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MORPHOLOGICAL CHANGES IN TISSUES OF ORGANS IN RATS WITH ARTERIAL
HYPERTENSION (SHR) WITH TREATMENT OF HYPOTENSIVE MEDICINES (WITH
RAMIPRIL AND CANDESARTAN) IN COMBINATION WITH CORVITIN
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Ha cvoeooniwmniii denv apmepianvha cinepmensia (Al) - natinowupeniwie cepyego-cyouHHe 3aX80pPIOBAHHS, SKe
€ HaUOINbW Yacmoio NPUNUHOIO THEANIOU3AYT] HACENeHHs BHACTIOOK GUCOKO20 PUSUKY PO3GUMKY MAKUX YCKAAO-
HeHb, AK cepyesa HeOOCMAamHICMy, iweMiyHa Xeopoba cepys, iHcyrbm. Xapaxkmep MophoaoSiuHUX NPos6ie cine-
PMOHIYHOL X80POOU 3ane)CUMb 810 MPUBATOCTI | 8ANCKOCMI nepebizy, ale 2inepmeHsisn 3anycKae Kackao namo-
JIOZIUHUX 3MIH Yoice npu JeeKomy nepebicy xeopodu i cynpogoodCYEMbC NOPYUIEHHAM CIMPYKMypu Haubinbu
YYMAUBUX 00 KOIUBAHHSA ApMePIanbHO20 MUCKY Op2anie (MO30K, cepye, Hupku). llocmitino mpusae noutyx Hogux
npenapamie, AKi He MiIbKU 3HUNCYIOMb APMEPIATbHUL MUCK, d 80J100iomb noiimponHumu egpexmamu. Ha nep-
womy micyi cmoimo Kapoionpomexyis, sKa [PYHMYyEMbCsl Ha 3acadax nOCMIIHO20 KOHMPOLIO 34 OKCUSEHAYIEIO
miokapoa i npoyecamu memabonizmy. Ocmannin uacom ysaey 00CaiOHUKi6 npusepmaroms 0iograginoiou, a ca-
Me KOp8imuH, AKull Mac aHmuoKCUOAHMHI, NPOMUANONIMUYHI, NPOMU3ANAbHI éracmusocmi. [lumanns eniugy
KOPGImuny 8 KOMOIHOGAHI mepanii 3 2INOMEH3USHUMY NPEnapamamu npu Jiky8anHi apmepianrsHoi einepmensii
BUBYEHO HEOOCMAMHBO, WO GUIHAYAE AKIMYANLHICIb | MEMY HAUWO020 00CTIONCEHHS.

Mamepianu ma memoou. JJocniodxceHHs NPO8edeHoO Ha cCNOHmMAaHHO-2inepmenzosanux wypax SHR. [L]ypu po30i-
neni Ha 9 epyn. Jocnionum epynam meapun SHR 68oounu paminpun 6 0o3i 0,5 me /ke, kanoecapman — 0,4me /ke,
a Makoc npoGoOUNU KOMOIHOBAHY Mepaniio paminpui i Kopeimun, kanoecapma i kopsimun. [Ipenapamu 660-
ounu 1 paz na denv npomseom 7 OHi6 3 idicero (011 kKopomkouacHoi mepanii) i npomsicom 21 Ons (015 mpusanoi
mepanii).

s oyinku MOPONOIUHUX 3MIH cepysi, HUPOK, NEUiHKU GUKOPUCMOBYSANU 3AMOPONCEHI NONepedHi 3pi3u mo6-
wunoio 10 mxm, axi 3agpapbosgysanu 3a memoodom Pamonosckoeo-I'imse.

Pe3yromamu oocnioxncenns. Kopsimun npu 3acmocy8anni i 3 paminpuiom i 3 KaHOecapmaHom mMas npomeKmo-
PHULL 8NIUE HA OOCTIONCYB8AHI CINPYKMYPU OP2aHig-MilleHell. MIOKapO ULTYHOUKIS, KIDKOBY DedO8UH) HUPKU, 2e-
namoyumu. Ane KapoionpomeKkmopHull egpexm KopeimuHy iOMIYeHUll 8 MKAHUHI MIOKApOa 8020 WIIYHOUKA
npu 00820mMpuBaniil KOMOIHOBAHIN mepanii 3 Kanoecapmarom Oy8 OLIbW CYMMEBUM [ XAPAKMEPU3YEMbCS 3HUK-
HEeHHAM O3HAK 2ioponiunoi eakyonizayii kapdiomioyumis. Kombinosarna mepanis 2inomeH3uHUMU nNpenapama-
MU 3 KOPBIMUHOM 3MEHULY8ANI0 CIYNIHb ampoghii HUPKOBUX KIYOOUKI8, HAUOLIbWA eheKmUBHICIb 00CA2ANAC
doseompusanor mepanicio. 3MiHU 6 MKAHUHI NeYiHKU Npu KOMOIHAYIl npenapamie maxoxic Maiu no3UmueHy
OUHAMIKY.

Bucnoeku. Iloconana mepanis 2inomeH3susHuMU npenapamamy i KOpGIMuHoM CyYmme6o NOKpauyye Mop@onozi-
YHY KApMUHy 8 00CII0NHCY8AHUX CIMPYKIYPAX He MINbKU 3a PAXYHOK 3HUNCEHHS apmepianlbH020 MUCKY, d 00YyMO-
61eHa I N1eUoMpPORHUMU eheKmamu KOPGImumy.

KuiouoBi ciioBa. Apmepianvha cinepmensis, kanoecapman, paminpui, Kopeimun
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1. Introduction

Hypertension is one of the leading health prob-
lems worldwide. Cardiovascular mortality in half of all
cases is associated with hypertension, as well as its com-
plications such as stroke, coronary heart disease, and
heart failure. Despite significant advances in the treat-
ment of this pathology, it remains the main cause of
adverse prognosis [1].

The pathogenesis of heart failure on the back-
ground of hypertension is damage to cell membranes,
which is associated with the formation of reactive oxy-
gen species (ROI), activation of lipid peroxidation
(LPO), activation of pathological cytokines, impaired
endothelial function [1,2] and apoptosis.

An important link in the development of the
pathological process is the activation of lipoxygenases
and impaired nitric oxide synthesis, which is accompa-
nied by increased production of ROI, especially peroxy-
nitrite. Depending on the stage of hypertension, a whole
cascade of pathomorphological changes with hypertro-
phy of the muscular layer and elastic structures develops.
Liver cells are also sensitive to the development of oxi-
dative stress, due to their biochemical and physiological
properties: high energy activity and rapid depletion of
antioxidant defense system (AOD) [3, 4]. The kidneys
play a leading role in the regulation of blood pressure
due to the excretion of water and sodium, secretion of
renin, prostaglandins. Prolonged hypertension is ac-
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companied by narrowing of the fetus arterioles, en-
hancement of water reabsorption processes in the distal
tubules [5, 6].

Effective drugs in the treatment of AH are inhibi-
tors of angiotensin-converting enzyme (ACE) ramipril
and antagonist of angiotensin receptor candesartan [7, 8].
Reducing blood pressure to the normal range is essential
to prevent complications of cardiovascular disease, but it
is important to find new drugs that have a polytropic
effect and not only normalize blood pressure, but also
have protective effects on tissues that have undergone
pathological changes [9, 10] . According to the literature,
corvitin, which is a water-soluble complex of biofla-
vinoid quercetin with polyvinylpyrrolidine, has cardio-
tonic, antitumor, hypolipidemic, anti-inflammatory, an-
timicrobial, hypoglycemic action [11, 12].

Having antioxidant properties, corvitin lowers the
level of LPO, acting as traps for ROI, has a inhibitory
effect on the activity of enzymes involved in phospholip-
id degradation. Corvitin prevents intracellular influx of
calcium ions into platelets, thereby reducing their aggre-
gation. Effect on production of nitric oxide and inhibition
of protein kinase C activity causes coronary vasodilating
action [8, 9]. The combination of such properties makes
it possible to apply the drug as a protector under condi-
tions of development of pathological changes in the sys-
tems and organs against the background of arterial hyper-
tension.

To date, the use of corvitin in combination thera-
py with antihypertensive drugs has not been sufficiently
studied, which determines the relevance and novelty of
our study.

The aim of our study was to determine the effect
of combination therapy with ramipril and corvitin, can-
desartan and corvitin on morphological changes in the
heart, liver, and kidney, which were recorded in the rat
with spontaneous hypertension (SHR).

2. Planning (methodology) of research

For the successful correction of arterial hyperten-
sion in the early stages of pathological changes, it is
important to study the mechanisms of development of the
pathological process. In spontaneously hypertensive
animals, there is persistent hypertension that results from
structural and functional changes in blood vessels that
are similar to molecular mechanisms in the development
of hypertension in humans. This led to the selection of a
group of rats with hypertension.

Effective drugs in the treatment of AH are inhibi-
tors of angiotensin converting enzyme (ACE) ramipril
and antagonist of angiotensin receptor candesartan. Re-
cent studies have found that taking candesartan and ram-
ipril reduces the morphological manifestations of the
pathological process, and the combination of these drugs
with corvitin promotes the restoration of organ structure.

Our research included the following steps:

1. Inclusion in the experiment of rats with hyper-
tension (SHR).

2. Therapy of arterial hypertension of SHR rats
with ramipril and candesartan for short and long period.

3. Combination therapy with antihypertensive
drugs and drugs that have antioxidant properties -
corvitin.
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4. Conducting morphological studies of the most
vulnerable to hypertension organs: kidney, liver, heart.

3. Materials and methods

The study was conducted from 2017 to 2019 on
64 rats with spontaneous hypertension (SHR) weighing
180.0-220.0 g (kennel of laboratory animals “Biomod-
elservice”, Kyiv). During the acclimatization period after
transportation (2 weeks), the animals were in vivarium
conditions at 20-25 ° C, humidity not more than 50 %,
natural light, in standard plastic cages on a standard diet
[13]. The study was conducted in 9 groups of animals:
the control group consisted of spontaneously hyperten-
sive animals SHR, which was injected with saline 0.9 %
sodium chloride; the first experimental group included
animals that received short-term treatment (7 days) with
ramipril, the second experimental group - animals that
received long-term (21 days) therapy with ramipril, the
third experimental group - short-term therapy (7 days)
with candesartan, the fifth group - long-term candesartan
therapy, the sixth experimental group — combination
therapy with corvitin and ramipril (7 days), and the sev-
enth experimental group — a combination of corvitin and
ramipril (21 days), eighth and ninth experimental groups
— short and long-term combination therapy with can-
desartan and corvitin.

Using the method of species sensitivity by Yu. R. Ry-
bolovlev and using the method of calculating the coeffi-
cient, we calculated the dose for humans per dose for
rats: dose for humans mg/kg / 0.45=X mg/kg / 1.89. we
determine that the conditional therapeutic dose for rats:
candesartan is 0.5 mg/kg, ramipril — 0.4 mg/kg, corvitin —
50 mg/kg [14].

In the SHR study group, ramipril was adminis-
tered at a dose of 0.5 mg/kg (Hexal AG Germany), can-
desartan 0.4 mg / kg (Ranbaxy Laboratories Limited),
corvitin (Borshchahivskiy CPP) at a dose of 50 mg / kg,
corresponding to the range daily doses for humans with
the calculation of the conversion factor for rats. The
compared drugs were administered once daily for 7 days
with food (for short-term therapy) and for 21 days (for
long-term therapy). The control group of animals of the
SHR series was injected 0.9 % sodium chloride solution
in an equivalent volume (0.2 ml/200 g) intragastrically
every day. Combination therapy with corvitin was per-
formed for 7 days.

To assess the morphological changes of the heart,
kidneys and liver we used frozen cross-sections with a
thickness of 10 um, which were painted according to the
method of Ramonovsky-Gimze using hemotoxylin eosin.
Histological preparations were studied using a Biolam
Lomo C11 optical microscope, assessing the appearance
and size of cells, the intensity of staining, the shape and
structure of the nucleus, cytolemy and cell organelles [9].

Experimental studies and animal euthanasia were
conducted in accordance with the international principles
of the European Convention for the Protection of Verte-
brate Animals (Strasbourg, 1985).

4. Research results

In the control group of SHR animals, kidney atro-
phy of renal glomeruli was expressed 9.13+0.12 %,
which is manifested by a decrease in their size, due to the
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decrease in the number of cells and their dense location,
in other zones hypertrophy of the glomeruli is observed
(Fig. 1). In the arteries and arterioles there is hypertrophy
of the walls due to the number of leiomyocytes with
thickening of the media (Fig. 2), 22.43+0.18 % of leio-
myocytes have signs of hydropic vacuolation. Vascular
endothelial cells at different stages of desquamation. The
formation of polygonal cells with dark large nuclei is
observed, which accompanies the defeat of the epitheli-
um of the tortuous tubules (Fig. 3).

In the myocardium of the control group, there was
hypertrophy of the walls of the left ventricle and inter-
ventricular septum. The size of cardiomyocytes increased
with deformation of muscle fibers. In 15.14+0.13 % of
cardiomyocytes was hydrocephalous swelling, and in
5.36+0.12 % - basophilic degeneration (Fig. 4). In the
liver of the control group of animals, the reverse swelling
was 94.45+0.34 % of hepatocytes, the hydropic swelling
was centrollobular (111 acinus zone), and the hydropic vacu-
olation was peripheral globular (I acinus zone) (Fig. 5).

e TR R g e
Fig. 1. Cortical substance of rat kidney. SHR rat control
group. Atrophied glomeruli, other glomeruli in a state of
hypertrophy. Hematoxylin and eosin staining.
Eye. 10x. Lens. 10x%.

Fig. 2. Cortical substance of rat kidney. SHR rat control
group. Hypertrophic walls of vessels. Staining with he-
matoxylin and eosin. Eye. 10x. Lens. 10x.

Fig. 3. Cotic
renal tubules. Staining with hematoxylin and eosin.
Eye. 10x. Lens. 10x.

Fig. 4. Ventricles of rat mocardium. SHR rat control
group. Myocardial wall hypertrophy. Hematoxylin and
eosin staining. Eye. 10x. Lens. 10x.
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Fig 5. Rat liver. SHR rat control group. Hydropic swell-

ing of hepatocytes and hydropic vacuolation. Hematoxy-

lin and eosin staining. Eye. 10x. Lens. 10x.

Short-term ramipril treatment deepened the area
of atrophy to 8.62+0.17 % of renal tubules and signifi-
cantly reduced hypertrophy of the arterial walls and arte-
rioles at 21 days of treatment. Short-term candesartan
treatment reduced the area of hypertrophy of the artery
media and leiomyocyte arterioles with signs of hydropic
vacuolation 4 times compared with the control group. A
similar trend was observed in long-term treatment with
the absence of leiomyocytes with signs of hydropic vac-
uolation.

For myocardium, the use of ramipril 3.5 times re-
duced the degree of hydropic swelling of cardiomyo-
cytes, and with prolonged treatment, no signs of hydro-
ponic swelling were present. Basophilic degeneration
decreased 6.25 times and duration of treatment was not
significant. Similar changes of positive dynamics were
demonstrated by candesartan already at short-term treat-
ment with absence of hydropic vacuolation of cardiomy-
ocytes at long-term treatment. All the studied changes
had a high degree of probability.

In the liver, the area of back swelling was reduced
and with short and long-term treatment up to 42.35+0.30 %
of hepatocytes. Only long-term treatment with candesar-
tan had a positive effect on liver tissue and a mild form
was noted - hydropic swelling [9, 10].

Combination therapy with ramipril and corviton
significantly improved the morphological result in all
study structures compared with controls and animals
treated with ramipril and candesartan alone in short and
long period.
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The combination of ramipril and corvitin reduced
the area of atrophy of the renal glomeruli to 4.55+0.15 %
at 7 days of treatment and to 2.13+0.15 % at 21 days
(Fig. 6). Hypertrophy of the artery walls and arterioles
decreased, and signs of hydropic vacuolation were ob-
served in 12.46+0.12 % and 11.2440.11 % leiomyocytes,
respectively, in short and long-term treatment, respec-
tively (Fig. 6). The number of vascular endothelial cells
with signs of desquamation decreased significantly
(Fig. 7). Combined therapy of candesartan and corvitin in
the renal arteries and arterioles led to a decrease in the
hydropic vacuolation of leiomyocytes to 4.24+0.08 %
with long-term treatment, with no renal glomerular atro-
phy (Fig. 8). Morphological changes in the kidney during
combination therapy with corvitin had a high degree of
probability.

o S L
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Fig. 6. Cortical substance of the SHR rats’ kidney. Com-
bined long-term therapy (ramipril and corvitin). Minor
atrophy of the renal tubules. Staining with hematoxylin
and eosin. Eye. 10x. Lens. 10x%.

Fig. 7. Cortical substance of the SHR rats’ kidney. Com-
bined long-term therapy (ramipril and corvitin). There
are no signs of endothelial cells with desquamation.
Staining with hematoxylin and eosin.

Eye. 10x. Lens. 10x%.

Fig. 8. Cortical substance of the SHR rats’ kidney. Com-
bined long-term therapy (candesartan and corvitin).
There is no atrophy of the renal glomeruli. Staining with
hematoxylin and eosin. Eye. 10x. Lens. 10x.
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In the myocardium, the use of ramipril and
corvitin 4.7 times reduced the degree of hydropic swell-
ing of cardiomyocytes, and with prolonged treatment,
signs of hydropic swelling were absent (Fig. 9). Baso-
philic degeneration decreased 6.25 times and duration of
treatment was not significant. Combination therapy of
candesartan and corvitin, starting with short-term treat-
ment, showed no signs of hydrophilic vacuolization and
reduced basophilic degeneration 11.2 times (Fig. 10).
The obtained changes were reliable.

Fig. 9. SHR rat ventricular myocardium. Combined long-
term therapy (ramipril and corvitin). Staining with hema-
toxylin and eosin. Eye. 10x. Lens. 10x.

Fig. 10. SHR rat ventricular myocardium. Combined
long-term therapy (candesartan and corvitin). Staining
with hematoxylin and eosin. Eye. 10x. Lens. 10x.

Fig. 11. SH rat liver. Combined long-term therapy
(ramipril and corvitin). Staining with hematoxylin and
eosin. Eye. 10x. Lens. 10x%.
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Fig. 12. SHR rat liver. Combined long-term therapy

(candesartan and corvitin). Staining with hematoxylin
and eosin. Eye. 10x. Lens. 10x%.

In the liver, corvitin and ramipril with a high de-
gree of likelihood reduced the swelling area both with
short and long-term treatment to 31.34+£0.32 % of
hepatocytes (Fig. 11). Long-term treatment with corvitin
and candesartan had a positive effect on liver tissue with
mild signs of hydropic swelling (Fig. 12) [9, 10].

5. Discussion of research results

The obtained data showed that the use of high-
probability corvitin enhances the effects of antihyperten-
sive drugs and improves the morphological picture in the
studied structures compared with the control group and
in the treatment with ramipril and candesartan. The
greatest protective effect of corvitin was observed in the
tissue of the left ventricular myocardium with long-term
therapy with corvitin and candesartan with no signs of
hydropic vacuolation of cardiomyocytes [13]. Increased
blood pressure causes hypertrophy of the left ventricle.
The positive effect of ramipril in combination with
corvitin is a consequence of the stimulation of endotheli-
um production of nitric oxide by enhancing the produc-
tion of bradykinin and by suppressing the oxidative stress
caused by RAAS activity. Endothelial production of
nitric oxide plays a key role in ensuring homeostasis of
the vascular system, regulating the size of the lumen of
the vessels [14, 15]. Treatment with ramipril leads to a
decrease in left ventricular hypertrophy [16, 17].

It is known from the literature that SHR rats have
increased renal production of angiotensinogen, which
leads to increased levels of ABP, hypertension and kid-
ney damage [13, 16]. The combined effect of corvitin
and ramipril on the kidneys reduced the degree of atro-
phy of the renal glomeruli with no pathological process
when combining candesartan and corvitin with long-term
treatment [18, 19]. Ramipril contributes to the normaliza-

tion of systemic blood pressure and increased blood flow
to the kidneys, and in combination with corvitin enhanc-
es positive dynamics [20]. Candesartan reduces the ex-
cretion of total protein in the urine, prevents sclerosis of
the glomeruli of SHR rats. Combined therapy with
corvitin minimizes the effects of a pathological process
with a high degree of likelihood. Changes in liver tissue
with the combination of drugs had a positive dynamics
but did not approach the physiological norm.

Study limitations. Study reflects only morpho-
logical changes and do not allow quantitative assessment
of functional changes in the studied structures.

Prospects for further research. The conducted
experiments of combined therapy of hypertension in
SHR rats showed that the use of corvitin promotes the
restoration of the structure of the studied organs. The
conducted researches open a perspective direction of
studying the effect of combination therapy with antihy-
pertensive drugs with corvitin on the state of the proox-
ide-antioxidant system, on the reaction of the aggregate
state of the blood for a comprehensive study of the effect
of therapeutic drugs.

6. Conclusions

Ramipril exacerbated pathomorphological chang-
es in the tissues of the kidney and ventricles, and its toxic
effects on the liver were noted.

Long-term therapy with ramipril reduced
2.99 times the hypertrophy of the walls of the arteries
and arterioles of the renal glomeruli. Corvitine combina-
tion therapy maintained the positive dynamics of mor-
phological structure restoration and offset the negative
effects of ramipril on renal tubule atrophy.

Candesartan contributed to the regression of the
hydropic swelling of cardiomyocytes. Combination ther-
apy with corvitin helped to restore the structure of the
organ.

Continuous therapy with candesartan and corvitin
completely restored the structure of the walls of the arter-
ies and arterioles of the renal glomeruli and led to the
complete restoration of these changes. Monotherapy with
candesartan - the drug had almost no effect on atrophy of
the renal glomeruli, and combination therapy restored the
structure of the microcirculatory bed.

Combination therapy with ramipril and candesar-
tan in combination with corvitin reduced the degree of
reversible swelling of hepatocytes.

In most studies it has been shown that the benefi-
cial effects of antihypertensive drugs are not only associ-
ated with a decrease in blood pressure, but are more due
to the pleiotropic effects of combination therapy.
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