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Chlorpyrifos is a highly toxic organophosphate compound. It is still among the most
widely used insecticide, and the main mechanism of its toxicity is associated with
inhibition of cholinesterases. A long with the anticholinesterase action, CPF may affect
other biochemical mechanisms, particularly through disrupting pro- and antioxidant
balance and inducing free-radical oxidative stress.

We studied the action of A and E vitamins on the basic haematological and bio-
chemical parameters of rat peripheral blood after 12 hours of a single chlorpyrifos in-
toxication. Exposure to 70 mg/kg chlorpyrifos caused a decrease in the total number of
red blood cells (RBCs), platelets, and total haemoglobin content. We also observed
a decrease in the acid haemolysis resistance of RBCs in peripheral blood of CPF-poi-
soned rats. Combined exposure to chlorpyrifos and vitamins A and E caused changes
in haemolysis resistance of RBCs, approaching the control values. In addition, it was
found that chlorpyrifos intoxication disrupt prooxidant-antioxidant balance as evidenced
by the increase of lipid peroxidation products: lipid hydroperoxides and thiobarbituric
acid reactive substances. However, administration of vitamins A and E during intoxica-
tion provided levelling effect on the formation of lipid peroxidation products. CPF intoxi-
cation caused an increase of the catalase activity, while superoxide dismutase, glu-
tathione peroxidase and glutathione reductase activities and the content of reduced
glutathione decreased. It was revealed that combination of vitamins A and E cause
corrective effect at the platelets quantity, and lipid hydroperoxides thiobarbituric acid
reactive substances amount of rat peripheral blood.
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INTRODUCTION

Organophosphorous compounds (OPs) belong to a group of phosphonic or phos-
phoric acid derivatives, widely used in agriculture, primarily as components of insecti-
cides, defoliants and means against animal ectoparasites. The most frequent causes of
acute OP poisonings are violation of personnel safety regulations, accidental intake,
and suicidal attempts [13].
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The main mechanism of OP toxicity is cholinesterase (ChE) inhibition in plasma
and erythrocytes, caused by phosphorylation of serine hydroxyl residue in the enzyme
molecule. Resulting accumulation of non-hydrolyzed acetylcholine leads to violations in
neuromuscular synaptic transfer and respiratory depression [2, 22].

Atypical representative of OPs is Chlorpyrifos (CPF) (C,H,,CI;NO,PS), both in pure
form and in combinations with other substances, is widely used in agriculture, industrial
and home disinfection, to control harmful and synanthropic insects [9, 24, 28].

Numerous studies indicate neuro-, hepato- and cytotoxic effects of CPF [2, 8, 20-
21, 23]. There is evidence that CPF intoxication leads to disruption of pro- and antioxi-
dant balance and causes formation of reactive oxygen species (ROS). The latter have
high reactivity and can modify the biological structure of blood cells, including erythro-
cytes, impairing their resistance to damage and membrane integrity [6, 22].

Red blood cells transport oxygen and carbon dioxide between lungs and tissues.
They can be subjected to oxidative damage due to the high oxygen tension, high con-
tent of polyunsaturated fatty acids (PUFAs) in plasma membranes. Moreover, due to
haemoglobin oxidation, ferrum valence changes, and the emitted electron can modify
the oxygen molecule (Fe** — Fe®*+e’). However, RBCs have an antioxidant defence
system, which includes enzymatic components superoxide dismutase (SOD), catalase
(CAT), glutathione peroxidase (GPO), glutathione reductase (GR) and non-enzymatic
ROS-scavengers: reduced glutathione (GSH) and vitamins A and E [2].

Due to the double bonds, vitamin A is involved in the regulation of redox reactions.

Another fat-soluble antioxidant is vitamin E. Its action is aimed to activate tissue
respiration and keep the steady level of free radical peroxidation. Tocopherol reacts with
ROS, producing inactive compounds and disrupting the ROS formation chain; it pro-
tects PUFAs of the cell membrane. It is known that vitamin E increases the biological
activity of vitamin A, preventing oxidation of its unsaturated side chain [1,2].

According to existing data, the consequences of OP intoxication include changes in
the activity of antioxidant system enzymes and initiation of lipid peroxidation (LPO) [22].

There are data on the use of vitamins C, E, A in the OP intoxications treatment
[10, 24]. However, these works relate to antioxidant defence system, while the physio-
logical parameters of blood components are studied rather poorly [2].

The aim of this work was to study the main haematological and biochemical para-
meters of rat peripheral blood after 12 hours of a single CPF exposure and in combina-
tion with vitamins A and E.

MATERIALS AND METHODS

The study was conducted on 20 adult male Wistar rats of 180-220 g body weight.
The animals were kept in standard vivarium conditions, with 12-hour dark/light mode
and unlimited access to water and lab food. All manipulations with animals were carried
out according to the European Convention “On protection of vertebrate animals used for
experimental and scientific purposes” (Strasbourg, 1986) and “General ethical princi-
ples of experiments on animals” (First National Congress on Bioethics, Kyiv, 2001).

Animals were divided into four groups: 1 control (C) and 3 experimental (E1, E2,
E3) groups of 5 rats each. Animals in group E1 were exposed to 70 mg/kg chlorpyrifos
in oil solution; E2 group animals received 0,055 g vitamin A (in the retinol palmitate form)
and 0.1 g vitamin E (alpha tocopherol in the acetate form); animals from E3 group were
exposed to both CPF solution (70 mg/kg) and vitamins A (0.055 g) and E (0.1 g). The
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animals of groups E2 and E4 were administered of vit. A and E solution 5 minutes later
after CPF exposure. All exposures were conducted intragastrically via oral gavage. The
control group received a corresponding amount of pure oil. After 12 hours of CPF, ani-
mals were euthanized with ether anaesthesia and decapitated and peripheral blood was
collected.

For study of haematological parameters, blood samples were put in test tubes
(Terumo Europe NV (Belgium)) containing as anticoagulant EDTA-K,. No later than two
hours after sampling, blood was studied in automatic haematological analyzer (Orphee
Mythic 18, Switzerland). The following parameters were studied: the number of RBCs,
white blood cells, lymphocytes, monocytes, granulocytes, platelets, haemoglobin con-
centration, haematocrit, and mean platelet volume and platelet volume heterogeneity
index. RBC resistance to acid haemolysis was determined by Terskov and Gitel’zon [7].

For biochemical studies, heparinized blood samples were centrifuged for 15 minutes
at 1,500 g. After plasma separation, erythrocytes were washed three times with 0.15 M
NaCl solution. Haemolysates were obtained by three times freezing-thawing of aqueous
suspensions of RBCs and their subsequent centrifugation at 10,700 g for 15 min.

Cholinesterase (ChE) (EC 3.1.1.8) activity in plasma was determined by Karpysh-
tshenko [12], using the commercial kit by “Filisit-Diagnostics” (Ukraine). Optical absor-
bance was measured spectrophotometrically at 540 nm against distilled water.

Superoxide dismutase (SOD) (EC 1.1.15.1.) activity was determined by Dubinina
et al. [5], based on the reduction of nitroblue tetrazolium to nitroformazan by superoxide
anion, that are formed in the reaction between phenazine methosulphate and NADPH.
SOD activity was expressed in arbitrary units per 1 mg protein.

Catalase (CAT) (EC 1.11.1.6) activity in the haemolysates was determined by Koro-
liuk [15] with modifications. The method is based on the ability of hydrogen peroxide to
form a stable colored complex with molybden salts. Enzyme activity was expressed in
mmol H,O,/min per 1 mg protein using a molar absorption coefficient 22200 M-'cm™".

Glutathione peroxidase (GPO) (EC 1.11.1.9) activity was determined by the rate of
GSH oxidation before and after incubation with tertiary butyl hydroperoxide. This colour
reaction is based on the interaction between SH-groups with the 5,5'-dithiobis(2-ni-
trobenzoic acid) (DTNBA), resulting in a colored product, thionitrophenyl anion [18].
Quantity of the thionitrophenyl anion is directly proportional to the number of SH-groups
reacted with DTNBA. Enzyme activity was expressed in ymol GSH/min per 1 mg protein.

Glutathione reductase (GR) (EC 1.6.4.2) activity was determined by Carlberg [3].
This method is based on the catalytic NADPH-dependent reduction of oxidized glu-
tathione form, the intensity of which can be measured by the rate of extinction decline
on the wavelength of NADPH maximum absorption 340 nm. Calculation of GR activity
was carried out using molar absorption coefficient for NADPH 6200 M* cm. The activi-
ty of the enzyme was expressed in umol NADPH/min per 1 mg of protein.

The concentration of reduced glutathione (GSH) was measured spectrophotometri-
cally before and after the reaction, by Hissin [11]. The colour reaction is based on the
interaction between SH-groups of GSH and DTNBA. The GSH content was calculated
with the calibration curve.

The content of lipid hydroperoxides (LP) in erythrocyte mass was determined
by [27], based on spectrophotometric measurement of optical density of products
formed in the reaction between ammonium thiocyanate, Mohr’s salt and hydrochloric
acid.
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The concentration of thiobarbituric acid reactive substances (TBARS), character-
izing the LPO rate, was determined by Korobeinikova, based on the reaction between
malondialdehyde (MDA) and thiobarbituric acid (TBA), in conditions of high temperature
and acidic environment, with formation of a colored trimethyl complex consisting of one
MDA and two TBA molecules [14].

Protein concentration was determined by Lowry method [16].

All reagents used were obtained from Sigma-Aldrich and Fluka (USA).

Obtained data were analyzed statistically with Student’s t-test, using the program
OriginPro 8. Data considered statistically significant at p <0.05.

RESULTS AND DISCUSSION

The basic integral marker of OP intoxication is a decrease in cholinesterase activity.
The phosphorylation of cholinesterase leads to loss of its ability to hydrolyze acetylcho-
line. Because of this, we studied cholinesterase activity in blood plasma of all groups of
animals (Fig. 1).
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The results indicate that CPF intoxication caused a decrease of ChE activity by
24.5% in the blood of group E1. Changes in the ChE activity are the primary characte-
ristics of OP intoxication, as confirmed by the literature [17].

Notably, in the blood plasma of E3 animals, ChE activity decreased only by 14 %,
comparing with the intact animals. No significant differences in ChE activity were found
between E1 and E3 groups.

On the next research stage, we studied the haematological parameters of periphe-
ral blood. The results are presented in Table 1.

At 12" hour after CPF exposure, a significant decrease in platelet count was ob-
served in the peripheral blood of E1 group rats, which are consistent with results of our
previous studies [19]. In addition, in this group was found a significant decrease in the
number of RBCs (by 14 %) and haemoglobin content (by 8 %), compared with control
values. According to S. F. Ambali, this decrease may be caused by the formation of
cross-links between proteins and lipids of the cell membrane and inactivation of en-
zymes located in the cell. By-products of LPO can cause violations in composition and
structure of membranes, extrude essential fatty acids, and inactivate membrane-bound
enzymes. [2].
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Table 1. Peripheral blood parameters in C, E1, E2, E3 groups of rats
Tabnuys 1. NMapameTpu nepudepuyHoi KpoBi y rpynax wypis C, E1, E2, E3

Parameters (63 E1 E2 E3
Red blood cells, 10'%/I 8.18+0.27  7.08+0.32*  7.5810.25 7.25+0.31
Total haemoglobin, g/l 153.8£3.37 141.5+4.05* 149.3+5.32  142.845.8
Haematocrit, (HCT) I/l 0.44+0.03  0.39+0.04 0.4+0.03 0.39+0.13
Mean cell volume, (MCV) fl 54.54+1.66 55.07+2.65 53.36+2.18 56.08+2.48
Leukocytes, 1091 11.06%2.2 7.7£1.16 5.42+2.02 5.56+1.01
Lymphocytes, 10%I 8.06+1.41 5.92+2.43  5.38+2.53 8.48+2.08
Granulocytes, 1091 1.121+0.7 0.62+0.29 0.2+0.07 0.44+0.21
Monocytes, 10%I 1.91£0.25 1.15£0.56  0.92+0.44 1.44+0.32
Platelets, 10%I 425.8+23.7 314.2+37.6* 307.8%45.5 468.8+29.5*
Mean platelet volume, (MPV) fl 6.6+0.33 7.5£0.85 7.4+1,02 7.3+£0.99

Platelet distribution width, (PDW) % 20.02+3.47 17.72+4.4  22.9848.27 16.22+3.36
Comments: Here and later: * — p<0.05 significant difference compared to control group; # — p<0.05 significant
difference compared to E1 group

Mpumitku: Tyt i gani: * — p<0,05 pi3HUUA 4OCTOBIpHA NOPIBHSAHO 3 KOHTPOMbHOL rpynoto; # — p<0,05 pisHu-
i AOCTOBIpHa NOPIBHAHO 3 rpynoto E1

We did not found any significant changes in the total amount of leukocytes, lympho-
cytes, granulocytes, monocytes in E1, E2, E3 groups, compared to control. In the E2
group, the platelet number slightly decreased, but this decrease was not statistically
significant. In the E3 group was observed a significant increase in the total platelet num-
ber, compared to E1 group.lt is possible, that increase total quantity of platelets may be
associated with antioxidant properties of both vitamins. Being well known antioxidants,
vitamin E and A prevent the free-radical mediated damage of the platelets [1, 2].

We have not detected significant intergroup differences between E1 and E3 groups.
Minor changes in the number of RBCs in peripheral blood may be associated with
changes in physical and chemical properties of erythrocyte membranes and duration of
their life under CPF intoxication.

Moreover, vitamin E influences the cellular response to oxidative stress through
modulation of signal-transduction pathways. According to S. F. Ambali [2], these path-
ways may provide the cellular regulation level. Lipid peroxidation can cause changes in
rheological properties of erythrocyte membranes and membrane potential, increase
their permeability for different ions that can initiate the process of haemolysis, and thus
reduce the lifespan of erythrocytes [1].

To assess the stability of erythrocyte membranes, we studied their resistance to
acid haemolysis (Fig. 2). The results are presented in Tab. 2.

Studying the acid haemolysis resistance of erythrocytes, we found significant
changes in the stability of erythrocyte membranes (Table 2).

We observed a significant increase in the percentage of maximum haemolysis in all
experimental groups. Therefore, it increased significantly to 33.8 % in the E1 group, to
39% in the group E2, and to 33 % in E3, compared to control. We found no significant
differences between E1 and E3 groups in the percentage of maximum haemolysis.
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Table 2. Parameters of erythrograms of intact animals (C), and of rats exposed to
CPF (E1), vitamin mixtures (E2), and vitamins with CPF (E3)

Tabnuus 2. NMapameTpu eputporpam iHTakTHUX TBapuH (C) i wypiB, niagaHux gii xnopnipm-
cdocy (XN®D) (E1), cymiwi BiTamiHiB (E2) Ta BiTamiHm 3 XM (E3)

G Time of maximum Time of total Percentage of maximum

roups . . . . o
haemolysis, min haemolysis, min haemolysis, %

Control 3.3+0.28 8.5+0.28 26.7+2.11

E1(CPF) 2.7+0.27 7.0+£0.70 33.8+1.64*

E2 (vitamins) 2.87+0.25 9.2+0.22 39.0+2.93*

E3(vit+CPF) 3.25+0.26 7.7+0.28 33.0+1.51*

It is known that CPF is able to generate ROS [2, 22]. The newly formed ROS can
increase, directly or indirectly, the passive permeability of membranes to potassium and
sodium ions and cause violations in the erythrocyte osmotic balance, thus reducing the
lifespan of these cells [6,25].

The level of LPO, both primary LP (lipid hydroperoxides) and secondary (TBARS),
is a feature of ROS generation. The results of our study show that in group E1 the
amount of LP in erythrocyte haemolysate significantly increased by 40 %, compared to
control (Fig. 3, 1).

At the same time, the number of primary lipid peroxidation products significantly
(p<0.05) decreased (32 %) in the erythrocyte haemolysates of the E2 group, compared
with the ones of intact animals. In the group E3, exposed to the combination of vitamin
mixture and CPF, we observed more slight decrease in the number of LP than in E2: by
15%, compared with control. At the E3 group amount of primary lipid peroxidation prod-
ucts significantly decreased by 39% compared with E1 group.

Changes in the content of TBARS were also found in the experimental groups
(Fig. 3, Il). So, the content of TBARS significantly increased in E1 (by 80 %) and E3 (by
49 %) groups, compared with control values. According to I. Amara and S. F. Ambali, the
increase of lipid peroxidation products content shows the accumulation of hydrogen
peroxide, nitrites, nitrates and other compounds, the amount of which exceeds the one
that can be disposed in detoxification processes. These products can cause oxidative

ISSN 1996-4536 (print) ¢ ISSN 2311-0783 (on-line) e BionoriyHi Ctygii / Studia Biologica e 2015 e Tom 9/Ne3—4  C. 57-68



BIOCHEMICAL AND HAEMATOLOGICAL CHANGES IN PERIPHERAL BLOOD OF RATS EXPOSED TO CHLORPYRIFOS... 63

damage to membranes through interaction with polyunsaturated fatty acids (PUFAs)
and haeme iron in the erythrocytes [1, 2].

The catalase (CAT) and superoxide dismutase (SOD) activities are important indi-
cators of the functional state of the erythrocyte antioxidant system. It is known that CAT
is involved in utilization of hydrogen peroxide produced in the process of biological oxi-
dation, decomposing it into water and molecular oxygen. In the presence of H,O,, it
oxidizes low molecular alcohols and nitrites. SOD performs dismutation of superoxide
radical into molecular oxygen or hydrogen peroxide [4].

We found a significant increase in CAT activity (by 34 %) in haemolysates of RBCs
of E1 group, compared with the control (Fig. 4, 1). Instead, SOD activity decreased sig-
nificantly in erythrocytes haemolysate in groups E2 and E3, by 66 and 32 %, respec-
tively (Fig. 4, 11).
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Fig. 3. LP (I) and TBARS (ll) content in the red blood cells of rats groups C, E1, E2, E3
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The glutathione system which includes glutathione and glutathione-dependent en-
zymes, has one of the leading roles in the utilization of ROS and the redox potential
stability. This is due to synergism of glutathione-dependent enzymes, their participation
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in regeneration of some low-molecular antioxidants and the ability of glutathione to neu-
tralize active oxygen intermediates through direct interaction [22]. We studied the con-
tent of GSH, GPO, and GR after 12 hours of CPF intoxication (Fig. 5).
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The content of GSH decreased by 15 % in the E1 group, while in the group E3 it
increased by 9 %, compared to the control. Data in this study also show that GSH con-
tent in the group E3 increased by 27 % if to compare with E1 group.

Activity of GPO in RBC haemolysates of E1 and E3 groups significantly decreased
(by 70 % and 60 %, respectively), compared to the control values. GR activity de-
creased by 40 % in E1 and by 46 % in E2, compared with the control. Treatment of
CPF-intoxicated rats with vit Aand E significantly increased GR activity by 33 % in group
E3 if to compare with E1 group.

The reduction-oxidation cycle of glutathione is involved in regulation of oxidative
stress, when the stress level is low [1]. The decrease of GSH content in erythrocyte
haemolysates of E1 group is obviously connected with its consumption to maintain re-
dox balance, particularly, when CPF affects mitochondrial metabolism [26]. Instead,
higher glutathione levels under conditions of the correction of the toxic CPF effects by
the vitamin mixture may indicates a decrease in the intensity of LPO, and perhaps even
normalization of oxidative processes in the structures of rat erythrocytes.
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CONCLUSIONS

We found that acute exposure to 70 mg/kg CPF led to changes in haematological
parameters: a decrease in the number of red blood cells, platelets, and total haemoglo-
bin. After CPF exposure, a significant decrease in platelet count was observed in the
peripheral blood of E1 group rats. In the E3 group we observed a significant increase in
the total platelet number, compared to E1 group. We found slight corrective effect of
vitamins A and E at the total number of platelets.

Besides, a decreased acidic haemolysis resistance in erythrocytes of CPF-intoxi-
cated rats was found. The studied mixture of vitamins A and E showed a slight protec-
tive effect on these haematological parameters. The toxicant caused some biochemical
changes, e.g. increase in the number of TBARS and lipid hydroperoxides content in the
RBCs of rats after 12 hours of exposure. We found activation of LPO processes due to
CPF intoxication and decrease in their intensity under the effect of vitamins A and E. We
also found an increase in CAT activity, and decreased SOD, GPO, GR activities and
GSH content.

In conclusion, we consider that the correction of oxidative stress by vitamins had
a positive effect on the biochemical parameters of rats.
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3MIHU BIOXIMIYHUX | FEMATONOIMN4YHUX NMOKA3HUKIB NEPUDEPUYHOI
KPOBI LLYPIB 3A [ii XNIOPMIPU®OCY: 3AXUCHUW BMIUB BITAMIHIB A TAE

B. I1. Pocanoecwkull, C. B. pabosckka, KO. T. Canuea

IHemumym 6ionoeaii meapuH HAAH Ykpainu, syn. B. Cmyca, 38, Jlbeie 79034, YkpaiHa
e-mail:ros.volodymyr@gmail.com

Xnopnipugoc € BUCOKOTOKCUYHOI (hOCOpOopraHiyHoO crnonykorw. BiH 3anuwa-
€TbCSl O4HMM 3 HanBINbLL NOWMpPEHUX iHcekTuumaiB. OCHOBHUI MEXaHi3M MOro TOKCUY-
HOCTI NOB’A3aHUN 3 iHribyBaHHAM XxoriHecTepasu. NMopsag i3 aHTUXoniHeCTepasHUMK Me-
XaHiamamu xrnopnipngoc Moxe YMHUTU BMAMB Yepes iHLWi BioxiMivHi MexaHiamu, 3okpe-
Ma, Yepes NopyLUEHHS NPO- | aHTMOKCUAAHTHUIA BanaHc BUKIMKATV reHepaL,ito BiflbHUX
pagukanis Ta CNPUYNHATY OKCUAALINHNIA CTPEC.

Mwu BuBYMNYM fito BiTaMiHiB A i E Ha OCHOBHI remaTonoriyHi Ta 6ioxiMivHi napameTpu
nepudepuyHoi KpoBi LypiB Yepes roanH 12 nicna ogHopa3oBoi iIHTOKCUKaUii xnopnipu-
docom. BegeHHst xnopnipudocy y Ao3si 70 Mr/Kr CNpUYMHANO 3HKEHHS 3aranbHOi
KiNbKOCTi epuUTPOLMTIB, TPOMOOUUTIB i 3aranbHOro BMICTYy remorniobiHy. Mu BusiBunu
3HWKEHHS CTINKOCTI epuTpOoLUTIB NepudeprnyHoT KpoBi 40 KUCIOTHOMO remMonisy vy Lypis
iHTOKCUKOBaHUX xropnipudocoM. OTPYEHHS XNOpRipudOoCoOM CNPUYMHSIE 3POCTaHHS
KINbKOCTI MPOAYKTIB MEePeKUCHOro OKWCNEeHHs ninigis: rigponepekuncis ninigis i TBK-
aKTUBHUX NPOOYKTIB.

BeepneHHs BiTamiHiB A i E npu iHTOKCKKaLiT cnpuynHsie HiBentowounin egoekT Ha dop-
MYyBaHHS NPOAYKTIB NEPEKMUCHOrO OKUCIEHHSA fMinigiB. Y pasi iHTokcuKauii xnopnipmudgo-
COM aKTUBHICTb KaTanasu 3pocTana, Togi K akTUBHICTb CynepokcugancmyTasu, rmyTa-
TioOHNepokcuaasu, rmyTaTioHpeaykTasm i BMICT BiQHOBNEHOrO rmyTaTiOHy 3HWKYBanuCh.
BusaBneHo, o noegHaHHA BiTaMiHiB A | E BUKNMKae kopuryBanbHUIA BAMAMB Ha KiNbKiCTb
TpombouuTiB, BMICT rigponepekucis ninigis i TBK-akTMBHUX NpogyKTiB y nepndepunyHin
KpOBI LLypiIB.

Knrouyoei cnoea: xnopnipudoc, BiTamiH E, BiTamiH A, iIHTOKCKKaLig, LWwypi.

W3MEHEHUA BUOXUMUYECKNX U FTEMATONIOMMYECKNX MOKA3ATENEN
NEPU®EPUYECKOW KPOBU KPbIC NOA4 BO3AEACTBUEM XJTOPMUPUDOCA:
3ALLUUTHOE BIIMAHUE BATAMUHOB AU E

B. I1. Pocanoeckutl, C. B. (paboeckas, I0. T. Canbiea

UHcmumym 6uonoauu xueomHbix HAAH YkpauHbi, yn. B. Cmyca, 38, Jleeos 79034, YkpauHa
e-mail:ros.volodymyr@gmail.com

Xnopnupndgoc SBRSIeTCS BbICOKOTOKCUYHBIM (DOCHOPOpPraHNYecKMM COeANHEHM-
eMm. [1o cux nop OH OCTaeTCst OAHMM U3 CaMbIX pacnpocTpaHeHHbIX nHcekTuunaos. Oc-
HOBHOI MEXaHN3M ero TOKCUYHOCTM CBSI3aH C MHIMOUpPOBaHeM XonmHacTepasbl. Haps-
Ay C aHTUXONMHEeCTepasHbIMU MEXaHW3MaMKn XIopnupudoc MOXeT oKkasaTb BIUsSIHUE
Yyepe3 GUOXMMMNYECKME MEXAHN3MbI, B YACTHOCTU, MOCPEACTBOM HaPYLLEHUS MPO- U aH-
TUOKCcMAaHTHOro GanaHca Bbi3BaTh reHepaLuutio CBOGOAHBIX paanKanoB U oBycroBUTb
BO3HVMKHOBEHWNE OKUCITUTENbHOMO CTpecca.

Mbl M3y4mnnv BosgeincTeue BuTammHoB A 1 E Ha ocHoBHble remaTornoruyeckue n 6mo-
XMMUYECKMEe NapaMeTpbl NepUdepryecKoi KPOBM KpbIiC Yepes YacoB 12 nocrne ogHokpart-
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HOW MHTOKCUKaL MK xnopnupudocoM. BeeaeHune xnopnupudoca B fose 70 Mr/kr Bbi3bliBa-
1O CHWKEHNE OBLLEro KonmMyecTsa SpMTPOLIMTOB, TPOMOOLIMTOB U OOLLEro cogepaHus
remorrnobuHa. Mbl OGHapPYXUIN CHWXKEHME YCTOMYMBOCTU SPUTPOLIMTOB nepudepuye-
CKOW KPOBW K KUCITOTHOMY FeMOMM3y Y KPbIC, UHTOKCMUMPOBAHHbIX xnopnnpudgocom. OT-
paBneHune xnopnnpugocom NPMBOAUT K MOBLILLEHUIO KONMYECTBA NMPOAYKTOB NEPEKNCHO-
ro OKMUCMEHNs NUNUAOB: rnaponepekncen nunngos 1 TBK-akTUBHbBIX NPOAYKTOB.

BmecTe ¢ Tem, BBeaeHue ButaMmmHoB A 1 E npu nHTOoKCMKauum BbI3bIBAET HUBENW-
pyrowmn acbdekt Ha hopmMmpoBaHUE NMPOLYKTOB MEPEKUCHOIO OKUCIEHUS NUNUOOB.
Mpun MHTOKCKKaLUM XNOPNNPUEOCOM aKTUBHOCTb KaTanasbl MoBbILlanach, TOraa Kak ak-
TMBHOCTb CYNMEepOKCUAAMCMYTa3bl, rMyTaTUOHNEPOKCMAA3bI, MMyTaTMOHPeayKTasbl U CO-
AepXXaHne BOCCTAHOBIIEHHOIO [NyTaTMOHa CHkanucb. OBHapyXeHO, YTO coveTaHue
BUTAaMUHOB A 1 E BbI3bIBaeT KOPPEKTMPYIOLLIEE BO3OENCTBME HA KONMYECTBO TPOMOOLN-
TOB, coaepXaHue rugponepekncen nunuaoB 1 TBK-akTnBHbBIX NPOAYKTOB B nepudepu-
YEeCKOWM KpOBU KpbIC.

Knrodeesie crosa: xnopnupudoc, ButamuH E, BuTaMmnH A, IHTOKCMKaLMS, KPbICbI.

OpepxaHo: 05.11.2015
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