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INTRODUCTION

Hodgkin (1948) demonstrated that the duration of the relative refractory period
following the action potential in isolated axons of the crab Carcinus was too short to
determine the duration of the spike intervals of a repetitive response to a maintained
depolarizing current. He found that the interval between the onset of the stimulating
current and the first spike was more closely related to the intervals between the later
successive action potentials. He therefore suggested that the processes leading to
excitation were similar throughout the response and that the influence of the relative
refractory period was only significant at high repetition frequencies.
With the formulation of the Hodgkin-Huxley equations the factors involved in the
genesis of the repetitive response have been more closely defined and the temporal
pattern of the discharge which would be expected at different strengths of applied
current have been computed (Fitzhugh, 1961; Agin, 1964). The responses obtained
experimentally from the eccentric cells of Limukis eye, the squid axon, cat and rat
spinal motoneurones, and the crab axon are not consistent with the predictions of the
equations (Fuortes & Mantegazzini, 1962; Hagiwara & Oomura, 1958; Granit, Kernell
& Shortness, 1963; Hodgkin, 1964). Fuortes & Mantegazzini have suggested that this
divergence can be related to accommodation and to the cumulative after-effects of the
action potentials themselves, which they in turn related to accumulating refractoriness.
The present investigation is concerned with the factors which determine the form
of the repetitive response in isolated crab axons, although such influences as those
caused by the accumulation of extracellular potassium ions (Frankenhaeuser & Hodgkin,
1956; Chapman, 1963 a) will not be dealt with in detail.
METHODS

Motor axons, of between 15 and 40 fi, were isolated from the leg nerve of the crab
Carcinus maenas, obtained locally. Two to four cm. of axon was prepared and cleaned
while still in continuity with its muscle. The axons were tested to see if they responded
well and were at the same time identified according to the muscle they innervated
(Wiersma & Ripley, 1952). The axon was then separated from the leg and each end of
the axon was gripped in separate heavily insulated forceps.
The experimental system used enables an isolated segment of an axon to be bathed
• Present address, Department of Biophysics, University College, London.
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by physiological solution (sea water) while electrical measurements are made upon it.
The technique itself is similar to those that have been employed on other axons,
(Stampfli, 1954; Hodgkin & Keynes, 1955; Tomita, Saimi & Toida, 1961; Julian,
Moore & Goldman, 1962 a). The axon after isolation is washed in isotonic sucrose
solution (0-724 M) by repeated change of the bathing medium. This procedure completely abolishes excitability from the axon. The axon is then threaded with the aid of
a length of fine silver wire through two holes (50-100 fi) which lie opposite each other
in a piece of polythene tubing (inside diameter i-o mm.). The two ends of the axon
are then returned to the insulated forceps. A length of chloride-coated silver wire is

J~L

n.

Is U

Is U

100

Ag/AgCI

Ag/AgCI

Oil

Ag/AgCI

Oil

Sea
water

'KCI

Pipe

Fig. 1. Schematic diagram of the stimulating and recording system employed. Abbreviations:
Ag/AgCI, silver-silver chloride; CF, unity gain cathode follower; Is U, stimulus isolation unit;
KCI, isotonic potassium chloride Agar wick electrodes.

passed down one limb of the polythene tube until it comes close to the axon. This limb
of the tubing dips into a reservoir of physiological solution, the other is attached to a
water vacuum pump via a trap bottle. The slight negative pressure applied by the
pump draws the solution from the reservoir along the tubing and past the axon. The
negative pressure also draws some of the sucrose solution into the tube through the
holes to provide an isolated area of the axon bathed by physiological solution to which
full excitability is rapidly restored. At this point paraffin oil is substituted for the
sucrose solution in the experimental bath and two KCI wick electrodes are brought
into contact with the axon on either side of the tube and at about 5 mm. from it.
Currents are applied to the artificial node via one of these KCI wicks and the central
earthed pipe electrode, while the potential changes of the node are recorded between
the other KCI wick and the central pipe (Fig. 1). This technique may produce preparations that respond as if hyperpolarized and in these cases the demarcation potential is
indeed increased. Similar hyperpolarization have been reported by Julian, Moore &
Goldman (1962 a). Stampfli (1963) has suggested that hyperpolarizations occurring
with sucrose-gap techniques applied to unmyelinated axons may be due to a liquid-
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junction potential at the artificial node caused by the differential loss of sodium and
chloride ions from the surrounding internodal regions resulting from the markedly
different ionic mobilities of the two ions. Spyropolous (personal communication) has
pointed out that in the region of the axon exposed to the sucrose solution the membrane
potential will be much changed, and the resulting current flow between it and the
artificial node is likely to influence the resting potential of the latter.
The preamplifier used throughout these experiments was of a type similar to that
described by Bak (1958), with an input resistance of io10 Q. and a grid current of less
than io" 13 amps. Constant current stimulation was achieved by applying the current
to the axon through a 100 MQ resistance. Changes in membrane resistance were
determined by measuring the potential displacement of the membrane caused by a
short current pulse (O-OI-I-O msec.) of known strength.

RESULTS

Crab axons can yield types of repetitive behaviour that do not conform to the three
original classes described by Hodgkin (1948). These wayward responses, however,
occur under rather special experimental conditions, as in hyperpolarized axons (Chapman, 1963^), or in axons previously subjected to prolonged anodal current (Chapman,
1963 a). Therefore, the classification adopted by Hodgkin will be used throughout the
present paper. The somewhat improved technique has enabled certain other features
typical of each axon class to be ennumerated, and for brevity these can be included in
a set of modified definitions, as follows :
Class I axons. Axons in which the recovery cycle shows no significant supernormality
(Fig. 3 a), and which are capable of often very prolonged repetitive activity over a wide
range of frequencies (less than i/sec. to 150/sec). The frequency of the response
increases with increasing strength of applied current, while the critical level of
depolarization for the spike and the amplitude of the action potential remain constant
over a wide range of stimulus currents. The spike intervals during the repetitive
response increase smoothly and progressively until the spikes cease. The demarcation
potentials are high, 50-70 mV.; the critical level of depolarization for the spike is low,
10-15 mV.; the action potential is large, 80-90 mV., and the preparation resistance
per unit area of node is high, 8500-7900 Q/cm.2.
Class II axons. Axons in which the recovery cycle shows an early marked supernormality that develops immediately after the action potential (Fig. 3 b). When stimulated by maintained depolarizing current these axons yield a train of relatively
high-frequency action potentials (50-200/sec), which end abruptly without showing
a stable low-frequency discharge. The spike amplitude is reduced only during the
passage of high-intensity currents, but the critical level of depolarization for the spike
rises progressively throughout the repetitive response with all suprathreshold currents
(Fig. 2). The demarcation potentials, the critical level of depolarization, the preparation resistance and the spike amplitudes are not significantly different from those
shown by Class I axons.
Class III axons. Axons in which the recovery cycle shows a prolonged subnormality
(Fig. 3) and which yield only a short repetitive response to sustained depolarizing
current. The action potential amplitude falls progressively during this response and
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the critical level of depolarization for the spike shows a progressive rise. These axons
are capable of only short initial latencies (less than 20 msec.) as compared to axons of
the other classes, This type of response is typical of axons in poor condition, since the
demarcation potential is low, 35-55 mV.; the action potential amplitude is reduced,
40—60 mV.; the critical level of depolarization for the spike is high, 20—30 mV.; and
the preparation resistance per unit area is low, 6800-3500 ti/cm.2.
Hodgkin (1948) noted that any division of this type was essentially arbitrary for
intermediate responses are not uncommon; this is further emphasized by the fact that
different regions of the same axon may yield different classes of repetitive behaviour.
We are, therefore, dealing with different types of responsiveness and not with different
types of axons. As a further precaution each axon was identified according to the muscle
it innervated, and no physiological differences were observed between them.

10 mV.

30 msec.
Fig. 2. The progressive rise of the critical level of depolarization for the spike during a repetitive
response of a class II axon. The oblique white line is drawn through the threshold potential for
each successive spike. Note also the subthreshold potential oscillations that precede and follow
the train of action potentials. 200 C.

The response to maintained depolarization

In axons yielding responses typical of classes I and III, when the potential displacement of the membrane caused by a weak maintained depolarizing current just failed
to exceed the critical level of depolarization for spike generation, the potential eventually falls back after a plateau even if the stimulating current is continued, due to the
development of rectification. A similar process occurs at the end of a repetitive response.
The situation observed in type II responses is complicated by the marked oscillatory
nature of the local potential (Fig. 2).
Trains of spikes several seconds long are consistently evoked by maintained depolarizing currents just above threshold in axons of classes I and II. Occasionally the
smooth increase in the spike intervals is interrupted when the local potential falls back
without evoking an action potential and after a time rises again. Sometimes this process
occurs several times before resulting in a further action potential. Following a break
of this sort, the intervals between the next group of action potentials are shorter than
those that preceded the break. Such behaviour with near-threshold currents is, however, uncommon in the best preparations. In axons of classes II and III there is a
progressive rise in the threshold potential for the generation of each successive spike
during a repetitive response (Fig. 2).
A method found convenient for comparing these present observations with those
made upon sensory cells (Fuortes & Mantegazzini, 1962) and with computed theoretical
relationships (Fitzhugh, 1961; Agin, 1964), is to plot the instantaneous frequency of
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the spike intervals against the strength of the applied current. Fig. 3 shows the relationships obtained from an axon typical of each class of repetitive behaviour for the
reciprocal of: (a) the latency from the onset of the stimulating current until the foot
of the first action potential; (b) the mean interval between the subsequent spikes; and
(c) the last spike interval appearing during the current pulses of 1 sec. duration (Fig. 3 a
only), over a range of stimulus intensities. The reciprocal latency is linearly related to
the current intensity in all the axons studied, varying only near to threshold. The
reciprocal mean interval (mean frequency) shows a similar but not identical relationship in classes I and II responses, but unlike the reciprocal latency there is an upper
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Fig. 3. Comparison of the reciprocal latency (O—O) with the reciprocal mean spike interval
(•—•) and the reciprocal last interval ( • — • ) , in response to a maintained depolarizing
current of i sec. duration and of increasing strength, for: (a), a class I axon; (6), a class II axon;
(c), a class III axon. The inset graphs show the form of the recovery cycle of each axon as determined by a two-pulse technique.

frequency limit, so that beyond a certain frequency (enlarged symbol in Fig. 3)
increasing the current intensity is not accompanied by a rise in the mean response
frequency.
The effects of depolarization beyond 5 times rheobase are not shown in Fig. 3.
The general nature of the changes caused by strong cathodal current is similar in each
type of response, but is most marked in weakly repetitive axons. If the current intensity is increased beyond the point where the mean spike frequency no longer
increases, the threshold potential for spike generation increases more rapidly so that
the repetitive response terminates early (Fig. 4), while during the response there is a
progressive decline in the amplitude of the successive spikes. Still further increases in
the strength of the applied current enhances the effects described above until only a
single action potential develops following the make of the stimulating current. Over
31
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the whole range of depolarizing currents the initial spike is of unchanged amplitude,
its potential threshold remains the same, and the reciprocal latency is always proportional to the strength of the applied current. After the last action potential in a
repetitive response curtailed by the passage of a strong cathodal current the potential
displacement of the membrane exceeds the original critical level for spike generation
(that for the first spike) without further spikes developing. The size of this potential
displacement, however, is not proportional to the applied current strength but varies
more slowly, indicating the development of rectification (see levels in Fig. 4).

10-* A./cm.1
node area

50 mV.

25 msec.

Fig. 4. The progressive effects of strong sustained depolarizing current on a class I axon.
This behaviour is typical of all of the axons discussed in this paper. 190 C.

40 mV.
40 msec.

Fig. 5. The introduction of an extra action potential into a repetitive response of a class I axon
causes a lengthening of the next spike interval. This effect is greatest when the additional
impulse is applied during the relative refractory period of an action potential in the repetitive
response. 19° C.
Stimulation by trains of short current pulses

When stimulated by sustained depolarizing current, the highest maintained response
frequencies are: 150/sec. in class I responses, 250/sec. in class II responses, and 5o/sec.
in class III responses; whereas stimulation by discrete trains of short-duration current
pulses can elicit maintained response frequencies as high as 550/sec. This difference
in behaviour has been investigated by applying trains of short stimulating pulses of
current over a wide range of frequencies and current intensities. A strength/frequency
curve is obtained by determining the current strength required to elicit complete
responses over a wide range of stimulus frequencies. This strength/frequency relationship is much more sensitive to changes in the stimulating current intensity than the
strength/mean response frequency relationship for the direct current mode of stimulation (Fig. 6). As a result the curves for the two relationships cross, so that beyond a
certain frequency the strength of the sustained current must exceed that of the individual pulses that compose a stimulating train at the same response frequency. No
real significance can be placed on the actual frequency at which the strength/frequency
relationships cross in any particular axon because it depends on the actual duration of
the short current pulses that form the train. An explanation cannot be derived by
comparing the responses in terms of their respective rheobases, as done by Fuortes &
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Mantegazzini (1962), because of the influence of the transient current pulse duration,
i.e. if the duration of the individual transient stimuli applied as a regular train of pulses
is increased so that the current alsoflowsduring repolarization of the action potentials,
an originally complete train of responses will now show interruptions.
' Extra' action potentials

In class I axons, when an extra action potential is evoked during a repetitive
response by an additional strong transient current, the interval to the next spike is
always longer than the interval normally expected at that point in the repetitive
response (Fig. 5). The extent to which the subsequent spike interval is lengthened
depends on how soon after a normally evoked action potential the extra impulse is
100
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(/iA./cm.1 node area)
Fig. 6. Contrast of the response frequency/strength relationships of a typical class I axon for
direct current stimulation (O—O), and for trains of short current pulses applied over a range
of frequencies ( • — • ) . io.° C.

elicited, being greatest when the extra spike falls within the relative refractory period
of the preceding repetitive spike. The recovery cycle that follows after a repetitive
action potential can be crudely determined using extra impulses and is of the same
general form as that occurring after the single action potential. However, interpolated
action potentials of reduced amplitude are evoked after a spike in a repetitive response,
for a period longer than the relative refractory period that comes after the single spike.
In the particular case of the axon shown in Fig. 5, the recovery of spike amplitude
following the single spike was complete in 6-4 msec, but during a repetitive response
extra impulses of reduced amplitude were evoked as late as 15 msec, after a repetitive
spike (third record in Fig. 5). The time required for recovery of the action potential
amplitude after repetitive spikes progressively increases as the response continues.
An extra action potential introduced during a class II repetitive response resets the
31-2
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response, while in class III axons further repetitive action potentials seldom develop
after the introduction of an extra action potential.
Transient currents applied during repolarization of the action potential

A very marked increase of the following spike interval occurs (up to 50 % longer
than the expected interval) if an additional cathodal pulse is applied during the repolarization phase of the preceding action potential. This effect varies with the strength
duration and timing of this pulse (Fig. 7). To investigate this phenomenon further,

40 mV.

40 msec.

Fig. 7. The effect upon the following spike interval of introducing an additional short cathodal
current pulse at various times during the repolarization phase of an action potential. Class I
axon. 190 C.

mA./cm.:
node area

40 mV.
0-2 mA./cm. 1 node area

50 mV.
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3 msec.

Fig. 8. (a). Tracings from original records of the hastening of repolarization phase of an action
potential by anodal current (dashed line), and the slowing of repolarization caused by cathodal
current (thick solid line). The normal course of repolarization is shown by the thin solid line.
190 C. (6). Two superimposed records showing the changes in recovery resulting from cathodal
and anodal currents applied during the repolarization of an action potential. Recovery is more
rapid after anodal current passage, as indicated by the lower threshold current, the greater spike
amplitude and the lower threshold potential for the second spike. 190 C. (c) The slowing of
recovery of the axons after an action potential shows some proportionality to the strength of the
cathodal current applied during repolarization of that action potential, so that the amplitude
of a second spike elicited during the relative refractory period falls as the strength of this earlier
pulse is increased. For comparison a similar record of the hastening of recovery after the
application of anodal current is shown. 18° C.

transient current pulses of either polarity were applied during the repolarization of an
action potential evoked by a short shock, while the recovery cycle was determined by
a third cathodal test-pulse technique. Transient currents of less than 50 fiscc. duration
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Fig. 9. The duration of the relative refractory period (O—O) is reduced following anodal
current pulses(D—•) and is prolonged following cathodal current pulses ( • — • ) when these
pulses are applied during the repolarizatdon phase of the action potential. Pulse duration
350 /isec.; strength of pulse 100 /iA./cm.' of node area.
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Fig. 10. The reduction of the amplitude of an action potential evoked 3-5 msec after an earlier
action potential shows proportionality to the strength of a cathodal current pulse (300 /«ec.
duration) applied 400 /*sec. after the onset of the first spike. 20° C.
Fig. 11. The approximate change in the membrane resistance during an action potential as
determined by applying short-duration (150 /tsec.) square constant current pulses at various
times during the action potential. For comparison a tracing of the action potential is also
shown. 21 0 C.
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need to be quite excessive (over 1 mA./cm.2 of node area) to produce any significant
change in repolarization owing to the presence of the membrane capacity. Pulses
longer than ioo/^sec. are more effective, and pulses of either polarity displace the
potential in a simple ohmic manner, with cathodal currents slowing repolarization and
anodal currents hastening it (Fig. 8 a). The later it occurs during repolarization of the
action potential the greater is the potential displacement produced by a current of given
intensity. The duration of the relative refractory period is shortened by anodal current
and prolonged by cathodal current applied during the repolarization phase of the
action potential (Figs. 8, 9). These changes in the recovery time are also proportional
to the strength of the imposed currents and to their duration (Fig. 10), while the effect
upon the subsequent recovery is more marked the later these currents are applied
during repolarization.
The technique of applying short additional current pulses during an action potential
enables the resistance change that accompanies the action potential to be mapped out.
However, as relatively long pulses are required to reduce the contribution of the
membrane capacity, the accuracy of this method is somewhat limited at room temperature. For an action potential of 1 msec, duration the membrane resistance falls to a
very low value, reaching 5-10 % of the resting value at the peak of the potential change,
after which the resistance rapidly increases achieving 70-80 % of the resting value
after 500 fisec. The resistance of the ' node' then recovers quite slowly finally reaching
the resting value some O'5-i-o msec, after the end of the action potential (Fig. 11).
The resistance change therefore closely resembles that reported by Julian et al.
(1962 a, b) for the lobster giant axon.
DISCUSSION

Hodgkin (1948) established that, at least in class I repetitive responses, the rise of
the local generative process is decisive in setting the repetition frequency. Although
the situation is complicated in classes II and III responses by the fact that repetitive
action potentials always develop before the relative refractoriness has completely
subsided, he was able to show that the response time was still of major importance in
determining the repetition rate. However, it is still necessary to propose additional
processes to account for the finite length of the repetitive response, and for the
progressive lengthening of the spike intervals throughout the response. The presence
of these additional processes is clearly demonstrated in Fig. 3, where although the
reciprocal latency and the mean response frequency are both linearly related to the
strength of the depolarizing current, they do not show identical relationships.
The course of the events predicted by the Hodgkin-Huxley equations have been
recently computed for the application of maintained currents (Fitzhugh, 1961; Agin,
1964). The equations predict that that infinite trains of action potentials should result
from constant current steps above a certain intensity, with the interval from the current
onset to the first spike (the latency) of the shortest duration and with the later spike
intervals of equal duration. The frequency of the later impulses is proportional to the
logarithm of the intensity of the applied current. The figures calculated for the
strength/duration relationship yield a linear relationship to the current intensity (data
from Fitzhugh & Antosiewicz, 1959). The reciprocal latency/strength relationships
of the types of repetitive responses shown in Fig. 3 agree well with this latter prediction,
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the only variations occurring close to threshold where small fluctuations in the stimulus
current or in the membrane properties would be most effective. However, the predictions regarding the logarithmic relationship to the later impulses to the current
strength, and the appearance of infinite trains of impulses, are not borne out. However,
rwo important considerations must be taken into account when applying the HodgkinHuxley equations, namely; (i) that the equations when first formulated were not
intended to account for prolonged activity; and (ii) that the equations may require
some modification when applied to other excitable tissues. Important in this context
are some unpublished observations I made on the squid giant axon. Under ideal
conditions with a good fresh axon and a good current clamp, the predictions of the
equations for maintained depolarization are obeyed. Very long (20-40 sec.) trains of
action potentials are obtained with sustained depolarization, with the reciprocal latency
proportional to the current strength, but with the mean frequency of the later impulses
proportional to the logarithm of the current strength. Therefore, in the squid axon,
it is not the response time that is the major factor determining the repetition frequency
as it is in other tissues (crab axon and motoneurone).
The accumulation of the potassium ions released during the action potential, in the
near vicinity of the axon membrane, has been proposed as a factor acting to influence
the form of the repetitive response (Fuortes & Mantegazzini, 1962; Chapman, 1963 a).
Most probably this accumulation of potassium ions and its influence on the membrane
resistance (Hodgkin & Huxley, 1947) is a major determinant of the slope of the
strength/frequency relationship for the application of trains of pulses (Fig. 6). Comparison of the response frequencies evoked by sustained depolarization and by trains
of stimuli show that a further factor is operating to affect the form of the repetitive
response, because maintained current stimulation requires a larger increase in the
current intensity to evoke higher response frequencies than trains of current pulses
require when applied at various stimulus frequencies (Fig. 6). As the number of action
potentials evoked by each mode of stimulation is the same, the different sensitivities
to increases of the stimulus strength cannot be attributed to a differential accumulation
of potassium ions unless the additional depolarization per unit time due to direct
current stimulation causes a greater accumulation of potassium ions. The situation
where trains of stimulating pulses are applied to a nerve cell or axon is not as simple
as suggested by Fuortes & Mantegazzini (1962), because of the influence of the duration of the individual pulses that compose the train. This observation leads to the
suggestion that it is the interaction of the sustained current and the action potentials
that underlies the depression of excitability described by Fuortes & Mantegazzini
(1962), and found in the present study. This suggestion is supported by the following
facts:
(1) The reciprocal latency shows no signs of depression, being linearly related to
the strength of the applied current over a wide range, while the subsequent spike
intervals are longer in types I and III responses and the later spikes can be totally
suppressed by strong cathodal currents.
(2) The shortening of the spike intervals after a break has occurred in the spike
train of a repetitive response.
(3) Additional transient cathodal currents applied during the repolarization phase
of an action potential delay the development of the next spike in the repetitive response.
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The delay of membrane restoration (repolarization and recovery) by cathodal
currents applied during repolarization of the action potential (Figs. 8, 9), clearly
demonstrates this interaction, and the failure of the repolarization to achieve the
resting potential during a repetitive response shows that similar processes are occurring
during this response (Fig. 5). While a basis for the different types of repetitive
responses described for crab axons may well lie in the fact that the sensitivity of the
processes of membrane restoration to imposed currents is lowest in the highly repetitive
axons and highest in the non-repetitive ones. It can be seen from the 'extra' action
potential experiments that the duration of the relative refractory period increases
progressively throughout the repetitive response, and a small prolongation of the
relative refractory period would significantly influence the spike intervals at all repetition frequencies because the local potential develops more slowly during the relative
refractory period (Hodgkin, 1938). It appears, therefore, that the passage of sustained
cathodal current, apart from its depolarizing action, acts to progressively delay membrane restoration after each action potential in a repetitive response and that this leads
to a slowing of the development of the local potential thereby slowing the response
frequency until the final slowest subthreshold potential is reduced by the development
of delayed rectification, and the response terminates.
The change in the membrane resistance that accompanies the action potential in
crab axons (Fig. 11) closely resembles that already described for the lobster giant axon
(Julian et al. 1962 a), with the membrane resistance returning close to its resting value
during the action potential and not remaining at a much reduced level as it does in
the squid giant axon (Cole & Curtis, 1939). This difference between the crab and squid
axons may well go towards accounting for their dissimilar behaviour when subjected
to sustained depolarization.
The rapid recovery of the membrane resistance during the action potential of the
crab axon suggests that during repolarization the sodium conductance increase is shut
off early, and that the increase in the potassium conductance is small (as in the lobster
giant axon, Julian et al. 19626). This being the case, a mechanism similar to that
suggested by Huxley (1959) for the abolition of the action potential at the amphibian
node of Ranvier seems the most likely. This would mean that the changes in repolarization of the action potential by the application of current are due to changes in the sodium
conductance. For hastening of repolarization can only be achieved by increasing the
potassium conductance or by decreasing the sodium conductance (vice versa for
delayed repolarization). The direction of the current flow that produces the changes
in the rate of repolarization makes a change in the sodium conductance more acceptable
(Huxley, 1959). The changes in the recovery of excitability following an action potential
which has had its repolarization changed by the application of current would require
a secondary change in the sodium inactivation and/or the potassium conductance if it
were to be consistent with the basic Hodgkin-Huxley analysis.
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SUMMARY

1. A method is described that enables the electrical responses of motor axons
isolated from the leg nerve of the crab Carcinus to be studied close to or at the site of
imposed electrical currents, while this area is continuously bathed by physiological
solution.
2. The three classes of repetitive responses originally described by Hodgkin (1948)
have occurred during the present work and additional features of these responses have
been described.
3. The results support Hodgkin's original thesis that the development of the spike
generating mechanisms determine the response frequency during a repetitive response,
but a progressive lengthening of the relative refractory period occurs during this
response and is considered to be the agency that causes the gradual slowing down of
the response frequency, i.e. the adaption.
4. The processes of membrane restoration (repolarization and recovery) have been
shown to be sensitive to applied currents; anodal current hastening and cathodal
current slowing it. These phenomena provide a basis for interpreting the change in
the duration of the relative refractory period observed during the repetitive response.
5. The differences between the form of the repetitive response in the crab axon and
the predictions of the Hodgkin-Huxley equations is discussed and it seems likely that
the rapid recovery of the membrane resistance during the repolarization phase of the
crab axon action potential underlies this difference.
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