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Tab. 1 Toxicity test results of salinity to Eriocheir sinensis

BET-#/% mortality rate

S BsE I Mz ik RE 72 AV RE
S Ff I,ET]/h S HR 21 M4 salinity stress group FESEH LWL .
stress time A= LCs safe concentration
control 25 35 45 55 65 75

24 0 0 0 0 10.00 40.00 100.00 65.90 (65.90-68.28)

48 0 0 0 0 50.00 86.70 100.00 55.39 (53.38-57.54) 13.97

72 0 0 0 3.33 60.00 100.00 100.00 53.29 (51.51-54.83) '

96 0 0 0 3.33 86.70 100.00 100.00 50.14 (49.98-50.31)

TE: RBOUR RS o 95% B A5 IX [H].

Note: The value in parentheses is the 95% confidence interval.
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Tab. 2 Toxicity test results of alkalinity to Eriocheir sinensis

BT /% mortality rate

iz SRR ] I'Eﬂ /h - W /(mmol/L) alkalinity IO B /(mmol/L) &R E/ (mmoll/L)
stress time LCso safe concentration
control 50 66.7 83.3 100 116.7 133.3
24 0 3.33 20.00 23.33 23.33 33.33 100.00 119.40(87.35-131.90)
48 0 6.67 36.67 36.67 56.67 83.33 100.00 86.48(71.06—101.4) 2506
72 0 10.00 76.67 93.33 96.67 100.00 100.00 64.49(58.57-62.29) '
96 0 13.33 80.00 100.00 100.00 100.00 100.00 58.98(58.26—59.71)

TE: 2EEOEIRBESS 5 N 95% 8 {5 X [H].

Note: aThe value in parentheses is the 95% confidence interval.
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Bm: & Lu: &, Va: 559; EL: L 400E.
Fig. 1 Histological section of the hepatopancreas, anterior gills, and posterior gills of Eriocheir sinensis under salinity stress
a. Hepatopancreas of control; b. Hepatopancreas under 14 salinity stress; c. Hepatopancreas under 35 salinity stress; d. Anterior gills

of control; e. Anterior gills under 14 salinity stress; f. Anterior gills under 35 salinity stress; g. Posterior gills of control; h. Posterior
gills under 14 salinity stress; i. Posterior gills under 35 salinity stress. Bm: basal membrane; Lu: lumen; Va: vacuole; EI: epithelial cell.
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Fig. 2 Histological section of the hepatopancreas, anterior gills, and posterior gills of Eriocheir sinensis under alkalinity stress
a. Hepatopancreas in control group; b. Hepatopancreas under 26 mmol/L alkalinity stress; ¢. Hepatopancreas under 55 mmol/L
alkalinity stress; d. Anterior gills in control group; e. Anterior gills under 26 mmol/L alkalinity stress; f. anterior gills under 55
mmol/L alkalinity stress; g. Posterior gills in control group; h. Posterior gills under 26 mmol/L alkalinity stress; i. Posterior gills
under 55 mmol/L alkalinity stress. Bm: basal membrane; Lu: lumen; Va: vacuole; EI: epithelial cell.
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Fig. 3 Histological section of the hepatopancreas, anterior gills, and posterior gills of Eriocheir sinensis under saline-alkali stress
a. Hepatopancreas; b. Hepatopancreas; c. Hepatopancreas; d. Hepatopancreas; e. Hepatopancreas; f. anterior gills; g. anterior gills;
h. anterior gills; i. anterior gills; j. anterior gills; and k. posterior gills not subjected to stress; and 1. posterior gills under low-salinity
and low-alkalinity stress; and m. posterior gills under low-salinity and high-alkalinity stress; and n. posterior gills under high-salinity
and high-alkalinity stress; and o. posterior gills under low-salinity and low-alkalinity stress. Bm: Basal membrane;

Lu: Lumen; Va: Vacuole; EI: Epithelial cell.
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Fig. 4 The GSH concentration and SOD enzyme activities of Eriocheir sinensis under salinity stress
The GSH concentration in a. anterior gills, The SOD enzyme activities in b. anterior gills, c. posterior gills, d. posterior gills, and e.
hepatopancreas; and f. hepatopancreas. Data were shown as mean+SEM (n=3). Different small letters represent significant differences
between different time points in the low-salinity group (P<0.05), and different capital letters represent significant differences between
different time points in the high-salinity group (P<0.05).
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Fig. 5 The GSH concentration and SOD enzyme activities of Eriocheir sinensis under alkalinity stress
The GSH concentration in a. GSH concentration in anterior gill, b. SOD enzyme activity anterior gills, c. GSH concentration in posterior
gills, d. SOD enzyme activity posterior gills, and e. GSH concentration in hepatopancreas; and f. SOD enzyme activity hepato-
pancreas. Different small letters represent significant differences between different time points in the low-alkalinity group (£<0.05),
and different capital letters represent significant differences between different time points in the high-alkalinity group (P<0.05).
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Fig. 6 The GSH and SOD enzyme activities of Eriocheir sinensis under saline-alkali stress
a. GSH concentration in anterior gills; b. SOD enzyme activity in anterior gills; c. GSH concentration in posterior gills;
d. SOD enzyme activity in posterior gills; e. GSH concentration in hepatopancreas; f. SOD enzyme activity in hepatopancreas.
Different small letters represent significant differences between different time points in the same stress group (P<0.05).
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Effects of saline-alkali stress on the tissue structure and antioxidant
capacity of Eriocheir sinensis in the Yellow River estuary

WANG Xiaofan, LIU Guotao, WANG Zhongkai, HAO Pengyuan, ZHANG Long, CHEN Yunxing, LI Yuquan

School of Marine Science and Engineering, Qingdao Agricultural University, Qingdao 266109, China

Abstract: To investigate the physiological adaptability of the Chinese mitten crab (Eriocheir sinensis) to
saline-alkali water environments from the Yellow River estuary, we constructed various gradients of salinity and
alkalinity, as well as single-factor stress of salinity (14 and 35 mmol/L) and alkalinity (26 and 55 mmol/L) and
combined saline-alkali stress (salinity, 6 and 14 mmol/L; alkalinity, 10 and 26 mmol/L). The crabs were subjected
to a continuous saline-alkali stress treatment for 96 h. We examined the survival rate of E. sinensis under
saline-alkali stress and the structural changes in the gill tissues (anterior and posterior) and hepatopancreas.
Additionally, the activity of the antioxidant enzyme superoxide dismutase (SOD) and concentration of glutathione
(GSH) in these tissues were measured. The results showed that E. sinensis from the Yellow River estuary had
notable tolerance to sodium chloride salinity and sodium bicarbonate alkalinity. The lethal concentration 50 (LCsg)
values at 24, 48, 72, and 96 h were 65.90, 55.39, 53.29, and 50.14 mmol/L, respectively, with a safe concentration
of 13.97 mmol/L. For alkalinity stress, the LCsy values at 24, 48, 72, and 96 h were 119.4, 86.48, 64.49, and
58.98 mmol/L, respectively, with a safe concentration of 25.96 mmol/L. Histological assessments showed that
under saline-alkali stress, the anterior gills suffered more damage than the posterior gills possibly because of their
roles in maintaining osmotic balance and ion exchange; thus, the posterior gills showed stronger tolerance to
saline-alkaline stress than the anterior gills. Moreover, alkalinity stress caused more severe damage at the tissue
level than salinity stress; furthermore, the degree of damage caused by the saline-alkaline interactive stress further
exceeded that of the damage caused by the individual stress factors. Under the continuous 96 h-saline-alkali stress,
the SOD activity and GSH concentration in the anterior and posterior gills of E. sinensis first increased and then
decreased. After 72 h, the SOD activity and GSH concentration significantly decreased to below the initial levels;
the SOD activity in the hepatopancreas significantly decreased after 24 h. These results indicate that E. sinensis
can activate its antioxidant system to adapt to saline-alkali stress; however, when the intensity of environmental
stress exceeds the coping capacity of its antioxidant system, the activity of antioxidant enzymes is suppressed.
Key words: Eriocheir sinensis; the Yellow River estuary; salinity; alkalinity; stress; tolerance; antioxidant enzyme;
saline-alkali water
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