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Mechanisms for Inhibitory Action of Ethanol on Contraction of Rat
Bladder Smooth Muscle — Analysis Using Rat Bladder Smooth Muscle Cells
in Primary Culture —

Kenji SHIROTANI

Mechanisms for the inhibitory action of ethanol on urinary bladder smooth muscle were
investigated using bladder smooth muscle strips and smooth muscle cells in primary culture. KCI
(126 mM) -induced contraction of the smooth muscle strips was dose-dependently inhibited by
ethanol and verapamil, an inhibitor specific to L-type voltage-dependent Ca®* channels  (VDCCs),
and simultaneous addition of these two agents had neither additive nor synergic effects on the KCI-

induced contraction. KCI increased [*Ca®*] influx into rat bladder muscle cells in a dose-

NWFEERL RS AR FF Department of Urelogy, Kawasaki Medical School : 577
T701-0192 BEITHE57T Matsushima, Kurashiki, Okayama, 701-0192 Japan



78

oy E F o G (2% W2 H

dependent manner with maximal stimulation at 50 mM. This stimulatory effect of 50 mM KCI
was dose-dependently suppressed by tetrodotoxin, a membrane depolarization inhibitor, and
membrane-stabilizing drugs such as dibucaine and procainamide. The influx was completely
abolished when these drugs showed their maximal effects. These results indicate that the KCI-
evoked [**Ca?*] influx into bladder smooth muscle cells is mediated via activation of L-type
VDCCs subsequent to membrane depolarization. Ethanol also reduced the KCl-induced [*Ca®]
In addition, [**Ca?] influx

induced by Bay k 8644, an activator of L-type VDCCs, was completely suppressed by ethanol.

influx in a dose-dependent manner to the basal level of influx.

These results indicate that ethanol induced relaxation of bladder smooth muscle via its inhibitory
action on Ca®" entry into smooth muscle cells which was induced by activation of L-type VDCCs,
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BRI A L, #B2AT confluence [Z3E L 7-FF
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3) [MCa¥] fRADWE

MALKEES v MEKTFEHME~D [“Ca®]
FADMEEX, Ohkuma¥® b ks —HER
LTiior. Thbb, BEFEEHMREEZ20
mM HEPES # &4 ¢ 5 Ca’-free Krebs-Ringer
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Fig. 1. Rat bladder smooth muscle cells in primary culture.
{A)Phase contrast microphotographs, Cells have morpholog-
ical characteristics with so-called “hills and valley” pat-
tern (x200), (B) Phase contrast microphotographs
after immunohistochemical staining with rat anti-
myosin antibody (% 400},

6 H,O, 25 mM NaHCO;, 10 mM glucose, 20 mM
HEPES, pH7.4) #T37C, 105 preincubation
% 1T 7-®1%, incubation buffer % Fi#E 7z Ca™ -
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FTLIZEL, .5 MEEBEBTHRLOL, ¥ ¥
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i 2 R AR LB L7z, Z oo Bk PR 50
mM TIZIEZERISGEL, ZOHEGONH IR
HoORS2% Td -7 (Fig. 2). F/z, 100mM
DN BT B ULHE L, 50 mM & [ Bk o ]
fEMzm L7z (Fig. 2).
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DOWHIEH O AHBIGE S (Fig. 3), Figf
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Fig. 2. Effect of ethanol on KCl (126 mM) -induced
contraction of bladder smooth muscle strips. Each value
represents the mean = SEM obtained from 4 separate
experiments.  * p<<(.05 and **p<0.01, compared
with the value in the presense of 126 mM KCI alone
(Dunnett’s test) ,
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Fig. 3. Effect of verapamil on KCl (126 mM) -induced
contraction of bladder smooth muscle strips. Each value
represents the mean = SEM obtained from 4 separate w £ S
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100 mM Tl E Ao [PCa®] WA k%
L7 (Fig. 4B).
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WTH S FEERER A B, Lo KCI ]

12k 2 [%Ca™] i AOMEIZIZ, 50mM KCI
vy, BOGEERIE 3 40 & L7,
50 mM KCl %M [YCa™] i At fl R ps IR

STRRLE I Td A TTX 12 & 0 B A
shpopggIhic (Fig 5, R
Wtz s AL VE N % A4 % dibucaine 35 £ U procai-
neamido |2 & - T b KCI #F#EME [YCa™] #iA
PAHBEIZHK s (Fig 5). Zh b o9
WA 5, KCLEEREM [(Pca™] fL A BT
WA REORGE L i LTiThh b 2 & AT
Lk o,

BAARAE L B Ca> F v 2 L 0 BRI
H T & 5 verapamil @ KCl FHIME [YPCa™] i
AIRIZTEEEMI L2 25, verapamil
1 KCIEE AN [PCa™] WA 7 iR BEEHCFEPEIZH

KCI (mM)
Fig. 4. Effect of KCl on [*Ca®] influx into rat bladder
smooth muscle cells in primary culture.
Each value represents the mean + SEM obtained from 4
separate experiments. (A) Time course of 50 mM KCl
—induced [*Ca™] influx into bladder smooth muscle
cells.  *p<0.05 and **p<0.01, compared with the
value determined immediately after the addition of
1.26 mM [¥Ca®] C |2 into the incubation buffer
(Dunnett’s test). (B) Effect of various concentrations
of KCI on [¥Ca*] influx. *p<0.05 compared with
the value in the absense of KCI {Dunnett's test) .
WL, 1uMRLLORE T, TOHEEENI
ERIZELTWDOREDH LN, Lib ol
HD [PCa»] MAFEBRAELFE -THh-
7z (Fig. 6).

—77, BRI L B Ca® F v VIS
HFCTH B Bay k 864412 & B EARAFMEL
Ca™* F v AN AN LA [PCa™] WAZREL
ol A, ANFECHER LB T
id, Bay k 86441ZMEEEMKAENEIC [PCa¥] HEA
HR S D DA é n7 (Fig. 7). T 7o,
1uM @ Bay k 864412 & D% s iz [PCa®]
i A & 1350 mMKCI (2 JZ b [BCa™] AR L

(ZIZFE—Tdh -7 (Fig. 7).
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Fig. 5. Effect of various inhibitors for membrane

deporalization on KCI (50 mM) -induced [*Ca®]
influx into rat baldder smooth muscl cells. Each value
represents the mean £ SEM obtained from 4 separate
experiments. **p<C0.01, compared with the basal value
of [*Ca®] influx determined in the absence of 50 mM
KCl and other agents (Bonferroni's test). ¥p<0.05
and * #p< .01, compared with the value determined in
the presence of 50 mM KCI alone (Dunnett’s test).
N.S. : not significant. TTX : tetrodotoxin, DN : dibucaine,
Pro : procainamide.
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Fig. 6. Effect of verapamil on KCl (50 mM) -induced
[*Ca**]influx into rat baldder smooth muscl cells. Each
value represents the mean £ SEM obtained from 4
separate experiments. ** p<(0.01, compared with the
basal influx (Bonferroni’s test). ¥ p>0.05, compared
with the value determined in the presence of 50 mM
KCl alone (Dunnett’s test) .

KCl 3 X O Bay k 8644351 [¥Ca®] i
Az T4 ethanol OfEH
Ethanol DEERET#F 55 (2 KC1 33 X UF Bay k 8644
FHIEM [PCa] WA RIFTBErRFE LA
L = 4, 50 mM ethanol |, 50mMKCI 3 X OF
1 uM Bay k 86447551 [¥Ca™] LAz VT

LEEIZHF L, ZTO%E0RARIIIEFRA
HEF—TdH-7/ (Fig. 8). %3, ethanol @
BOWEAE FCid, R [YCa™] MARIATS
WEE L Z Lol (Fig. 8).
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Fig. 7. Effect of Bay k 8644 on [*Ca™] Influx into rat
baldder smooth muscl cells. Each value represents the
mean * SEM obtained from 4 separate experiments.
** p<C0.01, compared with the basal influx (Bonferroni’s

test) .
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Fig. 8. Effects of ethanol on KCl and Bay k 8644
on [**Ca®] Influx into rat baldder smooth muscl cells.
Each value represents the mean = SEM obtained from
4 separate experiments. ** p<<0.01, compared with
the basal influx (Bonferroni's test). *¥ p<0.01,
compared with the value determined in the presence of
KCI alone (Bonferroni's test). *p<0.01, compared
with the value determined in the presence of Bay k 8644
alone (Bonferroni’s test).
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Fig. 9. Effects of ethanol on [**Ca®*] Influx into rat bladder
smooth muscle cells prepared from dome and base of
bladder. Each value represents the mean + SEM
obtained from 4 separate experiments. The basal influx
of [*Ca*] into smooth muscle cells preperaed from
the dome and base of the bladder were 203.8 + 9.9 and
203.4 + 9.6 cpm/mg protein/3 min, respectively. **p
<0.01, compared with the basal influx (Bonferroni’s
test). #p<<0.05 and **p<0.01, compared with the
value determined in the presence of 50 mM KCI alone
( Dunnett’s test) .
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