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Research Progress on Antihypertensive Effect of Polysaccharide and
Its Mechanism

XU Jilong, LI Zhongyuan, YU Zihao, WANG Yaqi, QI Chen, GAO Rui, SHI Jiaxin, WEI Jinzhi,
QIAO Hanzhen", WANG Jinrong’

(Colleage of Biological Engineering, Henan University of Technology, Zhengzhou 450001, China)

Abstract: Hypertension is one of the major risk factors leading to premature death and disability worldwide. Hypertension
and its related complications are increasing year by year in China, and tend to be younger nowdays. Blood pressure can be
temporarily controlled within a normal range by oral antihypertensive drugs, but the serious adverse reactions maybe done
to multiple systems of the body. With the in-depth research on the relationship between polysaccharides and hypertension,
more and more results have shown that polysaccharides, as natural active substances, as safe for hypertension and have less
side effects. This paper introduces the antihypertensive effect of polysaccharides from the aspects of type, source, dose and
animal model of polysaccharides, and expounds the hypotensive mechanisms of polysaccharides, such as regulating renin-
angiotensin-aldosterone system, improving endothelial function and regulating multi-factors. This paper briefly describes
the structure-activity relationship between polysaccharides and antihypertensive effect, and looks forward to the prospect of
polysaccharide application in the treatment of hypertension, which provides a scientific reference for the research and
development of antihypertensive drugs of polysaccharides. It also provides more options for disease prevention and
treatment of patients with hypertension.

Key words: polysaccharide; hypertension; antihypertensive; mechanism; renin-angiotensin-aldosterone system (RAAS)
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FNEGHE 10 /2P, &AF3ET- ABUP 257 19%(1080 J7
N2 TR T s e sk, hEZAE 2.5 12
2 IR, S MR D 2945 4.353 /2P, K
T A AT BB R, O B D RERENS L AR
PR EAETS . BT, EEAFRF . AARVE A
B B EE IR AR 3K AT e LR A 2
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Table 1 Diagnostic criteria for hypertension"!
BIIWESS 54 H (mmHg) #F ik % (mmHg)
1EH <120 <80
1w 1L i) 120~139 80~90
1 % 140~159 90~99
2881 1l e =160 =100
3 L =180 =110

T I RS AP R AL ARG e, s s i A e

ZHEIE 10 DA Y BB o 25 ol e SR
G KRR o ARG ™, TE3W) . A FITAAE
Py T AAAED, BAABURN PN Bt
R LAET) | R INUOBET ) S5 A= s vk, sk 5 24 5 A4
B A ISR RN I ZBE R i SR ATL R T
ML, HATC S —E iR, AR T
T 10 4R [E N 40 AR RE L 20828850 | SR
SEOGARR | FEFIRER . BRI L I 220 S5 R
TR R A, SRR AT R AN TR S 43
1 EBERRmMEERANZE

HA B INEAE A 8RRz, FhadE A
IRAAER) (e . IRCBREE . Ve . £LB8BE . M B A p
BAE) S A AR (IR SR L RBR . B EEFIMAT 45)
HERE AR 20, AL (R % . AR E A 5
A JFIERZLA RS hH2 B i i A 4 2208 M3
Yy (s B £ 4 ) rh R IV S 2 bk . BT, A
1T 30 FhZE Al AR N LTRSS T HRE AT, an
L sE 22 WHE AT IR Wistar HEME B 19% W4T .
39% EFIRIEI, BFSE R B, — L 2 WH 9 5 IR AR
LG5l H I EAE B AR, JCRERIVE, dnil
PR A R 2 HE R R OR S P4 2548 0% = de i o,
AR A W R SO 5 R B RIAR 2, 1%
AR UR I AR 22 BLAT R - R I R B A I
X U T i 4405 By —E n s S AR U, itk
bh, 2832 FLAEPO2N W T R B0 ORI 2 B R s 2
[ = 24 1 IR 45 245 i 2544, I HL RS ) 25 (41K SD K
B R AN A &M 5 1ML K B (Spontaneously hyper-
tensive rat, SHR) {J ML . EL AR, 7EHEAREINLE

YER I Z 85, a4 288t TR U, BT 5 0
BARAEY S BNz .

By, A 2PN TG R g, A HERE
RIS PE . B RS2 AT I 25 2038 vy I I E A8 2
FREEER, YR v I S 35 PR R AR A A5 49, 14 5 2 A
M YEFF A MOIE S5 . ERT TR 2P T it
PR BEIZ TEAUSAT PR 5 ZTEAUAF R AR K, BRI TE T
A FS I RS T e R R R Y AR
TEFRSF 8 MURINE RBIE T H R T B RO, 3
ZMETEIZ ORI AL TSP BB . H BT, 2080
B8 i A 7% P 2 W AR PN A N SE B SRPE, HHR AR Py S
422 >R B &R IR BRAR AL 5 2K 1 C 75 4575
(L E AR I T AT T sh )Pk S shlkpess, 51 R4k &k
"B A v MUY, 3843 ELAG B U 7 P 09 22088 e
HAEROR LR 2.

2 ZEREIERERHLE

F (WA S i s =/ ST 2 (| = = 1 0 SN iy
Z 818 F A EAE S R0, L DAYSSR A8 B 2595
IR B 22 - LA SR 9K 31 -1 ]9 22 4% (renin-angio-
tensin-aldosterone system, RAAS) & =M ik, #IL
e M EEABE ol REEMIIE R A FAELE T
1o BEERIR, AN UK FE T, X s URRYIE
STERAL T R S . B A3, 232
EPET RAAS, FEHIIAE A . JEPE R FRS . B
S B DR ARG i A S RE 45 2RI & I o
2.1 T RAAS

RAAS T 30 1 78775 A LAA K AR Ea i 55 104 ST e 1
A B U AETRH ) AR L, 76 S 1 A & AL
EZEXREZEMVEMA. BT MEETWEMSN RAAS
B ATE SN A R R 1A B, RAEE Sk
ALk BN AN T SR S S P-IE ULRD BA A 21 R 1
FEHAIVER .. EIHT, RAAS TLZ o iEY 7 s I Y 4
B, ZRHEPE RAAS RGEREI LI ULIE 1.
2.1.1 ikl ACE m99&E  ACE J&—Fh 2L fifkrh
O EE S IKHRE, tite RAAS RSP JET MR A%
B, v ICTE MR M A B9k 3 - T (angiotensin- T,
Ang- 1 ) ¥ Ak o A7 W4 1 8 1E AT A9 1 48 Bk 38 -
II (angiotensin-II , Ang- 11 )¥, Ang- I ELARZIMN
I AEWLARZIUNE, PRI TR G SRS B T R Y
JREES, RARBE A A TEXT ACE (7900 1l 37 14 9 A0
Shy G g v i AR P R EE A FE AR, Rk, ACE W fE
Shy s IR B V& A A, A 3] ACE s Pk FEAIR
M. WFFEEREH, F5r 2] R ACE #HIHE
PE(ILER 3), B e R BRI AE A, AT gEL 2
ZHEBENS S ACE WM .LERBLIY Zn* 455, Mifi
ACE 29, iA B MR AIRCR, 12455 5 Chen 5517
PITFSTAS SRl
2.1.2 M3 Ang-NM S EMERZ  Ang-117&
RAAS 1) =22 i B WHa J8 5 7, nlEa et s FARR
REAH 28R A 25 S B BR 2R 00 45 06, 4 il — 4 AL A
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Table2 Some polysaccharides with hypotensive effect and its effect
ey e e NIl N .
LARAN) stk oy OO SR IR 2% it
mg/kg-d)
FIEARBERAR IR, Herbd | w41
iy (IIPN = A HE'H: 760, 1580, 2370  FCRGRIGEFHEE, LW =2 MG HXS [26-27]
LFETER
izl PN/ B fE'H: 50, 100, 200 FE A REAR 0L, R 5 RAEEFIZEM [28]
il — c . 400 E%F%ﬁﬁuli#iﬂﬁi%@@lﬂlﬁ%mﬁﬂ [29]
S
it - B:D R 5. 10, 20. 25 F%{&'%mﬁ'ﬁgm}j;jiagﬁgﬁ%ﬁ/lxEﬁﬂ@mﬂi, [30-31]
i YEEIR A B
W eRke B HIFREL 200100 Sk cR BRI AL, RERHIEIE (3]
VLA o . FHR AR ERE IR L, R 2 5 AT B R R
A gty B #H: 125,25, 50 1 BT R, %4 [33]
R . - SRR AR M, 35T gk
EEAE D) g G FIIR (A ) : 250, 500 LS T 0 B2 5 [34]
hEZRDT DIURE B by KRB R OTRGSE  [3s)
I H FIR TS A HEH: 150 BRI, AT FUR I e i [36]
"’ ; mE JFAERIUTE F HEF: 100, 300 FR A B HE TR [37-38]
DL WY B (FRRiL) H AR 0.2~1.0 mg/mL FIEARAEIHIACETG [39]
Y LadUEZ H AR 2.06 mg/mL FIE A I ACETRG [40]

A RS IR K B B: TIE—32 2KI1C) SR C. 135 55K - T (angiotensin- 1T, Ang- IT )i AREHL; D. ¥ HIli0AE SARY; E: N-figFE-L-K5 &R
FH i (N-nitro-L-arginine methyl ester, L-NAME )i/ 455 F. 525 5 &M 1% K BR; G: Sprague Dawley K Bi; H: RSMREG; ACE: Il 5 S5k 54 e it

(angiotensin converting enzyme)

T I I

BRI R
Ths i

Z B AL 12

RASKUW
JIRESl e e i
FE 8 A S

ET, %15 G
»%‘- KT
ﬁﬁ%éﬂiﬂ@ﬁﬁiﬁ@ﬂh, Mk

W 1l A
ET, T~ ST ke

B 2R H AL 5]
Fig.1 Diagram of the hypotensive mechanism of polysaccharides
s Ang- 1 - 1% E 5K E - | (angiotensin- I ); Ang-11 : Ifil % % 5K - 1T (angiotensin- I ); ACE: Ifil % % 5k 2 #% 1k i (angiotensin
converting enzyme); RI: B Z #Mllil7]; ACEL I 48 B 5K 2 4% AL AN il 77 (angiotensin converting enzyme inhibitior); ARBs: Ifil i % ik
# 3 VR BH ¥ 71 (angiotensin receptor blockers) ; RAS: 5 % -1fil 4 % 7K & & 4t (renin-angiotensin system) ; ATIR: Ang- Il —AI5Z{K
(angiotensin- 1T type 1 receptor) ; ET-1: P K7 % -1(endothelin-1) ; ET,: N & E 3% {& A(endothelin receptor A); ETg: P FZ 3 32 {4
B(endothelin receptor B); NOS; —4& fb & &1l (nitric oxide synthase) .

(nitric oxide, NO) [ 41#4, WIHLIMLAE PN Bz 48 Ao - PN B2
EW A, S ImAE N g C RN EF(C-
reaction protein, CRP) 14 = A 85 4%, A4 1ML
BT MR TIREPY . EAE, Ang- T AT 532 {4
S N sy =01 WA ST )i 1] U AR~ o = B e |
JRET HE4i g A=+ K ¥ 21 (fibroblast growth factor21,

FGF21) 2L R FRBFEP, BT RELLUL Ang- 117K
SR, BRI Ang- T35S 008 UHN7E, (HE EE2
FEXT 0L ACE 346 P S H: mRNA 33k I i 3 52 ),
FEHHHE S ZBE AT AE i N UE Ang-11 ZKSF-, 1 AR 0
ACE {5 PERRMR R MR . BEAE, O LR BE (P 5 24 g
J7) ZhE AT 3E e s N R DIRE, S A AN, E BT
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Table 3 Inhibitory effect of polysaccharide on ACE activity

E2 2 ZHERIE # 4k (mg/mL) ACEREHIMHIZR (%) ICs,(mg/mL) E= BT
2 AR 5 79.5 2.81 [48]
Li-t/EZ i ARl 3] P 5 81.78 2.59 [48]
Li-L/EZ i [N 1 93.93 0.21 [49]
LL/EZi TR (R L) 0.8 91.79 0.43 [50]
BIL/EZS fofh £ B2 (BR L) 1 86.3 0.14 [39]
[LEZ s 0.6 E 32:?3 g 8:?2 [51]
LLVEZ Y T 2R 1 87.83 / [52]

(PGB FLER R M S 2 b 30 pL 15.82 3.66 [53]
BIL/ES VAR TEZ / / 2.06 [40]
Lt/ EZ RS $2 0~1000 / 0.34 [54]

2 ICo: VAR, RIHD ] — 21 ACEVG PE T 22 2 WM 5 H: $UKAbERI (hot water treatment) ; U: #8745 5 B (ultrasound-assisted extraction)

RFNMER H 0045, JH Ang- 1T 55509 N B2 2 RE
P SR AR ML R, B SR, Z 88 ml il i - i
FGF21 W3%i5 . FIHGIL Ang- T /KSRGS N )
A5 =Ua: Ang- 11 5 EAY =T IMLUFIRAS
22 HEARIEE

PR SO AE T A P RE, A 4R 1 A A B 4s
H&yak. 8RB A AR i FE 2 E S RTRE
ARIR: N R DI RE R is BT S 2058, N 2 T e i BRefis:
AT e R T 5 R EF 7K X+ (NO) B 7™ Az BORE D8
b NI A - (P 2 3R -1 (endothelin-1, ET-1) )
F7E M 4 (reactive oxygen species, ROS) [1¥ i & =
Az, LA Rk v A R 3= SR R IrEch e, e sh, vaib
VSMC 1455 B gt n] LI Y 2 DI RE RS
2.2.1 AR NIRPEET IR i e B L
iR 7 — AL &5 B (nitric oxide synthase, NOS) #{4f:
T AL AN E TR A NO, NO J& 1145 A B2 &7 5k R 7,
FEXT YL S I 255 5 09 LA WA 4n v R B EEAE
FHE, NO B VE T 18- 1 L4 M (vascular
smooth muscle cell, VSMC), AJ #25; S R ENME B
77, IFEEINIABERR 5 KO, JE S ES R IE L,
PEMS S VSMC JBGE R AL, {# VSMC #A5th, 1t k[
IR, ISR T iE AN PIBK/AKT {55
3 Ca’™ 5 5l B3 NO By 7 Az, IR LA 7k
J15MmEPY, kTR S NOS A&
TS AR A AT RAAR IR, eAh, 4 i R gt
PN BB AR)ZFLEE ZHEC | H 2P S8 R
VA HAEEEYE N HSR i R yE M, (H 2B s
5 NOS 19 mRNA I 1 2k LA A ik B w241 ity
7oA NO WAEFE, e 5 2 M= 5 33% IkB-NF-
kB G5l A ¢, TH 2 2R NUEALTHIE TR R A
5T S
2.2.2 JHI NIRRT R S5iEE ET-1 7
S AN s I AR, 32 T A PN B 4l i 2Rk 1Y
G E B SZ A (N 2 223214 A (endothelin receptor
A, ET-A)T N f2 E 2K ZFE 324K B(endothelin receptor
B, ET-B) ) K #EAEMA Y, Horp ET, R I 4,

ETy ZHE P ok, [RR}, ET-1 0 & 44 L4501
AATE PRI RE 45 5K T, DATIAT A T4 B 00 ML e
O, BRI, MAC B TR PR R IR R
FLET-1 5 ET, MEEHFRS, B ETy IERIHFEGAT,
UEAb, W BRI Z2 A T PR LA INE NO F1 ET-1 7K
ST, B 58 PN AR ET 51, YRR LA PY R AR I A
RS MR ER AR, TTHE 5 2 BERRACE FARZRAT
WA R, AR IRR I R i Sk & B 5AT
FEAK ET-1 KSR DIHE, (EHAMLHIEA TS 2E— 05T .

ROS 1E R 55 —Fp S i A 54 87, nT =510
B FTVETY, o AR B N T R i T e
WFFE 2RI, 2k B2 A Rt Wl nT I R EE 'G5 511 ROS,
A TGF-B1 By FRIA, HES TR R IFICE
HAIFETY, 52220, RIZSZHHT Serpua lacryman
(—Fh BT SR 22572 i pE Z2pE7) Rl AT 15 B
ROS WIIHE, J& 75 BERFEAK T340 75 A FH sh A5 75 i
—IGE,
2.2.3 JEHY VSMC VSMC 248 L4 BELS ) . 4
P IS 5K T 1) F B AR Sy, HLah A K IRe i el il
T EA /NSl R A B 3 v 1 9 & A A U, b
VSMC #4535 1 58 s A 5t VSMC, 34 AT [ AR I o
BFFEFE B, MDA IR 20 rT W sl Az i H e (K-
67) F1 i 'k 1% £F 4E A 7 ( Basic fibroblast growth
factor, bFGF) 31k, 1% VSMC 1Y) 55 B b ok 2%
g R0, e Ah, Fefb A K A7 B1 (transforming
growth factor-$1, TGF-81) 2155 VSMC 448 Fl /&
IR & A 0 Z D Re di i R 773, = 584 TGF-p/
Smads {5 FH KU, AU B2 0E AT 2R PR
W WLULEhEE 1A . TGF-1. TGF-1 324 (TBR-I) . p-
Smad2. p-Smad3 F1 TIMP2 (¥ %E ik, L I
B e E ] E A AT TGF-£/Smads 1558 1% 2%
fid v 1", 76 Wang G578 ST il A B T 24
MG, SR R T 2 2 I8 T TGF-B1
Smad3 ik, [EIEHIG] T TGF-A/Smads 15518 .
23 EIEZET

W H, TEBIA 555 MUE 7 1, NO., ET-1
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Ang- 1T Z [RIA7A7E B AEY, Ang- 1T AT il i 74 ROS
2 ET-1 AR BRI, If H B8RRIk NO H94E
YR FHEEEY; ET-1 A ACE 751k, 7155 Ang- I BURE
JE NO BEAZINH] ET-1 A4 ORI Ang- T 1Y
A Rk, 2B R IR E AU XSS 5 2R
— RSB, anAc i s R e E e R s g b 2
S FARZE . ET-1 A FARER, B2 Ang- 1119
KA, EVH LTS 5 NO 7K, FFERRAEN T C W 5
FATE ML A 4 25 3 DL RN TGF-B1 9+ 55 75 =X
FEATR I AR 2 AT i 5 R LRI A R,
F#{IX Ang- T 5 ET 7K, Fhis NO & &k, 47 =8l
PN 2 AT, 390670 1 AT T LA I G A 551 A et iR
ZZBEET | UEPERRIR 2P (AHD) B RN RRZPHY 254l
T3 AR SRR P NO A2, FEAIK ET F1 Ang- 1T 197K
SRR . tbAh, —2EZZhiA nTiE N IR A AL
(cyclooxyganese, COX) ik . B3 7 1E PR 51845
FEARR ML, EARAE FHROCR ML AN 4 Fros .

L GE R 245 P AR FHAE 3 Ry PR —, P — 244 571)
HEG IS S BURE AN RN, B, IR
3 AN FI R R LR A 24 S 22 B U2
T 208 AT 38 o) 22 S5l A3 [R) i AR L, FL 3 @4
7N, AT RESE AR A 25 ) i BRAE R T el B 56
3 ZEEEMERSMEMEEERXR

ZHH R T a5 5 2%, S e gl A A BB g
T HEEAFRATMEEE . R, MR R IAT SCERF I —
RERE LS B ) Z2 W T BRI R TG, (R 2

SIRTAT AT A BRELA B IR AE FH 228 00— e |

Lee 550 52 & B, SRR ZHE AT 2 PRI H &
P AR B U, LR I 15 14 7T B S P 2o b
EHRAXK., mBfbEiE 2R R M E RS, B
APugEl . Pt . P . TR FBUREESS ALY
PP, Vg A ok YR B AT B I T T i 2 (R 2,
2% 3), REBAIRELIEA . Preez 4P & HLLT 35
it R A 220 PTAE Sl 45 15 2 A2 T I 7 LR S 4 i 1231
FILCHEFESEES B G S IR, Ak, Kolsi 55857
WS 2 PRARIR 2205 5 B v i A e 22 Wl B TR Y
ACE 1 v P, P L RE i v P v T B S R IR AR 1Y
TR, X5 Li &5 (RIS R, 4R PRI
EZ AN WS T e 2 R I = == e sk S R e 52
IMETEME, HAh, R LI, M eafep (85 nT LA
A g LB XN T B8 LSBT WAL, 2 2 b i BH 251
ZZHRE S T Re S M e Pon R HAT P,

Z2 0 Y BRONE 2H A S R ) Z2 B R R 0 L —
FEP, Ben 4P WFGTFAH, mimEET £5 88 7 5 Bh B2 EL
20 ACE v 25 T HUKSREGE, nlge s
R FE AP S Z2BENHIAE IR S TR G, A, —dkek
FLBE N FEELLH 4300 2 pE B R AR I R TE P, a0
LA 6-O-filafb.(1—4) -ZUBE A B 2L i it SR AR 22
L LI ZURE S RS o P I 2 51 5%
SRS, R LI ZUBHIEERR Sy 3= () JEE I &7 22002 Ay
- Z PRI R PR 45 XU X] ACE &
BRAESR PP HIAVE A, AT B85 22 v =g e b vl

# 4 ZHHENREZ TR

Table 4 Polysaccharides lower blood pressure by regulating multiple factors

ZWEG 20 SR

LKA sopkin oy R AL S ik
#1H:760. 1580, <ot EL L L2 B BRI T, AR I Ang- 1T
Pz AR A owoalktoeo, PRSI ericp janosin ks ss-s
1580, 3060 i P, 5300 1L - UL A e
e e, TSR LR 4 R AT
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