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0) 14 H 72 BioFroxx 24 ] ; L-*} B 2% (L-Cysteine,
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W 1 9% Affinity 2 #] .
1L.1.3 E2ME A HRS 1550 BUS G s
H 2 [E Molecular Devices 2 &) ; 1-HL-U 3¢ F 4%
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g MIDTT 0. 008 8 g T 5 mL JC45 PSSIEW ), 5T
JIBIHE A 37 ‘CHY/KH ThiF AL 30 ~ 40 min, SR J5 %
HOEWER A 1 mL BSA ISR T B 045 22k b
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HL AR B B BRI G v 30 ik o A8 A 2 il
ABEFRML . B BC— HE0 8, 0 A 2 850
b, FH/NGY JIR 0 BT RE SRS TR E T25 B5 570
S, 4 ~ 6 h , i L5 4 200 B 742 [ s 4
T25 K5 32 B0 1, I8 F 37 °C.1% 5% CO, 41 i
KR fh 3R 4 ~ 5 d, SR 5 BEF 48 h ¥ 1 Rk -
1.2.5 Western blot 23 435 3200 P S HY i 48
WAL , 20— AL AU 6 FLAR B TR iU 25 25
12 hJ5 384T Western blot 3256 . 24 /# W (PMSF: RIPA
=1:100) & fLFT A 200 wL, 7EVK I ZLf# 30 min, &5
LML 4 °C, 12 000 r/min, 5.0 20 min, Bf FiE K
W R B —4LEP N . B 10 pl FHFIl 2R
PV EE . SR H BCA £ 11 & sl 6 il & vk
JEo FTREA EER T mMAEAZ MR EE
W mii=1:4) . HHABALE 100 C.5 min A BVE,
=20 CURAF o SEHORT B Se s Z AR . L FE K B
FE B I E PR Y . L Maxik alpha B0 {4
(1:2000) F1 B-WLEh & FIHLAR R LA 4 1:3 000,
1.3 it iE  SCERE DU A i 22 (es)
2o H A 50453 n=5 , i H GraphPad Prism 9. 0 4¢
THRAF AT 34T, AL Z R B L BCR FH K 5, 2
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ZH YRR HE R F B R T 20 BT (ANOVA) 47
PA L3, P<0. 05 R E S A G ¥E L.

2 #R

2.1 H,SXF KR KK 30 Bk VSMCs B BK ., 18 1&
i B R M

2.1.1 KR KM P 3k VSMCs 89 BK ., i8 18 69 & %
%® BK,, 8 IH FL IR T AR I . AN
S5 BK,, 3 TE L A R IR
—60 mV, I3 B A =60 mV JFEE L 10 mV S —4
BT BRI B +90 mV , B[] [A] B & 500 ms , % 22 A
SERR T UNE 1A BT o AR A P e BK, i
1B L HIE R (mmol/L : % K-glutamine 105,KCI 35 ,
MgCl, 1, CaCl, 2.1, Na2ATP 5, EGTA 5. 1, HEPES
10, H 5% KOH #1745 pH{H 7.35~7.45)J5 , i &
IR E+90 mV B, AR B 3l ik VSMCs 5] i
— L R RS 1 1) A 1) R [ F I B (36. 95
2.39) PA/PF], Ik BK,, il 18 5 14 410 il ) IBTX
(100 nmol/L) it Z Wil [ LV 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 S BK ., 18 i
(I, AT RELIBT LD 8 . an & 1B s, B 51
() LA B BK ., 38 T8 FEL I R 41 1) FEL A0 T R S A At
PERYRRIE , Bl ke S PRI 70) IBTX BHIT, P 1, A
FEAE R BRI TP 3k VSMCs | 3T 57 51 A9 &1 1) H 3
S BK i 38 HL T

2.1.2  SFROHEH,S 3 K R K P 3 bk VSMCs %9
BK,, il i & ey 38 mE A O T HEIEIME M HLS X
KRRk o 3 ik VSMCs 19 BK , 38 38 A 52 0, S50 25
BANE1C RN, S K5 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 B K fiki v 2 ik
VSMCs ) BK, i 1 FL 37t [ L9 %% %« (60. 70 + 2. 04)
PA/PF , P<0.001 ], {H A % fin A BK,., 38 38 ¢ 5 140
il 7 IBTX (100 nmol/L) B & # l [ HL 9 %% B -
(42.67 +1.96) PA/PF,P<0.01]. 45530 4hEPE
H,S 7] LTS BK il 38, 34 1 BK ., 18 38 HL 3

2.1.3 AR MHS X R KB P 3Bk VSMCs %9
BK, @i w ey Frm O 73— LIRS NIEYE HLS
X BK ., 18 18 LI A RE IR, I SE IR AR T HL,S A
CSE JIE ¥ L-Cys F 40 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 I 25380 K BRKG rh 3l ik VSMCs 119 BK, 3 H
i [ L . (49. 75 £ 2.17) PA/PF, P<0.01],
H ]9 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) X} BK, i 18 HL I B 98 T AT FH S 5 i)
[HL V%5 B« (32. 84 + 1.28) PA/PF,P=0.77] ,{H 1]
25 LU 55 L-Cys 18 K BK i 38 7R FH [ 3 %
JiF . (34.61 £ 2.72) PA/PF,P=0.000 1], %5%4R
PN EE HLS W] I S 380 B, 38 18 HL U

2.2 TFCC 3t X B X fx # 51 Bk VSMCs B BK, 18
ERERNEINESREEHS WX R

2.2.1 TFCC *F X & X & ¥ 3 ik VSMCs #9 BK,, i@
ey Frn SR ME 3R, Y R A 490
mV B, 5 control ZH [ HL % & - (34.23 + 1. 85)PA/
PF]LL#E, TFCC 30 [ HL V%% 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 B {5 1 184 55 ¢ B
KAk rh sl ik VSMCs Ha | H g 2 e B 3, H TFCC 30,
90 1270 mg/L ZH ¥ BE 3 R 2 0] 22 R A e it X
(F=61.12,P<0.01), H:H A 270 mg/L TFCC (1) 4 55
P FH e o W 5, 91 B8 BK, 1 32 BEL 07 5771 IBTX (100
nmol/L) ‘b 35 Hb 9 55 [ FL %% B : (41. 69 + 1. 63)PA/
PF, P<0. 01 ; BK,, B FF it 5 NS 1619(10 pmol/L)
A7 75 20U b 2 i K v 8 ik VSMCs 1 BK ., 38 16
HLTAITE R o 45932 TFCC MY i 25 Ml 14 5 K FRUK
i 7 2l ik VSMCs 4 BK ., 38 18 HL I, ‘B 5 NS 1619 —
FEA 25 25 0) 1l 3 5 K BRK ki v 2l Jik VSMCs 1 BK,,
T L AR

2.2.2 TFCC *F 3% 3% X S Kl ¥ 35 ik VSMCs #9
BK, @i ikl WRMHSH 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,., 1 18 FH, U7 1) 184 558 ] 4%
H,S A il CSE ¢ 5 M4 ) 551 PPG (100 nmol/L) B i
U [ HL TR B . (44. 69 £ 1. 50)PA/PF, P<0. 05], 42
7 TFCC AT 8 3k P I HLS 388 a8 K B i+ 3 ik
VSMCs 1) BK, i 18 FL i« ASBIF 9038 W52 2] PPG 1%
A 722U TFCC X BK, 8 18 FL i i 3 s /e, 5
control 41 [ HL i %5 & + (32.63 + 1. 72) PA/PF I #H I,
Tl 23 1 R IR AT AT S M R [ P U B (44,69 =
1. 50) PA/PF, P<0. 05 ], A] 8% Jin A IBTX 1 — 25 Ul 55
[ L 25 B« (36. 19 + 0.98) PA/PF, P<0.05] , &R
TFCC A] g Xt KB KM 3l ik VSMCs 19 BK ., 8 18 FL
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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; ¢: NaHS group; d: NaHS+IBTX group;*P< 0.05, “P<0.01, "P<0.001

vs control group; "P< 0. 05, *P<0.01 vs NaHS group.
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VB i i R o <ol | A=A 1 O v
o-SMA , 5 5L 91E 52 i 1% 55 240 i Ry oK SRR v 3l ik
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2.3.2 TFCC*F X % K B ¥ 3 Bk VSMCs #9 BK,, i@



ZHEA K FFIR Acta Universitatis Medicinalis Anhui 2026 Mar;61(3) - 391 -
A
1000 a 1000 1000 ¢
< 500 < 500 2 500
R < R
k= k= =
[} o [}
E of S of 5 of
@] O @]
_500 1 1 1 1 1 1 1 _500 I 1 I 1 1 1 ] - 0 1 I I 1 1 1 ]
0 100 200 300 400 500 600 700 0 100 200 300 400 500 600 700 0 100 200 300 400 500 600 700
Time (ms) Time (ms) Time (ms)
1000 d 1000 e - control
B = L-Cys
—~ 60F * PPG
> + L-CystPPG
2500 2500 =3 + L-Cys+IBTX A
(=7 o [P =]
= - £ 40 st
b= B =N H
o o Oz
E of s of g |
Q Q < 20
-500 1 1 1 1 1 L 1 -500 1 1 1 1 1 1 ] 1 1 L L L L ]
0 100 200 300 400 500 600 700 0 100 200 300 400 500 600 700 -60 -40 -20 0 20 40 60 80 100

Time (ms)

Time (ms)

B2 WiEMEH,SXKRKREH Ak VSMCs B BK ., 38 1& H #51
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; P <0.05,” P <0.01 vs control group; *P < 0. 05, ¥P < 0. 01 vs TFCC 270 mg/L group; “P < 0. 05 vs TFCC 270 mg/L +PPG group.

HERGRKG YR LRI T TFCC X KR
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3 itig
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POk I A AR SR TRCC 3™ 7 fi 1 48
FIMLEI A IR AFSE . VSMCs " /%) BK , 1 38 FF
AT S AR P Y KA, (5 VSM Cs 8 AR Ak 11 i

FIEFK . RIL, BK,, 38 T8 B9 FF ORI 5 1055 67 5k 19
— P ER SRRl IE . R TFCC & 5K il 8 1Y
BLH, A SCEBF9E T TECC X 5 145 5K 7 %5 Y0 AH 56
BK,, il 3& VEF , IR T IR H,S 76 TRCC {2 iF
BK i JF A g EH

BK., 18 1 2 — 8 25 (R M B E 0, E A
TET VSMCs S N B2 il A, A 5125633 i Western blot
AE K BRI o 30 ik VSMCs A6 0 2] T BK ., 18 i
HEHFRIE, CSEZMEHS I —F T HS A
BB , AL L-Cys A2 8 H,S . CSE AN 434 16 1L 45
() N B2 4 R O 50 A 7E VSMCs Hr oL ARSI AN
A SN IE P H,S AT 58 K ROk P 8 ik VSMCs 1)
BK,, LI , A2 i BK, I FF L, 18 % W] CSE JIK4 L-Cys
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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 2300323 * 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



ZHEA K FFIR Acta Universitatis Medicinalis Anhui 2026 Mar;61(3) - 395 -

) 2% pE BT ) :2026-02-09 08:29:54 M % d iR 3k : hitps : //link. enki. net/urlid/34. 1065. R. 20260408. 1015. 002

B LA o35 HIF-10/NLRP3 @& Sl gn e g
PN BT Bl i PR 5 T T DL

BAGT A AR R M R A R d iR
(#HSFTPOCERRESBARBESH S 453000; * &S K FH—WE ERKEAR, &8 330000)

HWE BH DS (RMZL) P81 5485 S N - 1a(HIF-10) /NOD BEAZ R B 11 45 #4347 56 4 11 3 (NLRP3 ) 3 B30 il
0 60 £ T A A BRI Sl i PR T B 0 (LIRD B VE AL . 7k R ERUBAML Y BT B LIRT 4L RMZL A &4 . RMZL 5
420 RMZL 74  RMZL 55 77 4+ HIF- Lo 805 77 —H 322 " BER L 212 (DMOG) 41, B 18 H o X RAZH K SRS 5 22 il
I ARSEAT B P AN . B R LA, HAb L R R T F 2 LIRTASE Y . LIRT 41K BRAE A LIRTBE IR 15 min B8 s 14 4445
(10 AR R A o MR ZH R BRI B 2 M T T 15 i i s 3 0 55 1) A 3R K 5 LA 2 R BRUAE A 2 LIRTASE TR 15 min I8 i T 4
Xof 7 50 B 250 o ARG R RO YR/ B LA s HE % € 0 s 28 20005 L 5 2 9 G e €0 R0 il 4 214 78 B % D(GSDMD) 55 NLRP3
WL BFEE 200 P X 2 3 5 LIS A A A 20 23 11 4 A 28 (TL) - 1B TL-18 /K- ; Western blot £ fifi 2l 21 HIF-1a..NLRP3 . i fk.
1)1 e U2 119 R 4 R AR UK A i 1 (Cleaved caspase-1) (JH FZ 2 D-N i Bt (GSDMD-N) & I £ ih . &R SXTIRAIAALL,
LIRT AL FRUNT 70 285 44 35 L, A ) B 2, LA A o 8 Tk A0 32 90, i/ 0 B AL 4120 GSDMID 5 NLRP3 B BH P 41 At 1 4R
S 9658 B IL-1P . IL-18 7K & HIF-1a.. NLRP3 ., Cleaved caspase-1.GSDMD-N 45 [ % 35 715 (P<0. 05) ; 55 LIRT 204 [ , RMZL
AV v v R A R 9 [ 5 R T 5 e 4 9 v A i , YR/ T B LU AL 2 28 GSDMD 5 NLRP3 WU PH 14 240 i ) A X ¢
JG5R BE IL-1B . 1L-18 /K F F HIF-1a.NLRP3 . Cleaved caspase-1.GSDMD-N 75 [1 3¢ 35 B A% , EL RMZL 75 7] 2 41 i v im W i (P<
0.05) ; 5 RMZL 7 77 1 20 AR b, RMZL 5 77 22 +DMOG 41 K el Aty 760 ) B 386 J52 | 8 P 400 92 W0 38 22, il it/ 2 B fE L i 4 21
GSDMD 5 NLRP3 U FH 14 2 Jfd (6 A0 %t 52 G BE \TL-18 IL-18 /K K HIF-1o..NLRP3 . Cleaved caspase-1,GSDMD-N #& [1 215 717
(P<0.05), £ RMZL A fEi@ Ml HIF-10/NLRP3 8 S0 #l LIRT K R AN AT,

S T THIRC s Ml I AR A5 s AR T 0 s HIF-10/NLRP3 3 fi%

FESES R655.3

XERFRER A XEHS 1000 - 1492(2026)03 - 0395 - 07

doi: 10. 19405/j. cnki. issn1000 - 1492. 2026. 03. 002

St e L e . o .
2025 - 12 - 09 Hilk it it il P #E U 451 £ (lung ischemia-reperfusion

ST £ 5 FLAARI: 47 H (45 :82260382) injury, LIRD) 2B AR (SRR ke 28 Uik <251
Ve B BRI 4 AT BFFAR G WA I KRE . A8 7 SR Fr el
M B, 5, SEAR LS G A5 R, E-mail: 381841456@qq. H LIRT A9 & A R B R FE R AR v o WIFTE
com W1, LIRL By & A% 2k 72 96 K 1F Z2 DL, 60 4% 48 Ffd £5

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; large-conductance Ca™ -activated K*; vascular smooth muscle cells; hydro-
gen sulfide; whole cell patch clamp; Western blot
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