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Recent advances in understanding spontaneous activity of smooth muscle
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Department of Cell Physiology, Nagoya City University Graduate School of Medical Sciences

Abstract

Many smooth muscle organs develop spontaneous contractile activity, while the origin and cellular mecha-
nisms underlying this activity show considerable variations between organs. Such spontaneous activity had
been considered to originate from the smooth muscle cells themselves. However, it is now established that in-
terstitial cells of Cajal (ICC) are the primary pacemakers cells to electrically drive smooth muscle in the gas-
trointestinal (GI) tract. ICC-like cells (ICC-LCs) that have a similar morphology to ICC have recently been
identified in non-GI smooth muscles using antibodies against Kit, the specific marker for ICC. However,
either the physiological functions of ICC-LCs or their role in functional disorders remain to be explored.
Spontaneous activity of some smooth muscle results from sequential openings and closings of ionic channels
in their plasma membrane, where voltage-dependent L-type Ca®* channels play a central role, while intracel-
lular Ca®* stores only play a secondary role (membrane oscillator). On the other hand, spontaneous activity
in other smooth muscles, particularly those driven by ICC or ICC-LCs, primarily rises from the release of in-
ternally stored Ca®* that subsequently opens Ca®*-activated Cl~ or cation channels to generate spontaneous
transient depolarisations (cytosolic Ca** oscillator). In addition, mitochondria may play a critical role in gen-
erating spontaneous activity of ICC or ICC-LCs by acting as a local Ca>* buffering system as well as by syn-
thesizing ATP to meet cellular energy demands; thus ICC or ICC-LCs may well sense the local metabolic
supply. In this review, recent advances in our understanding of smooth muscle spontaneous activity will be

summarized, focusing on the origin and cellular mechanism driving this activity.
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® Rkt

RUEFELE KFrdl

Cal'Fr)l AV,

Ca?*FEiE
KForRiL

UF /Lo RBHk

1 FHEmoOMEES > L —4F —
OBMARFEEL B Ca® F ¥ AV X B8
REFEANZRE S Mg/ 2 5 D Ca® i A

@A Ca I L B F/NMER ) 7 Y v AR Cat
F ¥ ANVD 5O Ca HE (Ca® -induced Ca®*  re-
lease) .

ORIEE T Ca® B D FRIZ L 5 ca i b K*
F ¥ AVEHIEOB X OCEMKF LR Ca* F v 2V
D Ca KA EARIE AL X 2 G B B AL T 0 Mk &
Bl MmO, EEEN Fiom, AV. 12L& 5
BEAARENE K F v SV OEHAL S 5



L) FEEmEEEOREICE D> TB
N F 2 OBBIIIEEEMS (Bom)
W& D EEIL SN A BEMKRGEES ) 7 A F ¥ %
VMG LTw5Y (M1).

2. BAIEKAEE R B RIEE)
HILEFE 2 CRONA AT - 2=
EMPEN S BF—#MERBIL LB L 7 A
F X AV LR2VWERRARLTHY, $-F
FARAEE DN Z E St > L — 5 — &
FERZLMEARTFICEIVEELTVwDL EER
LNTW 5D, JRETEHIFEIRIE, SEET—
RSV F AR >TWD &9 % HSE— B
43#%  (Spontaneous transient depolarization: STD)
&, LDIRIENKREZC HHBEEOBIAMEZ RS
AU = IL—7Lw) 2fEHOARESGER %
FELTWAED, LEA VY AF v 2 IVHE
FIZL Y AT - T — T OFHRRHIZE L <
L7 7 N —MHOIEEIIHTF SN 505, RIEIE
HF BT, FASTDIFEEZZIT W
(0 2). STD DIRIEMHTIZ L D, STD V&1
WMELREITIE2IREN, AU—TT—7
OLE AN 7 A F v 2OVIRPLE R 5 (X STD
DOIEIZL > TR S Z LRI S Y, &

A

Spontaneous Transient Slow wave

Depolarization(STD)

05s

M2 JREETO 2 FEOESNE I

(A) =7V ridrau—wz—7 (B o7
T N — A& P L CERE R 2 A S 5 N IRIR X
3 (FH), STD (FH) 13k s Kz s
2\,

(B) STD OIRMFITH —2= v & (Lfll) % 3L
W23 5 &, B (3R ddr; 5% A1) 12
MELTW5S.

209

5|2 STD OFSEREMBIRORT v ¥ 534512t
T OLMRMATAS, STDIXT ¥ ¥ L RBRD
FELDLRMICESS, $74bb STD D5
A RERFA2FET D2 LRSS, A
U—2 IL—7%&0CHNEITH & STD D5
ANIE S S ARMEME 35 < 2 L AYR S
n, Aa—2—7OLEAI VT AF ¥R
WX IZSTDOMEIC L > TR S Z
L, ThbbE—0REY b OERBRTH S
CENHSEPICE Y (M2). OBICFEE
OB ILHILEO AT - T — T L ZOHER
DIENRS T HINT — AT - T AFEHTICE -
THVFEEINY, EEHOAEBEOFE BT
LB BB TH L Z EORER SN

3. MR A NV T L F T L—F —

MRt > L — % — IR TICRET 5
SIDBL VAT -7 T —TDFEEFEIZON
T, MBEAS VY T AREOEE B LV
Y A IFEEAL O BN O WCRRE L 7-. REE
WHhrbREanszo—yr—7B L0
STD (ZMBE NIFEGRAL~D AV 2 7 2] 34
HEFBDLHINYTLRY T (VY7 A AT-
Pase) % %9 % cyclopiazonic acid (CPA) (2
IOHETLI LD, MBNA IV YY AFE
AL UhREfR) B RB SN Floav
VY LEMEET LN T A Y H DTG
BANTY I LDF L — b TH B BAPTA IZ
FoTHSIDBIP AT - T —TDFEEN
FHE SN &5, MMk ML b
ENBEANY T LOEEEDRENTY &
512 STD S4B D B MIEE A 4 > F v L
IZOWT, AV AHFEER A+ v F v &
WV ORER B L CHIBIHESR A A+ VIREOWA
2L > THSTD DFEAEDFIELZZ EMDS,
M A v 2 7 DEBEC X DI 1)V T 7 A
PALEEFEA &~ F v A VOB 1A STD D4k
WiECH L L EmTT o CREBICBITS
WHFEA F ¥ OFHEMIT—25mV HTICH D),
WHFEAF T F Y AVOROIERS®E £ L
)78 RO ZZICHEILED AT —
I—T7BLUOHBEMOBEOKME L LTO, &



210

~Cytosolic Ca oscillator~
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