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Abstract: The oxidative damage and morphological changes of kidneys of rats exposed to cadmium (5 mg Cd /kg b.w)
for 22 days and the protection using melatonin (10 mg/kg b.w) against cadmium toxicity was studied. Malondialdehyde
(MDA) concentration as a lipid peroxidation indicator, activity of the antioxidant enzyme superoxide dismutase (SOD)
and the concentration of glutathione (GSH) were measured in kidney homogenates. The morphological changes were in-
vestigated using both light and electron microscopes. The exposure to Cd led to an increase in the MDA levels and a de-
crease in both the activity of SOD and the concentration of GSH versus controls. In contrast, melatonin administration re-
stored the previous changes to nearly the normal levels. Morphologically, Cd led to different histopathological changes
such as loss of the normal cortical tissue, atypical tubules with hamorrhage, cellular degeneration and necrosis, fat glob-
ules and slought cells (urine cast) in the tubular lumens. Again, melatonin administration counteracts all changes and the
tissue appears more or less normal. The rate of recovery was faster when melatonin was administered for treatment after
the exposure of animals to cadmium than if the animals left without any treatment. The results suggest that melatonin may
be useful due to antioxidant properties in combating free radical-induced oxidative stress and tissue injury resulted from

cadmium toxicity.

INTRODUCTION

Cadmium (Cd) is an important industrial and environ-
mental pollutant that currently ranks seventh on the
ATSDR/EPA list of Hazardous Substances [1]. The kidney
is the critical target organ for the general population as well
as for occupationally exposed populations. Of the many re-
ported toxic effects of Cd, some of the most serious involve
the kidney. Wide ranges of tests with different sensitivities
and levels of significance have been used among cadmium-
exposed populations to assess cadmium nephrotoxicity [2].
Cadmium is known to accumulate in the human kidney for a
relatively long time, from 20 to 30 years. Most studies have
centered on the detection of early signs of kidney dysfunc-
tion in the occupational setting [3]. The highest load of cad-
mium is found in the renal cortex. Renal concentrations in
second trimester fetuses and infants compared to autopsy
studies in adults show renal cadmium concentration in-
creases about 5,000 times from birth to adulthood [4]. Stud-
ies of cortex concentrations have found that women have
significantly higher concentrations than men, in spite of a
higher male smoking rate.

Impairment of renal tubular re-absorption function is a
well established toxic effect of chronic exposure to low-level
environmental cadmium [5, 6]. Such impairment results in
increased urine excretion of small molecular weight com-
pounds that would be otherwise reabsorbed from the glome-
rular filtrate [7]. Chronic exposure to low-level Cd has also
been associated with several other adverse health effects
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including osteoporosis, early onset of diabetic renal compli-
cations, end-stage renal failure, hypertension and increased
cancer risk [5, 6, 8, 9]. Individuals with signs of Cd-linked
kidney toxicity had 40-100% increased mortality risk sug-
gesting renal Cd toxicity is an early warning of complica-
tions, sub-clinical or clinical morbidity [6, 10].

The nephrotoxic effects of Cd are thought to occur when
circulating Cd that is bound to metallothionein or other low-
molecular-weight materials in plasma is delivered to the
epithelial cells of the proximal tubule, either at the apical or
the basolateral cell surface, and taken up to such an extent
that the renal cortical Cd concentration exceeds a critical
threshold that results in cellular injury [11-13].

Oxidative stress is believed to participate in the early
processes of cadmium (Cd)-induced proximal tubular kidney
damage. Under normal conditions, antioxidant defense sys-
tems of the cell minimize the perturbations caused by reac-
tive oxygen species (ROS). When ROS generation is in-
creased to an extent that overcomes the antioxidant enzymes
and molecules, it results in oxidative stress [14] causing
damage to DNA, proteins or mitochondria, lipid peroxida-
tion and apoptotic cell death [15, 16]. Cd, which is not a re-
dox active metal itself, can generate free radicals only indi-
rectly. It is thought that Cd may replace redox active metals
such as iron and copper, which in turn participate in free
radical generation via Fenton reactions [17]. Cd-induced
ROS formation may also be due to depletion of endogenous
intracellular radical scavengers such as GSH, to which it
binds with high affinity [18, 19].

The mechanisms of cadmium toxicity are not completely
understood, but some of the cellular effects are known. Fifty
to sixty percent of exposed populations have been shown to
have chromosomal damage [20]. Some of the specific
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changes that lead to tissue damage and death in chronic ex-
posure have been related to oxidative stress and thiol deple-
tion [18]. Cellular damage results from cadmium binding to
sulfthydryl groups in tissue, the production of lipid peroxides,
and the depletion of glutathione.

The Protective effects of melatonin against metal-
induced oxidative damage have been reported in studies
done mostly in vitro [21-23] and in vivo [24-27]. Marshall et
al. [28] reported that melatonin may afford protection
against free radical-induced lipid peroxidation in vivo. Stud-
ies to test this possibility in vivo have been carried out and
the findings uniformly suggest an antioxidative action of
melatonin in lipid-rich environments.

Reports documenting the influence of melatonin on anti-
oxidant enzyme activity were first published in the mid-
1990s [29, 30]. These papers described the amplification of
GSH-Px activity in the brain of rat and in several tissues of
chicks after exogenously administered melatonin (500
ung/kg). Thereafter, several groups showed that melatonin
increases the activity of antioxidant enzymes in other tissues
and models. Thus, Ozturk ef al. [31] found increased SOD
activity in rat liver after administration of 10 mg/kg of mela-
tonin for 7 days, while Liu and Ng [32] reported enhance-
ment of SOD activity in rat kidney, liver and brain after a
single melatonin injection (5 mg/kg).

MATERIALS AND METHODOLOGY
Animals

75 adult male Sprague-Dawley rats weighting about 125
grams were used in the present work. They were purchased
from Assiut University Joint Animal Breeding Unit. The
animals were kept in a controlled light room with a photope-
riod of 12 hours dark and 12 hours light (dark light cycle
12:12) with lights on from 6:00 to 18:00 h at a temperature
of 28 £ 2 °C. All animals were given free access to standard
laboratory chow and tap water. Care and treatment of ani-
mals was approved and practices were performed according
to approval of ethics regulation at the Assiut University.

Chemicals

Cadmium chloride (Cd), melatonin, 2-thiobarbituric acid,
1,1,3,3-tetra-methoxypropane, dimethyl sulfoxide, sodium
dodecyl sulfate, and epinephrine were purchased from Sigma
Co. (St.Louis, Mo). Cadmium chloride was dissolved in sa-
line solution (0.9% NaCl). Melatonin was dissolved in etha-
nol before being diluted with saline. The final concentration
of ethanol in the melatonin solution was<1%. All other
chemicals were of highest quality available.

Experimental Design

The rats were randomly divided into 5 groups, 15 rats for
each:

* The first group: was injected subcutaneously with
cadmium chloride (Cd) at a dose of 5 mg/kg body weight for
22 days.

* The second group: was injected subcutanecously with
melatonin (10 mg/kg b.w) and Cd for 22 days. The admini-
stration of melatonin was 30 min. before Cd injection and
was given at 4 p.m. (two hours before light off).
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* The third group: was injected subcutaneously with Cd
(5 mg/kg b.w) for 22 days, and then left for recovery without
any type of administration for another 22 days.

* The fourth group: was injected subcutaneously with
Cd (5 mg/kg b.w) for 22 days, and then given daily subcuta-
neous injection of melatonin (10 mg/kg b.w) for another 22
days.

* The fifth group: served as control and the rats were
injected with vehicles only.

24 hours after the last injection, the rats were sacrificed
by cervical dislocation.

Tissue Preparations

The specimens from the kidneys were rapidly excised,
and cut conveniently into small pieces, which were used for
morphological investigations. Another portion of the kidneys
was frozen at -40 °C for measurement of oxidative stress
markers.

Measurement Lipid Peroxidation (LPO)

The method of measurement of oxidized lipids was based
on that of Ohkawa ef al. [33]. A 10 (w/v) tissue homogenate
from kidney required for this assay (this homogenate con-
tained 1% v/v dimethyl sulfoxide to prevent further oxida-
tion). To 0.2 ml Aliquots of tissue homogenate was added
0.2 ml 8.1 % w/v sodium dodecyl sulfate solution, 1.5 ml
20% v/v acetic acid solution (PH 3.5) and 1.5 ml 0.8% w/v
thiobarbituric acid solution. The mixture was made up to 4.0
ml with distilled water and heated to 95 °c for 1 h. The sam-
ples were cooled and centrifuged at 2000 xg for 10 min and
absorbance measured at 532 nm. Results were expressed as n
mol malondialdehyde formation per g tissue.

Superoxide Dismutase (SOD) Activity

SOD activity was determined at room temperature ac-
cording to the method of Misra and Fridovich [34]. Ten mi-
croliters of tissue extract was added to 970 ul (0.05 M, pH
10.2, 0.1 mM EDETA) of sodium carbonate buffer. Twenty
microliters of 30 mM epinephrine (dissolved in 0.05% acetic
acid) was added to the mixture to start the reaction. SOD
activity was measured at 480 nm for 4 min. Activity was
expressed as the amount of enzyme that inhibits the oxida-
tion of epinephrine by 50%, which is equal to 1 U per mg of
protein. Protein concentrations were measured by the method
of Bradford [35] using bovine albumin as standard.

Measurement of Glutathione (GSH) Concentration

GSH content was measured by a modification of the
method of Beutler ef al. [36]. Briefly, 500 ul of tissue extract
was added to 2.0 ml of 0.2 M phosphate buffer and 0.25 ml
0.04% 5,5’dithio-bis 2-nitrobenzoic acid. Absorbance was
read at 410 nm. GSH content was expressed as nanomoles of
GSH per mg of protein.

Histological and Histopathological Examinations

For the histological and histopathological examinations,
pieces of the kidneys were fixed in 10% of neutral buffered
formalin (PH 7.2), dehydrated in ascending series of ethanol,
cleared in methyl benzoate and embedded in paraffin wax.
Paraffin sections of 5 microns in thickness were prepared
and stained with Harris’s hematoxlin and eosin.
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Electron Microscopy

For electron microscopy, 5-10 small pieces 1x1 mm in
size were taken from the kidney of control and treated ani-
mals and fixed in 5% cold glutaraldehyde immediately after
dissecting the animal for 24-48 h. The specimens were then
washed in phosphate buffer (PH 7.2) 3-4 times for 20 min-
utes each and post fixed in 1% 04S4 for 2 h, after that
washed in the same puffer 4 times. Dehydration by ascend-
ing grades of alcohol (30, 50, 70, 90 and 100% for 2 h) were
done and embedded in epon araldite mixture. From the em-
bedded blocks by LKB ultramicrotome semithin sections in
thickness of 0.51 were prepared for orientation the tissue and
then ultrathin sections in thickness of 500-700 “A were made
using Leica AG ultramicrotome and contrasted in uranyl
acetate and lead citrate, as usual, examined by TEM 100 cxII
electron microscope and photographed [37].

Quantitative Analysis of the Element

The samples were dried by critical point dryner stiked in
SEM holder and analyzed by using Oxford Link pentafet
EDX model 6647 for detection of the elements and the per-
centage in relation to each other.

Statistical Analysis

The quantitative results were expressed as means + SE.
Differences between means were tested by the ANOVA fol-
lowed by the Student-Newman-Keuls t-test. The percent of
stimulation (S%) or inhibition (1%) was calculated.

RESULTS

Cadmium residue was increased in the kidney of Cd-
administered animals versus those of controls (Table 1).
Melatonin administration decreased the element accumula-
tion when it was given both 30 min. before Cd and after Cd
to the recovery group. As shown in Table 2, administration
of cadmium significantly increased (P<0.01) LPO Ilevels in
the kidney homogenates versus those of control rats by
36.2%. When melatonin was given (30 minutes before cad-
mium) to cadmium-administered rats, it significantly inhib-
ited (P<0.01) the increase of LPO by 51.4%. In the rats
which left for recovery without any type of treatment for 22
days (Recov), the levels of the oxidized lipids were still in-
creased (4.1%) versus those of cadmium-administered ani-
mals. When melatonin was given for another 22 days for
recovery (Recov+M), the levels of LPO were decreased
(35.8%) versus those of cadmium-administered rats. The
comparison between the two recovery subgroups (Recv and
RecovtM) revealed that the levels of LPO was decreased
(38.3%) in the Recov+M group versus those of Recov one.
Statistically, the use of melatonin in recovery (Recov+M)
significantly (P<0.01) reduced the LPO levels.

The activity of SOD was inhibited (P<0.01) in the kidney
homogenates of cadmium-administered animals versus those
of controls (Table 3). The cadmium-induced inhibition of
SOD activity was 56.8%. The administration of melatonin to
rats which given cadmium markedly stimulated (P<0.01) the
activity of SOD by 42.3%. In the animals, which left for re-
covery without any type of treatment for another 22 days
(Recov), there was an increase in the activity of SOD
(13.2%) versus those of cadmium-administered animals.
Administration of melatonin for another 22 days for recovery
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(Recov+M), increased the activity of SOD by 26.1% versus
those of cadmium-administered rats (P<0.01). The compari-
son between Recv and Recov+M groups revealed that SOD
activity was increased (11.4%) in the Recov+M versus those
of Recov one. Statistically, the increase of SOD activity in-
duced by melatonin in recovery (Recov+M) was non-
significant.

Table1l. Cadmium Content (Element) in the Kidney Tissue of
Control and Different Treated Groups of Rats (EDX
Attached to Scanning Electron Microscope [S.E.M])

Measurement/ Element Atomic Element Increase
Groups % % or Decrease
Control 0.0 0.0

Cadmium 2.18 0.55 Increase vs Control
Cad-+Melatonin 1.24 0.32 decrease vs Cad.
Recovery 2.16 0.58 decrease vs Cad.
. decrease vs Cad.
Recov.+ Melatonin 1.57 0.40
decrease vs Recov.

Table2. Mean Values £ S.E of Lipid Peroxidation (MDA),
Stimulation (%) and Inhibition (%) in Kidney
Homogenates of Control and Different Treated
Groups of Rats

Measurement/ LPO Inhibition or o
Groups (nmol/g Tissue) Stimulation % °
Control 3.274 £0.205°

Cadmium 4.460 +0.301° Stimulation vs Control | 36.2
Cad+Melatonin 2.166 £0.201° Inhibition vs Cad. 51.4
Recovery 4.641+0.581° Stimulation vs Cad 4.1
Recov.+ Melatonin | 2.865+0.154™ In.h l.b.mon vs Cad
Inhibition vs Recov. 38.3

Values in the same column with unlike superscript letters are significantly differing at
P<0.05.

Table3. Mean Values = S.E of Superoxide Dismutase (SOD)
Activity, Stimulation (%) and Inhibition (%) in
Kidney Homogenates of Control and Different
Treated Groups of Rats
Measurement/ SOD Inhibition or 1y
Groups (Units/mg Protein) Stimulation % °
Control 1.455+0.076"
Cadmium 0.629 +0.025" Inhibition vs Control | 56.8
Cad+Melatonin 0.895 +0.023¢ Stimulation vs Cad. 423
Recovery 0.712 +0.034™ Stimulation vs Cad 13.2
. . Stimulation vs Cad 26.1
Recov.+ Melatonin 0.793 £0.020° . .
Stimulation vs Recov. | 11.4

Values in the same column with unlike superscript letters are significantly differing at
p<0.05.

Cadmium administration to the rats reduced total GSH
concentrations (P<0.01) in the kidney compared to those of
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controls by 28.7% (Table 4). Melatonin administration to
cadmium-administered rats markedly restored (27.6%) the
concentrations of GSH (P<0.01). In the rats, which left for
recovery without any type of treatment for another 22 days
(Recov), there was an increase in the concentration of GSH
(8.3%) versus those of cadmium-administered animals. In
the rats which given melatonin for another 22 days for re-
covery (Recov+M), the concentration of GSH was increased
(23.5%) versus those of cadmium-administered rats P<0.01).
The comparison between the two recovery groups (Recv and
Recov+M) revealed that GSH concentration was increased
(14%) in the Recov+M group versus those of Recov one.

Table4. Mean Values = S.E of Glutathion (GSH) Concentra-
tion, Stimulation (%) and Inhibition (%) in Kidney
Homogenates of Control and Different Treated
Groups of Rats

Measurement GSH Inhibition or o,
Groups (nmol/mg Protein) Stimulation % °
Control 12.456 £ 0.377*

Cadmium 8.882 £ 0.255" Inhibition vs Control | 28.7
Cad+Melatonin 11.329 +0.459* Stimulation vs Cad. 27.6
Recovery 9.621 +£0.501™ Stimulation vs Cad 8.3
. Stimulation vs Cad 235

Recov.+ Melatonin | 10.971 £0.373° . .
Stimulation vs Recov.| 14.0

Values in the same column with unlike superscript letters are significantly differing at
p<0.05.

The histopathological examination of the kidneys of
cadmium-treated rats (Fig. 2A-D) revealed major changes
when compared with control rats (Fig. 1A-C). Such changes
were; distinct spaces in-between the cortical tissue due to the
cellular degeneration with appearance of inter tubular edema,
dilation of Bowman's spaces and mesangial cell proliferation
in the glomerulus (Fig. 2A). Also, hydropic degeneration and
coagulative necrosis can be seen in Fig. (2B).

Electron microscopy showed hyper cellularity of the
glomeruli that reflected numerous of mesangial cells with
large nuclei and presence of numerous vacuoles in the cyto-
plasm (Fig. 2C). Necrobiosis of numerous tubular epithelial
cells was observed and some of them slought and present in
the lumen of the tubule (Fig. 2D).

Comparing with the cadmium-treated rats, melatonin
treatment exerted some improvements; the cortical tubular
portions retained their normality to a large extent (Fig. 3A).
Nevertheless, some cellular degeneration was observed
throughout the kidney tissue. In addition, few Malpighian
corpuscles underwent some symptoms of injury. Electron
microscopy of this group revealed more or less normal fea-
tures of the glomeruli which appear like those of control
animals (Fig. 3B). The tubular epithelial cells contain nu-
merous electron-dense globules in the cytoplasm and normal
mitochondria (Fig. 3C). Vacuole release was observed from
some tubular epithelial cells to the lumen of the tubule.
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Fig. (1). (A) T.S of the kidney of control rat showing normal distal
convoluted tubule (D) with cuboidal lining cells, Proximal convo-
luted tubule (P) with pyramidal lining cells and Malpighian corpus-
cle (M). (H&E, X 400). (B) Electron micrograph showing capillary
tuft (Cap) with red blood corpuscles (RBC) and loose mesangial
cells (MS). (X 5000). (C) Electron micrograph showing active
cuboidal epithelial cell with vesicular nucleus (N) numerous mito-
chondria (M). (X 4000).

Examination of the kidney sections obtained twenty two
days progressive to the cadmium (Recov) still revealed
marked histopathdogical lesions particularly in the cortical
portions (Fig. 4A). As shown in these figures, the Mal-
pighian corpuscles displayed some features of deformity.
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Fig. (2). (A) T.S of the kidney of cadmium-treated animal showing distinct spaces (S) in-between the cortical tissue, inter tubular edema (ed)
and degeneration of the epithelial cells (D). (H&E X 200). (B) T.S of the kidney of cadmium-treated animal showing hydrpic degeneration
and coagulative necrosis (N). (H&E X 400). (C) Electron micrograph showing the capillary tuft (Cap) with red blood corpuscles (RBC) and
large mesangial cells (Ms) with vacuoles (V). (X 5000). (D) Electron micrograph showing a slought cell (urine cast) in the lumen of the tu-

bule (SC) with condensed nucleus (N) and organelles. (X 5000).

The lining cells of some renal tubules underwent a notice-
able degeneration. Moreover, inter-tubular hemorrhage and
cellular necrosis were clearly observed. Electron micrograph
examination revealed large amount of mesangial matrix with
thickened basement membrane of the glomerular tuft (Fig.
4B). The tubular epithelial cells showed presence of some-
what normal mitochondria, high electron-dense globules
seem to be fat and moderate electron-dense irregular in shape
seem to be destructed absorbed red blood corpuscles (Fig.
4C). Microscopic examination of the kidney tissues of Re-
covt+M, showed a normal architecture of the renal tubules
and glomeruli and appeared like those of controls. A notice-
able regeneration of the lining cells of the proximal and dis-
tal convoluted tubules as well as the glomerular tufts also
detected (Fig. 5A). Electron microscopy revealed less
amount of mesangial matrix with slightly thickening of the
basement membrane of the glomerular tuft compared to
those of the recovery group (Fig. 5B). The renal tubular
epithelial cells appear more or less similar to those of con-
trols (Fig. 5C).

DISCUSSION

Cd accumulates unevenly in human tissues, and is con-
centrated primarily in lungs, liver, kidneys, brain, heart, and
testes [38]. In the current study Cd administration to the rats
leads to accumulation of the metal in the tissue of the kid-
neys versus control animals. Our results were matching the
previous of Gerhardsson et al. [38]. A variety of mechanisms
have been attributed to Cd-induced toxicity. Cd interferes
with the intracellular signaling network and gene regulation
at multiple levels [39]. Melatonin administration to Cd-
treated rats decreased the accumulation of the metal in the
kidneys. Chwetatiuk ef al. [40] described, in female mice, a

decrease of tissue accumulation of Cd and MT synthesis,
after melatonin was orally administered. In a recent article,
Alonso-Gonzalez et al., [41] observed differences in Cd
plasma concentration among animals receiving the same
amounts of the metal, depending on whether they were co-
treated with melatonin or the diluent. These effects could be
attributed to the binding of melatonin to Cd by forming
metal complexes [42] or by a melatonin-induced expression
of metallothionein (MT) and the formation of Cd-MT com-
plexes, the hypothesis considered by Alonso-Gonzalez et al.
[43]. Melatonin significantly increased the Cd-induced ex-
pression of MT-2A in all cell types.

There is an increasing body of evidence that the toxicity
of Cd may be associated with the production of reactive
oxygen species (ROS) [44]. It has also been found that Cd
induces oxidative stress in cultured human cells [45]. The
mechanism by which Cd induces ROS formation is not yet
known [18]. Previous studies have indicated that treatment
of cells with Cd results in specific mitochondrial alterations
[46]. Cd exposure also leads to mitochondrial dysfunction in
the renal cortex of rats [47]. It has been reported that Cd in-
duces alterations in activities of antioxidant enzymes such as
SOD [48] and catalase [49]. Lipid peroxidation is also asso-
ciated with Cd toxicity [49].

In the current study the results obtained regarding the
concentrations of MDA (an indicator of lipid peroxidation),
activitiy of SOD and GSH concentration in the kidney
clearly indicate that Cd is able to induce the oxidative stress
during repeated administration. There was an increase in the
levels of oxidized lipids and decrease in both SOD activity
and GSH concentration in the kidneys after Cd administra-
tion. Enhanced peroxidation of lipids in intra- and extracellu-
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Fig. (3). (A) T.S of the kidney of rat treated with cadmium and
melatonin revealing normal lining epithelial cells of the renal tu-
bules (H&E X 400). (B) Electron micrograph showing the capillary
tuft (Cap) with red blood corpuscles (RBC) and normal mesangial
cells (Ms). (X 4000). (C) Electron micrograph showing a tubular
epithelial cell with normal mitocondria (M), Nucleus (N), fat glob-
ules (L) and released vacuoles (V). (X 2700).

lar membranes results in the damage to the cells, tissues and
organs. SOD and GSH are important antioxidants that pro-
tect from this process via elimination of (ROS). When the
cells are oxidatively challanged, GSH synthesis increases as
a protective mechanism, but with the advancing dose of toxi-
cant, the GSH synthesis is unable to compete with oxidative
stress, and so the levels tend to decline [50]. SOD catalyzes
the reaction of superoxide anion radical (O,”) dismutation to
hydrogen peroxide (H,0,) [51].

4 TR

Fig. (4). (A) T.S of the kidney of rat of recovery subgroup showing
intertubular hemorrhage (Hm) while most cortical tubules appear
normal in structure. (H&E X 400). (B) Electron micrograph show-
ing the capillary tuft (Cap) with red blood corpuscles and mesangial
matrix with thick basement membrane (BM). (X 5000). (C) Elec-
tron micrograph showing a tubular epithelial cell with normal mito-
condria (M), Nucleus (N), fat globules (L) and destructive red
blood corpuscles (RBC). (X 4000).

PR "33 3 =

The Cd-induced increase in MDA concentration in the
kidney indicates an escalation of lipid peroxidation. The en-
hanced lipid peroxidation in the rats exposed to Cd might
result from the reduction in the activities of antioxidant en-
zymes (SOD and CAT). The mechanism of Cd-induced lipid
peroxidation is still not fully clarified. An available data in-
dicate that the mechanism is multidirectional and may
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Fig. (5). (A) T.S of the kidney of rat of recovery plus melatonin
revealing normal appearance of renal tubules and Malpighian cor-
puscles. (H&E X 400). (B) Electron micrograph showing the capil-
lary tuft (Cap) and mesangial matrix with slightly thick basement
membrane (BM). (X 5000). (C) Electron micrograph showing a
tubular epithelial cell with normal mitocondria, Nucleus (N) and
brush borders (BB). (X 2700).

involve a decrease in the level of glutathione and the total
pool of sulphydryl groups and changes in the activities of
antioxidant enzymes. These can induce the prooxidative state
in the biological systems and, in turn, lead to peroxidation of
polyunsaturated fatty acids [51-53].

In the current study melatonin administration to Cd-
treated or the recovery animals inhibited the increase of LPO
and restored the decrease of both SOD activity and GSH
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concentration. It is remarkable that melatonin protection
against the effects of Cd have been reported by different
groups [22, 41, 54]. The well-demonstrated antioxidant
properties of melatonin make it an efficient molecule for the
protection of cell macromolecules from oxidative damage.
For instance, melatonin reduces the damage induced by
KBrO; on the kidney [25]. Also, melatonin prevents the
damage on DNA and the adverse effects on induced by 2-
nitropropan [55] and diazinon [56].

The present study demonstrated the influence of Cd ad-
ministration on the morphological changes of the kidney.
Such changes included atypical tubules with hemorrhage in
addition to cellular degeneration and necrosis. Also, many of
ultrastructure alterations were detected in Cd-administered
rats. The mechanisms of Cd-induced renal damage result
from the dissolution of the Cd/metallothionein complex in
the kidney, exposing renal tissue to unbound cadmium.
Cd/cell membrane binding, cellular apoptosis of renal
proximal tubules, increased calcium loss in the urine, and
increased protein excretion are seen in animals given long-
term doses of cadmium or repeated doses of
Cd/metallothionein complexes. Studies have also shown
when the kidney is able to induce adequate de novo synthesis
of metallothionein, no membrane damage occurs [57].

During the past decade several studies on the health ef-
fects of environmental exposure to Cd have shown that tubu-
lar effects occur at urinary cadmium concentrations of 1-2
mg/g creatinine [58, 59]. The tubular damage may be diag-
nosed in persons under environmental exposure at concentra-
tions of urine Cd relatively lower than those in workers
occupationally exposed to Cd. It is plausible that the occupa-
tionally exposed group comprises a selection of relatively
healthy people, whereas the general population also includes
those more susceptible to the health effects of Cd activity
[58]. This phenomenon, known as the healthy-worker effect,
may be caused by medical selection and age. The results of
several studies performed on populations that were environ-
mentally exposed to Cd indicate that changes in sensitive
renal biomarkers may occur at urinary cadmium levels lower
than those found in adult male workers. Several markers of
renal tubular dysfunction, including PB,-microglobuline
(B2M), retinol-binding protein (RBP), and N-acetyl-B-D-
glucoseaminidase (NAG), were positively associated with
urinary excretion of Cd [7]. Again, melatonin administration
to Cd-treated rats counteracts the toxic effect of Cd on the
cortical tissue of the kidneys and the tissue appeared more or
less normal. The protective effect of melatonin on the renal
tubular tissue was studied against KBrO; [25], schistosomia-
sis [60] and lead toxicity [27]. In addition, melatonin exerted
potent protective effects against various nephrotoxic agents
such as cisplatin [61], gentamicin [62], acetaminophen [63]
and mercury(Il) chloride [64].

In conclusion, exposure to Cd exerted oxidative damage,
since the enzymatic activities involved in free radicals neu-
tralization are depressed. Such events may be, at least in part,
responsible for the morphological changes associated with
Cd exposure. At the same time, melatonin protective action,
which as we hypothesize, might be based on its powerful
antioxidant properties is likely to be a valuable drug for pro-
tection against Cd toxicity.
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