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Histopathological changes in Labeo rohita (Hamilton) 
fingerlings to various acclimation temperatures

Abstract

Background: Histopathological changes induced by a rise in the acclimation temperature in advanced Labeo 
rohita (Hamilton) fingerlings were studied to understand their adaptive ability to thermal changes. The 
histopathological changes in relation to the thermal changes have been widely used as bioparameters in the 
evaluation of fish health. Materials and Methods: The six experimental temperatures that the fishes were 
exposed to were 32, 34, 36, 38, and 40°C for a period of 30 days each. The fishes kept at an ambient temperature 
of 29.3±1.5°C were used as control. The major organs studied were gills, liver, kidney, and heart. No specific 
alterations were observed at control, 32, and 34°C. The organs were sampled at the end of 30 days exposure 
and histopathological changes of different organs were examined. Result and discussion: Different organs 
(gill, liver. Kidney and heart) show different histopathological changes in higher temperatures. However, 
adaptive and degenerative changes were found to occur at the higher temperatures of 36, 38, and 40°C. 
Conclusions: Changes of temperature can be tolerated by the fishes and it brings about adaptive physiological 
changes to compensate the effects of temperature. Significance: The study was helpful; to understand the 
adaptive mechanisms used by fishes with changes of environmental temperatures.
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Introduction

Thermal limits have received much attention because 
their investigation provides insight into the manner in 
which climate shapes variation in the ecology, distribution, 
and evolution of species (Chown and Terblanche[1]). 
Furthermore, upper temperature limits are positively 
related to optimal performance temperatures (Garland et 
al.[2]). Deterioration in the quality of streams over the past 
100 years has resulted in the decline or complete loss of 
many unique and ecologically sensitive endemic fish species. 
Interactions with exotic organisms, introduction of novel 
diseases, permanent changes in stream velocity and volume, 
deterioration of water quality, and alteration of habitat have 
all contributed to declines in abundance and distribution 
of fishes (Douglas et al.[3]).There are numerous secondary 
responses to thermal stress and these include disturbances 

in osmotic and ionic regulation, metabolic processes, growth, 
reproduction, and behavior. The ultimate response is death. 
Metabolic and osmoregulatory disturbances during stress 
are affected by neurohumoral changes. The marked effects 
of thermal stress on the cardiovascular and respiratory 
system of freshwater fish have been described in detail by 
several workers, and the large amount of information on 
the relationship between temperature and metabolic rates 
of whole fish or their organs and tissues is summarized in 
several reviews. There is therefore enormous literature on 
the physiological responses of freshwater fish to thermal 
stress and there is a similar amount of information on 
thermal discharges and their effects on fish.

Histopathological changes have been widely used as 
biomarkers in the evaluation of the health of fish exposed 
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to contaminants, both in the laboratory (Thophon et al.[4]) 
and field studies (Teh et al.[5]). One of the great advantages 
of using histopathological biomarkers in environmental 
monitoring is that this category of biomarkers allows 
examining specific target organs, including gills, kidney, 
and liver, which are responsible for vital functions, such 
as respiration, excretion, and the accumulation and 
biotransformation of xenobiotics in the fish (Gernhofer  
et al.[6]). Heat injury is observed in cells at temperatures 
only slightly higher than the normal range. In general, cells 
respond to sublethal thermal stress with alterations in 
cellular physiology that confer resistance to normally lethal 
temperatures. There appear to be two states of this acquired 
thermo-tolerance. One (α state) is unstable and independent 
of protein synthesis, whereas the other (β state) is longer 
lived and requires protein synthesis (Laszlo[7]). Responses to 
thermal stress by expression of HSPs (heat shock protein) in 
fish are well documented with the HSP70 family (Hofmann 
et al.[8] and Muller et al.[9]).

Materials and Methods

Test fish and temperature acclimatization
Apparently, healthy advanced fingerlings of rohu (Labeo 
rohita) measuring 17.58±0.44 cm (standard error) and 
weighing 48.58±5.06 g were obtained each month from the 
local bheries(these are traditional bigger water bodies either 
saline, medium saline, or fresh water located in the eastern 
fringe of Kolkata, West Bengal,which is locally called Bheries. 
Here, traditional fish/shrimp cultures are practiced. These 
are same as like that of Pokali prawn fields of Kerala, Gazni of 
North Karnataka, etc.) and the college hatchery. Fishes were 
brought to the laboratory and acclimatized for one week 
in 500 l FRP (Fiber Reinforced Plastic) tanks with aeration 
facilities prior to experiment. At the end of one week, the 
fishes were divided into three groups of five fingerlings 
each and stocked in 50 l glass aquaria. Pelleted feed was 
given at 4% of the body weight throughout the experiment. 
Uneaten feed and fecal matter were siphoned out on 
alternate days from the experimental tanks. With the help 
of a Digital Temperature Controller (Digital thermostat), 
the temperature was gradually increased from the normal 
water temperature to the experimental temperature at the 
rate of 1°C per day. The six experimental temperatures that 
the fishes were exposed to were 32, 34, 36, 38, and 40°C for 
duration of 30 days each (temperature of the laboratory was 
30+ 0.5°C). The fishes kept at an ambient temperature of 
29.3±1.5°C were used as control.

Tissue sampling and processing
The organs were sampled at the end of the 30 days’ exposure 
period at each temperature. Tissue samples of gills, kidney, 
liver, and heart were removed, fixed in 10% buffered 
formalin, and routinely processed for paraffin embedding. 
Sections were cut at 5 µm and the prepared slides were 
stained with hematoxylin and eosin and observed under the 

trinocular phase-contrast research microscope with in-built 
digital camera and attached monitor (Motic: Model BA 400).

Histopathological observations at different 
temperatures
No specific alterations were found in the histology of the 
organs of the fishes exposed to control (29.3±1.5), 32, and 
34°C. The changes observed at the higher temperatures are 
documented in the given figures.

Result and Discussion

Gill
Gill of L. rohita at 36°C showed primary lamellar hyperplasia 
(green arrow) and swollen bases of secondary lamellae 
(blue arrow) (H and E, ×100) [Figure 1]. Gill of L. rohita at 
38°C showed thickened primary lamella (blue arrow) and 
shortened and walled off secondary lamellae (yellow arrow) 
(H and E, ×100) [Figure 2]. Gill of L. rohita at 38°C showed 
exaggerated thickening of primary lamella (green arrow) 
(H and E, ×100) [Figure 3]. Gill of L. rohita at 40°C showed 
primary lamellar degeneration (red arrow) and clubbing 
of secondary lamellae (yellow arrow) (H and E, ×100) 
[Figure 4]. Gill of L. rohita at 40°C showed lamellar fusion 
(red arrow) and clubbing of the secondary lamellae (yellow 
arrow) (H and E, ×100) [Figure 5].

The gill lamellae are the primary site of gas exchange, 
making up most of the respiratory surface area of fish 
gills. The fishes maintained at higher temperatures in the 
present study were subjected to functional as well as general 
hypoxia. Recently, there havebeen a number of studies 
showing that gill morphology in manyteleost fishes is plastic 
(Brauner et al.[10] and Ong et al.[11]) and can be greatly altered 
within hours todays during exposure to hypoxia (Sollid 
and Nilsson.[12]). There is a well-documented respiratory 
osmoregulatory compromise at the gills, such that effective 
gill area and diffusion distance are adjusted to provide the 
permeability required for gas exchange, while minimizing 
the permeability for diffusive ion losses and osmotic water 
gain (Gonzalez and McDonald.[13]).

Liver
Liver of L. rohita at 36°C showed disarrangement of hepatic 
cells (green arrow) and vacuolar degeneration (yellow arrow) 
(H and E, ×400) [Figure 6]. Liver of L. rohita at 36°C showed 
canaliculi formation (arrow) (H and E, ×400) [Figure 7]. Liver 
of L. rohita at 38°C showed prominent vacuolation (yellow 
arrow) (H and E, ×100) [Figure 8]. Liver of L. rohita at 38°C 
showed prominent vacuolation (yellow arrow) and nodule 
formation (blue arrow) (H and E, ×100) [Figure 9]. Liver of  
L. rohita at 40°C showed increased melanin production (yellow 
arrow) and eosinophilic deposition (blue arrow) in the vacuole 
(H and E, ×400) [Figure 10]. Liver of L. rohita at 40°C showed 
increased melanin production (green arrow) and canaliculi 
formation (purple arrow) (H and E, ×400) [Figure 11].
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The most common alterations in the liver of the fishes in the 
present study at higher acclimation temperatures were cloudy 
swelling and necrosis of the hepatic cells leading to prominent 
vacuolar degeneration of the hepatocytes. The present results 
are in agreement with those observed by many authors 
who have studied the effects of different pollutants on fish 
liver (Fanta et al.[14] and Olojo et al.[15]). The vacuolization of 
hepatocytes might indicate an imbalance between the rate of 
synthesis of substances in the parenchymal cells and the rate 
of their release into the circulation system (Gingerich[16]). 
Most poikilotherms respond to thermal changes by adapting 
the physical properties of their membranes to the new 
situation to preserve the functional and structural integrity 
of these structures, a phenomenon that Sinensky[17] termed 
“homeoviscous adaptation.” The homeoviscous efficacy, 
the extent to which the cells compensate for temperature 
changes, varies among the tissues and membranes (Cossins 
and Prosser[18] and Lee and Cossins[19]). Adjustment of 
the physicochemical properties of the membranes to the 
temperature is expected to be rapid and reversible to ensure 
proper functioning under fluctuating thermal conditions 
in fish. Wodtke and Cossins[20] have shown that the fluidity 
of the mitochondria in fish liver follows changes in the 
environmental temperature, which may have been the cause 
of the alterations observed in the hepatocytes. Haschemeyer 
and Mathews[21] conducted experiments to test the ability of 
the liver protein synthetic system to maintain coordination 
during acute exposure to high temperatures and found that 
at high temperatures, protein synthetic reactions showed 
a loss of coordination, with elongation rate increasing 
normally, while amino acid incorporation declined.

Kidney
Kidney of L. rohita at 36°C showed mild vacuolar 
degeneration (green arrow) (H and E, ×100) [Figure 12]. 
Kidney of L. rohita at 36°C showed dark granular or pigment 
deposits (arrows) (H and E, ×100) [Figure 13]. Kidney 
of L. rohita at 38°C showed degeneration and complete 
loss of cellular organization (arrows) (H and E, ×100)  
[Figure 14]. Higher magnification showing cloudy 
appearance of the cells (H and E, ×400) [Figure 15]. Kidney 
of L. rohita at 40°C showed massive vacuolar degeneration of 
the renal tissue (yellow arrows) (H and E, ×100) [Figure 16]. 
Higher magnification showing the formation of an infarct 
(purple arrow) (H and E, ×400) [Figure 17].

In the present study, kidney of the fish often showed 
vacuolar degeneration (cloudy swelling) in tubular cells, 
lysis of the renal tubules, loss of tubular structure, and 
organization and massive vacuolar degeneration. The 
necrosis of the renal tubules affects the metabolic activities 
and promotes metabolic abnormalities in fish (Yokote[22]). 
The present results are in agreement with those observed 
in Cyprinus carpio exposed to sewage (Kakuta and 
Murachi[23]), Prochiloduslineatus exposed to trichlorfon 
(Veiga et al.[24]), and Lates calcarifer exposed to cadmium 

(Thophon et al.[4]). Also, Velmurugan et al.[25] observed 
necrosis of tubular epithelium, hypertrophied epithelial 
cells of renal tubules, narrowing of the tubular lumen, 
expansion of space inside the Bowman’s capsules, and 
contraction of the glomerulus in the kidney of Cirrhinus 
mrigala exposed to fenvalerate. However, Camargo and 
Martinez[26] found cloudy swelling degeneration in the 
epithelium of renal tubules in the kidney of P. lineatus 
caged in Cambe stream, Brazil, polluted by industrial, 
domestic, and agricultural wastes.

Heart
Heart of L. rohita at 36°C showed mild degeneration of 
myofibrillar layer (arrows) (H and E, ×1000) [Figure 18].  
Heart of L. rohita at 36°C showed massive vacuolar 
degeneration (yellow arrow) and extravasated erythrocytes 
(blue arrow) (H and E, ×1000) [Figure 19]. Heart of L. 
rohita at 38°C showed fragmentation of myocardial muscle 
fiber (yellow arrows) (H and E, ×100) [Figure 20]. Heart of  
L. rohita at 38°C showed infiltration of edematic fluid into 
the vacuolar space (arrows) (H and E, ×100)[Figure 21]. 
Heart of L. rohita at 40°C showed massive degeneration of 
the myotic tissue (yellow arrows) (H and E, ×100) [Figure 22].  
Heart of L. rohita at 40°C showed canaliculi formation (blue 
arrow) (H and E, ×100) [Figure 23].

The major changes observed in the heart of the fishes exposed 
to stressfully high temperatures were massive degeneration 
of the myotic cells with the formation of degenerative 
vacuoles and canaliculus containing dark and necrotized 
cellular aggregates. Similar changes were observed by Das 
and Mukherjee[27] in the effect of hexachlorocyclohexane 
on L. rohita and as an effect of selected metal toxicity 
(Fatma[28]). Myocardial fragmentation observed may have 
occurred as a result of heat injury. The degeneration and 
necrosis could be attributed to the increased catecholamine 
release, as previously reported by Lennard and Huddart,[29] 
which in the present study may have been as a response 
to thermal stress. At 38°C, light yellow edematic fluid was 
observed in the vacuolar spaces. Possible causes may include 
changes in hydrostatic or osmotic pressure (cardiac failure, 
vascular obstructions, hypoproteinemia) and increases in 
vascular permeability that accompanies inflammation as 
temperature is known to have effects on cardiac function 
and osmoregulation. The occurrence of dark and necrotized 
cellular aggregates at 40°C can be attributed to increased 
melanin secretion by the tissues in response to thermal 
stress.

Conclusion

The present study brings about the conclusion that 
increased water temperatures create stressful environments 
for the fishes. Temperature rise up to a certain point are 
tolerated by fishes through thermoregulation, whereby 
they bring about adaptive physiological changes inorder 
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Figure 1: Gill of Labeo rohita at 36°C showing primary lamellar 
hyperplasia (green arrow) and swollen bases of secondary 
lamellae (blue arrow) (H and E, ×100)

Figure 2: Gill of Labeo rohita at 38°C showing thickened primary 
lamella (blue arrow) and shortened and walled off secondary 
lamellae (yellow arrow) (H and E, ×100)

Figure 3: Gill of Labeo rohita at 38°C showing exaggerated 
thickening of primary lamella (green arrow) (H and E, ×100)

Figure 4: Gill of Labeo rohita at 40°C showing primary lamellar 
degeneration (red arrow) and clubbing of secondary lamellae 
(yellow arrow) (H and E, ×100)

Figure 5: Gill of Labeo rohita at 40°C showing lamellar fusion (red 
arrow) and clubbing of the secondary lamellae (yellow arrow)  
(H and E, ×100)

Figure 6: Liver of Labeo rohita at 36°C showing disarrangement 
of hepatic cells (green arrow) and vacuolar degeneration (yellow 
arrow) (H and E, ×400)
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Figure 7: Liver of Labeo rohita at 36°C showing canaliculi 
formation (arrow) (H and E, ×400)

Figure 8: Liver of Labeo rohita at 38°C showing prominent 
vacuolation (yellow arrow) (H and E, ×100)

Figure 9: Liver of Labeo rohita at 38°C showing prominent 
vacuolation (yellow arrow) and nodule formation (blue arrow)  
(H and E, ×100)

Figure 10: Liver of Labeo rohita at 40°C showing increased 
melanin production (yellow arrow) and eosinophilic deposition 
(blue arrow) in the vacuole (H and E, ×400)

Figure 11: Liver of Labeo rohita at 40°C showing increased 
melanin production (green arrow) and canaliculi formation (purple 
arrow) (H and E, ×400)

Figure 12: Kidney of Labeo rohita at 36°C showing mild vacuolar 
degeneration (green arrow) (H and E, ×100)
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Figure 13: Kidney of Labeo rohita at 36°C showing dark granular 
or pigment deposits (arrows) (H and E, ×100)

Figure 14: Kidney of Labeo rohita at 38°C showing degeneration 
and complete loss of cellular organization (arrows) (H and E, 
×100)

Figure 15: Higher magnification of the Figure 15 showing cloudy 
appearance of the cells (H and E, ×400)

Figure 16: Kidney of Labeo rohita at 40°C showing massive 
vacuolar degeneration of the renal tissue (yellow arrows)  
(H and E, ×100)

Figure 18: Heart of Labeo rohita at 36°C showing mild 
degeneration of myofibrillar layer (arrows) (H and E, ×1000)

Figure 17: Kidney of Labeo rohita at 40°C showing massive 
vacuolar degeneration of the renal tissue (yellow arrows)  
(H and E, ×100)
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Figure 19: Heart of Labeo rohita at 36°C showing massive vacuolar 
degeneration (yellow arrow) and extravasated erythrocytes (blue 
arrow) (H and E, ×1000)

Figure 20: Heart of Labeo rohita at 38°C showing fragmentation 
of myocardial muscle fiber (yellow arrows) (H and E, ×100)

Figure 21: Heart of Labeo rohita at 38°C showing infiltration of 
edematic fluid into the vacuolar space (arrows) (H and E, ×100)

Figure 22: Heart of Labeo rohita at 40°C showing massive 
degeneration of the myotic tissue (yellow arrows) (H and E, ×100)

Figure 23: Heart of Labeo rohita at 40°C showing canaliculi 
formation (blue arrow) (H and E, ×100)

to compensate, partially or completely, for the effects of 
temperature on the rate of body functions,that is, they tend 
to maintain metabolism, locomotion, and cardiac function 
relatively independent of temperature changes. However, 
although they are known to be highly adaptive, extreme 
temperature stress can have lethal effects on its internal 
physiology and its inability to adapt leads to metabolic 
depression, as observed at 38°C, or mortality, as observed at 
40°C. Fishes in the natural environment are faced with such 
thermal challenges due to thermal pollution of rivers and 
lakes that cause abrupt rise in water temperature and subject 
the fishes to acute thermal stress. Rising air temperatures 
due to global warming are having an impact on the water 
temperature which are known to be causing population 
shifts and habitat loss in the natural water ecosystem. 
Seasonal and diurnal fluctuations in temperature also 
subject the fishes to short-term thermal challenges.
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Significance
The present study was helpful in understanding the adaptive 
mechanism used by the fishes in such environments and 
also that Indian major carpslike L. rohita should not be 
cultured at temperatures above 32°C as after a certain point, 
increased temperature leads to declined growth which will 
reduce the productivity. Knowledge of the interactions 
of temperature with other variables can be useful to fish 
culturists in determining the optimal frequency of feeding, 
amount of feed, and composition of the diet. In addition, 
such knowledge is necessary to determine the economic 
feasibility of controlling temperatures in tank or raceways 
high-density culture systems. Since it is impractical to heat 
or cool large volumes of water in open ponds or culture 
systems, species selection should be based on anticipated 
water temperature, and the optimum thermal range for 
the species being cultured should be known as it varies 
interspecifically.

The histopathological alterations observed were in 
response to disturbed physiology of the fishes at warmer 
temperatures, functional hypoxia, and heat injury. The 
gills being the respiratory and osmoregulatory organ of 
the fishes showed adaptive changes at 34 and 36°C in 
order to obtain more oxygen from the water but at higher 
temperatures of 38 and 40°C, degenerative changes were 
observed. In all other major organs like kidney, liver, and 
heart, degeneration and disarrangement of cells were 
evident. Vacuolization was found to occur in all the tissues 
due to an imbalance between the rate of synthesis of 
substances in the parenchymal cells and the rate of their 
release into the circulation system. There was complete 
loss of cellular structure and organization at the extremely 
stressful temperatures. The performance of a fish is thus 
guided by the ambient temperature of its surrounding water 
and it responds to a rise in the temperature by means of 
physiological adaptations which may be revealed in its blood 
physiology, cellular character, and its behavior.
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