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Abstract Toxic heavy metals in water, air and soil are global problems that are a growing threat to

humanity. Heavy metals are widely distributed in the environment and some of them occur in food,

water, air and tissues even in the absence of occupational exposure. The antioxidant and protective

influences of vitamin E on a mixture of some heavy metals (Pb, Hg, Cd and Cu)-induced oxidative

stress and renal and testicular injuries were evaluated in male mice. Exposure of mice to these heavy

metals in drinking water for seven weeks resulted in statistical increases of plasma creatinine, urea

and uric acid concentrations. The levels of glutathione (GSH) and superoxide dismutases (SOD) in

kidney and testis tissues were significantly declined. Moreover, the histopathological evaluation of

kidney and testis showed severe changes in mice treated with these heavy metals. Administration of

vitamin E protected the kidney and testis of mice exposed to heavy metals as evidenced by appear-

ance of normal histological structures, insignificant changes in the values of plasma creatinine, urea

and uric acid, and the levels of kidney GSH and SOD, while the levels of testis GSH and SOD were

notably decreased. These data suggest that the administration of vitamin E protects against heavy

metals-induced renal and testicular oxidative stress and injuries.
ª 2010 King Saud University. All rights reserved.
1. Introduction

Environmental pollution is the contamination of the ecosystem

that causes instability, disorder, harm or discomfort to the
om

ity. All rights reserved. Peer-

d University.

lsevier
physical systems or living organisms. Environmental factors
have important links with infectious as well as non-infectious
diseases of both acute and chronic nature. Global burden of

disease attributable to selected sources of environment like
water sanitation and hygiene, urban outdoor and indoor pol-
lution, occupational carcinogens, noise and airborne particu-

lates has been assessed to be 8–9%, measured either in terms
of mortality or disability adjusted life years (DALYs). DALYs
incorporates number of years lived with a disability due to dis-
ease or injury, weighted according to its severity (Ezzati et al.,

2002). The increase in pollution is a major and global problem.
This is due to the use of toxic chemicals or xenobiotic sub-
stances or by certain synthetic compounds such as heavy

metallic compounds (Foulkes, 1990; Jagadeesan and Pillai,

mailto:atef_a_2000@yahoo.com
http://dx.doi.org/10.1016/j.sjbs.2010.10.004
http://dx.doi.org/10.1016/j.sjbs.2010.10.004
http://dx.doi.org/10.1016/j.sjbs.2010.10.004
http://www.sciencedirect.com/science/journal/1319562X


64 A.M. Al-Attar
2007). Of these heavy metallic compounds few reveal potential

effects. They reach the environment after their liberation
through industries (Migliore et al., 1999). Metallic compounds
on land and water pose potential health hazard not only to
livestock and wild life but also to fishes, birds, mammals and

even to human beings. Heavy metallic compounds have
emerged as a major class of industrial waste product (Budava-
ri, 1996). They can be produced synthetically in laboratories

from their derivatives. Heavy metals belong to the micropollu-
tants. They are one of the main pollutants of the environment
related to the biological activity most of them (Alekin, 1970).

The physiological influence of metals on the organisms of hu-
man and animals is conditioned by the nature of metal, by the
type of compounds and by the amount of them (Danielyan,

2010). Heavy metals are persistent environmental contami-
nants since they cannot be degraded or destroyed. Heavy met-
als are chemical elements capable of spreading in the
environmental compartments and circulating between them.

Indeed, heavy metals emitted to the atmosphere with the com-
position of fine particles or in the gaseous form are transported
by atmospheric fluxes to considerable distances and enter eco-

systems of remote regions. Many heavy metals are urgently
necessary for functioning of the body of humans and other liv-
ing organisms in small amounts and belong to the range of

nutrients. Others, when passed on to the living organisms
cause poisoning or death (Danielyan, 2010). According to
the toxicity for humans and animals, the metals are divided
into groups, in which, today, besides the heavy metals are in-

cluded also other metals, which have a toxic influence on living
organisms. Of the heavy metals in this list are included cad-
mium (Cd), copper (Cu), arsenic (As), nickel (Ni), mercury

(Hg), lead (Pb), zinc (Zn), chromium (Cr) and from other toxic
metals aluminum (Al) and etc. (Sullivan et al., 2002). The
sources of pollution with heavy metals in the environment

can be natural and anthropogenic. The natural sources include
mother rocks and minerals of the metals. The main anthropo-
genic sources are agriculture, black and colored metallurgy,

transport, and mining and related operations (Malaev et al.,
2004; Vaněk et al., 2005; Vanderlinden et al., 2006; Conesa
et al., 2007). Continuous environmental and occupational hea-
vy metals exposure can lead to chronic nephropathy. However,

many experimental studies showed that several heavy metals
caused renal failure associated with severe histopatholgical
and physiological alterations (Abdel-Moneim and Said, 2007;

Kutlubay and Oğuz, 2007; Massanyi et al., 2007; Obianime
and Roberts, 2009; Suradkar et al., 2009; Soudani et al.,
2010). Due to the rapid industrialization and overgrowing

urbanization, the toxic effects of heavy metals on male repro-
duction system have become a major health concern in the
globe (Waldron, 1980; Waldron and Ediing, 1997). The evi-

dence of the past twenty years have shown a disturbing trend
in male reproductive health hazards due to careless use of these
chemicals which causes detrimental effects on different organs.
Therefore, broad-spectrum irreversible toxic actions at cellular

and molecular level were observed mainly on the reproductive
system of humans and experimental animals (Roy Chowdhury,
1992; Batra et al., 2001; Roy Chowdhury, 2004; Massanyi

et al., 2007; Burukoğlu and Bayçu, 2008; Yasmina and Abden-
nour, 2008; Almansour, 2009; Obianime and Roberts, 2009).

Vitamin E is an important component in human diet and

considered the most effective liposolouble antioxidant found
in the biological system. It is composed of various subfamilies
of which tocopherols and tocotrienols are the most studied.

The structural difference between the two subfamilies is that
tocotrienols possess three double bonds in their isoprenoid side
chain and this structural difference results in differences in
their efficacy and potency as antioxidants (Musalmah et al.,

2002). Vitamin E is known to have been proven beneficial in
some disease processes. It protects the body’s biological
systems (Packer, 1991) by preventing lipid peroxidation

(Evstigneeva et al., 1998). Tocotrienols are effective in prevent-
ing breast cancer growth (Rahmat et al., 1993) and reducing
blood cholesterol levels (Qureshi et al., 1995). Vitamin E also

affects bone by increasing bone trabecular formation (Xu
et al., 1995), preventing bone calcium loss due to an oxidizing
agent, ferric nitrilotriacetate (Yee and Ima-Nirwana, 1998) and

preventing bone calcium loss in ovariectomised rats (Norazlina
et al., 2000). Because of the health problems induced by many
environmental pollutants, much effort has been expended in
evaluating the relative antioxidant potency of vitamin E (Bey-

tut et al., 2003; Pillai and Gupta, 2005; Jalili et al., 2007; El-
Gharieb et al., 2010). Till today, there is no information
regarding the effect of vitamin E on the renal and testicular

toxicities induced by a mixture of heavy metals (Pb, Hg, Cd
and Cu) exposure in mice or other mammals. Furthermore,
precise action of vitamin E is not fully elucidated and the inter-

action between vitamin E and renal and testicular cells still re-
quires further study. Therefore, the present study is designed
to investigate the possibility that the administration of vitamin
E would have a beneficial effect on these heavy metals-induced

renal and testicular injuries.

2. Materials and methods

2.1. Animals

Sexually mature MFI male albino mice weighing 37.6–39.3 g
were utilized in the present study. Mice were purchased from

the Experimental Animal Unit of King Fahd Medical Re-
search Center, King Abdul Aziz University, Jeddah, Saudi
Arabia. The experimental animals were acclimatized to the

laboratory conditions for one week before the start of experi-
ments and caged in a quite temperature controlled room
(24 ± 1 �C). Mice had free access to water and standard diet.

The experiments were conducted in accordance with ethical
guidelines of the Animal Care and Use Committee of King Ab-
dul Aziz University.

2.2. Experimentation

The experimental mice were divided into four groups (n = 10).

Mice of the first group served as controls and received normal
drinking water without any heavy metals. Mice of the second
group received a mixture of heavy metals (Pb, Hg, Cd and

Cu) for 7 weeks in their drinking water as follows: 30 ppm
Pb, 10 ppm Hg, 30 ppm Cd and 30 ppm Cu. Animals of the
third group were exposed to the same drinking solution given
to the second group and intraperitoneally injected with vitamin

E at a dose of 50 IU/kg body weight, BW, five times weekly for
7 weeks. Mice of the fourth group were received normal drink-
ing water and treated with vitamin E at the same doses given to

the third group. After 7 weeks, blood samples were taken from
orbital venous plexus under total anesthesia with diethyl ether.
These blood samples were collected in the lithium heparin
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coated tubes. Plasma specimens were obtained and used for

determination of creatinine, urea and uric acid using an auto-
matic analyzer (Reflotron� Plus System, Roche, Germany).
Kidney and testis homogenates were obtained using a tissue
homogenizer. The homogenates (1:10 w/v) were prepared

using a 100 mM KCl buffer (7:00 pH) containing EDTA
0.3 mM. All homogenates were centrifuged at 1500 rpm for
30 min at 4 �C and the supernatants were used for the

biochemical assays of glutathione (GSH) and superoxide dis-
mutases (SOD) levels using GSH and SOD assay kits (Sig-
ma–Aldrich Com.) according to the manufacturer’s

instruction with some modifications. Also, kidneys and testes
were quickly removed, immersed in 10% formalin, dehydrated
and embedded in paraffin, sectioned at 4 lm, stained with

hematoxylin and eosin (H&E) and evaluated by light micros-
copy. Images representative of typical histological profile in
control and all treated groups were captured with the aid of
Motic imaging software.

2.3. Statistical analysis

The calculations and statistical analysis were carried out using
the Statistical Package for Social Sciences (SPSS) for Windows
version 12.0 software. All data were represented as

mean ± standard deviation (SD). Data were subjected to
one-way analysis of variance (ANOVA) followed by Student’s
t-test. Statistical probability of P < 0.05 was considered to be
significant.

3. Results

Data presented in Table 1 represent the levels of plasma cre-
atinine, urea and uric acid concentrations and the kidney and
testis values of GSH and SOD of the different experimental

groups. There was significant alteration in renal function in
mice exposed to heavy metals (group 2) in comparison to
control and other treated groups as indicated by significant

increases of creatinine (+151.4%), urea (+82.4%) and uric
acid (+64.4%) concentrations. Also, the levels of GSH in
kidney (�27.8%) and testis (�24.0%) were statistically de-

creased. In addition, significant decreases in the level of
SOD in kidney (�40.0%) and testis (�27.0%) were noted.
Table 1 Levels of plasma creatinine, urea and uric acid, kidney G

controls, heavy metals, heavy metals plus vitamin E and vitamin

parentheses.

Treatments

Parameters Control Heavy metals

Plasma creatinine (mg/dL) 0.37 ± 0.03 0.93 ± 0.05*,**,*** (+1

Plasma urea (mg/dL) 13.95 ± 1.38 25.45 ± 3.09*,**,*** (+

Plasma uric acid (mg/dL) 1.88 ± 0.13 3.09 ± 0.31*,**,*** (+6

Kidney GSH (lmol/g tissue) 3.42 ± 0.50 2.47 ± 0.48*,**,*** (�27
Kidney SOD (U/mg tissue) 4.58 ± 0.38 2.75 ± 0.66*,**,*** (�40
Testis GSH (lmol/g tissue) 9.73 ± 0.94 7.40 ± 1.01*,*** (�24.0
Testis SOD (U/mg tissue) 142.33± 11.33 103.97 ± 5.79*,**,*** (�
* P < 0.05: Student’s t-test (significance levels shown for difference betw
** P< 0.05: Student’s t-test (significance levels shown for difference betw
*** P < 0.05: Student’s t-test (significance levels shown for difference bet
**** P < 0.05: Student’s t-test (significance levels shown for difference be
Insignificant changes in the levels of plasma creatinine, urea

and uric acid, and kidney GSH and SOD were observed in
mice treated with heavy metals plus vitamin E (group3), while
the values of testis GSH (�14.9%) and SOD (�11.4%) were
notably declined compared to controls and vitamin E treated

mice (group 4). The levels of all studied parameters were not
significantly altered in mice treated with only vitamin E
(group 4) compared to control mice (group 1). Histopatholo-

gical examination of the kidney and testis specimens showed
severe alterations in mice exposed to heavy metals (group 2).
Renal tubular dilatations with congestion of blood vessels

with hemorrhage and degeneration of renal corpuscles were
noted (Fig. 1B–F) compared to the normal structure of con-
trol group (Fig. 1A). Also, most of the seminiferous tubules

of testes in this group showed complete absence of spermato-
gonia, primary spermatocytes, secondary spermatocytes, sper-
matids and spermatozoa and loss of spermatogenesis process
(Fig. 2B–D) in comparison with normal structure of seminif-

erous tubules in control mice (Fig. 2A). Administration of
vitamin E protected the kidney and testis of mice exposed
to heavy metals as evidenced by appearance of normal struc-

tures of kidney, specially renal corpuscles, (Fig. 1G) and sem-
iniferous tubule of testis (Fig. 2E). Additionally, the
histopathological evaluation of only vitamin E treated mice

(group 4) showed normal renal corpuscle (Fig. 1H) and sem-
iniferous tubule (Fig. 2F) structures.

4. Discussion

It is well known that heavy metals are widely distributed in
environment and some of them can cause physiological, bio-

chemical and histological disorders. Humans are exposed to
these metals from numerous sources, including contaminated
air, water, soil and food. Therefore, the evaluation of toxic

potentials of metals is important for the risk assessment of hu-
man beings ordinarily exposed to these substances. The phys-
iological influence of metals on organisms, humans and

animals is conditioned by the nature of metal, by the type of
compounds and by their amount. Moreover, different scientific
studies indicated that the degree of toxic manifestation of dif-

ferent metals depends on dose, duration, route of administra-
tion and other physiological factors, especially nutrition (Roy
SH, kidney SOD, testis GSH and testis SOD (mean ± SD) in

E treated mice (n= 6). Percentage changes are included in

Heavy metals + vitamin E Vitamin E

51.4%) 0.46 ± 0.05 (+24.3%) 0.37 ± 0.02 (0.0%)

82.4%) 14.88 ± 2.46 (6.7%) 14.70 ± 1.43 (+5.4%)

4.4%) 1.83 ± 0.23 (�2.7%) 1.74 ± 0.27 (�7.5%)

.8%) 3.30 ± 0.42 (�3.5%) 3.27±± 0.24 (�4.4%)

.0%) 4.41 ± 0.51 (�3.7%) 4.80 ± 0.50 (+4.8%)

%) 8.28 ± 0.861*,**** (�14.9%) 9.88 ± 1.39 (+1.5%)

27.0%) 126.17 ± 10.44*,**** (�11.4%) 147.15 ± 8.82 (+3.4%)

een control and treated groups).

een mice exposed to heavy metals and heavy metals plus vitamin E).

ween mice exposed to heavy metals and vitamin E).

tween mice exposed to heavy metals plus vitamin E and vitamin E).



Figure 1 (A–H) Histological changes of kidney in each group. (A) Normal structure of renal corpuscle in control mice (1000·). (B) Renal

cortex and medulla structure of heavy metals related mice (100·). (C–E) Renal cortex structures of heavy metals treated mice (400·). (F)
Renal corpuscle structure of heavy metals treated mice (1000·). (G) Renal corpuscle structure of heavy metals plus vitamin E treated mice

(1000·). (H) Renal corpuscle structure of vitamin E treated mice (1000·).
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Chowdhury, 2009). The present work demonstrates that mice
chronically intoxicated with a mixture of some heavy metals
display a pronounced impairment in kidney function which
is confirmed by the enhancement of plasma creatinine, urea
and uric acid levels, and histopathological alterations. The re-
sults of the present work showed that the cortex is more af-



Figure 2 (A–F) Histological changes of testis in each group. (A) Normal structure of seminiferous tubule in control mice (400·). (B–D)

Seminiferous tubules structure of heavy metals treated mice (400·). (E) Seminiferous tubule structure of heavy metals plus vitamin E

treated mice (400·). (F) Seminiferous tubule structure of vitamin E treated mice (400·).
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fected than the medulla due to long-term treatment with heavy
metals. This could be partly due to uneven distribution of hea-

vy metals in the tissue of the kidney where about 90% of the
total renal blood flow enters the cortex via the bloodstream.
Accordingly, a relatively high concentration of these metals
might reach the cortex via the bloodstream than that would en-

ter the medulla. Several studies demonstrated a significant
enhancement of blood creatinine, urea and uric acid concen-
trations, and renal histological alterations in experimental ani-

mals intoxicated with Pb, Hg, Cd, Cu and other heavy metals
(Johnson and Kleinman, 1979; Moshtaghie et al., 1991; Brzós-
ka et al., 2003; Odigie et al., 2004; Chen et al., 2006; Goran

et al., 2008; Al-Madani et al., 2009; Saxena et al., 2009; Mis-
soun et al., 2010).

The present study indicated that the exposure to heavy met-
als produced testicular damage, which led to spermatogenic ar-

rest. Similar observations were noted in experimental animals
exposed to heavy metals (Massanyi et al., 2007; Burukoğlu
and Bayçu, 2008; Yasmina and Abdennour, 2008; Almansour,

2009; Obianime and Roberts, 2009). The potential toxicity of
heavy metals caused alteration in sperm morphology, count,
motility as well as biochemical disruptions of enzymes and
hormones (Roy Chowdhury, 2009). Toxicity is manifest in

male reproductive system by deposition of Pb in testes, epidid-
ymis, vas deferens, seminal vesicle and seminal ejaculate. Pb
has an adverse effect on sperm count and retarded the activity

of alive sperm. Moreover, motility as well as prolonged latency
of sperm melting both in exposed person and experimental ani-
mals were observed after Pb exposure (Lancranjan et al., 1975;

Roy Chowdhury et al., 1986). Study with male CF-1 mice indi-
cated the significant decrease in epididymal sperm count at a
low dose of Pb exposure (via drinking water). Moreover, the
decreased motility and increased incidence of teratospermia

at higher dose of Pb exposure along with inhibition of post-
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meiotic cells mainly pachytene spermatocyte were noted. In the

same experiment the detachment of germinal cell layer from
basal membrane, atrophy of Leydig cells plus interstitial ede-
ma and low density of seminal plasma were also observed.
Additionally, Madhavi et al. (2007) showed that Pb induced

cytogenetic damage in germ cells of mice. Hg is a spermato,
steroido- and fetotoxic agent. Hg exhibited structural alter-
ation of testicular tissue along with biochemical change. The

control testis of albino rat showed sharp localization of AC-
Pase, ATPpase and ALKPase in PTM, spermatogeic cell and
Leydig cell membrane (Roy Chowdhury and Vachhrajani,

1997). When Hg and its compound, methyl mercury chloride,
affected these membrane-bound hydrolytic enzymes in rats it
resulted in sharp decrease of these enzymes, co-related with

progressive degeneration of peritubular membrane. Hg also
caused the structural and functional disintegration of these en-
zymes due to its high affinity towards the enzyme’s (SH) group
(Roy Chowdhury and Vachhrajani, 1987). The prominent fea-

tures of Hg induced toxicity are: (1) depletion and clogging of
different spermatogenic cells, (2) presence of pyknotic or
karyotectic pachytene nuclei, (3) absence of nuclear chromatin

at stage XII in dividing cells, (4) absence of noticeable lumen
and (5) presence of vacuolated early elongated spermatid along
with dispositioning of acrosome. The intensity of damage is di-

rectly proportional to the duration of exposure (Vachhrajani
et al., 1990). The action of Cd is spermatogenic stage specific.
Testicular histopathological evaluation using light and elec-
tron microscopy showed that Cd produced an extensive germ

cells apoptosis in Sprague–Dawley rats (Al-Azemi et al.,
2010). El-Shahat et al. (2009) showed that the administration
of Cd caused marked morphological changes in the form of

swelling, congestion, hemorrhage and necrosis in testes of
Sprague–Dawley rats. High dose of Cd exposure caused rapid
testicular edema, hemorrhage and necrosis. Cd exerted delete-

rious effect on the vascular structure of testis that may be the
result of varying degrees of Cd induced ischemia. Degenera-
tion of testicular tissue after different doses of Cd exposure

caused rupture of blood vessels (Kar and Das, 1960). Also, his-
tologically testes showed dose dependent seminiferous epithe-
lial necrosis, degeneration and loss of spermatozoa in albino
rats exposed to Cd (Devy et al., 2006). Electron microscopic

observation revealed that DNA fragmentation in mouse testic-
ular tissue after Cd exposure showed a positive effect. Studies
on workers exposed to electric welding reveal increased semen

concentration of Cu along with lowered sperm count, sperm
viability and semen volume (Wu et al., 1996). There are reports
that long term ingestion of CuCl2 adversely affects sexual

behavior, fertility and testicular and accessory sex organ
weight in adult male rats (Bataineh et al., 1998). Chronic expo-
sure of rats to CuCl2 fumes show decreased concentrations of

plasma follicle stimulating hormone (FSH), luteinizing hor-
mone (LH) and testosterone and dysfunction of virile gonads
and disorders in spermatogenesis (Gabuchyan, 1987). In addi-
tion, Chattopadhyay et al. (2005) suggested that Cu has got a

dose-dependent effect on testicular steroidogenesis and sper-
matogenesis and serum testosterone and LH level in maturing
male rats.

In mice treated with heavy metals there were significant de-
creases in the levels of GSH and SOD in kidney and testis tis-
sues. Glutathione, a tripeptide present in the majority of cells,

is responsible for hydrophilic xenobiotics conjugation. GSH
serves many vital physiological functions including protection
of cells from reactive oxygen species (ROS), detoxification of

exogenous compounds, and amino acid transport (Kojima-
Yuasa et al., 2005; Mendoza-Cózatl et al., 2005). Sulphydryl
group of glutathione is essential for its antioxidant activity
against some forms of ROS in cells (Cnubben et al., 2001).

Much of the pathology is associated with the decrease in intra-
cellular GSH concentration (Rouach et al., 1997). Therefore,
GSH concentration is important for survival of the cells. It

is also a substrate for glutathione peroxidase. Probably the
most important protective mechanism for free radical scaveng-
ing and inhibition of electrophilic xenobiotics attack on cellu-

lar macromolecules involves tripeptide glutathione (Cnubben
et al., 2001). Due to nucleophilic thiol group, it can detoxify
substances in one of three ways: (1) conjugation catalyzed by

glutathione-S-transferases (GST), (2) chemical reaction with
a reactive metabolite to form a conjugate and (3) donation
of proton or hydrogen atom to reactive metabolites or free
radicals. Reactive intermediates can react with GSH either

by a direct chemical reaction or by a GST-mediated reaction
preventing possible cell death. Regarding the role of glutathi-
one in the protection against oxidative stress and detoxifica-

tion of xenobiotics, its availability in the reduced form
(GSH) may be a key factor in maintenance of health. It has
been established in several different animal models, as well

as in humans, that a decrease in GSH concentration may be
associated with aging and pathogenesis of many diseases (Aru-
oma et al., 1989; Boehme et al., 1992; Smith et al., 1993; Loma-
estro and Malone, 1995; Dröge et al., 1997). Superoxide

dismutases (SODs) belong to a family of antioxidant enzymes
that catalyze the dismutation of superoxide to yield hydrogen
peroxide and oxygen (Johnson et al., 2005). SOD is essentially

a protective enzyme which scavenges the superoxide ions pro-
duced as cellular by-products during oxidative stress (Pushpa-
kiran et al., 2004). Its decreased activity can lead to adverse

effects because superoxide anions are extremely toxic and
may accumulate in the cells. Many studies indicate that heavy
metals act as catalysts in the oxidative reactions of biological

macromolecules therefore the toxicities with these metals
might be due to oxidative tissue damage (Stohs and Bagchi,
1993; Hultberg et al., 1999, 2001; Cuypers et al., 1999; Leonard
et al., 2004; Flora et al., 2008). Redox-active metals, such as

iron (Fe), Cu and chromium (Cr), undergo redox cycling
whereas redox-inactive metals, such as Pb, Cd, Hg and others
deplete cells’ major antioxidants, particularly thiol-containing

antioxidants and enzymes. Either redox-active or redox-inac-
tive metals may cause an increase in production of ROS such
as hydroxyl radical (HO�), superoxide radical (O��2 ) or hydro-

gen peroxide (H2O2). Enhanced generation of ROS can over-
whelm cells’ intrinsic antioxidant defenses, and result in a
condition known as ‘‘oxidative stress’’. Cells under oxidative

stress display various dysfunctions due to lesions caused by
ROS to lipids, proteins and DNA. Consequently, it is sug-
gested that metal-induced oxidative stress in cells can be par-
tially responsible for the toxic effects of heavy metals (Ercal

et al., 2001). In recent research papers it was determined that
the effect of antioxidant supplementation followed heavy met-
als exposure. They suggest that antioxidants may play an

important role in abating some health hazards of heavy metals
in connection with an interaction of physiological free radicals
(health effects). So, multiple mechanisms may be responsible

for ROS production in toxic metal exposure. Among them,
alterations in thiol status, increased lipid peroxidation, pro-



Antioxidant effect of vitamin E treatment on some heavy metals-induced renal and testicular injuries in male mice 69
duction of ROS, and damage to cell’s antioxidant defense sys-

tems are well known for all redox-active and inactive elements
(Kamiński et al., 2007).

From the present results, it is obvious that treating heavy
metals-intoxicated rats with vitamin E significantly protected

the kidney and testis structures and functions as compared
to the controls. These observations were confirmed by insignif-
icant alterations in the levels of plasma creatinine, urea and

uric acid, kidney GSH and SOD, and an appearance of normal
structures of kidney, specially renal corpuscles, and seminifer-
ous tubule of testis, while the values of testis GSH and SOD

were statistically decreased. Vitamin E supplement may be
beneficial in reducing and slowing progressive kidney diseases
that are significantly accelerated by oxidative stress. Vitamin E

therapy may also be effective in reducing cardiovascular dis-
ease associated with chronic renal failure and the uremia state.
Vitamin E therapy is also considered as a mean of correcting
plasma antioxidant status and attenuating the cardiovascular

disease that accompanies kidney failure. Vitamin E allows free
radicals to abstract a hydrogen atom from the antioxidant
molecule rather than from polyunsaturated fatty acids, thus

breaking the chain of free radical reactions, the resulting anti-
oxidant radicals being a relatively unreactive species (Pascoe
et al., 1987). In many studies vitamin E neutralizes lipid perox-

idation and unsaturated membrane lipids because of its oxygen
scavenging effect (Aldana et al., 2001; John et al., 2001).
Therefore vitamin E supplementation sufficient to protect the
organism from toxic agent and free radical damage is a time

consuming process. It is concluded that vitamin E is an essen-
tial component of the kidney for protection of this tissue
against peroxidative damage (Champe and Harvey, 1987).

Hanafy and Soltan (2004) investigated the protective effect
of vitamin E on cobalt (Co), Pb, or Hg nitrate and a mixture
of them induced nephrotoxicity in Norway strain rats. They

concluded that the combined exposure to a mixture of vitamin
E and examined heavy metals can minimize the histological
alteration and diminish the serum creatinine and blood urea le-

vel. Turguta et al. (2006) reported that the administration of
the antioxidant agent vitamin E together with aluminum (Al)
resulted in the recovery of malondialdehyde (MDA) and
GSH levels in Al administered Balb-c mice. That is, a chronic

high dose of Al can lead to tissue oxidative injury, and vitamin
E is capable of preventing the deleterious effects of Al+3 ions.
Kutlubay et al. (2007) reported that vitamin E antagonizes the

toxic effects of Al at the testicular histological level of rats,
thus potentially contributing to an amelioration of the testis
histology in the Al-treated rats. Agarwal et al. (2010) examined

the effect of both pre- and post-treatment of vitamin E on Hg
induced acute toxicity in rats. Hg resulted in oxidative injury
and metallothionein mRNA expression together with altera-

tions in tissue histology and accumulation of Hg in the body
organs. The ameliorating potential of vitamin E was observed
in Hg administered rats. Moreover, they stated that their find-
ings indicate that vitamin E provides complete protection from

Hg toxicity in the liver with both pre- and post-treatments. As
Hg is nephrotoxic and neurotoxic, it is interesting to note that
post-treatment of vitamin E showed more protection in the

kidney compared to pre-treatment. In brain tissue, partial pro-
tection was observed on oxidative stress parameters. Addition-
ally, they suggested that post-treatment with vitamin E could

be more beneficial than pre- treatment in Hg intoxication.
Choi and Rhee (2003) showed that the renal morphological
changes observed by both light and electron microscopy re-

vealed mitochondria and tubule epithelial cell edema in Cd-ex-
posed Sprague–Dawley rats, yet this was alleviated with the
highest level of vitamin E supplementation. The urinary
beta(2)-microglobulin levels indicated that glomerular injury

was higher in the Cd-poisoned rats than in the control group,
but were lowered by vitamin E supplementation. Although the
glomerular filtration rate (GFR) of the Cd-treated rats was sig-

nificantly lower than that of the control group, the vitamin E-
supplemented rats exhibited a similar GFR to the control rats,
suggesting that vitamin E protected the kidney from functional

damage. Angiotensin converting enzyme activity, blood pres-
sure and heart rate were all significantly higher in the Cd-poi-
soned rats, but each remained nearly normal with vitamin E

supplementation. Accordingly, these results indicate that vita-
min E supplementation in chronic Cd-poisoned rats normal-
ized renal dysfunction and blood pressure regulation (Choi
and Rhee, 2003). Yang et al. (2006) indicated that Cd can se-

verely destroy testicular tissues and affect spermatogenesis in
rats. a-Tocopherol (vitamin E) treatment can protect testicular
tissue and preserve spermatogenesis from the detrimental ef-

fects of Cd but its effectiveness is dependent on the dose of
Cd exposed. Osfor et al. (2010) reported that vitamin E could
improve daily food intake, body weight gain and feed effi-

ciency ratio; reduced Cu and Pb levels in serum and tissues
as well as diminished urea and creatinine levels in Cu and Pb
intoxicated rats. Treatment with vitamin E was very effective
in the prevention of oxidative damage. Trivedi et al. (1998)

demonstrated that Pb at both low and high doses induced lipid
peroxidation in liver, and heart lipid peroxidation was ob-
served in rats treated with a high dose of Pb while kidney

showed no significant change in lipid peroxidation at both
doses. Liver and heart lipid peroxidation decreased in vitamin
E pretreated rats administered high dose of Pb as compared to

rats treated with high dose of Pb without vitamin E. The SOD
activity in heart increased in rats administered Pb at a high
dose. However, vitamin E pretreatment showed a mild effect

in lowering heart SOD in rats treated with high dose of Pb. Li-
ver and kidney SOD activity were not significantly changed
with Pb with or without vitamin E pretreatment as compared
to controls. The treatment with Pb, both at low and high

doses, decreased catalase (CAT) activity in liver and kidney tis-
sues. However, vitamin E pretreatment, prior to low dose of
Pb administration, increased liver and kidney CAT activities

but not at high dose of Pb intoxication. Kidney GSH content
increased with Pb treatment without any lowering in GSH in
vitamin E-pretreated rats administered Pb, while liver and

heart GSH were not significantly affected with administration
of Pb with or without vitamin E pretreatment. Glutathione-S-
transferase (GST) activity increased in liver and kidney at a

high dose of Pb. However, vitamin E-pretreated rats adminis-
tered Pb also showed increased GST activity in tissues. More-
over, they concluded that vitamin E pretreatment partially
attenuates Pb-induced oxidative stress by altering antioxidant

enzymes. Beytut et al. (2003) and Ognjanović et al. (2003) dem-
onstrated the effectiveness of vitamin E in reducing oxidative
stress in Cd-treated animals and suggested that reductions in

increased lipid peroxidation due to Cd toxicity may be an
important factor in the action of vitamin E. Hassan and Awad
(2007) showed that the exposure to Cd caused marked eleva-

tion in the level of lipid peroxidation and a decline in SOD,
glutathione peroxidase (GSH-Px) and CAT activities accom-
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panied by an increase in the rate of hemoglobin autoxidation

in Swiss albino rats. Additionally, they demonstrated that
the treatment with vitamin E significantly reduced the changes
caused by Cd exposure in all examined parameters. Moreover,
they suggested that these results indicate that alterations

caused by Cd are connected with free radicals generation
and used antioxidants effectively to protect against Cd intoxi-
cation. In conclusion, the present study showed that vitamin E

has protective effect on heavy metals-induced renal and testic-
ular oxidative stress and injuries. This study therefore suggests
that vitamin E may be a useful preventive agent against the ef-

fect of the studied heavy metals at least partly due to its anti-
oxidant properties.
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Kutlubay, R., Oğuz, E.O., 2007. Histological and ultrastructural

evidence for protective effects on aluminum-induced kidney dam-

age by intraperitoneal administration of a-tocopherol. Int. J.

Toxicol. 26, 95–101.
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