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Abstract: Contamination of the environment with antimony compounds may affect human health through the per-
sistent exposure to small doses over a long period. Sixty growing male albino rats, weighing 43-57 grams, utilized in 
this study. The animals were divided into 3 groups; each of 20 rats: animals of group I served as control, animals of 
group II received 6 mg/kg body weight antimony trisulfide daily for 8 weeks with drinking water, and those of group 
III received the same dose by the same route for 12 weeks. The Malpighian renal corpuscles showed distortion, 
destruction and congestion of glomerular tuft, vacuoles in the glomeruli, peritubular haemorrhage, obliteration of 
Bowman’s space, and thickening with irregularity of Bowman’s membrane. The proximal convoluted tubules dem-
onstrated patchy loss of their brush border, thickening of the basement membrane with loss of its basal infoldings, 
disarrangement of the mitochondria, pleomorphic vacuoles in the cytoplasm, apical destruction of the cells, apical 
migration of the nuclei, and absence of microvilli. On the other hand, peri-tubular hemorrhage, apical vacuolation, 
small atrophic nuclei, swelling of mitochondria, obliteration of the lumina, destruction of cells, and presence of tis-
sue debris in the lumina, were observed in the distal convoluted tubules. The present work demonstrated the haz-
ardous effect of antimony on the renal function as evidenced by the significant increase of the level of blood urea, 
serum creatinine, and serum sodium and potassium. In conclusion, this study proposed that continuous oral ad-
ministration of antimony for 8 and 12 weeks has hazardous toxic effect on the structure and function of the kidney 
in growing albino rat. Based on the results of the present study, it is recommended to avoid the use of any drinking 
water contaminated with antimony compounds and forbidden its use in infants and children foods.
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Introduction

The effect of antimony on the various regions of 
the genitor-urinary system of albino rats has 
been conventionally described by many authors 
[1-3] but the information available from the lit-
erature about its effect on the kidney is still 
lacking and controversial.

There has been a major resurgence of interest 
in antimony toxicity with numerous publications 
in both the scientific and lay press [4]. 
Comprehensive reviews have recently been 
published on the effects of antimony exposure 
on the human infants, children and adults [5], 
on antimony nephrotoxicity [6], on antimony 

hepatotoxicity, on antimony encephalopathy 
[7], on antimony chronic peripheral neuropathy 
[8], on antimony genotoxic effects [2], and on 
the postnatal growth produced by antimony [9].

Clearly, antimony is a major environmental toxin 
due to its presence in air, water, food and soil 
[10]. Antimony and its compounds may be used 
in the manufacture of paints, coatings, rubber, 
insecticides, colored printing inks and glass 
[11]. Human beings have always been exposed 
to antimony but its amount is substantially 
increased due to industrial production [12]. 
Other major antimony sources include metal 
smelters, mining, cement production and gar-
bage burden [13]. Antimony toxicity occurs 
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either due to occupational exposure or during 
therapy [14]. Occupational exposure may cause 
gastrointestinal symptoms, antimony spots on 
the skin, respiratory irritation and pneumoco-
niosis [8]. In addition, antimony trioxide is pos-
sibly carcinogenic to humans [13]. Antimony 
has been mostly used for the treatment of 
leishmaniasis and schistosomiasis and its 
major toxic side effects are cardiotoxicity and 
pancreatitis [15].

High doses of antimony were toxic in rats as 
well as in humans and it acted mainly on the 
endothelial cells of the blood vessels of kidney, 
liver and central nervous system [1]. This 
caused an increase in capillary permeability to 
blood cells and proteins with vasogenic edema 
[16]. On the other hand, low doses of antimony 
did not increase capillary permeability to blood 
cells and proteins, but it could affect the nor-
mal function of endothelial cells by affecting 
the transport of some important metabolites 
[17]. Haemorrhage in the kidney, liver, supra-
renal gland, gonads, cerebellum, spinal cord 
and cerebral hemispheres have been recorded 
[18]. Rats administered antimony had the high-
est concentration of antimony in the renal cor-
tex at all age and dose groups [14]. This made 
the renal cortex one of the most vulnerable 
areas of antimony toxicity [8]. On the contrary, 
presence of any antimony toxicity on the renal 
cortex of albino rats was denied by others [19].

Although most of the available researches 
dealt with the biochemical effects of antimony 
on the different organs; however few of them 
described the gross morphological changes 
induced by antimony on these organs and since 
there is only little information about the effects 
of antimony on the structure and function of 
the kidney and its possible nephrotoxicity. 
Therefore, the aim of the current study is to elu-
cidate the possible deleterious effects of con-
tinuous oral exposure to small dose of antimo-
ny that would not alter the growth and body 
weight of growing male albino rats on the struc-
ture and function of the renal cortex of these 
rats and to find out the possible carcinogenic 
effect of this heavy metal. 

Material and methods

This study was carried on 60 growing male albi-
no rats of Sprague Dawley strain. Their weight 
ranged between 43 and 57 grams. They were 

housed individually in well-aerated metal cages 
under standard conditions and were fed on a 
balanced powdered laboratory chow and dis-
tilled water ad libitum.

In this study, antimony trisulfide crystals 100%, 
obtained from El-Nasr Chemical Company, 
Cairo, Egypt were used and dissolved in dis-
tilled water at concentration (6%) [20]. It was in 
the form of white crystalline powder, dissolved 
in distilled water, and given with drinking water 
to the experimental animals (groups II & III).

Animals divided into three groups each of 20 
rats: Group I (Control group) received no medi-
cation and lived in the same environment. It 
was divided into two equal subgroups: Subgroup 
Ia and subgroup Ib drank distilled water free 
from antimony for 8 and 12 weeks respectively. 
While Group II received 6 mg/kg body weight 
antimony trisulfide daily for 8 weeks [7]. Group 
III received 6 mg/kg body weight antimony tri-
sulfide daily for 12 weeks [21].

Histological study

At the end of the experimental periods, the ani-
mals were sacrificed by cervical decapitation. 
The anterior abdominal wall was opened by 
midline incision. The kidneys were carefully dis-
sected and their cortices were relieved. Each 
renal cortex was divided into two specimens. 
The first specimen was fixed in formol-saline 
10% for light microscopy, processed to get par-
affin sections, and stained with Periodic Acid 
Schiff and Toluidine blue stains [22, 23].

The second specimen was fixed in 3% gluteral-
dehyde with 0.1 phosphate buffer (at pH 7.2), 
for 2 hours at room temperature for electron 
microscope processing. Specimens were then 
post-fixed in 1% osmium tetroxide in phosphate 
buffer (pH 7.2) for 2 hours at 4°C. After fixation, 
dehydration with ascending grades of ethanol 
and clearing using propylene oxide were  
performed. Specimens were embedded in 
Epon.

Semithin sections were cut at 1 µm thickness 
by ultracut Reichert JUNG ultra-microtome with 
the aid of glass knives, stained with toluidine 
blue and examined by Zeiss Axiophot light 
microscope to detect the areas of interest. 
Ultrathin sections (50 nm) were prepared using 
the same ultra-microtome and new glass knives 
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and stained with uranyl acetate for 20 minutes 
and lead citrate for 10 minutes [24]. These 
ultrathin sections were examined by Philips 
400 T transmission electron microscope and 
photographed under different magnifications

Laboratory study

After scarification of the animals, blood was 
collected from the descending aorta and centri-
fuged for separation of its serum. Serum was 
transferred into clean quite fit plastic tubes and 
kept frozen at -20°C until analyzed for; serum 
blood urea, serum creatinine, serum potassi-
um, serum sodium.

Statistical analysis: Data were expressed as 
mean values±SD of 10 replicate determina-
tions. Statistical analysis was performed using 
one-way analysis of variance (ANOVA) to assess 
significant differences among treatment 
groups. The criterion for statistical significance 
was set at p<0.05 or p<0.01. All statistical 
analyses were performed using SPSS statisti-
cal version 8 software package (SPSS, Inc., 
USA).

Results

Histological results

Groups I: No structural difference could be 
detected between rats of control kidneys. PAS 
reaction revealed the normal glomeruli, pre-

served Bowman’s space and proximal and dis-
tal convoluted tubules with normal PAS positive 
brush border and narrow lumen (Figure 1).

Figure 1. A photomicrograph of a section of a renal 
cortex of a control albino rat, showing normal struc-
ture of the glomerulus (G), proximal (P) and distal (D) 
convoluted tubules with PAS positive brush border 
(arrows). Normal Bowman’s space (arrow head) can 
be seen (PAS reaction, X 400).

Figure 2. A photomicrograph of a semithin section 
of a renal cortex of a control albino rat, showing glo-
merular capillaries (C), some of which containing red 
blood cells (R). Capillary endothelial cells (E) are oc-
casionally seen bulging into the capillary lumen and 
resting on thin basement membrane (arrow). Mesan-
gium which consists of mesangial cells (M) and extra-
cellular substance called mesangial substance (MS), 
can be observed. The surface of the glomerular cap-
illaries exposed to Bowman’s space (BS) is invested 
by visceral layer of Bowman’s capsule i.e. podocytes 
(P). The parietal cells (PC) of Bowman’s capsule are 
also seen resting on thin Bowman’s membrane (BM) 
(Toluidine blue, X 1000).

Figure 3. A photomicrograph of a semithin section 
of a renal cortex of a control albino rat, showing the 
cells of proximal convoluted tubules (P) with their 
rounded basal nuclei (N), indistinct cell boundaries 
and well defined luminal brush border (arrow). Note 
the narrow lumen (arrow head) of the tubules. The 
distal convoluted tubule (D) revealed wider lumen 
and are lined by a single layer of cuboidal cells laying 
on clear basement membrane (dotted arrow) with 
indistinct cell boundaries. Note rounded nuclei (N) 
and indistinct luminal brush border (Toluidine blue; 
X 1000).
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revealed wider lumina and were lined by a sin-
gle layer of cuboidal cells laying on clear base-
ment membrane with indistinct cell boundar-
ies. Each cell contained a rounded central 
nucleus with indistinct luminal brush border 
(Figure 3).

Electron microscopic examination of the renal 
cortices of the control rats demonstrated regu-
lar Bowman’s membrane, lined by a single layer 
of parietal cells (Figure 4). The visceral epithe-
lial cells (podocytes) appeared large with large 
nuclei and their cytoplasm contained rough 
endoplasmic reticulum (Figure 4). From podo-
cytes extended primary major processes which 
gave rise to numerous secondary minor pro-
cesses that ended by foot processes resting on 
the capillary basement membrane (Figure 4). 
The glomerular capillaries were lined by a thin 
layer of endothelial cells containing nuclei bulg-
ing into the capillary lumen (Figure 4). A 
branched dense mesangial substance contain-
ing mesangial cells provided support for the 
capillary loops (Figure 4). The Bowman’s space 
between the parietal epithelium and podocytes 
appeared clear without any cellular debris 
(Figure 4).

Ultrastructural examination of the proximal 
convoluted tubules of control rats (Figure 5) 

Figure 4. An electron micrograph of a renal cortex of 
a control albino rat showing glomerular capillary (C) 
which is lined by endothelial cells having a thin layer 
of cytoplasm (E) and a large nucleus (N) bulging into 
the capillary lumen. Note the mesangial cells (M) and 
mesangial substance (MS) support the capillary wall. 
The large nuclei of several podocytes (P), are sur-
rounded by cytoplasm containing rough endoplasmic 
reticulum (arrows) and their primary processes (P1) 
giving rise to numerous secondary foot processes 
(P2) which rest on the glomerular capillary basement 
membrane (BM). Part of parietal layer of Bowman’s 
capsule (BC), resting on regular Bowman’s mem-
brane (arrow heads) and Bowman’s space (BS) are 
also seen (Uranyl acetate and lead citrate X 5000).

Figure 5. An electron micrograph of a renal cortex of 
a control albino rat, showing a proximal convoluted 
tubule with thin regular basement membrane (BM) 
which exhibits basal infoldings (arrows) closely re-
lated to columns of parallel elongated mitochondria 
(M). The basement membrane (BM) is separating 
the cells of the tubule from the delicate capillary (C). 
The cytoplasm immediately beneath the prominent 
microvilli (MV) contains many pinocytic vesicles (PV) 
and lysosomes (L). Note the large nucleus (N) with 
peripheral chromatin condensations (Uranyl acetate 
and lead citrate X 5000).

Light microscopic examination of semithin sec-
tions of the renal cortices of the control and 
sham control rats showed normal Malpighian 
renal corpuscles, proximal and distal convolut-
ed tubules (Figures 2-4). The Malpighian cor-
puscles were formed of a central tuft of glomer-
ular capillary loops surrounded by a Bowman’s 
capsule. Each glomerular capillary loop consist-
ed of thin basement membrane lined by flat 
endothelium surrounding a capillary lumen 
(Figure 2). Each Bowman’s capsule was formed 
of flat visceral epithelial cells (podocytes) and 
Bowman’s membrane which appeared thin, 
regular and lined by a single layer of flat parietal 
epithelial cells (Figure 2). The Bowman’s space 
between the parietal and visceral layers was 
preserved and clears of any cell debris (Figure 
2). Mesangium forming of mesangial cells and 
mesangial substance surrounded the capillary 
loops (Figure 2). The proximal convoluted 
tubules were lined by a single layer of pyramidal 
cells resting on a clear basement membrane 
with indistinct cell boundaries and narrow 
lumen. Each cell contained a large rounded 
basal nucleus and well defined luminal brush 
border (Figure 3). The distal convoluted tubules 
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showed that they were lined by cells with pro-
fuse luminal microvilli, constituting the brush 
border seen with light microscopy. Their nuclei 
were large, rounded with peripheral chromatin 
condensations. The cytoplasm immediately 
beneath the microvilli contained many pinocyt-
ic vesicles and lysosomes. The basal cell mem-
brane exhibited deep basal infoldings into the 
cell. These infoldings were closely related to 
columns of elongated mitochondria situated 
longitudinally in the basal portions of the cells, 
oriented parallel to the cell axis (Figure 5).

By electron microscopy, the distal convoluted 
tubules of the renal cortices of the same rat 

group (Figure 6) revealed that they were lined 
by cubical cells with few irregular small luminal 
microvilli. The nuclei were large, close to the 
luminal surface of the cells and consequently 
tended to bulge into the lumen. A large number 
of mitochondria were situated in the basal 
parts of the cells (Figure 6).

Group II: Light microscopic examination of the 
renal cortices of rats in group II revealed defor-
mity of the glomerular tuft (Figure 7) and con-
gestion of glomerular capillaries (Figures 8, 9). 
Obliteration of Bowman’s space with thickening 

Figure 6. An electron micrograph of a renal cortex 
of a control albino rat, showing a distal convoluted 
tubule which is lined by cubical cells with few micro-
villi (arrow) and large nuclei (N) close to their luminal 
surface. Large numbers of mitochondria (M) are situ-
ated in the basal parts of the cells (Uranyl acetate 
and lead citrate: X 5000).

Figure 7. A photomicrograph a section of renal cor-
tex of albino rat from group III showing deformity of 
glomerular tuft (G). The proximal convoluted tubules 
(P) reveal patchy loss of brush border (arrow) (PAS 
reaction; X 400).

Figure 8. A photomicrograph of a semithin section 
of a renal cortex of albino rat from group III, show-
ing dilatation and congestion of glomerular capillar-
ies (C). Note obliteration of the Bowman’s space and 
thickening with irregularity of Bowman’s basement 
membrane (arrows) (Toluidine blue X 1000).

Figure 9. A photomicrograph of a semithin section of 
a renal cortex of albino rat from group III, showing di-
lated and congested glomerular capillaries (C). Bow-
man’s space (BS) is dilated and containing necrotic 
tissues (NT). The proximal convoluted tubules reveal 
pleomorphic vacuoles (arrows) in the cytoplasm (To-
luidine blue X 1000).
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and irregularity of Bowman’s basement mem-
brane were observed (Figure 8). In some speci-
mens, necrotic tissues were noticed in dilated 
Bowman’s space (Figure 9). The proximal con-
voluted tubules showed patchy loss of the 
brush border (Figure 7). Some cells of the proxi-
mal convoluted tubules showed pleomorphic 
vacuoles in the cytoplasm (Figure 9). On the 
other hand, peritubular congestion and apical 
vacuolation were observed in the distal convo-
luted tubules (Figure 10).

On electron microscopy, there was mild thick-
ening of the glomerular basement membrane 

(Figure 11). Mild changes were observed in the 
podocytes which had rough endoplasmic retic-
ulum, normal nuclei with abnormal prominent 
peripheral nucleoli and normal major process-
es but abnormal fusion of some secondary foot 
processes could be detected (Figure 11). At the 
same time, there were mild thickening of the 
basement membrane of the proximal convolut-
ed tubules and loss of its basal infoldings 
(Figure 12). Pleomorphic cytoplasmic vacuoles 

Figure 10. A photomicrograph of a semithin section 
of a renal cortex of albino rat from group II showing 
distal convoluted tubules (D) with marked peritubu-
lar congestion (C) and apical vacuolation (arrows) 
(Toluidine blue X 1000).

Figure 11. An electron micrograph of a renal cortex 
of albino rat from group III, showing part of a glom-
erulus with endothelial cell (E) resting on thick glo-
merular basement membrane (BM). Note podocytes 
(P) with its rough endoplasmic reticulum (ER), large 
nucleus (N) with its peripheral nucleolus (n) normal 
major process (P1) and fusion (arrow) of some sec-
ondary foot processes (P2) (Uranyl acetate and lead 
citrate X 12000).

Figure 12. An electron micrograph of a renal cortex 
of albino rat from group III, showing part of a cell lin-
ing the proximal convoluted tubule that has a thick 
tubular basement membrane (BM) with absence of 
its normal basal infoldings and loss of parallel ar-
rangement of mitochondria (M). Pleomorphic cyto-
plasmic vacuoles (V) are seen. Note the presence of 
normal nucleus (N), lysosomes (L) and microvilli (MV) 
(Uranyl acetate and lead citrate X 5000).

Figure 13. An electron micrograph of a renal cortex 
of albino rat from group III showing the apical part 
of a cell lining the proximal convoluted tubule with 
large vacuole (V) and irregular destruction (arrows) 
of the cytoplasm. Mitochondrial swelling (M) with 
destruction of its cristae and lysosomal swelling (L) 
are seen. Normal microvilli (MV) are noticed (Uranyl 
acetate and lead citrate; X 10,000).
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and loss of normal parallel basal arrangement 
of mitochondria in the proximal tubules was 
noticed (Figure 12). Some proximal convoluted 
tubules revealed irregular destruction of the 
cytoplasm, mitochondrial swelling with destruc-
tion of its cristae, and lysosomal swelling 
(Figure 13). On the other side, small atrophic 
nuclei, swelling of mitochondria, and oblitera-
tion of tubular lumen were observed in the dis-
tal convoluted tubules (Figure 14).

Group III: Light microscopic examination of the 
rat renal cortices in this group showed distor-
tion, destruction and shrinkage of glomerular 

tuft with wide irregular Bowman’s space (Figure 
15). Some glomeruli revealed congestion and 
dilatation of glomerular capillaries (Figure 16). 
Multiple vacuoles in the glomeruli and periglo-
merular haemorrhage were observed (Figure 
16). Obliteration of Bowman’s space and irregu-
lar thickening of Bowman’s membrane were 
also noticed (Figure 16). The proximal convo-
luted tubules showed extensive loss of brush 
border (Figure 15). Many cells lining the proxi-
mal convoluted tubules exhibited apical 
destruction and apical migration of their nuclei 

Figure 14. An electron micrograph of a renal cortex 
of albino rat from group III showing a cell lining the 
distal convoluted tubule with small atrophic nucleus 
(N), swelling of mitochondria (M) and obliteration of 
tubular lumen (arrow) (Uranyl acetate and lead ci-
trate X 5000).

Figure 15. A photomicrograph of a section of a renal 
cortex of albino rat from group IV, showing distorsion, 
destruction and shrinkage of glomerular tuft (G) with 
wide irregular Bowman’s space (S). There is exten-
sive loss of the brush border (arrows) of proximal 
convoluted tubules (P) (PAS reaction; X 400).

Figure 16. A photomicrograph of a semithin section 
of a renal cortex of albino rat from group IV, showing 
part of a glomerulus with obliteration of Bowman’s 
space as well as congestion and dilatation of glomer-
ular capillaries (C). Multiple vacuoles (V) in the glom-
erulus, and periglomerular haemorrhage (H) are also 
noticed. Note irregular thickening in the Bowman’s 
membrane (arrows) (Toluidine blue; X 1000).

Figure 17. A photomicrograph of a semithin section 
of a renal cortex of albino rat from group IV, show-
ing proximal convoluted tubules with apical destruc-
tion of the tubular cells and migration of the nuclei 
(N) towards the wide lumen (L). Note the peritubular 
haemorrhage (H) (Toluidine blue X 1000).
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(Figure 17). Peritubular haemorrhage was also 
noticed (Figure 17), while apical vacuolation, 
obliteration of the lumen and basal location of 
the nuclei were observed in the distal convo-
luted tubules (Figure 18). Furthermore, severe 
changes occurred in some proximal and distal 
convoluted tubules in the form of destruction of 
their cells, apical direction of the nuclei, irregu-
lar basal invaginations into the cytoplasm, 
pleomorphic vacuoles and dense bodies in the 
cytoplasm with necrotic tissues and red blood 
cells in their lumina (Figure 19).

Electron microscopic examination of the rats 
renal cortices belonging to group III revealed 
marked irregular thickening of capillary base-
ment membrane with few small atrophic sec-
ondary foot processes (Figure 20). Marked 
thickening of Bowman’s membrane, atrophy of 
parietal epithelial cells of Bowman’s capsule, 
obliteration of Bowman’s space and irregular 
deformed nuclei of podocytes were observed 
(Figure 21). Periglomcrular haemorrhage was 
also noticed (Figure 21). The proximal convo-

Figure 18. A photomicrograph of a semithin section 
of a renal cortex of albino rat from group IV, showing 
distal convoluted tubule with apical vacuolation (V), 
obliteration of the lumen (arrow) and basal location 
of the nuclei (N) (Toluidine blue; X 1000).

Figure 19. A photomicrograph of a semithin section 
of a renal cortex of albino rat from group IV, show-
ing parts of proximal (P) and distal (D) convoluted 
tubules with destruction of tubular cells, apical direc-
tion of the nuclei (N) , necrotic tissues (NT) and red 
blood cells (arrows) in the lumen. Irregular basal in-
vaginations (I) into the cytoplasm, pleomorphic vacu-
oles (V) and dense bodies (arrow heads) are noticed 
(Toluidine blue X 1000).

Figure 20. An electron micrograph of a renal cortex 
of albino rat from group IV showing part of a glomeru-
lus with marked irregular thickening of the capillary 
basement membrane (arrow), marked thickening of 
Bowman’s membrane (BM) and few small atrophic 
secondary foot processes (arrow heads) (Uranyl ac-
etate and lead citrate; X 4000).

Figure 21. An electron micrograph of a renal cortex 
of albino rat from group IV, showing part of a glom-
erulus with marked thickening of Bowman’s mem-
brane (BM), atrophy of parietal cell (arrow head) and 
obliteration of Bowman’s space. Note the podocyte 
(P) with its irregular nucleus (N). Periglomerular 
haemorrhage (H) is also noticed (Uranyl acetate and 
lead citrate; X 4000).
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luted tubules showed marked thickening of the 
basement membrane with absence of its nor-
mal basal infoldings (Figure 22). Disarrangement 
and migration of the mitochondria towards the 
lumen, destruction of basal cytoplasm, marked 
vacuolation in the cytoplasm and absence of 
luminal microvilli were detected in some proxi-

mal convoluted tubules (Figure 22). Some 
nuclei revealed fragmentation and migration of 
chromatin with areas of karyolysis. Pleomorphic 
vacuoles and heterogenous irregular dense 
bodies mostly lysosomes appeared in some of 
these tubules (Figure 23). Many cells lining the 
distal convoluted tubules exhibited destruction 
of their apical parts, apical direction of the 
nuclei with prominent peripheral nucleoli, swell-
ing of mitochondria, thickening of basement 
membrane, presence of pleomorphic dense 
bodies mostly lysosomes and tissue debris in 
the lumen (Figure 24).

Laboratory results

In the experimental group II, there was a signifi-
cant increase in the serum levels of urea, cre-
atinine and electrolytes as compared with the 
control group.

On the other hand, there was a highly signifi-
cant increase in all the examined parameters in 
the experimental group III as compared with 
the control group (Table 1).

Discussion

Antimony is an environmental toxin present in 
air, water, food and soil as well as it is widely 
used in the manufacture of rubber, glass, 

Figure 22. An electron micrograph of a renal cortex 
of albino rat from group IV, showing a cell lining a 
proximal convoluted tubule with marked thickening 
of basement membrane (BM) and absence of its 
basal infolding. There are destruction of basal cyto-
plasm (arrows), marked vacuolation (V) and migra-
tion of mitochondria (M) towards the lumen with loss 
of their parallel arrangement. Note absence of lumi-
nal microvilli and presence of a normal nucleus (N) 
when compared to the control (Uranyl acetate and 
lead citrate; X 5,000).

Figure 23. An electron micrograph of a renal cortex of 
albino rat from group IV, showing a cell lining a proxi-
mal convoluted tubule with few swollen mitochondria 
(M), pleomorphic vacuolation (V) and heterogenous 
irregular dense bodies mostly lysosomes (arrows). 
Note the nucleus (N) and marginal nucleolus (n) with 
fragmentation and migration of chromatin with areas 
of karyolysis (arrow heads) (Uranyl acetate and lead 
citrate; X 5000).

Figure 24. An electron micrograph of a renal cortex of 
albino rat from group IV showing a cell lining a distal 
convoluted tubule with destruction of its apical part, 
apical direction of its nucleus (N), prominent periph-
eral nucleolus (n), swelling of mitochondria (M) and 
thickening of its basement membrane (BM). Pleo-
morphic dense bodies mostly lysosomes (arrows) are 
seen in the cytoplasm. Tissue debris (D) is noticed 
in the lumen (L) (Uranyl acetate and lead citrate; X 
5,000).
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paints, coatings and colored printing inks [25]. 
The nephrotoxicity of antimony has been 
recently suggested by many authors [2, 14].

Exposure to high antimony level in humans is 
rare, resulting in serious renal damage includ-
ing destruction of its tubules, haemorrhage and 
renal failure [26]. On the other hand, subclinical 
antimony poisoning from chronic low level anti-
mony exposure remains a major health prob-
lem especially in industrial workers [27]. 
Improvements in working conditions have 
remarkably decreased the incidence of antimo-
ny toxicity in the workplace [14].

The antimony was chosen as the target for this 
study as it is recent and one of the most dan-
gerous heavy metals that can insult the envi-
ronment [11]. The importance of antimony 
nephrotoxicity is resulting from its possible 
chronic ingestion over long periods by millions 
of general population all over the world and its 
possible potential hazards to the human health 
[28]. Therefore, the current study is designed to 
evaluate the effects of antimony administration 
on the structure and function of the renal cor-
tex of growing albino rats.

Growing albino rats were used as a mammalian 
model for studying the possible effects of anti-
mony, as they are available and easy in han-
dling [29]. It was noticed that there were spe-
cies and strain difference in antimony toxicity; 
albino rats were more sensitive to its toxicity 
than mice, guinea pigs and dogs [30]. 

The renal cortex of albino rats was used in this 
work as it is responsible for 83.8% of renal 
function, the main site of excretion of antimony 
and its metabolites and the first site to be dam-
aged by their toxicity [31]. By autoradiography, 
it was found that the distribution of antimony in 
the kidney was not uniform and its deposition 
was more in the renal cortex than the medulla 

and the highest concentration was observed in 
the proximal and distal convoluted tubules 
[20]. Therefore, the glomeruli might be affected 
secondary to tubular damage [32].

In the present work, antimony trisulfide in low 
dose (6 mg/Kg body weight) was used. Since 
many authors suggested that the effect of anti-
mony on the kidney could be attributed to anti-
mony-induced malnutrition and not due to the 
direct influence of environmental antimony bur-
den on the renal tissues, therefore the dose 
used in this study was adjusted not to alter the 
body weight or induce growth retardation and 
malnutrition [33]. In addition, this low dose of 
antimony was adjusted to avoid animal death 
and this dose is also similar to the antinomy 
environmental level in water in many places all 
over the world including many areas in the 
Arabic countries [14]. It was recorded that in 
acute antimony intoxication, the lethal dose of 
antinomy trisulphide causing death to 50% of 
rats (LD50) was 600 mg/kg body weight [19].

The route of administration in the present study 
was via drinking water because it is the com-
monest route for antimony intoxication [34]. 
Adjustment of blood antimony level was not 
considered because the aim of this work was to 
expose the rats to low doses of antimony which 
are unnecessary to be constant to simulate the 
environmental exposure pattern.

In the experimental group II, the duration of 
exposure to antimony was eight weeks, was 
chosen to study the effects of antimony as a 
heavy metal added to drinking water [18]. In 
addition, 12 weeks was used in group III to 
study the possible effects of prolonged intake 
of antimony contaminated drinking water [13].

Changes in Malpighian renal corpuscles were 
noticed in all tested renal cortices in this exper-
iment following antimony administration. 

Table 1. Statistical analysis of blood urea, serum creatinine, serum potassium and serum sodium in 
the control groups (Ia & Ib) and the experimental groups (II and III)

Group Ia Group Ib Group II Group III
Mean+SD Mean+SD P Mean+SD P Mean+SD P

Blood urea mg/100 ml 38.41+1.01 38.4+0.7 >0.05 47.38+0.87 <0.05 79.5+0.37 <0.01
Serum creatinine mg/100ml 0.74+0.05 0.76+0.06 >0.05 1.53+0.03 <0.05 2.24+0.004 <0.01
Serum potassium m.mol/L 4.17+0.6 4.19+0.5 >0.05 5.7+0.17 <0.05 9.34+0.64 <0.01
Serum sodium m.mol/L 140.3+4.99 140.3+5.11 >0.05 149.62+0.6 <0.05 172.4+0.71 <0.01
Note: SD=Standard deviation; >0.05: insignificant; <0.05: significant; <0.01: highly significant.
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Glomerular changes appeared in the form of 
distortion, destruction and shrinkage of glo-
merular tuft with irregular glomerular space. 
Some glomeruli revealed congestion, thicken-
ing of their basement membrane, multiple vac-
uoles, and periglomerular haemorrhage. 
Obliteration of Bowman’s space, irregular thick-
ening of Bowman’s membrane and abnormal 
fusion with atrophy of some secondary foot pro-
cesses of the podocytes, could be also detect-
ed. These observations are close to those 
recorded by other researchers [26, 35]. The lat-
ter authors also noticed abnormal proliferation 
of parietal cells of Bowman’s capsule which 
might predispose to malignancy in case of 
chronic use of antimony. This finding was not 
observed in this study, a point needs prolonged 
administration of antimony in further investiga-
tions. On the contrary denied any abnormality 
in the Malpighian renal corpuscles after the 
intake of antimony for 8 weeks [1].

The current investigation revealed variable 
changes in the proximal convoluted tubules fol-
lowing antimony administration. Marked thick-
ening of tubular basement membrane with 
absence of its normal basal infolding, disar-
rangement and migration of mitochondria 
towards the lumen and destruction with vacu-
olation of cytoplasm were also detected. These 
findings are in accordance with those reported 
by other reporters [36, 37]. The primary effect 
of antimony on the kidney was in the proximal 
convoluted tubules due to their ability to con-
centrate this substance and its toxic metabo-
lites leading to electric changes and distur-
bance in the tubular reabsorption active 
transport system [6].

This research showed that antimony adminis-
tration resulted in many changes in the distal 
convoluted tubules in the form of cytoplasmic 
vacuolation, atrophy of nuclei, mitochondrial 
swelling, obliteration of tubular lumen and peri-
tubular haemorrhage. Many distal convoluted 
tubules revealed apical destruction of their 
cells, apical direction of nuclei, thickening of 
basement membrane and presence of tissue 
debris in dilated lumen. These observations are 
in agreement with the results of authors who 
also mentioned that antimony nephrotoxicity 
affected distal convoluted tubules secondary 
to morphological changes in the proximal con-
voluted tubules [1].

The present study noticed marked damage of 
the tubular brush border as evidenced by PAS 
technique and electron microscopic examina-
tion. The severity of antimony induced tubular 
brush border damage was previously tested by 
[38], using trehalase enzyme which is localized 
in the brush border. The same authors conclud-
ed that urinary trehalase activity was elevated 
in tubular degeneration induced by antimony 
and such elevation in enzymatic activity was 
proved to be very sensitive indicator of direct 
morphological damage of tubular brush 
border.

The current study revealed congestion of blood 
vessels and haemorrhage in the renal cortex. 
The actual causes of these changes induced by 
antimony intake remained obscure [16]. Other’s 
results are in consistency with ours who men-
tioned that antimony has a direct toxic effect on 
the wall of small blood vessels leading to vaso-
dilatation and extravasation of blood from their 
necrotic walls [27].

The present research showed multiple cyto-
plasmic vacuoles representing cellular oedema 
which was recognized in most tubular cells. 
This observation is in accordance with others 
who attributed this finding to disturbance in cel-
lular calcium due to the extreme sensitivity of 
the calcium pumping ATP-ase which was found 
in both plasma membrane and endoplasmic 
reticular membrane [12]. Cellular edema was 
due to disruption of intracellular pH which regu-
lated ion transport systems and played an 
important role in many cell functions such as 
energy metabolism, DNA and RNA synthesis, 
and induction of cellular proliferation [6].

The present work revealed that effects of anti-
mony on the renal cortex of albino rats appeared 
at the tubular as well as the glomerular levels 
simultaneously. These findings are in contrast 
to the observations of others who recorded 
that the nephrotoxic effect of antimony was 
observed first at the level of proximal convolut-
ed tubules, then at the distal convoluted 
tubules, and finally at the glomerular level [39]. 

The current experiment demonstrated that the 
effects of antimony on the cells of the glomeruli 
and the tubules were patchy and uneven in dis-
tribution. This can be explained in the light of 
the results of researchers who observed that 
there was variable susceptibility of cortical 
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cells to the nephrotoxic effect of antimony 
which depended on the chemical receptors 
within these cells [17].

The prolonged use of antimony and some other 
heavy metals might be carcinogenic and cause 
malignancy in the kidney, urinary bladder, liver, 
stomach, colon or rectum [1, 24]. Moreover, it 
was also recorded that continuous oral admin-
istration of antimony for six months resulted in 
diffuse hyperplasia and focal neoplasia in the 
stomach, colon and kidney [20]. Antimony low-
ered acidity of urine and increased urinary tract 
bacteria which reduced urinary nitrate to nitrite 
with the formation of N-nitroso compounds 
which would be carcinogenic to the renal epi-
thelium of many animal species and human 
being [27]. On the other hand, the occurrence 
of any renal cell neoplasia as a result of con-
tinuous administration of antimony has been 
denied [7]. The current study could not detect 
any manifestations of hyperplasia, dysplasia or 
malignant transformation of the renal cells of 
albino rats. A longer period of continuous 
administration of antimony may be required to 
confirm such malignant changes; a point that 
needs further investigation.

The laboratory investigations in the current 
study demonstrated that administration of anti-
mony was toxic on the kidney being evidenced 
by significant increase in all investigated 
parameters. The degree of this toxicity was 
directly proportional to the duration of expo-
sure of antimony. These findings are in agree-
ment with the histological observations in the 
present study. These results are in accordance 
with the reports other reporters who also added 
that this toxicity was dose dependent and 
described similar toxic effects in the liver cells 
of rats following antimony administration [36]. 
The affection of the ultrastructure of the renal 
tubules of albino rats following antimony admin-
istration did not stop after its withdrawal [5]. In 
antimony treated rats, the degenerative effects 
on the renal cortical cells increased after drug 
withdrawal to be maximal 30 days after the last 
dose [15].

The possible mechanism of antimony toxicity 
on the kidney is due to its deposition with its 
toxic metabolites within the renal tubules [40]. 
Confirmation of this view by using immunofluo-
rescence technique also has been done [12]. 
On the other hand, others believed that the 

mechanism of antimony nephrotoxicity was still 
unknown whether due to changes in the tubular 
active transport system or capability for effec-
tive concentration [41].

Considering the results of the current study and 
correlating them to those of other investiga-
tors, it can be concluded that antimony has 
proven to be toxic on the structure and function 
of the renal cortex of growing albino rat. On the 
other hand, hyperplasia, dysplasia and malig-
nant changes could not be detected following 
continuous oral administration of antimony for 
8 and 12 weeks. These changes could not be 
demonstrated as longer duration or different 
dose for administration, than that used in this 
study, was needed.

Based on the results of the present study, it 
should be recommended to avoid the use of 
any drinking water contaminated with antimony 
compounds and forbidden its use in infants 
and children foods. Also, avoid daily consump-
tion of any contaminated water to prevent the 
accumulation of antimony compounds in body 
tissues and the internal organs. Lists for per-
mitted substances in drinking water have to be 
prepared in view of the recent findings concern-
ing the safety aspects of heavy metals. Using of 
antimony compounds in different industries 
should be under the governmental control. 
Synthetic substances used in human diets 
must be defined clearly and further studies on 
its structure, metabolic action and toxicological 
properties should be undertaken. Stress should 
be made on orienting parents to the impor-
tance of the household meals and its role in 
improvement of food habits for their children. 
Nutritional education programs should be car-
ried out to limit the consumption of processed 
products with unhealthy contaminated water 
especially among children. Advertisement on 
streets, snack and restaurants foods have to 
be done under strict supervision. Educational 
messages have to be published in television, 
newspapers, magazines and internet concern-
ing the health hazards associated with the lib-
eral use of water contaminated with antimony 
and other heavy metals.
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