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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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Особливості перебігу окиснювальних процесів у щурів, уражених 
тетрахлорометаном на тлі інтоксикації карбофосом

Актуальність. Проблема впливу хімічного забруднення навколишнього cередовища на організм людини є 
однією з пріоритетних та не до кінця вивчених. Серед забруднювачів значну загрозу становлять тетрахлороме-
тан та карбофос - фактори ризику виникнення багатьох екологічно залежних хвороб. Тому вивчення особливос-
тей та механізмів комбінованої дії вищевказаних ксенобіотиків на організм є актуальним.

Метою роботи було дослідження активності вільнорадикальних процесів та маркерів ендогенної інтокси-
кації за умов впливу на організм щурів тетрахлорометану на тлі ураження карбофосом.

Матеріали та методи. Експерименти проведені на білих щурах, які піддавались інтоксикації тетрахлоро-
метаном (4-та, 7-а доба ураження) на тлі тридцятиденного ураження карбофосом. Щурів виводили з експери-
менту під тіопенталовим наркозом. 

Результати та їх обговорення. Експериментальні дані підтвердили токсичний вплив карбофосу та тетрахлоро-
метану, який підвищується за умов їх комбінованого застосування. 

Висновки. Встановлено, що максимальна активація вільнорадикальних процесів та поглиблення ендоген-
ної інтоксикації спостерігаються на сьому добу ураження тетрахлорометаном на тлі тридцятиденної інтокси-
кації карбофосом.
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Особенности протекания окислительных процессов у крыс, пораженных 
тетрахлорметаном на фоне интоксикации карбофосом

Актуальность. Проблема влияния химического загрязнения окружающей среды на организм человека яв-
ляется одной из приоритетных и до конца не изученных. Среди загрязнителей большую угрозу представляют 
тетрахлорметан и карбофос – факторы риска многих экологически зависимых болезней. Поэтому изучение особен-
ностей и механизмов комбинированного влияния вышеупомянутых ксенобиотиков на организм является актуальным. 

Целью работы было изучение активности свободнорадикальных процессов и маркеров эндогенной инток-
сикации при воздействии на организм крыс тетрахлорметана и карбофоса. 

Материалы и методы. Эксперименты проведены на белых крысах, которые подвергались интоксикации 
тетрахлорметаном (4-ые, 7-е сутки поражения) на фоне тридцатидневного поражения карбофосом. Крыс выво-
дили из эксперимента под тиопенталовым наркозом.

Результаты и их обсуждениe. Экспериментальные данные подтвердили токсическое влияние карбофоса 
и тетрахлорметана, которое усиливается при условии их комбинированного применения. Это подтверждается 
активацией свободнорадикальных процессов и углублением эндогенной интоксикации, максимальное разви-
тие которой наблюдалось на седьмые сутки поражения тетрахлорметаном на фоне тридцатидневной интокси-
кации карбофосом.

Выводы. Доказано, что максимальная активация свободнорадикальных процессов и углубление эндоген-
ной интоксикации наблюдались на седьмые сутки поражения тетрахлорметаном на фоне тридцатидневной ин-
токсикации карбофосом. 

Ключевые слова: тетрахлорметан; карбофос; крысы; эндогенная интоксикация; свободнорадикальные процессы
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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 (CCl4), 
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 ССl4,, 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 ССl4.

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 LD50. 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 (BМ1 fraction BМ2) [9] and the de-
gree of damage of the erythrocyte membrane (ЕІІ) [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 ТBA – ACTIVE PRODUCTS IN A BLOOD SERUM (µmol/L), LIVER (µmol/kg) AND 
MYOCARDIUM (µmol/kg) OF THE RATS, AFTER COMBINED AFFECTING BY TETRACHLOROMETHANE AND 

MALATHION (M ± m; n = 30)

Groups of animals
Term of the investigation, days

10 + 4ССІ4 10 + 7ССl4 30 + 4ССl4 30 + 7ССl4

The blood serum
Intact control 0.92 ± 0.03
Affected by the toxins 1.31 ± 0.02* 1.70 ± 0.01* 2.62 ± 0.02* 3.07 ± 0.01*

The liver
Intact control 8.65 ± 0.27
Affected by the toxins 11.66 ± 0.03* 12.21 ± 0.04* 13.82 ± 0.03* 15.92 ± 0.04*

The myocardium
Intact control 11.25 ± 0.09
Affected by the toxins 12.85 ± 0.02* 13.63 ± 0.11* 15.64 ± 0.05* 16.67 ± 0.06*

Notes: here and in the following tables * – valid changes between the intact and affected animals, р ≤ 0.05.
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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 ССl4, 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 
a liver 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 ССl4, 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 ССl4 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 MAW1 (dominated by 
aliphatic amino acids) and MAW2 (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 MAW1increased on 
132 % in a blood serum, the content of MAW2 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 2

CONTENT OF 2,4-DNPH IN A BLOOD SERUM AND LIVER OF THE RATS (µmol/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 A liver A blood serum A liver
Intact control 0.120 ± 0.005 0.130 ± 0.009 0.130 ± 0.008 0.120 ± 0.008
Affected 10 + 4ССl4 0.150 ± 0.008* 0.170 ± 0.008* 0.170 ± 0.009* 0.150 ± 0.008*
Affected 10 + 7ССl4 0.150 ± 0.010* 0.180 ± 0.010* 0.170 ± 0.006* 0.160 ± 0.010*
Affected 30 + 4ССl4 0.160 ± 0.009* 0.190 ± 0.010* 0.180 ± 0.006* 0.170 ± 0.007*
Affected 30 + 7ССl4 0.180 ± 0.009* 0.200 ± 0.007* 0.180 ± 0.008* 0.160 ± 0.009*

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)

Group of animals
МСМ1 (254 nm) МСМ2 (280 nm)

A blood serum A blood serum
Intact control 0.99 ± 0.10 1.11 ± 0.16
Affected 10 + 4ССl4 1.62 ± 0.02* 1.68 ± 0.04*
Affected 10 + 7ССl4 1.79 ± 0.04* 1.90 ± 0.05*
Affected 30 + 4ССl4 2.21 ± 0.04* 2.13 ± 0.03*
Affected 30 + 7ССl4 2.30 ± 0.05* 2.18 ± 0.03*
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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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