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[ Abstract] Objective To investigate the relaxant effect of quercetin on uterine arterial endothelial ves-
sel and its mechanisms.Methods The effect of quercetin on the intact endothelial uterine artery vasoconstric-
tion reactivity in rat was observed by using the contractile tension reaction of uterine artery in pregnant rats.
After treating the rat uterine arterial ring by using quercetin,the Western blot method was adopted to detect
the phosphorylated endothelial nitric oxide synthase (eNOS) in the blood vessel and total eNOS levels. The
effect of eNOS specific inhibitor N-nitro-L-arginine methyl ester (L-NAME) on the function of quercetin for
relaxing the rat blood vessels was observed.Results Quercetin could relax the phenylephrine (PE) precontracted

uterine arterial vessel in pregnant rat with dose dependence.Compared with the thoracic aorta,the reaction of
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uterine artery on quercetin was more sensitive,and the diastole range was larger (P <C0.01).The Western blot

results showed that after treating the uterine artery by quercetin, the phosphorylation level of rat intravascular

eNOS was significantly increased, moreover which showing the dose dependent effect (P <C0.01).After pre-

treating uterine arterial vessel by L-NAME, the relaxant effect of quercetin on uterine arterial vessel was sig-

nificantly decreased (P <C0.01).The cell experiment found that quercetin also could significantly enhance

eNOS phosphorylation level in human endothelial cells and NO production (P<C0.01).Conclusion Quercetin

can relax the pregnant rat uterine arterial vessel in a dose-dependent manner, which may be related with the

increase of eNOS phosphorylation level.

[Key words] quercetin;uterine artery;vasorelaxation;endothelial nitric oxide synthase;preeclampsia

TE R A A LAY I HE TN T A R IR R AR R
SCEELY AR IE R AR AR v B A i A A ok A il
I B AR AT By 1 3 58 X -5 i Ak 1 i Y L T
RERB PG ILIRAE R A E R Y. TR
IOI 18] 5 i 5 T O R S B B Y ot PR R A L R
S Tl 20 L R - VR R T B S B0 B Al B A A il
(R i R N (WASS A =N e o 1 R <]
YRR IR A E L P R LA B

Mt Bz 28 2 — P AR ok R 19 B R AL A W, AR IR
W R FEUA L BT R AT I A 1 WL 45 45 2 Fh A= 28
WEPESY L BRST & B e R T DT 5K B R KRR B ik
LA B AR g i AR A I o (R T A R R A
WEAR R T H BT AN W R . A B A A L R
F (PE) W 4 4L 00 K BL 5 3l ik R W4 i R X PE
TS AR A Uik K BT S KA I T Sk AR S B AE B 5T
B 2 TE L A 0 18] 1 4 &7 7k b i AR DAL O 2k — 2P 4R
TP FLAE 9 99 o A R v A A R A I R Rz
R TG=u
1 #REFE
1.1 £%3h4 5 KA

K19 d 1y SD K B AT I 48 6 5K 77 D e 52
Ui vy Nl = W I S T | B T R S/ I I SR
Y A 2 I B R =R A 22 °C LR
W 12/12 b, FTA B S5 X S 5% I R 5K (d R T
23 R B SE 56 3l ) ) 5% 5 Ad F 48 i (NTH Publication
No.85-23, revised 1996) , 313 2| i iy = 2% B BHIF 12 B

RAMVER] . Ml 2 PE. ZBEIRGR (Ach) | P iz Bl-
FACR BT (eNOS) il 77 N-ff He-1-4 2088 W R (1~
NAME) K HoAth Ak 273050 ¥ {55 [ Sigma A,
fiSHR /6% MR 5 22 06 W 2 L 77 1 A 2% B Cayman
Chemical 2 &, /N B FT eNOS F1 B i /& eNOS (p-
eNOSHiLfAG A £ E CST A d., MR —HET
B (DMSO) % i, Fie il B BE 2 mmol /L1 i 47 1
RUHRT—80 C&EH.

1.2 %
1.2.1 AAMBEXAT TGRS

fdi S b b B8 2 19 d 19 SD K Bl (220 ~ 250
@) 7 BV 3 8 M 3 30 Bk OFD = S bk . S B I A
FI 25 o B 32 3 Bk A8 s Bk R ) B 3 ~4 mm
I /NBE S TOA 4 °C T8 1 A B ER K I (PSS) o 1
BT B0 Ik P AR AS 5 A R Y I A L B E T
P 60 min, #HE K2 2 g, 60 min J5 i
FEEKAH 1 pmol/L PE Tl 45 '8 2 Ik ¥ i 5% i
IR S AR Y 4 A RE TR Ach &F 5K LA L 30 % I
N VA F B Sk A 53 . @it 1 pmol/L PE i
Wi T B KA, 2 0 4 O AR E TR KO AR TR
T BE A R 2% . LIS [ e B A K 3% SD R BRI 3=
BN Bk B Sl kOB VE R s, 258 b i i 4 4
M FBIE 25 5 B AW 5 1R 1Y 75 3h Bkl i 5k 7
5 PE 5105 3h bk i & 2 0 4 05k 0 E 4y
R RIR . LIRS R R 259, fom A& 1k
VS IK=2IE R N7
1.2.2  L-NAME s34 & % oo & 45 5K AF A 64 47 %) 2 A1

YR T E B KR VA G BB S T
Bk AR 5T L-NAME $0il XF 87 2 ik i 457 1) &5 9k 78
7€ PE i 3 19 F 5 3h bk 3 e 48 A2 € J5 m A 100
pmol/L ¥ i) L-NAME, ¥ & 15 min, # 21 AR
[ 94 5 P A 2 25 (L-NAME AL BRZH) L 0 5% 45 Ui At
KRGk T8k LR In A L-NAME Jy Xt B4 .
1.2.3 & G e i 45 41

KWRRFEIIKIF S 50 pmol/L Ay K % Ik [F
SEE AN [ B ) A5 A T eNOS B B B2 16 7K - 5 A [m] e
JE M B2 Z (1.5.10,25,50,100 pmol/L) & 15
min, Western blot ¥l p-eNOS Fil & eNOS /K3, i
FH RIPA 24 2 g e BUE B H . BCA dE g i . LSS
AR IR L 28 T on T TR R D TR e O Y Pl UK
(SDS-PAGE) 43 8, Wb %, 1 2 h, 4 CHE —$iid
W, TBST Ve G —HiEHE 2 h, BUR i A0 Y il 34 5



1402

fb2f %t (HRP-ECL) & (0, % i F F A /% . 1
Se B R AL S A0 eNOS ik 5 17 8 1 458 . 4R
J5 TR VR A R 2T 4 25 i (NCMD I FH 0 eNOS i 4K 5 5
BEE . fd RS AT B E (Image ] NTHD X 25 1 4%
AT O B E B A AT, LR AL 3 IR
1.2.4 —&ALRNO) N

T IS 2R P B AR MR T NO 1 52
12 fLAR SR IR 55 s kN B2 40 L, Js AR HAECs 4
Ml &4 2% FBS Fil EGM2 () M199 15 3% £ 317
REF:.37 C.5%CO, ,0.05 %6 i 25 1 B 0 1k 4n i A% 18 .
e R 40 YA o T B 40 M B 70 Y6 ~ 80 Y6 I T A 1M T L
T A RS TR) v B A At B2 3R (0. 1.5.10 pmol/L) i
A 3 A LR B N 32 3 ik B 4 i (HAEC) 30 min,
W £E 4 B A9 HAEC A1EE 57 W, 18 i3 Western blot ¥
A A eNOS {185 R A6 7K 1 o 38 a6 I B il 31 8% 77
Fe v Y IV A R ER ARG R 3R (NOxO) FB{E R 1T 45 NO 7=
., LEEHL 3K,
1.3 %itzam

BERK H Graphpad?.0 Gt i1 8 A4 947 43 87 . 1 & 9%
BT s o A H] BRI Student-r 5 55 5 FLPA &R
I 2538 ANOVA L L P<<0.05 WS H it E X,
2 % ES
2.1 MR F AT S5 A E 3 BRAT IR 8 L L E

10 pmol/L W # Bz Z BP AT B 5 &F 5K Bl 45 1) §
BB KR L 5B R 2R B R B 3G, - B bk &
sk B B 3G, 2 B A B 50 pmol/L B, F
BB KR 55 4 & K [ (100.5+5.2) % ., i i 3= 3h ik it
L5 47 3K I BE K (27.5410.00 %, ~H WK E S B S
TR (P <C0.01) 5 it Bz vk B2 A 3 100 pmol/L
i % FEAR SR B B (P <<0.01) . SE 43 b4 3 Bow M
F= Bl ok il 48 A 21 e K80 vk B (ECs0) 24 61,2 pmol/
L. FE sk EC LA 14.4 pmol/L, i iz & X% 15
Bl bk 5 M 3 2 kET Tk R R LA 25 A et (P

<0.05, WA 1,
—100+

=
R N
R -504 - KIERHk
s - FEK
=~ b
B 01 b
R b
S
% 50
¥
<@ 1004
g
1. f") 1'0 32) 5;0 10'0

MR (umol/L)
@, P<C0.05;" . P<C0.01, 5 FH Bk L& .
B 1 W R R X F B 3Bk 5 B X 3 Bk AT KR B L R
(xxs,n=28)

FREF 202055 A% 49 5% 94

22 WEREFHFFERRKATFTIHRALR peNOS K
F £+

Western blot 434 & 3. KB 75 sh kA b p-
eNOS 7K - [ B 18] 32 ¥ & 78 10 min B} p-eNOS 7K
B s AN [V BE AR K ALK R e s k4 4, 10
min BF K20 21 p-eNOS 7K, & BB i e 36 4k 2
B R RE S, R B B p-eNOS 7K 7 WY 3 5,
2,

p-eNOS -
eNOS mp enes GhED aaus e SN

b

0 1 2 5 10 15
B8] (min)
P-eNOS wwmn s —
eNOS s c— -

6+
b
i 4
K
&
= 2+ c

0 10 25 50

i & (umol/L)
“:P<C0.05;": P<C0.01, 5 0 min ;. P<C0.05;¢: P<C0.01, 50
pmol /T i B2 3 LU HL
B 2 WREEFEABERBERRFENKDH
p-eNOS

2.3 MHEF A F o E AR eNOS 37 4] 7] 35 5 37 4)

fih 2 2 0 5 PE % S A9 i 4 0 46 7E D Bt L
NAME #8435 Bk, i fz 2 2 B2 100 pmol/L B,
AH R BB 2H (100.0+7.6) % By 4F 3K , L-NAME 4 B 44
(4K B By sh kIR T 3k B S B AIG . R (57.0£12.3) %0, WL
3,

& -100
5 = L (r=8)
ﬁ -50- -o- L-NAMEALIZLH (n=8)
>
=N 04 a
g ] 2
in 504 P S
s 1 —
i
fir 100
=}

1510 30 50 100

W (pmol/L)
@, P<C0.05;" . P<C0.01, 5 X} B4 ML 45,
3 W EIFSHMESTIKMERE L-NAME
i b1



FREF 202055 A% 49 5% 9

2.4 Mk E R HAEC %4 p-eNOS = NO & 4

Western blot 25 36 i 7% . il 1 % fib 1 4 et b o
I p-eNOS /KT . 7 10 A 4 52 40 i NO g 7
L L 4

p—eN0S

SNOS e — — —
41 b

0 10 25 50
WREE (umol/L)

~geml)

NOx (pmol = L™

0 10 25 50

W ZE (pmol/L)
“;P<C0.05;": P<C0.01,5 0 pmol/L it ¢ % L4 .
4 W ERIF HAEC 19 p-eNOS #1 NO =&

3 3 it

T A B LA B 2R e B0 A
ST sk s ) R R R R GRS i A
R gl 1 SUC AR O o8 1 112 B o W= g M T TR
T VLA 850 Hb o AV LG 2 7 IE G LA A 1 R A
W HEZ R X,

A BEFTHIE R, 5 BT R I S8 B 48 % A
YRR FIEH 220 SRR A AR LIRS
FHE AR R W B, 5 & 4 B i A W S I
TH# . SPASOJEVIC 250k T Bl 4] 2 — b 1 4%
Weds R A, R B R S L s B Dy
BRENNAN 45"/ #8 RUPP K 570 A7 1 2h #4584 v
WFSE & P IR 5 5 bR 3R e 2 R S A i i
K. FEARBEIE S 1 e R PE I 4 4 ik K BT
BB ER SR S AT A o AHR B L BE R R
FECHe B2 38, 45 R i B0 2 3R g R AU &F 5k PE
T4 1%, 7€ 100 pmol/L B, 45 (1) 78 3l ik A
P58 46T gk s AR Fe I 3= 3 Bk, 5 Bl RO A e R
IR, X 2 g SRR BT M B2 2R 3h bk i A iy &7
SKATE T R B, 8 B K AT B R AT R AR e R R
EREERESRE.

1403

LI 8850 48 L i 283 2 5 i R Ak 0 45
eNOS B (76 2 2 i NO 7= A b i A 280k 38 1
EPok . (EA R B9 14 AT SR AE AN BB IE A S0 1) eNOS
TG PE 58 22 T B - 3R WA e 3R RT3 ik 22 b pL A 2 1 4
Gk, FEHALSE TR NO W #5890 78 bt & B
TRMB LR,

St — A BESE eNOS/NO RS 78 PE Uk 45 1Y 1fi
& 5K R AR A S AE PE U5 S 19 W04 R
FRAE J5 . A eNOS ¢ & M40 i 7] L-NAME (100
pmol /L) AR URGE B2 AR [R50 2 4 2 26 . AR WFoE
(B 5 22 B L i e 28 T3l 2 1 F 1 40 R K R B ik
ML N B At B, 52 3 eNOS PR3 % AL F NO 7 42, )L
7 5156 R BT B 3h KA 1 48 ok 6% s ot o 308 1 B S
A0 A9 K B I R . oA T R R AR R
ST AEAESAUNE L A 58 48 F N 5 3l Bk A P 2
MM AT T RAMNIF ST . ASTIF 5 09 O A1 40 i 52 56 th 3%
W 2 0 fEAE A JEAC HAEC 40 FP 395 eNOS
TEPERIBE G B9 NO 7= A4, 5 3 i S 3 245 0 — B0, ik
FHENE AN B 41 p-eNOS 7K, $2 /8 AR BF5E P
Wik K 2RI RE AE 9 1T AR A R N8 S eNOS
PEIE 5 2 bk &7 5K - DA 035 G A% 46 1 AN A2 1 17 O
A 5T ] Ay 3 — 0 %o ik B2 3R AE I R B A B 5 R
AL P LR

A5 ) A1) B 22 Ak 3 AR B AE WA T T, (1) AR
W58 30 2 LB 58 & B, 22 BT 8 30 DO i B 36 1 I
I JE UL 50 ol /L v BE (4 B2 2R BE % 58 42 R
B PE B 45 1) 75 sh Bk L . Bl T 4 e 2 AE &7 sk 22
1 A5 oA 00 A T R O T VR AR AR s (2) AR Al
FHNA B2 4 B 9 - K B eNOS/NO 15 538 % 16 A
PN Rz 4 B A AE A . L SZ M B 3R R A A B SO R
A g i P eNOS/NO 1 B2 #E A 78 3h Bk 1y
EPORAER L BCEMAT I RE . AR Z AL EE R RN
KV LB ZE M e 2R A Sk O A AT AR S EB0W i s L i 3 A
i 45 VR R A5 A BT R AR Ak R T AR A 5 I B T DA
D) s 6 Fh LA 5 B W0 B A TR AN R B O A
T ) e B A5 AH DG B i Wi K 22 T DL R0 i S i 3
UG 25 7 S5 A BRI BE L (HLAA B /D S M B R K SE 1 Y
T2 R 7K P 1 B 35

25 F TR XM B 2 TE AT R K B R 30 K i A
sk VR FHAIF ST I 6 At b L 45 A LR A ST i A
B ph AR L B R 3R T BB A AR I i A ATk
RAE— AR . ok 2o g SRR T M i R A
T ET AR 5T 5 I PR T G 7 R BT



1404

&%k

(1]

[2]

[3]

[4]

[5]

[6]

7]

MOL B W,ROBERTS C T, THANGARATINAM
S,et al.Pre-eclampsia[ ] ]. Lancet, 2016, 387 (10022)
999-1011.

SHAO X,WANG Y Q.LIU Y L,et al. Associa-
tion of imbalanced sex hormone production
with excessive procoagulation factor SerpinF2
in preeclampsia[ J ].J Hypertens, 2019, 37 (1)
197-205.

LI P G,SUN L, HAN X, et al. Quercetin in-
duces rapid eNOS phosphorylation and vasodi-
lation by an Akt Independent and PKA-De-
pendent mechanism[ ] |.Pharmacology,2012, 89
(3/4):220-228.

ANAND DAVID A V,PARASURAMAN S.0O-
verviews of biological importance of quercetin:a
bioactive flavonoid[ J ]. Pharmacogn Rev, 2016,
10(20) . 84-89.

OYAGBEMI A A,OMOBOWALE T O, ASENU-
GA E R, et al. Quercetin attenuates hypertension
induced by Sodium fluoride via reduction in oxida-
tive stress and modulation of HSP 70/ ERK/PPAR
gamma signaling pathways[ ] ]. Biofactors, 2018, 44
(5):465-479.

SAHEBKAR A, SIMENTAL-MENDIA L E,KOV
ANEN P T,et al.Effects of quercetin on blood pres-
sure: a systematic review and metaanalysis of ran-
domized controlled trials[J].J] Am Soc Hypertens,
2018,12(2) :80-96.

JARVIS S S, SHIBATA S,BIVENS T B, et al.
Sympathetic activation during early pregnancy in

humans J ].] Physiol,2012,590(15) :3535-3543.

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

FREF 202055 A% 49 5% 94

OKADA Y.BEST S A,JARVIS S S, et al. Asi-
an women have attenuated sympathetic activa-
tion but enhanced renal-adrenal responses dur-
ing pregnancy compared to Caucasian women
[J].]J Physiol,2015,593(5):1159-1168

YOUSIF D,BELLOS I,PENZLIN A I,et al. Auto-
nomic dysfunction in preeclampsia:a systematic re-
view[ ] |.Front Neurol,2019,10:816.
SPRADLEY,F T.Sympathetic nervous system
control of vascular function and blood pressure
during pregnancy and preeclampsial J ].] Hy-
pertens,2019,37(3) :476-487.

SPASOJEVIC M,SMITH S A, MORRIS ] M, et
al.Peripheral arterial pulse wave analysis in women
with pre-eclampsia and gestational hypertension
[J1.BJOG,2005,112(11) . 1475-1478.
BRENNAN L,MORTON J S,QUON A,et al.
Postpartum vascular dysfunction in the reduced
uteroplacental perfusion model of preeclampsia
[J].PLoS One,2016,11(9):e0162487.
GENTILE D, FORNAI M, PELLEGRINI C,et al.
Luteolin prevents cardiometabolic alterations and
vascular dysfunction in mice with HFD-Induced o-
besity[ J |.Front Pharmacol,2018,9.:1094.

HAN F,LI K,PAN R Y,et al.Calycosin directly
improves perivascular adipose tissue dysfunction by
upregulating the adiponectin/ AMPK/eNOS path-
way in obese mice[ J]. Food Funct, 2018, 9 (4):
2409-2415.

EDWARDS L. R.Quercetin reduces blood pres-
sure in hypertensive subjects[ J].J Nutr, 2007,
137(11) :2405-2411.

e B 191 :2019-07-18 &[] H ] :2019-12-10)



