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Abstract: An acute semi-static toxic test was carried out to study the modulation of antioxidant enzymes such as
superoxide dismutase (SOD), catalase (CAT) and malondialdehyde content (MDA), which was the main product of
lipid peroxidation, at 12, 24, 48 and 96 h in hepatopancreas when Eriocheir sinensis was exposed to different aver-
mectin concentrations including 1.6, 8.0 and 16.0 wg-L™". Histological structure and color variations of hepatopan-
creas were observed on day 60 in test group, blank group and vehicle group, respectively. Three different avermec-
tin concentration groups were test groups, and blank group and vehicle group were control groups. Results were as
follows: (1) The three indicators had no significant differences at different time in both vehicle group and blank
group, and vehicle group also had no obvious differences from blank group. SOD and CAT activities at the concen-
tration of 1.6 pg-L™" also had no significant differences from control groups (P>0.05). The activities of SOD and
CAT showed the similar variation in 8.0 wg-L" group, and they were induced continuously throughout the experi-
ment. SOD activity increased extremely significantly compared with blank group (P<0.01) after 24 h, and CAT ac-
tivity was extremely significantly higher than blank group after 48 h (P<0.01). SOD and CAT activities were all in-
duced between 12 h and 24 h at the concentration of 16.0 pg-L", but SOD activity decreased significantly after 48
h (P<0.05). At 96 h, the activity of SOD was extremely lower than blank group. However, CAT activity was still
extremely significantly higher than blank group (P<0.01). MDA levels of test groups gradually increased along
with the increase of stress time of avermectin, and the oxidative stress indicators of low avermectin concentration
group varied less than that of high concentration group. (2) Histological structure and color of hepatopancreas were
affected at different degrees at different avermectin concentrations for 60 days. The hepatopancreas of E. sinensis of
control groups was normal, but hepatopancreas of test groups changed from orange red to light yellow, yellowish-
white or stark white. The percentage of white hepatopancreas of 16.0 pg-L"', 8.0 wg-L" and 1.6 pg-L" groups
was 66.6%, 57.1% and 25.0%,, respectively. Histopathological analysis revealed the different pathological lesions
of hepatopancreas of different colors. The number of B cells of hepatopancreas was decreased, and some hepatic
cells were swelling and had cavity in hepatopancreas of light yellow. When the color of hepatopancreas changed to
yellowish-white, the degree of deterioration of hepatopancreas aggravated. The number and volume of vacuoles in-
creased, some contents were present in the vacuoles, and nucleus were pyknotic. In the white hepatopancreas, the
basement membrane became thicker, some hepatic cells were crushing and many cell debris appeared in the lumen,
many vacuoles existed between the basement membrane and epithelial cells, and the physiological function of hepa-
topancreas was impaired. The results indicated that avermectin could result in oxidative stress and tissue damage in
hepatopancreas of E. sinensis, and the oxidative stress effects and the degree of pathological lesions had a dose-
effect relationship with avermectin.

Keywords: avermectin; Eriocheir sinensis; oxidative stress indicators; hepatopancreas structure
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1 ## 57 % (Materials and methods)
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B AR R (5.4+0.68) ¢, TEE NE = — &, 1 4E
DEIEIUT R T 5% HRSE I, Bk £ B | B A
4 RUASARXS — B S AT IR 18R K Ry 7843
BRI R K KR 22~23 °C,pH Ky 7254015,
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FILL(CK)RNZS P LR Ry o B AT, ¥ 700 26 v P A 5 1
55 I A SEBS AAR ], B2 R 3 NPT
1.3.2 SR ME A AR AR A

B HAE B h ARG B 12 24 48 .96 h Z )5, )L
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Fig. 1

Effects of avermectin on SOD activities in hepatopancreas in E. sinensis

Note: Different capital letters indicate significant difference between groups at 0.01 level; different small letters mean significant

differences between groups at 0.05 level; the same letters indicate no significant difference between groups. The same below.
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Fig. 2 Effects of avermectin on CAT activities in hepatopancreas in E. sinensis
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Fig. 3  Effects of avermectin on MDA concentration in hepatopancreas in E. sinensis
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(K 5-4),

4 PUYEE R e X e B AT RIR AR B B AR
T i Sk PR 4 P AR OB AT IBER 1. TE R B RO RT IR N R 0 (0 2. HFIBEAR 2 2 SR B (25 3. TR ZZ 2 B (054, AT R I H B

Fig. 4 Effects of avermectin exposure on the color of hepatopancreas in E. sinensis

Note: Hepatopancreas were indicated by arrows. 1. The healthy hepatopancreas showed orange in color; 2.the color of hepatopancreas

turned into light yellow; 3. the color of hepatopancreas turned into yellowish-white ; 4. the color of hepatopancreas turned into white.

R1 FEIPHERRREH s BB R R IIRRE AT S /L fi

Table 1 The percentage of different lesion degrees of hepatopancreas of E. sinensis
exposed to different avermectin concentrations
HeA1/%
o 24k A 22k Percentage/%
Avermectin concentration RN A =liE
Light yellow hepatopancreas Yellowish-white hepatopancreas White hepatopancreas

0.0 0.0 0.0 0.0
CK 0.0 0.0 0.0
1.6 wg-L! 37.5 375 25.0
8.0 pg-L! 143 28.6 57.1
16.0 pg-L! 10.1 233 66.6
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B 5 PgeERpa Xt piesl B TR AR A R AR R0
TE: 1 B HF/NE T4 MR RS A (Lu) W e, A2 TR AL T 2R, 7R Bm(ETBE)  Be(2 A4 ML) |
Fe(W i) Ec ZRAROTEAN) ; x400 ;2. P B (T IBENR , HT A ML R I8 50 2 A A8 vk , A% T 40, 73 25 00 (V)
(L) FEBE(Bm) ; x400; 3.3 1 OATBRAR , 25 Bk 2 B G, 250 i HE B 900 5 X400 5 4.
P IBENR , JESEI4JEE | SR B 2R b e 2 =2 ] R B A 29, b S A I 7, IO AV IS, 2 145 ; x 400,

Fig. 5 Effects of avermectin on histological structure of hepatopancreas in E. Sinensis in different colors

Note: 1. Control group, normal hepatic lobule; hepatopancreas cells arranged well; lumen (Lu) was clear; nuclear circle located at base;

the arrows point to the basement membrane (Bm), B cells (Bc),

F cells (Fc), E cells (Ec); x400. 2. Hepatopancreas showed light yellow in color; some hepatic cells were

swelling and had cavity; nucleus were pyknotic; the arrows point to vacuole (Va), lumen (Lu),

basement membrane (Bm); x400. 3. Hepatopancreas showed yellowish-white in color, enlarged size

and increased number of vacuoles; some contents appeared in the vacuoles; x400. 4.

Hepatopancreas showed white in color; the basement membrane became thicker; many vacuoles appeared between

basement membrane and epithelial cells, many epithelial cells fell off; nucleus were pyknotic; x400.

3 1718 ( Discussion)
3.1 B4R R AR G B Y FE LB

3 WHO AR i, BT 2t 7 2 K2 o 26 3 1
AR BRI R B G Y™, PR R
2 REME BRI B AL R 2 0] ME T &M 145
CI'#l GABA 21k, B2 v 25 38 i/ F 3 e 1 14
AR TR GABA |45 5 Tl , Hom T &8
TR S, 5 A FEE KA RIS, & TR
T, BT T 2 LA Z (R 15 S 153k, 5 ek
YIURAT Bl 2 7, BRI RR 95, 02 63 0 2D, I 45T
T FEARSCE R W, P AR R B A R I Y
B RS A Iz 2t /0 45 vl i bR A o) 4 1 25 1) B

PEAEFBLRIAEST
3.2 BT TR 2R X AR SRS S A E T 4 R k)
HSE sl ) BT AR R S e, G 32 o it 40
5 i 2 L 3 A B R ) T SR Al S T T R AR
FGEE 22 P e IR 4l ™, o SOD Al CAT J&
HUAPL AL 2 G 10 S HE , MDA J2: fig i ad S 4k 1Y
R =W, 3K 3 AN AR 7 A8 A RE S W HLAA 52 S8 AL 4
YRR
AGRIS H, 7E 3 AR By 4 B 2 2
12 h ZJ5 , 4525604 SOD Fl CAT W36 S 47t &, i
JEERR Y MDA 5 i, EL e v B 20 9 A8 R i
BERF i ARV LA, UEBH T BT 2 ) R ) AR gl B g
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T T A, BT TR 2R 5 B Y SOD AN
CAT 15 M B A — & M 7 200 ¢ &, 7E 24 h i,
SOD Fil CAT i J1 4k &9k i 5 H AR fb#a #45— 2, Ut
AF AT R %) BT 24 T 28 6 R AR R B 7 A T O
N BERR T THBR BRI B2 I, B 20 = SOD
Il CAT, (HZ 4 itk , LR Y MDA & it 4k 22 7+
1=, Ui AR RN 245 T SOD Fll CAT BT J7,
{RRMURATISR AL TR B i SR A . 7F 48 h £ 96
h 22 [8], CAT 7% J1Fl MDA & &4kSe T B2k
FEZHAY SOD ¥ JiFF1f R I, i W] SOD & AN g S B
216 Hh BT B R a0 7 A T MR A A 3, R g
P A G R T SOD y3E 41,

Wi 5 K 2 LoV I Y BT 4 1 2 %o L JFFJ)E SOD
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