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Abstract. The article presents the results of studies of the effect of fenbenzyl and
fenbendazole on the antioxidant status in dogs under the experimental infection with
a causative 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 causative 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 activity of the enzymatic part of the antioxidant
defense system, namely catalase, superoxide dismutase, glutathione peroxidase,
glutathione reductase, as well as a non-enzymatic part: the level of reduced glutathione,
an increase in the activity of these indicators was found in animals of experimental
groups. It should be noted that the application of the drug fenbenzyl in infected dogs
contributed to a better normalization of the antioxidant 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 antioxidant status in dogs of the second experimental group, as
this drug includes milk thistle that exhibits antioxidant properties due to the presence
of silymarin, which restores damaged liver cells. Studies confirm the effectiveness of
the use of milk thistle in drug fenbenzyl in dogs with the development of toxocariasis
infection to activate the protective systems of their body.

Keywords: pollodoxin, doxycycline hyclate, broiler chickens, ornithobacteriosis,
Ornithobacterium rhinotracheale, pharmacokinetic 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
etal., 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., 2021). 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
etal., 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 7. 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 H,O,, 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 H,O, when
fenbendazole was used in infected dogs.
Subsequently, a decrease in the activity
of this enzyme t0 0.11 +0.04 mg of H,O,
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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1. The effect of fenbenzyl and fenbendazole on catalase activity in blood
of dogs infected with toxocariasis (M + m, n = 6)

Catalase activity, mg H,0,
Blood test time 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.

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 Ul/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

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)

Superoxide dismutase, IU/mg protein
Blood test time 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 10 152+0.54 15.7+0.60 16.0+0.94
Day 15 14.4+0.82 15.4+047 15.9+£0,99*
Day 20 12.5+0.86 14.7 £ 0.90* 162+ 1.10%*
Day 25 11.2+0.64 14.4 £ 1.05%* 16.0 £ 1.56%**
Day 30 10.3+0.64 142 +£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)

Reduced glutathione, mmol/L
Blood test time 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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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)

Glutathione peroxidase, umol NADPH _h/mg protein
Blood test time 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 15 152+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 30 129+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.

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 pmol NADPH,h/mg protein, while in
the control this figure was 13.4 & 3.55 pumol
NADPH h/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 $tudy 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 umol NADPH,h/mg protein, while in
the control this figure was 5.47 + 1.21 pmol
NADPH h/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
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5. The effect of fenbenzyl and fenbendazole on glutathione reductase activity
in blood of dogs infected with toxocariasis (M £ m, n = 6)

Glutathione reductase, pmol NADPH_h/mg protein

Blood test time (days) group of animals

control experimental 1 experimental 2
Before treatment 637+1.12 6.38+1.08 6.40+£1.15
Day 5 6.15+1.20 6.24+1.23 630+1.12
Day 10 6.01 £0.85 6.11+1.10 6.25+1.00
Day 15 5.82+0.96 6.14+£1.20 6.33+£1.09
Day 20 547+1.21 598 +£1.11 6.24+1.17
Day 25 521+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.

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, lodine.

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.
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AHomayis. Y cmammi HagedeHHi pe3ysibmamu 0ocnioxeHs 8rausy heHbeHcuny ma gpeHbeHOa-
3071y HO GHMUOKCUOAHMHUU cmamyc opaaHiamy cobaK 3a eKcrepuMeHmasbHo20 iHea3y8aHHA 36y0-
HUKOM moKcokapo3y. [locniou nposedeHo Ha 18 cobakax, 080-4omupumica4Hoeo 8iKy. byso chopmo-
8AHO MPU 2pynu i3 Wecmu meapuH y KOXHIli: KoHMposbHy ma 08i 00cnioHi epynu. LiyyeHam ycix epyn
eKCcrepuMeHmMarsbHO 3apaxasnu 36yOHUKOM MOKcoKapo3y 8 003i 5000 iHeasiliHux Aeys T. canis Ha K2
macu mina. KoHmponbsHa 2pyna cobak byna 8 AKocmi HenikosaHo20 KoHmMpoto. LiyyeHamam nepwoi
docnioHoi 2pynu 320008ysasnu npenapam «PeHbeHOa30s1» y 003i 150 me Ha 3 K2 Macu meapuHu 00uH
pa3 Ha 006y enpodosx mpbox 0i6 8 00Hopa3oeili. LlyyeHamam Opyzoi 0ocnioHoi epynu 320008y8anu
npenapam «®eHbeHcun» y 003i 350 me Ha 3 Ke Macu meapuHU 00UH pa3 Ha 006y 8MPOO0BHE MPbOX
0i6. 0 Yac susYeHHA AKMUBHOCMI eH3UMHOI IAHKU cucmemu aHMUOKCUOAHMHO20 3axucmy, a came
Kamanasu, cynepoKcuoouCMymasu, 2aymamioHnepeoKcudasu, 21ymamioHpedykmasu, o MmaKoM
HeeH3UMHOI IHKU: pieHs 8IOHOBEHO020 271ymamioHy, Y meapuH O0CAIOHUX 2pyn 8CMAHOBAEHO Mio-
BULYEHHA aKMUBHOCMI YUX MOKA3HUKI8. Bapmo 3a3Ha4umu, Wo 3acmocysaHHs npernapamy «PeHbeH-
cun» iH8a308aHUM COBAKAM CIPUAO KPaWili HOPMAai3ayii MoKa3HUKIe AHMUOKCUOAHMHOI cucmemu
Yy MBApUH, HiXc 3acmocy8aHHs npenapamy «PeHbeHAa30». 3acMocy8aHHsA iHBA308aHUM cOBAKAM
npenapamy «®eHbeHcun» CrpusAno eipoioHiuomy nidsUUEHHIO GHMUOKCUOGHMHO20 cmamycy op-
2aHi3My cobaK Opy2oi 00CMiOHOI 2pynu, OCKinbKU 00 Ybo20 npenapamy exodums pPo3moponwa -
MUCMA, AKA MPOABAAE AHMUOKCUOGHMHI 810CMUBOCMI 3080AKU HAABHOCMI y CBOEMY CKAOI pe4o8UHU
cunimapuHy, AKul 8iIOHOB/HOE NMOWKOOMEHI KAIMUHU neYiHKu. [posedeHi 00cnioHeHHsA niomeepoxcy-
oMb eheKmusHICMb 3aCMOoCy8aHHA po3moponwi naamucmoi 8 cknadi npenapamy «deHbeHcusn»
cobaKaM 3a PO38UMKY MOKCOKAPO3HOI iHBA3ii 0717 aKmMuUBI3auii 3aXUCHUX cuCmem iXHbO20 Op2aHi3My.
Kntovosi cnosa: napasumoriozia, apmakosnoais, cobaKu, AaHMUOKCUOGHMHA Ccucmema,
po3moponwa naamucma
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