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In recent years, the global burden of meta-
bolic syndrome (MS) and type 2 diabetes mel-
litus (T2DM) has led to a dramatic increase
in disability and mortality of worldwide popu-
lation due to cardiovascular diseases (CVD)
1, 2].

A number of studies have shown that nega-
tive differences in cardiovascular risk factors
between individuals with T2DM and normal
glucose metabolism are more pronounced in
women than in men. Consequently, women
with T2DM face up to 50 % higher risk of CVD
than men [3]. In particular, diabetes confers
a 44 % greater excess risk of coronary heart
disease and a 27 % greater excess risk of stroke
in women compared to men [4].

A significant increase in cardiometabolic
risk may be due to more excessive manifesta-

tion in women of such MS components as im-
paired glucose tolerance, insulin resistance,
obesity, hypertension, atherogenic dyslipide-
mia, endothelial dysfunction, proinflammatory
and prothrombotic states during the prediabe-
tes stage [5].

Estrogen deficiency, which occurs in wom-
en after menopause, is considered to be an
additional independent risk factor for cardio-
vascular pathology. In this regard, the use
of hormone replacement therapy (HRT) was
pathogenetically rational. However, prospective
studies carried out in postmenopausal women
confirmed a reduction in insulin resistance and
the risk of T2DM, but did not establish an in-
hibitory effect of exogenous estrogens on the
progression of CVD. Instead, the side effects
were revealed: increased incidence of stroke,
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venous thromboembolism, gallbladder disease,
breast and ovarian cancer [6, 7].

An alternative method for prevention of
CVD in women with prediabetes after meno-
pause can be the use of compounds of plant
origin capable to show estrogen-like effects
(phytoestrogens) without risk of developing the
negative side effects specific to HRT.

In recent years, much attention has been
paid to the studying of pharmacological pro-
perties of prenyl flavonoids contained in hops
(Humulus Lupulus), among which the greatest
estrogenic potential is inherent to 8-prenylnar-
ingenin (8-PN). The results of experimental
and clinical studies confirmed the possibility of

both hop extract and 8-PN to reduce the meno-
pausal symptoms, in particular osteoporosis,
vasomotor and sexual disorders [8].

In addition, it was shown that hop extract
components xanthohumol and isoxanthohumol
also have a wide range of biological activity,
exhibiting antioxidant, antitumor and anti-in-
flammatory effects, and may regulate energy
metabolism, reducing the risk of developing
dyslipidemia and obesity [9, 10].

Considering all the above, the aim of our
study was to evaluate the effect of hop extract
on metabolic disturbances in female rats with
prediabetes under estrogen deficiency.

MATERIALS AND METHODS

The study was approved by the bioethics
committee of the SI «V. Danilevsky Institute for
Endocrine Pathology Problems of the NAMS 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 carried out on 30 fe-
male Wistar rats (12-week-old, 150—-200 g body
weight, b.w.), which were housed in Plexiglas
cages (three animals per cage) at a tempera-
ture of 22 + 1°C in a constant 12-hour light/
dark cycle.

The animal model of MS induced by a high
calorie diet in hypoestrogenic rats was used [11].

Estrogen deficiency was performed in an-
imals by a bilateral ovariectomy under brief
ether anesthesia [12].

Control intact rats (n = 6) were fed a stan-
dard diet for eight weeks. Experimental ovari-
ectomized rats (n = 24) were fed the high ca-
lorie diet containing 15% lard, 25% sucrose,
1% bile salts and 59 % standard feed for eight
weeks. The animals had free access to water.

Four weeks after the beginning of dietary
feeding, experimental rats were divided into
four groups: untreated insulin resistant rats
(MS + solvent, n = 6), insulin resistant rats
treated with hop extract in a dose of 20 pg/kg
b.w. (MS + hop extract, 20 ng, n = 6) or 200 pg/kg
b.w. (MS + hop extract, 200 pg, n = 6) in re-
calculation on 8-prenylnaringenin, and insulin
resistant rats treated with drug «Progynova»

(Delpharm Lille S.A.S., France) in a dose of
200 pg/kg bw. (MS + estradiol, 200 pg, n = 6)
in recalculation on estradiol. Animals received
substances in the form of aqueous suspension
once per day intragastrically by gavage begin-
ning from the fifth week after MS induction.
Untreated rats received solvent (distilled wa-
ter) along the same scheme.

The animals were sacrificed according to
the protocol of the ethics committee.

Glucose homeostasis was assessed by in-
dexes of basal glucose, intraperitoneal glucose
tolerance test (IPGTT, 3 g/kg b.w.) and intra-
peritoneal insulin tolerance test (IPITT, insu-
lin 0.5 U/kg b.w., followed by 1.p. glucose 2 g/kg
b.w. 10 min after) [13]. Subsequently, tail blood
glucose levels were measured using a glucose
analyzer Eksan-G (Analita Firm Joint Stock
Company Ltd., Vilnius, Republic of Lithuania).

The mass of heart, visceral fat and uterus
as integral indicators was determined.

Lipid metabolism was characterized by con-
centrations of total lipids, triglycerides (TG)
and total cholesterol (TC), determined by diag-
nostic kits Filicit (LLC NPP «Filicit-Diagno-
stics», Ukraine) and Cormay (PZ Cormay S.A.,
Poland), and by level of free fatty acids (FFA)
[14] in serum.

Intensity of free radical oxidation was esti-
mated spectrophotometrically by level of con-
jugated dienes [15], catalase activity [16] and
total antioxidant activity [17] in blood serum.

Nitric oxide (NO)-dependent vasodilation
system was assessed by serum concentration
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of nitrites and nitrates (NOx) [19] and by the
activity of NO-synthase (NOS) in heart homog-
enate [18] of experimental animals.

All spectrophotometry was performed using
double-beam UV-VIS spectrophotometer Shi-
madzu UV-1800 (Shimadzu Corporation, Kyoto,
Japan).

Statistical analysis. Data are presented as
mean (X) + standard error of mean (S9. 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 difference in means
[20]. Values were considered statistically sig-
nificant at p <0.05.

RESULTS AND THEIR DISCUSSION

As a result of our study, feeding of ovariec-
tomized rats with HCD for eight weeks led to
the development of glucose intolerance, as evi-
denced by increase in the area under glycemic
curves obtained during IPGTT compared to in-
tact animals (Table 1). The results of the IPITT
also confirmed a decrease in the sensitivity of
peripheral tissues to the hormone in rats with
MS under estrogen deficiency (see Table 1).

Administration of hop extract in a dose of
200 pg/kg (in terms of 8-prenylnaringenin),
similar to the reference substance estradiol led
to improvement in glucose tolerance and a de-
crease in insulin resistance compared to the
group receiving solvent. At the same time, the
indexes in these groups did not reach the levels
of intact rats (see Table 1).

In support of estrogen deficiency state in
experimental animals an almost tenfold de-
crease in the relative mass of uterus after bilat-
eral ovariectomy was determined (Table 2). Use
of estradiol resulted in significant restoration

of uterus, while hop extract in a dose of 20 and
200 pg/kg b.w. had no effect on the mass of this
organ, indicating the absence of test substance
stimulating effect on proliferative processes in
endometrium.

One of the main components of MS is obe-
sity, which is closely associated with insulin
resistance and dyslipidemia. According to mod-
ern concepts, obesity induced by HCD is a re-
sult of hyperphagia in experimental animals.
The latter is associated with the progression of
central resistance to the anorexigenic action of
insulin and a decrease in the expression of hy-
pothalamus anorexigenic peptides [21]. In ad-
dition, estrogen receptors are found in various
regions of hypothalamus, as estrogens are in-
volved in the central regulation of metabolism,
mainly through eating behavior (anorexigenic
effect), and estrogen deficiency can also lead to
hyperphagia [22].

We found that combination of hypoestro-
genia with MS resulted in twofold increase in

Table 1
Indexes of glucose homeostasis in control and hypoestrogenic rats
with metabolic syndrome, (X+S;), n =6

Group Basal glucose, IPGTT, AU.C, IPITT, AU(P,

mmol/L mmol/L*min mmol/L*min

Control 4.85+0.11 646.90 £ 19.42 490.34 + 28.06
MS + solvent 5.56+0.11Y 981.56 + 55.94Y 665.95 + 42.87Y

MS + hop extract, 20 pg 5.39+0.17Y 989.10 + 86.81Y 707.68 + 60.95Y
MS + hop extract, 200 pg 5.26 £ 0.15Y 815.23 + 25.68Y? 586.15 + 16.47Y%
MS + estradiol, 200 pg 5.48 +£0.08Y 836.78 £ 21.85Y? 572.89 + 14.36Y?

Notes:

AUC — area under curve;

IPGTT — intraperitoneal glucose tolerance test;
IPITT — intraperitoneal insulin tolerance test;
MS — metabolic syndrome;

Y p < 0.05 vs Control group;

2 p < 0.05 vs group «MS + solvent».
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Table 2
Integral indexes in hypoestrogenic rats with metabolic syndrome,
X+Sy),n=6
G Body weight Rel?tlve mass Relative mass
roup A of visceral fat,
gain, % of uterus, mg/g b.w.
mg/g b.w.
Control 49.08 £ 5.84 31.52+2.44 2.07+£0.27
MS + solvent 93.78 £ 9.83Y 78.22 £ 3.97Y 0.22 +0.02Y
MS + hop extract, 20 ng 91.87 + 14.86Y 72.62 + 2.83Y 0.20 £ 0.02V
MS + hop extract, 200 pg 58.38 £ 8.3792 49.87 £ 6.47Y? 0.22 +0.03Y
MS + estradiol, 200 pg 63.72 + 8.2192 45.99 + 4.48Y? 0.70 + 0.05Y?

Notes:

MS — metabolic syndrome;

Y p < 0.05 vs Control group;

2 p < 0.05 vs group «MS + solvent».

body weight gain compared to intact animals
(see Table 2). In the same group, there was also
a significant increase in the relative mass of
visceral fat (see Table 2), which allow us to con-
sider the body weight growth as a consequence
of the development of central obesity.

Administration of hop extract only in the
dose of 200 pg/kg, similar to estradiol, was ac-
companied by a significant decrease in body
weight gain and visceral fat. The latter is con-
sistent with the results of other studies that
have demonstrated the positive effect of hop ex-
tract as a drug preventing the development of
obesity in various experimental models in vivo
[23-25].

The above-described effect of hop extract
may be based on a complex of molecular mech-
anisms, associated with the estrogen-like ac-
tivity of its components. It is now known that
estrogens play an important role in the regulat-
ing of amount, distribution and metabolic ac-
tivity of adipose tissue [26].

It is also of interest to consider the possible
mechanisms of the influence of hop components
on adipose tissue, which are not directly re-
lated to their estrogen-like activity. A number
of in vitro studies have shown that xanthohu-
mol, a component of hop extract with very low
affinity to estrogen receptors, inhibited diffe-
rentiation, prevented lipid accumulation and
increased apoptosis in adipocytes [27, 28].

In addition, the hop active components can
affect adipose tissue indirectly, acting on other
organs and tissues. For example, administra-
tion of dietary purified xanthohumol from hop

pomace to obese, insulin-resistant KKAy mice
was shown to reduce the activity of pancreatic
lipase and, as a consequence, to decrease the
absorption of fats in small intestine [24].

One of the possible mechanisms of the im-
pact of hop components on the development
of obesity was well described in the work of
Kirkwood J. S. et al., who showed that xan-
thohumol causes a modest increase in ROS
and uncouples the oxidative phosphorylation
in muscle mitochondria. The latter leads to an
increase in the oxidative capacity of mitochon-
dria, in particular to fatty acids, and thereby
prevents the accumulation of neutral lipids in
adipose tissue [9].

Dyslipidemia is an important component
of MS and an independent risk factor for car-
diovascular pathology. It is known that hy-
pertriglyceridemia is often observed in post-
menopausal women probably due to estrogen
deficiency, which promotes the activation of TG
synthesis in liver and the development of obesi-
ty. In addition, hypoestrogenia is accompanied
by increase in TC concentration and change in
the lipoprotein profile towards an increase in
pro-atherogenic low-density lipoproteins [29].

In our study we revealed that animals with
MS under estrogen deficiency had an increase
in the concentration of total lipids in serum
mainly due to increase in the level of TG and
TC (Table 3). The concentration of FFA did not
differ in all experimental groups.

In animals receiving hop extract in the
highest dose, as well as estradiol, normaliza-
tion of the content of total lipids in serum was
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observed. Noteworthy is the fact, that hop ex-
tract resulted in decrease of hypertriglyceride-
mia, but did not affect the level of TC, while
estradiol, on the contrary, reduced the concen-
tration of TC, and had no effect on the level of
TG (see Table 3).

The obtained data allow to conclude that
hop extract and estradiol act on different re-
gulatory and metabolic pathways of lipid me-
tabolism. It was previously shown that admi-
nistration of hop extract to male rats kept on
a high-fat diet leads to a decrease in the ex-
pression of the transcription factor SREBP-1c,
which is one of the main regulators of acylglyc-
erol synthesis in the liver [23]. These animals
also showed a decrease in the activity of the
key enzyme of fatty acid synthesis de novo —
fatty acid synthase, and, as a result, a decrease
in the concentration of TG in blood. In addition,
it was found that xanthohumol directly inhib-
its the activity of diacylglycerol acyltransferase,
an enzyme that catalyzes the final stage of TG
synthesis in liver [9].

Despite the fact that the hypocholestero-
lemic effect of estrogens has been known for
a long time, the molecular mechanisms of this
effect are not fully understood. It was shown
that estrogens reduce the synthesis and nu-
clear translocation of the transcription factor
SREBP-2, which regulates the expression of
a number of cholesterol synthesis enzymes, in-
cluding gammamethylglutaryl-CoA-reductase

[30]. However, a number of studies devoted to
the estrogen role in cholesterol metabolism did
not confirm this hypothesis and reported high
variability in the effects depending on the form,
dose and route of drug administration. Most
authors agree that estrogens stimulate the ex-
pression of low-density lipoprotein receptor and
scavenger receptor SR-BI (the HDL receptor) in
liver, thus increasing elimination of cholesterol
from the bloodstream. In addition, estrogens
promote the cholesterol conversion to bile acids
and subsequent secretion into bile [29, 31].

Today, there is convincing evidence that ox-
idative stress is a common pathogenetic mecha-
nism that unites the main cardiovascular risk
factors that constitute MS [32]. At the same
time, it is known that estrogen regulation of
the expression of various antioxidant enzymes
may be one of the mechanisms of their cardio-
protective effect [33]. It is also suggested that
estrogens can reduce the production of ROS
due to a positive effect on the biogenesis and
functional state of mitochondria [34].

In our experiment hypoestrogenic animals
with prediabetes had 50% higher level of se-
rum conjugated dienes in comparison with in-
tact rats (Table 4). In this group, an increase
in the TAA of serum was also observed, which,
apparently, is an adaptation reaction to in-
creased free radical oxidation (see Table 4).

The use of hop extract only in a dose of
200 pg/kg, as well as estradiol, led to a signifi-

Table 3
Lipid levels in serum of hypoestrogenic rats
with metabolic syndrome, (X+S;), n =6

Group T"ta;/lip‘ds’ TG, mmol/. | TC,mmol/L. | FFA, mmol/L
Control 1.66 £0.13 0.31+0.04 1.85+£0.12 0.73 £ 0.02
MS + solvent 2.43+0.11V 0.66 +0.11V 2.47 £ 0.14Y 0.73 +£0.06
MS + hop extract, 20 pg 2.37 +0.10V 0.54 +0.10Y 2.72 £ 0.07Y 0.74 £ 0.06
MS + hop extract, 200 pg 1.66 + 0.04? 0.33+0.03%% 2.37+0.10Y 0.67+0.03
MS + estradiol, 200 pg 1.64 +0.15? 0.63 £ 0.04Y 1.90£0.17? 0.72 £ 0.06

Notes:

FFA — free fatty acids;

MS — metabolic syndrome;

TC — total cholesterol;

TG — triglycerides;

Y p < 0.05 vs Control group;

2 p < 0.05 vs group «MS + solvent»;

? p < 0.05 vs group «MS + estradiol, 200 ng».
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cant decrease in the intensity of lipid peroxida-
tion induced by MS under estrogen deficiency,
as evidenced by a decrease in the concentration
of conjugated dienes in the serum of animals.
At the same time, the TAA of serum in these
groups remained elevated compared to intact
animals (see Table 4). Catalase activity did not
change significantly regardless of diet and es-
trogen supply.

It is known that vasoprotective effects of
estrogens are due to various factors, such as
lipid profile, antioxidant defense system, and
production of vasoactive molecules. Thus, es-
trogens prevent the development of endothelial
dysfunction, which is the etiological basis of hy-
pertension, atherosclerosis and cardiovascular
events [35]. NO is a powerful vasodilator for-
med in the reaction of arginine oxidation cata-
lyzed by NO synthase. Estrogens have been
shown to regulate the activity of the endothe-
lial isoform of NO synthase (€NOS), both by in-
creasing its expression (genomic pathway) and

stimulating its activity through posttranscrip-
tional modifications (nongenomic pathway) [36].

To date, a form of eNOS has been described
that is localized in the matrix or on the out-
er membrane of mitochondria of various cell
types, the so-called mitochondrial NO synthase
(mtNOS), which suggests the direct participa-
tion of NO in the regulation of mitochondrial
function and biogenesis [37, 38].

Based on the above, it was of particular in-
terest to study the content of stable metabolites
of NO — nitrites and nitrates (NOx) in blood se-
rum, that indirectly reflect the activity of NOS
in the vascular endothelium, as well as the
activity of NOS directly in the heart muscle,
depending on the estrogen supply under the de-
velopment of insulin resistance syndrome.

As a result of our study, rats with MS and
hypoestrogenia had a decrease in the concen-
tration of NO stable metabolites in serum and
a decrease in the activity of NOS in heart ho-
mogenate (Table 5).

Table 4

Indexes of redox balance in serum of hypoestrogenic rats
with metabolic syndrome, (X+S;), n =6

Grou Conjugated dienes, Total antioxidant Catalase activity,
p pmol/L activity, a.u./mL mmol/min/L
Control 2.01+0.18 93.26 + 0.80 23.563 +£2.01
MS + solvent 3.14 £ 0.19Y 120.79 + 3.50Y 26.82 +4.32
MS + hop extract, 20 ng 3.20 £0.19V 116.01 + 5.55Y 23.75 +4.01
MS + hop extract, 200 pg 2.24 +£0.22? 116.18 £ 2.79Y 23.42 +2.73
MS + estradiol, 200 png 2.26 + 0.26? 113.78 + 2.88Y 22.88 £ 3.75
Notes:
MS — metabolic syndrome;
Y p < 0.05 vs Control group;
2 p < 0.05 vs group «MS + solvent».
Table 5

Indexes of redox balance in serum of hypoestrogenic rats

with metabolic syndrome, (X+Sg), n =6

Group NOS act‘ivity in heal‘rt, N Ox concentration
pmol/min/mg protein in serum, pmol/L
Control 19.31 +1.45 22.15 +1.89
MS + solvent 11.26 + 2.23Y 12.01 +1.78Y
MS + hop extract, 20 pg 11.03 £ 2.74Y 12.78 £ 2.06Y
MS + hop extract, 200 pg 19.84 + 3.53? 23.13 + 3.55?
MS + estradiol, 200 pg 18.55 + 2.98? 23.19 + 4.03%

Notes:
Y p < 0.05 vs Control group;
2 p <0.05 vs group «MS + s

olvent».
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In animals receiving hop extract in the
highest dose or estradiol, complete normaliza-
tion of the studied parameters was observed.
The obtained results agree with data from li-
terature on the relaxing effect of hop extract
on the mesenteric arteries from C57BL/6 mice,

an effect completely abolished in the absence of
endothelium [39], and on acute beneficial hop’s
effects on the endothelial function in patients
with high oxidative stress, suggesting hop ex-
tract capacity to restore bioavailability of NO
[40].

CONCLUSIONS

Our study demonstrated that hop extract in
a dose of 200 pg/kg b.w. (in terms of 8-prenyl-
naringenin) reduced insulin resistance, glucose
intolerance, visceral obesity, hypertriglyceri-
demia, oxidative stress and improved endothe-
lial function and myocardial NOS activity in
female rats with metabolic syndrome under es-
trogen deficiency.

The revealed cardioprotective effect of hop
extract indicates the prospects of its use for
the prevention and treatment of cardiovascular
complications in postmenopausal women with
prediabetes.

REFERENCES

1. Noubiap JdJ, Nansseu JR, Lontchi-Yimagou E, et al.
Diabetes Res Clin Pract 2022;188: 109924. https://doi.
org/10.1016/j.diabres.2022.109924

2. Einarson TR, Acs A, Ludwig C, Panton UH. Cardiovasc
Diabetol 2018;17(1): 83. https://doi.org/10.1186/s12933-
018-0728-6

3. Beale AL, Meyer P, Marwick TH, et al. Circulation
2018;138(2): 198-205. https://doi.org/10.1161/CIRCULA
TIONAHA.118.034271

4. De Ritter R. Sex differences in causes and consequenc-
es of type 2 diabetes : Doctoral Thesis, Maastricht
University, 2022: 215 p. https://doi.org/10.26481/dis.
20220908rr

5. Meloni A, Cadeddu C, Cugusi L, et al. Int J Mol Sci
2023;24(2): 1588. https://doi.org/10.3390/ijms24021588

6. Zhang GQ, Chen JL, Luo Y, et al. PLoS Med 2021;18(8):
€1003731. https://doi.org/10.1371/journal.pmed.1003731

7. Marjoribanks J, Farquhar C, Roberts H, et al. Cochrane
Database Syst Rev 2017;1(1): CD004143. https://doi.
org/10.1002/14651858.CD004143.pub5

8. Bolton JL, Dunlap TL, Hajirahimkhan A, et al. Chem
Res Toxicol 2019;32(2): 222-233. https://doi.org/10.1021/
acs.chemrestox.8b00345

9. Liu M, Hansen PE, Wang G, et al. Molecules 2015;20(1):
754-779. https://doi.org/10.3390/molecules20010754

10. Zoierczyk AK, Maczka WK, Grabarczyk M, et al.
Fitoterapia 2015;103: 71-82. https://doi.org/10.1016/].fi-
tote.2015.03.007

11. Lin S, Yang J, Wu G, et al. J Biomed Sci 2010;17 Suppl
1(Suppl 1): S46. https://doi.org/10.1186/1423-0127-17-S1-
S46

12. Zapadnjuk IP, Zapadnjuk VI, Zaharija EA, Zapadnjuk
BV. Laboratornye zhivotnye. Razvedenie, soderzhanie,
ispol'zovanie v jeksperimente, Kiev, 1983: 383 p.

13. Lundholm L, Bryzgalova G, Gao H, et al. J Endocrinol
2008;199(2): X1. https://doi.org/10.1530/JOE-08-0192¢

14. Duncombe WG. Biochem J 1963;88(1): 7-10. https://doi.
org/10.1042/bj0880007

15. Arutjunjan AV, Dubinina EE, Zybina NN. Metody
ocenki svobodnoradikal'nogo okislenija i antioksidant-
noj sistemy organizma : Metodicheskie rekomendacii,
Sankt-Peterburg, 2000: 104 p.

16. Kamyshnikov VS. Kliniko-biohimicheskaja laborator-
naja diagnostika : Spravochnik: v 2 t. T. 1, Minsk, 2003:
P. 289-307.

17. Klebanov GI, Babenkova 1V, Tesedkin JuO, et al.
Laboratornoe delo 1988;5: 59-62.

18. Berger RM, Geiger R, Hess J, et al. Am J Respir Crit
Care Med 2001;163(6): 1493-1499. https://doi.org/10.1164/
ajrcem.163.6.9908137

19. Orlova EA. Ukrainskij zhurnal jekstremal'noj mediciny
im. G. O. Mozhaeva 2002;3(1): 79-82.

20. Glans S. Mediko-biologicheskaja statistika, Moskva,
1998: 459 p.

21. Valenza M, Steardo L, Cottone P, Sabino V. Psycho-
pharmacology (Berl) 2015;232(17): 3215-3226. https://
doi.org/10.1007/s00213-015-3981-3

22. Liu X, Shi H. Int J Endocrinol 2015;2015: 949085.
https://doi.org/10.1155/2015/949085

23. Yui K, Kiyofuji A, Osada K. J Oleo Sci 2014;63(2): 159-
168. https://doi.org/10.5650/jos.ess13136

24. Takahashi K, Osada K. J Oleo Sci 2017;66(5): 531-541.
https://doi.org/10.5650/jos.ess16234

25. Hamm AK, Manter DK, Kirkwood JS, et al. Nutrients
2019;11(12): 3004. https://doi.org/10.3390/mu11123004

26. Steiner BM, Berry DC. Front Endocrinol (Lausanne)
2022;13: 889923. https://doi.org/10.3389/fendo.2022.889923

27. Samuels JS, Shashidharamurthy R, Rayalam S. Nutr
Metab (Lond) 2018;15: 42. https://doi.org/10.1186/s12986-
018-0277-8

44

IIpobnemu endoxpurmol namosnoeii Ne3, 2024



Excnepumenmastvri 0ocaiiodxceH s

28. Neumann HF, Frank J, Venturelli S, Egert S. Mol Nutr 35. Torga A, Cunningham CM, Moazeni S, et al. Biol Sex
Food Res 2022;66(6): €2100831. https://doi.org/10.1002/ Differ 2017;8(1): 33. https://doi.org/10.1186/s13293-017-
mnfr.202100831 0152-8

29. Palmisano BT, Zhu L, Stafford JM. Adv Exp Med Biol 36. Kypreos KE, Zafirovic S, Petropoulou PI, et al. J Car-
2017;1043: 227-256. https://doi.org/10.1007/978-3-319- diovasc Pharmacol Ther 2014;19(3): 256-68. https://doi.
70178-3_12 org/10.1177/1074248413513499

30. De Marinis E, Martini C, Trentalance A, Pallottini 37. Litvinova L, Atochin DN, Fattakhov N, et al. Front Phy-
V. J Endocrinol 2008;198(3): 635-643. https://doi. siol 2015;6: 20. https://doi.org/10.3389/fphys.2015.00020

org/10.1677/JOE-08-0242
38. Sakamuri SSVP, Sperling JA, Evans WR, et al. Am

31. Phelps T, Snyder E, Rodriguez E, et al. Biol Sex Differ J Physiol Heart Circ Physiol 2020;318(2): H295-H300.
2019;10(1): 52. https://doi.org/10.1186/s13293-019-0265-3 https://doi.org/10.1152/ajpheart.00720.2019
32. Masenga SK, Kabwe LS, Chakulya M, Kirabo A. Int 39. Di Pietro P, Salviati E, Damato A, et al. Food Funct
J Mol Sci 2023;24(9): 7898. https://doi.org/10.3390/ijms 2024;15(8): 4180-4192. https://doi.org/10.1039/d4fo00058g
24097898
40. Tomita J, Mochizuki S, Fujimoto S, et al. Biochem
33. Borras C, Ferrando M, Inglés M, et al. Oxid Med Cell Biophys Res Commun 2017;484(4): 740-745. https://doi.
Longev 2021;2021: 8101615. https://doi.org/10.1155/2021/ org/10.1016/j.bbrc.2017.01.133
8101615

34. Ventura-Clapier R, Piquereau J, Veksler V, Garnier A.
Front Endocrinol (Lausanne) 2019;10: 557. https://doi.
org/10.3389/fendo.2019.00557

THE IMPACT OF HOP EXTRACT ACTIVE COMPONENTS
ON METABOLIC DISTURBANCES IN ESTROGEN DEFICIENT FEMALE RATS
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A number of studies have shown a greater cardiovascular risk in women with type 2 diabetes compared to
men. The latter may be due to more excessive manifestations of metabolic disorders in women, in particular
postmenopausal, that develop even at the stage of prediabetes. Since the use of hormone replacement therapy in
women after menopause had adverse results on the progression of cardiovascular events, an alternative method
of reducing cardiovascular risk in postmenopausal women with prediabetes may be the use of phytoestrogens,
which possess estrogen-like activity without negative side effects specific to exogenous estrogens. The aim of
our study was to evaluate the effect of hop extract on metabolic disturbances in female rats with prediabetes
under estrogen deficiency.

Materials and methods. The study was conducted on three-month-old intact and ovariectomized Wistar
rats with metabolic syndrome (MS) induced by high calorie diet (15% lard, 25% sucrose, 1% bile salts, 59%
standard feed) for eight weeks. The test substances were administered intragastrically once per day in a dose of
20 ng/kg or 200 pg/kg b.w. in recalculation on 8-prenylnaringenin for hop extract and 200 pg/kg b.w. in recalcu-
lation on estradiol for the reference drug, from the fifth week after induction of metabolic syndrome.

Results. It was revealed that administration of hop extract in a dose of 200 pg/kg, similar to estradiol, led
to improvement in glucose tolerance and decrease in insulin resistance (p < 0.05) in estrogen deficient rats with
MS. In contrast to estradiol, hop extract had no effect on the mass of uterus in ovariectomized animals. The use
of hop extract only in the dose of 200 ng/kg, similar to estradiol, was accompanied by a significant decrease in
body weight gain and visceral fat, as well as normalization of the total lipids content in serum of experimental
animals (p < 0.05). It is of note, that hop extract resulted in decrease of hypertriglyceridemia (p < 0.05), but did
not affect the level of total cholesterol, while estradiol reduced the concentration of total cholesterol (p < 0.05),
and had no effect on the level of triglycerides. Hop extract in a dose of 200 ng/kg, as well as estradiol, led to
a decrease in the intensity of lipid peroxidation induced by MS under estrogen deficiency, as evidenced by re-
duced concentration of conjugated dienes in serum (p < 0.05). At the same time, the total antioxidant activity of
serum in these animals remained elevated compared to intact group. In rats with MS and hypoestrogenia, hop
extract in the highest dose and estradiol resulted in complete normalization (p < 0.05) of the decreased level of
NO stable metabolites in serum and the reduced activity of NO-synthase in heart.
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Conclusions. The revealed cardioprotective effect of hop extract that is realized due to the improved lipid
profile and reduced insulin resistance, visceral obesity, oxidative stress and endothelial dysfunction in estrogen
deficient female rats with MS indicates the prospects of its use for prevention and treatment of cardiovascular
complications in postmenopausal women with prediabetes.

Keywords: metabolic syndrome, prediabetes, cardiovascular risk, estrogen deficiency, hop extract.

BMNNMB AKTUBHUX KOMMOHEHTIB EKCTPAKTY XMENIO
HA METABONIYHI NOPYWWEHHA Y CAMULUb WYPIB
I8 NPEAIABETOM HA TJ1I AE®ILUTY ECTPOIEHIB
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Binmomo, 110 kxapaioBacKyIapHUI PU3HUK Yy KIHOK 13 IYKPOBUM A1abeToM 2 TUIY 3HAYHO BUINUHA, HIMK Y 10-
noBikiB. Ocranue Moske OyTy 00yMOBJIeHE OLJIBII BUPA3SHUMHU IIPOABAMHU Y 5KIHOK, 30KPEeMAa IIicJIsd MeHOoIay3u,
HHU3KU MeTa0OJIIYHHUX IOPYIIeHb, Kl PO3BUBAITHCS Ime Ha cramgii npemiabery. OCKIIbKM 3aCTOCYBaHHS
TOPMOHAJILHOI 3aMICHOI Tepalil y IMOCTMEeHOIIay3aJIbHUX KIHOK 3 METOI0 3HUMKEHHSI PUSUKY Kapdl0BaCKyJIsap-
HUX MOJIN MAJIO HeCIIPUSATIUEBI pPe3yJIbTaTH, aJbTePHATUBHUM 3aCO000M IOIIEPesKeHHS CepIeBO-CYITUHHUX
YCKJIaJHEHbD y JK1HOK 13 IrpeaiabeToM IIic/is MeHOIIay3u Moske 0y TH BUKOPUCTAHHS (PITOECTPOreHiB, SKl BUAB-
JISTIOTH €CTPOTeHOIOMI0HY /1110 0e3 HeraTUBHUX ITO0IYHUX e(PeKTiB, IPUTAMAHHUX eK30reHHUM eCTPOreHaM.
MerTor0 mociriixeHHss OyJI0 BUBYEHHS BIJIMBY AKTUBHHUX KOMITIOHEHTIB €KCTPAKTY XMeJII0 Ha MeTaboJiuHi
HOPYIIEHHS Y CAMUIIH Iy P1B 13 mpeaiabeToM Ha TJI1 IedIlIUTy eCTPOTeH1B.

Marepianu Ta meroau. JocirigKeHHs IIPOBOAUIIA HA TPUMICAYHUX IHTAKTHUX Ta OBAPIEKTOMOBAHUX
mypax Bicrap i3 merabosiuaum cuagpomom (MC), Aakuil IHAYKYBAaJIX 3a JOIIOMOT0I0 BUCOKOKAJIOPIAHOI J1eTH
(15% xupy, 25% 1yrposu, 1% KOBUHUX KHUCJIOT, 59 % cTAaHIAPTHOrO PAI[IOHY) YIIPOJOBK BOCHBMU THUIKHIB.
JlocnimsxyBaH1 peYOBMHY BBOAUJIM BHY TPIITHBOIIIYHKOBO OJUH pPa3 Ha 400y B 1031 20 MKr/kr Ta 200 MKI/KT
MAacH Tijia B IIepepaxyHKy Ha 8-IIpeHI1JIHAPIHTeHIH )14 eKCTPAKTy XMeJIio Ta B 1031 200 MKI/KT B IIepepaxyH-
Ky Ha ecTpajios IJIs Ipeapara HOpIBHAHHSA, HOYNHAIOYH 3 I'ATOr0 THKHA 1HayKiii MC.

Pesynbraru. Beranosiieno, 1mo BBeIeHHSA eKCTPAKTY XMeJio B 031 200 MKI/Kr 110M10HO 10 ecTpa ioiry
OPU3BOAUTE 0 IOJIIIIIIEHHS TOJEPAHTHOCTI 0 TVIIOKO3U Ta 3HUMKEHHS 1HCyaiHopeaucTeHTHOCTI (p < 0,05)
y mypis i3 MC ma i gedinury ecrporenie. Ha BinMiny Bijg ecTpajiosy, eKCTpaKT XMeJ0 He BIJINBAB
HA Macy MaTKHW OBAPIeKTOMOBAHHX TBAPWUH. 3aCTOCYBAHHS E€KCTPAKTY XMeJio jwuiie B 7031 200 MKI/KT, K
1 ecTpa/iosy, CYIPOBOIMKYBAJIOCH JOCTOBIPHUM 3HHUMKEHHSAM IIPUPOCTY MACH Tijla Ta BiCIepasIbHOTO OXKH-
PiHHS, a TAKOK HOPMAJII3aI[lel0 BMICTY 3araJIibHUX JIMIJIB B CHPOBATIII KPOBl €KCIIEPUMEHTAJBHUX Iy PIB
(p < 0,05). Pasom i3 TuM, BBEJIEHHSI €KCTPAKTY XMeJI0 3MeHIIyBaJo rineprpuriinepugemio (p < 0,05), ane
He BILJIMBAJIO HA PiBEHBb 3araJIbHOT0 X0JIECTEPUHY, B TOM Yac K eCTPaioJ 3HUKYBAB KOHIIEHTPAIIII0 X0JIe-
crepuny (p < 0,05), mpore He 3MIHIOBAB PIBeHb TPUIVIIIIEPHUIIB Y CHPOBATIII KpoBl TBapuH. EKCcTpakT XMeJsrio
B 11031 200 MKT/KT 110110HO JI0 €CTPa/ioJIy MPU3BOIUB 0 SHUIKEHHS IHTEHCUBHOCTI ITIEPEKUCHOTO OKUCIIEHH ST
nimigis, imgykosanoro MC Ha Tl medliiuTy eCTPOreHiB, 10 IiATBEPAKYBAJIOCh 3HUKEHHAM KOHIEHTPaIil
IIeHOBHX KOH'IOraTiB B cupoBaTiii Kposi mypis (p < 0,05). B Toii ske 4ac, 3arajipHa aHTHOKCHUIAHTHA aKTUB-
HICTH CHPOBATKYU JAaHUX TBAPWUH 3aJIMINAJIACH IT1BUIIEHOI HOPIBHSIHO 3 KOHTPOJBHOW I'PyIol. ¥ TBApUH
i3 MC Ta rimoecTporeHi€n eKCTPAaKT XMeJI0 y HAWBHUIIIN 1031, AK 1 eCcTpajios, IMOBHICTIO HOPMAaJIi3yBaB
(p < 0,05) 3HMKEHUTT PIBEHDb CTAOIJIBPHUX MeTab0IITiB OKCUAY HITPOreHY B CHPOBATIII KPOBI Ta 3HUIKEHY aK-
tuBHicTh NO-cuHTa3u B cepiri.

BucHoBrku. BusisieHuit kap1ionpoTeKTUBHUH BILJINB €KCTPAKTY XMeJTI0, SKUH peasidyeThbCs 3a paXyHOK
TOJIITIIIIEHH S JIIITTHOT'O ITPO(IJI0 Ta 3HUKEHHS 1HCYJI1HOPE3UCTEeHTHOCTI, BICIIEPaJIbHOTO OKUPIHHS, OKCHIA-
TUBHOTO CTPeCy ¥ eHI0TeJ1aIbHOI AUCPHYHKITIT y caMUIlh IyPIB 13 MeTa0OTIYHUM CUHIPOMOM Ha Tl Jedi-
LUTY €CTPOreHiB, CBIIYNTE IIPO IIEPCIIEKTUBHICTD MOr0 BUKOPUCTAHHS 3 METOI0 IPOQIIAKTUKH TA JTiKyBaHHSI
CepIeBoO-CYIUHHUX YCKJIAJHEHb ¥ IOCTMEeHOIay3aJbHUX KI1HOK 13 TIpeaiabeToM.

KiaoyoBi cimoBa: MeraboiyHUi CHHAPOM, Hpeaiader, KapIloBaCKyJIAPHUN PU3UK, Je(IIUT ecTpore-
HIiB, EKCTPAKT XMeJIIO.
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