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Fig. 1 The whole blood apoptosis chart of C. auratus detected by Annexin V-FITC/PI

(a) is the SSC-FSC scatter plots of crucian carp, the (b) is the voltage regulation diagram of FL1-FL3; according to the cross gate in (b), cells were
divided into B1, B2, B3 and B4 four regions, cells in the B1 region representing PI positive and FITC negative were necrosis cells; cells in the B2 region
were PI and FITC double positive cells, which were called late stage apoptotic cells; cells in the B3 region representing PI and FITC double negative

were normal cells; cells in the B4 region were PI negative and FITC positive cells, which were early stage apoptotic cells
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Fig. 2 SSC-FSC scatter plots of C. auratus
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Fig. 4 Apoptosis rate in C. auratus blood cells

Data with different lowercase means significant difference from other

groups at the same time (P<0.01)
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Tab. 1 The cell cycle changes of the experimental fish blood cells infected with A. veronii after 24 h %
M group Go/G1 G2+M sub-G1
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e RAPFE—IIRA AN FNG TREROR IR S5 R A . 2 (P<0.01)

Notes: data with different lowercase means significant difference from other groups at the same column (P<0.01)
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Fig. 5 The fluorescent image of C. auratus apoptosis
blood cells stained by Annexin V-FITC and PI

1. early stage apoptotic cells; 2. late stage apoptotic cells; 3. necrotic

cells
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Effect of Astragalus polysaccharide and Angelica sinensis polysaccharide on
apoptosis of Carassius auratus induced by Aeromonas veronii

REN Shengjie, WU Qing, ZHANG Zuo, YUAN Wenqing, CHEN Lan, ZHENG Shuming "
(Key Laboratory of Aquatic Science of Chongqing, Southwestern University, Chongging 402460, China)

Abstract: The present study aimed to evaluate the effect of Astragalus polysacharide (APS) and Angelica sinensis
polysaccharide (ASP) on the cell apoptosis of Carassius auratus induced by Aeromonas veronii. Negative control
group, positive control group, APS group and APS group (four groups) were set up in this experiment.
Experimental fish was infected with 4. veronii. The changes of apoptosis rate and cell cycle in blood cells were
determined by flow cytometer. The morphology of apoptosis cells were observed by fluorescence microscopy and
transmission electron microscopy (TEM). The results showed that the blood cell apoptosis rate of the positive
control group was significantly higher than those of two polysaccharide groups and negative control group after
being infected with A. veronii. Polysaccharide groups could significantly reduce the apoptosis rate and APS group
had more significant effect than ASP group. Karyopyknosis appeared in the liver cells and the head kidney
lymphocytes of crucian carp. Besides,chromatic agglutination adjacent to the nuclear membrane and apoptotic
bodies appeared after the infection. Compared with the negative control group, the A. veronii infection could
significantly decrease the percentage of S/G2+M phase cells and increase sub-G1 phase cells in crucian carp blood
cell cycle and the infection had an effect on inhibiting cell division and inducing apoptosis. Compared with the
negative control group, the proportion of G0/G1 and sub-G1 cells in the polysaccharide group was significantly
reduced, and the proportion of S/G2+M phase cells was significantly increased, which indicated that
polysaccharide groups can promote cell division and inhibition of apoptosis. Based on the above results, we found
that APS and ASP could effectively inhibit crucian carp apoptosis induced by A. veronii when the addition was
1%.

Key words: Carassius auratus; Astragalus polysacharide; Angelica sinensis polysaccharide; Aeromonas veronii,
apoptosis
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Plate | The blood cell apoptosis flow chart of C. auratus
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Plate I The cell cycle flow chart of C. auratus blood infected with A. veronii after 24 h

1,2, 3, 4 represent the C. auratus blood cell cycle flow chart detected after 24 h of negative control group, positive control group, APS group and ASP

group, respectively
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Plate I The fluorescent images of C. auratus apoptosis blood cells stained by
Annexin V-FITC/PI at different detection time (%X200)

A, B, C and D respectively represent the negative control group, positive control group, APS group and ASP group. 24, 48, 72 and 96 respectively
represent the hours after the attack. The arrowhead in figure means: 1. early stage apoptotic cells, 2. apoptotic cells at the middle and late stages, 3.

necrotic cells
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Plate IV The liver cell apoptosis ultrastructure of C. auratus

1-4 represented the crucian carp liver cells’ ultrastructure of negative control group, positive control group, APS group and ASP
group infected with A. veronii after 24 h respectively. N is the nucleus of the liver cells of C. auratus, and AB is the apoptotic body 1. in the negative
control group, C. auratus liver cell nucleus presented regular shape and the chromatin distribution was very uniform (arrowhead N); 2. in the positive
control group, the liver cell presented chromatin condensation, nuclear condensation (arrowhead N) and obvious apoptotic bodies (arrowhead AB); 3. in
APS group, the liver cell presented chromatin condensation, nuclear marginalization (arrowhead N) and apoptotic vesicles appeared on the edge of the

liver cell. (arrowhead AB); 4. in ASP group the liver cells appeared nuclear condensation, chromatin condensation (arrowhead N) and apoptotic bodies
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Plate V  The ultrastructural changes of lymphocyte apoptosis in the head kidney of C. auratus

1-4 represent the crucian carp pronephros cells’ ultrastructure of negative control group, positive control group, APS group and
ASP group infected with A. veronii after 24 h respectively. N is the nucleus of the renal tissue cells of C. auratus, CV indicates vacuolization of cells
and AB represents apoptotic bodies 1. in the negative control group, lymphocytes of head kidney presented uniform chromatin distribution and the
nucleus appeared regular shape (arrowhead N ); 2. in the positive control group, the lymphocyte nuclear presented chromatin condensation (arrowhead
N) and there was a obvious cell cavitation phenomenon (arrowhead CV). Besides, there were there were some apoptotic bodies appear in the figure
(arrowhead AB); 3. in APS group, the lymphocyte cell presented chromatin condensation(arrowhead N), and there was an obvious phenomenon of
cavitation on the cell edge (arrowhead CV); 4: in ASP group, the lymphocyte cell presented nuclear condensation (arrowhead N) and there was an

obvious phenomenon of cavitation on the cell edge (arrowhead CV)
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