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Abstract: Exposure to any type of stressors either environmental, chemical or perceived stressors, results in a
series of physiological responses in animals. The purpose of this study was to investigate the effects of thermal
stress on physiological responses in red hybrid tilapia. Adult red hybrid tilapia were previously exposed to
gradual increment of water temperature in thermoregulated recirculating tanks at a rate of 1°C/8 h from 28 to
31°C and kept for 1, 7 and 14 days. Cortisol, HMG-CoA reductase, total protein and osmolality were determined.
Plasma cortisol and HMG-CoA levels were significantly increased in the heat-stressed groups compared to non-
stressed groups. Osmolality was also significantly higher (p<0.05) at day 14 in heat-stressed groups compared to
non-stressed groups. Our study demonstrated that exposure to elevated water temperature affect physiological
parameters in red hybrid tilapia, thus suggesting a potential threat to its biological performance.
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INTRODUCTION

The rise of water temperature due to climate change
puts additional stress on the freshwater ecosystems
[1]. Aquatic biophysical factors such as temperature,
salinity and dissolved oxygen are among the major
factors influencing the aquatic environment [2]. For
instance, in aquatic ectothermic animals, the rates of
their many physiological processes are influenced by
the water temperature which directly affects their
biological performance. The performance of aquatic
animal could be affected by any changes of the
environment due to the role of water temperature as a
major metabolic modifier [3]. Water temperature
affect the oxygen solubility in the water thus affect
metabolism of aquatic organism [2]. This condition
will lead to a spatial shift in animal distribution [4] as
water  temperature  limits  their  physiological
functions. For economically important freshwater
fishes, thermal changes would pose threats to
aquaculture yield and productivity. Changes in the
water temperature can induce either detrimental or
adaptive alteration in the performances of aquatic

animals. Tilapia is highly cultured in Asian countries
as important food resources due to its delicious meat
that contains high amount of protein [5]. A number of
studies have been conducted on the impacts of global
climate change on the aquatic ecosystems particularly
the marine ecosystem[6],[7],[8],[9], with less studies
focusing on the freshwater ecosystem.

To date, the effect of temperature on freshwater
tropical fish has only been examined in a few
commercially important fish species such as common
carp, Cyprinus carpio and rohu, Labeo rohita [10], as
well as one species of tilapia, i.e. Tilapia mossambica
[11]. HMG-CoA reductase is an enzyme that involve
in the production of cholesterol, which also plays an
important role during stress with respect to internal
homeostasis [12]. In addition, cholesterol is an
important precursor for steroid biosynthesis (cortisol)
in the mitochondrial inner membrane [13][14][15].
However, limited research has addressed the
importance of this enzyme in relation to cortisol
synthesis.

Studies have shown that the effect of increased global
water temperature has been dispersing throughout the
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aquaculture industry around the world [16], possibly
causing a negative socio-economic impact in regards
to global food production [17]. Thus this study was
developed to determine the effect of elevated water
temperature on physiological responses in red hybrid
tilapia, one of the most globally cultured freshwater
fish species.

RESEARCH DESIGN AND DATA GATHERING
PROCEDURES

Healthy adult male red hybrid tilapia, Oreochromis sp.
were purchased from a local supplier (n=168; mean
total length of 37.0 + 3.2 cm and mean body weight of
500.0 + 15.0 g). Prior to the experiments, the fish were
acclimated for two weeks in thermoregulated
recirculating tanks. A preliminary study was carried
out to determine the 24-hour thermal tolerance
endpoint, i.e., the lethal temperature (LTso), and the
loss of equilibrium temperature (24hLETs). Briefly, a
total of 24 healthy adult male fish were randomly
selected and exposed to gradually elevated temperature
at a minimum rate of 1°C/8 h [18] from 28 to 30°C, 28
to 32°C, 28 to 34°C and 28 to 36°C in duplicate in
1,000L aerated fibreglass tanks equipped with
thermoregulator of +0.1°C accuracy. 24h LTso and
24hLETso for tilapia were identified to be 33.6°C and
31.6°C, respectively [19].

Fish were euthanized by anaesthetic = (MS-222)
overdose within 1 min after capture, and blood sample
was collected within 10 min via cardiac puncture using
heparinised 1 ml syringe with 21G 1" needle, and kept
in heparinised vacutainer tube on ice. Blood samples
were spun down at 6000 g for 5 min to separate the
plasma from the blood cells. The supernatant (plasma)
was transferred into a clean 1.5 ml tube in aliquots
and stored at -20°C until further analyses.

Cortisol

Plasma cortisol level was determined using
Enzoscience Cortisol EIA Kit (Farmingdale, New
York, USA). Thawed plasma and standards were
pipetted into a 96-well microplate. All solutions were
prepared according to the manufacturer’s instruction.
The assay validity for fish cortisol has been reported to
be comparable to Cayman Cortisol Assay Kit [20].
Cortisol standards were used to generate the standard
curve. Plasma cortisol levels were measured at 405 nm
using Halo MPR-96 Visible Microplate Reader
(Dynamica GmBH, UK) by comparing with a range of
standard concentrations.

HMG-CoA reductase
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HMG-CoA reductase activity in plasma sample was
measured using HMG-CoA Reductase Assay Kit
(Sigma-Aldrich  CS1090) according to  the
manufacturer's instructions using HMG-CoA as
substrate and NADPH as cofactor. The resulting
absorbance was measured at 340 nm in 96-well plate
reader (Halo MPR-96, Dynamica GmBH, UK). The
concentration of HMG-CoA reductase was expressed
as mg/dL.

Osmolality and total protein

Plasma osmolality (mOsm/kg) was determined using a
freezing point depression osmometer model 3320
(Advanced Instruments, USA). The total plasma
protein was determined by Bradford assay [21].
Approximately, 200 pL of the respective blood plasma
were diluted with 0.8 mL of distilled water and gently
mixed with 5 mL of ready-made Bradford Reagent
(Sigma B6916). After the incubation at room
temperature for 5 min, the absorbance of solution was
measured using a Shimadzu  UVmini-1240
spectrophotometer at 595 nm (Shimadzu, USA).
Bovine serum albumin (BSA) (Thermo scientific,
USA) was used as standard for standard curve
preparation. The protein concentration was calculated
based on the plotted linear graph of standard curve and
expressed as g/dL

DATA ANALYSIS

Data obtained were compared with the control. The
differences between experimental groups were
analyzed by Student's t-test using SPSS 20.0 (IBM
Corp., USA). A value of P<0.05 was considered to be
statistically significant. Data was presented as mean +
standard error of the mean (S.E.M).

RESEARCH FINDINGS
Results

Plasma cortisol levels for days 1, 7 and 14 in heat-
stressed groups were 92.0 + 0.00, 97.76 + 0.03 and
91.04 + 0.08 pg/mL, respectively. The cortisol levels
increased steadily with the duration of exposure for
days 1 and 7 but slightly reduced on day 14. The
cortisol levels increased significantly (p<0.05) in heat-
stressed group compared to control (Figure 1).
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Figure 1 Cortisol levels in non-stressed and heat-stressed
groups of red hybrid tilapia exposed to 31°C

The mean HMG-CoA reductase levels in the plasma
samples from male red hybrid tilapia Oreochromis sp.
for days 1, 7 and 14 are presented in Figure 2. The
mean HMG-CoA reductase levels (mg/dL) in the
plasma on days 1, 7 and 14 were 77.49 + 11.24, 115.76
+ 14.78 and 126.20 + 8.51, respectively. Our results
showed gradual increase in HMG-CoA reductase level
as the duration of exposure was increased. There was a
significant difference (p<0.05) in the HMG-CoA
reductase levels among the days of treatment, in which
day 14 was significantly higher (p< 0.05) followed by
day 7 and 1.
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Figure 2 HMG-CoA reductase levels in non-stressed
and heat-stressed groups of red hybrid tilapia exposed
to 31°C

Plasma osmolality in the stressed groups on days 1, 7
and 14 were 309.5+ 5.7, 3129 + 5.6 and 333.8 + 3.3
mOsm/kg, respectively. The plasma osmolality was
significantly higher on day 14 (p<0.05, Figure 3).
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Figure 3 Osmolality levels in non-stressed and heat-stressed
groups of red hybrid tilapia exposed to 31°C

Total plasma protein for the control and stressed
groups on days 1, 7 and 14 are presented in Figure 4.
The mean protein concentration for the stressed group
on days 1, 7 and 14 were 35.47 £ 0.03, 34.21 + 0.03
and 33.18 + 0.04 g/100mL, respectively. However, the
mean total protein did not differ significantly from the
control (p>0.05).
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Figure 4 Total protein levels in non-stressed and heat-
stressed groups of red hybrid tilapia exposed to 31°C

Discussion

Thermal tolerance of an organism is a critical aspect in
thermobiological studies to assess the effect of thermal
phenomena such as climate changes on animal
population dynamics [22][23]. High water temperature
also affects the behavioural responses and
morphological changes of fish [24][25][26]. In the
present study when the fish was subjected to high
temperature, they were first swam aggressively and
later became passive. Similar results were also
demonstrated in seabass (Dicentrarchus labrax) [27]
possibly due to the need to maintain their energy
consumption during stressful conditions.
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Cortisol is a corticosteroid hormone which is produced
by interrenal tissue, in fish. This stress hormone
regulates many physiological processes [28][29][30].
The present study found significant cortisol responses
to thermal stress, similar to those reported by Lermen
et al [31] in other fish species. Similarly, high cortisol
levels were also reported in Oreochromis niloticus
acclimated to 38 and 40 °C during 10-min short term
exposure as observed by Delaney et al [32]. These
facts suggested that thermal stress may increase the
secretion of this hormone, thus risking the fish to
increase susceptibility to infection [33] due to its
immunosuppressive effect [34]. In addition, prolonged
cortisol elevation may also depress animal growth
rates and reproductions [35].

Cortisol is also associated with protein synthesis and
catabolism [36]. For instance, Vijayan et al [37]
reported that cortisol suppression increased the heat-
shock mMRNA expression and protein level in rainbow
trout hepatocyte culture. As such, it is assumed that at
higher temperature, an increased of cortisol may
trigger the degradation of the damaged proteins to
prevent the increase in protein aggregation which is
detrimental to cell survival [38][39] thus reduced the
number of circulating total protein. The decreased of
total protein has been also demonstrated in silver
catfish exposed to high temperature [47]. At the
cellular level, high temperature affects protein
conformation of many protein-associated enzymes,
thus inducing protein damage [48 [49][50].

HMG-CoA reductase plays an important precursor role
during stress exposure in respect to internal
homeostasis [12]. This enzyme is involved in the
production of cholesterol which requires 30 rate-
limiting step reactions with the first series of reactions
is the conversion of acetyl CoA to HMG-CoA
reductase prior to conversion of mevalonic acid [40].
During stressful conditions, fish needs to generate
enough energy to cope with the condition, mainly by
producing cholesterol [41]. Therefore it is expected in
fish subjected to high temperature, the activity of this
enzyme is increased. The present study has
successfully demonstrated a significant increase of
HMG-CoA reductase by 50% on day 14. Similar
patterns were also found in other fish species such as
sturgeon, (Acipenser baerii) [42] and sea bass
(Dicentrarchus labrax) after short-term exposure to
stress [43].

The present study showed that highest plasma
osmolality was observed on day 14. The changes in
plasma osmolality was consistent with the findings of
Sardella et al [44] who reported a slightly higher
osmolality in the juvenile Mozambique tilapia exposed
to 25 and 35 °C compared with those exposed to 15 °C.
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The percentage of increment (~ 7.0%) was also
comparable with notothenioid fish as reported by
Franklin et al [45]. This increase in plasma osmolality
may related to hemoconcentration due to cortisol
actions which also enhances the permeability of the
blood vessels to water [46].

CONCLUSION

The research confirmed that that exposure to 31 °C for
14 days resulted in some physiological responses in
male red hybrid tilapia possibly affect its production
performance and aquaculture yield. In this context, it is
suggested that the production of genetically selected or
hybrid fish species with higher temperature threshold
tolerances to aquatic temperature will be beneficial to
aquaculture sector in coping with the global warming.

REFERENCES

[1] Doll, P., & Zhang, J. 2010. Impact of climate
change on freshwater ecosystems: A global scale
analysis of ecologically relevant river flow
alterations. Hydrology ~and  Earth ~ System
Sciences, 14(5), 783-799. do0i:10.5194/hess-14-
783-2010

[2] Boyde, C. 2012. Water Quality. In L. S. John, & S.
C. Paul (Eds.), Aquaculture: Farming Agquatic
Animals and Plants (2nd. pp. 52-83). Oxford:
Blackwell Publishing Ltd Robbins C.R ., 2002. The
Job Searcher’s Handbook. 2" Edition, Prentice
Hall, New Jersey Ohio, USA.

[3] Mjoun, K., Kurt, A., & Brown Michael, L. 2010.
Tilapia: Environmental biology and nutritional
requirements. South Dakota Cooperative Extension
Service, FS963(2), 1-7.

[4] Diaz, R. J., & Breitburg, D. I. 2009. The Hypoxic
Environment. In J. G. Richards, A. P. Farrell, &
Brauner, C. J. (Eds.), Fish Biology, Hypoxia Vol
27. (pp. 528). Burlington: Academic Press

[5] Suresh, V., & Bhujel, R. C. 2012. Tilapias. In L. S.
John & S. C. Paul (Eds.), Aquaculture: Farming
Aquatic Animals and Plants (pp. 338-364).
Oxford: Blackwell Publishing Ltd.

[6] Brander K. 2005. Cod recruitment is strongly
affected by climate when stock biomass is low.
ICES Journal of Marine Science, 62(3), 339-343.

[7] Hobday, A. J., Okey, T. A., Poloczanska, E. S.,
Kunz, T. J. & Richardson, A. J. 2006. Technical
Report of the Impacts of Climate Change on
Australian Marine Life. Australian Greenhouse
Office, Canberra.

[8] Barbraud, C., Rolland, V., Jenouvrier, S., Nevoux,
M., Delord, K., & Weimerskirch, H. 2012. Effects
of climate change and fisheries by catch on



Nadira et al/ Journal of Engineering and Science Research, 1(2) 2017, Pages: 27-32

southern ocean seabirds: A review. Marine
Ecology Progress Series, 454, 285-307..

[9] Jones, M. C., Dye, S. R., Fernandes, J. A,
Frolicher, T. L., Pinnegar, J. K., Warren, R., &
Cheung, W. W. L. 2013. Predicting the impact of
climate change on threatened species in UK
waters. PLoS ONE, 8(1), e54216.

[10] Chatterjee, N., Pal, A. K., Manush, S. M., Das, T.,
& Mukherjee, S. C. 2004. Thermal tolerance and
oxygen consumption of Labeo rohita and Cyprinus
carpio early fingerlings acclimated to three
different temperatures. Journal of Thermal
Biology, 29(6), 265-270.

[11] Kutty, M. N., & Sukumaran, N. 1975. Influence
of upper and lower temperature extremes on the
swimming performance of tilapia
mossambica. Transactions of the  American
Fisheries Society, 104(4), 755-761.

[12] Li, S., Friesen, J. A., Holford, K. C., & Borst, D.
W. 2010. Methyl farnesoate synthesis in the lobster
mandibular organ: The roles of HMG-CoA
reductase and farnesoic acid O-methyltransferase.
Comparative Biochemistry and Physiology Part A:
Molecular & Integrative Physiology, 155(1), 49—
55.

[13] Hontela, A. 2005. Adrenal Toxicology:
Environmental Pollutants and The HPI Axis. In T.
P. Mommsen & T. W. Moon (Eds.), Biochemistry
and Molecular Biology of Fishes. Amsterdam:
Elsevier. (pp. 331-363).

[14] Hontela, A., & Vijayan, M. M. 2009.
Adrenocortical Toxicology in Fishes. In P. W.
Harvey, D. J. Everett, & C. J. Springall (Eds.),
Adrenal Toxicology, Target Organ Toxicology
Series. New York: Informa Healthcare. (pp. 233-
256)

[15] Uno, T., Ishizuka, M., & Itakura, T. 2012.
Cytochrome P450 (CYP) in fish. Environmental
Toxicology and Pharmacology, 34, 1-13.

[16] Portner, H. O., & Peck, M. A. 2010. Climate
change effects on fishes and fisheries: Towards a
cause-and-effect understanding. Journal of Fish
Biology, 77(8), 1745-1779.

[17] Hamdan, R., Othman, A., & Kari, F. 2015.
Climate change effects on aquaculture production
performance in Malaysia: An environmental
performance analysis. International Journal of
Business and Society, 16(3), 364—385.

[18] Beitinger, T. L., Bennett, W. A., & McCauley, R.
W. 2000. Temperature tolerances of North
American freshwater fishes exposed to dynamic
changes in temperature. Environmental Biology of
Fishes, 58, 237-275.

[19] Hazza, R. R., Harun, N., Rahman, S. H. A,
Ghani, M. S. H. A., Kamarudin, K. A., Yusof, R.
M. R., Abdullah, R., Najiah, M., & Nadirah, M.
2014. Direct exposure to high temperature affect

31

mortality and behavioural response of male red
hybrid tilapia. In Proceedings of International
Conference on Aquaculture and Environment: A
focus in the Mekong Delta, Vietnam (pp. 106-
107).

[20] Thompson, L. A., Spoon, T. R., Goertz, C. E. C,,
Hobbs, R. C., & Romano, T. A. 2014. Blow
collection as a non-invasive method for measuring
cortisol in  the beluga (Delphinapterus
leucas). PLoS ONE, 9(12),

[21] Bradford, M. M. 1976. A rapid and sensitive
method for the quantitation of microgram
quantities of protein utilizing the principle of
protein-dye binding. Analytical Biochemistry,
72(1-2), 248-254.

[22] Kimball, M., Miller, J., Whitfield, P., & Hare, J.
2004. Thermal tolerance and potential distribution
of invasive lionfish (Pterois volitans, miles
complex) on the east coast of the United
States. Marine Ecology Progress Series, 283, 269—
278. doi:10.3354/meps283269

[23] Kimura, M. T. 2004. Cold and heat tolerance of
drosophilid flies with reference to their latitudinal
distributions. Oecologia, 140(3), 442449,
d0i:10.1007/s00442-004-1605-4

[24] Moyle, P.B., & Cech, J. J. 2003. Fishes: An
Introduction to Ichthyology. Upper Saddle River:
Prentice Hall.

[25] Golovanov, V. 2006. The ecological and
evolutionary aspects of thermoregulation behaviour
on fish. Journal of Ichthyology, 46, S180-S187

[26] Szabo, T. M., Brookings, T., Preuss, T., & Faber,
D. S. 2008. Effects of temperature acclimation on a
central neural circuit and its behavioural output.
Journal of Neurophysiology, 100, 2997-3008.

[27] Almeida, J. R., Gravato, C., & Guilhermino, L.
2014. Effects of temperature in juvenile seabass
(Dicentrarchus labrax L.) biomarker responses and
behaviour:  Implications  for  environmental
monitoring. Estuaries and Coasts, 38, 45-55.

[28] McCormick, S. D. 2001. Endocrine control of
osmoregulation in teleost fish. American Zoologist,
41(4), 781-794. doi:10.1093/icb/41.4.781

[29] Pankhurst, N. W. (2001). Stress inhibition of
reproductive endocrine processes in a natural
population of the spiny damselfish Acanthochromis
polyacanthus. Marine and Freshwater Research,
52, 753-761.

[30] Evans, D. H. 2002. Cell signalling and ion
transport across the fish gill epithelium. Journal of
Experimental Zoology, 293(3), 336-347.

[31] Lermen, C. L., Lappe, R., Crestani, M., Vieira, V.
P., Gioda, C. R., Schetinger, M. R. C., Baldissrotto,
B., Moraes, G., Morsch, V. M. 2004. Effect of
different temperature regimes on metabolic and
blood parameters of silver catfish Rhamdia
quelen. Aquaculture, 239(1-4).



Nadira et al/ Journal of Engineering and Science Research, 1(2) 2017, Pages: 27-32

[32] Delaney, M. A., Klesius, P. H., & Shelby, R. A.
2005. Cortisol response of nile tilapia,
Oreochromis niloticus (L.), to temperature
changes. Journal of Applied Aquaculture, 16(3),
95-104.

[33] Martins, E. G., Hinch, S. G., Patterson, D. A.,
Hague, M. J., Cooke, S. J., Miller, K. M,
Robichaud, D., English, K. K., & Jonsson, B. 2012.
High river temperature reduces survival of sockeye
salmon  (Oncorhynchus nerka) approaching
spawning grounds and exacerbates female
mortality. Canadian Journal of Fisheries and
Aquatic Sciences, 69(2), 330-342.
d0i:10.1139/f2011-154

[34] Schreck, C. B., Contreras-Sanchez, W., &
Fitzpatrick, M. S. 2001. Effects of stress on fish
reproduction, gamete quality, and
progeny. Aquaculture, 197(1-4), 3-24.
doi:10.1016/s0044-8486(01)00580-4

[35] Pickering, A. D. 1992. Rainbow trout husbandry:
Management of the stress response. Aquaculture,
100(1-3), 125-139. doi:10.1016/0044-
8486(92)90354-n

[36] Mommsen, T. P., Vijayan, M. M., & Moon, T. W.
1999. Cortisol in teleosts: dynamics, mechanisms
of action, and metabolic regulation. Reviews in
Fish Biology and Fisheries, 9, 211-268.

[37] Vijayan, M. M., Pereira, C., Grau, E. G., &
Iwama, G. K. 1997. Metabolic responses associated
with confinement stress in tilapia: The role of
Cortisol. Comparative Biochemistry and
Physiology Part C: Pharmacology, Toxicology and
Endocrinology, 116(1), 89-95.

[38] Goldberg, A. L. 2004. Protein degradation and
protection against misfolded or damaged proteins.
Nature, 426(6968), 895-899.
doi:10.1038/nature02263

[39] Bukau, B., Weissman, J., & Horwich, A. 2006.
Molecular chaperones and protein quality control.
Cell, 125(3), 443-451.

[40] Burg, J. S., & Espenshade, P. J. 2011. Regulation
of HMG-CoA reductase in mammals and yeast.
Progress in Lipid Research, 50(4), 403—410.

[41] Crockett, E. L. 1998. Cholesterol function in
plasma membranes from ectotherms: membrane-
specific roles in adaptation to temperature.
American Zoologist, 38(2), 291-304.
d0i:10.1093/icb/38.2.291

[42] Hasanalipour, A., Eagderi, S., Poorbagher, H., &
Bahmani, M. 2013. Effects of stocking density on
blood cortisol, glucose and cholesterol levels of
immature Siberian sturgeon (Acipenser baerii
Brandt, 1869). Turkish Journal of Fisheries and
Aquatic Sciences, 13, 27-32.

[43] Gornati, R., Papis, E., Rimoldi, S., Chini, V.,
Terova, G., Prati, M., Saroglia, M., & Bernardini,
G. 2005. Molecular markers for animal

32

biotechnology: sea bass (Dicentrarchus labrax , L.)
HMG-CoA reductase mRNA. Gene, 344, 299-305.

[44] Sardella, B. A., Cooper, J., Gonzalez, R. J., &
Brauner, C. J. 2004. The effect of temperature on
juvenile Mozambique tilapia hybrids (Oreochromis
mossambicus x O. Urolepis hornorum) exposed to
full-strength and hypersaline
seawater. Comparative Biochemistry and
Physiology Part A: Molecular & Integrative
Physiology, 137(4), 621-629.

[45] Franklin, C. E., Davison, W., & Carey, P. W.
(1991). The stress response of an antarctic teleost
to an acute increase in temperature. Journal of
Thermal Biology, 16(3), 173-177.
d0i:10.1016/0306-4565(91)90040-9

[46] Wendelaar Bonga, S. E. (1997). The stress
response in fish. Physiological Review, 77, 591—
625.

[47] Adeyemo, O., Agbede, S., Olaniyan, A., &
Shoaga, O. 2003. The haematological response of
Clarias Gariepinus to changes in acclimation
temperature.  African Journal of Biomedical
Research, 6(2), 105-108.

[48] Todgham, A. E., Hoaglund, E. A., & Hofmann, G.
E. 2007. Is cold the new hot? Elevated ubiquitin-
conjugated protein levels in tissues of Antarctic
fish as evidence for cold-denaturation of proteins in
vivo. Journal  of  Comparative  Physiology
B, 177(8), 857-866. doi:10.1007/s00360-007-
0183-2

[49] Kregel, K. C. 2002. Invited review: Heat shock
proteins: Modifying factors in physiological stress
responses and acquired thermotolerance. Journal of
Applied Physiology, 92(5), 2177-2186.

[50] Abele, D., & Puntarulo, S. 2004. Formation of
reactive species and induction of antioxidant
defence systems in polar and temperate marine
invertebrates and fish. Comparative Biochemistry
and Physiology - A Molecular and Integrative
Physiology, 138(4), 405-415.



