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“OFF” Response and Its Characteristics of Guinea Pig Ureter

K.W. Hong, B.Y. Rhim, Peter Biancani and Robert M. Weiss*

Department of Pharmacology, College of Medicine, Busan National University, Busan, Korea*

Department of Surgery, School of Medicine, Yale University. U.S.A**

The in vitro guinea pig ureter responded to 5 sec trains of electrical stimuli with two
contractions; the first an “on response” (ON) occurred with 0.1~0.3sec after the onset of
the stimulus train, the second an “off response” (OFF) occurred 0.2~1.0 sec after the termi-
nation of the stimulus train. Relaxation occurred between the two responses during a time
when the stimulus was still being delivered. Longer duration and/or higher frequencies of
stimuli within the train were required to elicit the OFF than the ON. Decreasing temper-
ature from 37°C to 22°C decreased ON amplitude and increased OFF amplitude.

Cat*-free solution, 2 mM EDTA, 1 mM Mn** or 1 ¢M verapamil rapidly abolished ON. OFF
persisted when ON had disappeared by repeated stimulation at 0.12 train per sec. Convers-
ely, caffeine, 50 #M and theophylline, 10 #M abolished OFF with only slight reduction of
ON, and sodium nitroprusside decreased preferentially ON amplitude rather than OFF.
Relaxation between ON and OFF was incomplete in low Na* solution. ON and OFF were
not affected by the neural blockers tetrodotoxin, atropine or phentolamine, also pyrilamine
and methysergide, and relaxation between ON and OFF was Na* dependent. Furthermore,
ON depends on free Ca' and OFF is more dependent on bound or stored Ca**
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Table 1. Effects of varying duration and frequencies of electrical field stimulation on the develop-
ment of ON and OFF responses

W Proximal, N;6 Distal, N:6
Parameters of Stimulation ON OFF ON OFF Response

Duration Frequency Mean+S.E.M. (g)
{msec) (pulse per second)
0.5 10 0.36-0.12 —8 0.5271-0. 26 —
40 0.46--0.11 - 1.124+0.19 —
80 0.530. 10 — 1.27+0.14 —
1.0 5 0.2470.15 - 0.6370.33 —
10 0.3540.11 - 0.913-0.28 —_
40 0.50-=0.10 — 1.2940. 14 -
80 0.487-0. 11 — 1.27:0. 14 —
2.0 5 0.290.09 s 1.30%0. 14 —
10 0. 36--0. 09 — 1.3170. 14 -
40 0.40=0. 10 0.2370.06 1.291:0.13 0.83F0.27
80 0. 350,09 0.3120. 08 1. 1020, 11 1.2110.16
5.0 5 0.310.10 0.172:0.08 1.224-0.11 0.2310.14
10 0.24-0.07 0.252-0. 10 1.057-0. 10 0.4710.27
40 0.247-0.06 0.18-0. 08 0.8240.11 0.87:0.20
Note; a, OFF response was not shown in these parameters.
b, Others were 50 V from stimulator, train duration 5 sec.
Stimor Signal . Seconds
R RERNE FECE I . , N e
f L \
= <
; . .
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Fig. 1. The typical tracings of ON and OFF responses in the guinea pig ureter. Left panel shows

slow paper-speed and right panel is showing fast paper-speed which allows to determine .
the latency of both responses in seconds.

nse ¢ latency & #sbgleh. ponse 8] Wifids BH#EA FadAY BEHE vt

2.7mM K* 4% Tyrode ¥l 4 37°C = ON 1 W= ol]sld. o OFF response &= {E 7 TR ol
OFF response 8] Wg#ids 1.0620.20 2 0.782-0.13g  ©e- 1.08+0.25g 0. & |Gy 42°C 2 LiAge]
olglch, WIS 37°C oA 22°C 2 T2 #) ONres-  whehs] ON respomse = 94 & ikt ¢lgl.o) OFF
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Table 2. Effect of temperature changes on the amplitude of ON and OFF responses, which were
compared with those in the K*-free solution in the ureter.

Temperature in

. ,
muscle chamber K*, 2.7mM K*-free Tyrode’'s sol.
ON OFF ON OFF Response
Mean+S.EM, ¢
37°C 1. 06:0. 20 0.78-0.13 0.96--0. 18 1.11220. 16
22°C 0.910.18 1.08320.25 0.8310.15 1.0940.19
32°C 0.96:0. 22 0.8310.18 1.14740.26 1.20720. 20
42°C 1. 120, 22 0.237=0.08 1. 142£0. 22 0.7010. 26

La’tenby in Second

ok ; : B
24 238 32

ON-RESPONSE

OFF-RESPONSE

Fig. 2. Effect of the decrease in temperature on the latency prolongation.

Asterisks denote the significant differeneces compared with the latency of 36°C

Table 3. Effect of Ca™*-free Tyrode’s solution on both ON and OFF responses

Responses in amplitude

Conditions N (Mean+S.EM, g) Ratio OFF/ON
ON OFF
Tyrode S Sofudon, 12 1.0240. 11 0.78-0. 11 0.77--0. 08
+, »
Scﬁutiﬂr,fe Tyrode’s 8 0.33+0. 05 0. 26-0. 08 0.86--0. 26

The strips were stimulated at 9~10 min in Ca**-free Tyrode’s solution.

response &= 0.2310.08g 22 HAH Y o] EE
A 8 itk 3 Bl OFF response 7} 45 ¢ oh.

gt K*-free Tyrode ¥l 4= ON response 8] Ji
fEEEe = #Fo] d9g3x OFF response & 22°~
37°C Atolefl W Fgho] ¢lglow 42°Cel4 OFF res-
ponse = 0.70140.26 g5 Wbl glar 8 Fid 2 frjel] A
REIA . KB latency ¥ Bl&Ew A5 BEY F
o2 ON B OFF response & latency 7} Ert A
2 wmEdT 2 AEE RmHE B wsat HEelg
v} (Fig. 2).

3) & Ca** BETI nIXlE R

o] el A= normal Tyrode Wl A BEFIES
Ezesl #% Catt-free Tyrode o & w3l 9~104"
o] Aatar F BEHMELE Insled ON ¥ OFF respo-
nseth o] A9 WHEEIT A4S REE e B
s+ ok (Table 3). o= ON @ OFF response & McHi
Bk 25 mAEged B0 kg AER BTG
vh, 2@z e Catt influx & ETA7 &= Bk
A ez fEY metgs W ON % OFF res-
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Fig. 3. Effects of low Ca**-conditions on the fate of ON response.
A: After 5 min in Ca**-free Tyrode’s solution
B: At 8 min in 2mM EDTA-Tyrode's solution
C: At 3 min in 1.0 mM MnCl,-treated solution

Table 4. Effects of theophylline and sodium nitroprusside on the both responses induced by electrical
field stimulation

Responses (Mean-+S.EM,, g)

ON OFF
Control 0.9740.13 0.69+0. 14
Theophylline 10 M 0.78+0.15 0.3270. 12

a
10°M 0.7610.13 0.070.07
Control 1.06+0.25 0.53710.26
Sodium nitroprusside ~ 107*M 1.09-0. 31 0.500. 26
102 M 0. 6850, 24% 0. 53--0. 20

a: Significant difference as compared to control(p<C0.05).

ponse & (JES ZRE Esle Fig, 344 2E uf Broll = mlabsbx o] gk (Fig. 3-B, C). Rifdlv oA
3} 79}}. Cat**-free Tyrode o B ®}LF3L 5 4o] & gl 1pM verapamild] st AR 2 #HAE b

w] 0.12 train per sec & 5 &z} train pulse & jpsh Wl et

9% = 28 ON & OFF response 7} FFEHOLE . ) o
dojFort 5EZ FEGAL @i ON response = 4) Cyeclic Nucleotide FiHfnE &2 ¥R

Waa=E ek B4keEar OFF response = BH Eok A Cyeclic nucleotide {43 gl¢} A phosphodiesterase

9 EFeE R (Fig. 3-A). ole 2 BH f4%Ql theophylline 3} cyclic GMP & #in+7]
2. 2mM EDTA Z jpstAv- 1.0mM MnCl, 2 &b theophylline 3} »}R-1A 2 ¥ HigAll sodium
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Fig. 4. Effects of theophylline and sodium nitroprusside on both responses. Asterisks
denote the significant difference compared as the respective control (p<{0.05).

Table 5. Effects of several antagonists on the responses induced by electrical field stimulation

Responses (Mean+S.E.M,, g)

Drugs
ON P OFF p
Control 0.93%0.18 0.71%0.17
2x107®* M phentolamine 1.07%0.18 NS 0.6310.22 NS
107 M atropine 0.882-0.18 NS 0.68=*0.17 NS
107° M pyrilamine 0.94:0. 18 NS 0.70%0.16 NS
10~* M methysergide 0.7210.16 NS 0.6010.17 NS

The data represent the mean of § experiments.

nitroprusside & ZE-E #2s) g o} (Table 4 & Fig. 4).

10°M ¥ 10~°M theophylline & &% ¥ings ON
response & vtk BAHG oW FERF ERL ohgl
3 OFF response = §iEL 6 36 2=z #E=
600 5E A 18%R-& 2o} (Fig. 4).

3 Bl & vt A ek %2 xanthine
4-E4¢ 5%1074M caffeine 2 FRINE = 6 flh 5 6l
o] 4 OFF response & {8z vl 3l ON response
= KiEEY 4] BAE Jehgled HRke He)
= ehstg et

Z# 5 107*M sodium nitroprusside & jnsted &=}
= W ORREe] ¥ #EE X ohstglod 10 MR
BEZ Jnsleg-¢ 1 OFF response & § $#{LE it}
W= 2w ksl ON response st HE3HAl WS
A=t

5) #1& BmHEye 2R

B s i 3 M =4 107° M atropine, 2X107° M
phentolamine 3 3§ histamine #|24] 1075 M pyrila-
mine, #{ serotonin #E#H =4 10-° M methysergide &
B WO BEHS BEsIdwl vl atropine,
phentolamine %@ pyrilamine ¥ methysergide 25
ON = OFF responsed] Hjsie] f%s] FEL e}
WA ok slgl el (Table 5).

g gl = vebt 1R gk 1077 g/ml tetro-
dotoxin (TTX) ¢ fusted = 5 KfEe] 25 93
= ol EHg o

6) {& Sodium Tyrode #%2| HFE

Fig. 54| 4 2yE u}slzbe] 150.8 mM sodium o] &
42 Tyrode ol A BEeat # (Fig. 5-A) sodium
2 72 mM & HA A7 Tyrode #-2 st 30 ol
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Fig. 5. Effect of low Na* condition on both ON and OFF responses. The tracings are showing Na*-anu
voltage-dependent changes of tonus ketween ON and OFF reponses.
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