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drites, where the generator potential 
arises (5), might be the consequence 
of geometrical factors; and in the lat- 
ter case, spatial restrictions for ex- 
citations (2) and other factors (6) may 
possibly prevent all-or-none activity at 
the nonmyelinated nerve terminal. One 
has to rely, therefore, on the more 
indirect method of blocking selectively 
one of the two electrical components 
to demonstrate the independence of 
their underlying mechanisms. A variety 
of techniques have been used previ- 
ously to this effect (7), but all have the 

disadvantage that in blocking the all-or- 
none component they also affect to 
some extent the generator potential. 
In the present experiments we used 
tetrodotoxin. This toxic substance ob- 
tained from the puffer fish has al- 

ready been shown to block impulse ac- 
tivity in nerve and muscle fibers (8, 9). 
Here, in two receptors, the crustacean 
stretch receptor neuron and the pacin- 
ian corpuscle, tetrodotoxin will be seen 
to act selectively on the all-or-none 

component, blocking the action poten- 
tial, but leaving the generator potential 
unaffected. 

The isolated crustacean neuron pro- 
vided an appropriate preparation since, 
first, its dendrites are readily accessible 
to water-soluble molecules at least as 

large as sucrose (10); second, the gen- 
erator potential is readily measured by 
intracellular recordings; and third, the 

stretch-generator potential relationship 
and the "equilibrium potential" of the 

generator potential are known (3). 
The soma of neurons of the slowly 

adapting stretch receptor was impaled 
with microelectrodes (3M KC1) mount- 
ed on a bridge circuit to stimulate the 
cell directly and to measure membrane 
resistance (3). Potential changes (gen- 
erator and action potentials) produced 
by different degrees of stretch were 
recorded. The bathing solution (van 
Harreveld) was then exchanged for one 

containing tetrodotoxin, and the mea- 
surements were reported. 

Tetrodotoxin in concentrations of 1 
to 5 g in 10? ml abolished the action 

potential produced by direct or anti- 
dromic stimulation, as well as the sus- 
tained impulse activity in response to a 

steady stretch (Fig. 1A). The resting 
membrane potential remained un- 

changed and the membrane resistance 
decreased only slightly. The amplitude 
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Fig. 1. (A) Crayfish slowly adapting stretch 
receptor organ. In each record from top 
to bottom: intracellular recording, record 
from the axon (2 mm or more from the 
soma), stretch. Response to two degrees 
of stretch before (a, b) and after (c, d) 
treatment with tetrodotoxin (5 X 10'- 
wt/vol). Calibration: 2 sec; 10 mv. (B) 
Decapsulated pacinian corpuscle. Responses 
to a threshold stimulus before (upper 
record) and after (lower record) appli- 
cation of 5 X 10-1 wt/vol tetrodotoxin. 
Lower beam, photoelectric record of me- 
chanical pulses. Calibration: 1 msec; 15 
IuV. 

was increased by an order of magni- 
tude above that sufficient to block im- 
pulse activity. The relationship between 
generator potential amplitude (steady 
phase) and applied stretch was similar 
to that of the untreated receptor (Fig. 
2A). Moreover, in two receptors, in 
which delayed rectification was negligi- 
ble, the equilibrium potential of the 

generator potential after application of 
tetrodotoxin was found to be similar to 
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Fig. 2. (A) Relation between generator 
potential (steady phase amplitude) and 
relative length of the muscle bundle in two 
crustacean slowly adapting stretch recep- 
tors after treatment with tetrodotoxin. 
Maximum length at which no impulse ac- 
tivity was present was taken as unity. The 
relationship is simular to that previously 
described in normal receptors (compare 
with Fig. 1 of Ref. 3). (B) Generator 
potential-stimulus strength relation in an 
intact pacinian corpuscle before (0) and 
after (o) application of tetrodotoxin. Bar 
on ordinate marks level for impulse initia- 
tion before drug application. 
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In the experiments with pacinian 
corpuscles, the toxin was applied to 
single intact or decapsulated corpuscles 
(4) isolated from the cat's mesentery. 
The preparation was set up in a drop 
of Krebs's solution surrounded by min- 
eral oil. The solution-oil interface, 
which served as peripheral recording 
electrode (another electrode was placed 
on the central stump of axon), was ad- 
justed to lie at the point of axon emer- 
gence from the intact corpuscle; in the 
decapsulated preparation, the solution- 
oil interface was lying at the level of 
the first Ranvier node. For tetrodotoxin 
application, the Kreb's fluid was ex- 
changed for one containing the com- 
pound. Generator and action potentials 
were elicited by mechanical pulses from 
a piezoelectric crystal (4). 

Tetrodotoxin in concentration of 1 g 
in 105 ml blocked the action potential 
in both the intact and decapsulated 
corpuscles, leaving no detectable all-or- 
none residue (Fig. lB). The gener- 
ator potential was not appreciably af- 
fected. The generator potential-stimulus 
strength relation and the rates of rise 
and fall of the potential were the same 
as in the untreated receptor. It is note- 
worthy that the generator potential is 
Na+ dependent in both the pacinian (11) 
and stretch receptor neuron (10). 

The above-described findings indicate 
that spike and generator potential in 
the two receptors examined are inde- 
pendent events being subserved by dif- 
ferent mechanisms. If so, these are 
likely to reside in separate regions of 
membrane, although the spatial arrange- 
ment may vary in different receptors 
(coarsely discernible regions of the 
cell, separate membrane patches within 
a region, and submicroscopic mosaic). 

Tetrodotoxin has also been shown to 
block the action potential in muscle 
fibers (8) and electroplates (12), with- 
out affecting the endplate potential or 
the depolarizing action of externally 
applied acetylcholine. These findings 
and the present results are taken here 
as lending support to Grundfest's gen- 
eralization that synaptic and generator 
processes are analogous transducer ac- 
tions (1; 13). 
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Abstract. The presence of an aziri- 
dine ring in mitomycin C suggests that 
the mechanism of action of the anti- 
biotic is like that of the antitumor alky- 
lating agents. However the compound 
is unexpectedly stable during aerobic 
incubation with rat liver homogenates 
although rapidly metabolized anaerobi- 
cally. Mitomycin is not reactive with 
y-(4-nitrobenzyl)pyridine and reacts 
only slowly at acid pH with thiosul- 
fate. It is proposed that mitomycin is 
activated in vivo, possibly by a reduc- 
tion which "unmasks" the potential ac- 
tivity of the fused aziridine ring. 

Mitomycin C is an antibiotic and 
also a potent inhibitor of transplantable 
rodent tumors (1). The structure of 
the agent (2) suggests possible relations 
between its chemical configuration and 
biological activity (Fig. 1). The aziri- 
dine ring is an alkylating group, similar 
to those present in antitumor mustards 
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agents is also resistant to mitomycin 
(7). It is also consistent with muta- 
genesis (8) and phage-activation (9) 
in Escherichia coli, and with a primary 
inhibition of DNA synthesis in E. coli 
(10), in mammalian cells in culture 
(11), and in proliferative tissues of rats 
(12). 

However, the high potency and speci- 
ficity of action of mitomycin in vivo 
are unexpected, for such properties are 
not usually found in monofunctional 
alkylating agents (3). [Mitomycin C is 
more potent in laboratory animals than 
most polyfunctional alkylating agents, 
with the possible exception of triethyl- 
ene melamine (13).] Moreover, mito- 
mycin C does not alter virus infectivity 
(11) or transforming activity (14), 
viscosity and melting-out characteristics 
(14, 15), or x-ray diffraction patterns 
(16) of isolated DNA, even though 
these may be directly affected by anti- 
tumor alkylating agents (3). 

Another curious property of mito- 
mycin is its relative stability in tissue 
breis under aerobic conditions. Our 
previous studies (17) showed that the 
antibiotic is rapidly metabolized anaero- 
bically by rat liver homogenates. The 
anaerobic metabolism, measured by 
changes in ultraviolet absorption at 363 
m/,, was proportional to loss of biologi- 
cal potency which was assayed with 
Bacillus subtilis spores. These earlier 
studies have now been extended to a 
comparison of the changes in biological 
activity with spectral changes under 
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assay (20 percent), although recoveries 
were slightly higher by the spectro- 
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