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Action of Autonomic Drugs on the Urinary Bladder
of Ditrema temmincki Bleeker
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The author studied the action of autonomic drugs on the urinary bladder isolated from Ditrema
temmincki Bleeker and the results obtained were summarized as follows:

1) The motility of the urinary bladder of the fish was stimulated by acetylcholine and physostigmine.
The stimulating action of these drugs was antagonized by atropine.

2) The motility of the fish bladder was stimulated by epinephrine, nor-epinephrine and phenylephrine,
but inhibited by isoproterenol.

3) The inhibitory effects of isoproterenol on the fish bladder was not affected by phenoxybenzamine,
but blocked by propranolol.

4) The excitatory effects of phenylephrine on the fish bladder were blocked by phenoxybenzamine, but
augmented by propranolol.

5) The excitatory effects of epinephrine and nor-epinephrine were reversed by phenoxybenzamine and
augmented by propranolol.

6) The motility of the fish bladder pretreated with phenoxybenzamine and propranolol was not affected
by isoproterenol, phenylephrine, epinephrine and nor-epinephrine.

7) It seemed that the bladder muscle of the fish had both alpha excitatory and beta inhibitory receptors.

8) The motility of the fish bladder was stimulated by nicotine and DMPP. The excitatory effects of
these drugs were abolished by pretreatment with hexamethonium or atropine.

9) It is, therefore, concluded that there are ganglion cells furnished with cholinergic fiber in the bladder
wall of the fish.
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o eldo] fEETE BEMEEEAS 30 ml BMEKS W& mu-
scle chamber o] fRHmSLn FEMFL Bl 2 ABED
<+ BIER B #RAAT. BEEA S B slol B

#7t BASY T WEHEE 18~20°C 2 #ERS I &
EWL Locke 58] KCI ¥ CaCLe B& %4 Wt
Aole =z MR g5 2 (/D.
NaCl 9. 00, KCI 0.38, CaCl; 0. 30,
NaHCO; 0. 20, dextrose 1. 00.
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Ze
1. Choline ZhEEH
Acetylcholine (acetyl choline. bromide, Sigma)
Physostigmine (physostigmine sulfate, Sigma)
2. Choline ZhgE:#4H]
Atropine (atropine sulfate,. Inland Alkaloid Co.)
3. Adrenaline ZhiE%] ‘
Epinephrine (epinephrine HCl, Sigma)
Nor-epinephrine (nor-epinephrine bitartrate, Sigma)
Isoproterenol (isoproterenol HCl, Winthrop Labs.)
Phenylephrine (phenylephrine HC], Sigma)
4. Adrenaline %h5E3f 858
Phenoxybenzamine (phenoxybenzamine HCl, Smith
Kline & French Labs.)
Propranolo! (Ayerst Labs. Inc.)
5. BEMRE BEH
Nicotine (nicotine hydrogen tartrate, Carl Roth-
Karlsruhe)
DMPP (dimethylphenylpiperazium, Parke, Davis &
Co.)
5. BT M
Hexamethonium (hexamethonium chloride, K & K
Labs.)
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1. 2atof BbEo #8t Choline Zh8ERIS #H
wkate] [ERtell 1077 g/ml acetylcholine & fifi 7] d

Fig. 1. Tracing of the mavements of the isolated urinary
"~ " bladder from Ditrema temmincki. At the dot,
1077 g/ml acetylcholine applied. The time inte-

rvals: 1 min.
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Fig. 2. Tracing of the movements of the isolated urinary
bladder from Ditrema temmincki. At the dots,
107° g/ml acetylcholine and 10-5 g/ml atropine
applied, respectively. The time intervals: 1 min.

HEEB] EREL 20 8k BEE LRSS
1ED. 107° g/ml e} EEdAL: BE LA —F EE
o, RENE Bins T RIEL RO 108
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whake] Sl %14k physostigmine & {EAIE acetylch-
oline 8] fEAz A9 F—3s}gdern 107 g/ml physosti-
gmine & BHT BE LA BIELEAE Jor 1075
g/ml physostigmine -2 FIZIf0Sl 3REM: MiEs Bigst
SFGE 3 ED.

2. Aol BEBEON ¥3t atropine &}

1075~10"% g/ml atropine & =abo] ERLS] HEBHEE)
o 2 BEE T2 oh sty 4 ED.

3. Choline ZhREH|0| %45t atropine 2} EiER

Aoy BBt 107% g/ml acetylcholine =& 10~5 g/ml

Fig. 3. Tracing of the movements of the isolated urin-
ary bladder from Ditrema temmincki. At the
dots, 10~° g/ml physostigmine and 10~° g/ml
atropine applied, respectively. The time inter-
vals: 1 min.

Fig. 4. Tracing of the movements of the isolated urinary
bladder from Ditrema temmincki. At the dot,
107% g/ml atropine applied. The time intervals:
1 min.

physostigmine & #8iste] #FigR EHITHEL 1075 g/ml
atropine ZRjnefl kst HiZIMe = ME=Ed9GE2

Fig. 5. Tracing of the movements of the isolated urinary bladder from Ditrema tzmmincki previously treated
withT10™® g/ml atropine for 20 min. At the dot, 10~° g/ml acetylcholine applied. The time

intervals: 1 min.
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Fig. 6. Tracing of the movements of the isolated urinary
bladder from Ditrema temminqki previously trea-
ted with 10~% g/ml atropine for 20 min. At the
dot, 10-5 g/ml physostigmine applied. The time
intervals: 1 min,

Fig. 7. Tracing of the movements of the isolated urinary
bladder from Ditrema temmincki. At the dot,
10-® g/ml epinephrine applied. The time inter:
vals: 1 min.

Fig. 8 Tracing of the movements of the isolated urin-

ary bladder from Ditrema temmincki. At the
dot, 1077 g/ml nor-epinephrine applied. The
time intervals: 1 min.

3E). = K¥&E 10°% g/ml atropine 0 & FEEI B
BEell 1076 g/ml acetylcholine X=X 1075 g/ml physostig-
mine & (FAAAE o8 Fye) FUEfFAS B
bl et ES 2 6 ED.
4. 2HA0| EEBEGE £t adrenaline SWREH| 2] {FRI
a) Epinephrine, nor- epmephrme 9l phenylephrine
o fEH
=}-ate] BERKO] 1078 g/ml epinephrine ¥ nor-epineph-
rine & {EAAYI Y W% 2 BEE BHT BEE

Fig. 9. Tracing of the movements of the isolated urinary
bladder from Ditrema temmincki. At the dot,
107® g/ml epinephrine applied. The time inter-
vals: 1 min.

Fig. 10. Tracing of the movemen:s of the isolated uri-
nary bladder from Ditrema temmincki. At the
do:, 107® g/ml phenylephrine applied. The
time intervals: 1 min.

F3 REEENE BERsg-EE7ED. 1077 g/ml epi-

nephrine ¥ nor-epinephrine 2 #HsIY L ool &= BE

LB o REH G —F BEESG o (B 8E), 107°
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fiEg EEshAeHCE 9 ).

Phenylephrine ] =4k} Bl # fFA-E B 5
el gt £4 BEetgd om 107%/mle] BEEA A&
HEEE & g7 gele 1077g/ml A= EEES
FAE L Asl BB Einrt deldh 107%/ml oAl &
FR LR Y EBRENT —‘@ B e GE 10 ED.

b) Isoprmerenol SL4¥ fﬁ
Tsoprotegeact & ol Bbtel Bl ML

SR B 107%/ml o] EGA L BHT BEMT

E Rola 1077g/mld| A& BRRETY —BiHEEEL
7t Aol i (8 11 @D, 10°%/mll A= Azl BE
BTl EBFILE Yebiglch
5. TEAO] BEBEOI ¥f5t adrenaline ZiBEEISNIIS! (653
a) PhenoxyBenzamineQ] fEH
wkAle] kel 10'sg/ml phenoxybenzamine & £ A}
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Fig. 11. Tracing of the movements of the isolated uri-
nary bladder from Ditrema temmincki. At the
dot, 1077 g/ml isoproterenol applied. The time

intervals: 1 min.

Fig. 12. Tracing of the movements of the isolated uri-
nary bladder from Diirema temmincki. At the
dot, 1077 g/ml phenoxybenzamine applied. The
time intervals: 1 min.

Fig. 13. Tracing of the movements of the isolated
urinary bladder from Ditrema temmincki. At
the dot, 107% g/ml propranolo! applied. The
time intervals: 1 min.

A el o HEER 2 2o 93 107%g/mle] A
= Btk = BT BSE LA IR B 4o
W 128D, 107%/mlol A& BUEER 5 REIEE
e —F EFESYE
b) Propranolol ¢} {EH
1077z/ml propranclol & =}Ale] RERKS] HZZEBS &

Fig. 14. Tracing of the movements of the isolated ur-
inary bladder from Ditrema temmincki previo-
usly treated with 1077g/ml phenoxybenzamine
for 20 min. At the do:, 10~7 g/ml isoproterenol
applied. The time intervals: 1 min.

Fig. 15. Tracing of the movements of the isolated urin-
ary bladder from Diirema temmincki previously
treated with 10~7"g/ml phenoxybenzamine for
20 min. At the dot, 1077 g/ml phenylephrine
applied. The time intervals: 1 min.

FES TR op3gx, 10°%/ml propranolol & #F
o] REFRADE Bishgom (8 13 @D, 107° g/mld]
A BB BLE —F EESCL
6. Adrenaline ZJREFIO #£i8t adrenaline HREEEER)
ol ¥HfeR
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¥I3 adrenaline ZhREHIS] (EH
o] Hhuoll glol A= whale] B3 10772/ml phenoxy-
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Isoproterenol FINEFl = IEFEEM] 10-"g/ml isoprot-
erenol & fEMAAIZE =iel ol AIZIHNQL BRRMT O}
SEEHE L Aol Web (G 14 D). Phenylephrine %5 el
= EFEEM 1077z/ml phenylephrire & fEHA 2 & of
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Fig. 16. Tracing of the movements of the isolated uri-
nary bladder from Ditrema temmincki previo-
usly treated with 107 g/ml phenoxybenzamine
for 20 min. At the dot, 10~7 g/ml epinephrine
applied. The time intervals: 1 min.

Fig. 17. Tracing of the movements of the isolated
urinary bladder from Ditrema temmincki previo-
usly treated with 1077 g/ml phenoxybenzamine
for 20 min. At the dot, 10~7 g/ml nor-epine-
phrine applied. The time intervals: 1 min.

S} & EFHUES Ao VA ¥ MREE Bt 6%
Egpe = oMb glel fomtel iEE gk (88 15 ED.
epinephrine I - nor-epinephrine G e &= IEE D] A
& w}g} z+L epinephrine ¥ nor-epinephrine & JTHE(E
e vEhA g £vle] REBTS RBB WO/
dei el (GE 16 | 17 [ED.

#uE5l%] phenoxybenzamine FiFEE] f#Kdld
Eghtell #3L isoproterenol &) HIfE AL & HES x|
AV B £4 b=, phenylephrine & FLiEfE
2. ¥#44:5] 7. epinephrine ¥ nor-epinephrine &| FL¥EfE
£ HE= gl

b) Propranolol & FiEET Aol EEhtd] #H
adrenaline ZHRERIS] A

o] EEel slelAl = Aol BERES 1077g/ml propra-
nolol & 20 4R BRI #% 10 7g/ml isoproterenol, phe-
nylephrine, epinephrine W nor-epinephrine 2 &% ¥
9o |

Isoproterenol 7 fnisoll & ERBEMN =& phenoxyben-

o]

Fig. 18. Tracing of the movements of the isolated uri-
nary bladder from Ditrema temmincki previou-
sly treated with 10~7g/ml propranolol - for 20
min. At the dot, 10~7g/ml isoproterenol appl-
jed. The time intervals: 1 min,

Fig. 19. Tracing of the movements of the isolated uri-
nary bladder from Ditrema temmincki previo-
usly treated with 10~7g/ml propranolol for 20
min. At the dot, 1077 g/ml phenylephrine.
applied. The time intervals: 1 min,

Fig. 20. Tracing of the movements of the isolated uri-
nary bladder from Ditrema temmincki previo-
usly treated with 10~7g/ml propranolol for 20
min. At the dot, 10~7g/ml epinephrine applied.
The time ‘intervals: 1 min.

zamine RiREREREN A £ wlel & MWHIEHLS JeR
A 93 propranolol FIEEBERES] HBEE = & #
17t 141+ (& 18 (). Phenylephrine, epinephrine. o
nor-epinephrine § &% HiNS L& dde =%/ =
o] AlZIfyQl R LH=l RIERD 2 BB Einvl ¢
o] b3 19, 20 W 21 @D.



—Wan Soo Bae: Action of Autonomic Drugs on the Urinary Bladder of Ditrema temmincki Bleeker— 111

Fig. 21. Tracing of the movements of the isolated uri-
nary bladder from Ditrema temmincki previo-
usly treated with 10~7g/ml propranolol for 20
min. At the dot, 107’g/ml nor-epinephrine
applied. The time intervals: 1 min.

Fig. 22. Tracing of the movements of the isolated uri-
nary bladder from Ditrema temmincki previo-
usly treated with 10~7g/ml phenoxybenzamine
+410~7g/ml propranolol for 20 min. At the
dot, 107"g/ml isoproterenol applied. The time
intervals: 1 min.

Fig. 23. Tracing of the movemen?s of the isolated uri-
nary bladder from Ditrema temmincki previo-
usly treated with 10~7g/ml phenoxybenzamine
+10~7g/ml propranolol for 20 min. At the
dot, 1077g/ml epinephrine applied. The time
intervals: 1 min.

P58l propranolol FEiE] {K3le] whate] BEbE)
#}3) isoproterenol ¢] H4%IfE & %}44%) 7 phenylephrine,
epinephrine & nor-epinephrine & JLHEfEFE-& 3RS ¢
=},

Fig 24. Tracing of the movements of the isolated uri-
nary bladder from Ditrema temmincki previo-
usly treated with 10~7g/ml phenoxybenzamine.
+10~"g/ml propranolol for 20 min. At the
dot, 10~ 7g/ml nor-epinephrine applied. The
time intervals: 1 min.

Fig. 25. Tracing of the movements of the isolated uri-
nary bladder from Ditrema temmincki, At the:
dot, 10~%/ml nicotine applied. The time inter-
vals: 1 min.

¢) Phenoxybenzamine+ propranolol & RijpEES =FAF
o] [BERtel] ¥}3: adrenaline ZhREHIS] /A
10~"g/ml phenoxybenzamine+10~"g/ml propranolol &
20 5[ WIERE WAe] BEbtel 1077g/ml isoproterenol,
phenylephrine, epinephrine % nor-epinephrine & &5 jnsH
2 RS ol YA BEHERC T 844kt gl G
22, 23 ¥ 24 [@&D.

#1538} phenoxybenzamine +propranolol R & %ol
+ EEEB A & isoproterenol 8] #M4&IfEH, phenyle-
phrine, epinephrine % nor-epinephrine ¢} JT#E{ERE-E /)
@ phenoxybenzamine BIREEREN A4 £ epinephrine
gl nor-epinephrine & H{EHE HIFE R ol slg et

7. EAO] ESBEOl 8 AEREE EERC| £R

whake] BEReel 1077g/ml nicotine & #eHshd BRI
B LR RIEEAST 4o sk 107%/ml nicotine &
#mabd —RE BELA 2 RERDSE BgE ) 4~
54 thele EFEe g #Es g oHCE 25 ).

B el 1077g/ml DMPPE fEHA 715l HEE
o) Rigel &4 X Welx 10-5%¢/ml DMPP £ fF
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Fig. 26. Tracing of the movements of the isolated uri-
nary bladder from Ditrema temmincki. At the
dot, 10~5g/ml DMPP applied. The time inter-
vals: 1 min.

Fig. 27. Tracing of the movements of the isolated uri-
nary bladder from Ditrema temmincki. At the
dot, 107%g/m! hexamethonium applied. The
time intervals: 1 min.

Fig. 28. Tracing of the movements of the isolated uri-
nary bladder from Ditrema temmincki previ-
ously treated 10~%g/ml hexamethonium for 20
min. At the dot, 107%g/ml nicotine applied.
The time intervals: 1 min.

Fig. 29. Tracing of the movements of the isolated uri-
nary bladder from Ditrema temmincki previo-
usly treated with 10~%g/ml hexamethonium for
20min: At the dot, 10~%¢g/ml! DMPP applied.
The time intervals: 1 min.

Trcing of the movements of the isolated uri-
nary bladder from Ditrema temmincki previo-
usly treated with 10-%g/ml atropine for 20 min.
At the dot, 10~%g/ml nicotine applied. The
time intervals: 1 min.

AR ol s BED BELAS RIEEO7T Lol
(55 26 @D.

8 BhAtO BERBEOl 2i8H hexamethonium 2| 5

ko] BEREol 10-7g/ml hexamethonium - #iEds}s
O gEESe] E 8krl ¢l3la 107%/ml hexamethon-
ium & B REH WA ol Weh(E 27 @D,

9. BEWHEMEEL0 43 hexamethonium

atropin 2| $EH{ER

107%g/ml hexamethonium ¢ 2 20 4R RMEESS 4
o} BEBtel 107%g/ml nieotine ¥ 107%/ml DMPP & %
£ Hng ool = EERENRS A Ege & Bt
AslthGE 28 9 29 ED.

% 10-%g/ml atropine 2 2 204 WFEES BEbt

Fig. .

Fig. 31. Tracing of the movements of the isolated urinary bladder from Ditrema temmincki previously with
1075g/ml atropine for 20 min. At the dot, 10~g/ml DMPP applied. The time intervals: 1 min.
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107%g/ml nicotine =& 1075%g/ml DMPP & #iinstel =

AEEE 2 LS A Zaa9G 30 2 31ED.
#4531 nicotine 5 DMPP ¢ SEFHTTHEEH-S hexa-

‘methonium ¥ atropine Fijpg&Ee] Kkl 5= o).

% 2

Bl =Habel BEBES) HREE)->
cholinesterase §] physostigmine o] {£3le] YrEEHz o]
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] ISl cholinergic nerve 7} #¥#£3}), cholinergic
Fske Zlolvt

epinephrine, nor-epinephrine

acetylcholine & anti-
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gt Zolvl. Bl EEEAYC 2 beta receptor &
IEFBMG (FRste e do
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Bl ket WEE WA $b& Aol™  beta receptor S
843t & propranolol B 44l = o SRR Ao HiXs}
X 2E Aolvh, KEE BEBHYOZ alpha receptor =
phenylephrine -& T #BEATo TEHET Ik
S 9o Aol alpha receptor & phenoxybenzamine
L2 BT thele 2 fEMe) vhelvx] &2 Aeld,
beta receptor & propranolol 2 543 %o EEEld
-alpha receptor o] $3t fEH A UkiEfEHo) iEg < %
Kot Aok = £ = alpha receptor of] & Hs}
beta receptor ol & {Efi%t}&= epinephrine Y norepine-
IE% BERkiel #slte Jt#moz fFHT A
©] i phenoxybenzamine fEF#%  El alpha receptor = %
=] 5L beta receptor vko] HAET o= MHAY o R {F
A% Aelrl. K¥ta propranolol BEE! #% BN beta receptor
< ##5] 3 alpha receptor ulo] 7% o ol] epinephrine
2 norepinephrine € #%HEIE 7. FTHEME o] R o
vhebg Aol .
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activate 3}
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7] 3. alpha receptor

-activate &=

phrine &
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terenol 8| FIFIfEFAE HiBHA ohistgeh o] AE
#k3 adrenotropic receptor mechanism o] ®] &o] sk
fEgeba A Ao

upabe] EEBEARS FEEEE)S] #H3led nicotine W DMPP
= JUERe R fEAStY . o] JUME/EMA-S hexamethon-
ium =& atropine 2. FIEEIT BMAAE dolux
ol atgel. o] HEL WAkl EEREEEAY] posiganglion
fiber 2.4 chohnergw fiber & 7} ganglion cell o] F4E
IS St Aolrl. o] ganglion cello] nicotine =
DMPP o] f&ks}te] E7ES
ending o] 4] acetylcholine -2 WBEA) A KA EES 7T
#A 7 etz A4l 78 =8 nicotine ¥ DMPP ¢
ST &,
X1 atropine © & cholinergic nerve ending -2 #f#53+
tholl = mBistx) 2 Aoleh

=

3L, o] BZo] cholinergic nerve

JUHEE RS hexamethonium © &  ganglia &

i

O S FArel BERES] BEEE)-S acetylcholine ¥
physostigmine of] f#&sted FoifEE Gt ol =9 JTHEER
£ atropineof] {K3led FEH=E I}

@ w}atol BERrEE)-S epinephrine, nor-epinephrine %
phenylephrine of] {&3}s] JL#S 3 isoproterenol of &3}
o] HIHI= 3l

@ walo] HEEFo]l ¥I3F isoproterenol ] HIEIfERE-&
phenoxybenzamine FjE&Eel] fRele] HES wkx] %dx
propranolol FEE] #ste] = ).

@ el BBk B phenylephrine 8 TR &
phenoxybenzamine FiEE] Kt 8=
AEE fkete] W= o

® Ak EEitel #3) epinephrine 2 nor-epinephrine
8 JLE(EE-L phenoxybenzamine o] fk3te] =] w
propranolol FigE&Eel #sle] = gl

® Phenoxybenzamine+ propranolol 2 RiEETF W4ke]
BEREEE)-S isoproterenol, phenylephrine, epinephrine %
nor-epinephrine of] {&3le] &S x| ol 3l v}

@ wpAkel EERtASel = alpha excitatory adrenergic rec-
eptor £} beta inhibitory adrenergic receptor 7} F7E3ke).

wRAlo] BEREEE) S nicotine El DMPP o] {K3}e
JoESE el o] 59 JTHE{EA-S hexamethonium, =&
atropine §jEE kate] Hgh= ok

@ Ao BEREERC] =
glion cello] FAEgtlz BoRixc}

G Hgeell glol Al A5 fREs] 524 L Eﬁf?ﬁ_% 4

s ke

Mel R4 & AR wEds BT 8
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propranolol

cholinergic fiber 2 7}=] gan-
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