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The relevance of the study is due to the lack of data on the cortical mechanisms
of regulation of the activity of the antioxidant defense system in the body of dogs. In this
regard, this article is aimed at revealing the specifics of the activity of key enzymes of
the system of antioxidant protection of the blood of dogs with various types of higher
nervous activity under the influence of short-term food deprivation. It was shown that
short-term food deprivation in dogs caused a stressful state, which was accompanied
not only by a change in the behavior of the animals, but also reflected the state of the
enzymatic link of the antioxidant defense system in their body. In particular, a signifi-
cant effect of short-term food deprivation on the activity of catalase in dog blood eryth-
rocytes was established (F = 13.7 > FU = 4.15; p < 0.001). We note the increase in the
influence of the force of nervous processes on the activity of catalase in the blood of
dogs during the experiment from - gh?, = 0.20 (p < 0.05) in the intact state, to the indi-
cator - ex%, = 0.68 (p < 0.001) by the third day of research. Also, under the influence of
food deprivation, direct connections of the strength and balance of nervous processes
with the activity of this enzyme appear (r = 0.52-0.78 (p < 0.05-0.001). Under such
influence, after one day and three days after the action of the stress factor, the activity
of catalase in the blood of dogs with a weak type of higher nervous activity is lower by
3.6-5.8% (P < 0.05) than that of dogs with a strong balanced mobile type of higher
nervous activity blood erythrocytes also found a decrease in the activity of the glutathi-
one link of the antioxidant protection system in the blood plasma of dogs, in particular,
under the influence of a stress factor, the activity of glutathione reductase during the
day in dogs with various types of higher nervous activity decreases by 11.6-16.9%, re-
spectively (p < 0, 05-0.01), the activity of glutathione reductase also decreases. Pro-
spects for further research consist in the development of new methods for the correction
of substance metabolism based on the use of nanoaquachelates of biogenic metals, tak-
ing into account the individual characteristics of the dog's body.

Key words: dogs, higher nervous activity, deprivation, catalase, glutathione pe-
roxidase, glutathione reductase.
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Axmyanvhicms 00CHIONCEHH 3YMOBIEHA 8I0CYMHICMIO OAHUX WO0O00 KOPMUKA-
JIbHUX MeXAaHI3Mi8 pe2ynayii akmueHOCmi cucmemu aHmuoKCUOAHMHO20 3aXUCMy 8 op-
2anismi cobak. YV 36’A3Ky 3 yum oana cmamms CHPAMOBAHA HA PO3KPUMMS NUMAHHS
wWooo ocodausocmell aKMUGHOCMI KIIOYOBUX EH3UMIE CUCEMU AHMUOKCUOAHMHO20
3axucmy 8 Kpogi cobaxK 3 pisHUMU MUNAMU 8UWOT HEePB8OBOI JiANbHOCMI 3a 6NIUBY KO-
pomkompueanoi xap4oseoi denpusayii. I[lokazano, wo Kopomxompusaia xapuosa oOe-
npugayisi y cooax SUKIUKALA CMPecosull CMaH, AKUU CYNpo8o0NCYBA8Cs He MINbKU 3Mi-
HOI0 NOBEOIHKU MBAPUH, ale | MANO C8OE 8i00OPANCEHH HA CMAHI hepMeHmamusHol
JIGHKU cUCmeMU AHMUOKCUOAHMHO20 3aXUCMY 8 iX opzaHizmi. 30Kpema, 6CMaHo81eHo
00CMOBIPHULL 8NIUE KOPOMKOMEPMIHOBOI Xapuoeoi denpusayii Ha aKMUBHICMb Kama-
nazu 6 epumpoyumax kposi cooax (F = 13,7 > FU = 4,15; P < 0,001). Biomimumo
30ibUIEeHHS BNIUBY CUNU HEPBOBUX NPOYECi8 HA AKMUBHICMb KAmaiazu 6 Kpoei cobax
npomszom excnepumermy 3 —n%, = 0,20 (P < 0,05) 6 inmakxmuomy cmani, 00 mpemvoi
0006u docniddcensb 00 noxkasnuxka — n?, = 0,68 (P < 0,001). Taxooxc 3a éniugy xapuoeoi
Odenpusayii 3 A6IAI0OMbCA NPAMI 368 A3KU CUTU MA BPIBHOBANCEHOCMI HEPBOBUX NPOYECI8
3 akmugHicmio oanoco enzumy (r = 0,52—0,78 (P < 0,05-0,001). 3a maxoeo éniugy, ue-
pe3 000y ma mpu 006u nicasa 0ii cmpecogo2o hakxmopy aKmueHicms Kamaniazu 8 Kpogi
cobak crnabkozo muny euwjoi Hepsoeoi disnvHocmi menuwia Ha 3,6-5,8% (P < 0,05) sio
Maxoi'y cobax 3 CUIbHUM 8PIBHOBANCEHUM PYXTUBUM MUNOM 8UUYOT HEPBOBOT OIsIbHOC-
mi. Ilopso i3 3MeHwenHAM aHMUOKCUOAHMHO20 3aXUCTY 8 epumpoOYUumax Kpoei ecma-
HOBJIEHO | 3MEHWEeHHs aKMUBHOCMI 2IyMAamioH080i TaHKU cucmemu aHmMuoKCUOaHmMHO-
20 3axucmy 8 naasmi Kposi cobakx, 30Kkpema, 3a 0ii Cmpeco8oeo (hakxmopy aKmueHiCMb
2NYyMamioHpeoykmasu npoms2com 000U y cooax 3 pisHUMU MUNAMU 8UWOT HEPBOBOI Ois-
JIbHOCMI 3MeHUY€embcest 8i0nosiono Ha 11,6-16,9% (P < 0,05-0,01), ananoziuno 8io6y-
8A€MbCA | 3MEHWEeHHs akKmusHocmi enymamionpedykmasu. Ilepcnexmueu nooanvuiux
00CNI0AHCEHb NOJISA2AI0OMb Y PO3POOYT HOBUX MEeMOOI8 KOPeKYii 0OMIHY peuosux Ha OCHOBI
3aCMOCY8aHHS HAHOAKBAXENAMmi68 OI02eHHUX Memdanié 3 YpPaxy8aHHAM IHOUBIOYANbHUX
ocobausocmetl opeauizmy cooax.

Knwuoei cnosa: codaxu, euwa nepeosa OisnbHicmb, Odenpugayis, Kamaniasd,
2NymamioHnepoKcuoasa, 2A1ymamionpedyKkmasa.

Introduction. Like many other mammals, dogs have a complex nervous system
that allows them to perceive, process and respond to a variety of stimuli. Research on
higher neural activity in dogs has mainly focused on understanding their cognitive abili-
ties, perception, learning and social behavior (Bray et al., 2021). Stress is a major prob-
lem in veterinary behavioral medicine (Martinez, Pernas, Casalta, Rey, & De la Cruz
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Palomino, 2011). In the survey, 49% of owners said that their dogs are afraid of loud
noises. Stresses are accompanied by manifestations of fear in dogs, which are consid-
ered to be an emotional state of anxiety and excitement caused by an imminent danger
(Adolphs, 2013; Stellato, Flint, Widowski, Serpell, & Niel, 2017). Stress triggers adap-
tive behavioral responses that will allow the animal to mitigate or avoid the threat
(Sherman & Mills, 2008). A person faced with a threat may demonstrate the behavioral
reactions of the "four F" (fight, flight, freezeorflirt), that is, fight, flee, freeze or flirt
(Marks, 1987). Stress and fear are potentially one of the most common causes of ag-
gressive behavior in dogs, even if the owner does not necessarily associate this aggres-
sion with fear per se (Tiira & Lohi, 2014). The development of a stressful state is ac-
companied by the intensification of lipid peroxidation and a decrease in the activity of
the antioxidant defense system (Danchuk et al., 2020). Oxidative stress can be the result
of excess formation of radicals and a decrease in the body's antioxidant defenses (Sies,
Berndt, & Jones, 2017). A constantly functioning system of antioxidant protection of
the body regulates the process of free radical reactions in all its stages. Its enzymatic
link includes a number of enzymes, the main of which are: superoxide dismutase, cata-
lase, glutathione peroxidase (HP), glutathione transferase (HT), glutathione reductase
(GR) and others (Pisoschi et al., 2021).

Despite a significant number of publications on food deprivation (Khoo, Taylor,
& Owens, 2019; Pointer, Reisman, Windham, & Murray, 2013; Schupp & Renner,
2011), the question of the effect of short-term food deprivation on the activity of the
antioxidant defense system in dogs remains out of the attention of researchers.
Therefore, the actual direction of scientific research is the study of indicators of the state
of the antioxidant defense system in dogs depending on the type of nervous activity,
both in an intact state and under the influence of a stress factor.

Food deprivation can be short-term or long-term and is a stress factor for the
body (Schupp & Renner, 2011). However, the number of studies devoted to the effects
of deprivation is small. Accordingly, more systematic research efforts are needed to
identify reliable and consistent findings related to deprivation (Pointer et al., 2013).
Short-term (up to 2-3 days, depending on the size of the animal) food deprivation in
dogs is not accompanied by the development of a pathological state of the body, but it
significantly affects the behavior of animals and their metabolism (Khoo et al., 2019).
This line of research is promising, on the one hand, we will get information on the
effect of limiting food consumption on the metabolism in the body of dogs, and on the
other hand, we will learn the role of higher nervous activity in the reactivity and
adaptability of the animal body to short-term food deprivation. Food deprivation has a
powerful effect on almost every aspect of behavior. Prolonged periods of starvation are
among the most tragic experiences of mankind, and during these periods thoughts of
food fill the mental life. Even mild periods of food deprivation are effective in eliciting
eating behaviors, including increased food intake and increased food value (Schupp &
Renner, 2011).

Materials and methods. A total of 20 dogs (Canisfamiliaris, or
Canislupusfamiliaris) of the beagle breed (English beagle) were used for the
experiment. Age-matched dogs (1-1.5 years) for the experiment were selected from
kennels and from private owners. The kennels in which the research was conducted
were free of infectious diseases during the dissertation work. The health status of the
dogs was assessed by a general clinical examination and laboratory tests. Experiments
were conducted exclusively on clinically healthy animals. Laboratory studies were
carried out in the Multidisciplinary Laboratory of Veterinary Medicine of the Ukrainian
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State Academy of Sciences, Odesa, and the Veterinary Clinic "VITAVET" in
Kamianets-Podilskyi.

The strength, balance and mobility of nervous processes in dogs were
determined by the author's modified method. On the basis of the experiment, 4 groups
of animals were formed, 5 heads in each: I group - strong balanced mobile type (SVR);
Group 11 — strong balanced inert type (SV1); Group 1l — strong unbalanced type of GNI
(SN); Group IV — a weak type of higher nervous activity (C). Food deprivation was
carried out for 36 hours, animals had free access to water. Blood samples obtained
before food deprivation and one and three days after the beginning of deprivation were
selected as material for research. To assess the state of the antioxidant protection
system, the activity of: catalase in dog erythrocyte hemolysates was determined by the
ability of hydrogen peroxide to form a stable colored complex with molybdenum salts
(Vlizlo, Fedoruk, & Ratych, 2012); glutathione reductase (GR; K.F.1.6.4.2.) and
glutathione peroxidase (GP; K.F.1.11.1.9.) in the blood plasma of dogs were determined
by the method of V.V. Lemeshko et al. The obtained results were analyzed statistically.

All experimental studies were carried out in compliance with the requirements of
the Law of Ukraine No. 3447-1V dated 21.02.06 "On the Protection of Animals from
Cruelty" and are consistent with the basic principles of the "European Convention for
the Protection of Vertebrate Animals Used for Experimental and Scientific Purposes"
(Strasbourg , 1986), declaration "On humane treatment of animals™ (Helsinki, 2000).

Research results and discussion. Catalase (K®1.11.1.6.) is a heme-containing
enzyme that catalyzes the splitting of H.O. with the formation of water and endogenous
oxygen (Aebi, 1974). The activity of catalase in the blood erythrocytes of dogs with
different types of BND in the intact state does not differ significantly (Table 1). Short-
term food deprivation did not affect the activity of this enzyme in the blood erythrocytes
of SVR, SVI and SN type VND animals. Along with this, one day after exposure to the
stress factor, catalase activity in the blood of dogs with a weak type of VND decreases
by 4.1% (P < 0.05) and becomes lower by 3.3-3.6% (P < 0.05) from such in dogs with
SVR, SVI and SN of the VND type. Even three days after the beginning of the research,
the activity of the enzyme is 5.8% less (P < 0.01) than the indicators of dogs with SVR
of the VND type at this stage of the research.

Table 1
Activity of antioxidant enzymes in red blood cells of dogs with different
types of VND (M+m, n=5)

Research period
Type of VD Before the stimulus | A day later | In 3 days
Catalase activity, mkM H202/dm®xminx10°
Strong balanced mobile 54,5+0.,4 53,5+0.,4 55,08+0.4
Strong balanced inert 54,8+0,3 53,7+0,4 54,9+0,2
Strong unbalanced 55,1+0,3 53,8+0,4 55,5+0,1
Weak 53,9+0,6 51,68+0,6* | 51,88+1,0%**
Glutathione peroxidase activity, mkmol NADPH: h/mg protein
Strong balanced mobile 16,56+0,54 14,64+0,62 | 15,04+0,64
Strong balanced inert 16,84+0,57 13,84+0,20 | 15,24+0,30
Strong unbalanced 16,76+0,59 14,06+0,42 | 16,94+0,36*
Weak 16,36+0,29 13,60+0,50 | 15,36+0,38
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Glutathione reductase activity, mkmol NADPH2 h/mg protein

Strong balanced mobile 5,15+0,23 4,74+0,23 5,11£0,26
Strong balanced inert 5,00+0,167 4,66+0,17 4,88+0,25
Strong unbalanced 5,32+0,34 4,43+0,17* | 5,28+0,19**
Weak 4,95+0,24 4,52+0,25 4,84+0,17

Note. Significant differences with SVR type VND: *P < 0.05; **P < 0.01; ***P < 0.001.

The activity of catalase in erythrocytes of the blood of dogs in an intact state is
not reliably related to the main characteristics of nervous processes in dogs (Fig. 1).
Within a day after the start of research, correlations of enzyme activity with the
strength, balance and mobility of nervous processes in dogs increase significantly, but
only with the strength of nervous processes they are reliable - r = 0.65 (P < 0.01). By the
third day after the start of the experiment, the relationship between the strength of nerve
processes and the activity of catalase in the erythrocytes of dog blood increases - r =
0.78 (P < 0.001) and a reliable relationship between the mobility of nerve processes and
the activity of the enzyme appears - r = 0. 52 (P <0.001). It should also be noted that
there is no reliable correlation between the balance of nervous processes and the activity
of catalase in erythrocytes of dog blood.

1,00

0,80
20,60
&=
S
g 0.40
=
8

0,20 0.06

0,00

Before the stimulus One day later Three days later
Research period
=& Power Balance —@=— Mobility

Fig. 1 Relationships (r) of the main characteristics of nervous processes with

catalase activity in erythrocytes of dog blood (n = 20; mental unit).
Note. Indicators are reliable for: *P < 0.05; **P < 0.01; ***P < 0.001.

In the intact state, only the strength (h%, = 0.20; P < 0.05) of nerve processes
reliably affects the activity of catalase in erythrocytes of dog blood (Fig. 2), while the
influence of the mobility and balance of nerve processes is absent (h%, = 0, 00). In the
future, during the experiment, the influence of the strength of nervous processes only
increases, in particular, on the first day of research to the indicator - gh?, = 0.51 (P <
0.01) and by the third day of research to the indicator - rgh?, = 0.68 (P < 0.001). The
balance and mobility of nervous processes did not reliably affect the activity of catalase
in the hemolysates of erythrocytes of the blood of dogs during the entire experiment (h?,
= 0.00-0.14).
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Fig. 2. The influence (n2) of the main properties of cortical processes on the activi-

ty of catalase in erythrocytes of dog blood (individual units; n=20).
Note. Indicators are reliable for: *P < 0.05; **P < 0.01; ***P < 0.001.

Two-factor variance analysis (Table 2) showed that the type of higher nervous
activity has a significant effect on catalase activity in dog blood erythrocytes (F=17.5>
FU=2.90; P<0.001). The effect of short-term food deprivation on enzyme activity was
also established (F=13.7>FU=4.15; P<0.001). However, no interfactor interaction was
established.

Table 2
Two-factor variance analysis of the activity of enzymes of the antioxidant
defense system in the blood erythrocytes of dogs with different types of higher
nervous activity under the effects of food deprivation

Source of variation | SS | df | MS | F | P-value | Fcritical
Catalase
Type of VND 52,4 3 17,5 17,5 < 0,001 2,90
Action of the stimulus | 13,7 1 13,7 13,7 < 0,001 4,15
Interconnection 3,46 3 1,15 1,16 0,34 2,90
Internal 31,9 32 1,00 - — -
In total 1015 |39 - — — —
Glutathione peroxidase
Type of VND 6,55 3 2,18 2,69 0,06 2,90
Action of the stimulus | 25,9 1 25,9 31,9 < 0,001 4,15
Interconnection 7,86 3 2,62 3,22 0,35 2,90
Internal 26,0 32 0,81 - - -
In total 66,3 39 - - - -
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Glutathione reductase

Type of VND 0,33 3 0,110 | 0,59 0,62 2,90
Action of the stimulus | 1,91 1 1,91 10,3 0,003 4,15
Interconnection 0,60 3 0,20 1,07 0,38 2,90
Internal 5,96 32 0,19 - -
In total 8,80 39 - —

Notes: df — number of factor levels (-1); F is the criterion for evaluating the influencing factor on the
dependent variable; F critical — critical value of the influence factor; MS — mean square; SS — sum of
squares; P is reliability.

The glutathione link of the antioxidant defense system includes glutathione
peroxidase (HP, KF 1.11.1.9), glutathione transferase (HT, KF 2.5.18), glutathione
reductase (GR KF 1.6.4.2), glutathione, glucose-6-phosphate dehydrogenase (KF
1.1.1.43) and lactate dehydrogenase (KF 1.1.1.27). This system ensures the utilization
of hydrogen peroxide and hydroperoxides of organic compounds (Robaczewska et al.,
2016). The conducted studies established that the activity of glutathione peroxidase
(GP) in the blood serum of dogs with different types of BND in an intact state does not
reliably differ (Table 1). Under the influence of a stress factor, the activity of the
enzyme during the day in dogs with SVR, SVI, SN and weak type of VND decreases by
11.6% (P < 0.05), 17.8% (P < 0.001), 16.1% ( P < 0.01) and 16.9% (P < 0.05). A
tendency towards lower activity of the enzyme in blood serum of dogs with SVI, HF
and weak type of VND (by 4.0-7.1%) compared to the indicators of dogs with SVR
type was established. Later, until the third day of the experiment, the activity of HP in
the blood serum of dogs with SVI, HF and weak type of VND increases by 10.1% (P <
0.01), 20.5% (P < 0.001) and 12.9% (P < 0.05). We note a significantly higher level of
enzyme activity in the blood of dogs with SN of the BND type by 12.6% (P < 0.05), in
accordance with that of dogs with SVR of the BND type three days after the start of the
experiment.

No reliable correlations between the activity of glutathione peroxidase in the
blood plasma of dogs both in the intact state and under the effects of short-term food
deprivation were established. The strength, balance and mobility of the processes of
excitation and inhibition in the cerebral cortex in an intact state did not reliably affect
the activity of glutathione peroxidase in the blood plasma of dogs (Fig. 3). Within a day
after the beginning of food deprivation, the influence of the main characteristics of
nervous processes increases (from the index r%, = 0.00-0.03 to r?, = 0.05-0.15), but
remains unreliable. On the third day of the experiment, only the balancing of nervous
processes has a significant effect on the activity of HP in the blood plasma of dogs -
gh?, =0.21 (P <0.05).

The conducted two-factor analysis of variance (Table 2) established that the type
of higher nervous activity does not have a significant effect on the activity of
glutathione peroxidase in the blood of dogs (F = 2.69 < FU = 2.90; P < 0.06), while
food deprivation reliably affects the activity of this enzyme in the blood plasma of dogs
(F=31.9>FU =4.15; P <0.00).
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Fig. 3. The influence (n?) of the main properties of cortical processes on the

activity of glutathione peroxidase in the blood serum of dogs (individuals; n=20).
Note. Indicators are reliable for: *P < 0.05; **P < 0.01; ***P < 0.001.

The activity of glutathione reductase (GR) in the blood serum of dogs with
different types of VND during the experiment did not differ significantly (Table 1). A
tendency to decrease the activity of the enzyme during the day under the influence of a
stress factor in dogs with SVR, SVI and weak type of VND by 6.8-8.6% was
established. Meanwhile, in dogs with HF of the VND type, this indicator decreases by
16.7% (P < 0.05). A decrease in the activity of enzymes of the glutathione chain of SAZ
is accompanied by an increase in free radical processes in the body, which provoke the
development of oxidative stress (Gizi et al., 2011). Later, until the third day of the
experiment, the activity of GR in dogs with HF of the VND type increases by 19.2% (P
< 0.01). We note a tendency towards lower activity of the enzyme in the blood serum of
dogs with SVI and a weak type of VND, in accordance with the indicators of animals
with HF and SVR type three days after the start of the research.

No reliable correlations of glutathione peroxidase activity in blood plasma of
dogs were established throughout the experiment. It is only necessary to note the
inverse dynamics of the relationship between the activity of this enzyme and the balance
and mobility of nervous processes.

The conducted studies established that the strength, balance and mobility of
nervous processes do not reliably affect the activity of glutathione reductase in the
blood plasma of dogs both in an intact and stressed state. As shown in table. 2, the type
of higher nervous activity does not influence the activity of HP in the blood of dogs (F =
0.59 < FU = 2.90; p = 0.62). Then, short-term food deprivation has a significant effect
on the activity of the enzyme and blood plasma of dogs (F = 10.3 > FU = 4.15; P <
0.01).

Erythrocytes are vulnerable to oxidative stress (Gonzalez-Dominguez et al.,
2022), and antioxidant enzymes are the main defenders against free radicals and
prooxidants, so a decrease in the activity of SAZ can lead to the accumulation of
reactive oxygen species and lipid peroxidation products that can induce oxidative
changes in the cytosol and membrane components (Melo, Coimbra, Rocha, & Santos-
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Silva, 2023). Thus, the reactivity of the dog's body under food deprivation is limited by
the state of the antioxidant defense system and the main characteristics of the animal'’s
nervous system.

Conclusions. Short-term food deprivation affects the activity of catalase in
erythrocytes of dogs (F = 13.7 > FU = 4.15; P < 0.001), and is accompanied by the
formation of direct connections between the strength and balance of nervous processes
with the activity of the enzyme (r = 0.52 —0.78 (P < 0.05-0.001). Under the influence of
food deprivation, the activity of glutathione peroxidase in the blood plasma of dogs
decreases by 11.6-16.9% (P < 0.05-0.01), depending on the type of higher nervous
activity.

Prospects for further research consist in the development of new methods of
correction of metabolism based on the use of nanoaquachelates of biogenic metals,
taking into account the individual characteristics of the body of dogs.
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