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Blocking Nerve Impulses Set up in stryohnfngedand Normal
Frogs,

The question of what causes & block in nurve tissue is still
open for investigation, and will remain so until some method hus
been discovered by means of which we can determine what takes
placs in ths nerve tissue itself when a blook is secured, and
until a definite understanding of nerve conductienw or nerve ir-
ritability has been obtained. Are enzymss activuted at the
point of block, do coagulation electrons or ione accumulate to
counteract the stimulus or conducting power and thus block the
impulses that pass through the nerves, must be determined before
much progress csn bs made in this work. I hope that this paper
and previoualy published articles on nerve conduction may prove
of value to some future experimenters in the solution of this
diffaicult question,

within recent years a number of artiocles hauve appeared in-
corporating different methods for inhibiting nerve conduction,
They have taught us that Mechanical (lcompression), Chemical
(zlg804, 3Cocuine) or thermal (4Fraezing) a}plications have sim-
ilar effects upon nerve conductivity, However, 1ittls has been
done with the electrical block, probably, because it is consid-
ered more as & stimulus than as & block. ODSchenck, °Pflicker
and vFrShlich used the electric block te shut out crunial ime
Pulses of the vagus nerve und then abandoned it. 3Hyde also used
electricity to block impulses, However, she did not smploy the
tripolar metwed but paralvged the nerve hy means of a strong

interrupted current. The object of my exreriments is to invest-



igate the practical value of the tripolar block upon impulses
caused by different kinds 6f stimuli and to compare its effic~
iency with the bleck catused by other methods., It is assuned,
wren using 3Mg904, 3Cocaine, and 1Compraasion a8 a'block that
the afferent impulses are blocked long befors the efferent im=
pulses., It is interesting thesrefore te wscertain whether this
wae true when employing the electrical biock,

Twe tripolar method has been used as a stimulating current
by maky scientiste, SAchilles, IDanilewsky, 10schaternik ow and
llWérigG. As esarly as 1870 12Filehne introduced the tripolar
msthod into electrotherapeutics. Ye employed it as a stimulating
msthod and not as a means of decreasing irritability or conduc-

tion of nerve impulsea.
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Sgcrenck in watching 8Achiles perform his experiments with
tre tripolar electrac stimulating method, noticed that under
certain conditions the lirritability or nerve conduction wus de~
creased 80 thut no contraction of the muscle resulted upon stime
alation of the nerve, From these observations he published his
m"pag:er substuntiati-ng‘ his thecry given in one of his previous
ﬁpapera.

sLudwig Pflﬁcker, upon 8chenck's suggestion, employed this
method to block the cranial impulses in the vagus. Tpréhlich in
1906 renewed ihe wvalue of thise block and employed it us one of
his blocks ror blocking impulses in both warm and cold blooded
animals and he also corroborated Pflicker's work in excluding the
vagus impulses. gince the publication of his paper, as far as I
have been able L0 ascertain, no further investigations have been

made with this block,

5. Schenck: A. Pflugers Archiv 1905 Bd.106 haft 8&9 S 368.
b. Priugers Archiv 1905 Bd. 100 § 337.
6., Pflucker: Pfliugers Archiv 1905 Bd. 106 haft 8 & 9,
7. Frohlich: Pflugers Arch. 1906 Bd. 113 haft 7&8 8 433.
Pflugers Arch. 1906 Bd. 113 haft 7&8 S 418.

8. Acheles: Pflugers Arch. 1905 Bd. 106 haft 8 & 9.
Stimulating Current,

My experimenls were perfommed on frogs cof +the anecie Rana

pipiens and with Hall's combination frog board, fitted with an



insulating glass plate.

For the stimulating current I used & standard Harvard induc=
torium, graduated in 1/16 inches, The primary coil was connec-
ted through a du Beis Reymund key and one Leclanché cell of 1.2
voltuge., Unless otherwise staied tre stimulus was a faradic cure
rent. vVery small insulated platinum electrodes were used in
the gecondary circuit when the nerve wus stimulated directly
and simple platinum electrodes when stimulating the foot for
strychnine reflexes. In a few of the experiments a resistance
was introduced in the secondary current a8 a control, Resist=-
ances varying from 4000 to 225,000 ohms were interpulianted through
a resistance box or a ground plass plate with lead pencil lines.
In most of my later experimentis I omitted the resistances be-~
cauge they proved unneceassary.

A gingal circuit to mark the point at which the nerve wus
stimulated and where back circult was clrsed and opened was &lso
employed. A s8ingle mark was made when stimulating, many marks
when the block circuit was closed and two marks when the block
circuit wus opened,

Block Current.

Tprénlich's method of connecting the nonpolarizing eleo-
trodes to nerve was used eéxcept that the zephyr fibres were mois=-
tened in normal salt solution instead of Ringer's S8olution,

The three polarigzed slectrodes were placed in the circuit so

that the middle one was joined to the two negative poles and each
outer electrode to each of the positive poles, of tre bhatteries.

Consequently the middle electirode always carried twice the volt-



of either of the outer positive electrodes,

Diagram.
1 & 2 Lecianché cells
Zing plate
\ ; Carbon plate

$. Du Bois Reymond key, connecting

the negative posts from the two

cells leading to the middle
boot,

4 & 6 Positive boots of equal stren

gih,
5 Negative boot, Strength equal
to both pesitive boots,

One of six diffeérent groupings of voltiages was used in these ex=-
prriments, nauely:
(1.4)2 (2.8)%  (4)2 (10.3)2  (12.8)2  volts.
2 cells 4 cells 6 cells 13 cells 18 cells.
The voltage (1.4)2 or (2.8)2 deoes not mean 1.4 volts squared,
2.8 volts squared but is a brief methed of writing (2 x 1,4)
volts or (2 x 2.8) velte. As the strength of the celis may vary
from day to day, their voliage was tested with & voltmeter be-
fore each experiment. Thie must be done to make sure that both
positive boots are of equal strength.

Since mosi nerves in frogs are shert, gplit zephyr fibres,
kept moist with an isotonic sult solution, connected the boots
to the nerve. This is the poini of difference tetwesn th-e

SSehenck 6Prlﬁcksr method in which the nerve was placed directe-



7
1y on the boots, and Frohlich's msthod in which the wollen

fibres were moistened with Ringers solution and my method.

5. Schenck: (a) Pfllgers Archiy 1905, Bd. 106 haft 8 & 9
S 368.
(b) Priugers Archiv 1905, Bd 100 S 337.
6. Pflucker: Priugers Archiy 1905 Bd 106 haft 8 & 9.
7. Frohlich: Pfllgers Arch, 1906 Bd 113 haft 7&8 8 433
Pflugers Arch. 1906 Bd 113 haft 7 & 8 S 418

A. Minimal Blectrical Block for impulses set up by
an elecirical stimulus,

The object of this series of experiements was to determine
the strength of current required to block & weuk electrical stim-
ulus which camses & contraction.

The frog was pithed or put under eéther anaesthesia then
Tastened to the frogboard. The gaatrocnemious tendon was expos=-
ed and fastened to a lever. The wurcstyle was next removed and
the sciatic nerve exposed a8 far as the spinal cord and insulated
from the surrounding tissue, either by means of a double rubber
dam of & glass plate, The s8plit zephyr fibres were folded a-
round the nerve as close to the muscle &as possibls in order to
rlace the stimulating electrodes outside of the anelectrotonie
ar¢a. Oreat care was t8ken to place the fibres squally distant
from the middle one ( 1/2 cm is the best distance) and not to
have any moisture between the zephyr fibres, In & few cases
the last elsctrode or the one next to the muscle was placed on
the gastrocnemious muscle instead of on the nerve. This proved

also to be efficient block., The bipolar method was also tried



blit the tripolar was found more efficient,

The insulated stimulating electrodes were then placed on
the nerve as far as possible from the block electrecdes without
8 Lretching or pressing the nerve, The stimulating current was
the weakest possible in svery case, which would cause tetanus
and & maximal contraction of the muscle, which was found to bs in
the majority of cuses without 4 resistance in ths secondary
ce:il, when the latter was & inches from the prisary coeil,

Diwgranm l. Primary coil

Hh 2. Sscondary coil.

*From & large series of experiements it was ascertained that
a s8trong tetanic contraction of the muscle resulting from fus-
adic stimulation instantly ceased the moment, and during the
whrole time, that the block circuit was closed. The insatant that
t* & biock cirouit was broken a contracticn resulted upon again
8 timuiating the sciatic nerve, While the nerve muscle prepara=
rion was fresh a large voltage was required in the block chrcuit.
Usually (10.3) Voits, in & few cuses (4.2)° Volte were suffic-
1ent, bult in some a8 much &s (12.8)" Voltis were necessary. Ses
Piate I Curve 1l a « Db, The biock was cftien efficient for
stronger stimull, even when the secondary wa8 2 inches an in
-aeany cases 1 inch frem the primary ccil. Therefore, 1t is evi-
daent that the inhibited block was often efficient for maximal
i ectrical stimull, As & control to prove the efficiency of the
+iock 1iquid air and a frevzing mixture of liac. and Ice were usal
v fraaszing and alao ?Jg504 and Cocaine were uszed to nurcotize

+he nNorve in a few of the experiments,



I. B. Liquid Air,

"When a fibre of absorbenti cotton dipped in liquid air was
applied to the intact nerve, the muscle contractions due to
electrical stimuli were shut out in every cuse and remained &0
as long as the nerve was frozen, as soon as the nerve was no
longer frozZen the contractions again reappeared. As long as
the nerve remained intact, this procedure could be repsated an
indefinite number of times without much injury to the conduct-
ivity of nerve impulses. Plate I Curve 3 a. But when the
nerve wa8 cut and tren frozen or cut after it had been frozen
the nmusclies would not, strange to say, again respond to elec~-
trical stimuli until the stimulating eleectrodes were moved be~
yond the previocusly frozen part of the nerve. Plat I Curve 3 b.

71, C. Nacl « Ige.

To ascsrtain whether liquid air wus peculiar in causing the
death of the nerve when cut, & control with a freszing mixture
was made, Nacl and Ice were placed in a glass tube. This tube
waB then carefully rlaced on the nerve. With this block the re-~
sultes were the same as those obtained with the liquid air block.
Plate 1 Curve 4.

The efficiency of the tripolar electric block was also
compured with that of the cocaine and MgbS0 blocks., The time
required to produce t-e cocaine and Mg804 glocka was very long
often from 25 teo 45 minutes., In no case in my experdments did
the nerve return quite to normal even after waiting from 1/2 to
:5/4 of an hour. The stimulating current in evsry cuse was
strengthened by moving the secondary coil 146 to 1/8 inches

nearer the primary coil, showing a decorease in irritability or
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conductivity in nerve tiseuc sven 45 min.after the biock was Ee-
moved. This is not so with the electricwl. Ths nerve whether
intaet or cut retains its normal functions whether biocked once
or many times, un%esa the stimulating current is so strong that

it paralyses the nerve completely. Plate I Curve 2

*T177 Sge Table,

5. Hyde-~Amer. Journ, of Physiol. 1906 Vol.XVI No.IIl p 36

In tris scriss of experiments the efferent impulises caused
by direclt electrical stimuiation of the nerve were biocked,
witheut apparent injury by the tripolar method, and wiith but
8light injury by <ither liquid air or a freczing mixture and
with mere or less injury by cocaine or lig 504. HBbwever, ssction
of the nerve after freczing causses a destruction that is avoided
by the otrer methods, In the next serises of experiements I
shall show that reflex efferent impulses caused by stimulating

the opposite foot can also be blocked.

Il
Strychnine refiex, Refisex Afferent and Efferent Impulses.

With 2&3804 and 9Cocaine it was discovered that the affer-
ent impulses were blocked 10 to 15 minutes soocner than the ef-
ferent, With pressure the afferent were blocked with much less
pressure tran the efferent., Can the afferent impulses be biocked
with & weaker current than the efferent? Can strychnine tetanus
be blocked? Thess were some of the questions that were investig-
ated with the strychnine frog,

II. A, Strychnine Tetanus.

The frog was weighed. It was then put under light anues-



thetic and prepared for the experiment exactiy was in Ne. I and
then for each 15 gms. of body weight one minim of a 0.1 % Strych-
nine sulphate solution was injected into the dorsal lymph sac.
Strychnine tetanus #ocon resulted which was blocked with & strong
electrical block (10.6)2 Volts. In a few cuses (4.2)° volts
blocked them immediately and during the whole interval of time
that the block current wus introduced,

II. B, &Efferent Impulses,

Without disturbing the block electrode and stimulating the
opposite foot either electricully or mechanically & reflex re-
sponse resulted which wuas blocked when the block circuit wus
closed. This was biocking reflex efferent impulses. Usually a
strong block of (10.4R volts was reguired, but occasionally
(4.2)2 volta would block them. Plate II Curve 2 a b ¢ & g #II

In a few cases the foreclegs were stimulated inatead of the
opposite‘hind leg. The block was s80 efficient when the block
eircuit was closed that the fore lege could be severed without
producing the usual reflex. In ever cuse (10.3)2 voltes was re-
gquired to block these impulses, When the block circuit wuas
opened & prick or touch on the forelegs befors they were cut,
would camue intense contractions. Plate II Curve 3 a b ¢ d.

II1. C. Afferent impulses.

The zephyr fibres were next placed on the leg opposite to
the one attached to the recording iever. When the leg was stim-
ulated either by touching its skin with a pencil point or min-
imal electrical stimulation a refiex contraction resulted in
the other leg but if now the block circuit was clesed and the

foot stimulated agaln with the same strength of stimulus no con=



traction resulted. No muscle of the body except those in the
stimul ated foot contracted, This was blocking afferent impulses
These impulses were blocked with a much weaker current . In
almost every case (1.4)2 or (1.3)° volts proved efficient. Thege
results show that the afferent impulses are blocked with a much
weaker current than are the sefferent, and in both cases it re-
sults at the instunt that the key in the block circuit is clioned,
and at the instant that the block switch is opened the biocck
disappears. There were no marked vyriatione in my results. The
afferent impulses never required & block stronger than (4.1)2
while the efferent were only blocked a few times with the same
voltage. Plute II Curve 1 4 2 a bede o # I1I.

When the sciatic nerve was stimulated directly, sither by
& weak interrupted or make &and break current instead of stimu-
iating the skin of the foot, the result was the same a8 above
described and the same kind of a curve wus obtained. Piate II
Curve 2. abcdef g.

II. D. Liquid Air, Lacl & Ice.

Ag & control for the efficiency of the electrical block I
repesnted experiment II & « ¢ on & strychninized frog but used
liquid air and also a freezing scolution inatead of the electric-
al block. I applied them exactly in the same way as described
above (puage ) and blocked both strychnine tetanus and arffere-
ent and efferent impulses, The time required for the functions
of nerve conduction to return after freezing was from 1/2 to
1 hour. Curve similar to Plate II Curve 4 b efferent.

II. B. Galvanometer.

It may be questioned whether part of all of the impulses
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are blocked after electrical stimulation even when nc ccntrac-
tion results, because pPossibly they may not be strong cnough to
cause a contraction, To ascertain if that were true galvanomet-
ric readings were teken., It was found thut when a biock was ob=-
tained no deflection of the galvanometer occurred, When there
wag no block u deflection was sure to result. This shows that
no impulses passed the block.

From these observaticns there can be no doubt that the ef~
Terent and the efferent impulses set up by means of elsctric-
ity or any other kind ofa stimulus can be blocked. The effic-
iency of the tripolar block can scarcely be diajuted. In every
caBe & block resulted either by a weaker or stronger biocck cure-
rent dspending upon the condition of the frog. The efficiency aof
this bleck is by far superior to that produced by other mathods.
1., Because the time required is merely the time tauken to close
the key. At the instant that the key is closed & biock is pro-
duced and lasts @8 long as the key remains closed. It is not
only & block for the minimal stimuli, but also for stimuli which
would cause prolonged tetanic contrauctions. At the instunt that
the key is opened the block disappears and the nerve irritability
and nerve conductivity is immsediately restored., It differs in
this respect from HgSO4 and cocaine whigch require about an hour
for the effects to wear off., It is superior to freezing which
appears only after several minutes and requires as mwuny, if not
more, befors irritability and conductivity is restored.

2. If the nerve s cut and then Pfrezen ar if the nervs is

frozen and then cut, the conductivity of the nerve impulses is



lost, It seldom returns even after an hour. Wwhen the nsrve is
cut the electirical block on the other hand produces no apparent
damage. It can be employed many times without injury to the
nerve, Why the nerve degenerates when cut and frosen is atill
open for investigation. No explanation can be given here.

3, Both afferent and efferent impulses can be blocked,
but the efferent require a much stronger block current than the
afferent.

Summary--

1. Nerve impulses produced by electrical or other kinds
of stimuli can be blocked by the tripolar electrical block,

2e The minimal strength of current required to block the
efferent impulses varies with the condition of the frog (10.3)2
volts as & rule proved efficient.

3. In the cut or intact nerves the block acts similarly.

4. 8trychnine tetanus can be blocked.

5. Afferent and efferent impulses set up by an electrical
or mechanical stimulation of the foot in strychnine frogs san
be blocked.

6. The afferent impulses are cut out by & much smaller
voltage (1.4)2 to (2.8)2 volts, whereas the efferent require
from (10.3)2 to (12.8)2 volts.

7 The foreleg can be severed without causing & contrac=
tion or electrical wvariation in the leg to which the bloeck is
applied.

8., The electrical tripolar block 1s the most efficient,
and superior to any of the others investigated in that it ex-

cludes all impulses and leaves the tissues unaltered in funoction.



It is possible that it may be of practical and valuabke aid in
surgery or for experimental purposes,

I wish .to thank Dr. Ida H. Hyde for suggesting ths sub-
ject of these investigatione and for her assistance and instruo=-

tion during my experiments,

Explanation of Curves,

Tnless otherwise stated S.- stimulation B = Block circuit
closed B =Block circuit open. (10.3)2 - (10.3 x 2) volts, (6.4)2
=(6.4 x 2),(4)2=(2 x 4),(2.8)2_(2 x 2.8) and (1.4)2 voits.
R.= resistence. Curves are read from lsft te right with drum
moving at the rate of 1 inch in 15 seconds,.

Bfferent Block.

Plate I, Curve 1 a, This ie an example of numercus dup=
licate curves obtained, WHere the minimal stimulus was s8econd=
ary coil 4 1/2 inches from primary coil., R = 0.and a block cur-
rant of (10.3)2 volts was required, Nerve was cut,

Plate I, Curve 1 b. Contractions and block with and without
& resistance. # 1 4000 ohms resistance was used in the exper-
iment, in # 2 no resistunce was employed. The secondary coil
was 2 1/2 inches from the primary coil. Nerve intact. Block
(10.3)2 volts.

Plute I, Curve 2. Sontraction from the right leg of frog
# 35. A block of (10.3)“ volts was employed. Stimulating cur=-
rent was secondary coil 4 1/@ inches from the prinary ccil and
a resistance of 4000 ohms., Block was sufficient to shut out
the impulses caused by electrical stimulation even when the

secondary coil was 2 1/2 inches from the primary coil. Howaver,



the nerve shows eigns of paralyeis since it did not return to
normal instantly, but did a few seconds later,

Plate I. Curve 3 a., Nerve intact. Nerve wus frozen with
liquid air. The stimulating elactrodes were 1 1/4 inches from
muscle., The freezing block was applied 1/4 inch from the stime
ulating electrodes. The strength of the stimulating current
was pecondary coil 2 1/2 inches from the primary coil. S= Stime
utation, F=Duration and time of liquid air application. This
shows the time taken to freeze and the time required for the
nerve's irritability or condhoetivity to return.

Plate I. Curve 3 b. 22 curves such as Curve 32  were
taken before thie curve. The sciatic was cut and & parcntly
dead, as no response could be obtained from the muscle upon
stimulation of the nerve, The stimuluting electrocdes were then
moved beyond the place where the nerve had been frozen, Lpon
stimulation of the nerve & contraction resulted, but when the
nerve was again frozen and then stimulated ne response could be
obtained until & stimulating electirndes were again moved beyond
the frozen part. S = same strength as Curve 3 a.

Plate I. Curve 4 F Nacl & Ice. 8 Same strength as curve
3 @« Thie curve is similar to curve 3 b, It alsoc shows the

effect of cutting the sciatie nerve.

Explanation of Curves Strychmine. Froge.
Curves read from left to right. 8 = otimulation B= Bloek
cirecuit closed B = Block carcuit open. R = Resistance. (1‘4)&

(1.4 x 2) volts.



Plate II Curve 1. Thie shows increased irritability in
which the afferent impulses required (4.2)2 volts to block. 8=
Secondary coil 1 inch from the primary coil. EK = 0,

Plate II Curves 2 a,b,c,d, # II afferent impulses.# III
efferent impulses. Biock current in (a) was (lO.G)z volts, (D)
(4)2, (c)(2.8)2 and in (d)(l.4)2vclt;l. Stimulating current wus
secondary coil 1 5/8 inches from the primary coil. (a) Bfferent
impulse blocked (d) afferent impulse blocked. Similar curves
were obtained upon mechanical atimu;ation and stimulation of
the sudatis with make wnd Break s arrents

Plate II Curves 2 e,f and g. # II Afferent # III efferent.m
These curves show in f the afferent impuise blocked with (1.4)k
volts in (e) the afferent impulses hiocked with (2.8)2 volte.
In 2 g (12.8)2 volts were required to shut ocut the impulses, 8=
gsacondary coil 2 inches from the primary ccil., The irritability
of the frog can be judged easily from the tetanic curves.

Plate 1I Curve 3 a, FHere the right feorearm was atimuluted
and a block of {4.2)2 volts was placed on the sciatic nsrve,
This was not sufficisnt to block the impulses. S=secondary coil
15/8 in from primary coil.

Plate II Curve 3 b & ¢. The right and left forelegs were
stimulated and the efferent impulses in left hind leg were
blocked with (10.6)4 volts. 8 = Secondary coil 1 5/8 inches
from the primury coil.

Plate II Curve 3 d. With open block still remaining on
the sciatic nerve of the left hind leg. Tre left leg was stim-

ulated by pricking it with the points of a pair of scissors.



Then the block circult was closed and the lsft forefoot wus cut
off, lo coniraction resulted in the leg that contained the
biock. The smail rise in the ourveiwua due to the mechanical
pull @f the contracting musclesf;;wgazdoppoaite isg. In the
same curve the right foot was cut off in the same way.

Curve 4 a & b Freczing Solution NaCl & Ice.

8 = Stimulation. Secondary coil 2 inches from thes primary
coil. F xThe point at which the freezing solution wus applied.
¥°a Freezing solution remcved. (a) Afferent impulses shut out.
This shows that nerve becane ncrmal again 3 1/4 min.after the
removal of the bloek. (b) efferent impulses were shut out, This
curve shows the irritability of ths frog and thus the ragged=
ness of the curve is due largely to the mechanical puil of the
lever due to the contraction of the muscles of ths body. Nerve

became normal in 8 3/4 min. after freezing block was removed.

S8imilur curves were obtained for liquid air.
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A Comparison of Cranial and Artificially Aroused Impulses
under the Influence of Nerve Blocks.

In my former lpapar conclusive evidences wers given that im-
pulses aroused by artificial stimull in a frog's sciatic nerve
can bhe suuvpresscd by lhe tripolar electricual block eor liquid air.
And at the same time it was proved that the afferent impulses
could be blocked with a weaker current tran the efferent impulses,
In this article I shall show: that cersbral impulses as well as
theee artificially produced can be blocked, and discussg the
relative strength of block current required for each; prnd that
there are both afferent and efferent fibres in the phrenic asrve.

At ths suggestion of Dr. C. S. Sherringten, several years
ago Dr. Hyde hegan experimenting with the phrenic nerve. At her
requesst I have repested and completed her work, I take this op-
portunnity to thank her for suggesting this question and for her
agsistance, Aa far as I have been able to ascertain no one has
blocked the phrenic n=rve impulses electrically. 2Scherik éPflﬁlcker
and 4rFr‘é.:l'xlich shut out the impulses of the vagus by meuns of elee-
trotonnus, but no attempt was made to determine the relutive

strength of current required for this and for impulses set up arte

ificialdly.

i Gruber:

2. Schenck: Prflugers Archiv 1905 - Bd. 106 haft 8 & 9,
S 368.

3.  Pflucker: Pflugers Archiy 1905 - Bd. 106 haft 8 & 9
S 372.

4. Igrfihlich : Pfllgers Archiy 1906 Bd, 113 haft 7 & 8
33,



The question ss go whether the phrenic is & mixed nerve has

bsen investigated by Schreiber, GHanle,vP'etar,BSchwalhe,

9 10 C 11 12 13

¥alot, Landots, Aurep and Cybulski, Mislawski, Luria,
14Baglioni and lsDaason & Robb. I wish to corrcborate some of
their results and by a new msthod show the presence of ufferent
and efferent fibree in ihie nerve.

These experiments were conducted on rabbits, narcotized
with chloral hydrate. The rabbits were not fed the day precseed-
ing the experiment. Under these conditions much less time wus
required for the drug to take effect. ¥or sach kilo of body
weight 3/4 grammes of chloral hydrate wus injected subcutanious=
ly in & 50 j solution which was found sufficient to cause deep
narcosis in less than 1/2 hour. When the animal wus under the
influence of the drug, it wus fastened on an animal table, pro-
vided with a warm stage, with a modified cyon rabbit holdsr. The
phrenic nerves were then exposed in the neck, insulated from all
the surrounding tiesue, and kept warm with Ringer's sclution.
The slips were exposed according to IBHe&d'a method and also kept
warm with ringer's solution, The cartiluge with its uttuched
muscle 8lipswus cut from the bone, and along the median line so
that each muscle s8lip was left attached to half of the ensiform
gaurtilage, The latter were then fastened with small hocks to
separate recording levera through a series of pullies, This is
aimilar to lsﬁead'a method except that no buttons were ueed in
giving the musecle slipes an artificial attachment., These levers
registered diapragmatic and thoracic contractions, while a
third lever wus attached to the thorux and registered purely

thoracic movementes, The curves thus obtained c¢could be readily



distinguished from gach other,

The stimulating and block currentes were the same as those
used in my praviouslexperimenta and therefore need no further
explanstion, However, it may be saild that the nerve was stimule
atad with small insulated platinum electrodes with the weakest
possible current, The secondary coil was b 1/8 inches from the
primary, which was practically at right angles, Bven B0 an ap=
preciable contraction resulted, The diaphragm wus stimulated
with oractically the same weak current the seccndary coil usually

5 inches from the primary.

B, Schreiber: Pflugers Archiv. 1883 Bd XXXI 8 577.

6. Henle * Handbuch der Nervenlehre des J{euschen 1879,
8 521.

7. ©Peter : Archives Generales 1871 XVII.

8. Schwalbe : Lehrbuch der heurologie, Erlongen 1881.

9. Falot ! Montpellier Medical Mai 1866 ref, Virchow
Hirsch, 1866,

10. Landois Page 214.

11l. Aurep and Cybulski: Pflugers Archiv. 1884 Bd XXXII
P 243.

12, idislawsky @ Centralblatt 1901 Bd XV No. 17 p 481,

13, I .uria : Journal de Physiologie et de Pathologie
Generale 1901 Vol. 3, p 818.

14, Baglicni: Centralblatt 1902 Vol. XVI Ho. 23, p. 1.

15, Deuson & Robb: Amcrican Jour. of Physiel. 1911 Bd XXVIII
p 57.

16. Head: Eng. Jour. of Physicl. 1889, Yol. X. p. l.
1 gruber.



Stimulation =~

At the beginning of euch experiment the efficiency of
the slips was always testsd with u weak current, Small insul.ted
platinum electredes were then placed on the phrenic, aveiding
compression or stretching of the nerve., Upon stimulating with
a very weak current a contraction of the siip on the sane side
regulied as long a8 the stimulus acted. The electrodes were
then applied to the lst branch and then to the 2nd, In every
cuse & largs inspiruatory phase of the same side of the diaphragm
wag oObtained, In a few cases whan stimulating the phrenic or
ite branches, a reflex contruction on the opposite side resulted
when closing the circuit, and in a few caseés when circuit was
broken, rthis refiex, noe deubt, was inhibited later by the
larger contraction and stronger stimulus of the side stimuiated.
Pilate I, Curves 1. a&,b & ¢ and 2, a.

Cerebral impulses blocked,

The block electrodes were then placed on the phrenie
nerve, arranging the split zephyr fibres as outlined in my
former 1papar. It was found that when the block circuit was
closed, the muscle slips did not contract, (2.8)2 volte were
sufficient excepi in one case when (1.4)2 volts blocked the
cranial impulses, Plate II. Curve 4. a.

1, Gruber.

When the first or second branch of the phrenic was
stimulsted with a very weak faradic current (coil almost at
right angles, secondary 5 1/8 inches from the primary) a cone

traction resulted, But as scon as the block circuit was closed,



and then stimulated under the game conditions, no centraction
was obtained, It was found thut when a Blouk was obtained for
cerebral impulses, it wus ualso efficient for impulses set up by
a very weak elsctirical current, Plate II. Curve 4. a, In ons
case, only, did this fail, when the cranial impulses were shut
out with (1.4)2 volts, this was not sufficient te block the
weakest electrical stimulue,

Liquid Air.

As a conitrol for blocking cranial impulses liquid air
was employed., A fibre of absorbent cotton was dipped in liquid
air and tren applied to trhe nerve, This, in every case, shut
out the cranial Impulises as well as the impuises aroused by
electrical stimulation, but failed to do so, when the arca wus
no longer frozen. Plate I Curve 3 b,

Afferent fibres.

I, too, found the phrenic to be a mixed nerve. When
the nerve or its branches were stimuiuted, in many cuses a cone
traction of the opposite side resulted, at the closing of the
current which refiex, no doubt, was later inhibited by the stirongs
er contraction and stimulus of the side stimulated. Plate I.
Curves 1 &, 1 ¢ & 2 a, When the motor impulses were blocked
and the phrenic stimulated centrally to the block, there was ob-
tained a change in rate and amplitude of the respiratory move=
pents of the opposite side as indicated by the curves secured,
from the alip, Plate I, Curve 3 a. ghe sane thing was found
true . when the phrenic was cut and the ceniral end stimulated.
S8timulation of the perdomeum, with intact phrenic is followed by

a change of rate and force of contraction on both sides of the



diaphragm. This, however, may be due to afferent impuises from

other nerves to the resgpiratory centre, Plate II, Curve 5.

Summary .

Ao Cranial impulses in the phrenic «8 well a8 impulses
get up artificially can be blocked by tve tripolar blocz and
liquid air,.

2. With but one exception, the sane strength of block was
reguired for cranial as for impulses set up by very weak elec-
tricsl stimuli, The minimal block wus (2.8)% volts.

3. The phrenic nerve is & mixed nerve containing both af=-
ferent and efferent fibres. This wus definitely proved by stime
ulating the nerves centrually to block and thus causing & change

in the rate and force of contraction of the opposite 84dP i the
diaphragn.



Explanation of Curves,

All curves read from left to right. The upper curve ie ob-
tained from the fight 8lip, the lower from ths laft slip. The
middle curve is that of the thorax. The down stroks in ths up=-
p=r and lower curves is inspiration, in the middie one, expira=-
tion. The up stroke in the upper and lower ex, iration, In the
normal animsal when the middlie lever went up tha other twoe went
down and when the middle lever went down the other two went up.
Plyte I, Curve 1 a # 9. Stimulation of the right phrenic. 8=
secondary ¢o0il & inches from the primary. In this curve a re-
flex contraction can be seen on oppesite side, Inspiratory phase.
Plate I. Curve 1 b # 10, Stimulation of the .8t branch of the
right phrenic. 8 = Secondary coil Y inches frem Primary.

Plate I Curve 1 ¢ # 1i. Stimulation of the 2nd branch of the
right pwrenie. 8 = gscendary ceil 5 inches from the primary.
Also & reflex wt break on oppogite side.

Plate I, Curve 2 a # 10. St&ﬂn“§?\lat branc» ¢f right phrenic
ghowing & reflex contruction on opposite curve. S = Secondary
eoil was 5 inches from ithe primary. # 9 Stimuiation of right
phrenic.

Piate 1, qurve 3 a. # 9. 8Stimulation of right phrenic, secondary
coil D inches frem primary. ¥ Liquid air freeze. S = Stimuia=-
tion of phrenic, gecondary ovar'primhry. this ghows & change in
force and rute of contrzctions cn the opposite side.

Piate II. curve 4. # 28.= Blocking of cranial impulaes with
hlogk #0.3)2 valts, 280 =3Bieck out # 10.= 8timulation of first

branch of right phrenic with secondary coil 5 1/8 inches from



primary. # 26 =Block (4)2 volts, 26'§.Biock circuit breken,

# 24 =Block current (2.8)% volta 24°= Block out. # 22 =Blook
current strength of (1.4)2 volte. This as may be seen was neither
strong enough to block the cranial nor tre weak electrical.
Plate'ﬂ: Curve 3b i =Left phrenic was frozen and shut out the
normal impulses, Only pas=sive curves remain

Platuj/f Curve 5 # 4.=gtimulation of the peraiténéun of the left
gide of the hody. #4°= Stimulus remo ved, Thie shows a change
in both curves., #5= Stimulstion of the pentdndun of the right
gide of the body. 52 atimulus removed. This also shows a change
in the curve on both sides of the diaphragm. This curreat was

waak Secondary 4 l/b-iﬁc%es from the prinary.



Plet T

| Lurve 2.
b /e
: ” |
Curye. /a. .

Curve, 3a.



f:’/afe_z.

Curve +.a.

C’”’I/e_;b_ CLLVVC 5’:



