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INHIBITORY EFFECT OF A CALCIUM ENTRY BLOCKER
(VERAPAMIL) ON THE DETRUSOR MUSCLE CONTRACTILITY:
FEASIBILITY OF CLINICAL APPLICATION

Momokazu GortoH, Atsuo Konpo
and Hideo Mitsuya
From the Department of Urology, Nagoya University School of Medicine
(Director: Prof. H. Mitsuya)

Effects of a Ca** entry blocker (verapamil) on the contractility of the bladder detrusor
muscle of rabbits were investigated iz vitro and in tivo. In experiments using smooth
muscle strips from the bladder detrusor, isometric tension changes of the strips following
drug addition were recorded. The contractions of the strips induced by acetylcholine (10-8-
10-2M), prostaglandin E;, Fe-alpha (3x10-8-3x10-8M) or electric stimulation were signifi-
cantly inhibited dose-dependently by pretreatment of the strips with verapamil (10-7, 10-8M).
In in vilro experiments using whole bladder preparations, the spontaneous contractile activity
and the contraction induced by acetylcholine( 10-6M) were monitored. Both activities were
inhibited in a time-dependent manner after the intravesical instillation of 7.5 mg verapamil.
The amplitude of the spontaneous contraction and responses to acetylcholine, 90 minutes
after the instillation, were reduced to 10% and 38% of the control levels (before the instil-
lation ), respectively. The detrusor contractility was still inhibited 2 hours after the removal
of verapamil from the bladder. During in vivo experiments, changes in intravesical pressure
and systemic arterial pressure were monitored. Sixty minutes after the intravesical instillation
of 10 mg veralamil, the rise of the intravesical pressure following the pelvic nerve stimulation
was inhibited to 18% of the control level, whereas the systemic arterial pressure was not
affected. Verapamil is suggested to have potent inhibitory effects on the detrusor muscle
contraction, and the intravesical instillation of verapamil to inhibit detrusor contractility

without affecting the cardiovascular status.
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PIBHOILHE - HARBRE, BHY L Rk REN
CIGHEERNOWEEI vy A1 A VIBER I VHE
HEhBY. Lal, FEHTE MRAof ek
DREFEITRTHY, MEAPCHTEIhE 2y A
BB HAED TR L, EOIMEE R TIEHM
Jast s nov o ADKIRAR~DORA P EE R B ER R
FTEELLRTWBD, BRBERGICE TS, o
PR & AR M x OMREEDE D B R X
DR ST, sty sy NiCEET
BT ENHBEZIR TV, 22C, bhibhiii
KD Ca** channel L, MlAAH» L Y A
DHFIRNDOIA L BIRANILET 5 7 4 > 7 24551
%] (verapamil )® %\, ZDOFKEEE BEHER DA
T AER% in vitro 1 THRE L. IBK, #
Ny AERHIOBERIAEATH S L « MERNDOH
o EhEL, WRBEHHEECE VT, BEREZOBES
Tt LEBIRERT A k& LTHMREALZIREL,
in vitro, in vivo TR\ T verapamil 3 A DB G
BIOE&HmECEs LIiETER 2R L.

E

SR BEBERGYIE R Io in vitro SRR
M=o -2 =5 v FRE 2~8kg) #AMMNITE Lt
B X 0B, EBICBMOREH L. Bl &
OREDEHEIE 2 Bk Ll 88, BEREASTATEE X DR X 1
cm, ff 03 cm OFHYIFEIERL, VAKX 2ml ©
Krebs %% (NaCl 119, KCL 4.7, MgSO; 1.2,
KH:PO; 1.2, CaClz 2.5, NaHCO3 25, glucose 11
mM) Fififc Ui REREHEN 1w BB L (Fig. 1).
VIR D —¥ii34% T Grass FTO3 force displace-
ment transducer HEREL, VI OSRIENTLE
Grass 79D polygraph @ CREE LK. lg D—FE
TGk Aimnt, 6057 ME Ui, HERaBmL
7o, ek, BHABBILHERST Ciefich, 95% O,
59% CO: & THE L.

%7, acetylcholine % 1078 & b 102M DEpET
cumulative CBIBERPINL (=vir—2) *
hZhORERENE, 3 FEEIE BB L. 2
¥z, kfie Krebs HCC5 ~ 6 BB L,
604k B#: verapamil % 107"M DYPLRE T HRYBRIK
THX, 545 acetylcholine JiMN% 4 < A i 47
7w, Y OEIZELEHI%E Lic. verapamil 10-5M
TOWThH, Lild &< R RRE T -7

Bl Wik, prostaglandin E. (PGE:) % 3

35 19874

x10-% X b 3x10-5M ojfE < cumulative i #HN
L, S OREREE L. D\WT, FIAEERLE60
BB, verapamil (10-7, 10-SM) %1%, 54
PGE: MMk F# Tl 5%, ¥7-, prostaglandin
F: alpha (PGFz) iwo\WC &< AROEBR% T
-t

Thic, HRARBYA S, Fig.l 0Z& <+
v b ¥R 2ADEBEN LA CERFB Y 52,
verapamil DFTIFEKFBIECTHERA &
Z Lt 7, 5~10V, 50 msec duration, 20 Hz
frequency DEZFIM A % (monophasic pulses),
GBI & BB Lic. YK % B L60 7 KB,
verapamil (10-7, 10-M) % FHERHKEPML, 545
BRBEORIB R Nz THR OIHEY BIE L.

H 28 SEENEARR T in vitro EBR, vera-
pamil BEEAEA

1 PR AR EL BRYE, BRAHHL
FhEOKE, RERTELRVEMCTMH L. £
BERER F,, Fig. 2 0L EKBeF L&ty b L
7. By, ER 03cm, X 10cm A7 —7F
WERBEMREEAL, REEX Y7 — 5% 3 E
CURER, BEIE L. HRIER, BERERR AL Ly
I OB ER L. £BMESRT, 400 ml o Krebs
BRE AN CERBENCREL, RETLEEED
CEE Lic. Krebs BRI HEIICid, /95
% O2 5% CO: wTlR L. BRERZART
0, Grass FTO3 force displacement transducer
HERE L, EAOERENE % Grass 79D po-
lygraph @ TER& Lic. Tnds, WHIRSEHL SR
Lic. #57—54 X 0 BEMPICATAEK 4m]l i
AL, BiARe lg o—EEDE L, 60FHKEL
TR BIE L. BREA S 57— 7 2 OEMRR=

Fig. 1. Diagram of the in vitro experiment
using the detrusor muscle strips.
E: electrodes, T:force displacement
transducer.
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Fig. 2. Diagram of the in vitro experimental
model using a whole bladder prepara
tion. T :force displacement transducer,
B: whole bladder preparation.

FERCES L, BMRRO RN, £
ST, B (Krebs B¥) 1 acetylcholine
% 10-°M DRETnZ, BAROEIEE 5 7HE
=215, WA R 7 Krebs BRICZIE, “hy
Bamik viEL, BMEAZKELC. 05HER, B
PEP¥ % verapamil 7.5 mg ¥ GicAEARKK 4 ml
AL UFe. verapamil JERNEREAR, 304, 604,
90 I 32 & KD acetylcholine (10-5M) ¥
LMY VEL, BEOENELEBEL
oo DWT, BEEREK X D verapamil RERFEL, B
PER R AR A CREIGE SR, BPIC B O AR
AR 4ml XEA LT, verapamil RER, 604,
1205 4 RRED acetylcholine WRpn%x{Treyy, BN
FlerBE L. ERORKE, BEAKO» T —T
VEABNORHOFELTERT 510, BEYA 2+
vy a— 4ml XEAK, HIERED acetylcholine
A02M) ®¥&inL, BERmEE R Lic.

£ 3 % : verapamil BEERITEA in vitro BBk

H=a2—v—35 v KR 2~3kg)% sodium pe-
ntobarbital 30~40 mg/kg My THRBME, XL
EBAL, bt L OB R AEH L. MR
¥oky, BEEWOlcm 0 F—FAEBMHAICHE
AL, BEEX VHREZE, »7— 7T AEMRIER
ER% /L, sthatam pressure transducer 5%
L. REQBMGESCTYNI L, BAMMEYR, &
iz s 7 — F AR FEAL, BL D ORITGS~BE
Ui, BRERERCE, £422°075 578K

Intravesical Pressure

Blood Pressure

Fig. 3. Diagram of the iz vivo experimental
model, ES : electrodes, PN : pelvic
nerve, U : ureter, B : bladder, FA :
femoral artery, T  Sthatam pressure
transducer.

% Smm O TEEL, BLABc AW —
BIABEBIREYEHL, 20G IV 35 —-FA%BAL,
BlE#H, » T — F LViES % sthatam pressure
transducer W#E LIMERIECHEE L. E5Q in vive
EB e L% Fig. 3 wRT. BRI 20 ml 04
HAEK (37C) ¥EAL, 155HER, WHERa
BRI ESHS (15V, 20 msec duration, 20 Hz fre-
quency, monophasic pulses) iz, BHARAE®D
Tl B L. BERAOABARKYRE, Su
T 10 mg verapamil % &rEEAEK 5ml ZEM
PICEA Lic. 454 KiEH, S HRAEEAREK 15ml
37C) ZBMAC EAL, 155HEHIIEE £<{ A
RO BB GENR LT, BRAEDOEILEYEEL
fo. bBERERT, KRBRBIR X Y RE IS OEE{LEY
WG Lic. BMAE S X CmEDCZEL, stha-
tam pressure transducer % AL, Grass 7D po-
lygraph ZEE Lic.

AREEE TIL, EH & L T acetylcholine (Sigma
Chemical Co., U.S.A.), verapamil hydrochloride
(Searle Pharmaceutical Co., Canada) ¥ X O
prostaglandin E»Fs-alpha (NEF¥ESR) % HH L.
prostaglandin Fz-alpha {34 EAHE KT 1.5x 102
M EEOBIEEZIED 4 C T HE, prostaglandin
E2 13100% = F A7 A2 — T L5x10-2 M )
DWW HIEY —TOCKTHREL, EABERC, Tht
RABAEKCTHER LLERRE O BB 2 ERL
fo. ORI, ERERNICERREKCT
FlE L, EEADRAILE, =2 vir—n (BB
k= v bR —ADRERENER) ORIECHTHES
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R (%) B L, MeantSE THER L. Hat
2 HESREh Student-t 5 A b B B 1% Scheffé
FAMC T T

% £

51 BEEER

DR R I H 1T, acetylcholine (1073~10-2M)
OFIMT X v, dose-dependent FolRfFERLA. —
75, acetylcholine ¥ 08 # 4] % verapamil
(107, 10-M) THIABT 5 & X b, WK
dose-dependent 1z, FHEwMH X ke (Fig. 4).
Fig. 5 13 PGFzalpha 1o X A28 WG T 5
verapamil O{Ef% 7<3. PGFzalpha (3x10-8~3
x10-5M) @ X b #Hi &1 5 Fi ) A UAELL., verapamil
(10-7,10-M) HijLEw X b, dose-dependent 1T,
BECHE X hie. PGE: 3x108~3x105M) i
I BRI D\ T b, PGFealpha &k
verapamil R4LEIIC X » dose-dependent 7z, HF
AR S v (Fig. 6). BRI XY, #4
FRBHEMOD s MR R~ L (1.7+£0.3g, n=8)
A, T O UHEE verapamil BiALEIIC X b, dose-
dependent ARG ZE iz (verapamil 10-7M:
1.0+0.2 g, verapamil 10-M: 0.6+0.2 g, n=8).

552 BB

Fig. 7 & £BEMEEAR in vitro RBOFRER% =T
EATHRAN B RIAELRL, S LBEAR~D

=O= CONTROL
=o— VERAPAMIL

100~

PERCENT OF MAXIMUR CONTROL

0O 8 7 6 5

4 3 2
ACETYLCHOLINE (- rogM)

Effects of verapamil on acetylcholine-
induced contraction of detrusor muscle
strips. Curves represent mcan=+SE respo-
nses from 8 strips. (*Significantly diffe-
rent from control at p<0.01)

Fig. 4.

100 =o= control
== verapamil
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| § L] T L 's L "
o 300 3w’ an® s® aae

PGF,, (M)
Fig. 5. Effects of verapamil on PGFz-alpha-
induced contraction of detrusor mu-
scle strips. Curves represent meanz
SE responses from 8 strips.

(*Significantly different from control
at p<0.005, ¥*p<0.01)

100+
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o= verapamil
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Fig. 6. Effects of verapamil on PGE:-induced
contraction of detrusor muscle strips.
Curves represent mean+SE responses
from 8 strips. (* Significantly different
from control at p<{0.005, **p<0.01)
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acetylcholine (10-8M) iR X b, 897 IUKG
R Lic (Fig. 7A). %o, BIRAEG L ®305 0K
BLT, 2L @ acetylcholine % BEbtstuec hn
2B &, BHREODBIHAERShS & LR R
Rt 7.5mg verapamil BEPESEEAG0SH, HIIL
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Fig. 7. Representative tracings of the in titro
experiment, showing the isometric te-
nsion changes of the whole bladder pre
paration, in response to acetylcholine
(Ach) addition, before (A) and 60 mi-
nutes after (B) the intravesical instil-
lation of 7.5 mg verapamil.

=o= Ach-induced contraction
100 =e= Spontaneous contraction

Percent of Control Contraction

0 30 60 90
Time (minutes)

Fig. 8. Time-response curves of the contraction
induced by acetylcholine (Ach) addition
and spontaneous contraction (ampli-
tude), before (control: 100%) and 30,
60 and 90 minutes after the intravesical
instillation of 7.5 mg verapamil.

(*Significantly different from control at
p<0.005, n=6)

fE¥ XV acetylcholine & X % IR #E %, BEDLHEA
B e~E 4 & h 72 (Fig. 7B). Fig. 8 iz,

verapanil BREREART (100% &%), & L0
REAS0S, 605, 07T w:i) 5 BRI DR AR
8, ¥ X O acetylcholine ¥Rimc X % I DIRIE D
Z{tx 3. verapamil BEEPIEA K X b, HII
fE3 X O acetylcholine & X 5 IU#E%, time-depen-
dent Ml &h, EAWF KT, THEIREARD
1045. 29 (P<0.005, n=6), 37.8+4.3% (P<0.01,

s
—

AN

B

e N
16
emHy0|
tmin

Fig. 9. Representative tracings of the in wive
experiment, showing the change of the
intravesical pressure, in response to the
pelvic nerve stimulation, before (A)
and 60 minutes after (B) the intra-
vesical instillation of 10 mg verapamil.

n=6) KHE I Ihic. verapamil DHERIC X
h, BENOIFERRAC@EE L. Thbh, 28
MS#0 B RINH & acetylcholine 1@ X 5 IRéE, = v
P e —AflD% % 65.8+11.1%, 47.2+5.3 B i T
BIE Lichs, Tekililhgdd bhie. —7F, verapa-
mil Bk, BRARYEBEREKONRD VI 4 mM
Ca?* # SUAHAEKCEX X 5 L, BRI
L O% acetylcholine xf3 % NfEIL, 305%3IE= v
FRr—A VA EE LK.

# 3 HER

B AR AR o> B SRR X b BEREPIE D LR AER
»ibh, ZOEERII0FOHBEY R TOBRBIC
XoTHEEMOD B AR IR BRAERN
Wi X AR EA (Fig. 9A) 1%, 10mg vera-
pamil BEREAIEAH 60 Tk W TERC WH X hic
(Fig. 9B). Tinh b A0 OBMAE LA,
FEARID 17.5£5.4 BT L, AECMH I hic
(P<0.005, n=6). fiuh, <& mE (IUREH/HEEDN
M) i, BEREPIREART 160410/11045 cm H:O,
BAG05# 156+12/103+4 cm H.O TH & ie &L
RBID T (n=6).

%

BEREBE R 5 0 I AR BERNE, L OFHHE R
B BAECI IR DM v 9 A1 o+ i
B X hffizhs. b, v, REDD LT
LTy MW T, acetylcholine®, ATP (adeno-
sine triphosphate)®, # Y v 47, ik Y 7 A7,
prostaglandin (PG) Fz-alpha® ¥ X OVEESHIHC
I RS B BNER I, Eeslast o >
Y ADHHIBARNDOTRAR FAFT 5 & & B in vitro

L
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CTHREINR TS, FRRC SV TH, H1H in
vitro BT, acetylcholine, PGE;, Fealpha & X
VESHBC & B BMEE RS YA DINFEL, verapa-
mil & X 9 dose-dependent HZI IHI S, #H
fastH ooy ADMBBH~ORARBEET S IV
KEGIED, BRI AT 5 & L AR X
i,

Verapamil o » L v v stEsiFhciz, D-600
(methoxyverapamil), nifedipine, prenylamine,
diltiazem 7t E¥MEERBO. ZhbD # vy a8
##l L Ca?*entry blocker, Ca?*channel blocker
» B\ L slow channel blocker & FTIh, £ OFF
HoxrT T L, #aE o slow channel (Ca?*
channel) ZERFCER L, MRS H AL v 2O
JAR~DOHARPAET 29, verapamil (& 10°M Ll
LosmBETI, SRNOBMCMERAEEIETE
ERREIRTHBH®, SEOHHR & Ao
KEWTHEAI R EIE T, BRI Ca®*
channel #[Agz-359.

Verapamil D » v~ v a8EHFNE, £ DT
TRREREIIRSs X ORAB M DIRERIER, (LIS
ER, UHR#EER, TEIRIERESZ, BIKE
Wik, B, SRR MR, Rtk ORERE
DOLMERFECE W THAIR TV 59, Ll
DVWTUL, EEES BEVEXTFEOCOREG T, in
vitro COYEMHFEAPHREI LT W5, Ll
DIEHOOMERNDIERA DD, &HFEI L DIR
BB~ DBIR e SRR T 5 o LixREEE B
bhn. sy AREHEIO BEDEEER IR E A
CHESE, ThoDFEHELMERNDBIWER% #B
XD LML WRHBFHEIRCEBRER T2 4 & L
T, 2R HIWMORBETI I

%2, FIWOERWK XY, verapamil DBENA
FEARLDIMERCERE Ry B LIET &L, B
PRI fEtE 2 I LB s & EAVRBE I hie, 204
BEDEERA & 57 v Tk, BN HETRET 17 D Fx D UL S
MIE S, HERF RO BHEN 7 RIS % R M R
LB B0\ oW TS S 55 b g, L
ML, acetylcholine JRIMC X % IRFRR T IR INA I
BLCHHIMDOD D & EAMER I N, FERD HIY
URFEAMETD) (YN TE e B B, X5
i, H3TED in vitro FERTIIBERN DB ARy o B
ERRMT % D & LTHMNEO R LA iR, BE
Uiz, JBEDERY verapamil (BRI % B RG
L, verapamil BBt d = OIS 1k 2 WERILL =
bitE, EROHBESIRTED L5 THS,

3% 19874

P verapamil OfERIFFIC OV CIE, % O EAH
time-dependent Th B = &, A X D FHZERE
Lic bR ST 2 = &, MEREEREEYE
ESRVWE E, ¥kH | BERC THER ShRE
HIOBTR~OMEIER X v, BB X v HREA~
BARBBL, PHEGEBERADH LYY 5 F VY
BB CEOIMmREN v I, B 3esd0L#
EIh5B.
AEBONBIERBROATHY, SHRILIIKF
HRBED BN, R IER S X Y BECEEOH S
X3l sV CORET D LETHS. AR X
DL hicF — 21k, ZOEROERICHDTRMEY
TRRLTWE. B, BRSO overactivity I
AT LHE« DB REE W TE0FRESHFT
EN

£+ £

1. #ifafEo Ca?*channel fERH L, M2
> ADFIARNOIHRA Y BRI BAET 21> v
AFEHIK (verapamil) # AV, FORERMEERSY
I T A ER%, in vitro 3 LT in vive T
BE L.

2. BERHEIE % B 7o in vitro ERTIX, #HY)
FOSRMIFRCET % verapamil OfEF®HEL
#:. acetylcholine (10-8~10-2M), prostaglandin
Ez, Fz-alpha (3x10¥~3x10-5M) 35 X ' B&EHIH
X BRI R A I #E 1L, verapamil BiLE
1z X b, dose-dependent THREHIH I i,

3. ZBMEARHI in vilro B T, BE
DEREN L% WEL, verapamil BEREREAD
BRI T B 1EH % 5 L. BiR0HRBIX
#i, acetylcholine (10-M) iz X v &FE X h % IUE
13, 7.5 mg verapamil A%, time-dependent I
BRI S, EABOFITEATIO0% % LT
B ThFhil dhiz. = oMGIERE, vera
pamil BRI X DERE Lic th b 2 ERILL ERESEL
I,

4. In vivo RERTX, WHEFEBEOBRRWC
L BBMAEOE S L0 & HFMEXNE, L&HEL,
verapamil BEAEARIEOZELE L Lic. 10 mg
verapanil }A607 %, FREGENNC X vEEIh
BIENENED ERIEATIO 18% AT i S hie
2%, (i &S EC XEEIRBELERD b - fe.

5. Verapamil PIEAIFEAR, LSRR B8k
bk T &R, B2 ImE LB S
ZEAVREZ ke,
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