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Advances in the Research on the Anti-atherosclerosis Effects of Isorhamnetin

YAN Shan!, NAN Xiaodong?, MA Shijie!, WANG Chenjing'"(1.Department of Pharmacology, School of Basic
Medical Sciences, Northwest Minzu University Health Science Center, Lanzhou 730030, China; 2.Department of Intensive Care
Unit, Gansu Provincial Corps Hospital of Chinese People'’s Armed Police Force, Lanzhou 730050, China)

ABSTRACT: In recent years, cardiovascular and cerebrovascular diseases caused by atherosclerosis(AS) have become one of
the main causes of human death in the worldwide. According to relevant studies, hypertension, high blood fat, obesity, smoking
and other factors are closely related to the occurrence of AS. As an extremely dangerous factor in the development of AS,
oxygenated low density lipoprotein(ox-LDL) can promote the formation of AS by inducing a series of pathophysiological changes in
the body. A large number of studies have found that isorhamnetin(ISO), an important monomer of sea buckthorn flavonoids, have
much cardiovascular protective effects, such as anti-oxidation, protection of endothelial cell barriers, inhibition of adhesion between
endothelial cells and monocytes, reduction of lipid deposition, inhibition of proliferation and migration of vascular smooth muscle
cell, and anti-thrombosis. Then, ISO could play a significant role in the prevention and treatment of AS. Based on the occurrence
mechanism of AS, this paper summarizes the anti-atherosclerosis effects of ISO in the pathophysiology process of AS.
KEYWORDS: isorhamnetin; atherosclerosis; oxygenated-low density lipoprotein; macrophage
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FIABHRA, A iR Bl e al b, Sl 7 —
AR A T A b —— RSO T SR
RERE—MEEELGY, 20T REEYH
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b, DMERIGRF B AS MRS %
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species, ROS)SEALIBEIHALEE G 1 (low density
lipoprotein, LDL)ZL B 43 1ME P, ROS WA
Z kIR, NADPH {0 . ZORiiRnT st 1%
186 MR I AA B AE A ] P A A I S NO R4
FNE, TR ROS A i 2141 FE I AR,
ox-LDL 7] 5 [fi % P9 B¢ 4fl Jf (vascular endothelin
cell, VEC) M 5 Wi 4 g 3 Ifil 1) 75 1 R 32 AR &5 6 i 9
R MTEIMRE S # FH=EE, ox-LDL Sk i gl ik
W, fi VEC FIH 40 i 3 et & 2B 2R 4k
Jrad itk . REBHE PG| O 5 SA% 4 ik A i
BN, XS0 A 2 TR Bl Dk N S Ak i B 7
WEEAE FH B B WEZ A, {75 ox-LDL KBTI F I B2
T, ox-LDL W#E— 455 4 N iz, IF(2 ik im
U5 LA B (vascular smooth muscle cell, VSMC)
RHEsE . TR, 5l VSMC i K g4 4E 5 1 L
e BRI Y £F4ENE . I, ox-LDL AYJE A
{URSN T AS R, M HILFHZE T AS &
R B, 1 AS kA RIEE R3]
HerE Ve,
1.2 VEC #if)i

VEC 7 ox-LDL ., S LR KR R T 5
KA AR, #ETE N VEC JHE, ox-LDL
HAB AR EEN , &l 2 i
BN VEC, SEULHUEE. Priafh . Pranazhpy
FEVEEES R, NO J&—Fh il N B2 i A 0 B
PRI TE PR A BT, TAE A AR N TR, L
R K AR B ROS 233 oF ik NO {7 142k BHL T
IR LR B Y SR 0 e I = K A A [V
WOIRZSTS , ALK AT 38 2 300 % 5% 5 I - (nuclear
factor-xB, NF-xB)if5%& N 4T, [FF NF-«xB
TEARAE SN I AT 38 3 AR SAE PR 1 5k . iR
FRAAE P FBETIOR S A1 9 RE AR | TR AT
NN, ieAh, #E Fikid i, ROS A At
YERT VEC, _Ly4iH %53+ -1(intercellular
adhesion molecule-1, ICAM-1). i 20 fitd 2 [¥6f 43
“F--1(vascular cell adhesion molecule-1, VCAM-1)5
PAAZ AN B fb B -1 (monocyte chemotactic protein-
1, MCP-1)FER4E HF IR, i — 2 i oy Kz 4
L5 AR A4 L et R S K A R s
1.3 EFRAIE K

FiE R AR ox-LDL 7 Il N AR T B9 K&
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R4, HAMLZYEM VEC, VSMC KA IfiL4n
Ji = A A R S A fa AR R - MCP-1., 4
A Faniei RFE K 1 (tumor necrosis factor, TNF-a)
B B W AR R PR -, AT A A0 e ek A o
TR Z M N IS B gt 76 AS
U, 20 a3 e R R S b 4% PR T ke BH W
RIEM K, Il AS TR, HFE AS &, #
WK i ox-LDL (1) E WEAN MO IE L iR 40 i, I3t
— AP R R I, I AS A8 1M 3 R IE
I
1.4 JEIRAHALH B

HIRANME AS BEH bR EMER AN, ©
MIE e AS A SCHERR T . IR R Hi A
KiE ox-LDL Z A&, "4 ME ox-LDL, R fd Ak 4h
JieL M2 R R o B R £, B AT DL AN R R
FERRAR , 4 PN A BT R AR T - AS R R TR Ak
A1 A R VR T R WA, R Y A 2
UMY NG 25 8. B B B e o 177 24 4 7% e 1Y)
ox-LDL # i F W 41 e 7 B fE J1 i), ox-LDL R 41
L A P D 5 | e R S 6 R A IR B, T R A e
MG R L, Iz BEEE VSMC KA IR JE
AR SR 2R E A, BB T AS
AR b JE IR R T 1 LA M iR Sk A i, R
5 TR e, s B0 35 7 oy £ A BE B, BRI AT 5
A e A s B 2E , v LA AR B R i, Gk
AR
1.5 FHEignaEsd: . T8

VSMC [HRAEI] 430 2 R, —Fpod s i
—FEA N, IERIENT, SIIKERER VSMC
DA S T, O S A AR A 4 1 3 Ak
ARIMAE . AEAERET . RIEN T EFRIPH RIEH
T, AR 4 VSMC #:4k 4 VSMC,
J5# FER R ANEM G & VSMC 55 158,
I 7= A K 40 Y Ah & B (extracellular matrix ,
ECM). RIENF% . 1M ECM 19244k 5 VSMC
Wk EBAEEYIRNSCE, TR AS 1Y
I A5 R AE SR SRR B I TE i[RI, ox-LDL
YER T N Bz 40 A, w2 A R i R 3 %) i /MR
74 B9 4 K K F (platelet derived growth factor,
PDGF). #AbHF-B 55k= 5 VSMC ML 51T
RS R VSMC M REL I 21T 85 2 P4 i
2, SENBEEIE AT 4ENE, TR T RET
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AR VSMC . ELWRZ0AL . 2 Fp IR0 . LA g
Jit } ECM, Ji et —2 % Ji% , ox-LDL FIA ] R R
(1) ROS W fiih & T 4EME T SR 4R 1 B W 200 g B v TR 240
MW AR A . SRFE, RTINS , 21 4 B e
AR R RERES . BEAl, VSMC 85 115 538 B A
TN 22 24505 A0 88 F L (mitogen- activated
protein kinase, MAPK)f5 5 i 745 VSMC %
RUEAR, T VSMC H45H . 88 M i T nyad #
W KA AR A,
1.6 SRR BEHRA L5 Ak K P AR T 1k
SRERESA AR o7, HIRE O R E A
o83 BE A ) JoT (3522 e i B R R K A A ) B TR & T
). FEE AS BYAKJE, SAEBEHR LT 4ETR R
T, NEARFIS N AN [R) 14 A i PR 2 2H
VSMC HiRZE4s . A8, SRR S0 A 1 B 40
B WA BEHOB W AR O AR E MR B, 5l
BB . SRS . BRI AR SRR S
WRAE, R E R B R AL, AR DL
Kl 1. ASIERGS B, bl f-3" VEC. B
IEE VRN . DR BTHERR . S VSMC 1
A= 52 M i 1k AR SOk R AS R AR DG
o I 24 ) B i 1) R A

/”’
SRS

1 Bl ox-LDL #u3%E R R 5 5 46 4 b o fik 0 A B AL T
—S>FRREIEE
Fig. 1 Atherosclerosis process throughout by ox-LDL and

inflammatory response
— indicate promotion effect.

2 REEFEZ=RMASER
2.1 SRR EENE T SR

SRR XN 3,5,7- =R HE-2-(4- Y2 FE-3-
AR BRI R T L g -4, & —Fh B RSB
HAbH o CleH07, 4 F R 316.262 3, M
307 °C, Wb 599.4 'C 760 mmHg, HEN
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OCH;

OH O
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Fig. 2 Chemical structure of isorhamnetin
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FBEAVRHAE Py Pa I AS T . AR ) 1 R s 1Y)
2 AR A R A Y i e SR B R s
PP S AT, Ah, FREBERET LI
AN MREZSACR . BRSPS 2] o,
VR AR 1D B AR SR S R R 1 FEEOR TR
WIRZ AR TV . Bdb . PRdLEEIXEL, s
MZEEMES 2k, FEE S 2T K
{RFRRTEPEY BT, Bl ERse | 32 e
MRS, BT M B E R . YBOETR
b O S AL e RE 7o ) SN P & N o 9300 B
FRAER M RE LA, SR D7 il e 45 R 3R
OG-, YR R, S R AR ER S R Y
Ll ol 54.12%, UECSRE EES Y h R REER
AR 0.55% , BIHMH B2 Kl ey, ] 5+
S22 VDR I v ) SR R S, VDR
SRR P I EEE S 2 —

EAERMBFR RN . BRERANMOTUHT
B i O A B, T HAEBUMIE . P . bl
87 T A R A A 2 B AR
22 FRERSHEAR

AR R, VER—F N TR, 12l
# A Af-1(heme oxygenase-1, HO-1)n] i i 41 5¢
PL ™ A — G R PR . R R RE S
AT E2 ML F 2(nuclear factor erythroid-2
related factor 2, Nrf2)B#iG A U, IEHE T,
Nrf2 JEAR RIS AETERT, B SHHI R+ Keapl 45
FEBI W R NI T VIR NS DN S NI i = W A
FEAPIRESHT, Nrf2 22 M\ Keapl-Nrf2 X—& A&+
TEEs ok, BERAZIAIZ T, 5T HO-1 7=
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HEREPURAER . fEZd i, v Nef2 A
A5 530 T BB RR RIS 3-Ut/ 25 s B
(PI3K/AKT), J:FILALH, Luo ZP%E T Western
blotting SCIRAFFE AL, S5 BRA% 5 T 2 VR B AR M
HbHI AKT WfRAk, 30 PIBK/AKT {555 il
B, E TG N A A A% N Nef2 3 FH A HO-1
RIS, XE—ERE EMH T ox-LDL 7E AS
i R v I fih % (%) 22 T 240 L 1) R A 300 o
23 HRER5IER

I AL P Tl AR Y A W0 32 1R y(peroxisome
proliferator-activated receptor-y, PPAR-y) H. A Jil i

B AN o ff OVE R, s Zhang SERUIATGR &

B, PPAR-y WIMCOZES S AR —1 5 “Y” B
MyZs s B EE S P RIRBE TR Iy, “Y 7 TEAS
BHEEST 1A “A0” k24 “O48” KR
AR5 PPAR-y sl & # 5I Bil %) PPAR-y 3%
AT B, — 38 % PPAR-y [ 5E A1 KEH [A]
{H i T 5 B2 2 5 PPAR-y Y45 5 J2 & AR R A LAk
B K RO, NZ 7 BERZER 2 D EK
PIBCRAEEF B, 155258 5 PPAR-y
) AR R ETE R, R, RERERT
AIGE e PPAR-y WAl LY H B G, dafl
BRI PPAR-y 25 A0 . I, SRR
VEJg—Fiir 2 BLEY PPAR-y T, Wit bik
ML AR 105 20 B oAk, AR AEDURR BTAE o s,
Luo Z5RH AT O I T A EX TH
W 240 A o Al B MEAR A S ], 45 2R e B %o B A AH
Et, ox-LDL 21 RE M 42 {5 55k 400 b PN 19 Ml o R i R
R, MR REE D ERFREIHZASE . X
FEATIE T S BRZERXF ox-LDL JUrifs 31 g
L PN i B R A LA R A A AR
2.4 AR 5 M IAE RN

RIENE T, R/ NMATEAETEZ BN R MRS
SRS o R/ IMAR B th 2R 8 TR A%
B AR, FLE5H T2 HE O kAR 1 R & 2R
FH HKfREE-1 B (pro-caspase-1) . i REE &5
RLEM I Z R [nucleotide-binding oligomerization
domain(NOD)-like receptors, NLRs]. ##T-AHCHE
M5 FE B M (apoptosis-associated speck-like protein
containing a CARD, ASC) 3 #43. ASC AUAJLL
H4E pro-caspase-1 #EAF|RM/IMEH, AT IFER
6,2 J8 = KT 2(advances of absent in melanoma,
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AIM2) RAZH TR ES & SE RAL S e Z R 3
(nucleotide-binding  oligomerization domain-like

receptor protein 3, NLRP3)%5 &M/ MEFIVER T &
R, B ASC LK caspase-1 #00% , i
HERTAR /& -1B(pro IL-1P)FIRTIA I/ Z-18 (pro
IL-18)43 1221, [a]i Hara 2230548 & 1 ASC /IMAT)
Wl TR A ok 7 3 B2 F 1% 22 R I (spleen  tyrosine
kinase, Syk) % c-Jun 2 JE A 0 i (c-Jun N-terminal
kinase, INK)EFEA /0. Kk, Ahn 2475 3L
Bll B SCIR ST A B, S R T e B
1 NLRP3, AIM2 } caspase-1 BG4k 53k, [A]
i XiF g 22 # (lipopolysaccharide,  LPS) 45 142
RN F R EA — 2 I HAER, AL AT
it 5 Syk M INK i #8A 5, Fift B 482508 i 5050
UESE, FEAFH LPS BN F I SA% R (THP-1) 41
ML, RERIHLAAR R 1l 52 N BE R AR IR
DA SR 175 A 40 R RS 4% i A I 1 R
K, SRS ER BE VR O ] TL-6 .
TNF-a. MCP-1 R, HFE 12 h i, MCP-1 1
PR Rk B WA, 10 I S R 2 3R A 3 4
BE Y BAh, KEWFITEIESE NFxB fEN—
FREE AR E &Y, VR RAEML . PR RAEA
IR Fe TR Je o ge O h B G R, B
ICAM-1, VCAM-1, E-#E#% & TNF-o [M{F7EE
FUMECER ., — 5, VEC " NF-xB il 1% 1l g 4
JEFF TNF-o BREJE, 55 —J71i, NF-xB i
WG R ICAM-1, VCAM-1, E-E4ZE Y
BRI, WEIXHE, ANME SRR T 5 RAE R F—[R] “5%
OWI” AT VEC BOLEAER UG, Chen 5127
W KB, SRR TNF-o fTif S VEC
PR, WA T AS KO A A% A A0 N T
(MCP-1, VCAM-1 & ICAM-1)[ZEM . RELFE,
A N R e, HpLHI T e S SRR
i NF-«B @A . LR Fsai g R
R EABIFPIRIEN, X AS i A2 1) RAE
N7 K LU ik 2 P PR B 463475 B BRAZ AR I v 5 I 4
FEAL YA B AR
25 REZAFERY VEC

VEC W S5IIREIRE TS AS B AR
FEELEASC, M ROS W5AE Y A i 32 S 800 K2 40
Jif A 3005 0% B A Ho O AT AE R ) Hh e A,
WML ) Ha00 AN BE B BHEBR , Ha02 il 22585
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YIS Fe il Cu 45 &4 % A 3% -OH, 15 5
K B ok A SR AT B s P R At . PRt 4
XX —HLHE, SKABCEERSFF HaOo FII PN K 20 s
Pl—FP &R, TP R RER T TR
M, FREBEZAXP H0: ik AT, i
TR VEC, AL, kR ARG NF-«B 52
Y s [l ik & B2, 24 TNF-o 2UMAE N B & A
fift, S RZEREATAES VEC 4 a eNOS K NO,
NO A AT BHTZE B 53 B isGH %, 38 AT i i AH
SAEFIMH VEC Hh NF-«B 161k, LLAR VEC,
FULAT UL 5 R R P A A St R AE A& HAR
P VEC 1y5Lat .
2.6 FRAFERY VSMC

MR KA, —FEERLRAAE Y, hics iR
s, ZET oA T ER L, AR
A 2 FEUr, FRERSEH TR, BRI
F, PDGF s VSMC TR 515, ZidfiE
TR E I p38MAPK  S40MAME Y 8
(extracellular signal-regulated kinase, ERK)AJfEMR
A SN, TTAE Won SEBORYIFST b & 3, B
KA IREY Al R p38SMAPK 5 ERK1/2 HY#ERR
R, dEmim&l PDGF %5 S0 VSMC 8 5
HAFH R o WA D i AN Bk VSMC #E1 T
¥igt)a, FIA PH-Ha B 0E CH-thymine,, *H-TdR)
BABRGNFRER, MR, ZHE ERER
(norepinephrine, NE) 5 H: 5% 1A BH Wr 5 iy 22 Hi7 B
(phentolamine, PH)Xf T A FEzhllk VSMC )7
F A B I /g 52 50 & B, NE AT B B
VSMC IJRFE A AL VSMC RA S, I H
AH I AZ AR BELT 7] PH D0 ] BEL T4 . i 2=
S RAEZ T E VSMC IREEA AR, H
HA — MR st mixt T NE BFS80W
VSMC B 38 H & B, =36 HII A A 4% 3 Ry i
KEy#mffE .
2.7 SRAERSIMmA

M AL BRI . AS e, R
PAOTATEC “BRg " TR IR OR 2R 58, I
PR I A PR F- AT A2 4 4 2R H (gluco protein,
GP)Ib-V-IX BEWSKIREES, FmAafm, T3
M/, i GPVI 5 R 5 454132
FEIX — it R, W2 RS ISP VE S GPVIL G5

R E BACR I 2524 2020 45 7 H 45 37 545 14 1)

S —AR 4, LT 5 ) 2 B Sre K Y
Syk BEFR AL , JTiff— PG H NI E 5 i
P T 20 it 3% 4% 25 F (active T cells connected protein,
LAT). WillgM§ C-y(PLC-y)3PR3), i) W N ot L
T BERR B PLC-y 3 AR T 2 Al BT (I H R
=R, —HEE T Car eI T
EH, BAKEMAR A BIER . AR N2
PR, JHARMELF 4E R R 585 R aobBs 454,
e 2 F BRI/ IR S AR T BB B XF 1
R MAETE WALE], Stainer B4 RAED | P-ik
PR R AR5 15 . Western blotting %5 )7 T 5T A HL . 5
SRR AT S0 MOE Gt i Syk T LAT (9%
Rk . #5530 53 ML A F aabBs FUDIEE, DL a-B0kE
(P-EBE ) MRS, BT ] A T B s R
2255 B3 3k ok 25 24 1 O OB U A TR
FIREBES K, R FHOCA A SO i F A5 B kAT
SEY LB IS AR, FRDK 2 T U0 S B S ] R
JSE 00 aff A E K B N T G, 4h, Hubbard
L@ FEL . A WHIRE, 472l Ik
FHAS A 5 B 2R 0 e VR B 280 FIRVR B T 2
IR Z IR MF A /DR R EF DL, K BR
FH 2 e B e 2 A 32 1 RN IR S R AR R R
B T IR A A, BRI e B v
A GPVI S, X7 —ERE FRE
T i AR R BE A E B, R T R Lk T A
I
3 FiEERE

LilTik, AS 21 HEMHEARELRZSY
MK HAE 2 . HAjilm R B2 % A
LA 119 = N 717 - 710 V4 Y RN 72 NI /1R N4
250 M E A S 2 YR X AT IR YT, B A —E
MR B . S R 0 R BN IR YT AS B i
B AN R 5 Oy ), B AT R S R
il AS &A= it P ox-LDL B . VEC $iffi. H
g 20 MO W . BB BT HEAR . VSMC 34 5388 i
TP A BT R4 ST AS AERT, WLIE 3. fH
MWILBTBORE , AT T 53 AR W 2Rk
YISz B2 m KRS, B
LI 75 %of 28 A P ARG — 20 iR AT, A 5
AR H BN BT iR AS B HAH 30 45 9500 1
Il PR I 24
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Fig. 3 Main mechanism of the anti-atherosclerosis effect of isorhamnetin

(+)—-promotion effect; (-)—inhibition effect.

REFERENCES

(1]

(2]

[7]

[8]

9]

-1776 -

ROSS R. Atherosclerosis is an inflammatory disease [J]. Am
Heart J, 1999, 138(5 Pt 2): S419-S420.

TSAI S W, LIN C C, LIN S C, et al. Isorhamnetin ameliorates
inflammatory responses and articular cartilage damage in the
rats of monosodium iodoacetate-induced osteoarthritis [J].
Immunopharmacol Immunotoxicol, 2019, 41(4): 504-512.
WANG X F, ZHANG R W, GU L Q, et al. Cell-based
screening identifies the active ingredients from traditional
Chinese medicine formula Shixiao San as the inhibitors of
atherosclerotic endothelial dysfunction [J]. PLoS One, 2015,
10(2): €0116601.

MUNZEL T, GORI T, BRUNO R M, et al. Is oxidative stress
a therapeutic target in cardiovascular disease? [J]. Eur Heart J,
2010, 31(22): 2741-2748.

VENDROV A E, HAKIM Z S, MADAMANCHI N R, et al.
Atherosclerosis is attenuated by limiting superoxide generation
in both macrophages and vessel wall cells [J]. Arterioscler
Thromb Vasc Biol, 2007, 27(12): 2714-2721.

TRIBOLO S, LODI F, CONNOR C, et al. Comparative effects
of quercetin and its predominant human metabolites on
adhesion molecule expression in activated human vascular
endothelial cells [J]. Atherosclerosis, 2008, 197(1): 50-56.
CHANG P Y, PAIJ H, LAI Y S, et al. Electronegative LDL
rabbits fed with highly
proinflammatory [J]. Mediat Inflamm, 2019, 2019: 6163130.
OU H C, CHOU W C, HUNG C H, et al. Galectin-3
aggravates ox-LDL-induced endothelial dysfunction through

from atherogenic  diet s

LOX-1 mediated signaling pathway [J]. Environ Toxicol, 2019,
34(7): 825-835.

LUQY, SUJM, TANG A C, et al. Protective effect of total
flavonoids of gossampim flos on myocardial ischemia and

Chin J Mod Appl Pharm, 2020 July, Vol.37 No.14

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

reperfusion injury in rats [J]. Chin J Mod Appl Pharm(" & £
R FHZG), 2020, 37(6): 664-668.

LI M R, SHA H, LI Z Q, et al. Study on regulation effect of
troxipide on gastric ulcer induced by acetic acid in rats [J].
Chin J Mod Appl Pharm(* [E BN FHZ %), 2019, 36(24):
3028-3033.

IKEDA U, TAKAHASHI M, SHIMADA K. Monocyte-
endothelial cell interaction in atherogenesis and thrombosis [J].
Clin Cardiol, 1998, 21(1): 11-14.

LEE E Y, CHUNG C H, KHOURY C C, et al. The monocyte
chemoattractant protein-1/CCR2 loop, inducible by TGF-,
increases podocyte motility and albumin permeability [J]. Am
J Physiol Ren Physiol, 2009, 297(1): F85-F94.

KONA S, CHELLAMUTHU P, XU H, et al. Effects of cyclic
strain and growth factors on vascular smooth muscle cell
responses [J]. Open Biomed Eng J, 2009, 3: 28-38.

J Q, WANG Y L, XIA L M, et al. High shear stress
suppresses proliferation and migration but promotes apoptosis
of endothelial cells co-cultured with vascular smooth muscle
cells via down-regulating MAPK pathway [J]. J Cardiothorac
Surg, 2019, 14(1): 216.

SHAH P K, FALK E, BADIMON J J, et al. Human
monocyte-derived macrophages induce collagen
breakdown in fibrous caps of atherosclerotic plaques.
Potential role of matrix-degrading metalloproteinases and
implications for plaque rupture [J]. Circulation, 1995,
92(6): 1565-1569.

MA Y M, JIANG S J, SHI Q H. Extraction and isolation of
isorhamnetin and quercetin from marc of sea buckthorn fruit
[J]. J Northwest For Univ(PHdbAk=zBesi4), 2009, 24(5):
121-124.

SRR, BREECE, JRZEEE, G5 VR R G v R SR
ZW R LB AR RAR SRR PR EAR
¥, 2016, 23(5): 554-556, 562.

R E BACR T 2524 2020 4E 7 H 56 37 55 14 )



(18]

[19]

[20]

(21]

[22]

[23]

[24]

[25]

[26]

[27]

GAO L, YAOR, LIU Y Z, et al. Isorhamnetin protects against
cardiac hypertrophy through blocking PI3K-AKT pathway [J].
Mol Cell Biochem, 2017, 429(1/2): 167-177.

ITOH K, TONG K I, YAMAMOTO M. Molecular mechanism
activating nrf2-keapl pathway in regulation of adaptive
response to electrophiles [J]. Free Radic Biol Med, 2004,
36(10): 1208-1213.

LUO Y, SUN G B, DONG X, et al. Isorhamnetin attenuates
atherosclerosis by inhibiting macrophage apoptosis via
PI3K/AKT activation and HO-1 induction [J]. PLoS One, 2015,
10(3): €0120259.

ZHANG Y, GU M, CAI W J, et al. Dietary component
isorhamnetin is a PPARy antagonist and ameliorates metabolic
disorders induced by diet or leptin deficiency [J]. Sci Rep,
2016, 6: 19288.

FERNANDES-ALNEMRI T, ALNEMRI E S. Assembly,
purification, and assay of the activity of the ASC pyroptosome
[J]. Methods Enzymol, 2008, 442: 251-270.

HARA H, TSUCHIYA K, KAWAMURA I, et al
Phosphorylation of the adaptor ASC acts as a molecular switch
that controls the formation of speck-like aggregates and
inflammasome activity [J]. Nat Immunol, 2013, 14(12):
1247-1255.

AHN H, LEE G S. Isorhamnetin and hyperoside derived from
water dropwort inhibits inflammasome
Phytomedicine, 2017, 24: 77-86.

CHEN W M, XIONG X M. The
isorhamnetion on the releasing of inflammatory factor
cytokines of the THP-1 cells stimulated by LPS [J].
Guangzhou Med J(J M EE24), 2017, 48(5): 9-13.

DOU W, ZHANG J J, LI H, et al. Plant flavonol isorhamnetin
attenuates chemically induced inflammatory bowel disease via
a PXR-dependent pathway [J]. J Nutr Biochem, 2014, 25(9):
923-933.

CHEN T L, ZHU G L, WANG J A, et al. Protective effects
of isorhamnetin on apoptosis and inflammation in
TNF-a-induced HUVECs injury [J]. Int J Clin Exp Pathol,

activation [J].

influence of the

R E BACR I 2524 2020 45 7 H 45 37 545 14 1)

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

2015, 8(3): 2311-2320.
ZHANG F, CHENG J Y, YUAN B. Protective effect of
isorhamnetin on H,O,-induced injury of human umbilical vein
endothelial cells [J]. China J Exp Tradit Med Formulae("[E
FRITRIERAR), 2011, 17(14): 169-172.
WON K J, LEE H M, LEE C K, et al. Protein tyrosine
phosphatase SHP-2 is positively involved in platelet-derived
growth factor-signaling in vascular neointima formation via
the reactive oxygen species-related pathway [J]. J Pharmacol
Sci, 2011, 115(2): 164-175.
WON K J, LEE K P, BAEK S, et al. Desalted Salicornia
europaea extract attenuated vascular neointima formation by
inhibiting the MAPK pathway-mediated migration and
proliferation in vascular smooth muscle cells [J]. Biomed
Pharmacother, 2017, 94: 430-438.
CHEN W, ZHANG M S, HU C L, et al. The effects of
quercetin and isorhamnetin on the collagen synthesis of
cultured human vascular smooth muscle cells [J]. Chin J Arter
Lerosis(* E g kififbA43k), 2005, 13(3): 320-324.
STEGNER D, NIESWANDT B. Platelet receptor signaling in
thrombus formation [J]. ] Mol Med, 2011, 89(2): 109-121.
LI Z Y, DELANEY M K, O’BRIEN K A, et al. Signaling
during platelet adhesion and activation [J]. Arterioscler
Thromb Vasc Biol, 2010, 30(12): 2341-2349.
STAINER A R, SASIKUMAR P, BYE A P, et al. The
metabolites of the dietary flavonoid quercetin possess potent
antithrombotic activity, and interact with aspirin to enhance
antiplatelet effects [J]. TH Open, 2019, 3(3): e244-¢258.
B2, B, B&re, 5. LSRR A 25X 0
WIS IRI]. H2h, 2006, 28(2): 262-264.
HUBBARD G P, WOLFFRAM S, DE V R, et al. Ingestion
of onion soup high in quercetin inhibits platelet aggregation
and essential components of the collagen-stimulated platelet
activation pathway in man: a pilot study [J]. Br J Nutr, 2006,
96(3): 482-488.

Wi HH: 2019-11-06

(RICTeoh . FHTT)

Chin J Mod Appl Pharm, 2020 July, Vol.37 No.14

<1777 -



