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The results of the study of the morphological structure of the aorta, coronary arteries, the myocardium
and intramural arteries of the heart in female rats with bilateral oophorectomy after treatment with
a new vaginal gel with the hop extract and the reference drug — “Ovestin” suppositories containing
estriol are presented. It has been shown that as a result of a persistent hypoestrogenic state in the
cardiovascular system of female rats the complex of the morphological changes that can be estimated
as endothelial dysfunction is formed. After therapy with the vaginal gel studied there have been no changes
in the myofibrillar apparatus of the myocardium in animals; reduction or the absence of signs of

endothelial dysfunction have been observed.

Menopause in women is usually accompanied by phy-
siological changes in different systems and organs due
to fading and cessation of the ovarian function. One con-
sequence of this process is development of the cardio-
vascular system (CVS) diseases [3, 11].

It is known that receptors for estradiol are present in
the endothelium, smooth muscle cells of blood vessels
and in the myocardium [14]. Interacting with endothelial
receptors estradiol intensifies production of nitric oxide
and blocks vasoconstriction induced by acetylcholine;
it also intensifies regeneration of endothelial cells; en-
hances neovascularization by increasing migration, pro-
liferation and differentiation of vascular endothelial cells [11].
Several studies have found that the presence of endothelial
dysfunction in postmenopausal women is a risk factor
for atherosclerosis, early coronary heart disease (CHD),
hypertension, and peripheral artery lesions. According
to the Framingham Study (1986) the incidence of acute
coronary events increases by 12 times in postmenopa-
usal women compared to women of the reproductive age [1].
Early natural menopause increases the risk of coronary
heart disease by 3 times, while surgical menopause — by
7 times [10].

Currently the problem of prevention of cardiovas-
cular complications caused by hypoestrogen states and
in the menopause period in women is of particular rele-
vance. The basis of prevention and treatment of CVD
in menopause is the hormonal menopausal therapy [4,
5, 16]. It should be noted that in recent years more and
more attention is paid to alternative therapies, particu-
larly herbal medicine with the use of phytoestrogens as
a safe and effective method for correction of menopau-
sal cardiovascular disorders [17].

Phytoestrogens have the chemical structure that is
close to the endogenous estradiol-17-f, and a similar mo-
lecular weight, and therefore, they interact with the estro-
gen receptors. Plants, which are rich in phytoestrogens

most of all, include soybean (genistein and daidzein), red
clover (coumestol), flaxseed (lignans) and hops (8-pre-
nylnaringenin) [5, 2].

Therefore, the aim of our research was to study the
effect of the vaginal gel containing the hop extract (Hu-
mulus lupulus L.) on the morphofunctional state of ves-
sels and the myocardium of female rats with hypoestro-
genemia caused by bilateral oophorectomy.

Materials and Methods

The experimental studies were conducted on 30 females
of white outbred nonlinear rats weighing 190-195 g. They
were divided into 5 groups, 6 animals in each group: in-
tact control; sham-operated female rats; control patholo-
gy; spayed rats treated with the vaginal gel with the hop
extract; spayed animals treated with the reference drug —
“Ovestin” vaginal suppositories containing estriol as an
active ingredient manufactured by Organon company, the
Netherlands.

The new combined vaginal gel containing the hop
extract as the main active ingredient, as well as lactic acid
and excipients was developed at the Department of Che-
mist’s Technology of Drugs named after D.P.Salo of the
National University of Pharmacy under the supervision
of prof. Vishnevskaya L.I.

In animals simulation of the state close to menopa-
usal symptoms in women was caused by bilateral spaying
according to Kirshenblat Y.D. [6]. Sham-operated ani-
mals were subjected to laparotomy and wound suturing
without removal of ovaries. Starting with the 35th day
after spaying females were introduced vaginally the drugs
studied within 28 days, namely the gel with the hop ex-
tract in the dose of 0.06 mg/kg, estriol suppositories —
0.03 mg/kg.

After completing the treatment animals were taken
out from the experiment by decapitation under chloro-
form anesthesia. The aorta, coronary vessels, and the myo-
cardium of female rats were morphologically studied.
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Fig. 1. The abdominal aorta of the spayed female rat: a — red blood
cells sticking to the surface of media; b — loosening of the intima
and superficial media. Hematoxylin-eosin. x250.
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Fig. 2. The abdominal aorta of the spayed female rat. Clusters of
white blood cells on the surface of the intima, and on the edge

of media and adventitia, loosening of the extracellular ¢
ollagen matrix. Hematoxylin-eosin. x400.
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Fig. 3. The coronary vessel of the spayed female rat: a — tiny
thickening of intimal surface, loosening of the extracellular collagen
matrix of media (x400); b — large accumulations of fat in the area of
the wall thickening (x250). Hematoxylin-eosin.

The test material was fixed in 10% formalin solution, de-
hydrated in alcohols with the increasing concentration,
poured to celloidin-paraffin, and sections were stained
with hematoxylin-eosin [9]. Microslides were examined
using the Granum microscope; the microscopic pictures
were taken by a Granum DSM 310 digital video camera.
Pictures were processed with Pentium 2,4GHz PC using
ToupView software.

The studies were conducted in compliance with the
rules of the European Convention for the Protection of
Vertebrate Animals used for Experimental and Other Sci-
entific Purposes (Strasbourg, 1986) [7].

Results and Discussion

The results of the studies conducted show that the
histostructure of the aorta, coronary arteries, the myo-
cardium and intramural arteries of female rats of the in-
tact control corresponded to the normal physiological state
being typical for these animals [12, 13, 15].

The aorta of ovarioectomied female rats showed sti-
cking of red blood cells on the surface of the intima
and its focal loosening. There was disorganization of
the smooth muscle cells layers and the area of the extra-

Fig. 4. Intramural arteries of the cardiac muscle of the spayed
female rat : a — swelling, loosening of the vascular wall,
impregnation with a protein liquid, proliferation of the endothelium,
vacuoles in media; b — proliferation of endothelial cells and
appearance of vacuoles. Hematoxylin-eosin. x250.

cellular collagen matrix loosening. The small clusters
of white blood cells on the surface of the intima, and
on the edge of media and adventitia were also observed
(Fig. 1, 2).

Coronary arteries and media also showed loosening
of the extracellular collagen matrix, and in some places
there was tiny thickening of the intimal surface (Fig. 3a).
One of the females had large accumulation of fat in this
wall thickening under the endothelium in the disorgani-
zed superficial layers of media (Fig. 3b). Probably, there
were atherosclerotic “plaques” at various stages of
formation.

The cardiac muscle of the spayed female rats showed
changes of the myofibril apparatus, fibre fragmentation
accompanied by edema, the loss of striated myofibrils.
The vascular wall of intramural arteries is often thicke-
ned, swollen, loosened, and sometimes impregnated with
a protein liquid. Endothelial cells were proliferated with
the picket-fence arrangement. In some cases we mana-
ged to trace the appearance of vacuoles in the intima
probably of the lipid nature. Vacuoles were also present
in media (Fig. 4).
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Fig. 5. The intramural artery (a — the endothelial layer defect, Fig. 6. The myocardium of the spayed female rat. The spasm of
its thickening into the lumen of the vessel. Immersion) and the blood vessels of different caliber: a — thin-walled vessel;
myocardium (b — perivascular cellular infiltrates. x200) of the b — large artery. Hematoxylin-eosin.

spayed female rats. Hematoxylin-eosin.

Fig. 7. Different parts of the myocardium of the spayed female ~ Fig. 8. The myocardium of the spayed female rat after using the gel
rats (cross section): a — normal cardiomyocytes; b — hypertrophic with phytoestrogens: a — cardiomyocytes with the normal size
Cardiomyocytes nearby vessels in the state of spasm. (cross section); b — the normal state of the vascular wall of
Hematoxylin-eosin. x200. the intramural artery. Hematoxylin-eosin. x200.

Fig. 9. The vascular wall: a — abdominal aorta; b — coronary Fig. 10. The vascular wall: a — coronary vessels; b — abdominal
artery of the female rat after vaginal application of the gel with aorta of the female rat after application of estriol suppositories.
phytoestrogens. The absence of changes in the intima The normal state of the intima and media of blood vessels.

and media. Hematoxylin-eosin. x250. Hematoxylin-eosin. x250.
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Fig. 11. The state of: a — cardiac muscle; b — intramural arteries of
the female rat after application of estriol suppositories. The state
of cardiomyocytes and vascular wall is normal.
Hematoxylin-eosin. x250.

In one thin-walled artery there was a focal defect of
the endothelial layer, namely its thickening into the lu-
men of the vessel. Sometimes there is moderate perivas-
cular round-cell infiltration was observed (Fig. 5).

Many blood vessels of different caliber were in the
state of spasm (Fig. 6). Cardiomyocytes were visually
hypertrophied preferably nearby vessels in the state of
a distinct spasm (Fig. 7).

The signs of necrotic changes and myocardial cell
infiltration were not found. The histological picture des-
cribed shows development of the complex of morpho-
logical changes in the cardiovascular system of the spayed
female rats that are typical for deficiency of endogenous
estrogens and formation of endothelial dysfunction in
them, and the literature confirms this fact [8].

The use of the vaginal gel with phytoestrogens pre-
vents development of degenerative changes of the car-
diac muscle (myocytolysis, the loss of striated myofibrils)

manifestations of endothelial dysfunction such as changes
in the state of the vascular wall of intramural arteries,
coronary vessels and aorta, hypertrophy of cardiomyo-
cytes (Fig. 8, Fig. 9).

There were no apparent disorders of the intima and
media in microscopic examination of the abdominal aorta
wall and coronary vessels of female rats treated with the
reference drug — suppositories with estriol on the back-
ground of estrogen deficiency (Fig. 10).

In the cardiac tissue the state of fibres, intramural ar-
terial vessels visually corresponded to the norm (Fig. 11).

CONCLUSIONS

1. Bilateral oophorectomy in female rats leads to de-
generative changes of the myofibrillar apparatus of car-
diomuscular fibres by the myocytolysis type, focal frag-
mentation of fibres, small foci of the myocardial damage.
The complex of morphological changes (vasospasm, thi-
ckening, swelling, loosening of the vascular wall, focal
proliferation, destruction, the picket-fence arrangement
of endothelial cells, small foci of fat accumulation in the
intima and media) is typical for endogenous estrogen de-
ficiency. This can be interpreted as manifestations of endo-
thelial dysfunction.

2. After application of the vaginal gel with the hop
extract in the female rat cardiac muscles there were no
changes in the myofibrillar apparatus; the distinct signs
of reduction or the absence of endothelial dysfunction
was observed.

3. By its effect on the morphological condition of
the cardiovascular system the gel with the hop extract
under study is not inferior to the reference drug — sup-
positories with estriol.

4. The vaginal gel with the hop extract is promising
for further study for the purpose of its use in complex
therapy of cardiovascular diseases associated with hypo-
estrogenia in women during the menopause.
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BMJINB HOBOIO BAIHAJIbHOI'O I'EJ1HO 3 EKCTPAKTOM XMEJTHO HA CTAH CEPLIEBO-
CYOUHHOI CUCTEMU OBAPIOEKTOMOBAHUX CAMULIb LLIYPIB

O.C.CiHiyuHa, I'.B.3atiyeHko, |.M.PuxxeHko, FO.b.Jlap’ssHoecbka

Knroyosi crioea: osapioekmomosaHi camuuyi wypis; dehiyum ecmpozeHis; cepuye8o-cyOuHHa
cucmema; eefib 3 eKCmpakmoMm xXmero; himoecmpoaeHu

HasedeHi pe3ynbmamu 0ocnidxeHHs MOpghoCmpyKmypu aopmu, KOPOHapHUX apmepill, Miokapda ma
IHmpamypasnbHUX apmepili cepusi y camuub wypie, sskum 6yna rposedeHa binamepasibHa 08apioek-
MOMisi, @ MakoX icsis SiKy8aHHS iX HO8UM 8agziHarlbHUM 2e51eM 3 eKCmpaKmoM XMeSTHo i rpernapamom
MOpi8HsIHHS — cyrio3umopisamu « OgecmuH», siki Micmsames ecmpiorn. BcmaHoeneHo, wo 8 pedyrnismami
cmiliko2o ecmpoz2eHodeiyumHo20 cmaHy 8 cepueso-CyOUHHIU cucmeMi camMuupb Wypie chopmysascsi
KOMririeKc MopghboroaiuHUX 3MiH, SIKi MOXHa ouyiHUmMu sik eHdomenianbHy ducgbyHkuyiro. licris meparnii
oocnidxysaHUM ¢himornpernapamom y meapuH b6ynu 6i0cymHi 3MiHU y MiogibpunisgpHoMy anapami Mio-
KapOa, 8i03Ha4eHO 3MeHWEeHHS1 abo 8idcymHicmb 03HaK eHOomeriabHOI OUCYHKUIT.

BJIIMAHUE HOBOI'O BATMHAJIbHOI'O IEJ1IA C SKCTPAKTOM XMEJA HA COCTOAHUE
CEPOE4YHO-COCYAUCTOU CUCTEMblI OBAPUOIKTOMUPOBAHHbLIX CAMOK KPbIC
O.C.CuHuubIHa, A.B.3aliveHko, U.M.PbixeHko, FO.b.JlapbsiHogckasi

Knroyeensie croga: 08apuU03IKMOMUpPO8aHHbIE caMKU Kpbic; dechuyum 3cmpo2eHos; cepdeyHo-
cocyducmasi cucmema, eefib C 3KCmpakmom XMesisi; (humoacmpOoceHsbl

lpusedeHbl pesynbmamei uccredos8aHuUsi MOPgOCMpPYKMypbl aopmbl, KOPOHaPHbLIX apmepul, MUo-
Kapda u uHmpamyparbHbIX apmepul cepoya y caMOK KpbiC, KOmopbiM bbina rposedeHa buname-
parnibHasi 08apUOIKMOMUS, @ MakKxe rocre /IeYeHUsT UX HO8bIM 8a2UHallbHbIM 2e/1eM C 3KCmpak-
mom xmerisi U npenapamom cpasHeHusi — cynnodumopusiMu « OgecmuH», codepxxawjumu 3cmpuor.
lNoka3aHo, Ymo 8 pe3yribmame CmoUKo20 3cmpo2eHdebuyUmMHO20 COCMOSIHUS 8 cepOeYHO-coCcyOu-
cmol cucmeme CaMOK KPbIC CQhOPMUPOBAIICS KOMIIIEKC MOPEhOTI02UYECKUX U3MEHEHUU, KOmopble
MOXHO oUueHUMb Kak aHOomenuasnbHyto ducgyHkyuto. [ocrne mepanuu udydaemsiM ¢humornpernapa-
MOM y XUBOMHbIX OMCYMCcmMeosasu UMeHeHUs 8 MUogubpuUsIspHOM arnapame Muokapda, omme-
YeHO yMEeHbLWEeHUEe Ulu omcymcemaue rpu3Hakoe sHdomesuaabHOU OUCYHKUUU.



