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Protective effect of chrysin regulates AMPK-NLRP3 signaling
mediated pyroptosis to alleviate hepatic fibrosis
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Abstract: This study investigated the protective effect of chrysin on hepatic fibrosis by regulating AMP-
activated kinase (AMPK)-NOD-like receptor protein 3 (NLRP3) mediated pyroptosis pathway. The hepatic fibrosis
model of mice was established by thioacetamide (TAA) in vivo. Except the control and chrysin alone groups, the
mice were injected intraperitoneally with TAA at 100 mg-kg"', three times per week for the first week. From the 2™
to 5" week, mice were injected intraperitoneally with TAA at 200 mg-kg”, three times per week for the next
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4 weeks. Chrysin groups were intragastrically administrated once per day to 5" week. The histopathological
changes were detected by HE and Masson staining. The levels of serum aspartate aminotransferase (AST) and
alanine aminotransferase (ALT) were assessed by the kits. All animal experiments were approved by the Medical
Ethics Committee of Affiliated Zhongshan Hospital of Dalian University (DWLL2019060). LX-2 cells were
stimulated by (transforming growth factor-f, TGF-f) in vitro. The protein expressions of AMPKa, p-AMPKa,
NLRP3, cysteinyl aspartate specific proteinase-1 (caspase-1), gasdermin D (GSDMD) were detected by Western
blot, and the mRNA levels of collagen-1, a-smooth muscle actin (a-SMA), interleukin-14 (IL-1/5), IL-18, caspase-1,
GSDMD were analysis by reverse transcription-polymerase chain reaction (RT-PCR). Chrysin attenuated the
increases in serum AST and ALT levels in the TAA group, while significantly improved the changes of liver
morphology, reduced liver tissue inflammatory cell infiltration and inhibited collagens deposition. Compared with
TAA group, chrysin effectively activated AMPKa phosphorylation and inhibited hepatic NLRP3 inflammasome
activation. Additionally, the protein expressions and mRNA levels of IL-15, IL-18, caspase-1 and GSDMD in
chrysin groups were decreased. Chrysin inhibited the expressions of collagen- I and a -SMA, enhanced the
phosphorylation of AMPKa, and decreased the expressions of NLRP3 and GSDMD. Therefore, chrysin may
inhibit inflammatory injury and pyroptosis possibly by activating AMPK and inhibiting NLRP3 inflammasome to
alleviate hepatic fibrosis.
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Figure 1
mice. n = 8, x £ 5. "P < 0.001 vs control group; P < 0.001 vs
TAA group. AST: Aspartate aminotransferase; ALT: Alanine
aminotransferase; TAA: Thioacetamide (200 mg-kg'); CHR:
Chrysin (mg-kg")
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Table 1  Primer sequences of PCR. a-SMA: a-Smooth muscle actin; IL: Interleukin; Caspase-1: Cysteinyl aspartate-specific proteases-1;

GSDMD: Gasdermin D

Gene Species Primer sequence (5’ to 3") Product length/bp

Collagen-I Mus musculus F: TGAGTCAGCAGATTGAGAAC 301
R: TACTCGAACGGGAATCCATC

a-SMA Mus musculus F: CATCAGGGAGTAATGGTTGG 339
R: TACTCGAACGGGAATCCATC

IL-1p Mus musculus F: GTACATCAGCACCTCACAAG 268
R: CACAGGCTCTCTTTGAACAG

IL-18 Mus musculus F: GATCAAAGTGCCAGTGAACC 233
R: AACTCCATCTTGTTGTGTCC

Caspase-1 Mus musculus F: ACAAGGCACGGGACCTATG 237
R: TCCCAGTCAGTCCTGGAAATG

GSDMD Mus musculus F: CCATCGGCCTTTGAGAAAGTG 170
R: ACACATGAATAACGGGGTTTCC

GAPDH Mus musculus F: AGCCAAAAGGGTCATCATCT 229

R: GGGGCCATCCACAGTCTTCT

2 BHENNRAALRET RN

HE 4245 3 (K 2A) Bor, X HEZH S spopiish 245
W2 AL/ B /N S 4 HEFIRUN . TAA ZH /)N B/
W55 46 2R L, 21 4E (R B& X 8038 hn, 2 PR 40 iR i 3G 2 .
Masson 45 3 (& 2B) 1 UL, XJ HE 40 K Bk 4h 25 AL 2%
T 2H 23S K 58 B, TAA BT ZH 178 X AT IR DR 41 4,
L R AE IR . R 3R % 4 2 AL B UK R Y
I, AT B 8 A SO0 B AL S R IR TR, B B
FAE— R L RRE AR AV A IR, S2 % TAA P
HF AL -

A Control ] C50
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3 BHEINNEAFAETF collagen-1.a-SMA FRiXRIFN
Western blot /2 RT-PCR 25 1 27 (K 3), 5% 4
b %, TAA 7 41 collagen- 1. a-SMA & [ % ik &
mRNA /K72 8 2% T (P < 0.001), A% & L &
H I ReNS B WA 3 Rk (P <0.001).
4 B#HEIFNFRAFES IL-18.1L-18 RIAKI SN
TL- 15815 A 7 4 Ak R r () S8 L1 A, R (it it
JHF B2 R0 i PO 385 BRI A, A0 BT AR KT B
WK 4FT R, 55X A M, TAA B 41 IL-18.1L-18
E 1315 S mRNA ZKF W80 (P < 0.001); 55 TAA

TAA

Histopathological scores

Positive area / %

Figure 2 HE (A) and Masson (B) staining of mice livers (x200). n = 3, ¥ 5. P < 0.001 vs control group; ~"P < 0.001 vs TAA group.

Scale bar: 100 pm
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Figure 3 Effect of CHR on protein expression (A) and mRNA levels (B, C) of collagen-1 and a-SMA in mice with TAA-induced liver

fibrosis. n = 3, X £5. ™P < 0.001 vs control group; P < 0.001 vs TAA group
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Figure 4 Effect of CHR on protein expression (A) and mRNA levels (B, C) of IL-1§ and IL-18 in mice with TAA-induced liver fibrosis.
n=13,x+s. ™P<0.001 vs control group; P <0.001 vs TAA group
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Figure 5 Expression of CHR on p-AMPKa and NLRP3 in liver tissues of mice with TAA-induced liver fibrosis (x 200). A: Immunostaining
of liver sections for p-AMPKa; B: Immunostaining of liver sections for NLRP3. Scale bar: 100 pm; C: Western blot analyses of p-AMPKa
and NLRP3. n = 3,X £s. "P < 0.01, P < 0.001 vs control group; P < 0.01, ""P < 0.001 vs TAA group. AMPK: AMP-activated kinase;
NLRP3: NOD-like receptor protein 3
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Figure 6 Effect of CHR on protein expression (A) and mRNA levels (B, C) of caspase-1 and GSDMD in mice with TAA-induced liver
fibrosis. n = 3, X 5. "P < 0.05, P < 0.001 vs control group; "P < 0.05, ""P < 0.001 vs TAA group
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Figure 7 Effect of CHR (12.5, 25 and 50 umol-L™) on protein expression of collagen-1, a-SMA (A) and p-AMPKa, AMPKa, NLRP3,
GSDMD (B) in LX-2 cells induced by TGF-. n = 3, X +5. P < 0.001 vs control group; P < 0.001 vs TGF-§ group. TGF-4: Transforming

growth factor-f (5 ng-mL™)
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i) 75 AT HE T 1X — i AR, 2% B g R 41 BRI AT O AR A
J A T 400 L = A S, RS 5 AR AR 1
W TSR B, FFARAE R A2 AR T2 IR RIS e /MR R 54, 40
P4 98 4 /A AT B HSCs N &, B & 3 B HSCs 15 LI
(I 33 A P9 U 98 E R4 4E 40P, 75 40 i A T R AR
41 L B CIL-15 A TL-18. Horp IL-15 AE 65K B k% 41
L 5Pk 2 L RS SRDR 4 6 5 B F JHF I v, X B g
Al LA HSCs A BAE H, (R AF 4eqb it & e B il
TR TSR B, IR 2R RE AN TAA 75 S0 IL-18 L 1L-18
KT, BEBH % 5 BE S DR TAA 5 1 980 I N 1T 2%
R IF AR 4Eq . W 048R 7R, 7E 45147 H NLRP3 4 M/ MAk
H O 5 B HSCs 7 8 W0E 38 58, 1T {4 caspase-1+
ASC ¥ X IL-1877 42, T I0 R 45 45 3 F22 . 7E2H
MR T I RE T, 98 1 /N 1) 25 TE 2 S B8 R caspase-1 3
TS HI AT 2, NLRP3 5 caspase-1 #H HAE R, 4025 9 4 1%
IR AW, BT S B SR S g S B
I R B, GSDMD 4 {40 2 A, &5 G 4t B Jo3 i Hh g 7 JUL
B, TE R SR AL, T ES 2O A gl i A T, T
It 2 2 2 B AMPK [R5, REF A4 RRH, B
Wi & fe 5 BEAK TAA 5 5 () NLRP3 . caspase-1 . GSDMD
23K, #H] HSCs # NLRP3 . caspase-1.GSDMD ] 2
HRE, #2778 B8 & v LU 3 AMPK 80, 49 4

NLRP3 4% Y /NETE B, 9805 40 M £ 1, AT & 5 6t
TAA FT ST AR 4L I BR YR

g B ATIR, A R AT RS I TS AMPK 1
NLRP3 % PE/INMARTE B, 98055 98 RE FO4H 0 £E T, AT
NI L4t . AR ST T AMPK-NLRP3 3 #% £
I8 20 TAA /N R 4k P AR E T, i3 — 2D 3
BT AR EAEH, O B T R YR T A 4
1., FRAL TRl 2 A 2 ) SE IR AR I

13 ST 5K T2 ORI ZE I AR 97 51 58 A 8 SER B 9T 9K
T 2R AL RV G ST R B S AR B M AR 5K TR
AN 51 5T 58 R 5 18 SC AR # 53 AL 4 SO0 A TR SR
Bt BT R T 5B E0RSCTAE.

P T I AAEAE R 2R o 5%
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