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ABSTRACT
This study performed a 10-week experiment to assess the effects of normal, acute and chronic temperatures on the growth, stress,
immune and antioxidant status and hepatopancreatic gene expressions of antioxidant enzymes and heat-shock proteins (HSPs) of
blunt snout bream fry, and cumulative mortality under Aeromonas hydrophila infection. For this purpose, similar size of fish fry (initial
weight, 16.08±0.03g) was randomly selected and assigned into 6 tanks (300 liter/tank), fed with an optimum semi-purified diet, and
reared at 25°C (normal temperature group) and 32°C (chronic temperature group) in triplicates. After 10 weeks, sub-sample of the
normal temperature group was challenged with acute high temperature (32°C, acute temperature group) for 7 days. At the end of
the challenge experiment, sub-samples of normal, acute and chronic temperature groups were submitted to A. hydrophila infection
and mortality was recorded at different time intervals. The results showed that poor growth performances (final body weight,
specific growth rate and feed conversion rate) were observed in the chronic temperature group compared to the normal
temperature group (P<0.05). Increase in temperature significantly (P<0.05) affected the stress responses (cortisol, glucose and
aspartate aminotransferase), immune responses (complements C3 and C4) and antioxidant enzymes activity (superoxide dismutase
(SOD), catalase (CAT) and glutathione peroxidase (GPx)). Temperature differences induced the gene expression levels of antioxidant
enzymes (Cu/Zn-SOD, Mn-SOD, CAT, GPx1 and glutathione S-transferase mu (GST)) and HSPs (HSP60, 70 and 90). After A.
hydrophila infection, high cumulative mortality was recorded in the chronic temperature group. Indeed, these results could provide a
new molecular tool for further studies and shed light on the regulatory mechanisms that rearing temperature affects the antioxidant
and immune capacities and disease resistance of fish.
Key words: Blunt snout bream (Megalobrama amblycephala); Temperature; Growth; Stress response; Immune response; Antioxidant
status; Gene expression
Abbreviation: WGR-Weight gain rate, SGR-Specific growth rate, FCR-Feed conversion ratio, AST-aspartate aminotransferase, SODsuperoxide dismutase, CAT-catalase, GPx-glutathione peroxidase, GST-glutathione S-transferase mu, C3 -complement component 3,
C4-complement component 4, HSPs - heat-shock proteins

1. INTRODUCTION

Among the environmental factors

that affect fish growth, temperature is the most important, as it is a controlling factor that

governs the growth of ectothermic animals (Bureau et al. 2002). Freshwater fish have an optimum growing temperature in the range
of 25-30oC (Anonymous 1983). However, when the temperature becomes below or above the optimum, it has a negative impact
instead of a stimulatory influence (Jobling 1993). Temperature is also an important factor affecting physiological functions, including
adaptive and innate immunity, increase susceptibility to infection and even cause death (Ndong et al. 2007, Kling et al. 2007). When
the temperature reaches the upper extreme of the tolerated range, it can result into stress. Based on the intensity and time, thermal
stress can be either acute or chronic stress. In nature most stress can be considered as acute stress as derived from a challenge
situation normally over a short term and with a high intensity.
Fish hepatopancreas is a tissue that contains large quantities of unsaturated lipids (polyunsaturated fatty acids, PUFAs), which
are essential for membrane function (Bayir et al. 2011). A large PUFA content implies an elevated risk of oxidative stress, since these
lipids are major targets for reactive oxygen species (ROS) (Abele and Puntarulo 2004, Martinez-Alvarez et al. 2005). Fish are
equipped with a variety of enzymatic and non-enzymatic antioxidant scavenging systems, to maintain endogenous ROS at relatively
low levels and to attenuate the damage related to the high reactivity of ROS (Wilhelm Filho et al. 2001). The key antioxidant enzymes
in this antioxidant defense system include superoxide dismutase (SOD), glutathione peroxidase (GPx) and catalase (CAT) (MartinezAlvarez et al. 2005). These antioxidant defenses can be influenced by intrinsic and extrinsic factors including water temperature

effect of temperatures on the hepatopancreatic antioxidant status of blunt snout bream.
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An organism's response to environmental and physiological stressors includes a highly ordered set of events that are often
represented by rapid changes in heat shock proteins (HSPs) gene expression followed by synthesis of the proteins involved in
adaptation (Staib et al. 2007). HSPs are a group of highly conserved cellular proteins synthesized in response to a variety of stressors
(Sanders 1993). They are classified, according to their molecular weight, into HSP90, HSP70, HSP60, and smaller HSP families which
are present in all organisms including fish (Basu et al. 2002). HSPs levels differ from species to species and among different tissues
and all of them play important role in maintaining cellular homeostasis (Sanders 1993, Song et al. 2006). Nevertheless, no study was
reported regarding the effects of temperature differences on HSPs gene expression in blunt snout bream.
Blunt snout bream is an herbivorous freshwater fish endemic to China, also introduced to North America, Europe, Africa and
other Asian countries. Aquaculture of this species in China has been rapidly expanded during the last decade and its production
level reached approximately 0.7 million tons in 2012 (Ministry of Agriculture of the People’s Republic of China 2013). In recent years,
high water temperature caused disease outbreaks showed an increasing trend in cultured blunt snout bream and resulted into high
mortality, especially during summer (He et al. 2006). However, little is known about the responses (growth, stress, immune and
antioxidant) of this species to the elevation of ambient water temperature. We hypothesized that an increase in temperature may
influence the growth, antioxidant and immunity capacity, hepatopancreatic gene expressions of antioxidant enzymes and HSPs, and
disease resistance of blunt snout bream fry. Indeed, the present study was carried out to investigate this hypothesis.

2. MATERIALS AND METHODS
2.1. Experimental procedures
The experiment was conducted in a facility of indoor re-circulating system at Freshwater Fisheries Research Center (FFRC), Chinese
Academy of Fishery Sciences, Wuxi, China. Fry of blunt snout bream was obtained from FFRC, and acclimatized to the experimental
conditions and diet for two weeks. After acclimatization, similar size of fish (mean weight, 16.08±0.03g) was selected and randomly
assigned into 6 tanks (300 L/tank) at a stocking density of 25 fish per tank. The 6 tanks were randomly assigned into normal (25oC)
and chronic temperature groups (32oC). The use of experimental fish was under scientific research protocols of Chinese Academy of
Fishery Sciences and Ministry of Agriculture of China that complied with all relevant local and national animal welfare laws,
guidelines and policies (FAO 2004).
An optimum semi-purified diet (Habte-Tsion et al. 2014) with proximate composition: crude protein, of 32.16%; energy,
15.56kJ/g; and lipid, 6.17% in dry matter, was prepared in FFRC (Table 1). Fish were hand-fed with the optimum diet to apparent
satiation three times daily for 10 weeks. During the experimental period, water temperature for the normal and chronic groups was
kept at 25±1°C and 32±1°C, respectively. The following parameters were maintained during the experimental period: pH, 7.0-7.5;
ammonia nitrogen, < 0.05mg/ L; dissolved oxygen, ≥ 6.0mg/ L; photoperiod, natural (light-dark cycle).

Table 1 Ingredients and proximate composition of the optimum semi-purified diet1
Ingredients

%

Proximate composition

(%, DM)2

Casein3

20.80

Moisture

6.81

Gelatin4

5.50

Crude protein

32.16

11.50

Crude lipid

6.17

α-starch6

25.20

Ash

8.77

Dextrin7

10.00

Carbohydrate

26.01

Microcrystalline cellulose8

6.90

Gross Energy (KJ/g)10

15.56

10.00

Soybean Oil

5.40

Vitamin & mineral additives9

1.00

Soy lecithin

1.00

P/E ratio

(mg/KJ)11

20.66
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Calcium

dihydrogen

phosphate

1Adopted
2Values

2.50

Chlorinated choline

0.15

Ethoxyquin

0.05

from our previous study (Habte-Tsion et al. 2014)

for the proximate composition of the test diets are means of triplicate analyses.

3Purchased

from Lin Xia Huaan Biological Products Co., Ltd, P.R. China;

4Purchased

from Shanghai Zhan Yun Chemical Co., Ltd, P.R. China;

5Provided

by Tongwei Feed Group Co., Ltd, P.R. China (origin, Coprinca, Lima, Peru);

6Purchased

from Jin Ling Tower Starch Co., Ltd, P.R. China.

7Purchased

from Xi Wang Chemical Co., Ltd., P.R. China;

8Purchased

from Linghu Xinwang Chemical Co., Ltd, P.R. China;

9Vitamin

(IU or mg/kg of premix) and mineral premixes (g/kg of premix) were used as described in our previous study (Habte-Tsion

et al. 2014). Provided by Wuxi Hanove Animal Health Products Co. Ltd., Jiangsu, China
10Gross

Energy (kJ/g) calculated by 23.64kJ/g protein, 39.54kJ/g lipid and 17.15kJ/g carbohydrate

11Protein

to energy ratio in mg/ kJ;

2.2. Challenge experiments
Acute temperature challenge - After 10 weeks, only the normal temperature group was submitted to an acute high temperature
challenge and this was called “acute temperature group”. The water temperature of 25°C system was quickly raised to 32°C within 3
hour by adjusting data logger. The following parameters were maintained during the challenge period: temperature, 32±1°C; pH,
7.0-7.5; ammonia nitrogen, < 0.05mg/ L; dissolved oxygen, ≥ 6.0mg/ L; photoperiod, natural (light-dark cycle); and minimal human
interference to prevent fish from additional challenge. Samples were taken at 3 hours or 0.125 day (0.125d, once the temperature
reached 32°C), 0.5d, 1d, 2d, and 7d during acute stress.
Pathogenic infection - The infection purpose was to investigate disease resistance of the normal, acute and chronic temperatures
groups by calculating the cumulative mortality of blunt snout bream fry at different time interval. Sub-samples of fish (5 fish/ tank)
from the normal, acute and chronic temperature groups were infected with bacterial septicemia pathogen Aeromonas hydrophila
(Ah, WJ2011BJ44) at the same facility. A. hydrophila was provided by the Key Laboratory of Freshwater Fisheries and Germplasm
Resources Utilization, FFRC, Chinese Academy of Fishery Sciences，Wuxi, China. According to the method described by Xie et al.
(2008), A. hydrophila was activated twice and diluted by sterile normal saline, and the final concentration was set to 1×10 8 cells/mL.
Bacterial suspension (0.5mL, per 50g body weight) was injected into the abdominal cavity of the fish and mortality was checked at
0.125day (3h), 0.5d, 1d, 2d and 5d after infection.

2.3. Sample collection
At the end of the 10 weeks experiment, sampling was conducted after 24h of the last feeding. Three fish from each tank were
anaesthetized with 100 mg/L MS-222 and blood samples were obtained from the caudal vein. To prepare blood serum, blood
samples were left to clot at 4°C for 1-2h, and then centrifuged at 3,000×g and 4°C for 10min. The serum was stored at -20°C for
subsequent serum biochemical measurement. Meanwhile, the three sampled fish were dissected and samples of hepatopancreas
were quickly collected and stored at -80°C for subsequent antioxidant enzymes activity and gene expression assay. Samples were
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2.4. Blood parameters measurement
Serum glucose content and aspartate aminotransferase (AST) activity were determined by a colorimetric test kit (Mindray Bio
Medical Co., Ltd., Shenzhen, PR China) according to Trinder (1969) and Reitman and Frankel (1957), respectively. Serum Cortisol was
measured by radioimmunoassay (RIA) as described by Pickering and Pottinger (1983), using a test kit from New Industries
Biomedical Engineering Co., Ltd., Shenzhen, China. Serum complement component 3 (C3) and 4 (C4) levels were determined
according to the method described by Habte-Tsion et al. (2015b), using a reagent kit from Zhejiang Yilikang Biotech Co., Ltd., China.

2.5. Hepatopancreatic antioxidant enzyme activity assay
Hepatopancreas samples were homogenized in 10 volumes (w/v) of ice-cold physiological saline and centrifuged at 6000×g for
20min at 4°C, and the supernatant was conserved for enzyme activity analysis (Habte-Tsion et al. 2016). Hepatopancreatic protein
content was measured using the method of Bradford (1976). Superoxide dismutase (SOD) and glutathione peroxidase (GPx)
activities were assayed according the protocol described by Zhang et al. (2008). Catalase (CAT) activity was determined by the
decomposition of hydrogen peroxide (Aebi 1984).

2.6. Real-time PCR analysis
Real-time PCR analysis was conducted according our previous studies (Habte-Tsion et al. 2015a,b,c,d,2016). Briefly: total RNA was
extracted from the hepatopancreas of blunt snout bream fry using an RNAiso plus kit (Takara, Dalian, China). Agarose gel
electrophoresis at 1% and spectrophotometric analysis (A260: 280 nm ratio) were used to assess RNA quality and quantity.
Subsequently, cDNA was synthesized using a PrimeScriptTM RT reagent kit (Takara, Dalian, China), according to the manufacturer’s
instructions. Briefly, oligo dT primers (50µM) were used to reverse transcribe the respective RNA in the presence of PrimeScriptTM RT
enzyme mix I, 5× PrimeScriptTM buffer, and RNase free distilled water at 37°C for 15min followed by inactivation at 85°C for 5s.
Specific primers for the genes of antioxidant enzymes were designed according to the partial cDNA sequences of the target genes
using the M. amblycephala transcriptome analysis (Gao et al. 2012, Habte-Tsion et al. 2016), and primers for HSP60, HSP70, HSP90
and β-actin were designed using the published sequences of blunt snout bream (Accession No.: EU884290.2, FJ375325, KC521466.1,
AY170122.2, respectively). All primers were synthesized by Shanghai Biocolor, BioScience & Technology Company, China (Table 2).

Primer sequences

Amplicon length (bp)

Cu/Zn-SOD: Forward

5'-AGTTGCCATGTGCACTTTTCT-3'

21

5'-AGGTGCTAGTCGAGTGTTAGG-3'

21

5'-AGCTGCACCACAGCAAGCAC-3'

20

5'-TCCTCCACCATTCGGTGACA-3'

20

5'- CAGTGCTCCTGATACCCAGC -3'

20

5'- TTCTGACACAGACGCTCTCG -3'

20

5'-GAACGCCCACCCTCTGTTTG-3'

20

5'-CGATGTCATTCCGGTTCACG-5'

20

5'-AACCTCTGTGGGGAAACTGAAGAAG-3'

25

5'-TAGAGTTCCTGGCAGATTCTCATCG-3'

25

5’- AGGAGTAATGATGGCGGTGGAAG-3’

23

5’- AACACCCTTGCGTCCAACTTTCT-3’

23

5’- TACACGTCCATCACCAGAGCGC-3’

22

5’- CCCTGCCGTTGAAGAAATCCT-3’

21

5'- CATCAAAGGCGTTGTGGACTC-3'

21

5- AGGCGAGTTCTGTTGGAGTGAT-3

22

5’-TCGTCCACCGCAAATGCTTCTA-3’

22

5’-CCGTCACCTTCACCGTTCCAGT-3’

22

Reverse
Mn-SOD: Forward
Reverse
CAT:

Forward
Reverse

GPx1:

Forward
Reverse

GST:

Forward
Reverse

HSP60:

Forward

Reverse
HSP70:

Forward

Reverse
HSP90:

Forward

Reverse
β-Actin: Forward
Reverse
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Cu/Zn-SOD, copper-zinc superoxide dismutase; Mn-SOD, manganese superoxide dismutase; CAT, catalase; GPxl, glutathione
peroxidase 1; GST, glutathione S-transferase mu; HSP60, heat-shock protein 60; HSP70, heat-shock protein 70; HSP90, heat-shock
protein 90. Note: primer sequences for Cu/Zn-SOD, Mn-SOD, CAT, GPxl, GST and β-Actin were adopted from Habte-Tsion et al.
(2016).
Real-time PCR was used to determine mRNA levels using a PrimerScriptTM reagent kit (Takara, Dalian, China). Real-time PCR for
the target genes were performed according to standard protocols. Briefly, cDNA (2.0μL) was reacted with 10.0μL SYBR ® Premix Ex
Taq II (2×), 0.8μL forward primer (10μM), 0.8μL reverse primer (10μM), 0.4μL ROX reference dye or dye II (50×), and 6.0μL RNase-free
distilled water in a 20μL final reaction volume. The real-time PCR was carried out in a 7500 Real-Time PCR System (Applied
Biosystems, USA). The thermocycling conditions for the target genes were as follows: initiated with a denaturation step at 95°C for
30s followed by forty cycles at 95°C for 5s, 60°C for 34s and 95°C for 30s, 95°C for 3s, 60°C for 30s, respectively. The melting curve
analysis was performed over a range of 50-95°C to verify that a single PCR product was generated. The concentration of the target
genes was based on the threshold cycle number (CT), and CT for each sample was determined using 7500 Software version 2.0.4
(Applied Biosystems). The expression levels of the target genes were normalized to those of a housekeeping gene (β-actin) of blunt
snout bream. The expression results were analyzed using the 2-∆∆CT method after verifying that the primers were amplified with an
efficiency of approximately 100% (Livak and Schmittgen 2001). Besides, cDNA concentration in each sample was determined
according to gene-specific standard curves. Standard curves were generated for both target and endogenous control genes based
on 10-fold serial dilutions. All standard curves exhibited correlation coefficients > 0.99.

2.7. Calculations and data analysis
The following formulas were used to calculate the growth performance of blunt snout bream fry reared at normal and chronic
temperatures for 10 weeks:
Weight gain rate (WGR, %) = 100 x [(W2- W1) /W1]
Specific growth rate (SGR; %/day) = 100 x [(lnW2 – lnW1) /T]
Feed conversion ratio (FCR) = [feed intake (g) / weight gain (g)]
Where W1 and W2 are the initial and final body weight, respectively, and T is the number of days in the feeding period.
Data were analyzed using SPSS version 19 (Chicago, IL, USA). Differences between the means in Table 3 were
determined by Independent-Samples T-Test. The data in all figures were subjected to one-way ANOVA followed by LSD
multiple comparisons, and significant differences (P<0.05) among the group means were further compared using Duncan's
multiple range tests. The broken-line regression model (Robbins et al. 1979) was used to estimate the cumulative mortality
of blunt snout bream fry after A. hydrophila infection. All results are presented as means plus or minus standard error ( X ±
SE) of three replicates.
Table 3 The effects of normal and chronic temperature on the growth performance of blunt snout bream fry reared for 10 weeks1
Parameters

Temperature (oC)
25

FBW2 (g)
WGR3

(%)

SGR4 (%)

1Results

32

37.74 ± 1.52b
135.09 ±

9.79b

31.24 ± 1.11a
93.58 ± 6.32a

1.22 ± 0.06b

0.94 ± 0.05a

0.02a

2.87 ± 0.13b

99.00 ± 0.58

94.67 ± 3.53

FCR5

1.88 ±

Survival rate (%)

are mean of triplicate estimations ± S.E and means in the same row with different superscripts are significantly (P<0.05)

final body weight

3WGR,

weight gain rate

4SGR,

specific growth rate

5FCR,

feed conversion ratio
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(A)

(B)

(C)

Figure 1 The stress responses such as serum cortisol level (A), glucose content (B) and aspartate aminotransferase (AST) activity (C)
of blunt snout bream fry reared at different temperatures. Note: Results are mean of triplicate estimations plus or minus standards
error ( X ± SE). Significant differences (P<0.05) between the values obtained before stress and during acute stress and chronic stress
are marked by small letters in Duncan's multiple range tests.

3. RESULTS

weeks. Final body weight (FBW), weight gain rate (WGR) and specific growth rate (SGR) of the chronic temperature group were
significantly (P<0.05) lower than those normal temperature group; while the reverse was found in feed conversion ratio (FCR)
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(P<0.05). Lower survival rate was observed in the chronic temperature group compared to the normal temperature group, but it was
not in significant manner. No pathological signs were observed during the experiment period.

3.2. Serum stress responses
The effects of normal, acute and chronic temperatures on serum cortisol level, glucose content and aspartate aminotransferase (AST)
activity in blunt snout bream fry are presented in Fig.1. Both acute and chronic temperatures significantly elevated the levels of
cortisol compared to normal temperature (P<0.05, Fig.1A). The highest cortisol level was found in the acute temperature group at
0.5d during acute stress followed by 0.125d during acute stress (P<0.05). Acute temperature increased serum glucose content (at 12d during acute stress) and AST activity (at 0.125-1d during acute stress) (P<0.05, Fig.1B,C). No significant differences were observed
between the normal temperature and chronic temperature groups in glucose content and AST activity.

3.3. Serum immune responses
Fig.2 shows the effects of normal, acute and chronic temperatures on the immune responses, such as serum complement C3 and C4
concentrations in blunt snout bream fry. The serum complement C3 concentration increased, reached peak at 0.125d-0.5d during
acute stress (P<0.05) and thereafter tended to decrease up to the chronic temperature group, and back to the level similar to that
normal temperature group (Fig.2A). The serum C4 concentration elevated, reached peak at 0.125d-1d during acute stress (P<0.05)
and thereafter decreased up to the chronic temperature, and back to the level similar to that normal temperature group (Fig.2B).

(A)

temperatures. Note: Legends are the same as on Fig.1.
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3.4. Hepatopacreatic antioxidant enzymes activity
The effects of normal, acute and chronic temperatures on the antioxidant enzymes activity, such as SOD, CAT and GPx in the
hepatopancreas of blunt snout bream fry are shown in Fig.3. High temperatures (both acute and chronic) increased SOD, CAT and
GPx activities in the hepatopancreas of blunt snout bream fry (P<0.05, Fig.3). Higher SOD activity was found at 1d during acute
stress followed by 0.5d, 0.125d, 2d, 7d, and chronic stress compared to that normal temperature group (P<0.05, Fig.3A). The
activities of CAT and GPx at 0.5d during acute stress were significantly (P<0.05) higher than the others acute stress time, chronic
temperature and normal temperature (Fig.3B,C). The lowest SOD, CAT and GPx activities were measured in the normal temperature
group (Fig.3).

(A)
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(C)

Figure 3 Hepatopancreatic antioxidant enzymes activity such as copper-zinc superoxide dismutase (SOD, A), catalase (CAT, B) and
glutathione peroxidase (GPx, C) of blunt snout bream fry reared at different temperatures. Note: Legends are the same as on Fig.1.

3.5. Hepatopancreatic antioxidant enzymes gene expression
Fig.4 shows the effects of normal, acute and chronic temperatures on the relative gene expressions of antioxidant enzymes such as
Cu/Zn-SOD, Mn-SOD, CAT, GPx1 and GST in the hepatopacreas of blunt snout bream fry. High temperature (both acute and chronic)
significantly induced the relative expression levels of Cu/Zn-SOD, with high expression levels in the acute temperature group
(P<0.05, Fig.4A). CAT mRNA expression levels of the acute temperature group elevated significantly, reached peak at 1-2d during
acute stress (P<0.05), and thereafter tended to decrease (Fig.4C). Mn-SOD, GPx1 and GST mRNA expression levels were upregulated at 0.125-1d during acute stress and thereafter decreased (P<0.05, Fig.4B,D,E).
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Figure 4 The relative gene expression levels of antioxidant enzymes such as copper-zinc superoxide dismutase (Cu/Zn-SOD, A),
manganese superoxide dismutase (Mn-SOD, B), catalase (CAT, C), glutathione peroxidase 1 (GPx1, D) and glutathione S-transferase
mu (GST, E) in the hepatopancreas of blunt snout bream fry reared at different temperatures. Note: Legends are the same as on
Fig.1.

3.6. Hepatopacreatic heat-shock proteins (HSPs) gene expression
The relative expression levels of HSP60, HSP70 and HSP90 mRNA were induced in time-dependent manner after acute temperature
challenge (Fig.5). The highest level of HSP60 mRNA was obtained at 1d during acute stress (P<0.05, Fig.5A). The relative expression
level of HSP70 mRNA was significantly (P<0.05) up-regulated at 0.125d during acute stress followed by 0.5d compared with others
acute temperature time interval, normal temperature and chronic temperature groups (Fig.5B). HSP90 mRNA expression level at 1d
during acute stress was significantly (P<0.05) higher than the others acute temperature time intervals and normal temperature
group, but not significantly different from 2d during acute stress and chronic temperature group (Fig.5C).
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Figure 5 The relative gene expression levels of heat-shock proteins (HSPs) such as HSP60 (A), HSP70 (B) and HSP90(C) in the

temperatures. Note: Results are mean of triplicate estimations plus or minus standard error ( X ± SE). Significant differences
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(P<0.05) between the temperature groups at each observation point after infection are marked by asterisks in Duncan's multiple
range tests.

3.7. Cumulative mortality after Aeromonas hydrophila infection
Sub-samples of fish from normal, acute and chronic temperature groups (5 fish/ tank) were infected with a bacterial septicemia
pathogen A. hydrophila, and cumulative mortality was calculated for 5days (0.125d, 0.5d, 1d, 2d and 5d after infection, Fig.6). The
maximum cumulative mortality was observed between 1d and 2d after infection in all groups. At 1d after infection, the cumulative
mortality of the chronic temperature group (58.33%) was significantly higher than the normal (20.00%) and acute (26.67%)
temperature groups (P<0.05).

4. DISCUSSION
If an organism cannot acclimate, adapt or maintain homeostasis, several changes may occur: at the behavioral level, growth,
resistance to disease and reproduction capacity (Iwama et al. 1999, Barton 2002). Prolonged exposure of fish to stress can eventually
alter population demographics and dynamics. Impacts can be critical when it comes to early stages because growth is of crucial
importance to their fitness at these stages. In this study, poor growth performances of blunt snout bream fry were investigated in
the chronic temperature group compared to the normal temperature group (Table 3). Generally, lower survival was observed in the
chronic temperature group than the normal group. These results are in accordance with previous study reported in the same species
(Shi et al. 1988).
Exposure of fish to stressing environmental factors gives rise to a series of biochemical and physiological changes mediated by
the neuroendocrine system and characterized by increased cortisol level (Wendelaar Bonga 1997). This stress hormone, synthesized
by the head kidney interrenal cells, regulates osmolarity and metabolism, and modulates immune responses (Vazzana et al. 2002,
Vizzini et al. 2007). In the present study, the cortisol level of the acute temperature group abruptly elevated up to 0.5d during acute
stress and thereafter decreased towards chronic temperature group, but still higher than that normal temperature group. This is
most likely due to the cortisol level during chronic stress (distress), either persists long after the stressor has ceased or reduces its
level. Similar studies had been reported in the same species (Ming et al. 2012), Atlantic cod (Pérez-Casanova et al. 2008) and
gilthead seabream (Ortuño et al. 2001).
As the level of cortisol increased, blood glucose level might also increased (Pérez-Casanova et al. 2008, Ortuño et al. 2001, Ming
et al. 2012) to meet the increasing energy demand in fish under stress (Hsieh et al. 2003). An enhanced release of glucose in the
blood during acute stress becomes apparent during chronic stress with the support of cortisol (gluconeogenesis) (Iwama et al.
2006). In this study, the serum glucose content increased up to 2d during acute stress and thereafter tended to decrease towards
chronic temperature group, and reached similar to the level of normal temperature group. It can be suggested that stress has some
instantaneous effect on blood glucose level and when the stress lasts for a while blood glucose can recover back to the original level
(Hsieh et al. 2003). This is supported by the result reported in sea bass submitted to acute temperature heat shock (Enes et al. 2006).
Aspartate aminotransferase (AST) is ubiquitous aminotransferases that is found in the mitochondria of fish which is an
important index for the diagnosis of hepatopancreas function and damage (Yamamoto 1981, Habte-Tsion et al. 2014, 2015b).
Elevated level of AST has been used extensively in studies that evaluate finfish response to stress, toxins, disease and malnutrition. In
the present study, the serum AST activity abruptly increased at 0.125d during acute stress and thereafter decreased towards chronic
temperature group. No significant differences were measured in serum AST activity among the 2d and 7d during acute stress,
chronic temperature group and normal temperature group. This is most likely to be when fish is exposed to stress for a prolonged
period, the AST activity could be reduced, and fluctuated activity of AST can be considered as stress response.
Several physiological and biochemical adjustments can be involved during stress and it is regulated by stress hormones
(adrenaline and cortisol) which activate metabolic pathways that lead to biochemical alterations (Barton and Iwama 1991), and
changes in the immune functions (Barton 2002). In the present study, elevated temperature significantly affected the immune

chronic temperature groups in this study. It indicated that acute stress may be often associated with eustress or hormesis (stress
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resulting in potential advantages), thus involving short-time challenges that result in immunoactivation or immunoenhancing
processes (Mattson 2008, Calabrese and Mattson 2011).
Hepatopancreas is the target organ in fish research studies (Aras et al. 2009, Chen et al. 2012, Feng et al. 2013, Habte-Tsion et
al. 2016,2015c) including in blunt snout bream research study (Habte-Tsion et al. 2015c, 2016). Fish hepatopancreas is a tissue that
contains large quantities of unsaturated lipids (polyunsaturated fatty acids, PUFAs), which are essential for membrane function (Bayir
et al. 2011). A large PUFA content implies an elevated risk of oxidative stress, since these lipids are major targets for reactive oxygen
species (ROS) (Abele and Puntarulo 2004, Martinez-Alvarez et al. 2005). Oxidative damage is an important consequence of oxidative
stress, which is a state characterized by an imbalance between the generation of ROS and the antioxidant defense capacity of the
body (Zheng et al. 2013). In general, antioxidant defense systems in fish consist of low-molecular-weight antioxidants and
antioxidant enzymes including SOD, GPx and CAT (Martinez-Alvarez et al. 2005). SOD can catalyze dismutation of superoxide
radicals to hydrogen peroxide (Zhou et al. 2013), which can be removed by GPx (Livingstone 2003). CAT is an essential defense
against the potential toxicity of free radical like hydroxyl radical by catalyzing the degradation of hydrogen peroxide (David et al.
2008). In this study, high temperature increased the activities of SOD, GPx and CAT in the hepatopancreas of blunt snout bream fry,
suggesting that high temperature could be triggered oxidative stress in the hepatopancreas of this fish. Similarly, antioxidant
enzymes activities increased in abalones exposed to high temperatures (Park et al. 2015).
The antioxidant enzyme activities of fish are closely related to their mRNA levels (Fontagné-Dicharry et al. 2014). In present
study, high temperature significantly increased mRNA levels of Cu/Zn-SOD, Mn-SOD, CAT, GPx1 and GST in the hepatopancreas of
blunt snout bream fry, which showed a similar trends with antioxidant enzymes activity, suggesting that the increments of
antioxidant enzyme activity is partly attributed to the fact that high temperature (especially acute high temperature) up-regulated
the gene transcription of antioxidant enzymes in the hepatopancreas of fish. The up-regulation of the antioxidant enzymes mRNA
expression by acute high temperature stress may be related an increased signaling molecules syntheses (target of rapamycin (TOR)
and nuclear factor erythroid 2-related factor 2 (Nrf2)), which play important roles in the regulation of antioxidant enzyme gene
transcriptions in fish. However, the specific mechanisms behind the relation between high temperature and these signaling
molecules syntheses need further study.
HSPs play important roles in stress response (Iwama et al. 1999), in both innate and adaptive immune responses (Roberts et al.
2010, Sung and MacRae 2011, Xie et al. 2015). In this study, acute high temperature induced the expression patterns of HSP60,
HSP70 and HSP90 in the hepatopancreas of blunt snout bream fry. Similar results have been reported that the expression levels of
HSPs abruptly induced under heat shock in different aquatic species (Palmisano et al. 2000, Qian et al. 2012, Yang et al. 2013). In our
study, the expression of HSP70 mRNA increased significantly at 0.125d during acute stress; whereas those HSP60 and HSP90
increased at 1d during acute stress, which indicated that the high sensitivity of HSP70. Qian et al. (2012) also reported that the
expression of HSP60 is very sensitive to heat shock, but less than that of HSP70. Different HSP genes may play different roles in
mediating cell stress caused by a specific environmental stressor. As a result, HSPs mRNA levels could contribute to the different
expression patterns of HSP60, HSP70, and HSP90 (Qian et al. 2012, Szymańska et al. 2009). These results indicated that the critical
roles of HSP genes in coping with heat stress in organisms.
The present study investigated that high cumulative mortality at 1d after infection in the chronic temperature group; suggesting
that this group had less resistance to A. hydrophi1a infection than the normal temperature and acute temperature groups. The low
cumulative mortality in the acute stressed group could be due to high levels of biomarkers produced during acute stress, which are
an efficient cross-tolerance phenomenon when fish were exposed to infection (Lindquist and Craig 1988, Clegg et al. 1998). On the
other hand, during chronic stress, there is a mechanism of continuous energy availability by the immune system such as the
production of antibodies, the synthesis of proteins such as complements, antioxidants and HSPs, the production and differentiation
of different types of leukocytes, etc., subjected to lack of resources. Thus decreasing its efficiency and therefore leading to immune
depression. At the end pathogenic infection resistance can be reduced and fish can be easily susceptible to disease.

5. CONCLUSION

temperatures). Temperature induced the gene expression of antioxidant enzymes (Cu/Zn-SOD, Mn-SOD, CAT, GPx1 and GST) and
HSPs (HSP60, 70 and 90) in the hepatopacreas of blunt snout bream fry, which may explain further the adverse effects of high
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This study indicates that poor growth and disease resistance were observed in the chronic temperature group. High temperature

RESEARCH

ARTICLE

temperature in cultured fish. This study expected to contribute useful insight to the knowledge for developing blunt snout bream
sustainable aquaculture, especially in summer resulting high mortality due to diseases outbreak caused by high temperature stress.

SUMMARY OF RESEARCH
1. Chronic high temperature resulted poor growth of blunt snout bream fry.
2. High temperature influenced stress and immune responses.
3. High temperature increased antioxidant enzymes activities.
4. Increase in temperature up-regulated the gene expressions of antioxidant enzymes.
5. Acute high temperature induced the gene expression of heat-shock proteins (HSPs).
6. Increase in temperature affects immune and antioxidant status, and disease resistance of fish.
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