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Abstract.  The arƟcle presents the results of studies of the effect of fenbenzyl and 
fenbendazole on the anƟoxidant status in dogs under the experimental infecƟon with 
a causaƟve agent of toxocariasis. Experiments were performed on 18 dogs, two and 
four months old. Three groups of six animals in each were formed: control and two 
experimental. Puppies in all groups were experimentally infected with causaƟve agent of 
toxocariasis at a dose of 5.000 embryonated Toxocara canis eggs per kg of body weight. 
The control group of dogs was as untreated control. Puppies of the first experimental 
group were fed with the drug fenbendazole at a dose of 150 mg per 3 kg of body weight 
once a day for three days in a single dose. Puppies of the second experimental group 
were fed with the drug fenbenzyl at a dose of 350 mg per 3 kg of body weight once a 
day for three days. While studying the acƟvity of the enzymaƟc part of the anƟoxidant 
defense system, namely catalase, superoxide dismutase, glutathione peroxidase, 
glutathione reductase, as well as a non-enzymaƟc part: the level of reduced glutathione, 
an increase in the acƟvity of these indicators was found in animals of experimental 
groups. It should be noted that the applicaƟon of the drug fenbenzyl in infected dogs 
contributed to a beƩer normalizaƟon of the anƟoxidant system in animals than the use 
of the drug fenbendazole. The use of fenbenzyl in infected dogs contributed to a more 
likely increase in the anƟoxidant status in dogs of the second experimental group, as 
this drug includes milk thistle that exhibits anƟoxidant properƟes due to the presence 
of silymarin, which restores damaged liver cells. Studies confirm the effecƟveness of 
the use of milk thistle in drug fenbenzyl in dogs with the development of toxocariasis 
infecƟon to acƟvate the protecƟve systems of their body.

Keywords: pollodoxin, doxycycline hyclate, broiler chickens, ornithobacteriosis, 
Ornithobacterium rhinotracheale, pharmacokineƟc parameters 

Introduction

The results of research and generaliza-
tion of the literature indicate that among 
the parasitic diseases of dogs the most 
common in our country and abroad are 
gastrointestinal helminthiases, among 
which the leading place has toxocariasis – 
nematode infection from the order Ascar-
idida (Pryima, 2010; Bodnia, 2016; Ozlati 
et al., 2016; Zibaei & Sadjjadi, 2017).

It is known that the intestinal form 
of the disease is caused by mature Toxo-
cara, and the larvae – visceral. In the 
process of migration, larvae, as well as 
their metabolites, can cause severe mul-
tiorgan damage up to death (Moisieieva 
et al., 2017; Said et al., 2018; Stybel et 
al., 2021). However, some mechanisms 

of activation of lipid-free radical oxi-
dation processes in the development of 
toxocariasis in dogs and their relation-
ship with the body’s defense systems, 
especially the immune system, which 
is closely related to the antioxidant de-
fense system in animals, remain unclear.

Toxocara plays a significant role in 
stimulating the formation of free radical 
oxidation and imbalance between ox-
idant and antioxidant content with the 
subsequent development in animals of 
so-called oxidative stress, including blood 
leukocytes, which are among the first to 
respond to changes in the environment 
under the influence of Toxocara metabo-
lites (Robertson & Thomson, 2002; Vidal 
et al., 2003; Svirzhevska, 2011; Macuho-
va et al., 2013). An important role in the 
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development of oxidative stress in infect-
ed animals is the balance of prooxidant 
synthesis and antioxidant protection, the 
shift of this balance towards prooxidants 
causes compensatory activation of the 
antioxidant system from the damaging 
effects of free radicals and peroxide com-
pounds (Martyshuk et al., 2016; Gutyj et 
al., 2017; Grymak et al., 2020).

The antioxidant defense system is a 
system responsible for regulating the in-
tensity of radical formation and neutraliza-
tion of peroxidation products (Martyshuk 
& Hutyi, 2021; Varkholiak et al., 2021). 
The main mechanism of these reactions 
control is related to the chain of reversible 
redox reactions of metal ions, ascorbate, 
tocopherol, glutathione, and other sub-
stances (Martyshuk et al., 2 021). In addi-
tion, the importance of these methods is 
especially important for the preservation of 
long-standing macromolecules of nucleic 
acids and proteins, some components of 
membranes (Holovakha et al., 2018).

As a result of the application of an-
thelmintic drugs for treating animals 
with toxocariasis, side effects caused by 
the reaction of dogs to the death of Toxo-
cara can occur, because the destruction 
of Toxocara also leads to the release of 
toxins (Rubinsky-Elefant et al., 2011; 
Zakharchuk & Harazdiuk, 2014; Noor 
et al., 2019; Said et al., 2020).

A wide range of anthelmintic drugs 
is used to treat dogs with toxocariasis. 
As a result of the destruction of para-
sites’ bodies after the application of 
anthelmintics, somatic poisons and 
metabolites are released in the body 
of the host that cause intoxication and 
contribute to the reduction of its defense 
systems. The inclusion of milk thistle in 
the treatment of patients with toxocaria-
sis allows to protect their body from the 
effects of parasite toxins and strengthen 
the immune and antioxidant potential.

Some authors have found a stimulat-
ing effect of milk thistle on the activity of 
antioxidant and hepatoprotective effects 
in animals (Toklu et al., 2008; Martyshuk 
& Gutyj, 2019; Martyshuk et al., 2021). 
However, the complex application of milk 
thistle and fenbendazole on the function 
of the liver and the protective systems of 
the dog’s body is currently insufficiently 
covered in the scientific literature.

That is why the purpose of the study 
was to investigate the effect of fenbenzyl 
and fenbendazole on the antioxidant sta-
tus in dogs during experimental infection 
with the causative agent of toxocariasis.

Materials and methods 
of researches

The work was performed during 2017–
2020 at the Department of Parasitology 
and Ichthyopathology, Stepan Gzhytskyi 
National University of Veterinary Medi-
cine and Biotechnologies Lviv. The exper-
iments were performed on 18 dogs, two 
to four months of age, and three groups of 
six animals were formed in each: control 
and two experimental groups. Puppies of 
all groups were experimentally infected 
with the causative agent of toxocariasis at 
a dose of 5.000 embryonated T. canis eggs 
per kg of body weight. The control group 
of dogs was as untreated control. Puppies 
of the first experimental group were fed 
with the drug fenbendazole drug at a dose 
of 150 mg per 3 kg of body weight once a 
day for three days in a single dose. Puppies 
of the second experimental group were 
fed with the drug Ffenbenzyl drug (TC U 
00492990-027:2020 “The drug Fenben-
zyl”) at a dose of 350 mg per 3 kg of body 
weight once a day for three days.

The drug fFenbenzyl drug was de-
veloped at the Department of Phar-
macology and Toxicology and the 
Department of Parasitology and Ich-
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thyopathology of the Stepan Gzhytskyi 
National University of Veterinary Med-
icine and Biotechnologies Lviv, which 
contains fenbendazole and milk thistle.

The state of the antioxidant defense sys-
tem was assessed by the activity of cata-
lase, superoxide dismutase, and indicators 
of the glutathione system in the blood. The 
activity of superoxide dismutase (SOD, EC 
1.15.1.1) was determined by the method of 
Dubinina et al. (1983), catalase (CAT; EC 
1.11.1.6) – by the method of Korolyuk 
(1988), glutathione peroxidase (GPx) (EC 
1.11.1.9.) and glutathione reductase (GR) 
(EC 1.6.4.2.) – by the method of Lemes-
hko et al. (1985); the content of reduced 
glutathione (RG) – by the method of Butler 
(1963) (Vlizlo et al., 2012).

All animal manipulations were per-
formed in accordance with the European 
Convention for the protection of vertebrate 
animals used for experimental and other 
scientific purposes (Strasbourg, 1986).

The analysis of research results was 
performed using the software package Sta-
tistica 6.0. The probability of differences 
was assessed by Student’s t-test. The re-
sults of the mean values were considered 
statistically significant at * P < 0.05, ** P < 
0.01, *** P < 0.001 (ANOVA).

Results of the research 
and their discussion

It is established that with the devel-
opment of toxocariasis in dogs, the ac-
tivity of the antioxidant defense system 
is suppressed, which is indicated by a 
decrease in the activity of its enzymatic 
and non-enzymatic parts. On the basis 
of the conducted researches it is estab-
lished that during experimental toxoca-
riasis in dogs on days 20 and 25 of the 
experiment, catalase activity in blood of 
animals of the control group decreased 
by 35.3% compared towith the initial 

values. The lowest catalase activity was 
in blood of infected dogs on day 30 of 
the experiment, where it was 0.09 ± 
0.06 mg H2O2, which was 47.1% lower 
than the initial values (Table 1).

It was found that catalase activity in 
animals of the first experimental group 
on the 5th day of the experiment in-
creased to 0.17 ± 0.03 mg of H2O2 when 
fenbendazole was used in infected dogs. 
Subsequently, a decrease in the activity 
of this enzyme to 0.11 ± 0.04 mg of H2O2 
was observed. It should be noted that on 
the 20th and 25th day of the experiment, 
catalase activity in blood of dogs of the 
first experimental group was higher by 
27.3% compared with the control.

When using the drug Ffenbenzyl 
drug in infected dogs, an increase in cat-
alase activity in their blood was found 
throughout the experiment. Thus, on the 
15th and 20th days of the experiment, an 
increase in the activity of this enzyme by 
23.1 and 63.6%, relatively, was found 
compared with dogs of the control group. 
On day 25 of the experiment, a slight de-
crease in catalase activity was observed 
in blood of dogs of the second experi-
mental group compared with the previ-
ous day, but on day 30 of the experiment, 
again a high catalase activity was found 
in blood of dogs treated with fenbenzyl, 
where it increased almost 2 times com-
pared with animals in the control group. 

A decrease in superoxide dismutase 
activity in blood was also found with 
the development of toxocariasis in dogs, 
which at 20 and 25 days of the exper-
iment decreased by 19.9 and 28.2% 
compared with the initial values taken 
before the infection with the causative 
agent of toxocariasis. On day 30 of the 
experiment, the activity of superoxide 
dismutase in blood of dogs of the con-
trol group was the lowest – 10.3 ± 0.64 
IU/mg protein (Table 2).
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The use of drugs fenbendazole and 
fFenbenzyl in dogs of the experimental 
groups contributed to the activation of su-
peroxide dismutase activity in their blood, 
so on the 20th day of the experiment, the 
enzyme activity in dogs of the first exper-
imental group increased by 17.6% and 
in the second experimental group – by 
29.6% compared with the control. The 
highest superoxide dismutase activity was 
in blood of animals of the second exper-
imental group on days 20 and 25 of the 

experiment, where it was 16.2 ± 1.10 and 
16.0 ± 1.56 UI/mg protein, respectively, 
which is 42.9% higher than the values 
in dogs of the control group. On the 30th 
day of the experiment, it was found that in 
blood of dogs of the second experimen-
tal group, the enzyme activity increased 
by 54.4%, while in the first experimental 
group – by 37.9%.

As a result of research, it is estab-
lished that the development of toxocari-
asis in dogs of the control group causes 

1. The effect of fenbenzyl and fenbendazole on catalase activity in blood 
of dogs infected with toxocariasis (M ± m, n = 6)

Blood test time
Catalase activity, mg Н2О2

group of animals 
control experimental 1 experimental 2

Before treatment 0.17 ± 0.05 0.15 ± 0.04 0.16 ± 0.05
Day 5 0.20 ± 0.04 0.17 ± 0.03 0.18 ± 0.05
Day 10 0.14 ± 0.06 0.15 ± 0.03 0.17 ± 0.04
Day 15 0,13 ± 0.05 0.15 ± 0.04 0.16 ± 0.05*
Day 20 0.11 ± 0.03 0.14 ± 0.06* 0.18 ± 0.04**
Day 25 0.11 ± 0.05 0.14 ± 0.03* 0.16 ± 0.02***
Day 30 0.09 ± 0.06 0.11 ± 0.04* 0.18 ± 0.05***

Note: statistically significant differences were considered compared with the control group: 
* P < 0.05; ** P < 0.01; *** P < 0.001.

2. The effect of fenbenzyl and fenbendazole on superoxide dismutase activity 
in blood of dogs infected with the causative agent of toxocariasis (M ± m, n = 6)

Blood test time
Superoxide dismutase, IU/mg protein

group of animals
control experimental 1 experimental 2

Before treatment 15.6 ± 0.70 15.9 ± 0.65 15.7 ± 0.68
Day 5 17.1 ± 0.95 16.5 ± 0.59 16.9 ± 0.87
Day 10 15.2 ± 0.54 15.7 ± 0.60 16.0 ± 0.94
Day 15 14.4 ± 0.82 15.4 ± 0.47 15.9 ± 0,99*
Day 20 12.5 ± 0.86 14.7 ± 0.90* 16.2 ± 1.10**
Day 25 11.2 ± 0.64 14.4 ± 1.05** 16.0 ± 1.56***
Day 30 10.3 ± 0.64 14.2 ± 1.23** 15.9 ± 1.10***

Note: statistically significant differences were considered compared with the control group: 
* P < 0.05; ** P < 0.01; *** P < 0.001
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a decrease in the level of reduced gluta-
thione, one of the main indicators of the 
non-enzymatic part of the glutathione 
system of antioxidant protection. Thus, 
on the 15th and 20th days of the exper-
iment, the level of reduced glutathione 
decreased by 17.4 and 21.7% compared 
with the initial values. On days 25 and 
30 of the experiment in blood of ani-
mals of the control group, the level of 
the studied indicator continued to de-
crease to 0.31 ± 0.04 mmol/L (Table 3).

It should be noted that reduced gluta-
thione is the main antioxidant for red blood 
cells, which plays the role of a coenzyme 
for methemoglobin reduction to function-
ally active hemoglobin. In addition, it in-
volves the detoxification of several toxic 
compounds, as well as hydrogen peroxide 
and lipid hydroperoxides that are formed in 
the reactions of interaction of reactive oxy-
gen species with unsaturated fatty acids of 
red blood cell membranes. Thus, reduced 
glutathione plays an important role in the 
maintaining functional characteristics of 
red blood cell membranes in dogs with the 
development of toxocariasis.

While studying the effect of fenbenda-
zole and fenbenzyl on the level of reduced 

glutathione in blood of dogs infected with 
toxocariasis, it was found that its level in 
blood of the first experimental group on 
day 10 of the experiment was 0.43 ± 0.04, 
and the second experimental group – 0.45 ± 
0.05 mmol/L, whereas in the control group 
this figure was significantly lower – 0.40 
± 0.04 mmol/L. On the 25th and 30th day 
of the experiment, we note an increase in 
the level of reduced glutathione in dogs of 
experimental groups, so in the first experi-
mental group this figure increased by 18.2 
and 29.0%, and in the second – by 42.4 and 
45.2% compared with the control.

An equally important enzyme of the glu-
tathione system of antioxidant protection is 
glutathione peroxidase, which catalyzes the 
reduction of hydrogen peroxide or organic 
hydroperoxides and consequently protects 
cells from the action of reactive oxygen spe-
cies. The results of the studies showed that 
glutathione peroxidase activity decreased 
in blood of animals with the development 
of toxocariasis throughout the experiment. 
The lowest glutathione peroxidase activity 
was in blood of dogs of the control group on 
days 25 and 30 of the experiment, where it 
decreased by 23.9 and 26.7%, respectively, 
compared with baseline values (Table 4).

3. The effect of fenbenzyl and fenbendazole on the level of reduced glutathione 
in blood of dogs infected with toxocariasis (M ± m, n = 6)

Blood test time
Reduced glutathione, mmol/L

group of animals
control experimental 1 experimental 2

Before treatment 0.46 ± 0.03 0.44 ± 0.04 0.47 ± 0.04
Day 5 0.42 ± 0.04 0.45 ± 0.05 0.46 ± 0.03
Day 10 0.40 ± 0.04 0.43 ± 0.04 0.45 ± 0.05
Day 15 0.38 ± 0.02 0.41 ± 0.03 0.45 ± 0.02*
Day 20 0.36 ± 0.03 0.40 ± 0.05* 0.46 ± 0.03**
Day 25 0.33 ± 0.05 0.39 ± 0.04* 0.47 ± 0.02**
Day 30 0.31 ± 0.04 0.40 ± 0.06** 0.45 ± 0.03***

Note: statistically significant differences were considered compared with the control group: 
* P < 0.05; ** P < 0.01; *** P < 0.001.
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During the treatment of animals with 
the development of toxocariasis with drugs 
fenbendazole and Ffenbenzyl, it was found 
that glutathione peroxidase activity on the 
15th day of the experiment increased by 
5.3 and 9.2% compared with the control. 
On the 20th day of the experiment, gluta-
thione peroxidase activity in blood of dogs 
of the first experimental group increased 
by 11.6%, and the second experimental 
group – by 16.4% compared with the con-
trol. On the 25th day of the experiment, the 
enzyme activity in dogs of the experimental 
groups ranged from 16.0 ± 3.62 to 17.7 ± 
2.45 μmol NADPH2h/mg protein, while in 
the control this figure was 13.4 ± 3.55 μmol 
NADPH2h/mg protein. On day 30 of 
the experiment, glutathione peroxidase 
activity was the highest in dogs of the 
second experimental group treated with 
Ffenbenzyl.

In the study of glutathione reductase 
activity, it was found that in dogs of the 
control group, its activity decreased by 
21.1% on the 30th day of the experiment 
compared with the initial values (Table 5).

When using the drug fenbendazole 
in dogs of the first experimental group, 
on the 15th day of the experiment, an in-
crease in glutathione reductase activity 

by 5.5% was found, on the 20th day of 
the experiment – by 9.3%, on the 25th 
day of the experiment – by 16.1% and 
on the 30th day of the experiment – by 
12.4% compared with the control.

When treating dogs of the second exper-
imental group with the drug fFenbenzyl, a 
more likely increase in glutathione reductase 
activity was found in comparison with the 
first experimental group. Thus, on the 10th 
and 15th day of the experiment, the activity 
of the enzyme in blood of dogs of the sec-
ond experimental group increased by 4.0 and 
8.8% in comparison with the control. Sub-
sequently, the glutathione reductase activity 
continued to increase and, accordingly, on 
the 20th day of the experiment was 6.24 ± 
1.17 μmol NADPH2h/mg protein, while in 
the control this figure was 5.47 ± 1.21 μmol 
NADPH2h/mg protein. On days 25 and 
30 of the experiment, the enzyme activity 
was the highest in the second experimental 
group, where it increased by 20.9 and 27.3%, 
respectively, compared with the control.

Thus, the drug Ffenbenzyl after use 
in dogs with the development of experi-
mental toxocariasis activated the antiox-
idant defense system, as indicated by the 
high content of reduced glutathione and 
the activity of enzymes of the antioxidant 

4. The effect of fenbenzyl and fenbendazole on glutathione peroxidase activity 
in blood of dogs infected with the causative agent of toxocariasis (M ± m, n = 6)

Blood test time
Glutathione peroxidase, μmol NADPH2h/mg protein

group of animals
control experimental 1 experimental 2

Before treatment 17.6 ± 2.47 17.8 ± 3.10 18.0 ± 2.85
Day 5 17.9 ± 2.99 18.0 ± 3.15 18.1 ± 2.89
Day 10 16.9 ± 2.85 17.5 ± 3.00 17.8 ± 2.75
Day 15 15.2 ± 3.15 16.0 ± 2.56 16.6 ± 3.05*
Day 20 14.6 ± 3.65 16.3 ± 2.68* 17.0 ± 3.15**
Day 25 13.4 ± 3.55 16.0 ± 3.62* 17.7 ± 2.45***
Day 30 12.9 ± 3.10 16.2 ± 2.85** 18.2 ± 2.59***

Note: statistically significant differences were considered compared with the control group: 
* P < 0.05; ** P < 0.01; *** P < 0.001.
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system: catalase, superoxide dismutase, 
glutathione peroxidase, and glutathione re-
ductase. This may be due to the fact that 
the drug contains milk thistle, which has 
antioxidant properties, as it contains vita-
mins B, A, E, K, precursors of vitamin D, 
carotenoids, macronutrients – Calcium, 
Potassium, Magnesium, Iron and trace ele-
ments – Zinc, Copper, Manganese, Iodine. 

Conclusions and future 
perspectives

The positive effect of the drugs fen-
bendazole and fFenbenzyl on the indi-
cators of the antioxidant defense system 
in blood of dogs experimentally infected 
with the with causative agent of toxoca-
riasis was revealed. It should be noted 
that the use of the drug fFenbenzyl in 
infected dogs contributed to a better 
normalization of the antioxidant system 
than the use of the drug fenbendazole.

Acknowledgments

This scientific work was financially 
supported by the Ministry of Education 
and Science of Ukraine (0120U101999). 

5. The effect of fenbenzyl and fenbendazole on glutathione reductase activity 
in blood of dogs infected with toxocariasis (M ± m, n = 6)

Blood test time (days)
Glutathione reductase, μmol NADPH2h/mg protein

group of animals
control experimental 1 experimental 2

Before treatment 6.37 ± 1.12 6.38 ± 1.08 6.40 ± 1.15
Day 5 6.15 ± 1.20 6.24 ± 1.23 6.30 ± 1.12
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Day 25 5.21 ± 1.30 6.05 ± 1.22* 6.30 ± 0.98**
Day 30 5.02 ± 0.57 5.64 ± 0.98* 6.39 ± 1.10**

Note: statistically significant differences were considered compared with the control group: * 
P < 0.05; ** P < 0.01; *** P < 0.001.
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Анотація. У статті наведенні результати досліджень впливу фенбенсилу та фенбенда-

золу на антиоксидантний статус організму собак за експериментального інвазування збуд-
ником токсокарозу. Досліди проведено на 18 собаках, дво-чотиримісячного віку. Було сформо-
вано три групи із шести тварин у кожній: контрольну та дві дослідні групи. Цуценят усіх груп 
експериментально заражали збудником токсокарозу в дозі 5000 інвазійних яєць T. canis на кг 
маси тіла. Контрольна група собак була в якості нелікованого контролю. Цуценятам першої 
дослідної групи згодовували препарат «Фенбендазол» у дозі 150 мг на 3 кг маси тварини один 
раз на добу впродовж трьох діб в одноразовій. Цуценятам другої дослідної групи згодовували 
препарат «Фенбенсил» у дозі 350 мг на 3 кг маси тварини один раз на добу впродовж трьох 
діб. Під час вивчення активності ензимної ланки системи антиоксидантного захисту, а саме 
каталази, супероксиддисмутази, глутатіонпереоксидази, глутатіонредуктази, а також 
неензимної ланки: рівня відновленого глутатіону, у тварин дослідних груп встановлено під-
вищення активності цих показників. Варто зазначити, що застосування препарату «Фенбен-
сил» інвазованим собакам сприяло кращій нормалізації показників антиоксидантної системи 
у тварин, ніж застосування препарату «Фенбендазол». Застосування інвазованим собакам 
препарату «Фенбенсил» сприяло вірогіднішому підвищенню антиоксидантного статусу ор-
ганізму собак другої дослідної групи, оскільки до цього препарату входить розторопша пля-
миста, яка проявляє антиоксидантні властивості завдяки наявності у своєму складі речовини 
силімарину, який відновлює пошкоджені клітини печінки. Проведені дослідження підтверджу-
ють ефективність застосування розторопші плямистої в складі препарату «Фенбенсил» 
собакам за розвитку токсокарозної інвазії для активізації захисних систем їхнього організму.

Ключові слова: паразитологія, фармакологія, собаки, антиоксидантна система, 
розторопша плямиста


