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RIS YG R L me e A BAH, FiE BEZSARBEFOSRBAM=1DFERRBE(n=11),H# A £l d 1K
A AWM T LS MR ARITZAEE LW ARSI VSMCs BKe, & %89 AL, 4838 i ik 45 8 F R EL(Ca® )il E 1077
mol/L & %40 BKe, LBl w A KL, £R AW FLERA T .MXEELE N, EEAL5 5 4+ 50 mV F=2+ 60 mV
B, xR G R F E R & T4 kR 4L (P<<0.05), 77 # 4 (20. 85+2. 66)pA/pF(Vm=+ 50 mV,n=10)#=(27.49+2. 71)pA/
pF(Vm=+ 60 mV,n=10),/)5 % % (12. 38+ 1. 58)pA/pF(Vm=+ 50 mV,n=6)#= 14. 87+ 1. 63 pA/pF(Vm=+ 60 mV,n=6),
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Changes of large-conductance calcium-activated potassium channels of
mesenteric artery smooth muscle cells in diabetic patient
Wen Jing ,Cheng Jun ,Li Pengyun ,Li Chang ,Yang Yan®
(Research Laboratory of Myocardial Electrophysiology/State Key Laboratory ,
Luzhou Medical College ,Luzhou,Sichuan 646000,China)

Abstract; Objective To investigate the changes of large-conductance calcium-activated potassium channels(BK¢,) of mesenteric
artery smooth muscle cells(VSMCs) in the patient with diabetes mellitus and to elucidate the mesenteric arterial injury caused by
diabetes mellitus and its cellular electrophysiology mechanism. Methods Patients were divided into two groups:the diabetes melli-
tus group and the normal blood glucose control group. The changes of BK¢, electricity of VSMCs in the two groups were recorded
by using the single channel patch clamp and the perforated whole-cell patch clamp techniques and the changes of BK¢, single channel
electricity at 10~ "mol/L free Ca’" i in the bath fluid were compared between the two groups. Results In the perforated whole-cell
patch-clamp, the current density of BK¢, at the membrane potential of +50 mV and +60 mV in the normal blood glucose group
was higher than that in the diabetes mellitus group, the former was(20. 85+ 2. 66)pA/pF(Vm=+ 50 mV.n=10)and(27. 49+
2.71) pA/pF(Vm=-+ 60 mV,n=10) and the latter was(12. 384+1. 58) pA/pF(Vm= + 50 mV,P<(0. 05,n=16) and(14. 87 +
1.63)pA/pF(Vm=+ 60 mV,P<C0.05,7=6). In inside-out patch(Vm=+ 40 mV.[Ca’" J.. =0) ,the BK¢, single channel activity
in the normal blood glucose group was significantly stronger than that in the diabetes mellitus group, Te=(622. 6+173. 8)ms, NPo
=0.021 £ 0.006(n=28) in the normal blood glucose group and Tc= (1 912. 84+346. 6)ms(P< 0. 05,2=8) ,NPo=0. 005+0. 001
(P<<0.05,7=28) in the diabetes mellitus group. At 10-7mol/L free Ca’" , the BK¢, channel activity in the normal blood glucose
group was increased significantly, Tc= (194. 1440. 1) ms(P<C0. 05,7=7) ,NPo=0. 058 £0. 014(P<C0. 05,7n=7) , but the ampli-
tude of BK¢, single channel current,channel opening time, turn-off time and the average channel opening probability in the diabetes
mellitus group had no obvious changes. Conclusion The decrease of BK¢, single channel opening probability, the decrease of current
density of BK¢, and the lower response to calcium ions in human VSMCs may be a potential cause for mesenteric arterial function
injury in diabetes mellitus.
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K. RN IRAE Ny 4 B 3220 By i 8, HCok I i fr 2 4
TN v I P A g T A BRI . A L B R R
A58 7% 4 3 18 (large-conductance calcium-activated potassium
channels, BK, ) J& Ifil 45 5K 77 8 35 (9 ¢ 8 17 S 15t . A i 52 4K
T DRI X N 2 B B ok ot A - 2 L AR B (VSMCs) BR e, 19 5
Wi o L2 i) B R A5 A5 AL )
1 #MBEHFE
L1 ARASORIE AR A< IR U5 M S 2 B bR DR Be AT B3 T AR 1Y
BE VIR 0 2R S Ik Ad~ A5 3 3, FRAs 59 3 B 3
TERMCEZE NS E. #2012 ADA BHRF 2T )
B WIARAE X 2R BEAT 43 21 b b TE R R A O 19 B, S x
HEAL s BE IR R E 11 ], AR RS AL . 10 SR8 1 — R IR 9%
BHELEE PR AR I S I R, AR B AEAR PR A
o077 B M IRE S RV N g vl QO N7 < 1IN o i N | W 2
RGN (P>0.05) . )Lk 1.

*x1 WAEBREERIGERER LR

gE| XIRA (n=19) BERMA (n=11D) P
AEWR (T s, %) 54.0542.08 56.0042.74  >0.05
P T/ %0 10/9 6/5 >0.05
Ifil & (+ s, mm Hg)
W i 124.63+1.74 127.45+2.44  >0.05
#T 9K IE 77.58+1.56 74.824+2.14  >0.05
ML (4 5, mmol /1) 4.55+0.07 9.254+0.39  <<0.05
1.2
1.2.1 FEEH g (DRFARE A F R 5

W& M. 1k % % B. K-aspartate, HEPES, EGTA, DTT fi
IbTX 0y B 2 [ Sigma 2w ;s AR A F >4 o, —
HEBET ZH T (DMSO) , B K K T DMSO 283 i A
Mt 0. 3%, (2) {UFF . HOEE B R AR gL B 80K
(CEZ-2200, Nihon konden, Japan) ; it 4Z 7~ 3 28 (VC-11, Nihon
konden,Japan) ; A/D-D/A § 4t %% (Digidata-1200A, Axon Inst-
mment, USA) ; 3] B 4 22 B % 55 (Axivert-135, Zeiss, Germa-
ny) . 44 M T BT R B8 T BT R @ (Axopateh 2008, Ax-
on Instruments, USA) ; A/D-D/A ¥ 4% (Digidata-1440A , Ax-
on Instruments, USA) ; 8] ‘& #H 22 & f#{ 5% (1X 71, Olympus, Ja-
pan). 4 Wk 7l {X (PC-10, Narishige, Japan) ; 3 2
(LXB-F17069HB, Lenovo, China) ; & # i f £t (SSAPO, LEI-
CA.Germany) ,

1.2.2 SER W MmH W [ A XK (mmol/L) : NaCl
127,KCl 5. 9, MgCl, 1. 2, glucose 12, HEPES 10, CaCl, 2. 4;
pH Al NaOH #8Z7. 40; %W [ BT & 2l (mmol/L) : Bl &
R A CaCl, . A58 38 B % W (mmol/L) : KCl 100, K-as-
partate 40, HEPES 10, EGTA 2; pH  KOH # £ 7. 20~
7.40, Bl B (mmol/L) : KCl 40, K-aspartate 100, EGTA
1,HEPES 10;pH f KOH & 7. 20~7. 40, HEiEB®YF
Uie B 5 - ok B ([Ca™ JD 3l it P A A E: Add[Ca* ] =
(1+K(EGTAJ+[Ca*" Jfree) X [Ca*" ])/(1+[Ca*" Jfree X
K> A AddLCa®" IH AR CaCl, ¥ B2 [Ca®" free Jy
AW CaCl, 5 EGTA # 4 J5 W W il 8 [Ca™™ Ji. [EGTA]
5 EGTA By K R85 Fl EGTA fy 4 1fi 45 4 % #, K=107.
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1(pH=7.2,22 C), 4 EGTA ¥ JE } 1 mmol/L.¥F BKc, BLiH
EHE Y, Add[Ca®" JH By 0. 66 mmol/L B}, WiF g3 [Ca®'" Ji
S 1077 mol/L, 4 40 ifg H5 A% K (mmol/L) : K-aspartate 110,
KCI 30. NaCl 10, MgCl, 1. EGTA 0. 05, HEPES 10; pH fi
KOH £ 7. 20, 24115 (mmol/L) : NaCl 134,CaCl, 1. 8,
MgCl, 1, KCI 6, glucose 10, HEPES 10; pH H NaOH # &
7.40, B T (mg/mL) . AJREE FHE 1.0, DTT 0. 68, [
B 2. 05/ Il (mg/mL) . F #1551, 615,

1.2.3 MR8 AN R Ik VSMCs  TiESH RA
SEDTI 4 B O kIR 0 DA e R L f HUAS A O A AR AR B B A
4 CHW T b R WO T PO AR 2 b B R Bl ik
ML ¥ L AT & I B R 4R ) 26 il 48 P S AL O 85 A
2 mmX2 mm AL, BALBHA LA BRD EP &,
WA I FH R IR RS AN F 7 i 5 il R A7 0 240 vk S PR G B A
i Z NS ik VSMCs B 41 i 2l i T 4 C kAP

1.2.4  FGEJEME R 8fd s 25540 M B8 o8 O i T et g
FA 20 M L 72 % 3R (20~ 25 CO T 2R A R GE P T ) o 2R A
(inside-out patch)Ji SR AL . MRS 5 &M A #h ik K 4% (CEZ-
2200, Nihon konden, Japan) i K .1 kHz fiG#E I3 . 4 12 i A/
D-D/A $: 35 4% (Digidata-1200A, Axon Instmment, USA) , # {4
pClamp 6.0 T BEATHHE R AE . R pClamp 10. 1 F A4 53#riil
8 HL P R B {E ( Amplitude) , JF % %% Copen probability s NPo
P 38 T F 5 A () £ A R0 B DA S B TR SR A, N AR B8 v | ] B
T EHO P B ] (the mean open time, To) , -3
5[4 5 [a] (the mean close time, Tc) ,

1.2.5 SUMZEALE v 80k 2400 BKe, 2 0 HL 3 5% T
B BR 7 I BRAR Sk vh 5 | i o B BR 7 Bk ol 7 %8 : HP — 60 mV, A
— 60 mV L 10 mV BrBRBRH 2 + 60 mV., Kk it i B2 400 ms,
FUER % 1 Hz, WS 5 4 B R H#HBCR A% (Axopatch 2008,
Axon Instruments, USA) K, 1 kHz fIG# JE ¥, 2 12 fif A/D-
D/ A #3445 (Digidata-1440A, Axon Instruments, USA) % ¥ J5
TEE A pClamp T #EATHUE RAE R FESIA N 10 kHz,

1.3 Ziilseab 3 SR A SPSSI13. 0 B % % 3 ik 47 4 #r » 52
B g R UL T s £on R MM ARA 5. LI P<T0.05 D22
ARG EE L.

2 £ R

2.1 2ERE M H R I RIS K VSMCs BK, 7 W i
FREE LA TR BR K oh 75 Z2 30038, N — 60 mV L 10 mV By
BREWALZE +60 mV.7E—20 mV 2247, X IR 41 (& 1TA) F B IR
9 2L A8 2 B AT UL 2% B Ab ) F v L SR R MR A AR . P BKe, 8
FEL 3 LA T S A R A R A ) B R . R O e %
FN A BKe 2 WAL AE [ ~ VT2 B A2 i 38 im0 s 30 Y
XF AR AL & 1B, = 10) FUBE IR 4118 & (18 2B n=6) BKe, 2 M
FEL 37T 325 T i 5 R I A A A R T O R, R B A i B R AR, I
K1.2,

2.2 IbTX X BKe AU AT BHWT/E A IbTX & BKe, 5 5 P BH
Wil & T X BKe %€ . AN f R A BE A T (Vm= +
30 mV) L ¥ A IbTX (200 nmol/L) J& » ¥ 18 BKe, H i
JLP#E W (& 3D, L fLIE R 88T . 5HH
fb2k A VSMCs H WL 22 2 #1925 6L, 38 W im A ThTX (200
nmol/L) J& , £ 80 % A1 7 W L i 4 BEL U » UL I&T 4.,
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RAEEERESEK VSMCs BKe, &M
i (A)F BKe, Bl Z E-BJE(B)
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", Current density(pA/pF)

Voltage(mV)

A B
YEFR 5 H B E B RIEBN Bk VSMCs BKe, B
Bk (A)f BKe. BiRZEE-BE(B)

T

IbTX 200 nmol/L

+30 mV

SpAL

500 ms

IbTX Afg & BE3 Rk VSMCs BKc, 81818
R Y £ 51

2.3 WHBENREZ Nk VSMCs B, Z ML iy b H
S 2 FLBE R A A X0 S P A RS 9 BK e, 22 WL HL TR £
R —60~+60 mV LN, 2 HE N —60~+40 mV B,
4 FL O B O B 25 5 TR R A 4390 50 mV HI 460 mV
B X BEZH Y BR ., 19 R I %5 B2 4390 R (20. 852, 66) pA/pF Fi
(27.49 £ 2. 71) pA/pF (n=10) , ¥ J 5 41 4> Bl 2 (12. 38 +
1.58)pA/pF(t=—2.308,n=6) fl (14. 87+ 1. 63) pA/pF (1=
—3.360, =06, Bl bR 5 41 1Y e I %5 B B BAR T o0 R AL (P<<
0.05), LA 5,

2.4 PIAEFED R VSMCs BKc, 558 18 HL I H
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TN m AN R 78X BRI (LK Jo 2 [KT Ji=
140 : 140 mmol/L,[Ca®" Jfree=0) 91,30 F1E +40 mV & fif
TR E W RS K VSMCs BKc, HUi 38 WL, WLIE 6. X%
WAL E W RISk VSMCs BK, 538 38 H i1 00 40 °F « Amp
=8.440.8 PA, To=(8.1£2. 1) ms, Tc=(622. 6173, 8)
ms.NPo= (0. 021+0. 006) (n=28) . 255 {143 7 J5 - B IR 5 41 58
i ZMEB Kk VSMCs BKc, 538 18 HL I M 0 AR T 0 B4,
WAL 5 BR e, B T PRI W R T ) 1D C B AR Ak
BEIRE B H Amp=(8.4+0. 4)pA(t=0.012,P=0.991,n=
8),To=(6.4F1.2)ms(t=—0.724,P=0. 481.7n=28) , IR Ji§
20 AR BR e, 538 U 0% P B ) B A G, Te= (1 912, 8+
346. 6)ms(r=3.327,P=0. 007 ,n=8) , Tfii B J 35§ B % 41 BKC,
FAHE B WU T Y F EOE 3R W 2 98 2>, NPo= 0. 005 &= 0. 001
(t=—2.507,P=0.040,n=8) , ILIK 6.

IbTX 200 nmol/L

& 4 IbTX 3¢ A B7 R FEFN Bk VSMCs BKc,
ENERHESE
—e— FTHALH
304 T
- 251 /}
g %
£ 20
;5 15 : /;}
N
gt
M;*i:i://lii\
60 0 60
Voltage(mV)
* . P<C0.05,
5 WMAERE BK. BREERLLE

NPo

" Ij
0.00

MEE HERFE

10.0 2600 fl—l
‘<: 10.0 =
E 7.6 E - é e
< S F e

] - 1000
* XA RRAE " SEE R ’ MBI ERA
*:P<C0. 05, 5% A L #K .
& 6 WA B EHRESN VSMCs BK, RBIEERILE
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2.5 [b#[Ca® Jiree 2§ 107 mol/L P41 i & Mo & 3 ik
VSMCs BKe, ¥ 38 8 B 5 0 28 16 16 X B84 m A Ca®* fif
[Ca*" Jree=10"" mol/L J& . 7 P T ] #b =X 6 i LB e 7 oy
+ 40 mV, 5[ Ca®" Jfree =0 mol/L It %} B4 55 W R 5
Jik VSMCs BKc, 5l 18 5L 3 A1 b, 4% R 95 4130 38 7 1 B 2
5, BR ¢ B R I JRE R T8 s R] G B A2 Ak B Amp
=(8.840.4)PA(t=—0.509,P=0.606,n=7),To= (9. 8+
2.2)ms(t=—0.583,P=0.570,n="7) , i i& 3¢ 4] i &) B @ 4
5 B Te=(194.14£40. Dms(t=—2.402,P=0.044,n=7),
SF- 49 FF i ME 2R 0 S 3% 00, B NPo=0. 058 +0. 014 (1= —2. 558,
P=0.024,n="7), TLEWEIRMHmA B FH.[Ca®" Jiree= 10"
mol/L B} 5 [ Ca*" Jfree =0 mol/L I i % F K 55 ik VSMCs
BR, 530 308 HL R (6 H BR e, 53 38 Hy, U3 1 JC B
AR AY, o FL YL B 38 T T e [ O A B ) R T T 4 T O
BT WA Ak, Bl Amp= (9. 0+0. 5) PA(t= —0. 901, P =
0.385,7=6),To=(5.540. 9 ms(t=0. 377, P=0. 573, n=
6),Te=(1 660. 8346, 6) ms(r=0. 505, P=0. 622, n=16),
NPo=0. 004 £0.001(z=0.980,P=0.346,n=6), WK 7,

Xt ERLH HE PR 4

[Ca*],.=0 mol/L i ‘

O 11471 0

Vm=+40 mV ”‘L

0m

7 Lk [Ca’t Jfree 3 10 7 mol/L WA EEG R E B
VSMCs BKc, BB EBERHNEL

3 it it

R DR 5 T2 O IR L85 5 95 1) 2 ST s 6 PR 3R L O AR Ok L A E 5
e W LR il A AN ORI 1 OF & & AR TT RE 5 R Y I A T g 1Y
BEEAR A £, BKe i LT A TR T A A
2,557 12 5B A NG Zh, Al g 06 AT LA 5K S i R T
22 JFORR LSRR AR IR B S B0 T BKe Gl T O E K
SR 5 500 M PR AR A (AR AR M Ca® G 6
P Ca®™ PO, AT 512 1 48 47 9k T, 97 A BK ., 3 18 2 14
P oA 5 R Y S B T A L S T A B B O I A
B &5 46 Th B . 1A 6T 46 19 5% 5 B, 8 38 D) RE B A <.

W PR g AN 25 A AR OB PR 98 BT 391D B B, 38 18 18 A 5
A B Ik T BE AR, Wang 0 H@EM%%%BKM@L
S P RE R BUEIR B0 Ik I 4 5K 7 1 SR B IR 2L B IR i R BK, il
BIREZ R X5 BK., a_ﬁ& 3 BB R 5K R AT o6, T
FL B WA B A 5 1 BK, 38 38 0 38005 2500 B AR . 78 AS BF 52
HROI A IO P 4 20 B 2 LB A X B S R A 2U 4 R
T DR AG S A V0 A e A B BL A . AT 9T R BURE DR 9 BB A
FRIBE) ik VSMCs BKc, i 18 A it 25 B B W B AIG  0F ALl e K
3 TE (1% 6 PAT B[R] 338 107 9 /0 38 T 4 F BOME S L 3k AT R A IR
973 W 2 5% Bl kA8 495 10 40 b, A B AL

e P9 TR ) A1 3 S ST L R DA R I P A 6 9 IR
Wi, FL T B S B A N [ (Ca® 1], AR E BRI M I [ Ca® ]free
=10""mol/L WX+ A B F I 8h ik VSMCs BKe, i B #:1E H &
PR PR 2 1 BK e, XA Py Ca® ' 2 o P R AIK 5 7] g 5 B G
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I 2l 955+ LRGP VLS AR A o AR S 5 4 TR S TR L £

AR AN N % A PRI N T B T Uk 4E . BKe, 8 H HO R
A NPo I 2> . T 2 Al B8 52 A% AL sl 1 . 5 B Ca® A i 38

B DR F8 2 e AR Bl K 5K g 5t T AR B IR O AR A LA I g U
AL T LA A R B DR I AR IR sh Bk AR 5 1 240 A e AR L
it 2 S R A S A ) S o BEL 0 3l Bk B T g R 3
o ML S A e A ) R T o 78 DR I 7 AR T 3l Jok it A5 5K
B35 2 1 0 T T B RS OB I By A i ML TR R R I

K BB X BE R b FG B 1l T8 T RE S ORI TR A
AT AT B8 %o DR 5 B e I P 8 9 4 AL A R AR Xk Sl
T35 W8 DR B XL O A R R AR 4 SRS AR L S B DR Y
B3 3 4 21 35 1 1 A0 A
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