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Abstract. Technological development, industrialization and economic development
have improved living standards, but also increased toxic metal emissions in the living
and working environment. The aim of this study is the monitoring of lipid peroxidation
in case of acute intoxication by heavy metal cadmium and the protective role of o-lipoic
acid. In this study, we used healthy albino Wistar female rats, two or three months old.
Based on the results obtained in this study, we note that cadmium-induced intoxication
increases the level of malondialdehyde (MDA) in the pancreatic tissue homogenate.
MDA is a direct indication of lipid peroxidation. Alpha-lipoic acid suggests reduction
and correction of the toxic effect of cadmium after its exposure.
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1. INTRODUCTION

Heavy metals occur naturally in soil in certain concentrations. Heavy metals which
are not of geochemical but rather of anthropogenic origin can often be found in the
surface layers of soil. They reached soil as a result of different human activities (industry,
fossil fuel combustion, application of agrochemicals, atmospheric deposition, etc.). This
leads to permanent contamination of soil and groundwater [1].

Volcanic activity is one of the reasons for the occasional increase in the concentration
of cadmium (Cd) in the environment, primarily in the air. Constant sources of cadmium
contamination are related to its application in industry. Cadmium is introduced into the
body in the form of dust vapours and particles as oxide, chloride, fluoride, sulphide,
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carbonate and acetate [2]. Absorption is mainly performed by the respiratory tract, and to
a smaller extent by the gastrointestinal tract, while the transcutaneous path is insignificant
[3]. The kidneys and liver together contain from 50 to 60% of the body's accumulation of
cadmium [4]. Highly toxic effect of cadmium is the result of its interactions with the
necessary micro and macro bioelements, especially with iron, calcium, copper and zinc [5].
The presence of cadmium in nutrition reduces iron absorption while increasing zinc
absorption in the gastrointestinal tract [6]. In the absence of these elements, the cadmium
absorption level is elevated.

Cadmium poisoning can be acute and chronic. Acute poisoning occurs by inhalation of
cadmium salt vapours or particles (oxide, chloride, sulfide, sulphate, carbonate and acetate).
Symptoms of acute exposure to cadmium are nausea, vomiting, loss of smell, taste and
appetite, abdominal pain. Chronic occupational poisoning may occur after long-lasting
exposure to cadmium by inhalation or oral route. Unlike acute, chronic intoxication can
lead to the development of certain diseases, for example, chronic obstructive pulmonary
disease, lung emphysema, kidney disease (nephrotoxicity) and bone disease (arthritis,
osteoporosis) [7], prostatic carcinoma, anaemia, alopecia, frequent migraines, growth disorder
and cardiovascular diseases [8,9]. There is no medical chelation method that is completely
effective for treating cadmium toxicity.

Lipid peroxidation is oxidative damage that reaches cell membranes, lipoproteins and
other molecules containing lipids in the conditions of oxidative stress [10,11]. This is the
most frequent consequence of free radical activity. The lipid peroxidation process represents
only one consequence of oxidative stress present in the cell at an inadequate balance of the
formation and elimination of free radicals. Lipid peroxidation is one of the best-studied
processes of cell damage in the conditions of oxidative stress [12]. The once initiated
reaction of peroxidation continues autocatalytically, has a progressive flow, and as the final
outcome has structural-functional changes in the substrate [13]. The end product of lipid
peroxidation is MDA. It shows pronounced cytotoxic effects. The reaction between MDA
and proteins, RNA, DNA or phospholipids may lead to the modification of these substrates
and damage to cell membranes and intracellular molecules [14]. MDA is a reactive
potential mutagen and carcinogen.

Alpha-lipoic acid (a-LA), 6,8-dithioctanoic acid, is a cyclic disulphide, and via the
carboxyl group, it is linked to the protein part of the enzyme as an amide. a-LA was first
isolated in 1951 by Reed et al. [15]. It participates in the oxidative decarboxylation process
of a-keto acids. It exhibits great activity in very small quantities. The effect of a-lipoic acid
is reflected in the intensification of ATP synthesis [16], it participates in the assimilation of
lactic acid, activates the enzymes of the tricarboxylic acid cycle, stimulates the growth of
lactic-acid fermentation bacteria by replacing acetate (acetate transfer factor), stimulates the
synthesis of CoA (fatty acid utilization), prevents liver damage by various toxicants, and
normalizes the level of aldolase and transferase.

2. THE AIM OF THE RESEARCH

The aim of this study is to observe lipid peroxidation in the conditions of acute cadmium
heavy metal intoxication by measuring the value of malondialdehyde (secondary lipid
peroxidation product). This study also considers the protective role of a-lipoic acid in the
conditions with and without intoxication by this toxic metal.



Effects of Cadmium, an Environmental and Occupational Pollutant, on Lipid Peroxidation in Rat... 169

3. MATERIALS AND METHODS

Experimental white (albino) female Wistar rats, 2 months old, were grown in laboratory
conditions, in which food and water were available ad libitum, in the vivarium of the
Faculty of Medicine in Ni$, Serbia. The animals were divided into 4 groups of five animals.
Group | (control group) was on a normal diet and living regime. Group Il was intoxicated
with cadmium (I1) chloride (CdCI2). Cadmium intoxication was performed in 5 days and in
two s.c. injections of 0.9 mg of cadmium (I1) chloride in physiological solution per animal
[17]. Along with cadmium (11) chloride, Group 11 received the corresponding supplement -
a-lipoic acid. Group IV received supplemental o-lipoic acid with a normal diet. The
addition of o-lipoic acid was dosed by i.p. injection in a total dose of 2.4 mg in
physiological solution per animal (7 doses in 21 days) [18]. The experimental work fully
complied with the Code of Ethics for Scientific Research of the Faculty of Medicine in Nis.

From 10% of the pancreatic tissue homogenates prepared in the appropriate medium,
the following research was carried out: the analysis of determining malondialdehyde
concentrations [19, 20] and protein concentrations in the homogenate of the examined
organ. Biochemical reagents were Sigma-Aldrich of the spectroscopic grade.

3.1. Determination of the concentration of lipid peroxidation products (TBARS)
in the homogenate of the pancreatic tissue

The lipid peroxidation intensity in the pancreatic tissue presented as the TBA
concentration of the reacting substances in the homogenate was determined by the
spectrophotometric method of Andreeva et al. (1988), based on the MDA reaction with
thiobarbituric acid (TBA), at high temperature and in acidic environment, leading to the
creation of a chromogen (MDA-TBA2) [21].

4, STATISTICAL ANALYSIS

All measurement results are shown as the mean + SD. Student's t-test for independent
samples was applied for statistical data processing (Microsoft Office Excel). The statistically
significant results are shown as p <0.05. The results of these analyses are presented in graphs.

5. RESULTS AND DISCUSSION

Lipid peroxidation is an indicator of oxidative stress in cells and tissues. In the lipid
peroxidation process, unsaturated fatty acids of cell membranes are degraded. This leads
to the release of the same and reduction of the activity of cell membrane-bound enzymes
(glucose-6-phosphatase and cytochrome P-450) [22]. Lipid peroxidation products are
easily detected by certain spectrophotometric methods and are used to measure the level
of oxidative stress [21]. The concentration of malondialdehyde is most commonly
determined. Increased MDA concentrations indicate the presence of oxidative stress due
to the disturbance of balance between the prooxidative and the antioxidant system.

Malondialdehyde (MDA) is the end product of the lipid peroxidation process. This
compound is a reactive aldehyde that causes oxidative stress in cells and is the biomarker of
the oxidative stress level in the body or individual organs. The degree of lipid peroxidation
is assessed by measuring the level of MDA in different tissues.
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A model system for testing the effects of cadmium intoxication in the working and

living environment is the exposure of rats to cadmium at a dose of 0.9 mg/kg which is
lower than the exposure to this metal in highly contaminated environments [23].
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Fig. 1 Values of MDA (umoling) concentration
in pancreatic tissue homogenate of albino Wistar rats

From the results in Fig. 1 it can be noted that under conditions of acute cadmium
intoxication, the level of MDA increases in the pancreatic tissue homogenate (from 0.77 +
0.20 to 2.92 £ 0.48) in relation to the control group of animals. The results of this study
show that after cadmium poisoning, the level of TBARS, an indicator of lipid peroxidation,
significantly increases. The direct consequence of cadmium exposure in vivo is probably
the exhaustion of physiological antioxidants such as reduced glutathione and proteins
containing -SH groups as one of the mechanisms of cadmium toxicity. In the group of
experimental animals in which, along with cadmium, a-lipoic acid was applied as a
supplement, the concentration of TBARS is significantly reduced (from 2.92 + 0.48 to 1.14
+ 0.17 in the pancreas) compared to the cadmium-intoxicated group (Figure 1). This
antioxidant reduces damage caused by exposure to radiation, and according to some sources
it can be also used in treating diabetes [24], as well as preventing complications of this
(cardiomyopathy, neuropathy, and retinopathy) and other diseases.

According to the literature data, the reduced form of lipoic acid has the ability to
regenerate oxidized glutathione, vitamin C and vitamin E, which is existentially significant
for maintaining cell redox status [25, 26]. The application of a-lipoic acid probably reduces
the formation of free radicals thus preventing tissue damage by free radicals.

This experiment demonstrated the useful role of a-LA supplement with the antioxidant
character in the prevention and reduction of unwanted effects of acute cadmium intoxication.
Antioxidant indirectly protects the cell from oxidative stress by acting as a potential scavenger
of free radicals. This leads to the break of the lipid peroxidation chain reaction.
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Fig. 2 Values of protein concentration (mgg)
in pancreatic tissue homogenate of albino Wistar rats

The results of the protein content in pancreas following acute cadmium intoxication and
administering of a-LA supplement are shown in Figure 2. The protein level can be a
significant biochemical parameter that can be applied to the diagnosis and prognosis of
many diseases. According to the results obtained in this work, in the conditions of acute Cd
intoxication, the protein content significantly changes in the examined organ. Its level is
somewhat normalized in the presence of supplements (a-lipoic acid) compared to the group
of experimental animals that received cadmium. Reduction of protein concentration in the
examined organ homogenate (pancreas) due to acute heavy metal (Cd) intoxication
indicates a negative nitrogen balance, while elevated values in the examined organs with the
application of supplement (a-lipoic acid) indicate a positive nitrogen balance thus speaking
of cell metabolic activity.

6. CONCLUSION

The results of the measurement of values of malondialdehyde (MDA), a secondary
product of lipid peroxidation, are used as an indicator for the observation of cell membrane
damage in oxidative stress. Cadmium increases the level of lipid peroxidation. Based on the
results of this research, it can be concluded that the level of lipid peroxides is significantly
reduced in case of adding a-lipoic acid supplement one day after intoxicating rats with
cadmium. The lipid peroxidation process underlies many pathological conditions and
diseases.
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EFEKAT KADMIJUMA, EKOLOSKOG I ZDRAVSTVENOG
POLUTANTA, NA PROCES LIPIDNE PEROKSIDACIJE
U TKIVU PANKREASA KOD PACOVA

Tehnoloski razvoj, industrijalizacija i ekonomski razvoj doveli su do poboljsanja Zivotnog
standarda, ali i emisije toksicnih metala u Zivotnoj i radnoj sredini. Cilj ove studije je pracenje
lipidne peroksidacije u uslovima akutne intoksikacije teSkim metalom kadmijumom i protektivno
dejstvo a-liponske kiseline. U ovoj studiji koriséeni su zdravi albino laboratorijski pacovi Zenskog
pola, soja Wistar, starosti 2-3 meseca. Na osnovu dobijenih rezultata u ovoj studiji zapazamo da
intoksikacija kadmijumom dovodi do povec¢anja nivoa malondialdehida (MDA) u homogenatu tkiva
pankreasa. MDA je direkini pokazatelj lipidne peroksidacije. o-liponska kiselina ukazuje na
smanjenje i saniranje toksicnog efekta kadmijuma nakon njegove ekspozicije.

Kljuéne reci: Teski metali, kadmijum, a-liponska kiselina, malondialdehid, lipidna peroksidacija



