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Table 1. Time-Response to acetylcholine of single cells
isolated from canine detrusor

Time (sec) Cell Length (um)

Control 88.1+1.2

5 79.2+2.4*

10 82.0:£2.3*%

20 81.7+2.6*
30 84.7+1.8
60 84.3+£20

120 83.2+1.6*

Values are expressed as Mean=+SE of 22 controls and 6
samples (average of 50 cells from each slide preparation).
*p<0.05 : signficant from control.
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Table 2. Effect of atropine on the acetylcholine-induced contraction of single cells isolated from canine detrusor

-Log[Ach] (M)

Contraction (%, length)

Control Atropine 10”M Atropine 10°M
14 47104 3.1+0.7 13+14
13 93+04 6.9+1.3 2.4+1.6*
12 12.8+04 10.1+1.1 3.0+1.3*
11 14.6+0.7 124410 5.0+1.3*
10 17.8+1.0 13.44+1.3* 45+1.2%
9 195+1.2 14.7+1.5*% 4911.0%

Ach : acetylcholine

Values are expressed as mean=tSE of 7 individuals (average %-shortening of 50 cells in one slide preparation).

*p<0.05 : significantly different from control.
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Fig. 2. Time-response to acetylcholine of single
cells isolated from canine detrusor.
Values are expressed as Mean+SE of 22
individuals. Values are expressed as Mean+
SE-of 22 individuals and 6 samples
(average of 50 cells for each individual)
*p<0.05 : Significatly different from control.
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Table 3. Effect of imipramine on the acetylcholine-induced contraction of single cells isolated from canine detrusor

Contraction (%, length)

-Log[Ach] (M)

Control IMP 10° M IMP 10° M IMP 107 M
14 47404 2.9:+0.4* 2.0+03* 23+£0.8*
13 93404 4.9+0.4* 3.0+0.6* 3.7+0.9*
12 128404 6.7+£0.7* 4240.5* 4241.0%
11 14.6:£0.7 8307 5.0+0.5* 4741.2%
10 17.8+1.0 9.4+0.8* 5.64:0.4* 4,6+1.4%
9 195412 10.5+0.9* 6.040.5* 5.0+1.3%

Ach : acetylcholine, IMP : imipramine

Values are expressed as mean+SE of 7 individuals (average %-shortening of 50 cells in one slide preparation).

*p<0.05 : significantly different from control.
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Fig. 3. Effect of atropine on the acetylcholine-
induced shortening of the lengh of cells
isolated from canine detrusor. Atrop-7 and
Atrop-6 mean the concetrations of atropine
107 M and atropine 10”7 M, respediively.
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Fig. 4. Effect of imipramine on the acetylcholine-
induced shortening of the length of cells isolated
from canine detrusor. Imp-9, Imp-8 and Imp-7
mean the concentrations of atropine 10° M, 10°
M and 107 M, respectively.
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Picture A. A damaged relaxed cell, X400.
The scale should be neglected. Cell has
lost a part of its body.

Picture B. A damaged contracted cell at
X400.

The scale should be neglected. Hazy and
granular appearance of cytoplasm suggest
that the cell has a severe membrane
damage and subsequent deterioration of
cellular contents.

Picture C. A healthy relaxed cell at X400.

The scale should be neglected.
There is a halo around the cell, and the
clear nucleus is visible.

Picture D. A healthy relaxed cell at X400.
The scale should be neglected.

There is a halo around the cell, and the
clear nucleus is visible.

Fig.1 Captured images of isolated cells of rat detrusor.



208

i

]

BEZ FHA ZAEdte FEe] FErHAS
us)7] f3 Ate o7k F2Ael ded
Al FEE Fodte] Hitolul BTG TE
R ste Uy, A% PES FAUS o] &3] 1
F%Y S 57438 Y (myography)se] glom,
ol Zt Winlt} A &A1 2 O 8A e AF
A& Bashe Wi EC] Ik

WRREEe 7| EA R Buzhi A wrkil
748 AujE worm W ol Ao P 232
o ARA 9l ko] A wdreE 58
Ik W] 2312 Q13 AW FolA &
EFE AoldlA &3 #FY 4 gled, ol W
Aoy FAMsM B5odQd 4 vidE &5
Aog st vl FelEA, 7S FA4 ¥ ofY
2} Zhole] AlE]E Lo M E FAH nES
o}71glc}. o] Fofjef] gt A8 WHOENE Y%
A g, ANA g, =dFd, Fads| oy, ARy
ol oy FHIde FEARY FaA) AR
Hu Yo P RGERA = AEA F-2Ad &
3l imipramineo] d2] AME-E 3 glon, vl w3
rEsty BEAAQ 4ER delA Joh? 2y
Fago 82X £AUAR, 4utg, 9% FHE =¥
& FIUY L= S5, A4 R, 44 ¥
350l Uehn, §3 455 A2 7% &
A& ol st

Imipramineo] F3F X FAZA] oW 94t
2RE Yehleds B7sta 1 Z4713de o)
;M & obF] =o] B}, F imipramine2] &-9-&
Fgoze BHe At ddey & 4
& 7M1 F¢eAlE X8 AR} glon, ® g9
& B B 2FF Yepted blE i
B9e FA JEdte JE5oR nFo B o,
F-E24S JRuie §3d 7oz Yo}
Eol7le ojgria et

A EollA AFe vke} Zo| imipramine®] & -f-
Labgo] Wgo] @ Fgolm, A&7

—HFS - ol B & HAE—

o} A#AE o] IchA o] et AFEAE WFZ
AR it 774 A=7 myographyE W &3t
AT o] ARgrHE sl B Eol s )
oy 233k A R E A
Gt ozl Aol Wt wekA & dFAe W
BPgLor YE dUMEE Fa widste] =
E417 9 G A el A imipramine®] 3
HAAEE Bgs) 1|2 o

a8 12 B dgoA] B 5 e HETH X
BEE F-HEE I3 Aotk ARl A &4
dRor} ol gE o e MXEolr). o)& A¥e d
571 g oy A R Axde ol
AT FARE AEE fAsa e AR
A ofutE acrolein % FH i A Fo| S
Y2 Aoz A AR Be 453 58
AERA &8 AERS Bt Axeoe =z
o] NF fdste] AXE F3A17)n 984 A
Who| A4 Axe] e A 8l 7158 54E JAE
RO E Hole v}, 0|23 FH Y AM¥EE FH AN
AL H . ARzl Co} D Alxe] £Fo] & HE
o] glom 17kg do] B WS Ua glm Al
E F9]9) ¥ £33 (halo)e] A o] Ut} o]H
Al Erto] &7 ] thAro] =T

YA Z 2] acetylcholineol T3t wh-g-g-2 vl ¢
Al&:3}od acetylcholine A7} & 5% oo &2
#8533 ol THHY %Y &3 APdA
= B 4 de dYeEAM %719 phasic
contractiond]] 3| F3ctn E 4 vt 10% o]F
12027h4] 5% 9] FEFETe I3l gE A &4
o2 {o%t HAHE FAGE AL dHe
F58 F4 4AYdME E F e tonic
contractiond]] dF3sle= Ao 2 B 4 U} et
U A E oA 2] phasic contractiono] Al&3] kAl 5}
< AgE Holg AL FEo
AN A Fl HH HFer] W FoE, FA
Aol Ay A bol2 AT Eo7Hes AlTke)
28R gom, E Ze o] folN & fdst

£ B9 3% A/ 28€ 2282 o]

o

T A& Akl



~Imipramineo] Wi A Ee] FHYo) HHE YHAE

AN e FHue $5S @@ sty
acetylcholineZd 7} 5330 acroleing& )3l Al
& P AFT

Acetylcholine #-% =2of T3} atropine2] 2]A|
282 atropine®] dF~7HAAY AL, 19
39| A B upe} o] atropine-2 acetylcholine f-%
TEL ¥ 92For oA 3ttt Atropine 10
™o 2 A A FEEA ol
acetylcholine®] ¥ A7IAlolwt £-23 o7}
#zE 21, atropine 10°M FH7F2 Q13 A=
]9 e sle] &% Wk AA L KolstA <
gHEE S Bk

gty oz AAA AgHAd Y FE4
BdA e 5dAe &FNTHNE 508 F
ol A Zc)® a2} B AgeA acetylcholine
ol FE-RES-Z -2 atropine H A Haol% 1)
A FAgo 2 dgtEle S Bt aAe
dolle AV HE&2F7ld EF3He H89F
data®] o A7 E o] Fa e MRS W
olt}. & HETHHL] 5] gram TR E 57
HATR o]+ 1 A& o] 73 Y A EEY 4
Zo] el FEo dola S d Reolth gt
B Ao 41 5yHer &Aste AX
it shle] 248 o dole Wtz Yepd A
oln, o]H g xUelX o] AL nHAQ o}
A AgAA HEHA & FE Y& Aoz &
o} BF oje} o A} FIUAE s
T WEE 4 e Wl AE ook & Aot

Imipramine-S- atropine Rt} T2 7333 JA) 28
S K4 imipramine 10°Mg] HUlvte g w
acetylcholine®] E-4Hg A& frelelA oIgtat
4 t}. Imipramine®] %7} 10'MY #l &= 10°MY o
S pE-g BAlo] AHHH o) atropine 10°M
FEA sl A 9] AT 1 Fdo] vl FAsEA

9o 29g FHE 2 A4 A8 243
o X1 ¢] collagenaseE ©] &3+ HE Eaye ad
AEE gdo s e A& A8t 783 By
o9, imipramine- 7] WHFEEZ U Fo|A

299

atropine it} T 7@ FAA S84 BAAES
Uebdtkn A2k ik

e o

239 ANBARA dy AEHI e
imipramine2} Z-8-7)# 0l &3 M o] A )rkA 7}
oyt o F FAASEA BAZEE dEslr
A Wio R FEDT AXE Fejuiekale @Y
A o] &} acetylcholine?] %283} oo 3t
imipramine 2] Z &3 atropine2] 273} W] w3
B8 39t

Mol W3-& HEsle] 0~41 K-H §-e
A 2 x 2mmA7]e] BT HAHE Ao 36T
collagenase 8-l Y1 95%/5% 0,/CO, EFHAtA
ZF8loll A 17~2085<t vl gsta] Eeld 2674
FEZE 5 ml test tubese]] 1}o] Tl acetylcholine
< 10*M~10°Me] F== A 718l tk. Acrolein
1%% 718l &3 AEE A F, 4
#Hu|Zd a3 CCTV camera® A FH 3 F4-&
microscaler2 45} monitor}el|l A A Ee] Aol
& &4t

Eel" A EEL acetylcholineo] 2]3] 5% oy
o A &S BYeH o|F 1202744 +&A
HE A&t

Atropine-2- acetylcholine f-'& 438 atropine 10
MO A EE FReEHoR g on,
imipramine = acetylcholine f¥<%S atropined}
Ze AYgen FRIAEFHoR A eH,
imipramine 10°M2] AFEAMNE o5 AAE
Byth

ol el A FTH3IA £ A AHEE 21
oA 2] collagenseZ o] &-3F A X Eo]yL @
AZE YA 3t AP S At 7183
old, imipramine‘% Me] wFsgsy 2 o Al o A
atropine 2Tt T e FUA 484 AL
vebd o A=



A 023
. Wall, LL:The management of detrusor

instability. Clin Obstet Gynecol 33(2):327-77,
1990

. Kumazawa Ichikawa MR, Franco Tostado B,
Ruvalcaba Aceves R: Management of primary
nocturnal enuresis in school children with slow
learning ability : usefulness of imipramine. Bol
Med Hosp Infant Mex 47(6):390-394, 1990

. Winsberg B, Bailer J, Kupietz S:Effect of
imipramine and dextroamphetamine on behavior
of neuropsychiatrically impaired children. Am J
Psychiatry 128(11):1425-1431, 1972.

. Rapoport JL, Mikkelsen EJ, Zavadil A, Lee L,
Gruenau C, Mendelson W, GillinJC : Childhood
enuresis 1l : Psychopathology, tricyclic antidepre-
ssants concentration in plasma and antienuretic
effect. Arch Gen Psychiatry 37(10):114-115,
1980. '

. Martin GI: Imipramine pamoate in the treatment
of childhood enuresis. AM J Dis Child 122(1):
42-47, 1971.

. Kales A, Kales JD, Jacobson -A, Humphrey Fj,
Soldatos CR : Effect
enuretic fréquensy and sleep stage. Pediatrics
60(4):431-436, 1977.

. Axelrode J, Whitby LG, Hertting G :The effect
of psychotropic drugs on the uptake of 3H-

of imipramine on the

norepinephrine by tissues. Science 133:383-384,
1961.

. Sulser F, Vetulani J, Mobley PL:Mode of
action of antidepressant Biochem
Pharmacol 27(3):257-261, 1978

. Foreman MM, McNulty AM : Alterations in K

(+)-evoked release of 3H-norepinephrine and

durugs.

contractile responses in urethral and bladder

tissues induced by norepinephrine reuptake

10.

11.

12.

13.

14.

15.

16.

17.

18.

—8 3% - ol HE - ddE—

inhibition. Life Sci 53(3):193-200, 1993.
Benson GS, Sarshik SA, Raeze DM, Wein Al:
Bladder

effects and mechanisms of action and atropine,

muscle contractility : Comparative

propanthelin, flavoxate, and
Urology 9(1):31-35,1977.

Levin RM, Wein Al : Direct measurement of the

imipramine.

anticholinergic activity of a series of
pharmacological compounds on the canine and
rabbit urinary bladder. J Urol 128(2):396-398,
1982. '

Nilvebrant L, Andersson KE, Mattiasson A:
Characterization of the muscarinic cholinoceptors
in the human detrusor. J Urol 134(2):418-423,
1985.

Noronha-Blob L, Lowe VC, Peterson IS,
Hanson RC:The anticholinergic activity of
agents indicated for urinary incontinence is an
important property for effective control of
bladder dysfunction. J Pharmacol Exp Ther
251(2):586-593, 1989.

Lefkowitz RJ, Hoffman BB, Taylor P:
Neurohormonal transmission : the autonomic and
somatic motor nervous system. In Gilman AG,
Rall TW, Nies AS, P : The
Pharmacological Basis of Therapeutics, 8th ed.
Pergamon Press, New York, 1991, pp 84-121.

Esperanca M, Gerrard JW : Nocturnal enuresis :

Taylor

Comparison of the effect of imipramine and
dietary restriction on bladder capacity. Can Med
Assoc J 101(12):65-68, 1969.

Elmer M, Alm P, Kullendorff CM : Innervation
of the child urinary bladder. Sacnd J Urol
Nephrol 20(4):267-273, 1986.

Kullendorff CM,  Elmer M, Alm P: Urinary
bladder innervation in children. J Pediatr Surg
22(3):240-242, 1987.

Ross EM : Pharmacodynamics : Mechanisms of



Imipramine©] W2 AE) FE4 o nx= AR 2g— 301

durg action and the relationship between drug Basis of Therapeutics, 8th ed. Pergamon press,

concentration and effect. In Gilman AG, Rall New york, 1991, pp 33-48.
TW, Nies AS, Taylor P:The Pharmacological



302 — AL - o) FE - HEF—
-Abstract-

Effect of Imipramine on the Contractility of Single Cells
Isolated from Canine Detrusor

Chan Wook Huh, Kwang Youn Lee, Won Joon Kim

Department of Pharmacology
College of Medicine, Yeungnam University
Taegu, Korea

The objective of this study was to establish a good methodology to isolate single smooth muscle cells that are
alive and respond properly to pharmacological agents. Canine urinary bladders were employed as the source of
single cells, and acetylcholine, atropine and imipramine were used as indicators of pharmacological responsiveness.

Imipramine, an antidepressant drug exhibited the anticholinergic and calcium antagonizing properties on rat
detrusor muscle. To establish a control value for a further experiment to elucidate the mechanism of action of
imipramine on detrusor muscle, we measured the concentration-response of single cells to acetylcholine in the
presesnce of imipramine by length of the cells and compared the result with the response in the presence of
atropine.

Tiny chops of smooth muscle taken from anesthetized canine urinary bladder were incubated in collagenasé
solution at 36°C for 17-20 minutes. The collagenase solution included collagenase 1.2 mg/ml, soybean tryspin
inhibitor 0.08 mg/ml, bovine serum albumin 2% in 10 ml Krebs-Henseleit buffer solution aerated with a
consistent breeze of 95/5% 0,/CO, to maintain the pH at 7.4. After washing with plain K-H solution on 450 mesh,
cells were dissociated from the digested tissue for 12-15 minutes. Cell suspension was transfered in 5 ml test
tubes and acetylcholine was added for the final concentration to be 10*~10°M. To find the optimal time to fix
the cells to determine the contractile responses, 1% acrolein was added 5, 10, 20, 30, 60 and 120 seconds after
the administration of ACh,

The length of cells fixed by acrolein were measured by microscaler via CCTV camera on phaes-contrast
microscope. The average length of 50 cells from a slide glass was taken as the value of a sample at the very
concentration point.

Single cells were isolated from canine detrusor. The length of untreated cells varied from 82 pm to 94 pm. The
maximal response to actylcholine 10°M was accomplished within 5 seconds of exposure, and the shortening was
1943%.

Atropine reduced the contraction of the cells concentration-dependently. Imipramine which exerts a cholinergic
blocking action on some smooth muscles also reduced the contraction concentration-dependently and by a similar
pattern as atropine.

These findings document that imipramine may exerts a cholinergic blocking activity in the single smooth

muscle cells isolated from canine urinary bladder.

Key Words : Detrusor, Imipramine, Single cell



