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CHOLINERGIC NEURO-

SELECTIVE BLOCKADE

UMAIAm, \\!c examined the elfcct of tetanus toxin on clonal ncuroblastoma x
glioina ITybrid cclls, NG108-15, by intracellular n, ICroclcctrodc studics of as-

sive incnlbranc electrical properties and action potcntials generatcd undcr various
conditions. Binding of tetanus toxin to thc surface of thc cclls was demonstrated
by indirect Iruinunoftuorcsccnt staining but no in DTPhological alteration was ob-
served in tetanus toxin-treated cells under a phasc contrast microscope. There is
no significant difference bet\\, cen the tetanus toxin-treated and untreated cells in
their passivc electrical incmbranc properties, i. e. resting nTcnTbrane potcntials, in-
put resistances, time constants and input capacities. Cells in 120 inM Na~I- 2 inM
Ca" salt solution showed Na spikes, and cells in high Ca"~ (30 in/V/), Na+-free salt
solution showed Ca spikes in response to depolarizing current pulses. \\!hile the
I\;a spike was not affected by tetanus toxin, the Ca spike \\, as blocked by the toxin.
The nTinimum dose of tetanus toxin for maximum suppression of the peak potential
loyal of tire C, ^pitt un^ 250 riglml. Additi, n of term"thyl "mm, nium (TEA) to
extraccllular fluid enhanced the Ca spike in untrcatcd cells. In toxin-treated cells,
TEA did not alter thc cffcct of tetanus toxin on the Ca spikc. Blockadc of thc Ca
spike by tctanus toxin could be dctcctcd even at 10\\, cxtraccllular Ca'~, conccntra-
tion (10 run//) by adding TEA to thc extraccllular fluid and adjusting the membrane
potential to a steady ITypcrpolarizcd level (-80 inV) to cnsurc optimal and uniform
electrical responses. Thc usefulncss of NG108-15 hybrid cells for in vitro investI-
gations on the mechanisnT of action of tetanus toxin \\. as discussed

INTRODUCTION

Tetanus toxin I\as bccn reportcd to inhibit the
release of neurotransmitters (Bigalkc at al. ,

1978; Bigalke at a1. , 1981; Collingridgc and
Davics, 1982; \\!endon and Gill, 1982), but
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the mechanism of this action is still unknown

In previous studies, we focused attention on
the action of tetanus toxin on the electrical

of the neuronal membrane. \\;eproperties
chose neuroblastoma clone NIE-115 cells

(Am ano at a1. , 1972) because their ionic chan-
nels have been well characterized by the volt-
age-clamp technique (A1001enaar and Spector,
1978; 1979). we found that tetanus toxin
blocks the Ca spike in NIE-115 cells under
biglT Ca" Na'-free conditions (Sugimoto at
a1. , 1983; Higashida at a1. , 1983). This sug-

that it inhibits the release of neuro-gests
transmitters by blocking the influx of Ca2+.

For studies on the effect of tetanus toxin on

Ca2+ influx linked to neurotransmitter release,
NIE-115 cells are not suitable because they are
unable to release transmitter. Therefore in

this study we used neuroblastoma x glioma
hybrid cells, clone NG108-15 (Hamprecht,
1977), which have been reported to release
acetylcholine in a voltage dependent manner
(Nth, n ,t ,I. , 1976; A, I. G. . .t a1. , 1978).
Howcvei. , the electrical properties of the
membranes of this ITybrid cell clone are not so
well characterized as those of NIE-115 cells

The purpose of this study was to extend our
previous findings to NG108-15 ITybrid cells
and establish a basis for in vitro investigations
on the mechanism of action of tetanus toxin
that leads to inhibition of neurotransmitter re-
lease.

formal in-treated toxin in incomplete Freund's rid-
juvant as described by IVlatsuda and Yoneda (1976)

2. Cell '11/11/1e

NG108-151T>'brid cells \\, ei'e TDLitincly cultured at
37 C in Dulbecco ntodification of Eagle's minimum
essential medium (DMEi\I) supplemented \\, ith 5 %
fetal calf serum, I x 10~' M hypoxanthine, I x 10~G M
aminopteiine and I. 6 x 10~5 M thymidine in a Ilu-
inidified atmosphere of 10'1 CO, in air. For the
experiments, NG108-15 hybrid cells \\, ere cultured
for 2-3 weeks 11\ tite presence of I inIV/ NG,
O'-dibut\, r} I-adenosine-3 ' : 5'-cyclic ntonophosphate
(dibutyryl CAN^P) to shift the Il}, brid cells to a more
differentiated state as described by NelsoiT at al
(1976)

I\IATERIALS AND A, IETHODS

3. 1111/11/11, o11,101 esce, ,I stalling

NG108-15 hybrid cells gro\\n on glass coverslips
(+ x 30 innt) \\ere washed with DiVIEit, I, and then
incubated with tetanus toxin (211glml) in Dlv'IEA, I
at 37 C for' I h. The cells were stained by sequen-
tial iiTcubatioiT witlt rabbit antitoxin for I h and goat
anti-rabbit jinmtinoglobulin conjugated willt fluores-
cein for I h. After eacll incubation, the coverslips

were dipped SLiccessivel}. in 5 beakers containing
100 in I of +O ntiV N-2-hydroxy-eth}, ipiperazine-N'-
2-ethanesulfonic acid (HEPES) buffer, pH 7.2, con-
taining 120 inM NaC1,2 inn// CaC1*, 5 ntA{ 1<Cl,
I inn, / itIgCl. . and 20 inM glucose. After the final
incubation and \\ashing, the coverslips were mount-
edin glycerol-botate buffered saline, pH 8.2 (9: I vj
v) tind examined Linder a nticroscope equipped with
fiLiorescence optics (Nikon Optiphoto)

I. Tclni, !Is to xi, ! alld 1,166^^ trilli!0\,, I

CIOs!, Ichi, ,, I reiniiJ' strain I{at\ "rd A+7, substrain

Biken-Ozutsumi. \\, as employed for. production of
Purified tetnnLis toxin \\. as obt"incdtetanus toxin

from bacterial extracts by the metltod of I\In tsuda
and Yoncda (1975). The toxin prepaiation formed
it singlc precipitation I, and against CTtide horse an-
titoxin In agar gel IrumunodiHusion plates tiltd in I-
grated as a single protein band on a polyacrylamide
gel piate. The acti\, ity of this preparation was
365-390 HoccLilating Linits and 0.8-1.6 XIO' mouse
minimum lethal doses per ing protein. Rabbit an-
titoxin \\, as prepared by intrnmuscLilar injection of
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+. fi/, ct, up frysio/ogy

Techniques for intrace11\11nr recording of the
membrane potentials were CSSentially as described
pre\IOUsly (Sugimoto at all. , 1983; Higashida at al. ,
1983). The hybrid cells \\, CTe treated witl\ tetanus
to xii, in DA, IEi\I at 37 C foi I h tind then washed

witlT an appropriate bLii}CT SOILition. For record-
ing the Nat spilte, cells were bathed in 120 inIV/ Na'.
2 ntA{ Cal*' stilt suitition (120 inM NaC1,21n!V/ CaCl. ,
5 nTM KCl, I Intr/itIgC1", 20 inM glucose). For rec-
ording the Ca spike, cells were bathed in high Cat2+,
Na'-free salt SOILition (30 intr/ CaC1", 5 inM KCl,
I inM AllgC1, , 20 inM glucose). All the solutions
were made isotonic (ca. 3+0 in OSm) \\, ith tris (ITy-
droxymethyl) amino n. ethane (Tris)-HCl, pH 7.25
In the solution \\, itIT TEA, Tris was ISOosmotically
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replaced by this ion. Cells in an appropriate salt
solution were impaled with a single microelectrode
(3 M KC1; 10-20 MQ) Lised for both passing current
and recording the voltage. For recording action
potentials, a rectangular depolarizing current pulse
was applied. For quantitati\, e estimation of the ac-
tion of toxin on the action potential, the membrane
potential was adjusted to a steady h}, perpolarized
level (-80mV) and then the peaklevelof the ac-
tion potential elicited by 5 nA of depolarizing cur-
rent pulse was me asLired.

RESULTS

I . Morphology a"of tmm""of IMOresce"t stag'"-
ing of tetanus toxin-treated frybrt'of cells

In growth medium, NG108 15 hybrid cells
were stelliform with short processes. Addi-
tion of dibutyryl CAMP to the medium in-
duced in orphological differentiation of the
cells. Cells treated with I inM dibutyryl
CAMP for 2 3 weeks had extended long ncu-
rites and become more refractile and larger
than those incubated in growth medium :
large polynucleated cells (50 150 pm in di-
ameter) with long neuritcs (up to 500 pm in
length) were observed (Fig. IA). Cells treat-
ed with tetanus toxin (211gjml) showed no
in orphological alteration under a phase con-

trast microscope (Fig. IB).
Indirect jinmunofluorescent staining reveal-

ed the binding of tetanus toxin to the hybrid
cells. When tetanus toxin-treated cells were

fixed in cold acetone (- 20 C) and then stained
with rabbit antitoxin serum and fluorescein

conjugated goat anti-rabbit immunoglobulin,
they showed intense fluorescence in both their
cell bodies and neurites (Fig. 2A). As seen
in Fig. 2B, on control staining with non-jin-
in unized rabbit serum instead of antitoxin

only very weak fluorescence was detected.
when the toxin treated-cells were stained
without prefixation with acetone, their fluores-
cence had a honeycomb-like appearance (Fig.
2C). These results indicated that tetanus
toxin bound diffusely to the surface of the
cells.

2. Passz'tie electrz'cal ,"embr@"e propertt'es of
tet@""s toXI'"-treated cells

When a microelectrode was impaled into a
cell, the potential recorded through the elec-
rode fell abruptly and, a few seconds after jin-
paling the electrode, reached a steady level
which was negative relative to extracellular
fluid. Recording of the membrane potentials
from the cells could be continued for several

(A) B

FIGURE I. Phase contrast photomicrographs of NG10815 hybrid cells. A, Lintreated cells; B, tetanus toxin-
treated cells. NG108-15 hybrid cells were cultured for 20 days in the presence of I inM dibut r I CAMP
Cells were washed with DMEM and incLibated in DIVIEM with or without tetanus toxin (2 ,gjml) at 37 C

1100/, in
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(c)

FIGURE 2. Indirect jinmunofluorescent staining of
NG108-15 hybrid cells. A, cells treated with 2 Agi
inI of tetanus toxin in DMEM were prefixed with
cold acetone ( - 20 C) and stained with rabbit an-
titoxin and fluorescein conjugated goat anti-rabbit
Ig. B, similar cells stained with non-jinmunized
rabbit serum instead of rabbit antitoxin. C, surface
staining: cells were stained with rabbit antitoxin and
fluorescein conjugated goat anti-rabbit Ig withoLit
prefixation

currents through intracellularly impaled micro-
electrodes and recording the voltage changes
in the membrane potential elicited by the cur-
rents. An example of hyperpolarizing mein-
brane potentials elicited by outward steps of
the current in tetanus toxin-treated cell is

shown in Fig. 3A. The membrane input re-
sistance, calculated from the slope of the vol-
tage-current relation (Fig. 3B), was 15 MD.
Figure 3C shows an analysis of the time course
of the voltage-transient elicited by 3 nA of
hyper polarizing current pulse for determining
the membrane capacity. The membrane time
constant was 21.5 msec, so the membrane in-

of this cell was 14nF. Theput capacity
membrane input resistances, membrane time
constants and membrane input capacities of
tetanus toxin-treated cells and untreated cells
are shown in Table 2.

The results indicate that tetanus toxin does

not affect the passive electrical membrane pro-
perties of the hybrid cells.

3. Effect of tet@"t's to"z'" off the N@ spike tit
the hybrid cells

In 120 inM Na , 2 inM Ca2 salt solution,
action potentials with sharp spikes were elicit-
ed in the cells by depolarizing current pulses.
An example of the graded responses of the
membrane potential to depolarizing current
stimulations co 5 nA) is shown in Fig. 4A.

minutes, As shown in Table I, the resting
membrane potentials recorded from tetanus
toxin-treated cells and untreated cells were not

significantly different.
The electrical properties of the cell mein-

brane were determined by passing electrical

BIKEN JOURNAL V01.26 No. 4 1983



TABLE I. Restt'"g ", embr@"e pote"ti@!s of tet@"t's toxz"-treated and 14"treated NG108 75 cells"

None

Treatment

it Cells were bathed in 120 inM Na' 2 inM Ca" solution

" Values are meanstS. E. M.

Tetanus toxin (211g in I)

Number of
cells

52

67

Resting membraneb
potential (inV)

37.9, =I. 7

38.9, =I. 4

Probability of signi-
ficant difference

07

0.5

V Vie
V

0.3

(A)

60

6
nA

O. 818

loomsec

10

><

40

^O
<. -

4

20

30

2

20

50 msec

2

(B)

Sharp spikes in the action potentials reached a
peak within 35 msec after initiation of the de-

40

4

FIGURE 3. Determination of electricalpassive

membrane properties. A, oscilloscope recordings
obtained with an intracellular microelectrode. A

cell was stimulated with hyperpolarizing current
pulses (upper traces) and the membrane potentials
elicited (lower traces) were displayed on an OScil-
10scope. The resting membrane potential of the
cell was -42 inV. B, voltage-current relation.
Electrotonic potentials were measured at the end of
the current pulse. C, a semilogarithmic plot of the
hyperpolarizing voltage transient obtained from a
trace of the membrane potential elicited by a cur-
rent pulse of 3 nAin (A). Vo represents the voltage
change at the end of the current pulse, V is the volt-
age change at various times after the onset of the
current pulse. The abscissa indicates the time after
the onset of the current pulse

polarizing pulses. The action potential 61icit-

60

- 80
inV

6

SUGiMOTo, N. at al. Teta",, s ton^ octio" on NG708-15 hybrid cells

ed by 5 nA of depolarizing pulse overshot the
zero membrane potential by about 15 inV (Fig.
4A). The sharp spikes elicited in 120 inM



TABLE 2. Pass, 't!e electrical meinbra"e propert, 'es@ of tetanus tort'"-treated and untreated NG108
15 ceils

Input resistance (MD)

Time constant (msec)

Input capacity (nF)

Number of cells

a Values are means^S. E. M

b probability of significant difference.

Untreated
cells

24.2, =4.9

19.3 ^:I. 8

I. 2, =0.2

t^,^..^-

16

Tetanus toxin
treated cells

(B)(A)

FIGURE 4. Intracellular recording of Na spikes in tetanus toxin-treated and untreated NG108-15 hybrid cells
bathed in 120 inM Na', 2inM Ca" solution. A, untreated cell; B, tetanus toxin (2 F1gjml)-treated cell. In
both A and B, upper traces show stimulation currents and lower traces show membrane potentials elicited by
the currents.

28.2:t 5.4

20.1, =I. 7

1.28, .0.2

TABLE 3. Peck potent, '@I 100e!s of the N@ spt'he tit tetanus toxin-treated and untreated NG108
15 hybrid cells

15

loomsec

.^^

pb

><

0582

0749

O. 749

Co
<. -

^^^
^^

^^
^

None

Treatnient

I'-~~'
.-.^

a valus are means, =S. E. M

Tetanus toxin (2 Ag/in I)

Na+, 2 inM Ca2+ salt solution were abolished
by adding 3 PM tetrodotoxin, a Na channel
blocker, to the extracellular fluid. So the
spikes were identified as Na spikes.

In cells treated with tetanus toxin (211glml)

,

Number of
cells

150

25

BIKEN JOURNAL V01,26 No. 4 1983

30

Peak potential"
level (inV)

+14.6+I. 6

+12.2:L1.4

Probability of signi-
ficant difference

also, the Na spikes were elicited by depolariz-
ing current pulses (Fig. 4B). For quantitative
comparison of the Na spikes in tetanus toxin-
treated cells with those in untreated cells, the
peak potential levels of the spikes elicited by

0267



a depolarizing current of 5 nA were measured.
As shown in Table 3, there was no significant
difference between the peak potential levels of
tetanus toxin-treated and untreated cells.
These results indicate that the mechanism

generating the Na spike in response to current
stimulation of the cells was not affected by tet-
anus toxin.

4. Effect of tet"""s toxz'" 0" actz'0" potentt'@13
eficited a'" hz^, h C@2 , N@ free sol"120"

Even in high Ca' (30 inM), Na -free solu-
tion, the cells showed active resoponses of
membrane potential to depolarizing current
pulses, though the responses appeared quite

different from those elicited in 120 inM Na

2 inM Ca' salt solution. Figure 5A shows
the graded responses elicited in high Ca2
Na -free solution. Slow spikes in the active
responses were elicited at 4 nA or more and
reached a peak potential more than 28 msec
after the beginning of stimulation. The slow
spike 61icited by 9 nA of current overshot the
zero membrane potential by about 4.5 inV.
These slow spikes elicited in high Ca' Na -
free solution were resistant to tetrodotoxin

(3 PM) and unre, b, rich^d by C. * (10 inM) or
Mn2 (10 inM). The peak potential levels of
the slow spikes depended on the extracellular
Ca2 concentration (data not shown). There-

^.\^,..

(B)(A)

FIGURE 5. Responses of membrane potential to current stimulation in tetanus toxin-treated and untreated
NG108-15 hybrid cells in high Ca", Na'-free solution. A, untreated cell; B, tetanus toxin (211gjml)-treated
cell. Cells with or without treatment with tetanus toxin were washed and bathed in 30 inM Ca", Na'. free
solution. Recordings were from a microelectrode impaled intracellularly. In A and B, upper traces show
stimulation currents and lower traces show membrane potentials elicited by the currents. Note that slow
spikes (Ca spikes) were elicited by current stimulation in the untreated cell (A) but not in the tetanus toxin-
treated cell (B).

,

TABLE +. Peak potential let!e!s of the C@ spike elfc, 'ted I'" hz'gh CO", N@'-free $011, tio" t'" tetanus
toxin-treated and untreated NG/08 15 hybrz'd cells.

loomsec

><
^O
.,. -

Treatment

None

or Values are means=SE. M

Tetanus toxin (211g in I)

.-^.

Number of
cells

25

32

Peak potential"
level (inV)

+4.2, =I. 5

SUGiMOTo, N. at al. Tetanus toxin action on NG108-75 hybrid cells

-15.8=1.5

Probability of signi-
ficant difference

<0,002



fore, the slow spikes were identified as Ca
spikes according to the criterion described by
H^giwar^ and Byerly (1981).

In contrast to the Na spikes, the Ca spikes in
the cells were blocked by treatment with tet-
anus toxin (211gjml). As shown in Fig. 5B,
the responses of the membrane potential of tet-
anus toxin-treated cells to current stimulation

were passive and Ca spikes were not generated
even when the stimulation intensity was in-
creased to 8 nA. Table 4 shows that the peak
potential levels of the responses in the mein-
brane potential of the cells to current stimula-
tion were greatly suppressed by treatment
with tetanus toxin (2 Figlml).

5. Rel@tz'0" beta!ee" to",'" dose amof peak
potentt'"I let!el of C" spz'Aes tm the hybrid cells

As shown in Fig. 6, the peak potentials of
the Ca spikes elicited by depolarizing current
stimulation (5 nA) in high Ca' , Na -free salt
solution varied inversely with the dose of tet-
anus toxin. A dose of 25 riglml caused no
suppression of the peak potentials of the Ca
spikes, but suppression was detectable at a
dose of 45 rigjml and reached a maximum at

inVi
5

\
\

to

+,

=
co
+,

o
a

o

\

5

to -10
O.

- 15

50 100

Tetanus toxin

FIGURE 6. Toxin dose-response relationship in sup-
pression of the Ca spike by tetanus toxin in NG108-
15 hybrid cells. Cells were treated with various
concentrations of tetanLis toxin in DMEM for I h

at 37 C. Then, the medium was replaced by 30 inM
Ca2+ Na'-free solution for intracellular recording
of the Ca spike. Peal{ levels of the response to a
stimulation current of 5 nA were read on an OScil-

10scope. Symbols and bars show mean values and
standard errors for 20 cells.

20

I\F_,,_-! '^~~

500 1000 rig/in I

( )

FIGURE 7. Responses to current stimulation of the membrane potential of tetanus toxin-treated and untreated
NG10815 hybrid cells bathed in 10 inM Ca", Na'-free solution containing 15 inM TEA. A, untreated cell;
B, tetanus toxin-treated cell. In A and B, upper traces show the stimulation current, and lower traces the
membrane potentials elicited by the current. Note that the untreated cell showed a more marked Ca spike in
solution cotaining TEA than in 30 inM Ca", Na'-free solution (Fig. 5A) and that the tetanus toxin-treated cell
showed no active response even in medium containing TEA.

more than 250 riglml of toxin. The E050 for
suppression of Ca spikes in the hybrid cells
was 92 rigjml.

loomsec

><
^^
<.. -
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TABI, u 5. Wect of 7'E, 4 on pett}: potent, 'n/ lean/ of the Ca spike etic!led 171 10 7111V/ C(12', Am, -
flee $011,110" 111 letn, !i's 10Ni'?,-liented rilld lint, eated A1G/08-/. 5 hj, bird cells

TEA

(15 initf)

Absent

Present

" Values are meanstS. E. A1

" Values in parentheses are numbers of cells examined

6. fly",/ of ,*./,,, in/b, "dd, d Tf. 4 on Ih, of, ,/
of lefti"i's 10 XIIi o11 Co $151'A's 111 Ih, Icybi'111 cent

In the prescncc of 15 inn{ of TEA, a voltagc-
depcndcnt 1<~' channel blocker, thc Ca spikes
recorded in 10 inM Car2. Na+-free salt solu-

tinn became more marked (Fig. 7A). Under
these conditions thc Ca spikes elicited by 5 nA
of depolarizing current ovcrshot tlic zero mein-
bi'ane potential I)y about 7 inV, \\, hereas the
mean peal< potential recorded in 10 inM Ca2*
Na;--free solution without TEA \\, as about

-5ITl\'. Blocl{ade of thc Ca spikes by tctJnus
toxin was not influenced by externalIy added
TEA (Fig. 7B). A* *h. wnin T"b1.5, addition
of TEA to the extraccllular fluid markedIy
increased the difference between peak potentials
of tetanus toxin-trcated and untreated cells

Untreated
cells

_4.8t1-9 (20)!,

6.8ti. 5 (32)"

Peak poteittial level"

Tetanus toxin-
treated cells

-162.1.9 (20)"

_16.8t15 (35) A

Difference
of means

DISCUSSION

to a steady ITyperpolarized level to ensure
optimal and uniform electrical responses to Lie-
polarizing pulses. Under tltese conditions, all
tlie control cells responded to stimulation, in-
dicating that the conditions \\, ere better than
thosc in previous investigations. NIOi'eovcr,
by adding TEA to the extracellular fluid, \\, e
COLIld detect blockade of the Ca spike by tet-
anus toxin at lower extracellular Ca2{ concen-

trations than those in previous studies.
Experiments on passive electrical membrane

properties indicated that ICtanus toxin docs not
11nurc the cell membrane. 'The fact that the
Na spikes were generated in tetanus toxin-
treated cells as well as in untreated cells sug-
gests that the voltage-dependent Na~~ channels
in tetanus toxin-treated cells operate normally
ExternalIy added 'TEA, a volgate-dependent
K. ~ channel blocker, did not influence blocl<adc
of the Ca spike 11y tetanus toxin, \\. hile it en-
hanced thc Ca spike in lintreated cells, POS-
sibly by reducing the counter-current of 1<-
(Katz and NIIlcdi, 1969; Hagiwara and Byerly,
1981). This suggests that tetanus toxin does
not affect the 'I'EA-sensitive 1<. current.

Thus the present results suggest that tetanus
toxin selectively blocks the \, o1tage-dependent
inwartl Ca" current in NG108-1511ybrid cells.

The minimum dose of tetanus toxin for

blocking the Ca spike in NG108-15 hybrid
cells \\, as 250 rigjml. Thougll this dose is ap-
parently larger than th. d. ^. (.,. 100 pg) re-
quired for 1<11/1ng mice by toxin injection, it is
similar to, or less than, the doses so fan. ^eport-
ed to inhibit neurotransmitter release from

In previous \\. ork (Sugimoto or a1. , 1983 ; I{Iga-
shida at a1. , 1983), \\, e LISed neuroblastoma
clone NIE-115 cells and found that tetanus

toxin I)Incl<s the Ca spike under ITiglt Ca2,
I\;a'-free conditions. In the prescnt experi-
merits, \\, e extendcd our previous findings
to NG108-15 neuroblastoma x glioma hybrid
cells, \\, hich release the iteurotransmittcr ace-
tylcholine (Nelson at all. , 1976; A. ICGee at al. ,
1978). Under refined conditions, \\, e confirm-
cd the selective blockade of the Ca spike by
tetanus toxin in the ITybrid cells.

In this study, we used cells that \\, ei'c sufii-
ciently differentiated to generate a definite
Na spike and adjusted membrane potentials

11.4

23.6

Probabilitv
of

significant
difference

<0.002

<0.0002

SUGiA10To, N. at al. Tetni, lis toxin orti'o71 on NG108-15 IIJb, ,'of tells 153



particulate brain or brain slices in vitro (Big-
alke at a1. , 1981 ; Collingridge and Davies, 1982).

NG108-15 hybrid cells have been reported
to release acetylcholine in response to various
stimulations, such as I, Igh extracellular K'
(NICGee at a1. , 1978) and electrical stimulation
(Nth. n at ,I. , 1976). wand. n and Gill (1982)
using NG108-15 cells reported that tetanus
t. xin (5I, giml) inhibitd th. rel, ,^, of neat, j_
choline evoked by high extracellular 1<'.
NG108-15 hybrid cells were also reported to
form functional synapses with striated muscle
cells in culture (Nelson at a1. , 1976). These
findings, together \\, it IT the present results in-
dicate that NG108-15 hybrid cells are a suit-
able in vitro systent for electrophysiological
studies on the effect of tetanus toxin on neu-
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