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ABSTRACT

The present research study describes histological
aberrations in the vital organs namely, kidney, liver
and gill of Labeo rohita advanced fingerlings accli-
mated at 26 (Control), 31, 33 and 36°C for 30 days,
and those exposed to the Critical Thermal Maxima
(CTMax) (40.63 + 0.17°C) and Critical Thermal
Minima (CTMin) (13.73 + 0.07 °C) (temperature
increased or decreased at the rate of 0.3°C/min from
26°C). Fish acclimated at 26, 31 and 33°C showed
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normal histoarchitecture. However, fish acclimated
at 36°C and those exposed to CTMax and CTMin
showed damaged gill lamellae, hepatic hypertrophy
and renal hyperplasia. Our report on histopathological
aberrations in the important organs at higher accli-
mation temperatures (36°C) and during acute thermal
changes (CTMax and CTMin) will help to monitor
health and proper management of L. rohita culture
during climate change scenario.

Keywords Labeo rohita, Histology, Temperature
acclimation, CTMax, CTMin.

INTRODUCTION

Suitable environment is a prerequisite for maintaining
physiological homeostasis essential for growth and
reproduction in fishes. Temperature is an important
environmental factor profoundly influencing growth,
reproduction and health and survival of fish. Each
fish species possesses distinct temperature tolerance
thresholds as well as optimal conditions for growth,
reproduction, and disease resistance (Borghetti and
Canzi 1993). Within certain limits, increased wa-
ter temperature may benefit fish culture leading to
faster growth (Das et al. 2005, Besson et al. 2016).
Conversely, extreme temperatures, whether high
or low, can induce stress in fish, thereby disrupting
their biochemical functions and cellular structures
(Egginton and Sidell 1989, Das ez al. 2009, Das et al.
2014, Dalvi et al. 2023). Histopathological investi-



gations are widely used as biomarkers for evaluating
fish health both in laboratory (Thophon et al. 2003)
and in natural conditions (Teh ef al. 1997). It is an
imperative tool for monitoring organismal health
compared to a single biochemical parameter (Segner
and Branubeck 1988). Histological investigations are
routinely used as indicators to evaluate stress levels
and monitoring of fish health in aquaculture systems
(Schwaiger et al. 1997).

Thermal tolerance research in fish has been con-
ducted for over a century, highlighting its significant
relevance (Beitinger et al. 2000). Indian major carps
(IMCs), which include Labeo rohita, Catla catla, and
Cirrhinus mrigala, are extensively farmed freshwater
species across India due to their high demand and
economic value. They thrive well between18.3°C
to 37.8°C, however, temperatures below 16.7°C and
above 39.5°C are fatal (Jhingran 1975). Our earlier
investigations revealed temperature acclimation
dependent adaptation in L. rohita (Das et al. 2004,
2005, Das et al. 2009). Surface water temperatures
are anticipated to vary by as much as 40°C due to
factors such as latitude, season, altitude, time of day,
water depth, and other influences (Munro and Rob-
erts 2001). In contrast to the open seas and oceans,
shallow inland waters are expected to experience
more frequent temperature changes (Kennedy et al.
2022). This situation underscores the importance
of understanding how elevated water temperatures
impact the histoarchitecture of essential organs in
IMCs. Therefore, we investigated the effects of
varying acclimation temperatures (26°C as control,
31, 33 and 36) as well as acute temperature change
(critical thermal maximum (CTMax) and critical
thermal minimum (CTMin)) on the histoarchitecture
of key organs, specifically the kidney, liver, and gills
of L. rohita.

MATERIALS AND METHODS
Maintenance of fish

L. rohita advanced fingerlings (mean weight + SE:
31.5+ 1.78 g) were bought from Pancham fish farm
(Saphale, Maharashtra) transported with proper
aeration to the wet laboratory at Central Institute of
Fisheries Education, Mumbai. The fish underwent
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a 30-day acclimatization period in the laboratory at
a temperature of 26 + 1°C, during which they were
provided with supplementary feed containing 35%
protein.

Acclimation of fish and experimental setup

For acclimation studies, total 24 L. rohita were
equally distributed (6 per aquaria) in four thermo-
static aquaria (52 liters capacity, sensitivity + 0.2°C,
Suan Scientific Instruments, West Bengal, India).
Water temperature in the aquaria were increased at
the rate of 1°C per day over the ambient temperature
(26°C) to reach the test temperatures of 31,33 and
36°C and maintained for another 30 days. During
the acclimation period fish were fed with supple-
mentary feed (protein 35%). Water quality param-
eters were assessed on a daily basis and remained
within acceptable thresholds. The concentration of
dissolved oxygen in the aquaria was sustained at 5.5
+ 0.5 mg /L through the use of an air blower. A 20%
water exchange in the aquaria was performed every
alternate day. For the critical temperature studies, 12
fish were evenly allocated between two aquaria and
acclimatized at a temperature of 26°C for a duration
of 30 days. Following this acclimatization period, the
water temperature in the aquaria was systematically
altered, either increased or decreased, at a consistent
rate of 0.3°C per minute until the fish exhibited signs
of loss of equilibrium, designated as CTMax (40.63
+0.17°C) and CTMin (13.73 £0.07 °C), respectively
(Beitinger et al. 2000, Das et al. 2004, 2005, Dalvi
et al. 2009).

Tissue histology

Fish acclimated at 26, 31, 33 and 36°C for 30 days,
and those exposures to CTMax (40.63 + 0.17°C)
and CTMin (13.73 + 0.07°C) were anaesthetized
with clove oil (50uL.L"), organs (liver, gills and
kidney) were carefully dissected, fixed in buffered
neutral formalin, processed, embedded in paraffin
wax, sectioned into thin slices of 6 pm, and stained
with hematoxylin and eosin (The et al. 1997, Dalvi
et al. 2023).

RESULTS AND DISCUSSION

Every fish species has specific temperature tolerance
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Fig. 1. Histology of the gill of Labeo rohita (H and E staining). A: Acclimated at 26, 31 and 33°C showing normal histoarchitecture
(magnification 320 X, H and E stain, representative figure), B: Gill of fish acclimated at 36°C showing complete loss of 2/3™ of second-
ary gill lamellae (magnification 320 X, H and E stain), C: Gill of fish exposed to CTMax showing complete loss of normal structure
and atrophy with congestion in the secondary gill lamellae (magnification 40 X, H and E stain); and D: Gill of fish exposed to CTMin
showing marked congestion and atrophy in the secondary gill filament (magnification 80 X, H and E stain).

limit beyond which it experiences stress. In our study,
L. rohita acclimated at 26, 31 and 33°C showed
normal histoarchitecture in the gill (Fig. 1A), kidney
(Fig. 2A), and liver (Fig. 3A) tissues as these tem-
peratures are within the optimum range of L. rohita,
supporting our previous findings (Das et al. 2004).
However, fish acclimated at 36°C and those exposed
to CTMax (40.63 £0.17°C) and CTMin (13.73£0.07
°C) showed severe changes in the tissue histology.

Fish acclimated at 36°C showed significant
changes, specifically complete loss of two-third of
the secondary gill lamellae and mild atrophy observed
in the upper third of the secondary gill lamellae from
base of the gill arch (Fig. 1B). The gill in fish exposed
to CTMax showed complete loss of normal structure
and atrophy with congestion in the secondary gill
lamellae (Fig. 1C), while the gill in fish exposed to
CTMin exhibited marked congestion and atrophy in
the secondary gill filament (Fig. 1D). Exposure to
elevated temperatures can lead to respiratory distress
and neurological impairments in fish. We observed

that at 36°C the effect on gill was profound than the
other organs. The gills are most sensitive organs due
to their close proximity with the external environ-
ment, functioning as heat exchangers that facilitate
the transfer of heat between the surrounding water
and the fish’s body (Tattersall et al. 2012). Studies
examining pollution effects in fish emphasized gill as
an organ of paramount importance for assessing the
degree of damage (Wang et al. 2022) and also serves
as a significant marker for assessing thermal pollution
(Alazemi et al. 1996). Elevated water temperatures
have a dual impact on the oxygen demand and supply
ratio in fish. While warmer water holds less dissolved
oxygen, the metabolic rate of fish increases, leading
to heightened oxygen uptake. Additionally, higher
temperatures can disrupt the ability of fish to main-
tain osmotic balance, as changes in the lipids of gill
cells can cause cell leakage, thereby diminishing the
efficiency of salt excretion and regulation (Munro and
Roberts 2001). Fish may experience respiratory dis-
tress and even coma as a result of lower temperatures.
Although cold water contains a higher concentration
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Fig. 2. Histology of the liver of L. rohita (H and E staining). A: Acclimated at 26, 31 and 33°C showing normal histoarchitecture (magni-
fication 80 X, H and E stain, representative figure), B: Liver of fish acclimated to 36°C with hypertrophic hepatocytes and loss of cellular
boundaries (magnification 320 X, H and E stain), C: Liver of fish exposed to CTMax showing focal areas of haemorrhages could be
seen (magnification 80 X, H and E stain) and D: Liver of fish exposed to CTMin with showing marked swelling of the hepatocytes and

constricted sinusoids (magnification 80 X, H and E stain).

of dissolved oxygen compared to warm water, the
inhibitory effect on the respiratory rate of fish may
stem from inadequate oxygen uptake, resulting in
hypoxia (Holt and Jergensen 2015). Our previous
research has documented behavioral indicators linked
to hypothermia, such as a reduced respiratory rate and
impaired swimming coordination (Das et al. 2005,
Das et al. 2014).

The liver in fish acclimated at 36°C showed hy-
pertrophy, loss of cellular boundaries and vacuolation
of the hepatocytes (Fig. 2B), those exposed to CTMax
showed focal areas of haemorrhages in the liver (Fig.
2C), while those exposed to CTMin showed mild
swelling and sinusoids in the liver tissue (Fig. 2D).
The liver is majorly associated with metabolism and
detoxification of harmful metabolites. Therefore, liver
histology is an important indicator of fish health and
also useful for understanding its interaction with the
environment (Aboka ef al. 2017). In the present study,
hepatocytes of L. rohita acclimated at 36°C showed
hypertrophy (due to proliferation of endoplasmic re-

ticulum) which is similar with those reported in fish,
exposed to aluminium (Hadi and Alwan 2012). Loss
of cellular boundaries (total cellular degeneration)
observed in L. rohita at 36°C in our study, which is
similar to those observed in Labeo boga exposed
to higher temperature (Raina et al. 2015). We also
observed hemorrhages in liver of fish exposed to
CTMax, similar to those observed in perch exposed
to metal contaminated water (Yancheva et al. 2016)
and in sea-bass exposed to cadmium (Thophon et al.
2003), indicating total disarrangement and degen-
eration of the liver at near lethal temperature. We
observed that fish exposed to CTMin showed marked
swelling and constricted sinusoids, indicating total
degeneration of liver tissue and cessation of metabolic
process leading to cell death. Similar observations
were made in L. boga exposed to lower temperature
suggesting that lower temperature is more deleterious
to physiological functioning of the liver compared to
higher temperature (Raina et al. 2015).

The kidney in fish acclimated at 36°C showed
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Fig. 3. Histology of the kidney of L. rohita (H and E staining). A: Acclimated at 26, 31 and 33°C showing normal histoarchitecture
(magnification 320 X, H and E stain, representative figure), B: Kidney of fish acclimated to 36°C showing dilation of blood vessels with
residual RBC’s (magnification 80 X, H and E stain), C: Kidney of fish exposed to CTMax showing occasional accumulation of fibrinous
masses in distal tubules (arrow) (magnification 80 X, H and E stain) and D: Kidney of fish exposed to CTMin showing hyperplasia and
hyperactive melano-macrophage centers (white arrows) and vasoconstriction with deformed lumen of the blood vessels (black arrow)

(magnification 320 X, H and E stain).

severe dilation of the blood vessels with residual red
blood cells (Fig. 3B). Fish exposed to CTMax showed
occasional accumulation of fibrinous masses in distal
tubules of the kidney (Fig. 3C), while those exposed
to CTMin showed hyperactive melanomacrophage
centers and vasoconstriction with deformed lumen
of the blood vessels in the kidney (Fig. 3D). In
teleost, kidney is an important organ responsible for
excretion. Drastic alteration in the water temperature
creates stress in the renal tissues leading to complete
degeneration and disarrangement of the cells (Dash
et al. 2011, Aboka et al. 2017, Dalvi et al. 2023).
In our study, kidney of L. rohita acclimated at 36°C
showed dilution of blood vessels with residual RBC
similar to those reported earlier (Dash ef al. 2011).
We observed occasional accumulation of fibrinous
masses in distal tubules of the kidney in fish exposed
to CTMax, which is consistent to those reported
earlier in different fish species exposed to various
environmental stressors (Dash et al. 2011, Hadi and
Alwan 2012, Velmurugan et al. 2007). Our observa-

tions on alterations in the kidney including hyper-
plasia and hyperactive melano-macrophage centers,
vasoconstriction with de-shaping of the lumen of the
blood vessels in fish exposed to CTMin, indicates
severe degeneration and disarrangement, similar to
those reported in liver of L. boga acclimated at lower
temperature (Raina et al. 2015). Our observations on
the histological changes in the gill, liver and kidney
tissues corroborate with those reported earlier in L.
rohita acclimated to higher temperatures (Dash ez al.
2011) and in Horabagrus brachysoma acclimated at
36°C and exposed to CTMax and CTMin (Dalvi et
al. 2023).

CONCLUSION

Our study provides prima facie evidence elaborating
extensive tissue damage in L. rohita acclimated at
36°C and in those exposed to CTMax and CTMin.
Our investigation confirms that L. rohita is most vul-
nerable when acclimated at 36°C and also to extreme



and acute change in water temperature. Results of
the present study will help fish farmers and policy
makers to monitor fish health and avoid temperature
influenced tissue aberrations to ensure maximum
production.
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