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Metal exposure is a recently recognized risk factor for cardiovascular disease and is associated with the progression of
atherosclerosis. There are data on the biotoxic effect of heavy metals on the hematological status and intestinal microbiota. In this
study was studied the effectiveness of the combined use of a probiotic and a plant antitoxicant on the state of lipid and
hematological status in conditions of chronic nickel poisoning against the background of experimental atherosclerosis. The results
of the study showed that the experimental therapy reduced the severity of disturbances in the lipid and hematological status: the
content of high-density lipoproteins increased and the atherogenicity index significantly decreased, as well as a tendency to
normalize the level of reduced hemoglobin and mid-cell hemoglobin in erythrocytes. The data obtained show the feasibility of
combined use of a probiotic and a plant antitoxicant in the complex therapy of chronic nickel poisoning through drinking water,
which is especially important for patients with atherosclerotic vascular lesions.
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P.I. Ioparimos, H.I. IoparimoBa

BIIVIMB OJHOYACHOI'O BUKOPUCTAHHSA ITPOBIOTUKA TA AHTUTOKCUKAHTY
HA JIINIIHAKA I TEMATOJIOTTYHHUM CTATYC HICJISI IHTOKCUKAIII HIKEJEM
HA ®OHI EKCIIEPUMEHTAJIBHOI'O ATEPOCKJIEPO3Y

BB MeraniB — HeIOZaBHO BU3HAaHMII (DaKTOp PHU3MKY CEpLEBO-CyJAMHHMX 3aXBOPIOBaHb Ta MOB'S3aHUH 3
[POrpecyBaHHsIM aTepockiepody. € naHi mpo OGIOTOKCHYHY [0 BOKKMX METANliB Ha IeMaToJIONiYHMIl cTaTtyc Ta MIKpoOioTy
KHUILIEYHHUKA. Y IbOMY JOCIIKeHHI BUBYEHO e()eKTHBHICTD CIIBHOTO 3aCTOCYBAHHS MPOOIOTHKA Ta POCIUHHOTO aHTHTOKCUKAHTY
Ha CTaH JINiJHOTO Ta IEMAaTOJIOTIYHOrO CTaTyCy B YMOBaX XPOHIYHOTO OTPYEHHs HikeneM Ha (OHI eKCIepHMMEHTAIBLHOTO
aTepockieposy. PesynbraTH TOCITIDKEHHS IOKAa3aid, IO eKCHEepUMEHTaJbHa Tepalis 3MEHIIMIA BHPaKCHICTh MOPYLIEHb Yy
JMiHOMY Ta FeMaToJOTIYHOMY CTaTyCi: 30UIBIIMBCS BMICT JIIMOMPOTEiiB BUCOKOI IIUTBHOCTI Ta BiIOYJIOCS 3HAYHE 3HIKCHHS
IHJIEKCY aTepOreHHOCTi, a TAaKOX IpOSBHIACS TEHAEHIST DO HOopMaii3alii y piBHI 3HIKEHOI KOHIIEHTpamil reMornio0iHy Ta
CEepeNHBOKIITHHHOTO TeMorIo0iny B epurporurax. OTpUMaHi JaHi MOKa3yloTh JOIIIBHICTE CIUIBHOTO BUKOPHUCTaHHS MPOOIOTHKA
Ta POCIIMHHOTO AaHTUTOKCUKAHTY Y KOMILIEKCHIH Teparii XpOHIYHHUX OTPY€Hb HiKeJIEM Yepe3 MUTHY BOJLY, 1[0 OCOOINBO BaXKIIUBO JUIS
NAILIEHTIB 3 ATEPOCKIEPOTHIHIMH YIIKO/DKCHHSME CyIiH. VIMOBIPHO, 10aBaHHS NPOBGIOTHKA Yepe3 PeryIsmiio (QyHKIIOHATBHOT
aKTHBHOCTI Ta Pi3HOMAHITHOCTI MiKpOOiOTH KHIIEYHNKA Ha TJIi POCIIMHHOTO aHTHTOKCHUKAHTY MPH XPOHIYHOMY OTPYEHHI HiKelIeM Ha
TITi aTEPOCKIIEPO3y MOKE OYTH 1HIIMM HAIIPSMKOM PETyIIIOBAHHS JIITIJHOTO OOMIiHY Ta T€éMaTOJIOTYHUX MOPYIICHb.

KirouoBi cioBa: mimigHuil Ta reMaroNOTiYHHMN CTaTyc, HiKellb, €KCIIEPUMEHTAIbHHUN aTepoCKIIepo3, MPOOIOTHK,
AQHTHTOKCUKAHT.

Studies have noted that exposure to heavy metals, a recently recognized risk factor for
cardiovascular disease, is associated with the progression of atherosclerosis [11, 13]. Clinical studies have
shown that body levels of lead and cadmium are associated with differential circulating lipid profiles [7],
positive correlations were found between lead and cadmium levels and total cholesterol levels and low-
density lipoproteins in e-waste recycling workers [5].

In the literature of recent years, there are separate works on the toxic effect of such a metal as
nickel, long-term exposure to which has a genotoxic, hematotoxic, teratogenic, immunotoxic and
carcinogenic effect [4]. However, it was not possible to identify works on its effect on the course of
atherosclerotic processes and on hematological disorders in atherosclerosis.

In recent years, scientific research has also included separate works on the biotoxic effect of various
heavy metals on hematological status. The influence of lead and cadmium has been analyzed mainly, and
there is also separate information on the influence of copper, mercury, and arsenic. A decrease in
hemoglobin and erythrocytes has been shown among both children [3] and adults [10, 15] in certain regions
of various countries where there is environmental pollution. Experimental studies have shown that when
exposed to heavy metals (arsenic, lead, cadmium, copper), hematological changes mainly demonstrate a
decrease in the number of certain formed elements of the blood, as well as hemoglobin [12].

Literature data indicate that metal intake can also affect the intestinal microbiota, changing its
diversity and composition, which in turn leads to changes in gene expression, changes in metabolism,
immunity, neurological dysfunction and causes various other disorders and contributes to the development
or progression of various diseases [6], including atherosclerosis [9].
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The above data convincingly indicate a link between atherosclerotic diseases and exposure to heavy
metals, which in turn cause changes in hematological status and intestinal microbiota. It should also be
noted that data on the effectiveness of chelation therapy, which is currently the main method for removing
heavy metals, in reducing cardiovascular events are contradictory [8].

Based on the above, it seemed interesting to study the effect of chronic nickel poisoning on the
course of atherosclerotic processes, as well as to develop correction methods to reduce the risk of
developing complications of atherosclerosis, which is of great importance for older age groups of the
population. The study of the effect of safe drugs, namely probiotics and herbal remedies for the prevention
and treatment of chronic poisoning with heavy metals seems to be a very important and promising direction
in medicine.

The purpose of the study was to investigate the combined use of a probiotic and an antitoxicant
on the state of lipid metabolism and hematological parameters in conditions of chronic nickel poisoning
against the background of experimental atherosclerosis.

Materials and methods. The experiments were carried out on 60 non-linear white male rats
weighing 200-250g and were conducted in accordance with the recommendations set out in the “European
Convention for the Protection of Vertebrate Animals used for Experimental and Scientific Purposes”
(Strasbourg, March 18, 1986) and approved by the Ethics Committee of the Azerbaijan Medical University.

The studies were conducted in 4 series of 10 animals each. Group 1 — intact animals; Group 2 —
animals with experimental atherosclerosis; Groups 3 and 4 — animals with experimental atherosclerosis
exposed to nickel nitrate intoxication, respectively, for 15 and 30 days; Group 5 — where rats after a month
of nickel nitrate intoxication against the background of experimental atherosclerosis received a probiotic
and a plant antitoxicant.

Experimental atherosclerosis (EA) was created according to I.V. Savitsky et al. (2016) [14] and is
based on the multifactorial theory of atherosclerosis development and its consequences. Rats received
mercazolil — 25 mg/kg, methylprednisolone — 0.17 mg/kg and 15 % aqueous ethyl alcohol solution in free
access instead of water against the background of an atherogenic diet (1 g cholesterol, 20 g corn and 20 g
cow oil) for 2 weeks. After 15 days were studied lipid metabolism for confirming atherosclerotic changes.

After modeling atherosclerosis, the animals were exposure to nickel intoxication at a dose of 2
mg/kg through drinking water. The stock solution of nickel nitrate was calculated using the equation A=(X
* B) * C, where X is the coefficient=6.77; B is the average weight of the rat; C is the mean daily water
consumption of the animals) and was added to the drinking water of the drinkers.

Lipid metabolism was monitored by the level of total cholesterol (TC), high-density lipoproteins
(HDL), low-density lipoproteins (LDL) and triglycerides (TG) in the blood serum using a standard set of
reagents on a Bio biochemical analyzer Screen MS—2000 (USA). For the integral characteristic of the lipid
spectrum, the cholesterol atherogenic index (CAI) was also calculated using the formula TC — HDL/HDL.

The study of hematological parameters (complete blood count) was performed on an automatic
hematological analyzer RT-7600 (Germany). The hematological status was monitored using the following
parameters: white blood cell count (WBC); granulocyte count (GR); lymphocyte count (LYM); red blood
cell count (RBC); hemoglobin concentration (HGB) and mean cell hemoglobin (MCH).

Considering that the use of probiotics is considered a very promising direction for the removal of
heavy metals, through bioaccumulation, binding or transformation of heavy metals through various
enzymatic reactions [1, 2], in our studies was used the probiotic Symbiolact compositum, which was added
to drinking water at a dose of 8 mg/kg for a month. Symbiolact compositum (Symbiopharm, Germany)
contains several types of symbiotic microorganisms (Lactobacillus acidophilus (2.0x10 CFU),
Lactobacillus casei (2.0x10 CFU), Bidobacterium bidum (1.0x10 CFU), Bidobacterium lactis (1.0x10
CFU), Lactococcus lactis (2.0x10 COE), Lactobacillus salivarius (2 x 107)

A complex plant antitoxicant consisting of a mixture of licorice, rosehip, grape seed, oat and
burdock bran in a ratio of 3:2:1:1:2 (Eurasian patent 201600043 dated 06/25/2018) was also added to
drinking water in drinkers at a dose of 8 mg/kg for a month.

The processing of the obtained digital results was carried out using the programs “Microsoft Excel
20107, “Statistica 10.0”. Comparison of mean values in samples was performed using the nonparametric
Mann-Whitney U-test. The critical level of significance was accepted in cases of at least p< 0.05.

Results of the study and their discussion. The results of the studies of the lipid profile and
hematological indices after intoxication with nickel nitrate against the background of experimental
atherosclerosis and, accordingly, after complex therapy with the combined use of a probiotic and a plant
antitoxicant showed the following changes. Digital data on changes in lipid metabolism during intoxication
with nickel nitrate and, accordingly, after the said complex therapy are presented in Table 1.
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Shown lipid metabolism in the blood serum of rats with the combined use

Table 1

of a probiotic and an antitoxicant after nickel intoxication against the background of EA (M+m, n=10)

Modeling 15 days of intoxication 30 days 30 days
Indices Intact state of EA against the background intoxication against after
of EA the background of EA treatment
OX mmol /1 1.86+0.16 2.4+0.34 2.42+0.21 2.58+0.16 2.1£0.15
P=0.000 P=0.000 P=0.000 P=0.006
LDL mmol /1 0.17+0.03 0.27+0.03 0.3+£0.02 0.35+0.03 0.19+0.02
P=0.000 P=0.000 P=0.000 P=0.048
HDL mmol /1 1.33+0.13 1.11+£0.09 0.95+0.11 0.88+0.05 1.19+0.08
P=0.000 P=0.000 P=0.000 P=0.037
TG mmol /1 0.43+0.06 0.47+066 0.49+0.062 0.54+0.06 0.409+0.06
P=0.183 P=0.069 P=0.000 P=0.762
CAI 0.4+0.11 1.17+0.29 1.57+0.27 1.95+0.27 0.75+0.21
P=0.000 P=0.000 P=0.000 P=0.000

Note: P — compared to data from intact animals.

As can be seen from the table, modeling of atherosclerosis led to significant changes in the
biochemical parameters of lipid metabolism. The content of TC statistically significantly increased by
29 %, TG by 10 %, and LDL by 60 % compared to the data of intact rats. In parallel, a statistically
significant decrease in the content of HDL by 16 % and an increase in CAI by almost 3 times compared to
the parameters of animals in the intact state were noted.

Subsequent chronic intoxication with nickel nitrate for a month contributed to a gradual
worsening of the intensity of lipid metabolism disorders. Thus, on the 15th day of intoxication against
the background of EA, the level of LDL increased quite significantly — already by 81 %, and this was
already 21 % more than after modeling atherosclerosis. The content of HDL continued to decrease and
was less than in intact animals by 28 %, which was 11 % less in comparison with the data with EA.
Accordingly, CAI increased almost 4 times in comparison with the data of intact animals, and this was
more than with EA by 99 %.

One month after nickel intoxication with nickel against the background of EA, the TC content was
already 39 % higher than in intact animals, and the LDL level increased more than 2 times relative to the
data of intact rats, which, compared with the values after modeling atherosclerosis, was 10 % and 48 %
higher, respectively. The TG level was 27 % higher than in intact animals, which was 17 % higher than in
EA. The HDL content 30 days after nickel nitrate intoxication against the background of EA was already
34.1 % lower, which was 18 % lower than after modeling atherosclerosis. CAI in the specified period
increased 4.8 times compared with the data of intact animals, and was 194 % higher than in EA. The
obtained data indicate that exposure to nickel nitrate aggravated lipid metabolism disorders and contributed
to the further progression of atherosclerotic processes.

Results of hematological studies after intoxication with nickel nitrate against the background of
EA and, accordingly, after complex therapy with the combined use of a probiotic and a plant antitoxicant
showed the following changes. Digital data of hematological changes during intoxication with nickel

nitrate and, accordingly, after the said complex therapy are shown in Table 2.

Table 2
Hematological parameters of rats with combined use of a probiotic
and an antitoxicant after nickel intoxication against the background of EA (M+m, n=10)
. Modeling . 1.5 dg ys of . . 3.0 dqys 30 days after
Indices Intact state of EA intoxication against of intoxication on the treatment
the background of EA background of EA

WBC 6.67+0.94 11.74+0.91 7.55%0.65 6.15+0.6 6.12+0.6
(10"9/L) P=0.000 P=0.037 P=0.211 P=0.130
LYM 4.33+0.66 5.55+0.22 4.69+0.34 4.36+0.48 4.47+0.35
(10"9/L) P=0.001 P=0.049 P=0.970 P=0.595
GRA 6.16+0.69 6.83+0.69 5.46+0.95 4.87+0.52 5.651+0.56
(10"9/L) P=0.064 P=0.054 P=0.00 0 P=0.130
RBC 5.63%0.67 6.376+0.48 6.1£0.59 5.77+0.41 5.19+0.53
(10012 /L P=0.031 P=0.173 P=0.650 P=0.120
HGB 135.5+10.74 115.4+7.92 110.4+5.19 104.3+6.63 117.8+13.4
(g/L) P=0.000 P=0.000 P=0.000 P=0.008
MCH 29.18+1.69 29.1842.37 24.842.17 22.342.05 26.14£2.13
(pg) P=1.000 P=0.000 P=0.000 P=0.007

Note: * — p< 0.05 when compared to data from intact animals.
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Thus, after modeling atherosclerosis, the most significant and reliable increase was in the number
of WBC — by 76 %, LYM by 28 % compared to the data of intact animals. The number of GRA, RBC
increased insignificantly, but the average content of HGB was lower by 15 % compared to the data of intact
rats. Such an imbalance between the number of RBC and the content of HGB after modeling atherosclerosis
indicated relative erythrocytosis associated most likely with an increase in blood viscosity.

After 15 days from the start of nickel intoxication against the background of EA, the following
picture was observed. The increased number of formed elements of the blood compared to the data after
modeling atherosclerosis began to decrease. The number of WBC decreased by 53 %, LYM and GRA
decreased by 20 % and 21 %, respectively. The number of RBC on the 15th day of intoxication changed
insignificantly, but MCH decreased more significantly and was 15 % less than after modeling
atherosclerosis, which already indicated qualitative changes in erythrocytes.

The data of the hematological status on the 30th day of nickel intoxication against the background
of EA indicated a progressive decrease in the number of formed elements. Thus, the number of WBC,
LYM and GRA, compared with the data after modeling atherosclerosis, significantly decreased by 84 %,
27 % and 32 %, respectively. The content of HGB and MCH at this time of the study were lower than with
EA by 8 % and 24 %, respectively.

Thus, the dynamics of hematological changes observed after chronic nickel nitrate intoxication for
a month against the background of EA revealed an aggravation of hematological disorders that occurred
after modeling atherosclerosis. The above data indicate a pathogenetic role of chronic nickel nitrate
poisoning in aggravating disorders of both lipid and hematological status.

Summarizing the obtained data on the toxic effect of nickel on the lipid and hematological status
indicators against the background of experimental atherosclerosis, it can be said that our results are
consistent with the data of other researchers who have shown a pathogenetic relationship between
intoxication with various other heavy metals and the development of hematological changes [12]. It is
known that heavy metals entering the body through the gastrointestinal tract, changing its microbiota,
contribute to the aggravation of the course of various pathologies [6], including atherosclerosis [9],
which we also observed in our studies. It can be concluded that chronic intoxication with heavy metals,
including nickel, has an aggravating effect on the course of pathological processes, that is, the toxic
effect on the lipid and hematological profile are important pathogenetic mechanisms of action of heavy
metals.

Analysis of the effect on lipid metabolism and hematological parameters of the combined use of
the probiotic Symbiolact compositum and plant antitoxicant after intoxication with nickel nitrate against
the background of EA showed the following. Under the influence of the treatment, the HDL content
statistically significantly increased by 24 % relative to the value before its use. The values of TC, LDL and
TG relative to the values before the use of the combined treatment decreased by 26 %, 86 % and 31 %,
respectively. CAI after the treatment decreased almost 3 times compared to the data for 30-day intoxication
with nickel nitrate.

The results of the studies on hematological changes after complex experimental therapy showed
that further decrease in the number of formed elements of the blood was prevented. Thus, the number of
GRA in comparison with 30 days after the challenge increased on average by 12 %, HGB — by 10 % and
MCH - by 13 %, respectively.

Summarizing the results of the conducted studies, it can be said that nickel nitrate intoxication in
rats with EA has an aggravating effect on the course of atherosclerotic processes: the level of TC, LDL,
TG and CAI increases with a parallel decrease in HDL. The progressive increase in lipid metabolism
disorders is accompanied by an increase in hematological disorders. The number of WBC and RBC in
relation to the data after modeling atherosclerosis significantly decreased, but a more significant and
reliable decrease was observed in the amount of GRA, as well as the content of HGB and MCH.

Combined use of the probiotic Symbiolact compositum and complex plant antitoxicant showed a
positive effect. The applied experimental therapy reduced the severity of disturbances in lipid and
hematological status. An increase in HDL content and a significant decrease in HIA were observed, as well
as a tendency toward normalization in the level of HGB and MHC.

The obtained data show the feasibility of the combined use of a probiotic and a plant antitoxicant
in the complex therapy of chronic heavy metal poisoning through drinking water, which is especially
important for patients with atherosclerotic vascular lesions. Probably, the addition of a probiotic through
the regulation of the functional activity and diversity of the intestinal microbiota, against the background
of a plant antitoxicant in chronic nickel poisoning against the background of EA may be another direction
for regulating lipid metabolism and hematological disorders. The effectiveness of probiotics, which is a
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promising direction in medicine for the removal of heavy metals [1, 2], can be increased by adding herbal
remedies, the action of which can be explained by prebiotic and antioxidant action, enhancing the effect of
probiotics.

Conclusions

1. After intoxication rats with EA nickel nitrate, a significant worsening of disturbances in lipid
and hematological status is observed.

2. The combined use of the probiotic Symbiolact compositum and plant antitoxicant after
intoxication with nickel nitrate against the background of EA had a pronounced corrective effect on
disturbances in lipid and hematological status.

3. The combined use of a probiotic and a plant antitoxicant may be another direction for regulating
lipid metabolism and hematological disorders in chronic heavy metal poisoning, especially in patients with
atherosclerotic vascular lesions.
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