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CaarrEr I.—INTRODUCTION.

As was pointed out ten years ago by WeprNskr, from telephone observations of the
negative variation, by WALLER, from galvanomeiric observations of the same, and by
MDCCCXCVIL—B. B 17.3.97
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2 DR. A. D. WALLER ON ISOLATED NERVE.

Bowprtcr from the observation of long-persisting excitability in the nerves of
temporarily curarvised mammals, nerve is now admitted to be practically inexhaustible.
The apparent exhaustion of nerve when a nerve-muscle preparation is submitted to

Fig. 1. (Obs. 334.

Normal series of negative variations of current of injury of nerve. Excitation each minute for § minute.
The general decline south signifies a declining current of injury. Each negative deflection consists
of a southward swing, followed by instrumental oscillations above and below the position of rest of
the suspended magnets of a Thomson galvanometer. The deflection at the beginning of the series

is by 0-001 volt.
Fig. 2. (Obs. 1501.)
'

Series of negative va‘riations of Gurrent “bf'irijﬁ?y\?of ‘muscle, to show the contrast between their rapid
decline and the undiminishing, or slightly diminishing, series of megative variations of nerve.
Maximal indirect tetanisation for 7-5 seconds, at intervals of 1 minute. The deflection at commence-
ment of record is by 0:001 volt. The rise of the base line is accidental. Dead-beat galvanometer.

prolonged excitation is, as was first demonstrated in BERNSTEIN'S experiment, not an
exhaustion of nerve, but an exbhaustion of the organ of intermediation between nerve
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and muscle, which, as pointed out by WALLER, is the weak link in the neuro-muscular
chain; being the point at which functional failure is first manifested, in fatigue, in
nerve degeneration, in intoxication by curare (BERNARD), and at death.

Taking as the sign of action artificially excited in a nerve, the negative variation of
its current of rest (DU Bois-REYMoND) or current of injury (HERMANN), the long
endurance by nerve of excitation excessive in strength and in length, is well shown
by prolonged photographic records of the galvanometric indications, which exhibit
little or no decline, in marked contrast with similar records of the negative variation
of muscle which declines par: passu with the declining contraction due to fatigue of
the motor end plates. This steady regularity of response renders nerve pre-eminently
suitable to the systematic study of its experimental disturbance.

§ 1. Method.

The excised sciatic nerve of the frog is laid across two pairs of electrodes enclosed
in a moist chamber through which gases can be passed ; a tetanising current, of
uniform duration and strength, excites the nerve once a minute through one pair of
electrodes (of platinum, or unpolarisable); from the other pair of electrodes
(unpolarisable) the nerve current and its negative variation at each minute are led
off to a galvanometer.*

The tetanising current (lasting for § minute) is effected by a revolving key in the
primary circuit of a Berne standard induction coil ; a reverser in circuit enables the
direction of exciting currents to be reversed ; these are “unmodified,” 7.e., with the break
shocks alone effective ; two Leclanché cells (MUIRHEAD’S pattern) supply the primary
coil ; a short-circuiting key in this circuit is connected with a separate galvanometer,
so that the current strength may be verified as constant ; the secondary coil is fixed at
a distance of 38 centims. from the primary, affording about 10 units of the Berne scale.

The nerve and galvanometer circuit, controlled by two short-circuiting keys
(fig. 8, K, and Kj;), connected with the nerve and galvanometer circuit respectively,
could by a third key (K,) be put in connection with a standard E.M.F. of 1455 volt.
A fourth key (K,) is connected with a demonstrating galvanometer, the readings of
which are observed on a screen in the usual way. ‘

The moist or gas-chamber, with three sides of ebonite arid three sides of glass,
had a capacity of 30 cub. centims. The interval between the centres of the
leading-off electrodes was 10 millims., that between the exciting electrodes was
3 millims., and that between the exciting and leading-off electrodes was 15 millims.

The galvanometer spot (image of a vertical slit in front of a paraffin lamp) fell
upon a horizontal slit in a vertical box in which an ‘ ordinary ” photographic quarter
plate was let down by clockwork.

¥ Vide note to Table D, p. 66. All the earlier records (e.g., fig. 1) were taken with the parbfailj-
damped instrument; many of the later records (e.g., figs. 66, 67, 68 and figs. 49 to 56) were taken with
a dead-beat instrument,

B 2
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Plan of Apparatus.

nerve-chamber contains the nerve resting upon a pair of unpolarisable electrodes connected with K,
and a pair of platinum electrodes, through which the nerve is excited. The wash-bottle serves to
prevent drying of the nerve, and, in certain cases, is used to stop acid vapour.

exciling apparatus is represented above; the circular interrupter in the primary circuit
revolves once a minute, and makes contact at a mercury pool for & of eich revolution. The
vibrating interrupter of the coil starts as the circuit is completed, and the nerve is thus tetanised
each minute for 71 seconds, at a frequency of 70-75 interruptions per second.

keyboard is composed of four bridging keys: K, in connection with the nerve at T and I,
K, with the compensator, K5 with the recording galvanometer, and K, on occasion with a
demonstrating galvanometer. When all the keys are closed, everything is short-circunited through
them; the key-board is then simply a metallic ring. Opening K, and K; puts the nerve into
connection with the galvanometer; opening K, lets into the nerve-circuit any suitable fraction of a
volt from the cell and rheostats ».R. 'To take 0001 volt from a ILieclanché cell, r is taken
= 10 ohms, and R = 14,690 ohms; to take a polarisation current of 00l volt, r is taken
= 100 ohms, and R = 14,600 ohms, &c.

connections in the diagram are represented such that the current of injury passes from left
to right in the nerve,; and in the galvanometer, viz., from T to L and from S to N, reading upwards
in the final record. The compensation or graduation current reads downwards. A negative
variation reads downwards. A positive variation reads upwards.
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The order of procedure in experiment was as follows :—The nerve was dissected
out, cut near the knee joint, and left in connection with a piece of spinal column to
serve as a handle. It was then laid across the two pairs of electrodes and tested
by a tetanising current, as above. Electrotonic effects were tested for by reversal of
the exciting current, and by crushing the nerve in the interpolar region ; unipolar
effects by removing one wire; magnetic effects by removing both wires of the
secondary coil ; escape of primary current was-also tested for and excluded by careful
insulation. The excitatory deflection was; if necessary, reduced by shunting the
galvanometer. The record was then. started, a standard deflection by 1o volt
being first taken through the nerve and galvanometer, shunted or not, to serve as a
term of comparison, and as a witness to any possible alterations of resistance that
might have occurred during 'experiment. This standard deflection was repeated
whenever it seemed advisable by closure of the appropriate key. A sufficient

TFig. 4. (Obs. 309.)

Similar series to that of fig. 1, on a more slowly moving recording surface. The zero line of the
galvanometer is indicated; the standard deflections at beginning and end of the record are by
Togo Volt.

1000

number of “normal ” excitatory deflections having been recorded, usually 10 to 15,
the experimental gas was passed through the gas-chamber, the time of passage of the
gas being signalled by the light of a candle, about 10 feet, distant, turned upon the
slit behind which the sensitive plate was descending. In general the duration of an
experiment was 1 hour, exceptionally } hour, or 2 or 4 hours.

In earlier observations, while the first sciatic was under experiment, the second
sciatic was left undisturbed in the animal and then prepared for the second experi-
ment. In later observations both nerves were removed at the same time and kept
in normal saline until required. (Compare figs. 5 and 6.)

In order to secure the uniformity and easy legibility of record, the disposition of
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TFig. 5. (Obs. 336.)

. S
Similar series. Negative variation declining more rapidly than usual. Nerve left for about an hour
in the pithed frog before use. The vertical white bar marks where nitrous oxide was passed into
the nerve-chambers.

Fig. 6. (Obs. 708.)

Similar series. Negative variation of nearly constant magnitude. The excised nerve had been kept for
18 hours in physiological saline. The difference in the decline of the negative variation in this and
in preceding figure is probably due to the action of CO, in the case of fig. 5, and the absence of
such action in" the case of fig. 6. The positive after-effect is well marked, giving an upward

excurgion of the magnet considerably in excess of the instrumental oscillation. (See pp. 66 and
84.) '
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connections adopted (transverse section of nerve to north terminal of galvanometer,
longitudinal surface to south terminal) was such as to give:

NORTHWARD OR POSITIVE DEFLECTION BY THE NORMAL CURRENT OF INJURY.
SOUTHWARD OR NEGATIVE DEFLECTION BY THE NORMAL CURRENT OF ACTION.
And, for the same reason, the standard deflection by 1455 volt was always taken in

one direction, viz, southward.

The records vead from right to left, north and south being their upper and
lower borders respectively ; positive deflections read upwards, negative deflections
downwards.

With a fresh nerve, apparatus and connections disposed as above, the current
of injury (north or above the zero line) gradually and steadily decreases (southwards
or downwards), this decrease, according to ENGELMANN'S* observations and inter-
pretation, is due to a diminishing negativity at and near the transverse section of the
nerve; the negativity having fallen, may be raised again to or nearly to its original
magnitude by a fresh transverse section ; the original current and its decline are thus
shown to be due to chemical action near the dying cut end rather than at the intact
longitudinal surface. The line of decline during an hour’s observation may be straight
or concave to the abscissa, or convex at first, then concave to the abscissa.

The series of negative deflections (first swing south, followed in the case of the
imperfectly damped galvanometer, by oscillations of the magnet north and south of
the position of rest) frequently exhibits a progressive diminution, which one is at
first thought inclined to regard as causally associated with the decline of: the
current of injury. Some such association may indeed obtain, but on a consider-
able number of observations is by no means clear or prominent, for with a large
current of injury the negative deflection is sometimes small, and with a small
current of injury it is sometimes large. '

The progressive diminution of the current of injury might be significant of fatigue
by the repeated excitations, or it might be due to a variety of accidental causes such
as an unusually rapid death of a nerve, or a contamination of the clay electrodes by
sulphate of zinc, or to acidity of the clay or of the salt solution. All these accidental
causes excluded, it is easily seen that declining magnitude of the negative variation
is not a fatigue effect, inasmuch as it proceeds uninfluenced by prolonged intermission
of the excitation. Later experiments, as will be described below in detail, showed
that one most effective cause of the decline was the previous action of carbon dioxide ;
and by yet other experiments it was rendered at least highly probable that another
effective cause was the development of an opposite after-effect at and near the
longitudinal lead-off.

In the earlier observations, the duration of which was, as a rule, limited to 1 or 2

* EneunMaNN.  “ Untorsuchungen zur Lehre von der Muskel- und Nerven-elektricitiit,” ¢ PrLicur’s
Archiv,” vol. 15, 1877, p. 116.
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hours, an effect was noticed which was then regarded as somewhat exceptional (see
figs. 7 and 8), but which in later observations, the duration of which has been often
extended over several hours, has been recognised to be of frequent occurrence, viz., a
reversal of the negative variation (south), and its replacement by a positive variation
(north) ; the latter is shown to be a true physiological effect by the usual tests, by
its susceptibility to aneesthetic vapours and to carbon dioxide; by the last-named

Fig. 7. (Obs. 279.)

Giradual reversal of the “normal” (south or negative) deflection, and appearauce of a roversed (north
or positive) deflection.

Fig. 8. (Obs. 842.)

Reversed or positive variation.

The nerve had been kept in physiological saline for 8} hours after removal, and had been used the hour
previously for an experiment with CO,.

When first observed the variation was composed of a small negative deflection followed by & large
positive after-deflection. The variation in the figure is composed of a positive deflection (during
excitation) followed by a second positive deflection (at the end of excitation).

The period of the magnet is 15 seconds; the relation of its first swing from the position of rest to its

+36

first swing-back beyond that position is *5;- The duration of excitation is 7% seconds.

gas in particular such a positive variation is promptly and temporarily abolished. Tt
was found not to be in any constant association with a reversed current of injury,
which, indeed, was a quite exceptional phenomenon, due probably to some accidental
injury at the longitudinal lead-off; the dying mnerve at this point was then pre-
sumably negative to more nearly dead nerve on the side of the transverse lead-off.
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A reversed variation, positive or northward in place of negative or southward, is
difficult to explain, and any explanation is bound to be more or less hypothetical.

Several possibilities present themselves: (1) the reversal of excitatory deflection
may be due to a reversal of action (or of greater action) in the parts of the nerve at
and near the two leading-off electrodes; the normal south deflection depends upon
action predominant at and near the longitudinal lead-off, the reversed north deflection
might depend upon action becoming predominant at the transverse lead-off in conse-
quence of some accidental and progressive injury near the longitudinal lead-off. Or
the reversal might be (2) a phenomenon of the same order as HERING's* “ positive

Fig. 9. (Obs. 102.)

Portion of a series to show state of nerve intermediate between the first state (predominant south or
negative excitatory deflection), and the third state (predominant north or positive excitatory
deflection), viz., in which a small negative effect is followed by a larger positive after-effect. .

The oscillation decrement in conjunction with the duration of excitation is such that a normal swing-
back is equal to two-thirds of the original swing. In this case, therefore, a negative deflection of
7'5 has a positive oscillation of 5 millims., and the net positive after-effect is obtained by subtracting
this value from the recorded after-effect, ¢.c., by subtracting 5 from 12.

Nachschwankung.” Or (8) the phenomenon and its reversal might be of an electro-
tonic nature. For reasons that will be given later, the second appears to me as the
more probable explanation. 4

In the great majority of my experiments the negative deflection was normal, viz.,
a southward swing followed by a smaller northward swing-back in accordance with
the oscillation decrement of the suspended magnet. But in a considerable minority
of instances occurred what is, perhaps, hardly to be characterised as exceptional or
abnormal, viz., the back-swing (north) was greater than the original (south) deflection
(see fig. 9), and, in some cases, the original south deflection was small and sluggish
and cut short by a sharp large deflection north. Instrumental fallacy was to the
best of my knowledge excluded ; moreover records occurred where, under the influence
of carbonic acid and of ether, the relations between south and north variations were

* Hering, “ Ueber positive Nachschwankung des Nervenstromes nach electrischer Reizung,” ¢ Wiener
Sitzungsberichte,” vol. 89, 1884, p. 219; Heap, ¢ Ueber die negativen und positiven Schwankungen des
Nervenstromes,” ¢ PrLiGER’s Archiv,’ vol. 40, 1887, p. 207. ‘

MDCCCXCVII.—B. o]
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gradually and temporarily changed in a way that could only be due to alterations
developing in the nerve itself, and, finally, in some cases, most frequently in stale
nerves and in drugged nerves (by urea, e.g.), the excitatory variation was throughout
reversed (see fig. 8).

§2. Concerning the Unfatiguability of Nerve. Relation between the Magnitude of
Stimulation and the Magnitude of Electrical Effect.

Two characteristics of the nerve-response should be mentioned at this stage, as
being probably significant of a relative simplicity of this form of excitable matter, a
simplicity that may be regarded as rendering nerve the most favourable among
living tissues for the study of modifications by chemical reagents. These are :—

(1). The fact that in nerve the relation between magnitude of stimulus and magni-
tude of electrical effect is arithmetical within at least a considerable range, exceeding
what, judged by the muscular response, may be termed the  physiological ” range.*

(2). The fact just alluded to that the electrical effect increases with increasing
magnitude of stimulus much beyond the physiological maximum effect as gauged by
muscle. :

Both these points have been reported upon elsewheret and are alluded to here
only inasmuch as they were at the outset of these experiments taken to be indicative
of the relative simplicity of nerve-protoplasm, and having regard to the considerable
range within which the electrical effects had been found capable of plus and minus
variations (e.g., between 2 and 20 or more stimulation units, as compared with a
physiological range between 2 and 5 units), a stimulation strength of 10 units was
uniformly made use of throughout these experiments.

Whether the adoption of this medium stimulation strength was essential or no,
has not been fully determined; such preliminary experiments as were made,
indicated weak stimuli as best adapted to the demonstration of increased electro-
mobility, and strong stimuli to that of diminished electro-mobility. A medium
strength was therefore adopted as a constant condition of experiment, at least
throughout the first 800 observations; different strengths were used subsequently,
and in some cases the stimulation strength for long series was selected three times
the minimal value. Alterations of the direction of the deflection, with alterations of
current strength, will be considered at a future stage.

No regard has been paid in these observations to a distinction between direct and

#* This may be regarded as harmonising with the view that electrical excitation is due to electrolytic
polarisation. I find, also, that HERMANN’S * polarisation increment’ increases arithmetically with
increasing strength of the polarising current.

+ ¢Proc. Physiol. Soc.,’ 1895, p. 85. ¢ Brain,” 1895, p. 200. The second of the two points mentioned
has previously been noticed by HerMany (¢ Pruiiaer’s Archiv,’ VII,, 1873, p. 327).
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indirect excitability, between the excitability at the point of stimulation, and the
excitability aroused by propagation along the nerve (*conductivity ”).
Preliminary experiments were indeed made in order to test whether modifications

Fig. 10. (Obs. 101.) Fig. 11. (Ohs. 134.)

DA TR
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Fig. 10. Simultaneous record of the negative variation of nerve and of the contraction of muscle with
increasing strength of stimulation (2-5 to 125 units of Berne coil).

The muscular response is dying off during the experiment, by lapse of time and by fatigue. The nerve
response is kept up at a normal level, and increases in magnitnde with increasing strength of
stimulation (2'5 to 5 units of Berne coil).

The muscular response is dying off during the experiment, by lapse of time and by fatigue. The
nerve response is kept up at a normal level, and increases in magnitude with increasing strength of
stimulation, from 25 to 5, from 5 to 25, and more slowly up to about 50 units; at 125 units tests
are made with reversal of direction of exciting currents, their inequality indicates that at this
strength unipolar or electrotonic effects may become sensible; at lower strengths reversal of the
exciting current was of no effect upon the magnitude of deflection; at the lowest, viz., minimal
strengths differences were obtained in the nerve as well as in the muscular response signifying
differences in excitation according to its direction (break currents).

N.B.—In figs. 10 and 11 the current of injury was downwards or south, and falls upwards or north ; the
negative variation was upwards.

Fig. 11. Simultaneous record of the negative variation of nerve and of the contraction of muscle with
increasing strength of stimulation (3 to 6 units of Berne coil).

The effect in nerve increases arithmetically with the stimulation, and continues to increase with
increasing strength of stimulation beyond the point at which maximum tetanus of muscle is
produced. The maximum contraction grows less in the progress of experiment.

by reagents were at the leading-in (stimulating) electrodes, or at the leading-out

(galvanometer) electrodes. These experiments will be described in connection with

anmsthetics. At present, it will be sufficient to state that the modifications of

excitability (or of “electro-mobility ”), were modifications principally at the leading-
c 2
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out electrodes, by which the entire nerve was, so to say, ‘sampled.” Other
preliminary experiments were made (see fig. 23) to determine whether such
propagated effects behaved in any way differently from directly excited effects; the
two circuits (exciting and galvanometer) were conjoined so that the nerve, secondary

Fig. 12. (Obs. 773.)

40
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Effect of a rise of temperature from 18° to 38° upon the nerve response. The delay between the
maximum temperature reading and the maximum diminution of the nerve response is probably
owing to the “lag” of the apparatus between the nerve and the source of heat. The nerve
was in a glass chamber in a copper oven, under which a small spirit-lamp flame was placed at «
and removed at w. The temperature chart below is that of corresponding readings each minute
of a thermometer in the oven. No marked effect occurs with a rise of at least 10°; with a rise to
38°—viz., of 20°-~the response diminishes; with the subsequent fall of temperature the response
increases again. '

The record is given in illustration of the fact that the response of fresh nerve is not affected by slight
variations of temperature. The effects of considerable variations, as regards the character and sign
of the response, will be described and considered in connection with the detailed study of positive
and negative effects of excitation.

N.B.—The actual magnitudes of excursions, e.g., in fig. 13, as compared with fig. 12, are of no account
as indicative of magnitudes of nerve-effects in terms of potential. The resistance differs in different
nerves, and the galvanometer is more or less shunted. The magnitudes of excursions must in all
cases be compared with the magnitude of the standard excursion by 0-001 volt taken at beginning
and end of each observation.

coil, and galvanometer formed one circuit, with the unpolarisable electrodes serving
as leading-in and leading-out electrodes. The nerve was then excited with
alternating currents (make and break) weak enough not to disturb the galvanometer,
yet strong enough to disturb the nerve (viz., five stimulation units), first in one,
then in the opposite direction, and the negative variation by direct excitation was
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compared and found to be identical with the negative variation by propagated
excitation. This conjoint method might, indeed, have been systematically followed,
but for several reasons it was preferred to apply stimulation to a separate part of
the nerve, regarding the latter simply as a strand of excitable protoplasm to be
disturbed at one point, the disturbance being measured at another point, under a
variety of chemical conditions.

§ 8. Temperature, Moisture, and Atmospheric Pressure.

Preliminary observations were made as to the influence of temperature and mois-
ture—of the former by enclosing the gas-chamber in an oven of which the temperature
was gradually raised and lowered, of the latter by leaving the gas-chamber open with
the nerve and electrodes exposed to the air.

As regards temperature, it was found that between 30° and 40° the excitability

Fig. 13.  (Obs. 825.)

Effect of drying by evaporation upon the response of nerve. Stimulation as usual, 10 units tetanisation
for ¢ minute at each minute.

Nerve kept in physiological saline for 2} hours after excision; lid of gas-chamber removed. In the
absence of evaporation such a nerve would probably have given an uniform series, as in fig. 6.
The relative magnitudes of the deflections by 0-001 volt at beginning and end of the series indicate
to what extent the diminishing deflection is due to increasing resistance of the nerve.

declined and disappeared, to return, however, with subsequent fall of temperature
(fig. 12).

As regards moisture, it was found that the excitability of a drying nerve progres-
sively diminishes (fig. 13), being restored, however, by subsequent moisture.
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The possible influence of alterations of barometric pressure was also examined on
nerves in nerve-chambers, within an iron vessel, in which the pressure was raised to
8 atmospheres and depressed to 4 atmosphere. The results of these alterations were
throughout negative.

It was therefore concluded that small changes of temperature, of moisture and
of pressure, such as may occur in the gas-chamber, are negligible.
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Cuaarrer II.-—TaE INFLUENCE 0F CARBON DIOXIDE.

§ 1. Action of “ much” COy and of ““ little ” COy on Normal Nerve.

Reagents in the state of gas or vapour are obviously the most convenient means of
testing chemical modification of nerve according to the method described in the
previous chapter, inasmuch as the nerve remains undisturbed throughout observation.

Chloroform, ether, and other ansesthetics were first tested, with results such as
might be anticipated from their known action on man and animals. These were
demonstrated at the November meeting of the Physiological Society, and will be
tully reported upon in a future communication.

Carbon dioxide, carbon monoxide, nitrous oxide, oxygen, methane, coal gas,
hydrogen, hydrogen sulphide, chlorine, ammonia, hydrocyanic acid, amyl nitrite
(impure) were next tested, with results partly expected, partly unexpected. Thus,
e.g., coal gas, oxygen, carbon monoxide, and nitrous oxide produced no effect, while
more or less pronounced effects were obtained from all the other gases named.

Among these various gases carbon dioxide afforded results of most physiological
interest, as, indeed, might have heen expected in the case of one of the chief terminal
products of protoplasmic action.

Detailed study of the action of CO,, in varying amounts and under various con-
ditions, afford results of great simplicity and experimental certainty, serving as a
foundation upon which rest: 1. Experimental evidence of a production of CO, by
active nerve. 2. Experimental separation of two opposed movements (of assimila-
tion and dissimilation, or of polarisation and depolarisation ?) in nerve, oppositely
influenced under certain conditions: (@) by CO, from outside, (b) by CO, produced
within nerve itself.

These two subjects cannot, however, be discussed with any advantage until the
action of CO, upon isolated nerve has been fully ascertained and considered ; this is
the more necessary in that its effects are not at all what might have been anticipated
from the frequently quoted experiment of GRUNHAGEN™ concerning the action of CO,
upon the nervous conductivity.

The characteristic action of CO, upon normal (or nbarly normal) isolated nerve
will be best and most briefly presented by the following summary notes of fifty
consecutivet galvanographic records, together with a few selected representative
records, and followed by the conclusions to be drawn from these fifty observations.

* GRUNHAGEN, ‘ Versuche iiber intermittirende Nervenreizung,” ¢ Prrteer’s Archiv,’” vol. 6, 1872,
p. 180.
+ Szeinmany and Lucesmeer (¢ Prnicer’s Archiv,’ vol. 24, 1881), extended GRUNHAGEN’S experiment

and contradict his conclusion.
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TaBLE A.—Summary of Observations on the Action of Carbon Dioxide upon

Normal Nerve.

Duration of

No. | Plate No. CO, current. Negative variation. Remarks.
1 172 12 minutes | Before: 15 millims. 1o5o volt gave a deflection of 25
During : augmentation to millims,
20, giving way to dimi-
nution to 5
After : augmentation to 70,
gradually declining
2 173 2 Before: 15 millims. . Same nerve.
During : 25,
After: 50
3 182 8 ' During : abolition. Base-line rises north.
. After : augmentation
4 4 ‘ During : abolition . . 25 minutes’ interval between first
After : augmentdtion . and second trials.
5 183 3 . Slight after-augmentation . = On a previously fully etherised
: ' merve.
6 190 3, Ditto . . . . . . On a previously chloroformed nerve.
7 194 4 Before: 20 millims. . Base-line rises north after passage
During: 0 of CO,.
After: 60,
8 195 3 During : abolition . 7 minutes between the two trials.
After : augmentation
3, Ditto
9 196 2 Ditto . Same nerve.
10 198 2 Ditto . Base-line falls during, vises after.
11 200 2, Ditto . Typical effect, viz., primary aboli-
(fig. 14) tion, secondary augmentation.
12 240 2 No effect . . . . .| Nerve of a naturally dead frog.
13 - 245 1, Expired air: augmentation | Presumably a CO, effect.
1 Room air: no effect
I, Expired air: augmentation
1 Room air: no effect
14 413 3, Before: 4 millims. 30 minutes after CO, the original S.
During: 0, deflection gave way to N.
After: 30 -
15 416 1, | Similar to No. 1 After CaBr,.
. CHCI,.
16 4 P 2
32 L, - Typical effect After CH,CL.
17 437 1, | Ditto . . . . . . . .| Ditto.
18 464 1, Diminution followed by | After recovery from ether de-
augmentation pression.
19 521 1, Ditto
. 1, Ditto
20 522 10 Augmentation for 2 minutes,
giving way to abolition
for 10 minutes, followed
by augmentation
Before: 15 millims
During: 20....0
After:  60....declining
21 537 5 Primary augmentation, di- | The negative S. effect is relatively
(fig. 15) minishing, followed by larger, the positive N. after-effect

secondary greater aug-
mentation

is relatively smaller after the
passage of CO,.
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A.—Summary of Observations on the Action of Carbon Dioxide upon

Normal Nerve—(continued).

No. | Plate No. gg:ag&(:‘;‘egi‘ Negative variation. Remarks.
22 561 2 minutes | Primary diminution, secon- | After recovery from ether. The
dary augmentation normal S, gradually gave way to
an N.S. deflection.
23 574 1, No effect . After ammoniated chloroform. No
' recovery. Twice tested.
24 879 1 | Typical effect
25 598 Expired air | Primary augmentation . To test the effect of expired air;
(fig. 20) 2 minutes 3 per cent. CO,.
26 599 1, Abolition followed by slow | The original deflection was N. ; after
recovery. No augmenta- CO, it became N.S.N., gradually
tion within 30 minutes giving place to N.
The plate was twice used, and can-
not therefore be p1e01sely read.
A varlatxon of similar character
N.S.N. is recorded on Plate 758.
27 607 1, ‘Typical effect
28 610 1, Ditto
29 627 13 Ditto
30 . 633 2L, Ditto
(fig. 17)
31 638 2 Ditto
32 641 25, Ditto
33 646 1, | Abolition followed by ve- | Nerve of a frog killed some hours
covery; mno subsequent previously ; left in situ, .e., sub-
augmentation ject to the reducing action of the
. tissues.
34 647 3, Primary augmentation fol- | COy in very slow stream. At about
. lowed by  secondary the 5th minute after CO,, it was
greater augmentation noticed that the S. effect was
augmented while the N. after-
effect was diminished ; later both
_ . were increased.
35 648 3, Primarydiminution,second- | After imperfect recovery from ether.
ary augmentation
36 650 Slight primary augmenta- | Double gas-chamber. CO, passed
tion, giving way to dimi- through upper or excitation com-
nution, followed by parbment
secondary augmentation | Greater a,ugmentatlon of S than
of N.
37 651 3 Primary augmentation, | Double gas-chamber same nerve.
: giving way to diminution, CO, through lower or lead-off
followed by secondary compartment.
augmentation Effects similar to but more pro-
nounced than those of previous
; ‘ experiment. :
38 | 652 1, Primary - augmentation, | Double gas-chamber. CO, through
(fig. 18) diminishing slightly, fol- lead- oﬁ half. Augmented S. with
lowed by secondary aug- | diminished N.
mentation
39 653 1, Slight diminution, followed | Double gas-chamber. Same nerve.
' ) by slight augmentation CO, through leading-out half.
40 654 ~100cub. centims.| Slight angmentation . Base-line rises.
100 ,, ” Ditto . Ditto.

MDCCCXCVII.—B,
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TaprLe A.—Summary of Observations on the Action of Carbon Dioxide upon
Normal Nerve—(continued).

No. | Plate No. Duration of Negative variation. Remarks.
CO, current. ‘

41 671 s e v o o e o o . . . . . . .| Totest a presumable CO, effect in
(fg. 21) a nerve left subject to the action
of surrounding tissues. Frog
killed 18 hours previously. The
negative deflection is very large
(= about 0-004 volt) as compared
with the usual normal (= about
0001 volt) and declines very

rapidly.
42 672 | . L Diminution followed by im- | Second nerve of same frog. Im-
(fig. 22) ' perfect recovery perfect CO, effect upon the
presumably already carbonised
, nerve.

43 673 1 minute Ditto . . . Same nerve.
44 674 1 Slight pr}mary qugmenta- A perfectly fresh nerve, original
(fig. 19) tion, declining, followed deflection == 00013, after CO?
by large secondary aug- = 0-0035, the S effect is greater,
mentation while the N after-effect is still

smaller.
45 740 4, Abolition followed by small | I'rog killed 2 hours, nerve in situ.
augmentation The same nerve after a mnormal

saline bath of 1 hour, subse-
quently gave a marked CO, effect
by 5 minutes tetanisation.

46 747 2, Primary angmentation . . | Greater angmentation of S.
2 Primary diminution fol- | Greater diminution of N.
lowed by secondary
augmentation
47 752 1, Abolition followed by aug- | Frog killed 6 hours, nerve in saline.
mentation Unequal and asynchronous effects
on S. and N,
42 786 1, Primary augmentation
50 869 2, Augmentation . . . . . | Largefresh nerve; very slow stream
(fig. 16) of CO,.

The conclusions to be drawn from these data (whlch were supplemented by many
others unrecorded) are as follows :—

(1), The typical effect of carbon dioxide wpon normal nerve is a brief abolition
Jollowed by a prolonged augmentation of excitability (figs. 14 and 17).

This result may nearly always be demonstrated, using fresh nerves of a recently
killed healthy frog, and running CO, in full stream through the gas-chamber during
1 or 2 minutes.

With stale nerve, left in the animal kiiled 2 or 8 hours, or longer, 12 to 18 hours,
the primary effect of CO, (diminution) is more marked and prolonged, the secondary
effect (augmentation) is less marked (fig. 22). The negative deflection is large and
rapidly declines.
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ig. 14, (Obs. 200.)

Effect of CO, in full stream on normal freshly excised nerve. ‘ Typical effect,” viz., primary abolition
followed by secondary augmentation of excitability.

The gas-chamber containing the nerve measures 30 cub. centims. The nerve is tetanised each minute
for 74 seconds by ordinary make and break shocks at a frequency of about 70 per second, and a
strength of 10 units of a Berne coil, supplied by two Leclanché cells. Interrupter in primary
circuit. Time of passage of CO, through the nerve chamber indicated by the vertical bar across
the record. Deflection before CO, = that of 0:0006 volt; after CO, = 0; 6 minutes later = 0-0012
volt. The “lag” of the CO, effect is probably due to diffusion time of the gas in contact with
the nerve.

Tig. 15. . (Obs. 537.)

Effect of a “moderate” quantity of CO, on nerve under similar conditions. Primary augmentation,
diminishing ; secondary farther augmentation.

D 2
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Fig- 16, (Obs. 869.)

Liffect of a “small” quantity of CO, on nerve under similar conditions. Primary angmentation, in this
instance, checked by a very slight diminution. Compare with figs. 5 and 6.

Iig, 17, (Obs. 633. Fig. 18. (Obs. 652.)
é" (=]

Fig. 19, (Ob. 674.)

Figs. 17, 18, and 19. “Fall,” “ medium,” and “slight ”” effects of CO,.
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With stale nerve, kept in decinormal saline solution (058 per cent.) for 2 or 3 or
more hours, the primary effect is less marked, and may only amount to a diminution
short of complete abolition, the secondary effect is well marked.

(2). The effect of a small amount of carbon dioxide upon normal nerve is a primary
augmentation of excitability (figs. 16, 19, 20).

Expired air, e.g., containing 3 per cent. CO,, produces primary augmentation
(fig. 20).

Fig. 20. (Obs. 589.)

Effect of expired air.

(3). The effect of a moderate amount of carbon dioxide is primory augmentation
gwing way to diminution and followed by secondary augmentation of excitability
(figs. 15 and 18).

The evident conflict taking place between movements in two opposite directions is
in part due to an unequal action of CO, upon opposite processes in excited nerve. As
will be shown later, CO, may, at the same time, give rise to augmentation of the
negative deflection with diminution of the positive deflection.

The use of the indefinite terms “large,” *“ moderate,” and “small,” is consequent
upon the unavoidable variability in the physiological quality of excited nerve. A
quantity of CO, that is large in relation to one nerve, giving the typical effect, may
be moderate in relation to another nerve, or even small in relation to a third,
giving primary augmentation. Such differences are partly connected with state of
health, partly with the previous influencss to which the nerves have been submitted,
and partly with the mere bulk of nerve, in this last case by virtue of more gradual
diffusion of the gas into thick than into thin nerves ; the large nerves of German frogs,
e.g., required larger doses than the small nerves of English frogs to produce similar
effects ; on the other hand, the former gave remarkabiy distinct CO, effects in conse-
quence of tetanisation. Strength of stiwulation also influences the result; this
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strength, although as previously stated, taken with uniform coil distance, must vary
with thickness of nerve and distance between exciting poles, and if the nerve is very
thick or the distance between the poles less than usual, 10 units may possibly prove
too high a stimulation strength to allow of the demonstration of complete abolition of
excitability.

Fig. 21. (Obs. 671.)

Fig. 22. (Obs 672.)

Records characteristic of nerve * carbonised ” by prolonged sojourn in the living tissues of a pithed
animal. The deflection is at first much larger than usual and declines more rapidly (fig. 21), the
abolition caused by CO, is more prolonged than usual, and the after-augmentation is comparatively
insignificant (fig. 22).

It is the excitability of the whole strand of protoplasm that is tested under the
conditions of observation, the direct and the indirect or propagated molecular dis-
turbance caused by stimulation, and modified by CO, or other gas. To determine
whether the modification was more pronounced at the origin of the disturbance or at
the part connected with the galvanometer, observations were taken with a gas-
chamber carefully divided into two compartments, the nerve being passed through a
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small hole in the dividing wall, and the division made good by moist saline clay
round the nerve and blocking the hole. CO, was then passed through one or other
compartment ; in both cases the characteristic modifications of excitability were
produced, more pronounced however when the gas was passed through the com-
partment containing the leading-off electrodes than when it was passed through that
containing the exciting electrodes. Similar results occurred with ether vapour.

Fig. 23. (Obs. 788.)

Currents of action, and effect upon them of COy, with the exciting and galvanometer circuit conjoined
(as described on pp. 12, 13).

§ 2. Action of Carbon Dioxide on Modyfied Nerve.

The description hitherto given is that of the action of CO, upon normal nerve,
giving the usual current of injury and excitatory negative deflection.

We have now to describe the action of carbon dioxide upon abnormal nerve, giving
little or no current of injury, and an excitatory deflection in a positive direction.

This description is a necessary preface to any consideration of the evidence to be
offered of a production of CO, within the nerve itself, but must itself be prepared by
a summary description of the various kinds of excitatory deflections manifested by
more or less profoundly modified nerve under regular excitations of regular strength
(10 units) and duration (74 secs.).

Deferring to a later stage (p. 45) any theoretical consideration as to the possible
nature of a positive deflection, and simply to render possible an orderly description
of the action of carbon dioxide, the following classification of nerve effects is adopted.

(1). During a first. stage (fresh nerve) the galvanometric response to excitation
consists in a large negative deflection succeeded by little or no positive after
deflection. »

(2). During a second stage (transitional nerve) the galvanometric response consists
in a small negative deflection succeeded by a large positive after-deflection.

(3). During a third stage (stale nerve) the response consists in a positive deflection
followed by a positive (rarely by a negative) after-deflection.

This division is, of course, more or less arbitrary, the transition from stage to stage
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is not sudden but gradual, as will be indicated more fully in Chapter IV., when we
shall also inquire into the possible nature of positive deflections. For our present
purpose the classification is indispensable.

(334) m (758)

(943) (782)

Observations with the partially damped galvanometer, in 334 and 943, with an oscillation period of
12} secs., and a swing-back = % the original swing; in 758 and 782, with an oscillation period of
8% secs., and a swing-back = % the original swing.

Uncorrected . Corrected
No. Effect. after-effect. | Correotion. after-effect.
334 ~10 +66 466 0
943 — 45 +7 < +3 +-4
758 + 6 —6 f —2 —4
782 +12 -1 ; —4 : +3

The action of CO, upon nerve in the first stage has been fully described above
(p. 19).

The action of CO, upon nerve in the second stage is to augment the negative
deflection and to diminish the positive after-deflection.

The action of CO, upon nerve in the third stage is to diminish the positive deflec-
tion or to substitute for it a negative deflection.

The data upon which these last two conclusions are based are contained in the
following summary of observations.
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Fig. 25. (Obs. 734.)

Influence of “little ” and ¢ much ” CO, upon nerve in the second stage. (See Table B.)

Fig. 26, (Obs. ¥82.)

Influence of CO, upon nerve in the third stage; diminution of the positive effect.

Fig. 27. (Obs. 881.)

Influence of CO, upon nerve in the third stage; reversal of effect from positive to negative.
MDCCCXCVII.—B, E
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TaBLg B,—Summary of Observations on the Action of Carbon Dioxide upon

Modified Nerve.

Plate
Number. | - er. CO,.
1 710 1 min. | The original deflection is a small S. effect, followed by a large N.
(fig. 35) | (150 cub. after-effect.
centims.) | The first effect of CO, was to augment the S. and to diminish the N.
Subsequently the S. and the N. were both increased.
2 711 10 mins. | Same nerve. Similar results.
(1600 cub. | The nerve had been kept for 18 hours in normal saline, and
centims.) previously submitted to the action of ether vapour with a
similar result, viz., simultaneous augmentation of S. and dimi-
| nution of N. as the secondary result of etherisation.
3 727 2 mins. | Primary abolition followed by secondary augmentation, the
(600 cub. augmentation of S. being greater than that of N,
centims.) | The nerve had been previously treated with HCl 7/40 for 1 min.
4 734 100 cub. | German frog. Nerve in normal saline for 3 hours.
(fig. 25) | centims. | The original deflection is a small S. effect, followed by a large
N. after-effect giving place to a large S. followed by a small N.,
in consequence of the first dose of CO,.
1500 cub. | The second and larger dose gives diminution of S. and abolition
centims. of N.
5 738 7 mins. | German frog. Nerve in normal saline for 15 minutes. Augmen-
tation of S. with diminution of N.
6 742 7 mins. | Frog killed 3 hours ; nerve left in situ.
(twice)
' Primary [ Slight diminution of 8. effect.
effect Greater diminution of N. after-effect.
Secondary | Rapid, but slight augmentation of S.
effect More gradual recovery of N.
7 743 4 mins., | German frog. Nerve for 4 hours in saline.
: Augmentation of S. with diminution of N., followed by augmen-
tation of 8. and slower augmentation of N.
8 744 4 mins. | English frog. Nerve 15 minutes in saline.
Similar result to that of 743.
9 745 . Second nerve of same frog. 14 hours in saline.
Similar result.
N.B.—Ether subsequently gave a similar result.
10 747 . BEnglish frog. Nerve 10 minutes in saline.
1 min. | Augmentation of N. and of S.
3 mins. | 7 minutes later, diminution of S. and abolition of N.
11 752 Nerve in saline for 6 houre, and previously used for tetanus
effect (751).
The original deflection was s.N.
The deflection after tetanus was S.N.
The effect of CO, was primary abolition, followed by augmented
S. before the reappearance of N.
12 786 1 min. | Primary augmentation of S. and N.
S. is augmenting before N. N. is still augmenting when the
_ augmentation of S. has begun to decline.
13 788 1 min, Secondary coil and galvanometer in the same circuit.
(fig. 23) North deflection altered by CO, to a south deflection. Subsequently
S. is diminishing while N. is increasing.
14 ggg 1 min. | North deflection abolished, gradually returning.
Nerve 4 hours after excision, previously used for urea.
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TaBLE B.—Summary of Observations on the Action of Carbon Dioxide upon

Modified Nerve—(continued).

Plate

Number. aumber. CO,.
15 839 2 mins. | North deflection gives way to small north followed by south after-
deflection.
16 841 9 mins. Nerve 83 hoursin saline. North replaced by south deflection, and
842 subsequently returning.
17 843 4 mins. | Samenerve. Similar result.
(fig. 41)
18 844, 4 mins, | Same nerve. Similar result.
19 851 1 min. | Nerve 1} hours after excision, previously used for urea.
Augmentatlon of the quotient S/N.
20 859 3 mins. | Nerve left for 6 hours in blood-serum, then used for another
(fig. 31) 6 hours for various experiments (CO,, acetone vapour, tetanus).
N.n. temporarily replaced by S.n.
(The same nerve previously tested by 5 minutes’ tetanisation gave
a similar result; Obs. 858, fig. 30).
22 871 1 min, | 1 hour after excision. Typical increase by ¢little” CO, in
expired air.
The same nerve 8 hours later gave a north deflection that was
diminished by 5 minutes’ tetanus (see Obs. 874, ﬁg 45).
23 877 1 min. | Conversiou of §/N into S/n.
24 881 2 mins. | Nerve left for 15 hours in saline.
(fig. 27) Replacement of N. by S.
25 882 2 mins. | Same nerve. Diminution of N.
26 886 2 mins. | Nerve left for several hours in saline.
Conversion of s/N into S/n.
27 935 4 mins. | Nerve left for 10 hours in saline. Variation s/N.
' Augmentation of s. with diminution of N., followed by diminution
of s., and subsequently by augmentatlon, 1.e., typical effect of
_ » CO, in “moderate ”” amount.
28 982 1 min. | Nerve 2 hours after excision, prevxously used for creatine ;
(fig. 26) diminution of N. deflection.
29 983 4 mins. | Same nerve. Abolition of N. deflection.
' Reappearance of 8., subsequently S.N., s.N., n.N.
(The same nerve shortly afterwards gave the original deflection
N., which was diminished by 5 minutes’ tetanisation (Obs. 984,
fig. 32). An hour later the north variation was reversed by
tetanisation for 13 minutes (Obs. 986).
30 990 1 min. | Nerve 2 hours after excision ; previously tested by CO,, and by
sarcosin. Diminution of N. deflection.
(The same nerve previously tested by 5 minutes’ tetanisation,
exhibited diminution of the N. deflection (Obs. 989).
31 992 1 min. | Nerve kept for 3% hours in saline,and previously used for tetanus
-(991) giving a s. deflection, followed by a N. after-deflection.
Subsequently to CO, the s. deflection is greatly augmented, the
: N. after-deflection is relatively diminished.
32 993 1 min. | Same nerve about half hour later gives 0.N. deflection and after-
deflection, converted to S.N. by CO,.
(See Obs. 991 and 994 in Table C.)
33 2006 1 min. | Nerve 6 hours in saline. Variation s.N. before CO,, which pro-

duced diminution of s., followed by augmentation, and still
greater diminution of N.

(The same nerve, previously tested by 5 minutes’ tetanisation,
exhibited a similar temporary diminution of 8. ; Obs. 2005).

E 2
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TaBLE B.—Summary of Observations on the Action of Carbon Dioxide upon

Modified Nerve—(continued).

Number.

Plate
number,

002.

34

35

36
37

38

39

40
41
42

43

44

46

47
48

49
50

2067

2073

2080

2082

2241

2242
2248

9249
(fig. 67)
2251

2253

2256

2257

2268
2274

1 min.

2 mins.

2 mins.

2 mins.

2 mins.

1 min.

3 mins.

oe

2 mins.

1 min.

1 min.

1 min.

Nerve 30 hours in saline (Jan. 11, 1896). N. temporarily replaced
by 8. deflection. '

(The same nerve, previously tested by 5 minutes’ tetanisation, gave
only a diminution of N.; Obs. 2066 ; in other respects the two
records are precisely similar.)

Nerve kept for 2 hoars in 5 per cent. lactose solution, and giving
a N. deflection, which is reversed to S. by CO,.

(The same nerve gave a similar reversal in consequence of 5
minutes’ tetanisation; Obs. 2072.)

Same nerve ; similar result, viz., reversal (Obs. 2074 gave similar
result by 5 minutes’ tetanisation of the same nerve).

Nerve kept for 4 hours in lactose solution, 5 per cent., and giving
a deflection s.N. Augmentation of s. in consequence of CO,.
(The same nerve gave a similar but less marked effect, viz., aug-

mented s., in consequence of 5 minutes’ tetanisation.)

Nerve kept for 8 hours in saline, giving a N. deflection, which is
temporarily reversed to S. after CO,.

(The same nerve gave an augmentation of the N. deflection after
5 minutes’ tetanisation ; Obs. 2081.)

Dead-beat galvanometer. Nerve kept for £ hourin saline. Great
augmentation of S. deflection; subsequent appearance of N.
after-deflection.

Same nerve continued. The response is now s.N., and is tempor-
arily changed to S.o. by CO,.

Dead-beat galvanometer. Nerve in saline for 1 hour. Great
augmentation of S. deflection by CO,. ’

Dead-beat galvanometer. Nerve in saline for 1% hours. Great
augmentation of S. deflection, subsequent appearance of N.
after-deflection.

Dead-beat galvanometer. Fresh nerve. Original effect S.n.;
augmentation of S.and abolition of n. by CO,, subsequently
augmentation of n.

March 12, 1896 (Lecture experiment). Original variation s.,
augmented by little COy; augmentation subsequently abolished
by more CO, and followed a few minutes later by secondary
augmentation.

Dead-beat galvanometer. Experiment made twice at interval of
10 minutes. In each case primary diminution of S. deflection
followed by secondary angmentation.

Dead-beat galvanometer. Nerve left in situ for 12 hours before
excision. Primary diminution of S., not followed by secondary
augmentation.

Dead-beat galvanometer. Nerve in saline for 1 hour. Original
effect s.n. ; primary abolition, secendary augmentation.

Dead-beat galvanometer. In saline 4 hours; fresh transverse
section. Primary augmentation of S deflection only, soon
followed by augmentation of n. after-deflection.

Same nerve; 2 hours later the deflection is n., temporarily
abolished and reversed to s. by CO,.

The same nerve, 15 hours later, gives a deflection s. (withont new
transverse section, diminished by CO,).
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CaarrER IIL.—PropUcTION OF CO, IN TETANISED NERVE.*

§ 1. Evidence wn Normal Nerve.

Evidence of chemical and thermic change in active nerve, analogous with that
obtained in the case of active muscle, does not as yet exist. That now offered of a
production of CO, within isolated nerve rests upon our knowledge of the effects
produced upon nerve by CO, reaching it from without. It will be shown in the
present communication that tetanised nerve manifests alterations identical in kind
with the alterations characteristic of the action of CO,. It is, perhaps, permissible to
state that the alterations were forecast by the following argument and diagram
(fig. 28) before they were verified by experiment (fig. 29).

Fig. 28.

Hypothesis.

CO, in very small quantity produces an augmentation of the negative, or south
deflection, and the delicacy of the reaction is extreme. If, then, tetanisation of
nerve is attended with any CO, production, we may expect that such CO,, arising
within the nerve itself, will effect the characteristic augmentation. The negative
deflection should be greater after a prolonged tetanus, the augmentation should
gradually diminish with the presumable dissipation of CO,; moreover, the negative

* In view of the criticism to which the above title has given rise, to the effect that no carbon dioxide
bas been separated and identified, it appears desirable, if somewhat superfluous, to premise that no CO, gas
has been collected and identified by chemical tests, and that the evidence offered rests entirely upon the
physiological test afforded by the nerve itself in various states; the nerve serves as the reagent, reacting
in all particulars to tetanisation as it does to CO,, from which, as in the case of any other test (with
more or less certainty, according to the circumstances under which the test is made), the inference is
drawn that CO, is produced during tetanisation, on the principle that, under similar circumstances,
similar effects are due to a similar cause.
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deflection of the tetanus itself should increase with the presumable evolution of CO,
during its progress—as in the diagram (fig. 28).
The forecast was borne out in all its features, as may be seen in fig. 29.

Fig. 29. (Obs. 675.)

Verification.

§ 2. Evidence vn Modified Nerve.

Confirmatory evidence towards the same conclusion is afforded by the following
complementary experiments upon nerve in the second and third stages.

As has been shown above (p. 25), the typical effect of CO, upon a reversed
excitatory effect (north or positive) of the third stage is to restore that reversed
effect to its original character as a (south) negative deflection.

Tetanisation effects a similar reversal of the positive effect.

Fig. 80 exhibits this reversal of a positive (north) deflection, and its replacement by
a negative (south) deflection, in consequence of CO,, passed through the gas-chamber.

Fig. 31 exhibits upon the same nerve, under similar conditions, the similar effect
of tetanisation, presumably by reason of CO, evolved within the nerve itself.

In addition to these two representative experiments, two further experiments,
which, however, are no more than varieties of the second, afford corroborative evidence.

As has been stated above (p. 25), the effect of carbon dioxide upon the north or
positive deflection of the third stage does not always amount to the complete
reversal of deflection, but only to its diminution; a similar effect may then be
produced by tetanisation. The apparentiy contradictory nature of this result as
compared with that obtained on nerve of the first stage, viz., diminution of an effect
of excitation, is in reality confirmatory evidence; in this, as in the other cases, a
negative sum or process has been augmented (or a positive sum or process has been
diminished) as an effect of CO, applied from without, or arising from within.



DR. A. D. WALLER ON ISOLATED NERVE. 31

Fig. 30. (Obs. 859.)

before after

Nerve in third stage after half an hour’s rest. Influence upon the deflection of a slow strearm of CO,.

Before 00y—The deflections are north north, consisting of a positive effect followed by a positive
after-effect.

During the passage of CO, the spot fell off plate south. Subsequently, having been readjusted- north,
it rose off plate north.

After 00,—Large negative effect diminishing, smaller positive after-effect increasing. Half an hour
later the deflections were again north north.

Fig. 31. (Obs. 858.)

€0, from within

@ fi‘er

Same nerve giving a positive effect, followed by a positive after-effect. North north.

Before Tetanus—Positive effects rapidly diminishing. Positive after-effects summating and causing
the base line to rise. The last three effects exhibit a slight negative effect at the end of cach
excitation, interposed between the positive effect and the positive after-effect. '

During Tetanus.—Positive deflection becoming increasingly negative. The first deflection at the
commencement of the tetanus is north, the first deflection at the end of the tetanus is north.

After Tetanus.—Large negative effects diminishing, smaller positive after-effects increasing. After a
subsequent half hour of repose, the negative effects had vanished, the deflection had again become
north north.
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Fig. 32. (Obs. 984.)

[
: X -~ L
: T @

(4 é')(, Srom withun

Influence of tetanisation upon nerve in the third stage; diminution of the positive effect.

Fig. 33. (Obs. 982.)

Influence of carbon dioxide upon nerve in the third stage; diminution of the positive effect. (The
irregularity of response from the 16th to 18th minute is due to irregularity of the stimulating
apparatus.)

Pig. 34. (Obs. 762.)

Influence of tetanisation upon nerve in the second stage, giving the response s.N., viz., small negative
effect followed by large positive effect ; augmentation of the negative effect.
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When further, as in the case in the second stage, the effect of Co, upon a small
negative or south deflection followed by a large positive or north after-deflection, is
to reverse the relative magnitudes of the two deflections, a similar- effect is produced
by tetanisation,

Fig. 35. (Obs. 710.)

Influence of carbon dioxide upon mnerve in the second stage, giving the response s.N.; angmentation of
the negative effect.

There is, in short, complete similarity between the effects of external CO, in
various states of nerve and those of the presumably internal CO, of tetanisation
during these same various states ; a correspondence so close, that the evidence may
be held as conclusive. Whether disintegration products other than CO, are produced
by nerve-tetanisation is of course neither affirmed nor denied.*

The accompanying summary (Table C) contains the experimental data upon which
the general conclusion is based that CO, is produced in tetanised nerve.

* As will be shown in Chapter IV, the principal effect of O, upon anelectrotonic and katelectrotonic
currents is angmentation, a similar effect is produced by prolonged tetanisation. But here, as in the
case of the negative variation, quantity of CO, in relation to state of nerve has to be taken into account,
and my experiments in this direction are not sufficient to justify categorical statements.

MDCCCXCVIL—B. , F



DR. A. D. WALLER ON ISOLATED NERVE.

34

(13

(pg 3y)

'Q pejuemSny ‘N'S ‘N '8 ‘NS d © ot e+ st QUIES WISINOY Q| @9/ er
'S 0g/u proe orjexo Lq
‘g 30 uoEUEWINY 'S ‘N | Swisweaouy | g g G Ppo3sey Afsnotaead foures ursanoyf | 194 21
'§ 07 N WIOJJ [BSIASY ‘N S NS ¢ ‘N ‘SN a ©o+ o+ o+ + - oures ursanoy f¢ | ggy 11
‘OATOU OIS UO
ge/, "sqQO uL 80 jo poege eordL, ‘N :
*[€SI9A9Y] ‘N'S oo | Buwiseagoaq | N'T I cor ot o+ + ¢ pUNUS UL SANOY 9 | G2 oI
*OAIOU OUBS U0 : (0%2) 0D £q
0%2 "$90 ul f0Q Jo j0op0 [8ord4y, N'S "N “ S ‘N'S ¢ pojsay A snotaaad foures uranoy [ T4 6
(gg) yuemtiadxe Jetqe I0F
‘N'S “ . ‘N'S G posn Ajsuoraead fourpes ur sanoq g | Ag/ 8
‘morjesTuR)e) 01 guonbes
-qus ) UOIj09gep JI93e PoYySsIu S UOISTOXD
-Twrp ¢ wonoepep pejuemdny N'S '§ ¢ | Sumseorouy | g ‘N'S 03 I09J® INOY § JIOF OUI[ES UL OATON | 689 L
UOISIOXD
_ ‘N'S S « 'S ‘N'S 0t d0)J8 sanoy g JO0J SUI[es UL AN | 089 9
“UOI30SPOP J0%)8 " N[ 0T[¢ SpIeIease . : ,
Lqreroodse eaom ‘[emrou Sururpoa(y ‘N'S ‘N « 'S ‘N'S 01 - UOISIOXO J03Je SOINUIW MOI V | GL9 I
duIes Ul InoYy T I0J opls®
‘N'S ‘Qd ¢ 'S ‘N'S 0L qnd eAtou {9 0 UT $B 94I9U SWBY 829 [
quowiLtodxa 01030
TemIon Surwipa( | N'S | N « 'S ‘N'S 0T | anoy T 207 Soaypeyjid urggpeoamN | £L9 g
‘N'S ‘N “ 'S 'N'S 0T 7 TOISIOX® Jo3jB SOqUUIW M9F Y | 9/9 (4
) ) TOISIOXD (65 "3u)
‘(-919%L ‘N'S ‘N | Surseerouy | ‘g ‘N'S ¢ J0jJ8 aMOT T JOF OUI[ES UI 6AIBN | C/9 1
‘soINUIW
uon won
-BSTUR}O} “UOTYeSTU -gSTUBYO | "UOIJBSIU
*SYIBWOY 103je uory | ‘m 2301 »  |9J0Jeq WO} | -B}9} JO ‘Juewrodxo JO SUOTJIPUO)) ‘ON 93%[d | ON
-09gep Jo Sunan(g -09[ep IO | moBIN(]
J070RIRY)) J09084BY[ ()

-odwed oYy Jo pus oy} 4 , O[qEI-WIY ,, 9T 0F SOULIBIOL ([ POUTL}IE0SE oF ARUI UGN e} 010M SUOIJRAISSCO YOITA J8 18e£ 3O oWIg oY,
“(1 Ol9®], UT WeALS ode ‘g O[qe], UL S [|9M SB ‘O[([8} SI] UT SUOTJRAIISO 97} JO [BISASS JO SJUOTIINSLOTL TRILISTIT N

‘pue 9T 9% 2eYF @ SUIPRLY Ay} Jopun ‘snurge; peSuojoxd ey Jo Sutnurdeq oyl 9B UOIOAPEP Y] USALS ST # SUIPBLY 9} I9PU[)
‘U010 P-10338 o3 JO yeys ‘oqissod ueym ‘UGALS OS[® SI , WOTJO8[R(] O JO I8)0RIRYY) ,, SUIPBAY 97} IOPU[)

‘QAISN PoTIPOTA UL Ppu® [BUWLION UT OPIXOI(T udqde)) JO ‘Qom@o.D‘muO.eaaH o713 Jo @Oﬂ@ﬁﬁwmm Ut eye(J jo %«H@ﬁdgﬁm!}'o IV ],




35

DR. A. D. WALLER ON ISOLATED NERVE.

(268) queo z0d T wormyOs WISOO (9% "3g)
*RSIDAY ‘N'S ‘N « ‘N ‘N G -1es £q pagseg Ajsnorasad eAxe) <68 08
*95°8D YOO UT * N JO WOIY ‘N
-gjuowdne qiim ¢ 0o1smy} pejeedeyy ‘N ‘g | Smswade( | N ‘N ¢ oo e “ 88 %63
S
‘s ‘u | Suiseeqouy | 'Y ‘NS [ * OAI9U OTIBY €88 %86
8
0D
£q "N 30 wonnurumrp L[uo pum ‘N
‘snuege} Aq uorgereqe eany L0 A ‘N g | Susveave( | N ‘N g “I978[ ANOY T OAIST OTUEY @383 Ls
S
‘[BSIOASY ‘N'S ‘u | Suiseedouy | ‘0 ‘No g Inoy T duies uj 088 9%
i u.z N
‘N g | Susearoe(q | N ‘N A SI00T GT ouI[Es ujy 348 *9C
-osgoIouUT poyarm oAed L[yuonb .
-osqns () puooss oYy JIegye
‘S PoseaTOe]p ‘SnuBge] 9sIy oY}
T09)e 'Y POSBOIOUT ¢001M] pojradeyy ‘S ‘N ¢ 'S 'S G " SAIOU SWBEY | QL8 Vo
S
.w .z .WQ....HMGOHOAHH m .w A\w s : * mmu,n_.ﬂ..na bPQW e mwdw.—._ﬁm H—.H mhm MN
(¢7 -39)
..z -m 13 oz -Z w . . . . . . . * 9AIOT Qa_ﬁm ﬂvmhw Nm
‘N (028) yuewrzadxo Jotj3e 103 pesn
‘N ‘g | Suseeaoa(y | N ‘N G Aysnoraead ¢aurpes ur sanoy § 10 ¢ €/8 »13
..z.m .z 113 s .z.m W . . . . . . . . n.a a” @mvw ON
oz.m ..z 113 ‘S ...Z.w m r,c ¢ mww @H
NS | N “ s NS g Tt ceaduemegy | gog 81
‘S uornyos gued aod g wean Lq \
‘N'S ‘N | Sumseosouy | s NS I pogsay A snorasad ¢ourpes ur sanoy g 798 A
(0g 39)
‘NS ‘N “ ‘u “NT G * *9sox anoq € ojye oAou ey 3cg 91
*(g¢8 sqQ) 309g0 quored anodes ouojeor £q poysay
-de ou puy pery anodes suojeoy ‘NS ‘N “ 'S ‘N'N e Lisnoraead fwnaes ur sanoy Eg 288 [}
(182 '8qQ) "ws sem Surgeoy ‘N UON[B} PI0OAI WYY ‘ TF O}
9I0J9( UOIJOO[P [BULSLIO Ay, ‘N g | Suseeroo(q | N ‘N'N 4 Ppogeeq weyy ‘OuIfes Ul sejuulwt )T 8L 71
‘sojnuIm
o ‘aony
~BSTUB}O} “UOIYESIU -BSTUB}O} | ‘UOIESTU
*SYIRULOY Joyye uoty | @ -B39q ‘» |910Joq uOL}| -BJOY JO ‘quomnLIodxe Jo suworIpuo)) ‘oN 91%[d | 'ON
-09ep JO Surm g -D9[ep Jo | morpean(y
J0g0RIRY() J030BIBY ()

*(penurquoo)—aoare N PAYIPOJA UT PUB [BULIO N Ul 9PIXOI(] UOYIE) JO UOT}ONPOLJ Y3 mo. 90UPIAT uT BYR(T JO ATRUIIING—") IV ],

¥ 2



DR. A. D. WALLER ON ISOLATED NERVE.

<
[2n

)

v ‘N t00 £q pue quso aod
‘ee "8y ‘gge '8qO Y exedwmo) ‘« ‘s | Suisweroe(y | N N ] 7 unesxo Aq poeisey A[sunorseig 36 9%
reduns o1geqerp J0j posn (%% "3)
oy ‘N “ ‘0 NO e fisnotaead fsamoy (T eurfes VGH 096 G
o (29ge
‘S esns 053@% 1891 om. posun (6¢ "3y)
‘u'S ‘N mummdgonH ‘S NS ] zmao«bohm ‘sanoy ¢ eurles Uyl ” 826 TF
‘uoTgosy
-op-I89ye g POYSIUIMIID [ 38
3 ‘sso[ {uWOIJ00Pep "m POYSIUIWI( su é d ‘N SN G oottt 7 SAJQU dwey Ge6 t<i%
(e-3-1%6) v
aedns oﬁmoﬁm% 1§93 0} pesn
‘N peysturmI(y s g “ u ‘su ¢ £)snorasad ¢ wOISIOXD 19338 SINOY G HCE b
‘N (6v6)
*N[ peysturmi(y su "Q | Sumseeaoe(y | u s U ¢ Te3ns o1jeqRIp J0f Posn A[SUOTASX T 0¢6 67
'S (cpg) wiwInge-wiIes 10§ pssn
‘g peruemIny ‘NS ‘N | Suwseaaouy | s NS ¢ Lisnotaead ¢samoy g eurres uy o%8 ov
. ‘N
*N peruemSny ‘N 'S | Susveme( | ‘N N I ©ot sttt OAJAU QIR Z¥6 %68
.m @Q&qwam‘p.«‘ ...z“‘w .z [13 .m -.Z.w Om . . . 133 -W.—” [13 Huvm wm
'S Jo uonrquomadne 9y ‘NS ‘N « S NS 9 R 4 SR 0v6 L8
‘S peywewmSny ‘N'S ‘N « S ‘N'S ¢ Tttt sanoy g oules uy LE6 9¢
'S pojuomdue Ao oAes
S9INUTWL [RI9ASS JI0J E()() AIOU anoty) €71 103 pesrue}e}
omwes o uo {400xe ofqroardde oN ‘NS ‘N « ‘g ‘N'S ¢ Lsnotaead ¢sanoy (f oules uy 26 cg
‘d °19%L
99g 'S JO uwomRImOWSUB 9BAIL) ‘N'S ‘N “ ‘s ‘us e R © ' * OAJOU SUWIRY 626 G
(1 O19%T Qmm ‘9g6) 10e1yxo
99y 'S JO uONjRIULTSNE JeAIL) ‘NS ‘N “ 'S ‘N'S e oosuw £q paysey A snotaard 9410 N 876 ce
"N googe-1093e 8 | (kg3 |
peysturmaIp OS[BS PIYSTUIWI(] s ‘N | Bursesxouy | s NS o1 * o+ -+ - simoy gy euIes ul | GG S
MﬁqoﬂmmoMm
OS[® ST 9AJOU SWIBS oY} UO cOO ‘N (¢-206) "tueo aad g worynjos (9¢g -3y)
YIS 906 'SqO N pejuemsny ‘N 'S | Surseeaoo(r | N ‘N 01 u1geaio Aq pagsey A[snorasad oA ny <06 18
*seynUIW
‘uory uony
-BSTUR}I] ‘uolpeSIU -eSTUBYO} | "UOIJBSIU .
*SYIBWAY Jojye wory | ‘w -8303 ‘» | 910§00 UOT}| -B}0} JO -juswtradxe Jo SUOIIPUO)) ‘o o1e[d | ON
-00Top jo Burm(g -08[ep JO | worpran(y
I0100IBY) J9}08IRY()

"(PNUI}U00 ) —OAIO N PEYIPOJ{ Ul FUB [BULIO N UL OPIXOI( TOQILR)) JO UOIJONPOLT OY2 JO SOUSPIAT UL BRe(] Jo Atpmumung—-) @IV,
penut N PeQIpPON Ut pue | N UL OpIXOI(J UoqIe) JO U0IONPOL 913 J PIAH Ul B3R § S—0




37

ISOLATED NERVE.

DR. A. D. WALLER ON

‘N
*N Jo motpnuTmI( ‘u ‘N | Sursesxoa(
'g 30 nonejuOWINY ‘S ‘N “
'S O uonrjEOWINY ' N “
*Q Jo uolyRIUATISY 'S ‘N “
*§ 3O woIyeqUIWINY ‘'S ‘N ¢
103 'S90
{q000 TRuUsSn O 0ARS A[juenb
-9800NS 9AJOU ouIEs 9y} Uo 50N ‘N'S ‘N “
‘9003 "SQQ : OATIOU SUXBS
U0 UOTYBAIOSGO gx0u Ul 500 Aq
900Jj0 JR[IWIY - UOTjRIUOMLINE ‘N'S 'S
£q pemoy[oy ‘g FO UOPMUIWI] ‘w's ‘N | Surseeaouy
‘N'S N é
.m u 13
.z.w .z 11
00D o pue snuwley
3O syusex Teoryuepr oyg Aqurerd
Kioa  sojemsull  5—e-%-166
‘ser1as STYT, "€66 590 0D Lq
‘W@ 0} POISjIB TUOIIOSTSD *N'O
Joje] Inoy T 9NOqe f gEE ‘sqQ .
£80p £q 9419u omES B} WO J[uUS S
-oI JR[IWIY QY JO UoRTmOWSNy ‘N'S ‘N | Susvasout
066 90 *00 4q
UONNULTITP JB[TUWITS 9ABS SAIOU
owres o], N JO UONUIWIT u d ¢
‘[esaoA9yy ‘] ‘N «“
‘N . ‘N .
JO WONNUIWIP “Z1A ‘3000 JB|IWIF o s | Sutsesoa(
“mony )
-~BSTUR)S) *UOTJ ST
*SYIRTSY Ieqye wory | ‘@ 218y
-09[op JO Surm(g
J030RIBY))

‘N ‘N q (9681 ‘T "ue[f) 84007 93 SuIEs UL | €903 09
Je3uo[
g 'S @ SINOY Z] OUI[ES UL JJ0] 9AIOU SWEY 090% 6e
'S S g ) *ot Tt 7 7 OAJSU swEy L6078 8¢
8 S g ottt T oAJou ouley ¢60% L¢
S S G Gmwa g1 ‘uepr) simoy G duIEs ul | H503 96
(4-920) 0%/u pue
0¢/u ‘proe ormordoxd £q peysey
'S 'S8 g Aisnoraexd fsanoy g1 euieEs Uy | (0g03 #*GG
S NS g Tttt T eAJeu owky G003 #¥G
s NS G Tttt ouIBS UL SANOY g | H005 Y
0g/u ‘proe oruordoad £q psgssy
'S ‘S c bmﬁogmum Courjes WL SOy g 2003 7e
‘0 *N'O c © ¢+ ¢ * OAJOU OWEY %66 TC
8 NS g © 0+t - oules uIsmoY 7 166 ,.Om
*qued xod
‘N ‘N c ¢ usooxes Aq pejsey A|snoraeag 636 6V
‘N ‘N g1 ToT T OUIRS UL SINOT FT SALN | 986 8¥
N ‘N g oottt 7 T eAISURWRY 4 G86 A 4
'SOJNUITL
‘uotn
~BSTUE}9) | “UOIJRSI
» | e10joq WOty | -egeY JO ‘syuemrIodxe JO WOTIIPUO)) oNo1B[d | oN
-0opep JO |uoryean(]
Jot08IBY )

‘(penuijuoo)—oa1e N poTIpOTY Ul PUR [RWLION U 9PIXOL(] TOGIE]) JO UOT}ONPOLF 93 JO muﬂovﬁmm ut ere(] Jo Aremung—0) ATV ],



. ﬁ o 38031803 ‘08026203 ‘€L0Z—F203
‘€L0T-3L0Z ‘900%-C00% ‘066-686 (£8-3¢ 'sS3) ¥86-286 ‘(1€-0¢ 'SSY) 6G8-8G8 ‘GSL—1GL ‘THL—OFL Ul 69 ‘osed oyy weaq SBY SIY} $00URQINISIP IOU3O0
J0 $UPOIIe[e BYY WOIY [BAOWAI jnoyym ¢ Aq pue uorgesiurviey Aq pe)se) WAa| SBY AL ATIBS A7) SUOI}BAIOSQO AOGE 9} JO |RISADS U]—HLON

‘I9j0tnoTRAlRS JReq-PRA(T
‘U UOTOO[OP-193J8 OUJ JO UOI} 'S
-e1o9[e Lue %@pﬁm {-Q pejuemiSny ug ‘N mnwm@o.moﬁH 'S NN (4 oot ottt ourpes ulJanoy T 1275 69
. “I9j0WOULATRS 9B
= -ped(  POYSIUIWIP UONOSFOp , U01}09gep v UOIJ00S O8I8A
m -I9}§® W ¢ PoSEOIOUT TOOAPAP 'Y g ‘N £peasg ‘Q ‘ug e -SUBI} MOU {OUI[BS UL SINOY Fg 3923 89
= *19]0TIOUCATRS 80(
~ “p¥e  "peystarmIp TWOLOSPeP : S
a -103J¢ "U {PISBAIOUL WOWOIPOpP S s ‘N | Suisessouy | s ws G ot T 7 7 ooulfes ul sejuuiut ()T 8923 L9
= UOT}00S OSIOASURE}
M ("situn Q] seM uUoIjesIUE}9] JO  |'SUISBAIOUT 'S . Mmou ¢ go8uo] sinoy g ouwIes
2| mSuens oY) g jo uopnuIWIQ s N | Sumswereq | 8§ | CN'S G UL 9301 ‘6408 UL ST eAdeu owrky | §803 | £99
2 1. 3803 €90
= I'Q 03 ') wouay esioAdr oS ()
=z ‘N Jo woejmewmSuy N d d N N q ’ T ouljes ut sinoy g 1803 *39
(@) ‘0803
sqQ uw é0p £q goege aejruig ‘S «que0 Jod ¢
m 'S 30 uoyrjUOWINY ‘N'S ‘N | Suiseerouy | g ‘N'S G TOTIN|0S 9S0)oR[ UL SINOY F IOIFY 6203 %9
- GLOG
= 890wt Q) 4£q googe te[rwrg
= eswaey | NS | N “ T NT g : : OUI[ES UL SINOY 6 | FL03 €9
€403
A | 'sqo ur fop £q pooge .awﬁw anoy
g *BSIDASY] NS ‘N “ o ‘N'u ¢ 21 ao3 -queo aed ¢ osojor] 1933V 2403 79
D 4908 'Sq0 ‘°N pu®
o ‘U 03 WInjox £q PosO[[O] TOOS S
= 0} TesIeA0a 8awd ¥ Aq peysey ‘N
) fjyuonboesqns ‘oateu ewmws oy, u ‘N | Sutseaxod( | N ‘N G Tttt sttt DAISU JWEY 9903 19
‘s9jnuIm
“aorn ‘uor}
-esIuBgag -snme1s -eSTURIOY] | 'UOTJESIU ) , .
‘SI[IeWOY I0)JR WOLY | @ mnﬂ% * o |o10Joq uory| -e193 JO ‘jueurrtedxe Jo STOTITPUO)) 'ON 918[d | ON
-09g9p Jo a -oogep Jo | worgran(y
I090%IRY() J00%IeY))
% .A@®-Qw@QOUv|O>h®Z POYIPOIA Ul pU® JBULIO \] Ul 9PIXOI(J Uu0qaey) Jo uonjonpord oyl jo QOQQWTVMH urejecy jo %ﬁﬁgﬂeﬂml.o HIdV],




DR. A. D. WALLER ON ISOLATED NERVE. 39

On review of the foregoing data, it will be seen that the great majority of experi-
ments gave clear and unambiguous vesults, but that in some (indicated by an asterisk
in Table C) the results have been apparently ambiguous. These require commentary.

Fig. 35a.
869 675
710 762
i
i Sl
859 858
985 4 984
& ‘ T i
£2, from, :w‘tﬁx};»

Summary of observations presenting typical effects of O, and of tetanisation upon nerve in the
three states alluded to in text.

Action of CO, (869) and of tetanisation (675) upon nerve of the 1st stage.
’ »  (710) ” (762) ' ' 2nd stage.
N ,  (859) (858) ” . 3rd stage, “ clear effect.”
” . (985) ’ (984) » ’ i “ disguised effect.”
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§ 3. Ambiguous Phenomena in Modified Nerve.

The typical and regular result with a fresh nerve (giving a large negative deflection
during excitation) is as represented by Obs. 741 (fig. 29), an augmentation of the
negative deflection. And as regards the tetanus itself, the deflection at its com-
mencement is negative, at its end positive.

Similar results are obtained with a nerve in what has been termed a transitional
state, neither  fresh” nor “stale” (giving little or no negative deflection followed by
a large positive after-deflection); the negative deflection is increased and the positive
after-deflection less increased, or diminished. With “stale” nerve (giving a positive
deflection followed by a positive or a negative after-deflection) the results vary.

a. The deflection at the beginning of tetanus is positive and that at the end of the
tetanus is positive, in which case a positive deflection before tetanus is replaced by
a negative deflection after tetanus. This is the case that may be characterized as
giving a “clear” effect, viz., reversal from N. to S,, in consequence of CO, and of
tetanisation. B

b. The deflection at the beginning of tetanus is positive, at its end negative, in
which case a positive deflection before tetanus remains as a diminished positive
defiection after tetanus. This is the case that has been characterised as giving a
“disguised ” effect of CO, and of tetanisation, inasmuch as it presents an apparent
exception to the rule that CO, augments the excitatory deflection. But even in this
in some other respects anomalous case of “ stale ” nerves, the result may be recognized
as offering no exception to the rule that CO, augments the negative deflection (or
diminishes the positive deflection).

A noteworthy point in connection with the long tetanic deflection is that it always
(at the stimulation strength of 10 units) progressively augments. It has only been
with excessive strength of stimulation (100 units) that an augmentation has given
way to diminution. '

Occasional exceptions are met with to the rule that after the prolonged tetanus
(at 10 units) a south variation is increased, or a north variation diminished ; these
have been distinguished in the table of data by an asterisk, and are illustrated in
figs. 36 and 37. The possible significance of these exceptions where there is
diminution of a south deflection, is indicated by the fact that a similar diminution
can sometimes be demonstrated by using stimulation of excessive strength (fig. 38).
Whether this diminution is to be regarded as a more profound effect of CO, in larger
quantity, or as a fatigue effect, must be left an open question. The fact that the
exceptional result may appear in the form of an augmented north deflection seems to
be opposed to the latter alternative, and the key to these, in any case infrequent,
peculiarities will probably be found in the peculiar differences of action of CO, in
various quantities upon the deflection and after-deflection of nerve in various states :
905 exhibils this exceptional effect on a north variation, 912 on a south variaticn,
and 2068 exhibits the dependence of the latter upon strength of tetanisation.
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Fig. 36. (Obs. 905.)

Nerve of the third stage. Exceptional effect of prolonged tetanisation. Augmentation of the positive
deflection.

Fig. 7. (Obs. 912.)

Nerve of the second stage. Exceptional effect of prolonged tetanisation. Diminution of the negative
deflection.

Fig. 38. (Obs. 2068.)

T10]  T100f T10|  T100|

Nerve of the second stage. Augmented negative effect in consequence of weak tetanisation (10 units,
both directions of coil). Diminished negative effect in consequence of strong tetanisation (100
units, both directions of ceil).

MDCCCXCVIT, —-B. G
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§ 4. The Stowrcase Effect.

Under the conditions of these observations, isolated nerve nearly always exhibits
the “staircase phenomenon” familar to physiologists in the contractile tissue of
Medusa, in the Frog’s heart, and in skeletal muscle. If the record of a normal series
of deflections is commenced without preliminary testing, each deflection slightly (in

Pig. 39. (958.)

Nerve 5 hours after excision giving a deflection of the second stage. Excitation once a minute for
1 minute with coil at 10 units. Tetanisation for 5 minutes from « to w.

Before the tetanus the successive negative variations increase slightly forming a “staircase.” After
the tetanus the negative variations are increased, gradually diminishing. An interruption (int.)
of all excitat ion shows how the diminution was delayed by the excitation itself.

Presumable Change of CO,.

1 Deflection by 0-001 volt : :

2 Normal series at minute intervals | Evolutionsin small quantities at each tetanus.
exhibiting staircase increasc .

3 Tetanus lasting 5 minutes . . .  Evolution in considerable quantity by long tetanus.

4 Normal series . . . . . . .| Dissipation of CO, evolved during previous tetanus,

in spite of short tetani.

5 Interruption of series by 5 minutes | More rapid dissipation of CO, effect while the latter
rest are intermitted.

6 Normal series '

some cases markedly) exceeds its predecessor; the increment progressively diminish-
ing so that a line passing through the culminating points is concave to the line of
rest, and the S. : N..quotient gradually increases. In the case of nerve the phenomenon
isin lesser degree a tetanus effect, similar to that described and considered above, viz.,
presumably a CO, effect ; in place of the single large effect of a tetanus lasting
several minutes, we are in presence of a gradually developing and summating series of
smaller effects of tetani lasting only 4 minute at intervals of a minute.



DR. A. D. WALLER ON ISOLATED NERVE. 43

The regular effect of CO, is to increase the negative deflection of nerve in the first
and second stages, and to diminish the positive variation of the third stage. The
regular effect of tetani of ¢+ minute at 1 minute intervals is to give series of slightly
increasing negative deflections of nerve in the first stage, of markedly increasing
negative deflections, and diminishing positive after-deflections of nerve in the.
second stage, and of diminishing positive deflections of nerve in the third stage
(see fig. 81). In upwards of 500 observations available for study of that point
no single exception is to be found to this rule, which is variously exemplified in all
sorts and conditions of nerve. In the present communication it is best illustrated by
the first portions of Obs. 958, fig. 39 (progressive increase of negative deflections ot
nerve in the second stage) of Obs. 858, fig. 31 (progressive diminution of positive
deflections of nerve in the third stage), and of Obs. 2177, fig. 66.

Progressive Dimanution of Positive After-Deflections of Nerve in the Second Stage.

Fig. 40 (Obs. 938) and fig. 41 (Obs. 843) are given in illustration of the temporary
character of the reversal by tetanisation and by carbonic acid respectively. In the
former case the reversal caused by 5 minutes tetanisation has disappeared in about
10 minutes; in the latter the reversal caused by a stream of CO, lasting for 5
minutes (z.e., “ much” CO,) has endured for about 830 minutes.

Fig. 42 (Obs. 960) illustrates the great sensitiveness of nerve to tetanisation (and
to CO,) in the second stage ; in this instance (which is one of the best marked of its

Fig. 40. (933.)

Nerve nine hours after excision, giving a deflection of the third stage, viz., N., temporarily reverted

to 8. in consequence of tetanisation.
1. Deflection by 0'001 volt.

2. Normal series N.S.

3. Tetanisation for 5 minutes.

44. Normal series S.N., giving place to

48. Normal series N.S.

This is one of the few instances in which a negative after-deflection has been observed; the nerve had
been employed two hours previously to test upon it the effect of muscle-extract.

G 2



44 DR. A: D. WALLER ON ISOLATED NERVE.

kind) the deflection before 5 minutes’ tetanisation is barely visible, the after-deflection
before tetanisation is markedly positive ; subsequent to the tetanisation the deflection

is markedly negative.

Pig. 41. (843)

Nerve 11 hours after excision, giving a deflection of the third stage, temporarily reversed, in
consequence of COq passed through the nerve-chamber for four minutes.-

Fig. 42. (960.)

Nerve 10 hours after excision, givifiga variation of thé second stdgé (late) or third stage (early).

At the beginning of the record the deflection is #., and the after-deflection N. With successive
excitations the n. deflection diminishes and disappears. ’

With the 5 minutes’ tetanus (coil at 10 units) from « to w, there is no a deflection, a rapidly increasing
negativity from a to w, and a large positive w deflection. Subsequently the rhythmic excitation
produces a large negative deflection gradually decreasing.
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CaAaPTER IV.—ON Postrive AND NrcATivE Errecrs oF EXCITATION.

§ 1. State of the Question.

The explanation nearest to hand of positive and negative variations and after-
variations caused by excitation, is that which attributes opposite electrical concomi-
tants to the opposite chemical movements of disintegration and reintegration of which
all living matter is the seat.

A priori, every movement of disintegration must be made good by a simultaneous
or subsequent movement of reintegration, and it was natural to suppose, with HERING
and his pupils, that in medullated nerve we have a negative effect significant of the
former, followed by a positive after-effect significant of the latter.

In nerve we have hitherto had no evidence of positive effects during excitation,
other than phenomena that were attributable to the predominance of anelectrotonic
currents aroused by the exciting current; at the present time the question of the
physiological versus physical nature of such currents, their evidently close connection
with the true negative variation or current of action, renders the whole problem
especially intricate and obscure.*

* Some of this obscurity is due to the varying import and theoretical connotations of the word
“electrotonus.” The term applies (1) to the permanent extra-polar currents aroused in a nerve that is
traversed by a galvanic current; (2) to the similar, but much briefer, extra-polar currents aroused by
induction shocks, and summing up to a steady effect when tetanising currents are used ; and (3) to the
brief propagated change giving rise to a current of action, and summing up to a “ negative variation ”
of a demarcation current.

We may not sharply distinguish between an electrotonic current and a negative variation or action
current; the better distinction to make is that between fixed and fugitive electrotonus, fixed electrotonus
being a permanent phenomenon pervading the whole length of a nerve in diminishing degree with
increasing distance from the polarising electrodes, fugitive electrotonus being a temporary phenomenon
propagated along an undisturbed length of nerve in undiminished strength from the point at which a
polarising current is suddenly altered. The current of action is a case of such fugitive katelectrotonus
(HERMANN).

Permanent anelectrotonus (directed in the nerve towards the exciting electrodes) may be aroused by
strong tetanising currents of whatever direction, owing to the normal superiority of the anelectrotonic
over the katelectrotonic current, and therefore of the anelectrotonic sum over the katelectrotonic sum.
Such anelectrotonus, as was pointed out by pu Bors-RetmoxD, in criticism of Motescaorr (‘ MULLER’S
Archiv,” 1861, p. 786, 1862, p. 241), will give rise to a pseudo-positive variation which is in no true anti-
thesis to the negative variation. The latter is due to fugitive katelectrotonus, the former to permanent
anelectrotonus.

The positive variation studied in this paper is produced by tetanising currents of minimal strength or
little above, and the experimental argument in this chapter is in great measure directed to distinguish
this positive variation as not being due to the fallacy of fixed anelectrotonus, but as being in true antithesis
to the classical negative variation. To this end anwsthetics were used as described in the text.
Anelectrotonus, as a coarse physical fallacy in pu Bors-REymMoND’s sense, is excluded, without prejudice
to the nature of the positive variation as a case of fugitive anelectrotonus (= A.), the opposite of the
negative variation as a case of fugitive katelectronus (= K.).

Fugitive and permaneunt electrotonus cannot be sharply distinguished as physiological and physical
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Electrotonic currents are clearly the effect of core-polarisation (HERMANN); they
are reproducible on polavisable core-models, and in this sense “ physical,” but they
are far better shown on “living” than on “dead” nerve, and in this sense they are
physiological. They cannot be sharply distinguished into physical and physiological
components. Nor is it possible to draw any sharp line of distinction between a
negative variation and an electrotonic current; the former, like the latter, can be
reproduced on a core-model (BoruTTAU), and must be regarded as an instance of
propagated temporary katelectrotonus.

At the outset of these observations, I sought to distinguish the true negative
variation due to a fugitive state of katelectrotonus from the fallacy of the permanent
or fixed electrotonic state associated with steady electrolytic polarisation and spread
of current. The negative variation provoked by tetanising currents alternating in
direction, was found to be independent of that direction, and subject to the influence
of anssthetic and other sedative drugs in an uunmistakably physiological manner.
This negative variation, subsequently the positive after-variation, and finally the
positive variation, were found to be on a similar footing, physiologically modifiable by
drugs. The most questionable of these phenomena, the positive variation, which
might obviously be due to predominant anelectrotonus caused by alternating currents
‘whatever their direction, was found to be particularly sensitive to the action of
reagents, and could therefore not be classed as a fallacy due to exclusively physical
polarisation. It must, I think, be admitted to rank as a true action current on the
same terms as the negative variation, and, if the latter is propagated katelectrotonus,
the former is propagated anelectrotonus. Whether the appearance of one or other of
these phenomena is dependent upon the different rate of development of the two
states under different conditions, and the conseqﬁeht prédominance of one or cher
sum of effects under the influence of a given series of induction shocks, is a question
into which I cannot now enter. The simple and obvious statement in terms of
HEerING's theory (negative variation a sign of dissimilation, positive variation a sign
of assimilation) is extremely convenient as a description, but is not finally justified
until we are more fully acquainted with the electrolytic changes occurring in the
polarisation of living nerve. And although I shall tentatively describe certain facts

n terms of that theory, it can only be with the express reservation that the physico-
chemical mechanism of anodic and kathodic polarisation may or may not prove to
harmonize with such a mode of description. Yet, whether the theory fits the facts
or not—whether, e.g., the positive variation be or be not a token of integrative

by means of anssthetics; they are presumably closely related phenomena of which the electrolytic
-polarisability of nerve is the common condition, the former requiring a nerve of greater instability than
“the latter.

In order to escape as far as possible from ambiguity in the use of the terms, the initial letters A. and
K. are occasionally (e.g., on p. 64) used to denote fugitive electrotonus, while the full words anelectro-
ionus and katelectrotonus are used only to designate permanent electrotonus (e.g., on p. 58).
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moevement, and the anode the pole by which rest, inhibition, and “ assimilation” are
evoked, in contrast with the kathode evoking action, excitation, and ¢ dissimilation” ;
or whether, e.g., the conversion of a positive into a negative variation under the
influence of carbon dioxide or of prolonged tetanisation be due to altered time-
relations of anelectrotonic and katelectrotonic effects—the facts will remain, and
doubtless contribute to the future elucidation of this obscure corner in electro-
physiology. I think it quite possible that facts which can be most obviously exposed
in terms of HERING’S theory of antagonism, may be more accurately described in terms
of HERMANN'S theory of electrotonus, yet that in the end the two sets of terms may
be found to denote the same opposed chemico-physical changes ir living matter.

Meanwhile it is desirable that I should, as briefly as possible, describe the experi-
ments I have so far been able to make in this direction, and the theoretical interpre-
tation of which they appear to be susceptible.

To this end it will be convenient to give (1) a more connected account of experiments
already touched upon in Chapter IIL, concerning the effects of tetanisation; (2) a
preliminary account of experiments concerning the action of carbon dioxide on polari-
sation phenomena; and (8) what seem to be the principal hypothetical inferences

based upon these various data.
§ 2. Effects and After-Hffects of *“ Brief” Tetanisation.

The ordinary deflection of normal fresh or nearly fresh nerve during tetanic excita-
tion is, as was discovered and determined by puU Bois-REYMOND, negative to the
current of injury. This “ negative variavion,” as was first pointed out by HERrING, is
frequently followed by a “ positive after-variation ” (viz, in the same direction as the
current of injury) smaller than the preceding negative variation. |

In conformity with the plan of connections (fig. 3) observed throughout these
observations, this normal galvanometric response during and after excitation is to be
designated by the symbol S.n. »

A nerve left to itself in normal saline—(for 1 to 2 hours in summer, for 6 to
12 hours in autumn) will, in all probability, exhibit a response of similar type, in
which, however, the positive after-variation is larger than the preceding negative
variation, to be designated, therefore, by the symbol s.N.

Deflection. Aftor deflection.
1. Large negative, followed by small positive . S. n.
2. Small negative ,, large positive . 8. N.
3. Nil ' positive . 0" N.
4, Positive . positive . N. N.
5, Positive ’ negative . N. S.
6. Negative » negative . Lo S. s,

n. J Nil, or small {negative or } { 0 S 1

’ negative » large negative { ~ ° ° "I} or s. S f
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Later still, espécially in summer, or in winter after the nerve has been under
prolonged experiment of various sorts, the variation during, as well as after, excita-
tion, may be observed to be positive.

It bas been convenient to take these three points as being respectively characteristic
of three states or stages :—

1st stage, “fresh.” Negative deflection larger than positive after deflection, S.n.

2nd stage, “transitional.” Negative deflection smailer than positive after
deflection, s.N.

3rd stage, “stale.” Positive deflection, N.

- In the third stage, of which the positive deflection is taken as the characteristic,
the after-deflection may be positive (usually) or negative (exceptionally), and, in
addition to the responses formulated above, I have observed cases of a negative
deflection followed by a negative after-deflection, and of no deflection followed by a
positive after-deflection. ‘ ,

The @ priori conceivable list of possible varieties of response (omitting as of
uncertain determination cases of zero after-deflection) is now complete, with one
significant exception, which is indicated in parentheses, and has never come under my
observation.

Of the above list, the first four members include the types of response that have
most frequently come under my observation ; they form a sequence, in so far as two
or more members may always be observed to follow each other in the order named,
from 1 to 4, and may always be made to follow each other hackwards from 4 to 1 by
the chief disintegration product CO, (A) externally applied to the nerve, and (B)
presumably evolved from within the nerve itself during a prolonged tetanisation.
This reversal of sequence bas, in fact, been fully described in Chapter IIL., where the
sequence itself, now to be considered, was unavoidably stated in dogmatic form in
preface to a detailed description of its reversal by CO, It may, however, be
mentioned that a similar reversal is effected by various other means—by formic and
lactic acids, e.g., and by a renewed transverse section.

' The fifth member of the list, viz, a positive deflection followed by a negative after
deflection, N.S., was far less frequently and assuredly observed, and I do not know
whether, in order of development, it should be placed before or after the response
N.N. The after-effect S. is, in this case, never very pronounced, so that, in view of
the uncertainty of instrumental correction considered in the head-note to Table D,
it may have been present in slight degree more often than it was obviously present.

The sixth member, viz., persistence ot a negative effect as negative after-effect, was:
also infrequently observed otherwise than as a consequence of CO, (when it was
practically constant for nerve in the 2nd stage), or of strong stimulation (when it
may in part have been a CO, effect), or of chemical modification. This infrequency
was somewhat surprising in view of the experience of previous observers (HERING
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among others), who have noted a depression of current subsequent to the usual
negative variation during excitation. I have, indeed, observed such a depression as
a regular consequence of strong excitation, but a negative after-effect concentrated
enough in time to give an impulse to the mirror of my galvanometers has been
comparatively rare. And, as will be shown in connection with the terminal deflection
of prolonged tetanisation, negative after-swing is then comparatively rare and only
met with in some cases of nerve in the 3rd stage; in the other stages the terminal
deflection has always been positive, as well as in most instances of nerve in the 3rd
stage under the conditions of my experiments. An immediate negative after-effect
of a negative effect must then be exceptional and restricted to certain speeial
conditions of strength and time of tetanisation ; prolonged negative after-effect, on
the other hand, is a practically constant phenomenon. Positive after-effect following
upon positive effect has been as common, as negative after-effect following upon
negative effect has been rare. -

The seventh member (or pair of members), viz., a negative after-effect larger than
a previous negative effect—-s.8. or 0S.—has never come under my observation, The
opposite case of a positive effect followed by a larger positive after-effect—mn, N., or
actually ON.—has been very common.

The possible cases, 8.0, N.0, have not been included in the above list for the reason
that, though they have both no doubt occurred, the instrumental correction necessary
in the case of after-deflection forbids us to conclude to perfect absence of after-effect.
Cases occurred, indeed, in which it was calculated as being absent, but in which we
may with safety only draw the conclusion ¢little or none.” This is, however, as
regards the surveys before us, a comparatively immaterial and purely formal draw-
back. We may, as the case arises, draw the far more essential conclusion that an
after-effect has become more positive or more negative, and plot out a curve of
modified after-effects nearly (but not quite) as strictly justified as a curve of modified
effects. '

The members most essential to our experimental and theoretical study have been:
the first four, viz., S.n., s.N., ON., and N.N., which—considering the experimentally
somewhat striking case of ON. as a case of s.N. with vanishing s.—are reduced to
three, which are taken as the basis for classifying the states of nerve as first, second,
and third. Of these three members the first and third, in which the currents during
excitation are respectively negative and positive, are the principal contrasting types.
The intermediate type, in which the current after excitation is prominently positive,
is preserved as a separate class, partly because it is representative of a very usual
condition of experiment, partly because it is the bridge between the two principal
extremes.

§ 8. Effects and After-Effects of « Prolonged” Tetanisation.
The effects and after-effects hitherto described have been such as are produced by

brief tetanisation, lasting 7'5 seconds. ~ We have now to review the effects and after=
MDCCCXCVIL —B, H
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effects produced by prolonged tetanisation, lasting 5 minutes, such as was used to
test the nerve for CO, effects, as described in the previous chapter. And in this
review we shall find it convenient to follow the classification made above of three
states of nerve—fresh, transitional, and stale.

Fig. 43. (Plate 2148.) . Fig. 44. (Plate 936.)

Fig. 43.—TFebruary 3, 1896.—Nerve a few minutes after excision, giving a variation of the first stage.
Tetanisation for 5 minutes from o to w; coil at 10 units.

Fig. 44.—December 10, 1895.-—Nerve 10 hours after excision, giving a variation of the second stage.
Tetanisation for 5 minutes from a to w; coil at 10 units.

Fig. 45, (874.)

November 30, 1895.—Nerve 10 hours after excision (previously used for observations with ether and
- with COQ,), giving a variation of the 3rd stage (positive), with a negative w deflection at the end of
5 minutes’ tetanisation, and a diminution of the positive effect of excitation. (“ Disguised ” effect.)

With nerve in the first and second stages, the alterations of current during and
after tetanisation are in accordance with figs. 43 and 44, in which the duration of
tetanus is marked from « to , & being its initial, » its terminal, deflection.. The
a deflection is S. or negative; the course of steady deflection is southward or
increasingly negative; the w deflection is N. or positive ; the subsequent state of
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current is negative to the state before tetanisation, and gradually becomes less
negative.

The curve of increasing negativity during tetanus falls convex to its abscissa, viz,
by a diminishing increment, being not far from logarithmic (e.g., figs. 39 and 42) ; the

Fig. 46. (898.)

December 5, 1895.—Nerve several (?) houars after excision (previously used for observations with
sarcosin), giving a variation. of the 3rd stage, with a positive » deflection at the end of & minutes’
tetanisation, and a reversal of the effect of excitation. (* Clear” effect.)

curve of decreasing negativity after tetanus rises convex to its abscissa by a
diminishing decrement (e.g., figs. 44 and 45).

With nerve in the second stage giving the deflection ON., there is little or no
n deflection, and a large positive w deflection, the current during tetanisation
consisting in a gradually increasing negativity (fig. 42).

With nerve in the third state, the « deflection is N. or positive ; the course of
steady deflection during tetanisation is southwards or diminishingly positive (or
increasingly negative); the w deflestion is either negative or positive ; the subsequent
state of current is negative to the state before tetanisation, and gradually becomes
less negative. It was according to the character of the o deflection that two
varieties of third stage effect were distinguished in Chapter IIL., (a) that in which
the o deflection was N. or positive, and the effect of CO, *disguised” (diminution
of N.); (b) that in which the o deflection was S. or negative, and the effect of CO,
“clear” (replacement of N. by 8.) (figs. 45 and 46).

The points of identity and of difference in the tetanic alterations of the three stages
may now be summarised as follows :—

State Effect before s During Effect after
! tetanus. : tetanus. w0 tetanus.
1st S. S. Sward N. Tncreased S.
2nd s.or 0 s.or 0 Sward N. Increased S.
3rd, a N. - N. Sward N. S,
b N. N. Sward S. Diminished N.

H 2
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It will naturally be asked what significance belongs to these facts; what is their
dependence, if any, upon the strength and length of excitation in relation to state of
néfve, and whether there is any significant relation to be traced between an « and an
o deflection under various conditions, &c., &e. All these questidns are difficult to
answer ; the general question of significance will be considered by itself, other
questions of fact, to which owing to the number of variables I can only give
incomplete or fragmentary answers, may receive such answer at this stage. But,
whereas the more general statements heretofore made are presented as generalizations
resting upon a number of particular experiments considered as affording a broad
euough basis, the following are to be regarded almost in the light of particular
observations, which a more extended survey may (or may not) demonstrate to be
representative of gencral relations. Separate investigations of considerable extent
will be required before this conclusion may safely be arrived at. _

Strength of Fxcitation.—1 have observed more than once (but am unable to
reproduce the experiment at will) that nerve in the 8rd stage giving with weak
tetanisation the deflection N., gives with stronger tetanisation the deflection S. The
following is a case in point (826), which is reproduced in fig. 47, partly in order to

Fig. 47. (826.)

give an example of how such measurements are made, partly because a critic may
see in it internal evidence of some possible explanation or fallacy that I am unable to
detect. The facts here signify possibly that the nerve has been in such a state that
fixed anelectrotonus was manifested at lower current strength than fugitive katelec-
trotonus. This possibility of a fixed anelectrotonic component is further supported
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by Obs. 2149,* where, with constant strength but diminishing interpolar distance, the
negative variation was diminished, viz., at 15 millims. it was — 17, at 10 millims. it
was — 8, at 5 millims. it was 0.

Strencth Deflection Deflection
g (descending break). ; (ascending break).
|

2+5 units N. 95 N. 35
N. 9 N. 7

5, N. 9 S. 5
N. 85 S. 65

10 N. 135 S. 145
N.13 S. 12

20 S. 9 S. 18
S. 7 S. 18

50 ' S. off plate S. off plate
S. off plate S. off plate

The galvanographic curve of a prolonged tetanic variation is extremely like that of
an ordinary muscular tetanus, both as regards the gradual tetanic increase and the

* December 1, 1896.—Obs. 2149 was somewhat exceptional; other observations, of a presumably
more typical character, made for the purpose of comparing the effects of tetanisation with assuredly
electrotonic effects, showed no difference of the negative variation with different distances between

exciting and leading-off electrodes, e.g.:—

Ons. 2107.—Leading-in electrodes, 1 centim. apart. Leading-out electrodes, ditto.

Length of . .
nerve between Anelectrotonic Katelectrotonic by teg zigsﬁi‘c’;iz,irllgtﬁrl:its in
leading-in current current AT . 2
and leading-out by 14 volt. by 14 volt. both dxrggt;gzns f,orGS.gn:Sguptmns
electrodes. p : :
centims.
‘ + 15 — 05 -85 —4:0
2 4+ 75 — 25 —4-0 —4-0
1 +1200 —900 —4:0 —45

December 5, 1896.—Exp. 2131. Nerve giving a deflection of the third stage. Intrapolar distances
= 1 centim. each; polarising current by 1 Leclanché; 0001 volt gives 13 millims. deflection.

Lfm%tlé of ’ Positive variation
nef'v ed_ etween Anelectrotonic | Katelectrotonic by tetanisation at 15 units, in
dela 1dn.g-1f1 ¢ current. current. both directions for 7'5 secs.; 66 inter-
an eleecat;r;](lil%sou ' , ruptions per sec.
centims. millims,
: + 05 Trace +85 +8'0
2 + 20 - 10 +80 +80
1 +340 —230 +80 +80
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gradually diminishing after-tetanic remainder. In mnerve, at least, the effect is
attributable to CO, gradually evolved during the tetanisation, gradually dissipating
itself (or, perhaps, “reinvolved ”) after tetanisation. Owing to the gradual increase
of the negative deflection during tetanus, it always happens in the first, and still
more markedly in the second state of nerve, that the w positive swing is greater than
the « negative swing. (I did not, of course, neglect to verify the equality of the two
opposed swings caused at make and break of a pmlonged constant current ; proof of

begmmng and end of most of the observatxons, e.g., the standdrd deﬁectlon at the en(l
of fig. 42.) With nerve in the 3rd stage, in which the a deflection is positive, the o
swing may be greater, equal to, or smaller than the « swing; it may be positive,
negative, or so small as to be of doubtful direction. It is negative and smaller than
the a deflection if, during tetanisation, the positive state has only diminished. It is
positive and either smaller or larger than the « deflection if, during tetanisation, the
positive has given place to a negative state. A negative w deflection smaller than the
corresponding positive a deflection is present in figs. 32 and 45 ; a positive » deflection
smaller than the corresponding positive « deflection is present in fig. 46 ; a positive
o deflection larger than the corresponding positive « deflection is present in figs. 31
and 46. _

There is, as might be expected, a fairly regular relation between the difference of
the & and ® swings and the deflections of the minute before and minute after
tetanus. This relation is most regular in the 1st and 2nd stages, where the two
differences are greater and smaller together.

w—a. dy—dy.*
B.g.,in 741 (fig. 29) the two differences are 1especb1vely .o 15 and 7
» in 689 the two differences are respectively . . . 18 ”» 8
» in 761 ’ ' " e 7 » 4
2 in 876 . 45 3 25
,» in 960 (fig. 42) the two dlﬁerences are 1cspectwely .o 455 " 34

Other instances are contained in Table D. ,

The relation is not so clear nor so constant in the third stage, where the & deflection
is 4 and the w deflection 4+ or —. With a positive o it generally happens that the
larger the o the larger the succeeding negative deflection, i.e., the greater the
difference between that deflection and the deflection immediately preceding the
tetanus.

E.g., in 933 (fig. 40)d =4 65, a=+ 65, =4 30, dy= —15'5,
»» in 898 (fig. 46) d; = + 18, a=+13, o= 412, dy=— 6.

* ¢, signifies the last ordinary deflection preceding tetanisation, dy the first ordinary deflection
subsequent to tetanisation.
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With a negative o, it generally happens that with larger and smaller o are
associated smaller and larger diminution of an original deflection.

E.g.,in 874 (fig. 45) dy =+ 17, a =+ 17, o = — 75, dy = + 12,
,, 10 782 di=4+11,0a=+4+11, o= —11, d,=+11,
,, 1n 942 di=+11, a=+ 11, o = — 235, d, = 4 13°5.

These last three examples are chosen to illustrate the, for the moment, empirical
relation between the two differences, and include what have been referred to as
exceptional effects of tetanus (viz., augmentation of a north, diminution of a south
deflection). As may be noticed in the three cases, with a negative o smaller, equal
to, and larger than the corresponding positive &, we have a positive d, smaller, equal
to, and larger than the corresponding positive d,.

§ 4. Preliminary Account of the Action of CO, upon Polarising and Electrotonic
Currents.  Polarisation Increments and Electrotonic Decrements.

Experiments under this head were undertaken principally with the object of
determining whether or no the positive variation upon which I had studied the
action of reagents was a phenomenon of ordinary fixed anelectrotonus or a fugitive
effect, the counterpart of the negative variation. They were commenced on the
inadequate supposition that ordinary electrotonic effects, being reproducible on the
core-model, are physical phenomena independent of the physiological state of nerve,
and should therefore be refractory to the action of anssthetics. On this supposition
ansesthetics should have furnished the distinction between electrotonic (physical)
and excitatory (physiological) effects, and the positive variation would at once have
been placed in one or other category.

The effects of anwsthetics (carbon dioxide, ether, chloroform) were studied upon :—

1. Polarising currents; 2. the excitatory increments of polarising current ; 3. elec-
trotonic currents ; 4. the excitatory decrements of electrotonic currents, and although
the simple distinction just alluded to could not be absolutely established, certain
results were obtained calculated to further our comprehension of electrotonic effects
and indirectly to establish the positive variation as a physiological phenomenon on the
same footing as the negative variation.

Detailed description of these experiments will be given on a future occasion ;
at this juncture only the briefest possible summary of results is presented, in so far
as these are connected with the influence of carbon dioxide upon the polarisation
phenomena of which the electrical effects of excitation are a special case.* The

% BorurTAu’s recent demonstration (Prriicur’s ¢ Avchiv,” vol. 58, p. 1, 1894, and vol. 63, p. 145,
1896), on core-models of platinum in saline solution, of a wave of negativity provoked by tetanisation,
travelling with measurable velocity (150 to 170 metres per second) and not very marked decrement,
thus giving rise to a typical diphasic variation, has very completely fulfilled the identification of the
electrical phenomena in excited nerve with polarisation phenomena, in accordance with HprMANN'S
point of view.
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diagram (fig. 48) enumerating the several currents that have been tested by
angesthetics, and the eight plates (figs. 49 to 56) giving typical results of the action
of carbon dioxide, will most clearly and briefly fulfil this purpose.

Fig. 48
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Plan of the several currents referred to in the text and recorded in the next group of 8 plates.

The connections are such that in each case the direction of the arrow indicates the direction of current
in the nerve and in the galvanometer.

Current in the nerve from left to right is indicated by current in the galvanometer from S. to N.
(““ positive ”’), reading upwards on the final record ; and vice versd. ‘

For electrotonic currents and their excitatory decrements the polarising and exciting circuits were
conjoined, and completed through the nerve by the same pair of unpolarisable electrodes.

Aneesthetics (represented in the figures by CO,)* produce no effect upon the
strength of polarising currents, but, as was to be expected, polarisation increments
and electrotonic decrements, which are essentially action-currents, are modified by

. * Instances of the action of Et,0 and of CHCl; are given in a paper dealing more especially with the
question of ansthetics in current numbers of ‘ Brain’ (1896). Some experiments are quoted in Table E,
and the subject will be dealt with more fully in a future paper. As regards carbon dioxide the influence
of quantity, and the effects of tetanisation will be there considered.
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CO,, and ordinary electrotonic currents, contrary to expectation, although apparently
less sensitive, are distinctly altered.

We cannot, therefore, sharply distinguish between an ordinary electrotonic and an
action-current by means of ansesthetics, even though we may have found that the
latter is more easily affected than the former. Electrotonus is a physical phenomenon
inasmuch as it occurs on any polarisable core model, and, in such case, it is not
affected by ansesthetics. But it is also a physiolegical phenomenon, inasmuch as the
chemical instability, viz., polarisability, characteristic of the living nerve (and no
doubt in less degree retained by nerve that is called “dead”) is essential to its
manifestation. If the nerve is temporarily fixed by an aunsesthetic, or permanently

xed by a poison, e.g., by aconitine, the polarisability and depolarisability that are

essential to the manifestation of electrotonic phenomena no longer exist, and the
nerve loses, first its capability of undergoing the transmitted and temporary effect
(¢ fugitive electrotonus”), next its capability of undergoing the permanent effect
(«“fixed electrotonus”). '

This conclusion seems to be not entirely in harmony with BIEDERMANN’S results,*
partly, perhaps, by reason of different senses attaching to the term electrotonus, partly,
perhaps, by reason of differences in the conditions of experiment.

BiepErMANN distinguishes in the extra-polar current produced during and after
the passage of a constant current (1 to 3 volts, 10 millims. between polarising and
galvanometer electrodes) a physiological factor dependent on propagated excitation in
the living nerve and a physical factor dependent upon its anatomical integrity. The
former ¢ physiological electrotonus ”) he finds to be subject to temporary suppression by
“brief” (5 to 10 minutes) etherisation. The latter (“ physical electrotonus ”) he finds to
be relatively more stable, but to undergo diminution and definitive abolition by further
““prolonged ” etherisation destructive of the nerve. Current that is temporarily
suppressed by etherisation is regarded by BIEDERMANN as an expression of physio-
logical electrotonus; the residual current, that can only be suppressed, and then finally
so, by “ prolonged ” etherisation, he considers as being due to physical electrotonus.

I find that electrotonic as well as action currents (otherwise expressed permanent
as well as fugitive electrotonus) may be temporarily suppressed by ansesthetics. And
whereas BIEDERMANN from his observations adopts anwesthetics as distinguishing
between physiological and physical electrotonus, I from mine do not feel entitled to
make any sharp distinction by such means between the ordinary electrotonic and the
true action current. Both have been sensitive although unequally so, and, much as
T desired to draw the line between electrotonus and action-current, I did not feel it
safe to do so by means of ansesthetics, which in my hands have served rather to draw
the line between electrotonus and current diffusion.t The latter is especially liable to

# ¢ Rlectrophysiologie,’” vol. 2, p. 695, Jena, 1895.

+ T have Professor HeriNG’S authority for stating that the term “ physical electrotonus’ arose in his
laboratory as an expression denoting neither more nor less than “current-diffusion,” (Leipzig, Dec. 22,

1896.)
MDCCGXCVIL,—B. I
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rig. | Plate. | Fig. | Plate. ‘

49 2195 | Effect of CO, on katelectrotonus 50 2199 | Effect of COs on anelectrotonus

51 2181 ' . a katelectrotonic decre- 52 2185 - ’ " an anelectrotonic decre-
ment ment

53 2207 " » a 8. polarising current 54 2208 " ’ a N. polarising current

55 2204 ' » a S. polarisation incre- 56 2203 . ' a N. polarisation incre-
ment ment

The above eight records were taken by the dead-beat galvanometer, with connections as indicated in
fig. 48.
In the observations on katelectrotonus and anelectrotonus (figs. 49 and 50), the polarising current was
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by one Leclanché cell (= 1'4 volt) with distances (a) between polarising electrodes, (b) between polar-
ising and galvanometer electrodes, (c) between galvanometer electrodes, each =10 millims. An
interrupter (make = 15 secs., interval = 45 secs.), was placed in the polarising circuit.

In the observations on the two electrotonic decrements (figs. 51 and 52), the polarising and exciting
currents entered the mnerve by the same pair of unpolarisable electrodes (figs. 48p and 48g), the
interrupter was in the exciting circuis.

In observations on the polarisation increment (figs. 55 and 56), the polarising current was faken
= 005 volt. (figs. 488 and 48c). The interrupter was in the exciting circuit.

occur in such experiments, where a comparatively high electromotive force (over
1 volt) is turned on at intervals. When, in consequence of an anwesthetic or toxic
drug, an originally unequal anelectrotonus and katelectrotonus has given place to a
reduced effect equal in the two opposite directions, the Jatter has in some instances
disappeared after the nerve has been completely crushed in the interpolar region,
while in other instances it has persisted little if at all diminished, 7.e., in some
instances (Table E, Obs.) the residual deflection has been attributable to BiEDER-
MANN'S ¢ physical electrotonus,” in others it has clearly been due to current escape.
But the point is one requiring further study ; as regards the present investigation, it
is a side-issue.
With regard to a positive variation, it might possibly be due to—

(1). An ordinary anelectrotonic current.

(2)- A negative variation of an ordinary katelectrotonic current.
(3). A north polarisation decrement.

(4). A fugitive anelectrotonic current.

(5). Current escape.

The possibilities (2) and (3) may be dismissed at once; the positive variation
cannot be a mnegative variation of a katelectrotonic current in the absence of
katelectrotonus, nor a polarisation increment in the absence of a polarising current.
And the fifth alternative, which certainly might, and does appear with an imperfectly
insulating moist chamber, besides being excluded by the usual test of crushing in
the interpolar region, is further dismissed by the temporary action of CO, and other
anssthetics. We are thus left in presence of the alternatives (1) and (4).

The positive variation is produced by very weak currents, and somectimes is lost
when the current is strengthened. It is extraordinarily sensitive to reagents,
especially to a presumably infinitesimal amount of carbon dioxide which leads to its
diminution or reversal. Like the negative variation, but unlike an ordinary
anelectrotonic current, it does not depend upon the distance between the leading-in
and the leading-out electrodes. Confirmatory evidence is, I think, afforded by the
absolute identity in the effects of carbon dioxide (and other reagents) upon a positive
after-deflection and a positive deflection. The former (HERING'S positive ¢ Nach-
schwankung’), is a state of predominantly positive reaction consequent upon a

12
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previous state of predominantly negative action, interpretable as a physiologico-
chemical assimilation consequent upon previous dissimilation. Or, in electrotonic
language, it is an anti-katelectrotonic (fugitive) after-effect. If so, and if the positive
after-deflection is of the same genus as the positive deflection, then the interpretation
good for the former is good also for the latter.

In the case of the negative effect, the range from minimal to maximal is extensive,
and the maximal effect is, as a rule, gradually and indefinitely increasing. In that
of the positive variation, the range from minimal to maximal is narrow; in general
rule a positive maximum has been reached with a strength of tetanisation not
greatly in excess of the minimal effective, and has undergone more or less pronounced
diminution with further increased strength of tetanisation; in a few instances (e.g.,
fig. 47), with such increase, a positive has given place to a negative deflection. If
the positive variation were due to ordinary anelectrotonus, these relations should be
reversed ; the positive variation should increase indefinitely, and a negative variation
at lower stimulation-strength should have given place to a positive variation at
higher stimulation-strength. This I have never witnessed.

Fig. 57.
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Observations 833 and 836 (figs. 58, 59), illustrate this point, especially if their
respective measurements are plotted out as curves (fig. 57). The former gives the
series of increasing negative variations of a mnerve of the Ist state, the latter, the
series of diminishing positive variations of a nerve of the third state.

The positive after-effect of the second state of nerve undergoes a similar
decrease with increasing strength of stimulation, as may be anticipated from its
regular decrease, with series of brief tetanisations of constant strength. Whereas, as
previously stated, the negative effect of such nerve undergoes staircase increase, its
positive effect undergoes staircase decrease, phenomena that are attributable to an

Figs. 58, 59 (Plates 833, 836).

Fig. 58.—Records from which the measurements were taken for the construction of the curves of fig. 57,
Fig. 59.—FExcitations in pairs, first with break descending, i.e., towards the galvanometer electrodes,
then with break ascending. Only the former have been used for the construction of the curves.

evolution of carbon dioxide, and the second of which further bears out the identity in
kind bhetween the positive effect and the positive after-effect. This point, incidentally
present in several other figures of this paper, e.g., in fig. 66, is more particularly
illustrated by the plotted curves of fig. 60, with which ave given the actual records
from which this figure is derived (figs. 61 and 62).

Finally, we may comment upon a point already mentioned at an earlier stage, viz.,
the rarity of a negative as compared with a positive after-effect ; it has most com-
nionly happened that a positive after-deflection has taken place | succeeding not
merely a negative but also a positive deflection ; if the positive deflection had been
due to ordinary anelectrotonus it should have been followed by a negative after-
deflection.

The weight of evidence is thus against the ordinary anelectrotonic nature of the
positive variation produced during tetanisation, and towards its recognition as an
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excitatory phenomenon, similar to the positive after-variation, and the counterpart
of the negative variation.

Fig. 60.
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Record from which the measurements were taken for the construction of the curves in preceding figure,

Kixcitation in pairs, first with descending break, then with ascending break, only the former being
used for the curves.

§ 5. Theoretical Considerations.

In conclusion, but explicitly recognizing that the conclusion may be otherwise stated
in the particular terminology of electrotonic phenomena, we may admit as a general
theory, embracing the positive and negative expressions of action in living nerve,
excited by electrical stimulation, that :

* Corrected 2s deseribed on p. 66, note to Table D.
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Neuroplasm® s chemically mobile in two directions, downwards in the divection of
disintegration, wpwaords vn the direction of integration.

Although we are often constrained to refer to these two opposite aspects of
metabolism as two opposite processes—a negative process, disintegration, dissimila-
tion, analysis, katabolism as opposed to a positive process, integration, assimilation,
synthesis, anabolism—they should not be imagined as distincet, but as conjoined in one
actually indivisible complex change. = 'We may not suppose that we ever witness the
simple effect of a positive or of a negative process acting alone, but always the
resultant effect of a process in which negative predominates over positive, or wice
versd. The process behind its negative or its positive manifestation is rot exclusively
negative or exclusively positive, but negative (and positive), or positive (and
negative).t

In terms of this hypothesis or figment, the phenomena, previously deseribed
relating to the three states of nerve, may be expressed as follows :—

1. In fresh nerve (“first state”), containing neuroplasm highly wound up, 7.e.,
capable of unwinding, excitation, which augments the negative-cum-positive process,
elicits a manifest negative resultant, signified galvanometrically by a negative
deflection.  During the period subsequent to predominant disintegration, reintegra-
tion is predominant, but since the conjoint positive-cum-negative process is taking
place in neuroplasm that is still at a high level, that positive predominance is slight
and the positive after-effect is small.

2. In stale nerve (‘“‘third state”), containing neuroplasm that has run down,
we., that is capable of being wound up, excitation, which augments the negative-
cum-positive process, elicits a manifest positive resultant, and there is, even during
excitation, a predominant integration, signified galvanometrically by a positive
deflection.

This predominance of positive over negative diminishes during tetanisation (? by
reason of CO,), and may give way to a predominance of negative over positive. So
long as there is positive predominance during excitation, the deflection (w), at its close,
will be negative (fig. 45) ; when negative predominance has set in during excitation,
the deflection (w), at its close, will be positive (fig. 46). (In the former case, the
“ disguised ” effect of CO, is witnessed, in the latter, the “ clear” effect.)

3. In “transitional ” nerve (*‘ second state”) containing neuroplasm that is half run
down, capable therefore of being wound up or unwound, the negative factor"
predominates during excitation, and the positive factor predominates after excitation.

* Using the term “ neuroplasm ” to denote the living excitable matter that forms the axis-cylinder of
a medullated fibre, in distinction from the sheath itself which, in relation to the medulla, is the
“trophoplasm.”

+ The ordinary “ negative variation” of nerve, due to predominant negative change at and near the
longitudinal lead-off, is itself probably (if mot demonstrably) composed of two factors—negative

predominant over positive near the longitudinal lead-off, and positive predominant over negative near
the transverse lead-off. '
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The disposition to movement in one or other direction is more nearly equipoised than
in either the first or the third states.

4. In all states of nerve the negative change is promoted by little CO,, obstructed
by much CO,.

5. In all states of nerve the usual effect of prolonged tetanisation is an augmenta-
tion of the negative mobility (augmented S in the 1st and 2nd states, figs. 29, 35 ;
diminished N and reversal from N to S in the 3rd state, figs. 30, 32); the exceptional
effect of tetanisation is a diminution of the negative mobility (diminished S in the
2nd state, fig. 87 ; increased N in the 3rd state, fig. 36).

Expressed in terms of electrotonic changes K and A, the same series of facts may
be clothed in the following statements, involving less assumption, but also offering
less explanation :—

1. In fresh nerve (1st state) the sum of propagated katelectrotonic effects exceeds
the sum of propagated anelectrotonic effects—K > A. Therefore, negative deflection
during tetanisation.

2. With lapse of time, the difference K > A diminishes to K = A, and becomes
reversed to K < A. Therefore, positive deflection during tetanisation.

3. The effect of CO, in small quantity is to augment K. Therefore, augmented
negative deflection of the 1st and 2nd states; diminution or reversal of the positive
deflection of the 3rd state.

4. The effect of CO, in large quantity is to diminish K. Therefore, diminution or
abolition of negative deflection of 1st and 2nd states.

5. The usual effect of tetanisation is augmented K ; the exceptional effect of
tetanization is diminished K.

6. During prolonged tetanisation the difference K > A of the Ist and 2nd states
gradually increases, and the difference A > K of the 8rd state gradually diminishes.
Therefore, the deflection during such tetanization is increasingly negative or diminish-
ingly positive.

7. If during prolonged tetanisation of nerve in the 3rd state, the diminishing
difference A > K reaches to reversal, viz., to K > A, the deflection at the end of
tetanisation is positive; fig. 46. If the difference A > K does not reach to equality,
A =K, the deflection at the end of tetanisation is negative ; fig. 45. ‘

§ 6. Concerning the Unfatiguability of Nerve.

The experimental inexhaustibility of nerve-fibres as compared with the rapid
exhaustibility of nerve-terminals, upon which, in common with WEDENSKI and
Bowbprren, I have formerly laid much stress, and which, as mentioned in Chapter T.
(p- 2), formed one of the starting-points of this investigation, presents itself with a
very different and far more readily intelligible significance by the light of these
considerations, fortified by what T am tempted to designate as preof of a chemical
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alteration in tetanised nerve. And in this connection it is of little moment whether
we hold, with HErING, that negative effects and positive after-effects are the signs of
dissimilation and assimilation, or with HERMANN, that they are of electrotonic nature

—~the signs of the extraordinarily rapid polarisation and depolarisation characteristic

of living medullated nerve.* Medullated nerve-fibres are experimentally inexhaustible,

not because their tetanisation effects little or no chemical change, but because such

change is extremely rapid and rapidly effaced by a change in an opposite direction.

The materials of which normal medullated nerve is composed (grey “neuroplasm”

and white “ trophoplasm ”) are in a state of great chemical lability, so that whatever

is done,is done easily, and as easily undone.t That something is done (or rather

undone) during nerve-tetanisation, has, I think, been proved by the series of experi-

ments described in Chapter IIL.; and towards the determination of what that

something may be, I have also brought evidence, if' not proof, that one at least of its

terminal products is carbon dioxide.

* HERMANN. ¢ Polarisation der Muskeln und Nerven.” Prricer’s ¢ Arvchiv,” vol. 42, 1888.

+ At the last Physiological Congress (Berne, 1895) records were exhibited of the retinal currents of
action provoked by illumination at regular intervals, and demonstrating that the retina resembles
nerve with respect to its inexhaustibility. The interpretation given above for nerve—viz., apparent
inexhaus tibility as being in reality rapid disintegration effaced by rapid reintegration—applies with
even greater probability to retinal phenomena, where, chiefly by reason of HEring’s arguments, we have
already been familiarized with the dual aspect of metabolism. The fact that the retina exhibits no sign
of fatigue is indeed, in some degree, a collateral item of evidence in the direction of the conclusion re
nerve. It may scarcely be doubted that the retina excited by light suffers chemical change, and it may
be demonstrated that the retina submitted to a practically interminable series of flashes exhibits no
signs of expenditure of matter, the strict conclusion is, therefore, that disintegration is effaced by
reintegration.

Fig. 62. (Plate 51.)

Februnary 5, 1895.—Portion of a prolonged series of retinal deflections ¢aused by stimulation of‘th.'e
frog’s eyeball at intervals of one minute. Each stimulation consists in the light of a standard
candle at & distance of two feet acting for a period af 7} seconds. The electromotive value of each
deflection is about 0-0001 volt.

MDCCCXCVIL—B, K
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TaBLE D. —Measurements of some of the Observations given in Tables B and C.

Nors.—In most experiments a partially damped Thomson galvanometer (R = 15,000 ohms.) was used,
shunted if necessary. In some of the experiments the position of the controlling magnet was such that
the suspended system of magnets oscillated between 4 and 5 times per minute (period = 12 to 15 sécs.,
decrement = 2'8 to 3). In others the oscillation frequency was 7 per minute (period = 85 secs., decre-
ment = 2). ‘
 In any evaluation of after-deflection this purely instrumental oscillation must be reckoned with, and
to this end it is best to take the relation between swing and swing-back by letting a small E.M.F. into
the circuit for 7} seconds (¢.e., through the mercury pool to be used in the exciting circuit). The
corresponding correction of after-deflection is made throughout the numbers given in Table ).

In later experiments I employed a less sensitive, but perfectly dead-beat galvanometer (by Messrs.
MuiraEAD. & Co.), the rising or falling time of which was 12 seconds.  'With the partially damped
galvanometer any positive or negative after-effect obtaining during the first few (2 to 7) seconds after
the end of excitation was manifested as an augmentation or diminution of the instrumental swing-back ;
with the aperiodic instrument any such after-effects occurring during the falling time (12 seconds) were
lost to view, and only such as remained present after the expiration of that time were manifested.
Plate 2175 exhibits the photogram of the dead-beat instrument acted npon by 5o volt for 1 minute.
Plate 2177 is an example of a normal tracing of nerve in a late first or early second stage, the duration
of tetanus at 10 units being 15 seconds. It exhibits the gradual decline of a positive after-effect, such
as was observed by HERrING, and which in my view is a gradually increasing effect of CO,. Plates 2181,
2185, 2195, 2200, 2203, 2204, 2207, 2208 were likewise recorded with the dead-beat gavanometer. All
others were taken with the same partially damped instrument.

The capillary electrometer is in many respects the best instrument of all for obtaining a dead-beat
record of the entire effect and after-effect of tetanisation. For various reasons that need not be detailed,
T have not yet employed this instrument systematically, but only occasionally, and shall, therefore, not
further consider it at this juncture.

The numbers indicate millimeters of deflection (Column I1.) and of after-deflection (Column II.). The
latter series of numbers requires to be corrected for oscillation, as stated in text. To this end, in obser-
vations after No. 675, a key-plate is taken by sending a small E.M.F. into circuit once a minute through
the mercury pool (7'5 seconds), to be used in the exciting cireuit.

Plate 763 (7 oscillations per minute) is the key plate to Nos. 675, 676, 678, 680, 689, 710, 711, 737
741, 745, 747, 751, 752, 761, 762, 782.

Plate 2041 (between 4 and 5 oscillations per minute, more rapidly moving surface) is the key-plate
to Nos. 825, 843, 857, 858, 859, 869, 874, 898, 905, 912, 928, 929, 933, 935, 937, 942, 958, 960, 982, 983,
984, 985, 990, 991, 993, 994, 2003, 2004, 2005, 2006 2054, 2055 2057, 2068, 2069, 2072, 2073, 2074,
2075, 2080, 2081, 2082, 2084.

Correction is accordingly made by subtracting from the after-deflection (Column 1I.) either one-third
or two-thirds of the corresponding deflection in Column T., thus yielding a net value in estimation of
after-effect due to the nerve.

Great accuracy may not be claimed for such an estimate; the key-plate 763 shows cons1derable
irregularity of swing-back, which, however, was much diminished in subsequent experiments. The net
values, after subtraction of one-third deflection, can, therefore, only be approximately correct, and none
but well-marked alterations of such values may be admitted to rank as assured data. Key-plate 2041
is more regular, but in the group of experiments to which it belongs the controlling magnet was slipped
slightly up and down during adjustment; the oscillation frequency was thus varied between a little more
and a little less than 45 oscillations per minute, and a relation between swing-back and swing that
was *6 at the higher and ‘66 at the lower frequency.
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These considerations apply only to the after-deflection, not to the deflection, and are entered upon to
show within what range of error the former may be estimated. Looking back to records taken when
no heed was paid to the after.effect, it is still possible to form some judgment as to its presenco and
amount. Tnstances of such retrospective estimates are given at the end of Table D, referring to some
of the ‘plates figured in the paper, viz., Nos. 200, 309, 334, 537, 708; the two paifs of records here
figured, 3180-1, 3188-9, with their measurements, are given to show how the. os_éillating and dcad-beat
instruments respond te the same electromotive change, and to what extent the corrected measurements
of the oscillating instrument are to be trusted.

With the oscillating magnet (5 osc. per minute) the net after-deflection is due to the state of nerve
during the 2 to 3 seconds succeeding the end of excitation; with the fully damped magnet (falling
time = 12 seconds), any after-deflection is due to the state of nerve during the period commencing
12 secounds after the end of excitation. So that the indications of the two instruments are comple-
mentary, the first being that of the beginning and the second that of the tail of the after-effect in the
nerve. The two indications have always been of the same sign, the former being the more sensitive of
the two. It was frequently noticed that tbe same nerve giving a considerable net after-deflection to
the oscillating magnet, manifested no sensible after-deflection to the damped instrument.

Fig. 63. Key-plate 763, Fig 64 Koy-plate 2041,

Fig. 65. Fig. 66.  (Obs. 2£77.)

Fig. 65.—Record by the dead-beat galvanometer of an E.M.F. of 0001 volt through a nerve, first in
one, then in the opposite direction ; time of closure = 4 minute.

To show the falling time (=10 to 12 seconds), and that the galvanometer is sufficiently dead-
beat to permit us to take an excursion above the line, as in Plate 2177, to be significant of positive
after-effect.

Fig. 66.—February 10, 1896.—Nerve in the late first or early sccond stage. To show the progressive
diminution of the positive after-deflection.

K %
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Fig. 67. (Obs. 2249.)

Record by dead-beat galvanometer of the effect of carbon dioxide on a very small negative variation
(Connections as in fig. 3.)

This figure exhibits a point that has nobt been commented upon in the text, but is frequently
witnessed in prolonged experiments, viz., a greatly angmented positive after-effect subsequent to
the primary or secondary increasc of the negative effect.

Fig. 68. (Obs. 2169.)

i f s
A

Record by dead-beat galvanometer of the effect of ether upon anelectrotonus. (Connections as in
fig. 48, D.)

(Nore—Tigs. 63-70 were added July 30, 1896.)
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Fig. 69,

(3180, T.)

(3181, M.)

Simultaneous record of an experiment on the partially damped and fully damped galvanometers in circuit.
The former, 3180, T, is shunted to %, oscillates 5 times per minute, and with the closure time of
7'5 seconds gives a swing-back = 2rds the original swing. The latter, 3181, M., is not shunted,
and has a falling-time of 12 seconds.

The two records, which exhibit the ordinavy result of prolonged tetanisation, are given in explanation.
of the correction to be made for oscillation (3180, T.). In 3181, M., the closure-time being shorter
than the falling-time, the negative variations do not reach their maximum. In 3180, T., the net
after-cffect is due to the state of nerve during the 2 to 3 seconds immediately after the 7% seconds
excitation ; in 3181, M., any positive after-effect would be due to the state of nerve during the last
2rds of each minute. Such positive after-effect is better seen in plate 2177 (fig. 3B).

Time. L 11. (61) 1I. net. I./31. 0001 volt.
it utes. |
3180, T. 1 — 35 +57 (21) +36 - 95
2 — 53 +57 (3:2) +25
3 — 60 +57 (36) +21
5 — 60 +55 (3'6) +19
12 — 65 + 50 (39) +11
Tetanisation, 10 units, 5 minutes
o= — 65 w= -+ 115
19 — 95 + 55 (57 —02
25 — 8% +50 (51) —01
30 — 85 +50 (51) - —01
32 — 80 +50 | (4:8) —02 .. 87
3181, M. 1 — 4 +4 .. .. .. 135
: 2 — 6 +25
3 — 65 +1'5
3 — 7 +12
12 — 75 +1
Tetanisation, 10 units, 5 minutes
a= —105 w=+17
19 —11 | 0 |
25 —10 0 !
30 — 95 0 .
39 -9 0 .o e . 135
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Fig. 70. N
3188, T. 3189, M.

\.«'.‘Qﬁ £ Py N

P T

Simultaneous record of an_experiment (influence of tetanisation on nerve in the second stage) on the
partially damped and fully damped galvanometers in circuit,

Time. I I1. (57 1) 1I. net. 1./1L. 0001 volt.
minutes. ‘ o
3188, T. 0 — 32 +80 1-8) +62 .. 15
1 — 48 + 94 (2:7) +67
2 — 54 +96 (31) +65
3 — 62 +95 (3'5) +60
4 — 64 +94 (3'6) +58
Tetanisation, 10 units, 5 minutes
a= —65 w= + 135
11 —12 +4-0 (6'8) —28
12 —12 +55 (6°8) - —13
13 —11'5 +53 (6°6) —13
14 —11-5 +60 (6°6) —06
15 —11'5 +65 (6°6) —01 .. 14°5
3189, M. 0. — 2 +4 .. .. .. 14
1 — 33 +35
2 — 38 +32 |
3 — 42 +2:8 i
4 — 45 +2:5
Tetanisation, 10 units, 5 minutes
o= — 48 w= 4115
11 — 93 0
} — 9 0
13 — 9 0
14 - 88 0
15 — 85 0 ‘ 13
i
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TasLE D (continued).—Measurements of some of the Observations given in
Tatles B and C.
Time. 1. I1. G L II. net. I./1L 0-001 volt.
minutes. ) .
675 —13 + 75 43) + 32 41 26
(fig. 29) . L
e Tetanisation, 10 units, 5 minutes
a=—13 w= + 28
6 —20 4125 (6'7) + 58 345
11 —16 +11 (58) + 57 2:8
16 —12 + 75 (4) + 35 34
21 —1v + 65 (33) + 32 3 24
676 0 —10 +10 (33) ‘ + 67 15 8
Tetanisation, 10 units, 10 minutes
2= —10 w= + 19
11 —145 ‘ +125 (4-8) + 97 1'5
678 0 —-10 ‘ +20 (33) +167 0-60 18
Tetanisation; 10 units, 10 minutes
a = — 10 w= + 31'5
11 —16 +21'5 (53) +16-2 099
21 —13 +21'5 (43) +17-2 076
31 —11 +165 37 +12-8 086
41 -9 +14-5 3) +11+5 077 17
630 0 — 85 +18 @27 +153 055 21
Tetanisation, 10 units, 10 minutes
o= — w= + 29
11 —16 +21 (5°3) +157 1-02
21 —14 +20'5 47) +15-8 0-88
31 -~10 +18 (33) +14:7 0-68
40 -9 +155 3) +125 0:72 18
689 0 -10 +14 (3:3) +11-7 085 22
Tetanisation, 10 units, 20 minutes
o= —9 w= + 27
21 ~18 +17°5 (6) +11'5 1-57
26 —16 +145 (53) + 92 174
31 —-15 +14 (5) + 9 1:67
36 —14 +14 “7) + .93 151 19
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TaBLE D (continued).—Measurements of some of the Observations given in

Tables B and C.

Time. L 1I. ‘ (3 1) 1I. net I/IL 0-001 volt.
minutes,
710 0 -7 +19 (23) +16-7 042 13
(fig. 35)
CO, for 1 minute
2 —14 +. 6 &7 + 13 10'7
7 —12 + 4 4) + 0
12 —29 + 28 (73) +20-7 1:05 11:5
711 0 — 25 +185 (0-8) +17-7 014 11
4 — 35 +175 (1-2) +163 021
5 —15 + 7 ) + 2 75
7 — 75+ 25 (2°5) + 0
CO, 9 — 8 + 2 2'7) — 07
11 - 85 + 3 (2:8) + 02
14 — 9 + 3 (3) 0
15 — 9% + 4 (32) 4+ 08 12
17 —16 + 75 (5:3) + 22 73
20 —32 +17'5 (10°7) + 68 407
23 —27'5 +27-3 92) +181 1-3 10
737 0 -2 i + 6 07 + 53 0-38
Tetanisation, 10 units, 5 minutes
6 — 7 + 95 (2:3) 4+ 72 0-98
7 -7 +12 (23) + 97 072
8 — 8 +135 27) +108 074
741 0 — 24 +17-5 8) + 95 25 12
Tetanisation, 10 units, 5 minutes
= —25 w= + 39
6 —29 +20'5 o7 +10-8 37
11 —28 +20 9:3) - +10'7 38
16 —27 +19 (9 +10 2:7
745 1 — 4 + 5 (1-3) + 37 27
4 — 4 + 5 (1-3) + 37
5 —14 + 2 (4°7) — 27
CO, {6 — 35 0 1-2) — 12
7 — 2 0 (07) — 07
8 — 35 0 (1-2) — 12
9 - 75 0 (2'5) - 25
10 —15 0 (5) )
11 — 225 + 7 (7°5) — 05
12 —275 + 8 (9:2) — 12
- 13 —28 +11 93} + 17
14 —25'5 +15 (8'5) + 65
15 —23 +17 (77) + 93
16 —20 +19 (6'7) +12-3
17 -19 +21 (6'3) +14¢7
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TaBLE D (continued).—Measurements of some of the Observations given in
Tables B and C.

. Time. I. IT1. 31 I1. net. IJ1L. 0:001 volt.
minutes,
747 -0 — 45 + 45 (1'5) + 3 15
5 — 35 + 4 (1:2) + 28
10 -3 + 35 @€ o+ 25
co 11 — 2 + 2 07) + 13
2 12 - 2 + 2 0-7) + 13
13 -5 + 7 17). + 53
14 —12 + 7 (4) + 3
19 —17'5 +11 (58) + 52
20 —-17'5 +10 (5:8) + 42
co {21 —12 0 (4) — 4
2 22 -9 0 (3) — 3
23 - 75 0 (2'5) — 25
24, — 8 0 2:7) - 27
25 -10 0 (3:3) - 33
30 —24 + 9 (8) + 1
35 —14 + 9 47) + 43
40 -7 + 6 (23) + 37 e 14
751 0 + 2 + 9 i (0-67) + 967
Tetanisation, 10 units, 5 minutes
a= + 2 w= +9
6 — 5 + 95 (1-67) + 7-83
11 — 45 + 9 (1:5) + 75
16 — 4 + 8 (1-33) + 67
21 — 35 + 8 (1-2) + 68
752 0 — 3 + 8 1) + 7
7 -3 + 8 @Y)] + 7
CO, for 1 minute
10 — 05 0 (0-2) — 02
11 -1 0 (0-3) — 03
12 — 35 0 . (1-2) — 12
13 — 85 + 35 (2'8) + 07
14 —15 + 75 (5) + 25
15 —15 4+ 85 (5) + 35
20 — 75 +12 (2+5) + 95
25 — 65 + 8 2:2) + 58
30 — 5 + 75 (1-8) + 57
761 0 -7 + 4 l (2:3) + 17 41 26
Tetanisation, 10 units, 5 minutes
_ o= — w= + 14
6 —11 + 6 (37 + 23 4-8
‘11 —10° + 5 (33) + 17 59
16 — + 4 (3) +1 90

26

MDCCCXCVIL,—B,
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TaBLE D (continued).—Measurements of some of the Observations given in

Tables B-and C.

Time. I. 11. G L) II. net. “L/IL 0001 volt.
minutes. ‘
762 0 — 45 +115 | (1'b) +10 045 22
Tetanisation, 10 units, 5 minutes
a= —4b w= + 24
6 —12 +18'5 (4) + 95 126
11 —10 +12 (33) + 87 113
16 -9 +11:5 3) + 85 1-06
782 0 +11 — 15 (37) + 12 25
4 +11 - 15 3'7) + 12
Tetanisation; 10 units, 5 minutes
a= -+ 11 w= —11
‘10 +11 -35 | (3N + 02
15 +11'5 — 10 (3'8) + 28
20 +125 - 10 { (4:2) + 32 23
| .
Time. 1. ‘ IT. €2 ) 11. net. L/IL. 0:001 volt.
minutes. ’ v
857 ~ 2 C+ 8 13) + 67 33 155
Tetanisation, 5 minutes, 10 units
a—2 w + 215
6 —12:5- +10 (8'5) + 15 83
11 — 8 + 95 (54) + 26 31
16 — 55 + 85 37 + 18 3
858 0 + 7 l +1 l (47) + 57 .. 135 |
(fig. 30) _
Tetanisation, 5 minutes, 10 units
e+ 5 w4 17
6 -9 + 8 (6) + 2 47
11 — 43 + 7 (3) +4 11
“ 16 — 15 + 5 Q) - + 4 © 37
859 ! 0 + 8 -1 B4) |+ 44
(fig. 81) . - !
; CO,, 3 minutes
t . H
10 -9 +10 | (6) o+ 4 23 i
15 — 25 + 85 a7 .+ 68 03
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TaBLE D (continued).—Measurements of some of the Observations given in

Tables B and C.

Time. I. II. (2 1) II. net. I/1L. 0-001 volt.
minutes. 7
869 -7 + 45 (4-7) —02
(fig. 16) 5 -7 + 45 47) —02
co 6 -7 )
2 7 o —13 + 85 87 —0-2
8 =145 + 65 97) —32
9 1 =145 + 70 9'7) —27
10 . —158 + 80 (10-3) —23
11 —16 + 90 (10°7) —-17
12 —17 +100 (11-3) —~13
13 —17-5 +10'5 11-7) —12 :
14 —18 +120 12) 0 :
15 —17'5 +12-0 11-7 +038
20 —15 +11'5 10 +15
25 —12 + 95 8 +15
874 0 +15 -11 10) —1 11
5 +15 -10 (10) 0
Tetanisation, 10 units, 5 minutes
a= 415 w= —
11 +12 -5 ® +3
16 +11 -5 (73) +2:3
21 +11-5 — 6 (77) +17 !
26 +12 — 65 ®) +15 :
905 0 +12 -7 ®) +1 16
(iig. 36) 8 +11 -7 (7'3) +03
Tetanisation, 10 units, 10 minutes
a =+ 11'56" w= — 155
20 + 14 — 95 93) —02
30 +13 — 8 (8'7) —07
40 +13 — 8 (8'7) —07
50 +12 — 75 ®) +05 14
912 0 -7 +13 47 +83 14
(fig. 37) 11 - 75 +13 (5) +8
Tetanisation, 10 units, 10 minutes
a=—9 ) w= +11
22 — 5 0 (3'3) +33
30 — 8 + 65 (5'3) +12
40 —105 + 95 ) +2'5
50 —10 + 95 67 +28 12:5
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TaBLE D (continued).—Measurements of some of the Observations given in

Tables B and C.

Time. I. 1. . CRS) IT. net. I/IL. 0-001 volt.
minutes.
928 — 853 + 95 (565) +385 22 19°5
Tetanisation, 5 minutes, 10 units '
a—8 w + 43
6 —31 +26 - (20°7) +53 585
11 —21- +19 14 +5 42
16 —14c5 + 145 (9°35) +515 2-8
21 —-10 +10 (6:7) +33 3
929 0 -1 + 35 (67) +2:83 1-23 18
Tetanisation, 5 minutes, 10 units
a—1 w + 265
6 —185 +15 (12:3) +27 69
11 -9 + 85 (6) +25 36
16 — 4 + 55 27 +2-8 14
21 — 15 + 15 (1) + 5 3
— - z -
933 0 + 7 —10 (47) . =53 175
(fig. 40) Tetanisation, 5 minutes, 10 units
a + 65 w + 30
6 —155 +16 (10°3) +57
11 — 55 + 5 (37) +13
16 + 15 -7 1) —6
21 + 45 -9 3) —6
o | —
935 0 -7 + 8 47 +33 .e 55
5 — 65 + 75 43 +32
6 — 55 + 8 37 +43
co 7 — 85 + 75 5 425
2 8 —11'5 + 45 7 —32
9 -10'5 + 25 7 —4°5
10 — 85 + 15 57 —45
11 — 65 + 1 43 —33
12 -7 + 1'5 47 —32
13 -9 + 35 6 - —25
14 —135 + 65 9 —25
15 —17 + 95 11-3 —18
20 —11 +11 73 +37
25 — 85 +10'5 57 +4-8
937 0 -6 | +6 (4) + 2 3 105
Tetanisation, 10 units, 5 minutes
a=—7 w= + 21
6 —11 + 8 (7°3) +07 157
11 — 85 + 7 (5°7) +13 65
16 — 8 + 65 (5°3) +12 54
21 -7 + 65 (47 +1-8 36
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TaBLE D (continued).—Measurements of some of the Observations given in

Tables B and C.
Time. I. II. 1) 11. net. I/II. 0:001 volt.
minutes, .
942 0 +11 — 8 (7:3) — 07 11-4 35
Tetanisation, 10 units, 5 minutes
a=+11 w= —23b
6 +135 —16 ) -7 1-74
11 +11'5 —10'5 ) — 28 41
16 +11-5 — 95 (77) — 18 6
958 0 — 3 +135 (2) +11'5 026 235
1 — 65 +15 (4:3) +107 061
2 — 85 +15 57) + 93 091
3 — 95 +15 (6°8) + 87 1-09
4 -—10 +15 6'7) + 83 1-20
5 —11 +15 (7°3) + 77 141
6 —11'5 +15 (7'7) + 73 158
7 —11'5 +15 (77 + 73 158
8 —115 +15 (77) + 73 1-58
Tetanisation, 10 units, 5 minutes
a=—12 w= + 36
14 —26 +16'5 amn — 05
19 —22 +16 (15) + 10 22
Pause ofv 5 minutes
25 —13 +14 (86) + 54 2:4
30 —-15 +15 (10) + 5 3
960 1 + 5 +15 33) +183 38
(tig. 42) 5 0 +14 0
Tetanisation, 10 units, 5 minutes
a=20 w= + 455
12 —34 +19'5 227 — 32
15 —30 +175 20 — 25
20 —25 +17 167 + 03
25 —21'5 +17 14-3 + 27 . 38
982 0 + 14 — 85 (9°3) + 08 . 195
(fig. 26) 5 +11'5 — 8 (7'7) — 03
CO, for 1 minute
6 +12 -7 8) + 10
7 + 8 — 4 (5°3) + 13
8 + 7 — 25 &7 + 22
10 + 5 — 15 (33) + 18
14 + 7 - 2 (4:7) + 27
20 + 9 — 35 (60) + 25
25 + 95 — 45 (6:3) + 18
29 +10 — 55 67) + 12
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TaBLE D (continued).—Measurements of some of the Observations given in

Tables B and C.

Time. L. II. (2 1) II. net. L1 0:001 volt.
minutes.
983 0 +11'5 -7 77 + 07 .. 195
5 +11'5 -7 (7'7) + 07
6 0 0
7 0 0
CO;| 9 8 — 2 0 (1:3) + 138
9 -2 0 (1-3) + 13
12 + 35 -5 (2:3) - 27
13 -3 ?
14 — 4 + 3 @7 + 03
15 -5 + 4 (38) + 07
16 — 55 + 55 37 + 18
17 -7 + 7 47) + 23
18 — 55 + 75 (37) + 38 .
19 — 35 + 7 (2:3) + 47
20 0 + 6 ) + 60
21 + 2 + 5 13) + 63
22 + 35 + 45 23) + 68
23 + 55 + 45 37) + 82
24 + 65 + 45 (43) + 88
25 + 75 + 5 ®) - +10
984 0 +14-5 — 65 97 + 32 . 19
(fig. 32) 5 +135 -7 9) + 2
Tetanisation, 10 units, 5 minutes
_‘ a= 4+ 135 w=—25
11 + 55 o (37) + 12
16 + 95 — 45 (6'3) + 18
21 +105 - — 65 (7 + 05
25 412 — 75 (8) + 05
985 0 +14-5 — 85 (97 + 12 19
5 + 1475 — 85 97 + 12
Tetanisation, 10 units, 5 minutes
o= + 145 w= — 65
11 + 85 - 6 67 — 03
16 +105 - 7 ) 0
21 +12 — 8 (8) 0
990 0 421 S —13 (14) +1 .. 54
CO, for 1 minute
1 +20 —10 (13:3) + 33
5 + 15 + 5 1) + 4
10 + 55 + 55 37 + 1-8
15 +12 — 4 8) i+ 4
20 +14 -6 (9°3) “+ 33
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Tables B and C.
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Observations given in

Time. II. (2 1) I net. | T/IL | 0-001 vols.
minutes. - )
991 +9 (3) + 6 23
Tetanisation, 10 units, 5 minutes
o= — 45 w= 4 12
6 + 95 (37) + 58
11 +10 - (33) + 67
16 +10 3) + 7
21 + 95 (2'3) + 72
993 0 - 7 (6-3) — 07 .. 19
5 -7 (5). -2
CO, for 1 minute
6 4+ 95 (10) — 05
7 + 3 (53) — 23
8 + 5 (7°8) — 23
9 +10 (11) — 1
10 +14 14 0
15 +26°5 16'7) + 98
20 +21 (10) +11
25 +15'5 (%) +10°5
994 0 + 9 R (0)} + 9 CITS
3 + 9 ) +9
‘Tetanisation, 10 units, 5 minutes
a =0 w= + 14
9 - + 8 (2:3) + 57
13 — + 8 (2) + 6
18 — + 75 )] + 58
23 — + 7 ) + 53
2003 0 + 3 l ) — 2 . 37
‘Tetanisation, 10 units, 5 minutes
a= — 85 w= 45
6 85 + 35 57 b= 22
20 95 + 3. (63) - 33
2004 0 — +105 ‘ a7 + 88
5 +11 (@20 + 83
. Tetanisation, 10 units, 5 minutes |
‘o= — 45 w= 4+ 65
11 -2 + 25 | @7 + 08
16 -5 l +12 (33) + 87
21 -7 +11'5 (47) + 68
26 — 65 +11 (48) + 67
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TaBLE D (continued).—Measurements of some of the Observations given in
Tables B and C.

Time. L 11 1) 11. net. I /1I. 0-001 volt.
minutes, ‘
2005 0 — 8 +15 (53) +10-7
4 -7 +17 47) +123
Tetanisation, 10 units, 5 minutes
o= —7 w=+ 95
5 — 35 + 4 (2°3) + 17
10 - 75 +155 (5) +10'5
15 —10 +15 (6°7) + 83
2006 0 — 45 + 8 3) - 5
5 — &5 +.8 (3) + 5
10 — 45 + 8 (3) 5
CO, for 1 minute
11 -10 + 6 (6°7) 07
12 — 45 + 1 (3) — 2
13 — 25 0 ) — 17
14 — 45 + 1 (3) -2
15 — 65 + 35 (4-3) — 08
20 —10 + 9 67) + 23
28 — 7h + 7 (5) + 2
2054 0 — 8 + 5 (5:3) — 07 13
5 —105 + 5 ) — 20
Tetanisation, 10 units, 5 minutes
a=— 10°5 w= + 17
11 —14-5 + 5 9°7) — 47
20 —14 + 4 (9'3) — 53
28 —135 + 4 ) -5
- 2055 0 -12 + 4 8) — 4 15
5 —12'5 + 4 (83) — 43
Tetanisation, 10 units, 5 minntes
a=—12 w= + 17
11 —16'5 + 4 (11) -7
20 —14-5 + 85 9:7) — 62
27 —14 + 25 (93) — 68
2057 0 -5 + 7 (3'3) + 37 16
10 —12 + 8 (8) 0
Tetanisation, 10 units, 5 minutes
a=—11 w= 4+ 457
27 —23 +19 (15°3) + 37
30 —22 +17 (14-7) + 23
40 —18 +14 (12) . + 2
50 —17 +13" (11'3) +.17
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TasLE D (continued).—Measurements of some of the Observations given in

Tables B and C.

‘ ]
0-001 volt. |

Time. L 1L 1) I1. net IJ/IL
minutes. o T ! )
2068 1 -6 +14 (4) |14 1
10 — 85 +16 (57) | 4113
Tetanisation, 10 units, 5 minutes
15 - 16 +15 (10°7) R i
25 —16 +14 ao7) | 4+ 33
Tctanisation, 100 units, 5 minutes
20 -3 +35 1 (2 + 15
40 - 75 +10 ‘ (5) + 5
Tetanisation, 10 units, 5 minutes
45 —19 +19 Q27 + 63
55 —18 +18 | (12) + 6
Tetanisation, 100 nnitg, 5 minutes
60 -1 + 15 ©7 t + 08
70 — 25 +35 @7+ 18 . 85
2069 1 —10 + 9 : (6°7) + 23 21
10 —12 +11 | ) + 3
Tetanisation, 10 units, 5 minutes
15 -20 +18 I (133) + 47
25 —163 +145 | (11) + 35
Tetanisation, 100 units, 5 minutes
2 - 3 + 25 ! (2) + 05
40 — 65 + 55 | (4'3) + 12
Tetanisation, 10 units, 5 minutes
45 —14 +115 | (9:3) + 22
55 —12 +105 (8) +- 25
Tetanisation, 100 units, 5 minutes
0 0 0
70 0 0 195
|
- - - } ’ S
2072 0 + 15 | +4 | (D + 5 15
Tetanisation, 10 units, 5 minutes
a=+15 w= + 14
6 -3 + 7 [ (2) I+ 5
10 0 + 55 (0) + 55
15 0 +5 (0) +5
20 + 1 + 4 07 + 47

MDCCCXCVIL.-—B,
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TasLe D (continued).—Measurements of some of the Observations given in

Tables B and C.

Time. L. IL i’ (1) IT. net. L/L | 0:001 volt.
minutes. ‘ [ HE
2073 0 + 75 + 85 | (5) L+ 135 . 30
5 + 75 +105 | (5) L4135
GO, for 2 minutes
9 —16 0 10-7) —10-7
10 17 P (11:3) ?
20 — 44 + 44 (29°3) +14-7 - 30
27 —16 +26 (107) +153
2074 1 + 3 + 85 (2) +105 . 19
5 + 13 + 85 (1) + 95
Tetanisation, 10 units, 5 minutes
a= 415 w= 418 !
11 — 95 +11'5 63) | 4 52 f
15 — 45 + 85 (3) + 55 |
20 0 + 7 ) + 7
e e B — S
2075 0 + 55 + 4 (3'7) + 77 .. 19
4 + 6 + 4 (4) + 8
CO, for 2 minutes
6 -7 0 (47) + 47
10 -11 + 4 (7°3) + 33
12 —23 +155 (158) + 02
15 —195 +17 (13) + 40
20 -9 +11 (6) + 5
25 0 + 55 0) + 55 19
E ‘ L e
2080 | 0 -3 + 6 (2) + 4 125
4 — 35 + 55 (2:3) + 32
CQ, for 2 minutes
7 —16'5 + 9 (11) — 2
10 —165 + 9 (11) — 2
12 —175 +12'5 (11-7) + 08
15 -12 +14 ®) + 6
20 — 8 +14 (53) + 87
25 — 65 +12 (43) + 77 12
2081 0 + 55 — 4 37 — 03
Tetanisation, 10 units, 5 minutes
7 +105 -~ 35 (7) 35
12 + 85 — 45 (5°7) + 12
17 + 8 I -5 (5'3) + 03
22 + 75 =5 (5) 0
i
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TasrLe D (continued).—Measurements of some of the Observations given in
Tables B and C.

Time. 1. 1I. (3 1). IT1. net /AT 0-001 volt.
minutes. |
2082 0 + 75 — 45 (5) + 05 18
5 + 6 -5 (4) — 10
co 6 — 85 + 35 (57 — 22
2 7 - 75 + 2 5) — 30
8 -5 + 15 (3-3) — 18
9 -3 + 1 (2) — 10
10 - 3 + 1 (2) — 10
12 — 5 + 35 (3-3) + 02
15 — 65 +10 (43) + 57
20 — 4 + 5 27 + 23
2084 0 - 85 + 65 57 + 08
3 —10'5 + 6 7 -1
Tetanisation, 100 units, 5 minutes
a = —20'5 w=+15
10 ? 4
15 - 2 + 2 1-3 + 07
20 — 4 + 25 2-7 — 02
25 — 55 + 3 37 — 07 13
2085 1 — 75 +10 (5:0) + 5 .. 27
4 — 80 + 85 (5°3) + 32
Tetanisation, 10 units, 5 minutes
a="? w=-+ 45
9 — 65 + 3 (4:3) — 13
15 — 90 + 45 (6:0) — 15
20 — 85 + 55 57 — 02
25 — 75 + 55 (5°0) + 05
2241 1 — 25 0
2 - 25 0
3 — 25 0
4 — 5 0
CO, { 5 —17 0
6 —22 + 1
7 —25 + 2
8 —26 + 25
9 —24 + 35
10 —20 + 6

i
=
o
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Tasre D (continued).—Measurements of some of the Observations given in
Tables B and C.

- Time. | I. \ IL 1) II. net. I/11. 0001 volt.
| i |
minutes.
2242 1 -— 69 +16 .o 12
2 — B +15
3 — 45 + 14
(4 —22 0
| 5 —19 0
CO,| < 6 —15 0
| 7 —12'5 0 |
L8 —11 0 é
9 —11 0
10 — 14 0
11 —185 0
12 —20 0
13 —21 + 15
14 —18 + 3
15 —14 + 65
16 —105 + 85
17 — 6 +11
18 — 4 +11
19 — 25 +10'5
20 — 1 410
21 0 + 9
Time. I I1. (6 1.) II. net. T/II. 0-001 volt.
minutes.
200 0 —10 + 7 (6°0) + 10
(fig. 14) 5 —- 95 + 7 (5°7) + 13
6 — 95 + 6 (57) F 03
7 -9 + 45 (54) - 09
8 0 0 ) 0
9 0 0 (0) 0
10 — 6 + 3 (3°6) — 06
11 —14 + 9 (84) + 06
12 —18 +13 (10°8) + 22
13 —19 +145 (11-4) + 31
14 —18 + 14 (10-8) + 32
15 —16 +12'5 (9°6) + 29
20 —12'5 + 9 (7°5) + 15
25 —11 +75 (66) + 09
Time. L 1I. 1) IT. net. I/1L 0001 volt.
minutes. :
309 0 —11'5 + 95 77 + 18 10
(fig. 4) 5 —11 + 93 73 + 2
10 —105 + 87 7 + 17
15 10 83 67 + 16
20 95 77 63 + 14
25 9 75 6 + 15
30 35 72 57 + 15
35 83 68 55 + 13
40 8 68 53 + 15
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TaBLE D (continued).—Measurements of some of the Observations given in
Tabhles B and C.

)
‘ Time. I 11 (2 1) IT. net: LJIL. | 0:001 volt.
|
! minutes
334 0 115 85 77 + 08 165
(fig. 1) 5 11 8 73 + 07
10 105 5 7 + 05
) 105 75 t + 05
20 10 63 67 — 02
25 10 6 67 — 07 145
| ,
|
| Time. I. 1I. (6 L) T1. net. 1/II. | 0:001 volt.
minutes.
537 1 —145 +135 87
(tig. 15) 2 —14'5 +135 87
—145 +13 87
4 —21 +23 12:6
5 —27'5 +145 16'8
6 —22 +10 132
7 —185 + 9 110
8 —155 + 8 96
9 —20 +11 12
10 —27 +165 162
11 —36 +23 216
17 —37 433 223
21 —27 +27°5 16-2
08 | 0 —17'5 +20 (10'5) + 95 . 205
(fig.6) 10 —175 +21°5 (105) +11:0
20 —17 +21'5 (10:2) +113
.30 —17 +21°5 (102) +113
T —17 +21°5 (10-2) +11-3 . 175
2248 1 — 4 + 15 11
2 — + 15
3 —10 0
4 —13 0 Co,
5 —12 0
6 —12 0
7 —13 0
8 —18 0
9 —23
10 —27
11 —27
12 26 + 2
13 24 + 25
14 21 + 3
15 18 + 8
16 16 + 3
17 14 + 3
18 12 + 3
19 10 + 3
20 9 + 3
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TaBLE D (continued).—Measurements of some of the Observations given in

Tables B and C.

Time. I. IT z1L) IT. net. L/IT. 0-001 volt.
minutes.
2249 1 — 1 + 05 115
o2 -1 + 05
3 — 1 + 05
4 — 1 + 05
5 — 1 + 05
6 -1 + 05
7 — 6 .. CO,
8 — 75
9 — 8
10 — 95
11 —12
12 — 14 + 25
13 —13 + 4
14 — 95 + 75
15 — 7 + 9
16 — 55 +105
17 ) +105
18 — 45 + 95
19 — 4 + 85
20 — 35 + 75
25 — 2 + 4 115
2251 0 — 8 + 5 105
5 — 8 + 5
CO, for 1 minute
7 —20 0
8 —19 0
9 —22 0
10 —28 + 2
11 — 34 + 6
12 —34 + 6
13 —32 + 7
14 —29 + 75
15 —27 + 895
20 —18 +8 10
24 —135 +7
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TasrLe D (continued). —Measurements of some of the Observations given in
Tables B and C.

|
Time. I. IT. (2 1) 11. net. /1L 0001 volt.
minuates,
2256 — 6 + 1 . e 135
5 — 6 + 1
6 — 6 0
7 — 8 0 } CO,
8 — 5 0
9 — 5 0
10 — 8 0
11 —12 + 1
12 —16 + 15
13 —17 + 2
14 —16 + 2
15 — 5 + 2
16 — 35 0 »1[CO,
17 — 25 0
18 — 45 0
19 I — 8 0
20 ; —13 + 1
21 Lo=17 + 15
22 L —18 + 25
3 =165 + 3
24 —15 + 3
25 —135 + 3
26 —12 + 25
27 - 105 + 25
28 — 95 + 2
29 — 85 + 15
30 — 8 + 1 . 13
2250 0 — 85 + 35 11
5 — 85 + 2
Tetanisation, 10 units, 5 minutes
a= —8DH w= 4+ 12
11 —10 + 1
15 — 9 + 1
20 — 8 + 1
25 -7 + 1
2258 0 — 35 + 25 125
) — 35 + 25
Tetanisation, 5 minutes
= —3bH w= 4+ 8
i1 — 6 + 15
15 — 5 + 15
20 -5 + 15 115
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TaBLE D (continued).—Measurements of some of the Observations given in

Tables B and C.
S — : : .
Time. 1. ’ 11, { (1) | 1L net. L/IT. | 0001 volt.
: . | i .
minutes. | | I
2262 0 -1+ !
5 -5 +5 1
Tetanisation, 5 minutes
o= —15 w= + 20
11 —22 L+ 35 5
15 —20 + 385 |
20 —19 + 35 i
2266 0 — 6 |+ 4 i ! 75
5 — 6 | + 3 | |
Tetanisation, 5 minutes
o= —06 w= 4+ 10
11 - 9 + 15 |
15 -7 + 2 i
20 - 6 + 2 | - 55
2268 0 — 25 + 15 45
4 — 25 + 15
CO, for 2 minules.
10 —11 + 2
15 — 8 + 35
20 -5 + 295 5
2271 0 —13 + 35 . . e 14
6 —15 + 35
Tetanisation, 5 minutes
a= —15 w= 4 29
12 —235 + 3
17 —20 + 39
292 —185 + 35 11
2274 0 — 6 + 15 . 10
5 — 65 + 15
CO, for 1 minute
6 — 8 0
7 —14 + 2
8 —17 + 3
9 —19 - 4
10 -20 + 45
15 17 + 4
20 —12-5 + 3
24 —11 + 2 . 12
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TasLe E.—Data relating to Chapter IV., §4. Action of CO, on Polarising and
Electrotonic Currents, &c.

Effect of Et,0 upon neg. var., upon anelectro-
tonus, and upon katelectrotonus. Effect of CO, upon anelectrotonus and
katelectrotonus.
P]Tate Time. Neg. var. Anel. Katel. | 9001 - o
No. ° volt. Plate 0-001
— NCo. Time. Anel. N. | Katel. S. volt.
| mins. .
2154 0 1 -5 . . 10 T ointes
- L B o158 | 1 195 . 15
4 _3 o 2 .. 3
" . 9 195
5 .. ) . o’
A B e 1 10 . s
Ether vapour CO, for 3 mins.
Tl =35 L. . I 8 5
8 . + 75 .. 5
o 15 8 .
9 .. —39 16 3
10 . .. i 09
11 + 4 .. 17 175 5
12 . —45 19 o4
13 . . 20 245 ok
. ‘D
AR L P 21 245 ..
16 ) . 22 . 7
" T 23 24 .
17 .. + 9 .. 24 5
18 . . —45 n
x 25 24 .
19 —05 .. .. 26 45
20 . +11 . e
21 .. .. —4 : = - — .
22 +2 .. ..
23 .. +11 .
24 e —4 85 Effect of Aconitine upon anelectrotonus and
_ L : upon kate]ectrotqnus.
Effect of Et,0 on katelectrotonus.
" Plate 0-001
Pﬁage Time. S. 0-001 volt. | No. Anel. | Katel. volt.
minutes.
2157 1 75 2159 | Before aconitine .| +150 | —55
5 75 After aconitine + 40| —40
6 Ether vapour After interpolar
- for 1 min. crush . + 40| —40
7 105
8 12
9 .
10 125
11 ..
12 .
13 ..
14 .
15 8
20 6
25 6 125
MDCCCXCVIL—B, N
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TasLE E (continued).—Data relating to Chapter IV., § 4.

Effect of Et,0 on katelectrotonus. Effect of Et,0 on anelectrotonus.

o | 1. 1II.
Plate No.. Time. S. 0-001 volt. jPlate No.! Time, || -———-=—10001volt.
i N. S. after-
i : | effect effect.
. minutes. o | rinutes. o I
2168 L o B am 11°0 55 15
v ' | 5 11:0 50
g (;8 Ether vapour 6 105
8 dO for 3 mins. 7 40 Ether vapour for
8 2:5 4 mins.
9 3:0 9 2:0
. 1
o o 10 20 0
12 40 11 30 0
13 40 12 35 0
14 45 13 35 0
15 50 14 35 0
20 65 5 o B
5 . 2. 6 0
| 25 70 125 o5 35 0
L30 10°5 0 145
Effect of Et,0 on anelectrotonus.
Effect of CHCI; on anelectrotonus.
Plate No. Time. N. 0001 volt. | Plate No. Time. N. 1 0:001 volt.
| ‘
minutes. minutes.
2169 1 105 13 2171 1 11:0 14
(fig. 68) 5 105 ‘; 5 11:0
(,7; 128 Ether vapouri (73 %gg
3 3-0 for 3 mins. 8 95
9 .
9 2:0
10 25 10 45
11 3:0 j 11 30
12 30 | 12 2:0
13 35 ! 13 2:0
14 40 | 14 2:0
15 40 ; 15 2:0
20 85 20 10
25 115 25 05
30 12'5 12 30 05 14
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TasLE E (continued).—Data relating to Chapter I'V., § 4.

Effect of (JO, on neg. var. of katelectrotonus.

Effect of CO, on neg. var. of anelectrotonus.

i
Plate 1\40{ Time. 0-001 volt.
minutes.
2181 1 N. 155 20
(fig. 51) 5 . 145
6 CO, for 1 min.
7 . 60
8 . 50
9 , 45
0 . 35
11 , 35
12 . 40
13 , 60
14 ,, 85
5 . . 100
20 L 110 19

Effect of CO, on neg. var. of anelectrotonus.

Plate No. Time. ; S. 0:001 volt.
minutes.
2190 1 270 17
5 | 270
6 . CO, for 1 min.
7 ;f 24:5
8 | 280
9 | 300
10 310
11 i 300
12 i 295
13 27°5
14 ‘ 265
15 250 |
16 240 :
17 | 235 |
18 | 230 I
|

Effect of CO, on anelectrotonus.

Plate No., Time. Q. 0001 volt.
minutes.
2182 1 ’ 22
5 ? 29
6 | CO, for 1 min.
7 i 24
8 | 27
9 ! 30
10 ! 34
15 35
20 l 35 15
|

Effect of CO, on neg. var. of anelectrotonus.

Plate No. Time. N. 0-001 volt.
|
| minutes.
2192 | 1 435 16'5
| 5 44
6 CO, for 1 min.
7 30
8 35
9 39
10 Off plate
15 55
20 57

Plate No. Time. S. 0:001 volt.
minates.
2185 1 125 19
(fig. 52) 5 190
6 CO, for 1 min.
7 13:0
8 10:0
9 120
10 165
15 210
20 22:0 175

Effect of CO, on anelectrotonus.

Plate No. Time. N. 0-001 volt.
minutes.
2194 1 22 232

5 25
6 CO, for 1 min.
7 14
8 17
9 19

10 Off plate

15 »

20 375 21
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Effect of CO, on katelectrotonus.

Effect of CO, on anelectrotonus.

Plate No. Time. S. 0-001 volt. | piate No. Time. N. 0:001 volt.
minutes,
2195 1 12 . 19 minutes.
(fig. 49) 5 125 2198 1 29 24
6 CO, for 1 min. 5 30
7 175 6 .1 00y for 1 min.
8 165 7 19
9 185 8 | 22
10 23:0 9 24
11 265 10 27
12 285 15 Off plate
13 270 20 36
14 250 |
15 23:0 T
gg i?g 19 Effect of CO, on anelectrotonus.
Effect of CO, on anelectrotonus. Plate No.  Time. N. 0-001 volt.
minutes.
Plate No. Time. . N. 0001 volt. 2199 65 75
e N 5 70
minutes,
2196 1 26 0 Q 1000 co
{fig. 50) 5 260 . 7 135 2
' 6 CO, for 1 min. ) ‘
7 150 - - 8 140
8 200 - 9 145
9 22:0 10 150
10 240 15 12:5
15 385 .20 95
20 365 25 85
| 25 330 18 30 75 7-0

Lffect of CO, on katelectrotonus.

Eftect of CO, on anelectrotonus.

PlateNo,  Time. S. 0001 volt. | proteNo|  Time. N. 0-001 volt.
minutes. .
2197 1 115 185 : minutes. .

5 115 2200 1 210
6 CO, for 1 min. 5 210
7 135 : 6 CO, for 1 min.
8 14-0 7 95
9 165 8 115

10 210 9 130

11 260 10 150

12 270 11 170

13 250 12 19:0

14 22-5 13 210

15 205 14 22-0

20 165 18 15 230
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Tasre E (continued).—Data relating to Chapter IV., § 4.
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katel.

Iiffect of aconitine on neg. var., on anel., and on

Pl\lra(,)t;e Time. [Neg. var. Anel. Katel. ?T(()ﬁl
e mwins.
2201 1 —9 . 115
2 . + 14 .
4 —8 ..
5 e + 14 ‘e
6 . e =40
7 -7 . .o,
8" o+ 14 .
9 . . —4-0
Bath of Aconitine Hydrochloride
"1 per cent. for 1 minute.
14 —55 . o 11-0
15 + 90 ..
16 SN .. —25
17 —4.5 . .
18 . .. + 55 .
9.7 .. .. —25
20 | =03 .. .
21 + 40 .
22 . . —25
23 00 .. .
24 . + 25 e ‘
25 . . —2:5 | 115
26 | Nerve crushed in interpolar
region
27 00 .o !
28 .o 00 .
29 o . 00 | 11

Effect of COy on S. polarisation increment.

Kffect of CO, on N.

polarisation increment. -

Plate No. Time. N. 0001 volt. |
minutes,
2203 1 175 135
(fig.-56) " 5 185 -
S 6 CO, for 1 min.
7 45
8 90
9 75
10 50
11 595
12 95
13 14-0
14 165
15 185
20 225
25 235 135

Plate No.| = Time. S. 0-001 volt.
“minutes.
2204 1 130 12
(fig. 55) 5 1307~
6 CO, for 1 min.
7 12:0
8 - 80
9 90
10 115
11 155
12 195 -
13 215
14 235
15 235
20 20°5
25 185 125
Effect of CO, on S. polarisation increment.
Plate No. Time. S. 0001 volt.
) minutes.
2205 1 120 12
: 5 12:0
~6 CO, for 1 min.
7 80
8 70
9 .o
10 105
15 185
20 17:0 115
Effect of COy on N. polarisation increment.
Plate No. Time.. N. 0-001 volt.
minutes,
2206 1 17:0 125
5 165
6 CO0, for 1 min.
7 e
8 50
9 65
10 8:0
15 175
20 185 125
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Effect of CO, on polarising current.

TaBLE E (continued).—Data relating to Chapter IV., § 4.

Effect of CHC], on neg. var., on anelectrotonus,
and on katelectrotonus.

Plate No. Time. S. 0:001 volt.
minutes.
2207 195 17
(fig. 53) 5 195
6 CO, for 2 min.
7 195
8 195 ‘
9 195 ;
10 195
15 195
20 195 17
N.
2208 | 1 195 17
(fig. 54) | 5 19.5
6 CO, for 2 min.
7 195
8 195
9 195
} 10 195
| 15 195
| 20 195 17

Effect of Et,O on neg. var. of anelectrotonus.

Pllﬁf 'e Time.|Neg. var| Anel. Katel. ngﬁ;,l
mins.
2211 1 —8 .. .. 12
2 .. +11 ..
3 .. .. —5
4 —7 .. ..
5 .. + 9 ..
6 «s —45
7 —7 .. ..
8 +10 ..
9 - e —5
‘ {(1) } Chloroform vapour
15 0 .o .
16 . + 1 .
17 .. . —1
‘ 30 0 .. ..
‘ 31 .. + 1 .
ﬁ 32 . .. —1
i‘ Effect of Et,0 on katelectrotonus.
Plate No. Time. S. 0001 volt. | - S —
| Plate No. Time. S. 0-001 volt.
minutes.
2209 33 13 -
5 33 \ minutes.
¢ 2220 24-0 9
(§] 39 } Ether vapour 5 24°5
7 24 for 2 mins. |
| 6 27-0 Ether vapour
8 v 11 7 305 for 2 mins.
9 11
10 9 8 29'5
11 13 9 33:0
12 17 10 345
13 22 11 360
14 26 12 370
15 30 13 375
16 32 14 370
17 33 15 360
18 34 20 310
19 34 13 25 265
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TaBLE E (continued).—Data relating to Chapter IV., § 4.
1
Effect of Kt,0 on anelectrotonus. Effect of Bt,O on N. polarisation increment.
Plate No.  Time. N. 0001 volt. | FlateNo.|  Time. 0-001 volt.
minutes.
minutes. 2224 1 N. 20:0
2221 1 520 10 ! 5 5 185
5 540 !
: 6 e Bther vapour
6 .. Kther vapour 7 b for 2 mins.
7 42-0 for 2 mins, »
8 »
8 410 9 00
9 420 10 Y60
10 44-0 o 11 S. 10
11 455 12 . 30
12 47:0 13 » 10°0
13 480 14 » 11°0
14 495 15 » 60
15 500 16 N. 15
20 510 17 RS
25 515 10 18 s 70
19 » 80
20 ;100
= 21 ,, 11°0
22 LIls 11
Effect of Et,0 on S. polarisation increment. b

Effect of Et,0 on S. polarisation increment.
Plate No. Time. S. 0:001 volt.
' minutes. Plate No. Time. ~ S. | 0001 volt.
2223° 1 270 125
5 27:0
. minutes.

6 . } Ether vapour| 2295 1 12:0 13

7 for 2 mins. 5 192

8 6 Ether vapour|-

9 00 7 . for 2 mins.
10 00
11 10 8 00
12 6'5 9 00
13 180 10 00
14 . 11 1:0
15 245 12 10
20 230 12 13 30

14 110
15 155
T 20 160 13
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Effect of CHCI, on S. polarisation increment, tiffect of CHCI, on N. polarisation increment.
—— — | Plate No.|  Time. N. 0:001 volt.
Plate No. Time. S. 0:001 volt. - .

minutes.
2228 1 145 135
B T e o 5 1445 ,
inutes, .
2996 mmu1 es 130 115 6. 00 - Ch]orofog'n'l
9. 7 00 vapou'r or
5 130 2 mins.
6 60 Chloroform 10 00
7 90 vapour for 15 00
2 mins. 20 00 185
8- 00 o
9 00 B
%2 88 Effect of CHCL; on anelectrotonus.
12 00 [ B
13 00 i
14 00 ' Plate No. Time. N. 0'001 volt.
15 05 |
20 15 | . i
| ) minutes,
12231 1 24c5 15
— - | 5 25-0
. Chloroform
: g ?ég { vapour for
Effect of Et,O on N. polarisation increment. | .| 2 mins.
i 8 95 )
i 9 85
i 10 90
. . L 15 60
Plate No. Time. 0-001 volt. | 20 55
i 25 55 15
) minutes. ’ : i ,
2227 1 N. 140 14 : Effect of CHCl; on katelectrotonus.
2 ,, 1400 |
3 5 140 . |
/51; » iig Plate No.”  Time. 8. 0001 volt.
6 ’ Ether vapour minutes.
7 ' for 2 mins. 2232 1 65 65
’ 5 65
8 XS ’ Chloroform
5 6 ..
10 L 7 5o { vapour fox
) mins.
11 , 15
12 N. 60 | 8 60
13 » 95 | 9 50
14 , 120 10 45
15 , 125 15 25
20 135 135 20 I'5
‘ 25 15 7
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TasLeE E (continued).—Data relating to Chapter IV., § 4.

Effect of Et,O on katelectrotonus.

Effect of COqy on neg. var., on anelectrotonus and
on katelectrotonus.

Plate No. Time. S. 0000 volt.
minutes.
2233 0 10'5 11

5 105
6 110 .
7 100 }E%O
8 ..
9 9:0

15 70

20 65

25 55

30 50 11

]i%ife Neg. var.| Anel. | Katel. %gﬁl
2236 | Before CO, . —4 | 4+95 | —45| 10
10 minutes —9 +12 | =75

| after CO,

l All deflections abolished by crushing the
nerve between exciting and leading-off
electrodes.

Effect of CHCI; on neg. var. of katelectrotonus.

Effect of CO, on neg. var., on anelectrotonus,
and on katelectrotonus.

1 .
e | Pimo. |Nog.var, Anel. | Katel. | 200
mins.
2935 | 1 | — 35 | .. . 95
2 | .. + s |
3 SR R B
CO, for 1 min.
5 5 .. :
6 | .. 25 L.
7 | . 15
8 | 105 | .. .
9 | .. 70 ..
10 | . . 70
11 4 .
12 | .. 180 | ..
13 . . 25
14 s :
15 | .. 145 | .
16 | .. . %0
17 25 . ..
18 | .. 95 | ..
19 | o 5
20 2 . .
o1 | .. + 8 .
29 . IR '
23 | —'% . .
o4 | .. + 7 .
25 . SR B

Plate No. Time. N. 0001 volt.
minutes.
2237 1 20 135
‘ 5 18
6 0 Chloroform
7 0 { vapour for
2 min,
8 0
9 0
10 0
15 0
20 0
25 0 145

Effect of CHCl; on anelectrotonus.

Plate No. N. 0:001 volt.

Time.

minutes,
2239 90
5
6
7
8
9
10
11
16
21
29 10°5

This deflection persisted after the mnerve
had been completely crushed between
the exciting and leading-off electrodes.

W, WODDO
ot Ut O Cx Ut

oo op o co.
[ o L

MDCCCXCVIL—DB.
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TasLe E (continued).—Data relating to Chapter 1V., § 4.

Effect of Et,0 on anelectrotonus and katelec-

Effect of ether on neg. var., on anel., and on katel.

trotonus.
Plate No.| Time. Anel. Katel. |0-001volt.
minutes.
2288-9 1 485 .. 10
2 . —20
3 +-85 ..
4 . —2:5
5 +85 ..
6 . —25
7 1 490
8 .. .o
Kther vapour for 2 mins.
15 +1'5 ..
16 .. —-15
25 +10 ..
26 - —05
33 +15 .
34 .. —05 10
Pause of 30 mins.
64 +55 .. 9
65 .. —2'5
66 +59 ..
67 .. —2'5
68 +55 ..
69 .. —2'5
Ether vapour for 2 mins.
72 +trace ..
73 .o —trace
78 +trace | ..
79 . —trace
Nerve crushed in interpolar
region.
81 +trace
82 .o —trace

P&?e Time. Neg. var., Anel. Katel. %2121
mins.
2290 1 | =105 . 12
2 . +10 .
3 .. .. —15
4 | =10 . .
5 . +9 .
6 .. .- —1'5
7 =10 .o .
8 . . ..
9 —15
Ether vapour for 3 minutes
13 00 . .
14 o T+ 45 .
15 .. .. -1
16 00 .. .
17 .. + 45 ..
18 . .. —1
19 00 . .
20 .o + 35 ..
21 . . —1
2 00 . ..
23 . + 3 ..
24 e .. —1
25 00 .. ..
26 o+ 2 .

27 .o =05 125
Nerve crushed in interpolar
region

31 00 N
32 . 00 .
33 . 00 12
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TaBrLe E (continued).—Data relating to Chapter 1V, § 4.

Effect of Et,0 on anelectrotonus and kat-

Effect of ether on anelectrotonus.

electrotonus.
Plate No.| Time. Anel. Katel. |0:001 volt.
minutes, | -
2291 1 +31 .. 125
2 .. —6
3 +31 ..
4 .. —55
H +31 ..
6 e —6
7 +29°5 ..
8 .. —55
9 +29'5 .
10 e | =85
Ether vapour
11 + 95 ..
12 .. —6
13 + 5 ..
14 .. —5
15 + 6 ..
16 .o —45
17 + 6 .o
18 .. —4
19 + 5 e
20 .. —3
21 + 5 ..
22 .. -3
23 + 4 ..
24 .- —2
25 + 4 .. 12°5
Nerve crushed in
interpolar region
27 .. | - trace
28 + trace ..
29 .o — trace
30 + trace 12

Plate No. Time. 0-001 volt.
minutes.
2292 1 +35 13

5 +385
10 +36
11 +35
12 +18
iz iigg lEther vaponr
15 + 8
16 + 7
17 + 65
18 + 6
19 + 6
20 + 6
25 + 45
30 + 4
35 + 3
40 -+ 3
45 + 3 12°5

-No deflection after interpolar crush.

Effect of ether on neg. var. and on anelectrotonus.

Plate No.| Time. | Neg.var.| Anel. |0001 volt.
mins.
2293 1 —65 .. 140
2 . +170
9 — 75 .
10 . +180
Ether vapour for
4 minutes.
15 00 ..
16 .. + 60
23 00 .
24 .. + 40
29 00 .o
30 .o + 35
35 00 .o
36 . + 40
41 00 .
42 . + 45 125

No deflection after interpolar crush.

[R]
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TaBLE E (continued).—Data relating to Chapter IV., § 3.

Eiffect of tetanisation upon katelectrotonus.

Effect of tetanisation upon anelectrotonus.

Eiffect of tetanisation upon anelectrotonus.

Plate No.| Time. 0001 volt. || Plate No.| Time. 0-001 volt.
minutes. minutes.
2294 0 +85 12:5 2296 0 +180 9
2 —85 5 +19:0
4 —85 10 +190
6 —85
Tetanisation,
Tetanisation, 50 units, 5 mins.
30 units, 5 mins.
18 4120
14 —9'5 19 + 125
16 -9 20 +13:0
18 —90 25 +14-0
20 —90 30 + 145
22 —90
24 —90 Nerve crushed in
26 —90 interpolar region.
32 + 25

Plate No.| Time. 0001 volt.
minutes.

2295 0 +30'5
2 +30'5

4 +300

6 +31'5

Tetanisation,
50 units, 5 mins.

13 + 345

15 + 345

17 +34:0

19 +330

21 +32'5

23 4320
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F.-—TiME TABLE.

In view of possible differences in nerve-reaction with season, the following Time
Table is added, by reference to which the date of any given observation may be
approximately determined.

Plate No. 1, January 3, 1895. Plate No. 850, November 28, 1895.
» 50, February 1, ,, » 5 900, December 5,
5 s 100, s 25, |, 5 sy 950, » 13, ,,
,» s 150, March 6, ’ » 5 1000, January 3, 1896.
s s 200, July 6, ’ » 5 2000, ’ ’ ’
5 s 250, ,, 16, ys w5 2050, ’s 10, ’s
s 800, ,, 25, " 5 5 2100, ’s 21, ye
» 5 350, August 4, » o 2150, February 3, ’
. sy 400, s 12, ,, s s 2200, v 13, ’
» 5y 450, " 20, ,, s s 2250, March 6, 5
5 5 900, ' 26, ,, . ., 2250 to 2300, July, ’s
»» s 550, October 5, ,, »  » 3000, May 10, ’
., 5 600, 18, 5 3 8050, June 2, ’s
. 5 650, s 22, . 5, 3100, ,, 16, '
» s 700, November 2, ,, » o 8150, July 1, "
5 s 150, ) 9, ,, ., s 8200, ,, 18, »s
. 5 800, ' 21, ,, '

Nore.—Several points referred to in the lecture as delivered, in order to justify the extended and
systematic application of the method to chemico-physiological questions, and mentioned therefore in
the lecture-abstract (‘ Roy. Soc. Proc.,” March 12, 1896), have not been discussed in the foregoing
paper, the principal theme of which is constituted by the discussion of the relations of carbon dioxide
to the electrical reactions of medullated nerve. These points (action of ansesthetics, of acids, bases
and salts, of alkaloids and narcotics, of aconitine and its constituents, &c.) will be presented in extenso
in further papers. The action of anwmsthetics is considered in some detail in the current number of
¢ Brain,” June, 1896.)

I desire to make some slight acknowledgment of the help that I have received from Miss S. C. M.
SowroN, in carrying out experiments. The undivided attention and great neatness with which
Miss Sowron has worked have furnished me with a much larger body of useful data than I could
otherwise have obtained. Many of the most successful records have been obtained for me in my
absence.
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Excitation each minute for & minute.
5

Normal series of negative variations of current of injury of nerve.
Each negative deflection consists

The general decline south signifies a declining current of injury.
of a southward swing, followed by instrumental oscillations above and below the position of rest of

the suspended magnets of a Thomson galvanometer. The deflection at the beginning of the series

18 by 0001 volt.



Fig. 2. (Obs. 1501.)
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Series of negative variations of current of injury of muscle, to show the contrast between their rapid

or slightly diminishing, series of negative wvariations of nerve.

decline and the undiminishing,

Maximal indirect tetanisation for 7'5 seconds, at intervals of 1 minute. The defiection at commence-

ment of record 1s by 0°001 volt. The rise of the base line 1s accidental. Dead-beat galvanometer.



Fig. 4. (Obs. 309.)

Similar series to that of fig. 1, on a more slowly moving recording surface. The zero line of the
galvanometer is indicated; the standard deflections at beginning and end of the record are by
‘55 volt.

1 000
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Fig. 5. (Obs, 3.

T

Similar series. Negative variation declining more rapidly than usual. Nerve left for about an hour
in the pithed frog before nse. The vertical white bar marks where nitrous oxide was passed into

the nerve-chambers.



Fig. 6. (Obs. 708.)

Similar series. Negative variation of nearly constant magnitude. The excised nerve had been kept for
18 hours 1n physiological saline. The difference in the decline of the negative variation in this and
in preceding figure 1s probably due to the action of CO, in the case of fig. 5, and the absence of
such action in the case of fig. 6. The positive after-effect is well marked, giving an upward
excurgion of the magnet considerably in excess of the instrnmental oscillation. (See pp. 66 and

R4.)



Fig. 7. (Obs. 279.)
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rradual reversal orf the ““ normal’ (south or negative) deflection, and appearauce of a reversed (north
or positive) deflection.



Fig. 8. (Obs. 842.)
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Reversed or positive variation.

The nerve had been kept in physiological saline for 85 hours atter removal, and had been used the hour
previously for an experiment with CO.,.

When first observed the variation was composed of a small negative deflection followed by & Jarge
positive after-deflection. The variation in the figure is composed of a positive deflection (during
excitation) followed by a second positive deflection (at the end of excitation),

The period of the magnet is 15 secouds; the relation of its first swing from the position of rest to its
first swing-back beyond that position is ¥,  The duration of excitation is 73 seconds.

e



Fig. 9. (Obs. 102.)

Portion of a series to show state of nerve intermediate between the first state (predominant south or
negative excitatory deflection), and the third state (predominant north or positive excitatory
deflection), viz., in which a small negative effect is followed by a larger positive after-effect.

The oscillation decrement in conjunction with the duration of excitation is such that a normal swing-
back 1s equal to two-thirds of the original swing. In this case, therefore, a negative deflection of
79 has a positive oscillation of 5 millims., and the net positive after-effect is obtained by subtracting
this value from the recorded after-effect, z.c., by subtrvacting 5 from 12.
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Fig. 10.  (Obs. 101.) Fig. 11. (Obhs. 134.)
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10. Simultaneous record of the negative varviation of nerve and of the contraction of muscle with
increasing strength of stimulation (2-5 to 125 units of Berne coil).

muscular vesponse is dying off during the experiment, by lapse of time and by fatigue. The nerve
response is kept up at a mormal level, and increases in magnitnde with increasing strength of
stimulation (2'5 to 6 units of Berne coil).

muscular response is dying off during the experiment, by lapse of time and by fatigue. The
nerve response is kept up at a normal level, and increases in magnitude with increasing strength of
stimulation, from 25 to 5, from 5 to 25, and more slowly up to about 50 units; at 125 units tests
are made with reversal of direction of exciting currents, their inequality indicates that at this
strength unipolar or electrotonic effects may become sensible; at lower strengths reversal of the
exciting current was of no effect upon the magnitude of deflection; at the lowest, viz., minimal
strengths differences were obtained in the nerve as well as in the muscular response signifying
differences in excitation according to its direction (break currents).

N.B.—In figs. 10 and 11 the current of injury was downwards or south, and falls upwards or north ; the

Fig.

negative variation was upwards.
11. Simultaneous record of the negative variation of nerve and of the coutraction of muscle with
increasing strength of stimulation (3 to 6 units of Berne coil).

The effect in nerve increases arithmetically with the stimulation, and continues to increase with

increasing strength of stimulation beyond the point at which maximum tetanus of muscle is
produced, The maximum contraction grows less in the progress of experiment.
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Effect of a rise of temperature from 18" to 38” upon the nerve response. The delay between the

The

N.B

maximum temperature reading and the maximum diminution of the nerve response is probably
owing to the “lag” of the apparatus between the nerve and the source of heat. The nerve
was in a glass chamber in a copper cven, under which a small spirit-lamp flame was placed at «
and removed at «. The temperature chart below is that of corresponding readings each minute
of a thermometer in the oven. No marked effect occurs with a rise of at least 10°; with a rise to
38°—viz., of 20°~—the response diminishes; with the subsequent fall of temperature the response
Inereases again.

record is given in illustration of the fact that the response of fresh nerve is not affected by slight
variations of temperature. The effects of considerable variations, as regards the character and sign
of the response, will be described and considered in connection with the detailed study of positive
and negative effects of excitation.

—The actual magnitudes of excursions, ¢.g., in fig. 13, as compared with fig. 12, are of no account

as indicative of magnitudes of nerve-effects in terms of potential. The resistance differs in different
nerves, and the galvanometer is more or less shunted. The magnitudes of excursions must in all
ases be compared with the magnitude of the standard excursion by 0001 volt taken at beginning
and end of each observation.



Effect of drying by evaporation upon the response of nerve. Stimulation as usual, 10 units tetanisation
for & minute at each minute.

Nerve kept in physiological saline for 2J hours after excision; lid of gas-chamber removed. In the
absence of evaporation such a mnerve would probably have given an uniform series, as in fig. 6.
The relative magnitudes of the deflections by 0°001 volt at beginning and end of the series indicate
to what extent the diminishing deflection is due to increasing resistance of the nerve.



Fie. 1. (Obs. 200.

iffect of CO, in full stream on normal freshly excised nerve. “ Typical effect,” viz., primary abolition
followed by secondary angmentation of excitability.

T'he gas-chamber containing the nerve measures 30 cub. centims. The nerve is tetanised each minute
for 74 seconds by ordinary make and break shocks at a frequency of about 70 per second, and a
strength of 10 units of a Berne coil, supplied by two Leclanché cells. Interrupter in primary
circuit. Time of passage of CO, through the nerve chamber indicated by the vertical bar across
the record. Deflection before CO, = that of 0:0006 volt; after CO, = 0; 6 minutes later = 0-0012
volt. The “lag™ of the CO, effect is probably due to diffusion time of the gas in contact with
the nerve.
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[iffect of a “ moderate” quantity of C0O, on nerve under similar conditions. Prunary angmentation,

diminishing ; secondary farther augmentation.
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Effeet of a **small”™ quantity of CO, on nerve under similar conditions. Primary angmentation, in this

instance, checked by a very slight diminution. Compare with figs. 5 and 6.
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Figs, 17, 18, and 19, “Fall,” * medium,” and “slight”’ effects of CO.,.



Fig. 20. (Obs. 589.)

o

Effect of expired air.



Records characteristic of nerve ‘ carbonised ” by prolonged sojourn in the living tissues of a pithed
animal. The deflection 1s at first much larger than usual and declines more rapidly (fig. 21), the
abolition caused by CO, is more prolonged than usual, and the after-augmentation is comparatively

insignificant (fig. 22).



Fig. 23. (Obs. 788.)

Currents of action, and effect upon them of CO,, with the exciting and galvanometer circuit conjoined
(as described on pp. 12, 13).
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Observations with the partially damped galvanometer, in 334 and 943, with an oscillation period of
12} secs., and a swing-back = % the original swing; in 758 and 782, with an oscillation period of

85 secs., and a swing-back = } the original swing.

o —— = = = = = == & = = = = = = e i

2 : Uncorrected . Corrected
No. Iiftect. Correction. :
: after-effect. 2 after-effect.
334 =30 466 466 0
943 — 45 + 7 43 +- 4.
758 + 6 —0 - —4

TR2 + 12 —1 —4 43



Fig. 25. (Obs. 734.)

Influence of ““little” and ¢ much ” CO, upon nerve in the second stage. (See Table B.)
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Influence of CO, upon nerve in the third stage; diminution of the positive effect.



Fig. 27. (Obs. 881.)

Influence of COy upon nerve in the third stage; reversal of effect from positive to negative.



Hypothesis.
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Fig. 30.  (Obs. 859.)
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before

Nerve in third stage after half an hour’s rest. Influence upon the deflection of a slow streawm of CO.,.

Before C0,—The deflections are north north, consisting of a positive effect followed by a positive
alter-effect.

During the passage of CO, the spot fell off plate south. Subsequently, having been readjusted: north,
it rose off plate north.

After C0O,—Large negative effect diminishing, smaller positive after-effect increasing. Half an hour
later the deflections were again north north.



Fig. 31. (Obs. 858.)

o

€O, from within
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Same nerve giving a positive effect, followed by a positive after-effect. North north.

Before Tetanus.—Positive effects rapidly diminishing. Positive after-effects summating and causing
the base line to rise. The last three effects exhibit a slight negative effect at the end of cach
excitation, interposed between the positive effect and the positive atter-effect.

During Tetanus.—Positive deflection becoming increasingly megative. The first deflection at the
commencement of the tetanus is north, the first deflection at the end of the tetanus is north.

After Tetanus.—Large negative effects diminishing, smaller positive after-effects increasing. After a
subsequent half hour of repose, the negative effects had vanished, the deflection had again become

north north.



(Obs. 984.)
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€O, from within

Influence of tetanisation upon nerve in the third stage; diminution of the positive effect.



Fig. 33. (Obs. 982.)
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Influence of carbon dioxide upon nerve in the third stage; diminution of the positive effect. (The
irregularity of response from the 16th to 18th minute 1s due to irregularity of the stimulating
apparatus.)



Fig. 34. (Obs. 762.)

Influence of tetanisation upon nerve in the second stace, giving the response s.N., viz., small negative
I B 5 g )| ) ) (=
effect followed by large positive effect ; angmentation of the negative effect.



Fig. 35. (Obs. 710.)

Influence of carbon dioxide upon nerve in the second stage, giving the response s.N. ; angmentation of

the negative effect.
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Summary of observations presenting typical effects of CO, and of tetanisation npon nerve in the
three states alluded to 1n text.

Action of CO, (869) and of tetanisation (675) upon nerve of the lst stage.
- s ) 4 - (762) = - 2nd stage.
. . (899) " (858) = - Jrd stage, “ clear effect.”
4 o (988) ;) (984) . s ' “ disguised effect.”



Fig. 36. (Obs. 905.)
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Nerve of the third stage. KExceptional effect of prolonged tetanisation. Augmentation of the positive
deflection.



Fig. 37. (Obs. 912.)

Nerve of the second stage. Ixceptional effect of prolonged tetanisation. Diminution of the negative

deflection.



Fig. 38. (Obs. 2068.)

T10] T100f T10| T 100|

Nerve of the second stage. Augmented negative effect in consequence of weak tetanisation (10 units,
both directions of coil). Diminished negative effect in consequence of strong tetanisation (100
units, both directions of coil).
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Nerve O hours after excision eivine a deflection of the second stace. Kxecitation once a minute for
5 & !
L minute with coil at 10 units. T'etanisation for o minutes from « to w.
Before the tetanus the successive negative variations increase slightly forming a *‘ staircase.” After
1e tetanus the necative variationg are increased. eradually diminishine. An interruption (/nf.
t'] t t U‘ t ™= r = " o

of all excitat 1on shows how the diminution was ﬂn*l:tj.‘{!{'1 h}* the excitation i1tself.

Presumable Change of CO,.

1 Deflection by 0001 volt
2 Normal series at minute intervals Kvolution im small quantities at cach tetanus.

exhibifing staircase imcrease
3 Tetanuns lasting 5 minntes . . . Evolution in considerable quantity by long tetanus.
! Dissipation of CO, evolved during previous tetanus,
1n spite of short tetani.
3 [nterruption of series by 5 minutes More rapid dissipation of CO, effect while the latter
rest are intermitted.

Normal series

O Normal series



Fig. 40. (933.)

Nerve nine hours after excision, giving a deflection of the third stage, viz., N., temporarily reverte
Nerve nine hours after excision, giving a deflection of the third stage, , N., temporarily reverted
to S. in consequence of tetanisation.

1. Defiection by 0001 volt.

-
L ]

2. Normal series N.S.

3. Tetanisation for 5 minutes.
4A. Normal series S.N., giving place to

45. Normal series N.S.

This is one of the few instances in which a negative after-deflection has been observed ; the nerve had

been employed two hours previously to test upon it the effect of muscle-extract.



Nerve 11 hours after excision, giving a deflection of the third stage, temporarily reversed, in
consequence of CO, passed through the ncrve-chamber for four minutes.



Fig. 42. (960.)

Nerve 10 hours after excision, giviiig'a variation of the second stage (late) or third stage (early).

At the beginning of the record the deflection is #n., and the after-deflection N. With successive
excitations the n. deflection diminishes and disappears.

With the 5 minutes’ tetanus (coil at 10 units) from « to «, there is no a deflection, a rapidly increasing
negativity from « to w, and a large positive w deflection. Subsequently the rhythmic excitation

produces a large negative deflection gradually decreasing.



Fig. 43. (Plate 2148.) Fig. 44. (Plate 936.)

Fig. 43.—February 3, 1896.—Nerve a few minutes after excision, giving a variation of the first stage.
Tetanisation for 5 minutes from « to w; coil at 10 units.

Fig. 4t.—December 10, 1895.-——Nerve 10 hours after excision, giving a variation of the second stage.

Tetanisation for o minutes from « to w: coil at 10 units.



Fig. 45. (874.)
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November 30, 1895.—Nerve 10 hours after excision (previously used for observations with ether and
with CQOy), giving a variation of the 3rd stage (positive), with a negative « deflection at the end of

o minutes’ tetanisation, and a diminution of the positive effect of exeitation. (* Disguised ” effect.)



Fig. 46. (898.)

December 5, 1895.—Nerve several (?) houars after excision (previously used for observations with
sarcosin), giving a variation of the 3rd stage, with a positive w deflection at the end of 5 minutes’
tetanisation, and a reversal of the effect of excitation. (*‘ Clear” effect.)
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The above eight records were faken by the dead-beat galvanometer, with connections as indicated in
fig. 48.
In the observations on katelectrotonus and anelectrotonus (figs. 49 and 50), the polarising current was
by one Leclanché cell (= 1'4 volt) with distances (¢) between polarising electrodes, (b) between polar-

ising and galvanometer electrodes, (¢) between galvanometer electrodes, each =10 millims.

interrupter (make = 15 secs., interval = 45 secs.), was placed in the polarising circuit.

In the observations on the two electrotonic decrements (figs. 51 and 52), the polarising and exciting
currents entered the nerve by the same pair of unpolarisable electrodes (figs. 48p and 48E), the

interrupter was in the exciting circuit.

In observations on the polarisation increment (figs. 55 and 56), the polarising current was taken

= 005 volt. (figs. 485 and 48c). The interrupter was in the exciting circuit.

An



Kigs. 58, 59 (Plates 833, 836).

I"ig. 58, —Records from which the measurements were taken for the construction of the curves of fig. 57.
by

Iig. o). —lxcitations in pairs, first with break descending, z.e.,, towards the galvanometer electrodes,
Only the former have been used for the construction of the curves.
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Pig. 61, 2070.

Record from which the measurements were taken for the construction of the curves in preceding ftigure,
Excitation in pairs, first with descending break, then with ascending break, only the former being
used for the curves.



Fig. 62. (Plate 51.)

=

Febrnary 5, 1835.—Portion of a prolonged series of retinal deflections caused by stimulation of the
frog’s eyeball at intervals of one minute. K¥ach stimulation consists in the light of a standard
andle at a dislance of two feet acting for a period af 75 seconds. The electromotive value of each
deflection 1s about 0:0001 volt.
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Fig. 66. (Obs. 2177.)
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Fig. 65.—Record by the dead-beat galvanometer of an E.M.F. of 0:001 volt through a nerve, first in
one, then in the opposite direction ; time of closure = 4 minute.

To show the falling time (=10 to 12 seconds), and that the galvanometer is sufficiently dead-
beat to permit us to take an excursion above the line, as in Plate 2177, to be significant of positive
after-effect.

Fig. 66.—February 10, 1896.—Nerve in the late first or early second stage. To show the progressive

diminution of the }"JUHiti‘-.'t? after-deflection.



Fig, 67.  (Obs. 2249.)

Record by dead-beat galvanometer of the effect of carbon dioxide on a very small negative variation
(Connections as in fig. 3.)

This figure exhibits a point that has nobt been commented upon in the text, but 1s frequently
witnessed in prolonged experiments, viz., a greatly augmented positive after-effect subsequent to

the 1}1’1111;11'}' 01’ HL.‘CUEH]HI':}' increase of the m,-;_j;uti\.'u eltect.



Record by dead-beat galvanometer of the effect of ether upon anelectrotonus. (Connections as in

fier, 48, D.)

o
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Simultaneous record of an experiment on Hw partially damped and fully damped galvanometers in circuit.
The former, 3180, T., is shunted to 4, oscillates 5 times per minute, and With the closure time of
7'5 seconds gives a awmrf-hfu,k.—. 2rds the original swing. The latter, 3181, M., is not shunted,
and has a hllnm—tmm of 12 seconds.

The two records, WhlLll exhibit the ordinary result of prolonged tetanisation, are given in explanation
of the correction to be made for oscillation (3180, T.). In 3181, M., the L]DSL’I][‘ time being shorter
than the falling-time, the negative variations do not reach their nmumum. In 3180, T., the net
after-cffect 1s due to the state of nerve during the 2 to 3 scconds immediately after the fé seconds
excitation ; in 3181, M., any positive after-effect would be due to the state of nerve during the last
3vds of each minute. Such positive after-effect is better seen in plate 2177 (fig. 3s).

Time. | 1 1. (6 1.) II. net. | T/IL 0-001 volt.

- Ll ute s, | : -

3180, T. | 1 | — 35 457 (21) +36 - | 95
| 2 | = b + 57 (3:2) +2'5 |
| 3 | — 60 + 57 (36) +21 | |

0 — 60 + 00 (3°6) +1'9 | |
| | 12 — 65 +50 | (39) +11
! | . |
| | Tetamsation, 10 units, 5 minutes |
| | i o= — 09 w= <+ 119
19 | — 95 +55 (5°7) —02 |
| 25 — 89 +5°0 (0°'1) —0-1 | | |
30 — 85 +50 (51) —01 | | |
32 — 80 + 50 (4-8) —02 | 5y 87
| |
| | | ‘

3181, M. | ] — 4 - +4 - - i | 135

“ 2 — 6 | 425 |
iy s OO +1 5 :
0 | 7 + 12 !u
| 2 = 7D + 1
| |
| | Tetamsation, 10 units, 5 minutes
[ | ' a = — 105 w= + 17 :
| | |
| 19 | —11 0 |
| 25 . —10 () |
| 30 | — 95 0o 2
| 39 =9 0 .o . . 130
I
! |




Fig. 70.
3188, T. 3189, M.

Simultaneous record of an experiment (influence of tetanisation on nerve in the second stage) on the

partially damped and fully damped galvanometers in circuit,

| | '|
Time. | L 11, (‘57 1) 1. net. 1.JII. | 0:001 volt.
I
-_Hl_ill'l.llli,:.:.__ | - ;
| 3188, T. 0 — 32 | + 80 (1:8) + 62 . | 15
1 | — 48 + 94 (27) 187
2 — 54 +96 (3'1) +6°5 |
3 | — 62 +95 (3'5) + 60 |
4 | — 64 +9'4 (36) +5°8 |

'!

3189, M.

12
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+ 53
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0 Do
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0
0
0
0
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Tetanisation, 10 units, » minutes
a = — 00

w= - 135

(6'8)
(6:8)
(6:6)
| (6:6)
- (66)

—1'3
—00
— 01

Tetanisation, 10 units, 5 minutes

o = — 48

w= -+ 115

145

14
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