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Abstract
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The studies were undertaken to investigate the activity response of the antioxidant enzyme
superoxide dismutase (SOD) and detoxifying enzyme glutathione-S-transferase (GST) of rats
exposed to lead. Enzyme activities were determined in the liver, kidneys and heart of male and
female rats that received 100 mg and 1000 mg of lead acetate per litre, respectively, in their
drinking water for 18 weeks. Statistical analyses indicated differences related to the organs and to
the sex of animals. Administration of lead evoked an increase of the SOD activity in the liver and
kidneys both in male and female rats but only in the heart of female rats. GST activity decreased
in the liver and heart of male rats, while this activity increased in the liver and heart of female
rats. In kidneys, the lower lead dose resulted in a decrease of the GST activity in both groups
but the higher dose evoked an increase of activity only in male rats. Thiobarbituric acid reactive
substances (TBARS), an indicator of oxidative stress, significantly increased in rats that were
given the high lead dose, in the kidneys of male rats and in the heart of female rats. Most probably,
the observed changes could be a compensatory response to different lead accumulation in the
male and female organs and also the possible distinct mechanisms in ROS elimination.
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Lead is a non-essential toxic heavy metal widely distributed in the environment and a
chronic exposure to low levels of lead induces a broad range of physiological, biochemical
and behavioural dysfunctions (Koller 1990; Feldman and White 1992; Yokoyama et al.
1997). Its toxicity is not well understood and various mechanisms have been suggested to
explain it. These suggestions include disturbances in the mineral metabolism, demyelization
of nerve tissues and inactivation of several enzymes (Vallee and Ulmer 1972; Ercal et
al. 2001). Moreover, recent studies have proposed that one possible mechanism of lead
toxicity is the disturbance of prooxidant and antioxidant balance by generation of reactive
oxygen species (ROS) (Gurer and Ercal 2000; Wang et al. 2001). This can evoke the
oxidative damage of critical biomolecules such as lipids, proteins and DNA. It has been also
reported that lead exposure has a dose response relationship with changes in antioxidant
enzyme levels and their activities (Adonaylo and Oteiza 1999). These enzymes include
superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GPx), expressions
of which were found to be changed in animals and in workers exposed to lead (McGowan
and Donaldson 1986; Bechara et al. 1993; Sugawara et al. 1991).

SOD has particular value as an antioxidant that can help to protect against cell destruction.
The substrate of superoxide dismutases (SODs) is the superoxide radical anion (O, which
is generated by the transfer of one electron to molecular oxygen. It is responsible both for
the direct damage of biological macromolecules and for generating other reactive oxygen
species. SODs keep the concentration of superoxide radicals at low levels and therefore
play an important role in the defence against oxidative stress (Fridovich 1997).
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Glutathione-S-transferases (GSTs) are also known to provide protection against oxidative
stress. Some papers describe the changes in GSTs activity after the lead exposure (Planas-
Bohne and Elizalde 1992; Daggett et al. 1997). The GSTs are a family of cytosolic
enzymes involved in the detoxification of a range of xenobiotic compounds by conjugation
to glutathione which is essential in the maintenance of normal physiological processes
(Hayes and Pulford 1995). Based on the above considerations this study was carried out
to evaluate the changes in SOD and GST enzymatic activities in the liver, kidney and heart
of rats exposed in the long term to lead compounds.

Materials and Methods
All reagents (the highest purity) were from Sigma, Merck and Boehringer.

Animals

Sixty-four clinically healthy male and female Wistar rats SPF, 24 weeks old, purchased from LF UPJS
Kosice were allowed to acclimate at the animal facility for a week before use. Only the animals found to be in a
clinically acceptable condition were assigned to the study. They were housed by four in plexit cages for 18 weeks
(temperature 22—-24 °C, humidity 60-70%, 12 h day and night cycle). Males weighing 412 + 47 g and females
weighing 290 £ 19 g at the beginning of the experiment were housed separately. Pb 100 experimental groups (12
males and 12 females) were receiving 100 mg of lead acetate per litre and Pb 1000 experimental groups (12 males
and 12 females) were receiving 1000 mg of lead acetate per litre of drinking water for 18 weeks, respectively. The
control groups (8 males and 8 females) were receiving only drinking water. All rats received the same standard
diet ad libitum. On the last day of experiment, the animals were sacrificed by decapitation. The experiments were
authorized by SVPS SR no. 7879/04-220/3.

Preparation of tissue extracts

Pieces of organs (liver, kidney, heart) were washed two times with cooled saline, cut into pieces and
homogenized in 5 mmol-dm= Tris-HCI buffer pH 7.8 containing 0.15 mol-dm= KCI, 1 mmol-dm* Na EDTA and
2 mmol-dm= GSH using Ultra-Turrax homogenizer. Homogenates (25% w/v) were centrifuged at 105 000 x g for
60 min and supernatants were stored at -50 °C until used for enzyme assays.

Total superoxide dismutase activity (SOD, EC 1.15.1.1) was determined by measuring the inhibition of the
cytochrome C reduction using xantine/xantine oxidase O, generating system at 550 nm (Flohé and Otting
1984). One unit of SOD activity was defined as that amount of enzyme causing 50% inhibition of cytochrome C
reduction under the assay conditions.

Glutathione-S-transferases activity (GSTs, EC 2.5.1.18) was measured by the procedure of Habig and Jacoby
(1981) at 30 °C using the substrate CDNB at a final concentration of 1 mmol-dm™.

Protein concentration was measured by the method of Bradford (1976), using bovine serum albumin as
a standard.

Specific enzyme activity was expressed in U-mg* of protein.

Tissue content of thiobarbituric acid reactive substances (TBARS) was determined as described by Gutteridge
(1984). TBARS content was expressed as absorbance at 535 nm per mg of protein.

Lead contents were determined by the atomic absorption spectroscopy method using Perkin Elmer A Analyst
100 (Krupicer 1995).

Statistics
The results are given as means + SD. Data were analyzed using Student’s s-test with the significance level of p
<0.05, p <0.01 and p < 0.001, respectively.

Results

The contents of lead were determined in the liver, kidney and heart of rats after 18
weeks administration of 100 mg/l or 1000 mg/l of lead acetate, respectively. In the controls
of female rats the contents of lead (mg/kg) were 0.050 + 0.009 in the kidney, 0.025 +
0.004 in the liver and 0.017 + 0.001 in the heart, respectively. In the controls of male rats
the lead contents (mg/kg) were 0.06 = 0.02 in the kidney, 0.033 £ 0.006 in the liver and
0.020 £ 0.004 in the heart, respectively. The lead contents in the organs of control and
experimental animals are presented as a percent of control in Table 1. The high increase
of lead content was observed in the kidneys of male (70-fold) and female (230-fold) rats
in Pb 1000 groups. Activities of the antioxidant enzyme SOD and detoxifying enzyme
GST were determined in the rats’ parenchymal organs liver and kidneys, and in the muscle
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Table 1. Lead content in the organs

Lead content as percent of control (%)
Organs Male Female
Pb 100 Pb 1000 Pb 100 Pb 1000
Liver 250 + 10 3190 + 13 359 + 19 9280 + 20
Kidneys 492 + 15 7000 + 22 410422 23000 + 29
Heart 205+ 14 379+ 26 246 £ 12 77511
The data are means + SD
LIVER organ heart in the control group and in
OControl  the experimental groups Pb 100 and Pb
= . Eg’g}ggo 1000, respectively. Statistical analyses
€ 60+ indicated a significant effect of sex
2 50 in the enzyme activities of organs. A
§ Bl significant increase of the SOD activity
w5 40+ was observed in the liver, group Pb 1000
2 30 of male rats, while in female rats the
£ increase was seen in the Pb100 group.
& 201 As for kidneys, the highest increase of
5‘§ 104 the SOD activity occurred both in Pb
& 1000 male and female groups. While
0 no changes were observed in the SOD
Males Females activity in the male heart, SOD activity
KIDNEY increased both in Pb 100 and Pb 1000
O Control  groups in the female heart (Fig. 1).
~ - Dr1o,  Lead is known to diminish reduced
FE’ glutathione, the substrate for GST.
5 %7 In the male organs liver and heart the
o 307 *kk GST activity significantly decreased in
3 25 Pb 1000 groups. In contrast, in female
‘g 20 4 * groups the GST activity increased
£ 5] in liver Pb 100 group and both in Pb
Q 104 100 and Pb 1000 groups in the heart.
£ Interesting findings were determined
] 51 in the kidneys. While the lower lead
@ 0 dose resulted in a decrease of the GST
Males Females activity in Pb 100 male and female
30- groups, the high lead dose (Pb 1000
_ HEART ggg’fg%' group) evoked an increase of the GST
2 55 * mprb 000 activity only in male rats (Fig. 2).
iy - TBARS values, an indicator of
a 204 ‘]’ oxidative stress, significantly increased
? only in groups of the high lead dose in
5 451 the male kidneys and female heart (Fig.
S 3). Itis possible that higher antioxidant
S 10
£ Fig. 1. Specific activity of SOD in the liver,
S 51 kidney and heart of the rats given lead acetate.
& Values are given as means = SD (n = 6). Asterisks
0 represent significant differences between the
control group and groups given lead acetate
Males Females

(*P <0.05, **P < 0.01, ***P < 0.001).
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and detoxifying enzyme activities were able to prevent the increased production of TBARS

in the organs.

Discussion
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Fig. 2. Specific activity of GST in the liver, kidney and heart
of the rats given lead acetate. Values are given as means
+ SD (n = 6). Asterisks represent significant differences
between the control group and groups given lead acetate
(*P <0.05, **P < 0.01, ***P < 0.001).

Recent studies have reported lead
as a potential agent for inducing
oxidative stress by the production of
ROS (Adonaylo and Oteiza 1999;
Gurer and Ercal 2000; Wang et al.
2001). The concentration of ROS in
the organism is controlled by several
defence mechanisms, which involve also
antioxidant and detoxifying enzymes.
High activity of the antioxidant enzyme
SOD is noticed in cells, especially in
places where processes that need oxygen
may be found - in the liver, kidneys and
heart (Fridovich 1995).

Our previous experiments with
rats given xenobiotics showed that
the changes in antioxidant enzymes
activities were influenced by the sex
of animals (Holovska et al. 2005). So
in the present work we followed the
activities of the antioxidant enzyme
SOD and detoxifying enzyme GST
separately in the livers, kidneys and
hearts of female and male rats exposed
in the long term to lead. SOD activity
was higher in the liver of female than
that of male rats. Administration of lead
evoked the increase of SOD activity.
Lead is known to produce oxidative
damage in the liver tissue by enhancing
peroxidation of membrane lipids, a
deleterious process solely carried out
by free radicals (Kang et al. 2004). We
did not find increased TBARS values,
an indicator of oxidative damage in
the liver of rats, so the lead did not
evoke oxidative stress in this organ.
More sensitive was the response of
the kidney to lead exposure, especially
in the male group. The higher dose of
lead (1000 mg/l) evoked a significant
increase in the SOD activity and also
lipid peroxidation was confirmed by
increased TBARS values. Exposure
to lead is toxic to the haematopoietic
and nervous systems, to bone, and to
kidney (Nolan and Shaikh 1992).
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Furthermore, lead can induce pathological changes in the structure and function of this
organ (Khalil-Manesh et al. 1992). The results of research on the lead influence on the
SOD activity are divergent. In studies on animals with high exposure to this element, a
decreased SOD activity in erythrocytes was often noted (Ito et al.1985; Mylroie et al.

1986). Adonaylo and Oteiza (1999)
did not notice any changes in the SOD
activity in the brain, whereas Sandhir
et al. (1994) indicated a decrease in
the activity of this enzyme. Decreased
SOD activity observed by different
authors (Sandhir and Gill 1995;
Pillai and Gupta 2005; Moreira et
al. 2001) may be caused by interaction
between lead and copper, a metal
necessary for the proper functioning of
the SOD cytosol enzyme. Our results
are compatible with the research of
many authors who found increased
SOD activity after lead exposure (Ye
et al. 1999; Mousa et al. 2002; Vaziri
et al. 2003; Kasperczyk et al. 2004;
Farmand et al. 2005). Increased SOD
activity in the female rat liver and in
both female and male rat kidney in
our experiment is probably a response
to increased production of superoxide
anion radicals caused by lead.

Most experimental studies have
indicatedthataftertheexposureofanimals
to lead there is an increased amount
of oxidized glutathione with a parallel
drop of reduced glutathione in different
organs (Gurer et al.1999; Sivaprasad
et al. 2003). Reduced glutathione is
necessary for proper functioning of GST.
In our experiment the activity of this
enzyme significantly decreased in the
kidney of both male and female rats in
lower lead dose administration. On the
other hand, the GST activity surprisingly
increased in the liver and kidneys of male
rats given the high dose of lead. Some
studies have also demonstrated that
a single injection of lead nitrate
significantly increased renal GSTs, and
acute administration of triethyl lead
chloride induced GSTs in rat kidney
but decreased hepatic GST levels
(Planas-Bohne and Elizalde 1992;
Dagget etal. 1997). In addition, chronic
administration of inorganic lead during
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Fig. 3. TBARS content in the liver, kidney and heart of the
rats given lead acetate. Values are given as means + SD (n
= 6). Asterisks represent significant differences between
the control group and groups given lead acetate (*P < 0.05,
**pP <0.01, ***P < 0.001).
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development or acute exposure produced cell-type specific increases in particular isoforms
GST in the rat kidney (Oberley et al. 1995). Whether these changes in GSTs are a result of
lead-generated injury or serve as a protective adaptation remains unclear.

The influence of lead administration on the antioxidant enzyme activities in the
muscle tissue of heart was different than that in the parenchymal tissues of kidney
and liver. Presented results also showed differences in the enzymatic answer to the
lead intake between male and female groups. While the enzyme activities did not
increase in the male group, in the female group even the lower dose of lead (100 mg/I)
evoked increased SOD and GST activities. The higher TBARS content, an evidence of
heart lipid peroxidation was seen only at higher lead dose administration. It has been
reported that lead exposure has a dose response relationship with antioxidant enzyme
changes (Adonaylo and Oteiza 1999). Some authors found that the heart is more
susceptible to oxidative stress than other organs (Di Meo et al. 1996; Odom et al.
1992; Bordoni et al. 2003). Our previous experiments with selenium supplementation
also showed a higher increase in the activities of antioxidant enzymes in heart than
in other organs (Sobekova et al. 2006). Bermano et al. (1996) found different and
tissue-specific regulation of mRNA and subsequent protein synthesis between organs.
Results of long-term lead exposure in our experiments showed that there are differences
in the antioxidant enzyme answers not only between organs but also between male
and female rats. If gender differences are seen in toxic responses to xenobiotics,
differences in biotransformation are the probable cause. Because male rats metabolize
most foreign compounds faster than females, one would expect the biological half-life
of most xenobiotics to be longer in the female than the male rat (Rispin et al. 2001).
The differences in the antioxidant enzyme answers after lead exposure could be most
probably a compensatory response to different lead accumulation in male and female
organs and also possible distinct mechanisms in ROS elimination.

Vplyv olova na aktivity antioxida¢nych a detoxika¢nych enzymov u krys

Boli sledované zmeny aktivit antioxida¢nych enzymov superoxiddismutazy (SOD)
a detoxikacného enzymu glutation-S-transferazy (GST) u krys po podavani olova. En-
zymové aktivity boli stanovené v peceni, obli¢kach a v srdci samcov a samic krys, ktoré
dostavali 18 tyzdnov kazdy den v pitnej vode 100 mg, resp. 1000 mg octanu olovnatého
na liter. Analyzy ukazali Statistické rozdiely medzi orgdnmi aj pohlaviami. Podavanie
olova vyvolalo zvySenie SOD aktivity v peceni aj v oblickach u oboch pohlavi ale v srd-
ci bola SOD aktivita zvySena len u samic. Aktivita GST sa znizila v pe€eni a v srdci
samcov ale naopak sa zvysila v peceni a v srdci samic. V obli¢kach bolo pozorované
znizenie GST aktivity u samcov aj samic po podani nizSich davok olova. Vyssie davky
olova vyvolali zvySenie GST aktivity len u samcov. Hodnoty TBARS (tiobarbituric acid
reactive substances), indikatora oxida¢ného stresu sa signifikantne zvysili v oblickach
samcov a v srdci samic, ktoré dostavali vy3Sie davky olova. Pozorované zmeny
a rozdiely v aktivite enzymov u samcov a samic mozu byt désledkom rozdielnej aku-
mulécie olova v sam¢ich a samicich organoch ako aj mozného rozdielu mechanizmu
eliminacie ROS u pohlavi.
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