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Abstract
Objective:  The protective effects of alpha-lipoic acid against lead (Pb) induced oxidative stress to kidney tissues in rats were evaluated.
Materials and Methods:  Eighty male albino  rats  were  divided  into 4 equal groups. Group 1: (control) administered  distilled  water. 
Group 2  received  lead  acetate orally (30 mg kgG1 b.wt., of 1/20th of LD50). Group 3 received lead (30 mg kgG1 b.wt.) plus alpha-lipoic acid
(54 mg kgG1 b.wt./day/i.p). Group 4: received alpha-lipoic acid (54 mg kgG1 b.wt.). Blood samples were collected for determination of serum
TNF-", IL-6, IL-1$. Also, kidney tissues were taken and processed for L-MDA, CAT, SOD,GPx, DNA fragmentation, caspase-3, NF-kB P65,
8-OhdG and Cox-2. Additionally, liver and kidney specimens were excised for histopathological examination and lead residues
determination. Results: The obtained results showed significant increase in serum TNF-", IL-6 and IL-1$, kidney tissues L-MDA, DNA
fragmentation, caspase-3, NF-kB P65, 8-OhdG and Cox-2 in addition to liver and kidney lead residue in lead intoxicated rats. However,
administration of alpha-lipoic acid exhibited a significant decreased in all mentioned parameters. Kidney tissues  antioxidant enzymes
were markedly decreased in lead intoxicated rats and the activities were attenuated after treatment with alpha-lipoic acid. Various
pathological alterations were observed in liver and kidney of lead administered group. Interestingly, the histopathological results
supported that alpha-lipoic acid markedly reduced the deleterious effect induced by Pb and preserved the normal histological architecture
of the liver and kidney tissues. Conclusion:  The  results indicate that, alpha-lipoic acid could be applicable as a cytoprotective against
oxidative stress of tissue damage mediated by heavy metals intoxication as confirmed by biochemical and histopathological results. 
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INTRODUCTION

Lead (Pb), one of the oldest known metals, is a pervasive
and persistent environmental occupational toxic metal and Pb
poisoning remains a health threat1. It is a dangerous heavy
metal and harmful even in small amounts. Nevertheless,
humans get exposed to Pb through their  environment  and 
diet  so  that,  more  than  75% of lead-exposure for the
general population comes from ingestion2. Lead absorption by
ingestion depends on factors such as the particle size, physical
form, gastrointestinal transit time and nutritional status of a
person. Lead absorption increases, with increasing age,
making children and infants more vulnerable to lead
intoxication3. The manifestations of Pb poisoning in humans
are nonspecific. They may include weight loss, anemia,
memory loss, nephropathy, infertility as well as liver, testis and
heart damages4.

Lead-induced oxidative stress in blood, corpus cell and
other soft tissues has been postulated to be one of the
possible   mechanisms   of   lead-induced   toxic  effects5.
Disruption of pro-oxidant/antioxidant balance might led to
the tissue injury. It was reported that lead increased the level
of lipid peroxidation6. Also, induced kidney injury was related
to the increase production of Reactive Oxygen Species (ROS)
and to induce oxidative stress, excitotoxicity, DNA damage
and apoptosis7. However, the histopathological changes in
different tissues due to lead toxicity are dose dependent8.
Although, kidneys and liver play a principle role in the removal
of lead from the body9, there was  little available literature
about the detailed renal and hepatic pathological changes in
lead toxicity. 

Antioxidants are substances, inhibit or delay oxidation of
a substrate while present in minute amounts. They easily
oxidized by ROS in a biological system, decreasing the rate at
which the ROS react with cellular components like lipid
membranes, DNA, or proteins. The most important source of
antioxidants is provided by nutrition10.

Alpha-lipoic acid is water and lipid soluble, a property that
allows it to concentrate in cellular and extracellular
environments. Exogenous Lipoic Acid (LA) is rapidly absorbed
from the diet and is reduced inside the cell to dihydrolipoic
acid (DHLA), the most active form of the substance11. Alpha-
lipoic acid (LA) is a naturally occurring compound which
functions as a cofactor in several mitochondrial multienzyme
complexes involved in energy production in humans and
animals12.  The  LA  acts  as  coenzyme  of  pyruvate  and  the
alpha-ketoglutarate dehydrogenase multienzyme complex of

the tricarboxylic acid cycle and has metal chelating, free
radical scavenging and antioxidant-regenerating abilities13. It
protects against oxidative stress both in peripheral tissues and
central nervous system14.

However, acute and chronic exposure to lead resulting in
alteration in lipid peroxidation which harm cell membrane and
DNA causing hematological, immunological, reproductive,
neurological and gastrointestinal pathological changes. On
the other hand, the addition of antioxidants could decline
these changes15. Accordingly, the present study was designed
to investigate the beneficial effects of alpha-lipoic acid on
biomarkers of oxidative stress and antioxidant enzymatic
status in kidney tissues in addition to changes of serum pro-
inflammatory cytokines in lead intoxicated rats. Additionally,
the protective effect of alpha-lipoic acid against
nephrotoxicity and hepatotoxicity of lead intoxicated rats
were also evaluated. 

MATERIALS AND METHODS

The  current  study  was done concluded  in the period
between January and October, 2014. Eighty male albino rats
of 8-10 weeks old and weighing 200-250 g were used in this
study.  Rats  were housed in separated metal cages and kept
at  constant  environmental  and  nutritional conditions
throughout the period of experiment. The animals were fed on
constant ration and water was supplied ad libitum. All rats
were acclimatized for minimum period of two weeks prior to
the beginning of study.

Chemicals and drugs: All chemicals were of analytical grade
and obtained from standard commercial suppliers. The drug
and chemicals used in the present study were:

C Lead acetate: Lead  acetate  has molecular weight
379.33.  Each  one  gram  of lead acetate 72% contains
521 mg of lead. It was provided by Riedel-de  Haen  Ag 
Seelze-Hannover, west company. Lead acetate was
dissolved in distilled water, freshly prepared and
administered    orally   and   daily   at   a   dose   level   of 
30 mg kgG1 b.wt. (1/20 of LD50)

C Alpha-lipoic acid (thiotacid)®: Thiotacid was obtained as
pack of five ampoules of 10 mL solution. Each ampoule
contains  thioctic  acid  (alpha  lipoic  acid)  300 mg.
Alpha-lipoic acid (thioctic acid)® manufactured by EVA
pharma for pharmaceuticals and medical apliances,
Egypt. Alpha lipoic acid was injected intraperetineal in a
daily dose of 54 mg kgG1 b.wt.16
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Experimental design: After acclimatization to the laboratory
conditions, the animals were randomly divided into 4 groups
(20 rats each) placed in individual cages and classified as
follow:

C Group 1 (control normal group): Rats received no drugs,
served as control non-treated for all experimental groups

C Group 2 (lead acetate exposed group): Rats received
lead acetate 1/20 of LD50 (30 mg kgG1 b.wt.) orally and
once per day over a period of 10 weeks

C Group 3 (lead acetate+Alpha-lipoic acid treated group):
Rats  received  lead  acetate (30 mg kgG1 b.wt.) and
treated daily   with   alpha-lipoic   acid (54 mg kgG1

b.wt./i.p)
C Group 4 (alpha-lipoic acid treated group): Rats

administered daily with alpha-lipoic acid (54 mg kgG1

b.wt./i.p)

Sampling
Blood samples: Blood samples were collected in dry, clean
test tubes and allowed to clot for 30 min and serum was
separated by centrifugation at 3000 rpm for 15 min. The serum
was separated by automatic pipette and received in dry sterile
tubes, then kept on deep freeze at -20EC until use for
subsequent biochemical analysis. All sera were analyzed for
the following parameters: TNF-", IL-6 and IL-1$.

Kidney tissue specimens for biochemical analysis: Rats killed
by decapitation. The kidney specimens were quickly removed,
cleaned by rinsing with cold saline and stored at -20EC.  Briefly,
renal tissues was minced into small pieces, homogenized with
ice cold 0.05 M potassium phosphate buffer (pH 7.4) to make
10% homogenates. The homogenates were be centrifuged at
6000 rpm for 15 min at 4EC, then the resultant supernatant
were directly used for determination of the following
parameters: L-MDA, CAT, SOD, GPx, DNA fragmentation,
Caspase-3, NF-kB P65, 8-OhdG and Cox-2.

Tissue specimen (liver and kidney)
For determination of lead residue: Liver and kidney
specimen were taken from each group of rats after had been
sacrificed at 8 and 10 weeks of the experiment. The specimens
were quickly removed and washed several times with saline,
weighed and processed for determination of lead residues by
using atomic absorption spectrophotometer as described by
Al-Ghais17.

For histopathological examination: Liver and kidney
specimen of rats were carefully examined by naked eyes for
detection  of  any  abnormalities.  Small  specimen  was taken

from these organs. These samples were fixed in 10% buffered
neutral formalin solution. Then after proper fixation, the
samples were dehydrated in ascending grades of ethyl
alcohol, then cleared in xylol, embedded in paraffin and finely
blocking occurred. These samples were sectioned at 5 µm in
thickness and stained with hematoxylin and eosin (H and E)
for microscopical examination18.

Biochemical analysis: Serum TNF-", IL-6 and IL-1$ were
determined according to the method described by Beyaert
and Fiers19, Chan and Perlstein20 and Rat IL-1 beta ELISA
(RayBiotech, Inc Company, Cat#: ELR-IL1b), respectively.
Moreover, L-MDA, CAT, SOD, GPx, DNA fragmentation,
caspase-3, NF-kB P65, 8-OhdG and Cox-2 were determined
according to the method described by Esterbauer et al.21,
Sinha 22, Packer and Glazer23, Gross et al.24, Necheles et al.25 and
Shi et al.26, (Casp-3) ELISA Kit (CUSABIO BIOTECH CO., LTD.),
Cat.No.CSB-E08857r), ELISA Kit (Cat.No. MBS814487), EIA Kits
(Cat# SKT-120-96 (96 well kit), Cat# SKT-120-480 (480 well kit)
and COX-2 ELISA Kit (Cat.No. E0699m), respectively.

Statistical analysis: The results were expressed as mean±SE
and statistical significance was evaluated by one way ANOVA
using SPSS (version 10.0) program followed by the post hoc
test, Least Significant Difference (LSD). The Values were
considered statistically significant when p<0.05.

RESULTS

Serum TNF-", IL-6 and IL-1$ concentrations: The obtained
results demonstrated in (Table 1 and 2) revealed that, lead
intoxicated rats showed significant increase in serum TNF-",
IL-6 and IL-1$ concentrations when compared with normal
control group. Treatment with alpha-lipoic acid to lead
intoxicated rats caused significant decrease serum TNF-", IL-6
and IL-1$ concentrations when compared with lead
intoxicated group.

Kidney tissues L-MDA concentration, CAT, SOD and GPx
activities: The results illustrated in (Table 1 and 2) revealed
that, lead intoxicated rats showed significant increase in
kidney tissues L-MDA concentration   with significant decrease
in kidney tissues CAT, SOD and GPx activities allover the
periods of the experiment when compared with normal
control group. Treatment with alpha-lipoic acid to lead
intoxicated male rats caused significant decrease in kidney
tissues  L-MDA   concentrations   and   significant   increase  in
kidney  tissues  CAT,  SOD  and  GPx  activities  when
compared with lead exposed group.
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Table 1: Protective effects of alpha- lipoic acid on some serum pro-inflammatory cytokines and kidney tissue biochemical markers in lead intoxicated rats and their
control

Eight weeks treatment
--------------------------------------------------------------------------------------------------------------------------------------------------

Experimental groups Control Lead Lead+lipoic acid Lipoic acid
Parameters
TNF-" (pg mLG1) 19.300±4.37c 93.00±7.24a 48.680±3.13b 19.030±2.80c

IL-6 (pg mLG1) 48.050±8.42b 157.90±10.68a 63.670±7.46b 48.600±14.42b

IL-1$ (pg mLG1) 210.640±53.49c 761.12±85.38a 465.500±35.03b 147.820±15.05c

MDA (mmol gG1 tissue) 80.250±3.19b 160.50±15.09a 67.460±8.61b 28.780±2.28c

CAT (mmol gG1 tissue) 49.750±2.67a 19.86±3.16b 48.340±2.54a 57.140±1.82a

SOD (U gG1 tissue) 33.490±4.73a 7.43±2.44c 19.730±3.47b 39.110±2.71a

GPx (ng gG1 tissue) 28.540±2.20a 13.80±0.987c 21.070±0.735b 34.890±3.21a

DNA fragmentation (cells/well tissue) 120.580±28.94b 1297.34±234.81a 448.140±69.39b 71.830±3.25b

8-OhdG (pg gG1 tissue) 105.030±13.29b 259.92±23.62a 144.480±15.96b 124.280±21.39b

NF-6B p65 (ng gG1 tissue) 4.200±0.500c 11.72±0.633a 6.760±0.113b 3.670±1.04c

COX-2 (U gG1 tissue) 4.130±0.306b 11.10±1.41a 6.330±0.445b 4.040±1.14b

Caspase-3 (ng gG1 tissue) 0.335±0.044c 1.38±0.103a 0.719±0.043b 0.396±0.053c

Data are presented as (Mean±SE), SE: Standard error, mean values with different superscript letters in the same row are significantly different at (p<0.05)

Table 2: Protective effects of alpha-lipoic acid on some serum pro-inflammatory cytokines and kidney tissue biochemical markers in lead intoxicated rats and their
control

Ten weeks treatment
-------------------------------------------------------------------------------------------------------------------------------------------------

Experimental groups Control Lead Lead+lipoic acid Lipoic acid
Parameters
TNF-" (pg mLG1) 34.070±6.91b 74.04±5.01a 40.620±4.27b 23.680±5.44b

IL-6 (pg mLG1) 56.760±9.91b 158.42±15.15a 67.850±21.85b 45.730±9.91b

IL-1$ (pg mLG1) 254.160±55.45b 831.98±48.49a 333.820±65.25b 194.040±71.24b

MDA (mmol gG1 tissue) 69.180±7.10b 171.59±9.49a 71.430±10.52b 53.440±7.60b

CAT (mmol gG1 tissue) 45.930±4.96a 21.98±5.95b 46.570±3.85a 57.320±3.74a

SOD (U gG1 tissue) 28.370±2.96b 6.21±2.13d 15.780±0.586c 42.790±2.30a

GPx (ng gG1 tissue) 23.170±1.13b 10.67±1.80c 17.620±1.88b 30.410±2.17a

DNA-fragmentation 0 (cells/well tissue) 146.340±70.07b 1333.06±193.21a 397.270±51.33b 73.400±29.53b

8-OhdG (pg gG1 tissue) 131.780±32.56b 242.32±14.16a 149.980±9.64b 119.640±27.56b

NF-6B p65 (ng gG1 tissue) 3.940±1.53b 12.52±1.36a 5.510±0.971b 3.930±1.49b

COX-2 (U gG1 tissue) 4.730±0.858cb 10.20±1.034a 7.040±0.519b 3.640±0.595c

Caspase-3 (ng gG1 tissue) 0.317±0.081c 1.43±0.172a 0.678±0.044cb 0.377±0.075cb

Data are presented as (Mean±SE), SE: Standard error, mean values with different superscript letters in the same row are significantly different at (p<0.05)

Kidney tissues DNA fragmentation and caspase-3 activity:
Kidney tissues DNA fragmentation and  caspase-3 activity
increased significantly in lead exposed rats all over the periods
of the experiment when compared with normal control group.
Treatment with alpha-lipoic acid to lead intoxicated male rats
caused significant decrease in kidney tissues DNA
fragmentation and caspase-3 activity when compared with
lead exposed group (Table 1 and 2).

Kidney tissues NF-kB P65, 8-OhdG concentrations and Cox-2
activity: The obtained data revealed that, kidney tissues NF-kB
P65,8-OhdG concentrations and Cox-2 activity increase
significantly in lead exposed rats. Treatment with alpha-lipoic
acid to lead intoxicated rats caused a significant decrease in
kidney tissues NF-kB P65, 8-OhdG concentrations and Cox-2
activity   when    compared    with   lead   exposed  group
(Table 1 and 2).

Kidney and liver lead residues concentration: The obtained
results presented in (Table 3) revealed that the mean value of
kidney and liver lead residues concentrations increased
significantly in lead exposed rats when compared with normal
control group. Treatment with alpha-lipoic acid to lead
intoxicated male rats resulted in significant decrease in kidney
and liver lead residues concentrations when compared with
lead exposed group.

Histopathological findings: The examined kidneys of rats
administered lead acetate (30 mg kgG1 b.wt./day) in drinking
water for 10 weeks revealed congestion of the renal blood
vessels  and  intertubular capillaries. The renal cortex showed
enlarged glomeruli with hypercellularity of glomerular tufts
characterized by proliferation of the lining epithelial cells of
glomerular capillaries and the Bowman’s capsule was
completely   filled  with  glomerular  tuft  with  absence  of  the
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Fig. 1(a-f): Kidney of rats administered either lead acetate (30 mg kgG1 b.wt./day) alone in drinking water or in combination with
intra peritoneal injection of 54 mg alpha lipoic acid/kg b.wt., for 10 weeks showing, (a) Focal inter tubular
mononuclear leukocytic cellular infiltrations mainly lymphocytes (black arrow). Note also, hypercellularity of the
glomerular tuft (spotted arrow), (b) Degenerative changes of the lining epithelium of the convoluted tubules in the
renal cortex in association with highly granular eosinophilic cytoplasm (arrow), (c) Precipitation of lead pigment either
in the lining epithelium of the convoluted tubules or in the lumen of renal tubules (arrow×1000), (d) Intra-nuclear
eosinophilic inclusion bodies in the lining epithelium of renal tubules (arrow×1000), (e) Vacuolation of the lining
epithelium of some renal tubules (arrow) and (f) Fibrous connective tissue proliferation around the degenerated renal
tubules (arrow). H and E stain×400

Table 3: Effect of alpha-lipoic acid on liver and kidney lead residues concentration in normal and lead exposed rats
Kidney lead residue (ppm kgG1) Liver lead residue (ppm kgG1)
---------------------------------------------------------------- -------------------------------------------------------------------
Weeks Weeks
---------------------------------------------------------------- -------------------------------------------------------------------

Animal groups 8 10 8 10
Control normal 152.270±14.98c 362.18±29.74c 179.67±4.51c 412.60±22.40c

Lead acetate 1363.17±194.38a 1816.00±327.07a 482.70±11.89a 714.25±3.80a

Lead acetate+"-lipoic acid 379.340±45.68b 691.63±165.99b 329.20±33.59b 586.60±14.69b

Data are presented as (Mean±S.E), S.E: Standard error, mean values with different superscript letters in the same column are significantly different at (p#0.05)
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subcapsular space in association with thickening of the
glomerular basement membrane. Moreover, focal inter tubular
mononuclear leukocytic cellular infiltrations mainly
lymphocytes was also detected (Fig. 1a). Occasionally,
vacuolation of the glomerular endothelial cells was also
observed as well as glomerular fibrosis. Furthermore, the lining
epithelium of the convoluted tubules in the renal cortex
showed degenerative changes as well as the cytoplasm of the
lining  epithelial  cells  of renal tubules was highly granular
(Fig. 1b). However, individual epithelial cells were shrunken
with pyknosis of the nuclei. Furthermore, inter-tubular
hemorrhage was observed in the renal cortex. Interestingly,
clumps of amorphous blue staining lead pigment were
precipitated in variable quantities in the cytoplasm of the
degenerated  tubules  of  both  renal  cortex   and  medulla
(Fig. 1c). Additionally, intra nuclear eosinophilic inclusion
bodies were also observed (Fig. 1d). 

Mean while, the microscopical examination of kidneys of
rats received lead in combination with alpha-lipoic acid
revealed mild pathological changes in comparison to lead
administered group only. However, these alterations are
represented mainly in mild congestion of the renal blood
vessels and inter-tubular capillaries. Furthermore, mild
degenerative changes were seen in the lining epithelium of
the  convoluted  tubules  in  the  renal  cortex (Fig. 1e).
Occasionally, fibrous connective tissue proliferation was
demonstrated around the degenerated renal tubules (Fig. 1f).
Interestingly, blue staining lead substance was not detected
in the cytoplasm of the degenerated tubules of both renal
cortex and medulla. Moreover, there were no eosinophilic
inclusion bodies seen in the renal tissue of the treated rats.

The liver of rats given lead acetate in drinking water for
10-weeks showed congestion of the portal veins with mild
hyperplasia of the billiary epithelium (Fig. 2a). Occasionally,
multiple focal areas of lytic necrosis characterized by loss of
hepatocytes and replaced by aggregates of mononuclear
leukocytic cells mainly lymphocytes and fewer macrophages
were also seen (Fig. 2b). Furthermore, apoptotic bodies were
noticed in some degenerated hepatocytes (Fig. 2c). 

In the meantime, the livers of rats given lead acetate with
alpha lipoic acid for 10-weeks showed mild degeneration of
hepatocytes characterized by multiple variably sized discrete
small vacuoles that distend the cell cytoplasm in association
with fibrous connective tissue proliferation around the bile
duct was noticed (Fig. 2d).

DISCUSSION

Lead  is  known  to  adversely affect many organs as
kidney and liver. Lead intoxicated rats showed significant

increase in serum TNF-", IL-6 and IL-1$ concentrations when
compared  with  normal  control  group.  These results came
in accordance with the recorded data of Struzynska et al.27,
Kasten-Jolly et al.28 and Kumawat et al.29 However, these
cytokines were assayed as indicators of inflammation and
tissue damage in heart degenerative cells and serum of rats
treated with lead30.

Mohammadi et al.31 also observed that lead
administration induced oxidative stress and inflammation with
increased TNF-" in liver. The TNF-" is a major mediator of the
acute inflammatory response that is generated during many
disease  states, including infection and inflammation32.
Accordingly, Hamaguchi et al.33 mentioned that, TNF-" is a
pro-inflammatory cytokine secreted by macrophages
increasingly during ulcerative stress and inducible nitric oxide
expression34.

In the current study, treatment with alpha-lipoic acid to
lead intoxicated rats caused significant decrease serum TNF-",
IL-6 and  IL1$ concentrations when compared with lead
intoxicated  group. These results are matched with the
findings of Bulut et al.35. It has been suggested that alpha-
lipoic acid may improve endothelial dysfunction via anti-
inflammatory and antithrombotic mechanisms36. Also, LA
supplementation markedly repressed expression of
inflammatory genes resulting in down regulation of IL-6 mRNA
and associated with reduced plasma levels  of  the IL-6 protein
in chronic leg wound healing37.

Lead intoxicated rats showed significant increase in
kidney tissues L-MDA concentrations and significant decrease
in kidney tissues CAT, SOD and GPx activities all over the
experimental periods. Nearly similar results were recorded by,
El-Nekeety  et  al.38  and  Ponce-Canchihuaman  et al.39.
Lakshmi et al.40 suggested that exposure to lead significantly
increased malondialdehyde levels and significantly decrease
in superoxide dismutase and catalase activities in the liver and
kidneys of rats. Furthermore, Ahmed and Hassanein30 shows
that lead intake for 8 weeks caused significant increase in
levels of lipid peroxidation as measured by the levels of MDA.
Malondialdehyde is the final product of lipid peroxidation and
is used to determine lipid peroxidation levels41 as well as MDA
is biomarkers of oxidative stress include products of lipid
peroxidation,   which    is    one    of    the     most   investigated
consequences   of     ROS-induced     damage     on   lipid
membranes42,43. It was also reported that Pb increased the
level of lipid peroxidation6. The activities of glutathione
peroxidase (GPx), glutathione-s-transferase (GST), catalase
(CAT) and superoxide dismutase (SOD) which are major
antioxidant enzymes significantly crashed at both exposure
and withdrawal of lead in the liver and the erythrocytes. This
is an indication that lead toxicity targets antioxidant enzymes
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Fig. 2(a-d): Liver of rats administered either lead acetate (30 mg kgG1 b.wt./day) alone in drinking water or in combination with
intra peritoneal injection of 54 mg alpha lipoic acid /kg b.wt., for 10 weeks showing, (a) Congestion of the portal veins
with mild hyperplasia of the billiary epithelium (arrow), (b) Focal area of lytic necrosis characterized by loss of
hepatocytes and replaced by aggregates of mononuclear leukocytic cells (arrow), (c) Apoptotic bodies in some
degenerated hepatocytes (arrow×1000) and (d) Hydropic degeneration of hepatocytes in combination with fibrous
connective tissue proliferation around the bile duct (arrow). H and E stain×400

that offer protection against oxidative stress and membrane
lipid peroxidation. So, potential toxicity of lead can therefore
be ascribed to its inhibiting effects on the antioxidant defense
system44. These antioxidant enzymes are the primary
enzymatic defense against toxic oxygen reduction metabolites
and each enzyme has an integral function in free radical
modulation. Thus, the accumulated free radical could
consume SOD, CAT and GSH-Px in the kidney and liver.
Moreover, if the balance between Reactive Oxygen Species
(ROS) production and antioxidant defense was disrupted, the
enzyme may be exhausted and its concentration may be
depleted45.

In the present study, treatment with alpha-lipoic acid to
lead intoxicated male rats caused significant decrease in
kidney tissues L-MDA concentration and significant increase
in kidney tissues CAT, SOD and GPx activities. These results
were similar to that reported by El-Beshbishy et al.46. Moreover,
Sivaprasad et al.47 recorded that ALA had significant ability to
prevent lipid peroxidation in the kidneys of lead-exposed rats.
However, MDA could be used to estimate lipid peroxidation48.

Alpha-lipoic acid and DHLA resulted in significant
improvement in of thiol capacity of cells via increasing
glutathione levels and decreasing MDA levels in lead exposed

cells and animals indicating a strong shift of lead induced
oxidative stress49. Also, LA is known to inhibit the lipid
peroxidation process, which could be triggered by ROS and
transition metals50. The DL-"-lipoic acid is found in human and
animal tissue is a latent antioxidant that mainly suppresses
lipid peroxidation following oxidative stress and improves the
levels of other antioxidants51,52.

Lead intoxicated rats showed significant increase in
kidney tissues DNA fragmentation and caspase-3 activity.
These  results   came   in   accordance   with   the   recorded
data of Liu et al.53, Seddik et al.54 and Liu et al.55. Similarly,
Franco et al.56 demonstrated that, high ROS concentrations
contribute to the apoptotic cell death whenever they are
generated in the context of the apoptotic process based on
labeling of DNA strand breaks in the kidney of rats. Moreover,
Liu et al.45 showed that lead induced oxidative DNA damage
and apoptosis in rat kidney. Furthermore, Wogniak and
Blasiak57 reported that Pb(II) can directly  interact  with  the
DNA  molecule,  the effect of Pb(II) on the structure of the DNA
molecule could be its inhibitory effect on the DNA repair
enzymes. Additionally, Dewanjee et al.58 reported that Pb
intoxication caused significant DNA fragmentation, which may
be due to excess generation of free radicals. Moreover, acute
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administration of lead acetate in rats induced toxic effects
including changes in hematologic parameters and DNA
damage in lymphocytes59.

Additionally, the caspase-3 activity was involved in the
apoptosis pathway induced by Pb29,60. The caspase-3 has a
central role in this cascade and is known to activate
cytoplasmic DNase, which subsequently migrates to the
nucleus and fragments the DNA61. Therefore, DNA
fragmentation-particularly when it is inter-nucleosomal is one
of the gold standards for detection of apoptosis62.
Furthermore, caspase-3 is known to be the main effector
protein common to the intrinsic and extrinsic pathways of
apoptosis and that ROS overproduction is effectively involved
in both mechanisms63.

Lead could induce DNA damage and apoptosis in PC 12
cells, accompanied by an up regulation of bax and down
regulation of Bcl264. It is associated with DNA damage through
base pair mutation, deletion, or oxygen radical attack on
DNA65. Apoptosis, programmed death of cells through DNA
fragmentation, cell shrinkage and dilation of endoplasmic
reticulum are normally followed by cell degeneration and the
formation of membrane vesicles, called apoptosis bodies66.

Moreover, DNA fragmentation observed herein by the
comet assay was also reported for humans exposed to Pb(II)67.
Such evidence may be due to a direct effect of Pb(II) on the
DNA structure, oxidative mechanisms68 or indirectly due to
another mechanism involving the activation of caspases in the
process of cell death69. The Pb can induce DNA injury in the
kidney and these effects were shown to be associated with
ROS formation resulting in caspase-3 dependent apoptosis53.

Treatment with alpha-lipoic acid to lead intoxicated rats
caused a significant decrease in kidney tissues DNA
fragmentation and caspase-3 activity when compared with
lead exposed group. These results are nearly similar with
Aoyama et al.70 reported that, lipoic acid inhibit apoptosis of
cell by means of its antioxidant activity. Similarly, Suh et al.71

showed that dietary supplementation of LA 0.2% (wt/wt) for
2 weeks markedly reduced oxidative DNA damage in cardiac
tissue of old rats. Also, Konuk et al.72 demonstrated  that  LA 
has a protective effect on the liver sub-chronic thinner-
addicted rats. The DNA damage increased in the sub-chronic
thinner inhalation group. However, the damage was
significantly lowered in lipoic acid treated rats group. On other
hand, ALA intake to mice significantly decreased the serum
caspase-3 activity46.

Lipoic acid and its reduced form DHLA have been shown
to inhibit proliferation and induce apoptosis of several cancer
and transformed cell lines73. On the other hand, it has been
also shown that LA inhibits endothelial cell proliferation and

apoptosis74. Similarly, it was demonstrated that application of
the antioxidant LA in animal and cell culture models decreases
oxidative stress and supports the endogenous antioxidant
systems potently and apoptosis-related cell death in tissues
exposed to oxidant injury75,76.

A significant increase in kidney tissues 8-OhdG, NF-6B P65
concentration and Cox-2 activity were observed in lead
exposed rats (Table 3). These results came in accordance with
the recorded data of Liu et al.45, who reported that the level  of 
8-OHdG  was  markedly  increased in the kidney of Pb-treated 
rats,  suggesting  that  DNA  is  a common target of  ROS
induced by Pb in kidney. Also, Galazyn-Sidorczuk et al.77

demonstrated  that   cadmium,   arsenic  trioxide, methyl 
mercury  and ferric nitrilotriacetate (Fe-NTA) can induce 
increase  of  8-OHdG levels in the kidney. More than 100 
oxidative  products  of  DNA have been identified, the best 
known  being  of 8-hydroxyguanine (8-OH-G)78. The 8-OhdG 
is  one   of   such   important   oxidative  DNA   lesions  formed 
by the oxidation of  the C-8 position of 2-deoxyguanosine,
which has commonly been used as a biomarker of oxidative
DNA damage79.

On the other hand, Rodriguez-Iturbe et al.80  reported that
4 months of low-dose lead exposure induces infiltration of 
lymphocytes and macrophages, increased numbers of
proximal tubular cells and infiltrating cells showing
intranuclear p65 NF-6B and angiotensin II expression in
tubular  and  infiltrating  cells.  Moreover,  Chen  and  Shi81 
show  that   varieties  of  toxic  metals  are  able to affect  the 
activation  or  activity  of  NF-6B.  It is a mammalian
transcriptional activator known to be involved in the inducible
expression of a variety of genes, particularly those involved in
cellular proliferative, survival and anti-apoptotic processes82.
The NF-6B can be activated by a variety of ROS that cause
oxidative stress83. It has been realized for decades that
oxidative stress is the major effect of toxic metals on cellular
events84.

Meanwhile, Courtois et al.85 reported that lead exposure
increased  COX-2  expression  in  the arterial wall; the
increased superoxide anion generation induced by lead
stimulated the expression of COX-2 protein. Also, Chou et al.86

demonstrated that lead has been reported to induce
Cyclooxygenase-2   gene expression by epidermal growth
factor receptor/nuclear factor-kappa B signaling carcinoma
cells. Moreover, Kaushik et al.87 showed that the magnitude of
pro-inflammatory cytokine secretion and the increased
production of COX-2 in response to Pb suggested the
involvement of NF-kB pathway as this transcription factor is
implicated in the transcriptional regulation of these
cytochemokines.  It  is  already known that NF-6B can bind  to
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the promoter elements of TNF-", MCP-1, IL-6 as well as COX-2.
Furthermore, Kumawat et al.29 reported that a significant
increase  in  the  expression  of  COX-2  was observed in the
Pb-treated group when compared with control. Additionally,
Omobowale et al.44 recorded that significant expression of
COX-2 in rats exposed to lead compared to the control. Also,
Ahmed and Hassanein30 demonstrated that the heart tissue
revealed positive Cox-2 expression in Pb-treated group.
Cyclooxygenase (COX) is the rate-limiting enzyme in the
biosynthesis of prostaglandins. The COX-2 is an early response
gene and induced by many pro-inflammatory cytokines,
including endotoxin, cytokines, mitogens and other stimuli,
whereas COX-1 is constitutively expressed in most of the
tissues88.

In the current study, treatment with alpha-lipoic acid to
lead intoxicated male rats, significantly reduced the elevated
8-OhdG, NF-6Bp65 level and COX-2 activity in lead intoxicated
male rats all over the periods of the experiment. These results
came in accordance with the recorded data of Sena et al.89

who observed that 8-OHdG levels  was fully reversed with
alpha-LA  treatment.  Kara  et  al.15  reported  that  LA  inhibits
NF-6B activation and adhesion molecule expression in human
aortic endothelial cells. As well, LA metabolites have been
shown to have anti-inflammatory and antioxidant effects90. On
other hand, Li et al.91 reported that ALA markedly inhibited
radiation or H2O2-induced COX-2 upregulation. The anti-
inflammatory effect of LA likely resides in the fact that COX-2
and phospholipase A2 the main source of the substrate for
prostaglandin biosynthesis  are both inhibited  by  lipoic 
acid92-94.

The inhibition of apoptosis by LA was paralleled by
reduction of NF-kB, while ALA was shown to attenuate the
DNA-binding activity of NF-kB in numerous cell types95,96 and
to   inhibit  TNF-"-induced  NF-6B  activation97,98.  Thus,  the
LA-induced NF- 6B inhibition may contribute primarily to
suppress the inflammatory process inhibiting the apoptosis,
cell proliferation, expression of ROS and many other
inflammatory genes (e.g., IL-1, IL-6, TNF-"), which are
contributing factors in healing failure.

The obtained results revealed that kidney and liver lead
residues concentrations increased significantly in lead
exposed rats when compared with normal control. Similarly,
Alcaraz-Contreras et al.99 who reported that lead exposure
caused a significant increase in its levels in blood, brain, liver,
kidney and bone samples compared with samples from
controls. The high concentration of lead in different tissues has
been associated with oxidative stress, which might be
responsible,  at  least  in  part,  for  lead’s  toxic  effects.  Also,
Aziz et al.100  showed that the high increase of lead content

was  observed  in  the  kidneys  and  livers  of  rats.  Similarly,
Liu et al.55 recorded that the Pb levels in blood and kidney of
Pb-treated rats are significantly higher than those of control
rats. Moreover, previous researchers also observed that the
highest concentration of lead is found in the kidney.
Furthermore, Rezk and Abdel-Rahman101 demonstrated that
highest retention of lead was observed in kidney along the
experimental time and the lowest retention was in the lung.

Lead appears within and among soft tissues where the
highest concentration of lead seems to accumulate specially
in those organs and tissues with the highest mitochondrial
activity, these include the kidney renal tubules. The
administration of lead had a greater influence on increased
kidney lead levels and urine lead levels102. Also, the function of
oxidative damage in Pb-and Cd-induced changes in
steroidogenesis in the liver and kidney7.

Meanwhile,  in  the  present   study,   treatment  with
alpha-lipoic acid to lead intoxicated male rats resulted in
significant decrease in kidney and liver lead residues
concentrations when compared with lead exposed group.
These results came in accordance with the recorded data of
Osfor et al.103 who reported that Alpha Lipoic Acid (ALA)
decrease  lead  levels   in   serum   and   kidney   tissue   of  lead
intoxicated rats compared to the control rats. Moreover, Pande
and Flora104 observed that treatment with "-lipoic acid led to
decreased lead burden and lipid peroxide formation. These
beneficial effects might be due to the chelation of lead by the
thiol chelators and the antioxidant action of "-lipoic acid.
Antioxidant LA would repair the damaged tissues effectively
and improve the thiol status. Also, LA as a potent antioxidant
not only scavenges free radicals but also raises the intracellular
level of antioxidants by recycling them and chelates heavy
metals to prevent free radical generation. Moreover, LA
antioxidant role involves protecting cells from damage by
preventing the destruction of lipids in cell membranes. Unlike
other antioxidants LA is soluble in both water and fat because
of these unique antioxidant functions, lipoic  acid  is  known 
as  the   universal  antioxidant105. Furthermore, LA/DHLA
chelating lead from the various tissues and enhancing its
elimination thereby preventing the toxic effects posed by the
metal106.

In the current study, it is clear that lead intoxication is
adversely affect liver and kidneys. The most prominent
pathological alterations in lead exposed kidney degeneration
of the tubular epithelium, intranuclear eosinophilic inclusions
as well as hyperplasia of the Bowman's capsule with interstitial
mononuclear leukocytic cellular infiltrations. The pathological
changes demonstrated in liver and kidney that could be
attributed to oxidative damage of cell membranes via the
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accumulation of oxidant metabolites as well as direct or
indirect inhibition of antioxidant enzymes induced by lead80.
Additionally, the necrotic changes observed in renal and
hepatic tissues in the present work may be due to oxidative
stress induced by accumulation of lead in kidney and liver.
These findings come in accordance with the highly significant
increase in lead residues in liver and kidney tissues in lead
intoxicated rats. It has been found that lead was found to be
localized in the cytoplasm of capillary endothelium that could
clarify the appearance of hemorrhagic areas in renal and
hepatic tissues. Moreover, the other lesions resulted from lead
intoxication could be due to endothelial damage and
circulatory deficiency107. Furthermore, constant intranuclear
eosinophilic inclusions were observed in the lining epithelium
of renal tubules. These findings are agreed with that recorded
by Jarrar108. However, lead inclusions may represent
accumulation of both extracellular and intracellular materials
which indicate disturbance in the cellular metabolism and/or
alterations in the nuclear membranes109. Generally, the tubular
changes in lead toxicity occur earlier than glomerular and
interstitial tissues. These early changes represented mainly in
development of pathognomonic intranuclear inclusions in the
renal tubular cells. However, lead intoxication resulting in
pathological changes in the renal cortex which could play a
principle role in renal dysfunction. Furthermore, apoptosis of
hepatocytes was demonstrated in lead intoxicated rats. 

In the  present study, LA is significantly improved the
histological changes in renal and hepatic tissues resulted from
lead intoxication. The LA is able to protect cells from damage
by preventing  the  destruction  of  lipids  in cell membrane49.
On the other hand, LA has a potent antioxidant effect against
lead intoxication via increasing the intracellular level of
antioxidants by recycling them and chelates heavy metals to
prevent free radicals generation. Additionally, LA inhibits
apoptosis of cells by its antioxidant activity70, these findings
are matched with the results of the existing study. However,
the histopathological studies in the kidney and liver of rats
also supported that alpha-lipoic acid markedly reduced the Pb
induced pathological changes and preserved the normal
histological architecture of the kidney and liver tissues.  

CONCLUSION

It could be concluded that the potential ameliorating
effect of alpha-lipoic acid as powerful agents and may be
useful as an antioxidants in combating free radical-induced
oxidative stress and tissue injury that is a result of lead toxicity.
Also, alpha-lipoic    acids   have   a   protective   antioxidant 
and anti-inflammatory effects as it inhibit NF-6B P65 , COX-2

activity and also inhibit TNF-" induced NF-6B P65 activation
and could be also applicable as a cytoprotective against
oxidative stress of tissue damage mediated by lead
intoxication.

Thus, LA administration in intoxicated rats induced NF-6B
P65 inhibition may contribute primarily suppress the
inflammatory process inhibiting the apoptosis, ROS and many
other inflammatory markers (IL-6, IL-1$ and TNF-") which are
contributing factors in organ failure as well as improve the
pathological alterations in renal and hepatic tissues. Therefore,
we recommended that alpha-lipoic acid is very essential and
should be used with safe therapeutic dose which may treat
the undesirable and dangerous toxic effects during heavy
metals exposure.
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