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The study aimed to establish the parameters of chronic toxicity of the newly developed drug based on
phosphodiesterase-3 inhibitor and ethylmethylhydroxypyridine succinate in experiments on laboratory
animals. The analysis was performed on white sexually mature young male Wistar rats weighing 170-185 g.
Four groups of white rats were formed. The first experimental group was administered Bendamine based on
a phosphodiesterase-3 inhibitor and ethylmethylhydroxypyridine succinate at a therapeutic dose. Rats of the
second experimental group were injected with the experimental drug in a 5-fold dose. Rats of the third
experimental group were administered the drug in a 10-fold dose. The fourth group served as control. The
study of chronic toxicity of Bendamine in white rats indicates that long-term 30-day administration in ther-
apeutic doses or 5-fold dose does not cause clinical signs of poisoning, as evidenced by the physiological
limits of fluctuations in the studied morphological and biochemical parameters of blood rats. Prolonged
administration of Bendamine to rats in a 10-fold dose is accompanied by a slight suppression of the body's
physiological state, as indicated by a decrease in total erythrocytes and hemoglobin by 10.1 % against an
increase in white blood cells by 59.8% (P < 0.001). In addition, there was a decrease in the functional state
of the liver, as evidenced by a probable reduction in total protein by 8.0% and urea — by 13.5 %, as well as
an increase in ALT, AST, and alkaline phosphatase by 31.6 %, 7.4 %, and 53.9% respectively. Probable
changes in the coefficients of liver and spleen mass have been established. When administered intramuscu-
larly to rats with the drug Bendamine for 30 days, the macroscopic and microscopic structure of the studied
internal organs is preserved in all groups of animals. The second experimental group revealed reversible
moderate histostructural changes in the liver and kidneys. In rats treated with ten times the therapeutic dose
of the drug, histologically found hemodynamic disorders and alterations in dystrophic nature, mainly of
protein origin, with focal localization in the parenchyma of the liver, kidneys, and myocardium, which in
most cases are reversible and result from the compensatory response. Macroorganism on the introduction
of a high dose of the study drug.

Key words: rats, toxicology, pharmacology, ethylmethylhydroxypyridine succinate, a phosphodiester-
ase-3 inhibitor, Bendamine.
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ExcnepumeHTa/IbHA OHIHKA TOKCMYHOCTI KAPAi0JOTiYHOI0 NMpenapary Ha OCHOBI
iHrioiropa ¢pocdoamnecrepasu-3 Ta eTHIMETHITIAPOKCUNIIPUINHY CYKIIUHATY

I.C. Bapxommlg, b.B.T yTMﬁ], O. B. 3onorompka', JI. II. Fopanbcwnﬁz, I. M. COKyHBCLKI/Iﬁz, B. I. Xanax®,
B. B. ITapuenko®, A. P. Illep6arnii', T. B. Maprumyxk', 3. A. I'yta'

Tvsiecoruil nayionanouuil yrisepcumem eemepunaphoi meouyunu ma 6iomexnonoziti imeni C. 3. Icuyvkozo, m. Jlveis,
Ykpaina

[Monicokuti nayionansrutl ynieepcumem, m. Kumomup, Yrpaina

3 llepacasna yecmanosa “Incmumym 3epnoeux kynomyp HAAH Yipainu”, m. Juinpo, Yrpaina

“3anopizvruil Oepocasnuii meduunuil ynisepcumem, M. 3anopiosicocs, Vipaina

Memoio pobomu 6yn0 y docnidax na 1aOOPaAmMOPHUX MEAPUHAX BCMAHOGUMU NAPAMEMPU XPOHIUHOI MOKCUYHOCMI HOBOCMBOPEHO20
npenapamy Ha OCHO8I iH2ibimopa ¢hocoduecmepasu-3 ma emurmemunciOpoKCUnipuOuHy cykyunamy. JJociiodcents nposoounu Ha 6iiux
CMamego-3pinux Monooux wypax-camysix ainii Bicmap macorw 170—185 2. Byno cghopmosano womupu epynu. Ilepwiti docniowiti epyni 660-
ounu npenapam “bendamin” Ha ocnoei ineibimopa gocgoduecmepaszu-3 ma emuimemun2iopoKCURIPUOUHY CYKYUHamy y mepanesmudHii
003i. LLlypam Opyeoi 0ocrionoi epynu 6600unu docaionui npenapam y S-mu kpamuiti 003i. LLypam mpemvoi docuionoi epynu 6600unu npe-
napam y 10-mu kpamuiti 0o3i. Yemeepma epyna ciyscuna konmponem. JJocuioxcents xpoHiunoi mokcuunocmi benoaminy na 6inux wypax
6kazye Ha me, wo mpusaie 30-006086e 11020 86e0eHHs Yy mepaneemuunitl 003i abo y S-Kpamuiil 003i, He BUKIUKAE KNIHIYHUX O3HAK OMPYEHHS,
npo wjo c8iduams QizionociuHi Mexci KOIUBaAHb 00CTIONCYBAHUX MOPHONOSIUHUX Ma OIOXIMIYHUX NOKA3HUKIE Kposi wypie. Tpusane esedents
wypam 0ocuionoeo npenapamy 6 10-kpamuiti 0030 cynpogoONCYEMbCsl HEZHAYHUM NPUSHIYEHHAM (DI3i0N02I4HO20 CMANY OPeaHiZMY, HA WO
BKA3YE 3HUNCEHHSL 3A2AIbHOI KIIbKOCMI epumpoyumie i emicmy 2emoznodiny na 10,1 % na mai niosuwenns kinokocmi netikoyumis va 59,8 %
(P < 0,001). Kpim ybo2o 6cmaHo61eH0 3HUHCEHHS (DYHKYIOHATbHO20 CIMAHY NEYIHKU, NPO W0 C8I0YUMb GIPO2IOHEe 3MEHUEHHSA 6MICIY 3a2d-
Ho20 npomeiny na 8,0 % i cewosunu — na 13,5 %, maxoorc niosuwenns akmugnocmi AnAT, AcAT i nyacnoi pocpamasu na 31,6 %, 7,4 % i
53,9 % 6ionogiono. Bcmanosneno 8ipoeioni sminu KoegiyicHmie Macu nedinku ma ceie3inku. 3a HympiuiyHKo8020 3aCMOCY8AHHS WYPAM
npenapamy “‘Benoamin” ynpooosoic 30 0ib Makpockoniuna ma MikpOCKORIYHA CMPYKMYypa 00CILONCY8AHUX 6HYMPIUHIX Op2aHie 30epedicena
Y 6cix epynax meapun. Y opyeiti 0ocnioHitl epyni 6uasieHi NOMIpHI 2iICIOCMPYKMYPHI 3MIHU 6 NediHyl | HUPKAx, sAKI Maau 360pOMHIll Xapak-
mep. Y wypis, sxum sacmocogysanu 10-kpamuy mepanesmuuny 003y npenapamy, 2iCmono2iuHo 6CMAHOBIEHO NOPYUEHHSL 2eMOOUHAMIKY ma
BMIHU OUCMPODIUHO20 Xapakmepy, NepegadcHO GLIKO8020 NOXOOMNCEeHHS, i3 60CHUWYEBOI0 JIOKANI3AYIEI0 6 NAPEHXIMI NeuiHKU, HUPOK ma
MIOKapOy, wo HOcAmb y Oinbuwocmi 6unaokie 360pOMHUL Xapakmep i € HACIIOKOM KOMHEHCAMOPHOI peakyii 3 60Ky MAKpOOp2aHimy Ha
66e0eHH s NIOBUUIEHOT 003U OOCTIONCYBAHO20 NPENAPAm).

Knrouosi cnosa: wypu, mokcuxonozis, (apmaxonozis, emuimemuiiOpoKcunipuout cykyunam, ineioimop gocgoouecmepasu-3, bendamin.

Introduction

Cardiovascular diseases in dogs are widespread, but
their causes are not always known. Cardiac pathology in
animals may not be clinically evident for a long time, mak-
ing it difficult to diagnose (Borgarelli & Buchanan, 2012;
Varkholiak & Gutyj, 2018). In the case of detection of
cardiovascular pathology in dogs, it is important to estab-
lish the degree of hemodynamic disorders and diseases of
other organs that may be crucial for the course and progno-
sis (Borgarelli et al., 2007; Varkholiak et al., 2021). It is
known that 10 % of all animals suffer from pathologies of
the cardiovascular system of varying severity (Undhad et
al., 2012). Animals of various breeds and age groups are
admitted to the cardiologist. Cardiomyopathies are most
often registered in large breeds of dogs (Trofimiak &
Slivinska, 2021) (more often dilatation, less arrhythmogen-
ic) and in small breeds — valvular pathology (endocardiosis
of atrioventricular valves). Pericarditis and congenital disa-
bilities are less common (Merveille et al., 2015; Ramirez et
al., 2016; Yata et al., 2019; Morgan et al., 2020).

Disorders of the cardiovascular system lead to irre-
versible processes throughout the body, which in most
cases end in death (Fox, 2012; Zhulikova, 2016;
Tjostheim et al., 2019).

It should be noted that this pathology often takes a
long time in a latent form, which does not manifest itself
clinically and does not cause concern among owners. As a
result, animals are referred to specialists during the period

of decompensation of chronic heart failure. In addition,
timely detection of pathology and the beginning of treat-
ment can significantly extend the life of a sick animal
(Hollmer et al., 2017).

The development, research, and implementation of
new cardiac drugs for the prevention and treatment of
animals with cardiovascular diseases, in the mechanism of
which the development of oxidative stress, is on time and
have significant prospects. It is advisable to use veterinary
medicine for heart failure in animals with phosphodiester-
ase-3 inhibitors and antioxidants (Martyshuk, 2016;
Lavryshyn et al., 2016; Martyshuk et al., 2016; Brett et
al., 2019; Oldach et al., 2019; Martyshuk & Gutyj, 2019;
Varkholiak et al., 2021; Martyshuk & Hutyi, 2021).

That is why the development of domestic cardio prep-
aration for dogs for pathologies of the cardiovascular
system and the study of its pharmaco-toxicological pa-
rameters is relevant.

The work aimed to establish the parameters of chron-
ic toxicity of the newly developed drug based on phos-
phodiesterase-3 inhibitor and ethylmethylhydroxypyridine
succinate in experiments on laboratory animals.

Materials and Methods

Experimental studies were conducted following the
requirements of drug-biological experiments in selecting
analogs, control, compliance with the same feeding and
maintenance conditions during the investigation, and

Scientific Messenger LNUVMB. Series: Veterinary sciences, 2022, vol. 24, no 105
110


https://orcid.org/0000-0002-9985-6049
https://orcid.org/0000-0002-5971-8776
https://orcid.org/0000-0002-0423-5566
https://orcid.org/0000-0002-4251-614X
https://orcid.org/0000-0002-6237-0328
https://orcid.org/0000-0002-4384-6394
https://orcid.org/0000-0002-8445-1794
https://orcid.org/0000-0002-2283-1695
https://orcid.org/0000-0002-4976-2212
https://orcid.org/0000-0002-5652-6939
https://lvet.edu.ua
https://polissiauniver.edu.ua
https://zsmu.edu.ua/
https://www.institut-zerna.com

Hayxosuit Bicauk JIHYBMB imeni C.3. Ikunpkoro. Cepisi: Berepunaphi nayku, 2022, T 24, Ne 105

accounting for results (Kotsiumbas et al., 2006; Todoriuk
etal., 2018).

The study was performed on white sexually mature
young male Wistar rats of 2-3 months of age, weighing
170-185 g, which were kept on the standard diet of the
institute vivarium of the State Research Control Institute
of Veterinary Drugs and Feed Additives. Four groups of
white rats were formed. The first experimental group (R1)
was administered the drug Bendamine in a therapeutic
dose. The second experimental group (R2) of rats was
administered the test drug in a 5-fold dose. The third
experimental group (R3) of rats was administered Ben-
damine in a 10-fold dose. The fourth group served as
control (K).

The drug in the above doses was administered at a
particular time, daily for 30 days, orally, on an empty
stomach, using a probe for laboratory animals.

Bendamine is an animal medicine that affects the car-
diovascular system. The drug contains a phosphodiester-
ase-3 inhibitor and ethylmethylhydroxypyridine succin-
ate. The latter has a pronounced antioxidant, antihypoxic,
anxiolytic, membrane, and stress-protective activity.

At the experiment's beginning and end, the rats of the
experimental and control groups were weighed. During
the investigation, the clinical condition and behavior of
the animals were monitored. Behavioral reactions of ani-
mals were studied according to the following criteria:
horizontal motor activity, vertical motor activity, groom-
ing, and vigorous activity.

On day 31 of the start of the administration, five white
rats from each group were tested for liver detoxification
function using a thiopental test. To do this, laboratory ani-
mals were administered 1 % sodium thiopental solution at a
dose of 45 mg/kg. Then the average sleep time from when
the animal took a lateral position was recorded
(Kotsiumbas et al., 2006; Gutyj et al., 2016; 2017).

Simultaneously, the other five rats were tested for
swimming by M. L. Rylova (Rylova, 1964). A glass
aquarium was used for the experiment. The water column
in the aquarium is 50 cm. The water temperature is 12—
13 °C. Experimental animals were attached to the load
(metal samples) — 5 % body weight. Before the experi-
ment, the rat was weighed and attached to the tail of the
load corresponding to its weight, then allowed to swim
with experimental and control animals of approximately
the same weight. Make sure that the animals are constant-
ly swimming. An indicator of efficiency is when the ani-

mal can stay on the water. The animals swam the entire
descent to the bottom.

The next day laboratory animals under light ether an-
esthesia were decapitated, performed hematological and
biochemical studies according to generally accepted
methods dissected, and determined the mass coefficients
of organs compared with the control group (Malanin et
al., 1988; Vlizlo et al., 2012).

All animal manipulations were performed following
the European Convention for the Protection of Vertebrate
Animals Used for Experimental and Scientific Purposes
(Official Journal of the European Union L.276/33, 2010).

The analysis of research results was performed using
the software package Statistica 6.0. Student's t-test as-
sessed the probability of differences. The results were
considered plausible at P < 0.05.

Results and Discussion

According to studies to determine the chronic toxicity
of the newly developed cardiac drug, it was found that
from giving white rats the drug in therapeutic doses and
5-fold and 10-fold therapeutic doses, no visible clinical
signs of drug intoxication were observed. Throughout the
experiment (30 days), appetite was maintained in experi-
mental animals. Significant violations of appearance and
general condition were also not detected. Probable chang-
es in the behavior of experimental animals were not ob-
served (Table 1), and the characteristic behavioral reac-
tions reflected the normal functional state of the central
nervous system. It is also worth noting the slight suppres-
sion of the body of rats of the third experimental group,
which received ten times the dose of the drug.

Studies of emotional and behavioral responses of la-
boratory animals after administration of the drug “Ben-
damine” for 30 days in the therapeutic and five times
higher than the therapeutic dose did not show a significant
effect on the nervous system. Under these conditions,
there was a tendency to suppress in rats given the drug
“Bendamine” in a dose ten times higher than therapeutic,
characterized by a decrease in horizontal (number of
crossed squares) and vertical motor activity (number of
lifts on the hind limbs), grooming (number washing).
Under these conditions, the experimental (number of
animal visits to the kidneys) and emotional (number of
defecation and urination) activity did not differ from the
animals of all experimental and control groups.

Table 1
Indicators of physiological condition and activity of white rats with 30-day administration of the drug “Bendamine”
M+m,n=06)
Indicators
Group of animals Number of Number of Number of visits ~ Number of washes ~ Number of Number of
intersections racks to the burrows (grooming) defecations urinations
Control 13.5+1.57 1.83 £ 0.60 4.17+0.83 2.33+0.42 2.33+£0.42 1.5+£043
First research 13.2+1.57 2.0+0.51 4.0+0.93 2.5+043 2.17+0.31 1.16 £0.31
Second research 12.67 £1.33 1.5+0.43 3.83£0.70 2.16 £0.31 2.0+045 1.33 £0.21
Third research 11.3+1.08 1.0£0.37 4.0+ 0.68 1.66 £ 0.67 2.17 £0.40 1.67£0.42
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One of the integral indicators that reflects the level of
metabolic processes in the body of animals in their intoxi-
cation is the change in body weight and individual inter-
nal organs. Owing to this, it is essential to study the tox-
icity of the drug “Bendamine” to determine individual
internal organs' body weight and weight ratios. Figures 1
and 2 show body weight data and weight coefficients of
individual internal organs of rats on the 31st day of the
experiment to study the chronic toxicity of the newly
developed drug. It was found that the introduction of the
drug in a 10-fold dose caused a decrease in body weight
of white rats by 5% compared with the control group
(Fig. 1). Under these conditions, we noted that the rats of
the first and second experimental groups tended to in-
crease body weight slightly.

Body weight, g

K R1 R2 R3

Fig. 1. Bodyweight of rats on the 31st day of the
experiment to study the chronic toxicity of the drug
“Bendamine” (M £ m, n = 6)

Heart
Spleen
Kidney left
Kidney right
1 43.9
Liver X 3%?5
36.2
1 10 100

R3 @R2 mRIl ®K

Fig. 2. Coefficients of mass of individual internal organs
of rats on the 31st day of the experiment to study the
chronic toxicity of the drug “Bendamine” (M + m, n = 6)

In the study of relative weights of internal organs, it
was found that the introduction of the drug in a 10-fold
dose led to a possible change in the relative weight of the
liver, spleen (43.9 £ 2.10; 4.22 + 0.47) against the corre-
sponding control values 36.2 + 1.70; 3.85 + 0.32).

The drug “Bendamine” in therapeutic and 5-fold doses
contributed to a slight increase in the weight of the kid-
neys, while the introduction of the test drug at a much
higher dose showed a decrease in the weight of the stud-
ied organs.

In the 10-fold dose of the drug relative to the thera-
peutic, a decrease in the heart rate of the third experi-
mental group by 12.8% relative to the control group. The
decrease in lung mass occurred after administration of the
drug in 5- and 10-fold doses relative to the therapeutic,
respectively, 9.27 + 0.91 and 9.50 + 0.75.

It is known that the duration of thiopental sleep in an-
imals depends on the ability of microsomal liver enzymes
to neutralize thiopental by glucuronidation. Usually, in
clinically healthy rats, with a normal functional state of
the liver, sleep lasts 25-30 minutes. The duration of sleep
of animals was counted from the moment of their adop-
tion of the lateral position to the first attempts to change it
and expressed in minutes.

It was found that the rats of the control group had an
average sleep time of 28.7 + 1.66 minutes. In rats given
the 10-fold therapeutic dose, the mean thiopental test
increased by 23 %. The average swimming time of rats in
this experimental group was also found to be 9.01 + 1.32
min, while in the control group, the average swimming
time was 12.58 + 1.45 min (Fig. 3). In therapeutic and 5-
fold doses, the drug did not affect the results of functional
tests, as indicated by the average sleep time in rats of the
second and third experimental groups, 29.4 + 1.88 and
30.7 £ 0.65 min, and the average swimming time —
12.87 +1.57 and 11.69 £ 1.72 min.

= Thiopental test Average sleep time, min.

= Test with swimming Average sailing time, min

Fig. 3. The results of functional tests (M £ m, n =5)

Therefore, the drug “Bendamine” after administration
in therapeutic and 5-fold doses for 30 days does not sig-
nificantly affect the functional state of the internal organs
of experimental animals.

The study of hematological parameters in all animals
administered the drug “Bendamine” showed a tendency to
increase, compared with the control, the level of
hemoglobin in the blood and the average hemoglobin
content in erythrocytes, namely: in animals of group Rl
by 10.3 and 4.7 %, groups R2 — by 5.1 and 4.1 % (Fig. 4).
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The average concentration of R
2 H 39.3
hemoglobin in erythrocytes, ===
/100 mL “ 3470‘59
H 42.6
Mean erythrocyte volume, pm3 H :; 38
B
The average content of ““ ]157'52,)
hemoglobin in the erythrocyte, == 17'7
L 16.9
H 29.71
- H 32.84
Hematocrit, % 331
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122.8
1697
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Group of animals R3 Group of animals R2

 Group of animals R1 = Group of animals K

Fig. 4. Morphological parameters of the blood of
white rats on the 31st day of the experiment to study the
chronic toxicity of the drug “Bendamine” (M + m, n = 6)

After administering the drug to rats at ten times the
therapeutic dose, the level of hemoglobin in the blood of
rats of the experimental group R3 decreased to
110.4 + 3.2 g/L, and the average hemoglobin content in
erythrocytes decreased by 6.5 % relative to the control
group of rats. The number of erythrocytes in the blood of
experimental groups R1 and R2 increased by 5.2 and 1 %,

while the experimental group R3 decreased by 4.1 %
compared to the control group. The mean erythrocyte
volume was lowest in the R1 and R3 rats. In experimental
group R2, the mean erythrocyte volume was close to that
of the control group of rats.Administration of the drug
“Bendamine” to animals of the first experimental group
for 30 days led to an increase in hematocrit to 33.10 +
1.50 %. The lowest hematocrit was in the third
experimental group, 29.71 +2.53 %.

After administering the test drug to rats of the
experimental groups, an increase in the number of
leukocytes in the blood of rats R1, R2, and R3 were
observed by 4.5, 26.9, and 59.7 %, respectively. The
number of platelets in the blood increased only in the first
experimental group. The number of lymphocytes in the
blood of rats of the experimental groups increased relative
to the administered dose. Thus, in the blood of the first
experimental group, the number of lymphocytes increased
by 1.7 %, in the blood of the second — by 4.1 %, and in
the third — by 10 % relative to the control group (Table 2).

In the leukogram of the blood of rats, there was a
decrease in the relative number of monocytes to
1.90 £ 0.49 % in the blood of experimental group R3, to
2.12 £ 0.25 % in the blood of rats of group R2 and up to
2.50 + 0.50 % in the blood of rats of group R1.

The leukogram also showed a slight decrease in the
number of rod and segmental neutrophils in the blood of
rats of experimental groups R1 and R2. The lowest data
were in rats of experimental group R3, which were fed the
drug “Bendamine” at a dose ten times higher than the
therapeutic, whereas compared to the control group, it
decreased by 1.4 and 2.9 %.

The percentage of eosinophils and basophils was low-
est in the third experimental group, where it was
1.40 £ 0.25 and 1.91 + 0.24 %, respectively. In compari-
son, it was significantly higher in the control group of rats
and ranged from 2.50 + 0.50 and 1.97 + 0.26 %.

Table 2

Leukogram in white rats on the 31st day of the experiment to study the chronic toxicity of the drug “Bendamine”

M=*+m,n=06)

Research groups
Indexes Control group First Second Third

Leukocytes, G/L 7.28£1.13 7.61 £1.65 9.24+2.10 11.63 £ 1.10%*
Platelets, G/L 499.5+674 553.0+£75.0 489.8+97.1 497.0 +62.4
Lymphocytes, % 61.46+1.93 62.50 +2.22 64.00 + 3.05 67.60 + 1.33%
Monocytes, % 2.60+0.41 2.50 +£0.50 2.12+0,25 1.90 + 0.49
Eosinophils, % 2.50 £ 0.50 2.00 £ 0.57 1.67 + 0.66 1.40 +£0.25*
Basophils, % 1.97 +0.26 1.83+0.16 1.93+0.22 1.91+0.24
Neutrophils (segmental), % 25.30+2.67 2551+ 1.64 25.00+2.00 22.40+1.17
Neutrophils (rod-shaped), % 6.17+1.74 5.66 +0.90 5.28£1.35 4.79 £ 1.50

In addition, a slight increase in the nonspecific part of
the immune system of white rats, namely: phagocytic
activity of neutrophils and phagocytic index (Fig. 5).

It was found that the highest phagocytic activity of
neutrophils was in the blood of the third experimental
group, where it increased by 2.43 % compared to the
control group. Similar changes were found after the study

of the phagocytic index, which was higher in the blood of
experimental groups R1 and R3 by 2.1 and 21 %. In com-
parison, in the blood of rats of the experimental group,
R2, this figure was lower by 7.6 % relative to the control
group.

The results of biochemical studies of serum of rats on
the 30th day of administration of the drug “Bendamine”
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in different doses are given in the table. 3. It was found
that at the therapeutic dose of the drug, there were no
deviations in blood parameters that characterize the func-
tional state of the liver.

23135;

22.63

25 21.87

Group of animals

H Phagocytic activity ~ ® Phagocytic index

Fig. 5. Indicators of nonspecific immunity in white rats
on the 31st day of the experiment to study the chronic
toxicity of the drug “Bendamine” (M = m, n = 6)

Table 3

With the introduction of the experimental drug in 5-fold
and 10-fold doses, rats of experimental groups R2 and R3
showed increased alanine aminotransferase activity by 12.7
and 31.6 % relative to the control group of rats. Similar
changes were found in the determination of serum aspartate
aminotransferase activity, which increased by 3.9 % in
experimental group R2 and 7.4 % in experimental group
R3 in rats of the control group. The serum of experimental
rats found an increase in alkaline phosphatase activity by
11 % (R1), 25 % (R2), and 54 % (R3), respectively.

Protein-synthesizing and detoxifying functions of the
liver in animals of the experimental groups did not change
significantly, and the indicators that characterize them
tended to increase slightly. Thus, the total protein level in
the serum of the first experimental group increased by
4 %, and the concentration of urea increased by 1 %. Only
in the third experimental group were inhibition of protein-
synthesizing and detoxifying function of the liver, which
indicates a decrease in serum total protein to 61.32 +
4.02 g/L and urea concentration to 4.89 £+ 0.47 mmol/L.

Biochemical parameters of the blood of white rats on the 31st day of the experiment to study the chronic toxicity of the

drug “Bendamine” (M + m, n = 6)

Research groups

Indicators Control group First Second Third

ALT, unt/L 53.4+245 542 +3.16 60.2 £4.10 70.3 4+ 3.34**
AST, unt/L 173.4+3.85 178.2+5.01 180.1 +£3.50 186.2 +4.24*
LF, mkkat/L 1.80 +0.30 2.00+0.42 2.25+0.25* 2.77 +£0.42%
Creatinine, pumol/L 74.07 £ 2.66 67.4+2,11% 70.16 £ 2.85 86.6 + 3.14*
Urea, mmol/L 5.65+0.20 5.70 £0.32 5.76 £0.26 4.89 +0.47
Total protein, g/L 66.65 +£2.70 69.36 +3.55 66.91 £4.10 61.32£4.02
Albumins, g/L 26.30 £ 1,82 31.00 + 3.64 25.04 +3.36 18.95+3.11*
Globulins, g/L 40.35+3.61 38.36 £4.85 41.87 +£5.20 4237 +5.31

After studying the protein fractions in the serum of rats
of experimental groups, it was found that the level of albu-
min in rats of the first experimental group increased by
17.9 %, while in the third experimental group decreased by
17.9 %. The level of globulins in the blood of rats of the
first experimental group decreased by 5 %. In contrast, in
rats of the second and third experimental groups, globulins
increased by 4 and 5 % relative to the control group.

Probable (P < 0.001) increase in serum of rats of the
third experimental group of creatinine level of
86.6 + 3.14 uymol/L and a decrease in urea concentration
to 4.89 £ 0.47 mmol/L by 20.5 % indicates the presence
of systemic disorders of not only the liver but also the
kidneys.

Therefore, summarizing the results of clinical, mor-
phological, and biochemical parameters, it can be argued
that the introduction of the experimental drug “Benda-
mine” in therapeutic and 5-fold doses for 30 days does not
cause visible clinical signs of intoxication, and the studied
hematological and biochemical parameters are not ob-
tained animals of the control group.

After a pathological autopsy in the carcasses of rats of
control and experimental groups, no external damage was
found; the fur is uniform, smooth, shiny, well kept in the
hair follicles, and natural openings are closed without a
discharge.

An internal examination revealed that the location of
the thoracic and abdominal cavities was anatomically
correct. Peritoneum smooth, shiny, moist, without layers.
Content in the thoracic and abdominal cavities - little,
transparent, watery consistency. Lungs pale pink, loose,
divided into lobes, pulmonary and costal pleura smooth,
shiny without layers. The heart is conical; the pericardium
is transparent without layers, and the myocardium is elas-
tic and uniformly colored red. Stomach, small intestines
are moderately filled with food masses, large intestines -
with formed fecal masses, mucous membrane pale pink,
shiny, moist, without layers. Liver dark red, smooth cap-
sule, sharp edges, with a characteristic structure in sec-
tion, elastic consistency, in rats receiving ten times the
therapeutic dose of Bendamin, noted the presence of sin-
gle foci of light brown color with a smoothed pattern of
parenchyma on the incision.

Bean-shaped kidneys, dark red, the edges of the inci-
sion converge, the boundary between the cortical and cere-
bral areas is preserved, and the capsule is easily removed;
in some rats receiving ten times the therapeutic dose of
Bendamine, observed a slight increase in organ with the
uneven color of the subcapsular surface. Spleen dark cherry
color, sharp edges, the cut structure is preserved, the scrape
is small or moderate in various individuals. The bladder is
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moderately filled with urine; the wall is not thickened, and
the mucous membrane is pale pink, without layers.

Histological examination of the liver structure of all
studied groups of rats was preserved and represented by a
lobular structure. The radial placement of liver beams
around the central vein, triad zone without structural fea-
tures, and organ vessels devastated or moderately filled
(Fig. 6). Hepatocytes are polygonal; the cytoplasm is
homogeneous, well-colored, with round nuclei, clearly
contoured (Fig. 7).

Fig. 6. Histological structure of the rat liver of the control
group. Hepatocytes are radially arranged. Hematoxylin
and eosin. ep. 10, lens 20

W LY v . -t

Fig. 7. Rat liver of the control group. Hepatocytes are

polygonal; the cytoplasm is homogeneous, and the nucle-
us is preserved. Hematoxylin and eosin. ep. 10, lens 40

a

In rats of the second experimental group, given a 5-
fold dose of the drug, we observed moderate dilation of
Intra lobule capillaries and venous lumen, granular dys-
trophy of hepatocytes in the centrilobular part of the lobe.

Rats of the third experimental group, which received a
10-fold therapeutic dose of the drug Bendamine, more
often found a discomplexation of the lamellar structure of
the liver lobes. Hepatocytes were placed out of order,
sinusoidal capillaries dilated. The presence of hepatocytes
with heterogeneous cytoplasmic color and granularity was
observed over the entire area of the lobes. Enlightened
hepatocytes with enlightened cytoplasm were more com-
mon. Among them were cells with lysed and pyknotic

nuclei and blurred cell contours. Isolated clusters of
round-cell elements were observed in the triad region.
The identified changes indicate the development of pro-
tein dystrophy and necrobiotic processes (Fig. 8—11).

Fig. 8. Histological structure of rat liver of the second
experimental group. Triad. Moderate varicose veins. He-
matoxylin and eosin. ep. 10, lens 10

Fig. 9. Rat liver of the third experimental group.
Discomplexation of the lamellar structure of the lobe.
Sinusoidal capillaries are dilated. Hematoxylin and eosin.

ep. 10, lens 20

’ il AR : ™ ‘{ ¥ : P g »;-b 3

Fig. 10. Rat liver of the third experimental group. Th

cytoplasm of hepatocytes is granular, unevenly stained,

devastated; some nuclei are hypertrophied. Hematoxylin
and eosin. ep. 10, lens 20
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renal tubules with narrowing of their lumen was detected.
The nuclei of some nephroepitheliocytes are enlarged,
some with signs of karyopyknosis and karyorrhexis. The
capillary network of individual glomeruli is compacted,
the lumen between the Shumlyansky-Bowman capsule is
enlarged, and the contents are absent (Fig. 12—16).

Fig. 11. Rat liv group. Minor
cellular infiltration in the hepatic triad. Hematoxylin and
eosin. ep. 10, lens 20

The histological structure of the kidneys of rats of all
study groups is preserved. No changes were detected in rats
of the first and second experimental groups (Fig. 12—14).

: e (& 1 Pt N
ig. 14. istological structure of the rat kiey of the second
experimental group. Hematoxylin and eosin. ep. 10, lens 10

< ;" !%t & ,‘.i'; il - ; Voo % i
Fig. 12. Tortuous renal tubules of the rat control group. 23 LA Y
Hematoxylin and eosin. ep. 10, lens 20 s, Ba 99, s ‘. L GR
Fig. 15. Rat kidney of the third experimental group.

Granular dystrophy of the epithelium of the tortuous renal
tubules. Hematoxylin and eosin. ep. 10, lens 20

D, - f 'i | P a A 4 4
Fig. 13. Renal glomerulus and tortuous canal rats of the first
experimental group. Hematoxylin and eosin. ep. 10, lens 40

In the kidneys of rats treated with a 10-fold therapeu- . !
tic dose of the drug “Bendamine” for 30 days, focal gran-  Sealing of the capillary network of the renal glomerulus.
ular protein dystrophy of the epithelium of the tortuous ep. 10, lens 40
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The myocardium of rats of the control and the first
and second experimental groups is represented by bundles
of muscle fibers with preserved transverse striation; the
nuclei of cardiomyocytes are clear and located in the
center of the cell (Fig. 18). A moderate accumulation of
transudate was observed in the intermuscular lumen
(Fig. 19). In the myocardium of rats of the third experi-
mental group, foci of fibrosis, thickening, fragmentation
of muscle fibers, and loss of transverse and longitudinal
striation were observed.

Sarcoplasm in some places contained acidophilic
granularity; the nuclei are mostly preserved, some swollen
with low chromatin content, intermuscular lumen moder-
ately dilated, impregnated with weakly oxyphilic transu-
date, indicating the development of moderate edema and
dystrophic processes in the body (Fig. 17-21).

\\iv?é ‘*\\t\\%«}%

Fig. 17. Histolog1ca1 structure of the rat myocardium of
the control group. Hematoxylin and eosin. ep. 10, lens 10

ig. 18. Ratyocardiurrr of the ontrl éroup. The sarplm
of cardiomyocytes is homogeneous, the nuclei are clearly
delineated. Hematoxylin and eosin. ep. 10, lens 20

Therefore, when administered intramuscularly to rats
with the drug “Bendamine” for 30 days, the macroscopic
and microscopic structure of the studied internal organs is
preserved in all groups of animals. The second experi-
mental group revealed reversible moderate histostructural
changes in the liver and kidneys. In rats treated with ten
times the therapeutic dose of Bendamine, histologically
revealed hemodynamic abnormalities and alterations in

dystrophic nature, mainly of protein origin, with focal
localization in the parenchyma of the liver, kidneys, and
myocardium, which in most cases are reversible and re-
sult from compensatory response macroorganism on the
introduction of a high dose of the study drug.

Fig. 19. Hlstolog1ca1 structure of the rat myocardlum of
the first experimental group. A — moderate intermuscular
edema; Hematoxylin and eosin. ep. 10, lens 20

Fig. 20. Rat myocardlum of the third experlmental group.
Loosening of connective tissue fibers, thickening of
muscle fibers. Perivascular edema. Hematoxylin and

eosin. ep. 10, lens 10

Fig. 21 Rat myocardlum of the third exper1menta1 group.
Permeation of intermuscular fibers with transudate.
Hyperemia. Hematoxylin and eosin. ep. 10, lens. 40
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Conclusions

1A study of the chronic toxicity of the drug “Benda-
mine” in white rats indicates that prolonged 30-day ad-
ministration in therapeutic doses or 5-fold dose does not
cause clinical signs of poisoning, as evidenced by physio-
logical limits of fluctuations in morphological and bio-
chemical parameters of blood rats.

2. Prolonged administration to rats of the drug “Ben-
damine” in a 10-fold dose is accompanied by a slight
suppression of the physiological state of the body, as
indicated by a decrease in total erythrocytes and hemo-
globin by 10.1 % against an increase in white blood cells
by 59.8 % (P < 0.001). In addition, there was a decrease
in the functional state of the liver, as evidenced by a prob-
able decrease in total protein by 8.0 % and urea — by
13.5 %, as well as an increase in ALT, AST, and alkaline
phosphatase by 31.6 %, 7.4 %, and 53.9 % respectively.
Probable changes in the coefficients of liver and spleen
mass have been established.

3. Under the conditions of administration of 10 times
the therapeutic dose of Bendamine to rats, there is a viola-
tion of hemodynamics of various organs on the back-
ground of dystrophic changes, protein origin, with focal
localization in the parenchyma of the liver, kidneys, and
myocardium. The established changes are a consequence
of the compensatory reaction of the macroorganism to the
introduction of an increased dose of the study drug and
are mostly reversible.
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