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Abstract Objective To investigate the effect of Angelica sinensis polysaccharide (ASP) on intestinal injury in septic rats by regulating
the adenosine-monophosphate-activated protein kinase (AMPK) /Nod-like receptor protein 3 (NLRP3) pathway-mediated pyroptosis.
Methods A rat model of sepsis was created using cecal ligation and perforation surgery. The successfully modeled rats were separated
into a model group;low-, medium-,and high-ASP (ASP-L, ASP-M, ASP-H, respectively) groups;and an AMPK inhibitor group,with 12
rats in each group. Twelve rats in the same period were regarded as the sham group without cecal ligation. Hematoxylin and eosin staining
was used to observe the pathological changes in the small intestine of the rats and pathological scoring was performed. TUNEL staining
was used to detect intestinal cell pyroptosis ;immunohistochemical staining was used to detect NLRP3 expression in small intestine tissue;
Enzyme-linked immunosorbent asays were used to determine the serum levels of interleukin (IL) -18 and IL-18 and the activities of D-amino
acid oxidase (DAO) and intestinal fatty acid binding protein (iFABP) in the small intestine;and Western blotting was used to determine
the levels of gasdermin D (GSDMD), apoptosis-associated speck-like protein containing a CARD (ASC), cleaved caspase-1,and p-AMPK/

AMPK proteins in small intestine tissue. Results Compared with the sham group,the model group showed increased small intestine
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tissue Chiu score;apoptosis rate;and NLRP3,DAO,iFABP,GSDMD, ASC, cleaved caspase-1 and serum IL-18 and IL-13 levels and a
decreased p-AMPK/AMPK ratio (P < 0.05). Compared to the model group,the ASP-L, ASP-M, and ASP-H groups showed reduced small
intestine tissue Chiu score;apoptosis rate; NLRP3,DAO,iFABP,GSDMD, ASC, cleaved caspase-1,and serum 11.-18 and IL-1B levels
and an increased p-AMPK/AMPK ratio (P < 0.05). AMPK inhibitors weakened the inhibitory effect of ASP on small intestine tissue cell

apoptosis , and exacerbated intestinal injury (P < 0.05). Conclusion  ASP inhibited the activation of NLRP3 inflammasomes by activating

AMPK expression, thereby inhibiting pyroptosis and alleviating intestinal injury in septic rats.

Keywords Angelica sinensis polysaccharide; AMPK/NLRP3 pathway; pyroptosis; sepsis; intestinal injury
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ASP-HZH/NMAH A FET L (P < 0.05) ;4088 2.3 ASPRFREV/INZZH L NLRP3ZE A 524

A, sham group; B, model group; C, ASP-L group; D, ASP-M group; E, ASP-H group; I, inhibitor group.
B KR/NFALRERG HELRE x 200
Fig.1 Histopathological damage of rat small intestine HE staining x 200

F1 SARRNMFELFEIES . MEETERNLRPIRIEKELLE (x£s, n=6)
Tab.1 Comparison of histopathologic scores, pyroptosis rate, and NLRP3 expression levels in the small intestine of rats in each
group (x+s, n=6)

Group Chiu score Cell pyroptosis rate (%) NLRP3 positivity rate (%)
Sham 0.24 +0.08 2.36+0.58 2.83+1.05

Model 459 +0.19" 35.47 +2.69" 32.97 +2.54"

ASP-L 3.64+0.17" 29.81 +2.45” 25.86 +2.31”

ASP-M 248 +0.16™ 21.75 + 1.96” 18.49 + 1.25”7
ASP-H 1.52+0.14”7% 13.52+1.1877% 10.83 £ 1.1977
Inhibitor 2.97£0.15” 2497 £1.15” 20.97 +1.35”

1) P < 0.05 vs. sham group;2) P < 0.05 vs. model group;3) P < 0.05 vs. ASP-L group;4) P < 0.05 vs. ASP-M group;5) P < 0.05 vs. ASP-H group.

A, sham group; B, model group; C, ASP-L group; D, ASP-M group; E, ASP-H group; I, inhibitor group.

E2 XE/NHEAMMEET TUNELZE x 200
Fig.2 Pyroptosis of rat small intestine cells TUNEL staining x 200
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A4 FShamZH , Model 2H K BRUIMLTE HTL-18 \TL-18
KT (P < 0.05) 5 #H5EFModel 4, ASP-L  ASP-M
ASP-HAL IfiL 7 FPTL-18 IL- 187K FF# 1K (P < 0.05) 5 A
BT ASP-HEH, #0770 28 K BRI HHIL-18 \IL-1B7K P
FFE (P<0.05) L2,

2.5 ASPXFRER/NAZZIHFDAO iFABPAYF IR

A, sham group; B, model group; C, ASP-L group; D, ASP-M group; E, ASP-H group; I, inhibitor group.
B3 fEARUFERNNGHELAHRNLRP3HRE x 200
Fig.3 Expression of NLRP3 in small intestinal tissues detected by immunohistochemistry x 200

F2 FBHEARMBEFRIL-18, IL-1B7KTFLLEE
Tab.2 Comparison of serum levels of IL-18 and IL-1B in rats of each group

Group n IL-18 (ng/L) IL-1B (ng/L)
Sham 12 4537 £4.18 24.76 +2.09
Model 12 164.12 = 11.37" 11253 + 7.64"
ASP-L 12 13520+ 11.15” 85.64 + 6.29”
ASP-M 12 101.97 + 10.84"Y 64.73 + 4.82”"7
ASP-H 12 62.38 +7.197% 32.51 £2.50”%%
Inhibitor 12 124.65 + 12.18” 7439 £ 8.05”

1) P < 0.05 vs. sham group;2) P < 0.05 vs. model group;3) P < 0.05 vs. ASP-L group;4) P < 0.05 vs. ASP-M group;5) P < 0.05 vs. ASP-H group.
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HH %5 T ModelZi , ASP-L ASP-M . ASP-HZ1 K FGSDMD
ASC .cleaved caspase-13% A [ 1K, p-AMPK/AMPK %
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AMPKFIAFEAR (P <0.05) o ULIE4 4.
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®3 FBAXRMFHALHDAO. IFABPEIELLE (x£s, n=6)
Tab.3 Comparison of DAO and iFABP activities in small intestinal tissues of rats in each group (x s, n=6)

Group n DAO (ng/mL) iFABP (ng/mL)
Sham 6 28.94 +3.56 2.05+0.31
Model 6 167.31 +11.48" 15.78 +2.04"
ASP-L, 6 125.82 + 10.64” 12.35 + 1.76”
ASP-M 6 89.45 + 6.73V% 8.41 +1.207"
ASP-H 6 42.59 + 528799 3.79 £ 1.12799
Inhibitor 6 117.41 £9.50” 10.64 +1.35”

1) P < 0.05 vs. sham group;2) P < 0.05 vs. model group;3) P < 0.05 vs. ASP-L group;4) P < 0.05 vs. ASP-M group;5) P < 0.05 vs. ASP-H group.

GSDMD = D S e w—— —

ASC 7 D G c— — —

Cleaved caspase-1 =~ ™ B —
PAMPK e — e —

AMPK S v w— — — —

GAPDH v s e e wu s

1,sham group;2, model group; 3, ASP-L group;4, ASP-M group;5, ASP-H group; 6, inhibitor group.
B4 FBHAXBRNMNFARPETHEXEARP-AMPK/AMPKE B LR
Fig.4 Comparison of focal-death-related proteins and p-AMPK/AMPK proteins in rats small intestinal tissues of each group

F4 BSARRMFELRETHEAEARP-AMPK/AMPKEALLE: (x+s, n=6)
Tab.4 Comparison of focal-death-related proteins and p-AMPK/AMPK proteins in small intestinal tissues of rats from various groups

(x+s, n=6)

Group GSDMD/GAPDH ASC/GAPDH Cleaved caspase-1/GAPDH p-AMPK/AMPK
Sham 0.23 +0.05 0.13 +0.05 0.41 +0.07 0.98 + 0.07
Model 1.78 £0.14" 1.54 £0.12" 1.89 £0.15" 0.10 £0.02"
ASP-L 1.46 +0.13” 1.19+0.11” 1.42+0.13” 0.35 + 0.05”
ASP-M 0.98 +0.11” 0.78 + 0.09” 1.06 +0.117" 0.59 +0.07""
ASP-H 0.57 +0.08”""¥ 0.32 +0.06”""* 0.59 + 007 0.96 + 0087
Inhibitor 1.23+0.12” 0.96 +0.10” 1.34+0.12" 0.41 +0.06”

1) P < 0.05 vs. sham group;2) P < 0.05 vs. model group;3) P < 0.05 vs. ASP-L group;4) P < 0.05 vs. ASP-M group;5) P < 0.05 vs. ASP-H group.
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