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Mechanism of Xuguan Ruanhua Pill( 11 & %x{t ) Regulating AMPK/NLRP3
Signaling Pathway Against Atherosclerosis
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(1. Henan Province Hospital of Traditional Chinese Medicine ,Zhengzhou 450002 , Henan , China;
2. Henan University of Chinese Medicine ,Zhengzhou 450046 , Henan , China)

Abstract; Objective To investigate whether Xuguan Ruanhua Pill ( [il% #fk L) can improve atherosclerosis in APOE -/ —
mice by regulating the AMP - activated protein kinase( AMPK)/NOD - like receptor thermal protein domain associated protein 3
(NLRP3 ) pathway and inhibiting cellular death. Methods Ten C57BL/6] mice were used as blank control group. Sixty apolipopro-
tein E knockout( APOE -/ - ) mice were randomly divided into model group,Xuguan Ruanhua Pill low — dose group, Xuguan Ru-
anhua Pill high — dose group, atorvastatin group , Xuguan Ruanhua Pill high dose + AMPK inhibitor combination group and AMPK
inhibitor group,and were given high — fat diet to construct atherosclerosis ( AS) mouse model for 18 weeks and were given different
methods of intervention in the 13th week. Different methods of intervention were given,and the samples were taken 6 weeks after
the intervention,and the levels of triglyceride (TG ) , total cholesterol (TC) ,low density lipoprotein — eholesterol ( LDL - C) and
high density lipoprotein — eholesterol ( HDL — C) were detected respectively in each group. The pathological and morphological
changes of mouse aortic tissues were observed by HE and Oil Red O staining. The levels of interleukin(IL) — 1B and IL - 18 in
aortic tissues were determined by ELISA jand the protein expressions of AMPK,P — AMPK,NLRP3, Cleaved — Caspase 1 and GS-
DMD - N were detected by Western Blot. The P — AMPK and NLRP3 protein distribution in the aortic root was detected by immu-
nofluorescence method and transmission electron microscopy was used for the observation of aortic endothelial ultrastructural
changes. Results Compared with those in the control group,the model group had significantly higher serum levels of TG, TC and
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LDL - C,significantly lower HDL — C levels( P <0. 01 ) , disorganised cell arrangement in the aortic root and obvious fat vacuoles,

significant atheromatous plaque deposition in the aorta,significantly lower levels of P — AMPK protein expression, and significantly
lower levels of NLRP3, Cleaved — Caspase 1 and GSDMD — N proteins were significantly increased( P <0. 05 or P <0.01). Com-

pared with those of the model group,the lipid disorders were improved in the high and low dose groups of Xuguan Ruanhua Pill

and the atorvastatin group,and the degree of aortic tissue and cytopathic lesions were reduced, with a significant increase in the

expression level of P — AMPK, and a significant decrease in the expression levels of NLRP3,Cleaved — Caspase 1 and GSDMD —
N proteins( P <0.05 or P <0.01). The expression levels were significantly reduced( P <0.05 or P <0.01) ,and the levels of
IL - 1B and IL - 18 were significantly reduced( P <0.05 or P <0.01). Compared with those of the Xuguan Ruanhua Pill high
dose + AMPK inhibitor group,the level of coagulopathy — associated proteins in the Xuguan Ruanhua Pill high — dose group was

significantly reduced( P <0.05 or P <0.01) ,and the degree of damage to aortic endothelial cells was attenuated , while that in

the AMPK inhibitor group in contrast. Conclusion Xuguan Ruanhua Pill may exert a protective effect on atherosclerotic mice by

regulating the AMPK/NLRP3 pathway to reduce cell death.

Keywords : Xuguan Ruanhua Pill ( [fi. 5% fk AL ) ; atherosclerosis ; AMPK/NLRP3 signalling pathway ; pyroptosis
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REY P BRI FRET, E ALK 5 B S AR [ (oxidized low — density
lipoprotein, ox — LDL) A] LA i NOD #£ 52 {2 (1 25 A4 Sl AH O
% 1 3 (NOD - like receptor thermal protein domain associated
protein 3, NLRP3 ) 43 AE/IMA G , NLRP3 4 AE/MA R IEE 2 5
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S O AR B DR 2 TR R S 24 R 2 A N R IR 2 B e
S F HEAT AR AU A SR T BB KR A T
JEIU) 55 T GONT B 2 SE B B ) 14 DGR AR B At 1S
DWLL202209012

36

1.2 X5 AMPK M4 54L& 4 C(Compound C) ($345:
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nm) , SR J5 FIE A BS BB MK R A RSN e e . 7E35
SR VRLBE T WL I A DY B2 4 L PN B B A o
2.10  FitFE a4t HI SPSS 22. 0 B xS e Fid i 47 e it
oM. TR ORI IS £ hRuEZE (v £ 5) FoR, 2T TR
UNIE 243 A HoJr 2257 M, 4] B BR A S R 28 0 224500, L
P<0.05 hESAGIU¥E L.
3 #R
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AENFE R 1EREIR, HIEFAM L, BRI /B
TC.TG J LDL - C /KB i 7+ 5 , HDL — C /K-F- B L FeAI% s 5
FATZH A L, 055 3R AE ALTR Y7 4 B BT FE AR A 7T 4 /N B TC . TG
B LDL = C KPR [, HDL = C 7K SF- b 5 1 5 5 70 2= 1l 87 %K
AL B B 4/ B TC TG & LDL - C 7KF | 7, HDL -
C 7K B, H 5 B i s e S5 AMPKC A1 55 1) /0 BRURL LG, BB
Arel/N BRSO E AL S B (R 1), ] W, 1
ERALALRB IS A 50k AS /N AR 3T, 7] AMPK (3%
TR 23U 559 I A8 Ak AL A 3 ) B 1
3.2 mAERAAXN DR ESHGEF RN E AdHETTXV E
1R, S A AL 23 3 APOE ™~ /N (R 5 3l ok 946 4% B8 1k 95
A5 S IEH AU b, B 2 /)N BR 3 3 ik B AR 3 s IR BH S i B
POt SRR L, I F A AL AR S 2 AT R fl 7T

20 /0N R B R B R OB R W Sk i, F v v ) i 4 S AR
] BTV T A [ ) 22 AR BA SRR L, Badl
/N BRI 5 B0 R RE R TR 0 A AL A Ak S s 7R B /N BRI R
¢ Compound C H/INRIEEE (3R 2) o $RR B AL LA BEAE S
Pk RERE 1L 2L PR VE I Compound C %% 1 I 45 4k 1k
FUXS B KR R A DR

3.3 mMAKNMAM DR EDRERERSKLNEH  WIH
TUXVIE 2 Fi7n, 16 2 sl Bk AL 2R g 4 SE 2, P J 4t ffg 52 2 HL
HEGA T 5 5 155 4UAH B, B 20 T URER 21 o8 S AR % , £ 50
IWKEF AE 2B, B0 5 M JoT A IH (] Bt 25 B ol A BB, JE
JREF i 4 Ll 2 A s SRR H AR, IS A AL i TG
R BTTAR A T 2L P 290 A 95 BT 245 A0 AR D , 9 A8 DX 3174 . U 41
ML R JB8 i 1 A i/ 5 5 v 0 S I R A AU ZEAH L, B R
S5 AMPK 10 0] 64 708 B 32 20 ik 5% o 242 19 100 13 S, L 9 728 o ™
ISR Bl T 5 AMPK il 1 /R (3R 2) .

3.4 MmAERMAM DR EF AL A IL-1B.IL - 18 KA W
%o SIEWAAHE AR N E Sk IL - 18 #1 IL - 18
223K 7K BB T 5 45 T 2 W ZTRYT AL B B AL T 30
Ik RE HF 3Rk . R JERT MR FE 45 R — 30, SERG i LL,
MBI E TR AN L - 18 1L - 18 7K W 25 R AI%, 410
HFNZEACE 2 T = (32 3) o PR IS AL ILREE AR AS /)
B B Ik AT K] - 1 38, (H X b4 ) VE T 25 4 AMPK 17 i)
FITHBR o

3.5 A HALAK /N B E 5 k44 AMPK (P -~ AMPK | NL-
RP3 . Cleaved — Caspase —1 .GSDMD - N & A kkth&m WA
3N, SIER AL B A/ NR FE Bk 2 P - AMPK &
FEik B B F K, NLRP3  Cleaved — Caspase — 1 . GSDMD - N &
IR AT R SRR R, A R A AL AR e B B
FeffhyT /DR FE SR P - AMPK 3Rk 1 2 7} =, NL-
RP3 Cleaved — Caspase — 1 .GSDMD — N 33k 1 g 2[4 ; 7245
T 1 R I A ALTE S 3R At I A A T 4 AMPK 411 i 551
Compound C i Z &K T P - AMPK f 3k, #2517 NLRP3,
Cleaved — Caspase — 1, GSDMD — N ) & ik, 1 B0 0 5 11 1 B+
Compound C ffi 5 H@HBCET MW (K 4) . HEudbitE
Rr (a7 P — AMPK 1 NLRP3 78 R 3k 351k, s R
SR S B s R AR B RN 4,3 5) , i —25 5
UE T MAEEALALXS AMPK/NLRP3 {553 i 1) 4 1E

3.6 MAERMAMDREHRKAREMENETE BHHE
F RS R BN, 5 IEE 400 L, SRR AL/ B 3 B ki
B2 A M 22 0 B S T A B, 0 40 e e B AR TR B I s v Ak
FAEA NI, 2 AN MR 2 A A A R s A =
T, BIRYT 2 20 M SR A5 O R EE R 5 T AE i ] AMPK 1
AT/ R E SR, R AR TR S R I AN R R
(A9 PR , WNEI IR o 255 A0 3 40 TR 25 21, 3271 1l 873K
FEALREE A A = IR IR B 5 2 0/ N R B kN B A AR T,

#£1  F4H/NEUME TC TG HDL - C % LDL - C 7K (x +5) B4 mmol/L
2057 n TC TG HDL - C LDL - C

ERA 9 2.59 £1.02 0.64 +0.11 1.14 £0.15 0.32£0.15

REFRIZH 9 22.20+3.914W 1.20 £0.208® 0.60 £0. 1488 5.22 +0.70W8

I A R AR AU 2 9 19.01 +£3.254 1.03 £0.184 0.73 £0.124 3.73 £0.5444
LA e 77 B 4 9 18.55 +2.664® 0.99 £0.204¢ 0.75 +0.1149® 3.58 £0.484400
FufFEAR ALY T 4 9 16.38 £3.0544 1.02 £0.224 0.68 £0.164 3.47 £0.4644
s 9 21.49 +3.69 1.16 £0.13 0.57 £0.10 4.49 £0.61

AMPK 11| 71 2H 9 25.18 £2.98° 1.35+0.14® 0.45+0.12° 5.85+0.92°®

T S EF AL, P <0.01; ASGHTRILA AL, P <0.05; A A ST AL, P <0.01; @ SIE AL HAL, P <0.05; @ @ SIS 4 AL, P <0.01,
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F2 A UU/NRESN KLU AR AR E T (2 £ 5)

AT %
g1 FFfk A F B kB
AL H AL H
IEHH 3 3.15+1.78 2.65 +2.30
(U RIUEE| 3 32.66+5.34W® 35 60 +]. 630N
I A R A b AV S 2 3 25.07+1.69%  20.38 £0.7544
I A5 A AL 7 e A 3 22.08+2.3044® 17.89+1.6944¢®
g p (RN 3 15.23+7.1744  14.76 +3.5844
B4l 3 31.16+0.45 24.03 +2.67
AMPK 111 il 71 21 3 38.83+4.49®  37.76+3.70°®

S IER A P <0.01; A SHEEILEL, P <0.05; A A
SR A, P <0.01; @ S A4 A, P <0.05; @ @ 5S4l H
&P <0.01,

#3 KR FEZPKHAL R IL - 1B IL - 18 FKik (v +5)

AT : pg/mg

451 n IL-1B IL-18
IEHH 6 16.79 £4.18 14.95 +3.57
RS 6 56.03 +4.75"® 56 69 +6.33WM
I A A AL 2 6 49.05+5.054  48.70 +6.594
I A5 A AL e ) e 6  47.73+4.904® 47.96 £6.934®
FAIFLARALTT 41 6  43.65+4.8244 48 71 +4.184
A 2H 6  55.50 +4.36 55.20 +4.57
AMPK il 5720 6  81.10+18.62°® 78.83 +6.20°®

WS IE R P <0.01; A GHERIA AL, P <0.05; A A
SRR R, P <0.01; @ SIS A HLE, P <0.05; @ @ SHEA AL
#,P<0.01,

a b e d e f g
[ ——— - | AMPK(62 kDa)

[! e —— — — ]P—AMPK(()Z kDa)

[:l rT#m | NLRP3(118 kDa)

l W ————— ]Cleaved Caspase—1(20 kDa)

[ [ —— wes & | GSDMD-N(35 kDa)

[——---——]GAPDH(?:f)kDa)

ica FIEFHH,D ABBIH, o 4 M HAIGR EH, d Al
AL R, e S BTFEEALTT 4, £ 7 i Ak L 5
AMPK 5G4, ¢ 3 AMPK 30 57 20
3 B4UNREFKEILT AMPK P — AMPK NLRP3 _Cleaved —
Caspase — 1 .GSDMD - N 25 [ f 5 B[ s
A AMPK B2 {6 25300 AP R 7 T . LA T XA S
4 itig
SRR AL B R h 3Tk B SZ 50T 8, 2 A MR B At
FALE RGN MR , B2 LR BT UUBUE BB EH R AL i 18 1

PAETENT o 1o ML LG 578 55 (R R 1370 AT BB 175 A 1ML %8 1 43t
15, TSR AERE AR AR T i, H R, BRI AL 19 7R 9T
SRMEAT AR AT T 22590 3 (A8 5 | R IR IR %A
B

M EAZ M Z A Z R R R, 25 R 25
VR, BB AT RA IR €4, TEVR YT Sh IR sk AR R AL ax — o=
T R RS o B R B A Sl Ko R A A T B
PUZDR LS AR FE SISk, “ 97 " %" =H 2
IR TR A A A ARG BT A A Ak AL A AL
IS A R T, R LA T B AR O AR S A 2 R B R
SN AP A, , AN DT I, P =BT R S
T AR, $ o B2y s SR T B B o i 2 s i 2 6 L 35
TRULER 3F AR s o BRI RBF ST W, 45 3k Ak U
RE0% 38 o BRIV R MR -, 9895 e AR S L, e s
J S i B LA 2 AR S bk ot R AL B s P

AT IR TP PR SE T )7 SN — b R TS S 12
Hi NLRP3 ¢ /MA S 8l , IF M T Caspase - 1 5 5%,
TEABEOUT , AT /MARE S 38 528 7 Bk 4 452 45 B0s PR Sk AR
FPOLIAR G52 s D A g A R AL I8, SR T, NLRP3 (18 5 B 8
W ZARGE AS [ R ™ o BFFE W], NLRP3 5 /AR L -
1B 2 AS R HEARA I . AMPK J2 40 2 P4 315 i i
AR B 43 -, AMPK 2 5 A3 RE 50 1 787 5 995 1) & 2 2ot
T2, WS AMPK W] DL 3 Ui/ TR 40 JH TR 80 DR 4 i 8 PN B gk
T BESTE B, AEZE AS bR Ath 7T 25259 mT LAl 5 B4 {4
HMFIARPIRY The — 172 BEFR ALK PSS AMPK, J2: 1 25 25 4
WAL NG , 0 48 o S8 AL 10 2 LAk 22 — 072 AMPK 3 141
AT 38 L RS NLRP3 Jeni/MA & FERE R T AT, WU M 2
AT W OE AMPK RE 6% 300 1 Wi 7L 30 ) ' R R LR A
( mammalian target of rapamycin, mTOR ) 345, M i 1] NLRP3
SAE/METEACIFZE R B A ML D) BERE AT P i fE . S AMPK
5530 W] LATE o 035 B W, Bl P O 38K, 0TS SIRTT A
WLALIATRAS , NI NLRP3 JRE/ M, 1 — 25 B8 R AT L
W LA AR AL T i 22 A T 2 AMPK 138
B0 RS =L b Y B S A B i e 3R AE IR PR R A SN
AEWOE AMPK/ 3ot 4 Ak ) 183 1A 334 B ) Y805 32 Ay i 05 TR 7
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