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Summary. The experiments were performed on 58 males of nonlinear white rats 3-4 months old and weighing 180-
200 g and 64 females of nonlinear white mice 2.5-3 months old and weighing 18-22 g. In the main experiment on rats,
six experimental groups were formed, the animals of which were injected intragastrically with the drug ‘MEGASTOP
for dogs’ (by absolute weight) in doses of 1,000.0, 2,000.0, 3,000.0, 4,000.0, 5,000.0, and 6,000.0 mg/kg body weight; in
the main experiment on mice, seven experimental groups were formed, the animals of which were administered the drug
in doses of 100.0, 500.0, 1,000.0, 1,500.0, 2,000.0, 2,500.0, and 3,000.0 mg/kg body weight. Control rats and mice were
injected with 2.0 cm’ and 0.2 cm’ of polyethylene glycol-400, respectively. Clinical symptoms of poisoning with the drug
‘MEGASTOP for dogs” of white rats (at doses of 2,000.0-6,000.0 mg/kg body weight) and mice (at doses of 1,000.0-
3,000.0 mg/kg body weight) were refusals of food and water, loss of coordination, sitting in one place, a dose-dependent
increase in depression with subsequent complete depression, lack of response to external stimuli and death on the first
or fourth day after administration. During autopsy in rats and mice that died as a result of poisoning with the drug
‘MEGASTOP for dogs; we recorded pallor of the mucous membranes of the mouth, trachea, pharynx, and esophagus;
increase in heart volume, atrial blood supply; pulmonary hyperemia; uncoagulated blood; increase in liver volume, dark
cherry color, flabby consistency; catarrhal inflammation of the mucous membrane of the small intestine. According to
the results of determining the parameters of acute toxicity of the drug ‘MEGASTOP for dogs’ in the case of a single
intragastric injection, LDs for male rats is 3,384.98 + 444.94 mg/kg, and for female mice — 2,025.88 + 279.46 mg/kg
body weight, which allows to classify it to class IV by the toxicity — low-toxic substances (LDsy — 501-5,000 mg/kg) and

by the degree of danger to class III— moderately dangerous substances (LDsy — 151-5,000 mg/kg)
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Introduction. Ectoparasitic and invasive diseases of
dogs are widespread both in the world and in Ukraine
(Havryk, 2015; Diakou et al., 2019; Hasib et al., 2020), so
effective control is possible only with the use of highly
effective and available drugs, which determines the
relevance of the development of new antiparasitic
veterinary drugs.

Besides, it is necessary to rotate (combine) the active
substances to prevent their resistance in parasites (Tucker,
Kaufman and Weeks, 2019; Klafke etal., 2020; Kumar,
Klatke and Miller, 2020). Some of the promising active
ingredients of antiparasitic drugs in this regard today are
imidacloprid and ivermectin (Sheele and Ridge, 2016;
Gomez and Picado, 2017).

Imidacloprid belongs to the group of chloronicotinyl
compounds. It blocks postsynaptic cholinergic receptors
that are sensitive to nicotine and are located in
ectoparasites in the central nervous system. Interruption
of nerve impulse transmission leads to paralysis and death
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of the parasite. Imidacloprid has a low level of penetration
through the blood-brain barrier, so it has virtually no
effect on the central nervous system of mammals.
Ivermectin belongs to the compounds produced by
microorganisms of Streptomyces avermitilis (Elbert, Nauen
and Leicht, 1998).

Ivermectin has a pronounced antiparasitic effect on
larval and mature forms of nematodes. The mechanism of
action of ivermectin on the parasite is that it stimulates the
release of the inhibitory neurotransmitter, gamma-
aminobutyric acid, in presynaptic neurons, which binds to
special receptors on nerve endings, increasing the
permeability of membranes for chlorine ions and blocking
the transmission of nerve-muscle pulses. This leads to
impaired nerve impulse transmission, paralysis and death
of parasites (Laing, Gillan and Devaney, 2017).

Thus, Research and Production Enterprise ‘Suziria’
LLC offered a new drug — ‘MEGASTOP for dogs. One
milliliter of the drug contains active substances:
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imidacloprid — 100.0 mg; ivermectin — 25.0 mg, and
excipients: N-methylpyrrolidone, dimethyl sulfoxide,
polyethylene glycol-400.

The drug ‘MEGASTOP for dogs’ is used for the
prevention and treatment of animals affected by fleas
(Ctenocephalides spp.), acariform mites (Otodectes cynotis,
Notoedres cati, Sarcoptes sapis), mites of the genus
Demodex; prevention of heartworm disease (effective
against 3" and 4™ stages larvae of Dirofilaria immitis).

The 1* stage of toxicological research of new drugs is
to determine their acute toxicity, the purpose of which is
to obtain information on the danger of the test substance
in short-term conditions and as a result of which it is
expected to obtain data on lethal doses and symptoms of
acute poisoning.

Therefore, the aim of the work was to determine the
parameters of acute toxicity of the veterinary drug
‘MEGASTOP for dogs’ manufactured by Research and
Production Enterprise ‘Suziria’ LLC under conditions of a
single oral administration to white rats and mice.

Materials and methods. The experiments were
performed on 58 males of nonlinear white rats
3-4 months old and weighing 180-200 g and 64 females
of nonlinear white mice 2.5-3 months old and weighing
18-22 g, kept under optimal vivarium conditions
(Zapadnyuk etal, 1983; Kotsiumbas etal, 2006;
Karkishchenko and Grachev, 2010): room temperature
was 18 +2 °C, relative humidity 60-70%, lighting cycle
day — night, during the experiment, was 10-14 hours,
and also a 10-fold change in air volume in the vivarium
room per hour was provided.

For feeding rats and mice used complete feed for
rodents. The animals had free access to water and food.

Before the start of the study, each animal was weighed.
Doses administered were calculated individually
according to the weight of each animal, and the volume of
drug administered intragastrically at one time did not
exceed 2.5 cm’ and 1.0 cm’ for rats and mice, respectively.
Determination of the dose range for the main experiment
was performed in a previous experiment.

In a previous experiment on rats on the principle of
analogues control and three experimental groups were
formed of four animals each (n=4). The drug was
administered in doses of 1,000.0, 3,000.0, and
6,000.0 mg/kg body weight in absolute weight of the drug
once orally using a esophageal gastric tube. Animals in the
control group were administered polyethylene glycol-400.

After accounting the results of the previous experiment
in the main experiment, six experimental groups were
formed, rats which were administered the drug in
doses of 1,000.0, 2,000.0, 3,000.0, 4,000.0, 5,000.0, and
6,000.0 mg/kg body weight, as well as the control group,
animals which were injected with polyethylene glycol-400
in a volume of 2.0 cm® according to the same regulations.
There were six animals in each group (n =6).
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In a previous experiment on mice on the principle of
analogues control and three experimental groups were
formed of four animals each (n=4). The drug was
administered in doses of 200.0, 1,000.0, and 5,000.0 mg/kg
body weight in absolute weight of the drug once orally
using an esophageal gastric tube. Animals in the control
group were administered polyethylene glycol-400.

After accounting the results of the previous experiment
in the main experiment, seven experimental groups were
formed, mice which were administered the drug in doses
of 100.0, 500.0, 1,000.0, 1,500.0, 2,000.0, 2,500.0, and
3,000.0 mg/kg body weight, as well as a control group, the
animals of which were injected with polyethylene glycol-
400 in a volume of 0.2cm’ according to the same
regulations. There were six animals in each group (n = 6).

Experiments on animals were carried out in
accordance with the rules of the ‘European Convention for
the Protection of Vertebrate Animals Used for
Experimental and Other Scientific Purposes’ (CE, 1986)
and Council Directive 86/609/EEC (CEC, 1986).

The clinical condition of the experimental animals was
observed for 14days, noting the appearance and
development of clinical signs of poisoning, the time of
death or recovery to physiological norm. During the
clinical examination of rats we paid attention to behavior,
reaction to external stimuli, appetite, skin condition, color
of mucous membranes, frequency of respiration and
defecation, changes in color and consistency of feces, etc.
(Kotsiumbeas et al., 2006).

After the death of the animals we performed a
pathological autopsy. The macroscopic method of
research was used to establish pathological changes
(Zharov, Ivanov and Strel'nikov, 2003). Pathological
autopsy was performed according to the following
scheme: at the 1* stage the external inspection was carried
out, noting the condition of the coat and mucous
membranes; at the 2™ stage we performed autopsy and
examination of body cavities and internal organs, such as
pharynx, trachea, larynx, heart, lungs, liver, spleen,
kidneys, stomach, intestines, noting changes in color,
consistency, pattern and shape of organs.

According to the results of death, LDy, LDis, LDx,
LDs4, LDg, LD1oo, and LDs, error were calculated by the
method of probit analysis in the modification of
Prozorovskiy  (Prozorovskiy, 2007). Toxicometric
parameters of the drug were calculated by the method of
least squares for probit analysis of mortality curves. The
percentage of lethality, probits (Y), weights of probits (Z)
were established. To plot the abscissa, the values of the
drug doses (mg/kg) were plotted, and the value of the
effect (%) was plotted on the ordinate axis.

The obtained results were processed by methods of
variation statistics using the software package StatPlus
v.5.9.8.5. Data were presented as mean values with a
standard deviation of 95% confidence level by the
Student’s t-test (Van Emden, 2019).

21



Part 3. Biosafety

Results and discussion. In a previous experiment, rats
were administered the drug ‘MEGASTOP for dogs’ in
doses of 1,000.0, 3,000.0, and 6,000.0 mg/kg body weight.
Clinical ~ observations showed that intragastric
administration of the drug to rats of the experimental
group I (1,000.0 mg/kg body weight) 1-2h after drug
administration, caused a slight depression, which
persisted during the 1* day after administration, however,
the animals ate feed and drank water well. On the 2™ day,
the condition of animals in this group returned to normal.

In rats of the experimental group II (3,000.0 mg/kg
body weight) 40-60 min after administration of the drug
a slight suppression was recorded, which increased during
the 1* day after administration, the animals were reluctant
to take food and water, moved slowly around the cage, the
reaction to external stimuli was reduced. Then in two rats
an increase in depression was observed, the animals sat in
one place, breathing hard, the fur was puffy. On the
2m-4™ days, the condition of two animals from this group
was normalized, and in two animals complete depression
was observed, lack of response to external stimuli; and on
the 2™ and 3" day they died (Table 1).

Table 1 — Dynamics of rat death in a previous
experiment to determine the acute toxicity of the drug
‘MEGASTOP for dogs’ (n = 16)

Terms Groups of rats and doses, mg/kg

ofrat | Con- Experimental
death,in | trol (I (1,000.0)|II (3,000.0) III (6,000.0)
4-8hours| - - - -
1-1.5days| - - - 4
1.5-3 days| - - 2 -
4-14 days| - - - -
Total died| - - 2 4

In rats of the experimental group III, which were
administered at a dose of 6,000.0 mg/kg body weight,
during the 1% day after administration, more and more
depression was observed, the animals refused food and
water, then loss of coordination was observed, the animals
were reluctant to move around the cage, mostly sat in one
place. One day after administration, complete depression
was observed in animals, rats did not respond to external
stimuli, lying on their stomachs. In addition, there was a
specific, unpleasant odor, the death of animals occurred
within 1-1.5days after administration of the drug
(Table 1).

In the main experiment, rats were administered the
drug ‘MEGASTOP for dogs’ in doses of 1,000.0, 2,000.0,
3,000.0, 4,000.0, 5,000.0, and 6,000.0 mg/kg body weight.
During the observation of animals of the experimental
group I in 30-60 min after administration of the drug a
slight depression was recorded, which persisted during the
day after administration, however, food and water during
the day the animals took well.
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In rats of the experimental group II, the depressed state
was observed for 2-3 days after drug administration,
appetite was also reduced, but thirst was noted. In one
animal of this group increasing depression was observed
during 4 days after administration, and on the 4" day it
died (Table 2). The picture of poisoning was similar in rats
of the experimental group III, but on the 3 and 4™ days
one rat died.

Table2 — Dynamics of rat death in the main
experiment to determine acute toxicity of the drug
‘MEGASTOP for dogs’ (n = 42)

Groups of rats Terms of rat death, in
and doses, mg/kg| 1 2 3 4 |5-14|Total
body weight | day | days | days | days | days | died
Control - - - - - -~
LT (1,000.0) - - - - - -
£ 1(2,0000) | - -1 -1
g| I (3,0000) | - - 1 1 - 2
51 IV (4,000.0) | - 3 1 - | - | 4
1V (50000 2 [ - - -1
VI (6,000.0) 6 - - - - 6

In animals of the experimental group VI in
30-60 minutes after administration of the drug there was
an increase in depression, the animals sat in one place,
breathing hard, the hair was puffy. On the 4™ day, the
condition of two animals from this group was normalized,
while in four ones, starting from the 2" day after
administration, complete depression was observed, no
reaction to external stimuli; and on the 2" and 3™ days
they died. In rats of experimental groups V and VI during
the 1*day after introduction there was an increasing
depression, the animals refused food and water, sat in one
place, breathed heavily, the coat was puffy. The death of
animals occurred on the 19-2" day after administration of
the drug (Table 2).

After the death of rats we performed a pathological
autopsy. During the external examination of the carcasses
of the experimental animals, it was found that the fur was
disheveled, dull; leaks from the mouth, nasal cavity, eyes,
and anus were not observed; however, we noted the pallor
of the visible mucous membranes.

At autopsy in rats recorded pallor of the mucous
membranes of the mouth, trachea, pharynx, and
esophagus; bloating and drug residues were observed in
the stomach; the heart is enlarged, the atria are full of
blood; lungs hyperemic, with greater severity in animals of
experimental groups V and VI, from pink-marble to dark
burgundy, the pattern in the section is blurred; blood is not
clotted; liver enlarged, dark cherry color, flabby
consistency; spleen and pancreas unchanged; the bladder
is filled with urine, the kidneys are light brown, not
enlarged; catarrhal inflammation of the mucous
membrane was found in the small intestine (Fig. 1).
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Figure 1. Pathological changes in the internal organs
of rats under a single intragastric injection of the
drug ‘MEGASTOP for dogs’ (doses of 5,000.0 and
6,000.0 mg/kg body weight): A — control group (liver
and intestines  without pathological changes);
B — experimental group (atria are blood-filled, the liver is
enlarged, dark cherry color, bloating in stomach, catarrhal
inflammation in the small intestine)
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The next step in studying the toxicological
characteristics of the drug ‘MEGASTOP for dogs’ was to
determine the average lethal dose and its standard error
(LDso, LD, LD, LDss, LDgo, LDi1oo).

A graphical representation of the dose-effect curve for
rats is shown in Fig. 2.
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Figure2. Mortality curve of male rats under
conditions of a single oral administration of the drug
‘MEGASTOP for dogs’ (probit analysis method)

The results of calculating the average lethal dose of the
drug for rats under oral administration are shown in
Table 3.

Table 3 — The results of the calculation of lethal doses
of the drug ‘MEGASTOP for dogs’ under conditions of a
single oral administration to male rats

Dose, mg/kg | Percentage N Probit | Weighting

body weight (%) (Y) factor (Z)
1,000 0.0417 6 | 3.2680 1.5359
2,000 0.1667 6 | 4.0326 | 3.5653
3,000 0.3333 6 | 45697 | 4.5697
4,000 0.6667 6 | 54303 | 4.5697
5,000 0.9583 6 | 6.7320 1.5359
6,000 0.9583 6 | 6.7320 1.5359

Regression statistics

LDso 3,384.98 LDs SE 444.94
LDy 1,674.12 LD 2,050.17
LDs, 4,719.78 LDy 5,095.83
LD:oo 5,387.18

According to the results of research, it was found
that the LDs, of the drug ‘"MEGASTOP for dogs’ under
the conditions of its single oral administration to male
rats is 3,384.98 + 444.94 mg/kg, LD, — 1,674.12 mg/kg,
LD;s — 2,050.17 mg/kg, LDy — 4,719.78 mg/kg, LDoy —
5,095.83 mg/kg, LDiw — 5,387.18 mg/kg body weight,
respectively.

In a previous experiment, mice were injected with the
drug ‘MEGASTOP for dogs’ in doses of 200.0, 1,000.0, and
5,000.0 mg/kg body weight. Clinical observations showed
that intragastric administration of the drug to mice of the
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experimental group I (200.0 mg/kg body weight) 1-2h
after drug administration, caused a slight depression,
which persisted during the 1* day after administration,
however, food and water during the day the animals took
well. On the 2™ day, the condition of animals in this group
returned to normal. Mice deaths were not observed in this
group (Table 4).

Table 4 — Dynamics of death of mice in a previous
experiment to determine the acute toxicity of the drug
‘MEGASTORP for dogs’ (n = 16)

Terms Groups of rats and doses, mg/kg
of mice | Con- Experimental
death,in | trol [ I(200.0) |II (1,000.0) III (5,000.0)
4-8hours | - - - -
9-24 hours| - - - 4
2 days - - 1 -
3-14days | - - - -
Total died | - - 1 4

In mice of the experimental group II (1,000.0 mg/kg
body weight) in 40-60 min after administration of the
drug a slight inhibition was recorded, which increased
during the 1* day after administration, the animals were
reluctant to take food and water, moved slowly through
the cell, the reaction on external stimuli was reduced.
Then one mouse had an increase in depression, the animal
was sitting in one place, breathing hard, the fur was puffy.
On 2™-4" days, the condition of three animals from this
group was normalized, and one mouse died on the 2" day
after administration (Table 4).

In mice of the experimental group III, which were
administered the drug at a dose of 5,000.0 mg/kg body
weight, during the 1* day after administration there was
an increase in depression, the animals refused food and
water, then incoordination was observed, the animals were
reluctant to move around the cage, mostly sitting in one
place. In 22h after administration, the complete
depression in animals was observed, mice did not respond
to external stimuli, lying on their stomachs. In addition,
there was a specific, unpleasant odor, the death of animals
occurred within 24 h after administration of the drug
(Table 4).

In the main experiment, mice were administered the
drug ‘MEGASTOP for dogs’ in doses of 100.0, 500.0,
1,000.0, 1,500.0, 2,000.0, 2,500.0, and 3,000.0 mg/kg body
weight. During the observation of animals of the
experimental group I no clinical picture of poisoning was
observed, the animals were active and took food and water
well. In the experimental group II during the day after
drug administration there was a decrease in the response
to external stimuli, which disappeared during the 2™ day
of the experiment. The death of mice in the experimental
groups I and II within 14 days was not detected.
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In mice of the experimental groups I1I-V in 40-60 min
after administration, dose-dependent depression was
observed, which persisted for 2-3days after drug
administration, appetite was also reduced, but thirst was
noted. In one animal from the experimental group III and
two ones from the experimental groups IV and V within
two days after administration, increasing depression
and death were observed on the 19-3"days after
administration. (Table 5).

Table 5 — Dynamics of death of mice in the main
experiment to determine the acute toxicity of the drug
‘MEGASTOP for dogs’ (n = 48)

Groups of mice Terms of rat death, in
and doses, mg/kg| 1 2 3 | 4-14 | Total
body weight day | days | days | days | died
Control - - - - -
1(100.0) - - - - -
— | 11(500.0) - - - - -
£ 1I(1,0000) | - - 1 - 1
Elvaso00) | - |1 [ 1 [ - [ 2
§ V (2,000.0) 1 1 - - 2
M| VI(2,500.0) 2 2 - - 4
VII (3,000.0) 6 - - - 6

The most pronounced was the poisoning in mice of the
experimental groups VI-VII, in 15-30 min after drug
administration, an increase in depression was observed,
the animals sat in one place, had difficulty breathing, the
hair was pufty. The death of animals was observed on
19-2" days after administration of the drug (Table 5).

After the death of the mice, a pathological autopsy was
performed. During the external examination of the
carcasses of the experimental animals, it was found that
the fur was disheveled, dull; leaks from the mouth, nasal
cavity, eyes, and anus were not observed; however, we
noted the pallor of the visible mucous membranes.

At autopsy in mice we recorded pallor of the mucous
membranes of the mouth, trachea, pharynx, and
esophagus; bloating and drug residues were observed in
the stomach; the heart is enlarged, the atria are full of
blood; lungs hyperemic, with greater severity in animals of
the experimental groups VI-VII, from pink-marble to
dark burgundy, the pattern in the section is blurred; blood
is not clotted; liver enlarged, dark cherry color, flabby
consistency; spleen and pancreas unchanged; the bladder
is filled with urine, the kidneys are light brown, not

enlarged; catarrhal inflammation of the mucous
membrane was found in the small intestine.
The next step in studying the toxicological

characteristics of the drug ‘MEGASTOP for dogs’ was to
determine the average lethal dose and its standard error
(LDSO) LDIO) LD16) LD84) LD90) LDIOO)-

www.jvmbbs.kharkov.ua



Journal for Veterinary Medicine, Biotechnology and Biosafety

Volume 6, Issue 2, 2020

A graphical representation of the dose-effect curve for
mice is shown in Fig. 3.
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Figure 3. Mortality curve of female mice under
conditions of a single oral administration of the drug
‘MEGASTOP for dogs’ (probit analysis method)

The results of calculating the average lethal dose of the
drug for mice under conditions of a single oral
administration are shown in Table 6.

Table 6 — The results of the calculation of lethal doses
of the drug ‘MEGASTOP for dogs’ under conditions of a
single oral administration to female mice

According to the results of research, it was found that
the LDs of the drug ‘MEGASTOP for dogs’ under the
conditions of its single oral administration to female
mice is 2,025.88 + 279.46 mg/kg, LD,y — 785.05 mg/kg,
LDys — 1,057.79 mg/kg, LDy — 2,993.98 mg/kg, LDsg —
3,266.72 mg/kg, LDiw — 3,478.02 mg/kg body weight,

respectively.
Therefore, the drug ‘MEGASTOP for dogs’ in terms of
toxicity can be classified as classIV — low-toxic

substances (LDso, 501-5,000 mg/kg) (Kotsiumbas et al.,
2006), and by the degree of danger to classIII —
moderately dangerous substances (LDs, 151-5,000 mg/kg)
by GOST 12.1.007-76 (Gosstandart, 1976).

Conclusions. 1. Clinical symptoms of poisoning of
white rats and mice with the drug ‘MEGASTOP for dogs’
were refusal of food and water, incoordination, sitting in
one place, dose-dependent increase in depression with
subsequent complete suppression, lack of response to
external stimuli and death on the 1%-4™days after
administration.

2. During autopsy in rats and mice killed by poisoning
with the drug ‘MEGASTOP for dogs, we recorded pallor
of the mucous membranes of the mouth, trachea,
pharynx, and esophagus; bloating and drug residues were
observed in the stomach; the heart is enlarged, the atria are
full of blood; lungs hyperemic, with greater severity with

Dose, mg/ kg | Percentage N Probit | Weighting increasing dose, from pink-marble to dark burgundy, the
body weight (%) (Y) factor (Z) pattern in the section is blurred; blood is not clotted; liver
100 0.0417 6 | 32680 | 1.5359 enlarged, dark cherry color, flabby consistency; spleen and
500 0.0417 6 3.2680 1.5359 pancreas unchanged; the bladder is filled with urine, the
1,000 0.1667 6 | 40326 | 3.5653 kidneys are light brown, not enlarged; catarrhal
1,500 0.3333 6 | 45697 | 4.5697 inflammation of the mucous membrane was found in the

2,000 0.3333 6 | 4.5697 4.5697 small intestine.
2,500 0.6667 6 | 54303 | 4.5697 3. According to the results of determining the
3,000 0.9583 6 | 67320 [ 1.5359 parameters of acute toxicity of the drug ‘MEGASTOP for
Regression statistics dogs’ in the case of a single intragastric injection of LDs,
LD 2,025.88 LD SE 279.46 fo¥ male rats is 3,384.98 + 444.94 mg/kg, anc'l for fem?le
Do 785.05 IDw 1.057.79 mice — 2,02?.83 +279.46 mg{kg body weight, Wth'h
D 399398 D 3.266.72 allows to classify it by the toxicity to class IV — low-toxic

84 > 90 >
Do, 347802 substances (LDs, 501-5,000 mg/kg) and by the degree of
d danger to class III — moderately dangerous substances
(LDso 151-5,000 mg/kg).
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