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[ ABSTRACT] Aim To investigate the protective effect and mechanism of salvianolic acid B (SalB) on oxidized low
density lipoprotein (ox-LDL) -induced foam cell formation in atherosclerosis. Methods Bone marrow-derived macro-
phages (BMDM) were extracted from mice, and cells were induced with 50 mg/L ox-LDL.  The Piezol channel agonist
Yodal was added to observe the correlation with Piezol. = The drug group was treated with different concentrations of SalB.
Results Foam cell formation was significantly increased in Yodal +ox-LDL group( P<0.05). Compared with Yodal +ox-
LDL group, foam cell formation was significantly inhibited in SalB group (P<0.05). Compared with normal control

group, the protein expressions of inflammatory factors were increased in ox-LDL group, and they were more obvious in Yo-
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dal +ox-LDL group.
0.05).

obvious in Yodal +ox-LDL group, and the difference was significant ( P<0.05).

nucleus was significantly reduced in SalB group.

The protein expression levels of inflammatory factors were significantly decreased in SalB group ( P<

In addition, the translocation of YAP protein into the nucleus was obvious in ox-LDL group, while it was more

The translocation of YAP protein into the

The expressions of phosphorylated P38, ERK1/2 and JNK proteins were

increased in ox-LDL group and Yodal +ox-LDL group, while they were significantly decreased in SalB group, and the

difference was statistically significant (P<0.05).

Conclusion SalB inhibits foam cell formation and the protein ex-

pression levels of inflammatory factors induced by ox-LDL and Yodal, thereby delaying the formation of atherosclerotic

plaques.
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1.1

Piezol ion channel;

The mechanism may be that salvianolic acid B mediate Piezol to regulate MAPK/YAP axis.

bone marrow-derived macrophages; atherosclerosis
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3 ; YAP (D8H1X) XP ® Rabbit mAb #14074 Fi/4 |
Phospho-YAP ( Ser397 ) ( DIE7Y) Rabbit mAb #
13619 #L & . & %0 ff A~ & 1B (interleukin-1 beta, IL-
1B) (3A6) Mouse mAb#12242 %ﬁ%\PhOSpho—SAPK/
JNK(Thr183/Tyr185) (81E11) Rabbit mAb ##t 4 |
SAPK/JNK Antibody #9252 4 &, p44/42 MAPK
(Erk1/2) (137F5) Rabbit mAb # 4695 i & |
Phospho-p44/42 MAPK (Erk1/2) (Thr202/Tyr204)
(D13. 14. 4E) XP Rabbit mAb #4370S i 1k , P38
MAPK (DI13E1) XP ® Rabbit mAb #8690 7t 1k |
Phospho-p38 MAPK Thr180/Tyr182) ( D3F9) XP
Rabbit mAb #4511D /& .GAPDH (D16H11) XP ®
Rabbit mAb #5174 #ifk W & % & Cell Signaling 2
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A PBS VEik—, MESHTE KA AT, A 1 mL
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PRHESBERBRRITER M AR LRIT LT,
2000 r/min 4 °C # X 5 min, % F7F, fl4H 20%
20 Jio, B I ZE AN TR 1% P/S 1% 4 2Bt 10% FBS
By DMEM ¥ HEZ &, m A AL+, & F 5%
CO, 37T CHFMPHEF, HIREF 45 REHEH
BERE EET RARKHETH T80,
1.3 LBWHARRH

LI K5 A EE AT E A A A Yodal T
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T2 B B KK E (SalB-L) A B} B B & K
£ (SalB-H) 41, %844 F PBS 43 A 4
% ¥ 50 mg/L ox-LDL T 48 h, Yodal Tl 4l % ¥
5 wmol/L Yodal fil#% & 30 min J& F F ox-LDL #| %
48 h, B B KK £ (10 pmol/L) 4 7 /4 B} % B
% R (30 wmol/L) 4 2 4l 4 T *t BL K JZ fH B B2 B
F15 wmol/L Yodal 4 ¥ 30 min /& # F ox-LDL #| %
48 h,
1.4 BERBFEXIE

#F 8 Kk JE E # % i ( bone marrow-derived
macrophages, BMDM) # T 6 FLiR # , K £ 80% Bt %4
F 50 mg/L ox-LDL, Yodal & #H k9K & 9 J B B B
AFE A8 h, MHLF PBS BEik2 K, EETH 4% %
R EEEE 10 min, 4 5 F 60% 5+ 7 B % % 3 min,
FHO0.6% #0437 CHFA %2 30 min, &
& F 60% 5+ T4 B vk 4 2B 2 Ok, 9 Ja 4 LR R R K
R TS, A BB EMERZE AR,
1.5 #R Ry o S A il

BMDM # f& T 24 LK € B &, A ox-LDL,
Yodal K 5K JE By SalB 4 3% 48 h, %8 il PBS %
%3 ,4% % R F B EE 10 min, PBS % 3 #, A
0.5% Triton X-100 % f 10 min, PBS % s i %% % 3
AR TR A A S%BSA R A 1 h, H
FLEH 40 YAP(1:100) ,4 Cokmrt i, Bk —
HU,PBS &3 K, WEMM — 4, £ BB ALET 2
h,PBS % # & ¥ % 3 2k, DAPI T 1F ik 4 40 i 4% ,
PBS 3% 1 Wk, FA T, K F KA 4 R, Leica £ R
ERMAEHE SN EAZEIR6 MLE, 2L
A T i, B Image J 31+ 2 2047
1.6 Western blot #ilfXE BRI

6 FLAL By 4 i PBS & vk k% 3 R, R T
PBS, Al Minute™ & A # B 7| &R HE &, &5 0
N 150 pL B B4 0 SRR, R Bl R R 8 T 40 e
W& T EP & F 0k EZ 4S5 min, 12 000 t/min,4 °C
B0 S min, R EFR, ETREER , KHRFE
F-80C, FERANEENHZEARBEEE AR
Rl & (KGP150, L4k 4 4 ) £ B BMDM 40 i 7% &
B 0 i N A B 450 pl Buffer A 7 50 L
Buffer B 2 ## i, & 41, #% & 7k £ 30 min, 4 °C .,
3000 r/min &% 10 min, K& FFEEHF N HOE
FLOEHEKEE, EEQILES (EEZ) T
100 wL FA ¥ Buffer C, Bl 714k % 15 s, Wk E % &
30 min, 4F 5] [% 10 min #k % 15 s, 4 C .14 000 g &
530 min, R EEEATANBEROE, HE
MEA, %R ET-80 C, BCA #=l & & Ak

B Bk ABEEESE PVDF B, 5% 4 H H i
FHRAZKREHA 1 h, BE XL —H(1:1000)
4CTA,TBS-T %%k 3 K, £l THEZH(1:
2000)1 h,TBS-T # 3 # , fl ECL % & 7 Image Lab
B %tk Image J 43 E B &0 AT 4t
1.7 SitEHE

J| SPSS 20. 0 %Rk 4 Xf 52 1o % 4E 34T & it F 4
M T E LR BRAER AT ETR, L xes KR, A
OriginPro 2018 AR R R T4 (A b R ok R o A
Koy, % 48 &k F 3% B & 7 % 24 (One-
way ANOVA) ,P<0.05 ) # F A HRITFE XL,

2 # B

2.1 FHEREE B 1&3T Piezol M ox-LDL F S/ BM-
DM 335K 28 R 7 B,

ML O Yea 2 T om , IE % BEZH 40 i A Dyt
RANMIIE B, SR AH HE , Yodal 9 41 74 7k 400 fifd
TR B (P<0.05) ;5 Yodal T4l L%,
SalB 2 BH 301 Yodal H1 ox-LDL 75 B ¥ VA 41 Jifd
R (K1), XEeRHEHE R, Yodal A EE ox-LDL
ALFRE) BMDM a7 41 L% 1%, 1 SalB AT 410 ] 161 7K
MM AO T %, R I, SalB 7] GEi# 3345 Piezol 7E#]
T YL VA 4 P ok v b 28 S AR
2.2 FHEAES B i@ Piezol Ml ox-LDL 5 SH BM-
DM 40 A8 K IE B F & B RIEKE

5 IE 0 R b A, A A 58 0E T 1L-6., 1L-
18 Fl TNF-a & H 35 T+ &, 1M Yodal T Fidd R 4
K ¥ 1L-6 . IL-1B HI TNF-o 25 [ 635 5 TR A4
5 Yodal FFi4H 4, SalB AK€ BE A1 i ik 5 2 R e
[ F 1L-6 IL-18 Fl TNF-a 85 [ 35 7K - B I F A1
R EA B ENE(P<0.05; K 2), XKL,
Piezol 335 Yodal AJ LAFLIE ox-LDL 55 ) W
2 PN A R T 2638 T SalB AT LAl 48 4E IR 7 1)
#ik,

2.3 FHEEE B 1#3T Piezol A#E ox-LDL E S/ BM-
DM ZHRE A YAP BIt%Z 3 1L

G REDEICAG I 45 % B, 5 1F H % IR 4 LA
B2 4 Md YAP 25 B S 1) 4 Me A% N & or, i
Yodal T4 1] 4% P9 5 0 55 0 ., 252 A A% (P<
0.05;3), 5 Yodal THIZ L5, SalB 40 YAP
F ) 2 AZ N 5 6 B .08 20 . Western blot 6 4%
ANEAZ YAP 2R IR IA KT, 45 51 R, BRI 2 41
MRz YAP 8 AR T8 TS, 1M Yodal i
HH ., SalB ZH 40 MR YAP 3 1 %3k K F B
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(K3), XELEHE R, SalB 45 ox-LDL 5 3 1Y R,
BMDM 4l N YAP #% 5% H 53| Piezol ¥4

P<0.05 P<0.05
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. ® £ 16
L) K T =
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AL L P - €08
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%o - 50 um O o4
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] ox-LDL + + +
Yoda1l N - + + Yodal - + +
SalB = - — + SaB - = +
1. FEE B 15 ox-LDL %54 BMDM &R HABEFK (n=5)
[ 2L s BT RO IR A
Figure 1. SalB inhibits ox-LDL-induced BMDM foam cell formation (n=5)
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B 2. FAEER B Xf ox-LDL F SR E SR ERFEBREKEHNHM(n=3)
a k) P<0.05, 51EH XTI HLE ;b o~ P<0. 05, S 4 ;¢ oA P<0.05,%5 Yodal TTI4LELE:

Figure 2. The effect of SalB on ox-LDL-induced macrophage inflammatory factor protein levels (n=3)
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& 3. FHEER B X BMDM 4058 YAP %5 LRI RN (n=3)

A R SRPETO A 4 H B AN YAP 35 P AORCE A RIK W 608 DAPL FRid O HAEAL 2060 YAP FFFRICH) ;
B A Western blot #0421 ANHIA%Z YAP B HFEBKFC HE A H YAP HHABGENM ST 4T, a5
BT 2R IE LE2RAR ;D N B Hd% YAP B A A ST,

a K P<0.05, 5IEH X B4 ;b S P<0. 05, SR HK ;¢ P<0.05,5 Yodal T4l 4L,

Figure 3. Effect of SalB on YAP nuclear translocation in BMDM cells (n=3)
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2.4 FERAER B i@ Piezol P75 ox-LDL #5-5H) BM-
DM ZHAE A YAP B HIFRIEKE

Western blot # FLEZH AL YAP FIBEER L YAP
HARIBIEO, G5 R, 5 1E 5 X B4 LA, i Al
AN ERR L YAP 25 3Rk 5 B s, Yodal T
T wEIR L YAP fE I 3RAu/TH I 25 5 HAA
FHE X (P<0.05) ;5 Yodal T-HIZHAHLL, SalB ZH W
MRk YAP SRR E S, ERHARIFE X
(P<0.05; 8 4), X5 K Y], SalB ##4%5 ox-LDL
75 BMDM i B2 L YAP A RIK, 5
3] Piezol Ji&AHIE,

ox-LDL -+ + + +
Yodal - - + + +
SaB - - - L H

100 kDa
P-YAP(Ser397) [ e s i e |~

VAP rTI l v m 100 kDa

GAPDH | s s s s s | 1,

4. AEEE B X EBEMME YAP EAREBBRULEARIE

2.5 FHERER B iM$I ENEZE AR MAPK 15 518 IR R BX
B BBEWKH Piesol

Western blot #6125 2H 40 g MAPK {5 5 18 4%
PERTR ek 25 R R B, 5 1E H X IR b, A Al
ZH M R b P38 \ERK1/2 | JNK & R iA T, 1M
Yodal T FilZH @Rt P38 \ERK1/2 JNK & 3Kk T+
B, 5 Yodal T T4l L%k, SalB 2H W ik 1k
P38 ERK1/2 JNK £ H &k B EL, 25 B A%
R (P<0.05; 8 5) , XEELER L], ox-LDL
75 EL AN G MAPK {5 53 5% 26 11, SalB 1] fig
1T Piezol 1P| MAPK i 25 H BG4k .

o 16 — 12 a

8 c s

~ 1o o 1.0

k= : c c

25 $35 08

508 20

g-b a 5= 06

< 0.4 ab % 0.4

a 0.2

ox-LDL - + + + + ox-LDL - + + + +
Yodal - - + + + Yodal - - + + +
SaB - - - L H SaB - - - L H

Y (n=3)

a N P<0.05, 5IEH XA LA b P<0. 05, SR LA ;¢ o P<0.05,5 Yodal T4 AL,
Figure 4. Effects of SalB on the expression of YAP protein and its phosphorylated protein in macrophages (n=3)
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>
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EHKl-----I_40kDa e
Q
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JNK | s 1 -
L - !L40 KDa ox-LDL +
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GAPDH | e e—— | . T

p-ERK1/2 protein level
(fold)
p-JNK protein level

ox-LDL - + + + +
+ Yodal - - + + +
H SaB - - - L H

B 5. FHEE B W EM4IA MAPK (ESBBEAQRIENHEM(n=3)
a}j P<0.05, 5 IEH % B2 LLES b S P<0.05, SRR LA ;¢ o P<0.05, 5 Yodal T2 LL#E
Figure 5. Effects of SalB on MAPK signaling pathway protein expression in macrophages (n=3)
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2R, 15 240 3 e T R B2 A A I S A A
M H SO IR AN, IR As YRS, WFFERI,
As BEHUE R TS DI B 43 ORI il i 8 402

X 26 FR A7 1 2 i it 2 ) 2% 2038 R i 3
Piezol JEHNIMLA BT VI e sk 45 & & 1" 76 As
FEREREREMEM

H S 278 B 16 O IS 0 1Y) & 2R R SR b ki A
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Pifs B A2 BAE . SalB i AL 24 1+ 2
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= DD AR AR BT R B | O I PN R 4 M D) e
FEBH L SR 20 bk s 1) & Je | R A ALK I 175 0 JHF A
T R R [ R ) O R R BT kA,
SalB HE W% [ I ApoE ™~ B PR 5 /)N B I B A i B 7K
S WBE IR IR As BEHRAGIE AT A0 ok
VR A AR AN TR J 2 1A As & A ) B B2 LA
U, A0 VR 20 B A T O HE 2R As E SR 25 T B
X, FATRIHIGE KPR, SalB J2& Piezol i & )45 5
PEIDRIF) , I BB T Piezol MR As RO AL, A HF
Y48 B PR SalB H1] ox-LDL 75 59 BMDM 7K 40
TP AR

WL R, Piezol B 18 38 2 56 2 40 J A6 26
JIRIERI g  DE PR T3 AT AR Ry S g5 4 0 i — 1
FEFEBR, ARAMILA R 5 v 200 i R A 40 B, T
fih & e BEMEAE R R T RN R AL TR - 1 2R 38 T X b 4%
E MU AU S AR A T Piezol ) IS RAETE As
PR EEIEH ,, CA MR HRE, SalB 1LY 1E
FHZ 55 30 1 355 1 SRR 8 40 i R 7 (IL-18  1L-6 Al
TNF-a) &5 & M 65, BE4b, SalB H A Fit % 1E
R ARBIE T A, FATT R EUE R VR 40 e R
F, 50 30F SalB J& 75 52 M ox-LDL 755 . W 21 it 45 b
RAEHF 1238, Yodal T HIZHH ox-LDL Hll#4A [H]
AN Piezol #4315 Yodal , W2 275 55 Piezol
EROEA G, S5 R, 5 IE % X 4R L, B A
ZH A1 e N S RE IR - 8 K- TS, T Yodal T4
RIEHFRERARB K5 TEALA; 5 Yodal T
4 A, SalB 2 R AE 28 1 55 K- BRI (P
<0.05) , WFFR4E R FE , SalB W] figif i Piezol i iH
PR RAE -8 UK RA

ML 30 7= A B HLAR A 5 P A S s 40 a1 P Bz 4
HLH A YAP 361, Z=ELAY LTI YAP/TAZ F4i
HE As, T B[] BY B S P YAP/TAZ, T A As
Ay PR BFFEUESE, Piezol 4 YAP/TAZ
AP B £ bk U AR R AR 11 TR 200 e s 2
HA ) SalB Bt As L5 0] ox-LDL A9 4%
WU YAP/TAZ/JNK 8% BB R AR A 670, 3,
fITH ox-LDL J Yodal #1# BMDM 41 ig L% YAP
EAS N AR B RO, SR EM, 5IEH
Xof REH oA BRI 0 Y AP 25 1 I S 1) 40 A TN
¥, M Yodal 1 #l 4 1a] #% W & i i 1 & (P <
0.05) ;5 Yodal T4l 4, SalB 41 YAP [
AN FE R W] /D . Western blot 45 487K, 18
RUZH A iR Ak YAP 25 (338 & B k2D | Yodal
THZAwERR L YAP 8RBT ; 5 Yodal
T2 L3, SalB 4 BE R fb YAP 4 (1 3% 35 W & Tt

o L EEEREIR | SalB 45 ox-LDL 55 () BUDM
YHiffL YAP 154k, T RE 5] Piezol 38 1E MG AHOC

22 LI AL R PO ( MAPK) 2 552 18 1 40 ifg
AR 3 AV PR T | BTG A Y MAPK A 2 B
TR IR AL | I T 81 2 A G B R 0 3 s ik ) |
W55 %M ERK JNK 5 p38 MAPK 2% Bk (5 5 i [ 1
As TR 3 s vl b 25 B B 0 A P A S g
K YAP/TAZ/JNK W5V iR B As B
P RTIARESY & L MAPK 55 B4 7E Yodal 15
KW Ca® PR YAP 38005 F1 5 v 2 (] 5 H 2L 11
BEZR R T U SalB J2& 75 45 ox-LDL i 5 1)
EWE 40l MAPK (55 HEEH KRB, ULERS
Piezol FH3& , A5 A6 45 20 240 i Hh 26 (1 Fab i i,
5 IEH IR g AR ZH 20 R fL P38 \ERK1/2
INK 2 [ 3k THi, M Yodal T 74 i iz 1k P38 .
ERK1/2 JNK #H R ETHE ;15 Yodal +
L Fb 5 , SalB 4B R 1k P38 \ERK1/2 JNK # 13
SKPRAG . 255 HH , ox-LDL 15 5 B W40 il tf MAPK
{55 PR H E0E , SalB 7] BB 2/ 5 Piezol 1]
il MAPK 268 TG 1L

25 LR IS AR 254 SalB 7E As 697 HlE
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