March 11, 1947

To the Committee on Graduate Study:

I submit herewith a thesis by Mr. Carl A.
Nelson, Jr., "Response of the Spinal Tract and Nu-
cleus of the Trigeminal Nerve to Two Stimmli®, and
recommend that it be accepted for eighteen quarter
hours oredit in fulfillment of the requirements for
the degree of Master of Science, with a major in
Anatomy.

\

Wajor Prolessor

At the request of the
Committtee on Graduate
Stndi I have read this
hesis, and recommend
ts aoéeptanoe.

.m‘mmﬁ_

A}

Accepted by the Committee

i G-




RESPONSE OF THE SPINAL TRACT AND NUCLEUS UF THE
TRIGEMINAL NERVE TO TWO STIMULI

A THESIS
Submitted to the Graduate Committee
of
The University of Tennessee
in
Partial Fulfillment of the Requirements
for the degree of

Master of Solence

by

CARL AUGUST NELSON, JR.

MEMPHIS, TENNESSEE
MARCH, 1947



B 1.5

24 0ct 4N

ACKNOWLEDGEMENTS

The author wishes to express to Dr. Frank
Harrison his sincero appreciation of the help and

encouragement so generously given.

231826



111

CONTENTS

Page

I, Introduction and Review of the Literature . . . . . 1
II. Methods and Material . + + « ¢ ¢ s ¢ ¢ ¢ o o o o o 12
IIT. Observations . o« « « o ¢ o o o o o o o ¢ o o o o o2)
A. Poripheral NOXrve . « o o o ¢ o ¢ o o ¢ ¢ o o« o-21

B. Central Nervous 8SysStem . « « « o o ¢ ¢ o o o o 22

l. Potentials thought to be primary . « « « 25

2. Potentials thought to be secondary . . . .28

IV. Disousslion « « ¢« o o o ¢ o o o o o o ¢ o o o o o o« 32
V. Summary and Conclusions . « « « o o ¢ « ¢ ¢ o ¢ o o 39
VYIi. DIBLIOGIEaADAY. & = & & o .5 o o ¢ o o o« o ¢ o » o o o HO



iv

LIST OF ILLUSTRATIONS

Figure : Page
1. Photographs of Stimulator « « « « « « ¢ « « o« 15
2, Diagram of Stimulator Cireuit . . . . . . . . 16
3. Diagram of Master Oscillator Circuit . . . . .17
4. Photographs of 3Synchronizer . « « « ¢« ¢ « ¢ « 19
5. Diagram of Synchronizer Cirocuit . . . . . . . 20
6. Block Diagram of Entire Unit . . . . . . . . .21
7. Photographs of Peripheral Series ., . . « + + .23
8. Graph of Peripheral Series . « ¢« « o o o o ¢ 24
9. Photographs of Primary Central Series . . . . 26
10. Graph of Primary Central Series . . .« « « . .27
ll. Photographs of Secondary Central Series . . .30

l2. Graph of Seocondary Central Series . . . « . .31



INTRODUCTION AND REVIEW OF THE LITERATURB:

In a recent publication of results of os--
eillographic studies on the spinal traot and nucleus
of the trigeminal nerve the problem of differentiating
first from second or higher order neurons presented
itself. Pollowing a single electrical stimulus to a
branch of the trigeminal nerve, action potentials were
recorded in the spinal tract and nucleus. The form of

the potentials varied with the position of the record-
ing electrode in relation to the spinal tract and

nucleus and with the conduction distance in the brain
stem, but in general the action potential recorded was
made up of two waves each having one or more peaks.

It 18 the cause of this second wave that aroused our
interest -~ whether it be due to second order neurons
or to a discrete group of primary fibers of different
8ize and conduction velocity from those producing the
first wave. The first wave began 0.6 to 1.2 msec.
after the stimulus, depending upon the condustiqn dis-
tance, and was completed within 2 msec. The second
wave of the potential began 1.8 to 2.2 msec. after the
stimulus, but was rather variable in size and time
course. Incfoasod frequency of stimulation or oxygen
deprivation were found to vary the second wave and some-

times even abolish it. PFrom the beginning of the first
wave to the beginning of the second, the range of the



delay was 0.8 to 1.1 mseo., which is within the limits

of a single synapse (26). The synaptic delay has been
found to be a minimum of 0.5 msec. and if appreciably
longer than one msec. implies more than one synapse (37,

5, 2, 38, 45, 43, 31). The location from which the
second wave 18 best recorded also is consistent with
the belief that the second wave is produced by second
order neurons (26).

This investigation was stimulated by the work
of Herrison and Corbin (26) and Harrison and Bruesch
(25). In the formers®' work on the fifth nerve, and the
latters' on the tenth nerve, a number of action poten-
tials were recorded with the cathods ray oscillograph
whioh presented the problem of differentiating first
order from second and higher order neurons. It was
thought that these waves might be broken down into
groups of pre- and post-synaptic origin by using the
recovery oycle of the waves as a possible:index of

" thelr grouping.
In using the term recovery oyscle, I am refer-
ring to the recovery of the spike height of the action

potential recorded by the cathode ray oseillégraph
when tested by two supremaximal stimuli. The amcunt

of recovery at various time intervals after the initial
stimulus is determined by a second stimulus of the same
magnitude. The initial stimulus is generally referred



to as the conditioning stimulus and the second as

the testing stimulus, A series of recoveries is de-
tarmined by starting with the interval between the
conditioning and testing stimuli large enough so that
_the conditioning stimulus has no apparent effect on
the size of the testing response. The interval 1is
gradually docéoasod until the response to the testing
shock is finally abolished, i.e., the testing shock is
brought into the relatively refractory period of the
conditioning shock until the absolutely refractory

period is reached, which is manifest by no response at
all.
Nerve fibers have been divided by their dia-

meters and activitiss into fairly disorete groups(9).
Axon diameter and epocitability are closely related,

the larger fibers being the more irrfitable. Speed of
oconduction also depends on the fiber diameter, being
fastest in the large fiber types. Electrical shunting
in the central nervous system preventa recording of

the amall fiber potentials because of the great am-
plifrieation necessary to piek up their response. There-
fore, the discussion will be limited to only the fibers
of the larger type which fall in the A classification
(10). The spinal tract of the trigeminal nerve mediates
pain, temperatire, and touch sensations (26), but it is



probably oamly the touch fibers which we are recording.

The general form of the action potential prod-
uced dy neuron activity is rather simple in most instances.
There is a period between the stimulus and the begin-
ning of the response whioh depends on the distance of
conduotion and on a fluctuating "shock-response" delay
(40, 3). The rirst sign of aotivity is a sharp negative
elevation referred to as the spike, which lasts about
O+k4 msec. in mammalian A fibers. Overlapping and
immediately following the spike is the extremely variable
negative after-potential, which is followed then by a
positive after-potential. After-potentials are gen~
erally longer than the spike, show great variation, and
are usually quite independent of the spike{8, 16).

The excitability of a nerve is usually measured

as the reciprosal of the shock strength which will excite
a constant number of fibers (14). Although not measuring

the excitability proper of the nerve fiber in these
experiments, the recovery cyecle does depend on the
excitability of the individual axons. As is well known,
a fiber arfter responding to a sg$imulus remains momen-
tarily uneyxeitable to any stimulus. During this
absolutely refractory period no activity can be droaght
out by a shook of any strength, This period is ap-
proximately the duration of the spike potential which
is between 0.41 and O.44 msec. in the best preparations



of memmalian A fibers (14, 1). In smaller, less
irritable, and slower conducting fibers, the absolutely

refractory period is longer, being 1.1 to l.5 msec.
in mammalian B fibers (40, 39,24, At the first return
of responsiveness the spike is small and conduotion is

slowed. As the interval between the shocks is inecreased,
both the size of the response and the rate of conduction
inocrease repidly, and then 1level off to normal, The
interval between the earliest response and full recovery
of the nerve is known as the relatively refractory period.
During this time the threashold of the fibers whioh are be-
1;5 tested falls from the high value obtaining at the end
of the absolutely refractory period to normal, and at the
same time the magnitude of the response increases from its
initial small value to full size (8). Thus the general form
of the excitability cycle of mammalian A fibers is a short
absolutely refraoctory period followed by a rapid rise to
maximum, a gradual decline, and a slow return to the base

line. Depending on the condition of the nerve and the
extent of the activity, the initial maximmm may occur at

normal, supernormal, or submormal irritability; and the
subsequent decline may be small or very marked (22). De-
terminations of the absolutely refractory periods have
been fAirly consistent, being 0.41 to O.k4k msec. in de-
terminations on sensory. fibers (14) and not over 0.6 msec.

in motoneurons (36). The relatively refractory period



lasts from 2.0 to 8.0 msec. (4, 34, 12, 14, 8).

Following the refractory period there are per-
iods of supernormality and subnormality in excitability.
The former is assoclated with the negative after-potential
and the latter with the positive after-potential (12, 18,
11). The negative after-potential lasts 10 to 15 or 20
msec., and the positive potential often 20 to 4O mseoc.}
however, it must be remembered that these after-potentials
with their excitability changes are very variable and may
be very long, or absent in some cases (34, l4). During
the supernormal period the nerve is supernormal in ex-
citability and conduocts at supernormal velooity. During
the subnormal period irritability is subnormal, but to a
supramaximal shock the response during this period is
supernormal, i.e. the ability to respond is at least
normal during this period (15, 18).

The recovery of response of the spike height is
determined by using stimuli several times that nezessary

to elicit a maximal response. No response i1s obtainable
during the absolutely refractory pericd, but immediately
following there is a sharp rise from a minimel respomnse

to roughly 80 to 90 per cent of normal, and then a gradual

rise to normal. Though the strength of the stimulus be
varied fairly widely no change ococurs in the shape of the
ourve (46). There are no late changes in responsiveness
corresponding to the supernormal and subnormal periods

of excitability. Supernormality of spike height is un-



observed according to Graham (20), but Von Bruckeet al
(46) reocorded some curves that seémod to show a recovery
of spike height to more than 100 per cent. They pos-
tulated error in their methods. Recovery of responsive-
ness and excitability during the relatively refractory
poribd occur at quite different rates, responsiveness
being recovered more promptly than excitability (46, 19).
It was formerly thought that recovery of height and re-
covéry of irritability in nerve required the same interval
(20, 12). :

The eleotrical poteantial produced at the synapse
must also be oconsidered. Eocles (7), by stimmlating the
dorsal root and recording from the ventral root in tye
spinal cord of the cat, found that when the spike po~
tentials have been blocked by heavy anesthesia the
synaptic potential appears as a brief negative potential
with a quick rise, and a slower, approximately exponen-
tial decay. There was an 0.8 psec. latent period, 3.0
msec. time to summit,and 7.0 msec. time of halr-decay(32).
A much slower time course and electrotoni¢ tranamission
are two oriteria which distinguish the synaptic potential
from the spike potential (6). A prolonged positive
potential Seours on the end of the synaptic potential.
The aneatpesla does not affect the time course of the

synaptic poteantial, but uncovers it by preventing the
discharge of the impulses. The synaptic potential shows
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spacial desrement and has the same refractory period as
the axon. Similar potentials have been recorded by
Gasser and Graham (13) and by Hughes and Gasser (27).
Electrical potentials recorded from the cuneate
nucleus of the cat by Thermsn (45) were of 5.0 msec.
average duration, and commonly there was a second nege
ative elevation on the falling slope of the first, about
3.0 msec, after the primary spike. In testing the re-
covery ocyocle of the astion potentials from the cuneate
nucleus, Therman used two supramaximal shocks, 6 to 7
times threshold; In several cases he found that the
negative wave had regained its full size at shock in-
tervals of not more than 15 or 20 msec., but there was

considerable variation from preparation to preparation
in the time required for full recovery. It was often

necessary to increase the shock interval to 50 msec.

or even more until the negative wave had recovered
eompletely. When the intervals between the conditioning
and testing stimwli are shorter than 2 msec. the prop-
orties of the primary axons become a doternlning factor
in the focOVery curve, but in all cases if any second
primary spike is evoked there is some nmegative wave,
although much reduced in size (13). The form of the
action potential in the cuneate nucleus is of the same

general contour as that recorded by Gasser and Graham (13)



from the cord by dorsel root stimulation, but all
potentials in the cuneate nucleus are larger, expecially
the positive potential, and the negative poteamtial fol-

lowing the primary spike is shorter.
Grundfest and Gasser (23) on studies of mammalian

C fibers.found that begianing after an absolutely re-
fractory period of 2.0 msec., the height of response of
the spike rises rapidly, but after recovery to 80 per
cent of ﬁorﬁnl is attained, the rate of restoration is
retarded and full height is not reached umtil 20 msec.
have elapsed. No further increase takes place. The
spike heights do not become supernormesl, as they do in
frog C fibers (17).

Recovery coycles of spike height in recording
from the soclatic nerve showed about 90 per cent re-
covery in 5 msec., with complete recovery in about 14
mseces (21).

Skoglund (44) in felting recovery across the
artificial synapse formed by the cut end of the cat's
sciatic nerve, found 8 out of 10 series to be identieal

for direet and transynaptie stimulation of post-fibérs.
Six experiments showed subnormality, and 4 had super-

normal periods. In 2 experiments transynaptic recovery
was delayed.

Hughes and Gasser (28) in experiments stim-
ulating afferent fibers of cats found two types of

recovery curve which they correlated with features of
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the action: potential recorded from the apinal cord.
When the potential contained only megative components,
as 1s the case in acute preparations, recovery was
rapid enough to be limited solely by refractoriness;
but when positive components appeared in the action
potential, as occur well developed in £he shronic an-
imal, it was associated with’prologgod reflex unre-
sponsiveness. These findings were also recorded in
spinal monkeys by Hughes et al (29). Recovery was
eomplete in 20 msec. which agrees well with values
6btained by lorente de No and Graham (34) in occulo-
motor motoneurones in the cat.

Lorente de No has extensively studied synaptic
activity of motoneurones, and we make reference to some
of his work on the third oramial nerve (33, 35, 39).
It was found that the recovery oycle of the ocular
motoneurones after one response consists of a pro-
tracted period of depressed oxcitability.lasting 30
to 40 msec. The motonesrons never develop super-
normality for synaptic stimuli, even when their axons
show a pronounced supernormal phase for electrical
stimuli. The recovery or'motonenron axon excitability
showed four phases - absolutely refractory pertod,
relatively refraotory period, supernormal period, and

subnorﬁal period. The recovery of the soma was one



long period of depressed excitablilty to synaptie
excitation, but to direct electrical stimuli is like
that of the axon, and may include a supernorael phase.
The subnormality in the axons and the soma lasts about
the same length of time; however, there is no equival-
ent in the synaptic excitability of the soma to compare
with the supernormality that develops in the axon ex-
citabllity. It is true that supernormality did not
develop in all cases of blood perfused nerve, but

even in these the axon is 95 per cent recovered in

4 to 5 msec., while the soma is just beginning to
recover at this interval (19). It was found that

the absolutely refractory period of the entire syn-
aptic arch of the oculomotor nerve when tested#by
two strong stimuli was 0.56 msec., thus no elements

in the arc have an absolutely refractory period longer
than that of the pre-synaptie axons.
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METHODS AND MATERIAL:

The recovery cycle is determined by preéxisting
activity. Aotivity is jproduced by a stimulus which shall
be referred to as the conditioning stimulus, and the re-
turn of fRnotion is measured by a second identical stim-
ulus sent in at various intervals after the first. Both
stizull were 2 or 3 times threshold.

Eighteen cets were anesthetized with nembutal to
a depth just sufficient to prevent muscular movement. In
five preparations a section of the sciatic nerve was dis-
sécted out and placed on stimulating and recording elec-
trcdes in a moist chamdber. In the remaining preparations
the frontal branch of the frigaminal nerve was dissected
out in the orbit and placed on hook electrédes. These
gserved as the atimulating electrodes. In the same ex-
perimeats an area of the ocoipital bone was removed
with rongeurs, exposing the dorsal surface of the brain
stem, and the recording electrode was oriented in the
spinal tract or nucleus of the trigeminal nerve by means
of the Horsley~Clark-stereotaxiec anstrument. At the
beginning of each experiment the stimuli were separated
by an interval more than sufficient to remove all apparent
effect of the conditioning stimulus on the testing re-
sponse. This varied from around 50 msec. to over 150 msec.

The separation interval was gradually decreased until the



response Lo the testing stiamulus was abolished. At

each separation interval three photographs were made:
one of the testing response alone, one of the condition=
ing reponse alone, and one of the two reponses together.
A time base was token from an audio-oscillator for eash
setting of the sweep of the soreen of the catLode-ray
tubs. The recording electrode was connected to the
plates of the cathode-ray cscilloaraph through a two-
stage amplifier. Fhotographs of the fluarescent screen
of the tube were made with a 35 mm. camera with an £2
lens on noderately fast film. To agtlitute analysis of
tue photographs, each was aniargad to 5x7 inches. The
height of the spikes was measured, and in some cases

the areas of tie action potentials meamurbd with a

planimeter. Also, the separation of the two stimull
was uweasured in each case,

To satisfy the need for two identiocal stimull
capable of being fired at very short inodrvals, a two
channel stimulator was designed and constructed. The
stimulator was built with two channels identical in
construction in order to be certain that the stimuli
were identiocal when used at the shortest intervals.

See rfigures 1 and 2 for photographe and a circuit dia-
gream. The basic plan of the cirocuit is a thyratron tube
sarving as an elestric switch which fires stimuli as

condenser discliarges through a transformer,



oLl

The Thyratron tube is a gas filled tube of
three necessary elements, the cathode, grid; and anode;
some have additional elements depending or. the chare
aoteristics desired (42). Electrons flow from the
cathode to the anode. Depending on the function de-
sired of the tube, the grid potential may be strong-
ly negative preventing conduction through the tube,
or it may be made positive permitting the tube to
conduct continupusly, or the grid charge may be at
any gradation between. For our use, this charge is
nagative. When the grid loses its charge or be=
comes positive, condustion tékes place through the
tube., The ocondenser in the circuit becomes charged,
then discharges through the thyratron tube, which
causes a mamentary pulse of current to flow through
the tube, i.e. condenser voltage rises until it be-
comes equal to the bdbreakdown voltage of the tube,
and then it discharges through the tube. In this
circuit the condenser may be one of ten different sizes,
the mize determining the duration of the discharge.
Placed betwsen the tube and the output tranaformer are
potentiometers placed in series and in parallel to
govern the size of the stimulua. The 175 ohm poten=-
"tiometer in parellel serves as a @oarse adjustment
and the 400 ohm potentiometer in series serves as a
fine adjustment. A voltegs regulator tube (0C3/VR105)

keeps the potential of the eircuit constant at 105



CAPTIONS FOR FIGURE 1

A. Interior view of front panel as seen from
below.

B. Front view.
C. Interior view of back panel.

D. Interior view as seen from above.



Figure 1. Stimulator
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volts D.C.

In order to be able to control the time
interval between the two stimuli and to synochro-
nize them with the sweep of the cathode-ray tube
a ocircuit was designed and constructed which will
be referred to as the synohronizer (see figure 4).
The synchronizer consists of a master oscillator
{see figure 3) and four subsidiary units. The master
oscillator consists of a bank of condensers comnected

to the cathode of a thyratron tube, a 1 megohm po-
tentiometer between cathode and ground, and a ocirocuit
breaking switch. The bank of condensers furnishes

a coarse adjustment of the frequency of the firing of

+/o5Vv .
L . S0 4!
TET °1k——-————<%~v)‘°’” :
5004 x WY
i 1 1
: &,.l’:
100K
100K
IMEC
ov H
i % jox
R Jook
—/08V

Figure 3. Master Oscillator Circuit

the thyratron yube, and the 1 megohm potentiometer a
fine adjustment. The master oseillator operates on the
same principle as the stimulator, but the grid voltage
is adjusted so that the tube fires when the condeanser



gets charged to a predetermined voltage. Each of the
four subsidiary units (see figure 5) of the synochro-
nizer consists of a thyratron tube which controls a
Schmitt circuit (41). The Schmitt eircuit is composed
of two amplifier pentode tubes (63J7, 6AC7). These gre
eoupled by two essential direct couplings: one a ro?ist—
ance e¢oupling between the anode of the first and the
grid of the second, and the other a common cathode
coupling. In the resting condition the first tube does
not conduot, but the grid voltage of the second is ad-
Justed so that current flows continuously. Thus when
the input potential to the grid of the first tube is
zero, maximum current flows in the second tu®e, and

the anode current of the first tube is cut off. If

the potential of the grid of the first tube is in-
ocreased so that current flows through the tube, the
grid potential of the second tube will become megative
enough to reduce the anode current, cutting it off
momentarily. Output can be taken from either anode,
giving a positive or a negative pulse.

The master oscillator sends a positive pulse
orzto the grid of the thyratron tube of the subsidiary
unit which fires as a condenser discharge through the
tube. The delay from the firing of the mastér oscil-
lator to the firing of the Schmitt cirocuit is governed



Ao

B.
c.
D.

CAPTIONS FOR FIGURE &

Anterior view.
Interior view as seen from behind.
Interior view as seen from above.

Interior view of front panel.
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by a dank of condensers and a 1 megohm potenticmeter.
A negative pulse to the thyratron grid has no effect,
but the positive pulse causes it to conduct. All the
subsidiary units are discharged at the same time by
the master oseillator, and each unit is adjusted so as
to give the desired delay.

Two of the subsidiary units of the synchronizer
were used to control the testing stimuli from the
stimulator oircuit, one unit released the-sweep of
the cathode-ray tube, and one was used to adjust the
bean intensity of the screen of the tube.

The Horsley-Clarke stereotaxic instrument was
designed for orientation of a needle electrode within

the brain of an experimental animal {30). From the
reocording electrode in thé stereotaxic instrument,
impulses are lead through a two-stage amplifier to

horizontal plates of the cathode-ray tube.

All electrodes were 22 gauge nichrome wire,
the one used for recording in the brain being insulated
except at its tip.

For a diagram of the entire experimental unit,
see figure 6.
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OBSERVATIONS:
A. Peripheral nerve:

Oscillographic tracings from the five pre-
parations of sciatic nerve appeared as a smsoth line,
since with isolated nerve there is no bakkground
activity to interfere with the studies. The recovery
cycles of four of the five experiments were in reason-
ably close agreement, and these will be described to-
gether. Immediately following an absolutely refractory
poriod of 1.5 msec., recovery rose rapidly to about 90
per cent of the unconditioned response, and from this
point steadily rose to normal in approximstely 13 msec.
In one of these four, return to normsl was followed by
a supernormality of about 5.0 msec. duration. In the
fifth experiment recovery was markedly different from
the four deseribed above. The absolutely refractory
period was 1.47 msec., and, following it, recovery
rose to 100 per cent in 6.3 msec., and continued to
rise to 126 per cent of the unconditioned response.
This peak was followsd by a slow depression to 118
per cent by 22 msec., and remained at this level for
43.3 msec. which was the longest interval between
stimull used in the experiment.

Figure 7 is made up of samples from a typical
experiment. All photographs are of the testing and
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conditioning responses together. In photograph A

the stimuli are separated by 8.9 msec., and the re-
sponse to the testing stimulus is 97 per cent of the
unconditioned response. Stimull separation in photo-
graph B is 2,54 msec., and the testing response is

66.5 per cent of the unconditioned response. Photo~-
graphs A and B are from the same sweep circuit setting,
as well as the time base of 1,000 cyeles per second
under photograph B. In photographs C and D the stimulil
separations are 2.02 msec. and 1l.51 msec., and the test-
ing response is 37.5 per cent and 12.2 per cent of the
unconditioned response respectively. Photographs C and
D are from a faster sweep. The time base is 1,000
cyocles per second.

Figure 8 is a graph showing the recovery curve
produced in these experiments. The ordinates, as the
per cent of the testing response of the unconditioned
response, are plotted against the absciasa in milli-
seconds.

B, Central Nervous System:

The recovery cycles recorded in the spinal
tract and ﬂuolous of the trigeminal nerve may be di-
vided into two fairly distinet groups. They have been
separated on the basis of the form of the action poten-
tial and the speed of recovery. These groups will be

referred to as primary and secondary potentials, there



Figure 7.
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being seven recovery cycles in ﬁhe former and four
in the latter group.,
l. Potentials thought to be pfimary:

In this group the absolutely refractory period
was 0.8 msec., and the relatively refrasctory period
varied from 5 to 10 msec., with an average duration of
7.0 mses. Two of the seven series showed a slight
supernormal period, one lasting 5 msec., and the other
20 msec. Supernormality never reached over 105 per cent
of the unconditioned response. Five of the seven showed
a slight subnormality which lasted from 8 to 46 msec.
This depression varied only from 3 to 5 per cent below the .
unoonditioned level.

Figure 9 1s composed of oseillographic tracings
from a typieal-aeriea of this group, Separation in
photographs A and B a2re 5.55 and 1.26 msec., and the
testing responses are 95.5 and 74.5 per cent, respect-
ively, of the unconditioned response. The time line
under B is 500 cycles per second. In C and D separ-
ations ere 1.74 and 0.87 msec. with spike heights 83.5
and 30.3 per cent of the response when unconditioned
by a previous stimulus. The time line for C and D is
1,000 cyecles per second.

Figure 10 shows the typical type of recovery
ocurve recorded in this group. ﬁilliaooonda separations
are plotted against the height of the testing response
in per cent of the unconditioned response. The soliad
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line represents measurements on the first peak, and
the dotted line is from the secondary elevation. This
second elevation is considered to be a (roup of slower
condueting ribers,

2. Potentials thought to be secondary:

‘ In this series, the absolutely reffgctory periods
were somewhat longer than those is the preceding group,
varying from 1 to almost 2 msec., with the average be-
ing 1.4 msec. Spike height never recovered to the 100
per cent value in these 4 serles, but rose to from 66
to 70 per cent ir from 8 to 18 msec. (average 13.5) and
either remained at that level throughout the remainder

of the sweep or decreased slightly (not over 5 per cent)
and remained at this lower level for even the widest.
separation {up to 150 msec.). In none of these four
experiments did the recovery curve rise above 70 per
cent.

Figure 1l is made up of photographs from a
typical series of the group of poteatials thought to
be secondary. As can readily be seen, recovery is
very much slowed, being only 59 per cent of the un-
conditioned height with a separation of 67.7 msec. in
photograph A. The duration of the action potentials
was quite long, positivity lasting ten to fifteen msec.
followed by a prolohgod negativity in most instances.



The time line for A is 100 cycles per second. In
pbotograph B the stimulil are separated by 4.9 msec.
and the response to the testing stimulus is 67.k per
cent of the unconditioned response. The point of this
response when plotted on the curve in figure 10 is
quite divergent, but the form of the potentials serves
well for illustrative purposes. The time line is
1,000 eyocles per second. C and D are separated by 4.1
and 2.24 msec., and recovery is 57 and 23 per cent of
the unconditioned response respectively. The time line
18 1,000 cycles per sedond. Sequence of events are:
amall spike due to primary neurons followed by the
large potential due to secondary neurons. The primary
spike is not so apparent in record A, and in n&ne is

a shock artifact evident.

Figure 12 shows milliseconds separation plotted
against the height of the testing response in per cent
of the unconditioned response, all curves in this group

appearing very similar.
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DISCUBSION:

Since interest was centered primarily on the
trigeminal nerve, the experiments on the sciatic
nerve were more or less preliminary, and experimental
oconditions could have been greatly improved b& mak-
ing them more nearly physiological. The isolated
plece of nerve was placsed in a moist chamber lying

on the stimulating and recording electrodes. No
effort was made to control the temperature, and often

a nerve was used for over an hour.

Measurements were made on an entire nerve, and
this is admittedly not satisfaetory in studying the
finer points of neuron condustion; however, the proﬁ-
erties of individual axons of all types have. been
thoroughly studied and are well known. The method of
testing we have chosen t0 use limits our interest to
the more irritable mammalian fidbers which fall into
the A group. 8Stimulil which were used were 2 to 3
times that necessary to elicit a maxtmal A spike.
This is far below the threshold of the much less ir-
ritable B fibers.

After a maximal stimulus and response, no re-

sponse 1s obtainable uatil the end of the absolutely
refractory period of the most irritable fibera. Over
a short timp interval all the fibers of the A group
‘will add their submaximal response to the recorded
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reaponse which causes its rapid increase following
the measured absolutely refraoctory period of the

nerve. Recovery then returns to normal during the
relatively refractory period. Since stimull used
were supramaximal, the complete recovery of spike
height ococurs scmewhat before the actual end of the
relatively refractory period. The largest fibers

tested recovered long before some of the smaller ones.

The recovery cyocles recorded from the sciatic
nerve compare well with those measured by Grundfest
(21). It may be assumed that all elements of the re-
dovery oyocle were prolonged somewhat, because the
nerve in the moist chamber was not kept at body tem-

perature.
The spinal tract and nucleus of the trigeminal
nerve contain fibers that mediate touch, pain, and

temperature. In the sciatic nerve, there are all

fiber types, and because of the somatic motor and
large proprioception fibers the first part of re-
covery is comewhat faster, but other smsller compon-
ents add to the total height so that the time to
complete recovery is the same. Because of the differ-
ences in the conditions in which the recordings were
made of the central and the peripheral series, the
results can not be compared directly. The central



recordings were made in the living animal in an up-
exposed region, and thus simulated physiological
conditions as nearly as possible. Minimal distort-
ion from the recording electrode was obtainable by
making it very sharp, and slowly lowering it into
position.

The group of recordings from the spinal tract
and nucleus that were thought to be secondary indi-
cated an absolutely refractory period that appeared
loqspr than that of the group thought to be primary.
Lorente de No (39) found that the :cculomotor nucleus
and nerve have no elements in the entire arc with an
absolutely refractory period longer than that of the
presynaptic axons. This apparent discrepancy is
probably due to the fact that both stimuli reached
the spipal nucleus, in our experiments, by way of
fibers in the spinal tract; the second stimulus, for
"the duration of the relatively regractory period of
the primary fibers, was therefore less intense than
the rirst; as far as the second order neurons were

concerned. In Lorente de No's experiments the test-
ing stimulus was applied directly to the motoneurones,
or at least through fibers not previously stimumlated.
Recovery of spike height of the series classed
as presynaptic potentials was in good agreement with

those recorded by other investigators (19, 46, 28)
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with the exception of the superncrmality which was
observed. Supernormality was marked in one series
on the soiatic nerve and showed up slightly in two
of the central series. Graham (20) stated that
supernormality does not occur. W%When supernormality
was recorded by Von Bruckeet al (46) it was attri-
buted to error in their methods. In our experiments,
the supernormelity that is described is real, but

is not necessarily contradictory to the statements

of Graham and of Von Brucke. Although ths condition=-

ing stimulus was supramaximal at the beginning of
the experiment, the threshold of some fibers may

have inocreaséd during the experiment to where the
stimulus was not adequate to fire them. They may
then have responded to a second stimulus which fell
in the supernormal period hf a previous subthreshold
conditioning stimulus, This, of course, does not
ocour when the conditioning stimulus is maintadned
supramaximal throughout the experiment.

The amplitude 6: the waves varied rather
widely, but this is attributable to variation in the
amount of shunting tiasde, the number of active nerve
fivbers, and the distance of the fooording electrode
from the active tdssue.

The form of the action potentials recorded



varied as to the location in the brain stem. The
samples we have selected to represent the primary and
secondary groups of figures 7 and 9 are fairly typical

of the two general groups; however, these varied some-

what, as action potentials so notoriously do under
sliBhtly changing conditions. Theilr general character-

istios compare rather well with those recorded in other
brain stem nuclei (45) (39).

Recovery curves plotted from measurements of
potentials which we have classed in the secondary or
post-synaptie group have not been presented by previous
workers, to our knowledge; It would be expected that the
recovery of post-synaptic fibers would be slowed in com-
‘parison to the rate of recovery of the primary ribera;
because of the slow recovery to synaptic stimull of the
soma of the nnurons; (19). We would expect, however,

a gradual increase to the normal level, and not the
leveling~off at about 70 per cent recovery which we re-
corddd. This level was maintained for the duration of
the #lowest sweep that was available, approximately 150

msec. The actual drawing 6£ the curves was difficult
in some cases, but the agreement of the group as a whole
tends to eliminate this diffioulty. As to the cause of

this depressed recovery, we are not able to offer any
suggestions, and we have found no adequate explanation
in the literature. We did not determine just how long



it lasted since it was still present with the longest
intervals which we were able to measure with our equip-
ment.-

It is an.intereating point that the soma of the
neuron recovers its exkitability to direct electriocal
stimulation, or to a second stimulus sent in over dif-
ferent fibers, as rapidly as the axon itself, but re-
covers more slowly to a second stimulus sent in over the
same presynaptic fibers. Several workers have found that
the refractory period of the scma itself is no greater
than that of axons (39) (28) under certain conditions,
but there is almost univegsal agreement that synaptiec
recovery 1s slow where both s#imuli are applied thpough
the same fibers. ‘

From the results presented here, it appears that
the second peak of the potpntial wave recorded in the
spinal tract and nucleus of the fifth nerve, upon stim-
ulation of afferent fifth nerve fibers, is a post-
synaptie pétential. This is the wave that appears no
earlier than 1.0 psec. and may last 10 to 15 msec. From
the long duration of this post-synaptic potential in some
experiments it very likely included nsarons of higher
order than the second, but these experiments do not give
the data necessary to distinguish between second and higher
order neurons. Since the asynaptioc delay is 0.5 to 1 msec,



(37, 5, 2, 38, 45, 43) and since the duratlon of the
spike potential of any one neuron is not over 1l mseec.,
it is uilikely that a wave due to second order neurons
alone would have a duration greater than a few msec.,
even after allowing for different conduction times in
the presynaptic Sibers. Additional work would have to
be done, however, to prove such a point.



SUMMARY & CONCLUSIONS:

1; An attempt was made to separate pre- and
post-synaptic action potentials on the basis of rescovery
of spike height to the second of two supramaximal stimuli.

2. Two distinot groups of action potentials were
recorded from the spinel tract of the trigeminal nerve.

3. A series of recovery-oycdes of the spike
potentials of the sciatic nerve was plotted for compar-
ison with the spike p&tential of the spinal tract of the
£ifth nerve.

4o A 2 channel stimulator and a 5 unit
synchronizer circuit were designed and constructed for
use in these experiments. The utilization of a Schmitt
cireuit to achieve time delay is believed to be a new
application of that circuit.

5. PFrom the date presented here, it may not be
certain that the second peak of the potential wave
recorded from the spinasl tract and nucleus of the fifth
nerve is from second or higher order fibers, but it gives
atrong support to the belief that it is actually post-
synaptic. '

6. The methods used in these experiments are
not necessarily réstrloted to use in trigeminal pathways
but should be applicable to any syneaptie region.
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