SHR rats resulted in hyperglycemia significantly ex-
ceeding the renal reabsorption threshold, and the indices of glycemia didn’t reach the normoglycemia range by the 90-th
minute of the test. Disturbance of glucose tolerance and fasting hyperglycemia in SHR rats was observed along with pro-
gressive increase of the animals’ body weight by 62-75%, and combined with increase of the leptin and insulin concentra-
tion, HOMA-IR index, as well as correlated with increase of the concentration of lipids, triglycerides and cholesterol in
blood. disturbances of the hormonal and cytokine balance were also revealed in these animals; they were characterized by
a high level of corticosteroids and pro-inflammatory cytokines (interleukin-6, tumor necrosis factor alpha) in blood. Such
disturbances of neuroendocrine, hormonal, cytokine, carbohydrate and lipid metabolism were observed in hypertensive
SHR rats definitely demonstrate the typical signs of metabolic disturbances by the diabetic pattern, and, in our opinion,
allow to consider hypertonic disease as a predictor of diabetes mellitus type 2 development.

ypertension and diabetes

mellitus are widespread di-
seases and their incidence among
the people of different countries
constantly rises [7]. The combina-
tion of these two diseases in a one
patient increases the pathogeni-
city of both of them [8]. For a long
time it has been considered that
hypertension and diabetes melli-
tus are not interrelated. However,
broad-scale epidemiologic research
at the beginning of the 21-st cen-
tury [6, 7] have shown that dia-
betes mellitus type 2 is frequently
accompanied with arterial hyper-
tension, and hypertension itself
may play the role of a risk factor
for diabetes mellitus type 2 deve-
lopment. Experimental verification
of hypothesis that arterial hyper-
tension is a predictor of diabetes
mellitus development can be car-
ried out in SHR rats (spontaneous-
ly hypertensive rats, Okamoto-Aoki
strain). By the main manifestations
this model of hypertension coin-
cides with the human pathology,
but it differs from its clinical pro-
totype with the following signs:
itis inherited with 100% frequen-
cy and the increase of systolic

arterial blood pressure more than
140 mmHg appears from the 3-rd
month of the animals’ life and lasts
for a long period of time [4].

The aim of research was to de-
termine the parameters of bioche-
mical indices of carbohydrate and
lipid metabolism in hypertensive
SHR rats.

Materials and Methods

The research was carried out
in 20 male Wistar rats and 47 SHR
rats of 5-6 months old. Systolic ar-
terial pressure (SAP) was measu-
red on the tail artery by a tonome-
ter with a modified cuff. Insulin
and leptin in the blood plasma were
detected by the enzyme immuno-
assay with the help of test systems
manufactured by DRG (USA), the
concentration of glucose was de-
termined by the glucose oxidase
method. The glucose tolerance test
was carried out with a single in-
traperitoneal injection of glucose
in the dose of 2 g per 1 kg of the
animal’s weight. The concentra-
tion of lipids, triglycerides and
cholesterol was determined with
the test systems manufactured by
Lachema (Czech Republic) on a
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Libra S32PC spectrophotometer
(Biochrome, Great Britain). The
data obtained were analyzed with
the help of the statistical program-
mes package. Student’s t-test was
used for estimation of reliability
of differences in the groups.

Results and Discussion

The results of the fasting glu-
cose tests after 16-hours food de-
privation allowed us to divide the
experimental group of SHR rats
into three approximately equal
groups: animals with normogly-
cemia (n=15, 32%), animals with
disturbed glucose tolerance (n=18,
38%) and animals with hypergly-
cemia (n=14, 30%). In normogly-
cemic SHR rats the body weight
did not different from those of Wi-
star rats, but indexes of SAP were
48% higher (155.7+0.9 mmHg)
than in normotensive Wistar rats
(105.0£1.1 mmHg). At the same
time the glucose and insulin con-
centrations in blood in normogly-
cemic SHR rats were higher than in
normotensive Wistar rats - 10.9%
and 27.7%, respectively; and this
resulted in increase of the insu-
lin resistance HOMA-IR index to
the upper limit of the normal va-
lue (Table). The results of gluco-
se tolerance tests in SHR rats were
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Hormonal and metabolic indexes in Wistar and SHR rats (M+m) (n = 67)

Table

SHR rats
Index Wistarrats | \yith normoglycemia, | with disturbed glucose | with hyperglycemia,
n=15 tolerance, n=18 n=14
Weight, g 232.2+6.7 236.2+3.9 377.0+5.1 * 405.7+4.8 *12
Glucose, mmol/L 3.94+0.09 473+0.10 * 6.03+0.1 *! 7.38+0.20 *12
Insulin, plU/ml 8.61+£0.41 10.99+0.37 * 15.31+0.64 *' 25.97+0.47 *'2
Leptin, ng/ml 3.49+0.12 3.67+0.45 4.32+0.53 6.95+0.62 *'2
HOMA-IR 1.44+0.08 2.74+£0.15* 4.10%0.14 * 8.52+0.26 *'2
Total lipids, g/L 3.42+0.06 5.20£0.15* 5.84+0.17 ¥ 7.07+0.15 *12
Total cholesterol, mmol/L | 4.88+0.169 6.91+0.20 * 8.32+0.17 *! 9.14+0.25 *'2
Triglycerides, mmol/L 1.29+0.04 1.96+0.05 * 2.43+0.06 *! 2.82+0.04 *'2

Note: the reliable differences (p<0.05) compared to Wistar rats (*), normoglycemic SHR rats(') and SHR rats with disturbed glucose

tolerance (3.
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Fig. The glucose folerance test in rats with fasting euglycemia (the mean
value + confidence interval) (n = 35)

considerably different in compa-
rison with normotensive Wistar
rats: the glycemia peak was ob-
served later (by the 30-th minu-
te) and it significantly exceeded
the renal reabsorption threshold;
on the 90-th minute of the test,
glycemia indices did not reach the
normoglycemic range (Figure).
Therefore, euglycemic indices of
fasting glucose tests in SHR rats
are not considered to be a sign
of the carbohydrate metabolism
physiological state. In addition,
normoglycemic SHR rats demon-

strated higher concentrations of
lipids, triglycerides and choleste-
rol; and it to a certain extent re-
flects the presence of metabolic
disturbances demonstrated in our
previous publications [3, 5, 9].
Disturbances of glucose tole-
rance and fasting hyperglycemia
in SHR rats were combined with
increase of the leptin and insulin
concentration, as well as HOMA-
IR index. These facts suggested
about development of the prima-
ry insulin resistance in hyperten-
sive rats. Earlier we revealed the

disturbances of the hormonal and
cytokine balance in these animals;
they were characterized by a high
level of corticosteroids and pro-
inflammatory cytokines (interleu-
kin-6, tumor necrosis factor alpha)
in blood [1]. Misregulating distur-
bances of neuroendocrine regu-
lation of hypothalamic feeding cen-
tres in SHR rats [2] developed along
with progressive increase of the
animals’ body weight by 62-75%;
and it correlated with increase of
the concentration of lipids, trigly-
cerides and cholesterol in blood.
Such disturbances of neuroendo-
crine, hormonal and cytokine, car-
bohydrate and lipid metabolism
revealed in hypertensive SHR rats
definitely demonstrate the typi-
cal signs of metabolic disturban-
ces by the diabetic pattern, and,
in our opinion, allow to consider
hypertonic disease as a predictor
of diabetes mellitus type 2 develop-
ment.

CONCLUSIONS

1. The signs of insulin resistan-
ce are observed in hypertensive
SHR rats both in normoglycemia
and hyperglycemia.

2. Hypertensive SHR rats are
characterized by disturbances of
carbohydrate and lipid metabo-
lism that are typical to diabetes
mellitus type 2.
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METABOJIIYHI IOPYIUEHHA Y TNEPTEH3UBHHUX LIYPIB JIIHIf SHR
0.B.Ianuesa, I0.M.Kosaecnuk, T.B.A6pamosea, H.I0.CamoliieHnko, A.B.A6pamos
3anopizvkuii depicasHuii MeduuHulil yHigepcumem

Karouosi cnosa: apmepianvHa 2inepmensisi; 8ye/1e800HUT 00MiH; AiniOHULI 06MiH

Memoto docaidsceHHs 6Y/10 BUZHAYEHHsI hapamempig 610XiMIYHUX NOKA3HUKI8 8y21e800H020 ma AinidHo2o 2oMmeocmasy
y einepmeH3susHux wypie ainii SHR. [locaidxcenns nposedero Ha 20 camysix wypie ainii Wistar ma 47 wypax ainii SHR
gikom 5-6 mic. BioXiMiYHUMU Memodamu 8U3HAYaAU KOHYeHmpayilo y cuposamyi kposi 2/10K03u, IHCYAIHY, 1enmuHy,
/ainidis, mpuaaiyepudie i xonecmepury. [Ipogoduiu 8HympiuHb004epeguHHO mecm mo/epaHmHocmi 0o 2A0Ko3uU. 3a
pieHeM 6azanbHOi enikemii ceped wypie Ainii SHR 32% cmaHosa51mb meapuHu 3 HopMozaaikemiero, 38% — 3 nopyuieHow
mosepanmuicmio do aarko3u i 30% - 3 einepaaikemieio. [IposedeHHs mecmy moiepaHmHocmi 00 2/110K03U y HOPMO21i-
KemiuHux wjypie ainii SHR npusgodusio do zinepanikemii, o 3Ha4Ho nepesuuyy8a.ia nopie HUpK08oi peabcopbyii 2a10ko3u,
npuvomy Ha 90-U xeuauHi mecmy noKasHuKu aaikemii He docsizanu HOpMozaiKeMiuHo20 dianazoHy. [lopyuieHHsT mo-
sepaHmHocmi do 21w0ko3uU I popmysaHHs 2inepaaikemii Hamuwe y wypie ainii SHR gid6ysasocsi Ha mai npozpecyoyvo2o
36i1bWeEHHS MACU Miaa meapuH Ha 62-75%, noedHy8a.10cs 3 nidsuweHHAM KOHYeHmpayii iHcyaiHy, ienmuHy ma iHdekcy
iHcyaiHopesucmenmuocmi HOMA, a makodic kopea08asio 3 nidsuujeHHAM KoHYyeHmpayii 8 kposi sinidie, mpuaaiyepudie
i Xxonecmepuny. Ha yux meapuHax makoxc 6y/10 npo0eMoHCMpo8aHo JUc6aaaHc 20pMOHIE ma YUMOKIHIe, AKi xapak-
mepusysaucsl BUCOKUM pIBHEM 8Micmy KOpmuKocmepoidie ma npomu3anaabHUx Yumokinie kpogi. Take nopyweHHs
HelipoeHAOKPUHHO20, 2yMOPA1bHO20, YUMOKIHHO020, 8y2/1e800H020 ma AinidH020 Memab6o.1i3My cnocmepizanocsy einep-
meH3usHux wypie niHii SHR, ki xapakmepHi dasa diabemy 2-20 muny.

METABO/IMYECKHUE HAPYIIEHUA Y THIIEPTEH3UBHBIX KPbIC IMUHUH SHR
0.B.I'aHuesa, I0.M.KonecHuk, T.B.A6pamosa, H.I0.Camoiiienko, A.B.A6pamos
3anoposcckuii 2ocydapcmeeHHblii MedUyuHCKUll yHUgepcumem

Karouesvle cnosa: apmepuanvHas 2unepmeHsust; yeae800Hbll 06MeH; AUNUOHbLI 06MeH

Leavto uccaedosarus 6bl/10 onpedesieHue napamempos 6UOXUMUYECKUX NOKa3ameell y2/1e800H020 U AUNUOHO020 20Meocma-
3ay eunepmeH3u8HbIX Kpblc AuHuUU SHR. Hccaedosanue nposedero Ha 20 camyax kpwic aunuu Wistar u 47 kpvicax AuHuU
SHR sospacmom 5-6 mec. Buoxumuueckumu memodamu onpedensnu KOHYeHmpayuio 8 Cbl80OPoOMmMKe Kposu 2/110K03bl, UH-
CyAUHa, 1enmuHa, AUunudos, mpuaauyepudos u xonecmepuHa. [Ipogoduau 6HympubprowuHHbII mecm moepaHmHocmu
K antoko3e. 1o yposHio 6a3anbHoll enukemuu cpedu kpwic auHuu SHR 32% cocmasasiiom jxcugomHble ¢ Hopmozaukemuel,
38% - ¢ HapyweHHOl mosepaHmHocmylo K 2atokose u 30% - ¢ ezunepaaukemuetl. [IposedeHue mecma mosiepaHmHocmu
K 2/110K03€e y HopMoaauKemuveckux kpoic aAuHuu SHR npusodusio k 2unepaaukemuu, 3Ha4ume1bHo npesbluiaroujeli nopoz
noueyHoll peabcopbyuu 2a10Kko03bl, npuveM k 90-i MuHyme mecma nokasameau eAukeMuu He docmuzaau HOpMozauKe-
Muyeckozo duanas3oHa. Hapywerue moaepanmHocmu k 2110ko03e U (popMuposaHue 2unepaaukemMu HAMowax y Kpbic
auHuu SHR npoucxoduso Ha poHe npozpeccupyroujezo yseaudeHust Maccbl mead #}u8omHbulx Ha 62-75%, covemasocs ¢
nosvlueHueM KOHYyeHmpayuu UHCyAUuHa, 1enmuHa U uHdekca uHcyauHopeucmenmuocmu HOMA, a makaice koppenu-
p08aJI0 C No8blUWEHUEeM KOHYeHMpayuu 8 Kposu Aunudos, mpuaauyepudos u xoecmepuHa. Ha amux #usomHubix makice
6bL1 npodeMoHCMpPUpo8aH ducba1aHc 20pMOHO8 U YUIMOKUHO8, KOMOopble Xapakmepu308auUch 8bICOKUM YPOBHEM CO-
depacanusi Kopmukocmepoudos U npoeocnaaumebHbIX YumokuHos Kposu. Takoe HapyuleHue HelipoaHJOKPUHHO20, 2y MO-
Pa/bHO20, YUMOKUHHO20, Y2/1€800H020 U AUNUJHO20 MemaboausmMa Hab61100a10Cch y 2unepmeH3usHbslx kpuic auHuu SHR,
Komopble xapakmepHbl 04151 duabema 2-20 muna.



