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Fig. 1 The activity of SOD, CAT and GPx in
different tissues of juvenile rainbow trout
Different letters indicate significant difference (P<0.05) in
antioxidant enzyme activities between different tissues.
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Fig. 2 The activity of SOD, CAT and GPx in
different tissues of juvenile steelhead trout
Different letters indicate significant difference (P<0.05) in
antioxidant enzyme activities between different tissues.
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Fig. 3 The effect of acute heat stress on SOD, CAT and
GPx activities in the liver of juvenile rainbow trout

Different letters indicate significant difference (P<0.05) in
enzyme activities between different treatments at the same time.
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Fig. 4 The effect of acute heat stress on SOD, CAT and
GPx activities in the liver of juvenile steelhead rainbow trout
Different letters indacate significant difference (P<0.05) in
SOD. CAT and GPx activities between
different treatments at the same time.
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Antioxidant enzyme activities of juvenile rainbow and steelhead trout
(Oncorhynchus mykiss) in response to acute high-temperatur e stress
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1. Key Laboratory of Mariculture of Ministry of Education, Ocean University of China, Qingdao 266003, China;
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Marine Science and Technology, Qingdao 266235, China

Abstract: The current domestic production of salmonids in China is insufficient to satisfy demand. Since the
1970s, Chinese researchers have been trying to build sailmon farms in open sea areas, such as Dalian, Yantai, and
Qingdao, to solve this issue but have failed because of the high temperatures during summer. In recent years,
Chinese researchers found an extremely large cold-water mass in the central depression of the Yellow Sea, where
conditions are suitable for the large-scale farming of salmonids. However, in the summer, the temperature span of
the upper layer of the Yellow Sea is 25-28 “C; high temperature stress is therefore a large problem encountered
during summer culture. Thus, exploring the upper temperature threshold of fish is essential. The elucidation of
mechanisms for the regulation of acute high temperature in salmonids is of great significance for conducting off-
shore mariculture of salmon in the identified cold-water mass. Juvenile rainbow (Oncorhynchus mykiss) and
steelhead trout (O. mykiss) (initial body weight, 22.76 g £ 2.89 g and 23.20 g = 1.22 g, respectively) were used for
this experiment. The activities of superoxide dismutase (SOD), catalase (CAT), and glutathione peroxidase (GPx)
in the heart, liver, gill, kidney, brain, and muscle were determined under normal conditions. Subsequently, rainbow
trout and steelhead trout underwent heat stress with the following temperature gradients: 16 ‘C, 20 C, 22 C, and
24 °C for rainbow trout and 16 ‘C, 19 C, 21 C, and 23 °C for steelhead trout. The liver antioxidant enzyme activ-
ities of rainbow and steelhead trout were determined at 0 h, 1 h, 6 h, 12 h, and 24 h after heat stress. Our results
showed that the distribution patterns of antioxidant enzymes in rainbow trout were similar to those of steelhead
trout. In both strains, SOD was abundantly distributed in the liver, gill, and muscle, whereas CAT enriched in the
liver, kidney, and gill, and the GPx was mainly distributed in the heart, liver, kidney, and gill. Overall, the highest
concentrations of antioxidant enzymes were observed in the liver of both fish. Moreover, acute high temperature
stimulated the antioxidant system in both fish. Both fish were strongly stressed at 24 °C and 23 °C, and the SOD
activities of both species were significantly reduced at 24 h after heat stress. The SOD activities of rainbow trout
at 20 C showed no significant difference compared with those of the control within 24 h, and the SOD and CAT
activities of steelhead at 19 ‘C were not significantly different than those of the control within 12 h. The SOD and
GPx activities were significantly decreased at 24 h in both species. The CAT of rainbow trout was gradualy re-
covered at 22 ‘C, but the SOD of steelhead trout was still expressed at high levels at 21 ‘C. At 21 C and 22 C,
rainbow trout were better at counteracting high temperatures than steelhead trout. However, the antioxidant en-
zyme activities of juvenile steelhead trout were more sensitive to temperature increase than those of rainbow trout.
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