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Summary

The present study was conducted to determine whether stannic chloride (SnCl,) at con-
centrations above 50 pM inhibits or facilitates neuromuscular transmission. SnCli decreased
the amplitude of the endplate potential (e.p.p.) concentration-dependently in a concentration
range from 0.05 to 0.5 mM. Not only SnCl; (05 mM) but also tartaric acid (TA, 0.5 mM), a
solvent for 0.5 mM SnCl., decreased the e.p.p.. The action of SnCly was stronger than that of
TA.Both SnCl; (05mM) and TA (0.5 mM) decreased the quantal content of the e.p.p., and
the action of the former was significantly stronger than that of the latter. SnCl, (0.5 mM)
raised the frequency of the miniature endplate potential (m.ep.p.), whereas TA (0.5 mM) re-
duced it. SnCl; (0.5 mM) decreased the m.e.p.p. amplitude as did TA (0.5 mM). The results
obtained show that SnCl, inhibits neuromuscular transmission by decreasing the volume of the

transmitters released by nerve impulses.

Introduction

It has been reported that stannous fluoride (SnF.) is significantly more effective than sodium fluo-
ride (NaF) in the reduction of the incidence of dental caries in schoolchildren” . SnF; is used as a pro-
phylactic containing tin for dental caries, but stannic fluoride (SnF.) has not been used for the same
purpose. These facts suggest that not only F~ but also Sn** have a prophylactic effect on dental caries
and that Sn**, a divalent tin ion but not a tetravalent one, is able to prevent dental caries.

In our previous experiment of comparing the effects of SnCl, with those of SnCl,, SnCl, at 30 pM facili-
tated neuromuscular transmission, but SnCl, at the same concentration as that of SnCl; had no effect® . If
SnCl; tends to inhibit neuromuscular transmission, it follows that the effects of these tin compounds on
dental caries correspond with those on the neuromuscular transmission, and moreover, it appears likely
that these properties of SnCl: are related to both the prevention of dental caries and the facilitation of
neuromuscular transmission.

The present study was conducted to determine whether SnCly, at comparatively high concentrations
above 50 pM, inhibits or facilitates neuromuscular transmission and to confirm that the effects of Sn**

and Sn** on neuromuscular transmission correspond with those on the prevention of dental caries. The
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results obtained suggest that SnCl, has an inhibitory action on neuromuscular transmission.
Materials and Methods

Phrenic nerve—diaphragm preparations from male ICR mice (body weight, 40-50 g) were used as
the material. The material was horizontally mounted in a chamber and perfused with saline composed
of (inmM) NaCl, 154 ;KCl, 5; CaCl., 2; MgCl, 1; glucose, 11 ; and HEPES, 5 The pH was adjusted to
7. 3. The perfusate was aerated with a mixture gas (95% O, + 5% CQO,) throughout the experiment.
The endplate potential (e.p.p.) and the miniature endplate potential (m.e.p.p.) at the neuromuscular
junction were recorded by conventional intracellular recording method with glass microelectrodes. The
quantal content of the e.p.p. was calculated by the method of failures, i. e, m=log. (N/n) (m : mean quan-
tal content, N : number of stimulations, n : number of failures of e.p.p.)". To record the e.p.p., d —tubocu-
rarine at a concentration of 1.0 uM was added to the perfusate. As a solvent for SnCl,, an aqueous solu-
tion of tartaric acid (TA) at the same concentration as that of SnCl, was used to prevent SnCl, from
precipitating to form an insoluble salt™®.

The chemicals used in this study were SnCL , TA, and d —tubocurarine chloride, all obtained from
Nacalai Tesque (Japan).Each value of the data represents the mean value + the standard error of the
mean and the number of experiments (N). Statistical analyses of the data were performed by the Stu-
dent's 2-sided paired ¢-test if not mentioned. Differences between mean values were considered signifi-
cant if the probability of error (p) was less than 0.05.

Results

Fig.1 illustrates the concentration-response relationship of SnCl, on the e.p.p. amplitude in the concen-
tration range from 0.05 to 0.5 mM. SnCl, decreased the e.p.p. concentration-dependently. SnCl, at con-
centrations above 0.1 mM significantly decreased the e.p.p.. SnCl, (0.5 mM) decreased the e.p.p. to less
than a half of the control value (control, 3.00 +0.41 mV ; SnCl,, 1.37 £ 029 mV ; N=10).

To elucidate the detailed mode of inhibitory actions of SnCl, , Not only the effects of SuCl, (0.5 mM)
but also those of TA (0.5 mM), a solvent for 0.5 mM SnCl,, were investigated on the electric phenom-
ena at the neuromuscular junctions. Fig. 2A illus-
trates the wave forms of the e.p.p. observed be-
fore and after applications of SnCl, and TA. Fig2B
illustrates the statistical analyses of the data ob-
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Fig.1 : Concentration-response relationship of 0.001 by simple ¢—test. In addition, there was no

SnCly on the e. p. p. amplitude. SnCls de-
creased the e. p. p. concentration—de-
pendently in the concentration range
from 0.05-05 mM. cand e: E. p. p. ampli-
tude before and after SnCl, application.
***: p<0.005.N=10 (in every experiment).

significant difference between both the control
values for SnCli and TA.

To ascertain how SnCl, decreased the e.p.p.,
the actions of SnCl, and TA on the quantal con-
tent of the e.p.p. were examined. As shown in Fig.
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Fig. 2 : Effects of SnClL and TA on the e.p.p. and the quantal content. (A) Wave forms of the e.p.p. observed im-
mediately before and 2 min after application of SnCls and TA and 5 min after withdrawal of them. (B)
Statistical analyses of the data on the e.p.p. amplitude. N=10 (SnCl:) and 12 (TA). The action of SnCl

(05 mM) was significantly stronger than that of TA (0.5 mM). (C) Statistical analyses of the data on
the quantal content of the e.p.p.. N=6 (SnCl) and 12 (TA). SnCls (05 mM) significantly decreased the
quantal content more powerfully than TA (0.5 mM). * and *** : p<0.05 and 0.005, respectively. NS, # and
##4 : No significance, p<0.05 and 0.005 by simple #-test.
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Fig. 3 : Effects of SnCli and TA on the m.e.p.p.. (A) Traces of the m.e.p.p. recorded immediately before and 2
min after applications of SnCl; and TA. (B) Statistical analyses of the data on the m.e.p.p. frequency. N
=12 (SnCl) and 15 (TA). SnCls (0.5 mM) raised the m.e.p.p. frequency, but TA (0.5 mM) reduced it.

(C) Statistical analyses of the data on the m.e.p.p. amplitude. N= 12 (SnCl,) and 15 (TA).* ** and ***:
p<0.05, 0.01 and 0.005, respectively. NS and # : No significance and p<0.05 by simple ¢-test.
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2C, both SnCL (0.5 mM) and TA (0.5 mM) decreased the quantal content. The action of the former was
much stronger than that of the latter. The mean value of the difference between SnCls and its control
was significantly different from that of the difference between TA and its control at p< 0.001 by simple
t-test.

To compare the influences of SnCl; and those of TA on spontaneous transmitter release and on ace-
tylcholine (ACh) sensitivity of the muscle endplate, the effects of SnCls and TA on the m.e.p.p. were in-
vestigated. As shown in Fig. 3A, SnCl, (0.5 mM) raised the m.e.p.p. frequency whereas TA (0.5 mM) re-
duced it. Fig. 3B illustrates the statistical analyses of the data. The mean value of the difference be-
tween SnCl and its control was significantly different from that of the difference between TA and its
control at p< 0.001 by simple ¢-test. As shown in Fig. 3C, both SnCl; and TA decreased the m.e.p.p. am-
plitude. However, the mean value of the difference between SnCl, and its control was not significantly
different from that of the difference between TA and its control by simple ¢—test.

Discussion

Briilé et al ? reported that SnCl; (0.11 mM) has inhibitory effects on the electrical and mechanical ac-
tivities of crab skeletal muscle. That is, SnCl, decreases the resting potential, height of the action poten-
tial, and the twitch tension. However, the effects of SnCl; on neuromuscular transmission has not yet
been investigated.

The electrical response of the neuromuscular junction observed in our experiment, that is, the de-
crease in the e.p.p. amplitude induced by SnCl; suggests that SnCl; either inhibits transmitter release or
reduces the ACh sensitivity of the endplate. The result of SnCl; decreasing the quantal content shows
that SnCl, inhibits the evoked release of the transmitter. Furthermore, the m.e.p.p. amplitude was de-
creased not only by SnCls but also by TA, indicating that reduction in the ACh sensitivity of the end-
plate is due to TA but not to SnCL . The SnCl—induced rise in m.e.p.p. frequency shows that SnCl, in-
creases spontaneous transmitter release. In summary, these results show that SnCl, decreases the
evoked release of the transmitter but on the other hand, increases its spontaneous release.

Kita et al.” reported that increasing the concentration of Ni*", Mn®*, or Co** in the extracellular solu-
tion increases the m.e.p.p. frequency in the absence of Ca**, but in the presence of Ca’*, reduces it and
decreases the e.p.p. amplitude. The properties of Sn** resemble those of these ions but are not exactly
the same as them as SnCl, raised the m.e.p.p. frequency even in the presence of Ca®** (2 mM, see Meth-
ods). From this, it can be said that Sn*” is a unique metal ion different from the ions mentioned above.
Moreover, it is suggested that there is a difference in mechanism between an evoked transmitter re-
lease and a spontaneous one.

In conclusion, the findings obtained show that SnCl, inhibits neuromuscular transmission by decreas-
ing the volume of the transmitter released by nerve impulses and furthermore, show that the effects of
Sn** and Sn** on the evoked transmitter release correspond with those on the prevention of dental car-
ies.

Additional experiments are needed to elucidate the reason why the effect of SnCli on an evoked
transmitter release is different from that on a spontaneous release. Due to the facts that Ca®* is indis-
pensable for both the calcification of teeth and transmitter release and that SnCl: increases Ca®* influx
into the nerve terminal® , it is speculated that the common property of SnCl. which is involved in both
the prevention of dental caries and the facilitation of transmitter release might be an accelerating action
on the Ca®* uptake into the cells in each of the tissues.
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7 oAb A XSEE PRI L LCiibh, FRZT7 vibF MUY A LD LEEER TR ARV E O
WEDPH B, 7vEBEZAXIIOWTIHED L) ik L V. ThosnZeh b7 v tE—~A XD
BEHTFHHRIIIE-AIL A U EG L TwA I ERERESNS, TR COERLLELHE A X

(SnCl) ITEBMIERGICBW T Ca MARZHAKEE D Z LI W HEHEELRET LI LT
LMIEINTHEY, 2B L4 lDRXLEYOMBHZENOIER L BAFHHELIHIE LT
LZEVCEDbNG, ZZTREFOIEZHEDPOD-DIZHLEZAX (SnCl) 2HEHIEELISHET
5D 5VIZHHT 2 D9ZDERIC DOV THRAR:.

MEHZIZ ICR R Y A ((RE [ 40-50 g) OHEFREEMZEGHIZEARZ Hv /2. 8% chamber PIIZ/K
FIEE L TERLA. SMKCI2FTHE LW T ABUNERIZ L D REN (epp) B X U/
EiL (mepp) ZMBBAFEEL . eppiticf L CTid 1 uM d-tubocurarine % BEFHEI B L 72,
e.p.p.? quantal content D EIZ1& method of failures % iV 72, SnCl ik Zh & AR R G BRKIE T
ICHEBLTERL . .

ZOHEH: SnCly (0.05-0.5 mM) i3 eppdRIE% BEAKFFIICIRD & ¢ 72, SnCl, (0.5 mM) DEHD
HARE (TA, 0.5mM) b eppZAEICHHILA2% SnCLICE A2 ZFNE Y EEH 72, epp.?® quantal
content IZF LT SnCl i TA £ 0 LR FIHI L 7. mepplitt LTl Sn"CLIZFRAHE% BT, TA
BETIF7. meppiRIBIZ L-CTSnCL b TA bBA S WEMHEFELE I ok, ULEOHER
25 SnCLITHRERIIL VB SN AEEDEOBR B/ SE A2 LICE Y HBRHEELIHT S 2
&, TLTZOZ N SnCL A FHIEE LTbhiwnZ & EBRL Ty B EEEIRE E /.



