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[ ABSTRACT] Aim To determine the effects of aerobic exercise training on aging-associated selective changes of the

2 . .
*-activated K* channels in cerebral ar-

function of the spontaneous transient outward currents and the large-conductance Ca
teries. Methods Male Wistar rats aged 19 ~21 months were randomly assigned to sedentary (O-SED) and exercise-
trained groups (0-EX). Two-month-old rats were used as Young control.  After 12 weeks, the segment of cerebral ar-
teries was carefully dissected free, and separated into smooth muscle cells by two steps digestion. Results  Whole-cell
patch clamp showed that aging decreased the density of whole-cell K* current and iberiotoxin-sensitive whole-cell K* cur-
rent; The amplitude of spontaneous transient outward currents was decreased by aging, while there was no significant differ-
ence in the frequency; Inside-out patch clamp recording on cerebral arteries myocytes showed that aging decreased the open
probability and Ca’*/voltage sensitivity of single large-conductance Ca** -activated K* channel; The opening time was de-
creased by aging, whereas the close time was increased. ~However, exercise training inhibited all of these changes.

Conclusion These data suggest that regular aerobic exercise can attenuate the functional downregulation of spontaneous

+

transient outward currents/large-conductance Ca®* -activated K* channels in aging cerebral arteries myocytes, which may

be one of the important mechanisms underlying the beneficial effects of aerobic exercise on aging arteries.
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FATIO T, IR AR E Fr F] 007 3 AL F] 5 BAR R 3%
HAEAN1~2 pm, THE RN ARG BRI Y 3 ~5
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R

PALE B 1 pmol/L BHE S E ) NPo Hy
DRARFR AN [a] 1) B ) H s A Al o A3 s 7 Ak
ST OME 2R -5, [ [ ( Normalized NPo)-V ] & % il £k
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Figure 1. Whole-cell K* currents in myocytes of cerebral arteries
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Figure 2. Effects of exercise training on Ca’*/voltage sensitivity of BK, channels in aging cerebral artery smooth muscle cells
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Figure 3. Effects of exercise training on aging-induced alteration of BK, channel activity and gating properties in cerebral

artery smooth muscle cells
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Figure 4 . Effects of exercise training on aging-induced alteration of STOC in cerebral artery smooth muscle cells

TR SR A R R, JL-T- 5 — WA K AL 5L RE %
PR — KB A STOC, T STOC F4) M B 45 Kk A6 5
PR IR S 4 A A G, RV S K AE T STOC 114 1 (B -
AAEIE], B STOC W& AR MR AE— R B T A%
JS2 WL PR 465 R T BsF i) ) 6 s AR, 3 i bR AR
LT AE R IR ZH | STOC AU R A & 1k 2%
S XA — R L U R NS K AR
R HEATRR S M AN {2 LR 1) 5 W) 0007 4 ] 7 22
O R A SO0 A BE S AT A AT
LAE AR STOC I8 B S A T 75 4F X 8
20, 5 S kA6 S BK ., 18 18 A R B 1) fiE
R, M ATREM N R R Z T A, RyR BECES 1Y 2
REJE RN STOC IR(EREZ N K, 1w %51 STOC
R A R PT BB RyR 76 P95 ML 1% 26 SR 500 0 /b
S G R S /D | B ARAS AR & O R 1%
G ABEXTHEN Ca®* ], BIVEFHFRAK , R BEAS L
W4 M BK,, i3, #F i ff STOC i {8 B iK1 .
STOC WRAE I8 /N (4 55 A — A~ 5 B 52 i (X 2R v] BE 2
BK W EDIRERRAC, 485 K ALTE 25 | R B e 07 L) 2
[ Ca®" ], ARfkB, T BK, B DI RERFAK, fL

BRI Ca® SRR T W, ASBERS X L P /DN F
AL Ca®* ], ATt S0, B 38006 1Y BK ., 38
TEECE K >, STOC W {E R e sk /1N, 17 ~F ¥ L4
Jil b BK 38 i FR 3k 14 & STOC MY E IR &
KA WFFCERIE S, R 20 BK ., 38 38 £ 145718 AL
RIS (R T B I R N S 86 vk R )
WEAFIELE ST .

R E R A 5 BK , 18 1 A 3 2 RE Y
R4k, SR FH RS PN T ) 2D BALE 3 30 St A X X 7 4F
X HEZH e el AN SR iz Bl 20 — 40 16 3l k-1 v L4
fifl_I- BK ., 3838 1) H A BT B8 R 1) s b AT T B
58, G R 2 2 R R AR N A T
A3 s [0 440 L 1T - 22 DG DA s [ S K

BK i 18 HLA HL AR 4 R 4 ARk, e
H—h 100 ~300 pS, L8 & L X IRA L
AR Sz B 2 — 40 ki 3 ok~ LA 7 L BK, 38
EMHEFEIEA R EES ., WANFRE TR
EAF K U = 3h Ik F- W WLAR I BK ., 38 38 B S A
23 TR T & A R Zhao 21T BOBF SR K
BUAZ Sl A W 75 47 /N B2 3l kP WLAH AL BK ., 38



CN 43-1262/R W EBHIKAEL 245 2015 4557 23 B4

7 655

T A SR, VPR SCSES B ST IR A i V2 B R
MCAE R BB - LA I BK 3l 38 L S, 1X
T LB BN BK ., 1838 5 f FAER A K,

SKFH AL B BK, 8 2 4 AN ETR o T
FA 4 A4 Bl WEEA L) SR 2 RIKE T, o W
AV 2P B S 1 25 4 B T BT IV A7 S F 9 Y
ER . Bl WEIEAT ARG BK ., 14 R A SR 1 AR 465 A
JEHE | DT 7 3 T8 6 A 19 5, L 3 5 X R S 2 )
FRURAE) | Gl Tamoxifen > M1 2 A1 DHS-12'
EHBRT o WEHM B FHEMSES L HIE 1:112
WA ) 2T R S T el e AR s e, ALt
HEFE Bl K- T LA A Y IE A R SR T P
FERYPAT, AT BK W IE B1 MV FEE DA gt s 1) AF
FEUESE, T B1 WA BRI | 38 T8 114 45 S B
REA TIOR3 080 /N, 5 %85 K A6 2 AR I, AT 3 3500
I A A 0 o SRR 14 i A 5K 8 m, R Bk
METFE 2 AR 6 T 5 % 51 g & i 5)
Ik BK ., i 18 D BEREAR 0T 5% 2 B, s 2 fii i R A3
kb BK il iE o WHEA B1 WIHEAEAT T, 51 &
HAWE A R, 3 5 R G ol k- H AL
BK ., 30 T8 W BURR PR R T R ) AR AR L T B 5
F B ko — 3%, B 5 2 5 800 30 kT L BK .,
B o SEEEAT B1 M FE EAAI IS, DI RE T B, A T R
& Bl HETIRE TR,

A RIEZXT Sk BK ., 18 18 A= 9 ) B A R
B, AT N A TR RAE A MARAET S gG 4h
R Wistar K B F 8 ik BK ., # i8 B T34 % 1fi 1
LS e N L S R TR R, T AR SR BRI, 6
PHBS TR 5 59 b, 5% 2 111 45020 % BN i 2 B 3
Jik BK ., 338 F 384 8% 5 2 1 2% 30k Fi s A0 A
FHARURRAE T B SRR SRR AR | I () 4 e G
PAIRHEJIE R 3 225 5 5 AR B 58 45 SR A — 3, 3
J& Nishimaru 5530 i3 F B 5 P91 ) S sk 42 R &k 1
T F344 KRR 3 bk A 3h ik BK ., 3 iE
R e I NAR O S A W N NPR BT BU DR )
JoKF-1 L L BK ., 38 38 A I 2 B, BK , 838 1Y o
FoR Bl WAEEFR IR TR, HLL 121 (M ELHBI T %, A
1B A AN BK ., 8 18 HL 3 % T B, T i sl ok o7
LA F BK W18 o WIEA g1 WHRFK AL AT
[ e RN R o RN P 1 7 N Xl G a1 ) e e
G ARMFFEA B, X 0] fE A T30 58 7 VR AN R o
WAL, SR AT AT DLW e o B R R
b AR Bh ik LAY BK ., 18 18 3V 35 35 35 FN 2 g ik
iR BRI, K A 1Rk 86 A b B BIL TR AN T 48,

o it — AR,

HTABIBFSE TE 2 (9 48 Th 76 3 22 6 BK, 38 18 %
IKFDIRE A SE A, IR R AW IE A2 B 6B B 2,
ARSI LB 25 SR B Bk STOC 4 36 1 L3 JH 1
SHEAL 1z BT LI S5 i 2 S 300 BK i iE )
AEVRIR , VT4ESK, Albarwani 25" BF 5T K B 5 JE
HIA Az sh ] LU 268 F344 K RUER 35 iCE T L
S0 BK i 18 FL G o T BK ., 3808 8 1 A IR
RN ARG, DT 5 5 K BRREAR 20 kT LY I
BRI R RE Ty G R, B AT A 13 ] B
TESE AR 5T A F A2 shXF BK , 38 [958 Rk A9
oM, AW RIS KRR AT 12 AR A
iz ] DL i 20 ik 7 3 WL BK ., 38 38 A9 1) 35 R
O AR R s R 4 T 3 T PR
AR T HFEX A, X451 ARz R
FE XT3 28 B i 20 JkCOF- 8 UL BK ., 38 18 D) g s iR
FE—E R R IELR (a3

AP i iR R W 12 ARz sh &Y
A F B BT LI o 7 47 K UM = 3l ik BK 8 18 T
M ES IS kA T RE I A5 Ras shn] i
ER M R NESKF UL B1 ALK A F 8 DA T 1
T BK ., 38 38 X 1L 5K 7 A i s R
A E BN Re 55 s kT 1 L 4H L BK ., 38 38 ) fig
I R K AT AR . (B R AA A
iz B A DIRE 0 4 T ALEIA AR BB, AT B
BN W R K B3l kP T UL4E L BK ., il E B1
WA Al T FOX0-3a/FBXO & £ 1 3 1% i K
27 B1 RN SRE-MYOCD 15 5 & 42 1%
BN, (H o W3R IR TCF M 5 Ang 1T 75 K 1Y
I T DA Ao 3 77 5 R A 28 W R i/ NFATC3 i 12
T BK 3EiH Bl WL seAE A Bl Bk
WL AT TS & BE B1 7 FEF A48 il o HiFa (193
IRIE 0 S B0 H R R R RS B
BK ., 8 i D) & AR5 1) 4 T2 WL A 75 2 2 i F
FEUFSE

o 2 MR BRI B0 k- LA L | STOC/BK ., M)
RE TR, MR 0z 3 78 — i T2 B2 ] Usl 55 1 A8 Ak, 3
Al REJEA F B ME w2 I kAT R IR — A~
B FAILH

[SEEk]

(1] 8 W, Z=aBRR. K RUBIIRAE fb 55 1 B FE AR S IR 1t i 3Rak
TG e M FRIAAFIT [ 1], h E B kA Ak 2, 2012, 20(4) -
315-320.

(2] Bh2eB, il ¥, Sk, 25 A5 02 v e )R I 2R i e



656

ISSN 1007-3949 Chin J Arterioscler, Vol 23 ,No 7,2015

IR A E R/ R sh ko RERE L sgma [ 1], [ 3 ik
ik, 2012, 20(9) ; 782-786.

—
w
[

Green DJ, Eijsvogels T, Bouts YM, et al. Exercise training and ar-
tery function in humans: nonresponse and its relationship to cardio-
vascular risk factors [ J]. J Applied Physiol, 2014, 117 (4):
345-352.

[4] Parmenter BJ, Dieberg G, Smart NA. Exercise training for manage-
ment of peripheral arterial disease: a systematic review and Meta-a-
nalysis [ J]. Sports Med, 2015, 45(2) ; 231-244.

[5] K&, B 3. E3hdcE iR =7l [1]. hEg)
A fbZea5, 2013, 21(7) : 663-667.

[6] Cheng H, Lederer WJ. Calcium sparks [ J]. Physiological Reviews,
2008, 88(4): 1 491-545.

[7] Carvalho-De-Souza JL, Varanda WA, Tostes RC, et al. BK Chan-
nels in cardiovascular diseases and aging [ J]. Aging Dis, 2013, 4
(1) 3849.

[8] Brayden JE, Nelson MT. Regulation of arterial tone by activation of
calcium-dependent potassium channels [ J]. Science, 1992, 256
(5056) : 532-535.

[9] Maruyama Y. Aging and arterial-cardiac interactions in the elderly
[J]. IntJ Cardiol, 2012, 155(1) ; 14-19.

[10] Shi L, Liu B, Li N, et al. Aerobic exercise increases BK ( Ca)
channel contribution to regulation of mesenteric arterial tone by up-
regulating betal-subunit [ J]. Exp Physiol, 2013, 98 (1):
326-336.

[11] Albarwani S, Al-Siyabi S, Baomar H, et al. Exercise training at-
tenuates ageing-induced BKCa channel downregulation in rat coro-
nary arteries [ J]. Exp Physiol, 2010, 95(6) ; 746-755.

[12] Nishimaru K, Eghbali M, Lu R, et al. Functional and molecular
evidence of Maxi K channel betal subunit decrease with coronary
artery ageing in the rat [ J]. J Physiol, 2004, 559 (Pt 3):
849-862.

[13] Perez GJ, Bonev AD, Patlak JB, et al. Functional coupling of ry-
anodine receptors to KCa channels in smooth muscle cells from rat
cerebral arteries [J]. J Gen Physiol, 1999, 113(2) . 229-238.

[14] Perez GJ, Bonev AD, Nelson MT. Micromolar Ca>*) from sparks

(2+) _sensitive K(+)

activates Ca
smooth muscle [J]. Am J Physiol Cell Physiol, 2001, 281(6) :
C1 769-775.

[15] Zhuge R, Fogarty KE, Tuft RA, et al. Spontaneous transient out-

channels in rat cerebral artery

ward currents arise from microdomains where bk channels are ex-

posed to a mean Ca”*
Ca®* spark [J]. J Gen Physiol, 2002, 120(1) ; 15-27.

[16] B2ebk, =TT, by Hi. F kT LA B 40 38 18 Y 1 1%
Al [J]. T EZKEE AR, 2005, 13(5) ; 545-548.

[17] Zhao HC, Wang F. Exercise training changes the gating properties

concentration on the order of 10 wM during a

of large-conductance Ca®* -activated K* channels in rat thoracic a-

orta smooth muscle cells [ J]. J Biomech, 2010, 43 (2):

263-267.

ﬁ@)‘( B, E ok, & I8 8% R U LR B S
WYY EN N [T, WS 0 Y R

2013, 40(6) : 578-585.

[18

[l

[19

[

Shi L, Zhao L, Zeng F, et al. Effect of exercise training volume on
arterial contractility and BK(Ca) channel activity in rat thoracic a-
orta smooth muscle cells [ J]. Eur J Applied Physiol, 2012, 112
(10) : 3 667-678.

[20] Duncan RK. Tamoxifen alters gating of the BK alpha subunit and
mediates enhanced interactions with the avian beta subunit [ J].
Biochem Pharmacol, 2005, 70(1) ; 47-58.

[217] Valverde MA, Rojas P, Amigo J, et al. Acute activation of Maxi-K

[

channels (hSlo) by estradiol binding to the beta subunit [ J]. Sci-
ence, 1999, 285(5435) . 1 929-931.

PRIGEEE, 2R o, MBRAC. R HL S E5 M0 1 8 15 i iR
WBEFE [J]. PEREZEEE, 2013, 15 (2) : 192-195.

Kang LS, Kim S, Dominguez JM, et al. Aging and muscle fiber

(22

[

[23

[

type alter K* channel contributions to the myogenic response in
skeletal muscle arterioles [ J]. J Applied Physiol, 2009, 107(2) :
389-398.

[24

—

Nishimaru K, Eghbali M, Stefani E, et al. Function and clustered
expression of MaxiK channels in cerebral myocytes remain intact
with aging [J]. Exp Gerontol, 2004, 39(5) ; 831-839.
kAR, RIERE, AR, S i“"ﬂ'f*iét_?ﬂr’f%‘?ﬁ’ﬂﬂfﬂiﬂ@ BK

(Ca) IH o Al B1 WHEFKBUE N RIS K& itk (1]
ShkEAL A, 2014, 22(8) : 757-762.
[26] Rz, B2k, U], 45 AW RBES)IKF 15 UL BKCa 14
IRACHIBESE [J]. ARG, 2006, 26(3) : 361-363.
Zhang DM, He T, Katusic ZS, et al. Muscle-specific {-box only

[25

[

[27

[

proteins facilitate bk channel beta (1) subunit downregulation in
vascular smooth muscle cells of diabetes mellitus [ J]. Circul Res,
2010, 107(12) : 1 454459.

[28] Long X, Tharp DL, Georger MA, et al. The smooth muscle cell-
restricted KCNMBI1 ion channel subunit is a direct transcriptional
target of serum response factor and myocardin [ J]. J Biological
Chem, 2009, 284(48) . 33 671-682.

[29] Nieves-Cintron M, Amberg GC, Nichols CB, et al. Activation of
NFATc3 down-regulates the betal subunit of large conductance,
calcium-activated K* channels in arterial smooth muscle and con-
tributes to hypertension [ J]. J Biological Chem, 2007, 282(5) :
3 231-240.

[30] Ahn YT, Kim YM, Adams E, et al. Hypoxia-inducible factor-

[

lalpha regulates KCNMBI expression in human pulmonary artery
smooth muscle cells [ J]. Am J Physiol Lung Cellular Mol Physiol,
2012, 302(3) : 1.352-359.

(MeSCHit YrEHE)



