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Abstract

Objective: The present work aimed to study the histological and ultrastructural
effects of cadmium (Cd) on the kidney of rabbit. Materials and Methods: 2 groups of
Egyptian adult rabbits were used for this study (4-5 rabbits for each). One group was
used as a control and the other group (experimental) was exposed to cadmium intake
in a dose of 100mg Cdcl,/L in drinking water for 24 weeks. The animals were killed
by cervical dislocation and kidney specimens were taken, fixed and processed for
light and electron microscopic examination. Results: The cadmium had adverse
effects on the kidney especially the proximal convoluted tubules and the glomerulus.
The distal convoluted tubules showed no effects. The proximal tubules showed loss
of the basal infoldings, the mitochondria appeared swollen with damaged transverse
cristae and some appeared vacuolated. Abundant amount of lysosomes was seen in
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the cytoplasm. The nucleus appeared irregular in shape and pyknotic in some cells.
The apical border of the cells showed disordered and less extensive microvilli. The
juxtaglomerular cells in the wall of the afferent glomerular arterioles were loaded
with abundant amount of renin granules. The podocytes in the glomerulus appeared
disorganized with pyknotic nuclei and degeneration in their pedicles. Conclusion:
Cadmium has adverse effects on the kidney even at low concentration. These effects
are exclusive on the proximal part of the nephron and present structural changes.
Extreme attention must be taken to prevent the release of cadmium to the
environment.
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Introduction

Cadmium (Cd) is a relatively rare element that occurs naturally in rocks together with
other heavy metals or emitted into the air through the process of volcanic emissions.
It became commercial in the 20" century due to agricultural and industrial
applications Y. Cadmium together with other heavy metals has been considered a
main thread of human health 2. Most of the available epide -miological information
obtained from occupationally exposed populations in highly contaminated areas has
established that excessive Cd exposure produces adverse health effects including
nephrotoxicity & 4. Meanwhile, not only occupationally exposed workers but also
environmentally exposed population can experience moderate to severe health
problems due to Cd toxicity and a mild glomerular and tubular kidney dysfunction
results * %, Cadmium is released into the environment mainly through industrial
activities including non-ferrous metal production, waste incineration and fertilizer
production. Dietary Cd intake mainly through consumption of rice from Cd
contaminated environment contributed to the high level of blood Cd ©®. With the
chronic low level patterns of exposure that are common in human, the primary target
of toxicity is the kidney where Cd causes a generalized dysfunction of the proximal
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tubules . The Cd is excreted slowly and the biological half-life is estimated to be
16-38 years ®. Excessive renal accumulation of Cd causes well defined
morphological and ultrastructural pathological changes resulting in functional
changes such as proteinurea, glycosuria, polyuria and hypercalciuria 9. Most of the
previous studies were going towards the functions of the kidney after Cd intoxication
and the use of reliable biomarkers to assess Cd nephrotoxicity (0 11.12.13.14.15) | jttle
is known about the effect of long term low-level Cd exposure on the ultrastructure
of the kidney (9. So, the present work aimed to study the effect of environmentally
relevant dose of Cd on the histology and ultrastructure of the kidney in rabbit.

Materials and Methods

Two groups of Egyptian adult rabbits (the weight ranged from 1.5-2kg) were used
for this study (4-5 rabbits for each group). One group (experimental) was exposed to
Cd intake in the form of cadmium chloride (Cdcl,). As ingestion is the most
important route of human exposure 7, the exposure via the drinking water was
chosen. The dose of 100mg Cdcl,/L drinking water was chosen according to average
human intake data, soil cadmium concentrations from contaminated sites 1819 To
be environmentally relevant concentration of Cd, the animals were exposed for 24
weeks 17, So, the kidneys of the rabbits were exposed for 24 weeks to 100mg
Cdcl,/L in the drinking water.

The other group of animals was used as a control and taken drinking water without
cadmium. The rabbits were housed and provided with access to standard rabbit chow
and tap water. The animals were killed by cervical dislocation.

A midline abdominal incision was performed and the kidneys were dissected out and
processed for light and electron microscopic examination. For light microscopic
examination, the kidneys were fixed in 10% neutral formol-saline for 24 hours and
were processed to prepare 5-micron thick paraffin sections. Paraffin sections were
stained with periodic-acid Schiff (PAS) which stains basal lamina and the brush
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border of the proximal convoluted tubules and also positive for the granules of the
juxtaglomerular cells @¢ 20 and the cytoplasmic lysosome-protein bodies of the
endocytic process in the proximal convoluted tubules ?. Also, the sections were
stained with Masson trichrome which stains the brush border (green) ¢,

For electron microscopic examination, the cortex was cut into small pieces and
immediately fixed in 2.5% glutaraldehyde buffered with 0.1M phosphate buffer at
PH 7.4 for 2 hours at 4C° and then washed with the phosphate buffer, post fixed in
1% osmium tetroxides in the same buffer for one hour at 4 C°. After washing in
phosphate buffer, specimens were dehydrated with ascending grades of ethanol and
then were put in propylene oxide for 30 minutes at room temperature, impregnated
in a mixture of propylene oxide and resin (1:1) for 24 hours and in a pure resin for
another 24 hours. Then, the specimens were embedded in Embed-812 resin in BEEM
capsules at 60C° for 24 hours %24, Semi-thin sections of about one micron thick
were obtained by glass knives and stained with 1% toluidine blue and examined by
light microscopy. Ultrathin sections of about 50-70nm thick were cut using diamond
knives and mounted on a copper grids, stained with uranyle acetate and lead citrate
(23,24 and examined using a JEOL JEM 1010 transmission electron microscope in
Electron Microscope Research Laboratory (EMRL) of Histology Department,
Faculty of Medicine, Zagazig University.

Results

In control animals the renal cortex examined by the light microscopy showed the
renal corpuscle, the proximal and distal convoluted tubules. The proximal tubules
have large cuboidal cells with large round nuclei and prominent nucleoli. The lumen
is filled with the brush border formed by the microvilli. The distal tubules have a
wide lumen due to absence of the brush border (Fig.1, 2 &3).

By electron microscopic examination, the cells of the proximal convoluted tubules
showed numerous basal infoldings which extend into the cytoplasm with intervening
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mitochondria. The mitochondria were found numerous, elongated and distributed all
over the cytoplasm, mostly at the base. A small amount of lysosomes was seen and
some pinocytotic vesicles were observed. The nucleus was found large, oval and
central. The apical border showed an extensive amount of microvilli which were
found to close the lumen of the tubule (Fig. 4). The distal convoluted tubules showed
their cells with basal infoldings and many elongated mitochondria. The lumen
showed scanty or no microvilli. The nucleus was large and oval (Fig.5). The afferent
glomerular arteriole showed its lumen with endothelial lining. Within the wall of the
arteriole, the juxtaglomerular cells were observed and were found to contain electron
dense renin granules (Fig.6). The renal corpuscles were observed and showed the
parietal layer of Bowman's capsule, urinary space and glomerular capillaries. The
capillaries showed the lumen containing red blood cells and lined by endothelial
cells. A podocyte was found near the capillary with its processes (pedicles) grasping
the capillary (Fig.7).

In animals exposed to Cd intake by light microscopic examination, the renal cortex
showed the renal corpuscles, the proximal and distal convoluted tubules. Near the
renal corpuscles there were afferent arterioles with many juxtaglomerular cells in
their walls and these cells were found to contain abundant amount of granules (Fig.
8, 9). The proximal convoluted tubules showed many small dark granules
representing the lysosomes. The nuclei were found irregular in shape and some were
pyknotic. The cells showed disordered brush border of microvilli (Figs. 8-10).

By electron microscopic examination, the cells of the proximal convoluted tubules
showed loss of the basal infoldings with decrease in the number of mitochondria.
The mitochondria appeared swollen with damaged transverse cristae and some
appeared vacuolated. In some cells damaged mitochondria appeared among normal
mitochondria. Abundant amount of electron-dense lysosomes was seen in the
cytoplasm. The nucleus appeared irregular in shape and in some cells, the nucleus
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appeared pyknotic. The apical border of the cells showed disordered and less
extensive microvilli (Fig. 11-14). The distal convoluted tubules showed no changes.
The cells showed basal infoldings and many elongated mitochondria. The apical
border of the cells showed scanty microvilli (Fig. 15). The afferent arterioles were
found to be lined with endothelial cells and contained many juxtaglomerular renin
secreting cells in their walls. These cells were loaded with abundant amount of
electron-dense granules (Fig. 16). The glomerulus showed one of the capillaries
containing red blood cells. Some of the podocytes appeared disorganized with
pyknotic nuclei and degeneration in their pedicles (Fig. 17).

Fig. (1): Two photomicrographs of semi-thin sections in the renal cortex of control rabbit: (A) It shows the
renal corpuscle (RC) afferent arteriole (AA) and proximal convoluted tubules (P). (X800) (B) It shows
part of the renal corpuscle (RC), proximal (P) and distal (D) convoluted tubules with a higher
magnification. The proximal tubules have large cuboidal cells with large round nuclei and prominent
nucleoli. The lumen (L) is filled with the brush border (bb) formed by the microvilli. The distal
convoluted tubule has a wide lumen due to absence of brush border. (X 2000) (Toluidine blue).
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Fig. (2): A photomicrograph of sections in the renal cortex of control rabbit showing the proximal
convoluted tubules with their basal lamina (arrow heads) and the brush border (arrows). (PASX2000)

Fig. (3): A photomicrograph of sections in the renal cortex of control rabbit showing the proximal
convoluted tubules with their epithelial cells are covered with a brush border of dense microvilli (arrows),
(stained green). (Masson trichrome X2000).
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Fig. (4): An electron photomicrograph of ultrathin section in the renal cortex of control rabbit showing
part of the proximal convoluted tubule. The cell of the tubule shows numerous basal infoldings (arrows)
which extend into the cytoplasm with intervening mitochondria (M). The mitochondria are numerous,
elongated and distributed all over the cytoplasm, mostly at the base. Small amount of lysosomes (LY) are
seen. Some pinocytotic vesicles (V) are seen near the apex. The nucleus (N) is large, oval and central. The
apical border shows extensive amount of microvilli (MV) which nearly close the lumen (L) of the tubule.
(X9000)

Fig. (5): An electron photomicrograph of ultrathin section in the renal cortex of control rabbit showing
two portions of distal convoluted tubules in a transverse section. The cells lining the tubules show basal
infoldings (arrows) with many elongated mitochondria (M) in between. The lumen (L) shows scany or no
microvilli (MV). The nucleus (N) is large and oval. (X 9000)
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Fig. (6): An electron photomicrograph of ultrathin section in the renal cortex of control rabbit showing the

afferent glomerular arteriole. The lumen (L) of the arteriole shows red blood cells (RBC) and endothelial

cell lining (E). Within the wall of the arteriole, there are juxtaglomerular cells (JGC) containing electron-
dense renin granules (RG). (X9000).
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Fig. (7): An electron photomicrograph of ultrathin section in the renal cortex of control rabbit showing
part of the renal corpuscle including the parietal layer of Bowman's capsule (BC), urinary space (US) and
glomerular capillary (GC). The capillary shows its lumen containing red blood cells (RBC) and lined by
endothelial cells (E). A podocyte (P) is seen near the capillary with its processes (pedicles) grasping the
capillary (arrows). (X 9000)
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Fig. (8): Two photomicrographs of semi-thin sections in the renal cortex of rabbit exposed to cadmium
intake: (A) this section shows part of the renal corpuscle (RC), proximal (P) and distal (D) convoluted
tubules. Near the renal corpuscle there are afferent arterioles (AA) with many juxtaglomerular cells in
their walls and contain abundant amount of granules (G). (B) This section shows 2 afferent arterioles with
many juxtaglomerular cells containing granules (G). In the proximal tubules (P) the nuclei are irregular in
shape and some are pyknotic (arrows). (Toluidine blue X 2000)

Fig. (9): Two photomicrographs of sections in the renal cortex of rabbit exposed to Cd intake: (A) This
section shows the proximal convoluted tubules with many small dark granules representing the lysosomes
(arrows). (B) This section shows the afferent arteriole (AA) with juxtaglomerular cells (JGC) in its wall
and contain granules (G). (PAS X 2000)
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Fig. (10): A photomicrograph of sections in the renal cortex of rabbit exposed to Cd intake showing the
proximal convoluted tubules (P) with disordered brush border of microvilli (stained green), (arrows).
(Masson trichrome X 2000)
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Fig. (11): An electron photomicrograph of ultrathin section in the renal cortex of rabbit exposed to Cd
intake showing one of the epithelial cells of the proximal convoluted tubule. The cell shows loss of the
basal infoldings (arrow) with decrease in the number of mitochondria. The mitochondria (M) appear
swollen with damaged transverse cristae. Some of the mitochondria appear vacuolated. Abundant amount
of electron-dense lysosomes (Ly) are seen in the cytoplasm. The nucleus (N) appears irregular in shape.
The apex of the cell shows less extensive microvilli (MV). (X 13000)
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Fig. (12): An electron photomicrograph of ultrathin section in the renal cortex of rabbit exposed to Cd
intake showing the cells of the proximal convoluted tubule surrounding the lumen (L). The apical border
of the cells shows disordered and less extensive microvilli (MV). Also the cells show loss of the basal
infoldings (arrows). (X 13000)
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Fig. (13): An electron photomicrograph of ultrathin section in the renal cortex of rabbit exposed to Cd
intake showing cells of the proximal convoluted tubule with damaged mitochondria (M1) among normal
mitochondria (M2). The damaged mitochondria are swollen with loss of transverse cristae and even some

appear vacuolated. (X 12000)
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Fig. (14): An electron photomicrograph of ultrathin section in the renal cortex of rabbit exposed to Cd
intake showing 2 cells of the proximal convoluted tubule. One of the cells shows pyknotic nucleus (N) in
addition to lack of the basal infoldings. (X 9000).

Fig. (15): An electron photomicrograph of ultrathin section in the renal cortex of rabbit exposed to Cd
intake showing the distal convoluted tubule in a transverse section with its lining cells surrounding the
lumen (L). The cells have basal infoldings (arrows) and many elongated mitochondria (M). The nucleus
(N) is large and oval. The apical border of the cells shows scanty microvilli (MV). (X 9000).
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Fig. (16): An electron photomicrograph of ultrathin section in the renal cortex of rabbit exposed to Cd
intake showing afferent glomerular arteriole in a transverse section showing the lumen (L). The arteriole is
lined by endothelial cells (E) and contains many juxtaglomerular renin secreting cells (JGC) in its wall.
These cells are loaded with abundant amount of electron-dense renin granules (RG). (X 7000)

Fig. (17): An electron photomicrograph of ultrathin section in the renal cortex of rabbit exposed to Cd
intake showing the glomerulus. One of the capillaries contains red blood cells (RBC). Some of the
podocytes (P) appear disorganized with pyknotic nuclei and degeneration in their pedicles. (X 9000)

182

International Journal for Scientific Research, London Vol (4), No (4), 2025
https://doi.org/10.59992/1JSR.2025.v4n4p8 E-ISSN 2755-3418



https://doi.org/10.59992/IJSR.2025.v4n4p8

International Journal

for Scientific Research dualall
(LJSR)
Vol. (4), No. (4) April 2025 (4) sl ¢(4) Hlua)!
Discussion

In the present study, exposure to cadmium (Cd) intake even on its environmental
relevant dose (100 mg Cdcl,/L) had adverse effects on the renal cortex especially the
proximal part of the nephron including the glomerulus and the proximal convoluted
tubules. The distal convoluted tubules showed no effects on Cd exposure.

The proximal tubules showed loss of the basal infoldings. This is in accordance with
Wu etal. @ Who found that the basement membrane became significantly thinner
than that of the control and the infoldings of the plasma membrane were not well
developed. In the present study, the mitochondria of the proximal tubules were
decreased in number and appeared swollen with damaged transverse cristae and
some appeared vacuolated. This is similar to that found by Kanglei etal. ®® Who
observed vacuolated mitochondria and damaged inner membrane and Liu etal. ©¢"
Who observed swelling of the mitochondria on chronic Cd administration. Cheville
(28) added that, the mitochondrial swelling may reflect the entry of solutes and water
into the mitochondrial matrix. In some cells of the present study the damaged
mitochondria appeared among the normal mitochondria and this may indicate that
on chronic Cd exposure, not all the mitochondria are damaged at the same time but
there is gradual increase in the number of damaged mitochondria.

Also, abundant amount of electron-dense lysosomes were observed in the cells of the
proximal convoluted tubules. This is in agreement with Wu et al. ?® who found
numerous small and large concretion spherites with highly electron-dense material
in the cytoplasm of many cells. Most of the Cd in plasma is bound to protein
including albumen, metallothionein and other high or low molecular weight proteins
(29), Cadmium-metallothionein complex is filtered through the glomerular membrane
and transported to renal tubular cells from blood. G% The filtered cadmium-
metallothionein is rapidly and completely re-absorbed and accumulated in the
kidney, particularly in the proximal renal tubule in the cortex. @ In renal cells,
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cadmium-metallothionein enters the lysosomes, which release the cadmium into the
cytosol and degrade the metallothionein into amino acids. Cd not bound to
metallothionein can injure the renal tubules @. So, the lysosomes are important for
breaking down cadmium-metallothionein that entered the proximal tubular cells.
When more Cd enters the cells, more lysosomes are needed to deal with it 6,

In the present study the nucleus appeared irregular in shape and some cells had
pyknotic nuclei. This is in accordance with Hamada et al. 2 who found that, Cd
absorbed by proximal tubular cells rapidly reaches to the nuclei and affects nuclear
as well as cytoplasmic metabolism. Liu et al. @” Tanimoto et al. ©®3 and Kaur et al.
%) observed atrophic and pyknotic nuclei of the proximal tubules upon Cd
administration. In the present study the apical borders of the proximal tubular cells
showed disordered and less extensive microvilli. This is in agreement with Thophon
et al. ® and Wu et al. ® who found disorganization of the brush border and the
number of microvilli adjacent to the microvillus region are decreased. This is
explained by Foulkes and Blank ©® who found that, one of the target sites of Cd in
the proximal tubular cells is at the brush border and Herak-Kramberger and Sabolic
7 who found that, the Cd has a direct damage to the integrity of the proximal tubular
cell plasma membrane and this may cause shortening and loss of microvilli.
Shortening and focal loss of the brush border of microvilli in the proximal tubular
cells indicates reduction of the reabsorptive surface due to damaged integrity of brush
border membrane and may contribute to the reabsorptive and secretory defects (839,

The afferent arterioles in Cd exposed animals of the present study were found to
contain many juxtaglomerular renin secreting cells. These cells were loaded with
abundant and larger amount of renin granules in comparison with that of the control
animals. Janqueira and Carneiro “% mentioned that once renin enzyme becomes
liberated into the blood stream, it acts on the plasma globulin, angiotensinogen and
converts it into a decapeptide called angiotensin I. This peptide is inactive and as a
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result of a converting enzyme, it becomes an active octapeptide, angiotensin Il that
causes arteriolar vasoconstriction and thereby raises the blood pressure. In the
present study continuous secretion of abundant amount of renin enzyme especially
on chronic cadmium exposure may cause sustained hypertension. This is in
agreement with Perry and Elanger “Y who found that, the potential mechanism for
the hypertension in Cd exposed rats involves the increased activity of the renin-
angiotensin system. This is supported by Perry et al. “» who found that, a long term
high level Cd exposure has been shown to increase blood pressure and Thun et al.
43) who noticed that, in occupational studies a positive effect on blood pressure was
found among Cd workers. Also, Eum et al. “¥ found that, at the current level of Cd
exposure, Cd may have increased the blood pressure. On the other hand Satarug et
al. ®® related the increased risk of high blood pressure to the renal tubular damage
and dysfunction caused by environmental Cd exposure.

In the present study, the podocytes surrounding the glomerular capillaries appeared
disorganized with pyknotic nuclei and degeneration in their pedicles. This is in
accordance with Xichen et al “® and Uriu et al. ®” who found that, during plasma
ultrafiltration, the glomerular structures are important target in Cd induced
nephrotoxicity. Also, Templeton and Chaitu “® and Roels et al. “® found that, in
cadmium-induced urinary excretion of high molecular weight proteins evidenced
glomerular filter damage with cellular damage.

It could be concluded that, the Cd has adverse effects on the kidney even at low
concentration. These effects are exclusive on the proximal part of the nephron (the
glomerulus and the proximal convoluted tubules) and present structural changes
reflecting functional impairment with increased probability for development of
hypertension. Extreme attention must be taken to prevent the release of cadmium to
the environment.
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