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Effect and mechanism of resveratrol on cyclosporin A-induced hypertension
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Abstract: Objective To study the effect and mechanism of resveratrol on cyclosporine A (CsA) induced hypertension. Methods In
vitro organ culture and myograph were used to study CsA induced vasoconstrictions mediated by 5-hydroxytryptamine (5-HT) receptor.
Rats were sc CsA to induce blood pressure increased, and resveratrol was given for intervention to study the effect of resveratrol on
blood pressure; Microvascular tonometry was used to observe the changes in dose-response curve of arterial contraction caused by 5-
HT; Western blotting was used to detect 5-HT1g receptor, sirtuin 1 (SIRT1) and extracellular regulated kinase 1/2 (ERK1/2) protein
expressions. Results The results of isolated blood vessel culture showed that resveratrol inhibited CsA-induced contraction by
activating SIRT1-ERK1/2 pathway. Animal experiments showed that resveratrol could significantly reduce the increase in blood
pressure caused by CsA (P <0.05, 0.01); Inhibited the contractile response caused by 5-HT (P <0.05, 0.01); Decreased the expressions
of 5-HTs receptor and p-ERK1/2 protein (P < 0.05, 0.01), and increased the protein expression of SIRT1 (P < 0.01). Conclusion
Resveratrol can inhibit CsA-induced hypertension by down-regulating 5-HT receptor through SIRT1-ERK1/2 signaling pathway.
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HREMEEERNRRZTF, EREREIGTH K
% 7 REERERAY. HATRK E CsA Mg TG
JTPRRIBPERTT 2 . FRAERRRGPEST A% B & et
PARBOl, FEBEE CsA B 2, R HRZ 1
AR, EfE 2 CsA EEFIA R, IR
FARYME CsA HE RS R b iy IS A AR R
A 20%~25%U7-81. CsA A LAG] AN AN Z) ) i s
Fhir, SR AL AN R 100,
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CsA (Hit'5 S17068). HZE™ g (#L5 S30630,
JR R HUN 98% ) I H IR AE YR A PR AR
5-HT (5 Slcf8396). ZMENHHH, Cacetyl choline,
ACh, #Ht5 BCBX5660). 245 & (i 1/2
(extracellular regulated protein kinase 1/2, ERK1/2)
e PERHIF U0126 (HES 19826). Triton X-100
(#it5 T8787) Wy H 3= [H Sigma A F]; SHTp %24 HT
& (5 AB13896). PLERME BIHFTHF 1 (sirtuin
1, SIRTD) $Hifk (LS AB12193) I HFEE Abcam
/vl ERK12 (#it5 4695S). R 1L ERKI1/2
(phosphorylated ERK1/2, p-ERK1/2) Hifk (=
43708) M HEE CST AF]; B-actin fufk (L5
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W (119 mmol/L NaCl. 15 mmol/L NaHCOs. 4.6
mmol/L KCl. 1.2 mmol/L MgCl, . 1.2 mmol/L
NaH,PO4. 1.5 mmol/L CaCl, Al 5.5 mmol/L %% §¥#)
o, TR N 03 i R AK, 0.1% Triton
X-100 15 NEEE 10 s, ZRRIVE N, ARED)
JiK BT B 2 mm [RIBIIKIR, N 24 FLEFFRAR N HEATRE
7%, BALIOA 1 mL AN &R DMEM &EliEE 77
B, FERSFREEPRIIN CsA (1X 1076, 1X 1075 mol/L)
oY, — F L AR (dimethyl sulfoxide, DMSO) 8, U0126
(1X10°° molV/L) EHZ M EE (1X107°, 1X107*
mol/L). 57 IE T 37 C. 5% CO, HIRFF=4M N,
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FHILLT4E 20029, 1 /d, iE4E 21 d.
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HEME 15~30 &, BEFHIHE.
2.5 KRBREMEWLEINEER

5% 21d Ja, KRALSE, s EH g RIS K,
BATA ) Na™-PSS g2y, T RAss T Iid ]
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2.6 Western blotting &0 SHTs &, ERK1/2.
p-ERK1/2 1 SIRT1 E AR &KX

BRI RISk, TN RIPA 2@ HUe
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FEMZE 10% ot B B AN - 58 TR M I R B S HL UK
% PVDF B, T8 5%MiAR24-9% TBST =i
B 2h, S BIMAFHR —HT, 4 CRE LR A
P, FRWE 1h, BEEEEH ECL RO,
R H AR 26 K BEARL, A SR B Rk .

27 GitFE

SIS X £ S RRoR . WA BB FITES)
JikFR_E 51 U 4E ] 60 mmol/L K* 5 2 (U 4618 i
THERTR, Emax A2 BN AL R B R B, ECso
HRIRIER] 50% i RIS sl IR, pECso
{EL % A GraphPad Prism 8 34T JELE M (R /3 #1158 H
KRR T Z 8 (One-Way ANOVA) #HTZ 4
HCHR TR] 1 LU o
3 #R
3.1 CsA ¥t 5-HT 2N SRS R B AV RN

N T RFRASEIR LR CsA X 5-HT Y4 i ,
4 CsA (1X1076, 1X 1075 mol/L) 2614351l 5 Bk %)
ik M HL 8597 24 h, BEFERINEIIAN 5-HT, 3R HR
SRR - SN 2R LI 1, RV FE I CsA ) 55 21
s RIS KA DI RE, WA B B AR . 5
DMSO AL, 1X 1075 mol/L CsA 1 AR & 15

5-HT MU 4E/EH, Emx HEFE (P<0.05. 0.01).

——DMSO k¥
250 ] — CsA1X107 mol 'L T
= CsA1X10®mol 'L

£ 200 -
E=y
R 150 4
i
100 4
&
= 504

04

-8 -7 -6 -5 -4
log(5-HT)

5 DMSO At *P<0.05 *P<0.01
*P<0.05 *"P<0.01 vs DMSO group

Bl CsAxtS5-HT N SRETER NIFN (n=3)
Fig. 1 Effect of CsA on contraction response induced by 5-
HT (n=3)

3.2 U0126 Xf 5-HT Z4N S oIS & MBS0

N7 EE ERKI2 B RGSS T CsA 31
Wiy 2 NS Ik S 4 4G 5, £E 35 77 5 IR = 1 ERK1/2
=5 IE ) U0126 (1X106mol/L) 5 CsA 3t
Rig% 24 b2, RN 2-A FoR, 5 CsA 4L,
U0126 A LR EHH] S-HT SR B (P<
0.05. 0.01); Westernblotting 455 (|8 2-B) &R,
5 DMSO 414, CsA 41 p-ERKI1/2/ERK1/2 ZH
kKT EETE (P<001); 5 CsA A%,
U0126 & p-ERK1/2/ERK1/2 FEHFE (P<
0.01). £ W] ERK1/2-22 253540 55 B8 (mitogen-
activated protein kinase, MAPK) {5 5 EM gt S5
T CsA 5l MEYS
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ERKIZ e e G 42X 10%

37 sk

p-ERK1/2/ERK 1/2
AR KL
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DMSO U0126 CsA  CsA+U0126

TP<0.01; 5 CsA 4lLH: "P<0.05 #P<0.01
**P<0.01 vs DMSO group; *P <0.05 *P<0.01 vs CsA group

2 ERKI1/2 #I#15] U0126 X} 5-HT SN SWHER K (A) X p-ERK1/2/ERK1/2 EHFRIE (B) BIFME (n=3)
Fig. 2 Effect of ERK1/2 inhibitor U0126 on contraction response induced by 5-HT (A) and p-ERK1/2/ERK1/2 protein

expressions (B) (n =3)
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NT R AR ST CsA i S T L
WA DI RE IRz, FEEEE (1X1075, 1X1074
mol/L) 5 CsA 53¢ 24 ho W 3-A iR, 5 CsA
AL, AZEPAEREE SR S-HT i35 SRR N (P<
0.01); Western blotting 45 % (& 3-B) 7R, CsA &
E K SIRT1 FEFHFRIAKF (P<0.05), T HZEMS
i (1X10*#mol/L) w LA il SIRT1 & HRIA
K (P<<0.05). 427 22 7 i n] feid i 0% SIRT
EEANH] CsA 7 S .

300y —e—DMSO .
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FREWME 1R w4 frs, 42581 (550 FD
B K RIS B Aok R e R E R, A2 1
JJG, 45T CsA Ja K BRIC4R A &F 5K i s 35 7 &
xR ARL, 25 3 BB AU R AR ok R 3 A
EEMZER (P<0.01); SEMAMI, 3 3 HH
HE 7 I v ) K BRSO S T 9K R 48 R 3 PR AR
(P<<0.05. 0.01),

SIRTI , — — 210
B-actin w 42X10*

2.0 =

0.5

SIRT1 & HMIX RIA &
=
1

DMSO (4% CsA CsA+H#H
P FEE 1X 107 mol-L™!
1X 10 mol-L™!

"P<0.01; 5 CsA 4lIE#: “P<<0.05 #P<0.01
**P <0.01 vs DMSO group; P <0.05 #P <0.01 vs CsA group

3 BEAEX S-HT FHENSHWERE (A) & SIRTI ZEAFRIE (B) MM (n=3)
Fig. 3 Effect of resveratrol on contraction response induced by 5-HT (A) and SIRT1 protein expression (B) (n = 3)
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- YR
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1 mm Hg=133 Pa
133 Pa

*P<0.05 #P<<0.01, FEF
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Fig. 4 Effect of resveratrol on blood pressure in CsA-induced rats (n = 6)

3.5 BEAEX 5-HT NMSHWR4ER M 5-HT s
ZHREATIANZ N

W 5-A fIR 1 fos, S5, B
5-HT 31K U RISk e s B 23 (P<
0.01), Em BFETHE (P<0.01); SR LLE,
[T 20 7 R v ) e L S 0 ) L AU A e A i %

A ~ xR o
250 T Csa
-y E%E@h %75 mgkg! 4
< 200 F#EE 150 mg-kg™! ”
Bl
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&
S 1004
K
=
50 -
04
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log(5-HT)

B 5 BEAEEXN S-HT M SHNEWERN (A) #5-HTs ZHFEBRIE B)

(P<<0.01), Emax 2EHFFK (P<0.01), KHZFEF
WT DA CsA 51 A2 M YW . Western blotting

g5 (| 5-B) K, H5xTHAILE, B4 5-HTs
TR ARIEKFIRET G (P<0.01); SHAH
Fod, A2 I mir B 5-HT s SRR 1 R IA KT
BERRE (P<0.05),

B S-HT g 52K e— o— c— c— 4.4X10*
B-actin < |
2.0 7
{E[ *kk
1.5
et #
B 1.0
M
Em=
TE 0.5
w

X CsA 75 150
HF P/ (mgkg™)

GEI (n = 6)

Fig. 5 Effect of resveratrol on vasoconstrictor response induced by 5-HT (A) and 5-HT1s receptor protein expression (B) (n = 6)

R 1 BEAEX S-HT FSEAKIFULLER Ena 1 pECso 89
=M (X+ts,n=6)
Table 1 Effect of resveratrol on Emax and pECso of 5-HT-

induced arterial ring contraction (X £ s, n = 6)

4 FE/(mgkg™) Enmax/% pECso

papiS — 187.90+11.06  5.680%0.098
it — 256.301+16.85" 5.440+0.098"
SE2] 75 228.80+16.12%  5.450+0.100

150 206.20+17.29% 5.57040.130%

5 R L% - “P<0.01; SHERHALE: YP<0.05
#P<0.01
"P<0.05

model group

“P<0.05

*P <0.01 vs control group; *P < 0.05 #P<0.01 vs

36 BEEBEMNKRBABRNG SIRT1. p-
ERKI1/2 1 ERK1/2 EBRIEREM

9T HESE SIRT1 A ERKIZ EH AR S S TH
2P B AR K R RSN ik o S SR AR, A
7 SIRT1 #1 p-ERK1/2 FEHFKIE, WHE 6 Fix, 5
TR L L, KEAIZH SIRT1 & [ # ik /K 535 AT
(P<0.01), p-ERK1/2/ERK1/2 & AFE LK T ETF
fm (P<0.01); SHERALE, AZESERFIEHA
SIRT1 %E%%UJ@?E%%% (P<0.01), HZEf
Bk, B p-ERK1/2/ERK1/2 B A FEK T
BE R (P<<0.05. 0.01), I SIRT1 1 ERK1/2-
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e [ .

ERK1/2 - - .
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H2E M (mg kg ™)

SIRT1 & HMX RKIAE

2.0 7 47
## ek

1.5 7 Sy 37
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1.0 1 @ -

=

Hok {a ] ##

0.5 - A

L

0_
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A/ (mg-kg ™)

X CsA 75 150
PR/ (mg kg ™)

6 HEAENARBABEIK SIRT1. p-ERK1/2 1 ERK1/2 ZEARILHEE (n=26)
Fig. 6 Effect of resveratrol on SIRT1, p-ERK1/2 and ERK1/2 protein expressions in mesenteric artery of rats (n = 6)

MAPK {55 @ ReS 5T AR SIS CsA Lk
W 5-HT 1 3244 5| &I LB WA -
4 g
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RS R AL ER SR, 0%
Yy, RIS < SRS B AR KIEE T
B, HEMRESSQET-27), Rk, 75EAWMET
il CsA 5lrm g . AZEMSRE—F 2 m i &
VIFEYIPIE &, 1EN SIRT1 sh7), BB BT
PTEAA . Brgs. Pri/iCREE. PR RE AR
FPak A L B kO LT AL RO 38 R B % F A B 2K
AR, T R RO T RGP A A8,
3 I R M I . I SRR 1T SR
IR ABERY | P v oL A 2R AR ) 25 e POk IR 51 RS 11
1 I S5 22 S A A 5 EL AT [ R AR 29310 B8
2P CsA 51 i ML PRS2 A DL o At
FUIR BRI B TR R T A B CsA
753 M E W e Th RE 2, FRiEd CsA 5 3K R
[N Bt 2~ WS E S S0 NN VR A PN
K BRI 2 IS kT v LIS 4 Th RE AN 2R (A RIA 1) ik T
2P REREAIR CsA 5| & i R /E ML . BF Fe4s
KW, CsA W RETERRIME, MG RED)
kI LY 5-HT 246N F BIWEE S, 2R A]
A5 CsA L 5-HT SZRFHC. BRI 0] DA
CsA FFMEME, JHHINHE] CsA F1E i &
RLPERIE D 5-HT s 5 H BRI, 2P REn] feif it
BOE SIRTL. ] ERK1/2 3 58 59 1L e 4 18
N9

g ML 9 RO T L/ ~F-T LA 46 11 52 4 B
SR P IR =D R el bl e =)~ VA TR I IR
T TLUSCAR P 52 A R 8 A AT L 1 v e 2P, DTG
R EB233, BRI, 5-HT %% 510 2k i i Jie 4

FE W 5-HT s 20T, MKREEET 5-HT Al
WEE 5-HT s 524K 5Bk & &, B M & L&
KRBT I LA L) 5-HT 22 AR R IA I 5RE435],
FE MRS Dy R i rf, 1 22 P i m] DAY 35 BRI -
HT 5 5 B KB RIS, Western blotting 25
RERNAZEMRELE FHKRERESK 5-HTs
ZARIRIL, o8 AR @ N R E IR
(F) 5-HT 24k, PRGN & M, M PR
%

MAPK {5530 B BE 0% 1 12 40 i P 22 Fh A= W15
5 5 BRK1/2 {5 530 B K5 24 M 2 1 4% 12 21
R, PSR, BoEERET, A
V2 RiBe3T, AR TR, WO SR R R 55
el R Ik L, s ERK1/2 (555
AP T SRR, S BCHT S-HT 5244,
fESNK LTI 5-HT 324k %k i, SEEhkk
I A5 RRORR P 3 i, B RO ME DS, U0126 2
ERK1/2 380 B RF e A7) FEL O 22 22 i 375 A 1 4 i
AMEZ T 1/2 (mitogen-activated extracellular
signal-regulated kinase 1/2, MEK1/2) ¥#i&, #i] T~
e ERK1/2 WHE 0% . CsA 3 LA e 4 e Ve I 2%
U S-HT SZ2ARMRIE T DA BRK1/2 38 #4071
U0126 #l], KM CsA Lif 5-HT 2RI AT fg
5 ERKI1/2 {55 @A . Bih SIRT1 7] LA
JE, BT SIRT1 MUBg ol LRSI, BRI
EIAEIER , MM FER IR, SIRTT $iE 7 (A
AL IEIT SIRT1 S M5 5 SR ANE S
M. ARFRLEREH, CsA #fl SIRT1 Fik, #
% ERK1/2 15 5id@EE, 1M H 22 B n] LLEGE SIRTI,
P ERK1/2 380 5 1717 2L LA v S A2k o

i L RTid, ARWEIC R B R AR B
SIRT1, #il ERK1/2 {5 5%, Nif 5-HT 244



FEH 20202FE58 $£53% B 9W  Chinese Traditional and Herbal Drugs 2022 May Vol. 53 No. 9

° 2729 »

RiE, U R BRIk RBE, FEAIK CsA S1E )

.
RBAR FTAEHYFERARELEAZFR
&3k
[1] Molnar A O, Fergusson D, Tsampalieros AK, et al. Generic

(2]

(3]

(4]

(5]

(6]

[7]

(8]

(9]

[10]

[11]

immunosuppression  in
Systematic review and meta-analysis [J]. BMJ, 2015, 350:
h3163.

Ruggenenti P, Cravedi P, Gotti E, et al. Mycophenolate

solid organ transplantation:

mofetil versus azathioprine in kidney transplant recipients
on steroid-free, low-dose cyclosporine immunosuppression
(ATHENA): A pragmatic randomized trial [J]. PLoS Med,
2021, 18(6): €1003668.

Mousavi-Hasanzadeh M, Bagheri B, Mechrabi S, et al.
Sirolimus versus cyclosporine for the treatment of
pediatric  chronic immune thrombocytopenia: A
randomized blinded trial [J]. Int Immunopharmacol, 2020,
88:106895.

Mittal N, Loughran Jr T, Rivers A. T-cell large granular
lymphocytic leukemia successfully treated with oral
cyclosporine in a child: Case report and review of literature
[J]. Pediatr Blood Cancer, 2020, 67(12): ¢28487.
Fervenza F C, Appel G B, Barbour S J, et al. Rituximab or
cyclosporine in the treatment of membranous nephropathy
[J]. N Engl J Med, 2019, 381(1): 36-46.

Kvien T K, Zeidler H K, Hannonen P, ef al. Long term
efficacy and safety of cyclosporin versus parenteral gold in
early rheumatoid arthritis: A three year study of
radiographic progression, renal function, and arterial
hypertension [J]. Ann Rheum Dis, 2002, 61(6): 511-516.
MacDonald A S. Impact of immunosuppressive therapy on
hypertension [J]. Transplantation, 2000, 70(11 Suppl):
SS70-SS76.

Taler S J, Textor S C, Canzanello V J, et al. Cyclosporin-
induced hypertension: Incidence, and
management [J]. Drug Saf, 1999, 20(5): 437-449.

Wang Q S, Liang C, Jiang S, et al. NaHS or lovastatin

pathogenesis

attenuates cyclosporine A-induced hypertension in rats by

inhibiting sodium channels [J]. Front
Pharmacol, 2021, 12: 665111.

Mangray M, Vella ] P. Hypertension after kidney transplant
[J]. Am J Kidney Dis, 2011, 57(2): 331-341.

Rasmussen M N P, Hornbak M, Larsen S S, et al.

Permanent distal occlusion of middle cerebral artery in rat

epithelial

causes local increased ETB, 5-HTis and AT: receptor-
mediated contractility downstream of occlusion [J]. J Vasc
Res, 2013, 50(5): 396-409.

[12]

[13]

[14]

[15]

[16]

(17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

Ansar S, Eftekhari S, Waldsee R, et al. MAPK signaling
pathway regulates cerebrovascular receptor expression in
human cerebral arteries [J]. BMC Neurosci, 2013, 14: 12.
Wang H, Gao X Y, Rao F, et al. Mechanism of contractile
dysfunction induced by serotonin in coronary artery in
spontaneously hypertensive rats [J]. Naunyn Schmiedebergs
Arch Pharmacol, 2020, 393(11): 2165-2176.

Alhawassi T M, Krass I, Pont L G. Antihypertensive-
related adverse drug reactions among older hospitalized
adults [J]. Int J Clin Pharm, 2018, 40(2): 428-435.

Rende P, Paletta L, Gallelli G, et al. Retrospective
evaluation of adverse drug reactions induced by
antihypertensive  treatment [J]. J  Pharmacol

Pharmacother, 2013, 4(Suppl 1): S47-S50.

Xie M T, Tao W L, Wu F J, et al. Anti-hypertensive and
cardioprotective activities of traditional Chinese medicine-
derived polysaccharides: A review [J]. Int J Biol
Macromol, 2021, 185: 917-934.

Zhang S, Bai X, Chen Z L, et al. Qiju Dihuang Decoction
for hypertension: A systematic review and meta-analysis
[J]. Evid Based Complement Alternat Med, 2020, 2020:
9403092.

Gal R, Deres L, Toth K, et al. The effect of resveratrol on
the cardiovascular system from molecular mechanisms to
clinical results [J]. Int J Mol Sci, 2021, 22(18): 10152.
Parsamanesh N, Asghari A, Sardari S, et al. Resveratrol
and endothelial function: A
Pharmacol Res, 2021, 170: 105725.

Su C F, Jiang L, Zhang X W, et al. Resveratrol in rodent

literature review [J].

models of Parkinson’s disease: A systematic review of
experimental studies [J]. Front Pharmacol, 2021, 12:
644219.

FWRGE, SRR AREREE . SIRTL i) oy 5
JEAMEA K K Wt /5 5 BEE I [J]. FEZY, 2019,
50(3): 675-680.

Bomfim G H S, Musial D C, Méndez-Lopez 1, et al.
Chronic resveratrol consumption prevents hypertension
development altering electrophysiological currents and
Ca®* signaling in chromaffin cells from SHR rats [J]. Cell
Signal, 2020, 76: 109811.

Prysyazhna O, Wolhuter K, Switzer C, et al. Blood
pressure-lowering by the antioxidant resveratrol is
counterintuitively mediated by oxidation of cGMP-
dependent protein kinase [J]. Circulation, 2019, 140(2):
126-137.

Zheng J P, Cheng Z A, Jiang J Y, et al. Cyclosporin A
upregulates ETB receptor in vascular smooth muscle via

activation of mitogen-activating protein kinases and NF-



* 2730«

FEH 20202FE58 $£53% B 9W  Chinese Traditional and Herbal Drugs 2022 May Vol. 53 No. 9

[25]

[26]

[27]

(28]

[29]

[30]

[31]

(32]

kB pathways [J]. Toxicol Lett, 2015, 235(1): 1-7.

Chen Y L, Liu H H, Zhang H M, et al. The sirt]l/NF-xB
signaling pathway is involved in regulation of endothelin
type B receptors mediated by homocysteine in vascular
smooth muscle cells [J]. Biomed Pharmacother, 2016, 84:
1979-1985.

Zheng J P, Zhang X M, Wang H, et al. Vasomotor
dysfunction in the mesenteric artery after organ culture
with cyclosporin A [J]. Basic Clin Pharmacol Toxicol,
2013, 113(6): 370-376.

Nishiyama A, Kobori H, Fukui T, ef al. Role of angiotensin
I and reactive oxygen species in cyclosporine A-
dependent hypertension [J]. Hypertension, 2003, 42(4):
754-760.

Maeda H, Sakamoto K, Kashiwabara H, et al. Effect of
hypertension, hyperlipidemia and cyclosporine A therapy
on long-term renal allograft survival [J]. Transplant Proc,
1996, 28(3): 1633-1634.

Chen H E, Lin Y J, Lin I C, et al. Resveratrol prevents
combined prenatal NO-nitro-L-arginine-methyl ester (L-
NAME) treatment plus postnatal high-fat diet induced
programmed hypertension in adult rat offspring: Interplay
between nutrient-sensing signals, oxidative stress and gut
microbiota [J]. J Nutr Biochem, 2019, 70: 28-37.
Javkhedkar A A, Quiroz Y, Rodriguez-Iturbe B, et al.
Resveratrol renal

restored Nrf2 function, reduced

inflammation, and  mitigated  hypertension  in
spontaneously hypertensive rats [J]. Am J Physiol Regul
Integr Comp Physiol, 2015, 308(10): R840-R846.

Cao X, Luo T, Luo X, et al. Resveratrol prevents AnglI-
induced hypertension via AMPK activation and RhoA/
ROCK suppression in mice [J]. Hypertens Res, 2014,
37(9): 803-810.

Touyz R M, Alves-Lopes R, Rios F J, et al. Vascular

smooth muscle contraction in hypertension [J]. Cardiovasc

(33]

[34]

[35]

[36]

(37]

(38]

[39]

[40]

Res, 2018, 114(4): 529-539.

Brinks H L, Eckhart A D. Regulation of GPCR signaling
in hypertension [J]. 2010,
1802(12): 1268-1275.

Watanabe S, Matsumoto T, Ando M, et al. Multiple

Biochim Biophys Acta,

activation mechanisms of serotonin-mediated contraction
in the carotid arteries obtained from spontaneously
hypertensive rats [J]. Pflugers Arch, 2016, 468(7): 1271-
1282.

Sun T, Wang J, Huang L H, ef al. Antihypertensive effect
of formononetin through regulating the expressions of
eNOS, 5-HT2ans receptors and ol-adrenoceptors in
spontaneously rat arteries [J]. Eur J Pharmacol, 2013,
699(1/2/3): 241-249.

Zhang Y P, Edvinsson L, Xu C B. Up-regulation of
endothelin receptors induced by cigarette smoke:
Involvement of MAPK in vascular and airway hyper-
reactivity [J]. Sci World J, 2010, 10: 2157-2166.

Xu C B, Sun Y, Edvinsson L. Cardiovascular risk factors
regulate the expression of vascular endothelin receptors

[1]. Pharmacol Ther, 2010, 127(2): 148-155.

Cao L, Zhang Y P, Cao Y X, et al. Secondhand smoke
exposure  causes bronchial  hyperreactivity via
transcriptionally  upregulated  endothelin and  5-

hydroxytryptamine 2A receptors [J]. PLoS One, 2012,
7(8): e44170.
Tang H X, Lin J, Xu C B, ef al. Minimally modified low-
density lipoprotein upregulates mouse mesenteric arterial
5-HTiB receptor in vivo via activation of the JAK2/STAT3
pathway [J]. Microvasc Res, 2022, 139: 104260.
Zhou L, Zhang S, Bolor-Erdene E, et al. NAMPT/SIRT1
attenuate Ang Il-induced vascular remodeling and
vulnerability to hypertension by inhibiting the ROS/
MAPK pathway [J]. Oxid Med Cell Longev, 2020, 2020:
1974265.

[FTiE%dE  FT4h]



