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FEIGEN. Mode of action of tetanus toxin on the neuromuscular junction.
Am. J. Physiol. 210(1): 84—90. 1g66.—Studies on the source
of the activated spontaneous discharge of miniature end-plate
potentials (MEPP's) by tetanus toxin indicate that the MEPP’s
are thoe_ whose release mechanism is both calcium- and volt-
age-dependent. The potentiation of spontaneous release by
toxin did not occur in the absence of calcium or magnesium; it
was enhanced by increasing the calcium concentration. These
results, together with the observation that depolarization by
potassium blocked or reversed the peripheral effect of tetanus
toxin, suggest that the toxin acts by lowering the presynaptic
resting membrane potential. Studies of the direct effect of toxin
on neuromuscular transmission in the rat phrenic nerve-dia-
phragm preparation indicate that the toxin decreases the prob-
ability of transmitter release by a nerve spike, the rate of initial
transmitter depletion, and the lcvcl of sustained transmitter
output.

miniature end-plate potentials; spontaneous neuromuscular
activity; neurotoxin; neuromuscular transmission; bacterial
toxins; transmitter release; transmitter depletion; intracellular
. potentials

Baooxs, CURTIS, AND EccLES (1) have suggested that,

the site of the central paralytlc action of crystalline
_ . tetanus toxin is at the synaptic junctions between the
* specific interneurons of the inhibitory pathway and the
motoneuron, and that the characteristic paralysis results
from blockade of spinal inhibition. The mode of chemical
action is not known, but studies by van Heyningen (26,
27) on the nature of the chemical receptor substance have
. shown it to be a water-soluble ganglioside which exists in
nervous tissue as water-insoluble complexes with cere-
brosides and sphingomyelin. It is also significant that the
centrally acting “tetznospasmin” can be inactivated by
adsorption with these cerebroside-ganglioside complexes.
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Recent studies in this laboratbry (10) have shown that

impure tetanus toxin has, in addition to the classical
central effect, a direct action' on the skcletal-neuro-
muscular junction. The peripheral effect was recognized
by an increase in the frequency of spontaneous miniature
end-plate potentials (MEPP's) as recorded intraccllularly
from the intercostal muscles of the mouse. It was also

shown from a comparison of the effect of toxin at various

temperatures that an additional activation energy of 7
kcal is required for the MEPP-potentiating action of
toxin. Since adsorption of the centrally acting teta-
nospasmm on protagon removed 98¢ of the central
paralytic power but left the peripheral action unaltered,
it was evident that the peripheral effect was caused by a
principle distinct from tetanospasmin, although the
effects 'of both components could be blocked by curarc
and by specific equine antitoxin. The change in MEPP
frequency at 37 C caused by toxin thus far has appeared
to be limited to an increase of approximately 50°7.
The object of the present studies was to determine
whether the MEPP’s aflected by toxin are of the kind
whose release is dependent on the presynaptic membrane
potential (g), and to assess the effects of toxin on impulse
transmission when the probabnhty of transmitter release

MATERIALS AND METHODS
Tissue Preparation

The electrophysiological assay techniques on the mouse
intercostal preparation have been described previously
(10). In the present study male Swiss-Webster mice,
averaging 20 g in weight, were killed by decapitation; the
thoracic cage was removed quickly and one-half of it
mounted in a Perspex clamp, which was then positioned
in a muscle bath (24) containing test solution. After an
equilibration period of 20 min, MEPP’s were recorded
from 10 to 15 cells. Toxin was then introduced and after
a lapse of 10 min the recording procedure was repeated.

Studies of the direct effect of tetanus toxin on neuro-
muscular transmission were performed in vitro on the rat
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PERIPHERAL NEUROMUSCULAR ACTION OF TETANUS TOXIN

diaphragm-phrenic nerve preparation (2). For these
experiments rats of the Wistar strain, unselecter! as t sex,
weighing between 200 and 300 g were used. The left
hemidiaphragin with the phrenic nerve intact was re-
moved under profound ether narcosis and the animal
sacrificed. The muscle strip and attached nerve were
immediately immersed in well-oxygenated physiological
solution and pinned under slight stretch on a paratlin
holder which was then transferred to the muscle bath.
Recordings of EPP's were made when neuromuscular
transmission was partially blocked, cither by 10 mm
magnesinim and 1.5 mu calcium or by curare in concen-
trations ranging from 1 to 5 X 1077 g 'ml. The quantum
content of the EPP's was determined in one of two ways
according to the conditions of the experiment: in the
presence of high concentrations of agnesium, the
quantum content (m) was determined by the ratio of the
mean EPP amplitude to the mean MEPP amplitnde
(3. 18); in curare it was dcter..:ined from the ratio of the
variance to the mean EPP amplitude in trains of im-
pulses (23).

Toxin

A partially purificd preparation of tetanus toxin
{TD3594B) was obtaincd as a lyophilized powder from Dr.
R. O). Thomson of the Wellcomme Research Laboratories,
Beckenham. Preparation TD594B contained 4 X 10°
mMouse LD, ‘'mg; itwas 42’/ proteinand had 278 Lf U/ing
protein. Ultracentrifugal analysis showed three distinct
components in the crude preparation, the major com-
ponent having a sedimentation constant of 78 (Svedberg
units) and two minor components having sedimentation
constants of 45 and 13S. For electrophysiological testing
the toxin was dissolved in 0.15 M phosphate buffer (pH
7.0) containing 0.1 ¢ {w’v) gelatin. The concentration of
toxin used in these studics, between 1074and 1073 mg.'ml,
was sufficient to produce a maximal stimulation of
MEPP frequency.
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F1G. 1. Potentiation of the peripheral action of tetanus toxin
by calcium.

FiG. 2. Influcnce of magnesium on the frequency of the spon-
tancous discharge.

Fic. 3. Depressant effect of magnesium on the peripheral action
of tetanus toxin. The ratio of the MEPP frequency in x mm Mg**
to the MEPP frequency in o mm Mg** is expressed as a function
of the external magnesium concentration.
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TABLE 1. Influence of potassium on peripheral action
of tetanus toxin at 37 C
‘i\m;mm ! i .
e MU MEPD Frea. Bei MEPP Freq.* . -
"‘l’: n !:‘.‘t‘"‘::r- Tl)\irv‘l,'scr :N'ff © After Tu\ir:f-'e« 1 3 N
myv ’ ‘
3.0 3.5 § 6H.72%x0.90 9.8gx0.58 +47.2 9
5 6 ' g.13%0.64 13.6641 .21 +40.6 13
10.0 t 22.2b%1.00 23.58+2.49 +59 g
15.0 22 248.28+15.5 1Br.ghxit.3h —2b.7 b
0.0 40 742.55%114.97 500.10+59.68 —-32.7 4

* Values taken from Croonian Lecture by Katz (16).
t Mean frequency & sk computed from average frequencies of
N preparations. 3 In the presence of 1.19 X 107 mg/m!
tetanus toxin {TD594B) final bath concentration.

Apparatus

Resting membrane potentials and transients were
recorded with KCl-filled micropipettes connected by an
Ag-AgCl bridge to the input of a cathode follower
circuit- (24). The potentials were displaved on a Tek-
tronix (Tektronix Inc., Portland 7, Ore.) 502 twin-beam
oscilloscope and photographed with a Grass (Grass
Instrument Co., Quincy, Mass.) oscilloscope camera.
When required, EPP's were elicited by stimulation of the
phrenic nerve with repeated supramaximal square-wave
stimuli delivered either by a Grass S4 stimulator or by an
American Electronic Laboratories (Colmar, Penna.)
104-2 stimulator, at frequencies of either 25 or 30
cycles, scc for 1-2 sec.

Solutions

The tissuies were maintained in a continually renewed
physiological solution as described by Liley (17). The
perfusion fluid was constantly circulated and was
saturated with 95 2 + 57 COy by means of a lift-
pump system similar to that described by Szekeres and
Vaughan Williams (25). The temperature was con-
trolled by means of a Techne (Techne (Princeton) Ltd.,
Princeton, N. J.) Tempunit TUS8, and unless otherwisc
indicated all experiments were carried out at 37.0 %
o.1 C. :

The addition of MgCl,, CaCl:, and KCl was com-
pensated for by omitting an osmotically equivalent
amount of NaCl from the medium (12). Substitution of
NaNO; and of NH,Cl for NaCl was made on an equimo-
lar basis.

RESULTS
Source of Activated Spontaneous Discharge

Specificity of activation. The possibility that the incrcased
MEPP frequency observed in the presence of toxin was
due to contaminating cations such as K+ or Cat* was
eliminated in the previous study (10). In the present
study we have ruled out the nonspecific influence of pro-
teins by testing bovine gamma globulin and bovine
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T sérum albumin in concentrations ranging {rom 107

to 107! mg. ml, and tetanus toxoid in a concentration
range of 10™* to 1072 mg/ml. None of these substances
had any measurahle cffect on the random discharge of
MEPP's.

Influence of calcium a:d magnesium Jons. Calcium and
magnesium ions act antagonistically on the frequency of
spontaneous discharge at the mammalian myoneural
-junction. Increasing the cawcium ion concentration
angments the frequency of MEPP’s, whereas raising the
magnesium ion cuncentration depresses the spentaneous

- rate of discharge (13). Magnesium acts solely by reducing
-, the potentiating effect of calciwn, but in itself it is with-

‘ot influence on MEPP frequency (13). The samme antag-
- onism is clearly seen in rclation to any agent which
" increases the MEPP frequency by depolarizing the

presynaptic membrane. Consequently depolarization-

coupled potentiation of MEPP frequency becomes lost in
the absence of calcium, auginented by increasing the
calcium concentration above norinal levels, and de-
pressed drastically by high concentrations of magnesium

(6, 19". Concidering the importance of these two cations,

the potentiating effect of toxin was studied while the

calcium and magnesiumn ion concentrations were varied

independently in the range o-5 mu for calcium and 03

mu for magnesium.

The mean frequency of MEPP's increased as the
calcium coucentration was increased in the range o-5
mm: the average frequencies were 5.31 =+ 0.39 sec™! (5
preparations—ca. 6o fibers), g9.13 £ 0.64 sec! (i3
_preparations), and 10.90 = 0.8g sec™! (5 preparations) at
calcium concentrations of o, 2, and 5 mu, respectively.
The 42°¢ reduction of MEPP frequency when the
normal 2 mum calcium solution was replaced by calcium-
free medium is similar in magnitude to that previously
observed (13). From an examination of Fig. 1 in which
the MEPP frequency is expressed as a function of the
calcium concentration, it is seen that the toxin exerted
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FiG. 4. Interaction between potassium and tetanus toxin on the
rate of spontancous discharge. 4: MEPP frequency plotted as a
function of the external potassium concentration (logarithmic
coordinates). B: spontancous discharge rate expressed as a loga-

. rithmic function of the depolarization produced at the various
concentrations of potassium.

¥1G. 5. Influence of toxin on the rate of initial transmitter de-

pletion. Each point represznts average of sevari] ficers plotted as .

percent of mean initial end-plate potential amplitude; stimmulation
rate 50 cycles/sec.
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TABLE 2. Inleraction between NH* and letanus loxin on

mammalmn lr'malure end-, /)lale [mtmtlals at 37 C

Mean i MEPP Fre-, MEPP Ampl 5 \o of
illl’,mvI + S¥, sec™! + S%, mv
Clontrol | 60.6 é 8. 33:!:0 8o o. 58:fzo 04 123
107, NH i 58.7 1 10.27k1.02  0.40%0.02 5 27
107; NH,*+toxint ; 58.1 | 11.61%1.93 | 0.4240.02 | 29
o | x

Control ; 62.3 | 10.08%0.71 | 0.4240.03 ‘ 24
15’,‘ NH,* 44.1 1 123.07%18.04 | 0.20k0.02 | 17

15 , Nll.“+toxm1’ 41 .6

5589:!:1254 g 0. lg.to vz L 15

P

'Control mc.murrmrms in Liley's solutmn, tcst measure-
ments in Lxlcy s solution in which either 1077 or 25 of NaCl is
replaced by NILCL t Toxin (TD504B) added to give final
bath concentration of 1.19 X 107* mg/ml.

no effect on \[EPP frcqucncy when calcium ions were
omitted from the perfusion fluids. However, when
calcium was introduced and its concentrztion increased,
the effectiveness of the toxin was potentiated. For a given
maximal dose of toxin, the increase in MEPP [requency
was 107 in 1 mu calcium, 507 in 2 M calcinm, and
53¢ in the solution containing 5 mum calcium.

An examination of the control MEPP frequencies
recorded in various concentrations of magnesitun as

- shown in Fig. 2 shows an inverse reiationship between

frequency of discharge and external magnesium concen-
tration (calcium concn 2 mm/liter). By progressively
increasing the magnesium concentration from o to 1, 2,
and 3 mm, the mean rate of spontancous activity was
reduced from 14.14 =+ 2.67 sec™! (8 preparations) to
9.13 + 0.64, 7.20 + 0.91, and 6.11 =+ 0.85 sec™!, respec-
tively. This magnesium-induced depression of the MEPP
frequency is greater than that described by Hubbard in
1961 (13); his results, however, were obtained from the
rat phrenic nerve-diaphragin preparation, and the

average reference MEPP frequency observed in the -

absence of magnesium (4.2 sec™') was considerably less
than that in the mouse intercostal prcparanon (14.1
sec™) used in the present study.
~ From Fig. 2 it is evident that magnesium is cssentxal to
the initiation of the toxin-activated MEPP discharge;
there was no acceleration of MEPP discharge by toxin
when magnesium was omitted from the external solution.
In Fig. 3 the ratio of MEPP frequency in x mm magne-
sium to MEPP frequency in 0 mm magnesium is plotted
as a function of the external magnesium concentration
(x) for control-and toxin-treated tissues. If the action of
toxin had been potentiated by an increase in the magne-
sium concentration, the control and toxin lines should
have diverged. Although the two lines appear to con-
verge, the standard errors of the frequencies as shown in
Fig. 2 are such that no definite conclusion regarding the
relationship between magnesium concentration and
toxin potentiation of MEPP discharge can be drawn.
Effect of presynaptic depolarization. The purpose of this
series of experiments was to determine the effectiveness of
a constant dose of toxin after the nerve terminals had
been depolarized either by increasing the external
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TABLE . Effect of nitrate on MEPP frequency in
tetanus toxin at 37 C

Control Freq., Test Freq.,*
il t

e NO, se¢ " A No. of Prep.
o 9.13+0.64 13.66%£1.21 49.6 14
25 10.53+1.47 i6.o11.04 532.0 4
30 t1.0120¢.08 16,331 .88 481 5
100 11.24%1.135 17.28k2.11 33-7 4

* In the presenc: of 1.1g4 X 1077 mg/ml tetanus toxin
(T1504B).

potassium concentration, in the range of 3-20 mm, or by
substituting NHCl for NaCl.

The relationship between MEPP frequency and
external potassitun was similar to that reported for other
mattmnalian tissues (19). The logarithmic plot of control
frequency as a function of external potassiuin concentra-
tion was lincar between 10 and 20 v, as is shown in
Fia. 44. It is apparent from Table 1 and Fig. 4.4 that, as
the potassinm concertration was increased, the MEPP-
stimulating effect of toxin diminished. No significant
toxin potentiation occurred at a potassium concentration
of 10 mmM, and with concentrations above 13 mm toxin
depressed the frequency of random discharge. From the
plot of the logaiithm of the MEPP frequency as a linear
function of the amount of depolarization produced by the
respective cxternal potassium concentrations (Fig. 48), it
appears that when the nerve terminals are depolarized by
10-20 mv there is no activation of MEPP frequency.
Above 20 mv of depolarization the effect of toxin is
reversed from a MEPP-stimmulating to a MEPP-depress-
ing action.

In order to exclude the possibility that the MEPP
reduction which occurred in the potassiin solutions
after adding toxin was the result of depletion of trans-
mitter stores, the depolarization experiments were
repeated after prolonged exposure of the tissues to the
high-potassium solutions. Tissues maintained in high-
potassium solutions for as long as 60 min before testing
continued to liberate quanta at frequencies not signifi-
cantly different from those of the preparations tested
inunediately.

Because the amplitude of the MELPP is determined
partially by the level of polarization of the postsynaptic
muscle fiber, the size of the miniature potentials was
diminished in those solutions containing high concentra-
tions of potassium. However, the decrease in amplitude
was not great enough to interfere with accurate measure-
ment of the frequency of the spontancous discharge. The
noise level was approximately 50 pv and the mean MEPP
between 400 and 500 pv; thus, a MEPP amplitude re-
duced by 507 would still be four to six times greater than
the noise level.

When the nerve terminal was depolarized by am-
monium tons (11) a decrcasz in the effect of toxin was
scen similar to that obtained with potassium. It will be
recalled that after a depolarization of more than 20 mv
(as estimated from the relationship given in Fig. 4B8) the
toxin depressed rather than potentiated the MEPP

frequency. When 10¢ of the NaCl was replaced by
NH(Cl, the mcan resting discharge rate at 37 C in two
experiments increased from 8.43 & 080 to 10.27 + 1.02
scc™! (Table 2). After the subsequent addition of a
maximumn cffective dose of toxin, the frequency vas
further increased by only 137 0 11.61 % 1.33 sec !,
Concurrently, there was a small drop in the musie
resting potential and a 307 decrease in the mean MEP]
amplitude. In two separatc preparations a 25 replace-
ment with NH,Cl increased the MEPP frequency 12-fold
over the control: from 10.08 £ 0.71 to 123.07 £ 18.04
scc™!. The subsequent addition of the same dose of toxin
depressed the MEPP frequency 3577 from 123.07 +
18.04 to 5589 * 12.34 scc”h. At this magnitude of
replacement the resting potential of the muscle cells
dropped by approxiimatély 20 mv, and the average
MEPP amplitude was only 30°/ of that recorded in the
normal solutions (Table 2).

Furukawa et al. (11), in 1957, reported that in the frog
fibrillation of the muscle fibers occurred when NH,Cl
was substituted for NaCl. The fibrillation apparently oc-
curred because the muscle cells were not depolarized as
rapidly as the nerve terminals; consequently, the outburst
of MEPP’s caused fibrillations of the muscle fibers. In
those studies carried out at 37 C we did not observe
fibrillation, probably because the muscle cells were
rapidly depolarized. In one preparation tested at 235.5 C,
however, in which 25 ¢ of NaCl was replaced by NH,(Cll,
the mean frequency increased from 1.16 (16 fibers) to
128.40 sec !t (7 fibers). In this preparation there was
soine evidence of fibrillation, and the amplitude was
reduced only 18¢ froin 0.42 to 0.45 mv. Whereas, at
37 C, the muscle cells were completely depolarized within
1c min after the addition of NH,Cl, the depolarization at
25.5 C appeared to be slower, requiring some 2030 min.
At both temperatures the maximal increase in frequency
was reached within 10 min after the NH,Cl solution was

~ addea.

Importance of chioride tons. The reversal of the toxin effect
at a given level of depolarization suggested that the
activation might have been related to a conductance
change involving some ion such as chloride, . whose
equilibrium potential had been reached. Substitution of
another anion with different conductance properties for
chloride might then be expected to alter the response to
toxin. It is apparent from Table 3, however, that sub-
stitution of nitrate for chloride neither potentiated nor
depressed the action of a maximal effective dose of toxin.

Summary. From the studies concerning the source of the
activated MEPP discharge it is apparent that the action
of toxin is dependent on the level of presynaptic polariza-
tion and on the character of the external ionic composi-
tion. The MEPP's activated were found to be of the
calcium-dependent, voltage-dependent type (g). The
activation of random discharge by toxin required magne-
sium and was potentiated by calcium, suggesting that the
increased spontaneous discharge is linked to a depolariza-
tion of the presynaptic terminals (13, 19).
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Direct Effect on Neuromuscular Transmission

In order to determine the effects of toxin on certain
aspects of stimulus-linked neuromuscular transiission,
more specifically, on transmitter relcase and replenish-

ment, a series of experiments was performed in the rat

phrenic nerve-diaphragim preparation.

In a train of impulses evoked by repetitive stimulation,
it is possible to determine whether a given agent has
altered the depolarization-coupled release, and whether
it does so by increasing the probability of release or the

“available storé of réadily relcasable units. The effect of ~
_ toxin on the probability of release was first determined

when the quantuin content was reduced to the level of
one quantal unit by elevating the external magnesium
and reducing the external calcium. The effect of toxin on
transmitter depletion and inobilization was then studied

- after blocking .ieuromuscular transmission by curare.

Effect on quantum content. When neuromuscular trans-
mission is partially blocked by elevating the magnesium
and lowering the calcium ion concentrations, the proba-
bility of transmitter release initiated by a nerve spike
becoines very low (3, 4, 7, 8); under these conditions, the
quantum content can be calculated simply by the
expression

mean EPP amplitude

m = ——
mean MEPP amplitude

When neuromuscular transmission was depressed by
magnesium (3), tetanus toxin had an effect on both the
spontaneous release and the probability of release by the
presynaptic nerve impulse. In the presence of toxin
(Table 4) the spontaneous activity increased 2677,
from a control level of 14.44. &+ 1.43 to 18.33 =+ 2.20
sec™!. In consideration of the fact that any depolarization-
coupled MEPP activation would be reduced considerably
by the clévated magnesiun concentration, this change
was assumed to be maximal and similar in magnitude to
that obsetved in the mouse intercostal preparations.
Despite the|potentiation of the spontaneous release, there

TABLE 4. Effect of tetanus toxin on MEPP frequency and
quantal content in rat diaptragm at 37 C

Control Fibers* © Test Fiberst 7a
MEPP freq. 14.44%1.43 18.33+2.20 +26.9
+ sg, sec™!
No. of fibers (30) (22)
m & SE 1.3940.06 1.07+0.02 ~23.0
No. of fibers (26) (18)

* Neuromuscular transmission partially blocked with 0.0
mm Mg** and 1.5 mu Ca**; m calculated from ratio of the
mean EPP/mean MEPP during repetitive stimulation at 25
cycles/sec. t In the presence of 8.755 X 107* ing/ml crude
tetanus toxin (TDs5g4B) final bath concentration.

definite reduction in the amount of trans-
“mitter liberated by the nerve spike: the quantum content

PARSONS, HOFMANN, AND FEIGEN

~ was reduced by 23, from l.‘3g =+ 0.06 to 1.07 + 0.02 '

after the addition of toxin. . .
Effect on transmitter depletion and mobilization. The effects
of toxin on transmitter depletion and mobilization can
be studied when neuromuscular transinission is blocked
with curare (19). In a train of EPP’s elicited by repetitive -
stimulation of a curarized preparation, the first EPP is
usually the largest, and sequential responses show a biief
decay of amplitude followed by a steady “platcan.” ‘
The rate of depletion of the store of readily releasable

_ transmitter was determined by plotting the sequential

responses as ratios of the original response (19-22). The
rate of transinitter depletion was decreased in the pres-
ence of toxin, as is shown in Fig. 5. In the control fibers at
37 C, the second response was reduced to 95 of the
first, whereas, after the addition of toxin, the average

second response was potentiated to 1077 of the first.

This sparing effect on the rate of transmitter depletion”
in the presence of toxin could result pither from a reduc-
tion in the amount of transmitter Iigératcd or from a
more rapid replenishiment of vaca membrane sites.
There did occur a reduction in the amount of trans-
mitter liberated; at 37 C the mean content of the first
EPP in a train was 165 quanta, while in the presence of
toxin the transmitter content of the initial EPP" was
reduced by 50°¢¢ to 83 quanta. To test the second possi-
bility, the e :ct of toxin on the leve! of sustained trans-
mitter release was determined. The data in Table 5 show
that the mean level of sustained output at 37 C was
reduced from a control value of 108.7 = 13.5 t0 79.2 +
4.5 quanta/impulse after the addition of toxin. This
observation indicated that tuxin had no stimnulating
effect on the rate of transmitter replefishment.

DISCUSSION

The first series of experiments congerning the source of
MEPP activation suggest that thF toxin-potentiated
spontaneous activity was the result of depolarization of
the presynaptic nerve terininals. ,

Previously, del Castillo and Katz (6) and Liley (1g)
have shown that depolarization by presynaptically
applied cathodic currents increases the MEPP frequency
but does not affect the amplitude. Depolarization by
increasing the external potassium jon concentration also
has been shown to accelerate the frequency of miniature
discharge, the logarithm of the MEPP frequency being
linearly related to the amount of depolarization produced
at the respective potassitun concentrations (16). Such
potentiation of MEPP discharge by depolarization (pro-
duced either by presynaptically applied cathodic currents
or elevated potassivin concentrations) has been shown to
require calcium; it is enhanced by raising the calcium
concentration and depressed by raising the magnesium
concentration (6, 13, 19).

The acceleration of MEPP frequency by tetanus toxin
is consistent with presynaptic depolarization. Accelera-
tion did not occur when calcium was absent and was
potentiaied as the calcium concentration was elevated.
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TABLE 5. Effect of tetanus toxin on sustained
transmitter release al 37 C

Control Fibers® Test Fiberst
Avg RP 71.3 72.1
Avgm : sE 108.7+113.5 79.2+4.5
No. of fibers (39) (40!

* Neuromuscular conduction partially blocked by d-tubo.
curarine 2-5 X 1077 g/ml. m Calculated from ratio of the
variance to the mean EPP amplitude during repetitive stimula.
tion at 50 cycles/sec. t In the presence of 1.95 X 1073 ing/ml
tetanus toxin (TD5g4B) final bath concentration.

In the case of high magnesium no conclusion could be
drawn. Depolarization of the nerve terminals by 10-20
mv, brought about by increasing the external potassium,
aholished the ¢ffect of toxin. In addition, these findings
demonstrate that the MEPP's activated by toxin arc
those calcium-associated, wuitage-ucpendent  quarita
which are released by voltage changes generated across
the nerve terminal membrane.

The observation that toxin exerted no effect when
magnesium ions were absent from the external medium
was an unexpected result (Fig. 2). However, the previous
finding (10) that 7 kcal is required for the MEPP-
potentiating action of toxin suggested that this process
might be enzymatic. If that is the case, it is not unlikely

" that magnesium ions are essential to, or at least are

cofactors in, such an enzyvmatic process.

The means by which toxin acts to depolarize the nerve
terminal is not clear. 1t would appear that there occurs
a change in the conductance properties of the nerve
terminal to one. or to a combination, of ionic species.
From the present data neither sodium nor potassium
alone seeins responsible for the potentia! changes. From
the fact that 100’/ substitution of NaNQ; for NaCl had
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