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BT Kv7 813 18 A R 52006 R U = 30 ik
I 5 B4 1 5k AR A

ERG BEE R A BXE, RER R, F T

(LILPEER AU PH2E B 25 FRA200F =5, LIPS Y3 BH 032200,
2 AR O ML A B I 5 T T R L P 4 S SR = B 3, LT W BH 032200
3P ER AL S b0, KB 030001)

[fHE] B# BIIAREEZE (luteolin, Lut) XF 25 Bk N B2 1Y 25 44 K B = 311 ik ( denuded-endothelium rat
thoracic aorta, DRTA) M4 IR AIETIRAVE , LUGZAE VLG R S-S Kv7 BIEA K, Fik HBERALRER K
FIK I RGeS DRTA 1A 395K 77, H 60 mmol/L KC1 B 0. 3 wmol/L U46619 T4 DRTA I 4534, ML A
JREZRAE 1.3.10,30,100,300 pmol/L BT L4 R (4 &F 5KAE HT, LA R A 4-AP (3 mmol/L) \XE-991(3 pumol/
L) ML213( 1 pmol/L) X A B B0 R &F 5K AT ER A 200 5 I RT-qPCR K5I 5 s ik 41 4L h KCNQ1-KCNQS £
BTN , HMEE AR FE X KCNQ1-KCNQS 3£ 335 B 57 ; Western blot Kl AS [5] #¢ B A BR 7L 2 %) DRTA 41
ZUKvT. 1 FKv7. 4 BRAFREEW, &R (1) KRBFEZEX 60 mmol/L KCI H1 0.3 wmol/1. U46619 TRULHA )
DRTA 45 5 i 55 R A7 I T 33843 W1l 2 (97. 67+8.51) % 1 (98. 42+9. 76 ) % , HAZ AT 5K AE F B Yk 55 4R i Pk
(P<0.05) ;(2)4-AP (3 mmol/L) E .2 41l 10,30,100 wmol/L AJRF R X} DRTA Ifil & ¥ 1Y &F 5k AE H (P<
0.05) ;XE-991 (3 pmol/L) fE i 2 Ml 30,100 wmol/L A FR#E % X%} DRTA I 45 3 19 &F 5k A4E ] ( P<0.05) ;
ML213(1 pmol/L) B i ZFHG M AR ZRTE 3,10,30 pmol/L W XF DRTA IfiL 45 ¥F 1 &F 5K A HI (P<0.05) 5 (3) 1
1EH DRTA 41, Kv7 i 18 4% W 78 1 36 (R 3% 3k 12 th & BRI R« KCNQL > KCNQS > KCNQ4 > KCNQ3 >
KCNQ2, HH KCNQ1 BRIk B %5 (4) RKBFZRLE 3,10,30,100 wmol/L i AJ i F I KCNQ1 13k (P<
0.05) ;7€ 1.3.10.30,100 wmol/L Hf ] B 44 hi1 KCNQ2 Ay 33k (P<0.05) , 7€ 3.10.30,100 wmol/L i 1] g 3
AN KCNQ3 1335 (P<0. 05) ,7F 10.,30,100 wmol/L B Al g ZE I KCNQ4 (335 (P<0.05) (HRERKBE R
7£1.,3.10,30,100 pmol/L B X KCNQS5 [R5 TC &5 ( P>0. 05) 5 (5) ABRFETE 3.10,30,100 wmol/L, B}
AL E RS DRTA 4 Kv7. 1 8 A A (P<0.05) ; AR EZEAE 10.30,100 pmol /L i H] i 25 14 /il DRTA IfiL
B KvT. 4 HHMFEE(P<0.05), &it KB K47 DRTA I PR 0] it 5 H 658 KCNQ1-4 1Y mRNA /KF
R Kv7. 1 1 Kv7. 4 3838 & H R IAE L,
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[ Abstract]
thoracic aorta (DRTA) vascular rings, and the mechanistic role of the Kv7 ion channel. Methods

Objective To investigate the vasodilatory effect of luteolin on isolated denuded-endothelium rat
The tension of
DRTA vascular rings was measured using an ex vivo tissue perfusion muscle-tone detection system. DRTA vascular
rings were pre-contracted with 60 mmol/L KCI or 0.3 wmol/L U46619, and the effect of luteolin on vascular-ring
relaxation was observed at 1, 3, 10, 30, 100 and 300 pmol/L. The effects of 4-AP, XE-991, and MIL213 on
luteolin-induced vasodilation were also observed. The effect of luteolin on KCNQ1-KCNQ5 expression in the thoracic
aorta was detected by real-time fluorescence quantitative polymerase chain reaction. Expression levels of Kv7. 1 and
Kv7.4 proteins in the DRTA were detected by Western blot. Results
vasodilation rates in DRTA pre-contracted with 60 mmol/L KCl and 0. 3 wmol/L U46619 were (97. 67+8.51) % and
(98.42+£9.76) %, respectively. The vasodilation effect was concentration-dependent ( P<0.05). (2)4-AP (3
mmol/L) significantly reduced the vasodilatory effect of luteolin on DRTA vascular rings at 10, 30, and 100 wmol/L
(P<0.05), and XE-991 (3 pmol/L) significantly reduced the effect of luteolin at 30 and 100 wmol/L ( P<0.05),
while ML213 (1 pwmol/L) significantly enhanced the vasodilatory effect of luteolin at 3, 10, and 30 pmol/L ( P<
0.05). (3) The relative gene expression levels of each subtype of Kv7 channel in normal DRTA were KCNQ1 >
KCNQ5 > KCNQ4 > KCNQ3 > KCNQ2, with KCNQ1 being the most highly expressed. (4) Luteolin significantly
enhanced the expression levels of KCNQ1 at 3, 10, 30, and 100 pmol/L, KCNQ2 at 1, 3, 10, 30, and 100 pmol/
L (P<0.05), KCNQ3 at 3, 10, 30, and 100 wmol/L, and KCNQ4 at 10, 30, and 100 pmol/L ( P<0.05) , but did
not significantly enhance the expression of KCNQ5 at 1, 3, 10, 30, or 100 pmol/L (P>0.05). (5) Luteolin
significantly increased the expression of Kv7. 1 protein in DRTA at 3, 10, 30, and 100 pmol/L. ( P<0.05) and the
expression of Kv7.4 at 10, 30, and 100 wmol/I. (P<0.05). Conclusions Luteolin-induced dilation of DRTA

vascular rings may be related to the enhanced gene expression of KCNQ1-4 and increased expression of Kv7. 1 and

(1) The luteolin-induced maximum

Kv7. 4 channel proteins.
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Dilation effect of luteolin in rat thoracic aortic rings based on Kv7 ion channels

AEREZE (luteolin, Lut) J& T B 22L& W),
A W58 R B K B w0 R A P AL PR iR
FORE 28GR Ar S A F Y A R 0 0 5 Kk
IR, AR e 2R A A ) 2 1 5 S 4 ) R A B e bk
I A TE ) 45 TR — 2B T TR R
FO0 K BRI 3 3l bk it A8 B 4 P B R, AR R
F R AT ok K B 32 3l K im 4 A P AL AR A S A2
A%, H RGN R MR 1 &7 sk AR IR SR e 2,
A PN B MRS 10 VR T S HEHIL ] 1 B = 2 4% 1 T
o ABIESE 32 2L A H H AR 8 4 B 38 JE ( voltage-
eated K* channels, Kv) M Kv7 AR AR R 2
X A5 AR N B AR E T AL

PRI E SRR N A )z HA R R AR
FHIIRE ) G 155 5 LA B ( vascular
smooth muscle cell, VSMC) £l i 1175 3 %F & 5,
SN . AR RI Ky il 18 75 K B 3=
Sk I3 E T B A E AR, Ky i IE
PR A T R KRR R G, BA 12 108
I 50 (Kvl-Kv12) , Kv7 3l i 2 H i i —4
WRES . KvT iR 20T R IEE EEE
PRPERT, © A BF9E R WY, 76 (i FEIR 28 3038 Ik
A, Kv7 38 TE AR 2 10 5K 7 0 SBR[ i
Kv7 i i8 FH KCNQ B[R gt , KCNQ HHFA KA 5
AT H 5L KENQ1-KCNQ5  Kv7. 1-Kv7. 5 jil
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T KCNQ1-KCNQ5 & H 9wt , ABF9E B 78
PRE R B B2 0 25 B 2 19 KRR M 3 3 ik
( denuded-endothelium rat thoracic aorta, DRTA) Ifil
B RS BAEIRENUMZIEHNZS S Kv7
WA K,

1 #RFF*E

1.1 Kz

30 H SPF Zefifitk SD KB, 6~8 JEE A i
270~320 g, M A B DA (AL 50) ZE AR A BR A
AJ [ SCXK (51)2024-0001 ], i A 5250 gh ¥y Al 3% T
LU PG BB R 2 U FH 27 g 5 56 v o0 b 1 4L 31 4 7
N[ SYXK ( 5%)2024-00107 , K Bl W HEMEFE 1 4
Je 525, iR SR Al o] 3 AR A AR Rk, )
Wy S E Bk 11 P R R R 2 U BH 2% B 3l ) 18 R 2%
LI (2025004 ) |, S5 AIF 5T i B b A% 2 ST
B > SRR 3R
1.2 FERFISNE

AKFREZE (Lut, HPLC=98%) ( i3 % s pk Ak
PR A RN ], 1812409 ) | A R 25 2 1y e ) . B
HAFREZEHNK 0.0858 ¢, iFT 1 mL — FI LT
(DMSO) 1, RIS S| A 28 5 2 BRIV R 3% 107
mol/L, B F-20 CoKFRCIRAF 5 2L 3L IR
P vie & 5 ZEHEAT R R . Z TR IB B8 ( acetylcholine,
A6625) IMAEE A, 2L (9,11-dideoxy-9a, 1 1a-
.., U46619,D8174) 4
—Z FE ML IE ( 4-aminopyridine , 4-AP | 275875) . 10,
10- X (4-Z5H ) -9(10 H) - B Hid ( XE-991,
X2254) N-(2,4,6-—=HIFERIL) -XIR[2.2. 1] BF
foe— 2 — Bk i ( N-( 2, 4, 6-trimethylphenyl ) -bicyclo
[2.2. 1] heptane-2-carboxamide , M[.213,SMLO611 )
IHy sigma HLAEH 2y () S5 A PR R
B-actin . KCNQ1 . KCNQ2 . KCNQ3 . KCNQ4 . KCNQ5
I R TAEY TR (i) ey A BRA Wl &
i; NaCl ( A501218 ) . KCI ( A501159 ), CaCl,
(A501330) MgCl, - 6H,0 ( A601336) N-(2-%%
LI WRE-N’ -2- L1 ik (HEPES, A100511) |
D-glucose (A501991) B pH A= TAY) T4 (_E1) I
A FRN A H43E ; TRIZol™ Reagent (L RG34
YR AT BR N F) , MF034) ;s TClEIC /K (b & 3k
R A BR 2 ), R1600 ) ; PrimeScript™ RT
reagent Kit with gDNA Eraser ( Perfect Real Time,

methanoepoxy prostaglandin F

RR047A) . TB Green ® Premix Ex TaqTM II (ThH
RNaseH Plus, RR820A ) Il H TaKaRa ; 2 fifd 24 i W&
(P0013) & I 7] ( PMSF, ST506) HH 3 = K
AR FRAA W B2 445 s BCA 28 1 9k B2 i 1511
£ (AR0146) SDS-PAGE I | FEEZE i (754
(5x) (P0015 L) B ECL fb2% & G R AL )
(ART171) 5 iy 2 iU 182 Wy Rk A B2 W] 4
fit; Western blot AF F B-actin $T & ( AC0O38) |
KCNQ1(A2174) Fiik iR I E A e A YR A
RN R KCNQ4 HUiAk (= b5 ( 1) A=Wt
A B2\ A, abs146622 ) ; Goat Anti-Rabbit 1gG
H&L(HRP) (abcam, A6205718) . L3k 746 i {fi
F HV-4 B R 285 B E I E T R 40 (bt il e
AR B2 97 A BR A F) ; Powerlab Tk f1He e
( ADInstruments 23 ] ) ; LabChart 8.0 & 4t # 14
( ADInstruments 23 H) ) .
1.3 XBWHZE
L3, 1 BRI A A6l 25

T EURE s v 5 39% % B 224 (40 mg/ ke ) R
P Rt , BB T T S Ak, ik 4R TR A AR
4 °CIEH HEPES %, HEPES ¥ W 41 Wi .
144 mmol/L NaCl . 5.8 mmol/L KCl,2.5 mmol/L
CaCl,, 1.2 mmol/L MgCl, - 6H,0, 5 mmol/L
HEPES .11 mmol/L D-glucose, pH=7.40, {#i i}
PEOY AT RE 43 85 1055 R B A U B A S5
T B S A LA B A 0.5~ 1 em B/ Bt &
F ., BRI P B . FH AR P65 20 28 M 28 e T g 4%
WA N EZ 2~3 U, AU 2 R 48 N B2, T ACh £
B 45 N R e 75 2565, 1 umol/L PE FHR 45 1fiL
HIRFEEE, INA 10 wmol/L ACh &F3K 145, %
PR E L <10% , WA P9 B2 5Bk &3k A &
o= ACh &F5K IR/ PE U4 iR FEx 100%™, 4 3
U 3 3h ki 48 PR R HEAE A 10 mL 1B
HEPES ¥ 1 IL5K J7 00 5 A8 48 N, FR2 38 A K
S pH=7.40, 1E37 CHIZMTFRE 1 h,1 h
ST BRI I 1.5 o, FEOPATRESE 1 h, IBHE N
FFE]FE 15 min B4k 1 X HEPES AW, & L2 K
FH 60 mmol/ L KCI Hl 384 i 45 ¥4, it %5 1Ac 447 s 32 AH
ZEARBIL 10% , A 148 5 RN R AF, v] DLaEAT
1.3.2  ARRBRFEZEX AT ALK 708

F 60 mmol/L KCI 5% 0.3 pmol/L U46619 i
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WA 25 9 B B LS 3R, IR AR R B B ), B
AR BRRCZ i -k B 430 1,3 .,10,30,100
300 wmol/L, X HE 41 fin A 45 14 B A L 3% 570 19
HEPES ¥ , LA R B 22 06T 48 A &7 sk AR H .
1.3.3  Kv i MR Kv7 58 85 40 6 58 F Kv7
30 T IR IR AR R R K LA P 5 T

KM 3= 30 ik 25 B 9 K2, A 0.3 wmol/L
U46619 TSR LA 28, Sl 4i s 2 G e, B
IMAAR BB ZR ik B 433 1,3.,10,30,100
300 wmol/L, 8 57 Wk B - &7 sk £k, iz th e M1
T3 B 5y B2 B P Bz 1) R BRUMD = 3 fik of 38° 2A6
FH U46619 T4 i35 30 , 504 18 20 °F 5 B, 43
SHIA Ky 38 BE 57 4-AP (3 mmol/L) Kv7 il
TEAHEIF] XE-991 (3 wmol/L) 1 Kv7 i i ik 5h 571
MIL213 (1 wmol/L) , 4 Ifi % W 4 151K 35 F A B,
BRIMAARBRZR (AR REZ M50 1,
3.10.30.100.300 wmol/L, KM ifit 4 R i) UL 5K 77 o
I A5 &7 7 B g FH Il 4575 A A e (AT H 0.3
pmol/L U46619 5|2 i I L4 ) =R .
1.3.4 RT-qPCR

SZES TSI T KCNQ1-KCNQS {EIE 8 £
Fe R g ik b i 228 1, SR G R DR 3 B 3R
%} KCNQ1-KCNQ5 mRNA /K- (520 | SE56 ) 6
XTI ORBEE 1 pmol/L, A B H R 3
pmol/L ARFEFZE 10 pmol/L ARE 2K 30 wmol/
L AKRFRFZER 100 wmol/L SEH2H , S804 43 51 H
% 1.3.10,30,100 wmol A Ji: 5 Z ) HEPES ¥
WEE, N B AL 5 R N 5 7 9 HEPES %7 &

30 min B 1 RIAW . FEHUE RNA,RT-qPCR
Kl KCNQ1-KCNQS ) mRNA #iA, KCNQ
S AR R KV DU KA B-actin SR,
KA 279 g, SIEsInk 1,
1.3.5 Waestern blot i 4

WA R R SD O B FE Bk AH 21, X B
W & A KRR A HEPES R THE IR 37 °C
BEE 2 h, LB 6 41, 7 B AR (1.3 .10,
30,100 wmol/L AR FLZ 20 | XJ A ZH FH 5 AH N %5
) HEPES ¥ E , B 30 min B 1 IRIEH
WEE SR, FE LA T R B R s, HAK
AIRAE  HER B 8K 2 SUBY R, in A 41 At 24 i
TRORN 25 1 B A1 7] PMSF ( ek 100 = 1), FH B
WM AT IS IS, e & Ep 45, M5 24 20
min, 12 000 r/min,4 °C &[> 15 min, B g, 347
BCA VEEM 7 ; il A _E#F (5xSDS PAGE loading
buffer) 2% MR INAAZ 100 °C i8R 1280k, 2 )5k
TTHLIK S 5% IR DRy 2 iR 3P 2 h, In A —41t
(Kv7. 1 PUARHE 1 500 F6 BE i, H B Jm ik B2 ly
0.0017 mg/mL,Kv7. 4 $Ti&$% 1+ 500 Fi ke 0, #i
B U H 0. 002 mg/mL) ,4 Cid R, Ik H BERE,
ZEIRIFH P Goat Anti-Rabbit 1gG H&L( HRP )2
h, VR, ] ECL AOGHG#EAT B g, A &
M ERAF Tmage J 1.53 « #E47 K BEAE 70 #7, LA B-
actin 25 Y FRIEME S IR, BT AR 8 4%
R BEAE.
1.4 FitFERE

F SPSS 20.0 #4174t it 43 #f, GraphPad

F® 1 5P RT-qPCR 519751
Table 1 Primer sequences of RT-qPCR for each gene

A JFH(5"-3")
Gene Sequence (5’ -3")
KCNO1 F:CGTGGTTGTAGCCTCTATGGTTGTC
¢ R:AGGATCTGAAGGAAGCGGATACCC
F:AACACTTTGAGAAACGGCGGAATC
KCNQ2
R:GTCGGTGCGTGAGAGGTTAGTAG
KCNO3 F.GGTACATCGGCTTCCTGACACTC
¢ R:TTCATTTCCTCTCCTTGGGCATCC
F:GCTGTTGGGATCGGTGGTCTAC
KCNQ4
R:GGCATAGGAGGAGAAGTCAGAGTTG
KCNOS F:GCAGACAAGCATCGGTAGGTGAC
¢ R:GGTTCGGTCGTTGAAGCTCCAG
F:TGTCACCAACTGGGACGATA
B-actin

R:GGGGTGTTGAAGGTCTCAAA
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Prism 6. 0 BT R, 315 90k 2 8+ b
WEZE (xxs) w45 B0 o A e AT IE S o0 A K
B FIJT 25 55 PR 0, A A 1E A 4 A FH T 2 57 1
B, SR FORCIR 2 5 22 43 #7 5 IR O 25 e bt
(One-way ANOVA) , &4 5038 475 & IEA 4010 H.
HAT 5 22551, 20 18] 0 1 Lb 35 R A/ i 2 P 2%
S¥E (LSD ), P<0.05 Ny B B EH 27,
FH Logistic W44 58006 R M 2 HZ AL, 3K 3 &7 5K
509 B} T s 2T EE (RC,) o

2 #R

2.1 KEEZX KCl 5 U46619 i Wt 45 i
DRTA [ EIREIZ 00
KU B bk i A R BRI R S, 60

mmol/L KCI TYSZA I 3R, 5 X AL A b, AR
FETE 10.30,100,300 wmol/L i 1] & 35 &F 5K T
W4 BY LA 2R (P<0. 001) |, ELFf ¥ BE A 38 i, A
B R ZENT I 1 B 7k S VA AR A B, T A R
FRIE 1.3 wmol/L B X MM 45 T B 35 47 5K /B H
(P>0.05) (£ 2); 3 3 frn, 1 0.3 pmol/L
U46619 FCAR 2= P9 Je i 3= sh ik 1l 45 3 , 45 % R 21
I, AR BRELETE 30,100 wmol /L B} 1] & 247 7K
THUSCHE A ML 3R ( P<0. 001) , i #E 1.3 .10 pumol/L
B X322 10048 T b 35 7 kAR (P>0. 05) o % T 60
mmol/L KCl 5| & /) Fil ikt 45 , K B 5 K 1) RCy,
(50% &F 5K W B ) A 69.45 wmol/L; Xf T 0.3
pumol/L U46619 5| iy T 45 , K R EL K 1Y RC,,
4 56. 00 pmol/L,

®2 OARBFEFEN KCI B DRTA (5 HHEFSRAE (245,n=6)
Table 2 Vasorelaxation effect of luteolin on the endothelium-denuded rings of thoracic aorta pre-contracted with KCI
in rats(x+s,n=6)

IR E (% of KC1)

ARBRFZE/(umol/L) Relaxation (% of KCI) P P
Luteolin ARRFE A PR
Lut group Control group
1 -0. 860+1. 050 -0. 070+0. 050 0.054" 0.817"°
3 -0. 640+1. 840 -0. 020+0. 260 0.033" 0.856"
10 13.200+6. 790 -0.220+0. 640 15.280" <0.001"
30 23.250+9. 830 0.350+0. 810 44.530" <0.001"
100 64.970+14. 170 0. 820+1. 080 349.400" <0.001"
300 97.670+8. 510 1. 540+1. 220 784.500 " <0.001"
F 270. 600 0.076" B Y
. . F=131.000", P<0.001
P <0. 001 0. 996

T SCHARNI F G A P AE T AN F SR P (E

Note. *, F-statistic and P-value of the interaction effect. * , F-statistic and P-value of individual effects.

3 ORBEFN U46619 B DRTA (53R AEFHAE (x£5,n=6)
Table 3 Vasorelaxation effect of luteolin on the endothelium-denuded rings of thoracic aorta pre-contracted with U46619
in rats(x+s,n=6)

TP E 7 (% of U46619)

KEREZ/ (umol/L) Relaxation (% of U46619) F p
Luteolin AR R AL XAl
Lut group Control group
1 -1.960+1. 790 -3.760+1. 820 0.224 0.639
3 0. 020+8. 090 —-1.200+2. 750 0. 103 0. 750
10 1. 930+8. 390 -0.260+0. 710 0.330 0. 569
30 17. 605+10. 700 0. 400+0. 890 20. 540 <0.001"
100 98. 420+9. 760 0.920+1. 180 565. 000 <0. 001"
F 217.200 0. 469
. . F=102.500", P<0.001"

P <0.001 0.758

T SCHAN Y F g P " BN F g AL PR,

Note. *, F-statistic and P-value of the interaction effect. ™, F-statistic and P-value of individual effects.
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2.2 4-AP_XE-991, ML213 X} &K B 3 & &F 3%
DRTA &I

ZSLHR R 4-AP J2 Ky 3l 38 i 157, XE-991
& Kv7. 1-Kv7.5 /9 4 1), ML213 J& Kv7.2,
Kv7.4/Kv7.5 WEsh ), tiiE 1 f13k 4 iR, 3
mmol/L 4-AP HE i 3547 i A B 2 £F 10,30, 100
pwmol/L i X DRTA Il & ¥4 19 &7 5K AE H (P <
0.01) ; XE-991 HE I 3 #Ill ] A & FL Z 7E 30,100
wmol/L B XF DRTA Il 4 ¥ 19 &F sk EH (P <
0.01) fHAMH B BEE/NT 3 mmol/L 4-AP ; ML
213 fE R EH IR R B ZAE 10,30 wmol/L B X}
DRTA I & AEH (P<0.01) , %45 R4k
7N, KRB EZE X DRTA ML 47 sk AE T BE S
Kv7 il A %,
2.3 DRTA MEHLAH Kv7 BiETE A mRNA
FRirER

RT-qPCR #; Ml KCNQ1, KCNQ2, KCNQ3 .
KCNQ4 KCNQS5 mRNA [ AH X 3k &, ani&l 2 fr
7N, Kv7 SRS () 23k f s BRI KENQ1 >
KCNQ5>KCNQA>KCNQ3>KCNQ2 , Horf KCNQ1 )
TR BRZ KCNQ2 W FRIE B/,
2.4 AKEBEZ% DRTA M & HLR KCNO1,
KCNQ2 . KCNQ3 . KCNQ4 . KCNQ5 mRNA FKixHY
=AU

E 3 R R, SXT AN, KBRFERAE
1 wmol/L B X KCNQ1 ik TGt 3 5 Wi (P >
0.05),7F 3.10,30,100 pmol/L I 7] i 2 34 i
KCNQ1 ) mRNA &3k (P<0.05) ,{H 3.10.30,100

«fy-3 mmol/L 4-AP =0~ Control
=3 umol/L XE-991  «f3=1 pmol/L ML312

= 100 =

FFIK T 4 H(U466 19 TR 45)
Relaxation (% of U46619 precontraction)

1 1 1 ) Ll 1
6.0 55 5.0 45 4.0 35

AR % (-logM)
Luteolin(-logM)

L SXT AL, T P<0.05,
B 1 4-AP XE-991 ML213 X AREZFIFAY DRTA
I8 FRET K W 5200 (x5 ,n=6)
Note. Compared with control group, * P<0. 05.
Figure 1 Effect of 4-AP, XE-991, ML213 on

luteolin-induced DRTA vasorelaxation(x+s,n=6)

0.003

0.002

0.001 T

Relative expression of KCNQ mRNA

KCNQ mRNAHE R} 2 i% &

0.000 - -r— - T

1 KCNQ F PR AR 338 L R EEH B-actin B IR,

2 KCNQ 7E DRTA HZH I RIK (225 ,n=3)
Note. Relative expression of KCNQ) genes were calculated relative
to housekeeping gene B-action.

Figure 2 Expression of KCNQ in DRTA (x+s,n=3)

R4 4-AP XE-991 Hl ML213 XIARJRF Z G LA DRTA M4 FREF 7K 950 (x2s,n=6)
Table 4 Effects of 4-AP, XE-991 and ML213 on luteolin-induced vasodilation in DRTA (x+s,n=6)

e (pmol/L) R 4-AP(3 mmol/L) XE-991(3 pmol/L) MI213(1 pmol/L)
Luteolin Control group

1 0. 16+2.95 0.96+3. 47 0.94+7. 07 0.32+4. 04

3 3.89+9.07 0. 624. 98 1.70+8. 36 13. 18+14. 63
10 16. 30+4. 88 3.12+4.25™ 9.56=1. 69 47.33£10.30™
30 61.00+9. 55 14. 84+5. 85" 40.08+6.91 ™ 91.00+9. 44"
100 97.50+7. 31 43.44£16.32" 67.58=11.03" 99. 95:£0. 99
300 100. 00+0. 00 94.70+6. 88 101. 90+2. 98 -

T S RALA L, T P<0.01,
Note. Compared with control group, ™ P<0.01.
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control group,

Figure 3 Effect of luteolin on KCNQ1, KCNQ2, KCNQ3, KCNQ4 and KCNQ5 mRNA in DRTA(x+s,n=3)
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Figure 4 Effect of luteolin on Kv7. 1 and Kv7. 4 channel proteins in DRTA (%+s,n=6)
3 i ST LAV UL P B T T 5 | R R
1k, B R A5 &7 5K IS0 L B A 7
B EE2e 50 AEARLISE O RBBF RIS OMAE R 4 Fp4EiE , Ky Wb 2y —F, Ky Wb e
YERZ# I T B i, KRB RN T4 RS bR AR RENEE, BA 12 085
T Sl P AR AR, s th 2RO MEA W F I (Kvl-Kv12) , Kv7 38 & 2 i —A4,
fi FER . RERFCR i 675K U46619 WG RS i Kv7 a3l i KCNQ FE R 4%, KCNQ R 5 ik
SRS ARIERA AT EARDLRI A, 2 A 5 A B A LR . KCNQ1-KCNQS5 . Kv7. 1-Kv7. 5
HERE R R AR AR KR R L3 @E B KCNQ1-KCNQS R 4, 72145
Ik, A E 5 32 R P A5 3 T8 A TR AOBEPESS WL AR K7 il py 2 (H R AE K U
WEASC HSHMEL -, CAMRE sk B RR SR WTEANRIE, A5 PR
WY, RBRE RN KB T sh ki & &7 sk EH S 9T KCNQ1-KCNQ5 (3 E 1 I, % B KCNQ1 |
— AR A NOs A7 6 IR R R EF KL KCNQ4 KCNQS 15 B 3 3 bk 1 2 3k f A R85
EHERS NO A, mARERE KNG WE 2,35 MANT 2" LB A S BKF i L Y 2
SR ZEA G, iR e R BURR R kA —3K,
F AT IR BN 3 2 ok il A PR AR A J T Kv7 @i S 5 KR e £ 5|
M AR AR — P R B R R ATk A A AR U = Zh k&7 5k 1Y T BE vk, AR5 A 1
METS Kv il L HWRA L G50 EW, Kv7 AKBRREEXT DRTA & H LN KCNQ1 KCNQ2
T T 0 44 700 T I U S R R X DRTA &P KCNQ3 KCNQ4 . KCNQ5 1) mRNA Rk oL, 45
YRR, Kv7 38 38 32 71 T 5 S s oR R B R %t SRR, AR B R AT AN [ AR RS b 1 KCNQI
DRTA (%7 3KAEI, 8 Kv7 BT AEZ 5 T K KCNQ2 .KCNQ3 . KCNQ4 ) mRNA ik, {H 2
JFREEZ X DRTA I EF AR, SEEAET  KCNQS M RX WA W EF R m, h T KCNQ2
WA IORSR B g sk S A EEAEN,  KCNQ3 B:FI7E DRTA i 3 4 21 P £k Ak,



92 FRE B R 2k i 2025 4F 6 A5 35 %45 6 1 Chin J Comp Med, June 2025,Vol. 35,No. 6

U, 82 ok EEAGI TR R R R X DRTA 1 41
Z1Kv7. 1 Kv7. 4 AW RIR, G5 R L, KRR E
2 R[] AR B MG I DRTA M 4HZ Kv7. 1 FE A
FIKv7. 4 AWM RE, LT DL EGER A #
FLZNT DRTA IV B EF kA T HE S Kv7. 1 Fl
Kv7. 4 38 & H W FRE R A ¢,

AMFFE R DRTA 155 HEUE MR 4,
BRI N R 3 B ki A S L2 Y
VEF, -0 LA0 B A A AR st B 1R il A 67 3k, P ke
FUFRAC M 5% 28 A M 45 B 2R VR . 9 SCik 4
7R LA B b, Kv7 38 38 5205 1 £ 8Os
B, 4 B T AN, BE 150 40 B R A A, 23 R A R
I 5 30 T 1 F R 5 40 B AN ES Y R D, B 1R
M &F 5k, SCIGUE S8 T K R B Al B
Kv7. 1 Fl Kv7. 4 3838 & 0 3R5E, e oK =2
R EFIK DRTA M5 Kv7. 1 f1 Kv7. 4 3%
KA, Kvr. 1 Kv7. 4 308 118 T 1R s
I R I 4R 2R W ZE IR T R A, R R RE R wl ]
Ay I R I 48 BR 28 B Y AR IR YT 25 W, AR HE
I8 BB T AR R X DRTA I 7 EA &7k
YER, HOZAER S Kv7 I8 A ¢, i Kv7 @i /Y
WIRETT e KCNE K858 8 A & mE 1 A 06, B
TRAE FIBLHDRS A2 5 SL TSR

S 3K

[ 1] VONGTHIP W, NILKHET S, BOONRUANG K, et al.
Neuroprotective mechanisms of luteolin in glutamate-induced
oxidative stress and autophagy-mediated neuronal cell death
[J]. Sci Rep, 2024, 14(1): 7707.

[ 2] OYAGBEMI A A, AKINRINDE A S, ADEBIYI O E, et al.
Luteolin  supplementation ~ ameliorates  cobalt-induced
oxidative stress and inflammation by suppressing NF-xB/
Kim-1 signaling in the heart and kidney of rats [ J]. Environ
Toxicol Pharmacol, 2020, 80. 103488.

[3] KOUJJ, SHIJZ, HE Y Y, et al. Luteolin alleviates
cognitive impairment in Alzheimer’ s disease mouse model
via inhibiting endoplasmic reticulum  stress-dependent
neuroinflammation [ J]. Acta Pharmacol Sin, 2022, 43
(4): 840-849.

(4] GhE, T WEE, G AR R AR IR SOk
TPC-1 HM R FRTH (% B HALH (1], b e
SRR, 2018, 28(12) : 32-37.

ZHONG Y, WANG C, XU B, et al. Effect of luteolin on the
invasion and migration of papillary thyroid carcinoma TPC-1
cells and its mechanism [ J]. Chin J Comp Med, 2018, 28

(12) . 32-37.

[5]

[6]

[7]

[9]

[10]

[12]

[14]

[15]

LI W, DONG M, GUO P, et al. Luteolin-induced coronary
arterial relaxation involves activation of the myocyte voltage-
gated K™ channels and inward rectifier K* channels [ J].
Life Sci, 2019, 221 233-240.

SAHINTURK S, DEMIREL S, ISBIL N, et al. Potassium
channels contributes to apelin-induced vasodilation in rat
thoracic aorta [ J]. Protein Pept Lett, 2022, 29(6) . 538
-549.

MONDEJAR-PARRENO G, PEREZ-VIZCAINO F,
COGOLLUDO A. Kv7 channels in lung diseases [ J]. Front
Physiol, 2020, 11 634.

GREENWOOD I A, OHYA S. New tricks for old dogs:
KCNQ expression and role in smooth muscle [ J]. Br J
Pharmacol, 2009, 156(8) : 1196—1203.

NG, IR, SREERR, . LA Y B AN A AR
Cx43 245 T/ BB AL 4 37 e H i 8 ) 8 22 1k 1 F 5%
[J]. ESERYFH, 2022, 30(7) : 880-886.
PENG X Y, ZHOU Y Q, ZHANG Z S, et al. Vascular
function in a heterozygous mouse model with conditional
knockout of connexin 43 in vascular endothelial cells [ J].
Acta Lab Anim Sci Sin, 2022, 30(7) . 880-886.
ROBERTS R E, ALLEN S, CHANG A Y, et al. Distinct
mechanisms of relaxation to bioactive components from
chamomile species in porcine isolated blood vessels [ ] ].
Toxicol Appl Pharmacol, 2013, 272(3) : 797-805.

EE I T I S5 S Y NS SUPNEY 7Y
ShKETIRAE R [J]. PREIGR 2B Rk, 2023,
39(9) . 1257-1261.

LI J P, LIANG X L, ZHANG Z R, et al. Effects of luteolin
on the relaxation of superior mesenteric artery in rats [ J].
Chin J Clin Pharmacol, 2023, 39(9) . 1257-1261.

QIAN L B, WANG H P, CHEN Y, et al. Luteolin reduces
high glucose-mediated impairment of endothelium-dependent
relaxation in rat aorta by reducing oxidative stress [ J].
Pharmacol Res, 2010, 61(4) . 281-287.

Bk, Wi, REUE, 55, AT 5 AR RN B ik
ML A &7 5K AR R LRI A 5T (0], R 2y 2R,
2017, 42(7) . 1370-1375.

YANG Y, CHEN B, LIANG K L, et al. Relaxation effect of
buddleoside combined with luteolin on isolated vessels in vivo
and its mechanism [ J]. China J Chin Mater Med, 2017, 42
(7): 1370-1375.

MANI B K, BYRON K L. Vascular KCNQ channels in
humans: the sub-threshold brake that regulates vascular
tone? [ J]. Br J Pharmacol, 2011, 162(1): 38-41.
BALDWIN S N, SANDOW S L, MONDEJAR-PARRENO
G, et al. K7 channel expression and function within rat
mesenteric endothelial cells [ J]. Front Physiol, 2020,

11: 598779.

(WS B H#A ) 2024-12-28



