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Hematological parameters in rats poisoned with cadmium nitrate
and in biocorrection with the infusion of Beta vulgaris seeds

Nowadays, using plant extracts and infusions as protectors against.theqdmpact of heavy metals, the molecular
mechanisms, protective and adaptive reactions of plants are studied. The purpose of this article was to study
the protective properties of beetroot seeds infusion in acute and sub-acute poisoning of rats with cadmium ni-
trate. For this experiment, 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
intraperitoneally, the second groups received a 0.01 % solution of cadmium nitrate, 1 mL, 5 days a week,
orally for 10 and 24 days. General blood tests and biochemical parameters in rats were investigated. By bio-
chemical parameters, we determined liver enzymes alanine aminotransferase (ALT), aspartate aminotransfer-
ase (AST), bilirubin, glucose, urea, creatinine, and total protein. The mean + SEM values were calculated for
each group to determine the significance of the intergroup difference. Each parameter was analyzed separate-
ly using the one-way analysis of variance (ANOVA) test. To determine the difference between groups, Stu-
dent’s «t»-test was used. Studies showed the presence of variations in the parameters of leukocytes, erythro-
cytes and platelets depending on theperiod of days of poisoning and biocorrection. There were small changes
in the content of urea, creatinine,and protein, which were not reliably confirmed. As a result, our research al-
lowed asserting that the use of Befa vulgaris infusion in acute and subacute experiments with poisoning of an-
imals with cadmium nitrate had a positive hepatoprotective effect.

Keywords: cadmium nitrate, infusion of Beta vulgaris seeds, hematological parameters, biochemical analysis,
bio correction.

Introduction

Heavy metals have not been a problem as long as they are components of our environment at a balanced
level, but human activities towards modern life and industrialization have increased the distribution of heavy
metals and their bioavailability [1]. Industrial waste and wastewater manufacture, mining and metallurgy,
energy and fuel production, vehicle emissions and agricultural fertilization are some of the most important
human activities leading to increased environmental pollution by heavy metals [2].

Cadmium is one of the most toxic heavy metals, the availability and biological concentrations of which
have increased in recent decades due to various types of human activities [3]. Chronic exposure to cadmium
can have side effects such as lung cancer, lung adenocarcinomas, proliferative lesions of the prostate, bone
fractures, kidney dysfunction and hypertension [4]. Cadmium is a heavy metal, belongs to the second class of
hazard, and has a pronounced tendency to accumulate in the body. Cadmium poisoning occurs when it enters
the stomach or by inhalation. The absorbed cadmium accumulates in the liver and kidneys as a complex with
metallothionein. In erythrocytes and soft tissues, cadmium binds to a2-macroglobulin and albumin. Cadmi-
um binds to sulthydryl groups of proteins, which leads to inactivation of enzymes; inhibits the activity of
mitochondria, increases free radical oxidation in cells. With further development of intoxication, there are
nosebleeds, ulcers and perforations of the nasal septum, and other complications, chronic obstructive pulmo-

94 BecTHuk KaparaHguHckoro yHusepcureTa



Hematological parameters in rats ...

nary diseases with the development of progressive pneumosclerosis and emphysema, gastrointestinal disor-
ders, liver damage. From the side of the blood, hypochromic anemia or compensatory erythrocytosis are ob-
served [5].

The most commonly used therapeutic strategy for heavy metal poisoning is chelation therapy to pro-
mote metal excretion. However, chelators for Cd and Pb toxicity are themselves reported to have a number
of different safety and efficacy concerns. None of the chelation therapies for Cd toxicity has yet been ap-
proved for clinical use thus far [6].

Many studies in both animals and humans have shown that a deficiency in essential metals such as zinc,
calcium or iron can lead to greater absorption and toxicity of Cd and Pb [7-9]. Therefore, it is logical to sug-
gest that the supplementation with essential metals can provide protective effects against Cd and Pb intoxica-
tion.

Particular interest at present is the use of plant extracts and infusions as protectors when exposed to
heavy metals, the molecular mechanisms underlying the capture and transport of elements, as well as the
protective and adaptive reactions of plants are widely studied [10]. Edible plant supplements can not only
increase the level of vitamins and essential metals in the human body, but also reduce the risks of Cd toxici-
ty. In connection with the above, the purpose of our research was to study the protective properties of com-
mon beetroot seed infusion during acute and sub-acute poisoning of rats with cadmium nitrate.

Materials and methods

Preparation of infusion of Beta vulgaris seeds

Seeds for research were obtained from the collection of Michurin agricultural town and were identified
by the experts of the Department of Botany of the Faculty of Biology and Geography of E.A. Buketov Kara-
ganda University. 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 tissue 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 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 intraperitoneally, 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. Experiments were performed during 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 Cdmnitrate 1 mL per rat single intraperitoneal dose of 0.1 g/L + seeds infusion
(3.6 mL per rat during 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 first 5 hours
of the light part.of the day) for 24 days.

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

Animals were sacrificed by decapitation under ether anesthesia.

At the same time, rat blood was collected for hematological and biochemical analysis. Blood analysis
was determined on an automatic hematology analyzer KX-21 Sysmex (Japan).The liver enzymes ALT, AST,
bilirubin, glucose, urea, creatinine and total protein were determined in blood serum samples on the automat-
ic biochemical analyzer A-25 Biosystems (Spain).

Statistics

The mean + SEM values were calculated for each group to determine 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. P < 0.05 were considered to be
significant.
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Results and discussion

The parameters of the general blood analysis of rats poisoned with cadmium nitrate and in bio correc-
tion of beetroot seeds are shown in Table 1. Studies have shown the presence of variations in the indicators
of white blood cells, red blood cells and platelets depending on the period of days of poisoning and bio cor-
rection.

Thus, a comparison of the results obtained in the groups of animals with acute poisoning with cadmium
nitrate (group 1) and poisoning with subsequent bio correction (group 2) revealed that the content of white
blood cells after bio correction with beetroot seed infusion significantly (P < 0.05) increased in comparison
with the control and the result of the first groups (Table 1).

Table 1

General blood analysis of rats after acute and sub-acute poisoning with cadmium nitrate
and bio correction with beet seeds infusion

Parameters |Acute poisoning 1| Acute poisoning 24 days 24 days of poison- Control
day, autopsy by |followed by 10 days of poisoning ing with bio correc- (group 5)
day 10 of bio correction (group 3) tion with infusion of]
(group 1) with infusion of Betavulgaris seeds
Beta vulgaris seeds (group 4)
(group 2)
WBCx10°/L 4.04+0.95* 7.0+0.1%* 6.000 + 1.280 6.:425+0.638 7.6+1.860*
RBCx10"/L 3.20+0.13* 4.9+0.23* 4.075+0.444 4.460+0.063 5.190+0.107*
HGB g/L 109.404+2.40 109.7+2.67 108.000+4.400 108.400+3.267 113.000 +£2.000
HCTL/L 0.19+0.001* 0.3+0.01* 0.247+0.017 0.249+0.005 0.296+0.003
MCV fL 59.50+1.33 57.2+0.75 55.933£1.067 56.800+1.100 57.1004+0.667
MCH pg 34.34+2.03* 22.7+0.52 24.533+1.433 23.660+1.007 21.850+0.833*
MCHC g/L 576.60+21.07* 397.0+£14.50* 478:250+48.700 429.6+16.570 382.000£10.000*
PLTx10°/D 259.40+19.93* 370.3£70.33 402.000+69.600 464.000+£52.667 | 375.500+57.667*

Note: * — reliability P <0.05.

The content of red blood cells revealed significant differences between the results of the first group and
the second, also the control and the first. group (P.</0.05). There were no significant differences in the hemo-
globin content, although it is known that changes in the number of red blood cells are usually associated with
changes in the level of hemoglobin. A decrease in hematocrit was found in the first group of rats compared
to the control group and the second group (P < 0.05), which is probably associated with a decrease in the
number of red blood cells in.animals of this group.

The erythrocyte indices that we have investigated allow us to estimate the red blood size in them. They
characterize the cells themselves, rather than their number, so they are relatively stable parameters. Thus, the
average volume of red blood cells did not have significant differences in the study groups. The average he-
moglobin contentin red blood cells reflects how much hemoglobin is contained on average in one red blood
cell. In our study, this indicator was significantly higher in the first group of rats compared to the second
group and the control. The indicator of erythrocyte saturation with hemoglobin, in contrast to MCH, does not
characterize the amount of hemoglobin in the cell, but the «density» of filling the cell with hemoglobin. This
indicator is‘significantly higher in the first group of rats than in the second and control groups. The platelet
count was also significantly lower in the first group of animals that received bio correction. Thus, in the se-
cond group with the bio correction after acute poisoning, the increase in all the studied blood cell compo-
nents . was found: white blood cells, red blood cells, and platelets, in comparison with the first group. At the
same time, erythrocyte indices: the average hemoglobin content in red blood cells, the indicator of erythro-
cyte saturation with hemoglobin was increased and higher than the control values. It can be considered as a
compensatory reaction of the body.

When comparing the results after a sub-acute 24-day poisoning (group 3) and poisoning with subse-
quent correction (group 4) with infusion of common beetroot seeds in blood tests, no significant differences
could be identified. However, there were tendencies for an increase in the platelet count in the third group
and, to a greater extent, in the fourth group with correction compared to the control. A similar trend was ob-
served for the average concentration of hemoglobin in erythrocytes.
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By biochemical parameters, we determined liver enzymes alanine aminotransferase (ALT), aspartate

aminotransferase (AST), bilirubin, glucose, urea, creatinine, and total protein (Table 2).

The first group of animals (acute) showed the highest level of changes in blood biochemical parameters

in terms of the content of AST, ALT, and glucose in comparison with other groups studied (Fig. 1, 2).

Table 2

Biochemical analysis of rat blood after acute and sub-acute poisoning with cadmium nitrate
and correction with beetroot seed infusion

Parameters Acute poison- | Acute poisoning 24 days 24 days of poisoning Control
ing 1 day, |followed by 10 days of poisoning with bio correction (group 5)
autopsy by of bio correction (group 3) with infusion of Beta

day 10 with infusion of vulgaris seeds
(group 1) Beta vulgaris seeds (group 4)
(group 2)
Protein g/l 55,75+1,1 57,6+1,07 5742 60,2+1,8* 562,67
Urea umol/l 3,4+0,08 3,92+0,58 3,57+40,18 4,1+0,13 4,05+0,03
Creatinine umol/l | 61,45+6,26 57,84+3,87* 62,37+0,62 55,14+4,36 60,6+4,33
Glucose mol/l 6,48+0,26 6,38+0,31 7,6£0,1%* 6,48+0,45 6,4+0,2
Bilirubin pmol/l 9,5+1,8 8,64+0,81 11+1,00 10,212 11,5+0,33
Note: * — reliability P <0.05.
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Figure 2. ALT w/L

After correction with the infusion of Beta vulgaris seeds in rats of the second and fourth groups, the in-
dicators of liver enzymes significantly decreased. In the analyses of the group with acute priming with cad-
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mium nitrate, AST decreased from 417.67+45.83 till 242.20+27.87 u/L, i.e. 1.7 times. Similarly, when com-
paring this indicator in groups 3 and 4, AST decreased by 1.4 times after biocorrection. There were small
changes in urea, creatinine, and protein levels that were not reliable confirmed.

Conclusion

As a result, our research allowed asserting that the use of Beta vulgaris infusion in acute and sub-acute
experiments with poisoning of animals with cadmium nitrate had a positive effect on blood parameters and
positive hepatoprotective effect.
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KagMuii HUTpaTbIMEH YJIaHABIPbLUIFAH ereyKyiipbIKTAPABIH IeMaTOoIOT HsSIJIBIK
KepceTKilTepi koHe Beta vulgaris TYKbIMBIHBIH TYHOACBIMEH OHOKOpPpeKUMsIAY

Byrinri tanga eCIMAIK. CBHIFBIHIBUIAPEI MEH TYHOAlIapblH MPOTEKTOP PETIHAE ayblp METANAapIblH dcepiHe
naiiananybl Ke3iH/e eCIMIIKTEpAiH MOJIEKYIANIbIK MEXaHU3MAEPiH, KOPFaHbIC JKkoHe OeliMaeny peakiusiia-
PBIH 3epTIeiiai. MakalaHbIH MaKCaThl ereyKYHPhIKTap/bl OTKIp JKOHE JKeJel KaJMUi HUTPATBIMEH YJIaHABIPY
Ke3iH/ie KapamaiibIM KbI3bLIIIA TYKbIMbI TYHOACBIHBIH KOPFAaHBIC KACHETTEPIH 3epTTey 00Nabl. DKCIepHUMEH-
TTe 6i3 50 epkek ereyKyHpbIKThl Konaaunaslk. Cd HHUTpaThlHA YHIBIparaH ereyKyWpbhIKTapAblH OacTamKbl
cammarb! 180+30 r GomaTeiH. Ereykyiipsikrapasiy 6ip ToObIHa kagMuid HuTpats 0,1 1/11 1o3ana imacTapinrine
eHri3ii, ekinmn Toosr 0,01 % kaaMuil HUTPATHIHBIH EPITIHIICIH 1 MII-JICH aNTaHbIH 5 KYHIHJE aybI3 apKbUIBI
10-xoHe 24 XyHHIH apanbFbiHIA imTi. EreykyHpbIKTapblH SKaImbsl KaH aHaIH31 jKOHE OHMOXHMMUSITBIK
KepceTKimTepi 3eprrenii. buoxummsuielk mapamerpiep OoWbIHINIA Oayblp (EepMEHTTepi alaHHHAMHHO-
TpaHcdepasa (AJIAT), acmapratamunoTtpancepaza (ACAT), OunupyOuH, IIII0K03a, HECETTHOp, KPeaTHHUH
JKOHE JKallllbl aKybl3 aHbIKTanAbl. TonTap apachlHIaFbl ailbIpMAIIbUIBIKTAPbIH MaHBI3AbUIBIFBIH aHBIKTAY/a
op tom yuwin = SEM oprama MoHi ecenrtenai. Op nmapamerp OipxakThl aucrepcusuiblk Tanaay (ANOVA)
TECTIH KOJIIaHa OTHIPBIN Oeiiek TanmaHabl. Tonrap apachlHIarbl AMbIPMAIIBUIBIKTEI AHBIKTAY YIIiH
t-kpurepuii CTBHIOJEHTI KOJIAHBUIIBL. 3epTTeyiep JEeHKOIUTTEep, HSPHTPOLUTTEP >KOHE TPOMOOIUTTEP
KepceTKilnTepi OOHMBIHIIA YIaHABIPHUTY JKOHE OWOKOPPEKIWS KYHJIEpiHIH Y3aKTHIFbIHA OaiIaHBICTHI
e3repMeni eKeHiH kepcerTi. HecermHop, KpeaTMHHH >XOHE aKybl3 Mejepi OOMBIHINA IIamalsl e3repicrep
GaliKas b, OJIapABIH HOTIDKEIepl ceHiMI pacTtanMaraH. JKypri3iiren 3epTreyiep HOTHXKECIHAe KaaMUH HUT-
paTbIMeH >KaHyapJiapIbslH TYKBIMBIMEH OTKIp JKOHE JKeZles ToKipuOenepnae KapamaidbiM KbI3bUIIA TYHOACHIH
KOJIZIaHy OH I'eNaToNpPOTEKTOPIIBIK dCepre He eKeHiH Kepyre 00Iabl.

Kinm ce30ep: xanMuii HUTpathl, Beta vulgaris TYKbIMBIHBIH TYHOAChl, T€MaTOJOTHSUIBIK KOPCETKIIITep,
OMOXUMUSIIBIK aHAIN3, OMOKOPPEKIIHSL.
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I'emaTosiornyeckne nNoka3zaTesu y Kpbic P 3aTPaBKe HUTPATOM KagMHs
U OMOKOppeKUUM HACTOeM ceMsiH Beta vulgaris

Ha ceronnsmHmii 1eHb, UCTIONB3YSI PACTHTEIBHBIC SKCTPAKTHI M HACTOM B KAaUeCTBE IIPOTEKTOPOB IIPH BO3-
JEHCTBUM TSDKETBIX METANIOB, UCCIEAYIOT MOJEKYISIPHbIE MEXaHU3MBI, 3alIUTHBIE U aJaNTHBHBIC PEAKIUU
pacteHuil. Llenpio cTaThyl SBUIIOCH H3yYEHHE MMPOTEKTOPHBIX CBOMCTB HACTOSI CEMSH CBEKJIbI OOBIKHOBEHHOH
IIPU OCTPOIl M MOOCTPOM 3aTpaBKe KPBIC HUTPATOM KaaMmus. B skcnepuMenTe Mbl ncnonb3oBanu S0 camiion
KpbIC. JKUBOTHBIE OABepranuch BosaeicTeuio HuTpara Cd, ¢ n3nagansHeIM BecoM 180 + 30 r. OpHuM rpym-
TaM KpBIC BBOAWIM HUTpaT Kaamus B po3ze 0,1 r/m BHyTpHOprommHHO, BTOphle Tpynmnsl noryyamn 0,01 %
pacTBOp HUTpara KaaMmus 1o 1 miu 5 nHeit B Henento opanbHO B Teuenue 10 u 24 nueil. beuim ucciienoBaHbr
ClIeTyIOIie apaMeTpsl: 00Nl aHAIN3 KPOBH M OMOXMMHYECKHUE ITOKa3aTeNn y KphIc. [1o OmoxuMudgecknm
TapaMeTpaM Ompenesii (epMeHTH NedeHn anaHnHaMuHoTpaHchepasza (AJIAT), acnmapraTaMuHOTpaHChe-
paza (ACAT), OwimpyOuH, TIF0K03a, MOYCBUHA, KPEATUHHUH W OOIIUi OeoK. [ KaXKIo# TPpyIIbl paccun-
THIBaIU cpeAHue 3HaueHus £ SEM, 4ToObI onpeaenuTh 3HaUUMOCTh MEXKIPYNIOBBIX pazmuyuid. Kax s ma-
paMeTp aHAIU3HPOBAIM OTAEIBHO C HCIOIb30BAHHEM TECTa OJHOCTOPOHHETO AHCIEPCHOHHOTO aHAIH3a
(ANOVA). s onpenenenust pasHULBI MEXIY IpyIIaMy HCHoib30Banu t-kputepuii Ctbrofenra. Mceneno-
BaHUS MOKa3ali HalW4ue BapHaIMii MO MOKa3aTeIsIM JIEHKOLHUTOB, SPUTPOLMTOB U TPOMOOLUTOB B.3aBUCH-
MOCTH OT IIPOJIOJDKUTENIFHOCTH HEH 3aTpaBKy u OMokoppeknud. 1o comepixaHiio MOYEBHHBI, KpeaTHHUHA U
Oenka OTMEYAINCh HEOOJBIINE CIIBHT'H, KOTOPHIC HE MMEIH JTOCTOBEPHBIX IOATBEp X AcHUN. [IpoBenenHbIe
HaMU HCCIIEJOBAaHNS MO3BOJIMIN YTBEPXKIaTh, YTO NPUMEHCHHE HACTOS! CBEKJIBI OOBIKHOBEHHOH B OCTPBIX M
MOJOCTPHIX AKCIEPUMEHTAX C 3aTPABKON JKMBOTHBIX HUTPATOM KaJMHUSI HMEJO IOJOKHTEIFHOE TenaTonpo-
TEKTOPHOE JIEHCTBHUE.

Kniouesvie crosa: HUTpAT KaaMusi, HACTON ceMeHa Beta vulgaris, FéMaToI0rM4ecKre nokasareian, OHOXUMHU-
YyecKuil aHanu3, OMOKOPPEKUus.
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