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A dlsgrem of the right lateral surfage of the coerebral hemisphere of
the dog showing the moter aress.

Maps of the cortissl ares expleored for skeletsl musele response on dog
¥3 snd the results ebtained using three different strssgths of etin-
ultc S

Maps of the cortical ares explored for skeletal muscle responss on dog
#4 showing the differenses obiained by the use of the bipolar and
monopolar slectrode systems,

Neps of the cordical ares explored for skeletal musele response on dog
showing the differemces obtained with the use of the monovoler
- end bipolar electrode systems at varying strengths of carrent.

Mape of the corticel ares explorsd for skeletal muscle response on dog
#6. These maps primarily show the extent of the face ares.

Mape of the cortical arem sxplored for skeletzl muscle response on dog
#10 showing the differences obtained by using pulses of varying fre-
" quimedles,

A map of the cortical srea explored for skeletal musgle response on dog
#13 and the results obtained with the uee of ths penetrating bipolsr
electrode syastem.

Eymograme of cortiesnlly induced respounses of the bieceps and triceps
miseles of dog #1% showing facilitation, extinction and reboumd as
well as spontaneous fluetuations in the mmscle response.

Kymograms of cortically imduced responses of the bleeps and tricens
mscles of dnog #20 showing & three minute peried of spontencous de-
pression of muscle response.

Kymg grams of oortically induced responses of the biceps and trieeps
mscles of dog #32 showing a 21 minute perisd of decreased muscle
response closely followinmg the spplication of a "suppressor” sitme
ulus,

Eymograms of cortically induced responses of the biceps and triceps
muscles of dog #32 showing me change in response after applying a
"suppressor” stimulus to the seme point to which it had previously
beea applied for Plg. 10.



INTRODUOEI O

This investigation was underteken {a) to remap the so~cslled *motor?
areas on the lateral surfsce of the cerebral hemiephere of the dog using
& square wave, leng duration type of cluatr&eﬂ pulse as the means of
exoiding the cortical cells amd fibers, and (b) to attempt %o locate the
"suppressor” arems of the lateral surfacs of the cerebral hemisphere of
the deg through cortical ctimmlation indused by rigidly controlled electri-
cal pulses.

The production of skeletal museouler response by slectriocal stimulstion
of the eerebral cortex of .me dog was first demonstrated in 1870 by Fritsch
snd Hitsig. An sbstract of their study by Ferrier (30) indicated that they
localized corticsl regions which were centers for eveking mmscular responses
in definite parts of the bedy. An inconstant cemter for the meck muscles
was discovered to lie on the lateral portion of the amterior sigmeid gyrus
about oppesite the tip of the crucimte sulous. The more latersl part of
the anterior sigmoid gyrus contaimed the ares for the extensors and addue-
tore of the fore-limb. Posteriorly om the latersl part of the posterior
signoid gyrus lay the center for flexion and rotation of the fore=limd,

The hind-leg foous was located on the more medisl portions of the posterier
sigmoid gyrus, and the faclal area appeared on the middle part of the
suprasylvian gyrus.

Ferrier (30), using = faradic type of slectrical stimulus instead of
the galvenic type employed by Fritsch and Hitsig, reported somewhat differ-
ent results for the motor centers of the dog. On the most medial porticm
of the posterior sigmeld gyrue movements of the tail could be induced. As
the stimulating slectrodes were meved laterally respective centers were
found for responses im the hind-limd, for retrsction and sdduction of the

fore-linmb, and for elevation of the shoulder and extension of the fore-limb.
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instend of destecting movements of the fore-limb and neck frem the latersl
parte of the anterior sigmold gyrus, observations were recerded whieh mé.i«-
cated that this ares was responsible for openinmg the eyelids, dilatetien of
the pupile sud movements of the eyeballs and head to the eide epposite thad
of stimiation. Almost the sntire sxtent of the coromal gyrus served as a
center for responses in the orbioularis oculi and zygomstic muscles with
agsociated divergent movement of the eyeballs. The aren for retraction end
elevation of the smgle of the mouth, for opening the mouth and for movements
of the tongus was found on the anterlor composite gyrus and the tip of the
anterior sotosylvian gyrus, The asterior ectosylviem gyrus served se anmother
region for retrastion of the angle of the mouth, while movementa of the ear
were elicited by stimlation of the middle ectosylvien gyrus. 4 sesond cen-
ter for producing movements of the eyeball snd cceaslenally of the heed to
the epposite ride was located im the middle suprasylvien gyrus,

Ffamsrous studies wers subseguently carried out by other investigators
in an attempt to acourately delimeate the "motor" aress of the cerebrum of
the dog. Smith (60) in his extensive review of the litersturs reported
wvidely differing findinge. The prinecipsl comtroversy cccurred regarding
the sxeitability of the medisl portion of the amterior sigmeid gyrus and
the exoitability of the gyrus prorens with the remainder of the sortex sater-
for %o the sulous praesylviue,

In 1933 Woalsey (67) reported his findings regarding the moter cortex
of the dog e eliecited by stimmletion through s monopolar electrode of an
fnduotion currsat or a house circult 60 eyele a.c. current with s suitebly
reduced voltage under either ether or mnembutsl amesthesia. It was found
thet the gyrus proreus, the medial half %o two-thirds of the anterior sigmeid,
and the cortex lateral to the coromal sulcus were mot responsive te electri-

cal stimulatien. Stimalation of the laterel third of the anterier sigmeid
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gyrue yielded respomses in the facial muscles instesll of meck, fors-limb,
eyeball, or head museles as reported by Fritsch snd Hitzig snd by Ferrier.
Oppesite the tip of the erusiate sulcus exsitation produced neck responses,
and as the exploration was carried onte the posterior sigmoeid gyrus, from
the lsteral %o the mediel parts, respeciive arens were emcountered feor
flexion or occasionally extension of the entire fore-leg, for simultansous
flexion of fore- and hind-leg, and for meovements of the hind-leg. The
hind-1linb area sovered the medial half and mesial surface of the gyrus.
Eisztologloal sxsmination of the brains of the animale revesled that the
responsive area slightly overlaspped the gramalar sensory cortex posteriorly
and the sgramular avea O snteriorly.

The Ilatest studles on She electrically sxsitable ssriex of the deg
have besn dome bty Smith (59,60). The animals were anesthetized with ether
snd were stimalsted with an ordinary 60 cyele mltermating curreat reduced
to 3 volte. The curremt was passed to the cortex through a platinum wire
mofopolar electrode, As in Woolsey's experiments Smith was unable %o ob-
tain muscular responses from the medial half of the anterior sigmoid gyrus
or from the cortex anterior to the sulcus praesylvius, Centralateral amd
ipeileteral movements of the hind-legs and contralateral movements of ths
tall were obtained from an mrea of the cortex sdjacent to the medial edge
of the hemisphere on the posterior sigmoid gyrus. In the adjeceat lateral
pertion of the posterior sigmoid gyrms ‘Sila.tnnl movenents of the fore-legs
resulted from ptimulation. Is the lateral and posterior regiom of the
anterior sigmoid gyrus stimalation produced responces in the neck muscles,
while in the more lateral and rostral pertion of the anterior sigmeid gyrus
excitation produced an opening and closinmg of the mouth which resembled
chewing movements. The chewing movements could be obteined alsc around the

tip of the coromsl suleus end even on the wpper part of the smierior compo-
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site gyrus, The statement is made that thers was some overlsp between the
reglonal divisions of the exsitable area, It was the emthor’s contention
that the entire em&t#’hla area lay in structursl area U on the basis of &
series of comparisons of histelogical preparatione with the sreas delinea-
t9d by means of slectrical stimulation, On the basis of chrometolysis amd
degeneration studies following high aesﬁaa&r seotion of the corticospinal
tracts in the cord, Holmes and May (39) concluded that the fibers of the
corticospinal tracts originated from the 5th or glant eell layer of the
cortex in the reglon of the posterior sigmeid gyrus and from only & very
smell portion of the posterier and lateral part of the amterior sigmeid
gyrus of the dog. Undegemerated glant cells were found in a wider ares of
distribution on the snterior sigmeid gyrus snd "latersl te the sulous esr—
onalis® from which 4t was ascumed that cortico-bulbar fiders arcse.

Ward and Clark (66) in 1935 reported their emperiments gm the moter
cortex of the cat. The snimals were snesthetized with ether, neamdutsl or
& combinetion of these two chemicmls. Stimuletion was produced by meaans
of an inductorium, the primery of which was energized By a 60 cycle alter-
nating current vhose woltsge was reduced through a transformer. A unipolar
electrode was used to explore the cortex. By this methad 1t was possible to
divide some of the imrger subdivieions of the motor cortex into smaller arsas
for mre specific responses., Thay were able to distinguish separate regions
in the fore-leg ares for extension and flexion of the contraladersl fore—
foot, for abdmeticn of the contralateral fere-limb, amd for rhythmde battiag
and rhythmic digging movements.

Hore recently Garol (32) investigated the motor cortex of the ost. These
snimals were under the influense of Diel snesthesis. The latersl surface of
the gerebral hemisphers was explored with sn entirely different type of elec-

§ricel stimulus than had been wsed by smy of the other investigators. The
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sourse of the electrical emergy waes a thyraton whese frequsncy, pulse
duration and veltege sowld be rigldly coutrolled. The current was passed
to the cortex through bipolar Ag-AgCl electrodes with snm interelectrodal
distence of Zmm. With the uce of these carefully controlled factors for
stimulation Garol was sble o divide the motor sortex of the csb into
mamerous disorete regloms. On the medisl portion of the pesterier sigmoid
gyrus he vas sble to distingulsh ankls, kmee and hip seotors iz the hind-
leg area. Inm the arm ares sesctors for the sheulder, sibow, forcearm asd
wried could be dissernmed by using stimull of low freguenay. 3£, hewever,
the frequency of the pulses was inoressed to 30 to 60 pulees per second,
an extension of the contrelateral fore-limb could be obtained frem the
medial portien of the arm srea, whevsee s flexiom of the sontralatersl fors-
1i=b could be obtained from the lateral portien of this seme ares instead
of the diserete responsec whigh ocseurred with the low freguency. The neck
sgotion war found slong the anterior border of the anterior sigmoid gyrus
Just posterior to the sulous prassylvius. %Phe face reglon was lergely con-
fined %o the mnterier compositegyrues snd the anterier extremitles of the
coronal gyrus. Thies sorresponded in gemeral to the face area which ¥Ward
and Clerk had discoversd, bub Garol was sble to distinguich separate narrow
strips for the upper fmce, the wpper lip and vidrissse, the jaws, %he tongue
and the lower 1ip. He alse found a second motor ares im the lower portionm
of the aaterior eetesylviss gyrus im which bands were 1s20lsded for thé wpey
face, the lower face, the nealk, the contrslstersl arm snd ipsilatersl lag,
and the ipsilaleral arm snd the contralateral leg. The upper face band wes
most superior amd the ipsilabtersl srm and the contralsteral leg band most
inferior im this region. A reglom for the pinna wee discovered mround the
superior extremity of the snterior ecoteylvism gyrus.

Hone of the reported experiments on either the cat or the dog indicated
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that respomses of individual mmseles in the extremitiez were ever obtalned,
which s in contrast tc the fimdings vhioh Chang et 21, (16) have demenstra-
tod from the motor cortex of the monkey,

It long has been known that stimmletion of the bralam under experimentel
conditions may reeult in o diminution in an observable response or a Cofie
plete lack of activation in em effector instead of the setivation or en in-
ersace in the obzervable response that is ususlly aseumed to folleow the
spplication of n siimulus to nervous tissme, The lack of response subsequent
to metive stimalubion 5 sxcltable nervous tissus has been observed in meny
effeator oystems. The most conmen one im which it has been noted is the

sksletal musole system, dut radm‘tian of response hat alsc been observed in

blood preseure, and the sctivity of smooth muscle mssses in various visgeral
orgens,

When using the generval skeletal muscle system as the indiestor of the

excitability or the phys&laglml proscecses cecarring in the ecerebral moter
sortex anéd related regions, it 1s possible %o distinguish at least four differ-
ent varieties of dimimution or sbuence of skeletal muscle response ensuing
from cortical clectrienl stimalation. Thess four types have been defined

snd segregated Yy various suthess (24,26,34,50) es (a) neural ®fabigue or
exhemstien', (b) inhivition, {e) extinetion, and {(4) suppression.

Garel aad Buey (34) in thelr clasaification defined neoursl fatigue or
exhenstion as “the state of fallure of response %o & previsusly adequate
stimulus, deliveresd singly or in & volley, becamss of fmmedistely preceding
generalised neural overactivity". This was charasterized Wy the mmrespon
sivenéss that immediately followed a period of sfter-discharge in the muscle,

Iabibition induced from the cerebral oortex hes been defined as the



T
"3 sappesrance of =n existing musculsr contraction on stimulation of a cor—
tical foous from which an sntagonistic response msy bs elicited® (24}, This
is the reeriprecal iahibition of an antagonistic muscle during the coriical
activation of the agonizt muscle.

The third type of diminution of skeletal muscle response iz that of ex-

tinction., %his is in meny weys clesely related to the phenomenon of facili-
tation which, however, tends %o preduce an exsetly opposite effect-—sn
incresse in observed muscular reeponse instead of a deoreaswe. Since these
two phenomens sre so intimately related they shall be disoussed jointly.

In Dusser de Baremne's and MeCulloch's peper on the factors for faeili-
tation and extinotion (2i) the factors for faecllitation were defined as "any
shanges of the NS gcamsed by sniscedent excitation snd esusing a fall iz

threshold, a decrease in latency, end ineresse in amplitude or any combination
of theose" charasteristics of the mascular responte to subsequent stimuletion
or "test" stimmletion of the scerebral certex. Im other words o elicit
facilitation it was essentiasl %o stimulate the cerebrsl cortex st least twice.
The first stlmlus or "antecedent stimmlation" produced the contrel respemse
and so sltered the fumctional condition of the cersbrsl cortex that the sec-
ond o 'ﬁoat.stinmiatian" was able to change the characteristics of the mmas-
cular response so that there was sn increase in the smount of contraction,
thet there wes a decrease in the time between the mpoliecation of the stimmlus
and the sppearance of the muscle response, and/or that the smount of emergy
required $o juet produce a discernable response was decreated below the level
recuired to initiste the response to the first stimmlus.

Dusser de Baremne and MeCulloeh (18,19,21,24,18,50) have 11llustrated
in a series of pepers that the parameters of stimulation have s profound
vearing upon whether repetitive 5tiun1gt&én f the same cortical poiat will

result fn facilitation or extinetion of the motor respomse. It was shown
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that longer periods of spplicetien of an electrical stimalus to the cortie
cal surface tended %o enhance extinetion. It was found that 1f s11 DAY B
webers of stimulation were maintained comsbant exsept the number of slectrical
pulses delivered to the certex ner second, the lower frequencies produced
facilitation of response to themselves and facliitation of rosponses whese
antecedent stimuli were of a higher frequemcy. Higher frequencies of test
stimull, howsver, preduced exbimetion of response whem the anbecedent stimmi.
lus was of the same high frequency, but facilitation whem the satecedent
stimiins was of o lower frequency. Moreover, if the parsmeters of stimale~
tion were so arranged that the only varisble was the duration of sach individe
ﬂ pulse, then it was chown that longer puless siways result in extinction,
but stimmlation with shorter pulses snly extinguished responsss whnae snte.
cedent sbimuli had been those of lomg duration pulses, Shord duration pelses
in the test stimuli facllitated respomses whose antecedent stimuld haé beem
those of the some short duration type of pulses. Wheam only the veltage of

the electrical stimalus was varied, it was found that stimmlation with lower
witage alweys facilitated, while stimulation with higher voltsges faocilitated
responses to stimmlation of lower voltege and extimguished the responses o
itoelf. The conclusions that were resched by $hese subthors were that increas=
ing or decreasing the total energy of stimulation respeatively increased or
decreased extinetion.

| Vhen all the parameters of stimulation were held conetant except the

tine interval between the sppliecation of the emtscedent and the test stimm-
las, 1% was discovered that within certeia Yimids, which depended upon the
depth of emesthesis and conditiom of the saimel as well ms the electrisal
~ parameters of stimiation emplyyed, that the shoréer the tims interval B
tween the two sets of stimull, the more likely one was to produce facilite-

tion. As the time imterval wes imeressed the more likely cne wes %o produce
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extinction. When nsing the usual surgical level of smesthesia under Dial
or ether, md & frequency of stimmlation around 50 per sec. with the durs-
tion of spplication of the stimuli being approximately 5 sec., 1t war shown
thet the opiimal 4nterval for the appearance of extinction wes in the nelgh-
borhood of 13 seconds. Under deeper asmesthesia extinolion was demgnstrable
uwp te 3 mimutes. In the sbsence of cnesthesis the opbimel intervel for the
appearanse of extinetion was ¥ seconds. Besides $he eptimal time of cmsed
of axtinetlon bBeing partially controlled by the depth of snesthesia, it was
found that poor circulation, doeling and other chemges im the animal which
tended to depress or impalr the functional metivisy of the cortex prolonged
the interval is which extinction could be maximally demosstrated. 4fter a
perioad of one or two minutes She effocte of the snbesedsnt shimmlus whish
produced the alterstions im the phwsielagisal funotion of the serebral cor-
bex escential for extinction had worn off, and nothing except & respense
similar to the control or anteoedent re sponse would result from the test
stimalus,

Wthin the few seconds immedietely following the antecedent stimmlus
end prior %o the omset of axbinetion, s second or test stimmlus spplied to
that cortieal pelnt {nduced a fmollitsted response., During the facilita-
Sory pericd changes oacurred im the ele¢trical snd chemisal relationships
vithin the cersbrsl cortex. Accompsnying facilitation there was incrensed
sortical electrical astivity in the facilitated reglons with 2 negative
slectrioal potential with respect %o some di=tant, non-fenilitated foous,
A% the same time the pH iucroasad in the i‘acnitatad arems. During the
exbingul shing ner&nd; Just the opposite a!tests occurred in these areas,

The electrical sotivity deoreased, the electriesl potential becsme posie
tive ond remained that way for 2 mimute or so, elowly returning to mormal,

end the pB became decreased (24),
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P, Orszhem Brown (&,9,10,11,13,14,15) and Dusser de Baremms and Me-
Culloeh {21,24,48,50) have likewise shown that facilitation and extine-
tion could only be produced by stimuiation within certain definite limited
aress on the cerebral cortiecal surfase. Both were moet easily produced by
repatitive stimulation of the seme point in ares U of the modor cortex;
however, these same effects might result 4f the antesedent stimulus was
epnlied to & eytoarchitectonic area which was stmatureny and funetionally
related to the area of the motor cortex to which the test stimulus was
spplied. Another interesting observation wes $that facilitation and exting-

tion would occur in only one funciional subdivision of the semsory-motor
coriex at a time, The phenomens would met e¢ross the functional boundaries
between the lez. arm or face subdivislons of the cortex unless the antegs-
dent stimmlus had been me stromg that an sfiter-discharge had been initiated
which was capeble of crossing these boundaries. Therefore if ome aspplied
an sntecedent stimulus to the arm sector of srea M and them spplied the
test stimnlus to the leg zector of area U, the response from stimulation of
the legz sector would be unsltered (24).

T. Graham Brown (8,9,11,14,15) hae shown in & saries of papers that
fecilitation—partioularly Ysecondary facilitation® - was a process that
was dependent uwpen transmrtical fibers in the grey matter or through short
association fiders ia the white matter directly sdjacent to the under sur~
face of the cortical grey substence. He has demonsirated that smell inci-
sione plased perpendioular to the cortex snd just extending intec the white
substance between the regions to vhich the emtecedsnt and test stimuli were
spplied would dlock the action of the antecedent stimulus in i%c facilite-
tlon of the region to which the test stimulus was directed.

Dusser de Barenne and MeOullooh (21) likewise showed thet sxtinstion

waz @ eorticel phenomenon for which the outer three layers of the sortex
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were not essentisl, as laminar thermocosgulstion at J0®C. for thres seeconde
killed these layers, yot it was still possidle to obtein extinetfon from the
thermoopagulated area. Howsver, if the emtire thickmess of the moter point
oa the cortex had been killed Yy thmmlatioﬂ or if the entire thiock-
ness of the grey matier at the point hed beer surgzically excised, sxtinetion
from the point was mo longer obbainsdle. Further study on the problem sesmed
fo indicate that the large and glant pyramidal celle were primerily responei-
ble for the process of extimction. It was alss observed that if repetitive
stimli, which would result in extinotion when applied to the sortical sure
fage, were spplied to the white matter directly underlying this sortical
polint that the process of fasilitation resulted, instesd of extinction. In
1915 2. Greham Brown (12) also pointed out that facilitstisn asnld be fnduesd

the mid-brain.

The fourth methed through which s sortiselly indused akreletal muscle
Fesponse can be diminished by exoitation of the cerebrum has bean ealled
suppression. This phenomenon was first discovered by Marion Hines and re-
ported in her paper on the motor cortex iz 1936 (37,38). Her work was dome
using monkeys as the experimental snimals. ALl of the experiments were
confined to the motor cortex which was located anterior to the cemtrsl sule
ous. It was found that ablation of 2 3 to 5 mm, strip of cortex from
the anterior portion of erea 4, s strip which passed through the supericr
precentral fissure from the inferior precentral fissure te the callosomsrgin-~
alis fissure on the medial surfase of the hemisphere paralleling the curve of
the central sulous, snd which invelved the snterior Border of the face sube
division of area % as well, resulted in the immediste production of the
phensmena of "relesse” snd & transient peralysis of the contralateral extremi-

ties. The phemomena of "release" likewloe transiemily mppesred im the
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ipetlatera) oxtremities. Includsd im the phenomena of "relsase® werefln)
hypertonicity of the skeletazl mmsoles. The hpertenielity was maximal in
the contralateral flemsre of the slbow, the extensors of the knees and the
addustors of the thigh. (b) The second charastsristio of release was
typieal jocknife rigidity in whioch passive motion at the jeinds in a direc-
tion opponite the maximal hypertonioity elfcited ao resistance to the first
fow degress of motion, great resistamee to the next fev degress of motion,
and then suddenly the disappearanse of all resistance. Thers was zﬁm an
assooiated "supporting resctien” vhich meant that pressure applied to the
hand or foot caused = foreeful extemser response im the contralateral exirem-
ity. (o) The third festurs of relesse was the adility te producs slonua of
musele grouwns in the contraleteral exiremities by suldenly end contimmsusly
maintaining & stretch on the tendons of the particular group, (4) The
fourth feature of release m the presense of brisk tendon reflexes in the
exremities affected by the lesiom. 1f the abladien was emall and incemplete,
it was followed by &‘ transient appearanse of some or all the phemomena of
releace in bodh contralateral extremities regsrdless of the fast that the
ablation had been done opposite the arm or the leg subdivision of asres b,
Somplete bilsteral removal of the strip areas resalied in permanent release
is all four extremities.

Ablation of sres 6, which lies aaterior to Mas, A4 not result in say
paralysis or release, but & "gresp reflex! was produced. Thiz was not a
permenent result unlees there had beesn a Bilateral removal of the arveas. If
eblation of sree 6 was combined with sres Bs, there was some passive resis-
tance throughout the ronge of motien as well az the grasp reflex, clemus
and bride reflexes, but the jacknife resistance was gome.

Pollowing the removal of $he posterfor portion of ares & thers wes

temporary paralysis in the contralateral extremities without the phemsmena
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of release. When arem 4 was combined with the strip ares, the contra-
lateral limbs were not usad to initlate independent or dlscrete movement -
rather they alded or followed the movemente of the opposite extremity,
end the release factors were precent.

Eleetrical stimmlstion of area 6 gave relaxation of tomie flexion
apd grasp, while the elentrical stimulation of Us gave relaxation of tonie
extension. |

mmusng this contribution by Marion Hines a whole series of papers
have sppeared in the litersture dealing with ths delineation, the funo-
tion and the snatomical commections of the cersbral sortex from which “sup-
precsion® can be produced., Some of the earliest and most extensive work
on the sephresser aveas was done by Dusser de Bevemnms Moflullseh end thalr
co-workers (20,22,23,25,26,27,29), end subsequently further investigations
have been undsréaken on this subject by Balley, Kenmard, MoCulloch, Garvel,
Ward snd Smith (3,5,31,32,33,34%,41,49,63,65).

The snimals on vhich the anatomy and the function of the swppressor
aress have been studled ere the monkey, chimpenses, end the cat., In 2l-
myst all instances the smimals have been enesthetized with Dial, wvhish wae
either given intrapsritoneally or intraperitoneslly sad intramscularly,
the dose being divided between the two sites. The latter method has been
preferred in the menkey and chimpanszes bacause it eliminated a peculiar
Jerkineze of response and it raised the threshold for after-iischarge which
ocourred vhen all of the drug wes given 1.P. {21), Im Smith’s work on
area 2 of the monkey ether was used ss the snmesthetie.

There have been two prineipal methods of stimuletion and study
employed in the research on suppresser bands. The firet has been ons in
which a skeletal mmscle response he® been induced from slectrical stimue

lation of = focus in ares B of the cortex at one minute intervals with a
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piles frequency betwoen 30 amd 60 per second. Then a second elsctricai
sblmulus of sgppmx&mtely the same frequency has been spplied tu other
areas of the eortex snd the effect upen the musele response ebserved.
The second methnd of 1nvas%1gaﬁon of the sappressor sreas has comsisted
of recording the eledtrical astivity of the cerebral cortex before, Gure
ing, sad after the locsl application of strychaime solutions to the oG
tieal surface by means of small sosked squsres of filter paper. The
pieses of filter paper have been allowed So remainm en the cordex for a
pericd of one minute after which they heve been removed along with any
exesss solution. It has been reperted that loecal spplications of sbrychs
nine %o the cortex were responsidle for typical ghanges in the slsetre-
eneaphalogrenh {BEG) which goedrred as follows: Plrst withln & few
seconds after she spplication of $he drug there was & genernlized imcreass
in the serebral eleetrical sotivity at the strychminized site., Within
l/é to 1 minute later sharp, high, wolbage fluctustions, or sg=salled
strychnine spikes, sppesred im the BEG from the sirychminized poink,
The spilkes remched their full height in sbout 2 or J minutes. As the
spikes developed the dDaskzround activity markedly diminished. After 15
minutes or so the spiltes begen o decrvesse im sise mnd the backgromnd
astivity incressed. The usually returned $o normsl in 20 %o 4O min-
utes. The changes in the EBG were not métriatu& to the loeal area sirych-
minized, but might be transmitted to other regions of the scortex and the
brain stem. The ares of diectribution of the spikes depended wpon the
cytoarchitestonlc area and the veriouns mejor subdivisions of the sensory
cartex stirychnimized (22).

It bas been shown that the loeal epplication of strychnine reculss
2 strictly loesl resction where synspses cocur on Berve eslls snd that

the resction is propagated drumically emd never satidromically. The com-
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dusted impuless have been shown mever to ps®s the next aynspse withoud
dspersion and delsy {28,33).

Whea strychnine has been loeally spplied to a suppressor dand on
the cerebral cortex, it has been found that typleosl Spikfe night appear
in the bend throughout its entire extent having mo regard for the fune-
$lonal bDoundarier segregabimg the arm, leg snd free subdivisions of the
cortex of the primates. Twelve to 20 mimutes after spplying the stryche
nine 1% has besn ohoerved that a wave of decremsed electriecal sctivity
begen %o spreamd over the remaimder of the eyrtical hemisphers., Reports
indicated it took spproximately 15 to 20 himtqs for the wave of depres~
slon to completely oross the cortex, smd that the suppression could have
8 durstion 2% smy one psint of from 6 4o 20 or 30 simmbes. 1% kas mot
been possible to reproduce the suppression of slsctrieal activity for from
35 to 45 mimtes after the firet spplication of strychmime to the band (25),

After elesstrical, mechsnical or chemicel stimulation of a suppresesy
band, the threshold of cortieally induced skeletsl musele responses elici-
ted from srea U af one mnute intervale has been raised considerably ehove
its original value af$er o latenay of from 2 to 20 mimates, depending on
the fastors of stimmlation to the Dand sad the depth of mmesthesin. The
sappressien of motor response lasted frem 6 to 20 or 30 mimutes; It has
also been found that electrical or mechanical stimulstisn of may of the
bonds would immediately hold in sbeyance many cortically induced motor after-
discharge. With the suppression of muscle movement there was a concomitant
relaxation of masele tome {25,26,31,32,34,65). Barker and Gellhora (6)
have studied the inflmemee of electrical stimmistion of the swppresssr
areas on afferent impulses to the serebral cortex. Thay shoved that the
afferent impulses induced by electrical stimulabion of the seiatic merve
or the vagus nerve snd awditery or visual stimmli were csnsidersbly redmesd
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following stimalation of a suppressor bend. Howaver, it was alse shown
by Gellhorn (35) thet various mocicsptive stimuli epplied ts parte of an
extremity led to excitation of the suppresser sress as well as $o excita~
tion ¢f the sensori-motor and projection areas of ths cortex., Wo effect
on the pawnai reflex, however, has resulted from stimulation of s suppres~
sar band (25,28).

In the meonktey end chimpansmes five gortissl suppressor aread have beea
located. They are 8s, ¥s, 22, 19s, amd 2% (3,5,%,22,23,25,26,27, 28,29, 51,
32,41,49,65), Four esrtical mgpro#se‘m area® have bDeer deseribed in the
cet which sre 8e, 33, 2s, and 19s (32,33). The¢e were reported es belng
lecated as follows on the cordex of the eca¥: (&) 8¢ 1sid mear the suleus
betwean the saterior sigmeld gyrus smd the gyrus prereus in gn ares which,
upon eleoctrical stimulation, was also fowmd %o yield eye movements; (b) 2o
extended from the jumetion of the suprasyivian and emterisr suprasylvias
tuled to the Jumetlon of the lsteral snd ansate sulciy (o) 38 extended frem
the rostral portfon of the postermciste sulous to the eamdel poriicn of
the coronal salous; and (4) 19e lald 4n the posterfor margin of the poster-
for suprasylvien gyrus.

The distinotlon between extimetion and swpprewsisn has been made W

Dusser de Barenme smd MeOulloch (25}, The differences wers as follows:

(a) Corticel suppression could only de obtained from ome of the supprester
bands, while extinction could be obtalned only by sntesedsnt stimmlatign of
the same foecus %o which a test stimulue was appliied, or by sntecedent siimu~
lation of en ares whose disgharges agtually involved the sres excited by
the test stimmlus, (b) Exespt where the antecedent stimulus had been So
viclent as to cause the after-disgharge to spread sgrees the funetional
tounderies for the fecs, arm snd leg subdivisions of the motor cortex,
extinotion hal always remsined localiszed %o the subdivision stimmlated.
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However, suppression ocould be elieited Vy antecedent stimulation of say
of the functionsl subdivisions of the suppresser areas. (¢) The Phenomencn
of sxtinction had a relatively short latency — being & motter of seconds -
aad had » very maximsl duration of 1 %o 2 minmutes. Suppression on the
obther hand had = lstency which measured in mimates smd had a duration of
several mimates.

Garel and Busy {34) were sble to distinguish a perticn of area Us
in ones buman wpon whom they were operating because of & persistant $remer
on the right side of the body. The sffscts of stimmleting the ares at the
time of operation were exactly similar to the musgular effecte following
stimulation of ewppressor aress in lower forms,

Although Hines (38) was able %o produse the phensmemn of ralcans
after the total ablation of Us in monkeys, it wae cbeerved by Werd (65)
that unilateral ablation of areas 24, 8, 4s, smd 19 resulted in mo
epastiolty in the comtralateral extremities. Metiler sud Pool (5%) re-
ported the removal of the rostral derder of ares ¥ in humen cases, snd
they found that umilatersl remeval of mrea 6, #rm 6 plus the rostral
portion of ¥, and area 6 plus both the rostral and csudal parss of area
4 prodused mo moticesble spesticity im the subjeets wmnless there was slso
some subcortical damsge.

Punctional énd anstomicsl connectisns of the suppresser bends have
been investigeted in the monkey, ozt and chimpanzee. There were des-
oribed two distinet pathways for the suppraésian of cortieal elogtriual
astivity and for the suppressien of cortiecally imduced motor response. Im
neither ocase were imtracortical conmection® sesential as & deep lesion
through the cortex down to the level of the caudate nusleus failed o
prevent the suppression (23,25,28). Undercutting the cortex in the sup=-

preseor regions 4id prevent the ocourrence of both types of suppression
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{25,28). . The meurel eirevit lavelved in the suppression of electricsl
activity has been desoribed as estarting in one of the cortical suppres-
sor bands from which the impulsez wers conducted to the cemdate nusleus,
From the cavdate nacleus the impulses were relayed to the thalamus and
from the thalamus the trscts condusted the impulses back to the cortex.
Lesiont in any one of the strustures prevented the sppesrence of the
suppreesdon {(23,28). Using the Merchi techaiqua (42) myelinmated nerve
£ibers i:mre not been trased to the caudate nucleus fellowing ablatien eof
area Us, but by uedng a mew silver techuique Glees (36) has shown in
the oat that fibers arising in 28, 3s, and #s pass to the candete musleus
as non-myelinated cortico-csmdate fibers arising as collaterals from
cortico-fugal traots.

The newral eclements fmwelved im the suppression of motor responee
have been desoribed as not using the seme circult ss for the suppression
of cortical electrical astivity (25). It was found ﬁm lesions in fhe
candabe micleus and thalamus failed to provent the swpression of meter
responsa while they sdill prevented the swppressien of slectrical activ-
fty. Dusser de Boremne and MoOulloch alse determized that the putamen,
globus pallidus, corpus callosum, anterior commissure, commiseura mollis,
the substantis nigrs and the serebellum were not involved, as destrustive
lesions of these structuwrss or thelr rmial did ast prevent suppresaion
of motor respense (25). MeOullooh, Graf, and Magoun (51,52} have clted
evidence that descending paths from 4s, 24, and 19 leave the cortical
spinal s?mﬁs a2t the level of the pone and psses fnto the bulbar reticular
formation. Himes {39) reported the finding of hypstenieity with paralysis
in the extremities following division of one of the pyramids, whereas a
leslen in the sortex imvelving both aree 4 and Bs resulted im paralysis
and ian the phencmena of relsase. This indieated thst the pathways from
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the two areas must have dissociated before they remch the level of the
pyramids. Ward has traced degemerated myelinated fibers through the
brain stem and cortex of moamkeys after bilateral ablation of asrea 2k,
Cortical fibers went te the superier frontel, the arcuate fascieuli smd
throughout the extent of the cinsgulum bilaterally, apparently eanding
posteriorly in area 31 or the medial part of ares 15. BSome fibers seem=
ingly went to ares 19 and 1€ and to the pre and postoentral reglons. Des-
cending fibers were traced bilaterslly im the roglom of the anterier
comnissure to the lateral septel smelel mad through the pesterior two-
thirds of the internal capsule. Ia the midbrain the fibers were confimed
to the ventral end medial portions of the cerebral peduncles., Inm the pons
fibers were found soattered among the nantine muelei snd in hoth medial
longitudingl faseiciuli. From the level of the superior olive to the
roeglon of the decuseation of the pyramids degenerating fiders wers sesan
in the medisl reticular formation (65).

The mediel tulbar reticular formetion has been implicated in infiluenc-
ing skeletnl muscle amd pther responses by further evidence. Allen in
1927 demomstrated the course of fibers from the e;artex vhich conveyed $he
impulses for decressing respiratory movements, He found that the impulses
went by way of the cortiesbulbar and corticospinal fiders %o the reti-
cular nuclel of the poms and medulla. The azones of the nmuclei were
described as descending crossed or unerossed in the anterior columms gr
in the ventral and medisl part of the lateral columms as reticulospinal
trasts (1).

Nagoun end Rldnes (47) found by stimalating the ventral medisl pore
tlon of the bulbar reticular formation with a 5C cyels sine wave carreat
at 3 to 5 rim.e. wolts that the patellar, flexer and hlink refiexes could
be promptly stopped. Upen withdrawml of the electrical stimulus the re-
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flexes promptly returned, The extensor Sone of decerehbrate rigidity wae
also sbonsﬁa& By stimulation in the bulbar retiocular formation. The re-
turn iz extensor tone was often prompd snd vigorous, resembling rebound.
Thirdly, stimulstion of the bulbsr retioular formation would immedietely
stop movement initiated by sxcitation of the corticel surfase or the inter-
nal ospsule. The effect on the cortically iadused movement wans ‘iailateml.
Ehines, Magoun end Windle (B8) have also pointed out the faet that the
hyperrefliexia fellom cerebral concussion vﬁs sasociated with a depres-
slor in the excitability of ﬁm bulbaer inhibitory mechaniem, saggesting
that the relesse from ths bulber iahibition may be a fecter in the preduce

—tion of hyperereflexia. Bach (2) stimulated the bulbar rotioulsr formasion
of aats snd was sble $o simultaneously step the petellar reflex, am§
respiration to cesse amd the blpod pressure te fall., Withdrawsl of the
etimll resulted inm 2 rebound in all three systems. It has further been
shown that the bulbar inhiditory mechenism probebly passes dowa the antam-‘j
lateral portion of the cord {(U47), kioh agrees with Allan's findings eovering
the path of fiders from the bulbar reticular formetion (1). Impulses from the
bulbar supprescor mechanism have been foumd $o pass to the latersl portion of
the intermediste posl of intermumeial neursnes im tho ventral bhorn of the
epinal cord, and stimalation of this grouwp of neurcnes has resulted in stop-
ping the kmee jerk (U6), '

Stryohnind zations of areas 24, 8s, Be, 2¢ 2nd 19s in the monkey amd
chimpensee have established that sesondary strycihmine spikss fronm eny one
of the arese would siways sppear in aress 31 sad 32, whieh indicated that
the suppressor bemds were at least functionelly related to those aress {(5).

Mettler et al. {53) have stimuleted various portiens of the extra-
pyramidal eystem while a‘i‘mcrﬂng cortically induced movement in an extire~
eity of cate and monkeys. Stimulation in either the caudete nusleune,

putemen or the claustrom stepped corticslly induced mevement. The effecte
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were largely ipsilateral, but occasiounal contralateral results were
obeerved,

Tower (Al) has comtributed further fmots on the methods and cortical
sites from whish skeletal musele response or activity can be diminicshed,
The observations were mede on oats which were under ether snesthesia of
such & depth that spontamcous activity was existant or thet extensor mus-
eles were in a state of imcreased tone. The experimsnts were performed oam
the cortex before snd after unilateral or bdilateral saatien of the pyramids
at the level of the medulla. The stimlsting devies delivered s 60 cyole
elne weve with a voltage of 0.02 %o 10 wolts. ZHExcitation of the cortiecal

extrepyramidal system resulted {n two main types of deoremsed muscle
sotivity vhich were a diminubion of mmscle tone or & cessation of movement.
DMuminution of musole tone could be evelved from two overlepping fields en
the sigmoid gyri sbout the erusiaste sulcus, and was menifest by a palpeble
relaxation of muscles or by collepse of & tenis extremity. The effecis
were most easlly prodused after section of the pyramids., There were cers
tain gemeral cheracteristics of this decressed tone: {a) Unless the exist-
ing tone was very weak, the decreass in the tene operated only durimg the
time of application af the stimuius, (b} Return sf the original tone
during the stimulation and rebound following stimuletion were common. (6)
Painful atimli- applied to the skin summed with the cortical stimmli o
produce a radustion of tone. (4) A positive swpportisg reaction, which
ocourred when ares I was ablated in uiu monkey by Himes, prevented the
cortical stimmlation from reducing wuscle tone in Tower's preparstions.
{e) The stremgth of the stimulus and the tonle contrastion of the musclee
dotermined the latemay, rate of 9?5&*‘08'- completeness, and the duration
of the remsuléing redustion of tone.

Gemeation of movement sould be indused from ocortical aress which were
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entirely different from those from which muscle tone was reduced., There
were tw msin fielde from which cortical imhibition of movement cowld be
elieited: (a) The frontel field on the gyrus proreus, and {b) the lateral
£ia1d vhose center wes mpparently on the anterior sylviam gyrus. The frome
tal field wes the stronger of the two. 4 third and smch wesker srea wae
found on the tentorisl surface of the gortex. Spontaneous movemente in
light anesthesie, guvamants produced in light snesthesis by proper stimlse-
tion or the rhythmie movements of respiration were all stopped by stisule-
tion of the shove Tields. If the spontsneouns setivity wes very vigorous,
the cortical stimulus produced a state of attention "with the animel's eyes
front, hesd reised, beck snd tail straight and legs fized". The "state
of attention® could be held for about one minute. If the spontanecus
activity was at 2 minimum, the stimuiue simply made the animal dreop.

It is alse interesting to mote that when Tower was studing the motor
effects of stimulating the sortical extrapyramidal aéeaa, three regions
on the cat's cortax were found which gave rise to "adversive" responses.
The three regions corresnonded inm their location to Garel's aress 19s,

23, and 2s from whieh he was able %o show suppression.

Lesp (43,44,15) has reported mmother type of reduced response So
cortical stimulation. Using rabbits snesthetised with Dial he demsnsiree
ted that weak cortical faradic stimulation ceused a depression of electri-
cal activity to spremd put over the cortex 1nva11 directions. The
depression spresd to the opposite hemisphere omly with the use of "swpra~
ainimal' stimuli, appearing first in the point symmetrical t# the one
stimilated, It took 3 to 6 minutes for the depression to involve the
entire cortex, vhile 5 to 10 minutes was required for rasovery of the
electrical activity at eny one depressed point. The spreading depression

also involved corticsl responess ewoked by tactile stimulation, electrical
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stimlation of afferent nerves, illusinstion of the retina, ipsilateral
or contralatersl cortical sleectrical stimulation, amd the sleetrical
changes elicited by the local spplication of siryohnine or of eserine
plus acetyleholine. During the period of depression large slow waves
followsd by faster compoments pooasionally eppesred inm the record.
Adecompenying the spreading deprezsion was 2 marked vassdilatation and
increased dlood flow in the piasl vessels. Similar findings oseurred iam
the pigeon snd in the cat whote brain stem had been transected.

In the monkey, dog, cat and rabbit areas have been dlscovered which
when stimmlated have a depressant effect on respiratory movements (1,14,17,
1#5,61,62.63.65). In some instances the decroase ia rate and amplitude of
respiraiory excursion or the complete ceseatien of 2ll respirstiogn ssemed
Yo be the sole observed effest of the stimulue. Stimulation of the aress,
nevertheless, failed to maintain ceseation of respiration beyord & 20 to
30 second perfiod. Im some cases other effects also sppeared during stimu-
lation of the respiratory depressant areas. Thie was particularly true
'fr»om aren 24 on the cingular gyrue vhere either an mssociated rice or fall
in bibaa pressure, a slowing of the ocardiae rate, plleerection, pupillary
dllstation, and a marked suppression of electricsl and skeletal mussle
activity was noted to oocour,

In en unpublished thesis (55) & report was made of a partial explors-
tion of the cerebral cortex of the dog for suppressgr areas, veing both the
strychnine and eleotrical pulse technigues. W{th neither method wers
suppressor bands found. Suppression of slectricel activity wes observed
from several poiats on the cortex, but 1% d4d mot have the chsracteristics
which have been deseribed for swppresser bands in other emimals, The onset
of the electrical suppression varied from 2 mimutes to 2 hours snd 15 nimtea
after spplying the strychnine and had a duration of shout 3 to 15 minutes.
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The electrieal suppression mpread over the cortex, but i% did mot slways
commence near the strychninized peint, snd the strychnine spikes gften,
but not alweys, dieappesrsd from the strychninized peint. A rather strong
60 cyole sine wave stimulus applied te the coronal gyrus or the inferier
portions of the postoruciate and sigmold gyri, umally faciliteted, ex-
tinguished snd csmsed s rebound of a corticelly induced one per segcond
twiteh at the scepulo~humeral joint. GQGessation of respiratory mevements
ocourred from spplication of the s.c. stimmlus to the anterior composite
gyTus - the same sres from which Smith {(61,62) obteined respiratory ishi-

bition.

WETHODS

Sixteen dogs were used iz the experiments om the localisation of the
motor cortex. With the exception of three,all of the animsls were enes-
thetized with Dial (0.5 ‘tw./h. of body weight) ome half of which wes ine
Jeoted intraperitonenlly and eue half intramuscularly. Three of the
animals were originally anesthetized with Nembutal (0.5 co./kg. of body
wveight) and were subsequently switched $o Dial during the coursze of the
experiment by giving numercus, small {ntrasperitomeal doses of the drug.

Fo snimsl was allowed to reach a plane of anesthesia in which there wae
evidence of mspontaneous activity.

The operation was started by cennulating the traches %o as to provide
a free pirvay at all timez during the experiment. The dog's jaws were
then elamped in a brace which prevented sny movement of either the jaws
or the head. An extensive cranlotomy wes done on the right side of szch
suimel with excision of the entire orbitel content so as to provide for
sabcequent adequats exposurs of the fromtal portion of the lateral surfave
hemisphare. Efforts were mede to prevent as much Tlood loss during the
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course of the gperation as possible. Care was taken to prevent injury %o
the cerebral bloed vessels <= particularly those near the medial aspeot
of the hemisphere emptying into the superior longltudinsl sinus, Al1 of
the exposed tissue around the margins of the craniotomy were finmelly cove
ered with cotbon packs soaked in warm Rimger's sslution,

Fech snime)l was them transfered to o m‘;.imr high, woden freme W th
& vide slot through the entire middle of the structure. Foumr straps were
plagced Aarcss the slot, and the animal was suspended on thes in such a
manner that 1%h legs dung dewn free of all restraint. The headholder was
attachad to the freme so that no movement of the hend or jaws was ever
possible. The tongue was brought out the left side of the mouth where it
could be readily visualized., and sn eyelid retracter was ntilized on the
left side so as %o sxpose the left eysball for obervation.

The electrodes for stimulating the cortical surface were placed in a
rigidily supported holler which could be moved im two ;a}.neé by screv ade
Justments. h.axphm%hn of 2 per’aimi of esch animalte cortex was-carried
out, moving the electrodes in 1 or 2 mm. coordinste steps. An electricel
square wave type of pulse with & duration of 15 msec. was employed as the
exciting stimulus., The stremgth of the stimiu‘z waz contrslled by a vari-
able resistor comnected in series on the sutpub of . thé stimlator. The
resistor was adjustabdble from O to 100,000 ghme. For each point of the
cortex explored a very wesk stimalus waes first tried in oa effort to ob=
tain a mmscular response. If no response was discernable after ¥ or U
seconds of stimmlation, an iatervel of 20 to 30 seconds was allowed %o
elapse before a second serles of somewhat stronger stimuli were spplied %o
the point. This prosedure was continued wntil the first response vas
detectable, =nd the character and location of the response was recorded in

the protoecol. If possidble the stremgth of the stimulve was agaln increamsed
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at imtervalsy until o maxims) response wae obtalned. Any variations in
the responne with the incressing strength of the stimulus were all re-
carded. An intervel of 30 or 40 seconds was then allewed to elapse befors
stimlation of the next peint on the cortex was attempted, and then the
process was repested. In all sixtesn of the enimals a pulse frequency of
1/sec. wee used with the square weve stimilator; howsver, in six of the
dogs frequencies from 10 to 3O/sec. were alss used. A$ sach cortical
point of the six animals the effects of each separate frequency were in-
vestigated over thse full range of stremgth of the stimmlater.

All responses were detected by visual observatien and palpstion of
the muscles.

The cortlcal electrodes were conttruected from rather stiff stalinless
steel wire. The tips of the electrodes were filed as fres of jugged points
and rough edges as possible. Plastic holders were used for rigidlymain-
taining the relationships of the electrodes to one smnother and sz an aid
in mafinteining their position on the cortex, Ho:t of the elsctrodes were
| insulated except at the tips, The firet type of z;leetro&e aszenbly which
was $ried was of a concentrie type in which there was a small central wirve
with an indifferent surrounding ring of wire at o redius of 2mm, It was
soon found that fluid collected betwesn the central amd periphersl
- electrodes which tended to shunt the curremt ascross the surfaoce of the
cortex thereby preventing the appeerance of uniform results. Therefore,
this type of acsembly wae quickly ebamdoned. Bipolar electrodes with as
interelectrodel diztance of 2 mm. were next tried, but it was soon sppar-
ent that a momopolar assembly would give rice to smomevhat different re-
salts. Conseguently 15 animsls were explored,using & monopoler cortical
electrods with the indifferent electrode belng placed im the saturated

cotton surrounding the orsmiotomy, on the lips, or the tongus, under the
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sbdomen or in the rectum. In 7 of the 15 animasls a comparison wes made
between the resultsz vhen using e monopolar and & bipelar slectrode
assombly. On four of the snimals anether type of escembly was tried in
vhich the two electrodes were placed side by side but inm such a menner that
when they were spplied to the cortex one of the electrodes penetrated ths
sortex to & depth of 3 mm, of em inch while the other remained ez the Sure
fage.

During the exploration of the éorﬁax & map was plotéed of the gyri
and sulel of the region being stimmlsted on the basis of the coordinate
posltions of the electrode earrier. At the conclution of She experiment
the results were transferred to seourately enlarvged eharts of the sariigsl
aree explored on the animal. Hngugh charts wers prepared for sach experi-
ment to demonstrate each of the significant variaﬁlas.

In the cecond set of experiments on the localization of the ¥ sup-
pressor” Dands of the dog's cortex, & totel of 16 dogs ond % cats was used.
A1l of the cats wers anesthetized with Dial (0.5 ce./kz. of hody weight)
which was given aatraguritennally. The dogs were mlso smesthetized with
Diel but in this growp of esperiments the totsl dose was given intraperi-
toneslly snd for seven of the smimesls the dose wae cut from the usual
0.5 oec./kg. of body welght to 0.35 to 0.4 ce./kg. of body welght, Ingtesd.
of walting the usual half to one hour after giving the anesthetic before
starting the surglesl procedure, im slmost half of the smimale a neried of
6 to & houre was slloved to elspse between the injection of the snesthetic
and the performance of the operation. Prior %o doing the right sided
craniotomy drills were placed in the wper and lower portions of the left

bumerus, The tendonz of the left biceps end triceps muscles were isolated
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end freed from thelr attachments with precantions deing taken not to
injure their nerve or blood supply. Lomg cords were then tremsfixed to
the tendons of the muscles. The remainder of the eperetive procedura
was ezsentially the same as that desorided sbeve. Wo marative work was
done oun the extremities of the four oebs; the drills were not plaesd nor
the tendons isolated.

Following the eperation the snimals were transferred to the frame,
described above, where the drills in the humerws wers festened to braces
abbtached to the frame in such a menner that the bone was almost sbeolutely
immobile and would not tramsmit mer be sffectesd by movements of other
parts of the h@éy The cords from the muscles of the upper arm were then
pagsed ovar freely moveble pulleys smd attashed to fixed coil spring s,

The springs were adjusted so that thers wes moderate tension on both of

the mascles. The cords from the tendons were then fastened o horisof
telly moving, ink-writing, muscle lsvers from = moter driven pEDer kKyie
ograph. A signel marker and am eleetrically driven one per second timsyr
were also attached to the Eymograph,which was rum at e velocity of spproxi-
mately 1 om. per second.

Two sets of Bipolar statnless steel electrodes were arranged for
stimulating the cortex. One peir of the electrades, with man interslectrode
distance of 3 mm., was used for stimulating the metor cortex, amd the
other pair was used in the emplorstion for suppressor bande., A switoh
was arranged in the circuit of the stimulator so that the current cowld
be passed to elther peir of electrodss with ease. Both sets of elestrodes
were attached o adjustable carriers., The carrier for the exploring
electrodes was 2 converted mioroseope mechaniosl stage with thumb-serew
adjustments poseible in three planes along millimeter somles, When $he

electrodes had baen arranged, o hmrried exploration of the motor cortex
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vas performed to determine $he point from which responses in the bieepne,
triceps or both muscles could be most easily elicited, The motor elestrod-

a8 were then permenmently placed en this polnt.

The electriecel stimmlator produced a squere wave pulse whose durstion
was generally held at 15 meeéc. The strength of the stimmlus was condrgl-
led by the resistor described sbove, snd all stimali to the motor point
were considerably sbeve threshold at the start of th@-sxgeri;aenﬁ. In the
first three experiments the freguency of the §1119@ delivered to the motor
cortex was 1/see. and continwous l/sec. responses from the mmscles wers
recorded on the kymograph., For the remainder of the-experiments the
palse frequency for the motor point was set at 30/ses. The moter point
was stimulsted with this frequency for period of 2 to 5 ssconds onee essh
minute during the entire experiment. The kymograph wae generslly rum eonly
for a short time before, during and after the spnlication of the moter snd
"suppressor” stimmli. During the first three experiments of this group
‘the "euppressor® stimulus consisted of & 60 cyele sine weve current which
was applied to individunl explored points at intervels of one or mre min-
utes. For the remainder of the expsriments the suppressor stimmli consisted
of the sguare wave electrical pulses of a durstion of 15 meec., and a fre-
- queney of 30[/sec, The explored point was praeticslly always stimmlsted
wvith a stronger currea$ than the moter peint, and the stimulus was spplied
through the exploring electrodes for periods of 5 to 10 seconds. A
“suppressor" stimulus was spplied to the cortex oneé every 5 to 10 minutes
unlees the response im the mmsoles was epprecisbly altered inm which event
a second "suppressor’ stimulus was withheld until the musele respouse had
returned to its previous state. The exploring slestrodes were moved inm
2 mm, coordizate steps snd meps of the sulel and gyri covered in the ex-

periment were comstructed on the basis of the coordinstes.
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The room in which all the experimenis were conducted was kept st o
temperature of 27°C, or more amd mn electric lamp was placed over the
animal in an effort to mainmisin ite body tewmperature. Omne end of the
frame was elevated so that the hips of the snimal were alweys higher than

its head in order to allow gravity to help maintein gerebral bdlosd flow.

HRSULT S
A; Location of "Motor Cortex"

Rach part ef the 1&%&2&1 surfaoce of the right cercbral hemisphere
was explored for possible motor sotivity in at least two mnimsls. 3o
successful atiempts were made %0 explore the mediaml aspect of the hemiw
ephers or the depthe of the sulel. On 13 of the 16 dogs employed im thie
study a considersble part of the exploration was confined to the region
of the sigmoid and coromal gyri, for it was realised that thit was the
Ho st ;;fababls erea from which moter responses might be obtained.

It was found that the moter area af the dog was confined largely %o
the entire posterior slgmeid gyrus, the pesterior pert of the very lateral
portion of the anterior sigmoid gyrus, amd %o the posterlor pertion of the
corgnel gyrus (Plg. 1). |

The hind-leg region extended from the medial margin of the hemisphere
over 1/3 to 1/2 of the posterior sigmoid gyrus. Anteriorly it wes limited
By the crucists suleus and -mwteriorly by the pestorucists suleus, if this
was preseat. In meny snimals it was especially difficult to thoroughly
explore the medial margines of the reglon because of the numerous and large
ecerebral veins which pess asrose the ares to the durs g ssusiderasble dis-~
tence from the superior hngitﬁdinal einus,

Seven animels showed a verisble sized bemd ascross the mideportion of

the posterior sigmoid gyrus from which simulbeneous respouses would be
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obieined from both the hind-leg and the fore-leg. This band likewise
344 not exbend Beyond the cruciate sulous amterierly or the pesteruciaste
salous postariorly.

The fore-leg reglon was found on the lateral 1/2 to 3/5ths of the
posterior sigmeid gyrus and secasionally estended sround the $ip of the
eruciete sulons onto the pesterior part of the moet lateral portion of
the anterfor sigmold region. Fore-leg responses were never obtsined from
stimilation msroes the coronal suleus on the upper perd of the corgnal
gryrus.

Hyelid contractions and movements of the left ear resulted from ex-
cltation éf the pesterior and mid-portions of thé goronal gyrus and very
ocecacionally frem the sdjacent mtariar and superior border of the amterior
esctosylvian gyrus, 1In most instances eyelid responses were odserved fvom
& larger segment of this region than ths ear responses, and they usuelly
bad & lowsr threshold, In one snimal, pn which the penetrating type of
bloolar slectrode wae being used, e few points also yielded movements of
the wpper lip as well os the eyelld or sar. From one polnt in one animel
contractions of the left temporalis mmscle were a“&mﬁrﬂd;

In one animal contractions of the left part of the trunk were moted
folloving stimulation of the wid-portion of the posterisr sigmeid gyrus,
and in smother snimsl responses of the left temporalis musole were moted
from exciteticn of the most lateral pary of the posterior sigmoid gyrus
approximately opposite the latersl end of the erueiste sulsus.

With the exgeption of the responses mentioned above mo movements of
the trunk, hesd, neck or faoe were found from stimaletion of the sigmeid
gyri.

Hovements of the eyeball were looked for earefully, particularly when
the eslectrodes wré placed sbout the medial part of $he praesylvian suleus,
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but no responses were seem, Movements of the eyeball were frequently seen
but they appesrsd spontanesusly snd could not be correlsted with the as-li-
cation of an elentrieal stimulus,

The responses were mainly contralaterzl. Osceasional ipsilateral
movements of the extremities could be seen, but these wers very rare smd
were not constantly obtalned from any one cortical point in one animal or
the grouwp &s a whole,

At the end of one explaration san exporiment wes set up designed %o
determine if there were any intrasortical comnections bBebtween eyelid amd
ear areas and the srea for the extremities, which were susential for
elieiting a responce from either ragion. Both sreas were successively
stimilated snd adequate respontes seen at o low threshold., Then & vessel
ia the coronsl sulous wes coagulated by elestrocauterizstion snd an inci-
sion was made with a dlunt inetrument to & depth of about 1.5 cm. in the
sulons between the two fields. Bach reglon wes agein stimulsbted and res-
ponded, indiceting that thers were me intrasertioal consectiones essentisl
to the production of either response.

When the cortex was stimmlated with square wave pulses at a fretuency
of 1 per sec, the responses consisted of single, sharp contractions of a
growp of mecles which wsually produveed movement of at lesst twe Joints of
an extremity. In numerous inetsnces, however, it wes pos=idle %o detect
movement st only one jolnt; this was especislly true with nesr threskeld
strengths of s3imali, but could e preduced from mome points im eome
animals with stromger currents. Stimmlstion of some cortical points re=
sulted in movement at even three or more jointe, and the rezponses were
not necessarily all of the same tyoe such as = massive flexion, extemsion,
ebduction or rotation but might be any combimation of these. No experi-

ments were performed to determine if responses of single mmseles ocourred.
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It wae fmpossible to subdivide the areas for the fore and hind-legs inte
reglons for the wrist, eldow, shoulder, ankle, knee and hip jJoiniz as
there was considerable varistion in the logation of the response from
point to point in the seme and different animels, It was alse impessible
to subdivide these aress into regious for sne specific type of movement
such as a flsxion or extension et e joind. It was easier to get responses
in the proximel pard of the 1imb them in the distal.

When the freqgency of the pulse was ralsed %o 30 per sec, cue was
no longer able to obtain simple twiliches of muscle groups. In thelr
place a relatively smooth, gradual comtraction, of muscles acting on all
joints of an extremity oocurred, culmineting often in a tonic end elonic
reaction in the extremiiy, especially if the zstimu;us was applied for mre
than 3 or 4 geconds, With the use of maximel currents at = frequeamsy of
30/ sec. the exsitable srea for the arm snd leg region incressed very
¢lightly in extent; wheress in gne éua the size of the reglen for eyelid
and esr responses was Jecreased (Fig.6).

The reglons with the lowest thresholds were the fore-leg and syelid
sress., The first deteoteble res?enses were obtained from the genters of
these fields with minimal stimuli. As the current wee then increased
responses could be seen in the center of the hind-leg field, and by grad-
ually inereasing the stimulue to 1tes maximum, the excitable cortical re-
glons expanded $o the limite deseribed sbove,but ssldom beyond them (Fig.
2&4),

The impression one recelved from switching the type of elecirode
msm{bly in the various animals was that She most diserete and isolated
miscular responses wers observed with the use of the bipolar penetrating
system (Fig. 7). However, thic was wot used a sufficlent pumber of times

Bor compared te the bipolar surface electrode system so that this lmpres-
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slon could be definitely estsblished as o fact. In gemersl the lowest
threshold for obbaining responses was found with the use of the mono~
pelar sortical electrode, but the responses were not as discrete as with
the surface bipolar electrodes as movements could be seen at more Joints
{Fig. 3,4 & 5). Vhen the varisble resictor in the output of the stimula~
tor was set amywhere between 10,000 end 3,000 ohms, very complex remotions

oveurred with the use of the momopolar system. There were bllatersl move-
sentes of the neok, fore-legs, fase, tongue =nd occaslonally of the hind-
legs vhiech would result from stimulation §f prastically amy point on the .
surface of the hemlsphere. This never occurred with the use of eithey of
the bipolar electrode systems. To determine if these complex responses
wore the effect of impulses descending in pathways through the brainm stem
the following work was done at the conclusion of ous of the experiments:
The motor erea for the fore~leg wae stimmlated with wesk ocurrents which
geve mothing but fore-leg responses on the contralateral side after which
the current wae increased to ihe point at which the complex resctions were
eccurring from many reglons of the cortex. Then an inclsion wee made
threugh the oecipital pole of the cortex so as to cut through the brain
stem a$ about the level of the mesensephslon. After the lesion was mads,
the cortex wes restimuleted with both strenmgths of current,snd respemses
confined to the contralateral fore-leg could mot be observed, while those
of the complex varlety were still obtainsbils.
Changing the loostion of the indifferent electrode from the cotion
around the eraniotomy to the lips, tongue, sbdemen or the rectum had me

effsot on the complex reastion.

B: Results on Atbempts to locate Swopressor Areas
In the growp of experiments designed %o locate the "suwppressor?

bande of the dog's cortex by recording kymographically the effect of
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electrienl stimmlation on corticslly induced individuwal musele responses,
the explorations were confined to rather smsll sections of the cortex.

The explorations were vondusted arpund the sneste suleus snd its 24 jagent
grri, the coronal, the snterior ectesylvian and the posterior portisn of
the snterior cemposite gyrl, end on the gyrus prereus with partiocular
emphsiec on the cortex ot both sides of the suleus praesylviue.

When & one per second pulse was spplied to the cortex = simgle, sharp
contraction of the muecle with » rapid rise sad fall ocourred (Pig. 8).
When the freguency of the pulse was reised to 30/sec. snd the stimmlus was
spplied for a perlod of 2 to 5 seconds t¢ the eortex, a graduslly imeress-
ing smplitude of contraction emsued throughout the stimmlation., Often
superimpo sed on the gradually rising sentrastion were small smnlitnds,
Jerky twitehes of the musele {(Fig. 9,10 & 11). In some cases after-

di scharge of the musele could be seem following the withdrawal of the 30/
sec, stimulus (Fig. 9), '

During the spplicetion of the 1/sec. stismulus to the moter point,
the stimmlation of peints on the coromsl gyrus directly asress ths coremal
suleus and oppesite the posterior sigmoid gyrue with a 60 cysle alternat-
ing ourrent for a period of 10 or 12 seconds weuld sometimes produce
facilitation, extinstion snd rebound of thﬁ muscle respense (Fig. 8).

Throughout the records of all the experiments of this growp 1t was
noted that there memy perleds in which the emplitude of the contractions
wvas merkedly decreassd or almost negligible and that the latenay of the
dscressed responses besame considerably prolonged. However, the periods
of decreased responses could met be correlated with the spplicetion of
2 "suppressor’ stimulus as the decreased response: sppeared mnywhere from
1 minute to % hours snd 10 minutes after uppmgg the "suppresser? gtimm-

lus, The duration of the suppressed response was from 1 mimute to B2 minvtes.
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In some mnimels in which “suppression® of ths musculer response
ensued within 1 to 5 minutes after the "suppressor® stimulus had beean
spplied to & corticel poimt, the point wes restimmlated almost one hour
later snd weually mo effect on the respense would be seen following the
second "sappressor® stimalus (Fig. 10 & 11). In some cases the tame spot
vas restimulated 3 or 4 times during the course of the experiment with
different results esch time. 4w many ms & increases and degreases in the
emplitude of the response have been observed in e 33 minute period.

When the lighter doses of amesthetic were used, spontanscuns astivity
was consplcwous throughout the record. HMotor stimuli during the sponton-
- eous activity abolished it for a few seconds during snd after the stimmlue
(Fig. 11). The motor responses were elways easily obtaimadle and of good
emplitude when spontzneous comtractions were present, A4s the sponbtameous
activity diesppearsd from the record thers was a teadency for the m;tbr
responses to decrease in amplitude and with the resppearance of the -
spontaneous fluotuations there was generally an inorease inm the amplitude
of the motor response. »

An effort was made te find the suppressor bands of the cat in the
positions described by CGerol. On B cets 198 snd 25 were emplored, while
3® was also explored on two 6f the amimsls, Using the methode and stimme
lator deseribed sbove, it was impossible to discover evidence of suppression

from the areas.

To my Imowledge the dog'e brain has mot previously been explsred for
motor gacint‘a using & square wave pulse or 2 thyratron diseharge., Previous
iavestigators have employed 2 galvanis stimulus or the discharge of an
inductorium or & reduced 50 oycle sine wave curremt. Nome of the previoue

experiments has been dome using Dial as the anesthetic, but instead ether,
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nenbutel or some gther anesthetic has been used. These shanges in the
axperimental prosedure mmy aceount for some of the differences encountered
in this investigation as compared to the x*@mlﬁ of others. The avres from
whieh fore- snd hind-leg responses conld be jndused sgrees slossly with
the findings of Weolsey {(67). Tut mo teil reeponsss could be detected from
the medisl mergls of the posterior sigmeoid gyrus as had been done By
Ferrier (30) and Smith (60). The findings in regerd to the lateral portion
sf the snterler sigmeid gyrue are not in agreement with those of any of the
other suthors' (30,59,60,67), sinoe necik, face, jaw, hend, eyeball or pup-
{1lery responses were not found when the ares was stimulated. The fact
that the herd and jaws of the enimals used in this set of experiments were
absolutely ilmmobile, of courss, interfersd with detect respenses in
these structures. It is wvery possible that meny of the movememts ihn.t were
interpreted as flexsr responses &t the shoulder would have resulied im con-
trastions of the neck or movemends of the head had they been free. The
finding of a ceuter on the posterior sand mid pertiems of the ssronsl gyrus
for responses of the eyelids, ear and occmsionally the wpper iip 4s not ia
agreement enmtirely with the findings of Ferrier or Fritsch and Hitsig (30).
Wooleey (67) and Smith (59,60) d1d not state whether responses were
observed from the regisn or vhether it was even explored im their experi-
ments. ‘

Helther was it psssible on the dogs te divide the reglons for the
hind- smd fam«h‘: inte specifie bands for the anmkle, knee, hip, shoulder,
eibow end wrist jolnts ms had been done for the cat by Garsl (32), whe
used Dinl aneszthesia and s thyrastmn discharge of & frequensy of 1/sec. amd
8 £a1ling phase of 20 mses. se the stimulus. HNoreover, mo motor responses
of the face, tongue, lips and jews were obialned from the anterior composite

gyrus ond the anterior extremity of the coromsl gyrus ~~ on sres from which
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they hat beem observed in the oab. Also mo secend metor ares cuch as
Garel found in the gat 2t the anterier extremity of the snterior ectosyle
vien gyrus could Be detesied iz the dog. The only sigeificant effecd
Boticed from chamging the frequemey of the »ulsca from 1 per zen. te 30
par ses. in exploring the cortex of the dog was that the responses chenged
from simple twibohen of wuseles So grodual slow gontrastions of larger
grouss of musgles vhieh frequently oulminstaed in 2 tonic snd clonie re-
setion. Oavel reperted obeerving ayeball mud other responnes from stimee
1sbding the sortex of the cat in the regicn sbeut the melial tip of the
malaes praseylviae with s pulse whose frequensy war 3O per ses.j however,
stisulation of this ares in the ‘g falled te produde say votisesdlie
romlbs.

Rather freguently throughsut tha experiments it wac moted $had voe
saonses oogurred in ones musels growp acting acres: ghe Jolat, Others
have repertad thie ap happening only otdasienslly vhen stisulating the
sortex of the dog.

Although the explovation of the certex of the dog for suppresser
bande was performed largely in veglons which would eorrespond %o the
Yoontion of bands B, 35, snd 22 of the oat, they could mot de found in
the Jog with tho methode employed. A o matter of faot when using the
sans mothods on the sat, 1% was imponszible to looate bande 19s, 2¢, or
3n as deseribad Wy Omrol (32). The differsnces betwson the methods
employed by Gerel on the set and those used in the oresent experiments
ars an followsr (a) Gergl used o thyratron stimmiator whose Adisgherges
had & falling phace of 20 wsec., and vhose frequency was %at st 20 or
mare pulses per secont, The stimalsber used mest often on the dogs amd
gatn during this work deliversd » sguars wave sulse with a duration of

15 mso0, snd s a canstant frecueney of 30 per sec. (B) While Garel
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used bipelar Ag~AuzCl elecirodes on his eats, stainless steel bipolar
elestrodes were uasd in the present experiments. (o) The electrodes for
stimalating the motor cortex of the dogs were placed in o holder snd carrier
8o that they could be left permanently in place on oms epot $hroughout the
experiment instead of Vrying to memually spnrly them to execily the same
point on the sortex =t one minute intervals a8 was done on the cat. {d) The
exploring elestrode was alse placed in s wechamicel sarrier with sarev
adjustments 2o %ha% 1% 414 not heve to be manmually applied as was done in
the oat. (o) The Pouppresser" stimulus was applied for a 2 to 3 eecond
interval on the bands of the cat, but on the dog they were spplied for a 5
second peried. (f) Kymographic regords of the cortiecelly induced muscle
responses of the contralateral biceps and triceps were taken from all of
the dogs in these experimenis; whereas ouly visual obaervetion of the change
in response or contraction im & whole extremity were used for deteramining
the resulte of the "suppresser" stimulus spplied to the cat., However,
even virsual obervation of the responses of the extremity was alse used on
the four cabs which were explored in the present work, end still the swp-
pressor bands could mot be identifisd in these enimale. It i: conceivable
that by simply chenging the wave shepe of the stimulus that the factera
were sufficiently sltersd to prohibis the finding of a supprescer band as
% has been shown that by simply altering the frequency of a 'sertwal or
cerebellar stimulus either fasilitation or extinotion of & cortical motor
response can be produced from the same point (24,55). It is poseible thet
the suppressor bands are just ar pusceptible to chenges im the parsmeters
of stimulation.

It ie interesting o note, however, that Gellhorn hed difficulty
finding the suppressor areas of the cat, even though he was using exaeily

the same method and equinment as Garol, wntil sopreximetely 18 hours after
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the animals had besn aperated upon.

Altheugh no suppresser bends were found, in our experimemts, it was
often noted throughout the recerds that the mmseuler respenss descreased or
heocame almpot shesnt for varying perisds of time. That this was not a
typleal "suppression” was indloated by the faot that the onset of tha de~
areased responses bore no conetent relationship to the time of spplisstion
sf the Ysuppression” stimuius; sbsemt or decressed contrasctions eppeared
from 1 minute %o % Bowrs after the otimilus. As meny ss § perfods of de-
pressed responses have asccurred in & 33 mizute period, whersas true "swppres-
sion® has only been reported toc be trimedel at the mest (25), Alsp it wae
impossible to produce desressed responses from stimulstion of the same peint
twice although ma intervel of sa hour was allswed to elapse between the
spplication of the twe sbimmli.

The pericds of decreased respouse in the bloeps and triceps indused
by cortical stimmiation come closeet to simulsting the pericdic fiuctua~
tions in the motsor response to uniform electricsl stimuletion of the
gerebral coriex which has Deen observed in the monkey sad e¢at. In Hese
animals Brodey end Dusser ds Baremne (7) and Hoviand snd Dusser de Baremme
{10) have shown that stimulation of the moter cortex for a specific musele
resoonse st one minute intervals with constant stimuli of o "supreminimsl®
strength, would give rise %o epontaneous varistions in the amplitude of the
response. During hyperventilaticn the spentanecus variations were fouand %o
diseppesr sad the amplitude of the contrasctions to increase im 2/3 of the
esses., VYhe tha exelitadility of the cortex was inmereated by ths injection
of non~gonvulsant doses of etrychminme or the local spplicstion of atrychatﬁa
to the sortex, the spontamsous varistions sgain disappeared. A% the same
$ime the amplitude of the contractions insreased and the latemcy of the re-

soonee decrensed. Folloving the stimmlus there was some sppearance of afber-
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dlacherge. 1% will be recalled that when the dogs of the present study
showed evidense of spontensons movement and activity, the amolituds of
the cortically induned raa@amw vees practically slwaye ineremsed. Eswever,
thers wers wide variations in the durationm of the spontaneous setivity, the
amplitude of the spontancour eontraetions amd the period in which mo
spontanesus agtivity was preseat. Bven though the fluatuations of responses
in these dogs was some$imes much more marked amd had o mmeh wider variation
in ite periodicity than the fluctuation reported for ths monkey and eat,

it 1s felt that they are eimilar pheﬁnm.

SROMRY ,

An exploration of the emtire lateral surfasce of the right cersbral
hemisphere of the dog hms been carried out using a sguare wave alesctriasl
“uise as the stimulus to locate the motor areas. 4 partial emplorstion
&leo has been performed in an attempt to locate the suppressor bands of
the dog. The resulte of this ctudy were as follows:

(1) The motor area of the dog wes confined to the entire posterier
sigmid gyrue, the posterior part of the wvery latersl p@ftiﬁﬂ of the ane
terior cigmoid gyrus, sad to the posterier portion of the coronsl gyrus.

(2) The hind-leg region #tmde& from the saperier longitudinsl
fissure over the medial 1/3 to 1/2 of the posterior sigmoid gyrus,

{3) There was & narrow band 2t spproximately ths mid-portion of the
posterior sigmoid gyrus from which stimulation prodused responses of both
the fore- and hind-leg. |

(4) The fore-leg region wvas found on the latersl 1/2 to 3/5th of the
posterior sigmoid gyrus and ooceslonally extended around the tio of the

eruciate suleus onbo the pesterior part of the moet lateral portion of the

anterior sigmoid gyrus,
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(5) Byelid, sar and pecasionslly unper lip responses were detected
from stimulation of the pesterior and mid-portions of the ceronsl gyrus,

(6) Movements of the hoad, neck, eyeball, aud lower face weve not
obsarved; however, the head and neck wers limited in thelr moticn by the
bracs which helped %o hold the auimal on the frame.

{7) On one ocsesion a response of the trunk musculature was observed
from stimulation of the wid-portion of the posterior sigmeid gyrus,

{8) Although occeslenal ipsilatersl responses were observed, the con-
tractions were mainly contralateral.

{9) Movements usually sccurred at two or more jJoints in em extremity;
however, from numercus points 4% was possible %o obtein responses at only
ene Joint.

{19) When & pulse frequency of 1 per sec. was used, single sharp
contragtions of a group of muscles ocourred, but if the frequency was raised
tn SO-gnr eea., the response changed to 2 relatively mmooth, gradual con-
traction of muscles acting on all of the jointe of an extremity. Tonic end
clonie reasctions often sppeared during stimmlation with a2 frequemcy of 30
per sse.

{11) The reglons with the lowsst thresholds were those of the fore-lez
sud the syelid. »

(12) 1% was the impression that the Bipolar, penetrsting-surfese elec-
trode system gave the most discrete responses, The lowsst thresheld for
respgnﬁQQ was foumd with the use of the monopolar electrode assembdly, tmi
with stronger currents this assesbly prodused bilsteral responses of the
nack, foredegs, face, tongus end ﬁﬂcaﬁiaﬁally of the hind-legs. It wgs
shown that » pathwey through the brain stem was not eseentisl to the pro-
dustion of these complex respenses., Changing the location af the indiffer-

ent electrode did not slter the nature of the complex response.
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(13) Bo evidense of sapprescor bands inm the dog's sortex was found
in the region sround the snzate suleus, the coronal gyrus, the saterier
ectosylvian gyrus, the posterior portion of the saterier composite gyrus
and the gyrus proreus,

(14) During stimulation of the metor cortex with a frequency of 1
per sec., the spplication of a 60 eyele altermating earrent fora seriod of
10 or 12 seconds on the coromal gyrus would wuetines produce faeilitation
extinction and rebound ¢f the mussle respsase.

(15) Throughout the reverds perieds of decreased amplitude of response
with an incresse in latency were noted which had a Guration of feom 1 mike

ute to 42 minutes. These perlods of decressed response Bore me constant

(16) When lighter doses of anecthetic were used spontenesus sotivity
was consplovons. Stimuli epplied to the motor cordex &win@ the spontanepus
activity stepped 1t during the stimulus snd for a few seconds thereafber.

(17) With the techniques which were used 1% was impessible to fimd

areas 19s, 28, and 3¢ 4in the sat,
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FIGURE 1
A compotite disgrsm of the right latersl surface of ths cerebral
hemisphers of the dog. The shaded areas are those from which ekelo-
tal mmscle responses were obtained. The enmbtire latersl surface of

the cortex was explored except the olfsctory buld and itraet.
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FimE 2

Meps of the cortical area explored for skeletal muscle response
om dog #3. The cortex was stimlsted with o one per 2ec. square wave
electrical pulse of a duration of 15 msec. & momopolar electrpde assem-
bly was used. The upper map indiecates the responsive points when the
resistor in the output of the stimulator was set between 15,000 te 30,000
ohms; the middle map for settings betwsen 10,000 to 30,000 chms; and the
lower map for settings between 2,000 o 30,000 omms. The groups of
lettere within the explored ares in these and subsequent meps indicate
the responses that gcourred from stimulation of that point. The die-
tance between the centers of adjacent groupe of letters ie always 2 mm.
unless otherwise indicated. The first letter of each gfau@ aha&s the
side of the body from which the response was obteined; otherwise the
mesning of the letters is & follows: LEH, left (omitted heresfter)
extension of the hip; LAMH, abduetion of the hip; IFK flexion of the
knee; LEK, extension of the knee; IFA, flexion of the smkle; LEA, ex-
tension of the ankle; IFS, flexion of the shoulder; LES, extensien of
the shoulder; LABS, ebduction of the shoulder; LEE, extencion of the
elbow; IFE, flexion of the olbow: LEW, extension of the wrist; LFW,
flexion of the wrist; 1¥, eyelid conmbrsetions; LE, ear contractions;
I¥H, neck contresetions (these neck responses were very gusstionsble smd
should mot be iasluded in the diagrem as they wers & part of the Yeome
plex’ response deseribed when momopolar electrodes were used). These
geme letters will be wsed in all the succeeding mespe unless sthervise

noted,
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FIGURE 3

A msp of the scortical srea explored for skeletal musc¢le responses
on dog #4. The stimmlue consisted of & one per sec. square wave elec-
trical pulee with & duration of 15 msee. The upper mep shows the re-
spontes obisined with the use of the bdipolar surface elscirgde assembly,
and the lower mep shows the responses oblained with the use of the
monopolar electrode system. The meanlug of the groups of letters are
wE, ¢

s in Fig. 2 sxoept for the following: 175,

ths sula

o

hip; HEH, right extension of the hip; Uy, uwpperward eyedall movement.
The neck and syeball mpvements were very, very questionable snd should

not be izneluvded in the disgram.
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PIGURE 4

Haps of the cortical regions explored for skeletal muscle response
on dog #5. The cortex was stimulated with a one per #ec. squere wave
slectricel pulss with a duration of 15 meee. The upper map shows the
responset that were obtained when the cutput resistor was set between
16,000 to 30,000 chms and & monopolar elecirode system was being used;
no responses were noted when the bipolar electrodes were usad at these
resistences. The middle and lower pair of maps show the differences
between the responses obiained with the use of momspolar and bipolar
electrodes. In esech peir identical electricsl pulses wers emplayed.

The memning of the grouns of letters is the seme az in Pig. 2 & 3.
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PIGURE §

Maps of tho gortical reglen explored for skeletal mussle response
in dog #6. The coriex wes stimulated with & equars wave sleatrical
pulce at o frequency of one per sec. and & pulse Aduration of 15 msec.
The uwpper map Indicates the romponses obbained with the bipelar slesc-
trode essembly, and the lower msp depiets the responses with the
monopeler elsstrode system. The results of this experiment are in"-;
cluded here primarily to show the sxtent of the ares for syelid smd
ear contractisns. It was seldom, however, that these movements were
obtalned from the snterior eetosylvian gyrus. The nmiag of the

growps of letters is the seme e in Fig. 2 & 3.
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PIGURE &

Meps of the cortical reglon explored for skeletal muscle responss
in dog #10. The cortex wes stimumlsted with p square wave electrical
pulse with a duration of 15 meec. The upper map depiots the responses
observed with a pulse frequenay of one per sec. The lower msps T-7
end T-11 show respectively the responses observed with s pulse fre-
guency of 10 to 15 per seo. and 30 per ses. The meanming of the growps
of letters is the same as in Fig. Z & 3, with the following exceptions:
LFF-L, left extension of the fora-leg; IFP-L, flexion of the fore-leg;
LAdF-L, adduction of the fore-leg: mnd (T & €), tonus and clomus during
the stimuletion.
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PIGURR 7

A map of the cortical region explored for skeletal musele response
on deg #13. The cortex was stimulated with a square wave elestricel
pulse st a frequency of ome per sec. with a pulse duration of 15 mseec,
The penetrating electrpde was placed in the cortex to a depth of
spproximately 1/8%h of an imch, while the sdjesent ecleoirede was allowed
o rest on the swrface of the brain, The meaning of the growps of let-
ters 1s the same as 4n Plg. 2 & 3, with the following exceptions and
additions: Lat.BS, lstersl rotation of the shoulder; BFH, right flexion
of the hipy B3, right flexion of the lhuﬁlﬁar; LeyL, eyslid contractions; _
LUpL, wpper 1iip contractions; I¥er, ear contrections; L¥em., contraations
of the temporslis muscle; and (C) contraction wes only very cccasionslly

observed and probably should mot have been included in the map.



MW = ———

Ly /oE/ol swyp 0 -0F €l #900
30V48NS NO | + X3ILHO0D INILVHIINIL T - S300M19T13 HY10dI8

9 YNOHOD

WLy
# L e ol
S

_

_ _
9 QI0WOIS M¥OIMILNY |
|

'S 31vI9NYI

D 0I0W9IS HOINILSOd



Fiouss g

Kymograme of corticslly induced respomses of the biceps and driceps
muscles of dog #18. The wpper line in all of the kymograms im this and
suceeeding figures shows the response of the trieeps muscle, while the
response of the blceps musele is shown onm the second lime. The third line
is that of the signsl marker which depicts the spplication of ¥suppressor®
and "motor® stimmll te the cortex, smd the fourth line shows the time
signal vhich was marking st one second intervals, All of the individusl
Eymograms must be read from right to left as it was necesssry to arrange
the recording device so hat the paper was rumning in the wrong direge
tion. The bBioeps responmse was induced by = square wave electrical pulse
8t a frequency of one per ses. sand s pulse durstion of 15 msec.

A. A7 m.a, 60 z:yeiaa a.¢. stimulus was applied to the coronal gyrus
dirwﬁy» oppoeite the posterier sigmid gyrus for a period of 12 see.
Notice the initial facilitation of the response followed by = period of
extinction and rebeind., (The recording DERS vere ‘net alined exsotly so
the feeilitatlon of the bicsps sppears sbout gne second @riar to the de-
flection of the signal marker).

B, The first kymogrem, marked B, was taken at 11:05 during the
epplication of a 7 m.z. 60 eyele s.c. stimulus to the gyrus proreus,

The macceeding kymograms were teken st the stated intervels and illus-
trate the fluctuation of the biceps response.

0. The kymogram was teken at 11:20 immediately after the last one of
B. TFor mo spparent reassn there was a rapid return of the response with

fallitation snd greatly increased tomus in the muscle.
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FIGHRE 9

Kymograme of the triceps and bieepe responses of fog #20. The
$ricepe response is on the wpper line. The cersbral motor point for
the triceps mscle wes stimulatod at one minute interwesls for perleds
of about 5 see., as indicsted By the signal marker, with square wave
electrical pulses of & duration of 15 msec. snd a pulse frequency of
30 per sec. The kymograms from 1 to 12 were token at succsssive one
minute intervels from 10:52 $o 11103 p.m. The last Fsuppresser®
stizulus had been spplied 37 minubes previounsly. Notlse the three

minute period of almpst complete sbsence of response.
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FIGURE 10

Eymgroms of the triceps and Diseps responses of dog #32, The
triceps responee ie on the mpper line., The motor poimt for the mas-
sles was stimuleted with square wave electrical pulses with a dura-
tion of 15 meec. snd st e pulse frequency of 30 per sec. for a peried
of about 3 sec. at one mimute intervals., A Peuppreeser? stimulus wss
spplied to & point on the gyrus proreus for 5 sec. at 11:45, The
parameters of the ¥suppressor® stimmlus were exactly the seme as those
used for stimalating the motor cortex exgept that the resistance on
the gutput of the stimulater was deerensed. The response was decressed

or absent for a peried of 21 minutes.
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FICOURR 13

Eymogrems of the triceps end biceps muecle respouses of dog #32.
The parameters of stimlation were exsmetly the zame as those used
snd deseribed for Pilg. 10. A. to €. consists of semple kymograms
taken at the stated times defors, during amd after the spplication
of a ”ﬂngpréssar“ stimalus to the ldenticsl point on the gyrus prereus
from which the "suppression® for Fig. 10 wes slicited., At 2150-1/2
the signal marker indieates the perioed of spplication of the "euppres-
sor”? stimmlus. It should be noted that there was no decrease ia the
amplitude of the contrastions over a W4 mimm$e period; whereas in
Pig. 10 2 2/minute period was shown in which the contractions were
almo st sbsent.

D. & E. are sample kymograms tsken frow deg #32 showing spentanecus
contractions of large smplitude. ¥Notice that the spontaneoune twitches

dissppenred during the spplication of the stimulus to the motor cortex.
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