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Abstract

Water is indispensable for sustaining life. The present study aimed to find out the lethal concentration (LCsp) of aluminium chlo-
ride (AICI;) and its histological alterations in the kidney of freshwater fish Cirrhinus mrigala. A study was based on an experi-
ment design based on lethal concentration. The LCs, of aluminium chloride in fish was reported to be 0.087ml/L after 24, 48, 72
and 96 hours. To do further evaluation, the fish were exposed to AICl; sublethal concentration 1/10™ of LCs, i.e., 0.0087ml/L, for
7, 14, 21 and 28 days. After exposure to aluminium chloride, changes in behaviour, including erratic swimming, heightened
sensitivity to stimuli, irregular fin movements, congregating at the tank, loss of balance, aggressiveness and respiratory distress,
were noticed in C. mrigala. The kidneys of control fish showed no significant changes, while in the treated group, morphological
changes were observed in each experimental duration, including a decrease in the number and size of tubular cells, expansion
of tubular lumen, degeneration and damage in epithelial cells, necrosis, expanded Bowman's space, blood cell around tubular
and interstitial cells and glomerulus enlargement were observed in kidney tissues. This histological analysis showed that the
degree of alterations in fish kidneys increased time-dependent. These histological changes are early warning signs of environ-
mental health risks, showing that even low levels of heavy metal contamination can severely impact aquatic life and the entire

food chain, with direct and indirect consequences for human lives and nature.
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INTRODUCTION

Water, as the fundamental essence of life, is irreplacea-
ble for all living organisms, acting as a critical solvent,
facilitating biochemical reactions, and regulating tem-
perature. Water pollution does not only harm nature; it
severely affects the environment, ecosystem and living
health at risk (Gleick, 1993, Jamil et al 2023). Industrial
activities, agriculture, and improper waste disposal con-
tribute to water pollution, demanding immediate efforts
to reduce its impact. Only a small portion of the nearly
40 million liters of wastewater that enter rivers and oth-
er water bodies daily are properly treated (World Eco-
nomic Forum, 2019; Jamil et al., 2023).

Heavy metals are metalloids with a high relative atomic
density, typically greater than 4g/cm® or 5g/cm3. They
include elements like lead, aluminium, mercury, cadmi-
um, and arsenic. Aluminium is one of the heavy metals.

It appears silvery-white and is considered as the third
most abundant metallic element of the periodic table,
compromising 8% of earth’s crust after oxygen and
silicon. It has widespread applications due to its desira-
ble properties such as light weight, low density, corro-
sion resistance, thermal conductivity, malleability, duc-
tility and high strength. They do not undergo degrada-
tion by microorganisms. Instead, they persist in the
environment and accumulate in soils, sediments, and
living organisms. It rarely exists in its pure form; in-
stead, it is commonly found combined with other ele-
ments like chloride, hydroxide, silicate, sulfate, and
phosphate, forming aluminium compounds like AICI3, Al
(OH)3, 3Al,03.2Si0,, Alx(SO4)s, AlPos respectively.
These aluminium compounds are used in the construc-
tion, automotive, and aircraft industries, in producing
metal alloys, in the electric industry, in cooking utensils,
and in food packaging. They are also used in water
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treatment to act as coagulants, aiding in the reduction
of organic matter, colour, turbidity, and microorganism
levels. Overuse of fertilizers and pesticides containing
heavy metals leads to soil contamination and runoff into
water reservoirs (Kaur et al., 2021).

Waste discharges from manufacturing units and mining
operations release heavy metals into water bodies, soil,
and the atmosphere (Gautam et al., 2016). The improp-
er disposal of heavy metal-laden consumer goods con-
tributes to landfill accumulation and contaminates water
sources with electronic waste, worsening environmental
degradation (Cuculi¢ et al., 2020). Due to their high
toxicity even in low concentration, long-lasting effects,
and inability to biodegrade, they are a significant group
of contaminants in aquatic environments, leading to
mutagenicity, teratogenicity and carcinogenicity
(Dasharathy et al., 2021) in animals. The geo-
accumulation index values for metals in the Amlakhadi,
A tributary of Narmada River, Gujrat was
AI>Sr>Ti>Cr>Fe>Mn>V>Cu>Zn. (Azaz and Rajen-
drasing, 2020).

Aluminium chloride (AICI3) is one of the hazardous and
hazardous aluminium compounds (Hazardous sub-
stance fact sheet 2008, New Jersey Department of
Health). It can enter in aquatic ecosystem into aquatic
ecosystems through various natural and human-
induced processes. Aluminium chloride poses a hazard
to aquatic life due to its capacity to release aluminium
ions (AI"™) into the water to form aluminium hydroxide
and release hydrogen ions, decreasing pH and water
acidification. Al ion can disrupt metabolic, enzymatic,
reproductive, and genotoxic effects, including DNA
strand breaks and alterations in gene expression
(Klingelfus et al., 2015).

The dissolved aluminium concentrations in drinking
water typically fall within the 0.001 to 0.05 mg/litre
range in waters with near-neutral pH values. However,
in environments characterized by acidity or an abun-
dance of organic matter, these concentrations can ele-
vate substantially, reaching levels of 0.5 to 1 mg/litre
(WHO, 1998 ). The permissible limit for aluminium in
drinking water, according to the Bureau of Indian Stand-
ards (BIS ,2012) standards, is 0.2 mg/L and the record-
ed average concentration of aluminium in Hooghly Riv-
er was 78,127 + 11,187 pg/L. (Mitra et al., 2018). India
is the second-largest producer of freshwater fish after
Japan. Freshwater fish account for 55% of the total pro-
duction of 6.57 million metric tons (MMT) and carp con-
tribute more than 87% of India's total production. Fish is
a nutrient-rich food source that contains protein, essen-
tial amino acids, healthy fats, and a variety of vitamins
and minerals, and EPA, Omega 3 which is required to
maintain healthy life and have anticancer activity
(Manson et al., 2019). Fish often accumulate heavy
metals in tissues as a result of bioaccumulation and
they can easily be passed from fish to others by the

food chain (Naz et al., 2023).

To assisting heavy metal reciprocation in water, fresh-
water carp Cirrhinus mrigala the Indian major belonging
to the family Cyprinidae, is selected for this study. Due
to worldwide distribution and fish contains high-quality
protein, fat, and vitamins. Additionally, it is a good
source of amino like leucine, valine, aspartic acid, glu-
tamic acid, glycine, alanine and a good source of min-
erals like phosphorus, sodium, and calcium (Paul et al.,
2016). Fish can tolerate 14°C and are easily cultivat-
ed in Asian countries (FAO, 2009), the chosen fish
hold economic and ecological importance. Additionally,
its ability to acclimatize in laboratory conditions makes
it a good bioindicator. Fish kidneys are sensitive to
chemical changes in the freshwater ecosystem be-
cause they are directly and continuously exposed to all
dissolved substances in the water (Bilal et al.,2019).
Therefore, the present study aimed to examine
the histological alterations induced by aluminium
chloride (AICI3)in the kidneys of the edible and
commercially important freshwater fish Cirrhinus
mrigala.

MATERIALS AND METHODS

Fish collection and sampling

For experimental purposes, 60 freshwater fish C.
mrigala (known as the white carp ), both male and fe-
male, of average size (15 to 25cm) and average weight
(150 to 240 gram), was caught with the aid of local fish-
ermen using seine nets (70x80m) with a mess size (35-
40mm) and dugout canoes from the Johilla river,
Amarkantak. Fish were transferred with the help of a
net into the clean plastic bucket. Then, the fish were
transferred from a bucket to a pond like structure creat-
ed using tarpaulin of size (12x9m) in an autorickshaw
to provide natural atmosphere to them and brought to
Aquatic Toxicology Laboratory, Department of Zoology,
Indira Gandhi National Tribal University, Amarkantak.
In the laboratory, six well-ventilated aquariums
(75%x35%37.5cm) with a capacity of approximately 100L
were cleaned with a 1% KMnO4 solution. The aquari-
ums, labelled | to VI, were filled with tap water. The tap
water temperature was 27+2°C, as determined by a
laboratory thermometer, and the pH was measured to
range from 7 to 7.2 using litmus paper. Fish were disin-
fected with a 1% potassium permanganate (KMnO,)
solution for 1- 2 minutes to prevent any potential der-
mal infections. The fish were then weighed using a digi-
tal hook weighing machine (GLUN) ) and 10 fish were
placed in each glass aquarium filled with 50L of tap
water. The level of water filed was marked. Each
aquarium was covered with lid for fish safety. The fish
were not subjected to any additional stress, and
aeration was provided using an air pump to aid in
acclimatization.
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Acclimatization and maintenance

The fish were acclimatized for 7 days in the laboratory.
Throughout the acclimatization period, the fish were fed
twice daily with approximately 4-5 grains of artificial
food pellets (TAIYO), purchased from local market of
Rajendrgram. The pellet contained crude protein, fat,
fibre, and moisture. The fish were fed the same type of
food and were kept in similar living conditions. Water
was replaced as per requirement. As water evaporated,
it was replenished to the marked level. To prevent foul-
ing, faecal matter was regularly removed from the
aquarium using a siphon pipe, and extreme care was
taken to ensure that no outside influences contaminat-
ed the water. Feeding was stopped twenty-four hours
before starting the experiment.

Test compound

Aluminium chloride (AICl3;) was selected as the toxicant
for this study due to its potential to induce metabolic
effects. Five hundred grams of anhydrous AICI; , pro-
duced by Central Drug House (CDH), were acquired
from Jabalpur.

Reaction with water — Aluminium chloride does not dis-
solve in water; instead, it creates a hissing sound when
it comes into contact with water. During the reaction,
the [CI]* ions are replaced by H,O molecules, forming
hexahydrate( [Al (H,0)6] Cls.)

The chemical equation representing this reaction is:

AICl3 + H,O — [Al (H2O)6]* ey + 3C1™ (aq)

Experimental design

The experiment was divided into two parts-
Determination of lethal concentration (LCsg). The LCso
of aluminium chloride was determined using the log
dose/probit regression line approach (Finney et al.,
1971). An experiment was conducted using 24 fishes in
march 2024. Four experimental setups, labelled |, II, lll,
and IV, were established with varying dosages of alu-
minium chloride to calculate LCsy which is 0.025, 0.05,
0.1, and 0.2 mg/L (Azmat H. et al., 2011). The dosages
were precisely measured using an electronic balance
(Shimadzu ATZ-224) in the Central Laboratory, Depart-
ment of Zoology, Indira Gandhi National tribal universi-
ty.Then, the measured chemical was mixed with dis-
tilled water in beaker. Each system contained 25 L of
well-aerated water in which the prepared solution of
chemicals was poured. Using a random selection meth-
od, six carps were taken out from the stock to deter-
mine the LCso and placed into each aquarium. Before
exposure to the compound under investigation, feeding
was ceased for 24 hours.

At intervals of 24, 48, 72, and 96 hours, the percentage
mortality and survival of fish in the treated groups were
recorded for each aquarium. Cessation of operculum
movement indicating fish death. The number of dead

fish in each aquarium was noted, and immediate
removal followed using a fish net to prevent infection in
aquarium.

Determination of histological alteration

A 28-day experiment was conducted involving 30 fish.
Five glass aquariums labelled control, 1, II, lll, and IV
were prepared for duration of 7, 14, 21 and 28 days.
Each aquarium housed a different group of six fish,
totalling five groups overall. The control group re-
mained in its natural habitat, while the other four
groups were subjected to treatment. Six fish were se-
lected from the stock using a random number method
to ensure randomness and placed into each aquarium.
One day prior to the experiment, feeding ceased to
standardize conditions.

For the experiment, a set of fish was exposed to alu-
minium chloride at a concentration of 1/10th of the cal-
culated LCsy (Lavanya et al., 2011). This concentration
was accurately measured by using an electronic weigh-
ing balance. Approximately 2ml of experimental aquar-
ia water is taken into a beaker, and the weighted test
compound i.e., 0.217mg was mixed well with stirring
rod and pour it into the same aquarium. Same process
was followed in all experimental sets of aquaria, i.e. |,
I, Il & IV, except the control set. Water levels will re-
plenish as required to maintain a volume of 25L even
as water evaporated over time. For the experimental
purpose, the treated group and one control fish were
removed from their respective aquariums at the inter-
vals of 7, 14, 21, and 28 days. Kidney samples of each
fish were collected for histological analysis to assess
any alterations. Behavioural changes were observed
daily for 12 hours in both the control and treated
groups throughout the experiment.

Dissection of fish

At the end of each experimental duration, 7, 14, 21,
and 28 days, the C. mrigala fish were removed from
the aquariums using a fish net and weighed using a
digital hook weighing machine (GLUN). Then, the fish
was euthanized through cervical dislocation by apply-
ing of gentle pressure to the head while holding the tail.
The fish was then placed ventrally on a dissection tray.
Using scissors, a midline incision was made along the
ventral side of the experimental fish from the posterior
to the anterior.Then, the thin parietal peritoneum and
connective tissue over kidney were gently separated
using the blade to expose the kidneys. Kidney was
carefully taken out from the body cavity using forceps.
The microtomy procedure was performed, and the
slides were observed under a light microscope
(QUASMO STAR-7) at 40X magnification. The same
procedure was repeated after intervals of 7, 14, 21 and
28 days. Histological analysis was conducted based on
the methods described by Porter and Joseph 1953,

1794



Rani, R. and Yadav, H. / J. Appl. & Nat. Sci. 16(4), 1792 - 1800 (2024)

Carleton, 1967 and Bancroft ef al. 2002.

Ethical approval

The experiment was performed with the prior permis-
sion of the Institution Animal Ethics Committee( IAEC)
approval 2004/GO/ReBi/S/18/CCSEA.

RESULTS AND DISCUSSION

LCso was observed after exposing the fish to aluminium
chloride at different concentrations: 0.025, 0.05, 0.1
and 0.2mg for 24, 48, 72, and 96 hours, respectively, in
four separate aquariums labelled I, II, 1ll and IV. The
LCso value was found to be 0.087ml/L. The sublethal
concentration of LCsy (1/10") was calculated to be
0.0087ml/L.

The toxicity of aluminium chloride exhibits variability
among species and even within strains of the same
species. The lethal concentration of aluminium in vari-
ous fish species was determined to be 1.53mg/L in
Rasbora sumatrana by Othman et al. (2013) and
0.25mg/L for Labeo rohita by Banavathu et al. (2016).
The lethal concentration (LCsp) of aluminium was found
to be 0.5mg/L by Gebara et al. (2021). The AICl3
sublethal concentration (1/4th of LCso) was 4.698 mg/L
in Catla catla. For other heavy metals like copper the
LCso was noted as 1.25ppm for C. catla by Naz et al.
(2023), while for mercury,it was 0.24ppm by Emiyarti
et al. (2020). The lower LCs, value observed in the
present investigation may be attributed to factors such
as fish weight, age, water quality, and the purity of the
test compound. The weight of the control and treated
group before and after the treatment was the same.

Behavioural change

In the control set of aquaria, there were no behaviour
changes observed in the fishes due to good water qual-
ity, while in the treated group, several behavioural
changes were observed during the experimental dura-
tion, i.e., 7, 14, 21 and 28 days due to aluminium chlo-
ride exposure. Significant changes in the behaviour of
treated group fishes, such as erratic swimming, height-
ened sensitivity to stimuli, irregular fin movements, and
congregating at the tank, whereas some fish were ob-
served alone in another corner of aquarium and there
was a loss of balance and more frequent resting. Some
groups of fish showed lethargic symptoms,

and some showed aggressiveness. Moreover, there
was a noticeable reduction in feeding activity during the
initial 7-8 days of exposure. Fish also tried to jump out
of the aquarium, possibly due to stress caused by alu-
minium chloride or gill modifications observed during
dissection, which were associated with respiratory dis-
tress.

Behaviour results from environmental adaptations and
enables the organism to modify internal and external

stimuli to accommodate the changing water condition.
Fish exposed to aluminium chloride showed a number
of behavioural abnormalities as a toxicological re-
sponse, like- erratic swimming, heightened sensitivity to
stimuli, irregular fin movements, congregating at the
tank bottom, loss of balance, and more frequent rest-
ing. Moreover, there was a noticeable reduction in
feeding activity during the initial 7-8 days of exposure.
Fish also displayed surface-seeking behaviour, which
could suggest gill modifications observed during dis-
section, which were associated with respiratory dis-
tress. Same behavioural changes were also observed
by Senger et al. (2011) in Danio rerio after exposure to
aluminium chloride. The behavioural changes like er-
ratic swimming, jerky body movements, rolling the
body, convulsions, loss of equilibrium and mucous se-
cretion over the body of Clarias batrachus were ob-
served at the concentration of 1.5mg/L cadmium sul-
phate exposure Pundir (2016). Schjolden et al. (2017)
observed a decrease in swimming activity in crucian
carp (Carassius carassius) due to aluminium exposure.

Histological observation

AICl5 sublethal concentration (1/10“‘) of LCsy 0.087ml/L
was mixed in each aquarium water except control for
the period of 7, 14, 21 and 28 days to evaluate the tox-
icity of aluminium chloride (AICI3) in fish while maintain-
ing a controlled group for comparing histological altera-
tions in the kidney of C. mrigala.The kidneys of the con-
trol fish showed normal structures in each experimental
duration, i.e., 7, 14, 21, and 28 days at 40X magnifica-
tion. The control group of fish showed normal anatomy
and histology of the kidney (Fig. 1).

The treated fish were exposed to aluminium chloride for
7, 14, 21 and 28 days and showed histological altera-
tions, including damage at nephric and tubular levels
observed under a microscope with a 40X power (Fig. 1
I, 1, V, VIl). After 7 days of aluminium chloride expo-
sure, the fish kidney showed a decrease in the number
and size of tubular cells and enlargement of tubular
lumen (Fig. 1 II). Whereas after exposure of 14 days,
interstitial cell starts degenerating, necrosis of the inter-
stitial cell, expansion of the tubular lumen, bowman’s
sapce start increasing, and damage in epithelial cells of
tubules (Fig. 1 IV). After 21 days of exposure blood
cells were noticed in the periphery of tubular cells, an
increase in the size of tubular lumen, necrosis of inter-
stitial cells, tubular cell degeneration, and excessive
bleeding spread surrounding the epithelium of tubular
cells were noticed with an increase in bowman’s space
(Fig. 1 VI). At the end of 28 day exposure, necrosis of
intersitial as well as tubular cell, dark minute granules
in tubular and interstitial cells, explained tubular lumen,
damage in tubular epithelium, increased bowman’s
space, cellular degeneration, glomerulus enlargement
were observed in kidney tissues (Fig. 1 VIII).
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VI

VIl

Fig. 1. Transvers section of kidney of control as well as treated fish Cirrhinus mrigala observed after each experi-
mental durations i.e., 7, 14, 21 and 28 days. (l) control at 7" day; (Il) treated at 7" day; (Il) control at 14" day; (VI)
treated at 14" day; (V) control at 21% day; (VI) treated at 21" day; (VII) control at 28" day; (VIl) treated at 28" day of
aluminium chloride exposure . Arrowheads are indicating- (PT) proximal tubule, (RD)Renal Corpuscle, (E)Distal tubule,
(IT) interstitial cells, (TL) tubular lumen, (L) lymphocytes, (H) hemorrhage, (CD) cellular degenration, (ED) epithelium
damage, (G) glomerulus enlargement, (BS) Bowman'’s space, (N) necrosis. Magnification 40X

The findings of the histological alterations in the fresh-
water fish, Cirrhinus mrigala, exposed to a sublethal
dose of aluminium chloride (0.087 ml/L) for 7, 14, 21,
and 28 days indicate highly significant renal damage at
various levels. During the sublethal treatment, the renal
tubules exhibited various forms of cellular and structur-
al alterations. These included a decrease in the number

and size of renal tubular cells, which can lead to im-
paired renal function and affect the fish's ability to regu-
late water and electrolyte balance and maintain homeo-
stasis. The presence of necrotic cells within the renal
tubules highlights severe toxic injury, leading to cell
death and further compromising kidney function
(Fig.1,2) Additionally, an expanded tubular lumen sug-
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Fig. 2. Necrosis in tubular cells of control and treated fish Cirrhinus mrigala during each experimental duration i.e., 7,
14, 21 and 28 days. (I) Control; (ll) Treated on 7" day; (Ill) Treated on 14" day; (VI) treated on 215 day; (V) 28" day.
Magnification 40 X.

gests structural damage and potentially altered fluid
dynamics within the tubules, which could interfere with
normal filtration and reabsorption processes. A lympho-
cyte reduction was also observed, implying immuno-
suppression or a redirected immune response. Pres-
ence of erythrocytes in the interstitial fluid indicates
vascular damage and increased permeability. Cellular
degeneration and proximal tubule damage impair kid-
ney function, potentially leading to systemic effects due
to the accumulation of waste products. Furthermore,
the accumulation of aluminium chloride within renal
tissues was observed (Fig. 3). Significant changes
were also noted in the renal corpuscles, suggesting
hyperfiltration or increased blood flow through the
glomerulus, potentially leading to glomerular damage
and impaired filtration capacity. An enlarged Bowman's
space was noticed, indicating glomerular damage and
impaired filtration, contributing to protein loss and other
essential molecules in the urine (Fig.1 and 4) These
findings collectively demonstrated significant structural
and functional abnormalities in the kidney's filtration
units, which are crucial for maintaining homeostasis.

The histological changes in fish are a significant and
compelling area to understand how environmental pol-
lution impacts their organs' structural organisation.The
kidney and brain were more sensitive to exposure to
metals Galiciolli et al. (2023). Moreover, the nephrotox-
ic effects of aluminium oxide nanoparticles were con-
firmed in Oreochromis niloticus, as evidenced by Abdel
-Khalek et al. (2021). Genotoxic, biochemical, hemato-
logical, and histological changes were observed in the
kidneys of Channa punctatus exposed to mercury chlo-
ride, consistent with the findings of Trivedi et al. (2022).
Al-Kshab (2023) noted necrosis of epithelial cells lining
the kidney's tubules, infiltration of leucocyte cells, and
hemorrhage in the kidney of lead chloride treated Gam-
busia affinis. This highlights the broader issue of heavy
metal toxicity in aquatic organisms and the complex
interplay of various metals on fish health. Additionally,
sublethal mercury concentrations (0.24 ppm) in Oreo-
chromis niloticus caused bleeding, nephritis, mononu-
clear cell infiltration, and tubular necrosis was evaluat-
ed by Emiyarti et al. (2020). The alterations observed in

the kidneys of freshwater fish in the current study have
been similarly documented in various fish species after
exposure to different heavy metals. Furthermore, pyk-
notic nuclei, swollen proximal epithelial cells, necrotic
nuclei, blood congestion, and hydropic swelling of tu-
bules were observed in heavy metal-exposed Oreo-
chromis niloticus by Kaoud and Dahshan, (2010) and
same result found in Clarias gariepinus after exposed
to lead acetate by Al-Balawi et al. (2013). Salman et al.
(2017) . In Clarias batrachus, aluminium treatment led
to the expansion of Bowman’s capsule, loss of renal
tubules, narrowing of tubular lumens, damage to hema-
topoietic cells, and clustering of hemosiderin pigments
in the kidney observed by Raj et al. (2018), while Tho-
phon et al. (2003) reported hydropic swelling, tubular
cell vacuolation, numerous dark granule accumulations,
tubular degeneration, and necrosis in Lates calcarifer
exposed to cadmium. Gupta and Srivastava (2006)
found loss of cellular integrity, glomerular vacuolization,
disorganized blood capillaries, necrosis, and pyknotic
nuclei in zinc-exposed Channa punctatus. Salman et al.
(2017) found hydropic degeneration and renal tubular
necrosis with nuclear pyknosis in lead acetate-exposed
C. carpio. These findings align with the present study,
underscoring the consistent impact of heavy metal ex-
posure on renal health across different fish species.

Similarly, trace metals at environmentally relevant con-
centrations altered the biochemical and morphological
characteristics of fish as observed by Pandey et al.
(2008). These trace metals also depicted inducing his-
topathological changes in selected organs of Cyprinus
carpio L. by Vinodhini and Narayana (2009). In the pre-
sent study on the histological effects of heavy metal
exposure in freshwater fish, observed various altera-
tions in kidney tissues, consistent with existing obser-
vations. Same findings were observed in Oreochromis
niloticus, Channa punctatus, Cyprinus carpio, Labeo
rohita, and Clarias batrachus, and heavy metal expo-
sure has been shown to induce hydropic swelling of
renal tubules, pyknotic nuclei, and necrotic areas, along
with swollen proximal epithelial cells with necrotic nu-
clei. Kaoud and Dahshan (2010). The exposure to
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Fig. 3. Histology Kidney- tubular Lumen of control and treated fish Cirrihinus mrigala
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Fig.4. Increase in bowman’s space in control and treated fish Cirrhinus mrigala. (I) control: (ll) treated at 7" day; (lll)
treated at 14th day; (VI) treated at 21% day; (V) treated at 28" day. Magnification 40X.

lead and cadmium in Anabas testudineus resulted in
necrosis, degenerated tubules, congestion, lymphocytic
infiltration, and vacuolation in kidney tissue is evaluated
by Ahmed et al. (2014), whereas the same finding was
also observed by Bhatkar (2013) in nickel chloride ex-
posure to Labeo rohita haemorrhage in the glomeruli,
nephrosis, advanced vacuolation, tubular and interstitial
tissue disintegration, and disruption of the tubular cells
in the kidney that coincided with the present study.
Similarly in Channa striatus and Heteropneustes fos-
silis, heavy metal exposure led to tubular necrosis, pyk-
nosis, hemorrhage, and glomerular degeneration. Fati-
ma and Usmani (2013). In Wallago attu and Cirrhinus
mrigala, heavy metal exposure was associated with
necrosis of the hematopoietic interstitial tissue, vascu-
lar degeneration of renal tubules, narrowing of the tubu-
lar lumen, glomerulonephritis, and renal tubular atro-
phy. Hussain et al. (2019). Similarly, chromium induc-
es biochemical, genotoxic, and histopathological effects
in the liver and kidney of goldfish (Carassius auratus),
with necrosis of kidney tubular epithelial cells and tu-
bules observed at higher chromium concentrations by
Velma and Tchounwon (2010). These findings align
with the present observations and support the idea that
heavy metal exposure leads to significant renal histo-
pathological changes in freshwater fish. The consisten-
cy of these alterations across various species highlights
the ubiquitous and damaging impact of heavy metals
on aquatic ecosystem, emphasizing the need for envi-

ronmental monitoring and pollution control measures to
protect aquatic ecosystems that directly and indirectly
effecting the human.

Biological disarrangement, hypertrophy, and the pres-
ence of melanomacrophages were observed, with the
severity of tissue distortion directly proportional to the
aluminium concentration, as Hadi and Alwan (2012)
reported. These alterations are indicative of the tissue's
response to aluminium toxicity and suggest a dose-
dependent relationship. Additionally, DNA damage was
evident in the kidney tissue cells of Rhamdia quelen
following trophic contamination with aluminium sulfate,
confirming the genotoxic potential of aluminium expo-
sure. Klingelfus et al. (2015). Similarly, sub-lethal con-
centrations of aluminium sulfate caused inflammatory
changes in the interstitial tissues and partial shrinkage
of convoluted tubules in the kidneys of Clarias gariepi-
nus juveniles at higher exposure levels. Olurin et al.
(2016). These findings underscore the histological im-
pact of aluminium on renal tissues observed in the pre-
sent study, highlighting the degenerative responses
brought out by aluminium exposure. Furthermore, the
findings of Singh et al. (2019) demonstrated that tissue
injury and histological alterations increase in a time-
and concentration-dependent manner. This suggests
that prolonged exposure to aluminium exacerbates tis-
sue damage, emphasizing the need for time-course
studies to fully understand the progression of alumini-
um-induced toxicity.
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Conclusion

The present study demonstrated that very low concen-
trations 0.0087ml/L of aluminium chloride can lead to
severe effects in C. mrigala, showing altered behaviour,
physiological responses and histology of fish organs. In
acute exposure of Al for 7, 14, 21 and 28 days, the
study observed drastic alteration in fish kidneys. This
histological analysis showed that the degree of altera-
tions in fish kidneys is increasing time-dependent.
These histological changes are early warning signs of
environmental health risks. The impact of heavy metals
on fish histology helps in understanding ecological im-
pact, bioaccumulation and biomagnification, toxicologi-
cal mechanisms, human health risks, and regulatory
implications of environmental pollution.
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