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B 8 8RN Bk R S AL Y B 1 3 TE B0 2 #k (PPAR) S S ER A TE, BF STk R X 3 Bk 3k
FEAKREWSRE R, 0N RIEREIKFEREEEARERREM. Hik: %301 KREN
S RN A (n = 10). HAEIH (n = 10)RIGRK KA (n = 10); BXTRBAS, HBEHEKRGKRAKRE L
FARR BN FEZ TR LS BB AR . g B R 435 mg/ (kg-d)FIE R KRR EE, *FRAAE
BT LERFRRSE, TRAMY A8HE. sAERMMREMEHR, RAEN BEMNEZERSH
g RNMESE, BB SR R E R4 P BRI SO R B 3 (LC3) i B L E Ap62
(P62)IRIEIK T, HoBe IR P2 AT K B ALY I & 1 i & % B F (VWF). —&ALE(NO). W E-1
(ET-1). —E/E S B (eNOS)E E, Western blotEKMIZ kR EHAXELOEFLBEEON
(MMP)-2. MMP-9. MMP#i%|7(TIMP)-1] % PPAR{S 5B & [PPARY/FFEXZ ik a/ATPE & BB 4K
G1 (PPARy/LXRa/ABCG1)|HxEAFIZEKTFE, RT-PCRIIZZMAPPARY. LXRa. ABCG1{imRNA
KE. EFR: SHRALE, ERARXREBPMBEFKD, LCI/IEREKPFHETRE, p62&
IEIKFEA & _EFH(P < 0.05); MMP-2, MMP-93R1A/KFB] & EF, TIMP-13Ri&/KF 8 & T (P < 0.05);
PPARy. LXRa. ABCG1EH KX mRNARZE/KFPHE FH#(P < 0.05). SEMALE, BikKFHRXRAE
W /NASLER N, LC3I/IRIZKFHE EFF, p62RIAKFHETH(P < 0.05); MMP-2, MMP-9%&
B/ E TR, TIMP-1RiE/KFEHE EFH(P <0.05); PPARy. LXRa. ABCG1E H &K mRNARIAK
SEFEHE EFH(P < 0.05). 4R KRS IET AEPPARE SEE, LRIKEAEAKRRERL
HEKE, BEIME N KT, REINKBEROFEEN, BEMmERHUKRREEALRER .
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Abstract

Purpose: By observing the regulation of Changmaile on the peroxisome proliferator-activated re-
ceptor (PPAR) signaling pathway, study the effect of Changmaile on macrophage autophagy, vas-
cular endothelial function and arterial plaque stability-related proteins in atherosclerotic rats.
Methods: 30 rats were randomly divided into control group (n = 10), model group (n = 10) and
Changmaile group (n = 10); except for the control group, rats in the model group and Changmaile
group Atherosclerosis models were established using high-fat diet as mutagen. The Changmaile
group took Changmaile capsules at a dose of 5 mg/(kg-d), and the control group and model group
were fed corresponding feeds. The intervention period was 8 weeks. After 8 weeks, blood and
vascular tissues were collected. Transmission electron microscopy was used to observe the num-
ber of autophagosomes in macrophages. Western blotting was used to detect enzyme-linked light
chain protein 3 (LC3) and selective autophagy adapter protein p62 expression level in macro-
phages. Immunofluorescence adsorption method was used to detect rat serum von Willebrand
factor (VWF), nitric oxide (NO), endothelin-1 (ET-1), nitric oxide synthase (eNOS) content, Western
blot method was used to detect arterial plaque stability-related proteins [matrix metalloprotei-
nase (MMP)-2, MMP-9, MMP inhibitor (TIMP)-1] and PPAR signaling pathway [PPARy/liver X re-
ceptor a/ATP Binding cassette transporter G1 (PPARy/LXRa/ABCG1)] related protein expression
levels, and RT-PCR measured the intracellular mRNA levels of PPARy, LXRa, and ABCG1. Results:
Compared with the control group, the number of autophagosomes in the model group decreased,
the expression level of LC3II/I decreased significantly, and the expression level of p62 increased
significantly (P < 0.05); the expression levels of MMP-2 and MMP-9 increased significantly. The
expression level of TIMP-1 decreased significantly (P < 0.05); the expression levels of PPARYy,
LXRa, ABCG1 protein and mRNA decreased significantly (P < 0.05). Compared with the model
group, the number of autophagosomes in the Changmaile group increased, the expression level of
LC3II/I increased significantly, and the expression level of p62 decreased significantly (P < 0.05);
the expression levels of MMP-2 and MMP-9 decreased significantly, and the expression level of
TIMP-1 expression level increased significantly (P < 0.05); PPARy, LXRa, ABCG1 protein and mRNA
expression levels increased significantly (P < 0.05). Conclusion: Changmaile can upregulate the
autophagy level of macrophages in atherosclerotic rats, improve vascular endothelial function,
increase the stability of arterial plaques, and play an anti-atherosclerotic role by regulating the
PPAR signaling pathway.
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1. 53|

RO FEARGERR,  H AT B B 105 O B A 1139 Jf9l, SR g 26 v S35 A7 1300 F5 491, Lo
I P EL A F IR E BUR M B i £ 2R, 45 B8 @A ok 7 TR M GE 1] AR Jvi&
2 Ui I 0 R B A, B KBS PR Ak 2 2 SR LA I P R B R i, R M I R PR . IR
AN K FEREAL (0 A B B ARARAT 286 T 5 S0 T o 0 XL 7 A s Oz Bk — 28 5| e B
LG DU RAT R L M R AR A T 52 4Ky (PPARY)IFE X 3214 o (LXRa)/ATP 4545 &8s
izt G1 (ABCGL)E N PPAR £ (5 S i, CESLS SIREIE IR S Sis . 4000 S 4ERL
TR A I RR S I B BRI AT, ARSI RERE AL ) A A2 AN e R v 3 05 3 2 4 [ 2] [3]. WA ORI 2
FERR SR S I 22 4F AT I R 250 B ko] tht B0 v 25 150, A XU 48 Ak B s I (K 2k, CLE
SCAE BN K FERE AL 8 P A AT 2 DI [4] o (B IR XM K IR IG T Sk Sl FERE AL A 6 R T T /b, AR
KAERHLH AN # . Dk, ASHFFCE M PPARYILXRa/ABCGL 15538 i 4 EWE 40 W . L N 2
IRE LB IKPERAGTE PEN T, R K R I6 7 S AE A0 K SR A £ P AL o

2. MR A%
2.1. LGRS YRR

T i S s s s R A =1 1) SPF 2 fk B SD et KRR 30 ., A 6~7 i, #&Jii & 200~220 g,
VFA[ES N SCXK () 2017~0016. EMEZN = RAW264.7 AUl E ATCC 40 (Fh ERHBx) -

2.2. FERFSLE

Ik R BE (LA 0.5 O/, HHt 5 20201224) i e B 24 K2 W IR 38 — A BRE Bl 0t 0
AR T(WF). —FAENO). WKL (ET-1). MR AHHEeNOS)IE Ml (1R E
HAWRA ), BEARSSEAEE (1 3 (LC3). MEHEME FIW LT £ p62 (p62). M/ &R 2 EIES(MMP)-2.
MMP-9. MMP I #(TIMP)-1. PPAR/ITIE X 21k o/ ATP 44 £15535 1k G1 (PPAR)/LXRa/ABCGL)Hi
R(EE Abcam A7), 4 H3h%E e & PCR AL(ZEE ABI A).

2.3. ThiPscIe

231 EEHE, HERRH

30 HKRGER PSR 1 A5, BENLIER 20 HOKR A 30 g/kg/d I 1 E RE RN (Van Heek) RF4EME TR
12 J& DA £ SR oA R AR, B 1] £ 58 1S 40 B A ik AR 2H, BR2H 4% 10 L Folr 10 KR
PR R 750 R ) S AR R SR IR 12 F, DX IRZE . X 15 g Wk AR E A A IR K B R e R A
250 mL, fSEIZ5YHEH 60 mg/mL (25 . Wik R KR L 10 mL/kg/d Mz E#EE , E8EE 4
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Jils s HEZH AT ZE K BRSSP R A B K HE S, TESEE 4 F.

2.3.2. Y EFFRAIRE

SREUHH K RUIR BRI VR YR SR AR I, FE L0242 9 em #5338 3500 r/min @3 550 10 min J&, $2
I B2 MR AR AR . 3 ALK BRUR M JS B HEAT R, 6 2 S AR ZURLC AT 085, 7 R Bl AR 3
i B 77 A BT, K iE i R SR SRR N ORAE R, R R T B Ak GURAFTE 254 [ 52 W (Gluta)
MELE N, T R A 0 5% 1 W Ak P e o

2.3.3. EISEMERN MEF vWF. NO, ET-1, eNOS 7k

B PRAT &I 1) & R BRUMTE ARR T, TR N R R 2O AR vWE. NO. ET-1 /2 eNOS
Era, BRI AR AU kAT .
2.3.4. EERIEENEERN MMP-2, MMP-9, TIMP-1, PPARy, LXRa. ABCG1 ERFRAKFE

B IE AR AE R B Sk 4, 220R )5 B0 5 min, B35 A BCA B R A &l & Hrh A
JRHREE G F & 2H R R ZE KRR R A RIVR B, NN 5 x SDS-PAGE 45 [ FAFZE M 5 N AR M, He
FR AR 20 ub #E1T SDS-PAGE HLUK LSS, KGAHM EE % 2 1) PVDF IR E(IRIRS T, i),
FHAES 5% e Wk i) TBST 3 I h 473 AL FE 1 h, I MMP-2. MMP-9., TIMP-1. PPARy. LXRa-
ABCG1 #if& }2 GAPDH #7434 1:1000), 4°C 7 B 1L 4, F IR AL YIFRIC I 415 19G —471(1:2000)
FWWEE 1h, ROFREER, MEIFI S AR ESNKAL T MMP-2. MMP-9. TIMP-1. PPARy.
LXRa J ABCG1 % & I& /KT (GAPDH NN £).

2.3.5. PPARy, LXRa & ABCG1 mRNA FRik7kF

BOHAR IR IR AE R B B AKZHZY, RNA HR ™A% 42 R & Ud B AR IGEAT e s34 ¢
DNA, 2 J& Mg B i & BNk A [f3% TB Green® Premix Ex Taq™ Il (Tli RNaseH Plus) 12.5 uL. KK 8.5
pl FUESI 1l B350 1 pl. cDNA 2 uL]JE, {8 RT-PCR HEATHEATH 3G S BL(FAR P : 1 IRIEH
95°C 30s, A&ME: 95C 5's, IBKIEAH: 40 MEFL, 60°C 305s), FHARHME 2-A A CtikiE I H PPARy,
LXRa % ABCG1 mMRNA [FJAH%F FKIiE /K- (GAPDH AN Z). FHREEHF 519 P51 W% 1.

Table 1. Related gene primer sequences
= 1. HXEESIHFS

IR/ EA S FF51(5°-3") K& /op
PPARy Forward Primer 5’-GCAGCTACTGCATGTGATCAAGA-3’ 107
Reverse Primer 5’-GTCAGCGGGTGGGACTTTC-3’
Forward Primer 5’-AGGAGTGTCGACTTCGCAAA-3’ 101
Reverse Primer 5-CTCTTCTTGCCGCTTCAGTTT-3’
Forward Primer 5’-GTCTCAGCCTTCTAAAGTTCCTC-3’ 83
Reverse Primer 5’-TCTCTCGAAGTGAATGAAATTTATCG-3’

2.4, {KIMECLE

2.4.1. ERRZAFRMARST B
WFER G, F 2 mL A PBS it NTEILIERE Y, Femiieie /N SRR 5 W th R s v, AH [
WIRE S 3 IR, B SR BRI 5 mL B0 RAE, BL 2000 r/min (550148 8 cm) L 10 min j5,
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TREIMYTIE, M-S FBS B DMEM %37 R B8 5 B S ORI TIHE, NN RPMI 1640 1555 &
B AR E VL.
2.4.2. BME/NEIE

BRI E VR B AR SGEAT R . K. BEa. Y. R sEEfS, BT Hitachi H-7650 %Y
7 5 FLBE TS WA I 5% W N AR BRI

2.4.3. EBREBENEEENBENRXER LC3, p62 RIAKFE
1) 46 58 B B, A] 1.3.4 —FF SR 2R 1 50 28 BN vEAG I [ AR S 28 19 LC3. p62 FRik/K s

25. GitERE

K SPSS 27.0 AT S 0 M, HEREH(X )R, 4R EERA t KL%, P<0.05 hER
EEVES-9'®
3. R
3.1. YAk R B k4 Bl B M 7K S RO SN

BN BRI, HWERURUZ RS T, XA KR E s Ak 20n] Wb & F R, Rk gh
FIsEsE; SXtIRAIbb s, B QAR E >, HRRREA R, SHIRA LR, WikiRa A
EEEI RN, H&RRS B NEE ., Western blot kil 45 5 5w, SXHHBA L, BBIZH LC3II

FIEAKEI T B, p62 KA K FIHE BT, ZJ A H22E U(P < 0.05); 5 LLE, ik R4 LC3II/I
KIEKFIHE BT, p62 FRik/KFIHE TR, ZRASIHE (P <0.05). W%k 2,

Table 2. Comparison of expression levels of autophagy-related proteins in rat macrophages in each group (X £S)

2. REXRERMMBMEEXEBFRIAKFLR(X £s)

A5 n LC3I/I p62/GAPDH
it B A 10 2.16 £0.37 0.59 +0.08
BRI 10 1.09 +0.24" 1.05+0.17"

Wik 5 20 10 3.85+0.31" 0.64 +0.10"

e S0, P <0.05; SERMALE, *P<0.05 TRH.

3.2. WGBSRt I B P BT T RE R RE A

Ext R bbE, B Y vWF, ET-1 RIA/KFIE EF+, NO. eNOS B F[%, ZERASIIY¥E
(P < 0.05); SHEAIMLLE, Wik R4l vWF. ET-1 Ri&/KFU & TR, NO. eNOS & EJt, 2
BAEGT R (P <0.05). W% 3.

Table 3. Comparison of serum biomarker expression levels of vascular endothelial function in rats in each group (X £s)

3. REXRMEAKINEEMEEMIREMFRIAEKFLLR(X £5)

4H 5 n VWF/ng-L™! NO/umol-L ™! ET-1/ng-L* eNOS/umol-L*
xR 10 327.58 + 90.62 62.82 +16.75 83.92 +11.36 7.14+2.30
TR 10 632.09 + 148.25" 21.38 £7.69" 109.33 + 23.08" 491+117"
ik AR 4 10 410.83 + 129.53" 53.12 + 14.31" 86.96 + 9.14" 6.83 + 1.24"
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3.3. ¥ABK R Bk BESRAR E 1 X B R

XA b, BAH MMP-2. MMP-9 RiA/KFIE EFF, TIMP-1 RIEKFIHE N4, ZRE5%
AR (P <0.05); SRR, Bk R4 MMP-2. MMP-9 Fik/K B & R %, TIMP-1 £ik/K -8
B, ZRESI#E (P <0.05), %4,

Table 4. Comparison of expression levels of arterial plaque stability-related proteins in rats in each group (X +S)
4. SHRAKREPKBEFRIREHHEXEORIEKFELE (X +s)

415 n MMP-2/GAPDH MMP-9/GAPDH TIMP-1/GAPDH
X REZH 10 0.83+0.21 0.95+0.14 1.04 £0.19
BRI 10 1.65+0.49" 1.89+0.35 0.44 +0.10"

Wik AR 4 10 0.89 +0.28" 1.03+0.32" 0.95 +0.23"

3.4. HHRK XS PPAR {5 S BRAIR M

SxtHe4l b, BAY] PPARy. LXRa. ABCGL K & mRNA Rik/KFIHE i, EREGITHE
X (P<0.05); SHAIHLLLE, kR4 PPARy. LXRa. ABCGL & K mRNA £ik/K PR FTH, #%
B E (P <0.05). W#ES5, # 6.

Table 5. Comparison of expression levels of PPAR signaling pathway-related proteins in rats in each group (X £S)
5. BHAKR PPAR ESBEIEXEORIEKFELE(X+s)

A n PPARy/GAPDH LXRa/GAPDH ABCG1/GAPDH
it B A 10 0.82 £0.28 1.05 +0.34 0.47 +0.12
HERYZH 10 0.54 +0.07" 0.80+0.11" 0.15+0.04"

Wik R4 10 0.73+0.19" 0.96 + 0.25" 0.42 +0.15"

Table 6. Comparison of PPARy, LXRa and ABCG1 mRNA expression levels in rats in each group (X £S)
% 6. BHAR PPARy, LXRa K ABCG1 mRNA Fik/KFELE (X £5)

ek n PPARy LXRa ABCG1
o R 4H 10 1.16 +0.13 1.21+0.19 1.08 +0.10
A2 10 0.69 +0.08" 0.92+0.11" 0.53 £ 0.06"
W ik R 40 10 1.03 +0.18" 1.15 +0.20" 0.97 £ 0.14"
4, it

HBKRAEREIE PR E R, ZHIAET 7 BT L Rk SRR, T
RPEFEF VN 5 PR FBYRETE, Woay7 G LG AR L5 R, (R a5 R IR AR A
JEW[E]. Wk RIRER B 5T &, FHE. HREZHRPEAREMNMR, FHhER. e
FRA S AR IEI, 8RR TR I8 45 1 A B S B el IR A2 ARAT AT LS : PESmrE Rk 3
BT SR AT HAIN, HFIG MR 2 ThRL[6]. 15 H BT S Ik 5 I 3876 7 3k 6 A A 4 (1
FARIERD, BRI AE R, AR RS TR B, A DX HHT IR AT T

TEERT RN, VAN e r I SR BTN B T B0 SORE A I [ P A A% T 3 B ks
PERSELH I 5 A 0 Je 553 4 15 R 400 B ) 1 W T B 2 B MR R PCRRUE o, T X 42 ik — 25 5 B30 Bk ol e B A7
AFJH[T] [8]. LC3 Fl p62 2 H Mg /NMATE BOFH B R 1 B B AR 28, BN P I8 B WA G R IE KF
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AT ROV R 20 A 7T R R [9] o AT 98 K I B Kk o R R Ak 50 i 2B 2 3 3 B At i B W
ks>, LC3N FRIEKF TR, p62 RIAKF FFb, Ui BH E RN [ W5 S0k R I R AR R R &
A% [RIN g K R T B0 LG R, B LC3NN kK, TR p62 FikkT, EHg K
SRR R A R L 1 K T T A R B P R R AR A B K R o A DRI FUARGE AR, I A R G I
DS A T I 50 Jok A R A A R AR R R R I R BRI R, I R I RN N Bz T R B 1) B 5 [ i T 2 3 0 ik
SRAEREAL T G, X AR AR YT A P RE R B B A LB RR S, I B BOH BR B K FE 4K [10]. VWE. NO.
ET-1. eNOS ¥ % P ¢ ShEE R B B4 dn, b vWF f e i g &k, B Rammaimae /1, =2
BRI P Rz D e 24 AR B [11]: NO 1 ET-1 Jf&— X B i e D Re i LR 7, i A
0t o /NSOGB T I, SR SOE e SRR 5K LTI LAIAE R, o WS o (i I L4
1356 [12]: eNOS FEZAFAET N B dffiarh, HIE A B Ay, eNOS Fik Al i A pl NO Rifs T I
ke A SRR 5 SR AR [13] 0 AT S IR I G P2 A IR PR 0 R I, 5 ) B 2 B A, RS ERY 4 1T WWF
ET-1 F£IA/KFUIE ETF, NO. eNOS B T RE, Ut BBk RERE L 20 95 35 I8 A BE DD e st — DT oE
KL, ik kel VWF. ET-1 RiE/KTFHE TR, NO. eNOS BHE L7, Ui B ik ok v] Gl it e B p LA
WL PN Bz T R 32 17 S A 20 K A T A 098 o 5 O o R A, 65 175 712 7 0 5 B e ) AR ik SR 5 O G,
ANFe 5 Y B FK O A R A B R 15 A S T SR I o 2 S AR OGS RS R AR fE R R 3%, 7™ EE s i AR
Az [14]. AR RENS B fif 4 i A0 B8 5 ) SR TSR R 1 — 51, MMIP-2 ] LSBT 3 2 1 AR S 2
M AR, R R AR RIR I B sy, AT LF 4N AR, B2 SO NUEESE, AR TE . BEELm
G E O MR R IR AE[15]; MMP-9 FNFEAIHIF] TIMP-1 752 CR47 2 ik ok E 15 40 B Hede e 1) o et
HERE, 24 MMP-9 i FRIA I 2 i 4 i A 5L o B, 3 B0 E R BV R AR AR, 208 Bl Ik s FE 1
PEBE R 2L () AR I N[ 16] [17]0 ASHEFESLER4E R EoR, SxIR4LltbEs, A4 MMP-2, MMP-9 &iAK
SFEAE BT, TIMP-1 £IEKFIHE TR, 38 MMP-2. MMP-9 K TIMP-1 555 ik sk BERE 1k BT HL I il T
Ky HEBWER A, KR FTIH MMP-2, MMP-9 &3k, 3 TIMP-1 ik, i W8 ik & 7T 38 in h ik
SRR RE AL B R e 1

PPARy /& PPAR WAL — K m 4% il 40 M IR PR AR B R SR R 7, R IA T B, H 5w ks
S PEgE G Jan a3k T IS IR AR AR DG — RV oy T-3RIE, s 29395 8 2 p AR, (2t B v
F R i HE 22 42 i R A 00, L T 3 ) M L A A P A, S T s i ol R R AL B B ) R e
B LAE 42 B K o AR R AL B B b B2 B S SR . AR AT S IORX A [18]. /E N PPARy ¥ ) 3
PR AE RN 2 —, ABCGL ] a4 A4t M 72 R, 3k T o) 5 W 4 Ay 14D O[] 2 7 3t R VL o 4 B i i
FSCHT A v B SR AT T, RO KA EEAERNIH 2 —[19]. LXR J&—Ff i i
ARUHAH 5 IR A2 2%, H 1 B F A LXRa BEWE AT PPAR-y {55 38 B AT MBI, [A) 356 2 % ABCGL [1I1E
M 2 5 B g T AR I V4% 2, SEEBT S ks FERE A I FH [20] - AR B 7T S0 45 SR R, SRR ZE LU AR,
BHIH PPARy. LXRa. ABCGL [ mRNA FIAKF B T, $8] PPARy/ILXRa/ABCGL {5 5 il i
55BN KRR A 0 ) R AR AR R B ARG T S AR R ELAL, Wik AR 2H PPARy. LXRa. ABCGL & H
J mRNA £IEKFIHE BT, BRIk R AT A et PPARy/LXRa/ABCGL {5 5 BRI, XAl HE2&
HRAEDUEN K FEREAL [ 2> FHLH 2 —.

R FRTR, Wbk R RENS @I TS PPAR 15 5B, LIAZIBKHAEIEIL K R E AN | K, g
M AN 2 Thee, $Emah kB tfase v, 1k e 2Bk s RERE AL R

EHEWH

MEA AR B)IH, WH S : 2020J01246,
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