



 IMPACT OF BAUXITE ORE POWDER ON HISTOMORPHOLOGY OF RENAL TISSUE OF SPOTTED SNAKEHEAD FISH, Channa punctatus (Bloch, 1793)

ABSTRACT 
Bauxite extraction and the waste it produces are recognized as major contributors to water pollution, especially in areas lacking effective environmental controls. The runoff from bauxite mining, containing heavy metals and alkaline compounds, presents toxic risks to aquatic life, notably fish.

This research focused on assessing the impact of bauxite exposure on the microscopic structure of kidney tissue in Channa punctatus, a freshwater fish species frequently utilized in environmental toxicology studies. Live and healthy Channa punctatus specimens were subjected to two different concentrations of bauxite suspension (0.4212g
/L and 1.5g
/L) in controlled laboratory settings for duration
 of 15 days and 30 days
 respectively. Following exposure, kidney tissues were collected, stained with hematoxylin and eosin, and evaluated for histological changes. Fish subjected to bauxite exposure exhibited histological alterations in kidney tissue that increased with concentration, such as cluster
 of hematopoietic cells, disintegration in renal epithelium, cytoplasmic vacuolization, loss of nucleus, focal lipidosis, distortion
 of glomerulus and bowman’s capsule
. These pathological changes were mild at the lowest concentration but became severe at higher dosage,
 reflecting progressive damage to the renal tissue. The findings demonstrated that bauxite exposure induced significant renal histomorphological alterations in Channa punctatus, highlighting its potential ecological risk in freshwater environments. This study supports the use of Channa punctatus as a sentinel species for aquatic pollution monitoring and underscores the need for stricter regulation for bauxite mining activities.
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ABBREVIATIONS

B – Blood
BC – Bowman ’s Capsule                        
BS – Bowman’s Space
CD – Collecting Duct 
CH – Cluster of Haematopoietic Cells
CS- Corpuscles of Stannius                             
CV- Cytoplasmic vacuolization
dG- Distortionof glomerulus
dRE -Disintegration in renal epithelium layer
 FL – Focal Lipidosis
G – Glomerulus
H – Haematopoietic Cell
L – Lumen 
N – Nucleus

P – Parietal Layer

PCT – Proximal Convoluted Tubule
RE – Renal Epithelial
RT – Renal Tubule 
V – Visceral Layer
1. 
INTRODUCTION
 
Bauxite, the main source of aluminum, is widely mined in many tropical and subtropical regions. However, this activity often comes at a high environmental cost. A major concern is the pollution of nearby water bodies, as mining runoff can carry heavy metals, alkaline red mud, and fine particles into rivers and streams. This runoff can disrupt important water quality factors like pH, turbidity, and conductivity, and increase 
harmful metal levels. Over time, these changes can seriously affect aquatic life and the overall health of freshwater ecosystems (Greenway and parkin;
 1993). Aquatic animals, especially fish, serve as reliable indicators of environmental contamination due to their sensitivity to waterborne pollutants. Channa punctata (spotted snakehead), a freshwater species commonly found across South and Southeast Asia, is valued not only for its ecological and economic significance but also for its physiological sensitivity to toxic substances. Studies have shown that exposure to heavy metals such as aluminum, cadmium, and nickel 
often present in bauxite waste
 can lead to tissue-level damage in essential organs, particularly the kidney, which is crucial for maintaining fluid balance and waste removal (Sarah et al 2019) .

The kidney is especially vulnerable to toxic substances among internal organs, primarily because of its vital functions in osmoregulation and waste excretion. Fish exposed to metal-contaminated effluents have shown various histopathological alterations, including glomerular contraction, tubular cell damage, and degeneration of interstitial tissue (Rashid and khan
 2015). Despite these findings, there is still a lack of focused research specifically examining how bauxite exposure affects the microscopic structure of fish kidneys. This study was designed to assess the microscopic structural changes in the kidney tissue of Channa punctata after exposure to bauxite in a controlled laboratory setting. By doing so, it aimed to address current gaps in scientific knowledge and enhance our understanding of environmental toxicology and the health of aquatic ecosystems affected by mining activities.
2.  MATERIALS
 AND METHODS 
2.1
. Experimental Animal

Live and healthy specimen
 of Channa punctatus were purchased from the local fish market (Hygiene fish market)
 in Ranchi. They were 15 in number; their average body length was about 8.7 cm to 10 cm, weighing 11 to 16g.
 The fishes were disinfected using KMNO4and
 were kept for acclimatization to laboratory condition
 for a period of 1 week, in
 the department
 of Zoology, St. Xavier College
 Ranchi. Ad libitum artificial food was given. The fecal matters
 and other unused food were siphoned off regularly. Aquarium water was changed at regular intervals of 24 hrs.
2.2. Experimental Chemical 

The raw bauxite was obtained from the mining site from lohardaga
 district. It was powdered using mixer 
grinder and motor pestle for further use.

2.3
. Preparation of Dosage 
The dose of experimental chemical was determined from previously 
published report "Turbidity effects of suspended bauxite in embryonic 
stage of climbing perch (Anabas testudines) post fertilization 
(Nurulnadia et al, 2020). 
They reported that the LC50 of bauxite exposure in embryonic
 stage of climbing perch for 24 hours was 4.212 g/L. The lowest effect was shown on concentration 
of 2.190 g/l
 and on concentration of 0.125 g/L it shows null effect.

For the present study 1/10th and 1/3rdof LC50 was taken into consideration.

2.4
. Grouping
 of Animal 

After acclimatization
 fishes were randomly divided into 3 groups (n= 15).

Group 1: Control- Treated
 with normal tap water.

Group 2: Low dose, acute- Treated
 with 1/10thof
 LC50 (0.4212 g/l) of bauxite for 15 days.

Group 3: High dose, chronic- Treated
 with 1/3rd of LC50 (1.5 g/l) of bauxite for 30 days.
The experimental water was not changed throughout the study. Fishes were fed once daily with commercial pellet food. Unused food was siphoned off daily.
2.5. Histological

 Analysis  
After 15 days, the animals of group 1 and group 2 were sacrificed under anesthesia
 and the animals from group 3 were sacrificed after 30 days. Kidney
 was dissected out, blotted free of blood 
and immediately fixed into
 Bouin’s fluid. Further, tissues from each group were processed for histological preparation. 5μm
 thin sections were cut using a rotary microtome and stained with hematoxylin and eosin (H&E) following standard histological protocols. Slides were observed under light microscope
 and photomicrography was done using image analyzer (MX21iLED Biological microscope).

3. RESULT
& DISCUSSION 
3.1

. In-Situ Localization of KIDNEY
Figure1 showed anatomical localization of kidney in spotted snakehead fish (in-situ). Kidney of Channa punctatus was located in the abdominal cavity on dorsal side. The kidney consisted of two parts: anterior kidney and posterior kidney or trunk kidney.
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Figure 1- In- situ localization of kidney in Channa punctatus
3.2. Histological
 Study of Renal Tissues

Kidney tissues of control group fish (group-1) showed normal architecture with intact glomerulus and renal tubules. An intact glomerulus
 enclosed within bowman’s
 capsule can be seen. The parietal and visceral layers of bowman’s
 capsule can also be seen (fig 3)
. Kidney tubules can be seen with cuboidal to columnar epithelium surrounding a lumen. Among renal tubules, PCT and DCT
 were predominantly seen. PCT can be identified with the presence of brush borders epithelial layer
 enclosing a lumen (fig
 3). In DCT the lumen was clearer (fig 3
). Comparatively longer collecting tubule
 can also be seen at some places (fig 3). Pathological signs such as haemorrhage
 and disintegration of renal tubules were absent.
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Acute exposure with
 low dose of bauxite (group-2
) did not cause any significant change in the architecture of renal parenchyma. Kidney tubules were seen with intact and regular renal epithelium. Normal architecture of Glomerulus
 and Bowman’s capsule can also be marked (fig 5)
. Few clusters of Hematopoietic
 cells can be seen.
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Following exposure with
 high dose of bauxite (group-3).
 The parenchyma showed marked alterations in the architecture of renal tubules. Disintegration in renal
 epithelium layer can be seen (fig 7) in kidney tubules. In the epithelium cytoplasmic vacuolization can also be seen. In many cells there was loss of nucleus. Integrity of renal tubules were loss
 at many sites. Focal lipidosis (deposition of lipids or fat cells) can also be marked. Distortion of glomerulus and bowman’s capsule
 can also be seen. Large blood spaces filled with blood cells can be observed. 
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3.3 DISCUSSION
Bauxite mining and its associated waste products have become a significant concern for aquatic ecosystems, particularly in regions where mining activities occur near water bodies. The discharge of bauxite processing waste
 often rich in aluminum, iron, nickel, cadmium, and other heavy metals
 has been linked to severe alterations in water chemistry, including increased turbidity, high pH (due to red mud), and elevated metal concentrations(Klebercz et al, 2012). 
These pollutants may disrupt aquatic biodiversity, alter food webs, and induce physiological stress in freshwater organisms.
Fish are especially vulnerable to such pollution due to their constant interaction with the aquatic environment. As sensitive bioindicators, they exhibit histological and biochemical changes when exposed to sublethal levels of contaminants. Among vital organs, the kidney plays a critical role in osmoregulation and excretion and is often the first organ to show signs of metal toxicity(Ahmed et al, 2022) .
 Histopathological studies have revealed structural damage in fish kidneys exposed to industrial effluents, including tubular degeneration, glomerular shrinkage, and necrosis (Kumari et al, 2021).

In Malaysia, uncontrolled bauxite mining activities in the Kuantan region led to severe water pollution, affecting local aquatic fauna and human health. Subsequent studies identified high levels of arsenic, aluminum, and other metals in fish tissues, suggesting bioaccumulation through food chains(Malay M 2016) . 
Similarly, in Jamaica and Brazil, bauxite runoff into freshwater systems was linked to changes in macro invertebrate
 community structures and loss of native species(Hyslop et al, 2012) .

The Channa punctata, a widely distributed freshwater species in South and Southeast Asia, is often used in toxicological research due to its ecological relevance, economic value, and physiological responsiveness to environmental stressors. Several studies have reported tissue-specific responses in Channa punctata under heavy metal exposure, including histological changes in gill, liver, and kidney tissues(Javed et al 2018). 
However, there is limited literature specifically examining the renal histomorphology of Channa punctata in response to bauxite or aluminum exposure.
While some studies have focused on the chemical characterization of bauxite residue and its impact on water parameters, relatively few have investigated the cellular-level impacts on aquatic organisms. This gap highlights the need for integrative toxicological studies linking environmental contamination with histological damage in native fish species. Understanding these tissue-level alterations is essential for assessing sub-lethal
 toxicity and for developing environmental monitoring and regulatory frameworks in mining-affected regions.
CONCLUSION
The
 present study aims to fill the research gap by examining the histomorphological alterations in the renal tissue of Channa punctata exposed to different concentrations of bauxite. This investigation will contribute to a better understanding of the toxicological consequences of mining effluents and aid in formulating mitigation strategies for aquatic ecosystem conservation. A dose and duration dependent
 alteration can be seen in renal tissue.
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Figure 3- T.S of kidney of control group fish showing renal tubules at higher magnification. Cluster of hematopoietic cells, blood cell, PCT, DCT and corpuscles of Stannius can be seen. H&E, X400








Figure 2- T.S of kidney of control group fish at lower magnification showing intact glomerulus and renal tubule. H&E, X100








Figure 4- T.S of kidney of group 2 fish showing nearly normal architecture of renal tubules and hyperplasia of hematopoietic cell following acute exposure with low dose of bauxite. H&E, X400








Figure 5- T.S of kidney of group 2 fish showing glomerulus with bowman’s capsule and bowman’s space. H&E, X400








Figure 7- T.S of kidney of group3 fish showing degeneration of glomerulus following chronic exposure with high dose of bauxite. H&E, X400








Figure 6- T.S of kidney of group 3 fish showing pathological alterations in renal glomerulus and renal tubules. H&E, X100
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Figure 1 showed anatomical localization of the kidney in spotted snakehead fish (in situ). The kidney of Channa punctatus was located in the abdominal cavity on the dorsal side. The kidney consisted of two parts: the anterior kidney and the posterior kidney, or trunk kidney.
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