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ABSTRACT

Background: Lead is a heavy metal used in industries in developing countries. Lead
exposure remains a widespread problem. Lead may induce molecular damage in the
kidney as a consequence of Reactive Oxygen Species (ROS) formation, induction of
caspase-3, and apoptosis.

Methods: Thirty male Wistar rats (Mean+SD weight: 300+20 g) were randomly divided
into 3 equal groups: control (normal saline, oral), lead group (lead 100 mg/kg/d, oral) and
lead+L-Carnitine (lead 100 mg/kg+L-Carnitine 200 mg/kg, intraperitoneal injection) for one
week. At the end of the experiment, plasma creatine kinase activity, plasma creatinine and
urea concentrations and plasma Superoxide Dismutase (SOD), Glutathione Peroxidase (GPx),
catalase and nitric oxide levels were determined. Glutathione and malondialdehyde levels in
renal tissue were also measured.

Results: Creatine kinase, creatinine and urea levels increased significantly, in the group
treated with lead (P<0.05), compared to the control group. Administration of L-Carnitine in
(Lead+carnitine treated group) significantly (P<0.05) decreased creatine kinase activity and
plasma urea and creatinine contents. Enzymatic activity (SOD, GPx, and CAT) decreased
significantly in the lead group, in comparison with the control group (P<0.05). Treatment with
L-Carnitine significantly retrieved the depletion in enzyme activity (P<0.05). However, there
were no significant differences in the GPx parameter between the Lead+carnitine group, in
comparison with the control group.

Conclusion: L-Camitine administration in rats with lead-induced nephropathy led to improved
kidney protection, due to the reduction of Lipid Peroxidation (LPO). Furthermore, L-Carnitine
prevents the adverse effects of Reactive Oxygen Species (ROS), which is an important
biomolecules mechanism.
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1. Introduction

ead is a heavy metal used in industries in

developing countries. Lead exposure re-

mains a widespread problem [1]. Research

has revealed that encounter with this heavy

metal at any level is unsafe in children and
many studies have demonstrated the harmful impact of
lead exposure in the development of the body systems.
Some Studies suggest a relationship between renal prob-
lems and exposure to lead [2]. Exposure to lead occurs
due to contamination of water and food resources and
air pollution. Lead has a lot of toxic effects on various
organs of the body, including the kidney [3-5].

Lead exposure can affect the development of the kid-
ney in the fetal or the neonatal period, or result in renal
impairment in adults [2, 6]. Early lead exposure may
alter glomerular development that may cause renal dis-
ease, even after lead has already disappeared from the
body. This may explain the etiology of some idiopathic
renal diseases, like poorly developed renal system and
eventually renal impairment [7, 8]. One study showed
that the deposition of iron in proximal tubular cells of
the kidney, together with histopathological lesions are
associated with remained lead in the kidney, after lead
administration in rats through drinking water. The role
of erythrocytes in lead-induced nephrotoxicity in vitro
was investigated in a co-culture system and in vivo in
rats. The erythrophagocytosis of lead exposure in renal
tubular cells contributes to lead-related renal damage [9].

L-Carnitine is an amino acid derivative, mainly ob-
tained from food. It is also synthesized endogenously
from the essential amino acids like methionine and ly-
sine [10, 11]. Carnitine is an essential cofactor for trans-
location of active fatty acid. This transport is essential
to allow B-mitochondrial oxidation of long-chain fatty
acids and provide energy to cells [12]. L-Carnitine is an
antioxidant that plays a preventive role in accumulation
of lipid peroxidation end-products [13, 14].

L-Carnitine has successfully been applied in the treat-
ment of different diseases. Beneficial roles of L-Carni-
tine has been demonstrated in several studies, such as
cisplatin-induced injury of renal and small bowel, genta-
micin nephrotoxicity, kidney ischemia-reperfusion, and
chronic renal failure [15, 16]. L-Carnitine plays a pre-
ventive role in Reactive Oxygen Species (ROS) forma-
tion and decreases biomolecule damage. Furthermore,
L-Carnitine has a sequestering role on ROS and a pre-
ventive role against renal toxicity of cisplatin, cyclospo-
rine A, gentamicin, and doxorubicin [17-20]. The pres-

International Journal of
Medical Toxicology & Forensic Medicine

ent study investigated the protective role of L-Carnitine
against lead-induced nephrotoxicity in rats.

2. Materials and Methods

Animal treatment

Thirty male Wistar rats (MeantSD weight:300+20 g)
were housed in a standard controlled room, temperature
(22°C+2°C), lighting (12:12 h light:dark cycle), humid-
ity (40%—-50%) and were fed with standard pallet diet.
All animals had access to food and water ad libitum. The
study was approved by University of Tabriz in accor-
dance with the protocol of animal care and use, as well as
the protocol provided by the Research Ethics Commit-
tee of the Medical Education in Iran (adapted April 17,
2006). Rats were randomly divided into 3 equal groups:
1. Control group: rats that received a single oral admin-
istration of normal saline for 7 days; 2. Lead group: rats
that were treated with a single oral dose of lead 100 mg/
kg/d for 7 days; and 3. Lead+L-Carnitine group: rats that
were treated with a single oral dose of lead 100 mg/kg/
d+L-Carnitine (200 mg/kg, intraperitoneal), for 7 days.
All groups received the same volume of administration.

Biochemical and Hematological assay

The rats were anesthetized with chloroform on day 8
and blood samples were taken by decapitation. Blood
samples were immediately divided as per following: 1.
EDTA-containing anticoagulant tube for hematology
tests; and 2. A sample for the biochemical test. Blood
serum was separated using centrifugation at 3000 rpm
for 10 minutes and was stored at -20°C until use. The
kidney tissues were stored at -80°C until use.

Urea, creatinine, and creatine kinase activity assays

Plasma levels of creatinine and urea were evaluated
with standard diagnostic kits (Pars Amazon, Iran). The
activity of plasma Creatine Kinase (CK), an indicator of
myopathy, was measured spectrophotometrically, using
a standard diagnostic kit (Pishtaz Teb, Iran).

Nitrate and nitrite assay

Nitrate and nitrite are the main oxidation products of
Nitric Oxide (NO) which are used as an indicator of ni-
tric oxide synthesis. The NO content of plasma was de-
termined spectrophotometrically at 545 nm, based on the
Griess reaction, using a mixture of naphthyl enylenedi-
amine and sulfanilamide [21]. The samples were depro-
teinized. Nitrate was reduced to copper-coated cadmium
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Table 1. Plasma biochemical test results in the control and treated rats

Experimental Groups Urea (mg/dL) Creatinine (mg/dL) CK (U/L) NO (pmol/L)
Control (n=10) 42.6° 0.67° 350.21° 27.34°
Lead (n=10) 302.53° 4.23° 839.21° 15.84°
Lead+Carnitine (n=10) 185.28¢ 2.04¢ 651.58¢ 21.21¢
SEM 1.77 0.02 27.48 0.70
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Data are presented as the Mean+SEM. CK: Creatine Kinase; NO: Nitric Oxide; a: Significant difference between controls, lead,
Lead+Carnitne group, P<0.05; b: Significant difference between controls and the lead group, P<0.05; c: Significant difference

between lead group and lead+Carnitine group, P<0.05.

nitrite in glycine buffer (pH 9.7). The sum of nitrite and
nitrate contents (mmol/L) was measured using a stan-
dard sodium nitrate solution.

Determination of glutathione and malondialde-
hyde levels

The samples of kidney tissue were homogenized in
iced KCl for the measurement of glutathione and Malo-
ndialdehyde (MDA) levels. The homogenates were
centrifuged at 3000 rpm for 15 minutes. MDA concen-
trations and lipid peroxidation indicator were measured
spectrophotometrically at 532 nm and expressed as
nmol MDA/mg in kidney tissue [22]. The Glutathione
level (GSH) was determined spectrophotometrically at
412 nm, according to the Ellman’s method and was ex-
pressed in mmol/g [23].

Antioxidant enzyme measurement

The activity of Superoxide Dismutase (SOD) was
determined with commercial kit for SOD activity mea-

surement (Randox Co.) SOD activity is expressed in U/
mg proteins [24].

Catalase activity based on decomposition of H,O, was
measured spectrophotometrically, at 230 nm. The results
are expressed as a speed/mg constant of homogenized
protein [25]. The activity of Glutathione Peroxidase
(GPx) was assayed by Randox commercial kit at 340 nm
[26]. The results are reported as U/mg proteins. The pro-
tein content of the plasma samples was determined [27].

3. Results

As shown in Table 1, concentrations of CK, creati-
nine and urea significantly increased (P<0.05) in the
lead group, compared to the control group. L-carnitine
in (Lead+Car group) significantly (P<0.05) decreased
CK, urea and creatinine content in plasma. The plasma
concentrations of NO significantly decreased in the lead
group, compared to the controls. The nitric oxide levels
were significantly elevated in the lead+carnitine group,
compared to the lead group.

Table 2. Oxidative stress parameters in the control and treated rats

epwimenaiGroms MPALTIIME  GSHUmaleTe sooWng  cTlume  Grlu/ne
Control (n=10) 0.432 3.46% 9.48° 0.56* 2.06°
Lead (n=10) 0.79" 0.93 7.25° 0.28" 1.14
Lead+Carnitine (n=10) 0.61° 1.93¢ 7.92¢ 0.42¢ 1.70°
SEM 0.04 0.09 0.14 0.02 0.10
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Data are presented as the Mean+SEM. MDA: Malondialdehyde; GSH: Glutathione; SOD: Guperoxide Dismutase; CAT:
Catalase; and GPx: Glutathione Peroxidase. a: Signifcant difference between controls, lead, Lead+Carnitne group, P<0.05;
b: Significant difference between controls and lead group, P<0.05; c: Significant difference between the lead group and
lead+Carnitine group, P<0.05.
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According to Table 2, the levels of MDA in the re-
nal tissue significantly increased (P<0.05) in the lead
group, compared to the controls. The lead+Carnitine
group showed a significant decrease in MDA levels,
compared to the lead group. The lead group showed a
significantly decreased antioxidant enzymatic activity
(SOD, GPx and CAT), compared to the control group.
L-Carnitine significantly improved enzyme activity.
However, there were no significant differences between
the lead+Carnitine group and the controls with regard to
the GPx parameter. The levels of GSH decreased in the
lead group, compared to the controls. Adminstration of
L-carnitine increased GSH levels significantly (P<0.05).

4. Discussion

The results showed that treatment with L-Carnitine
reduced CK activity, BUN levels, creatinine and al-
leviated MDA production, and the reduction of GSH.
L-Carnitine has antioxidant effects and plays protective
roles against oxidative stress in various tissues, includ-
ing the kidney [28, 29]. Administration of L-Carnitine
has been shown to inhibit the formation of MDA in se-
rum and renal tissues, in response to renal impairment,
due to ischemia-reperfusion [30].

Carnitine improves the antioxidant enzymes activities
including SOD, GPx and CAT and increases GSH lev-
els, and reduces the MDA concentration in rat renal tis-
sues [31]. One study showed that L-Carnitine prevents
the formation of MDA and improves GSH levels in the
heart, kidney, aorta and cavernous bodies, and decreas-
es plasma levels of creatinine and urea in rats afflicted
with chronic renal failure [32]. We demonstrated that
treatment with L-Carnitine, restored the activity of
SOD, CAT and GSH and decreased the levels of MDA
in the lead+Carnitine group.

Nitric oxide plays a crucial role in moderating tissue
lesions and normal blood circulation in the healthy kid-
ney, as well as various pathological renal diseases. In the
present study, treatment with L-Carnitine significantly
increased nitric oxide levels. Plasma or serum CK activ-
ity is a marker for muscle damage [33, 34]. The results
showed a protective effect of L-Carnitine against muscle
damage. Although L-Carnitine is known to protect renal
tissue from chemotherapy agents, no studies investigat-
ed its effect on radiation-induced nephrotoxicity. Carni-
tine protects tissues through the elimination of oxygen
radicals and other mechanisms [35-37].

This evidence may provide a preventive/therapeutic
strategy for the lead-induced nephropathy. Previous stud-
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ies reported antioxidant and protective effects of L-Carni-
tine against oxidative damage in various tissues, including
the kidney [32, 38, 39]. Administration of L-Carnitine in-
hibited the MDA formation in the serum and renal tissue,
in renal ischemia-reperfusion injury [13, 40, 41].

Although the exact mechanism of renal toxicity caused
by lead is illustrated, there is evidence that lead can
cause the formation of reactive oxygen metabolites and
diminish the renal antioxidant enzyme activities [5, 42].
Studies showed that lead could induce DNA damage in
renal tissue and that these effects are associated with free
radicals formation, resulting in caspase-3-dependent
apoptosis [42, 43].

5. Conclusion

The present study indicate that ROS formation, lipid per-
oxidation, the exhaustion of the antioxidant state and de-
crease of NO levels may be involved in the pathophysiologi-
cal mechanisms of lead-induced nephrotoxicity. Although
our data do not define the precise mechanism of action of
L-Carnitine in preventing lipid peroxidation, the reduction
of ROS and decrease in antioxidant depletion and the im-
provement of NO levels may be the putative mechanisms
in this model. Eventually, we hypothesized that L-Carnitine
improves tissue health by decreasing oxidative parameters in
lead-induced nephropathy.
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