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EREVE S N IEYE HS I C R
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001; B3 . LLSC20220998 . K Bl Ai 33 T (23
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1.1.2 &K A A B B K (iberiotoxin,
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BN W) s NaHS (525 :161527) W4 [ 25 [ Sigma 2 ) ;
T i 200 BT Ak R (195 : C0201) \BCA 25 19k I <
B & (585 PO012S) | ¥ Jie fic & ik 7] & (1745 .
POO12A) FI 75 25 3 -HE 85 0l (575 : €0222) 1
H 8= RAEWEARARA A DMEM/F12 1:1
WA 23 (485 . BL305A) Fll Western — U Bl

1% : BL506 A) W4 [ Y175 Biosharp 23 7] ; K, 1. 138
HEFIEFINS 1619(585 : GC12547) W [ b1k %204
YRR B ] 5 TR 2 1 il (9345 : 2275MG 10
0) 14 H 7 BioFroxx 24 ] ; L-*} B Z( & (L-Cysteine,
L-Cys) (575 : L804954) Wy [ 1132 sobkA: (LR AT
B 2\ 7] 5 B- WL 3 & F1 (beta-Actin, B-actin) (4% %5 :
AF7018) . K HL 5 85 8% B0 GE JE & H ol Bk
(calcium-activated potassium channel subunit alpha-1
antibody, KCNMA1) (485 : DF857) . ft ECL &t
K7 & (525 2 180-501) L3N & 11 o Bt & (anti-

alpha smooth muscle actin, Anti-alpha-SMA) (4% 5 .

AF 1032) 1 (4 5 5 2 marker (555 : KF 8007) )
W ] 9% Affinity 23 #] .

1L.1.3 E2ME RS 1550 BObss s ok
H 2 [E Molecular Devices 2 &) ; 1-HL-U 3¢ 4F 4%
Holder F1 700B 3L #% i K #% >k F 5% [ Molecular
Devices /A ] ; MP-285 /R HL B i #: 9\ 4% P 97 F 45 K
P HL LR A 92 1 Sutter 24 7

1.2 XWHE

1.2.1 FZpm AR i A A s dhob
2MES B R VSMCs BEL 2 A DL R L4531 : D con-
trol £ A1 IBTX £ ; @ control 41 . NaHS £ Fll NaHS+
IBTX £ ; @ control 41 . TFCC 3.3 mg/L 41 . TFCC 10
mg/L 2 . TFCC 30 mg/L 41 . TFCC 90 mg/L £ . TFCC
270 mg/L. 241" \NS 1619 2 1 TFCC 270 mg/L+IBTX
21 ;@ control 4 | L-Cys 21 .PPG 4  L-Cys+PPG 41 il
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ZH . TFCC 270 mg/L+PPG+IBTX 41, 7E Western blot
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ZH .\ TFCC 90 mg/L 40 . TFCC 270 mg/L 411 IBTX 41
BK., 8 & H & = 1281k

1.2.2 K AKE ¥ 3h bk -F 3L 2 R b 2 5 B
TE PR T (220+20) g 19 SD KB, I FH = 1R L%
FEFORREE . REMGALBGH T, Tk BEER B K
i v sl Bk, 90 2 B LA A R B A A8, A 0.5
mL (% 200 L A R RIS Bt i 11 0. 01 g, AT
1 papain 0. 046 ¢, 4~ IfiL 7% 25 1 BSA 0. 024 ¢ Al

DTT 0. 008 8 g¥% T 5 mL Jo 45 PSS % ¥ ) 1, FH Y JJ
SR FE 37 CHIZKIB TR IH AL 30 ~ 40 min, SR J5 WK i
FVEWLIMA T mL BSAER T B 08 L 7EVK B #E
B 10 min WA FIEW . &5 A 1 mL Jo5 PSS 4%
MIRPE2 ~ 3 WK, W2 W WS A 0.5 mL B o485
PSS, fieJe1E 4 COKFATLE 1 ~2 he

1.2.3 4Amaft R aEsk B—IL40HE, & & 40
~ 50 min J& , AL W [ 7% NaCl 140 mmol/L, KC1
5 mmol/L, CaCl, 2 mmol/L,, MgCl, 1.2 mmol/L,
HEPES 10 mmol/L., D ( + ) -Glucose 10 mmol/L., JH
NaOH 1 pH{H 7. 35 ~ 7. 45 0% & 5 min J5 AR5
PEBA TR G LA BHST R 2 ~ 6 MQ [ FEL A , ek i
J& PR M 4 A A 2, i 5% VSMCs Y BK ., i
EHRBAE . Hoh Ag/AgCl S 425 SR E S &
JIE R AR 2O i L 3 1 Clampfit 10. 5 80647
B A3, A S R I R AR A (23+2)°C
1.2.4  RARK K F 30 bk -F R WL 48 B 64 32 I
B3 Hoal 3 4 HAK T &7 (220+20) g 117385 38 SD K
B, EMEANRR o =V O RN L RR B, 4R )5 2E
ERACH K ERIEATVE I o A b R R PR JE B A
75% £ BB R LA S 2808 . FH e et i R 2%
R 5 R BRI G , JRCA VK ) 7% A7 PBS DB A9 1 T
B AR £ B B BRI G T 30 ik o A8 4 2 i
ABEFRML . Bl BC— HE0 8, i A 2 850
B, /NG TTR 4SBT SR 5 ST T25 B
RS, 4 ~ 6 h , i LA 4200 B 742 [ s F 4
T25 K5 32 M0 1, I8 F 37 °C.7% 5% CO, 14 fiEg
KR fh 3R 4 ~ 5 d, SR BEF 48 h ¥ 1 Rk -
1.2.5 Western blot 23 435 320 P S HY 1M 48
WAL , 20— AL AU 6 FLAR B TR iU 45 25
12 hJ5 34T Western blot 3256 . 24 /# W (PMSF: RIPA
=1:100) & fLFT A 200 wL, 7EVK |- ZLf# 30 min, &5
LML 4 °C, 12 000 r/min, 5.0 20 min, Bf FiE R
We R B —4LEP N, B 10 Ll FHFI 2
PV EE . SR H BCA £ 11 & s il & il & vk
JEo FTREA EER T MAEAZ MR EE
W mii=1:4) . HHABALE 100 C.5 min HBVE,
=20 CURMF o SEHORT B Sems Z A . LR K B
JE B B PR Y . b Maxik alpha B0 {4
(1:2.000) F1 B-WLEh & IR LA 4 1:3 000,

1.3 St E  SCRHUE DI bR 22 ROR
(x+s) H T A %098 3 n=5, {# H GraphPad Prism 9. 0
GEAT A AT AT, P 22 [R]85 L 5 oR FH e K 6
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22 2 YRR R LR R T 22531 (ANOVA ) 3
TIPIPIELEE, P<0. 0S B E R A G2 L.

2 #R

2.1 H,SXF KR KK 30k VSMCs B BK ., 18 1&
2Ryl sbA)

2.1.1 KR KM P 3k VSMCs 89 BK ., i8 18 69 & %
%® BK,, 8 IH FL IR T R I . AN
S50 BK,, 3 TE L A 0 R IR
—60 mV, I3z B 5 A =60 mV JFEE L 10 mV S —4
BN BRI B +90 mV , B[] [A] B &7 500 ms , % 2 A
SERR T UNE 1A BT o BB MR A TP e BK , i
1B HL M IE 2 M (mmol/L : % K-glutamine 105,KCI 35 ,
MgCl, 1, CaCl, 2.1, Na2ATP 5, EGTA 5. 1, HEPES
10, H 5% KOH #745 pH{H 7.35~7.45)J5 , i &
IR E+90 mV B, AR B A 3l ik VSMCs R 5] i
— L F RS 1 1) A 1) R [ F O B - (36. 95
2.39) PA/PF], Ik BK,, il 18 & 5 14 410 il ) IBTX
(100 nmol/L) i Z il [ AL 25 B : (21.76 £ 2. 15 )
PA/ PF, P<0. 01, IBTX J& — Fft & B () 4 S5 10 #hil
F, & Al i 5 BK, i 454, B ] BK,, 8 i
(I, AT RELIBT LD 68 . 4n 18 1B s, B 5|
() FEL A B BK ., 8 18 FEL I R A1 ) FEL AE T R AR At
PERYRRIE , Bl Rr S PEII  70) IBTX BELIT, PR 1, A
FEAE R BRI TP 3k VSMCs | 3T 57 31 A9 &1 1] H
S BK i 38 HL T

2.1.2 SFRGEH,S 3 K R K P 3 bk VSMCs %9
BK,, il i & ey 3 A O T HEIEIME M HLS X
KR K ki o 3 ik VSMCs 19 BK , 38 38 A 5200, S50 25
HBANE 1C RN, S A5 F+90 mV B, 5 control 2H
[HL BB : (34.26 + 1.04) PA/PF] L4, H,S fit {4
NaHS (100 pmol/L) AJ Lk B 5 8 i o LK fiki v 2 ik
VSMCs ) BK, i 1 FL 37t [ L9 %% 7« (60. 70 + 2. 04)
PA/PF , P<0.001 ], {H ] % fin A BK,., 38 38 ¢ 5 14
il 7 IBTX (100 nmol/L) B & # [ HL I %% & -
(42.67 +1.96) PA/PF,P<0.01]. 45530 4hEPE
H,S 7] LTS BK 38, 34 1 BK ., 18 38 HL 3 .

2.1.3 AR HS X R KB P 3 bk VSMCs %9
BK, @i w ey Fra O T —2DARSE IEYE HLS
X BK, 18 T8 LI A RE IR, I SE IR AR T HLS A
CSE JIE ¥ L-Cys F40 1 57 PPG X} K B Mg b 2 ik
VSMCs i BK B /EH . WKl 2 firs, i R A
F]+90 mV i, 55 control 2 HL#4 , L-Cys (100 nmol/L)

A dnb 2538 0 KB KG rh 3l ik VSMCs 119 BK, 3 1 H
i [ HL U . (49. 75 + 2.17) PA/PF, P<0.01],
H ] % BK,, 18 12 BH W7 7] TBTX (100 nmol/L) W {5 i 55
[HL 7% 5 . (37.04 + 1. 54) PA/PF, P<0.01] ; PPG
(100 nmol/L) %} BK, 1 18 HL I B 98 T AT FH 5 5 i)
[HL V%5 B« (32. 84 + 1.28) PA/PF, P=0.77] ,{H 1]
25 U 55 L-Cys 18 K BK ., 38 7R FH [ 3 %
Ji . (34.61 + 2.72) PA/PF, P=0.0001] ., 4534/
PN EE HLS W] B S 38 0 B, 38 18 HL U o

2.2 TFCC 3t X B X fx # 51 Bk VSMCs B BK ., 18
EHERNEINESRIEYEHSHXR

2.2.1 TFCC *F X & X & ¥ 3 ik VSMCs #9 BK,, i@
ey Frn SR ME 3R, Y RS 490
mV B, 5 control ZH [ HL I % i - (34.23 + 1. 85)PA/
PF]LL#E, TFCC 30 [ HL U %% B : (40. 16 + 2.23) PA/
PF, P=0.002, P<0.01] .90 [ HL i % & . (44.80 +
1.45) PA/PF, P<0.01] F1 270 me/L [ H i %5 JiF .
(51.18 + 0. 67)PA/PF, P<0. 01 ] 7 Bl {d 1 184 55 ¢ B
Kb sl ik VSMCs 1| H g 2 ) B 3, H TFCC 30,
90 F1270 mg/L ZH ¥ BE 3 R 2 0] 22 R A Geit i X
(F=61.12,P<0.01), H:H A 270 mg/L TFCC (1) 4 55
Y H5c o W 5, 91 B8k BK, 1 32 BEL 87 577 IBTX (100
nmol/L) ‘b 35 Hb s 55 [ FL %% B : (41. 69 + 1. 63)PA/
PF, P<0. 01 ; BK,, B FFjit 5 NS 1619(10 pmol/L)
A7 25 20U b 1 i K v 8 ik VSMCs 1 BK ., 38 18
HTAITER . 45932 TFCC MY i 25 Ml 14 5 K FRK
i 7 2 ik VSMCs # BK ., 38 18 HL I, ‘B 5 NS 1619 —
FEA 25 250 1l 3 5 K BRK ki v 2l Jik VSMCs 1 BK,,
i IE AR

2.2.2 TFCC *F 3% 3% X S Kl ¥ 35 ik VSMCs #9
BK, @i ikl MRMHSH X Z Y EiAF
+90 mV B, 45 3 7R, TFCC 270 mg/L [ L i %5 1%
(53.10 = 1.27)PA/PF | %} BK ., i 18 FH, U0 (1) 184 558 ] 4%
H,S A fiff CSE ¢ 5 P4 ) 551 PPG (100 nmol/L) B {2
W [ HL TR B .+ (44. 69 + 1. 50)PA/PF, P<0. 05 ], 42
7 TFCC AT 8 3k P I H,S 388 a8 K B g+ 3 ik
VSMCs 1) BK, i 18 FL i o A 9038 W52 2] PPG 1%
A 5 BUHE TFCC X BK, 8 18 FL I i 3 s /e H , 5
control 41 [ HiL YL %5 & + (32.63 + 1. 72) PA/PF I #H I,
Tl 2 0 R IR AT AT S M R [ P U B (44,69 =
1. 50) PA/PF, P<0. 05 ], A] %% Jin A IBTX 1 — 25 Ul 55
[ L %5 B« (36. 19 + 0.98) PA/PF, P<0.05] , &R
TFCC A] g Xt K B 3l ik VSMCs 19 BK ., 8 18 L
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Fig. 1

Enhanced effect of exogenous H,S on BK, channel currents in rat middle cerebral artery VSMCs

A Protocol program settings for BK,, channel; B: Original current diagram of each group; C: Statistical chart showing the relationship between

current and voltage in each group; a: control group; b: IBTX group; c: control group; d: NaHS group; e: NaHS+IBTX group; ‘P < 0.05, P <

0. 01, ""P<0. 001 s control group; *P< 0. 05, ¥P< 0. 01 vs NaHS group.
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BEERL T IR IE A . 20 d 2245 A UJT B4R 1%
G M40 e e N R = A KRS B

MBS o %S00 R H A B DB AR XL ARG 572 1Y
HHREHEAT VSMCs ALK E o B SA Y20 I O 42
7R, DAPT Y €8 1 /R 240 A% 52 5 € 2 ', () s 44t i
J5 ] AT a-SMA FUARARIC B 2% 5 (55, R TR
VB i i R o <ol | A=A = 1 O v
o-SMA , 5 5L 9IE 52 i 15 5 240 i Ry oK SRR v 3l ik
I3 LA A

2.3.2 TFCC*F X % K B ¥ 3 Bk VSMCs #9 BK,, i@
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Fig. 2 The effects of endogenous H,S on BK, channels in rat middle cerebral artery VSMCs

Membrane potential (mV)

A: Original current diagram of each group; B: Statistical chart showing the relationship between current and voltage in each group; a: control

group;b: L-Cys group; ¢: PPG group; d: L-Cys+PPG group; e: L-Cys+IBTX group; P < 0. 01 vs control group; *P < 0. 01 vs L-Cys group.
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Fig. 3 The effects of TFCC on BK, channel currents in rat middle cerebral artery VSMCs

A': Original current diagram of each group; B: Statistical chart showing the relationship between current and voltage in each group; a: control
group; b: TFCC 3. 3 mg/L group; c¢: TFCC 10 mg/L group; d: TFCC 30 mg/L group; e: TFCC 90 mg/L group; f: TFCC 270 mg/L group; g: TFCC 270
mg/L+IBTX group; h: NS 1619 group; P < 0. 05, P < 0. 01 s control group; P < 0. 01 ps TFCC 270 mg/L group.
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Fig. 4 The effects of TFCC on BK_, channel currents in rat middle cerebral artery VSMC and its relationship with endogenous H,S

A: Original current diagram of each group; B: Statistical chart showing the relationship between current and voltage in each group; a: control
group; b: PPG group; c¢: TFCC 270 mg/L group; d: TFCC 270 mg/L+IBTX group; e: TFCC 270 mg/L+PPG group; f: TFCC 270 mg/L+PPG+IBTX
group; Note: P <0.05, P <0.01 s ontrol group; *P <0.05, *¥P <0.01 vs TFCC 270 mg/L group; “P < 0. 05 vs TFCC 270 mg/L +PPG group.

MERARAGHn LIRS T TFCC X KR
K rh 3k VSMCs 4 BK ., 18 38 A4 L 52 00, AHIFST
MK T Western blot A5 I TFCC X BK ., 818 H
FEN o W A RIBAFEI . 457 E 5B.5C
iR, 4 4 AT BK 38 1Y o L8R Y KA
{H5 control 41 AH L , £ 7 i TFCC 41 K2 IBTX 4+ i)
BK,, il 38 8 1 &L i 22 7 G E 8 X

3 itig

BRI A A R I R L LA — R R
DAL Sy P XL A8 4657 s g LA e 2 kS 4 A 2, 51 & i I,
DR AT A X | R v N o (1B 5i i 1| D= O 1]
A& A B TR0 Ik . TRCC HA — &1
POk I A AR SR TRCC 3™ 7 fi 1 38
FIMLEI A FF IR ABFSE . VSMCs " /4 BK , 1 38 FF
AT S AR P Y KA, (5 VSM Cs B8 AR A6 1 i

(TS . PRIE, BK, 3838 09 P HOR 75 5 M4 &7 5K 1Y
— P E SRRl IE . R TFCC & 5K il 8 1Y
BLH, A S BB 9E T TRCC X 5 1 45 5k g % Pk ¢
BK,, il 3E VEF , IR T MR H,S 76 TRCC {2 iE
BK i JF A g EH

BK., i 1 2 — 8 25 (R M P E 0, E AT
TEF VSMCs S N B2 il A, A< 5125653 i Western blot
PAE K BRI o 30 ik VSMCs A6 0 2] T BK ., 18 i
HEHMFRIE, CSEZME LS —F EZH HS A
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Fig. 5 The effects of TFCC on BK, channel o protein expression in rat middle cerebral artery VSMCs

A Identification of primary cultured rat middle cerebral artery VSMCs (immunofluorescence method x100) ; B: Bands of BK,, protein and B-ac-

tin protein; C: Statistical chart showing Western blot result; a: control group; b: TFCC 30 mg/L group; c¢: TFCC 90 mg/L group; d: TFCC 270 mg/L

group; e: IBTX group.
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The effect of Chuju total flavonoids on the current and protein

expression of BK, channels in rat middle cerebral artery VSMC
Li Yuwen', Wang Xiao', Wu Miao', Chen Shuo’, Chen Zhiwu'
(! College of Pharmaceutical Sciences, Anhui Medical University , Hefei ~ 230032; * School of
Traditional Chinese Medicine , Anhui University of Traditional Chinese Medicine , Hefei ~ 230012)

Abstract Objective To investigate the relationship between the vasodilation and hydrogen sulfide (H,S) mecha-
nism of total flavonoids of chrysanthemum (TFCC) and the large conductance Ca*- activated K* (BK,) channels
on vascular smooth muscle cells (VSMCs) of the middle cerebral artery in rats. In addition, this study will also in-
vestigate the effect of TFCC on the expression of BK., channel alpha protein in rat middle cerebral artery VSMCs.
Methods The primary method employed was acute digestion to isolate VSMCs from the middle cerebral artery of
rats; whole-cell patch-clamp techniques were used to measure BK, channel currents; primary tissue adherence
culture was utilized to cultivate VSMCs from the middle cerebral artery of rats; Western blot were employed to de-
termine protein expression levels. Results In whole-cell patch-clamp experiments, both the H,S donor NaHS
(100 pmol/L) and endogenous H,S enhanced BK,, channel currents. TFCC (30, 90, and 270 mg/L) also activat-

edBK,, channels and exhibited a certain concentration-dependent effect. Even after blocking endogenous H,S
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production, TFCC (270 mg/L) still activated BK,, channels in VSMCs of the middle cerebral artery in rats. In
Western blot experiments, the a-subunit of BK., channel proteins was expressed in all groups of cells, but TFCC
(30, 90, and 270 mg/L) and inhibitor IBTX group did not affect the expression of channel protein content. Con-
clusion TFCC can promote the opening of BK., channels by promoting the generation of endogenous H,S, or di-
rectly activate BK,, channels, thereby playing a role in relaxing cerebral blood vessels. However, TFCC had no sig-
nificant effect on the expression of BK, channel proteins.

Key words Chuju total flavonoids; calcium activated potassium channels with high conductivity; vascular
smooth muscle cells; hydrogen sulfide; whole cell patch clamp; protein immunoblotting
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