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

Recently, interest in natural antioxidants and their use in the food industry has increased. In addition to ensur-
ing maximum safety of the produced product, they also serve as an antioxidant shield for the entire living or-
ganism. Plant extracts contain flavonoid compounds that have an antioxidant effect. In this regard, the pur-
pose of the article is to study the antioxidant properties of infusion of Beta vulgaris’s seeds, to establish the
relationship between acute and subacute inoculation of rats with cadmium nitrate and oxidative stress. For
this experimental study, we used 50 male rats. The animals were exposed to Cd nitrate, with an initial weight
of 180 + 30 g. The first groups of rats were injected with cadmium nitrate at a dose of 0.1 g/L inter peritone-
al, the second groups received a 0.01% solution of cadmium nitrate 1 ml 5 days a week, orally for 10 and 24
days. The state of oxidative metabolism in the blood was investigated. To assess the state of oxidative metab-
olism in the blood, the primary, secondary and end products of lipid peroxidation were determined, such as
diene conjugates (DC), cetodiene (CD), malondialdehyde (MDA), Schiff bases (SHB), and the activity of
glutathione peroxidase (GP), catalase (CAT), and adenosine deaminase (ADA) enzymes were evaluated by
the parameters of antioxidant protection. The mean + SEM values were calculated for each group to deter-
mine the significance of the intergroup difference. Each parameter was analyzed separately using the one-way
analysis of variance (ANOVA) test. To determine the difference between groups, Student’s “t”-test was used.
Studies have shown that with the use of cadmium in the blood of experimental animals, there is a violation of
catabolits of lipoperoxidation, depending on the length of the days of poisoning, but a significant decrease in
the biocorrection of Beta vulgaris’s seeds. Because of in this study, we found that the activity levels of anti-
oxidant defense enzymes were significantly increased in the blood of experimental animals, which biocor-
rected with beetroot seed infusion. In conclusion, our study allows us to state that the use infusion of Beta
vulgaris’s seeds in subacute and acute experiments with poisoning of experimental rats with cadmium nitrate
has an antioxidant protective effect.

Keywords: cadmium nitrate, infusion of Beta vulgaris’s seeds, lipid peroxidation, antioxidant protection, bio-
correction.

Introduction

Cadmium (Cd), like other heavy metals such as arsenic, lead, and chromium, is a persistent inorganic
toxic pollutant that comes mainly from various anthropogenic influences such as industrialization and mining
[1]. It is easily absorbed by plant roots due to its relatively high mobility in the soil-plant system and can
pose a serious threat to animal and human health when entering the food chain [2]. Its presence in the envi-
ronment creates a number of problems both for animals at various functional levels and for humans.

Cadmium can cause oxidative damage in various tissues by enhancing membrane lipid peroxidation and
altering the antioxidant system of cells. Peroxidative damage to the cell membrane can lead to damage to
cellular components due to the interaction of metal ions with cell organelles. Cd increases the production of
reactive oxygen species (ROS) and causes oxidative stress. Excessive cellular levels of ROS cause damage
to proteins, nucleic acids, lipids, membranes, and organelles.

Oxidative 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 settlement and were
identified by the experts of the Department of Botany of the Faculty of Biology and Geography of Karagan-
da University of the name of academician E.A. Buketov. 3.5 g of dried seeds were taken; they were infused
in 200 mL of water at a temperature of 80-90 °C for 1 hour and filtered. Then the freshly prepared filtrate
was used in the study for five hours.

Animals and hemolysate preparation

This research complied with the ethical principles outlined in the European Community Directive
(86/609EC) and the requirements of the World Animal Protection (WSPA). In the experiment, a total of 50
male non-linear rats were used. The rats were housed in five per cage and had free access to food and water.
They were exposed to a 14-10-h light-dark cycle; the room temperature was controlled at 22+3 °C. Rats
were poisoned with Cd nitrate, which was administered in some animals at a dose of 0.1 g/L single intraperi-
toneally, other animals obtained 0.01 % 1 mL cadmium nitrate solution 5 days a week orally for 24 days —
daily to each animal per orally. Animals were exposed to Cd nitrate when they weighed 180 + 30 g. Experi-
ments were performed for 10 and 24 days. The 50 non-linear rats were divided into five groups according to:

G1: Rats exposed to Cd (in the form of Cd nitrate), 1 mL per rat single intraperitoneal dose of 0.1 g/L.

G2: This group received Cd nitrate 1 mL per rat single intraperitoneal dose of 0.1 g/L + seeds infusion
(3.6 mL per rat during the first 5 hours of the light part of the day) for 10 days.

G3: Rats exposed to Cd (in the form of Cd nitrate), 1 mL per rat for 24 days.

G4: This group received Cd nitrate (1 mL per rat) + seeds infusion (3.6 mL per rat during the first 5
hours of the light part of the day) for 24 days.

G5: Rats (n = 10) received water for 24 days.

Animals were sacrificed by decapitation under ether anesthesia.

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

Diene conjugates (DC) and cetodiene (CD) in erythrocytes were determined according to the unified
method of V.N. Ushkalova and G.D. Kadochnikova [12]. Optical radiation of diene conjugates and
cetodienes were carried out on a spectrophotometer relative to hexane at wavelengths of 232 and 268 nm.

Malondialdehyde (MDA) in blood plasma was carried out according to the modified method of Y.N.
Korobeynikova [13]. The determination of Malondialdehyde was carried out on a spectrophotometer against
distilled water at wavelengths of 535 hm and 580 nm.

Determination of the activity of adenosine deaminase (ADA) in the erythrocyte was carried out accord-
ing to the method of Nemechek I.B. et al. [14]. Activity of ADA was assessed by the rate of decrease of so-
dium adenosine 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,0, /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.

Table 1

The content of lipid peroxidation products in the blood of rats poisoned with cadmium nitrate and biocorrection
of Beta vulgaris’s seeds

Parameters Acute poisoning 1 | Acute poisoning 24 days of 24 days of poison- | The control
day, autopsy by followed by 10 poisoning ing with bio cor- (group 5)
day 10 (group 1) days of bio correc- | (group 3) rection with infu-
tion with infusion sion of Beta vul-
of Beta vulgaris garis seeds (group
seeds (group 2) 4)
DC 0.022 £ 0.006 0.018 £0.005* 0.016 +0.009* | 0.011 +0.007 0.014 + 0.001
CD 0.023 £ 0.005 0.021 + 0.003 0.022 +£0.001* | 0.019+0.001 * 0.021 + 0.001
MDA 0.268 = 0.02 0.205+0.16 0.262 +0.02 0 0.254 +0.007 * 0.265 + 0.002 *
SHB 0.077 £0.017 0.070 £ 0.0 04* 0.044 +£0.001* | 0.029 +0.007 * 0.061 + 0.02

* — significance compared to control P < 0.05

It is seen from Table 1 that in the first group, the content of lipid peroxidation products increases in the
blood plasma of rats in 24 days of cadmium priming compared with the control group. It is worth noting that
in group 2, with subsequent refueling with biocorrection of B.vulgaris’s seed infusion, the content of lipid
peroxidation products decreased compared to the first group. The indicator of diene conjugates and Schiff
bases in the second group showed a significantly reduced result compared to the first group by 1.2 and 1.1
times, respectively.

In groups of animals with acute seeding with cadmium nitrate (group 3) and seeding with sub-acute bi-
ocorrection (group 4), it was found that the content of cetodienes after biocorrection with infusion of com-
mon beet seeds significantly decreased compared with the results of the control and experimental groups.

In the analysis of the secondary LPO products MDA, significant differences in the second group from
the values of the first, second and third groups were identified. However, the indicators of the second group
by 1.3 times and the fourth group by 1.04 times were lower than the values in comparison with the control
group.

In our opinion, changes in the values of the MDA index can be explained by their ability to form inter-
molecular crosslinks with proteins, turning into a bound shape. As well as changes in MDA during activation
of LPO can be explained by the redistribution of secondary metabolites towards other aldehydes.

The above assumption is supported by the increases in the Schiff base indices detected by us when ex-
posed to cadmium nitrate in the blood of rats within 24 days of poisoning cadmium nitrate. At the same time,
a significant decrease in the content of Schiff bases in the blood of rats in groups with biocorrection with an
infusion of Beta vulgaris L. seeds was established.

Adenosine 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 ...

ADA

1,115
1,11
1,105
1,1
1,095
1,09
1,085
1,08
1,075
1,07
1,065

1,111

1,094
1,091

1,082 1,084

1 group 2 group 3 group 4 group 5 group

M The activity of the enzyme adenosine deaminase (ADA)

Figure 1. The activity of the enzyme adenosine deaminase (ADA) in the blood of rats poisoned with cadmium nitrate
and biocorrection of Beta vulgaris‘s seeds

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

Table 2

The activity of antioxidant defenses enzymes in the blood of rats poisoned with cadmium nitrate and
biocorrection of Beta vulgaris’s seeds

Parameters | Acute poisoning | Acute poisoning 24 days of 24 days of poi- The control
1 day, autopsy | followed by 10 poisoning soning with bio (group 5)
by day 10 days of bio cor- (group 3) correction with
(group 1) rection with in- infusion of Beta
fusion of Beta vulgaris seeds
vulgaris seeds (group 4)
(group 2)
GPO 1.198+0.14 1.246 +0.29 1.388+0.01* | 1.405+0.005* | 1.353+0.09 *
CAT 0.708 £ 0.20 0.826 £ 0.14 0.880 + 0.45 1.014+0.19 0.982 +0.31
* — significance compared to control P < 0.05

From the data presented in Table 2, it follows that the activity of GPO in rat blood erythrocytes showed
a tendency to increase, with biocorrection of infusion of B. vulgaris’s seeds with reliable results in group 4.
Similar reliable results were shown in group 3 and in the control group.

The results 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 HUTpaThI MEH yJIAHABIPBLIFaH ereyKYMpPbIKTAPAbIH
Beta vulgaris TYKbIMBIHBIH TYHOACHIMEH OMOKOPPEKIHAIAYAAFbI JUIHIATEPAIH
ACKBIHTOTBIFYbI KOHE AHTUOKCHAAHTTBIK KOPFaHbIC IapaMeTpJiepiH 3epTrey

CoHFBl yaKpITTa TaOWUFM aHTUOKCHIAHTTapFa JKOHE OJapAbl TaMaK OHEepKACciOiHIe KoJJaHyFa JIereH
KBI3BIFYIIBUIBIK apThII Kelie[di. OHAIpiIreH oHIMHIH KayilCi3[giriH KaMTaMachl3 eTyMeH Karap, onap OyKin
Tipi aF3aHbIH AHTHOKCHIAHTH KAJIKAHBI PETiHAE KbI3MET eTelli. OCIMIIIK CHIFBIHABUIAPBIHBIH KYPaMbIHIA aH-
THOKCHIAHTTHIK acepi Gap (raBoHOMATHI KOChUIbIcTap Gap. Makamansiy Makcatsl Beta vulgaris tyxemver
TYHOACHIHBIH AHTHOKCHIAHTTHIK KACHETTEPIH 3ePTTey, ereyKYHPBIKTApIbl OTKIP JKOHE KeJen cyOcTpar Kaj-
MU HUTPATBIMEH €Ty JKOHE TOTBIFY CTPECi apachlHIArbl OalTaHBICTHI AaHBIKTAY. JKCIIEPUMEHTTIK 3epTTeyre
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50 ak ereykyipbIK (atasnbirbl) anbiHasl. Cd HUTpaThIHA YIIBIPAFaH ereyKYWpPBIKTAp/bIH 0AacTamKpl CalMarbl
180430 r 60sap1. Ereykyiipsikrapasi 6ip ToObHA KaaMuit Hutpater 0,1 1/11 mo3azaa imr actap imriHe eHrisiui,
exinmi ToOsHa 0,01 % KaaAMU HUTPATHIHBIH €PITIHIICIH 1 MII-IEH anTaHbIH 5 KYHiHAE aybl3 apKeUibl 10
JKoHE 24 KYHHIH apanbFbIHAA imTi. KaHnars! TOTBIFY METa0OJM3MiHIH KYHIH Oaranay YIIiH JUeH KOHBIOTa-
THI, KETOAWEH, ManoH auanbiaerun, [udd Herizmepi cHAKTH MUMUATEPAIH aCKBIH TOTHIFYBIHBIH 0acTamKH,
KaifTaama jKoHE COHFBI OHIMJEPIH aHBIKTAy JKYPTi3UIAi )KoHE aHTHOKCHIAHTTHIK KOPFaHBIC IapaMeTrpiepi
6oiipiama rayratroH nepkocunasza (I'TIO), xaramasa (KAT), anenosunneamnnasa (AJ1A) dbepmeHTTEpiHIH
Oencenainiri 6arananapl. TonTap apachblHIAFbl abIPMAIIBUIBIKTAPIBIH MaHBI3IbLUIBIFBIH QHBIKTAY J1a 9p TOII
yurin = SEM oprama MoHi ecenTenai. Op mapamerp Oipxkakrhl gucnepcrsuiblk Taigay (ANOVA) Tectin
KOJIJIaHa OTBIPBIN Oejex Tanganasl. Tomrap apachlHAarbl albIPMAIIBUIBIKTBI aHBIKTAy YIUiH t-KpUTEpHH
CTBIOAEHTI KOJIAHBULABL. 3epTTey HOTIIKENepl KOpCeTKeHAeH, ToxXipuOemik skaHyapiIapIblH KaHBIHAA Kaf-
MHH HHUTpaTBIMEH YJIaHIBIPBUIFAaH KYHIEPiHIH Y3aKTHIFbIHA OAMJIaHBICTHI JIMIMATEPAIH aCKBIH TOTHIFY KaTa-
Ganutiniy Oy3buUTybI Gaiikanzel, Gipak Beta vulgaris TykpIMbl TyHOACBIMEH OMOKOPpEKUHMsIIayaa alTapIibIK-
tail TemeHneni. Ochl 3epTTeyae TOKIpHOEIiK KaHyapiapIslH KaHbHIa Beta vulgaris TykeiMbl TyHOACBIMEH
OHMOKOppEeKIMsIIaFaHa aHTHOKCUIAHTTHIK KOPFaHEIC (pepMeHTTepiHiH OeNceHuIiK NeHreiii enayip Koraphl-
JaraHbl aHbIKTanFaH. KOpBITBIHIBUIAN Kelle, JKYPTi3UIreH 3epTreyiep KaJMUH HHUTpPATBIMEH TXipuOelik
ereyKyHpBIKTapabl OTKIp jKoHE Keen yiaaHaspein, Beta vulgaris TyKeIMBIHBIH TYHOACHIH KOJIAHFAHAA aH-
THOKCUAAHTTHIK KOPFaHBIC 9cepi Oap eKeHiH aiiTyra Oomazbl.

Kinm ce3dep: xanmuii HUTpaThl, Beta vulgaris TyKbIMBIHBIH TYHOACHI, TMIHATEPIiH ACKBIH TOTHIFYBI, AHTHOK-
CHIAHTTBIK KOPFAHBIC, OMOKOPPEKIIHSL.
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H3yveHne napaMeTpoB NePeKUCHOT0 OKMCJIECHHUSI JTHITHIO0B U
AHTHOKCHIAHTHOM 3alIMTHI Y KPBIC MPH 3aTPaBKe HUTPATOM KaJIMHUsI
¢ OMokoppeknueii HacToem cemsiH Beta vulgaris

B mocnennee Bpemsi BO3poc MHTEpeC K NMPHUPOTHBIM aHTHOKCHAAHTAM W MX NPHMEHEHUIO B NHUIIEBOH IPO-
MbIIUIeHHOCTH. [loMIMO oGecriedeHnss MaKCHMalIbHOH COXPAaHHOCTH MPOU3BOJMMOIO MPOAYKTa OHH TaKKe
CIIy)KaT aHTHOKCHJAHTHBIM IIMTOM BCErO JKMBOTO OpPraHM3Ma. B pacTUTENBHBIX 3KCTPaKTaX COIEPIKATCS
(h1aBOHOMIHEIE COEIMHEHHMs, 00JaJaloue aHTHOKCUAAHTHBIM 3(GdeKkToM. B CBsI3M ¢ 3THM Lenbi0 CTaTbu
SIBIJIOCh M3y4YCHHC aHTHOKCHIAHTHBIX CBOWMCTB HacTosi ceMsiH Beta vulgaris, ycraHoBieHue B3aMMOCBS3b
MEX]y OCTPOH M MOJOCTPOM 3aTpaBKe KPHIC HUTPUTOM KaJMUsI M OKHUCIUTEIBHBIM cTpeccoM. it aKcnepH-
MEHTAJIFHOTO HCCIICIOBaHU OBUIHA MCIOIB30BaHbI 50 GecropoaHbIX OenbIX KpbIc (camipl). JKHBOTHBIE MOA-
Bepraiuck Bosaeictsuro HuTpara Cd, xoraa onu Becwnu 180 = 30 r. OxHUM rpynmnaM KpbIC BBOAWIN HUTPAT
kaamus B 1o3e 0,1 1/1 BHyTpuOpIomuHHO, BTophle rpymnmsl moxydamu 0,01 % pactBop HuTpara KagMus mo 1
MII 5 THEH B Henewro yepe3 poT B TedeHue 10 u 24 mHeil. Bputo mccineoBaHO COCTOSIHUE OKHUCIHTEIEHOTO Me-
Tabosn3Ma B KpoBH. J{JI OLIEHKH COCTOSIHHS OKHCIUTEIHFHOTO METaboJi3Ma B KPOBH IPOBOJIMIINCE OIpe/e-
JICHHE MePBUYHBIX, BTOPUYHBIX U KOHEYHBIX MPOJYKTOB MEPEKUCHOIO OKHCICHUS JIMIUAOB, TAKUX KaK Jbe-
HOBBII KOHBIOTAT, KETOJMEH, MaJOHOBBIH Auanbaeruy, ocHoBsl lIndda, 1 mo napamerpam aHTHOKCHIAHT-
HOH 3aIlNThI OLICHUBAJIM aKTUBHOCTH (hepMeHTOB riyratroHnepkocunassl (I'TI0), karanassr (KAT), ageHo-
suHAe3aMuHa3bl (AJIA). [ kakaoi Tpymiel pacCUUTHIBAINCh cpennue 3HadeHns + SEM, uro0sl onpene-
JIUTH 3HAYNMOCTD MEXTPYIIIOBBIX pa3nuauid. Kaxasli napaMeTp aHaTN3MPOBAIH OTAEIBHO C UCTIOIb30BAHH-
€M TecTa OJHOCTOPOHHETO aucnepcronHoro ananmniza (ANOVA). [ns onpeneneHus pa3sHUIBI MEXIY TPYI-
MaMH UCTIONB30Bajcs t-kputepuii CThIofeHTa. MccaenoBanus NMoKas3aid, YTO MPU YIOTpeOIeHUN KagMus B
KPOBH y KCIIEpHMEHTAIbHBIX )KMBOTHBIX HAOMIOAASTCsl HapylIeHHe KaTabaluToB JIMIOIEPEKUCHOTO OKHCIIe-
HUS B 3aBUCHMOCTH OT MPOJOJDKUTEIFHOCTH JHEil 3aTpaBKH, HO 3HAYMTENILHOE CHIDKEHHE IPH OMOKOpPpEeK-
MU HactoeM cemsiH Beta vulgaris. Tak kak B 3TOM HCCIICIOBAHHH MbI OOHAPYKHJIH, YTO YPOBHU aKTHBHOCTH
(epMEHTOB aHTHOKCHIAaHTHOM 3alUTHI ObUIN 3HAUUTENILHO YBEMUCHBI B KPOBU Y SKCIIEPUMEHTANBHBIX XKHU-
BOTHBIX, ¢ OHOKOppeKIiueil HacToeMm cemsH Beta vulgaris. PesymbraTsl MpoBeIeHHOTO HAMH HCCIIEIOBAHHS
HO3BOJISIFOT YTBEPIXK/IAaTh, YTO MPUMEHEHHE HAcTOs ceMsiH Beta vulgaris B mogocTphix U OCTPBIX IKCIIEpUMEH-
Tax C 3aTPaBKOH 3KCHEPUMEHTATBHBIX KPBIC HUTPUTOM KaJMHS UMEEeT aHTHOKCHAAHTHOE 3aIlUTHOE IeH-
CTBHE.

Kniouegwie cnoea: HUTpAT KaaMus, HacToOi ceMsiH Beta vulgaris, mepekicHoe OKHCICHHE JHIHAOB, aHTHOK-
CHIaHTHasl 3aIlUTa, OMOKOPPEKIIHSI.
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