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Abstract The impact of water temperature on the phys-
iology of Channa punctata (Bloch, 1793) was evaluated
in the present study. Fish were acclimated at 25 + 1 °C
and then exposed at six different temperatures: 10, 15, 20,
25, 30, and 35 °C. C. punctata exposed at 10, 15, and 20
°C showed 30, 21, and 11% reduced food consumption,
respectively compared to 25 °C. Significantly higher
respiratory burst and myeloperoxidase activities were
found in fish exposed at 20 and 25 °C after 12 h of
exposure compared to other treatments. Nitric oxide syn-
thase was significantly higher at 25 °C after 12 h and at
25 and 30 °C exposed fish after 7 days compared to
others. The reduced glutathione level was significantly
higher at 25 °C compared to other treatments after 7 days
of exposure. The thiobarbituric acid reactive substances
level was minimum at 25 °C. Significantly lower antiox-
idant enzymes, catalase, glutathione peroxidase, and glu-
tathione S-transferase were found in gills of fish exposed
at 25 °C compared to others in both samples. The highest
antioxidant enzyme levels were found at 10 °C. Heat
shock protein (Hsp) 70 levels were significantly lower
in liver and muscle of fish exposed at 25 °C compared to
other treatments. The Hsp level was significantly higher
at 35 and 30 °C exposed fish compared to others after 12
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h, and the level reduced after 7 days in these treatments.
Thermal stress affects food consumption rate, immune
system, antioxidant enzymes, and enzyme systems in
fish. The elevated Hsp70 level serves as a biomarker of
stress in C. punctata.
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Introduction

The abiotic environmental factor temperature plays a
significant role in the life of poikilotherm organism fish.
Temperature is considered as one of the major environ-
mental factors in aquatic ecosystem as it influences the
growth and survival rate of fish (Brander 1994; Killen
2014; Sharma et al. 2014). Exposure of fish to adverse
environmental temperature deleteriously affects their
biological functions that may cause a series of biochem-
ical and physiological changes. Seasonal and diurnal
fluctuations of water temperature influence individual
fish throughout its life (Basu et al. 2002). Temperature
beyond the optimal limit of a particular species has an
adverse impact on fish health by modulating the meta-
bolic rate, oxygen consumption, and the virulence of
pathogens that in turn may cause a variety of pathophys-
iological disturbances (Gordon 2005; Dalvi et al. 2009).
The food consumption rate and digestive enzyme activ-
ities are indicators of health status of fish and exposure
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of fish beyond their thermal tolerance limits affects these
parameters (Chakrabarti and Sharma 2005). A shift in
temperature range from the optimum changes the enzy-
matic activities. The food consumption rate and diges-
tive enzyme activities in catla Catla catla and magur
Clarias batrachus were reduced at < 25 °C (Singh et al.
2013; Sharma et al. 2014). Reduced food consumption
rate makes the fish weak and prone to the diseases.

The rapid change of water temperature produces
stress in fish and thereby affects the fish immune system
(Mariana et al. 2019). The innate immune system is the
fundamental defense mechanism in fish. Some of the
immunological parameters, viz., respiratory burst activ-
ity, myeloperoxidase, and nitric oxide synthase, serve as
bioindicators. The lysosomal protein myeloperoxidase
is stored in the neutrophils, and it produces reactive
oxygen species (ROS) like hypohalous acid (HOCI,
HOBr, and HOI) and other toxic oxidants from hydro-
gen peroxide and halides. These oxidants oxidize organ-
ic molecules and have antimicrobial function (Kinkade
Jr et al. 1983; Klebanoff 2005; Davies 2011). The nitric
oxide synthase helps in the production of nitric oxide,
the signaling molecule from L-arginine (Andrew and
Mayer 1999). The inducible nitric oxide synthase also
produces nitric oxide that shows a direct anti-microbial
activity (Schairer et al. 2012).

The enhanced temperature results in higher oxygen
consumption. Therefore, may up-regulate reactive oxy-
gen species production as a side products of enhanced
metabolism (Lushchak 2011). The imbalance between
the production of oxidant and antioxidants components
results into oxidative stress. Many of these compounds
play an important role in metabolic pathways, essential
for the defense system of the organism, and their
byproducts show bactericidal activities (Billar and
Takashi 2018). The antioxidant enzymes (viz., glutathi-
one peroxidase, catalase, superoxide dismutase) stabilize
and deactivate free radicals before they attack different
components of cell (Blokhina et al. 2003; Noori 2012).
Glutathione peroxidase protects the cells from free radi-
cals, hydrogen, and lipid peroxides (Kohen and Nyska
2002), and glutathione S-transferases are crucial detoxi-
fication enzymes which mainly present in cytosol (Coles
and Kadlubar 2003). Antioxidant enzymes and lipid per-
oxidation are the potential biomarkers of environmental
temperature exposure in different organisms (Verlecar
et al. 2007; Bocchetti et al. 2008). In the cell membrane,
the reactive oxygen species causes lipid peroxidation and
produces lipid hydroperoxide (LOOH) that further breaks
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down into aldehydes (malonaldehyde, isoprotans, hydro-
carbons etc.). This affects the integrity of the membrane
(Beevi et al. 2010). Heat shock proteins (Hsp), also
known as stress proteins, are key markers to assess envi-
ronmental stress (Iwama et al. 1999, 2004). Among
various Hsps, Hsp70 is the most abundant and serves as
an indicator of thermal stress (Nie et al. 2017; Saranyan
et al. 2017). It plays a significant role in the tissue
immune response (Fu et al. 2011).

Spotted snakehead Channa punctata, Bloch
(Channidae family, Perciformes order) is an economi-
cally important freshwater, carnivore fish of South-East
Asian countries (Talwar and Jhingran 1991; Froese and
Pauly 2019). Usually, the fish is found in the derelict,
swampy water bodies with vegetation. The air-breathing
capacity makes the fish hardy and helps it to withstand
low dissolve oxygen level of the water. In a natural
water body, it breeds in the monsoon months and shows
parental care. C. punctata is found around the tempera-
ture of 22-28 °C (Froese and Pauly 2019). The fish is
marketed in a living condition; it has consumers’ pref-
erence for taste and nutritional and medicinal values
(Haniffa et al. 2004). It is recommended in diet during
convalescence (Marimuthu et al. 2009). So far,
C. punctata is harvested from the natural water bodies;
gradually, their number is decreasing due to habitat
destruction and over fishing (Hossen et al. 2017).
Therefore, development of proper husbandry is essential
for the sustainable production and supply of this nutri-
tious food fish. C. punctata is a good candidate for
intensive culture as it tolerates a low dissolved oxygen
level. Therefore, the impact of the abiotic factor, tem-
perature on the food consumption rate, and immunolog-
ical and stress biomarkers should be evaluated for the
development of the proper culture technique of
C. punctata. These biomarkers will help to understand
the optimum culture conditions for this fish.

Materials and methods
Experimental conditions

Channa punctata (90 fish, length 18.2 + 1.0 cm; wet
weight 65.3 = 5.42 g) were collected and transported
from a local fish market and randomly distributed in
glass aquaria (60 L each) maintained in the wet labora-
tory facility. The stocking density of fish was five fish
aquarium™'. The fish were acclimated at 25 + 1 °C for 21
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days to avoid the transportation stress. Then, the fish
were exposed at six different temperatures of 10, 15, 20,
25, 30, and 35 °C. In the present study, the 10-35 °C
temperature was selected based on the range of temper-
ature found in India in different months (Ahmad et al.
2014). As fish were acclimated at 25 °C prior to expo-
sure, this was considered a control temperature. Three
replicates were used for each temperature. The photo-
period was maintained as 12 h:12 h light and dark. Fish
were fed with laboratory made pelleted feed at the rate
of 5% of body weight throughout the experiment. The
feed was composed of dry fish powder, wheat flour, cod
liver oil, and vitamin-mineral premix. The protein and
lipid contents of prepared feed were 42 and 10%,
respectively.

Each aquarium (60 L) was connected with one filtra-
tion unit (Sera fil bioactive 130, Germany) and one
cooling unit (Julabo F34, Julabo Labortechnik GmbH,
Germany) or heating (Sera Aquarium Heater 300,
Germany) unit for the maintenance of desirable temper-
ature. A thermostatically controlled heater (Hicon,
India) was used for the maintenance of water tempera-
ture at 35 °C. The water from fish culture aquarium was
first circulated into the filtration unit, then to the cooling
unit, and finally to the culture aquarium. The acclima-
tion temperature was 25 °C, and the water temperature
was either increased or decreased to achieve the
assigned experimental temperature. The rate of temper-
ature change was 1 °C per 12 h (i.e., 2 °C day™). This
required 2.5-7.5 days to reach the assigned temperature.
The exact time of reaching the assigned temperature was
recorded. The first sample was collected after 12 h and
the second one after 7 days of reaching the assigned
temperature. The total experimental exposure period
was 7 days after reaching the assigned temperature.
Water quality parameters, viz., temperature, pH, and
dissolved oxygen, were monitored with HQ40d
Multiparameter (Hach, USA) using a specific electrode.
Dissolved oxygen level was maintained at 5.0 mg L™ in
all the treatment with the help of an aerator. The pH of
water ranged from 7.7 - 8.0 during the study period.

The whole study was conducted following the guide-
lines of Institutional Animal Ethics Committee, IAEC
(approved by Committee for the Purpose of Control and
Supervision of Experiments on Animals, CPCSEA).

Survival rate and food consumption

Survival rate was monitored regularly. During each feed-
ing, fish were allowed to feed for 1 h. Then unconsumed
food was siphoned from individual aquarium and oven
dried, and the weight was recorded. The difference be-
tween the mass of the food given and the remaining food
in the aquarium after 1 h was considered as food con-
sumption rate of individual fish and expressed as g fish™".

Blood and tissue collection

Six fish (2 fish per aquarium X 3 replicates) per treat-
ment (in each sampling) were collected after 12 h and 7
days of reaching the assigned temperature and anaesthe-
tized with tricaine methanesulfonate, MS-222 (Sigma-
Aldrich, USA) without showing any adverse effect on
fish (Pali¢ et al. 2006). Blood was collected from caudal
vein of individual fish using 2 mL of disposable syringe
(0.55 x 25 mm/24 x 1). Two different aliquots of blood
were used for different analyses. The first aliquot was
transferred to a micro-centrifuge tube (1.5 mL) coated
with 2.7% ethylenediamine tetraacetic acid (EDTA) for
respiratory burst activity estimation. The second aliquot
was transferred to a micro-centrifuge tube (without
EDTA), allowed to clot at room temperature for 1 h,
stored at 4 °C, and centrifuged at 1500xg for 10 min.
Then the serum was stored at — 20 °C and used
for assays. Muscle, gills, and liver tissues were
collected aseptically, frozen in liquid nitrogen,
and stored at — 80 °C.

Biochemical assays
Respiratory burst activity

The respiratory burst activity was assayed using
nitroblue tetrazolium, NBT (Anderson and Siwicki
1995). In 20 uL of blood sample, 20 uL of nitroblue
tetrazolium (0.2%, Himedia, India) was added and kept
at 25 °C for 30 min. In a separate tube, 25 pL of this
mixture was taken, and dimethyl formamide (500 uL;
Merck, India) was added to this mixture. This dissolved
the formazan produced from nitroblue tetrazolium. The
whole mixture was centrifuged at 2000xg for 5 min; the
supernatant was collected, and the absorbance was re-
corded at 540 nm using a microplate reader (BioTek
Synergy "™ H1, USA).
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Mpyeloperoxidase activity

The myeloperoxidase activity of serum was measured
using a Hank’s balanced salt solution (HBSS) without
Ca**, Mg?*, and phenol red (Quade and Roth 1997). In
an individual well of a 96-well microplate, 90 uL of
HBSS (Himedia) and 10 pL of serum were added.
Then, a 35 uL solution of 20-mM 3,3°,5,5°-
tetramethylbenzidine hydrochloride and 5 mM H,O,
(Geneli, India) were added into each well and incubated
for 2 min, and 4 M sulfuric acid (35 nL) was added to stop
the reaction. Optical density was measured at 450 nm.

Nitric oxide synthase

Nitric oxide synthase was assayed in muscle (Lee et al.
2003). In a 1-mL phosphate buffer (pH 7.4), a 100-mg
tissue was homogenized and centrifuged at 10,500xg
for 20 min at4 °C. The supernatant (100 pL) was mixed
with a 100 pL Griess reagent and incubated at 25 °C for
10 min. The Griess reagent was composed of 1% sulfa-
nilamide, 0.1% N-(1-naphthyl) ethylenediamine, and
5% phosphoric acid (Himedia). The absorbance was
recorded at 540 nm. The nitrite standard curve was
prepared, and the concentration was expressed as mmol
mg! tissue (wet weight basis).

Thiobarbituric acid reactive substances

In the muscle, thiobarbituric acid reactive substances
(TBARS) was assayed (Ohkawa et al. 1979). In a
1.15% KCI solution (450 uL), the muscle (50 mg) was
homogenized, and the sample was incubated for 1 h at
100 °C in acid medium (containing 0.45% sodium do-
decyl sulfate and 0.6% thiobarbituric acid). After
cooling, the sample was centrifuged at 825xg, and the
absorbance of the supernatant was measured at 532 nm.
The standard curve was prepared with 1,1,3,3-
tetramethoxy propane (Himedia), and the concentration
was expressed as pmol malondialdehyde mg™ protein.

Reduced glutathione

Reduced glutathione (GSH) activity of gills was deter-
mined (Jollow et al. 1974). In a 10 mL phosphate buffer
(0.1 M, pH 7.4), the gill tissue (1 g) was homogenized
and centrifuged at 10,500xg for 20 min; the supernatant
was treated as post-mitochondrial supernatant (PMS).
The supernatant was precipitated with 4% sulfosalicylic
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acid (Himedia), kept at 4 °C for 1 h, and then centri-
fuged at 1500xg for 15 min at 4 °C. This supernatant
was used for GSH assay. The assay mixture consisted of
supernatant, 0.1 M phosphate buffer (pH 7.4), and 5-5-
dithiobis-2-nitrobenzoic acid (DTNB, Himedia).
Optical density was measured at 412 nm and expressed
as umol of DTNB g'1 tissue (wet weight basis).

Catalase

Catalase activity of gills was assayed using the method of
Claiborne (1985). In a 10 uL of sample, 140 pL phos-
phate buffer (0.1 M, pH 7.4) was added and mixed well.
The reaction was initiated with the addition of 50 uL of
hydrogen peroxide (H,O,, 0.02 M). The change in ab-
sorbance was recorded at 240 nm. The activity was

expressed as nmol of H,O, consumed mg™' protein min ™.

Glutathione peroxidase

The glutathione peroxidase (GPx) activity was estimat-
ed in gills (Mohandas et al. 1984). The composition of
the reaction mixture was as follows: 140 uL phosphate
buffer (0.1 M, pH 7.4), 10 uL. EDTA (1 mM), 10 uL
sodium azide (1 mM, CDH, India), 10 uL glutathione
reductase (1 TU mL™, Sigma, USA), 10 pL reduced
glutathione (GSH, 1 mM, Sigma), 10 pL nicotinamide
adenine dinucleotide phosphate reduced (NADPH, 0.2
mM, Himedia), 10 pL hydrogen peroxide (0.25 mM,
Merck, Germany), and 10 puL sample. Oxidation of
NADPH was recorded at 340 nm. The enzyme activity
was calculated and expressed as nmol of NADPH oxi-
dized mg™" protein min™' using a molar extinction coef-
ficient of 6.22 x 10> M cm™.

Glutathione S-transferase

Glutathione S-transferase (GST) activity of gills was
assayed (Habig et al. 1974). The composition of the reac-
tion mixture was as follows: 30 uL supernatant, 147.5 uL
phosphate buffer (0.1 M, pH 7.4), 2.5 uL 1-chloro-2-
dinitrobenzene (CDNM, 0.60 mM, Sigma), and 20 uL
reduced glutathione (10 mM, Himedia). Absorbance was
monitored at 340 nm in kinetic mode with a BioTek
microplate reader using Gen 5 software. The software
helps to correct the path length automatically. Activity
was expressed as nmol of CDNB mg™' protein min™.
The molar extinction coefficient is 9.6 x 10° M cm™.
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Heat shock protein 70

Fish Hsp70 ELISA kit (CUSABIO, Wuhan, China) was
used for the estimation of heat shock protein (Hsp) 70 of
muscle and liver. Tissue (100 mg) was rinsed with x 1
phosphate buffer saline (pH 7.4) and homogenized in
1 mL PBS using RQ-129/D (REMI, India) and stored
overnight at — 20 °C. After two times of freeze-thawing
(following the protocol of the manufacturer), the ho-
mogenate was centrifuged at 5000xg for 5 min at 4
°C. The supernatant was stored at — 80 °C for assay.
Sample (50 uL) was added to the ELISA plate (96 wells
plate) that was pre-coated with antibody. Conjugate (50
puL) was added to each well, except the blank; mixed
well; and incubated at 37 °C for 60 min. Each well was
aspirated and washed with 200 uL of washing buffer
three times. A 50 pL of horseradish peroxidase-avidin
(HRP-avidin) was added to each well, except the blank,
and mixed properly and then incubated for 30 min at 37
°C. Aspiration was repeated for three times. Substrates
A and B (each 50 uL, provided with the kit) were added
to each well and incubated at 37 °C for 15 min. Stop
solution (50 uL) was gently added to this and mixed
properly. Absorbance was recorded at 450 nm, and
concentration of Hsp70 was expressed (following the
protocol of manufacturer) in pg mL™'(El-Ansary et al.
2012; Singh et al. 2015).

Total protein

The protein content of each tissue was measured using
Folin Ciocalteus phenol reagent (Lowry et al. 1951).
The optical density was measured at 750 nm. The stan-
dard was prepared with bovine serum albumin (BSA).

Statistical analysis

Data were compiled as mean + standard error. The
regression analysis showed the relationship between
the temperature and the food consumption rate of fish.
The Shapiro-Wilk test (1965) showed the normality of
different parameters (data). The multivariate test two-
factor MANOVA was performed, and the Wilks’
Lambda row showed that the two-way MANOVA was
statistically significant (P < 0.001). The parameters are
significantly dependent on time and temperature (P <
0.001). Further analysis was performed to determine
how the dependent variables differ among the different
levels of temperature and time. The Tukey’s test (2013)

showed the significant differences among the treat-
ments. The SPSS software 26.0 (South Asia (P) Ltd.,
Bangalore, India) was used for analysis. Statistical sig-
nificance was accepted at P < 0.05 level.

Results
Survival rate and food consumption

All fish survived in each culture unit. There was no
mortality of fish. The results of food consumption rate
are shown in Fig. 1. The food consumption rate showed
direct relationship with water temperature. C. punctata
consumed less food as the water temperature reduced
from 25 °C. In the 10 °C treatment, as the temperature
dropped to 15 °C, fish consumed 14.5% less food, and at
10 °C, 30% reduced food consumption was recorded. It
required 7.5 days to reach 10 °C from the acclimation
temperature 25 °C. The food consumption rate of
C. punctata was recorded on day 8 (one day) of reaching
the assigned temperature. A sixth-degree polynomial re-
lationship (R* = 0.81) was found between the water
temperature and the food consumption rate of fish (Fig.
1a). In the 15 °C treatment, when temperature dropped to
20 °C, 10% less food consumption was recorded, and it
was reduced 21% at 15 °C. On day 6, 15 °C was reached,
and the food consumption rate was recorded for 4 days
after reaching the assigned temperature. A fourth-degree
polynomial relationship (R? = 0.81) was found between
the water temperature and the food consumption rate of
fish (Fig. 1b). It required 2.5 days to reach 20 °C from 25
°C, and food consumption rate was recorded for consec-
utive 6 days after reaching the assigned temperature. In
the 20 °C treatment, 11% reduced food consumption was
recorded on the first day of reaching this temperature
compared to the consumption rate at 25 °C. After 6 days
of exposure, the food consumption rate further reduced to
24% compared to 25 °C treatment. Food consumption
rate showed a sixth-degree polynomial relationship with
the decreasing water temperature (R> = 0.99) in this
treatment (Fig. 1c). There was no significant difference
in food consumption rate of fish exposed at 30 and 35 °C
compared to the fish at 25 °C.
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Biochemical assays
Respiratory burst activity

Respiratory burst activity was significantly higher in fish
exposed at 20 and 25 °C compared to other treatments
after 12 h. After 7 days, highest activity was found at 25
°C and this treatment was followed by 15 and 30 °C. The
lowest activity was found in fish exposed at 35 and 10 °C
after 12 h and 7 days, respectively (Table 1).

Myeloperoxidase activity

Myeloperoxidase activity was significantly higher in
fish exposed at 20 and 25 °C compared to other treat-
ments after 12 h. There was no significant difference
between these treatments. After 7 days of exposure,
myeloperoxidase activity was significantly higher in
fish exposed at 25-35 °C compared to fish exposed at
10-20 °C (Table 1).

Nitric oxide synthase

Nitric oxide synthase level was significantly higher in
muscle of fish exposed at 25 °C after 12 h and 25 and 30
°C after 7 days of exposure compared to other treat-
ments. Nitric oxide synthase level was minimum at 10
°C treatment in both samples (Table 1).

Thiobarbituric acid reactive substances

Thiobarbituric acid reactive substances (TBARS) level
was significantly higher in fish exposed at 10 °C com-
pared to other treatments after 12 h of exposure. After 7
days, TBARS level increased in fish exposed at 30 and
35 °C compared to the 12 h exposed fish of the same
treatment. The TBARS level was minimum in fish
cultured at 25 °C in both days of sampling (Table 1).

Reduced glutathione

The reduced glutathione (GSH) level was significantly
higher in gills of fish exposed at 25 °C compared to
other treatments after 12 h. A similar trend was found
after 7 days of exposure. There was no significant
difference in GSH level among fish exposed at 10, 15,
and 35 °C after 12 h and 7 days of exposure (Table 1).
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Catalase

In gills, significantly higher catalase activity was found
at 10 °C compared to other treatments after 12 h of
exposure. This group was followed by fish exposed at
35 °C. After 7 days, the catalase level increased signif-
icantly in 10-20 °C treatments compared to the activity
found after 12 h of exposure in the respective treatment,
whereas the catalase activity reduced in 30-35 °C treat-
ments after 7 days compared to the 12 h exposed fish in
the respective treatment. Catalase level was always min-
imum in fish exposed at 25 °C (Table 1).

Glutathione peroxidase

The effect of temperature change was recorded on glu-
tathione peroxidase (GPx) level of gills. GPx level in-
creased when the water temperature decreased from 25
°Ct020-10 °C after 12 h of exposure. It was interesting
to record that GPx level was also higher in fish exposed
at 30-35 °C compared to the fish exposed at 25 °C.
Significantly lower GPx level was found in fish exposed
at 25 °C in both samples. GPx level reduced significant-
ly in all treatments after 7 days compared to the 12 h
exposed fish in the same treatment, except the 20 °C
treatment (Table 1).

Glutathione S-transferase

Significantly, the lower level of glutathione S-
transferase (GST) was found in gills of fish exposed at
25 °C compared to other treatments in both samples. In
gills of 10 °C exposed fish, 4- and 4.65-fold higher GST
levels were found compared to control fish after 12 h
and 7 days, respectively (Table 1).

Heat shock protein70

In the liver of C. punctata, Hsp70 level was significantly
higher at 35 °C after 12 h of exposure. This group was
followed by 30 °C treatment. Hsp70 was always mini-
mum in fish exposed at 25 °C. After 7 days of exposure,
Hsp70 level reduced significantly in all treatments com-
pared to the 12 h exposed fish of same temperature (Fig.
2a). Like the liver, significantly higher level of Hsp70
was found in the muscle of fish exposed at 30 and 35 °C
compared to the other treatments after 12 h of exposure.
After 7 days, Hsp levels reduced in fish exposed at 30
and 35 °C compared to the 12 h exposed fish in the same



Fish Physiol Biochem (2021) 47:79-91 85
Fig. 1 Effect of temperature on a
the food consumption rate of 1.2 10°C
Channa punciata exposed at (a) y = -3E-06x6 + 0.0002x° - 0.0027x* + 0.0202x° - 0.0592x2 + 0.0157x +
10, (b) 15, and (¢) 20 °C 11 1.019
temperatures. Water temperature
gradually decreased from 1
acclimation temperature of 25 to -
experimental temperatures 10, 15, e 0.9
and 20 °C. It required 2.5, 5, and E‘;\
7.5 days to reach 10, 15, and 20 2 é 0.8
°C, respectively, from the 3 o
acclimation temperature 25 °C. 2 0.7
Food consumption rate was 2
recorded for 6, 4, and 1 day(s) in 0.6
20, 15, and 10 °C treatments,
respectively. Bar (means = SEM) 0.5
indicates the food consumption of 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10
fish at various temperatures b Tempearture (°C)
(3 replicates) 12
’ 15°C
1.1 y = 7E-05x* - 0.0021x3 + 0.0209x? - 0.0946x + 1.0782
1
g 09
8 R
£ 08
5 &
O 2 0.7
=l
=}
o
= 0.6
0.5
25 24 23 22 21 20 19 18 17 16 15 15 15 15
Temperature ("C)
Cc
1.2 20°C
1.1 y =-3E-05x° + 0.0012x5 - 0.0176x* + 0.1207x3 - 0.4082x2 +
0.589x +0.7148
1
'g 0.9
g
e 0.8
g2
S e 07
9
=}
£ 06
0.5
25 24 23 22 21 20 20 20 20 20 20
Temperature ("C)
treatment. Hsp70 level was minimum in fish exposed at Discussion

25 °C in both samples (Fig. 2b).

Water temperature is an important factor that influences
the physiology and survival rate of the aquatic species.
Lowering of temperature from the acclimation temper-
ature caused mortality of catla and magur (Singh et al.
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2013; Sharma et al. 2014). This was very interesting that
there was no mortality of C. punctata at 10 °C. In the
present study, reduced food consumption was recorded
with decreasing water temperature. The earlier study
with catla and magur also showed that food consump-
tion rates were affected at temperature below 25 °C
(Ahmad et al. 2014; Sharma et al. 2017). Like catla
and magur, food consumption rate of spotted snakehead
was also unaffected at temperatures 30-35 °C. The low
temperature has a significant negative impact on fish
appetite, growth, and activity (Brown et al. 1989; Clark
et al. 1995; Bendiksen et al. 2002). Fish are exposed at
low temperature during winter that results into reduced
food consumption and poor fish growth. Water temper-
ature below 25 °C affected the food consumption rate
and digestive enzyme activities in fish, and these
parameters served as indicators of stress in fish
(Ahmad et al. 2014).

In C. punctata, the impact of temperature change on
the immune system was documented. A significant re-
duction in respiratory burst, myeloperoxidase, and nitric

Fig. 2 Effect of temperature on a
the Hsp70 levels in (a) liver and

oxide synthase levels were observed in spotted
snakehead exposed at < 25 °C, except similar levels of
respiratory burst and myeloperoxidase were found in
fish exposed at 20 and 25 °C after 12 h of exposure.
These parameters are indicators of compromised im-
mune system of fish. The respiratory burst activity is
an important oxygen-dependent pathogen-killing mech-
anism in phagocytic cells, like monocytes, macro-
phages, and neutrophils. In fish, non-specific immune
activity plays a significant role to give protection against
pathogens (Haugland et al. 2012). Myeloperoxidase is
released from cytoplasmic granules of neutrophils and
monocytes. It reacts with the H,O, produced in respira-
tory burst to form a complex which can oxidize a variety
of substances. The hypochlorous acid, the product of
this reaction, is cytotoxic, and it helps neutrophil to kill
bacteria and other pathogens (Klebanoff 1999). The
reduced values of respiratory burst activity and
myeloperoxidase at 10-20 °C after 7 days compared to
12 h exposed C. punctata showed the long-term effect
of temperature mediated stress in fish. A decreased level
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of nitric oxide synthase was observed with the lowering
of water temperature from the acclimation temperature,
25 °C. A similar result was reported in catla exposed at
low temperature (Sharma et al. 2017). After 7 days of
exposure, the elevated level of nitric oxide synthase was
recorded compared to the 12 h exposed fish at 10-20 °C.

The exposure of C. punctata at 10-20 °C for 12 h
caused a significant oxidation in the muscle as TBARS
level was higher in these treatments compared to 25-30
°C treatments. The increased lipid peroxidation and
disturbed antioxidant enzymes resulted in additional
stress in spotted snakehead at low temperature.
Significantly higher lipid peroxidation was found in
spotted snakehead exposed at 32 °C compared to the
control group kept at 20 °C (Kaur et al. 2005). A 2.7-
fold increase in lipid peroxidation was observed in
juvenile European seabass Dicentrarchus labrax during
post-thermal stress (Vinagre et al. 2012). Like 10 °C
exposed C. punctata, significantly higher TBARS levels
were also found at 30-35 °C exposed fish (compared to
25 °C) after 7 days of exposure. The exposure of bald
notothen Pagothenia borchgrevinki at 4 °C for 3 weeks
caused higher levels of lipid peroxides (Almroth et al.
2015). This showed the impact of long duration expo-
sure in the muscle.

GSH level was affected in gills of C. punctata ex-
posed at low and high temperatures compared to the
control group. A similar result was also observed in the
same species exposed at 32 °C (Kaur et al. 2005). In
temperature stress, probably thiols content of the cells is
modulated to overcome the effect of reactive oxygen
species. Therefore, they are the first to be used in cellular
defense against oxidative stress (Lushchak and
Bagnyukova 2006a, 2006b; Bagnyukova et al. 2007).
In gills of spotted snakehead, antioxidant enzymes cat-
alase, GPx, and GST levels were enhanced when the
water temperature dropped from 25 to 20-10 °C and
also increased from 25 to 30-35 °C. An increase in
ambient temperature caused higher antioxidant enzyme
activities. This may be related to the higher activity of
glutathione-dependent enzymes, especially GPx and
GST. These enzymes played an important role in anti-
oxidant defenses against oxidative stress (Lushchak and
Bagnyukova 2006a, 2006b; Bagnyukova et al. 2006,
2007). GPx catalyzes the reduction of H,O, using re-
duced glutathione and provides protection to the animal
cells against oxidative damage (Kohen and Nyska
2002). Higher antioxidant enzyme was found in
European seabass exposed at different temperatures

@ Springer

(Vinagre et al. 2012). The exposure of bald notothen
P. borchgrevinki at 4 °C for 12 h showed enhanced
levels of antioxidant enzymes, viz., glutathione reduc-
tase, glutathione peroxidase, and glutathione S-
transferase levels (Almroth et al. 2015). After 7 days,
catalase levels in gills of C. punctata showed different
responses compared to the 12 h exposed fish in the same
treatment. Catalase level increased at 10-20 °C, whereas
the level reduced at 25-35 °C. In the present study,
increased levels of antioxidant enzymes were also found
at low temperature. The cold temperatures are accom-
panied by an elevated physical dissolution of oxygen
and may enhance the availability of oxygen to ROS-
generating processes at low temperatures (Grim et al.
2010). The two-factor MANOVA shows that the tem-
perature has a statistically significant effect on all pa-
rameters (P < 0.001); the sampling time, i.e., first sam-
pling (after 12 h of reaching the assigned temperature)
and second sampling (after 7 days), also shows a signif-
icant impact on the parameters, except for the dependent
variables myeloperoxidase, TBARS, and GST
(Table 1). Further, significant interaction has been found
between temperature and time for all parameters, except
nitric oxide synthase.

Heat shock proteins are another protective mecha-
nism of cellular system that protect cell against heat and
cold shock and environmental contaminants. Various
studies suggested that cellular stress response modulates
the Hsps and enhances the survival and health of the
stressed fish (Wang et al. 2007; Liu et al. 2017; Sales
et al. 2019). Higher level of Hsp70 was found in liver
and muscle of C. punctata exposed at 30-35 °C com-
pared to the other treatments after 12 h of exposure. An
acute and chronic temperature exposure of sea bream
Spondyliosoma cantharus resulted into increased Hsp70
expression in fish exposed at a high temperature (32 °C)
compared to fish maintained at 25 °C (Deane and Woo
2005). Increased levels of Hsp70 were observed in
Florida pompano Trachinotus carolinus and spotted
sea bass Lateolabrax maculates in acute thermal stress
(Cardoso et al. 2015; Shin et al. 2018). In the present
study, the increased Hsp70 level might be linked with an
antioxidant enzyme. In C. punctata, elevated levels of
Hsp70 and catalase were found at 30-35 °C after 12 h of
exposure. After 7 days, the expressions of Hsp70
were lower in the liver and muscle, and also the
catalase level reduced compared to 12 h exposed
fish at 30 and 35 °C. The increased levels of
Hsp70 and catalase were found in mud crab
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Scylla paramamosain exposed at 35 °C (Liu et al.
2018). The elevated level of Hsp70 lasted for a
few hours (Somero 2002). Tissue-specific expres-
sion of Hsp70 was also recorded in the present
study as the higher level of Hsp70 was found in
the liver compared to the muscle of fish exposed
at the same treatment. In western painted turtle
Chrysemys picta, around 3- and 4-fold higher expres-
sions of Hsp 73 were found in the brain and liver
compared to the skeletal muscle (Scott et al. 2003). In
thermal stress, tissue-specific regulation of HSFI was
found in zebrafish Danio rerio (Rabergh et al. 2000).
The study showed the presence of two zHSFI mRNA
forms that were expressed in a tissue-specific fashion in
heat stress.

Conclusions

In Channa punctata, temperature below 25 °C affected
food consumption rate, immune system, antioxidant
enzymes, enzyme systems, and Hsp70 and caused lipid
peroxidation. Temperature above 25 °C affected antiox-
idant enzymes and enzyme system and resulted into
elevated Hsp70 level and lipid peroxidation of tissues.
These information will help to develop suitable culture
strategy for this economically important food fish. The
present study also confirms the suitability of the studied
parameters as efficient thermal biomarkers for fish.
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