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Abstract. Oxidative stress and decreased antioxidant defense were registered in dogs with endocardiosis.
Complication of underlying pathology in the form of cardiorenal syndrome leads to aggravation of lipid peroxidation
processes and causes further decrease in activity of enzymes of antioxidant defense system of animal organism.
The aim of the study was to evaluate the pathophysiological significance of oxidative stress in the processes of
formation and progression of cardiorenal syndrome in dogs with endocardiosis. Concentration of malondialdehyde,
ceruloplasmin, diene conjugates, activity of superoxide dismutase, catalase, glutathione reductase, glutathione
peroxidase were measured in venous blood serum samples from 24 dogs with uncomplicated forms of endocardiosis,
31 dogs with endocardiosis complicated by cardiorenal syndrome, and 22 healthy dogs. Compared with the
group of healthy dogs, dogs with endocardiosis were diagnosed with statistically significantly higher median of
serum concentrations of malondialdehyde, ceruloplasmin, diene conjugates, as well as statistically significantly
lower activity of superoxide dismutase, catalase, glutathione reductase, glutathione peroxidase, which indicates
activation and progression of lipid peroxidation processes against the background of simultaneous decrease in
parameters of antioxidant defense system. Presence of cardiorenal syndrome in dogs with endocardiosis led to
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a sharp increase in manifestations of oxidative stress, which should be considered by clinicians when optimizing
therapeutic and preventive measures. Lipid peroxidation products, as well as indicators of enzyme systems of
antioxidant defense can be used as potential biomarkers of the development of cardiorenal complications in
dogs with endocardiosis.

Keywords: cardiorenal syndrome, pathogenesis, biochemistry, pathochemistry, dogs, endocardiosis, heart
failure
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Introduction

Hyperproduction of reactive oxygen species can cause a powerful pathological
effect on body of sick animals [1]. This pathological condition is associated with lipid
peroxidation and is called oxidative stress [2]. Under physiological conditions, the
animal body has an effective defense system in the form of antioxidant system [1, 2].
However, an imbalance of prooxidant and antioxidant factors can initiate processes of
uncontrolled lipid peroxidation and damage to proteins and nucleic acids in various
cellular structures [1]. In this regard, risk of damage to cardiovascular and excretory
systems as multimorbid pathology is of particular concern [3—6]. Previously, we studied
oxidative stress and its role in hepatocardial syndrome [7]. However, even greater problem
in veterinary therapy is cardiorenal syndrome, which occurs against the background of
primary cardiopathology and is manifested by pronounced decrease in renal function
in the form of azotemia [8—10].

It is known that oxidative stress causes the phenomenon of cytotoxicity, affects
neuroendocrine and immune systems, induces production of proinflammatory cytokines
and has negative ionotropic effect [10, 11]. General markers of oxidative stress are well
known in the literature and include products of lipid peroxidation (e.g., diene conjugates,
malondialdehyde, 8-F2a-isoprostane, etc.), oxidized DNA (e.g., 8-hydroxydeoxyguanosine)
or protein modifications (e.g., protein carbonyls) [12]. Ceruloplasmin is also considered
to play an important role in the development of oxidative stress [4]. Endogenous
antioxidant defense system is quite complex, diverse and includes such enzyme systems
as catalase, superoxide dismutase, glutathione reductase, glutathione peroxidase, free
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radical neutralizers (retinol, tocopherol, ascorbic acid) and metal chelators [10, 13—14].
The state of antioxidant system and lipid peroxidation processes in dogs with endocardiosis
during the development of complications in form of cardiorenal syndrome are not
presented in the literature.

The aim of the study was to evaluate pathophysiological significance of oxidative
stress in processes of formation and progression of cardiorenal syndrome in dogs with
endocardiosis.

Materials and methods

Dogs with endocardiosis were studied in the research. The diagnosis of endocardiosis
in dogs of risk group breeds was established based on the presence of pronounced
holosystolic murmur at the apex of heart on the left side of chest, enlarged left atrium
(ratio of the left atrium size to aorta size is more than 1.7), a deformed and thickened mitral
valve with or without simultaneous damage to tricuspid valve, and signs characteristic
of mitral regurgitation according to echocardiography in B-, M-mode and color Doppler
mapping [15—19]. All sick animals admitted for initial appointment to veterinary clinics in
Moscow and Moscow region had signs of congestive heart failure: hyperemia, pulmonary
edema, pleural effusion or ascites. The studies were conducted on 22 physiologically
healthy dogs and 55 dogs with endocardiosis. Echocardiographic and Dopplerographic
examination methods were performed on Mindray DP-60 apparatus [14]. Dogs with
endocardiosis were divided into 2 groups: I — free from cardiorenal complications
(n = 24), 11— with cardiorenal syndrome (n = 31). The serum biochemical profile was
assessed for each dog to determine compliance with the criteria for participation in the
experiment. Dogs included in the control group were classified as physiologically healthy
based on physical examination, normal echocardiography data and serum biochemical
profile. All dogs with other severe diseases (e.g., oncopathology, liver failure, diabetes,
anemia, sepsis, infectious and parasitic diseases) were excluded from the study. There
were no differences between the control and experimental groups in body weight, age, sex
distribution and breeds. All dog owners signed an informed consent form for voluntary
participation in the clinical experiment. Azotemia, manifested by increased concentration
of creatinine in the blood serum (> 200 pmol/L), was considered a clinically important
criterion for the presence of cardiorenal syndrome in animals. Blood samples were
collected from dogs on empty stomach from subcutaneous vein of forearm into vacuum
tubes with blood coagulation activator in the morning after preliminary fasting regimen
of at least 10 hours. Intensity of lipid peroxidation processes and antioxidant system in
blood serum of dogs with cardiorenal syndrome was assessed using commercial RANDOX
Laboratories Ltd kits according to the manufacturer’s instructions on UN2CO-WFT2100
spectrophotometer.

Mann — Whitney and Kruskal — Wallis methods were used to analyze statistically
the obtained digital data in STATISTICA 7.0 [17—19]. The experimental data were
described by the median Me and the interquartile range IQ.
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Results and discussion

The median concentration of malondialdehyde in blood serum of dogs with
uncomplicated forms of endocardiosis and in the group of animals with cardiorenal
syndrome was significantly higher compared to the control group (table).

Antioxidant status and biomarkers of oxidative stress in dogs with mitral valve
endocardiosis complicated by cardiorenal syndrome

Group of animals
Indicator Co_n po -I —" Kruskal
(h=22) (n=24) (n=31) Wallis test
Me Q Me Q Me 0]

. H=357
Malondialdehyde, pmol/L 275 2.40..2.80 | 3.80** | 3.00..4.10 4.00%** 3.70..4.20 p<0.001
. H=46.2
Ceruloplasmin, mmol/L 1.30 1.10..1.80 | 2.15%* | 1.80..2.60 | 3.00***### | 2.50..3.10 p<0.001
" H=57.0
Superoxide dismutase, U/ml 50.0 46.0..55.0 | 38.0** | 35.5..40.0 | 27.0%*### | 25.0..30.0 p<0.001
H=53.5
Catalase, U/ml 1.55 1.40..1.90 | 0.70** | 0.50..0.90 | 0.40***### | 0.30..0.50 p<0.001
. H=452
Glutathione reductase, U/ml 1.45 1.30..1.60 | 0.70** | 0.60...0.90 0.80%** 0.60...0.90 p<0.001
. . H=442
Glutathione peroxidase, U/ml 2.95 2.70..3.30 | 2.35%* | 1.90..2.65 | 1.80**### | 1.70..2.00 p<0.001
. . . H=57.2
Diene conjugates, units/ml 1.95 1.50..2.30 | 2.95%* | 2.50..3.35 | 3.80**### | 3.70..4.10 p<0.001

Note. Me —median; IQ — interquartile range; * — p < 0.05; ** — p < 0.07; *** —p < 0.007 — reliability of the difference
between the indicators of groups |, Il and clinically healthy animals (Mann — Whitney test); # —p < 0.05; ##—p < 0.07;
### — p < 0.001 — reliability of the difference between the indicators of groups | and Il (Mann — Whitney test).

However, the median of serum malondialdehyde concentration did not statistically
differ in dogs with endocardiosis depending on the presence or absence of cardiorenal
complications (Table). At the same time, Kruskal — Wallis analysis showed a high level
of reliability, which indicates that the values of this biochemical parameter in animals
of different groups do not belong to a single general population.

The median of concentration of ceruloplasmin in serum of dogs with endocardiosis,
both in absence and presence of cardiorenal syndrome, was statistically significantly
higher compared to the control. In addition, in the group of sick dogs with cardiorenal
syndrome, concentration of ceruloplasmin in blood serum was statistically significantly
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higher than in the group of sick animals without cardiorenal complications. Kruskal —
Wallis analysis of serum concentration of ceruloplasmin in dogs of different experimental
groups established the presence of high statistical significance of the results obtained.

The medians of serum superoxide dismutase activity in dogs of different experimental
groups do not belong to the same general population according to the Kruskal — Wallis
analysis. Activity of this enzyme in blood serum of dogs with endocardiosis was
statistically significantly lower both in absence and in presence of cardiorenal syndrome
compared to the control group. However, it should be noted that activity of superoxide
dismutase in blood serum was lower in the group of dogs with cardiorenal syndrome
compared to the intact group of dogs.

With regard to the median of catalase activity in blood serum of dogs of different
groups, Kruskal — Wallis analysis established high level of statistical significance.
In dogs with endocardiosis, both without cardiorenal complications and with them, the
median of serum catalase activity was statistically significantly lower than in the control
group. However, it should be noted that activity of this enzyme was significantly lower
in the group of dogs with endocardiosis with cardiorenal syndrome than in the group of
animals with uncomplicated forms of pathology.

The serum glutathione reductase activity in the group of dogs with endocardiosis
and cardiorenal syndrome and in the group of dogs with uncomplicated forms of
cardiopathology was lower than in the control group. No statistically significant changes in
serum activity of this enzyme were found between the group of dogs with uncomplicated
forms of endocardiosis and animals with complications in the form of cardiorenal
syndrome. However, Kruskal — Wallis analysis showed statistically significant differences
between the different experimental groups of dogs.

Kruskal — Wallis method verified statistically significant differences between serum
glutathione peroxidase activity in different experimental groups of animals. At the same
time, compared to the control group, activity of this enzyme in the group of dogs with
uncomplicated forms of endocardiosis was statistically significantly lower. Presence of
cardiorenal syndrome in dogs with cardiorenal syndrome led to even more significant
decrease in activity of glutathione peroxidase in blood serum compared to the group of
animals with uncomplicated endocardiosis.

Concentration of diene conjugates in blood serum of dogs with endocardiosis
both in absence and presence of cardiorenal syndrome was statistically significantly
higher compared to the control. In addition, in the group of dogs with cardiorenal
syndrome, concentration of diene conjugates in blood serum was statistically significantly
higher than in the group of sick animals without cardiorenal complications. Conducting
Kruskal — Wallis analysis for serum concentration of diene conjugates in dogs of
different experimental groups established the presence of high statistical significance
of the obtained results.

Dogs with endocardiosis complicated by cardiorenal syndrome in this study had
more significant oxidative stress than those with uncomplicated forms of cardiovascular
pathology, as indicated by higher values of concentration of diene conjugates in blood
serum. Diene conjugates are direct products of lipid peroxidation. They are synthesized in
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the process of double bond rearrangement during free-radical oxidation of polyunsaturated
fatty acids.

Malondialdehyde is a less reliable biomarker of oxidative stress [1]. It is synthesized
in body of humans and animals during the breakdown of arachidonic acid and other
polyunsaturated lipids by active oxygen species [2]. Compared with the control, this
metabolite statistically significantly increased in serum of dogs with endocardiosis.
However, presence of cardiorenal syndrome in sick dogs did not initiate a further increase
in its concentration in blood serum.

Copper-containing protein ceruloplasmin plays a vital enzymatic role in body of
animals and humans, namely: it catalyzes oxidation of polyamines and polyphenols in
blood serum [4], and is a potential biomarker of oxidative stress. Our study established
that during the development of cardiorenal syndrome in dogs with endocardiosis,
concentration of ceruplasmin in blood serum was higher than in patients without
cardiorenal complications and intact animals.

Superoxide dismutase is an enzyme of antioxidant defense [6]. It catalyzes dismutation
of superoxide into oxygen and hydrogen peroxide. In dogs with endocardiosis, activity
of superoxide dismutase in blood serum was significantly reduced compared to clinically
healthy animals. A particularly noticeable decrease occurred with the development of
cardiorenal syndrome.

Catalase is a heme-containing enzyme belonging to oxidoreductases [12]. This
enzyme is directly involved in decomposition of hydrogen peroxide into water and
oxygen. In dogs with endocardiosis, serum catalase activity was significantly reduced
compared to the norm. A particularly pronounced decrease was noted in the group of
animals with cardiorenal syndrome.

Glutathione reductase is an enzyme that restores disulfide bond of oxidized glutathione
in its sulthydryl form due to the energy of NADPH formed in pentose cycle [13]. In red
blood cells, under conditions of constant high risk of oxidative stress, almost 10%
of consumed glucose is used to restore glutathione by glutathione reductase. In dogs
with endocardiosis, compared to healthy ones, there is a decrease in serum activity of
glutathione reductase. However, presence of cardiorenal syndrome in sick animals did
not lead to a more significant decrease in activity of this enzyme.

Glutathione peroxidase is an enzyme that protects body of humans and animals from
the effects of oxidative stress [11—13, 20, 21]. Glutathione peroxidase restores fatty acid
hydroperoxides to the corresponding alcohols, as well as hydrogen peroxide to water.
Our study showed that, compared to healthy dogs, serum activity of this enzyme was
significantly reduced in dogs with endocardiosis, and presence of cardiorenal syndrome
led to more significant decrease.

It is obvious that increased production of active oxygen species induced by various
triggers associated with the severity of chronic heart failure in dogs with endocardiosis
contributes to the formation and progression of cardiorenal syndrome. At the same time,
decrease in pulmonary capillary blood flow in cardiopathology initiates the production
of active oxygen species by mitochondria of various cells in body of sick animals, which
requires further study.

502 BETEPVHAPKA



Vatnikov YA et al. RUDN Journal of Agronomy and Animal Industries, 2024;19(3):497-506

Conclusion

Oxidative stress markers (malondialdehyde, ceruloplasmin, and diene conjugates
in serum) increase in dogs with mitral valve endocardiosis compared to clinically
healthy dogs. The increase in these substrates was significantly higher in the presence
of complications such as cardiorenal syndrome. In addition, serum activity of
antioxidant enzymes (superoxide dismutase, catalase, glutathione reductase, and
glutathione peroxidase) was found to decrease consistently in dogs with endocardiosis.
Depression severity of these enzyme systems was the lowest in dogs with cardiorenal
complications. Lipid peroxidation products and antioxidant defense enzyme system
indices can be used as potential biomarkers of cardiorenal complications in dogs
with endocardiosis.
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OKcupaTUBHbIN cTpeccC npu KapanopeHasibHoOM cuHgpomMme
y cobak, BO3HUKLLEM Ha d)OHe dHAOKapAno3a
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AnnoTanms. OKUC/UTEeNTbHBIN CTPeCC U CHIKeHHe aHTHOKCHIAHTHOM 3alliUThl ObUTH 3aperUCTPUPOBaHbI
y cobak ¢ 3HHoKapAro3oM. OC/Io)KHEeHe 0CHOBHOM I1aTOIOTHMH B BH7Ie Kap/IMOPeHAIbHOTO CHH/IPOMA TTPUBOJUT
K yCyry0/ieHHIO TIPOL{eCCOB NePeKMCHOTO OKUC/IEHHs IMMUJ0B 1 00y C/I0B/IMBaeT Aa/ibHelllee CHIDKEHUE aKTHB-
HOCTH (h)ePMEHTOB aHTHOKCHLAHTHOM CHCTEMBI 3alL{MThl OPraHW3Ma )XKMBOTHBIX. Lle/b Hcciie0BaHNS — OLieHKa
NaTo(U310NI0rNUeCKOro 3HaueHUst OKCHATUBHOTO CTPecca B TpoLieccax (hOpMUPOBAaHUS U TIPOrPeCCHPOBAHUS
Kap/{0peHa/IbHOTO CHHZPOMa Y O0JIBHBIX SH/0KapAK030M cobak. KOHLIeHTpaL|io MaJlOHOBOTO [iMalbJerusa,
L|epy/I0IIa3MUHA, JHeHOBBIX KOHBIOTaTOB, aKTHBHOCTh CYTIePOKCHAAUCMYTa3bl, KaTasasbl, [Ty TaTHOHPeAYKTas3bl,
[Ty TaTHOHIIEPOKCH/Ia3bl U3MePsH B 06pasiiax CbIBOPOTKH BEHO3HOW KPOBH y 24 cobak C HeOCI0)KHEHHBIMU
topmamu 3HI0KapANo3a, y 31 cobaku, 60/IbHOMN 3H/0Kap/030M, OCIOKHEHHBIM KapAMOPeHaIbHbIM CHH/JPOMOM,
a Takxke y 22 3710poBbIx cobak. ITo cpaBHeHHUIO € TPYMION 370poBbIX co6aK, y OOMBHBIX SHJ0KapAH030M CoOaK
[MarHoCTHPOBAIM CTATHCTHYECKH 3HAYUMO Oosiee BBICOKYIO Me/jiaHy ChIBOPOTOUHOM KOHLIEHTPALMK MaJlOHOBOTO
JMabJerH/a, 1epy/IoIia3M1Ha, JUeHOBbIX KOHBIOTaTOB, a TAK)Ke CTaTHCTHUeCKH 3HAYUMMO HU3KYHO aKTHUBHOCTh
CyTIePOKCH/IIMCMYTa3bl, KaTanasbl, [IyTaTHOHPEAYKTa3bl, [JTyTaTUOHIIEPOKCH/Ia3bl, UTO CBU/IETEILCTBYET 00 aK-
THUBH3aLMHU 1 [TPOTrPeCCUPOBAHUH TTPOLECCOB ITePeKNCHOTO OKUC/IeHHS III/0B Ha JoHe OJHOBPEMEHHOT0
CHIWKEHHs [lapaMeTPOB aHTHOKCHAHTHON CHCTeMb! 3alljUThl opranu3Ma. ®akTop Ha/lMuKs KapropeHalIbHOTo
CHH/ZIpOMa y GOJIBHBIX SH/0Kap/AM030M co0aK MPUBOJU/I K PE3KOMY YCU/IEHHIO TIPOSIBJIEHUH OKCHAATHBHOTO
CTpecca, YTO HY>KHO YUHMThIBaTh K/IMHULMCTAM IIPH ONTHMM3aLUHY JeueOHO-TTPoGUNIaKTHYe CKUX MePOTIPUSTHI.
TTpoAyKThI NepeKNCHOTO OKMC/IEHHsI JIUMU/IOB, @ TAK)Ke MoKa3aTenn (pepMeHTHBIX CUCTEM aHTHOKCUAAHTHOM
3alL{UThl MOXKHO MCIO0JIb30BaTh KaK MOTeHL1abHble GHOMapKEPHI Pa3BUTHS KapIUOPeHATbHBIX OCI0KHEHUH

y cobak, 60/IbHBIX SHJ0KApH030M.
KitroueBsle (/10Ba: Kap/MOPeHaIbHbIM CUHAPOM, MaToreHe3, 6OXHUMHUs, TAaTOXUMUS, COOAaKH, SH0KapAHO03,
CepzieuHast Hef[0CTaTOYHOCTh

Bknaj aBTopoB: Baraukos FO.A. — KoHLenuus UCCej0BaHus, paboTa C INTepaTypoH, IpoBeieHre SKCIepH-
MEHTOB, [O/[TOTOBKA TeKCTa; BukoBbickuii V1.®. — npoBe/ieHre SKCIIePUMEHTOB, cO0p MaTepuasia, MofroTOBKa
tekcra; [[lypos V1.B. — npoBezieHKe KCIIEPUMEHTOB, BaIU/ALIMsI METOJ0B, paboTa C auTeparypoii; SpoBeH-
ko E.M. — npoBe/ieHre 5KCIIEPUMEHTOB, HHTepIIpeTaLys JaHHbIX; PyzeHKo A.A. — aIMUHICTPUPOBaHuUe, paboTa

C uTeparypoii, 06paboTKa JaHHbIX, aHa/M3 U 060011{eHHe Pe3y/IbTaTOB MCC/Ie0BaHHs.

3asB/ieHNe 0 KOH(IMKTE HHTEPECOB. ABTOPHI 3asIB/ISAOT 06 OTCYTCTBHY KOH(IMKTA MHTEPECOB.
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BamHukos FO.A. u dp. BectHuk PY/TH. Cepusi: ArpoHOMUS U )KMBOTHOBOACTBO. 2024. T. 19. Ne 3. C. 497-506

duHaHCUpoBaHMe. Vccie[oBaHYe BITIOJTHEHO 3a cueT rpaHTa Poccuiickoro HayuHoro donzaa Ne 24-26-00090,
https://rscf.ru/project/24-26-00090/

Hicropus craTbu: NOCTYyIWIA B pefakuuio 17 utosst 2024 r., npuHsita K nybiukaiuu 9 asrycra 2024 r.
Jas qutupoBanusi: Bamuukos FO.A., Pydenko A.A., I1lypoe U.B., Buakosbickuii U.dD., SIpoeeHko E.M.
OKCHIaTUBHBIN CTPeCC MPU KapAUOpeHaIbHOM CHH/IPOME Y c00aK, BO3HUKILEM Ha (oHe 3HJ0KapAno3a //

BectHuk Poccuiickoro yHuBepcurteta Apy»K6bl HapogoB. Cepusi: ATPOHOMUS U XKHUBOTHOBOZCTBO. 2024. T. 19.
Ne 3. C. 497—506. doi: 10.22363/2312-797X-2024-19-3-497-506
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