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Mechanism Study on Yang—Warming, Blood—Activating, Toxins—Removing

Recipe for Stabilizing Atherosclerotic Plaque in ApoE"™ mice

ZHANG Tao-Tao', HUANG Na', YU Feng’, LIU Nan’, HONG Yong—Dun’
(1. The First Clinical Medical School of Guangzhou University of Chinese Medicine, Guangzhou 510405 Guangdong, China;
2. The First Affiliated Hospital of Guangzhou University of Chinese Medicine, Guangzhou 510405 Guangdong, China)

Abstract: Objective To explore the possible therapeutic mechanism of Yang— Warming, Blood— Activating,
Toxins— Removing Recipe (YBTR) for the formation and progress of unstable plaque of atherosclerosis (AS).
Methods Fifty 8—week—old male ApoE™ mice were induced into atherosclerosis model by feeding with high—fat diet
for 13 weeks. And then the model mice were randomly divided into model group, simvastatin group(2.6 mg-kg™'+d™"),
low—, middle— and high—dose YBTR groups (14.08, 28.16, 56.32 g-kg'-d™'), 9 mice in each group. From the
following day the medication groups were given intragastric administration of corresponding medicine for 13 continuous
weeks, once a day, and the model group was given intragastric administration of the same volume of normal
saline. After medication, the histopathological features of mouse aorta tissue were observed by hematoxylin
eosin (HE) staining. The levels of serum total cholesterol (TC) , triglyceride (TG) , low density lipoprotein
cholesterol (LDL-C) and high density lipoprotein cholesterol (HDL-C) were detected by automatic biochemical
analyzer by dry chemistry method. The protein and mRNA expression levels of Caveolin—1 and phosphorylation of

extracellular singal-regulated protein kinase (p—ERK1/2) in aortic tissue were detected by Western blotting assay
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and real—time fluorescence quantitative polymerase chain reaction (RT—qPCR), respectively. Results Compared
with the model group, the cholesterol crystals were significantly reduced in the high—dose YBTR group and
simvastatin group, and plaque tended to be stable obviously, the serum TC, TG and LDL-C levels were
decreased, HDL-C level was increased (all P < 0.01), the protein expression level of Caveolin—1 in aortic tissue
was increased, the expression protein level of p~ERK1/2 was decreased (all P < 0.05). Compared with the model
group, the mRNA expression levels of Caveolin—1 in aortic tissue had no obvious changes (P >0.05). There were
no statistically significant differences in lipid metabolism, plaque stability, and Caveolin—1 protein expression
between the high—dose YBTR group and simvastatin group (P >0.05). Conclusion YBTR is effective for regulating

blood lipid level and increasing atherosclerotic plaque stability, the mechanism possible is associated with the up—

regulation of Caveolin—1 expression and suppression of activation of ERK1/2 signaling pathway.
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Figure 1 Effect of YBTR on pathological changes of aortic tissue in ApoE™ mice (by HE staining, x200)
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Figure 2 Effect of YBTR on serum TC, TG, LDL-C and HDL-C levels in ApoE"~ mice



o5 8 1 TV, . TEBHE AR A E Apok /NS K RERT AL BERR LB 5T 1683
1.5+ 1.5
jast =
: :
= = & & & s
Q Q A R R Q
= S PO e e A\
L S & T >
2 = - . .
% = Caveolin—1 S S — - 22 kDa
(@] =9

B

g

SN 4
{%\%\& &R
RO ARV A

a. Caveolin—1 7K HAHXT F ki

& % ”
A N

b. p~ERK1/2 8 A X ik it
DP<0.05, HHEMYLE; @QP<0.05, ST bR

p-ERK1/2 W S S e s 46 kDa

D -
Cari A - -

c. Western Blot H, ik %717

E 3 BFHEMES YT ApoE " INR E K Caveolin—1. p—ERK1/2 EARILRIEMN
Figure 3 Effect of YBTR on the expression of Caveolin—1 and p—ERK1/2 in ApoE"~ mice
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Figure 4 Effect of YBTR on the expression of Caveolin—1
mRNA and p—-ERK1/2 mRNA in ApoE" mice

JE B 7% 1) — FhpE M R RE PR IR, 1999 4F, Ross
BB AS J&— PP RAEPEEIG,  SBE I BT 5F AS
S T = A S S AT i el I A W R &
Sl Ko R R AL BE SRR 25 VT A5G, Caveolin—1 J&
PF/NI AR T, AR S S R A
AAEHM, 22245 1% AL SR S (MAPK) & i 2540
AS RAEHLHIWFFE T B . ERK1/2 & MAPK %
TR ) SR E S L ) B, IR RS 5 e AR
W) ZEAN A S S . WFSEUIESE, B
ERK1/2 38 6 O H0E PTBEE AS. S IS PN K A 52
B R T e g 28 (LPS) Jill B Caveolin—1 7] 18
% ERK1/2, DIH#RILIE N (p-ERK1/2)FE7E, 1]
ERK1/2 BTG AL 25 5 M AT B 1 52 k5 G &
JHIAZ B SCEHE 76 N B A5 A% A F- kB (NF-kB)
WAk, AR EAMMIGGE . TR, IR YR
WM TRV, IR PN T 7 ST U ) B R R
PN 5T D) 384 g — ECAZ A R TR T 203 A S T 4

(PERK-elF20—ATF4) {5 S i, fi i i 4871 L
MAPHT, FEEEHIL K, IR 00 o R B S
SEPE, TEAS Y& A K R b &1 R, BIFSY
IRA B, Caveolin—1 i I8 7] E ERK1/2 )1 J& %
15", 1M Caveolin—1 ¥ 32k B R 35 M ] #ijl il ERK1/2
{E5 9K, Jia %P1 Caveolin— 1/ERK1/2 18 %
AT Y P A - T LN B A 3G B G AL . BT T
Caveolin—1/ ERK1/2 15 51 I i 85 FH 2 18 v BE AL
Biivf AS AOHTHE AL,

fh T 22502 BRI R L3R AS B ik 1 Rk
AR5, AT IEA G, e B R
FARI A B S E BTG AS, (R BIIR A A
() 2 5 1) P 400 3 RUL IR B M S AN R g o Her,
FARMTT AT MR ZE AL, BEAE S sl % AS K&
R, RAWEENEIR A Z 2, WA
e FHEARARTT A BHEX R 2549 .

Bl S 250 ASTF 9T RIWHE A, 2 DL
PR MR RV, TE AS I IRIA YT o & 4%
TR B2 IAh AS I AR 1 R A
PRao Hor, S B BHAY B AR, AU, I
P RUMCABRTE, A AR [FING . il BH T I A
J5 e FRATTAF 53 A1 A 3 - v 1= 3 B AR RN 4]y R
M), 456 4RI RS 256 K AS (R BRAL ] S 25
BTG AS IIGIRE Ty o e BEAR . #EF . TR
R R K . S TR Ak, S
B WS HRE AR, IS ASiE
W, w5 RHEA R, FFERIFA, n
AR, IR B L R 2 ). AR L] R 5
I PRATF 5% 45 S0, 303 B i ot A 25 0+ 991 2 P
Tk EE B AE . R E o ik BB AT 55 g I R 97 R0,



1684 TR B 2R Al

2021 4F55 38 4

AT A A0 R IR IR AE AR, W8 R AE PR K
AT SR E AT TR VIS S Y
TIE S T 375 L7 75 5 B /D AS Bt B PN VL TR 40 L
HEIMBES - WURT RS SR o, R AT e P 2
MR, Fase ASBEH™, iy HAf D1 %/ FHAL
il S AH DG 1% v AN BH A

ApoE /N Tt e N ZE i, SEIRE AN
WS, mARTKE R BLVR 2 £F AE 1S FE M AS
Pk B BRS04 v E T B AR, 5 N8 AS AR
o, BAARKA . Wit &R, A A
Fra, S HETHEIE AS BES 5 FEAR (1) Sl P A AL
Kk, ARG ApoE” /INROARFFE NG, KHIR BHE
IMfFRE TP AS R REVE ML EA T 38— D4R 5T

AW MR R 45 R B, SRR R,
2 R4 Apok” /NS H LDL-C. TC #1 TG
K- A, HDL-C /K- & T, $Eas e
T LA Tl LR T A, BEAIR AS BEBLAS A%
DR/ RBLREE R R, PEymEmaE /R
SRR FERE S U] ks T AR E , R WIIRL PR 1A% 2
Jr BARE SRR o DG HE A A D 45 2R
N, SR LE, thEjER A Apok /MR FE B
JikH Caveolin—1 2 FI Y RA BB RIGNI, p-ERK1/2
AR B 9, B ek PH A af i 28 7 nT
LI F Bk Caveolin-1 IR iA, T M ERK1/2 1Y
BERR ALK, 4R ERK1/2 (55 8 B A B0. , ot
DUHE AT G 2 5 BH I 100 A 2 7 B iR AS ANFRUE B |
] 3 I 0k A 9 A B 0l 45 o L0 B 9 T A AL
Z—o WA, AUFFREE IR, B IHTE A
X} Caveolin— I/ERK il 1% mRNA ik LM, % &
HJFE R BS540 F 17 A AT 22 mRNA AR
B, IRA2 At AR OGBS 28 R 52 i, i H
) B UHA T — 25T

gE LTIk, IR B IS I 7 RT R Y iR K
L R AS G EES, SXRPE FIBLEI T RE S
I8 T K Caveolin—1 IRk, il ERK12 5%
T TR AT G, SR BTR AS TR TR RS L BT
B T, AR LA i — 2
RAINIE 56

S &3k
(1] AL AR A5 4 55 4 . rP O i A4 e S 4R 45 2019
WEE ()] P EEH AR, 2020, 35(9): 833-854.

[2] MACHF, BAIGENT C, CATAPANO A L, et al. 2019 ESC/EAS
Guidelines for the management of dyslipidaemias: lipid
modification to reduce cardiovascular risk [J]. Eur Heart J, 2020,
41(1): 111-188.

[3] R2&e, WRiEdE, JRalinm, 55 R PINE I EEER YT 2O ML
HEBE B i PR WL 22 [J]. 15U o 0T B2 2 {5 B30, 2015,
15(35): 20-21.

(4] XUE, a8, BHE, S RS 70 SO UEAE &
# ThiTregs /K52 W0 K7 S0 FAN [J ], 307 v BE 25 K222 4l
2018, 20(12): 180-183.

[5] Mok, B B ERLORIEIZYT 5 I B AR ).
PN RAE AL, 2014, 31(4): 640-644.

(6] B, Bk, S0k RIS M FRERIAY b ORI ).
hEHIZ S RZGEL, 2012, 23(1): 112-114.

(7] B, R IR BH AR RS kX 2k O DU SE 28 25 i i R
TR N EZ R, 2012, 29(5): 519-522.

(8] BRak, Mok, BSC, A5 R P A5 52 7 B bk
B2 20 M8 VEGFs/VEGFRs I i #9210 [T, v 25347 25 15 1l R 24
H, 2019, 30(1): 1-6.

(9] BRIk, Bk, B, . T MR Apok™ /N8
Jok ot Aol i Al KR B SRR P AL 5T A S e L) . P 28 2 S
PREGEL, 2015, 26(2): 139-144.

[10] BTy, B . /UK /NI 1 IS 5 w0 5 JERE R
BHALE T A L] E SR 2 RS, 2012, 20(5):
385-392.

[11] CHENY, DUANY, YANG X, et al. Inhibition of ERK1/2 and
activation of LXR synergistically reduce atherosclerotic lesions in
ApoE~-deficient mice [ ] . Arterioscler Thromb Vasc Biol, 2015,
35(4): 948-959.

[12] OBCHOEIS, SAWANYAWISUTH K, WONGKHAM C, et al.
Secreted cyclophilin A mediates G1/S phase transition of
cholangiocarcinoma cells via CD147/ERK1/2 pathway [J]. Tumour
Biol, 2015, 36(2): 849-859.

[13] #ollm, Rk, WRiE. 253 rids M) dent: ART
A RRAL, 2002: 202-204.

[14] LIVAK K J, SCHMITTGEN T D. Analysis of relative gene
expression data using real—time quantitative PCR and the 27
Method[ ] ]. Methods, 2001; 25(4): 402-408.

[15] SUMMERHILL V I, GRECHKO A V, YET S F, et al. The
atherogenic role of circulating modified lipids in atherosclerosis
[J]. Int J Mol Sei, 2019, 20(14): 3561.

[16] ROSS R. Atherosclerosis—an inflammatory disease [JI.N Engl J
Med, 1999, 340(2): 115-126.

[17] ZULLL A, LAU E, WIJAYA B P, et al. High dietary taurine
reduces apoptosis and atherosclerosis in the left main coronary
artery: association with reduced CCAAT/enhancer binding
protein homologous protein and total plasma homocysteine but not
lipidemial J ]. Hypertension, 2009, 53(6): 1017-1022.

[18] MYOISHI M, HAO H, MINAMINO T, et al. Increased
endoplasmic  reticulum stress in  atherosclerotic  plaques

associated with acute coronary syndrome [J]. Circulation, 2007,



b

202148 5 38254 8 J MR B2 A
August 2021, Vol. 38,No. 8 Journal of Guangzhou University of Traditional Chinese Medicine 1685
116(11): 1226-1233. caveolin attenuates epidermal growth factor signaling in senescent
[19] TABAS I. The role of endoplasmic reticulum stress in the cells[J]. J Biol Chem, 2000, 275(27): 20847-20852.
progression of atherosclerosis [J]. Circ Res, 2010, 107 (7) : [23] JIAL, WANG L, WEIF, et al. Effects of Caveolin—1-ERK1/2
839-850. pathway on endothelial cells and smooth muscle cells under shear
[20] CHEN M'T, HUANG R L, OU L], et al. Pollen Typhae total stress[ J ]. Exp Biol Med(Maywood), 2020, 245(1): 21-33.
flavone inhibits endoplasmic reticulum stress—induced apoptosis (24] WA, @iEFE, BAKE, 4. b E R LG 55 BG4
in human aortic— vascular smooth muscle cells through down— M (2016 AFEITRRO [T . P Z%, 2016, 31(10): 937-
regulating PERK- elF2a— ATF4— CHOP pathway [J]. Chin J 953.
Integr Med, 2019, 25(8): 604-612. [25] EMINIV B, PERROTTA P, DE MEYER G R A, et al. Animal
[21] GALBIATIF, VOLONTE D, ENGELMAN J A, et al. Targeted models of atherosclerosis[ ] ]. Eur J Pharmacol, 2017, 5(816):
downregulation of caveolin— 1 is sufficient to drive cell 3-13.

transformation and hyperactivate the p42/44 MAP kinase cascade
[JJ.EMBOJ, 1998, 17(22): 6633-6648. [’ﬁ'/fj‘?é’ﬁ]%’[ﬁ' 4&\@%%]
[22] PARK W Y, PARK JS, CHO K A, et al. Up—regulation of

FSER [ A BEARHEER S0 0 RILZH B I T K% 7R JoT ) o 3

I, ¥=T, G, FiEwm, Kk
(T RS — M@ R e N =8, g 475000)

HE . [BH] K4 A sHAZAR 8 5 Wldn B R 2 54 BE 2 W R ) R e Fvm [ 3% ] A 540 HOC2 4w e
64, PpxtRELA, AZAMER (400 wmol/L) 2R, JHAEA 1L A 20 wmol/L 20 A=Az A0 B8+ 28R TA(5. 10, 20 wmol/L)#8, 3 5F5IAN
AFA B +CCT020312 285 4248 82 +CCT0203 12+ 48R 11 A 20 wmol/L 484 558 3 AR A L w3t 20X A7) £ 8 (CCK-8) ik &
HOc2 Za JL 7% 1 5 R X m f AR M 2 am SR =4 oL s 5 i & 2 R A B4k Hm (RT-qPCR) & AR 2 I W BT P 52348 % 4T %) 8 4
P& G 78(GRPT8) . 4 it E W -F 4 (ATF4)F= CCAAT/3E 5% T 45 4% & B R & & (CHOP) # mRNA £ A K F; &G F i P
i (Western Blot) % # | 48 J&, GRP78., ATF4, CHOP. Caspase—3. Caspase—9. Caspase— 12, %% & % 8 RNA # W JR M it
B (PERK) . 824 PERK (p-PERK) . JiAz A M #iFAL4 B F 2a(elF2a) . BEER AL elF2a (p-elF2a) #9 & & A A K F [ 4R ]
Lt R AL, ARARBR 40 0 B0 £ B ETEK(P < 0.01), GRP78. ATF4, CHOP mRNA =& & A XK FH R EIH&(P<
0.01), H9c2 #8445+ &, p-PERK/PERK #= p—elF2a/elF2a Yol 4L 2. 2538 K (P < 0.01), 48 % % F Caspase-3.
Caspase—9 #= Caspase— 12 & & Z ik K-FH R E I ZH(P<0.01), REKESAR NAERE, SizMiartin, Mm+it4
B I A(5, 10, 20 wmol/L) 48 %0 it 5 7% £ 2 & % (P < 0.01), GRP78. ATF4, CHOP mRNA =& & £ A K-F ¥ 2 F %
(P <0.01), H9c2 %m ity M = F 54K, p—PERK/PERK A= p—elF2a/elF2a o] 4L 2 2, 0: (P < 0.01), Caspase—3. Caspase—9
Fo Caspase—12 & & KA K-F 2 EEK(P <0.01), ¥EANZRBM, HARMBR+A A A 10 pmol/L 42 (P < 0.05) Fe Az A7

Wi BHE: 2020-06-12

EE/r: FWAH(1982-), %, fit:, FIEEN; E-mail: wyd13592133542@163.com
BIEE: T (1989-), Z, B, fEBEEEIN; E-mail: 362456141@qq.com
HETH: WA EFRHEEBOCTRIA L H (4. 2018020313)



