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Abstract

group.

hepatorenal and testicular parameters.

Cadmium is a toxic heavy metal in the contaminated environment which accumulates in different organs of the
human and animal. Cd exposure leads to the production of reactive oxygen species present study was performed to
evaluate the effect of cadmium on the biochemical criteria (ROS). The related to oxidative stress in kidney, liver and
testis of adult male rats and to clarify the protective effect of pre and post treatment with lycopene on these criteria.
The results showed that cadmium treatment caused significant elevations in liver and kidney weights, serum
creatinine, urea, uric acid, aspartate aminotransferse (AST), alanine aminotransferase (ALT), alkaline phosphatase
(ALP), gamaglutamyltransferase (GGT), and lactate dehydrogenase (LDH) with significant reductions in weights of
testes, epididymis, seminal vesicles and prostate, serum total protein and plasma testosterone. It also markedly
increased lipid peroxidation and cadmium concentration in kidney, liver and testis tissues, while significantly
decreased superoxide dismutase (SOD), catalase (CAT) activities and reduced glutathione in the tissues of the three
organs. Cadmium intoxicated rats showed also considerable increase in the percentages of dead sperms and
abnormal sperm rate, while marked decrease in sperm concentration and sperm motility as compared to the control

Pre-supplementation with lycopene prevented degenerative changes induced by cadmium, reduced oxidative
stress and restored the biochemical changes occurring in kidney, liver and testis tissues to near normal group
(control). In addition pretreatment with lycopene was more effective than post- treatment in reversing almost all

Keywords: Cadmium; Kidney; Liver; Testis functions; Lycopene
oxidative stress; Antioxidants

Introduction

Cadmium (Cd) is dangerous toxic heavy metal in the contaminated
environments. It enters to blood kidney, liver and reproductive organs
through the ambient air, drinking water, food, industrial materials and
consumer products [1]. Ingested cadmium is stored in the renal and
sex organs and resulted in renal dysfunction and testicular necrosis [2].
It was suggested that cadmium caused tissue injury in the liver, kidney,
testis and other organs by enhancing intra cellular reactive oxygen
species (ROS) production and lipid peroxidation which resulted in the
release of oxygen free radicals [3]. Cadmium exposure occurs from
ingestion of contaminated food or water and can produce long term
health effects [4]. Cigarette smoking is also considered to be the most
significant source of human cadmium exposure [5].

Recently, lycopene (Lc) has attracted considerable attention as a
potential chemo preventive agent. It is an aliphatic hydrocarbon,
naturally occurring carotenoid in tomatoes. Lc is highly efficient
antioxidant with high free radical scavenging capacity and has singlet
oxygen [6]. The salutary effects of lycopene could be attained through
different mechanisms including carcinogen metabolism, regulation of
intracellular gap-junction communication, gene function regulation,

modulation of various metabolic pathway of xenobiotic, hormone and
immune modulation [7].

Therefore, the aim of the present study was to evaluate the effect of
cadmium on the biochemical criteria related to oxidative stress in liver,
kidney and testes of adult male rats and to highlight the protective
effect of lycopene on these criteria.

Material and Methods

Experimental animals

Sixty adult male albino rats of similar age (10 weeks) and weight
(210 + 20 g) were selected for this study. The animals were obtained
from the breeding stock of Faculty of Veterinary, Zagaig University,
Egypt. They were kept under standard laboratory conditions (25 + 2°C
and 12h /12h light /dark cycle). Rodent chew diet and clean water
provided ad libitum. All animal procedures are in accordance with the
guidelines of Ethical Committee of the National Institutes of Health
Guide for Care and use of Laboratory animals (Publication No 85-23
revised 1996). All rats were acclimatized for two weeks prior to the
beginning of the study.
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Chemicals

Cadmium chloride (Cd Cl, 99% pure) was purchased from Sigma
Aldrich Chemicals Co. (St. Louis, Mo, USA). Cadmium chloride was
dissolved in saline solution (0.9% Na CI) and injected subcutaneously
at a dose of 5 mg/kg b.w. Lycopene (Natural 15 mg, 30 tablets, Leader
Pharm-Company) was suspended in corn oil and administered by
gavage at a dose of 4 mg/kgb.w. All other chemicals and reagents were
of analytical grade and obtained from standard commercial suppliers.

Experimental design

Two weeks after acclimatization to the laboratory conditions, the
animals were randomly classified into 6 groups, ten rats for each:

« Control group: rats were treated with corn oil, orally and injected
with saline for two months and served as normal control.

e Lcgroup: rats were administered by gavage with lycopene ( 4
mg/kg b.w.) once every other day for two months

o Cd group: rats were injected SC with cadmium (5 mg/kg b.w.) once
every other day for two months.

e Lc + Cd group: rats were administered by gavage with lycopene (4
mg/kg b.w.) followed after one hour by injection SC with cadmium
(5 mg/kg b.w.) once every other day for two months.

o Recovery group: rats were injected SC with cadmium (5 mg/kg
b.w.) daily for the first month and then left for recovery without
any type of administration for another month.

o Cd +Lc group: rats were injected SC with cadmium (5 mg/kg b.w.)
daily for the first month and then administered by gavage with
lycopene (4 mg/kg b.w.) daily for another month.

Blood collection

After two days from the end of the experiment, all animals were
fasted overnight and euthanized and blood samples were collected in
the morning via Retro-Orbital bleeding. One portion of blood samples
were collected and stored in tubes containing sodium oxalate (2%) and
centrifuged at 3000 pm for 15 minutes using a bench centrifuge.
Plasma was separated and stored at -20°C for further determination of
testosterone.

The other portion of blood samples were collected in centrifuge
tubes for serum separation, centrifuged at 3000 rpm for 15 minutes
(4°C) and stored at -20°C as aliquots for further determinations of
creatine, urea, uric acid, aspartate aminotransferase (AST) activity,
alanine aminotransferase (ALT) activity, alkaline phosphatase (ALP)
activity, gamma glutamyl transferase (GGT) activity, lactate
dehydrogenase (LDH) activity, total protein (TP).

Tissue samples

After blood collection, all rats were rapidly sacrificed and the liver,
kidney and testes immediately excised, washed several times from
blood by ice-cold isotonic saline, weighed and blotted dry. A known
weight of each of liver and kidney were shock-freezed in liquid
nitrogen (-170°C) and stored at -20°C for biochemical analysis. Testes,
epididymis, seminal vesicles and ventral prostate were dissected from
any adhering connective tissue, weighed and assayed immediately.
Plasma and testis samples were stored at -20°C for biochemical
analysis. The specimens of each organ (kidney, liver and testis) were
homogenized with tissue homogenizer individually to make 10% of
homogenate to assay the tissue oxidants and antioxidants including

lipid peroxidation, super oxide dismutase (SOD) activity, and catalase
(CAT) activity and reduced glutathione (GSH). The homogenates were
prepared for analysis by centrifugation at 18000 rpm (4°C) for 30
minutes and the supernatant was kept at -2°C for biochemical analysis.

The remaining portions of kidney, liver and testis were kept in hot
air oven at 100°C for 24 h. The dried sample was transferred to a cool
muffle furnace and the temperature was slowly raised to 450°C and
ached overnight. The ash was used to determine the concentration of
cadmium in each tissue.

Biochemical analysis

Serum analysis: Creatinine and urea as indicators to kidney
function were measured spectrophotometrically using standardized
commercially available diamond kits Egypt. Uric acid was determined
[8], using reagent kits No Ca 2120 obtained from Bio-diagnostic
Company Egypt.

Serum  AST and ALT  activities were  determined
spectrophotometrically [9]. Alkaline phosphatase (ALP) activity was
measured  spectrophotometrically at 405 nm [10].Gamma-
glutamyltransferase (GGT) activity was measured

spectrophotometrically using diagnostic kits [11]. The activity of
lactate dehydrogenase (LDH) was determined using colorimetric
spectrophotometer [12]. Total protein in serum was colorimetrically
determined [13].

Tissue homogenate analysis: The amount of malondialdehyde
(MDA) in tissue homogenate of kidney, liver and testes as an index of
lipid peroxidation was determined [14] based on the reaction with
thiobarbituric acid and was expressed as nmol/mg tissue. SOD activity
was determined [15] and expressed as u/mg tissue. Reduced
glutathione (GSH) concentration was assayed [16] and expressed as
umol/mg tissue. Catalase (CAT) activity was determined [17], based
on decomposition of hydrogen peroxide by catalase enzyme .Such
decomposition rate is directly proportional to the activity of catalase
enzyme and expressed as y/mg protein.

Cd concentration in tissues homogenate was measured by atomic
absorption spectrophotometry [18] and expressed as u g/g tissue.

Epididymis sperm quantity, motility and abnormality rate:
Spermatozoa in the epididymis were counted [19], using a
haemocytometer and light microscope at x 200 magnification. Sperm
motility was evaluated [20], on the basis of visual estimation under
light microscope at x 400 magnification. Motility was classified as
either motile or non-motile. The percentage of abnormal spermatozoa
was determined according to the method described by Atessahin et al.
[21]. Slides were stained with India ink and viewed under light
microscope at x 400 magnification.

Plasma testosterone levels were determined [22] using enzyme-
linked immunosorbent assay (ELISA) kits form TECO Diagnostics
(Anaheim CA) and expressed as ng/ml.

Statistical analysis

The obtained data were expressed as mean + SD. Homogenesity of
variances for each variable was analysed using the Levene test. The
data were statistically analyzed by means of one-way analysis of
variance (ANOVA) using SPSS software (SPSS Inc. Chicage, IL).
Intergroup comparison was performed by duncan's multiple rank test
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using the m STAT-c computer program. A difference was considered
significant at P<0.05.

Results

Administration of CdCl, showed severe signs of illness in the third,
fifth and sixth groups compared with the other groups. The mortality
rate was 20% (2 rats died out of ten) in each of group 3,5 and 6. No
mortalities were observed in groups 1,2 and 4.

Organs weights

It is evident from the data presented in Table 1 that Cd-intoxicated
rats showed significant increase in the weights of liver, right and left
kidney and marked decrease in the right, left testis, right and left
epididymis, seminal vesicles and prostate as compared to the normal
control.

Insignificant differences between the second group (Lc treatment
alone) and the control group concerning the weights of different
organs. However, pre-treatment Cd-intoxicated rats with Lc revealed
significant reduction in the weights of kidney and liver, while
considerable increase in the weights of testis, epididymis, seminal
vehicles and prostate as compared to the third group (Cd treatment
alone). Thus, pre-treatment with lycopene brought back the weights of
liver, kidney and testes to almost near the control group.

Post treatment with lycopene was less effective than pre- treatment
in reversing the weight of the three organs to be near the control group.
In the fifth group which administered Cd with the dose of 5 mg/kg b.w.
daily for one month and then left for recovery without any type of
administration for another month, it was found partial recovery in the
weights of the three organs.

Groups Liver Kidney (g) Testes (g) Epididymis (mg) Seminal Prostate

(9) Vesicles (mg)
(mg)
Right Left Right Left Right Left

Control 253 +°¢ 1.82+¢ 1.804 162 1502 0462 0472 0.73+2 0.35+2
21 0.21 0.19 0.14 0.14 0.06 0.05 0.06 0.02

Lc 252 +° 1.84+¢ 1.83 +d 1572 1552 048+2 048 +2 0.72+2 0.36 +2
3.1 0.18 0.17 0.12 0.13 0.03 0.04 0.05 0.03

Cd 55.6+2 2722 2702 1.02+4 1.03 4 0.30+¢ 0.31+¢ 0.32+¢ 0.17 £ ¢
71 0.24 0.22 0.09 0.08 0.02 0.03 0.04 0.02

Lc + Cd 27.8 £ de 1.92 +d 1.93+¢ 1.48 b 1.46 £2b 0.44 £ 0.43 £ 2 0.66 + 2 0.30 + @
26 0.29 0.27 0.15 0.16 0.05 0.06 0.05 0.03

Recovery 39.1+b 2.18£P 2.16 P 117+ 1.16 +°d 0.38 + bc 0.39 + be 0.54 + be 0.25 + be
4.6 0.22 0.21 0.09 0.11 0.04 0.03 0.04 0.02

Cd+Lc 354+°¢ 2.09£° 2.06 + be 1.28 + be 1.27 £ be 0.41 £ be 0.40 £° 0.58 £ P 0.28 £P
4.1 0.19 0.21 0.12 0.14 0.03 0.04 0.06 0.03

Table 1: Effect of pre and post treatment with lycopene (Lc) on liver, kidney, testes weights of cadmium (Cd) intoxicated male rats. Values are
expressed as means +SE. Means followed by the same alphabetical letter are not significantly different at p<0.05. a: Cd, b: recovery, c: Cd+ Lc, d:

control, e: Lc, ab: recovery, bc: Le+Cd, c¢d: Cd+ Lc, de: Le+Cd

Kidney, liver and testis functions

There was no significant difference in the functions of kidney, liver
and testes between the second group (Lc treatment alone) and the
control group (Figure 1) The treatment of male rats with Cd caused
significant elevations in the levels of creatinine (140%) urea (91%) ,
uric acid (98%) as compared to the control group, reflecting kidney
function and renal structural integrity. Pre-treatment with Lc markedly
enhanced the renal indices reaching almost near the normal control
group. Post-treatment with Lc was less effective than pre-treatment in
reversing the levels of renal indices.

Exposure of the experimental animals to Cd was accompanied by
considerable increase in hepatic indices, i.e. AST, ALT, ALP, GGT and
LHD and marked decrease in serum total protein (TP) as compared to
the normal control group. However, Co-administration of Lc¢ prior to
Cd-treated rats showed results approximating those in the control

group with respect to hepatic indices. Post-treatment with Lc was less
effective than pre-treatment in reversing the levels of hepatic indices
followed by the fifth group which administered 5 mg/kg b.w. cadmium
daily for one month and then left for recovery without any type of
administration for another month in which partial recovery of hepatic
indices was observed.

Cd-intoxicated rats showed significant decrease (-59%) in the level
of plasma testosterone as compared to the control group. However,
pre-treatment Cd- intoxicated rats with Lc significantly enhanced the
level of plasma testosterone as compared to Cd group and brought
back the level of testosterone to almost near the control group. Pre-
treatment with Lc was more effective than post-treatment in reversing
the values of testicular index. Partial recovery of plasma testosterone
was also detected in the fifth group (Figure 1).
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Figure 1: Effect of pre and post treatment with lycopene (Lc) on
renal (1A), hepatic (1B) and testicular (1C) parameters in serum
and plasma of cadmium (Cd) intoxicated male rats. Values are
expressed as means + SE. Columns followed by the same
alphabetical letter are not significantly different at p<0.05.

nd Cd concentration in tissues

The data illustrated in Figure 2 revealed that exposure the rats to Cd
resulted in an increase of 35%, 58% and 54% in the amount of MDA in
kidney, liver and testis tissues, respectively as compared to the control
group. The concentration of cadmium was significantly increased in
the tissues of kidney liver and testis of Cd-intoxicated rats when
compared to the control group. However, the level of GSH and the
activities of SOD and CAT were markedly decreased in the tissues of
the three organs of Cd intoxicated rats as compared to the control
group (Figure 3). Pre-treatment with Lc brought back the
concentration of Cd, the levels of MDA and GSH as well as the
activities of SOD and CAT to near the normal control group. It is
evident that there was insignificant difference between pre-treatment
Cd-intoxicated rats with Lc and the control group concerning the
levels, of MDA, GSH and SOD in the three organs tissues, indicating
clearly the therapeutic value of Lc. Post-treatment Cd- intoxicated rats
with Lc was less effective than pre-treatment in reversing the functions
of kidney, liver and testis to the normal control.
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Figure 3: Effect of Pre and Post treatment with lycopene on some
antioxidants and cadmium content in kidney (A), liver (B) and
testes (C) tissues of cadmium (Cd) intoxicated male rats Values are
expressed as means + SE. Columns followed by the same
alphabetical letter are not significantly different at p<0.05.

Sperm characteristics

As shown in Table 2 there was no significant difference in sperm
characteristics between the first group (control) and the second group
(Lc treatment alone). However Cd intoxicated rats showed significant
reduction in the sperm concentration (53%) and motility (52%), while
significant increase in the percentages of dead sperm (158%) and
abnormal sperm rate (148%) as compared to the normal control. On
the other hand, pre-treatment Cd-intoxicated rats with Lc brought
back sperm characteristics to approximately near the normal control,
indicating the beneficial effect of Lc on sperm characteristics. Post -
treatment Cd intoxicated rats with Lc was less effective than pre-
treatment in reversing the values of sperm characteristics to the
normal control.
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Groups Sperm Sperm Dead Abnormal
concentration motility sperm sperm rate
million/g % % %

Control 268.0 £ 14.12 74.9+52% | 165+ 1.2% | 8.6 +0.90°

Lc 280.4 + 16.22 77.9+6.32 149+1.4¢ | 7.2+0.82°

Cd 125.8 + 11.5° 36.1+2.8° | 426+35% | 21.3+1.092

Lc + Cd 242.2 +9.2b¢ 65.2+5.6° | 20.8 +1.7°9 | 14.0 £ 0.92°

Recovery 212.3+18.44 55.1+6.2d 3524295 | 16.4+1.2°

Cd +Lc 235.6 £ 19.6° 59.0 +#4.8°%4 | 28.7+2.2° | 14.3+1.1°

Table 2: Effect of pre and post treatment with lycopene (Lc) on sperm
characteristics of cadmium (Cd) intoxicated male rats. Values are
expressed as means +SE. Means followed by the same alphabetical
letter are not significantly different at p<0.05. a: Cd, b: recovery, c: Cd+
Lc, d: control, e: L, ab: recovery, bc: Lc+Cd, cd: Cd+ L, de: Le+Cd

Discussion

Cadmium is considered one of the most toxic metals that may
induce oxidative damage by disturbing the prooxidant-antioxidant
balance in the tissues. Liver, Kidney and testes are the target organs
following Cd exposure with the severity of their intoxication. The
mechanism of tissue damage induced by cadmium includes the
production of free radicals that alter mitochondrial activity and genetic
information [23].

The present study concentrates on the possible protective effect of
pre or post-treatment with lycopene on oxidative damage generated by
cadmium induced hepatorenal and testicular toxicity. Cadmium
intoxicated rats showed significant increase in the weights of liver,
right and left kidney as compared to the untreated rats (control) .
These results may be due to the hypertrophy induced in both liver and
kidney as a result of cadmium toxicity which is attributed with
hyperemia, sinusoid dilation and increased kapffer cells in the liver and
dilation of renal glomeruli in the kidney [24]. These findings are in
agreement with previous reports demonstrating that Cd toxicity leads
to abnormal body and organs weights in rats [25].

Otherwise, cadmium intoxicated rats produced lighter weights of
both right and left testis, right and left epididymis, seminal vesicles and
prostate. These results are in accordance with the finding of Elgawish
and Ghanem [26] who reported that the weights of testis, epididymis,
seminal vesicles and prostate glands were decreased in rats received Cd
as compared to the control. The reduction in the weights of testes and
epididymis due to cadmium administration may be attributed with the
inhibition of spermatogenesis, decreased elongated spermatids and
steroidogenic enzyme activity [27].

Serum protein level is a measure of overall liver function. According
to the present study Cd-intoxicated rat’s revealed significant decrease
of serum total protein. These results are supported by the finding of
Hassan et al. [28]. The liver is known to play an essential role in
synthesis of serum protein. Also kuffer cells of the liver are known for
antigenicity as they phagocytosis antigen. The toxicity of Cd may
involve a reaction of reactive oxygen species (ROS) as described by
Manca et al. [29]. In addition Cd damage is typically located in the
proximal tubule and it decreases proteins reabsorption [30]. The

reduction of serum protein in rats exposed to Cd is supported by the
finding of Babaknejad et al. [31].

The results obtained in the present study showed that pre and post-
treatment with Lc prevented the toxic effect of Cd and produced
significant elevations of serum protein as compared to Cd group.
However the effect of pre-treatment with Lc was more prominent than
that of post-treatment. The possible explanation for the protective
effect of lycopene against Cd-induced lipid peroxidation and
hepatoxicity is its ability to react with the oxygen metabolites [32].

In the current study pre or post-administration of Lc and Cd
produced a significant decrease in the weights of liver and kidney
compared with the Cd group. However the effect of pre-treatment with
Lc was more prominent than that of post treatment. It is interest to
mention that lycopene pre-treatment in Cd-administered rats showed
approximately normal liver, kidney and testis weights. The
chemopreventive effect of Lc might be due to its highly efficient
antioxidant with high free radical scavenging capacity and has singlet
oxygen [6]. Lc has a salutary effect on regulation of intracellular gap-
junction communication, gene function regulation, modulation of
various metabolic pathway of xenobiotic, hormone and immune
modulation [7].

The results of the present study indicated that Cd administration at
the dose of 5 mg/kg b.w resulted in a significant increase of serum
creatinine, urea and uric acid, indicating the impairment in the kidney
function. These increases reached 42% for creatinine, 87% for urea and
98% for uric acid as compared to the control group. In this connection,
urea and creatinine levels are used to monitor renal function and their
levels will not rise until at least 50-70% of the kidney nephrons are
destroyed [33]. Treatment with Lc brought back the concentration of
creatinine, urea and wuric acid to almost near their normal
concentrations, indicating clearly the therapeutic value of Lc. In this
connection, Sharma and Vijaya [34] reported that lycopene, treatment
prevented degenerative changes induced by Cd Cl, which confirmed
the results obtained in the current study.

It is interest to mention that pre-treatment with Lc was more
effective than post-treatment in reversing almost all renal parameters,
ie. creatinine,urea and uric acid in cadmium intoxicated rats to be near
or close to their level in control group.These results are in the same line
with that of Dakrory et al. [35].

In the fifth group and at the end of two months, the data showed
partial recovery of the toxic effect of cadmium administration with the
dose of 5 mg/kg b.w. daily for the first month concerning the weights of
liver kidney and testis as well as the concentrations of serum
creatinine, urea and uric acid, indicating that the adverse effect
induced by Cd administration are reversible. The obtained results may
be attributed with bioenergetic recovery [36].

The present results showed that intoxicated rats with cadmium
significantly elevated AST, ALT, ALP, GGT and LDH as compared to
the control group. The elevation in serum activities of AST, ALT, ALP,
GGT and LDH in Cd intoxicated rats had been attributed to the
damage structural integrity of liver, because these markers are
normally located in the cytoplasm, mitochondria or microsomes and
are released into circulation after cellular damage [37]. This also may
be due to increasing cell membrane permeability or cell membrane
damage of hepatocytes under the influence of cadmium. The increase
of serum GGT is the testimony of the ubiquity of hepatoxicity and
oxidative damage in liver cells [38,39]. In addition, ALP is considered
as an enzyme of hepatocytes plasma membrane. Thus an increase in
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serum ALP activity has been related to damage of the liver cell
membrane (40).

Co-administration of LC with cadmium significantly reduced the
levels of liver enzymes activity, i.e. AST, ALT, ALP, GGT and LDH as
compared with the Cd-group. Pretreatment Cd -intoxicated rats with
Lc brought back the levels of AST, ALT, ALP, GGT and LDH activities
to near normal group, indicating the protective effect of lycopene in
ameliorating the hepatoxic effect of Cd. These results are in accordance
with the finding of Tokak et al. [39]. However post treatment with Lc
was less effective than pre-treatment in attenuating ALT, AST, ALP,
GGT and LDH as biochemical markers of hepatocellular damage.

Partial recovery was detected in the levels of liver enzymes activity
of the fifth group which administered Cd with the dose of 5 mg/kg b.w.
daily for one month and then left for recovery without any type of
administration for another month, indicating the reversibility of
adverse effect induced by cadmium.

The plasma testosterone level is considered to be a useful indicator
of testicular function [40,41]. Testosterone is the main secretory
product of testis and acts as both an endocrine and local factor within
the testis [42]. The obtained data in the present study revealed a
significant decrease in the level of testosterone in Cd-intoxicated rats.
In this connection, similar findings were reported [43,44]. These
results could be attributed to the leyding cell dysfunction and
decreased number of luteinizing hormone (LH) receptors on leading
cells lending to steroidogenic disorder [45]. However pretreatment Cd-
intoxicated rats with Lc brought back the level of testosterone to almost
close to control group. In addition post-treatment with Lc increased
significantly testosterone level compared to Cd group. Lc treatment
enhanced the level of testosterone. The therapeutic effect of lycopene
obtained in the current study is supported by the finding of Salem et al.
[46], who reported that Lc significantly enhanced the level of plasma
testosterone in male rats.

The results of the present study indicated that Cd administration at
the dose 5 mg/kg b.w. leads to a significantly increased accumulation of
cadmium in the kidney, liver, testis tissues of rats treated with Cd.
These results are in accordance with the findings of Gaurav et al. [33]
and Mafulul and Okoye [47], who showed that intake of cadmium,
induces its accumulation in these tissues and alters the enzymatic and
non-enzymatic components of antioxidant defense system. However,
pre-treatment with Lc prior Cd administration significantly lowered
the concentrations of Cd in the kidney, liver and testis tissues of rats
treated with Cd. In addition post-treatment with Lc after Cd
administration significantly attenuated the levels of Cd in the studied
tissues. However, pre-treatment with Lc was more effective than post-
treatment. The decreased level of Cd in the kidney, liver and testis
tissues after pre or post-treatment with Lc could be explained on the
basis of formation cadmium lycopene complexes or cadmium-
metallothione in complexes [48].

Cadmium intoxicated rats showed significant increase in MDA of
the different organs tissues studied as compared to the normal control
group. Otherwise, the level of SOD, GSH and CAT in the studied
tissues was significantly decreased following exposure to cadmium
similar findings were also reported earlier [31,47,48]. It was found that
pre as well as post treatment Cd-intoxicted rats with Lc effectively
decreased the accumulation of Cd in kidney, liver and testis tissues and
induction of MDA, whereas significantly increased the levels of SOD,
GSH and CAT in the studied tissues.

MDA is an end product of lipid peroxidation. It is a major early
manifestation of oxidative damage of organs tissues and plays an
important role in the induction of toxic lesions by Cd [47]. GSH plays
a critical role in drug detoxification reactions, breakdown of
intracellular peroxides or free radicals and plays a major role in the
maintenance of mitochondrial rfunction . Administration of Lc helps
to overcome the oxidative stress by increasing GSH levels [32].

The antioxidant enzymes SOD and CAT in kidney, liver and testis
tissues were decreased in Cd-intoxicated rats.SOD accelerates the
conversion of superoxide radical (O%) to hydrogen peroxide, while
CAT is an inducible cytosolic enzyme, which serves to protect the
biological system against reactive oxygen species, converting hydrogen
peroxide to non-toxic oxygen and water [34]. The significant increases
of these enzymes in the tissues were provided with Lc treatment,
providing evidence that Lc might have a significant activity in
maintaining antioxidant enzymes. These results are in accord with
previous findings [39,46,49], indicating, the useful effects of Lc in
preventing hepatorenal and testicular damage induced by Cd exposure.

It has been found that Cd leads to a significant decrease in
epididymal sperm concentration, motility and significant increase in
the percentage of dead sperms and abnormal sperm morphology rate
in comparison with the control group. In this connection similar
findings were previously reported [3,26,49].

The diminution of epididyal sperm concentration, motility and
normal sperm morphology rate in Cd intoxicated rats may be caused
by lipid peroxidation of unsaturated fatty acids in the sperm plasma
membrane, resulting in a loss of its fluidity and function [46].

Pre or post-treatment with Lc to the Cd-intoxicated rats resulted in
attenuation the adverse effect of Cd on sperm characteristics and the
values were approximately near to the control group. These results
correlate with previous findings [46,49] and could be attributed with
the antioxidant properties of lycopene.

Conclusion

The findings of the current study reinforce the significant role of
reactive oxygen species in the pathogenesis of Cd-induced oxidative
damage in the rat kidney, liver and testes tissues. Pre-treatment Cd-
intoxicated rats with Lc could be effective for prophylaxis of Cd
induced hepatorenal and testicular injury for its potent cytoprotective
effects against the deleterious toxic effects caused by Cd. Lycopene
showed marked protective affects against cadmium induced toxicity in
rats. Further studies are required to recommend the use of Lc and its
therapeutic potential in human.
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