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ABSTRACT

The kidney is a urinary organ that eliminates most toxic substances that are either ingested or produced by the body.
The nephrotoxic actions are raised by aluminium (Al) metal and its accumulation in the kidneys. However, Al generates
reactive oxygen species with the resultant degeneration of the renal tubular cells, the oxidative deterioration of cellular
lipids, proteins, and DNA. The histopathological examination of the kidneys of aluminium- treated group rats revealed
kidney injury with enlargement of many glomeruli, tubular dilatation, necrotic changes, and leukocytic infiltration.
Several reports show that aluminium toxicity on kidneys occurs through dietary sources, even though it’s association
with adverse effects such as dementia, osteomalacia, encephalopathy, and fractures. More recent ingestion of aluminium
showed obvious signs of focal segmental thickening, renal corpuscle injury, podocyte changes, and mesangial cells
appearing highly deteriorated. For the above reasons, this review was written to contribute to the role of aluminium
metal toxicity, toxic mechanisms and toxic effects in the kidneys of rats.
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1. INTRODUCTION

Exley etal. [1] reported that, aluminium is a pro-oxidant, a non-redox active metal, and will promote biological oxidation
both in vitro and in vivo. Berthon et al.[2] noted that, aluminium is the most plentiful and the third most prevalent
metallic element in the earth’s crust. It gets into human and animals’ bodies through the gastrointestinal and respiratory
tracts. [3].

Ochmanski et al. [4] stated that, it binds to DNA and RNA and inhibits enzymes such as hexokinase, acid and
phosphodiesterase, phosphooxydase, and alkaline phosphatases.

Chappard et al. and Kawahara et al. [5] repoted, that chronic exposure to aluminium can have adverse effects on bone
mineralization, bone health as aluminium interferes, and bone demineralization, potentially contributing to conditions
such as osteomalacia and osteoporosis.

Pocsi et al.[6] stated that, kidneys are major organs that filters nearly 200 liters of blood per day, produce up to 2 liters
of urine, and are particularly susceptible to the adverse effects of chemical pollutants. As a result, pollutants have a
strong impact on the kidneys.

Hill et al.[7] repoterd that, kidney diseases are widespread throughout the world. Chronic kidney disease has been
estimated to affect 9% to 15% of the population in different regions of the world. Nephropathies often have a long
asymptomatic latency period because the kidneys have enormous compensatory capabilities and can maintain
homeostasis for years.[8]

Fatima et al.[9] noted that, humans are highly sensitive to Al toxicity, and it may accumulate in the kidney, causing
nephrotoxicity due to its high availability. Lentini et al.[10] reported that, correlation between acute and chronic kidney
diseases and environmental levels of heavy metals and other risk factors.

This review aimed to provide data about aluminium metal toxicity in kidney health with reference to health effects on
rats.
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2. METHODOLOGY

This review summarizes and analyses primary information created and provided by other academic and professional
researchers who studied aluminium metal and its toxic effects on different living organisms. A literature review was
conducted using search terms such as kidney, rat, histopathological studies, aluminium metals, aluminium toxicity,
toxicity measurement, sources, and organ diseases on organisms in relevant studies on EMBASE, Google Scholar,
Medline, NCBI, PubMed, Science Direct, Scopus, and Web of Science databases. This review paper analyzed a total of
20 research articles published in reputed journals.

2.1 Aluminium toxicity effects on the Kidneys of rats:

Ajibade et al.[11] stated that, exposure to aluminium chloride in the kidneys of Wistar rats causes mild disarrangement
of kidney architecture with decreased capsular space (DCS) and mild degeneration of glomerulus; severe degeneration
of the glomerulus. The renal corpuscles (RC) appeared degenerated, and dilatation of the collecting tubules with
inflammatory cell infiltration (ICI) was prominent. (Fig. 1).

glomerulus (arrow), (H&E X100); B. grossly disarranged with severe degeneration of glomerulus (blue arrow). The
renal corpuscles (RC) appeared degenerated, dilatation of collecting tubules with inflammatory cell infiltration (ICI)
(H&E X100).

Shilpi Jain et al.[12] reported that, exposure to aluminium in the kidneys of albino rats causes swelling of tubules,
obliterated Bowman’s space, increased cellularity of glomeruli, inflammatory cell infiltratioin, and partial sclerosis of
glomeruli in the experimental group. In contrast, 70% of animals in the control group showed only congestion. (Fig. 2).

\ . 7

100); B. renal tubules showing Inflammatory Cell Infilteration-1CI, Derangement of Architecture-DA & Cloudy
swelling-CLS (H & E, X 400). C. Kidney showing Degeneration-D, Derangement of architecture-DA, Inflammatory
Cell InfilterationICI and Cloudy swelling-CLS (H & E X 40). D. Kidney showing Thickened Basement Membrane-

TBM & Sclerosis of Glomeruli-SGR (P.A.S, X 400).
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Kadhim et al.[13] stated that, exposure to aluminium chloride in the kidneys of Wistar rats causes congestion in the
capillary tuft of the glomeruli, diffuse vacuolar degeneration in epithelial cells, and focal cystic changes suggest kidney
damage. Aluminium exposure can lead to glomerular changes, such as glomerulosclerosis, characterized by thickening
and scarring of glomerular basement membranes. (Fig. 3).

GI: Control GII: 100 mg/Kg GIII: 200 mg/Kg

A: 30 DAYS

C: 90 DAYS s

Fig. 3. kidney elapsed time after AICI3 treatment (H&E stain, 400x).

G1: 30 days: control; 60 days: control; 90 days: control.
GlI: obliteration of glomerular tufts (red arrow) with cloudy swelling of the proximal convoluted renal tubules (black
arrow); vacuolation and congestion of the glomerular tuft (red arrow), with deposition of the protein material inside the
tubular lumen (black arrow); marked atrophy of glomerular tuft (red arrow) with thickening of Bowman’s capsule (black
arrow) and cystic dilation in the renal tubules (yellow arrow).
GlI11: mild thickening of Bowman’s capsule (red arrow) with degeneration changes in the renal tubules (yellow arrow)
and infammatory cell infltration (black arrow); necrosis in the proximal convoluted tubules (red arrow), with vacuolation
and congestion of the glomerular tuft (black arrow); severe collapse of the glomerular tuft (red arrow) with thickening
of Bowman’s capsules (black arrow) with hyperplasia of the epithelial cells lining the renal tubules (appears as fnger-
like structures) (yellow arrow).
Amira et al.[14] stated that, exposure to aluminium chloride in the kidneys of Sprague-Dawley pregnant female rats
showed pregnancy, and during the lactation period, feeding time and drinking frequency increased significantly while
standing time decreased gradually. They exhibited more lying time during the last two weeks of pregnancy than during
the lactation period, with a gradual decrease during the lactation period. (Table 1).

Table. 1. aluminium chloride exposure in the kidneys of Sprague-Dawley female rats.

Ingestive behaviour Resting behaviour
Feeding Drinking Standing Lying
(Min/hr) (Freg/hr) (Min/hr) (Min/hr)
Control 5.65+0.59°  066+0.08"  0.62+0.18  36.78+2.05"
Treatment 2g/1 Alcly 9.62+0.66°  073+0.06"  039+0.09°  28.89+1.83
3g/l Alcly 6.16+0.39°  054+0.07°  020£0.05°  36.91+1.61"
3.5 g/l Alely 7.87+0.61°  0.69+0.07°  0.43+0.08°  36.93+1.42"

2" Week pregnancy ~ 457+0.56°  045+007° 0744015  54.98+0.65"
3" Week pregnancy  4.70+0.51° 0521007 0.40+0.10°  55.51+0.58"
Period 1% Week lactation 593+049°  0.68+0.07°  036+0.08"  22.82+1.44"
2 Week lactation 848+0.65"  0.68+0.07"  025+0.07"  19.92+1.16°
3" Week lactation 1127+0.90°  094+0.10°  0.15+0.07°  19.81+1.09°

Shrivastava.[15] reported that, exposure to aluminium in the kidneys of female albino rats causes a higher degree of
degeneration in the cortex and medullary region. Bowman’s capsules showed hypertrophy. Disturbed endothelial lining
was observed. Epithelial cells showed darkly stained nuclei. Cytoplasmic vacuolation in the renal tubules. The lumen
of the tubules was filled with debris. Bowman’s capsules and the glomeruli were also recouped. In some regions, the
epithelial cells of the uriniferous tubules showed the apical position of the nuclei. (Fig. 4).
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Fig. 4. A. higher degree of degeneration in cortex and medullary region. Bowman’s capsules showed hypertrophy; B
improvement in Bowman’s capsules with glomeruli (x400); C. compact glomeruli (x400); D. compact glomeruli and
well formed renal tubules(x400).

Omar et al.[16] stated that, exposure to aluminium in the kidneys of male Sprague-Dawely rats causes swelling of the
glomerular tuft with an increase in their cellularity and small focal areas of tubular nephrosis in the renal medulla. In
the aluminium/tannic acid-treated rats, there was a slight cellular proliferation in the glomerular tuft as well as

congestion of interstitial capillaries in the renal medulla. (Fig. 5).

Fig. 5. A: swollen and hypercellularity of the glomerular tuft H & E. 10x25; B: Necrobiosis of the collecting tubules
in the renal medulla H & E. 10x25; C: More or less normal histology of the renal cortex H & E.10x25; D: Only slight
congestion in the interstatium of the renal medulla.H &E. 10x25.

Gerbed.[17] reported that, exposure to aluminium phosphide in the kidneys of albino rats causes a double-walled capsule,
tubular epithelium, and interstitial tissue. The proximal and distal convoluted tubules (PCT and DCT) are composed of
a single layer of a simple cuboidal type of epithelium; distal tubules had wider lumina compared with proximal tubules,

no brush border, less eosinophilic cytoplasm and smaller and flatter cells. (Fig. 6)

Fig. 6. A&B. show normal kidney architecture. Bowman’s capsule (Bc), glomerulus tufts (Gl), narrow urinary space
(US), proximal convoluted tubules (PCT) with typical cuboidal cells and central round nuclei (N) and narrow lumen
(Lu) were observed; C&D rats received aluminum phosphide demonstrating, kidney tissue with cellular abnormalities,
hypertrophied and congested glomerulus (Gl) and dilated urinary space (US). Tubular necrosis, epithelial lining
degeneration, swelling proximal (PCT) and distal (DCT) convoluted tubules with segregated nuclei (N), the dilated
lumen (Lu); E&F rats receiving aluminum phosphide and melatonin, showing, kidney tissue with typical architecture,
normal Bowman’s capsule (Bc), glomerulus (Gl), regular urinary space (US). Notice: proximal convoluted tubules
(PCT), a narrow lumen (Lu), central rounded nuclei (N), inflammatory cell infiltrates (arrow) were seen.
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Kutlubay et al.[18] noted that, exposure to aluminium in the kidneys of albino Wistar rats causes the glomeruli and
proximal tubuli to be swollen and the Bowman capsules to adhere to the glomeruli. There was also an increase in the
mesangial matrix. crescent formation, dilatation in the Bowman space, and the exudation of erythrocytes. Slight
swellings, considerable damage, and degeneration, with shape, position, and volume disturbances of the nuclei.
Numerous renal tubule cells have very dense and obscure cytoplasmic. Some of the tubuli were critically dilated. Marked
interstitial tissue fibrosis was seen among the damaged tubuli, with marked destruction of the tubule epithelial cells also
evident. However, a slight stenosis was seen in the capsular area of the Malpighi corpuscules. The tubular organization
and the cytoplasmic basophilia were also similar to the control group, with the lumen clearly visible in most of the
cortical tubuli. (Fig. 7).

Vol. 04, Issue 08, August 2024, pp : 900-906 5.725

Fig. 7. A. a normal appearance; B. increase in the mesangial matrix; C. dilatation in the Bowman space, and exudation
of erythrocytes; D. a slight stenosis was seen in the capsular area in the Malpighi corpuscules; E. lumen clearly visible
in most of the cortical tubuli.

Hassan et al.[19] stated that, exposure to aluminium chloride in the kidneys of Wistar rats causes faint positive reactions
in the cytoplasm of tubular cells, strong positive reactions in the cytoplasm of degenerated tubular cells, and weak

Fig. 8. a control, b Hesperidin, ¢ ALCL3-treated, and d ALCL3+Hesperidin groups. The dark brown expression
indicates the MMP-9 immunopositivity. Immunoperoxidase technique for MMP9,x50 pm,x400.
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Tamer et al.[20] stated that, exposure to aluminium chloride in the kidneys of male albino rats causes degenerative or
necrotic changes in the majority of renal tubular epithelial of renal cortex with congestion of blood vessels and
peritubular capillaries and dilated glomerular spaces. Proliferation-forming band contains numerous dilated capillaries
in renal medulla. Mild hydropic degeneration of a few cortical renal tubules and dilated glomerular space in renal tissue.
(Fig. 9).

Vol. 04, Issue 08, August 2024, pp : 900-906 5.725
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Fig. 9. A. Kidney section from control rat group showing renal cortex with normal malpigan corpuscle, proximal and
distal convoluted tubules; B. Kidney tissue section of NAR-treated group showing normal renal parenchyma; C.
Kidney section of AICI3 treated rats showing fibroblastic proliferation, dilated blood vessels and cystic tubules in the
renal medulla; D. Kidney section from NAR and Aluminum treated group showing mild hydropic degeneration of a
few cortical renal tubules and dilated glomerular space. H&E x400.

3. CONCLUSION

The results of this study indicate that the uptake processes and accumulation of aluminium metal in the kidneys of
different rats. The bioaccumulation process of Al metal has a serious impact in the kidneys of rodent animals. The
magnified concentration of aluminium metal toxicity causes a higher mortality rate in the rat population. However,
contamination of aluminium metal can be very dreadful to humans as well. To cope with this serious contamination
threat, effective guidelines, legislation, and regular monitoring are highly required. Failure to control contamination will
cause severe complications in the future because of the adverse impact of the aluminium metal.
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