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Interaction of Imipramine and K* Channel Blockers
on Detrusor Muscle Strips Isolated from Canine
Urinary Bladder

Joun Young Huh, Eun Mee Choi, Hyoung Chul Choi, Jeoung Hee Ha,
Kwang Youn Lee and Won Joon Kim

Department of Pharmacology, Y eungnam University School of Medicine,
Taegu 705035, Korea

The study was undertaken to examine the possibility of the involvement of K* channels in the
mechanism of relaxant-action of imipramine on the isolated canine detrusor muscle strips.

Canine urinary bladder were isolated, and smooth muscle strips of 15 mm long and 2 mm wide
from the mid-portion of anterior wall were made in the Tyrode solution of 0~4°C. The strips were
prepared for isometric myography in Biancani’s isolated muscle chamber containing 1 ml of Tyrode
solution, which was maintained with pH 7.4 by aeration with 95% 0,/5%CO; at 37°C.

RP 52891, a non-specific K* channel opener, concentration-dependently suppressed the spontaneous
phasic contractions of the detrusor strips.

Imipramine, a tricyclic antidepressant, also reduced the spontaneous contractions in a concentra-
tion-dependent manner. RP 52891 was more potent than imipramine(p<0.05), and Imipramine was
more efficient than RP 52891(p<0.05).

Procaine, a voltage-dependent K* channel blocker, glibenclamide, an ATP-dependent K* channel
blocker, and apamin, a calcium-dependent K* channel blocker antagonized the relaxant effect of RP
52891, but not of imipramine.

Imipramine reduced the electric field stimulation(EFS)-induced contractions concentration-depen-
dently. None of the K* channel blockers employed for this study, procaine, glibenclamide or apamin
antagonized the inhibitory action of imipramine on the EFS-induced contraction.

These results suggest that in canine detrusor, the K* channels of the characteristics of voltage-de-
pendent, ATP-dependent and/or calcium-dependent are exist, and the inhibitory action of imipramine
on the contractility of the detrusor is independent from the K* channels.
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M 1=

=29 B4 Al (instability, hyperreflexia) o]

F8 ddez Ho| vYehte wimFefe] FEXH
BE -?4?'5} © 24T EARHAER Folnd
2E9 #EAQ desmopressin(1-deamino-8-D-ar-

ginine vasopressin, dDAVP) 2 AbglA 8924
¢} imipramineo] FZ A|E5 o] g} (Miller =,

1992; Rushtoﬁ 1993). 1% imipramined &=
Z AEAZA 2AFUY AL go}, Rzg
24 &8 AR, YUHE, A% FlE TV 3

U4 FEET &5, VAEHAY, 4FEsT FF

ABA FBEE YEhdY. ojg e Hago

ol B Y& ATdosrz AL glo
A

o, Blad ePFet BE AxxEe] #AE vt
A aFdigtedt, ofdE 1 wFreel o

Zgr1de] BH3E #EAA %3 e, imi-
pramine¥ fFAFSHAY Btk S d}EHE v}
ARAME Bt F-2-g-0] Aujg AA e Ade] &
Tt

Imipramine®] fx=Fo thet Az Eate] 7)4d
o thal A= Winsberg %(1972)3 Rapoport %
(1980) Tl ofa o F9-&240] FFuzs
#2e 7ide] E £ vl EE H u Jd&
tl, olE imipramine?] fx=ojA &#r} 1 ¥
F&28d JIdetn ®rle oyt syth
EZE o] GBS FHA A= o] E FZF
& yeldoE ZAdE  Jdouv(Martin 1971),
imipramine2 %99l 9 4F(urinary inconti-
nence)oll= &7} Qlow, FojAl F@ A7)}
oFm RIZgte] Atolo] foJd AaAA L gloke
Biu% oi(Kales 5 1977; Rapoport %,
1980). Imipramineo] Tx4 #go =z, W3 H&
2ol i mgkAlE 2 A& A% 7%l o
B Yol BH HIE T 2o & F2AHD
A &84 Z4g FAg(Levin %, 1983; Nil
vebrant %-, 1985; Noronha-Blob %, 1989), Al
7 D)2 o] catecholamine AAF Hhs] =&

(n}

(Axelrode % 1961; Sulser %, 1968), ¥ 34
2ol w32 o]gt &g (Shaffer 5, 1979; Levin
5, 1983)5 0] AAHo ko, OF o= FHut
T i 599 FE JHoE ARFHL UAE
itk 28y 29 imipramine?] #-f-x &7
AP g HET o|ggof o3 dolut
oldle Zgols AY F&ol 4T HEE
g Aolzla AALE A} (Akah 1986; Malkowicz
1987; Grover %, 1988). Imipramine¢] =%
o e HAF2Eel B ATFHEILE HY, Lee
5(1992)& imipramine?] #H k2o e
% A AL Fd J1Pe FEIAEA A F

2

oft f

£3te] AMES Ao e AAGE Aol &
¥t & Ha 5(1993) 3F<9 WP

ATP-o]&A K 5271 EAgty K* F248A
So] W3S oA BFET). =
(1994)& %9 K* F2ALAE] AF9 u
=2 APE ol FHon, ATP-9&4 KY B2
A<l glibenclamider} Kt S2/0WAIE <
g =M A ojghe gt AT

B A s el wixtol] tfdl imipramine
of ojghztgo] ofE K* FZFHA ofafl HA
HEAE B2 ozn 1 F4r|de] K 529
" @Al UEAE #F, UoptMe B
O 43 f2F A8A9 LS 9T FuAs
g AFstaA st

Lee &

Mz W
A BB Apse] nel AW 37 H=
3 do| 15mm, F 2mme| W=2LUE BE
k. olg AEE FEg AR AT B

¥4 1mle) Tyrode FFo] gHisol e A
229 A3 % (Biancani’s isolated muscle bath)¢]
1A nAgsla tE &% 2L FHAH FES
A 71 (Force FT-03,
Grass)d] 317438}, polygraph(Grass, Model 79)
o 1 #%¥& Br3Ach A¥Rd ¥

TE 37°CE 4AAAZ, 95% a9 5%

displacement transducer,
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deeas £F A& FFS pHE 742 §

A&tk B Agd AR&3 Tyrode FFAL

NaCl 136.9, KCl 2.68, NaHCO; 11.90, NaH.PO,

0.42, MgCl, 1.05, CaCl, 1.84, Glucose 5.5(mM)

2 Azt 4o AFAdAA Hz 3g9

5 AEg e 3 608 A FFRAAETY B
Els

¢

1) Imipramine®} RP 528912 &£-48
Ay

Az Yol b E v EH 2 A9
ZF #F FES imipramined W E0)4 potassi-
um 52 N SEoln #AFe| Wdvi=Ie A
87 ol$Al7l RP52891& 4 sw2 #Hristel
AgEF HEe FFHINAL o)E FEY FE
= 107Md A BE 05Log 7HAoe=® 107° M7t
2 Ft stgdeh E3 A e|EA potassium 2
2 Al procaine, ATP-9]F4 potassium F=

sium 52 ZdA ¢ apamin §& HAXT
Ar A7) ARFEES FHAEE-NHE AEE 0
B AAEte] AgeEe Wsle v, #EEn
2 A% wWnlds A3z o ethylene-diam-
ine tetraacetic acid(EDTA) 20 mME #7}35lo]
ZAHe] Hulgh o= FozM O FHEA
AR g EE TR

Ao AHeg wHe ted Zth WA
polygrapho] Al &8® HHE volg BIAFX
(Experimental Data Acquisition System; Work-
station, Model MP100)& o] &3}le] w1 EA] Z
FeE #5sla, dgdely AHE Zzagd
Acgknowlege 881(Macintosh v3.0)& ©¢]&3}l4
FEHVIE dAANENY F BFFE SN
t(Fig. 1). o] A¥& FEH/NMA 47 &5
ol 3 HEge SNsFen, 1 BFHe
Wal e Multifit® program(Macintosh v2.01,
Day Computing, Cambridge, UK)& o]&3}e]
Clarke] <FE-&3 Jaag Fd H&A4,

0

datagraph 941 101h) ==

a =2 i I EN R

LlelsfsTel®len s

ﬁ&__]=|68-3‘ min AT |= ’-1 801 min l Freq |=I9.250 mHz

i.Imipramine 10¢(-4> M, 2.RP 52891 10¢(-4> M,
Z

3.No treat
h 4

Lz Z

1

ch

Fig. 1. Exhibition of concentration-response tracing on data acquisition program. The highlighted area indicates the
area which reflects the activity of a canine detrusor muscle strip. The integrated area between oline and the
tension-ine for last 2 minutes of a concentration period was employed as the equilibrated contractility of the

strips.

1 ; Addition of imipramine by the concentrations of 10°M.
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0.935322
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0.374153

Fig. 2. Exhibition of the measurement of Electric field
stimulation-induced contraction of canine de-
trusor muscle strips. The integrated area sur-
rounded by both beginning(A) and a perpedi-
cular line coming down from the ending point
of stimulation(F) of the sitmulation, baseline
(B) and the tracing of tension reflects the total
activity induced by electric stimulation.

AHEFE(ECS0)S ARUE A (B)E 412
Feact.

2) HI|FAF-7¢ =0 gt imipra-
mine?| &1 o jxlz K+ S22
HEY &

ofy

A7122 7%= Nihon-Koden # Model 3201&
ARt o, Mled HH %29 X" 0.8 mm
o] WFH AFE Fald A7|F (20 msec
duration; 1, 2, 5, 10, 20 Hz; 20 sec train)& 7}3}
At #F 9 &4 Acknowlege 881 o] &3}
Fig. 29lM 9} o] 7174 Ao Alzd A1Ho|
A BE AFo] FREE 20& Fo AF Atold
A ®stE d9ixte] FF(integration) & A 4HE
F 2 ANFRY] FAY ALLEFL Ay
I &AFAY FEFoz 7HEFA o] Vsec
(voltageXseconds) 2 Uelddch gziddo=m
Fgs HAA gl WAL AT T,
imipramine 1207° M T 107° M& H7}18 &
2 procaine, glibenclamide ¥+ apamin Z+ 10~%
ME& AA X% % imipramine 107¢ MZ& A7}
7 59 44g 27 vn sk

Ao #9994 AAL Student’s t-dtest(un-
paired) & AM&3tHom pghe] 0.05 kel A&

o

3 Aoz AAIHATH

2 H3ddl AMg3 oFrE F RP 52891(Rhone-
Poulenc Rorer, 71%)3} glibenclamide(Sigma)+
&4 ethanolg AHg-3te] 10° Me] w5 &4E T
o] —20°Cq B#stHTirl, A48 A F/FF
2 3M3ste] A3 TE. 1 ¢ apamin(Sigma),
EDTA disodium salt dihydrate(Fluka AG), pro-
caine(Sigma) ¢ &L ZFFo SAIA AL
&3ttt o]¥EA AzF &4 A FES mi-
cropipetteE AME-3le] 1ml &3F9] AgxUd oF
B 10mE HEgozxn oEo] AFRUAA
10082 3)¥=e] BEE e HE 5= o2
A sHth

(o)
i

- | o}

RP 528912 =t HH A&+He FE9
Exog A, 10° MdA= 141407
%, 107" MolME 65.7+£0.9%9]%28, 107° M
A= 69.7+0.9% 1At} Logistic curve fitting
o 98 o] #Z2ARE o FNRHEFTE(ECH)=
74+£08 pMol L o]24e] Hd HF(En)S
70.3+0.9% o]¢lth. Imipramine® GA] 8= A

B AeSEE 5= dEdez dAsged,

10° M9 B2 E 55+0.4% ¥ 107 M| A
= 63.0+0.9% e, 107 MM &= 69.7+0.9%
o]t o} T=-w&F4Ae ECyp 29.2+1.8uM
o] EpuEyE 79.910.9%0l%0t}. o] AL
Fig. 3] Yellldd=1], ECow= RP 528910 -9
A (p<0.05) ¥k, B, imipramine] §-¢
3HA (p<0.05) =3toh.

Fig. 4= RP 528919] ujxto]gt 2 go w3k
procaine, glibenclamide ® apamin®] Z23%-z8&
yepbd Aotk RP 52891¢] g wijxZo|¢he
procaine 107 M ZA 3}, 107° M)A 3.2+

. 0.5%, 107 MolA+= 57.5+4.2% %-o|¥aL, L

ECyp= 21.9+29uM=z2A thETe 74408 uM
oA HlEte] Fel3lA (p<0.05) EOH, En
70.2+5.5% 2A] oz 70.3+£0.9%9) H|5k
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Fig. 8. Concentration-response curves of RP 52891 and
imipramine on the isolated canine detrusor mus-
cle strips Data were fitted to the Clark’s equa-
tion of Drug-Receptor interaction to calculate
ECyxw and Emax.(n=15 for each group)
Intersections of the dotted lines with curves and
abscissa indicate the 1/2Emax and ECs,
respectively. M; concentration of drug that elic-
it the maximum effect on logistic curvel. * p<
0.05; significantly different between groups.

& Aol7p JAAHZA
107 M &A= 107 Mo 4.14+0.8%,
107 MojA & 59.4+41%9 o|¢s R
ECy= 19.6+5.3 sMEA] tzzo] v]she] Tr4—a}
A(p<0.05) =goew, E,..= 70.9+55%=zA
273 2pe)7t glgdth. Apamin 107° M &4 3}
ANME 107% A 3.1+0.8%, 107 M A= 52.3
1£7.0%9 olghg RYPEH], EC,He 22.1+4.1 M
2A dzdd vlsle fefstA (p<0.05) ESEe

Ema‘-—“j 63.4+7.3% 2A hFo vls] <kzt
HERou FAA 94L& A=A

eFortt. Glibenclamide

Imlpramineoﬂ ok Wlwtolgks HW, pro-

caine 107° ME A xs}9< w, 107° Mo A] 5.2
+4.1%, 107 MoA] 57.6+8.6% Sol9ui, ECs

L

© 4782183 uM, Ennv 80.4+4.6%ZA iz

80 1
60 =
g
5 401
g Control
5 Pro-5
o« Gli-5
20 1 Apa-6
1
0+ M 1

Log[RP 52891] (M)

Fig. 4. Concentration-Responses of RP 52891 in the
presences of procaine 10™° M, ghbenclarmde 10
> M and apamin 107% M. Bars on each data
point indicate SEM. (n=12 for control, 5 for
exp.) Data were fitted to the Clark’s equation
of Drug-Receptor interaction to calculate ECs
and Emax. Intersections of the dotted lines with
curves and abscissa indicate the 1/2Emax and
ECs, respectively.

* p<0.05; significantly different from control.

ol st {og Aol7t gigith. Procained
107 M=z AAXE Ffodes 107° Mo} 5.9+1.1
%= EE 107 Mo 79.0+6.2%7}4 o $HA|A
03134 imipramine®] o] &-& 73slels HEF
& BN, AAZ B9 $A4 FI8L 24
orelor} EC,e 14.313.5uMzZAM dE2T9)
H3le] §-2]8HA] (p<0.05) ¥tth(Fig. 5).

Glibenclamide 107> ME& HAHA 38& we
107% Moj|A] 8.24+5.9%, 1072 Mo+ 69.44+9.0
%ol o|ghg o], ECyt 22.2+8.8 M, EnntE
71.1+95% 24 HE2TH Fo8 ztelrt gt
Glibenclamide?] A7} T & 10 M8 Z%319
€ &= ECypx 188144 M, Enne 77.24+1.2
%EA imipramine?] oj¢z&-& o3| Zstst
< AFgoz JEEH(Fig. 6).

Apamin 107° M &3} A+= ECy7} 15.2£6.2

)
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Fig. 5. Concentration-responses of imipramine on the
isolated canine detrusor muscle strips in the
presence of procaine. Imp; imipramine(n=15).
Pro-5 and Pro-4 mean concentrations of pro-
caine, 10 M(n=8) and 10™* M(n=38),
respectively. Values are mean+SEM. Data
were fitted to the Clark’s equation of Drug-Re-
ceptor interaction to calculate ECy, and Emax.
Intersections of the dotted lines with curves and
abscissa indicate the 1/2Emax and ECs,
respectively.

* p<0.05; significantly different from control.

MEAN Q2T Fo& 2ols ARFHA ghgto
L Rk O o)A S-S AIsle AFS HYo
W, Euuis 765214% 24 225 B2 3o
7t g th(Fig. 7).

- Fig. 8& ANAAF-FL 2o dE imi-
pramine®] ZFEAHAE Yeld Aoty SHHL
FopolEd FEALE BRYsd, 1HzaAMs
2023kl A&EAHQ AT osle] 5.84+0.66
Vsece] &£ RY3, 2HzdlAE 7.07+£0.74,
5Hzol A& 9.64+0.91, 10 Hze} 20 Hzoll A= 2}
7} 11.66+1.02 % 11.984+1.04 Vsec?] 42 1
At Imipramine 107° M XX A= 1Hz
N 2.29+£0.27 Vsec2A 2T HS 89
Al (p<0.05) RokoH, ololx 2, 5, 10 %
20 Hzo) A= 3.09+0.40, 4.69+0.59, 5.58+0.67

80
60
3
c
S
® 904
o
]
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0 J T d T Y
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Log{!mipramine] (M)

Fig. 6. Concentration-responses of imipramine on the
isolated canine detrusor muscle strips in the
presence of ghbenclamide. Imp; imipramine(n=
15). Gli5 and Gli-4 mean concentrations of
glibenclamide, 10° M(n=8) and 10™* M(n=
10), respectively. Values are mean + SEM. Data
were fitted to the Clark’s equation of Drug-Re-
ceptor interaction to calculate ECs, and Emax.
Intersections of the dotted lines with curves and
abscissa indicate the 1/2Emax and EC,,
respectively.

2 543+0.62 Vsec2A thzzol] Hla| &2l3HA
(p<0.05) H& F#HE& HAH. 107° Mg
Imipramineg A X3 FAA= 1, 2, 5, 10, 20
HzollA 242+ 1.69+0.60, 1.73+0.69, 1.97 +0.92,
2.09+£0.96 = 1.94+0.91 Vsecd] &7 HY
on BE AN dzzd v /A (p<
0.05) @& &g BHYT v
Imipramine®] A7|FAF-{& F5 AA%&
o} thsled procaine, glibenclamide ® apamino)
oF Qe FEAE BRY Ane gLy 2
t}. Procaine 107° M Hr}#dA & imipramine
1075 M2} 34 A7l = 1HzoA 1.01+0.36
Vsec2A] tlzwoll Hlal] #93A(p<0.05) sk
o9, ojo] 2,5 10 € 20Hzol M= &4 1.25+
0.48, 1.94+0.56, 2.26+0.59 ¥ 2.60+£0.58 Vsec

— 200 —



80
60
&
c
S
@ 40
»
a
[-]
o
—O-—— Control
——— -
20 Apa-5
0~ T — T

&

-6 -5 -4

Log[imipramine) (M)

Fig. 7. Concentrationresponses of imipramine on the
isolated canine detrusor muscle strips in the
presence of apamin. Imp; imipramine(n=15).
Values are mean+SEM. Apa-5 means the con-
centration of apaminm, 10° M(n=7). Data
were fitted to the Clark’s equation of Drug-Re-
ceptor interaction to calculate EC5 and Emax.
Intersections of the dotted lines with curves and
abscissa indicate the 1/2Emax and ECs,
respectively.

2A djzad [lE 593 (p<0.05) kT
o] AAL imipramine ©% F7te] A G- njs|
A F948L AFHA ot dHz 2 54
o] ©& ZiAHe ABA¥E RgdkTig 9).
Glibenclamide 107° M& imipramine¥} 7 &7}
3 FoMde 1HzBE 20Hz71A 2.80+0.95
Vsec§ 2| 6.29+0.60 VsecEA] thFRFd] 13}
o3 (p<0.05) ¥ gro ™, imipramine ©% 2
A Fe] 2.77+0.35 WA 7.28+0.68 Vsecol] H]
HHE= ALY 2e FEozA 2ol7l ¢St (Fig.
10). Apamin® imipramined 34 F7}3 Fo
Me 1HzBE 20Hz7tA 2.04+£0.80 WA 5.44
+1.87 Vseco] #£&& HYgow, ol xR
Hgl A= fo8kAl (<0.05) 91 imipramine
G5 AUl vEiAE T 28 A%E EJS
Y fosiA 2gstAE R (Fig. 1.

12'1 l

~-— Control (n=27)
—@— Imp-6 (n=26)
—&— Imp-5 (n=7)

104

*

Contraction (Vsec)

0 Y T -
0 10 20
Frequency (Hz)

Fig. 8. Effect of imipramine on the electric field stimu-
lationinduced contraction of isolated canine
detrusor muscle strip. Bars on each data point
indicate SEM. n=27 for control. lmp6 and Imp-
5 mean the concentrations of imipramine 107
M(n=26) and 107"® M(n=7), respectively.

* p<0.05; significantly different from control

129

—O— Control

5 —&——  imp-6
2 ——  Imp-6+Pro-5
>
< . .
[ ~4 -
s 6
°
]
i
£ 4
h=d
(8]
2 *
Q T T nl
¢ 10 20

Frequency (Hz)

Fig. 9. Effect of procaine on the inhibitory action of
imipramine on the electric field stimulation-in-
duced contraction of isolasted canine detrusor
muscle strips. Imp-6; imipramine 107 M. Pro-
5; procaine 107° M Bars on each data point in-
dicate the SEM.(n=5)

* 5>>0.05; significantly different from control.
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Fig. 10. Effect of glibenclamide on the inhibitory action
of imipramine on the electric field stimulation-
induced contraction of isolated canine detrusor
muscle strips. Imp6; imipramine 107% M. Gli-
5; glibenclamide 10> M. Bars on each data
point indicate the SEM.(n=9)

* p<0.05; significantly different from control.

144
12 4
—0O~— Control
§ 101 —@—  Imp-6
2 ~l—  Imp-6+Apa-5
< e .
c
o
k] 6
£
§
S a1
2 -
*
0 L L]
0 10 20

Frequency (Hz)

Fig. 11. Effect of apamin on the inhibitory action: of
imipramine on the electric field stimulation-in-
duced contraction of isolated canine detrusor
muscle strips. Imp-6; imipramine 107¢ M.
Apa’b; apamin 10™°* M. Bars on each data
point indicate the SEM.(n=5)

* p<0.05; significantly different from control.
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OFE-& oxybutynin 5o ZHUAAAFLAZHA

ol e XA desmopressin ¥
AeAY-&AQl imipramineo] FZ AlEHO]
ghch(Miller %, 1992; Rushton 1993). 1%
imipramine®] 3715l g ZE&r|AL oy

ey

N
roEe
N

wt ek

o

29s welAA gn dor, JFHEA B
go24 2% AR, UHE, A% FhE T
FEA4 A5504 £, WA, 4AESRE 3

FAAA = veldoh ool e imi-
pramine?] HzZAE& F FUAAANA BEH4FELL
imipramine W oju]@l oxybytinined YAHL
o] AgEel & 7HF Fa% olfroln, ol fA}
AV 1ot UL JAERE YepiEA B |
z}g-o0) Aud AA 9 Mde] aHT
Desmopressing imipramine®} %43 &3E
HolAME Fztgo] Hojd Rt {E3vta 3
1}(Rushton 1993), ©]& vasopressin@} HAFSE o}
it WjEe 7 FdolnizE R YFoEA,
Guillaud £(1993)6] oJstd ofnZ& X z3}7
$8to] desmopressing Foldh LoloA HE ¢

A=Y
s HES

—_

B zEo| BAF A9l lenz, o Foln
3R 8F=207 AU wPAol FrFo o
glolo] wHEA Bxld] ZeksiA Foisol Fria
st T

1# 22 imipramined] ZAL71H& FHE9]
T A7 ALHolok 3, 1 IFEEA F&
88 Zol7] Y% FF FF AFEHoom & A
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Imipramine?] 3o 3t A ZG=Lo] #Ast
THIE B, Lee 5(1992)& imipramine?] 3
A EHSP T% A48 Fd A
BEIANEA A Agstd NEY e
£ YAse Aol 3k W Ha 5(1993)2
e el ATP-oj&4 K 5271 4389
K" $2ARAE] Wuds ojdAZga 33
. E Lee 5(1994)& %9 K+ E22/09A4E
A e HHg oA o, ATP-¢
4 Kt 22234 ¢ glibenclamide’} K* &7
AgAEe 5 W2 AR) o2k AFsAn
= s,

2 AT NE 49 WnEg olgd Ha 5
5(1994)e] HuE ¥

fo ot rQ

n:E

3:1

(1993)3 Lee =2 A
Wi AHdAN Kr5ze ZEAE sz,
imipramine ] Hj=Z o|¢&E-9 7]de] K* 52

ot o\ #Ho| JYTAE AV BE sg
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