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Abstract

The mechanism of manganese (Mn’")—induced contraction was studied in
1solated ileal longitudinal muscle of guinea—pig. MnClg (1%107% to 5x107* M)
causced a transient contraction which subsided within approximately 6 min ol
application. The contraction was reproducible and dependent on the concentration.
The dose—response curve was hell-shaped. A maximal response was observed at
concentration of 5x107% M. The contractile effect was inhibited to some degree at
200 C or by tetrodotoxin (0.1gg/ml), hyvoscine (0.1pg/mil) or hexamethonium
(10pg/mi), but completely inhibited by Ca®'—removal from the medium,

Mn? increased the output of [ ]—acetylcholine biosynthesized from ~M(7—
choling by the preparation depending on the concentration. The inerease ter-
minated within the first 6 min and was reduced by tetrodotoxin (0.12g/mi) or by
removal of Ca® from the medium. Both the contractile and transmitter releasing
effects of Mn?" were dependent on the concentration of external Ca*". Strontium
1ons were able Lo replace Ca®' for Mn®' induced transmitter release.

It 15 suggested that Mn?' contracts ileal longitudinal muscle through a release
of cholinergic transmitter from the parasvmpathetic nerve terminals, which is
dependent on external Ca®'. 1L also has a smaller hyoscine—resistant contractile

ellect, presumably due Lo a direcl action on smooth muscle cells,

1ons, nickel 1ons, copper 1ons, zine ions and

Introduction .
Mn*" are reported to produce a contraction in
Manganese 1ons (Mn®7) are known to have guinea  pig ileal muscle preparations® 1940
an inhibitory action on mechanical response 1n Cadmium 1ons (Cd*") also have been found to
smooth musele preparations by various spas have a similar action on smooth muscle, and
mogens® 920 Of heavy metal ions, cobalt 1t has been suggesled thal they act by increasing
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release of endogenous acetylcholine from
cholinergic nerve terminals! .

The present mvestigation was carried out to
elucidate the effect of Mn?" an the mechanical
response 1in ileal longitudinal muscle of
guinea-pig. The effect of Mn?* on the release
of transmitter from ileal longitudinal muscle
preparations was also investigated in relation

to external Ca?" concentration.
Materials and Methods

Heal longitudinal muscle (ILM) was 1solated
from male guinea-pigs of the Hartley strain
(average weight 300g) by the methods described
by Paton!" ' The longitudinal muscle layer
was separated [rom the underlving circular
muscle by stroking it away [rom its mesenteric
attachment not only at the upper end but along
the whaole length (10 to 15 cm) of the portion of
tleurn beginning 10 em ahave the ileo-caecal
junction. ILM was fixed vertically between two
hooks on a holder and set up under, a loading
tension of 0,1g in a 20m/ organ bath containing
Tyrode solution with the following composition
(mM): Nu 148.7, K 2.7, Ca 2.5, Mg 1.0, C1 143.8,
HCOy 11.9, 801, 1.35 and glucose 5.5. The solu-
tion was gassed with a mixture of 5% COz and
95% Oy for at least | hr before use and also
during the experiment, and kept at pH 7.2 under
oxygenation and 377 . The mechanical re-
sponse was recorded 1sotomenlly by an 1sotonic
transducer (Natsume Ltd).

Acetylcholine (ACh) output [rom cholinergic
nerves of LM was determined by means of
radioassay of ["“C]-ACh biosynthesized from
[ ]—choline. LM was incubated with [MC]—
choline (8x107% M, specific activity, 67 mi/
mM) lor 80 min in Tyrode solution containing
physostigmine (Phys, 1x107" M). For the next
&0 min, the incubated 1LM was washed 6 times
at 10 min intervals with 50 m{ of ["C]-choline
free solution contaiming Phyvs. After washing,

the incubated [LM remained for 6 min in 3 m{

of Phys-Tyrode solution, and the external me-
dium was collected for counting. Pretreatments
with tetrodotoxin (TTX) or low Ca?t and re-
placement of Ca®" with strontium ions (Sr?t)
were performed during the 80 min washing
period and the following 6 min incubation
Mn?* was applied during the 6 min
[*C7-ACh in the medium

was 1dentified by chromatography and deter-

period,

icubation period.

mined hy a method similar to that described by
Por1er'™, and its content was presented as d
min ! g7 wet weight of ILM.

Drugs used were: manganese chloride (Ko-

{Sankyo);

hyoscine hydrobromide, hexamethonium chlo-

kusan Chemicals); tetrodotoxin
ride, choline chloride and physostigmine sul-
phate (Wako Pure Chemicals); acetylcholine
chloride (Sigma); '""C—choline chloride (NEC—
141, choline chloride, [methyl—**C], 1 mCi/3.0
mg 1n 5.0 m/ ethanol solution, New England

Nuelear Corp.)
Results

Effect of Mn®" on mechanical response in
ileal longitudinal muscle of guinea-pig : Guin-
ea-nig ILM used in lhese experiments main-
tained a stahle contractile activity in hypertonic

40 mM potassium chloride solution (H40K) for

W W

% :

3 mm
- . .

HAUK M THOK
1 min

Fig. 1 Effects of Mn?" on mechanical response
and hypertonic potassium chloride so-
lution (H40K)—induced contraction in
ileal longitudinal muscle of guinea-mg.
Mn#, manganese chloride (1x10° 5 M)
W, preparation washed. This concen-
tration of Mn®* did not reduce the
response to [TA0K (ef. Fig, 2)
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Mn®*-induced contraction in ILM 11

at least 4 hr. Mn®* (5x107° M) caused a tran-
sient contraction which subsided within 6 min
(Fig. 1). The transient contraction reached a
maximal level within the first 1 to 2 min. The
effect of Mn®* was reproducible and dependent
on 1ts concentration. Dose-response curve to
Mn®* is presented in Fig. 2. The contractile

effect of Mn®" is vresented as a percentage of

e

ve cuntraction (72

i (i i 1

2
luogr M eoncentration ol Mn

Fig. 2 Dose-response curve to Mn®* (O for
effects on mechanical response and
effects of Mn** (@) on hypertonic 40mM
potassium chloride  (H 40 K)-induced
contraction in ileal longitudinal muscle
of guinea-pig. All the contractile
effects of the agents are expressed as &
percentage of the maximal response
induced by 40K in normal Tyrode
solution; vertical bars show s.e. mean
of 10 experiments.

the maximal level of the H40K-induced con-
traction in normal Tyrode solution, The Mn®*-
induced contraction appeared at a concen-
tration of 1x107° M and reached a peak with
5% 1077 M.

decreased at concentrations over 1x107'M,

However, the contractile response

The dose-response curve was bell-shaped, Mn?*
in higher concentrations ranging from 1x107*
to 1%107° M, reduced the H40K-induced con-
traction depending on its concentrations,
Effects of lowering temperature and neural
or cholinoceptor blockade on Mn“*-contraction :
At 20°C, the Mn?*-induced contraction was
completelv inhihited (Table 1), Lowering the
temperature also significantly reduced the
HA40 K-contraction to 752 2.1% of control (PP <
0.05), but did not affect the contraction induced
by ACh (3x107%M)., TTX (0.1pg/ml sig-
nificantly reduced the Mn**-contraction to 11+
3.7% (P<0.01), but did not affect the 1140K-

and ACh-contraction. The Mn®'-contraction

was significantly reduced to 6412.56% (P <
0,01} in the presence of hexamethonium (Cy,
1022 2/m{) which did not affect the H40K- and
ACh-contractions. Hyoscine (0.1 gg/ml) com-
pletely inhibited the ACh-contraction and sig-
nificantly reduced the Mn*T-contraction to
35+4.5% (P<0.01), but did not affect the

Table 1 Effects of lowering temperature (20°C), tetrodotoxin (TTX, 0.1pg/m{), hexamethonium
(g, 10pg/mi), hyoseine (0.1 gg/mié) and Ca®* —removal from the medium on musgcle
contraction induced by Mn*" (1> 10°° M), acetylcholine (ACh, 3% 1078 M) or hypertonie
40 mM potassium chloride solution (H40K) in guinea—pig tleal longitudinal muscle,

Contraction to each stimulant relative to control response (%)

Treatment e ——

ACh H40K

Mn#*
20°C Complete block 103%E1.5 e A
TTX 11 B, T 102+£2.7 Y+ 2.4
Cs G 2, bF* 99t 1.3 95438
Iyvoscine g o Commplete block 9725

Ca* —removal Complete block

Complete block Complete block

All the treatments wilh inhibitors were applied 30 min belore addition of siimulants. lach value
represents the mean®s.e. for 8 experiments. The tonie component of the ACh—contraction was
measured. *Significantly different from control, p< 005, **Significantly dilferent from control,

p« 0,01,
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H40K-contraction.  Higher concentration of
hyoseine (10 gg/m i)
traction to 2943.0% (P < 0.01, N=86).

a resting tension of 0.1g, removal of Ca®"

reduced the Mn®*-con-

Under

from the medium reduced spontaneous me-
chanical activity, and Ca®* readdition (2,.5mM)
restored the spontaneous activity. Removal of
Ca®* from the medium completely inhibited the
Mn®*- and H40K-contraction and the tonic
component of the ACh-contraction. A simu-
ltaneous application of Mn®* (Ax107° M) and
Ca®* (2.5 mM) restored the Mn®*-contraction.
Bffect of Mn** on ["(CJ-acetylcholine output
from 1leal longitudinal muscle: As the neural
and cholinoceptor hlocking agents inhibited
Mn®*-contraction, the effect of Mn®* on [MC]-
ACh output from ILM was examined. ILM

lvaded with ["C-choline was incubated with

/+
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-ACh output d |',1m'1 ,_g'] wel wi, x 1077
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Inenhation period (i

Elfects of Mn“* on [ CJ-acetylcholine
([(MC]-ACh) output-incubation period
curve in ileal longitudinal muscle of
guinea-pig. In an experiment de-
termining | "C]-ACh output, 10 per-
parations were incubated simulta-
neously, and 4 experiments were carried
out: (€1) control; (@) inthe presence of
Mn®® (1 % 107°NM); vertical bars show
g.e. mean of 4 experiments.

Fig. 3

or without Mn** (5x107°M) for 6, 12, or 24
min. The amount of ["C]-ACh output from
ILM is expressed as d min~! g~! wet weight or
tissue (Fig. 3). ["“CJ-ACh output increased
linearly with incresse in incubation period in

* increased the [*C]-

the control solution. Mn*
ACh output and caused a parallel shift of the
curve to the left (Fig, 3). The increased
amount of [""01-ACh released by Mn®** was
almost the same in each incubation period.
This

transmitter release terminates within the first

shows that Mn‘*-induced increase 1in

T

T

]
M6 ACh output (d min 5! wet wt. x 1679

€ Contrac
P

Rela’

!

:
log M concentration of Mn”® !

Dose-response curve to Mn*t for the
effects on [MCJ-acetylcholine ([*C]-
ACh) output (H), on mechanical
response ((2), and on hypertonic po-
tassium chloride (H 40 K)-induced con-
traction (@) 1in 1leal longitudinal
muscle of guinea-pig. In an experiment
determining T'""C1-ACh output, 10 pre-
parations were incubated simulta-
neously, and 4 experiments were carried
out: (1) contral output of [MCl-ACh
for 6 min incubation period. For the
results of TY(C1-ACh output, vertical
bars show s. e. mean of 4 experiments;
in the resulte of mechanical response,
vertical bars show s. e, mean of 10
experiments.

Fig. 4
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6 min. Thisis consistent with the time course
of the Mn®*-contraction,

Fig. 4 shows the effect of Mn®* on the average
["*C1-ACh output for 6 min incubation period.
Mn** in concentrations ranging from 1x107°
to 1x107* M increased the output of [MC]-
ACh depending on the concentration. The
['*C]-ACh output was increased by Mn®* in
concentrations which inhibited the contractions
induced by Mn®* itself and H40K (data not
shown). It seems that the ACh releasing effect
of Mn?* can be dissociated from the inhibitory

effect of this agent on muscle contraction.
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Effects of external Ca®' concentration
on spontaneous output of [YC -acet-
ylcholine ([MC]-ACh) (), on Mn**-
induced increase in ["(C]-ACh output
(@), on Mn®*-induced contraction (H)
and on ACh-induced contractiyn (1)
in ileal longitudinal muscle of guinea-
pig. In an experiment determining
[C)-ACh  ouatput, 10 preparations
were simultaneously incubated, and
1 experiments were carried out; [or
the results of [MCJ-ACh output,
vertical bars show s.e. mean of 4
experiments ; for the results of me-
chanical response, vertical bars show
s.e. mean of 10 experiments. The tonic
component of the ACh-contraction was
measured,

Fig. 5

Effects of tetrodotoxin, external Ca®* or Sr'*
on Mn®*-induced acetylcholine release: Pretre-
atment with TTX completely inhibited the ACh
This effect of TTX

was consistent with its inhibitory effect on the

releasing effect of Mn®*,

Mn?*-contraction.

Fig. 5 shows the effects of external Ca®’
concentration on the Mn®*-induced increase in
M071-ACh output and also on the contractions
induced by Mn®** and ACh (5% 107*M). Removal
of Ca®" decreagsed the spontsnecus resting
[MCI-ACh output to approximately half that
of the contral, ["(1-ACh output maintained a
steady level in the presence of Ca?* ranging
from 0.5 to 5.0 mM. Removal of Ca*' from
the medium complelely inhibited the ACh
releasing effect of Mn®*. Tlowever, in the
presence of Ca®* (0.5 to 2.6 mM), Mn®* linearly
increased the ["C]-ACh output depending on
Ca®" concentration. This effect of Mn** reached
The Ca?t

dependency of the Mn®“-induced increase in

; P o
a maximal level at 2.5 mM Ca®*.

TMC-ACh output was consistent with the
Mn?*-contraction depending on external Ca®*
concentration. The tonic component of the
ACh-contraction maintained a steady level in
concentrations of Ca®* over 0.5 mM.
Equimolar replacement of external Ca®*
with Sr®* slightly decreased the [''C7]-ACh
output but this was not statistically significant.
Although Mn®* increased the [ C]-ACh output
approximately three fold above the control
output 1n normal Tyrode solution, this effect
was reduced to an approximately two [old

increase by the replacement with Sré*. It seems

* in the Mn®*-induced

that Sr°* can replace Ca’
increase in transmitter release, out that Sr** 1s

less effective,
Discussion

We observed that Mn®" produced a transient
contraction in [LM. This effect of Mn’* was

inhibited to some degree by lowering the
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temperature or by the application of TTX,
hexamethonium or hyoscine which suggests
that Mn?" has its main effects on the choli-
nergic innervation of the ILM. 'This was
confirmed by experiments in which the effects
of Mn®* on transmitter release were examined,
The contraction and the increase in transmitter
release induced by Mn®' were transient and
gsubsgided within the first 6 min, suggesting the
possibility that the contraction is brought
about by the transient increase in transmitter
release. A smull part (approximately 30%) of
the Mn®*-induced conlraction was resistant to
hyoscine (0.1 or 1gg/mil) which completely
inhibited the ACh-contraction. It is possible
that Mn** acts directly on smooth muscle. We
have already demonstrated that the Cd**-
induced contraction 13 evoked by an increase
in the output of endogenous ACh from LMY,
The mode of Mn“'-induced contraction was
gimilar to that of Cd**-induced contraction.
The dose-response curve of the effect of Mn**
on the mechanical response was bell-shaped.
In higher concentration, Mn®™ reduced the
contraction induced by itsell, ACh or H40K.
Nevertheless, Mn®" increased ACh release,
Mn** has been shown to inhihit muscle contra-
ction in intestinal smooth muscle by inhibiting
Ca®* influx™'™. The inhibitory effect of Mn®*
on the mechanical response ohserved in the
present experiments is also possibly due to its

direct action of inhibiting Ca**

influx essential
for the contractile machinery.

TTX inhibited the ACh releasing effect of
Mn?*.

bility by reducing Na spikes

TTX is known to inhibit nerve excita-
12)  while not
inhibiting action potential generation at the
motor nerve terminal'™. However, no infor-
mation coneerning the action ol TTX on nerve
terminals of the parasympathelic system is
available'™ | and the inhibitory effect of TTX
on the transmitter releasing action of Mn®*

cannot be explained from the present data.

Spontaneous resting  ACh output was mnot
significantly reduced by TTX. This is incon-
sistent with a finding by Paron et al.'® which
was obtained with a 100 fold higher concen-
tration ol Phys than in the present experiments.
ACh release has been reported to be promoted
by Phys itself®).

Phys, spontdneous release of ACh may be

At higher concentrations of

maintained at a higher level which would be
sensitive to TTX.

The Mn®*-induced contraction was dependent
Extra-

is well known to be essential for

on the external Ca®" concentration.

cellular Ca
transmitter release {rom motor nerve termi-
nals” and parasympathetic nerve terminals’ '™
and for muscle contraction. It seems that Mn®*
cannot replace Oa®" in its effect on transmitter
release.  The present experiments indicated
that the ACh-contraction was maintained at a
steadv level in the presence of Ca®* ranging
from 0.5 to 5.0 mM, suggesting that the re-
sponse of LM to ACh 1s almost constant in

21t s, therelore,

these concentralions of Ca
possible that the Ca’*-dependency of the Mn**-
contraction is due to the Mn®*-induced increase
in transmilter release. The contractile effect
and the transmitter releasing effect of Mn**
were maintained at a maximal level in external
Ca’" concentrations above 2.5 mM, suggesting
the possibility that Mn®" fully activates the
process of transmitter release at these Ca®*

N A4

levels.  According to the Ca®" hypothesis pro-

posed by Katz ot al.*’, ACh release from the
cholinergic site 1s mediated by an influx of
external Ca’*. TDased on the Ca®* hypothesis
the Ca’'-dependency of the transmitter re-
leasing effect of Mn*" supgesls the possibility
that Mn°" increases the transmembrane influx
of Ca’t at the axon terminals.

It has been reported that Mn®~ inhibits Ca®*
influx through the membrane of the motor
intestinal  smooth

y 24
nerve terminals®  and

muscle®™ . The inconsistency between this
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information and the present data suggests the

possibility that the nerve terminal of the

parasympathetic system responds to Ba*

differently from other tissues. (d?* also has

#* influx through the

5, 18, 24, 21)

been known to inhibit Ca
membrane of the motor nerve terminals

22, 23, 25) 1269

and of vascular and intestina smooth

muscles. The same suggestion has been made
for Cd®* too!?.

From these results, it is suggested that Mn®®
contracts ileal longitudinal muscle mainly by
increasing ACh release from a cholinergic site
depending on external Ca®*, possibly through

an increase in Ca’* influx.
References

1) Asar, K., Nismimura, M., Satou, E.and
(1982)
cadmium-induced contraction in ileal longi-

Urakawa, N, Mechanism  of

tudinal muscle of gulnea-pig. 3r. J.

Pharmac., 75, b61—-567.

BULBRING, I%. and Tomrta, T. (1968): The

effect of Ba*'™ and Mn**

muscle of gulnea-pig taenia coli.  J,

PPhysiol. Lond., 196, 137 p—139 p.

3) CarLyLE, R. F. (1963); The mode of action
of neostigmine and physostigmine on the

[}

on the smooth

guinea-pig trachealis muscle. Br. J.
Pharmac, Chemother., 21, 137—-149.

4) 1hicHLer, O, and LieeerT, T. H. (1966): Die

—r

Wirkung einiger histaminchelatbildener

Schwermetalle auf die Histaminkontraction

des  Meerschweichenileums. Naunyn
Schmiedebergs Arch. exp. Path, Pharmak.,
253, 421-432.

5) Forsuaw, P. J. (1977): Inhibitory effect of
cadmium on neuromuscular transmission
in the rat. Eur. J. Pharmaec,, 42, 371-377.

6) Imar, S. and Takepa, K, (1967): Action of
calcium and certain multivalent cations

an potassium contracture of guinea-pig’s

taenia coli. J. Physiol. Lond., 190, 135-

169,

7

8)

9

)

10

11

12)

14)

15

e

16)

17

Joanson, E. S. (1963): The origin of the
acetylcholine released spontaneously from
the guinea-pig isolated 1leum.  Br. J.
Pharmac. Chemother., 21, 555—568.

Karz, B. (1965): The
effect of calcium on acetylcholine relesse

Proc. R.

and MrirLepr, R.

from motor nerve terminals.
Soc., B, 161, 196—503,

KaTtz, B. Micepr, R. (1967): The
timing of calcium action during neuro-

J. Physiol., 189,

and

muscular transmission.
535—544,

Karz, B. and MiLepi, R. (1967): Tet-
rodotoxin and neuromuscular transmission.
Proc. R. Soc., B, 167, 8—22.

Lin-Surau, S. Y. and Fu, W. M. (1980):
Effects of
muscular transmission in the chick.
J. Pharmac., 64, 259269,
NarauasHi, T., Moorg, J, W, and Scorr,
W, R. (1964):

sodium conductance

divalent cations on neuro-

Fur.

Tetrodotosin blockade of
increase in lobster
glant axons. J. gen. Physiol., 49, 985974,
Nonomura, Y., llorTa, Y, and Omasur, H,
(1966) : Tetrodotoxin and manganese 1ons;
effects on electrical activity and tension in
taenia coli of guinea-pig. Science, N. Y.,
152, 97-99.

Paton, W. D. M. and Vizi, E. 8. (1969):
The inhibitory action of noradrenaline on
acetylcholine output by guinea-pig longi-
tudinal muscle strips. Br. J. Pharmac.,

35, 10—28.

Paron, W. D. M., Vizi, E. 5. and Zar,
M. A. (1971): The mechanism of acelyl-
choline release from parasympathetic

nerves. J. Physiol., 215, 819—848.

Paron, W, D, M. and Zar, M. A. (1968):
The origin of acetylcholine released from
gunea-pig intestine and longitudinal
muscle strips, J, Physiol., 194, 13—33.
Porrer, L. T. (1970):

and release of ' C-acetylcholine in isclated

Synthesis, storage



16

18)

19)

20)

22)

23)

25)

26)

27)

E. Satou; Y. SHimizu; 5, Tamura; M, Nisaimura; N, UrRAKAwA

rat diaphragm muscles,
145—166.
Saton, K., Asar, b,

J. Physiol., 206,

ITon, K., NISHIMURA ,
(1982):

of cadmium-induced blockade on neuro-

M., and Urakawa, N. Mechanism

muscular transmission. Eur. J. Pharmac.,
77, 251257

Scuniepen, H. and WesTton, A. H. (1968):
Investigation of the spasmogenic effect of
manganese on the guinea-pig isolated ileum
Br. J. sin; 214 1,
and WesTon, A, 11, (1969):

Investipation ol the spasmogenic effect of

preparation. Pharmac.

SCHNIEDEN, [,

manganese on the guinea-pig isolated ileum
preparation. Br. .. Pharmac., 36, 496—506,
B, . J. AL (1967)

and mechanical responses of pulmonary

and BeEvan, lilectrical
artery muscle to neural and chemical
Hibl. anat., 8, 30—34.

¢ STEPHAN, K. H,
W. 8. (1970): Inhibition of

vascular responses by cadmium. Am. J.

stimulation.
Tainn, G, 5 and

BLAKEMORE,

Physiol., 219, 577--583.
Topa, N. (1973): Influence of cadmium
onsg on contractile response of isolated

aortas to stimulatory agents. Am. J.

Physiol,, 225, 350-355.
Topa, N. (1976): Neuromuscular blocking
action of cadmium and manganese in

isolated frog striated muscles.  Eur. J.
Pharmac., 40, 67-75,
o DSt He

(1975)

~+

Topa, N Kimura, M. and

Itokawa, Y. Interactions of Cd*™
and cysteine an Ca™ content and contrac-
and cardiac
25, 141—149.

R., Grants, W. I,
(1975

and the

tility ol 1solated aortas

muscles. Jap. J. Pharmac,,
TriceLE, C. and
TriceLE, [). J Intestinal smooth
contraetion effects ol
cadrmium AU3187.
194, 182-140,

Usur, H. and Topa, N. (1976):

induced inhibition of twitches on 1solated

muscle
and J. Pharmac, exp.
Ther.,

Cadmium-

rat diaphragm. Jap. J. Pharmac., 26,

Te8—T64,

EWE y

~IDTH%%${HEEE§®
7 v e & A I
PR - AR L« IR
BB NI R B R
CAbE S AR )

i} H = ftﬁ(
PN SR NE e N R £ B o

OB R e T T ES M T 4 — 804)

ol F

AN N S R T it e
r'*lh‘ TJ;\TT'[’(‘]’I\ 1 —1—1J
i e

- 2 (Mn®*, 1R 107%~5x 1074\ &+ o
B B0, Toew oy bRl ICH 6 RO —@
PEOIREA- B LA, © ONRRBUG T RS L
I it f Pkl S v, TTRBUGHRER (< B2 g5
L. BARIGE 51073 Tl s hui,

Mn®t (1% 1075M) e & B R e, 1ERIR (20°0),
tetrodotoxin hyoseine (0.1 pg/ml)
F L0 hexamethonium (10gg/ml) 124 D iE
1, S oo A e s a (Cat) OBkl kD s
VCHIER = 417

(0.1 pg/mb),

Mn“* (1, MIBLERICENT “Ccholine 436
A E 1 ¥ O-acetylchaline ("C-ACh) @i

A, EECEE L TRIL 2.
T L
o Ca®
BLIG &
;-

Z bt

£ ﬁDl‘E,UIH:L 6 rELNIC
tetrodotoxin (0.1 pg/mil) &L FAEDN S
T OBRAIC &L Dl S duf. ]\‘fna’ IT B U
BOACK Oflid, Ao Ca®™ IS ITHdr
HOLACHh @ Mn®t ok ARl T,
F i (2.6mM)Y (4 Ca®t £ IRGIPIICHE
Lotz

VL F@oreftiin e,

[l e Mn™ 6 B



Mn?*-induced contraction in 1LM

14, GBS AR HOMINKE ACh Ol tkic
ERTALELLND, 351, COfEMEMRAD
Ca®t OBEICHRT S L EONE,

AWM I, 15—1 (1986) 9~17.

17



