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SUMMARY

The wide spread applications of cadmium in industry make it one of the
most important  heavy metal of greatest toxicological concern. The
present work was designed to evaluate the toxic effect of cadmium on
kidney of albino rats with trials to minimize the toxicity of cadmium
through usage of selenium and zinc. One hundred and eighty albino rat
were classified into six equal groups. The first five groups were exposed
respectively 10 10 mg CdCly/1 drinking water, the second, 10 mg CdCl,
and 1 mg sodium selenite / L, the third, 10 mg CdCl, and 10 mg zinc
sulfate/ L. the fourth, 1 mg sodium sclenite /L, the fifth, 10 mg zine
sullate/L, while the sixth remained as control. The experiment lasted for
successive 3 month. Body weight gain, scrum samples for determination
of serum creatinine, urea, uric acid. calcium, phosphorus, as well as
sodium and potassium  concentration and kidney samples for
histopathological examination were taken every 15 days.The obtained
results revealed signilicant decrease in the body weight of cadmium
treated  rals, improvement in body weight was recorded in rats received
cadmium and selenium and that treated with cadmium and zinc. While
selenium or zine alonc has no remarkable effect in comparison with
control group. Cadmium induced nephrotoxic effect in rats reflected by
the significant disturbance in the biochemical parameters measured and
confirmed with the macroscopic and microscopic changes in the kidney
tissues. Also administration of zinc or selenium with cadmium plays an
important role. as protective agents against cadmium while selenium or
zinc alone have no remarkable histopathological lesions in comparison
with other experimental or control group.
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INTRODUCTION

Cadmium is a toxic transition metal of continuing occupational
and environmental concern. As highly cumulative toxic agent, cadmium
is estimated to have a biologic half-life in humans of approximately 20-
30 years. Cadmium causes different kinds of toxicity among human and
animal includes acute, subacute and chronic toxicity. nephrotoxicity,
genotoxieity and affect male fertility, (IRAC, 1976; Friberg ct al.., 1986;
Goyer, 1986; Kazantzis 1987; Waalkes and Oberdorster, 1990 and
Waalkes ct al., 1992). Significant decreasc in body gain and, growth
retardation, slight anemia, and decrease organs weight were recorded in
all Cd treated animals Groten et al. (1991); Latino ct al. (1997); Liac ct
al. (1997). and Pawaya et al. (1998). Several investigations were carried
out on the nephrotoxicity of cadmium in rats and micc (Tandon, et al..,
1992, Jun-Ichi Sudo et al, 1996; Nagwa El-Mossalamy ctal.. 1996;
Wafaa El-Kholy, 1996; and Liu et al. (1998). They revealed that
cadmium induce renal damage and dysfunction manifested by clevation
in blood urea nitrogen. scrum creatinine and decrease in scrum total
protein.

The present study aims to elaborate the protective effects of zine
and sclenium supplementation against long term administration of
cadmium (3 months), and the positive cffect of zinc and selenium in
improvement the kidney functions in case of cadmium nephrotoxicity.

MATERIALS and METHODS

180 apparently healthy adult albino wister rats weighing 120 g,
supplicd by Breeding Unit of the Lgyptian Organization for the
Biological and Vaccine production were fed on a commercially prepared
diet and had free access to tap water continuously available throughout
the study. Animals were classified into six equal groups (30 in cach),
rats were exposed 1o 10 mg cadmium chloride /L. in drinking water,
(group I} afler Sayai et al. (1991), 10 mg cadmium chloride + 1 mg
sodium selenite/T. (group 1I) after Sugawara et al. (1989), 10 mg
cadmium chloride + 10 mg zinc sulfate/L (group I17T) after Kudo et al.
(1986). 1 mg sodium selenite/ 1. (group IV), 10 mg zinc sulfate /T,
(group V), while rats of group VI were given only tap water and
considered as control group. The experiment lasted for three months,
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animals were weighed every two weeks. Five animals from cach group
were sacrificed. to take serum and kidney samples every two weeks.
Scrum samples were taken for estimation of serum creatinine. urea, uric
acid, calcium, phosphorus, sodium and potassium levels according to
(Houto 1983; Patton & Grouch, 1977; Artiss & Entwistle 1981; Gindier,
1972; Goldenberg. 1966; and Bauer et al., 1974) respectively Kidney
tissues were taken for histopathological examination according to
Carleton et al. (1967). The given data was analysed according to
Snedecor (1961).
RESULTS

Effect on the body weight;

The obtained results revealed that body weight was significantly
decreased in the cadmium exposed group from the second period and
lasted  to the end of the experiment. Regarding to groups that exposed to
cadmium and selenium and that exposed to cadmium and zinc. the
obtained results revealed improvement in body weight value. Selenium
or zinc alone had no remarkable toxic effect in comparison with control
group, Table (1).

Biochemical results:

In cadmium treated rats the effect was represented by significant
and persistent elevation of serum creatinine, urca nitrogen, uric acid,
calcium and phosphorus concentration with decrement in serum sodium
and potassium concentration. Selenium or zine in association with
cadmium posscs a protective cffects against the nephrotoxicity. This was
obvious by significant decrease in the previous elevated parameters and
increase in concentration of sodium and potassium. Selenium or zinc
alone has no remarkable toxic effect in comparison with control group,
Tables, (2.3, & 4),

Macro and microscopical findings:

Macroscopic examination revealed swelling and congestion of
kidney while Microscopic examination of kidney in cadmium treated
group revealed hyperemia in glomerular tuft with vacuolation of the
endothelial ccll while epithelial cell lining the renal tubules showing
granular  degeneration  Fig.  (I). Few mononuciear leucocytic
inflammatory cell infiltrations were observed in focal manner between
the wbule Fig. (2 & 3). Histopathological examination of selenium in
association with cadmium group shown histopathological lesion but less
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than that in the cadmium treated group. This lesion were in form of
aggregation of mononuclear leucocytic inflammatory cells in focal
manner adjacent to the cortical blood vessels, edema was noticed
surrounding the dilated blood vessels Fig. (4, 5 & 6). Zinc in association
with cadmium has no marked .histopathological lesions except at the last
month, a monontclear leucocytic inflammatory cell infiltration were
noticed in the periglomerular area with granular degenerative change in
the cytoplasm of the epithelial cells lining the renal tubules Fig. (7&8).
Selenium or zinc alone has no remarkable histopathological lesions in
comparison with other experimental or control group.

DISCUSSION

In the present study, our resulls revealed that exposure to
cadmium in concentration of 10-mg/L drinking water for successive
three months to albino rats induced marked nephrotoxicity. Our results
are consistent with the previous studies indicating that cadmiumisa
well-known nephrotoxic agent (Chapatwala el al., 1982: Sato and
Nagai, 1989; Tandon ct al. 1992, Tewari et al, 1991; Shiraishi ¢t al..,
1993 and Nagwa El-Mossalamy et al., 1996). The significant reduction
in body weight of cadmium treated animals may be attributed to the
severe altcrations induced in different tissues duc to cadmium toxicity
cspecially in the liver and kidneys. Our results were in agreement with
the data obtained by Latino et al. (1997) and Liao et al. (1997).

Chronic exposure to cadmium causes renal tubular cell injury
and dysfunction that may progress to a chronic interstitial nephropathy.
These changes characterized by significant clevation of serum creatinine,
urea nitrogen, uric acid , and calcium and phosphorus concentration.

Concerning the  significant  elevation in  serum creatinine
concentration in cadmium intoxicated rats, it was shown that creatinine
metabolism was thought Lo reflect the amount of glomerular filtration,
the changes in its concentration in the serum was followed. Previously,
creatinine excretion was found 1o be decreased with Cd mjection (Kudo
et al, 1986) leading to deercased creatinine clearance (Hopf ctal, 1990
and Zhao et al, 1990). These observations are consistent with the
present data which showed high levels of serum creatinine two weeks
following Cd-intoxication, reflecting depressing glomerular filtration
ratc and hence, glomerular dysiunction. The present results are also in
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accordance with the previous studies of Zhao et al. (1990); Nagyova et
al. (1994); Nagwa El-Mossalamy et al. (1996) and Wafaa El-Kholy
(1996) who reported that elevated scrum creatinine levels in guinea pigs
and rats intoxicated with cadmium. The significant elevation in
creatinine level may be recorded in acute or chronic renal insufficiency,
urinary tract obstruction, and impairment of renal function induced by
some drugs (Murray et al, 1988). The persistent increase in serum
creatinine level in Cd intoxication may be closely resemblc those
observed by Lin et al. (1992); Dorian et al. (1995) and Nagwa El-
Mossalamy et al. (1996).

The present results illustrated thal serum urca levels in rats
treated with Cd were much higher than that of control. Similarly,
elevated levels of urea nitrogen were recorded by Nagyova et al. (1994)
in sera of guinea pigs intoxicated with Cd. indicating impaired kidney
function. Also Wafaa Ll-Kholy (1996) and Nagwa El-Mossallamy et al.
(1996) and Jun-ichi Sudo ct al. (1996) recorded similar observation in
rats treated with cadmium. Elevated level of urea in blood may be noted
in renal insufficiency acute and chronic nephritis-acute renal failure
(tubular necrosis) and urinary tract obstruction. Also il was recorded in
cases of increased nitrogen metabolism associated with diminished renal
blood flow or impaired renal [unction (Sonnenwirth and Jarett, 1980).
The significant elevation in serum urca level in the intoxicated rats may
be atiributed to the toxic effect of cadmium on the liver and kidneys
where the histopathological ecxamination of the kidneys revealed
granular degeneration in the epithelial cell lining the renal tubules
indicating kidney dysfunction,

Tn cadmium treated rats. serum uric acid showed marked
clevation. The kidney excretes uric acid, an end product of nucleoprotein
metabolism.  Goul. a genelically transmitted mectabolic error, is
characterized by increased plasma or serum uric acid concentration, an
increase  in total body uric acid and deposition of uric acid in tissues. An
increase in uric acid concentration in plasma and serum may accompany
increased nucleoprotein catabolism. The elevated serum uric acid level
may be noted in cascs of gout. polycythemia, therapy with anti leukemic
drugs and a variety of other agents and renal insufficiency (Murray et al.,,
1988).

The present study revealed that cadmium toxicity in rats induces
significant increase in serum calcium and phosphorus concentration,

225



Assint Vet. Med. J Vol 43 No. 90, Suly 2007

while serum sodium and potassium concentration showed significant
decrease. Goyer (1986) reported that cadmium intoxication have
dramatic elfects on calcium excretion. Osteomalacia and osteoporosis
accompanied by bone pain arc part of the syndrome, termed, Ttai-ltai.
Alse Tsuchiva (1969) recorded that cadmium is reported lo cause
osteomalacia, perbaps by interfering with calcium and phosphorus
balance in the kidney. Kido et al (1988) stated that cadmium toxicity
affects calcium metabolism and individuals with scvere cadmium
nephropathy may have renal calculi and excess excretion of caicium.
Also cadmium can  affect calcium, phosphorus and bone metabolism in
both industrial workers and in people exposed in the general
cnvironment  (Nogawa et al, 1989). Similar elevation in scrum
phosphorus level of the intoxicated rats was also recorded by Cousins et
al. (1973) in pigs fed on a basal diet containing 50, 150, 450. 1350 ppm
Cd for 6 weeks. The significant deerease in serum sodiam and potassium
concentration was parallel to the result of Kim et al. (1988) who lound
that S/C injection of Cdcely (2 mg Cd/kg/day) for rats for 16 days induce
increasing in sodium and potassium excretion.

Our data revealed that cadmium causes marked and scvere
histopathological alterations in kidneys of the intoxicated rats in the
form ol degeneration in the epithelial cell lining the renal tubulcs,
vacuolation of the endothelium in association with perigiomerular
mononuclear  leucocytic  inflammatory  cell infiltration. Several
investigators recorded similar histopathological lesions in kidneys of
intoxicated animals (Nagwa El-Mossalamy et al, 1996; Nagwa FEl-
Mossalamy and Amna Khamis, 1996 and Jun-Ichi Sudo et al. (1996).

The severe nephrotoxicity induced by cadmium toxicity may be
attributed to various hypotheses have been proposed to explain the
pathogenesis of Cd nephrotoxicity (Dudley ct al, 1985; Hussain ¢t al.,
1987 and Robinson et al, 1993). The hypothesis most commonly
accepted is that: (1) Cd is taken up by the liver (2) Cd bound to
metallothioneins (M1's-Cd) synthesized by the liver (3) the MTs-Cd is
released from the liver into the plasma (4) the MTs-Cd in the plasma is
Altered through the glomeruli and taken up by the proximal tubules of
kidneys; and (3) Cd taken up by the proximal tubular cells damages the
cells. Also, Cd other than MTs-Cd in the proximal wbular cclls is
suggested to play a critical role in producing this injury (Nomivama &
Nomiyama, 1986 and Goyer et al., 1989).
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On the other hand, it is clear, from the obtained data in the
present study, that the selenium and zinc supplementation provided a
marked protective effect against the cadmiuvm nephrotoxicity. Recent
studies has been found that Cd cause oxidative damage in different
tissues by increasing lipid peroxidation and by inhibiting certain enzyme
responsible for deactivation of oxvgen species (Shukla and Singhal.
1984 ; Hussain ¢t al, 1987 and Sole et al., 1990).

Considerable attention has been paid towards the development of
safe and cffective chelation and protection therapy in management of
cadmium poisoning. Optimal intake of different nutrients like minerals
(Groten etal, 1991) and vitamins in the diet can favorably affect the Cd-
toxicity (Nagyova et al, 1994). However. the free radical scavengers
(antioxidant) such ascorbic acid, tocopherol and selenium present in the
tissue are known lo protect against oxidative damage and signs of Cd-
toxicity (Shukla ct al, 1988; Fariss, 1991 and Hudecova and Ginter.
1992). On the other hand, among the protective agents used zinc has
been shown to modulate both the toxicity (Jacobs et al, 1983; Terkovits
and Perez-Coll, 1989 and Coogan et al, 1992) and carcinogenicity
(Waalkes et al., 1989) associated with cadmium exposure.

Regarding the protective role of both selenium and zine against
the nephrotoxicity of cadmium. The obtained results denote that both
clements provided either partial or complete protection against the
induced renal damage. Significant decrcase in serum concentration of
creatinine, urca, uric acid. calcium and phosphorus in the treated rats
represented  this improvement. Also significant increase in serum
concentration of sodium and potassium in the treated animals manifested
the protective action . The histopathological cxamination was nearly
correlated with the biochemical analysis. and selenium and zinc
supplementation was at lcast partially ameliorated to large extent the
renal damage induced by cadmium toxicity. Although the exact
mechanism of zine protection is unknown. It is reasonable to assume that
zine stimulating MT plays a role in this protection, at least at the level of
scquestered cadmium away from nucleic materials (Yoshijawa and Ohra.
1982). However, it has been suggested that the thiolate clusters in MT
are particularly efficient at scavenging hydroxyl free radicals (Thormally
and Vasak, 1985 and Coppen ct al,, 1985). MT has been localized within
the cell nuclues, in addition to being found in cytosol (Banerjee et al.,
1982). Nuclear MT may stimulate both to generate radicals due to Cd-
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binding. as well as Scavenge those radicals formed (Coogan et al.,
1992). Vurther, the reduction of the toxic effects of Cd by zinc may be
attributed to altered subcellular distribution of Cd (Goering and
Klaassen. 1984). Lastly. Cd replaces Zn in Zn-thioncin synthesized aficr
/n pretreatment (Tanaka et al., 1977).

Our results are inagreement with the previous findings indicating
that zine has been shown to reverse Cd-induced tissue damage (Cheng,
1988) and diminish some toxic effects of cadmium such as
hepatotoxicity and renal toxicity (Sato and Nagai, 1989, Wafaa El-
Kholy, 1996 and Nagwa El-Mossalamy et al., 1996). Regarding the role-
plaved by the antioxidant in protection against toxicity of cadmium,
Manca et al. (1991) suggested that lipid peroxidation (LPO} is an early
and sensitive reaction to Cd-exposure. It is known that ascorbic acid (vit
C). tocophorol (vit E) and selenium plays some rolc in the antioxidant
mechanism against LPO (Hudecova and Ginter. 1992 and Shiraishi et
al.. 1993).
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g

Fig. (1) :Kidney of rat treated by cadmium for onme month showing vacuolar
endothelium and hyperemia in the glomerular tuft with granular degencration in the
epithelial cells linning the renal tubules, H&E x160

Fig.(2): Kidney of rat treated by cadmi for twe hs sh

ing hyperemic
glomerular tuft with periglomerular I ytic y cells
infiltration as well as focal extravasation of red hlood cells (haemorrhage) beside

granular degeneration in the epithelial cells linning the renai tubules in the cortex.
H&E x 160
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Fig.(3) :Kidney of rat treated by cadmium for two months showing focal mononuclear
leucocytic inflammatory cells infiltration in between the renal tubules of the
medullary portion. H&E x160

. L& e b
ﬂg.(:): Kidney of rat treated by cadmium und selenivm for one month showing
vaculation of the endothelial cells linning the hypermic tuft while the tubules showing
granular degeneration , H&E x 160
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Fig(5) :Kidney of rat treated by cadmium and selenium for one month showing focal
extravasation of red blood cells (haemorrhage). H&E x 160

Fig.(6):Kidney of rat treated by cadmium and selenium for two months showing
mononuclear Jeucocytic inflammatory cells aggregation adjacent to the red
blood vessel in the cortical portien H&E x160
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e, PR GO N '»":""h..":', ol
Fig,(7):Kidney of rat treated by cadmium and zinc for three months showing
periglomerular leucocytic inflammatory cclls infiltration. H&E x160

¥ S &5 P P 7 = ) 2 055
Fig.(8):Kidney of rat treated by cadmium and zinc for three months showing hemolysed
blcod in the lumen of the renal tubules, H&FE x 160
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