DOI 10.31489/2022BMG4/22-28

UDC 577.13.582.61

A.S. Yerubay'", A.E. Konkabayeva!, G. Prevost?, I.S. Kalymanov®, D.B. Okassov®

!Karaganda University of the name of academician E.A. Buketov, Karaganda, Kazakhstan
2 Life Sciences Leadership School, Antony, France
3Karaganda Medical University, Karaganda, Kazakhstan
*Corresponding author: danayerubai@gmail.com

Study of parameters of lipid peroxidation and antioxidant protection in rats treated
with cadmium nitrate with biocorrection by infusion of Beta vulgaris see

Recently, interest in natural antioxidants and their use in the food industry has increased. In ad*io ns
ing maximum safety of the produced product, they also serve as an antioxidant shield for the entige li or-
ganism. Plant extracts contain flavonoid compounds that have an antioxidant effect. In this regal e

pose of the article is to study the antioxidant properties of infusion of Beta vulgaris’s see estal the

relationship between acute and subacute inoculation of rats with cadmium nitrate and i ss. For

this experimental study, we used 50 male rats. The animals were exposed to Cd nitrate,(With weight

of 180 + 30 g. The first groups of rats were injected with cadmium nitrate at a dose o g/L peritone-

al, the second groups received a 0.01% solution of cadmium nitrate 1 ml 5 days , ly for 10 and 24

days. The state of oxidative metabolism in the blood was investigated. To asse of‘Oxidative metab-

olism in the blood, the primary, secondary and end products of lipid pero ergidetermined, such as

diene conjugates (DC), cetodiene (CD), malondialdehyde (MDA), Schiff bases , and the activity of

glutathione peroxidase (GP), catalase (CAT), and adenosine dedmin enzymes were evaluated by

the parameters of antioxidant protection. The mean + SEM values Were ¢ ted for each group to deter-

mine the significance of the intergroup difference. Each param as ahalyzed separately using the one-way

analysis of variance (ANOVA) test. To determine the differ

QD

, we found that the activity levels of anti-
lood of experimental animals, which biocor-
llows us to state that the use infusion of Beta
isoning of experimental rats with cadmium nitrate

oxidant defense enzymes were significantly inc
rected with beetroot seed infusion. In conclusion,
vulgaris’s seeds in subacute and acute expegiments wit
has an antioxidant protective effect.

Keywords: cadmium nitrate, infusion o garis’s seeds, lipid peroxidation, antioxidant protection, bio-
correction.

Introduction

Cadmium (Cd), like othe
toxic pollutant that comes
[1]. It is easily absorb
pose a serious thr
ronment creates

etals such as arsenic, lead, and chromium, is a persistent inorganic
om various anthropogenic influences such as industrialization and mining
roots due to its relatively high mobility in the soil-plant system and can
d human health when entering the food chain [2]. Its presence in the envi-
roblems both for animals at various functional levels and for humans.

Cadmium ca xidative damage in various tissues by enhancing membrane lipid peroxidation and
alteringgih LOXi system of cells. Peroxidative damage to the cell membrane can lead to damage to
cell ue to the interaction of metal ions with cell organelles. Cd increases the production of
reac species (ROS) and causes oxidative stress. Excessive cellular levels of ROS cause damage

e stress is the cause of lipid peroxidation (LPO), in which a whole cascade of sequential free
radical reactions occurs with the formation of various chemical compounds (alcohols, aldehydes, ketones)
with high biological activity and toxicity [3]. As a result of lipid peroxidation, the structure of cell mem-
branes is disrupted, their plasticity decreases, and their permeability changes [4].

It has been suggested that LPO is involved in most of the toxicity of heavy metal ions, and oxidative
damage may be responsible for their toxic effects [5, 6]. Cd induces oxidative damage in various tissues by
increasing membrane lipid peroxidation and altering antioxidant enzymes involved in the removal of activat-
ed oxygen species [7, 8].

Natural antioxidants are popular drugs that are used by most people and have few side effects. Natural
antioxidants play an important role in reducing free radical damage caused by Cd toxicity.
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Bioactive compounds commonly observable in fruits, vegetables, herbs, and other plants have possible
health benefits such as antioxidant, anti-carcinogenic, atherosclerotic, anti-mutagenic, and angiogenesis in-
hibitor activities [9, 10].

Beta vulgaris L. is one of the most commonly produced vegetables worldwide, plant extracts containing
phenolic compounds have recently been researched to find new natural food ingredients. The antioxidant
activity of phenolic compounds is mainly due to their redox properties, which may play an important role in
their ability to chelate and neutralize free radicals, quenching singlet and triplet oxygen, and degrade perox-
ides [11]. In view of the above, we have studied the antioxidant properties of B. vulgaris’s seeds infusion
during acute and sub-acute inoculation of rats with cadmium nitrate.

Experimental

Preparation of infusion of Beta vulgaris L. seeds
Seeds for research were obtained from the collection of the Michurin agricultural s
identified by the experts of the Department of Botany of the Faculty of Biology and Géb
n %y

da University of the name of academician E.A. Buketov. 3.5 g of dried seeds were take
in 200 mL of water at a temperature of 80-90 °C for 1 hour and filtered. Then the
was used in the study for five hours.

Animals and hemolysate preparation

ared filtrate

This research complied with the ethical principles outlined in the Communlty Directive
(86/609EC) and the requirements of the World Animal Protection (WSP eXperiment, a total of 50
male non-linear rats were used. The rats were housed in five per cage access to food and water.
They were exposed to a 14-10-h light-dark cycle; the room tgm was controlled at 22+3 °C. Rats
were poisoned with Cd nitrate, which was administered in some dose of 0.1 g/L single intraperi-

toneally, other animals obtained 0.01 % 1 mL cadmium nitr n 5 days a week orally for 24 days —
daily to each animal per orally. Animals were exposed to en they weighed 180 + 30 g. Experi-
ments were performed for 10 and 24 days. The 50 non- s were divided into five groups according to:

G1: Rats exposed to Cd (in the form of Cd ni rat single intraperitoneal dose of 0.1 g/L.
intraperitoneal dose of 0.1 g/L + seeds infusion
day) for 10 days.

G3: Rats exposed to Cd (in the form of @d nitrate),

Assessment of the state Stress processes in the blood of laboratory animals is carried out by
determining the amount of, ondary and end products of lipid peroxidation and antioxidant de-
fenses enzymes.

Diene conj
method of V.N.
cetodienes were

G5: Rats (n = 10) received wateffor
Animals were sacrificed C % under ether anesthesia.
r

etodiene (CD) in erythrocytes were determined according to the unified
and G.D. Kadochnikova [12]. Optical radiation of diene conjugates and

dium adendsine monophosphate in phosphate buffer. Determination of adenosine deaminase was carried out
on a spectrophotometer relative to potassium phosphate buffer at a wavelength of 265 nm.

Determination of the activity of glutathione peroxidase (GPO) in the erythrocyte was carried out ac-
cording to the method of S.N. Vlasov et al. in the reaction with reduced glutathione [15]. Determination of
glutathione peroxidase was carried out on a spectrophotometer at a wavelength of 260 nm relative to water.

Activity catalase (CAT) was carried out according to the method of Korolyuk M.A. et al. [16]. The
method is based on the ability of hydrogen peroxide to form a stable colored complex with molybdenum
salts. The intensity of the developed color was measured on a spectrophotometer at a wavelength of 410 nm.
Optical density is measured at A 410 nm against control. CAT activity in erythrocytes was expressed in nmol
H,O, /mL/min.
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Statistics processing
Means + SEM were calculated for each group to determine the significance of between-group differ-
ences. Each parameter was analyzed separately using the one-way analysis of variance (ANOVA) test. Stu-
dent’s “t”-test was used to determine the difference between groups. P <0.05 were considered to be signifi-

cant.

Results and Discussion

The parameters of lipid peroxidation in the blood of rats poisoned with cadmium nitrate and biocorrec-
tion of B.vulgaris’s seeds are presented in Table 1.

of Beta vulgaris’s seeds

Parameters Acute poisoning 1 | Acute poisoning 24 days of 24 days of poison
day, autopsy by followed by 10 poisoning ing with bio coLs
day 10 (group 1) days of bio correc- | (group 3) i i
tion with infusion
of Beta vulgaris
seeds (group 2)
DC 0.022 £ 0.006 0.018 £0.005* 0.016 + 0.009* 0.014 + 0.001
CD 0.023 + 0.005 0.021 +0.003 0.022 +0.001* 0.021 + 0.001
MDA 0.268 + 0.02 0.205+0.16 0.262+0.020 0.007 * 0.265 £ 0.002 *
SHB 0.077 +£0.017 0.070 + 0.0 04* W, 00029 + 0.007 * [ 0.061 +0.02
* — significance compared to control P < 0.05

It is seen from Table 1 that in the first group, th
blood plasma of rats in 24 days of cadmium priming co
in group 2, with subsequent refueling with bio
peroxidation products decreased compared to the
bases in the second group showed a significantly red

times, respectively.

In groups of animals with acute see
ocorrection (group 4), it was found L
mon beet seeds significantly d

In the analysis of the sec
the values of the first, second
by 1.3 times and the fourt

group.

In our opinio es
molecular crossli

reas

vith the control group. It is worth noting that
B.vulgaris’s seed infusion, the content of lipid
. The indicator of diene conjugates and Schiff
result compared to the first group by 1.2 and 1.1

h cadmium nitrate (group 3) and seeding with sub-acute bi-
content of cetodienes after biocorrection with infusion of com-
@ ared with the results of the control and experimental groups.

POfproducts MDA, significant differences in the second group from
ird groups were identified. However, the indicators of the second group
.04 times were lower than the values in comparison with the control

e values of the MDA index can be explained by their ability to form inter-
eins, turning into a bound shape. As well as changes in MDA during activation

y the redistribution of secondary metabolites towards other aldehydes.
tion is supported by the increases in the Schiff base indices detected by us when ex-
rate in the blood of rats within 24 days of poisoning cadmium nitrate. At the same time,
gérease in the content of Schiff bases in the blood of rats in groups with biocorrection with an

gta vulgaris L. seeds was established.
Adenesine deaminase is not an AOD enzyme; however, metabolic disorders of adenyl nucleotides are
accompanied by increased generation of superoxide anions. In our study, the dynamics of changes in the en-
zyme of adenosine deaminase (ADA) in the blood of rats is presented in Figure 1. The decreases in ADA
compared to the control group are shown in the first group. The maximum increase in ADA values was rec-
orded already on the 10th day of the experiment with biocorrection with an infusion of Beta vulgaris’s seeds.

24 BecTHuk KaparaHguHckoro yHnBepcuTeTa



Study of parameters of lipid peroxidation and antioxidant ...
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Figure 1. The activity of the enzyme adenosine deaminase (ADA) in the blood of rats oneddmith cadmium nitrate
and biocorrection of Beta vulgaris‘s seeds

A comparison of the parameters of changes in the activity of antigxi defénse enzymes in rat eryth-
rocytes during subacute and acute poisoning with cadmium nitrate compare the control group showed
a unidirectional tendency to decrease the activity of glutathione gperoxi and catalase. However, a more
pronounced increase was observed in the group of acute pois M cadmium nitrate, with biocorrection
of infusion of B. vulgaris’s seeds (group 4), compared with the coptrolRgroup (Tab. 2).

Table 2

The activity of antioxidant defenses enzymeSiR the bloog of rats poisoned with cadmium nitrate and
biocorrection eta vulgaris’s seeds

Parameters | Acute poisoning | Acute poisORi 24 days of 24 days of poi- The control
1 day, autopsy poisoning soning with bio (group 5)
by day 10 (group 3) correction with

infusion of Beta
vulgaris seeds

(group 4)

(group 1)

1.246 £ 0.29 1.388 £ 0.01* 1.405+0.005* | 1.353+0.09 *
0.826 £0.14 0.880 £ 0.45 1.014+0.19 0.982 £ 0.31

SimilanRfe @ results were shown in group 3 and in the control group.

egltfts of the experimental study showed that when poisoning cadmium in the blood of experi-
mental animals, a violation of lipoperoxidation catabolits is observed. This observation is consistent with the
findings of our study, in which cadmium nitrate increased the products of lipid peroxidation (LPO) in the
blood of experimental animals, compared with the control group, but a significant decrease in the biocorrec-
tion with infusion of Beta vulgaris L. seeds. We assume that when using Beta vulgaris L. seeds infusion, the
antioxidant molecules interact with active radicals to form low-active radicals. Oxidation slows down, the
rate of formation of free radicals decreases, which leads to the obstruction of the chain reactions that are
dangerous for the body, which are triggered by free radicals. Since, in this study, we found that the activity
levels of antioxidant enzymes such as catalase, glutathione peroxidase, and adenosine deaminase were signif-
icantly increased in the blood of experimental animals with biocorrection of the infusion of Beta vulgaris’s
seeds.
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Conclusions

In conclusion, our research allowed asserting that the use of infusion of Beta vulgaris L. seeds in sub-
acute and acute experiments with the poisoning of experimental rats with cadmium nitrate has an antioxidant
protective effect.
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Kaamuii HUTpaThl MEH yJIaHABIPBLIFaH ereyKYHpPbIKTApPAbIH
Beta vulgaris TYKbIMBIHBIH TYHOACHIMEH OMOKOPPEKIUSIJIAYAFbI TUMUATEPAIH
ACKBIHTOTBIFYbI KdHEe AHTHOKCUAAHTTHIK KOPFAaHBIC MapaMeTpJiepiH 3epTTey

CoHFBI yakKpITTa TaOWFM AHTHOKCHIAHTTApPFa JKOHE OJIap[bl TaMaK ©HEpKOCiOiHae KOJIaHyFa ercH
KBI3BIFYIIBUIBIK aPThIN Kelledi. OHAIpired oHIMHIH KayilcCi3/iriH KaMTaMachl3 eTyMeH KaTtap, ojiap OyKia
Tipi aF3aHbIH aHTHOKCHIAHTHI KAJIKAHBI PETiHIC KbI3MET eTe/li. OCIMIIK CHIFBIHABLIAPBIHBIH KYPaMbIHIA aH-
TUOKCHIAHTTHIK acepi Gap (aBoHOMATHI KOchuUibicTap Gap. Makananslq Makcatel Beta vulgaris TykpiMs
TYHOACHIHBIH aHTHOKCHIAHTTHIK KACHETTEPiH 3epTTey, ereyKyHphIKTapAbl OTKIp jKoHE XKeael cyOcTpar Kaj-
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MMl HUTPATBIMEH €Ty JKOHE TOTBIFY CTPeci apachlHIarbl OalIaHBICTBl aHBIKTay. DKCIICPUMEHTTIK 3epTTeyre
50 ak ereykyipsIK (ataubirbl) aabiHAbl. Cd HUTpPAThIHA YIIBIPaFraH ereyKyMpBIKTapIblH OacTalKbl cajiMarbl
180+30 r 6onzsl. Ereykyiipsikrapasiy 6ip ToObiHa Kaamuit HuTpatst 0,1 /71 go3ana i actap imriHe eHri3inai,
ekinnn to6sHa 0,01 % KagMuil HUTPATHIHBIH epITiHAICIH | MII-IeH anTaHbIH 5 KYHIHJE aybl3 apKbuisl 10
JKoHE 24 KYHHIH apanbFbIHAA imTi. KaHnars! TOTBIFY METa0OJM3MiHIH KYHIH Oaranay YIIiH JWeH KOHBIOra-
THI, KeTOAWEH, ManoH ananbiaerun, [udd Herizmepi cHSAKTH MUMUATEPAIH aCKBIH TOTHIFYBIHBIH 0acTamKHl,
KalTarama >XoHEe COHFBI OHIMJICpIH aHBIKTAy JKYPTi3UINi jKoHE aHTHOKCHAAHTTHIK KOPFAHBIC MapaMeTpiiepi
6oipiama rayratnon nepkocumasa (I'TIO), karanasza (KAT), agenosunncamunasa (AJIA) dhepMeHTTepiHiH
Gencenpiniri 6arananasl. TonTap apacklHIarbl albIPMAIIBUIBIKTAP/IBIH MaHbBI3IbLUIBIFBIH aHBIKTAY Aa 9 TOII
yurin = SEM oprama MoHi ecenTenai. Op mapamerp Oipxkakrhl aucnepcusuiblk Tangay (ANOVA) Tectin
KOJIIaHa OTBIpBIN Oeiex Tanganasl. Tonrap apachlHAarbl albIPMAIIBUIBIKTHI AHBIKTAY YIIIH t-KpUTEpHH
CTBIOJICHTI KOJIIAHBUIIBL. 3epTTey HOTIDKeIepi KopceTKeHeH, TaxipuOelik kaHyapiapIslH KaHbIHIA Kaj-
MU HUTpPaThIMEH YNAHIBIPBUIFaH KYHACPIiHIH Y3aKTHIFbIHA OalIaHBICTHI JIUITUATEP/IH acKbIH TOTBIFY KaTa-
Ganutinig Oy3bUTybI Gaiikanzel, Gipak Beta vulgaris TykpiMbl TyHOACBIMEH OHOKOppEKUHMsIIayaa alTapIibIK-
tail TemeHneni. Ochl 3epTTeyae TIKIpHOENiK xKaHyapiap/AblH KaHbiHIa Beta vulgaris Tykeimer Tyabac
OMOKOppEKIMsIIaFaH[a aHTHOKCUIAHTTHIK KOPFaHbBIC (DepMEHTTEPIHIH OCICEHAUTIK NeHrell enpyi
JaraHbl aHbIKTaJdraH. KOpBITBIHIBLIAN Keie, JKYPri3iireH 3eprreyiep Kaamuii HI/ITpaTLIMeﬁT
ereyKyHpBIKTapabl OTKIp jKoHE Kenen yiaaHaspein, Beta vulgaris TYKeIMBIHBIH TYHOACHIH KOJII HL
THOKCHIAHTTHIK KOPFaHbIC ocepi Oap ekeHiH aiTyra Gomasl.

Kinm ce3dep: xanmuii HUTpaThl, Beta vulgaris TyKbIMBIHBIH TYHOACHL, TMIHATEPIIH ac BbIy AHTHOK-
CHJIAHTTBIK KOPFAHBIC, OMOKOPPEKITHS.

A.C. Epy6aii, A.E. Konkabaesa, I'. IIpesocr, 1.C. K J1.b. Okacos
HN3yyenue mapameTrpos nepelmcnoro’ 1 JIMITUIOB U
AHTHOKCHJIAHTHOM 3aIIUTHI Y KPBIC P Ke HUTPATOM KaJIMMsl
¢ OMoKoppeKuueil HACTEEMEEMs a vulgaris

B mocnenHee BpeMsi BO3POC MHTEPEC K MPUPO;
MBIIUIEHHOCTH. [IOMUMO OOEeCIIeueHHUs] MaKCUM; HOCTH TPOU3BOJAMMOTrO MPOJYKTa OHH TaK¥Ke
CITy)KaT aHTHOKCHIAHTHBIM IIUTOM BCErO XHBOTO a. B pacTHTeNbHBIX IKCTPAKTaX COIEPIKATCS
(IIAaBOHOMIHBIE COEIAMHEHHS, 00JaIaloInefaHTHOKCUIAHTHBIM 3G PeKToM. B CBS3M ¢ 3THUM IIENBI0 CTaThH
SIBUJIOCH M3y4YEHHE AaHTHOKCHIAHTHBIX CBOMGIB HacTosi ceMsH Beta vulgaris, ycraHoBiieHHe B3auMOCBS3b
MEX]y OCTPOM M MOJOCTPOI 3aTpaBK TPUTOM KaJMHUSI U OKHCIIUTENLHBIM cTpeccoM. JIjist aKcIiepu-
MEHTaJIBHOTO HCCIIEI0BaHHs ObLIY

JNaHTaM M MX MPUMEHEHWIO B IHUIIEBOM IPO-

BTOpEIe Tpymms! morydamu 0,01 % pacTBop HHUTpara Kagmus 1o 1
MJI 5 HEW B HEeJelo uepe 2 10 u 24 ngueit. Bputo nccneq0BaHO COCTOSTHUE OKUCITUTEIBHOTO Me-
Tabos3Ma B KpOBH. [l CQCTOSTHUS OKHCITUTEIFHOTO MeTaboIM3Ma B KPOBH MPOBOAMIIMCH OITIpEie-
OHEYHBIX MPOAYKTOB MEPEKHCHOTO OKUCIICHHUS JIUMHO0B, TAKHX KaK Jbe-
IOHOBBII uanpaerns, ocHoBsl [udda, n mo mapamerpam aHTHOKCHIAHT-

YIHOBBIX pa3nuuuid. Kaxaplii napamerp aHaIU3HPOBAIM OT/ACIBHO C MCHOJIb30BaHH-
HHero aucrnepcronHoro ananmuiza (ANOVA). Jlnst onpeneneHus pa3sHUIBI MEXIy TPYII-

oeM cemstH Beta vulgaris. Tak kak B 3TOM HCCIIeJOBAHHH MbI OOHAPY)KHJIH, YTO YPOBHU aKTHBHOCTH
TOB aHTHOKCHJAHTHOW 3aIIUTHI OBUIM 3HAYUTEIIHHO YBEIMYEHBI B KPOBH Y SKCIIEPUMEHTAIIBHBIX JKH-

TO3BOJIAIOT YTBEPXKAATh, YTO NPUMECHCHUEC HACTOSA CEMAH Beta VUlgariS B IOAOCTPBIX U OCTPBIX SKCIICPUMEH-
Tax C 3anaBK0171 OKCIICPUMEHTAJIBHBIX KPBIC HUTPUTOM KaJIMHA HMEET aHTUOKCHAAHTHOE 3alllUTHOC en-
CTBHC.

Kniouesvie cnosa: HUTpAT KaaMus, HacToii cemsH Beta VUlgariS, TNEPEKUCHOC OKUCJIICHUC JIUITUA0B, aHTUOK-
CHUJaHTHasA 3aliuTa, GI/IOKOppeKIII/IH.
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