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Protective mechanism of tetramethylpyrazine on cardiovascular system

YANG Chun-kun', PAN Qing-quan®, JI Kui*, LUO Chuan-chao®, TIAN Zhuang®, ZHOU Hong-yuan®, LI Jun'*
(1. Guang'anmen Hospital, China Academy of Chinese Medical Sciences, Beijing 100053, China;
2. Department of Emergency, Weifang Hospital of Traditional Chinese Medicine, Weifang 261041, China)

[ Abstract] Tetramethylpyrazine is the main component of Ligusticum chuanxiong. Studies have found that tetramethylpyrazine has a
good protective effect against cardiovascular diseases. In the heart, tetramethylpyrazine can reduce myocardial ischemia/reperfusion
injury by inhibiting oxidative stress, regulating autophagy, and inhibiting cardiomyocyte apoptosis. Tetramethylpyrazine can also reduce
the damage of cardiomyocytes caused by inflammation, relieve the fibrosis and hypertrophy of cardiomyocytes in infarcted myocardium,
and inhibit the expansion of the cardiac cavity after myocardial infarction. In addition, tetramethylpyrazine also has a protective effect
on the improvement of familial dilated cardiomyopathy. Besides, the mechanisms of tetramethylpyrazine on blood vessels are more
abundant. It can inhibit endothelial cell apoptosis by reducing oxidative stress, maintain vascular endothelial function and homeostasis
by inhibiting inflammation and glycocalyx degradation, and protect vascular endothelial cells by reducing iron overload.
Tetramethylpyrazine also has a certain inhibitory effect on thrombosis. It can play an anti-thrombotic effect by reducing inflammatory
factors and adhesion molecules, inhibiting platelet aggregation, and suppressing the expression of fibrinogen and von Willebrand factor.
In addition, tetramethylpyrazine can also reduce the level of blood lipid in apolipoprotein E-deficient mice, inhibit the subcutaneous
deposition of lipids, inhibit the transformation of macrophages into foam cells, and inhibit the proliferation and migration of vascular

smooth muscle cells, thereby reducing the formation of atherosclerotic plaque. In combination with network pharmacology, the
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protective mechanism of tetramethylpyrazine on the cardiovascular system may be mainly achieved through the regulation of

phosphatidylinositol 3 kinase/protein kinase B ( PI3K/Akt) , hypoxia-inducible factor 1 (HIF-1) , and mitogen-activated protein kinase

(MAPK) pathways. Tetramethylpyrazine hydrochloride and sodium chloride injection has been approved for clinical application, but

some adverse reactions have been found in clinical application, which need to be paid attention to.
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S R—RAL G 2, RETE AL AL KBS, IS %
(tetramethylpyrazine , TMP) J& T Wt B 25 A 90, T 1957 4 M\
JIE s o 40 T B3 I VB A 2 R B 1k 1A TR 1
HZ AR AR Aok i iR R A Rk b A AL
YERD 4 BFE R, TMP 1] DL it 2 k48 2080 5 % 15 %)
O PRI VE T, A SO FAE IR AR AT 2534
1 TMP fR7ec AL
L1 PO WU ARG FRETE R O L L P v
(ischemia/reperfusion, I/R) 4 473 J& — 1~ 35 % ) Il PR 0] B2, 7
VR 5L B TERMERTIA, S5 REAN E H

B 1B (CTMP) 4O I BL )

Fig. 1 Protective mechanism of tetramethylpyrazine (TMP) on heart

T ISR (TMP) B O WL SR SRR L/ -F 38 L 15475 A AL

TR K, TN TR AR TS R Y A, GO LB e 55,
YANG Q 257 %3 TMP (10 20 mg-ke™" ) A @43 15 SRR
FIAEAC NS 5 5 B E 2 (isoproterenol , 1SO) 1755 Y K il
ZME0 WU AL (acute myocardial infarction, AMI) , HE— 05T
I TMP i3 855 PI3K/ Akt/ GSK-38 i 1% 3 % 44800 I 47
PHERI, 165 —Dscgh LV L 251 %k SD ke R I 42 /i
Wof Sz 3 K 25 FLFE T A A0 5 i i R B O L /R AT 5T &
L TMP (5.,10.30 mg-kg ™' -d™" ) IGI7 W WG T O LAY B S
Fa), I AT S AR 1y AR I 1 UL T84 8 ) 1l 0 4k A 4
AL R, HALH S0 PISK/ Akt eNOS A X (K 1.3 1),

Table 1 Mechanism of tetramethylpyrazine (TMP) in relieving myocardial hypoxia and ischemia/reperfusion injury
EISOE JisEiyiEy FEHIBL

Tk SD KB FAE LARRES il P PI3K/ Ak/ GSK-38 3 B IR 7.0

SD K TER M S S LT il i % PI3K/Akt/eNOS A

SD A ERUATER IR HOc2 o LA
21 A
SD A ERURTER IR HOc2 O ULAH A
WCHETE L 30 min
LR H9e2 LWL i

ZeHTRE SCASFLTHIE N ; B/ 2

% 95% N, Hil 5% CO, HIZ%

1 1% 0,.94% N, 5% CO, Hil3%

it PI3K/Bel-2 BIKAEHIEEE Beclin-1 FHCHY A D) RE R AT

3L T8 VDACT 3k ) mPTP JT- 75 A1 B7 11 28k 7 2 A s £
KO LR

§@ i M) HIF-1a/JNK/p38 MAPK 1 IGFBP3/BNIP3 3 i #k ikt
AR T O ILA B 5
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I W — b DR (1 2 Tl (A AR DG IR e o A X A 2R A7
SCH B PR [ W TR ATA T 0 L /R B4 0 R
B /R BRI F WERLE S A WG 1 Beclin-1 (12634
BEINA G, T Beclin-1 42504 A MR 5 A TE W H] B k2
4 M9R5-2( B-cell lymphoma-2, Bel-2) A F AR W58 &
P TMP (10,50 mg-kg™") JATT T 48 /IO AT BE F-08 1 R U
RIARESE T FR , TMP (50 pmol - L") Wi /b 48,/ 5 %5 ( hypoxia/
reoxygenation, H/R) L LA Beclin-1 AR 35, #E 1M BH 1k 0
JULAR AL 3 8 W, Aol RGO B OE R K, i — 2B RIS R B,
TMP X4t /R S0 HLE 5 584 PI3K/Bel-2 S5 AF
Beclin-1 MG FIME DI AERER A OC O (B 1 36 1),

L 4K 8 Pk B 25 7 38 38 1 ( voltage dependent anion
channel 1,VDACT) EZ&p RSN I (4 —F 85 1 BT, & 54000
&35 3% P % e FL ( mitochondrial permeability transition pore,
mPTP) {7524 mPTP (9 T A", VDACI #£ H/R
BRI R LB 5 Bax W LE A9, 30 1 f i
M T F g% C(cytochrome C, Cyt C) B3 41 g
Jo e fik 2 M PA T BFSE R B, W/ TMP Ak B AT Bl
H/R 50378 B IRLIAE 30 0 2 2500, I i/ s A o JE 1) A 4 T
A T, TMP (20 mol - L™") T 40 3434 7] 3§ /b H/R 16
iJE H9e2 L WLANMLAY i T, H AL 5 T 3 VDACT 23k A
AL RO 1 2R R REREAT A OC S (1 4% 1),

FEAMECIUEEZE BT IR AN T, O L2 58 AR
I, S 300 BE 28 88 Z 4 B S I F-1a (hypoxia-
inducible factor-1la, HIF-1a) 75 B4 N H A Ay 56 R R 35 10 32

F2 0 IEWE(CTMP) A S Xt O LR A7 A BIL )

FRAY N RIEME . HIF-1o AT AE# 3 F 37 245 7 0 g 75
E1B19kDa % H A B 1E Fl % A 3 ( Adenovirus E1B 19-kDa
protein interacting protein 3, BNIP3) s EERKRHATES
1 3 (insulin growth factor binding protein 3,IGFBP3) K475 41
M T- B A g B R AR K T 1 (IGF-1) &4 5.0
ThAE 1% o B2 T 5, KK F IGF-1 5.0 U B JRUK 384 A
X LIN K H 25U BF5E & 30, HIF-1a 30% 3 IGFBP3,
BT IGF-1R/PI3K/ Akt i i# , fiE #E BNIP3 ik , T HE5E Cyt
C B S ERIR HOC2 O LR MIFE T 5 % T BAAE & TR, 48
ALFRAG O LA EAE AT LAGE 3 INK1/2 1 p38 MAPK (93435 175
RPET, i TMP (10,50, 100 pwmol - L") 58 53 #0141 HIF-10/
JNK/p38 MAPK # IGFBP3/BNIP3 1 f§ KR ik 42 175 5 1.0 1L
A (B E ) .

L2 RIS CILGBIG MR R — e B SR
A, AT A AR YL g R — B i WA, A
D IR e AP & PN N E = 4 R R = L AT 5 s
BRSZWMWRE Z—, MIBEIRIERE F a(tumor necrosis
factor o, TNF-a0) V20— 4 iE B, 1T 4 22w P 200 it B e
A R, FECC LB, IR 3E— AL (NO) i B 43
o | I AR S L, T B LS A, GUO L H
LTk it SD K FEAT B AL 22 M LAE SR BEAE , 2
FE ST TMP (10 mg-kg™") flA BHER K (10 mL-kg™ ) , W55 &
P, 54 BER KL AR L, TMP £ 24 h SBT3l TNF-a /K P55
i, B A3 U A SUR S R, TMP 41 AR B3Rk 4
MR RER R (B 1.3 2)

Table 2 Mechanism of tetramethylpyrazine (TMP) in relieving myocardial injury induced by inflammation

WX 4 LISy ey YIS
Tt SD KL AT E SR FRLNE S E SRR TNF-o SR L0 T
PN (R
SD K EL LA A ZeH RS A FLARE I EIHLARLR T 14-3-3y BRI Bel-2 MR K, BT Bad BERR L, 3 0 MMP 7K

-, KA LDH 1 caspase-3 16PE 382> ROS 2= i .mPTP FF RN 7%

& Z 4 (lipopolysaccharide , LPS ) J2& #: % 1 B4 A9 32 22 40
JRLRRE A3, B T LA SERE IR 1, I & RE 52N, 328 1T 184 m 40
PN 15 P4 (reactive oxygen species, ROS) A9 4= B, K ik, LPS
T H AR M 2 A B e B F R A 14-3-3y
B 14-3-3 BAFBM I Z —, 2 5 RGVER . HUANG
B A4E LB TMP (40 pmol - L7) AT i E iR AR 14-3-
3y FE M Bel-2 M35, 800 B ik EL 40 AR -2 3k B AH ¢ 5 3h
“F (B lymphoblastoma-2 gene associated promoter, Bad) 21k,
S A0 5 g R 2R MR B AL £ ( mitochondrial membrane
potential, MMP) IR, BEARFLAR I SV (actate dehydrogenase,
LDH) F1 2 Bt 2 B2 K 4 2 R 25 11 % 3 ( cysteine aspartate
protease 3, caspase-3) 7 PE, 38 /> ROS 4 . mPTP FF it Fl 4
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T2 LPS WSO LAt (B 1.3 2)

1.3 WROETS AN E RSB, a4
AN R, S B0 USSR, W, Fe Ak K IH T B
(transforming growth factor 8, TGF-B) I i it £T 4k 21 it 1 45 2
R APEET (A gt AR, P A FEO LET e Ak, 3 B UE
T b, O M R A A BE ORI K, BB =Bk,
BASBCOIUREAR B0 g, U5 R, TMP (20 mg-
kg™ ) IRYT IR 1O WU BE A B A O 8 T Sk 1) 33 0 A0 JUL 2
MU LR B RO AR B T 2.0 B NE R ST ; 54 TMP YR 9T I8
07 TGF-BL My FHEr , W55 T AHAE X I SR £F 4E R UAR , B3 T
BT X 38R 1 i %5 A= 8, 3 P i 2 3 5k Shh i R T
O UL RAL 50 & FEAY B VIARSE, HFFE L I TMP (1. 0 mmol -
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L) wl i 360 A% 1 kB (nuclear factor kappa-B,NF-kB) 3%
A2 H TNF-a 195300, b7 10 1 8 S5k 2 1T ( Angiotensin I , Ang
I ) 75 S LML > (PR 1)

Pk FLL UK (dilated cardiomyopathy , DCM ) & —Fl U &
PO WG , FARFIE 0 4 gk Flie i W o /7 . ZHAO H
P AELL T T Y o DR/ BT AR SR 0 7 5 L0 LG
(familial dilated cardiomyopathy , FDCM ) #5761 | 8% J5 {df FH # B2
JIIZ 1 (tetramethylpyrazine phosphate, TMPP, 45 mg - kg™' -
A7) AT 6 N H BB, TMPP FEAR T IEKARAEY) B B4
JRBK ( B-type natriuretic peptide, BNP) [ &3k | /> T [8] i i
JEULRL, DCM 35 E #5K5 8 11 ( B-cadherin ) k8 A 5,
TMPP 1 D) AR 2 1k 55 4 TMPP 34 nf LA a3 #04fi ca™ /
CaM/CaMK II i@ #% 435 DCM
2 TMP XA AR AL
2.1 PRI N AR AR ROS J2 N K 4R 5 s
O I A PR R R (1 G SEBOR P 2 L1 W M 5% B3 TMP
(50~150 pg-mL™) W5 T H,0, 1755/ A8 ik Py K 40 i
(human umbilical vein endothelial cell, HUVEC) % 1 F [,
T H,0, FSH) HUVEC ' ROS B4, B T B AL

B2 NI (TMP) {535 i By AL )

AOTEPE, I A0 Y NO JK-F-, i%% H,0, V5 SR4IILIE I S
SO BEL i A TITAI0 240 A R T T AR AR, NO XTI I
YRR (X N B AN BAT PR B Y XGE AR
FH BT NO ViR 3 R 4 S8 AR 0 x4 F 41k
ARZS I A B 20, NO T8 3 45 45 200 6 3R S Ab Tl 1) L5 5 2
AT LRI N, T8 5 P R Y 7 D) — TR 5
H TMP (10 nmol - L™") A %% H,0, 55/ SD K B 3 3 bk
A DA B DT RE A, AL -S540 T AR P g B e — A PR A TR
( nicotinamide adenine dinucleotide phosphate , NADPH ) %8 1k il
T, W ROS A AR DC1 sk Ak 0y A 18 B 00 W 52
P& y-5f 3 1% F 1o ( peroxisome proliferator-activated receptor
gamma coactivator lae, PGCla) 7E T B S8 Ak AT PN Kz 40 it T
e R i B BB AE M DUERRIE T E S 1( silencing
regulatory protein 1,SIRT1) /2 —flt NAD+{K#i M 41 & 1% &
AL, AT AR E PGCle B Z BEAL . BIF5E & 1, TMP ( 30
mmol- L") 7 3@ 53 b #& SIRT1/PGCla, M i ek 20> 41 Jitd ¥
=050 BT o YANG B 5057 2 31 TMP (20 pumol -
L) i 14-3-3y/Bel-2 348, I B 45 2 6 HUVEC i B
RETERAILRL AT RERE S (16 2 % 3) .

Fig. 2 Protective mechanism of tetramethylpyrazine (TMP) on blood vessels

SAEXT PN Je 40 M LA — B EAE . CHEN J %07 1A
LPS 531 HUVEC 1B & E AT, B TMP (50,100,150
pgemL ) FHUR, 8 EFEAL T A0 TR TNF-o 1 H 40
& 18 (interleukin 18, IL-18) ¥k &, H: MLl 5 # ] Rho/
ROCK @ AHE, NO &—FR KA BT, i i i) NO W] RE 2 &
SN K D RE AT AR IR AN 22 E R Y I R T

(spleen tyrosine kinase ,Syk ) J&— | 32 {4 i 2 R VA W , ‘B 1E
SAEHRFE EEAEM . ZHENG Z % &3 TMP (20,40 pg-
mL™") 38 i 3R Syk /S PIBK/NF-kB 15 538 B, Wi /> 1
TNF-a 559 HUVEC i T B — %L R A B8 (induciblenitric
oxide synthase,iNOS) 23k | #Emiyd /> NO 4= i, B2 2 E %
THLE N AR 2 E 59, BRSNS T4k
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3 ISR (TMP) PR LA P9 B2 20 ) AL

Table 3  Protective mechanism of tetramethylpyrazine (TMP) on vascular endothelial cells

Mot % AbFE 7= FEHIBLHI
HUVEC H,0, W ROS 77 A, IR G AU PGB P, 300 2 A N NO A Rt i v
SD KB E Sk A H,0, M NADPH AL B 1, 18/ ROS AE AL
HUVEC #1 bEnd. 3 4iJifg 30 mmol - L' %585 Wit 94 SIRT1/PGC-la, AT/ AT 8 1
HUVEC Ff 2 2% W3t 14-3-3y/Bel-2 4%, AR BT 2 X HUVEC 1 a0 8P Ao (4 o RE R i
HUVEC LPS i Rho/ROCK 38 R FEAR AR I -4 LK TNF-o H1 IL-18 ¥ 2
HUVEC TNF-a L] Syk A5 PI3K/NF-kB {5538 /D iNOS ik, #E i NO A: %,
HUVEC LPS M4 TLR4/NF-«B/HPSE1 {55 %
HUVEC AL P84 PHD2/HIF-1a/ VEGF {5518
BMEC SFUR 2 BRI 2 1K Rho/ROCK {553 1%
HUVEC 50 pmol-L7'gk# kBt ROS/DDAH I/ ADMA/eNOS/NO 38 Ui 1L 457 PR Bz 1 2 8 24451 445

FPN1 Tek-Cre /NEURI C57BL/6 /ML ISR

PHHT hepcidin-ferroportin {5 5P N B2 T

FRAE N E DR MRS E L EW, T2 BT R 1
(heparanase 1, HPSE1) J& M %5 1 3 2L R fift i, D 98 2 8K,
LPS RJ 5 S L P B2 W58 i 7 , 5 O 8 2= A i, o i | e
P 5473, TMP (50,200 pumol - L") THA FHL AT &8 2 000 sl ol 22 o
i FIERAZ A B, FOBL 5 6] TLR4/NF-«B/HPSE1 {55
A (2.3 3)

SR AR — R B A LA PR S I 5 R AL ( prolyl
hydroxylase , PHD ) 2 J& — it G4 (1 42 1% B 4%, DL K I 1 7
AT HIF-la BFEE SRS . YANG C %1106 HUVEC
5 A (CoCLy) B 4 b SRS BN [RIVR EE ) TMP (50,
100,200 wmol-mL™") , %5 5 % ¥, TMP J8.%% T HUVEC 14 ¥
T2, L5 42 i PHD2 9335, BETNE 3 HIF-1a RS A
ML P B2 A2 A F ( vascular endothelial growth factor, VEGF)
FYAMEIAE S, 757 — g, TMP (14 3 .28. 6,57 3 pumol -
L) W F W 55 T & A 4 B3 2 (oxygen and glucose
deprivation, OGD ) 7S R0 MG I A N B2 40 9 ( brain
microvascular endothelial cell, BMEC) ¥ ¥ 7=, H: WL 5 TMP
T Rho/ROCK {5538 i, 3JE M4 fin iy i B — AL AU 1
(endothelial nitric oxide synthase, eNOS) Rk Ml ROS A
XKH(E 2. 3%3).

PoE—MEENEFRTR  ERBAL RN T, E
S ROS i B A B, J5 & HEA LKL, £TIF mPTP, 0%
ROS 51 ROS B ( reactive oxygen species-induced reactive
oxygen species release, RIRR) HLH , 75 S ROS At s R
& BR — B A% K % B ( dimethylarginine dimethylamino-
hydrolase, DDAH ) J& — Ft 06 75 19 A8 XJ F% = W BE kS A R
(asymmetric dimethylarginine, ADMA ) i [%: %1 ; DDAH 1T %}
HHBfL N ROS HCAHUR, AT 8% ROS REARIE M, AT S 20 ADMA
PRI T ADMA J2—Fif NO & s il ), BF5¢ % 8L, TMP
(25 pwmol - L") i@ 1 41l ROS/DDAH 11 /ADMA/eNOS/NO i
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R A A P B R R Y SRS e
hepcidin-ferroportin SMPEAT VR oA I O I A R ——k
JH 2 (hepeidin ) JEJ1 4 B KK, I i 45 4 T Ui $0 AR 4k
38 B 1 (fervoportin, FPN') 1777 fiz 4H i 114 42k 18 A0 R JH- 248 JH 7
BB SSUN MY 251 R 5T & B0 5 18 I AE 7T 75 5
N LT hepeidin ZKSF 5 1A R 2 Bl B A5 468 55 P9 1 4
BT BE T7 , JIER SRAE BN 5 RESR FPN AN X 2454k,
T TMP (40 mg-kg™" -d™") AT W F R4 N Je 4 (€ 2. 3)
2.2 AWHIMARTE B i G A rp R — R D A o A
AR , I /N AR T b 3 9 R ALl . ZHANG H
10T e Sy LM 25/ 5 4 (oxygen and glucose deprivation/
reoxygenation, OGD/R) 7519 BMEC 445580 % 3 OGD/R
PGITT fh & S0, 738 0 BMEC B 4 T (40 VCAM-1,
TCAM-1) AR R A0 - (40 TL-8 . TL-6 FI TL-18) B33k, 1
TMP(1.,10,100 nmol-L™") % Hep= Az BH &8 3k 5 HALHI mT A&
B NF-«B p65 A% 5 i Fl p38 MAPK 38 % ) 005
Wl S AE K T S B REAr F Ik . AR D — TSR P, TMP G
HRRALT SD KRR A Zh 1, s M RS AL 5
il SDF-1/CXCR4 3 #4510 5l 4 5" B 5% & 2R,
TMP(5.10,20.50 pmol - L™") A i i ERK5/P7036K/Racl 15
5 T 8 ) Sl RS AL/ N SR R R, M 0 1 A
R TESI B S2 B v, TMP (40 mg - kg™ -d™') B E R T
FeCl, 755 R BRBLE S KA AITE L (B 2 .3 4)

P Bk =R (epoxyeicosatrienoic acids, EET) J&
A N R AT A A DR R A A i A Ak R . EET E
A A0 A o /N TR A, AT B T 4R R A AR AT Wl
MRS AL 7K f# 1 ( soluble epoxide hydrolase, sEH ) T LUK
EET PR K A 9 3 PR R A9 B, MAK S K 2554 fF 5%
7% BN B ™ ( endoplasmic reticulum , ER) N i/ F Ang 11 155
R T ARG S AR B Bk Y R 4 B ( porcine primary coronary



WA B A )15 O LA A PR AP B £33

4 G (TMP) ] kT R L]

Table 4 Inhibitory mechanism of tetramethylpyrazine (TMP) on thrombosis
WroExt4: AbFE 7 FE IR
BMEC S WE#ZF/ 522 (OGD/R) il SDF-1/CXCR4 il /> Fi B} 43 ¥ 335 ; M) NF-B p65 1) 4% 5 o Fl
p38 MAPK (1 P00 S ol S RE PR 5 B b 437 (48
SD Kl i 1k SDF-1/CXCR4 1 f
M/MAT SD KR 85 (1% 0,,5% CO,,94% N,) il FeCl, il ERKS/P70S6K/ Racl {55 5 1 i 0  fe 20k /M A SR 4 Zh I BRI
PCEC Ang Il Wi Pt ER i sEH K IEF 4L, Ml EET & &#1E# 1k
HUVEC fIBEfi  H,0, Fl AH WM H fga fob fog Il vWE FEIK M M4 TE B,

endothelial cell, PCEC) ¥ sEH i 3, TMP (100 pmol -L™")
IR R P ER B sEH FIKIEHR b, NIl EET 7
IEEAL, R A NS (8 2.3 4)

SR REORT 55 N B 5003, 2 A5 100357 P B 200 M B R I
J W /MR SR BRI, IF B BRI A, ZHANG Y
SR B H,0, 8 3 3 hn ROS I B K 48 41k 4 157 1k il
( superoxide dismutase,SOD) ¥ P 175 S HUVEC (194 16 N #4
45,1 TMP (10,20 40 pug-mL™") HAPAMIER ., fga.
fab il fog S 2T AR 1 JF A 20 WCER 43, 0481 1 A9 R (von
Willebrand factor, vWF ) f& ML A& I i 1) B K 2 — , ZHANG
Y A% B TMP @ i fga feb fog A vWF K3k, B35
IHIELFRE 1% % (adrenaline hydrochloride , AH ) 5 S (3¢ 5
KM (K 2.3 4)
2.3 AWHINRBITE A B R UUR AR BRI U E 2 bk ok A A
5 IEGE(TMP) 0 iR BT7E N KT TR L]
Table 5

1k (atherosclerosis, AS) B & A5 & J it 35 2= X ZEMIEH,
S MR T TT 4 4 2R 1 (SREBP) /Ry e84 ¢ R, 7T LU
WA RER A A R ST & B, TMP (45. 05 mg-kg ™' -
AU B EREFEBRKERFEMNRIEEA E GLHK
(ApoE™" ) /INER M Hig 7K T, -/ 55 A A A B e 1 AR, JEAIL
AT B M 4 SCAP/SREBP {5558 B S Mg 725
—JSE R TMP (75,150 mg-kg™" ) 8 0% % % 3 kA
X AS TFR LG R IE/ H R SR BE L BEAR AS SRl 2 TC TG
F1 LDL-C (7K, 3341 HDL-C 7K, TMP 3 0] DL REAIR i 2%
H MCP-1 1 ICAM-1 7K, JE4 I 28 e 32 0 ok v il 56 3% 4 Ak
KB EENE R (524K 1(LOX-1) Bk, RIMIF5T 2B, TMP
(1,10 wmol - L™") ] 311 5l B4 4% #0 ff 5 K B 3= 3h bk P9 2z 400 g
(RAEC) A Zh B, 0 RAEC 1%, JF ~ ¥ ox-LDL i 173 A9
RAEC 71 MCP-1.ICAM-1 F LOX-1 268 (& 2 58 5) .

Inhibitory mechanism of tetramethylpyrazine (TMP) on the subcutaneous deposition of lipids

iEthsE b By =X i FHLI
ApoE™ /I FR IR BT J# 5 | SCAP/SREBP 15 51 f%
Bk FERE L K % RAEC A E R &M ox-LDL  F I ox-LDL #1£#J RAEC 1 MCP-1,ICAM-1 1 LOX-1 Bk

RAW264. 7 EEANIAN ApoE ™™ /N

il p38 MAPK Fl PI3K/ Akt {553 % , #F 117 1= ABCA1 F1 ABCG1 LA
JZ T CD36 Fil SR-A

FEL I 200 LS 19 5 53 77 52 1 ( SR ) B 52 A AR 2% 8 iR
HH (ox-LDL) B BRHL, 404346 5% 36 (CD36) Fil A ¥ [ 71
BEUAR (SR-A) ) 4t P i I &M 9 3 B2 st 306 ) L ]
32 (RCT) &L, ATP 454 &2 AL(ABCAL) il
ABCG1 7€ RCT ¥k 4% vh KA LB /E '™ . BF 98 & BL, TMP
(12.5~50 pg-mL™") AT L 0 H RAW264. 7 F V4N 55
AR IR AN AR SMIFSE R TMP (150 mg-kg™' -d™") T 3%
] ApoE™ " /NRE Sk B AS BEHTE AL, HHL T T 6E 2
W 4 p38 MAPK HI PI3K/Akt {5 5 i B&, #F i b 94
ABCA1 1 ABCG1 PA & T i# CD36 il SR-A SHiiy ([ 2,
x5),
2.4 P01 LA E  AE AS A R AR T 148
SE- ¥ LA A ( vascular smooth muscle cell, VSMC) 7E N il $i1 455

JEAERS BN B SR J5 AR e B A A8 g £ RN B B e A, it
B, e AT LA BR G BT, UUBUR AR [, 3 7= A R RE 40 Al 1A
T TR G | PRAZ AN . B, SR I VSMC 2 5 g % R 2F
AEWRIE N, PG, 3] VSMC YRR F AS BIR)T R 2
B, B9 &P, TMP (15 wmol - L) Al 3@ 3 #1H] ROS 1 47
A= T p38 MAPK/INK/ERK B 182 1k , 32E i 10 7] 25 4 5 3
ff) VSMC bt 05 Fndsg o (1] 2) , BSR4 E -2
(bone morphogenetic protein-2, BMP-2) J& T TGF-8 %K ji% , &
— B & B A K IR BF S & B, TMP T a8 Z A
Ang I1 3 34 &) NF-B i 1L Al BMP-2 235 F 95, M ifi 410 6l
VSMC 45 (B 2.4 6) .
3 R

JIE R—RAEG 2 TMP 225 A RSy, BRAERF
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F 6 JIEGE(TMP) ) i 45 -V LA B3 5 i AL 1
Table 6

on the proliferation of vascular smooth muscle cells

Inhibitory mechanism of tetramethylpyrazine ( TMP )

Wroext % Qb BTy YEFIALHI
KEMESIKA Sk B4 B 40 p38 MAPK/INK/
VSMC (25 mmol-L7") ERK Bk
KK VSMC  Angll 10 NF-«B 3% 1k 0
BMP-2 T

FER I, TMP X Oy 45 5955 B AR B G4 B vl LA
B IR B 455 B g RO WU AR R 453473 , 34 v LA 5 sk 40 o)
O WILEF AL WL AR ORI 0 22 T4, 53 41, TMP 38
XTeis FDCM B —EEH . TMP Xt il B 4R 4P MLk B A
FE R, EANIT LU N R 405 497 , 38T LA N
BT R BTN SR ek A i 4 TR 1 i A M 4 ST T UL 24 L ) 48
TS S B[4 HLH 0 TMP JAY7 AS S04 T SEIR IR IR

{E75 — 2/ J&, YANG Q 201 & Bl TMP (10,20 mg -
kg™') i 3 OE PI3K/ Akt/GSK-38 i %, M T 55 1S0 i 5
) AMI, LV L %' % SD KB AN VR 5, %& B TMP
(5.10.30 mg-kg ™" -d™") AT BTG O ULAN IR A PT3K/ Akt 3 {6,
BEMARAP O L, T 7E DA F W 20 Sk F 55 X6 G2 15, TMP (150
mg-kg™'-d™ ) AT PI3K/ Akt {553 8%, [-9% ABCA1 #1
ABCG1 LA J2 T3 CD36 Fl SR-A, M ifii 310 1 i ms 48 i 5 1k
HIRAHAEI | 2 WHFFE T, TMP % PI3K/ Akt i 8% 4 FH 25 5
A, H PR T RE S TMP B3R BE R4 iR BUOR A 4 56

o S LT M LR T TMP JA97 75 DR Y
AL, Gt e 2] TMP 8 F T e 0o RO HEE 115 4,
X SLHE M B R AEAE PI3K/ Akt HIF-1 MAPK %53 % |- 4%
AR S0 & R Y 3R b 52 3 PISK/Ak/GSK-38., PI3K/Akt/
eNOS . IGF-1R/PI3K/ Akt , HIF-1a/JNK/p38 MAPK , HIF-1a/
VEGF F1 p38 MAPK /2 TMP 4 F13# %, 35601 TMP iF.0» 1L
B VE F E 2R E it PI3K/ Akt HIF-1 MAPK i % #E47
AT,

RIS W E AL A SR B 2R ME I PR IS A A
R PRI B e B — AN R RONE a0 T R RE | 292 0|
FE AN GO N SRS TR E N RN A L AR
WP FRIME 6 o) 2 PR 2 Tl T v A e R | ek A I
FEBRSMENR G &L, 5 EFIRN 24% , R R Y 4
SR 99.6% %) ) X WARRBEIEH , I R ER R 1|
A S, H R YA B, LR R
R 2,
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