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CORRELATION OF LIPID PEROXIDATION' PRODUCTS AND ANTIOXIDANT
SYSTEM ENZYMES OF RATS' KIDNEY
TISSUES IN CONDITIONS OF SALT LOADING AND EXPERIMENTAL NEPHROPATHY
Abstract. The processes of lipid peroxidation in the tissues of rats'
kidneys in case of 0.75% salt loading in conditions of mercury
dichloride intoxication were studied in white nonlinear male rats. It
was found that salt loading on the background of sublimate
nephropathy leads to increase of thiobarbiturate-reaction products
in different layers of kidneys in comparison with control. Increase of
lipid peroxidation products caused disruption of pro-/antioxidant
balance.That's why we studied activity of catalase and glutathione-Stransferase in rats' kidneys 72 hours after injection of mercury
dichloride solution in the dose of 5 mg per 1 kg of animal's body
weight, which is important for determination of mercury salts
influence on the renal antioxidant system. The decrease of catalase
activity in the renal cortex, medulla and papilla in case of salt
loading after influence of mercury dichloride was found. For
instance, loading with 0.75% solution of NaCl leads to the twofold
increase of glutathione-S-transferase activity in comparison with
control. Animals' intoxication with sublimate caused glutathione-Stransferase activity increase by 43% in the renal cortex and twofold in the renal medulla in comparison with control. These results
indicate the inhibition of antioxidant protection enzymes in the rats'
kidneys in case of mercury dichloride influence.
Pathogenetic unity of biochemical processes in the studied areas of
the kidney is confirmed by the conducted regression analysis that
proves interdependence of lipid peroxidation products and the
system of antioxidant protection.

Introduction
Influence of xenobiotics, toxic compounds, and
medicinal products on the organism leads to activation
of the process of free radical oxidation of membranes. Lipid peroxidation activation induces significant
changes of cellular metabolism and biomembrane
functions, and is an important link of pathogenesis of
many diseases, including those of kidneys [1, 3].
Action of toxic compounds of different nature
causes infringement of kidneys cell membrane integrity and activation of macromolecules' free radical
oxidation [2, 10].
It is known from literature sources [8] and was
shown by us before [14] that any stress factor for the
animal organism causes changes of antioxidant enzymes activity in the rats' kidneys.
Activation of free radical lipid and biopolymer peroxidation with hyperproduction of oxygen active
forms, often on the background of organism antioxidant protective system exhaustion is considered to be
the driving mechanism of cytolysis in case of any

pathology.
This is evidenced by the results of numerous studies of liver [6] and kidneys glutathione system function abnormality in case of their acute and chronic
diseases that promote formation of significant quantity of oxygen active forms and expression of their
toxicity.
Kidneys are the main organ that regulates watersalt metabolism in the human organism and shows
high selectivity to changes of water and salts excretion; that's why they are very sensitive to the influence of toxic compounds and in particular to the
ions of heavy metals that accumulate in the kidneys
[9]. When salts of mercury enter the body, 50% of
its quantity is accumulated in the kidneys. It is worth
noting that there are two forms of mercury fixation
in the kidneys: labile part of the ion that determines
the level of its excretion with the urine due to the
secretory activity of the cells, and the inactive form
that determines gradual accumulation of the element[13].
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It was shown by us before [11] that in case of 3%
salt loading in conditions of HgCl2 intoxication, the
processes of lipids' free radical oxidation are activated in the rats' kidneys. Processes of antioxidant protection play an important role in pathogenesis of different diseases, because emergence of imbalance
between activation of macromolecules' free radical
oxidation and failure of antioxidant protection system
can speed up the development of different pathological processes that are the basis of the renal diseases.
That's why it would be quite interesting to research the processes of lipid peroxidation and the
status of the antioxidant system of the rats' kidneys in
conditions of salt loading on the background of mercury dichloride intoxication.
The purpose of the study
To determine the changes of thiobarbiturate-reaction products content in the rats' kidneys tissues;
activity of enzymes of glutathione S-transferase and
catalase activities in the renal cortex, medulla, and
papilla in conditions of 0.75% salt loading under the
action of mercury dichloride; to determine the correlation between the products of lipid peroxidation and
the antioxidant protection system of the rats' kidneys
tissues.
Material and methods
The animals were kept in vivarium conditions with
the constant temperature regime and free access to
food and water. They were divided into groups: The
1st group (n=6) - the control group (intact animals
that did nor receive loading); the 2nd group (n=6) animals that had 0.75% salt loading (injection of
0,75% NàÑl solution calculated as 0.65 mmoles of
Nà (14.8 mg of Nà) for 100 g of the animal's body
weight); the 3d group (n=6) - animals that received
0.1% sublimate solution subcutaneously and 72 hours
after intoxication they received 0.75% salt loading.
Loading was performed by intragastric injection
through a metallic probe. 2 hours after the loading the
animals underwent euthanasia through decapitation
under light ether anesthesia. The experiments were
conducted in accordance with the requirements of
the European Convention on the Protection of Animals used for scientific purposes (86/609 EEC). After decapitation the kidneys were swiftly removed,
thoroughly dried with filter paper and divided into
layers: renal cortex, medulla, and papilla. A sample of
renal layers (500 mg) was homogenized in 50 mM
tris-HCl buffer (pH 7.4) that contained 0.1% of
EDTA solution and the mixture was centrifuged for
10 minutes at 900G. All operations were performed
only at the temperatures not higher than +4° Ñ. The
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post-nuclear supernatants of renal layers were used
to determine: 1. TBA-reaction products (TBA-RP)
content by the reaction between malonaldehyde (derivatives) and thiobarbituric acid (TBA); in conditions
of high temperature and acidic medium (ðÍ 3.0) this
reaction produces a pink trimethine complex. Absorption of the colored solution was measured with photoelectrocolorimeter ÊÔÊ-3 (KFK-3) at wavelength
of 532 nm. The TBA-RP content was expressed in
μmoles/g of tissue [15]. 2. Catalase activity [EC
1.11.1.6] was determined by the reaction between
not destroyed hydrogen peroxide and ammonium molybdate. Absorption of the colored complex was
measured at wavelength of 410 nm. Enzyme's activity in the kidneys' supernatant was expressed in
μmoles per minute for 1 g of tissue [7]. 3. Activity of
Glutathione-S-transferase activity (G-S-T) [EC
2.5.1.18]. The method is based on spectrophotometric measurement of quantity of reduced glutathione conjugate with 1-chloro-2,4-dinitrobenzene;
this conjugate forms under the action of the enzyme.
Optical density of the produced complex was determined during the next 3 minutes using the spectrophotometer ÑÔ-46 (SF-46) at the wavelength of 346
nm and expressed in nmoles of conjugate for 1 minute per 1 mg of protein [5].
Intoxication of animals with sublimate was conducted through subcutaneous injection of mercury
(II) chloride water solution in the dose of 5 mg per kg
of animal's body weight [4].
Discussion of the research results
Salt loading causes the change of the indexes of
macromolecules' free radical oxidation in different
layers of kidneys.
We determined that in case of 0.75% salt loading
modeling in the rats' kidneys the content of TBA-RP
increased in the renal cortex by 55%, in the renal
papilla - by 58.4%, and in the renal medulla - by
45.7% in comparison with the control (fig. 1).
Intoxication of animals with 0.1% solution of sublimate in the dosage of 5 mg/kg of the animal's body
weight led to the change of lipids free radical oxidation products indexes (fig. 2).
For instance, we found that 0.75% salt loading
causes increase of TBA-RP content indexes in
comparison with the control by 74% in the renal cortex, by 80% in the renal medulla, and in 2.5 times in
the renal papilla in accordance with control.
From the antioxidant protection system we studied
the changes of glutathione-S-transferase and catalase
enzymes activity.
Glutathione-S-transferase (G-S-T) is an enzyme
with polyfunctional activity that takes part in detoxification of certain xenobiotics, including peroxides. G-
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Figure 1. Thiobarbiturate-reaction products content in the rats' kidneys in case of 0.75% salt loading on the
background of sublimate nephropathy
Here and on the figures 2 and 3 * the probable changes in comparison with the index of the animals from the control group
(P<0.05) are shown; # - probable changes in comparison with the index of the salt loading (P<0.05).

Figure 2. Glutathione-S-transferase activity in the rats' kidneys in case of 0.75% salt loading on the
background of sublimate nephropathy

S-T catalyzes 4 main types of reactions; reduction of
organic peroxides (hydroperoxides of fatty acids and
cumene) to corresponding alcohols is one of them
[12].
For instance, we found that 0.75% lading with
NaCl solution leads to increase of glutathione-Stransferase activity in 2 times in comparison with
control for which the value is 7.9 nmoles/min/mg of
protein. In the renal papilla glutathione-S-transferase
activity turned out to be lower than control by 40%,
and it didn't change in the renal cortex.
Sublimate intoxication of animals led to the change of glutathione-S-transferase activity in different
renal layers of rats. The studies revealed that 0.75%
salt loading caused glutathione-S-transferase activity
increase by 43% in the renal cortex and twofold - in
the renal medulla in comparison with control. But in
conditions of sublimate intoxication and 0.75% salt
loading the same index decreased for renal papilla

by 47% in comparison with control values.
Catalase is an enzyme of antioxidant system that
can take part in restoring of pro-/antioxidant balance
when external factors affect the body.
In the renal medulla in conditions of 0.75% salt
loading twofold decrease of catalase activity in comparison with control was noted.
In the rats' renal papilla 0.75% loading with NaCl
solution led to the decrease of catalase activity by
75% in comparison with the control (fig. 3).
In conditions of HgCl2 intoxication adaptation of
antioxidant renal system to the action of this prooxidant takes place.
Pathogenetic unity of biochemical and physiological processes in the studied areas of the kidney is
confirmed by the conducted regression analysis that
proves interdependence of lipid peroxidation products
and the system of antioxidant protection.
This data is confirmed by multifactorial regres-
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Figure 3. Catalase activity in the rats' kidneys in case of 0.75% salt loading on the background of sublimate
nephropathy
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Figure 4. The diagram of multifactorial regression analysis of reliable connections (p< 0.05) between
catalase activity (X - μmole/min * g of the tissue), malonaldehyde content (Z - μmole/g of the tissue),
glutathione-S-transferase activity (Y - nmole/min * mg of protein) in the renal medulla in case of sublimate
nephropathy in sexually mature rats in conditions of loading with 0.75% sodium chloride solution
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sion analysis of reliable connections between catalase activity, thiobarbiturate-reaction products content, and glutathione-S-transferase activity in the
renal medulla in case of sublimate nephropathy in rats
in conditions of salt loading with 0.75% sodium chloride solution (fig. 4). The intensity of the shading
corresponds to the degree of correlation.
Therefore rats' intoxication with mercury dichloride solution leads to the destruction of the cell
membrane and causes activation of macromolecules'
free radical oxidation process. In turn this stimulates
the antioxidant system of the animal's organism,
which takes part in neutralization of oxygen active
forms.
Conclusions
1.Subcutaneous injection of 0.1% mercury dichloride solution in the dose of 5 mg/kg of the animal's
body weight in conditions of 0.75% loading leads to
suppression of catalase activity
2.Pro-/antioxidant balance under the influence of
toxin is supported by increase of glutathione-S-transferase
3.Intoxication of animals with 0.1% solution of
sublimate in the dosage of 5 mg/kg of the animal's
body weight led to the change of lipids free radical
oxidation products indexes
4.It was found that 0.75% salt loading causes
increase of TBA-RP content indexes in comparison
with the control by 74% in the renal cortex, by 80%
in the renal medulla, and in 2.5 times in the renal papilla
5.Pathogenetic unity of biochemical and physiological processes in the studied areas of the kidney is
confirmed by the conducted regression analysis that
proves interdependence of lipid peroxidation products
and the system of antioxidant protection.
Prospects for further studies
In the future we plan to study the influence of salt
loading on the functional condition of kidneys in case
of experimental nephropathy.
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ÊÎÐÅËßÖ²ß ÏÐÎÄÓÊÒ²Â ÏÅÐÅÊÈÑÍÎÃÎ
ÎÊÈÑÍÅÍÍß Ë²Ï²Ä²Â ÒÀ ÅÍÇÈÌ²Â
ÀÍÒÈÎÊÑÈÄÀÍÒÍÎ¯ ÑÈÑÒÅÌÈ ÒÊÀÍÈÍ ÍÈÐÎÊ
ÙÓÐ²Â ÇÀ ÓÌÎÂ ÑÎËÜÎÂÎÃÎ ÍÀÂÀÍÒÀÆÅÍÍß É
ÅÊÑÏÅÐÈÌÅÍÒÀËÜÍÎ¯ ÍÅÔÐÎÏÀÒ²¯
À. ß. Âåëèêà, Ì. Ê. Áðàòåíêî
Ðåçþìå. Íà á³ëèõ íåë³í³éíèõ ùóðàõ-ñàìöÿõ áóëî äîñë³äæåíî ïðîöåñè ïåðîêñèäíîãî îêèñíåííÿ ë³ï³ä³â â òêàíèíàõ
íèðîê ùóð³â çà óìîâ 0,75% cîëüîâîãî íàâàíòàæåííÿ ïðè
³íòîêñèêàö³¿ ìåðêóð³þ äèõëîðèäîì. Ç'ÿñîâàíî, ùî ñîëüîâå
íàâàíòàæåííÿ íà òë³ ñóëåìîâî¿ íåôðîïàò³¿ ïðèçâîäèòü äî
çðîñòàííÿ âì³ñòó ò³îáàðá³òóðàò-ðåàêö³éíèõ ïðîäóêò³â ó
ïîð³âíÿíí³ ç êîíòðîëåì â ð³çíèõ øàðàõ íèðîê. Çðîñòàííÿ
ïðîäóêò³â ïåðåêèñíîãî îêèñíåííÿ ë³ï³ä³â ïðèçâåëî äî
ïîðóøåííÿ ïðî-/àíòèîêñèäàíòíîãî áàëàíñó.
Òîìó âèâ÷àëè àêòèâí³ñòü êàòàëàçè, ãëóòàò³îíòðàíñôåðàçè
ó íèðêàõ ùóð³â ÷åðåç 72 ãîäèíè ï³ñëÿ ââåäåííÿ ðîç÷èíó
ìåðêóð³þ äèõëîðèäó â äîç³ 5 ìã íà êã ìàñè ò³ëà òâàðèí, ùî º
âàæëèâèì äëÿ ç'ÿñóâàííÿ âïëèâó ñîëåé ìåðêóð³þ íà
àíòèîêñèäàíòíó ñèñòåìó íèðîê. Âñòàíîâëåíî, çíèæåííÿ
àêòèâíîñò³ êàòàëàçè ó ê³ðêîâ³é, ìîçêîâ³é ðå÷îâèí³ òà ñîñî÷êó
íèðîê çà óìîâ ñîëüîâîãî íàâàíòàæåííÿ ï³ñëÿ ä³¿ ìåðêóð³þ
äèõëîðèäó. Òàê, íàâàíòàæåííÿ 0,75% ðîç÷èíîì íàòð³þ
õëîðèäó (NaCI) ïðèçâîäèòü äî çðîñòàííÿ àêòèâíîñò³
ãëóòàò³îíòðàíñôåðàçè ó äâà ðàçè ïîð³âíÿíî ç êîíòðîëåì.
²íòîêñèêàö³ÿ òâàðèí ñóëåìîþ ïðèçâåëà äî çðîñòàííÿ ãëóòàò³îíòðàíñôåðàçíî¿ àêòèâíîñò³ ó ïîð³âíÿíí³ ç êîíòðîëåì íà
43% - ó ê³ðêîâîìó øàð³ íèðîê òà âäâ³÷³ - ó ìîçêîâîìó.
Îòðèìàí³ ðåçóëüòàòè ñâ³ä÷àòü ïðî ïðèãí³÷åííÿ ôåðìåíò³â
àíòèîêñèäàíòíîãî çàõèñòó ó íèðêàõ ùóð³â çà ä³¿ ìåðêóð³þ
äèõëîðèäó.
Ïàòîãåíåòè÷íà ºäí³ñòü á³îõ³ì³÷íèõ ïðîöåñ³â â äîñë³äæóâàíèõ ä³ëÿíêàõ íèðêè ï³äòâåðäæóºòüñÿ ïðîâåäåíèì
ðåãðåñ³éíèì àíàë³çîì, ùî ï³äòâåðäæóº âçàºìîçàëåæí³ñòü
ïðîäóêò³â ïåðåêèñíîãî îêèñíåííÿ ë³ï³ä³â òà ñèñòåìè àíòèîêñèäàíòíîãî çàõèñòó.
Êëþ÷îâ³ ñëîâà: ñîëüîâå íàâàíòàæåííÿ, ñóëåìà, ò³îáàðá³òóðàò-ðåàêö³éí³ ïðîäóêòè, ãëóòàò³îíòðàíñôåðàçà, êàòàëàçà,
íèðêè.
ÊÎÐÐÅËßÖÈß ÏÐÎÄÓÊÒÎÂ ÏÅÐÎÊÑÈÄÍÎÃÎ
ÎÊÈÑËÅÍÈß ËÈÏÈÄÎÂ È ÝÍÇÈÌÎÂ
ÀÍÒÈÎÊÑÈÄÀÍÒÍÎÉ ÑÈÑÒÅÌÛ ÒÊÀÍÅÉ ÏÎ×ÅÊ
ÊÐÛÑ Â ÓÑËÎÂÈßÕ ÑÎËÅÂÎÉ ÍÀÃÐÓÇÊÈ È
ÝÊÑÏÅÐÈÌÅÍÒÀËÜÍÎÉ ÍÅÔÐÎÏÀÒÈÈ
À. ß. Âåëèêàÿ, Ì. Ê. Áðàòåíêî
Ðåçþìå. Íà áåëûõ íåëèíåéíûõ êðûñàõ-ñàìöàõ èññëåäîâàëè ïðîöåññû ïåðîêñèäíîãî îêèñëåíèÿ ëèïèäîâ â òêàíÿõ
ïî÷åê êðûñ â óñëîâèÿõ 0,75% ñîëåâîé íàãðóçêè ïðè èíòîêñèêàöèè ìåðêóðèÿ äèõëîðèäîì. Âûÿñíåíî, ÷òî ñîëåâàÿ
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íàãðóçêà íà ôîíå ñóëåìîâîé íåôðîïàòèè ïðèâîäèò ê
âîçðàñòàíèþ ñîäåðæàíèÿ òèîáàðáèòóðàò-ðåàêöèîííûõ
ïðîäóêòîâ â ñðàâíåíèè ñ êîíòðîëåì â ðàçíûõ ñëîÿõ ïî÷åê.
Óâåëè÷åíèå ïðîäóêòîâ ïåðîêñèäíîãî îêèñëåíèÿ ëèïèäîâ
ïðèâåëî ê íàðóøåíèþ ïðî-/àíòèîêñèäàíòíîãî áàëàíñà.
Ïîýòîìó èçó÷àëè àêòèâíîñòü êàòàëàçû, ãëóòàòèîíòðàíñôåðàçû â ïî÷êàõ êðûñ ÷åðåç 72 ÷àñà ïîñëå ââåäåíèÿ ðàñòâîðà ìåðêóðèÿ äèõëîðèäà â äîçå 5 ìã íà êã ìàññû òåëà
æèâîòíûõ, ÷òî ÿâëÿåòñÿ âàæíûì äëÿ âûÿñíåíèÿ âëèÿíèÿ
ñîëåé ìåðêóðèÿ íà àíòèîêñèäàíòíóþ ñèñòåìó ïî÷åê.
Óñòàíîâëåíî, ñíèæåíèå àêòèâíîñòè êàòàëàçû â êîðêîâîì,
ìîçãîâîì âåùåñòâå è ñîñî÷êå ïî÷åê â óñëîâèÿõ ñîëåâîé
íàãðóçêè ïîñëå äåéñòâèÿ ìåðêóðèÿ äèõëîðèäà. Òàê, íàãðóçêà 0,75% ðàñòâîðîì íàòðèÿ õëîðèäà (NaCl) ïðèâîäèò äî
óâåëè÷åíèÿ àêòèâíîñòè ãëóòàòèîíòðàíñôåðàçû â äâà ðàçà â
ñðàâíåíèè ñ êîíòðîëåì. Èíòîêñèêàöèÿ æèâîòíûõ ñóëåìîé
ïðèâåëà ê âîçðîñòàíèþ ãëóòàòèîíòðàíñôåðàçíîé àêòèâíîñòè
â ñðàâíåíèè ñ êîíòðîëåì íà 43% - â êîðêîâîì ñëîå ïî÷åê è â
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äâà ðàçà - â ìîçãîâîì. Ïîëó÷åííûå ðåçóëüòàòû ñâèäåòåëüñòâóþò ïðî óãíåòåíèå ôåðìåíòîâ àíòèîêñèäàíòíîé çàùèòû â
ïî÷êàõ êðûñ ïðè äåéñòâèè ìåðêóðèÿ äèõëîðèäà.
Ïàòîãåíåòè÷åñêîå åäèíñòâî áèîõèìè÷åñêèõ ïðîöåññîâ â
èññëåäîâàííûõ ó÷àñòêàõ ïî÷êè ïîäòâåðæäàåòñÿ ðåãðåññèîííûì àíàëèçîì, ÷òî ïîäòâåðæäàåò âçàèìîçàâèñèìîñòü
ïðîäóêòîâ ïåðîêñèäíîãî îêèñëåíèÿ ëèïèäîâ è ñèñòåìû
àíòèîêñèäàíòíîé çàùèòû.
Êëþ÷åâûå ñëîâà: ñîëåâàÿ íàãðóçêà, ñóëåìà, òèîáàðáèòóðàò-ðåàêöèîííûå ïðîäóêòû, ãëóòàòèîíòðàíñôåðàçà,
êàòàëàçà, ïî÷êè.
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