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OXIDATIVE PROCESSES PECULIARITY IN RATS AFFECTED
BY CARBON TETRACHLORIDE BASED ON MALATHION
INTOXICATION

Topicality. The chemical pollution of environment and its impact on the human body is one of the problems not
fully studied. It is a question of priority. Carbon and tetrachloride malathion are the most dangerous contaminative ele-
ments considered to be the risk factors for many environmentally dependent diseases. Therefore, it is actual to study the
characteristics and mechanisms of the aforementioned xenobiotics combined action on the body:.

Aim. To investigate the free radical processes activity and the endogenous markers of intoxication at the conditions
of effect on the rats organism by tetrachloride bbeing affected by malathion.

Materials and methods. Experiments conducted on white rats being under carbon tetrachloride intoxication influ-
ence (4th, 7th days of the affection) on the basis of thirtieth days malathion affection . Rats were taken out of the experi-
ment by the thiopental anesthesia.

Results and discussion. The experimental data proved the malathion and carbon tetrachloride toxic effect, which
increases by the conditions of their combined using.

Conclusions. It was established, that the maximum activation of free radical processes and deepening endogenous intoxi-
cation observed on the seventh day affection by the carbon tetrachloride on on the basis of thirtieth days malathion intoxication.
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0c06/IMBOCTI Nepesiry OKMCHIBaJIbHUX NPOLECIB y HIypPiB, ypaxKeHUX

TeTpaxJIOPOMETAHOM Ha T/i iHTokcukanii kapéodocom

AkTyanbHicTb. [Ipo6/ieMa BIIMBY XiMi4HOT0 3a0py/iHEHHS HaBKOJIMIIHBOTO CepeZ0BHUILA HAa OPTaHi3M JIUHHU €
OJIHI€I0 3 TPIOPUTETHHUX Ta He /10 KiHL BUBYeHUX. Cepes; 3a6pyJHIOBAYiB 3HAYHY 3arpo3y CTAHOBJIATh TETPAXJIOpOMe-
TaH Ta Kap6o¢oc - GakTOpU PU3UKY BUHUKHEHHs 6araTboX eK0JIOT{UHO 3a/IeXKHUX XBOp06. ToMy BUBUYEeHHS 0CO6IMBOC-
Tel Ta MexaHi3MiB KOMGiHOBaHoOI Ziii BUIL[eBKa3aHUX KCEHOGIOTHUKIB Ha OPTraHi3M € aKTyaJbHUM.

MeTo10 po6OTH 6Y/10 JOCTIPKEHHSI aKTUBHOCT] Bi/IbHOpaJUKaJIbHUX IPOLLeCiB Ta MapKepiB eH/J0TeHHO] IHTOKCH-
Kallii 3a yMOB BIUIMBY Ha OpraHi3M lL1ypiB TeTpaxJIOpOMeTaHy Ha TJIi ypakeHHsI Kap60docoM.

Marepianu Ta MeToau. EkciepyMeHTH NpoBeZieHi Ha 6i/IuX Lypax, sKi mifjaBaJnuch iIHTOKCHKaLii TeTpaxiopo-
MeTaHOM (4-Ta, 7-a 106a ypakeHHsI) Ha T/ TPUALATHAEHHOI0 ypakeHHs kap6odocom. lllypiB BUBOAU/IM 3 eKcIIepH-
MEHTY HiJ TioneHTa/J0BUM HapKO30M.

Pe3ynbraT Ta ix 06roBopeHHs. EkcriepriMeHTasIbHi aHi i TBepUIM TOKCHYHHUHN BILIUB Kap60¢oCy Ta TETPaxopo-
MeTaHy, AKHH MiJIBUILYETbCA 32 YMOB X KOMOGiHOBaHOTO 3aCTOCYyBaHHH.

BucHOBKH. BcTaHoBJIeHO, 1110 MaKCHMaJlbHA aKTHUBallisl BiIbHOPaJMKaIbHUX NPOLIECiB Ta NOIJIMGI€HHS eH/I0TeH-
HoI iHTOKCHKaLlii ciocTepiraroThcs Ha CbOMy /100y ypaXKeHHsI TeTPaX/JI0POMETAHOM Ha TJIi TPUALATHAEHHOI iHTOKCH-
Kaljii kap6odocom.

Katouosi cnosa: mempaxaopomemat; kap6ogoc; wypu,; eHdozeHHa iIHMoKcukayisi; 8i1bHOpaduKkaabHi npoyecu
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0c06GeHHOCTH NPOTEKAHUSA OKUC/IUTEbHBIX IPOLECCOB Y KPbIC, IOPAKEHHBIX

TeTpax/JIOpMeTaHOM Ha poHe MHTOKCHMKALMH Kap60odpocoM

AKTyanbHOCTD. [Ipo6sieMa BIAUSHUSI XUMUYECKOT0 3arpsiI3HEHUsI OKpY»Kalollieit cpe/ibl Ha OPraHMU3M YeJIoBeKa siB-
JISIeTCs1 OHOW M3 MPUOPUTETHBIX U 10 KOHIIA He H3Y4eHHbIX. CpeJiu 3arps3HUTesIeld GOJIBIIYI0 YIPO3y NMPe/CTaBJISIOT
TeTpaxJIOpMeTaH ¥ Kap60¢poc — GpakTOpbI prCcKa MHOTHX IKOJIOTHYECKH 3aBUCUMBIX 60/1e3Held. [09TOMy u3yueHHe 0co6eH-
HOCTE# K MEXaHW3MOB KOMOMHHUPOBAHHOTO BJIMSHUS BBILIEYTIOMSIHY ThIX KCEHOGHOTUKOB Ha OPraHU3M SIBJISIETCS aKTYaIbHbBIM.

Lles1b10 pa6oThI OBLJIO U3YYeHHe AKTUBHOCTH CBOGOJHOPAUKAIbHBIX IIPOLIECCOB M MapKEPOB 3H/J0TeHHON UHTOK-
CUKalMH MPU BO3/IeMCTBUHM Ha OPTaHU3M KpbIC TETpaxJopMeTaHa U Kap6odoca.

MaTtepuaJsibl U METOABI. JKCIIEPUMEHTLI TPOBEAEHbI Ha GeJIbIX KpPbICaX, KOTOPble MOJBEPTraJuCh HHTOKCUKALUU
TeTpaxJIopMeTaHOM (4-ble, 7-e CyTKU opaXkeHHs1) Ha GOHe TPUALATHIHEBHOI0 OpaXeHUs Kap6opocoM. Kpric BbIBO-
AWJIA U3 3KCIIEPUMEHTA 10/] TUONMEHTA/JIOBbIM HAPKO30M.

Pe3y/ibTaThl U UX 06CYKAeHHE. JKCIepUMeHTalbHbIe JaHHble OATBEPAUIN TOKCUYECKOoe BIUsIHUE Kap6odoca
Y TeTpaxJ0pMeTaHa, KOTOPOe YCUJIUBAETCSl IPH YCJIOBUU UX KOMOUHUPOBAHHOTO NPUMEHEHHUs. ITO MOATBEPXKAAETCS
aKTHUBaLMel CBO6OJHOPAMKaIbHbIX POLECCOB U YIyOJeHUeM 3H/JOTeHHOM MHTOKCUKALMH1, MaKCHMaJIbHOe Pa3BU-
THe KOTOPOU HabJII01a/I0Ch Ha Ce/ibMble CyTKH MOPaXKEeHHUsI TeTPAX/JI0PMEeTaHOM Ha pOHe TPULATHJHEBHON HHTOKCH-
Kanuu kap6opocom.

BbIBoABI. [loKa3aHo, YTO MaKCUMaJlbHasi aKTUBAIMsi CBOGO/JHOPA/ANKaIbHBIX IPOLECCOB U YI/1y6JIeHre 3H/0TeH-
HO¥ MHTOKCHUKAIMK HaBJII0JaTUCh Ha CeJibMble CYTKHU MOPaXKEHHUsI TETPAXJI0pMeTaHOM Ha GOHe TPULATHAHEBHON HH-
TOKCHKAIIMH Kap60docoM.

Karuesble cnosa: mempaxaopmemar; Kap6ogoc; KpbiCbl; IHO02EHHAS UHMOKCUKAYUST; CBO600HOPAOUKAIbHbIE NPOYECChl
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INTRODUCTION

The study of combined effect characteristics and me-
chanisms of the most common xenobiotics as the main
factors of the many environmentally dependent diseases
development is the most perspective biology and medi-
cine direction in the environmental pollution conditions.
These toxins are organophosphorus compounds (OPs),
and chlorinated hydrocarbons.

The body contamination with OPs leads to the de-
velopment of the oxidative stress, which themself are sig-
nificant toxicity agents [1, 2]. OPs characterized by a high
biological activity. OPs include malathion with a middle
degree of toxicity.

One of the most dangerous xenobiotics are chlori-
nated hydrocarbons including carbon tetrachloride (CCl,),
which is quite widely used at workplaces, homes and ag-
riculture. Carbon tetrachloride known as a classical he-
patotropic poison and its toxic effects on the liver was
well studied in experimental models [3, 4, 5].

Usually it often happens the combined effect of se-
veral toxic agents, which can disrupt the balance of oxi-
dative processes in the body and cause serious diseases.

Objective. The aim of the presented study was to
investigate the free radical activity and the level of en-
dogenous intoxication in rats under simultaneous affec-
tion of malathion and carbon tetrachloride.

MATERIALS AND METHODS

Experiments were conducted on white rats with the
weight 175-200 g. The animals were kept on a standard
food allowance at the vivarium of I. Horbachevsky Terno-
pil State Medical University. All experiments on animals
were carried out in compliance with the general rules that
were approved at the National Congress on Bioethics (Kiev,
Ukraine 2001) and the 1-st Ukrainian National Congress
on Bioethics subjected to the NIH Guide for the Care and
Use of Laboratory Animals (Guide., 2011).

The animals were divided into five groups: the 1-st -
intact control; the 2-nd - the animals were affected with

malathion for 10 days and on the 4-th day the rats were
affected with tetrachloromethane, the 3-d group of ani-
mals -10 days affecting by malathion and on the 7-th day
intoxication with CCl,, the 4-th group - the rats were af-
fected by malathion for 30 days and on the 4-th days was
caused the development of tetrachloromethane hepati-
tis, the 5-th group of animals - 30 days affecting with ma-
lathion and on the 7-th day affecting with CCl,.

Malathion was daily administrated intragastrically
in the form of the aqueous solution of 20 mg/kg on the
weight of a rat, that is equal 1/10 from the LD,,. Carbon
tetrachloride was administrated intragastrically, twice,
in a day duration in the form of 50 % oil solution in the
dose of 1.0 ml/kg calculated on a weight of the animal.

The rats were euthanized with sodium thiopental.
The investigation objects were a blood serum, a myocar-
dium and a liver of the animals.

The activity of the free radical processes in the rats
bodies was evaluated concerning to the amount of TBA-
active products in a blood serum, homogenates of myo-
cardium and liver of the animals [6, 7] and the oxidation
modification of protein by 2,4-Dinitrophenylhydrazine
(2,4 DNPh) [8].

The level of the endogenous intoxication studied ac-
cording to the content of molecules of the average weight
(MAW) in a blood serum (BM,; fraction BM,) [9] and the de-
gree of damage of the erythrocyte membrane (EII) [10, 11].

The statistic processing of the received results were car-
ried outby the “Statistica 6,0” with the applying of Student’s
t-criterion. Results were considered significant at p < 0.05.

RESULTS AND DISCUSSION

The conducted experiments showed that, after ad-
ministration of xenobiotic into the rats bodies it was ob-
served the activation of lipid peroxidation. One of the main
product of LPO is TBA-AP which allowed us to judge the
intensity of these processes (Tab. 1).

The content of TBA-AP increased on 42 % in a blood
serum, 35 % - in a liver, 14 % - in a myocardium after

Table 1

THE CONTENT OF TBA - ACTIVE PRODUCTS IN A BLOOD SERUM (pmol/L), LIVER (umol/kg) AND
MYOCARDIUM (pnmol/kg) OF THE RATS, AFTER COMBINED AFFECTING BY TETRACHLOROMETHANE AND
MALATHION (M £ m; n = 30)

. Term of the investigation, days
Groups of animals
10 + 4CCl, | 10 + 7CCl, | 30 + 4CCl, | 30 + 7CCl,

The blood serum

Intact control 0.92 +0.03

Affected by the toxins 1314002 | 1.70£001* | 262+0.025 | 3.07 £ 0.01*

The liver

Intact control 8.65 +0.27

Affected by the toxins 11.66+0.03* |  1221+004* |  1382%003* | 15.92 + 0.04*
The myocardium

Intact control 11.25+0.09

Affected by the toxins 1285+002* |  1363+0.11* |  1564+0.05* | 16.67 + 0.06*

Notes: here and in the following tables * - valid changes between the intact and affected animals, p < 0.05.
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Table 2

CONTENT OF 2,4-DNPH IN A BLOOD SERUM AND LIVER OF THE RATS (pmol/g PROTEIN),
AFTER COMBINED AFFECTING BY TETRACHLOROMETHANE AND MALATHION (M = m; n = 30)

Group of animals

2,4-DNPh of the neutral character (370 nm)

22,4-DNPh of the basic character (430 nm)

A blood serum

Aliver

A blood serum

Aliver

Intact control

0.120 £ 0.005

0.130 + 0.009

0.130 + 0.008

0.120 + 0.008

Affected 10 + 4CCl,

0.150 + 0.008*

0.170 + 0.008*

0.170 + 0.009*

0.150 + 0.008*

Affected 10 + 7CCl,

0.150 £ 0.010*

0.180 + 0.010*

0.170 + 0.006*

0.160 + 0.010*

Affected 30 + 4CCl,

0.160 + 0.009*

0.190 + 0.010*

0.180 + 0.006*

0.170 + 0.007*

0.180 + 0.009*

0.200 + 0.007*

0.180 + 0.008*

0.160 + 0.009*

Affected 30 + 7CCl,

the administration of the toxins on the 10-th and 4-th day
of affection. At ten days intoxication by malathion and on
the 7-th day after the administration of carbon tetrachlo-
ride, this index increased in a blood serum on 85 %, 41 % -
in a liver, 21 % - in a myocardium. After thirty days ad-
ministration of malathion and on the 4-th day of intoxi-
cation by CCl,, the content of TBA-AP increased on 185 %
in a blood serum, 60 % - in a liver, 39 % - in a myocar-
dium regarding to the level of the intact animals. On the
30-th and the 7-th days of the administration of toxins,
the level of TBA-AP increased on 234 % in a blood se-
rum, 84 % - in a liver, 48 % - in a myocardium regarding
to the standard.

The obtained results indicate a significant activation
of lipid peroxidation in the bodies of the rats at the com-
bined affection by malathion and carbon tetrachloride.
The simultaneous administration of the toxins has a sy-
nergistic effect.

Excessive formation of ROS in the affected body by
toxicants not only leads to the activation of lipid peroxi-
dation, bus intensifies the processes of oxidative modi-
fication of proteins [8, 12]. The study of the OMP indica-
tors showed that a blood serum and liver of the rats af-
ter the intoxication by xenobiotics increased the level of
2,4-DNPh neutral (370 nm) and basic character (430 nm).

The content of 2,4-DNPh neutral in a blood serum and
aliver of the affected animals increases on 25 % and 31 %
respectively at ten days administration of malathion and
on the 4-th day after the intoxication by CCl,, data indi-
cated in Tab. 2.

A similar tendency to rising it was also observed for
2,4-DNPh basic at the affecting animals.

At ten days intoxication by malathion and on the 7-th
day after the administration of carbon tetrachloride, the
amount of 2,4-DNPh neutral in a blood serum increased
on 25 %, 38 % - in a liver; 2,4-DNPh basic increased on
32 % in a blood serum and in a liver regarding to its le-
vel in the intact animals.

After 30 days administration of malathion and on the
4-th day intoxication by CCl, the level of 2,4-DNPh neut-
ral increased on 33 % in a blood serum, on 46 % in a
liver of the affected animals. In the same period the con-
tent of 2,4-DNPh basic character increased on 38 % in a
blood serum and on 42 % in a liver.

On the 30-th and 7-th days of the intoxication by the
toxins the content of 2,4-DNPh neutral character increa-
sed on 50 % in a blood serum of the affected animals, on
54 % in a liver. The amount of 2,4-DNPh basic character
increased on 38 % in a blood serum, on 33 %in the liver.

At the combined affection by malathion and carbon
tetrachloride it was established the activation of the free
radical processes and formation of the toxic products, cau-
sing a destructive impact on bio-macromolecules, these
lead to development of endogenous intoxication of the bo-
dy, the level of which is evaluated by the content of MAW.

After the intoxication we observed a significant in-
creasing of the content of fractions MAW, (dominated by
aliphatic amino acids) and MAW, (dominated by aromatic
amino acids) in a blood serum of the experimental rats
during a whole experiment (Tab. 3).

On the 30-th and 7-th day of the experiments under
the affecting of toxins the content of MAW,increased on
132 % in a blood serum, the content of MAW, increased
on 96 % in a blood serum, relatively to the level of the
intact control.

Toxic products were formed as a result of the activa-
tion of lipid peroxidation process and the accumulation
of endogenous toxins formed by ROS activity that can cause
destruction of cell membranes and change their perme-
ability [13, 14].

We studied the permeability of the erythrocyte memb-
rane at combined action of the studied toxins (Tab. 4).

During the experiments it was detected the relative
increasing of EII after the affecting of the rats by malathion

Table 3

THE CONTENT OF THE MOLECULES OF THE
AVERAGE WEIGHT (MAW) IN A BLOOD SERUM
(unit/L) OF THE RATS AFTER COMBINED
AFFECTING BY TETRACHLORMETHANE AND
MALATHION (M = m; n = 30)

N MCMl (254 nm) MCMZ[ZBO nm)
Group of animals
Ablood serum A blood serum

Intact control 0.99 +0.10 1.11+£0.16
Affected 10 + 4CCl, 1.62 +0.02* 1.68 + 0.04*
Affected 10 + 7CCl, 1.79 + 0.04* 1.90 + 0.05*
Affected 30 + 4CCl, 2.21 £ 0.04* 2.13 +£0.03*
Affected 30 + 7CCl, 2.30 £ 0.05* 2.18 £ 0.03*
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Table 4
ERYTHROCYTE INDEX OF INTOXICATION (%) OF THE RATS AFTER COMBINED AFFECTING
BY TETRACHLOROMETHANE AND MALATHION (M % m; n =30)
Term of the investigation, days
Group of animals
10 + 4CCl, | 10+7ca, | 30 +4CCl, | 30 + 7CCl,
Intact control 28.46 + 0.66
Affected by the toxins 3245:116* | 32641104 | 4153:072¢ | 4449%147*

and carbontetrachloride. It was established that the per-
meability of the erythrocyte membrane highly increased and
till the end of the experiment it was 16 % above the norm.

Our results showed that the intoxication of the rats
by carbon tetrachloride become stronger under the action
of malathion on the body. Lipid and protein peroxidation
processes significantly intensified that evidenced by the
veritable increasing of TBA - active products and 2,4-
DNPh in all investigated rat’s tissues.It was established
that the simultaneous affection of the rats by malathion
and carbon tetrachloride leads to the development of
endogenous intoxication and accumulation of the high
amount of endogenous toxins especially the content of
molecules of the average weight that can be served as
a marker for assessing the degree of intoxication in the
affected body.

The obtained results indicate the toxicity effect of
the mentioned xenobiotics on erythrocyte membrane,

that improved by the percentage increasing of their per-
meability and as a result can cause the destructive influ-
ence of toxicants on the structural components of cell
membranes.

CONCLUSIONS

The lipid peroxidation activation and proteins oxi-
dative modification caused by the combined carbon tetra-
chloride and malathion affection on the body leads to the
development of endogenous intoxication. At the same con-
dition it was observed the veritably of increased mole-
cules average weight content in a blood serum. Exoge-
nous and endogenous toxins perform a destructive in-
fluence on cell membranes, including red blood cells, as
evidenced by the increasing of erythrocyte index of in-
toxication after affecting.
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