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Metabolic syndrome (MetS) is defined as
a cluster of interrelated metabolic and cardio-
vascular risk factors such as impaired glucose
homeostasis, atherogenic dyslipidemia, arte-
rial hypertension, abdominal obesity and other.
MetS was found to be associated with a 5-fold
increase in the risk of type 2 diabetes mellitus
(T2DM) and with a 2-fold raise of risk of car-
diovascular disease (CVD), stroke, myocardial
infarction and mortality [1]. Clinical studies
have reported that each component of MetS is
supposed as independent cardiometabolic risk
factor and coexistence of these factors dramati-
cally increases the rate of cardiovascular com-
plications.

Recently, it was established that the degree
of cardiometabolic risk is influence by gender
and sex hormones level throughout lifespan.
Both male and female sex hormones, as well as
the sex chromosomes, regulate the development
of obesity and affect insulin homeostasis and

blood pressure. Menopause is connected with
development of central obesity, dyslipidemia
and hypertension, which can lead to CVD risk
escalation [2].

Estrogen deficiency, which occurs in women
after menopause, is considered as an additional
factor of significant increase in risk for T2DM
and CVD [1].

A number of studies have shown that differ-
ences in cardiovascular risk factors between in-
dividuals with T2DM and normal glucose me-
tabolism are more pronounced in women than
in men. Thus, mortality due to coronary heart
disease in women with diabetes increases by
2.2-3.8 times, while in men, an increase 1s no-
ted by 1.9-2.8 times compared to persons with-
out diabetes [3]. The causes of women’s higher
risk of diabetic CVD are not fully clarified but
may be associated with greater metabolic risk
deterioration during pre-diabetes in women
than men [3].
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The significant differences in manifestation
of some components of metabolic syndrome pos-
sibly exist due to dissimilar pathophysiologi-
cal processes in women and men and accurate
reasons of higher cardiovascular risk in women
need future investigations.

The aim of the study was to determine the
differences in impairment of glucose, lipid me-
tabolism and cardiovascular systems function
between male and female rats with different
levels of estrogen sufficiency.

MATERIALS AND METHODS

All used chemicals were of analytical re-
agent grade quality.

The present study was approved by the
bioethics committee of the «V. Danilevsky In-
stitute for Endocrine Pathology Problems of
the National Academy of Medical Sciences of
Ukraine» (Kharkiv, Ukraine) and performed in
accordance with the European Convention for
the Protection of Vertebrate Animals Used for
Experimental and Other Scientific Purposes
(Strasbourg, 1986).

The experiment was performed on 12 male
and 18 female Wistar rats (12-week-old,
160-190 g body weight (b.w.)), which were
housed in Plexiglas cages (3 animals per cage)
at a temperature of (22 + 1) °C in a constant
12-hour light/dark cycle. Estrogen deficien-
cy was reproduced by bilateral ovariectomy
in female rats under light ether anaesthesia.
Females with intact ovaries were sham-opera-
ted. MetS induction was started two weeks af-
ter surgery. MetS was modelled in male and
female rats with different levels of estrogen by
chronic (for eight weeks) intake of fructose with
drinking water at a concentration of 200 g/L
(HFD) [4]. Control intact rats were fed a stan-
dard diet during 8 weeks. The animals had
free access to water. Experimental rats were
divided into five groups: control male (n = 6),
control female (n = 6), male with HFD (n = 6),
female with intact ovaries and HFD (n = 6),
ovarictomized (OVX) female with HFD (n = 6).

In 16 weeks, glucose homeostasis was as-
sessed by basal glycemia, glycemia during the
intra-abdominal glucose tolerance test (IGT)

(8 g/kg b.w.) and fructosamine level in blood
serum [5]. Insulin sensitivity was determined
using the intra-abdominal insulin tolerance
test (ITT) (insulin 0.5 U/kg b.w., glucose 2 g/kg
in 10 min after insulin administration) [6].
Tail blood glucose levels were measured using
a glucose analyzer Eksan-G (Analita, Republic
of Lithuania). Areas under glycemic curves
(AUC) were calculated using the Mathlab
computer program. The animals were sac-
rificed according to the protocol of the ethics
committee. Body weight gain and visceral fat,
calculated as the sum of epigonadal, epinephric
and mesenteric fat, were determined. The level
of total cholesterol (TC) and triglycerides (TG)
in blood serum was determined using a spec-
trophotometer Shimadzy [7, 8]. The levels of
estradiol and testosterone in blood serum were
determined by the enzyme immunoassay me-
thod on the Stat Fax. In females, the level of
hormones was measured in the diestrus stage.
Electrocardiograms (ECG) were obtained in
three standard leads from the limbs using a
veterinary Heart Screen 60G-VET cardiograph
with a tape speed of 50 mm/s and a standard
gain of 1 mV — 20 mm. Data are presented as
mean + standard error of mean (SEM). The
Shapiro-Wilk test was used to test normality
of data distribution. For multiple comparisons
of data with a normal distribution, a paramet-
ric one-way analysis of variance (ANOVA) was
performed and the Student-Newman-Keuls
method was used to test differences in means.
Values were considered statistically significant
at p <0.05.

RESULTS AND THEIR DISCUSSION

To study the impact of sex on development
of metabolic syndrome and cardiovascular
complications we used a model of pre-diabetes
induced by chronic consumption of high level
of fructose in rats. The results of same pre-
clinical studies have shown that chronic intake

of fructose leads to the development of some
component of MetS: insulin resistance, T2DM,
ectopic fat deposition, hypertriglyceridemia and
elevated blood pressure in rodents [9].

It was established that the fasting glucose
in blood of experimental animals with HFD
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Table 1
Indexes of glucose homeostasis in male and female rats, (X+ S, n=6
Control HFD
Index : ] 1 : females
males emales males -
sham OVX
operated
Basal glucose level, | g9, 98 4.30 +0.12 4.62+0.35 4.39+0.34 4.33+0.12
mmol/L
AUC during IGT, | 500 14 974 | 56052317 | 1043.7+82.5% | 592.6 % 30.3* | 802.3 + 20.1°%
mmol/L *min
AUC during ITT, | 979 g4 549 | 373.6+954 | 547.1+18.8" | 427.5+30.5% | 536.1 +31.3"
mmol/L *min
Fructosamine 1.26+0.12 1.64+0.20 | 2.34+019% | 1.87+0.17% | 2.34+0.21*
level, mmol/L
Note:
Data are shown as mean + standard error of the mean (SEM).
“ p <0.05 vs «Control rats of the corresponding sex»,
# p <0.05 vs «HFD rats of the opposite sex»,
* p <0.05 vs «<HFD sham-operated female rats».
Table 2
Body weight gain and relative mass of fat in male and female rats,
X+Sy),n=6
Control HFD
Index : . : : females
maies emaies mailes -
sham OVX
operated
Body We(}/fht S8 | 19944205 | 13.67+1.25 | 21.19+1.64" | 14.79+0.78" | 28.96 + 2.00"*
Relative mass of | g5, g 04¢ | 298+019* | 1.66+0.15% | 2.69+0.18% | 3.92+0.25%
hypogonadal fat, %
Relative mass of | 5, 0 06¢ | 0.96+006¢ | 1.35+0.18% | 1.07+0.20 | 2.81+0.24%
epinephrine fat, %
Relative mass of |, 5, (o6# | 083:008 | 094£012% | 0.88£0.20 | 1.54%0.13%
mesenteric fat, %
Relative mass of
total visceral fat, 1.68 £ 0.13% 4.07 £ 0.29% 3.95+£0.31"% 4.65+0.34 8.27 £ 0.46™#*
%

Note:

Data are shown as mean + standard error of the mean (SEM).

*

# p<0.05vs «<HFD rats of the opposite sex»,
* p<0.05vs «HFD sham-operated female rats».

p < 0.05 vs «Control rats of the corresponding sex»,

does not differ from the levels of intact con-
trols. At the same time, significant increase in
fructosamine level, deterioration of glucose to-
lerance and development of insulin resistance
were found in OVX female and male rats, fed
HFD, compared to control animals of both se-
xes. It should be noted that neither fructosa-
mine level nor glucose homeostasis and insu-

lin sensitivity were modified by HFD in female
rats with intact ovaries in comparison with
control animals (Table 1).

OVX females had a less pronounced impair-
ment of glucose tolerance in comparison with
males with HFD, which may be the result of
either compensatory increased insulin secre-
tion or greater sensitivity to insulin in the liver
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Table 3
Indexes of lipid profile in male and female rats, (X+ S, n=26
Control HFD
Index
males females males OVX females
TG level, mmol/L 0,69 + 0,05 0,85+ 0,05 1,32 £0,07% 1,93 £ 0,09
TC level, mmol/L 1,67+ 0,09 2,02 £ 0,24 1,93 £ 0,07% 3,87+ 0,27%

Note:

Data are shown as mean + standard error of the mean (SEM).

*

# p<0.05vs «<HFD rats of the opposite sex».

and muscles [10]. The causes of these differen-
ces in dysglycemia are fully unknown, but pos-
sibly involve the effect of gonadal hormones and
sexual hormone-binding globulin levels.

Compared with control animals, both male
and OVX female, fed HFD, had greater in-
tensity of body weight gain and significantly
higher levels of relative mass of hypogonadal,
epinephrine, mesenteric and total visceral fat,
but these indexes were more pronounced in
female with estrogen deficiency than in male.
Sham-operated HFD-treated female with intact
ovaries have not shown the sings of obesity
(Table 2).

Sex differences 1n adipose tissue distribu-
tion are determined by accumulation of fat
mass in the gluteus—femoral area in women,
while men predominately store fat in visceral
region, which is associated with metabolic dis-
order and higher risks of T2DM and CVD in
the male population. However, the transition
from normoglycaemia state to T2DM is char-
acterized by accumulation more visceral fat in
women and increases the risk of female isch-
emic heart disease. Increased visceral fat de-
position showed larger cardiometabolic risk in
women, independent of glucose and lipid abnor-
malities, compared with men [11].

In addition, in menopause period the viscer-
al depot as a result of reduced protective effect
of estrogens, leads to development endothelial
dysfunction, proinflammatory state and stiff-
ness of arteries, which resulted in a higher risk
of cardiovascular diseases in woman [11].

It was established that HFD does not cause
the development of glucose intolerance, insu-
lin resistance and obesity in female rats with
intact ovaries, what is confirmed by many pre-
clinical researches, and these animals were ex-
cluded from experiment [12, 13].

p < 0.05 vs «Control rats of the corresponding sex»,

It is known that accumulation of abdominal
fat mass, especially visceral fat, contributes to
more pronounced deterioration of the lipid pro-
file in women with impaired glucose tolerance.
Data of recent epidemiological researches in-
dicate that high TC and low-density lipopro-
tein levels are the most important cardiovas-
cular risk factors in males, while in women,
increased levels of TG and lipoprotein(a) are
considered as the most significant cardiometa-
bolic factors [14].

It was established that HFD causes the
dyslipidemia development, which is manifested
in a rise of TG level in the blood serum of both
sexes’ rats (Table 3). Moreover, compared with
male, OVX female had shown more pronounced
alterations of lipid metabolism with increased
TC and significantly higher levels of TG, pos-
sibly, due to the dramatic decline of estrogen
concentrations.

It is well-known that women show less athe-
rogenic lipid profile compared with men as a re-
sult of the specific action of female hormones,
but estrogen deficiency can modify metabolism
unfavourably to proatherogenic and procoagu-
latory states [15].

It is common knowledge that androgen de-
ficiency and low total testosterone are linked
with increased risk of MetS in men, especially
with obesity [16].

We found that the decline testosterone le-
vels are accompanied by a slight increase in
estradiol levels, resulting in a modification of
estradiol/testosterone ratio in male with HFD
(Table 4). It has been suggested that the change
of circulating levels of estradiol occur from the
conversion of testosterone into estradiol by aro-
matase mainly in the adipose tissue, leading
to the vicious cycle between hypogonadism and
obesity [16].
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Table 4
Indexes of hormones in male and female rats, (X+S;), n =6
Control HFD
Index
males females males OVX females
Testosterone level, 8,23 + 0,54° 2,82+ 0,25° 6,33+ 0,35 3,62 = 0,29
ng/mL
Estradiol level, 19,1+ 1,42° 149,1 + 7,92" 24,44 + 1,85 18,9 + 1,27
pg/mL
Note:
Data are shown as mean + standard error of the mean (SEM).
“ p <0.05 vs «Control rats of the corresponding sex»,
# p<0.05vs « HFD rats of the opposite sex».
Table 5
Duration and amplitude of; the P-wave in male and female rats,
(X+S),n=6
Control HFD
Index
males females males OVX females
Duration, sec 0,035 £ 0,002 0,036 + 0,002 0,028 + 0,002 0,020 + 0,002
Ampllltlzgcei’ v 0,042 = 0,004 0,042 = 0,004 0,038 + 0,004 0,060 + 0,004™
II lead 0,058 + 0,005 0,066 + 0,004 0,065 + 0,005 0,067 £ 0,003
III lead 0,050 £ 0,004 0,053 £ 0,005 0,048 £ 0,006 0,048 +£ 0,006

Note:

Data are shown as mean =+ standard error of the mean (SEM).

*

# p<0.05vs «<HFD rats of the opposite sex».

OVX females with HFD have demonstrated
a moderate significant increase in testostero-
ne levels and dramatically decrease estradiol
concentration as result of bilateral ovariecto-
my (Table 4). It is acknowledged, that andro-
gen production in women decreases in ovarian
at the menopausal stage due to the depletion
of oocytes and ovarian follicles. At the same
time, adipose tissue is considered as important
source of estradiol production in postmenopaus-
al women, that can explain the minor level of
estradiol in serum of OVX female rats.

A direct relationship between same compo-
nent of MetS and mortality due to CHD de-
pending on gender has not been fully confirmed.
However, it is known that obesity and dyslipid-
emia play an important role in the development
of cardiac muscle fibrosis, induce destructive
non-oxidative pathways and lead to the mito-
chondrial dysfunction in cardiomyocytes [17].

The functional state of the cardiovascular
system of experimental rats was assessed us-
ing electrocardiography. HFD has been found

p < 0.05 vs «Control rats of the corresponding sex»,

to cause acceleration of atrial depolarization
in experimental animals of both sexes, as evi-
denced by a reduction in P-wave duration in
the second lead from the limbs in comparison
with intact animals. It should be noted that
the depolarization processes’ disturbances were
more pronounced in OVX females than in ma-
les. In addition, a significant increase in the
amplitude of the P-wave was observed only in
OVX females with HFD, which may indicate
a substantial activation of the sympathetic ner-
vous system or hypertrophy of the right atrium
(Table 5) [18].

Neither HFD nor sex affect the amplitude
and duration of the R and S waves in experi-
mental rats (p > 0.05).

It was established that HFD, independently
on sex, causes sinus tachycardia in experimen-
tal animals in comparison with their control
counterparts (Table 6). It is known that cardiac
arrhythmias lead to an increase in mortality
in both sexes, but age-adjusted mortality for
women 1is higher in comparison with men [19].
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Table 6
The heart rate, systolic and diastole indexes in male and female rats,
X+Sg),n=6
Control HFD
Index
males females males OVX females
Heart rate, Hz 78,2 £ 27 82,7+ 3,5 86,5+ 4,7 98,0+ 9,0
Interval P-Q, sec 0,048 = 0,002 0,047 £ 0,003 0,045 + 0,002 0,045 + 0,002
Interval QRS, sec 0,033 £ 0,001 0,028 £ 0,003 0,031 £ 0,004 0,032 £ 0,001
Interval Q-T, sec 0,065 + 0,006* 0,075 + 0,003* 0,063 + 0,006 0,063 + 0,004"
Interval T-P, sec 0,025 + 0,002 0,021 £ 0,002 0,020 + 0,001%# 0,013 £ 0,001
Q-T/T-P ratio 2,68+ 0,23 3,10 + 0,29 3,12 + 0,26" 5,27 + 0,71"%
Note:
Data are shown as mean =+ standard error of the mean (SEM).
“ p <0.05vs «Control rats of the corresponding sex»,
# p<0.05vs «<HFD rats of the opposite sex».
Table 7
Amplitude and duration of the T wave in male and female rats,
(X+S), n=6
Control HFD
Index
males females males OVX females
Duration, sec 0,035 £ 0,003 0,041 £ 0,005 0,039 + 0,003* 0,022 + 0,003
Ampllltlzgg’ mv, 0,105 + 0,005 0,108 + 0,005 0,108 = 0,006 0,091 + 0,003
II lead 0,105 £ 0,006 0,120 + 0,007 0,113 £ 0,008* 0,153 £ 0,010™
IIT lead 0,077 £ 0,008 0,077 £ 0,005 0,095 + 0,008" 0,092 + 0,008"

Note:

Data are shown as mean + standard error of the mean (SEM).

*

# p<0.05vs «<HFD rats of the opposite sex».

Both HFD and sex did not disturb the atri-
al contraction and ventricular systole, as evi-
denced by the unchanged P—Q and QRS inter-
val, respectively (Table 6).

It is known that and Q-T interval varies
by age sex [20]. Compared with intact males,
control females have shown significantly longer
Q-T interval, which confirmed gender differ-
ences in total electrical activity in the heart
ventricles due to the influence of sex hormones.
At the same time, HFD led to a significant
shortening of the Q-T interval in OVX females,
which did not differ from the one in males.
Thus, only female have shown the disturbance
of the ventricle’s depolarization and repolariza-
tion processes, possible, due to impact insulin
resistance and estrogen deficiency (Table 6).

In contrast to males, OVX females with HFD
have exhibited the sights of diastolic dysfunc-

p < 0.05 vs «Control rats of the corresponding sex»,

tion, which was evidenced by the T—P interval
shortening and an increase the ratio of ventric-
ular systole to their diastole duration (Q-T/T-P
index) compare to control rats (Table 6).

At the same time, ovariectomized HFD-
treated female rats were shown a decline of
the duration and increase in the amplitude
of the T wave in the second and third leads
from the limbs in comparison with control rats
(Table 7). The obtained results are confirmed
by the shortening of the Q-T interval and in-
dicate a slowdown of ventricular repolarization
processes due to possible damage in the myo-
cardium as a result of insulin resistance and
obesity development.

It is known that subclinical changes in the
heart function occur long before the manifesta-
tion of T2DM and are mainly associated with
insulin resistance. Moreover, MetS criteria
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have a great impact on a progressive deteriora-
tion of diastolic parameters [21]. In addition,
prediabetes has a greater negative impact on
left ventricular relaxation parameters in post-
menopausal women compared to men and pre-
menopausal women, which indicates the impor-
tant role of sex hormones in the development
of diastolic dysfunction in insulin resistance
state [22].

Compare to OVX female, HFD-treated male
had no changes in the duration of the T wave,
but one’s amplitude was a significantly de-

crease in the third lead from the limbs. The
obtained results indicate a greater tendency of
women to develop heart diastolic dysfunction in
contrast to men (Table 7).

Thus, components of MetS — insulin resis-
tance, dyslipidemia and obesity — are the main
risk factors for the development of diastolic dys-
function in women and men. Estrogen deficien-
¢y is an independent factor in the development
of diastolic function disorders and additionally
increases cardiometabolic risk in women.

CONCLUSIONS

We revealed that sex and estrogen levels
have a great impact on the impairment of glu-
cose and lipid metabolism and cardiovascular
systems function, induced by HFD in rats.

Compared with male, HFD-treated ovariec-
tomized female had greater body weight gain,
significantly higher levels of relative mass of
hypogonadal, epinephrine, mesenteric and to-
tal visceral fat, more pronounced deterioration

of lipid profile and have shown signs of dia-
stolic dysfunction.

However, males with HFD have exhibited
the more pronounced impairment of glucose tole-
rance in contrast to ovariectomized female rats.

The obtained data justifies the necessity to
take into account sex and estrogen sufficiency
in the development of gender-specific preven-
tion and treatment of metabolic syndrome.
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Introduction. Metabolic syndrome (MetS) is a cluster of cardiometabolic risk factors, which manifestation
may be different for men and women. Changes in sex hormone levels in men and women during lifespan contri-
bute to increased cardiometabolic risk. Data of clinical researches suggest that transition from normal glucose
tolerance to dysglycemia lead to more adverse differences in cardiometabolic risk factors in women than in men,
suggesting an important impact of sex on the development of metabolic abnormalities. A significant increase in
risk may be due to the sex differences in manifestation of some components of metabolic syndrome, but accurate
reasons of these discrepancies need future investigations.

The aim of this study was to determine the differences in impairment of glucose, lipid metabolism and car-
diovascular systems function between male and female rats with different levels of estrogen sufficiency.

Materials and Methods. MetS was modelled in male and female rats with different levels of estrogens
by chronic (for 8 weeks) intake of fructose (high-fructose diet — HFD) with drinking water at a concentration
200 g/L. Estrogens deficiency was reproduced by bilateral ovariectomy. Experimental rats were divided into
five groups: control males (n = 6), control females (n = 6), males with HFD (n = 6), sham-operated females with
intact ovaries and HFD (n = 6), ovariectomized (OVX) females with HFD (n = 6). Glucose homeostasis was as-
sessed by basal glycemia, glycemia during the intra-abdominal glucose tolerance test and fructosamine level.
Insulin sensitivity was determined using intra-abdominal insulin tolerance test. Body weight gain, visceral
fats, level of total cholesterol, triglycerides, levels of estradiol and testosterone in blood serum were determined.
At the end of the study, electrocardiograms were recorded in three standard leads from the limbs. Data are pre-
sented as mean + standard error of mean (SEM).

Results. It was established that HFD have not been induced metabolic abnormalities in female rats with
intact ovaries. HFD, independently of sex, led to the development of insulin resistance and significant increase
in fructosamine level in blood serum of rats. Ovariectomized females with HFD had greater intensity of body
weight gain, significantly higher levels of relative mass of fats, more pronounced alterations of lipid metabolism
with increased total cholesterol and significantly higher levels of triglycerides, than HFD-treated male rats.
However, impairment of glucose tolerance, induced by HFD, was more pronounced in male than in OVX female
rats. We found the decline testosterone levels and slight increase in estradiol levels in male rats with HFD. OVX
females with HFD had a moderate significant increase in testosterone levels and dramatically decrease estra-
diol concentration as result of bilateral ovariectomy. HFD, independently from sex, induced the development of
sinus tachycardia in experimental animals. Metabolic abnormalities, induced by HFD, in OVX female rats led
to more pronounced disturbances of heart depolarization and repolarization processes and development of dia-
stolic dysfunction compare to HFD-treated males.

Conclusions. We revealed that sex and estrogens levels have a great impact on the impairment of glucose
and lipid metabolism and cardiovascular systems function, induced by high-fructose diet in rats. The obtained
data justifies the necessity to take into account sex and estrogens sufficiency in the development of gender-
specific prevention and treatment of metabolic syndrome.

Keywords: functional state of cardiovascular system, glucose homeostasis, lipid profile, sex differences,
rats.
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Beryn. Bigomo, 1110 MmeTaboiuHMA CHEAPOM € KJIacTepoM (PAKTOPIB KapaioMeTaboJIIuHOT0 PU3UKY, IPO-
SABU IKMX MOKYTH BIAPI3HATHUCA IJIA YOJIOBIKIB TA 'KIHOK. 3MIHHM PIBHIB CTATEBUX F'OPMOHIB AK y 5KIHOK, TAK
1 YOJIOBIKIB IPOTATOM SKUTTS CIIPUAIOTH 301JIBIIEHHI0O KapAioMeTaboJIIYHOro pU3uKy. Pesyiabraru KIriHIY-
HHUX CIIOCTEPEeeHb CBiI4aTh IIpo Te, 10 PO3BUTOK JUCTJIIKEeMIl IPU3BOSUTD J0 OlJIBII CYTTEBOr0 3POCTAHHS
KapaioMeTadoiYHUX (PAKTOPIB PUSUKY Y JKIHOK y MOPIBHAHHI 3 YOJIOBIKAMU, III0 CBITYUTDH PO BAKJIUBUHA
BILJIMB CTATl HA PO3BUTOK MeTA0OJIYHUX HOPYIIeHb. B TOM e yac KOHKPEeTHI MeXaH13MU, 110 00y MOBJIIITH
cTaTeBl 0COOJIMBOCTI IPOSABY CKJIATOBUX META00JIIYHOTO CHHIPOMY, HOTPEOYIOTh IIOAAJIBIIUX JOC1I/HKEeHb.

MeToro nanoro gociigkeHHs 0yJI0 BU3HAYEHHS BIIMIHHOCTEH! y MOPYIIEHH] IJIIOKO3HOTO0, JIIITTHOT0 00-
MIiHY Ta (PYHKI[I1 CepIieBo-CyIMHHOI CUCTEMH y CAMIIIB 1 CAMUILH NIy PIB 3 PI3HUM PIBHEM eCTPOTeHOBOI 3a0e3-
[IeYEeHOCT].

Marepianu Ta meroau. MerabomiyHUi CHHIPOM MOIEJIIOBAJIHN Yy CAMIIIB Ta CAMUILL IYPIB 3 PI3HUM
piBHEM eCTPOTEHOBOI 3a0€3MeYEeHOCTI IIJIXOM XPOHIYHOTO (IIPOTSATOM 8 THIKHIB) CIIOKUBAHHS QPYyKTO3U (BHU-
corodpyrrTo3Ha mgiera — BDOJI) 3 muTHOW Bomowo B KouIeHTpaIii 200 r/n. Jledinur ectporeny BiATBOPIOBAIHA
3a JI0IIOMOI'0I0 JBOCTOPOHHLOI oBapiekToMil. ExcepuMeHnTanbHi My pu OyJIx po3aljieHl Ha I'ATh IPYIL: KOHT-
poJibHi caMmiri (n = 6), KOHTPoabHI camuIi (n = 6), camiri 3 BOJI (n = 6), mceBmoonepoBaHi caMuIll 3 IHTAKTHU-
mu sseuuukamu Ta BOJ] (n = 6), oBapiekromoBaui camuiri 3 BOJ[ (n = 6). [Urioko3uumii romeocTas OIMIHIOBAJINA
3a 0a3aJIbHOI0 TUIIKeMielo, TJIIKeMIE I YaC BHYTPINTHbBOYEPEBHOTO TECTY TOJIEPAHTHOCTI 0 TJIIOKO3W Ta
piBHeM (ppyrTosaminy. UyTimBicTh 40 1HCYJIIHY BU3HAYAJIH 34 JOIOMOIOK BHYTPIIIHLOYEPEBHOIO TECTY TO-
JIepaHTHOCTI 110 1HCYJIiHy. BusHauasiz npupicT Macu Tija, BiCIepaJbHHUM KUP, KOHIIEHTPAI[IID 3araJbHOr0
XO0JIECTEPUHY ¥ TPUTJIIIEPUIIB, PIBHI eCTPaIioly Ta TeCTOCTEPOHY B cHpoBaTIli KpoBi. Hampukinii mociri-
JIPKeHHS PEeECTPYBAJIN eJIEKTPOKAPAIOrpaMu B TPHOX CTAHIAPTHUX BIABEIEHHSX B KIHIIBOK. Jlami mpes-
CcTaBJIEH] K cepenHe + cTaHIapTHA IIOMUIKA cepenuboro (SEM).

Pesynwraru. Beranosisieno, mo BDJ] me mpusBoguTh g0 MeTaOOJIYHUX IIOPYIIEHDb Y CAMHIb IIYPIB
i3 inTakTHUME ssteunukamu. BOJ], Hezame:xHO B cTaTi, IpU3BOAUIIA IO PO3BUTKY 1HCYJI1HOPE3UCTEHTHOCTI
Ta 3HAYHOTO IIBUINEHHS PIBHA PPYKTO3aMiHy B CHpOBAaTIll KpoBi mypis. OBapiekTomorani camuiri 3 BOJ]
MaJin O1JIBII IHTeHCUBHUM IPHUPICT MACH TijIa, BIpOrigHO BHUIII PiBHI BIJHOCHOI MacH sKHUpPIiB, O1JIBII BUPa3Hi
3MIHHU JIIITIHOrO O0OMIHY 3 MIABHUIIEHHAM 3araJIbHOI'0 XOJIECTEPUHY Ta 3HAYHO BUIILUM pPIBHEM TPUIJIIILE-
pumis, HixK camil mypis i3 BOJ. Oguak mopymuieHHs TOJIEPAHTHOCTI 0 MIoko3u, cupuunHene BOJI, Gyio
01IBIIT BUPA3HUM Yy CAMIIIB IIIYPiB, HI%K ¥ OBAPIEKTOMOBAHUX CAMUILb. ByJI0 BUSBI€HO 3SHUKEHHS PIBHS TeC-
TOCTEPOHY Ta MIABHUIIEHHS PIBHA ecTpamiosny y camiris mypis i3 BOJI. B opapiekromoBanux camuirs i3 BOJ]
cIIoCcTepiraju IOMipHe BIpOoriJiHe HiBUINEHHS PIBHSI TECTOCTEPOHY Ta Pl3Ke SHUMKEHH KOHIIEHTPAIIll ecTpa-
1101y, SIK Pe3yJIbTaT IBOCTOPOHHKOI oBapiekTomii. BDOJ[ Hesase:xHO B cTaTl 1HAYKyBaja PO3BUTOK CUHYCO-
BOI Taxikap/aii B ekcliepuMeHTaJ bHUX TBApuH. Merabomiuni aminu, ingykosani BOJl, B oBapiekToMOBaHUX
CaMUILh IIYPiB IPUIBOAUIIN JI0 OIIBII BUPA3HUX MOPYIIIEHDb IPOIECIB JeIoJIsIpU3aliil Ta pemnoasspuaariii cep-
151 T PO3BUTKY 1aCTOJIIYHOI JUCPYHKINII MopiBHAHO 3 camiramu 3 BOJI.

Bucuosxu. Beranossieno, 1mo crarb 1 piBeHb €CTPOTEHIB BIJIMBAIOTH HA BUKJIMKAH1 BUCOKOQPYKTO3-
HOIO JTI€TOI0 IOPYIIEHHS MeTaboJIi3My TUIIOK03U 1 JIOiIIB Ta (PYHKIT cepIrieBo-CyUMHHOI CUCTEMH y IILypPiB.
Orpumani gaHi 06IPyHTOBYOTH HEOOXIIHICTh ypaxXyBaHHS CTATI Ta €CTPOreHOBOI 3a0e3IeUYeHO0C Tl MPU Po3-
po0iri 3acobiB reHgepHO-CHeudIvHOol ITPoQIIaKTHKY Ta Tepanii MeTaboJIIYHOr0 CUHIPOMY.

KiaoyoBi cnoBa: QyHKI[IOHAJBLHUN CTAH CEPIEBO-CYIMHHOI CUCTEMH, TVIIOKO3HHUM roMeocTas, JIimiI-
HUHI Tpodiiakb, CTATEBl BIIMIHHOCTI, IILY PH.
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