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Abstract

It is known that heavy metals widely contaminated fresh water
ecosystem, exerts toxic effects in body organs. The occurrence of
heavy metals contaminants in excess of natural loads, has became a
problem of increasing concern. The present work was conducted to
study the effect of vitamin-E on renal toxicity induced by the heavy
metals Co, Pb and Hg in albino rats. In this experiment, the heavy
metals Co, Pb and Hg as nitrates were administered either alone or as a
mixture and animals were pretreated with vitamin E for 7 days
followed by concomitant administration with Co, Pb and Hg alone or
as a mixture. At the end of the experiment and after 4 weeks, blood
samples and kidney tissues were taken for biochemical and histological
study. Results showed that these heavy metals induced many
histopathological alterations in the kidney together with elevation in
the serum level of creatinine and urea. The rank order of metal

cytotoxicities were Hg > Co > Pb. Vitamin E significantly improved
the toxic lesions induced by the three metals as reflected by
improvement in histological as well as biochemical data. The protective
effect of the vitamin-E is not to be attributed to its known antioxidant
effect but to lower the metal concentration in renal tissues.
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Introduction

Heavy metals may be derived from the weathering of rocks or,
mcreasingly, they may be introduced into the atmosphere and
hydrosphere by human activities (Drever, 1997). Metals are released
into aquatic system from many sources, often at sublethal
concentration. Living organisms require trace amounts of some heavy
metals, including Co, Cu, Fe, Mn, Mo, V, Sr and Zn. Excessive levels
of essential metals, however, can be detrimental to the organism. Non-
essential heavy metals of particular concern to surface water systems
are Cd, Cr, Hg, Pb, As and Sn (Kennish, 1992). Organisms in
contaminated fresh water ecosystems are exposed to a variety of
toxicants for their entire lifetime. Bolognesi et al., (1999) reported that
heavy metals are stable and persistent environmental contaminants.

Lead is a widespread environment contaminant found in air,
canned food, drinking water and paints, creating an environmental
publhic health problem. Because of size and charge similarities, Pb can
substitute for Ca and included in bone. Children are especially
susceptible to Pb because developing skeletal systems require high
calcium levels, Pb that is stored in bone is not harmful, but if high
levels of calcium are ingested later, Pb in the bone may be replaced by
ca and mobilized Once free in the system, Pb may cause
nephrotoxicity, neurotoxicity and hypertension (Kennish, 1992).

Farrag et al., (1998) and Amine et al, (1998) studied the
histological and biochemical changes in the liver and kidney and
ultrastructural of rat kidney induced by lead Their results showed that
chronic lead mtoxications has a profound effect on the structure and
function of the liver and kidney. Also, they found highly accumulated
lead in the intratubular fluid than in any other fluids due to exposure of
the renal cortex to very high toxins . Rashwan et al., (2000), studied
the effects of lead acetate on the cerebellum and hippocampus of
neonates in albino rats. They found that many components in the
hippocampus and cerebellum was affected as vascular neuronal and
glial components leading to disturbed endogenous homeostasis. Also,
Zaiser and Miletic (2000) reported that chronic exposure to 500 ppm
of lead resulted in gender dependent effects. In male rats, the
magnitude and duration of long — term potentiation (LTP) were
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identical to those in controls, while in females L'TP was significantly
attenuated. Adonoylo and Oteiza (1999) reported that oxidative
damage associated with the presence of lead in the brain has been
proposed as one possible mechanism involved in Pb toxicity.

Concerning cobalt, Barceloux (1999) reported that cobalt is an
essential element necessary for the formation of vitamin B12 ¢hydroxo
cobalamin), however, excessive administration of this trace element
produces goiter and reduced thyroid activity. An interstitial pulmonary
fibrosis has been associated with industrial exposure to hard metal dust
(tungsten and cobalt), but not to cobalt alone. Exposure to cobalt
alone produces an allergic contact dermatitis and occupational asthma.

Recent epidermiological studies have raised the concern about
mercury as an environmental hazard. The major physical forms of
mercury, to which human are exposed, are mercury vapour, Hgo,
methyl mercury compounds; mainly from amalgum, in industries using
Hg and also found in seafood and fresh water fish. Acute mercury
poisoning might be met with either in accidental occupational crisis or
suicidal attempts. Mercuric chloride poisoning leads to functional and
structural alterations in many organs such, as kidney, liver, lung, CNS
and testis (Radi and Farghaly, 2000).

Mercury posses a great risk to humans, especially in the form of
methyl mercury. When Hg enters water it is often transformed by
microorganisms into the toxic methyl mercury form. Symptoms of
acute poisoning are pharyngitis, gastroenteritis, vomiting, nephritis,
hepatitis and circulatory collapse. Chronic poisoning is usually a result
of industrial exposure or a diet comsisting of contaminated fish.
Chronic poisoning may cause liver damage, neural damage, and
teratogenesis  (Usep, 1987). Toxicity often results from
bioaccumulation in fatty tissues and penetration of membrane barriers.
Thus ionic Hg (I1) is toxic to the mammalian kidney and corrosive at
sites of mucosal absorption, whereas CH3Hg+ crosses the placenta and
blood — brain barrier, acting as a teratogen (Campbell et al., 1992). Lee
et al,(1983) reported that urinary metallothionein levels were elevated
in response to Cd, Hg, Cu and Zn but not Pb; Hg had the most
profound effect at equimolar doses. Also, Liu et al., (1992) suggested
that increased urinary excretion of zinc and copper related to the
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manifestation of renal toxicity and or the synthesis of metallothionen in
kidney induced by mercury.

Institoris et al, (2001 a,b ) demonstrated the effects of the
insecticide permethrin alone or in combination with arsenic [II or Hg
I1 and the combined exposure with propoxur and the heavy metals on
certain toxicological, haematological and immune function, leading to
the conclusion that combined exposures by the investigated substances
modify the toxic effects of the single compounds and these findings rise
the probability that the interactions observed can also be present in
human situations altering the health hazard of this four chemicals.

The kinetics role of vitamin E was followed in serum, liver and
kidney, Appenroth et al, (1997) reported that the administration of
vitamin E, 12 hour Prior to cisplatin, diminished the toxic effect of
cisplatin in young and adult rat kidney. Also, Abdel- Naim et al,
(1999) indicated that due to their antioxidant activity, vitamin E and
prubcol have potential protective effects against gentamicin
nephrotoxicity. Vitamin E administered together with adriamycin could
reverse some of degenerative changes caused by adriamycin in guinea
pig kidney (Gorgun et al, 1999). Simultaneous administration of
vitamin E ( 5mg / Kg. intramusculary for 7 days ) reduced cadmium
intoxication in blood, liver and kidney of rats (Tandon et al., 1992).
Therefore, the present work was conducted to study the effect of the
heavy metals (Co, Pb and Hg) on the rats to evaluate the ecological
consequences of these long — term contamination and the effect of
vitamin E pretreatment on chronic ecotoxicity of mixture of these
metals on the nephrotoxicity from histological and biochemical pomt of
view.

Materials and Methods

Animals and Treatment :

Adult male albmo rats, Ratts norvegicus weighing 100 to 120
gm were used in the present investigation. They were maintained under
standard laboratory condition of temperature and were fed on standard
rodent chow with water provided ad libitum . After one week of
acclimatization to the laboratory environment, the animals were
divided into the following groups:
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group I (5 rats ) served as control and were given dist.water;
group II (15 rats) were subcutanously injected with 0.5 mg / 100 g
body weight of the heavy metals Co, Pb and Hg as nitrates respectively
day by day for four weeks; group III were exposed to equitoxic
mixtures of the last three metals in concentration (0.25 mg / 100 g
body weight ); group IV were exposed to pretreatment with vitamin
E (alpha tocopherol 250 1U / 100g ) by oral gavage for four weeks;
group V was pretreated with vitamin E for 7 days followed by
concomitant administration with Co, Pb and Hg solutions like group
II; group VI was vitamin E pretreatment for 7 days followed by
concomitant administration with mixture of the last three metals as
group III. 10 animals in group II and group III were maintained
without exposure for another 2 weeks for the recovery .

Preparation of heavy metal solutions:

The stock heavy metal solutions (2000mg 1-1) were prepared
from each metal (2mg/ ml) are given in Table 1. The mixture solution
( 0.5 mg / ml of each metal) was prepared by mixing equal volumes
from each stock metal solution and bidistilled water. All the chemical
used were of Analor grade (98 — 99.99% E. Merck) .

Table (1) : Composition of fed metal solutions.

Metal | Fed metal salution | Source | Mol. Wt Assay | Wt=2000mgl-1
(%) ®
Co Co(NO3);.6 H,O | Merck 291.03 99.99 9.8766
Hg Hg (NO),.H;0 Merck 342.61 98 3.4160
Pb Pb (NOs), Merck 3310.2 99.99 3.2162

At the end of the experiment (after 4 weeks treatment), blood
samples were obtained and centrifuged at 4, 000 X g for 15 minutes.
Serum was used for urea and creatinine assays. Urea was estimated by
the enzymatic method according to Henary, (1974). It is hydrolysed in
the presence of water and urease to produce ammonia and carbon
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dioxide. The ammonium ions react with hypochlorite and salicylate to
give a green colour which determined photometrically at wave length
600 nm. Creatinine was evaluated by the method of Henary, (1974).
Afler deproteination of serum, creatinine reacts with picrate in
presence of 1.5 N sodium hydroxide to form an amberyellow colour

that is measured photometrically at wave length 530 nm.

For histological study , rats were decapitated and their kidneys
were removed immediately and fixed in 10 % formalin. The fixed
samples were dehydrated in ascending grade of ethanol, cleared in
chloroform and embedded in -paraffin wax. Then sections of 5 microns

thickness were cut, mounted and stained with haematoxylin and eosin.

Results

Histological findings:

Kidneys showed variable degrees of degenerative changes after
treatment with the used heavy metals. The main characteristic findings
after long term Co (NOs), solution administration were shrunken and
degenerated renal tubule cells. The nuclei showed disturbance in
position, shape, size and staining affinity in comparison to control
group ( Fig. I). Most Malpighian corpuscles revealed narrowing of the
capsular space with irregular parietal layer of Bowman's capsule, wide
intertubular space between damage tubules were also seen (Fig.2). The
histopathological changes with Hg (NO;), solution administration
including desquamation, necrosis, atrophy of renal tubules and loss of
glomeruli. Renal tubule cells appeared with poorly stained cytoplasm
and degenerated nuclei (Fig. 3). Chronic lead intoxication has a
profound effect on the structure of the rat kidney. The main
characteristic findings in the present work were the observed
intranuclear inclusions in the epithelial cells lining renal tubule .It could
be assumed that the highly accumulated lead in the intratubular fluid
than in any other body fluids, has pointed the exposure of the renal
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cortex to high toxins. Most glomeruli revealed shrinkage and widening
of capsular space (Fig. 4). On the other hand chronic exposure to the
mixture of the last three metals showed marked destruction and
distortion of the proximal and distal convoluted tubuls. The lining
epithelium of the tubules was detached from the basement membrane,
some Malpighian corpuscle demonstrate wide capsular space and some
pyknotic nuclei were also seen. This change was more or less similar to
the histological changes observed in the previous group . Congested
dilated capillaries were also seen with homogenous acidophilic hyaline

casts (Fig. 5).

Long term administration with high dose of vitamin E showing
no variable changes in renal tubule cells in comparison to control
group. However some Malpighian corpuscle demonstrated wide
capsular space (Fig. 6) . Vitamin E pretreatment has a protective and
antitoxic effects in rats as reflected by improvement in histological
changes. Throughout the pretreatment with vitamin E for 7 days
followed by chronic administration with Pb (NOs), solution for 4
weeks, both nucleus and cytoplasm of renal epithelal cells were
intensely stained,but some renal tubules showed wide tubular lamina
and some glomeruli showed degenerative changes (Fig.7).
Pretreatment with vitamin E followed by chronic administration with
Co (NOs); solution showed a minimal tissue damage, the glomeruli
showed wide glomerular space and renal tubule cells were swolled with
large rounded nuclei The tubular arrangement and cytoplasmic
basophilia were more or less similar to the control group (Fig.8) .
Pretreatment with vitamin E followed by administration with Hg
(NOs3), solution showed more cytoplasmic basophilia and atrophied
glomeruli but with minimal tissue damage compared to group II (Fig. 9
). Pretreatment with vitamin E followed by administration with a
mixture of equimolar doses of the three metals, resulted in diminution
of damage mediated by the treatment with these metals and the
observed change were degeneration of some renal tubules and
congestion of blood vessels (Fig. 10). Also, it was found that the rank
order of metal cytotoxicities were Hg > Co>Pb. On the other hand in
the recovery groups, the previously observed changes were still present
with regression of their intensity. The most histopathological
alterations were desquamation, necrosis, atrophy and loss of renal
tubule cells polarity with degenerated nuclei (Fig. 11). Also, treatment
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with a mixture of the three metals and after 15 days post withdrawal
Jthe renal tissue showed congested dilated blood vessel with
homogeneous acidophilic hyaline casts, marked destruction and
distortion of the renal tubules with detachment from their basement
membrane and some pyknotic nuclei (Fig. 12).

Biochemical data:

Both urea and creatinine in the sera of treated rats were found
to exhibit a marked elevation after treatment with different types of
metals

1- Serum creatinine :

Data in table (II) indicated a marked elevation in serum creatinine
of rats- after long — term exposure to Co, Pb, Hg, as nitrate solutions,
and mixture of them.. These elevation were found to be significant (P<
0.05) and the rank order of cytotoxicity were Hg > Co > Pb. Long
term vitamin E pretreatment alone not alter serum creatinine, whereas
vitamin E - supplemented animals for 7 days followed by chronic
exposure of Co and Pb induced significant decrease in serum
creatinine. Treatment with vitamin E and Hg or mixture of the three
metals induced insignificant decrease in serum creatimine . No
significant changes in serum creatinine were recorded between the
recovery groups and those treated with the heavy metals or their
mixture (tablell).

2-Blood Urea:

Chronic  treatment of rats with the Co(NO;),, Pb
(NO;)2,Hg(NO;), solutions and a mixture of equimolor doses of these
metals for 4 weeks was found to exhibit a significant (P< 0.05)
elevation (Table II). The increase reached its highest value after
treatment with Hg (NOs), solution, while the lowest value was after
the treatment with Pb (NOs), solution . Vitamin E pretreatment has a
protective and antitoxic effects. Blood urea was significantly declined
after treatment with vit. E plus Co (Nos),, and Pb (NO;), and the
mixture of them while treatment with vit.E plus Hg(NO;), induced
msignificant decrease. There was insignificant difference in blood urea
level between the recovery group and metal-treated groups (table I1).
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Discussion

Co, Pb and Hg have been recognized as the most toxic
industrial and environmental pollutants of which there is a continuing
hazard to biological organisms especially animals and human exposure.
The present investigation includes a study of the histopathological
alterations induced in the kidney of rat as a result of these metals
application. The main characteristic findings after long term Co (NO;),
solution administration were shrunken and degenerated renal tubule
cells, disturbance in position, size, shape and staining affinity of the
nuclei and wide intertubular space between damage tubules. Treatment
with Hg (NOs), solution induce a severe acute toxicity to rat kidney
inchuding desquamation, necrosis, atrophy and loss of renal tubule cells
and glomeruli. Poorly stained cytoplasm and degenerated nuclei were
also seen. Chronic lead intoxication has a profound effect on the
structure of the rat kidney. The main characteristic finding were the
presence of intranuclear inclusions in the epithelial cell lining and
degeneration of glomeruli. Moreover, chronic exposure to the mixture
of these metals showed marked destruction and distortion of the
proximal tubules, and congestion of blood capillaries with homogenous
acidophilic hyaline casts were also seen. This is supported by the work
of Amine et al., (1998) and Farrag et al, (1998) who concluded that,
chronic lead intoxication has a profound effect on the structure and
consequently on the function of the liver and kidney of male albino
rats. The most histological changes in the kidney were marked
destruction and distortion of the proximal and distal convoluted tubular
lining epithelium. The nuclei showed marked variation in size, shape
and density and contained nuclear holes and intranuclear inclusions in
the epithelial cell lining renal proximal tubules. It could be assumed
that the highly accumulated lead in the intratubular fluid, than any other
body fluids has potentiated the exposure of renal cortex to very high
toxins. They also found marked fibrosis and increase in interstitial
tissue fibroblasts between degenerated tubules. Congested dilated
capillaries were also seen with homogenous acidophilic hyaline casts in
medullary interstitial tissue and most Malpighian corpuscle revealed
narrowing of the capsular space with irregular parietal layer of
Bowman's capsule. Similarly, Shehata et al., (2000) studied the toxic
effects of compined exposure to cadmium and Nickel on white albino
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rats. Their results revealed a significant increase in blood Cd and Ni
levels. Urea, uric acid and creatinine levels were significantly increased.
The most histopathological changes were recorded in lungs, heart and
kidneys. They also reported that approximately 50% of the body
burden of Cd can be found in the kidney Cd produces proximal tubular
dysfunction and injury characterized by increase in urinary excretion.
This injury may progress to chronic interstitial nephritis (Goldstein and
Schnellmann, 1996).

In this study, it has been observed that long term administration
with high dose of vitamine E showing no variable changes in renal
tubule cells in comparison to control group. It was found that vitamin
E pretreatment has a protective and antitoxic effects in rats as reflected
by improvement in histological changes . Also, this study has been
shown that, heavy metals produced significant increase (P<0.05) in
serum creatinine and blood urea nitrogen. The changes in these
parmeters were improved by pretreatment with vitamin E .

The effect of dietary vitamin E on renal tissue damage and lipid
peroxidation was investigated by Hamazaki et al., (1988) following
treatment with ferric nitrilotriacetate (Fe- NTA). Almost 100% renal
proximal tubular necrosis was observed in vitamin E deficient rats
following Fe- NTA. In the vitamin E supplemented rats, no ijury was
observed in the proximal convoluted (cortical) tubules. Also, Igbal et
al., (1998). Showed the modulatory effect of vitamin E on Fe — NTA
induced renal oxidative stress, toxicity and hyper proliferative response
in rats. Fe -NTA- treatment induced lipid peroxidation and hydrogen
peroxide generation which are accompanied by a decrease in the
activities of renal antioxidant enzymes and depletion in the level of
renal glutathion and a sharp increase in blood urea nitrogen and serum
creatinine. Treatment of animals with vitamin E daily for one week
prior to the administration of Fe- NTA resulted n the diminution of
Fe-NTA mediated damage. In addition, the depieted level of
glutathione and inhibited activities of antioxidant enzymes recovered to
significant level P < 0.05. Similary, the enhanced blood urea nitrogen
and Serum creatinine level showed a reduction of about 50% at a
higher dose of vitamin E. They suggesting that vitamin E is an effective
chemopreventive agent in kidney and may Suppress Fe- NTA induced
renal toxicity. Tandon et al., {1992) investigated the influence of
vitamin E on cadmium (Cd) intoxication in rats. The exposure to Cd



Effect of Vitamin E Pretreatment on ...

(Img/kg intraperitoneally for 7 days) decreased the activity of hepatic
and renal glutamic oxalacetic and glutamic pyruvic transaminases and
alkaline phosphatase accompanied by increase in the level of urinary
protein. Simultaneous administration of vitamin E reduced these Cd
induced biochemical alterations. The accumulation of Cd in blood, liver
and kidney also decreased significantly upon  co-exposure to vitamin
E. Also, Shaikh et al., (1999) investigated the role of oxidative stress in
chronic Cd toxicity and its prevention by co-treatment with
antioxidants. Renal toxicity, indicated by elevation in urinary lactate
dehydrogenase activity protein. Chronic Cd administration resulted in
gradual tise in hepatic as well as renal cortex glutathione levels.
Coadministration of antioxidant of vit. E with Cd, controlled Cd
induced lipid peroxidation and protected the animals against hepatic as
well as renal toxicity. Abdel- Naim et al ., (1999) reported that
gentamicin induced nephrotoxicity was evidenced by marked elevation
in serum urea and creatinine levels. Vitamin E pretreatment
significantly lowered the elevated serum urea and creatinine levels.
Also, Gorgun et al., (1999) found that vitamin E administered together
with adriamycin could reverse of the degenerative changes coused by
adriamycin. According to the present results, compined exposure with
a mixture of vitamin E and heavy metals examined can modify the
detection limit of the single compound and / or may alter their toxic
effects. The rank order of metal cytotoxicities were Hg > Co > Pb. In

other studies ,Hodson, 1988 and Maracine and Segner, 1998 found

that metal metabolism has significant effects on metal accumulation,
distribution in the tissues and toxic effect particularly under conditions
of chronic and low — dose exposure. The cytotoxicities of six metal
salts to the continuous rainbow trout cell line RT G - Z were
determined by means of the neutral red (NR) uptake mbhibition assay.
The rank order of metal cytotoxicities were Hg > Cd > Zn > Cu > Pb

> Ni ( Maracine and Segner, 1998).

From these results, it is speculated that the disturbance in the
metabolism of Co, Pb and Hg as nitrates in the kidney may be a much
more sensitive index with morphological damage and impaired renal
function to heavy metals exposure. The histological findings were
accompanied by high elevation of the renal function data. Also, vitamin
E significantly improved the toxic lesions induced by these metals
mjection. {t was concluded that vitamin E pretreatment has a protective
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and antitoxic effects in rats reflected as improvement in the
histopathological as well as the renal biochemical data.
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Table II: Changes in urea and creatinine in the sera of experimental

rats..
Parameters
Creatinine Urea
Groups Mean + SD Mean + SD
Control (GI) 0.75+0.03 505+1.25
Co (GI) 0.99 +0.08" 15.68 +1.25°
Heavy Pb (GII) 0.93 +0.09* 894 +1.91°
Metals Hg (GII) 1.08+0. 9 18.86 +0.01°
alone Mixture(GIII) 095+0.1" 9.91 +2.05°
Vitamin E alone (GIV) 0.75 +0.09 506 +1.29
Vit. E Co (GV) 0.79 +0.04° 601 +1.15°
+ Pb (GV) 0.80 +0.4° 5.90 +1.05°
heavy metal Hg (GV) 0.96 +0.08 14.25+2.85
Mixture(GVI) 0.85 +0.06 580 +1.35"
Recovery Co (GII) 0.95+0.91 15.03 +0.98
Pb (GII) 0.91+0.55 7.76 +0.80
Hg (GII) 106 +0.18 16.02 +1.25
Mixture(G1i1) 0.93 +0.01 9.09 +0.05

-Both urea and creatinine expressed as mg / 100 ml
-(a):Significant increase in comparison with control.
-(b):Significant decrease in comparison with metal-treated

groups.
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Kidney section in a control rat .Notice the cortex containing
renal tubule cells (RT) both proximal and distal tubule cells
H & E (X 400).

Kidney section in rat treated with Co(INOs), solution for 4
weeks showing shrunken and degenerated renal tubule cells
(RT) & wide intertubular space between damage tubules.
H& E (X 400).

Kidney section in rat treated with Hg (NOs), solution for 4
weeks showing desquamation, necrosis, atrophy and loss of
renal tubule cells (RT) and degenerated glomeruli (G). H&E
(X 400).

Kidney section in rat treated with pb (NOs), solution for 4
weeks showing the renal tubule cells (RT) with more
positive staining nuclei Most glomeruli (G) revealed
shrinkage and widening of capsular space. H&E (X 400).

Kidney section in rat treated with a mixture of the three
metals for 4 weeks showing marked destruction and
distortion of the renal tubule cells (RT) with pyknotic
nuclei(arrows) and congested blood vessel(BV) . H&E (X
400).

. (6): Kidney section in rat exposed to vitamin E (alpha tocopherol

250 1U / 100g) showing no variable changes in renal tubule
cells (RT) in comparison to control group, some Malpighian
corpuscle showed wide capsular space. H&E (X 400).

. (7): Kidoey section in rat exposed to Vit. E pretreatment for 7

days followed by chronic administration with pb (NO;),
solution for 4 weeks showing some renal tubule cells (RT)
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with wide tubular lamina. Notice degenerated glomeruli. H
&E (X 400).

Fig. (8): Kidney section in rat exposed to Vit. E pretreatment followed

=
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Fig

by chronic administration with Co (NOs), solution
showing the tubular arrangement and cytoplasmic basphilia
more or less similar to the control group except the swelling
of renal tubules & wide glomerular space. H& E (X 400).

. (9): Kidney section in rat exposed to Vit. E pretreatment followed

by chronic administration with Hg (NO;), solution showing
minimal tissue damage in both the renal tubules (RT) and the
glomeruli (G) compared to the group II. H& E (X 400).

. (10): Kidney section in rat exposed to Vit. E pretreatment

followed by chronic administration with a mixture of the
three metals weeks showing congested blood vessel (BV)
and some pykmotic nuclei were seen (arrow). H & E (X
400).

. (11): Kidney section in rat after 15 days post withdrawal of Hg
(NOs), administration, showing desquamation, necrosis,

atrophy and loss of renal tubule cells (RT). H & E (X 400).

. (12): Kidney section in rat after 15 days post withdrawal of a

mixture of the three metals showing congested blood vessel
(BV), marked destruction of both the renal tubules & the
glomeruli (G). Some pyknotic nuclei were seen (arrow). H
&E (X 400).
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