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Plate [

Clinical and anatomical symptoms of H. taimen under high-temperature stress

1-3. illustrated the symptoms of hyperemia, congestion, and pallor in taimen during the maintenance at 26 C; 4-6. showed spotted cutaneous hemor-

rhage (4) and hyperemia (5, 6) of taimen staying at 26 C for 105 hours; the black circles demonstrate clinical and anatomical symptoms.
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E1 SEMEMREEEEEIETE T iEH
FRORSAE T AL
118 C X fE4; 2.22°C; 3.26 C: 4.26 C 4R 4 h; 5.26 C 4k
Ff 48 h; 6.26 'C 4E¥F 105h; 7.26 C 4iFF 7d; 8. [FiRAE 18 C.
B ARG 7 RRREREE (P<0.05):; FH.
Fig. 1 Changes in the respiratory rate of H. taimen
during high-temperature stress and temperature recovery

1. 18 °C control; 2. 22 ‘C; 3. 26 C; 4. stressed under 26 ‘C for 4 hours;
5. stressed under 26 C for 48 hours; 6. stressed under 26 C for 105
hours; 7. stressed under 26 C for 7 days; 8. returned to 18 ‘C. Different

lowercase letters mean significant differences (P<0.05); the same below.
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g BT R AR
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R o B b R 22 2 R (P<0.01), T 26 C
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XFHEZH (P<0.01) (& 2-d).
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LXTRZHER L2, 2 W RAEE S, 3. FHRZE22°C, 4. FHEZE26°C, 5.26 C 4FF4h, 6.26 C 445 48h, 7.26 C 4iHF 105h, 8.26 C 4iHf7
d, 9. FEIRZ 18 °Cy a i P LEAIM, b AN, c SMAUM, d FVRANM, e REANME, £ U7, g L2, hoE, LECEIER, 4Rk
Ji, VO. ML A%E, EN. 6822 bR, LH. 6822 Feid:, LEL. 8807 ERES, EH. BRANAER, ER. LRE4Ifunise, SLC. 88/
i, SLF. #8/NF&idr, SLS. #U/NF AL M IR RE, ME LI SO RO R B R,

Plate I
1. primary lamellae in the control group, 2. gill arches in the control group, 3. 22 °C, 4. 26 C, 5. stressed under 26 ‘C for 4 hours, 6. stressed under 26 C

Histopathological changes of the gill of H. taimen during high-temperature stress and temperature recovery

for 48 hours, 7. stressed under 26 °C for 105 hours, 8. stressed under 26 ‘C for 7 days, 9. returned to 18 °C; a. lamellar epithelial cell, b. blood cell, c.
chloride cell, d. mucous cell, e. pillar cell, f. secondary lamella, g. primary lamella, h. blood vessel, i. cartilaginous stroma, j. fibrous stroma, VO. vascu-
lar occlusion, EN. epithelial necrosis, LH. lamellar hyperplasia, LEL. lamellar epithelial lifting, EH. epithelial hypertrophy, ER. epithelial rupture, SLC.
secondary lamellar curling, SLF. secondary lamellar fusion, SLS. secondary lamellar shortened; thick arrows denote components, and thin arrows denote

cell types; the yellow box is a partial enlargement of the black box; the same below.
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M, HREARS R B AR Y, REAEZ

R

N

ot derb LR RTAREE O HLBE 1 Bz 45 A AR,
TR SS e, AR AR s A0 i 2 i £
32 BN 15 ] 45 R 0 DRLXEE B 52 o 3 A
RS P T R T A L AT DR I e 4
24, A I IA) P BE R TR R0 I R
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TRBLSC L, RNER2Z 1R . BN b R i
ez I PO SN R AT AU, &
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1 BRMERNE E RIS B s A SRR 5 R
Tab.1 Histopathological grading of gill tissues in H. taimen during
high-temperature stress and temperature recovery
I BRRFAE AHEAL - control SEEGAH  treatment

histopathological features 1 5 3 4 5 6 7 8
ERAAEK  epithelial hypertrophy - N + + + T - _
MR epithelial rupture - N ot ++ + _ _ _
i 22 - 3¢ epithelial necrosis - + ++ + -+ ot + -
122 - e lamellar hyperplasia - - ++ + + - - _
/N BB lamellar epithelial lifting - + + -+ o+ ++ + -
#H/N A5l secondary lamellar curling - ++ ++ ++ + - N +
/N &4 secondary lamellar fusion - - - - -+ - -+ -
/N 455 secondary lamellar shortened - - ++ + + ot - -
L3 A% vascular occlusion - + + + - + - _

VE: 118 CXPMRAL: 2. FHRZE22 C; 3. JHRZE26 C: 4.26 CHifFd h; 5.26 CHEFF48 hy 6.26 CHEFF105 h; 7.26 CHEF7 d; 8. R E

18°C. - B 4+ BRE e U e EE T

Notes: 1. 18 C control; 2. 22 C; 3. 26 C; 4. stressed under 26 C for 4 hours; 5. stressed under 26 ‘C for 48 hours; 6. stressed under 26 ‘C for 105 hours;

7. stressed under 26 C for 7 days; 8. returned to 18 “C. "—" pathological grading remains unchanged; "+" mild; "++" moderate; "+++" severe. The same

below.

NRAERFB ST, YASTRE N, 6414
AR RE SN R, il S ZE A
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572 T I - v N U | G B AN e A
A 3 /N P 2 R 22 b g 38 1 S5 SOk A
PRI, U T A I R R B R R R
PO, T R A EALRR Y,

BTN, BESUEA AR 0 P R
R 2 P 2 5 R B 20, — EL AN S S 2
G2t , WREAEJLRELE N E W E 7, A
g, R A0 S SN R R A R 414
PHAF AL AT L35 1 1 i 8 2 2 ) A R A, B
FHR RS T B A IR MK, T iR B A e
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Plate [II Histopathological alterations in the liver of H. taimen during high-temperature stress and temperature recovery

1-2. the liver of the control group; a. liver cell, b. blood cell, c. endothelial cell, d. Kupffer cell, e. bile duct, f. central vein, g. hepatic plate, HV. hepato-
cellular vacuolation, HN. hepatocellular necrosis, LI. lipid infiltration, HH. hepatocellular hypertrophy, DS. dilated sinusoids, KRX. karyorhexis, KLS.

karyolysis, PYK. pyknosis, ICI. inflammatory cell infiltrate, CL. cirrhotic liver, HC. hepatic congestion.
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Tab.2 Histopathological grading of liver tissues in H. taimen during

high-temperature stress and temperature recovery
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Fig. 2 Changes in serum enzyme activities of H. taimen during high-temperature stress and temperature recovery
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Fig.3 Changes in serum serum total cholesterol and protein of H. taimen during

high-temperature stress and temperature recovery
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Effects of high-temperature stress on the histopathology of gills and
liver tissues and serum biochemical indicators of Hucho taimen

ZHANG Tan ’, TONG Guangxiang >, XU Huan’, YAN Ting?,
WEI Mingliang >, ZHANG Tingting >, KUANG Youyi *
1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China;
2. Heilongjiang River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Harbin 150070, China

Abstract: Temperature fluctuations caused by climate change and global warming pose significant threats to various species.
Understanding the mechanisms of fish tolerance to high temperatures can help develop effective strategies to cope with climate
changes in aquaculture. Hucho taimen is an important economic cold-water salmonid. This study designed a temperature accli-
mation protocol that included gradual warming from an optimal 18 ‘C to 26 ‘C, maintaining 26 ‘C for 7 days, and then redu-
cing the temperature back to 18 “C. The impact of high temperature on taimen was compared and analyzed through respiratory
rate, histopathology, and serum biochemical indicators. The results demonstrated that during the gradual temperature increase
from the optimal 18 C to 26 C, the respiratory rate of taimen accelerated with rising temperature. Histopathological changes in
gills and liver tissues at the cellular level progressively worsened, including hypertrophy and rupture of gill epithelial cells, as
well as hepatocellular hypertrophy, vacuolization, and necrosis. At 26 ‘C, the pathological grad reached a severe level (with
lesions comprising over 61% of the tissue). Serum enzyme activities of aspartate aminotransferase (AST), alanine aminotrans-
ferase (ALT), and lactate dehydrogenase (LDH) activities sharply increased with the rising temperature. Alkaline phosphatase
(ALP) activity remained unchanged at 22 ‘C but significantly decreased at 26 ‘C. The total cholesterol (TC) content gradually
decreased, while the total protein (TP) content initially decreased and then recovered. During the 7-day period of high temperature at
26 ‘C, the respiratory rate of taimen remained consistently higher than that of control group. Histopathological deterioration of
in the gills and liver tissues further intensified, including epithelial necrosis, vascular occlusion, and secondary lamellar fusion
in the gills, as well as hepatic congestion, lipid infiltration, and inflammatory cell infiltration. The histopathological grad peaked
at 105 h, followed by a gradual decrease in lesions. Serum enzyme activities of AST, ALT, and LDH activities initially
decreased sharply and then increased, while ALP activity at first increased and then normalized. TC content slowly recovered,
and TP content initially decreased and then returned to normal. After returning to 18 “C from 26 “C, the respiratory rate returned
to normal levels, gill tissues recovered completely, and liver tissues had partial recovery, though there was moderate lipid infilt-
ration and inflammatory cell infiltration (lesions comprising 31%-60% of the tissue). Serum enzyme activities of AST, ALT,
and LDH activities decreased but remained significantly higher than that of the control group, while ALP activity showed a
sharp increase. TC and TP contents restored to normal levels. The study found that the respiratory rate of taimen increased with
rising temperatures, and high-temperature stress caused the respiratory rate to remain elevated above normal levels. This
demonstrated an increased oxygen demand and metabolic rate under high-temperature stress. High-temperature stress induced
various types and degrees of lesions in the gill and liver tissues of taimen. After the temperature returned to normal, the gill tis-
sues recovered, while the liver tissues showed partial recovery but remained in a significantly pathological state. High-temperat-
ure stress affected the liver functions related to metabolism, synthesis, and storage, with a more significant impact on metabolic
capacity. The combined analysis of respiratory rate, pathology, and biochemical indicators suggests that taimen has some adapt-
ive capacity to high-temperature stress. These findings of this research provide a theoretical foundation for the physiological
regulatory mechanisms of temperature tolerance in taimen, as well as for the efficient aquaculture and selection of high-temper-

ature resistant strains.
Key words: Hucho taimen; high-temperature stress; respiratory rate; histopathology; serum biochemical indicators
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