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Abstract: This work showed that the effects of the industry using lead nitrate (LN), which is widely used, and
sodium selenite (SS) from antioxidants on the levels of malondialdehyde (MDA) and superoxide dismutase
(SOD), catalase (CAT) and glutathione peroxidase (GPx) activities in human erythrocytes in vitro.
Erythrocytes was incubated under various treatment conditions (lead nitrate and/or sodium selenite) at 37°C
for 60 min and the levels of MDA, SOD, CAT and GPx activities, were determined. CAT activity was
measured according to the method of Aebi. GPx activity was measured according to the method of Paglia and
Valentin. SOD activity was measured according to the method of Marklund and Marklund. MDA level was
measured according to the method of Ohkawa. The experimental groups were analyzed by the software
program SPSS 11.0 for Windows. Treatment with LN alone increased the levels of MDA and decreased SOD,
CAT and GPx activities in erythrocytes (P < 0.05). SS-pretreated erythrocytes showed a significant protection
aganist the cytotoxic effects induced by LN on the studied parameters as significant statistically.
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1. INTRODUCTION

One of the most important pollutants for nature
is heavy metals and more than 40 metals and
alloys are used in the industry. Pollution brought
by the heavy metals into the water is reaching to
human health a threatening level [1]. Heavy
metals have a relatively high density compared
to other metals and they are toxic or poisonous
even at low concentrations [2] on the metabolic
functions of living organisms after certain levels
and even cause their deaths [3].

Some of the inorganic salts such as lead acetate,
lead nitrate (Pb(NO3),) are soluble in water.
There is plenty of lead as an element in nature
and transported to the seas and oceans from
natural resources in various ways [4]. After the
lead is taken in the body, it is transferred to the
blood circulation and distributed to the soft
tissues and the bone [5].

Selenium is an antioxidant trace element for
animal and human tissues. This element has two
inorganic forms as selenite and selenate [6].
Sodium selenite has anticarcinogenic and
antimutagenic effects. Recent studies have
shown the protective effect of selenium on
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oxidative damage caused by heavy metals [7].
Sodium selenite has higher tumor inhibition
properties more than the organic forms [8].
Selenium prevents malignant transformation of
normal cell [9]. The anticarcinogenic effect of
selenium probably depends on the inhibition of
MDA formation [10].

Erythrocytes are disc-shaped blood cells and
contain less water than other tissue cells [11].
Erythrocytes play a role in the transport of
substances such as hemoglobin, organic and
inorganic phosphate with ions such as O,, CO,,
Ca”, Mg*, Na*, K*, COs%, CI' [12]. The lead
disrupts sodium-potassium adenosine
triphosphatase (Na+/ K+ -ATPase) pump by
interacting with phospholipids in erythrocyte
membranes [13]. Thus reducing the level of
normal phospholipid in the membrane and
causing damage to the membrane. Eventually
erythrocytes are hemolyzed [14].

Lead is one of the major agent that cause
environmental pollution. In the past century,
lead has started to accumulate in environment
because of widespread use in industry. For this
reason humans and animals were exposed to the
lead [15]. It is known that lead is toxic to the
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nervous, cardiovascular, respiratory, digestive
and endocrine systems [16-18]. Lead is also
known to decrease the level of antioxidants,
increase free radicals and lipid peroxidation
[19]. As lead increases oxidative stress and lipid
peroxidation, the DNA damage is inevitable and
this is the main cause of lead-induced tissue
damage [20].

However, currently there is no obtainable
information considering the protective effects of
sodium selenite (SS) against several different
doses of lead nitrate (LN)-induced toxicity in
the human erythrocytes. To do this, we analyzed
the potency of SS against LN on the levels of
MDA and antioxidative stress parameters such
as SOD, CAT and GPx activities in blood tissue.

2. MATERIAL AND METHODS
2.1.Chemicals

At increasing doses of LN was used and this
substance was supplied from Merck. SS and all
other chemicals used in the experiments was
obtained from Sigma-Aldrich.

2.2.Preparation of Human Erythrocytes

For this study, 20 ml blood sample was taken
from heparinized tubes in healthy 6 males who
do not use any non-alcohol, and are not exposed
to any chemicals in their working environment.
Heparinized whole blood was centrifuged at
3000 rpm for 15 minutes. Plasma and leucocytes
are removed and the erythrocytes are washed
three times with physiological saline solution
(0.9% NaCl), then 50% (v/v) cell suspensions
with the same solution was prepared with PBS.

2.3. Application Plan for Erythrocytes

Erythrocytes were divided into two groups:
control group (n = 6) and treatment group (n =
18). The treatment group is divided into three
groups. These;

Group 1: LN treated group (n = 6),
Group 2: SS treated group (n = 6),
Group 3: LN + SS treated group (n = 6).
2.4.Biochemical Evaluation

The chemicals were added to the erythrocytes
and incubated for 1 hour at 37 °C. Erythrocytes
that are waiting at -20 °C until working hours
was diluted 4 times with cold deionized water to
obtain hemolysis. Hemolysate samples results
compared with the control group of superoxide
dismutase (SOD), catalase (CAT), glutathione
peroxidase (GPx) enzyme activities from
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antioxidant defense enzymes
malondialdehyde (MDA) level.

2.5. Assessment of Oxidative Stress
2.5.1. Measurement of Malondialdehyde (MDA)

MDA forms a pink-colored complex resulting in
an incubation at 90 °C with thiobarbituric acid
(TBA) under aerobic conditions. The
absorbance of this complex is read at 532 nm
wavelength in the spectrophotometer. Analysis
and analytical calculations was done according
to Ohkawa et al., (1979). Place each test tube on
the homogenate from TBA prepared in
trichloroacetic acid (TCA). After mixing with
the vortex, the tube is capped and left in the
water bath for a while. Tubes from the water
bath are centrifuged at 4000 rpm for 10 minutes
to obtain supernatant and the absorbance is read
in the spectrophotometer at 532 nm against the
blind tube. The amount of malondialdehyde
(MDA) will be given in nmol / mg Hb.

system and

2.5.2.Measurement of Superoxide Dismutase
(SOD)

The total SOD was determined by the Marklund
and Marklund [21] method and the absorbance
of pyrogallol was measured by autoxidation at
440 nm in alkaline medium. When this enzyme
activity was measured, the enzyme source was
added by placing the Tris-EDTA buffer in

plastic baths and the supernatant in varying
volumes. By adding pyrogallol to these
mixtures, autooxidation of pyrogallol was

initiated. The total SOD activity per mg of
protein in homogenate was then given as U/ mg
Hb.

2.5.3.Measurement of Catalase (CAT)

The activity of catalase enzyme was determined
by the method specified by Aebi [22]. Add
Triton X-100 (v/v) to remove the catalase from
the supernatant peroxisomes obtained before
reading absorbance in the spectrophotometer,
then dilute by adding phosphate buffer. We have
use the spectrophotometer (in the UV
wavelength), place the glass sphere on the last
diluted sample, add hydrogen peroxide and
initiate the enzymatic reaction. Measured at 240
nm. The enzyme activity is given in U/mgHb.

2.5.4. Measurement of Glutathione Peroxidase
(Gpx)

Glutathione peroxidase was assayed according
to the method specified by Paglia and Valentine
[23]. This method was based on the
measurement of the reduced absorbance of the
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glutathione reductase using oxidase glutathione
(GSSG) and NADPH as the substrate at 340 nm
due to the oxidation of nicotinamide adenine
nucleotide hydrogen phosphate (NADPH). As
the oxidant glutathione was formed by
glutathione peroxidase, the reduction of
NADPH is directly proportional to GPx activity.
Oxidation of NADPH to nicotinamide-adenine-
dinucleotide phosphate (NADP) leads to a
decrease in absorbance at 340 nm, thus
indirectly used in the detection of the activity of
GPx. To measure the specific activity of this
enzyme, Tris-HCI buffer, reduced glutathione,
diluted supernatant, NADPH, glutathione
reductase were added to the wells and incubated
at room temperature. Hydrogen peroxide was
added to this mixture to initiate the enzymatic
reaction and the absorbance decreases at 340
nm. The specific activity of the enzyme was
given in U/mgHb.

2.6. Statistical Analysis

Differences between the groups was compared
and statistically examined through the SPSS
program. The statistical data obtained from the
different dose groups was evaluated using the
One Way Variance Analysis (ANOVA) and
Tukey test in the Windows SPSS 11.0 computer
program. A value of P <0.05 was be considered
statistically significant.

3. RESULTS

3.1.Changes in Antioxidant Enzymes and
Mda Levels

When the SS, LN, and LN plus SS treated
groups were compared with the control group at
the end of one hour, there were significantly
increased in the MDA levels of the blood
tissues. The MDA levels were decreased
statistically significantly in the SS plus LN
treated group compared to LN treated group (P
< 0.05, Fig.1).
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Figl. Effects of treatment of LN on MDA content in
the erythrocytes of human. Data represents the
means + SD of six samples. Significance at P < 0.05.
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Fig2. Effects of treatment of LN on SOD content in
the erythrocytes of human. Data represents the
means * SD of six samples. Significance at P < 0.05.
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Fig3. Effects of treatment of LN on CAT content in
the erythrocytes of human. Data represents the
means + SD of six samples. Significance at P < 0.05.
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Fig4. Effects of treatment of LN on GPx content in
the erythrocytes of human. Data represents the
means + SD of six samples. Significance at P < 0.05.

Compared to the control group, there were
statistically significantly decreased in the SOD,
CAT and GPx activities in the LN treated
groups at the end of the one hour. However,
SOD, CAT and GPx activities were increased in
LN and SS treated groups compared with the
LN treated group in blood tissue (P < 0.05, Figs
2-4).

4. DISCUSSION

The heavy metals are noted to be as severe
pollutants in environment due to their toxicity
and stable structure [24, 25]. Nowadays heavy

metal emissions into the environment have
considerably increased because of the industrial
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activity [26, 27]. Thereby increasing the
contamination and accumulation of heavy
metals in the food chain [28].

Many studies have been carried out on the effect
of LN on living organisms. Kirkcu et al.(2001)
[29] have identified a 96-hour of LCs, value of
LN which is used in industrial activities as a
toxic contaminant in the aquatic ecosystem on
Lepistes (Poecilia reticulata) fish and also
found behavioral changes in individuals against
different concentrations of LN. Sitemoglu et al.
gave mercuric chloride (0.02 mg / kg day), lead
nitrate (45 mg / kg day) and lead nitrate +
mercury chloride (45 mg/kg day lead nitrate+
0.02 mg/kg day mercury chloride) to male rats
by gavage and 4 weeks after treatment,
histopathological changes in the small intestine
in rats were investigated by light microscope
and compared with the control group. Diseases
caused by heavy metals are increasing day by
day. In this study, we investigated that the effect
of increasing doses of LN, one of the heavy
metals, on human erythrocytes. The harmful
effect of increasing concentrations of LN was
also increased on antioxidative enzymes
activities and MDA level.

Selenium is a structural part of some enzymes
like glutathione peroxidases and thioredoxin
reductase [30, 31]. Selenium has detoxification
effects on heavy metals [32]. Selenium is
hopeful because of its antiradical activities so it
could be used for antioxidant source for diet
[33]. Yilmaz et al. [34] gave sodium selenite,
mercury chloride, vitamin E + mercury chloride
and sodium selenite + vitamin E + mercury
chloride, sodium selenite, vitamin E, vitamin E
+ sodium selenite, mercury chloride, sodium
selenite + mercury chloride to male rats by
gavage during 4 weeks, histopathological
changes in the thyroid tissue in rats were
investigated by light microscope and compared
with the control group. At the end of the study,
they demonstrated that LN causes tissue damage
in treatment groups and the SS can change this
toxicity in rats. In another study, Adigiizel et
al.[35] investigated the effect of LN on the small
intestinal tissue of diabetic and non-diabetic rats
and the protective role of SS, which is known to
have antioxidant properties. They showed that
SS has not preventive effect on LN-induced
toxicity in diabetic rats. In our study, it was
found that SS was protective against low
concentrations of LN but it did not show the
same effect in the high doses of LN in
erythrocytes of human.
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Erythrocytes are one of the most important
components that constitute between 40% and
45% of total blood volume. The erythrocyte
membrane structure consists of three important
components in order of, the phospholipid
bilayer, transmembrane proteins and an
underlying triangular spectrin protein network
or cytoskeleton that is attached to the
cytoplasmic side of the bilayer through short
actin filaments or junction complexes [36]. In a
study performed by Lovelock, hemolysis in
human erythrocytes was associated with
electrolyte concentration within the cell [37].
The use of erythrocytes in toxic studies is both
easy and fast in terms of laboratory facilities.
Erythrocyte membranes are highly sensitive to
toxic substances and are very important in
determining MDA levels. Antioxidative enzyme
activities are active in erythrocytes and gives
rapid reaction to toxic materials. For this reason
erythrocytes from human blood cells were used
in this study for determining MDA level and
antioxidative enzyme activities.

Some enzymes of the cell are protective against
cell damaging substances such as catalase
(CAT), superoxide dismutase (SOD) and
glutation peroxidase (GPx) [38]. Reactive
oxygen species (ROS) leading to oxidative
stress in erythrocytes in vitro through the
generation of free radicals and being this
damage in the defense system can lead to cell
death [39].

The protective effects of SS on the human
erthyrocytes antioxidative have not previously
been described. Our findings indicate that LN
(50, 100, 200 and 500 pg/mL) administration
effect on erythrocytes depends on the
concentrations. Different antioxidative enzymes
activities and level of MDA were seen in the
cell due to the sensitivity of the cells to LN after
increasing exposure concentrations. 1.10° uM
of SS has shown more impact on the cells at 50
and 100 pg/mL of LN when compared with 200
and 500 pg/mL of LN results according to
studied parameters. However, further
investigation is necessary to clarify the
protective effect of SS suplementation on
erythrocytes from cytological to molecular
level.
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