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INTRODUCTION 

325 

In our laboratory we have studied the problem of unconsciousness due to head 

injury clinically and experimentally for many years and found that in unanesthetized 

(restrained) animal brain portions which play an important role in bringing about 

coma (loss of nociceptive reflex) are mesencephalic central gray matter, medullary 

reticular formation and some other brain stem regions. If coma is associated, as 

supposed in a common sense, with loss of the functions of the whole cerebral cortex, 

we have to expect the existence of electrophysiological connections between these 

brain stem regions and 出町usecerebral cortex. Previously, ARAKI, SAKATA and 

MATSUNAGA suggested this possibilit~・ in the report“Recruiting Response-like EEG 
Changes Induced with Extrathalamic Stimulation of Cat." 

On the other hand, according to the literature, there are definite thalamic regions 

which have electrophysiological connections with the diffuse cerebral cortex and many 

investigations have been made al::;out recruiting response occurring through these 

connections since MoRISON and DEMPSEY. The ascending activating system and the 

limbic system are thought to maintain the background activity of consciousness and 

these parts have been shown to have many neural connections from nearly all upper 

cerebral levels as well as from peripheries. 

This study concerns with the connections of mesencephalic central gray matter 

with cerebral cortex and subcortical structures of unanesthetized (restrained) animals. 

lVIETERIALS AND METHODS 

Unanesthetized cats weighting 1.7 to 4.0 kilograms were used. Trephination 

of the skull and installation of the stereotaxic instrument were carr色dout under 

ether anesthesia. The further experimental procedures "・ere performed at least 2 

hours after cessation of anesthesia. Some anesthetized cats were used as controls. 

Anesthesia was by means of intraperitoneal injection of Ravonal (sodium 5・ethvl-

5・（1・methylbutyl)thiobarbiturate). 
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Ob日CI'rntionsof the responses to electric stimulations in unanesthetized (restra-

incd) animal wc1℃ performed when the animal was relaxed and spontaneous electrcト

cncephalo~ram wns not activated. Stimulating electrode w川 bipolarelectrode (the 

bar℃cl tip separated l>:≫ a distance of 0.1 mm) consisting of two parallel steel wires 

with a diameter of 0.3 mm  insulated with laquer except for 0 2 mm  at the tips. 

In some cases, bipolar concentric electrode made of h ~－ 1〕odcrmic rn:edles (tip exposure 

of 0.5 mm) was used. Leading for surface EEG was through monopolar steel needles 

inserted through the skull to the level of dura or bipolar small silver ball electrodes 

with a diameter of 1 to 2 mm  (tip distance of 2 to 4 mm) disposed gently’on pia 

or dura. For each example, responses were rε 

Fig・. 1 An example showing the tracts 
made l.>y small stimulating-electrode 
、、ithinm巴scncephali<・c:cntral gray 
matter. To determine corred loci 
of tips of electodcs, KLii1ι九 一R11nnm-1’s
stain and iron reaction 1 T1R''-'NN-
ScRMEr,zrm's m巴tl:od)were carried 
out. 

the whole convexity of the cerebral cortex. Deep 

EEG 1γ乱日 recordedb：γmeans of the leading elect-
rode consisting of the above mentioned steel wire 

monopolarl¥ (tip exposure of 1 mm) and other-

wise bipolar!>・ (tip separated bγa distance of 2 

mm). In some instances, also concentric electrαle 

wa日 used.

In di百erentelectrode in the monopolar leading 

¥ms placed on the nasal bone. 

Stimulation (pul~c duration : 0.2-1 rn~ec., 

frequcnc-'・: single shock to 30 per second, mainly 

about 10 per同cond,intensit）ー： 0.540 volts) was 

deliγcrcrl from a squa1℃ wave stimulator （ ~ihon 

Koden Co ) . The electrodes were inserted d巴eply,

01 ien tcd witl1 the HoRSLEY-CLARKE’s stcreotaxic ap-
pai-<tLus, into mesencephalic medial portions, many 

thalamic nuclei and the other subcortical portions. 

The observation and recording of EEG were made 

with the 2 channel (Sanei) or 8 channel (Ediswan) 

apparntus and cathode ray oscillograph made to 

メweepat the moment of stimulation; for the latter 

a serial photographic apparatus was devised in 

our labora ton・. 

Dui-ing the experimental procedure, especially 

long la日tingprocedure, it is 11ecc出 ar_,-to take care 

of the state of the brain against cooling, deh~·d­
ration and anoxia. Therefore, in order to mam-

tain vh.1日iologicalconditions of the brain as well 

as possible, l、eepingan animal warm, attentative 
operative procedures and dropping down of warm 

phy只iologicalsalt solution etc. were carried out. 

At the end of experiment, after electrolysis 

was made at the locations of tips of deep elect-
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rodes, brain was taken out immediately and 白xed with ten percent formalin 

and afterwards locations of the tips of electrodes were ascertained histologicallyア

＼）~・ means of KLUVER-BARRERA's staining and iron reaction (TIRMANN-ScHMELZER’s 
method). Anatomical guide of cat’s brain was referred from H. JASPER and C. 
AJMONE-MARSAN (1954), vVINKLER and PoTTER (1914) and J. J1MNEz-CAsTELLANos 

(1949). 

RESULTS OF EXPERIMENT 

(A) Electrophysiological connections between mesencephalic central gray matter 

and cerebral cortex. 

( 1 ) ::¥Iesencephalic regions, the stimulation of which induce diffuse cortical 

responses. 

『--v－～，，，..~，，.；.v.，，仰，，A.，，，~I/〆ノずν州尚、昨

－『w叫司哨..,.,W.＇＂叫れ帆叫＇11,\44',lll’，＼＼ν仇叫~，.，.＿，，＼，／.’ t心下ワル川

4ι＿，， IOOμv 

Fig・. 2 An example of ink writer oscilloscope record of our response in 
bilateral anterior sigmoid gyrus following stimulation of mesencephalic 
central gray matter (1 msec., 15 v., 10 p.s.). 

Fig. 3 Schematic diagram of paths 
through which stimulating electrode 
was inserted repeatedly into mesence-
phalon. Open circles indicate the 
points, stimulations of which yield 
marked response in diffuse cortical 
areぉ synchronizedwith each stimu-
lus. Triangles indicate unstable or 
not so marked response. Crosses indi-
cate no response in diffuse cortical 
areぉ followingeach stimulus. 

After fixing the cat in the stereotaxic ap-

paratus, stimulating electrode was dorsoventrally 

inserted step hy step into the mesencephalon, at 

the level from the oculomotor nucleus to the 

trochlear nucleus, stimulation with supraliminal 

intensity and low frequenc~’ being given though 

it at each step, and induced responses on the 

surface EEG from each cortical region were 

recorded. Fig. 3 shows an example, in which 

directions of repeated insertions of electrode were: 

colliculus superior→mesencephalic reticular for-

mation →lemniscus medialis→pγramidal tract, and 

colliculus superior→mesencephalic central gra~’ 

matter→mesencephahc reticular formation→nucl. 

interpeduncularis, etc. In this case, stimulation 

of mesencephalic central gray matter, particularly 

its ventral portion, and the part of mesencephalic 

reticular formation adjacent to it induced distinct 

respon同 日目ynchronized＇＇’ith each stimulus in the 

diffuse cortical areas. These areas of e百ective

stimulation extend in mesencephalic transverse 

plane mostly, as seen in Fig. 3, 3 to 4 mm  'Yiclc 
in ventrodorsal direction and their extent does 
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not necessarily correspond with the particular anatomical structures. When the 

stimulating electrode wa日 moredccpl,1 i11日crtecl,the nearer it advanced through the 

mesencephalic reticular formation to the medial lemniscus, the more predominant 

responses appeared only in the anterior cerebral cortex. 

Namely, mesencephalic regions, from which widespreadぉ：－・nchronizedcortical 

responses were induced Ji:-・ stimulation, especially typical!~’ with about 10 p s. repe-

titive stimuli, consisted of mesencephalic central gray, especiall~’ its ventral portion, 

and a part of mesencephalic reticular formation adjacent to it. It was difficult to 

determine the exact extent of these regions in our experiment and whenever we 

stimulated an~· point within this region, uniform cortical responses were obtained. 

ARAKI, SAKATA and MATSUNAGA reported previously about these cortical responses 

(the~· called recruiting response-like EEG changes) that the responses appeared at 

a high rate b~· the stimulation of the mesencephalic central gray matter and adjacent 

reticular formation. 

Generally, on stimulating the border of these regions, elicited responses were 

sometimes unstable and irregular and predominant in anterior cortical region with 

some variation in form. Wave form will be described later in detail. Bv stimu-

lations of lemniscus medialis, nucl. interped., pyramidal tract and colliculus superior, 

there did not appear widespread cortical 1 C円l)O!lSC只 synchronizedwith each repetiti¥T 

stimulus. 

( 2) Wave form of our responseア

Wave form of our cortical response is not ea叩 todiscuss owing to the mixtures 

of the spontaneous EEG and the complicated conditions of the animals, especially 

of their cortex, but the obtaincrl re日p011sc日 areshown in Fig. 4 and Fig. 5. Generally, 

according to the日timulatingpoint within the effecti¥'c mesrncephalic region the 

di仔erencesin wave form of cortical respon日cscould not be found. 

Our response showed mostly monophasic wave form, which was surface-negative, 
slowly appearing after the stimulus, but rnmetimes also triphasic form. The latter 

consists of an unstable little negative wave, appearing immediately after the shock 

artifact, then the mostl~’ not remarkable slow positive wayc following it and finally 

the most eminent large negative wave. Generali:-・, initial negative wave and folio-

wing positive wave are not so marked but the slowly appearing negative wave is 

usually the main component of our response. But the neare1・tothe sem.ory paths 

in the ventral mesencephalic reticular formation was the stimulating point and the 

more anterior the leading cortical area, the more remarkable became the initial 
negative wave and sometimes spike-like. 

The main negative wave is the mo日treliable deflection, which show日longlatency, 

the highest voltage (in our conditionヘmostly100句 200／パ’）and the longest duration. 
Its wave form and voltage usuall:-・ docs not kncl to ':a1γaccording to the cortical 

leading regions. On the contrary, the short latenc.v, short duration and日pike-like

responses to stimulation of mesencephalic meclial lcmniscus were obtained from 

一一一ー一ー一一一一一一一一 一一一一一一一一一一一一一 一一一 、一一一一ーー一一一一一一一一一ー一一一一ー一 一 一ー 一～一一一一一ー一一 一一ー一一一一一一一一一一一一一一 一一一一一一一一一一一一一ー一一一一一一一一一一一一一一一一一一ー一一

* In this paper, it means diffuse synchronized cortical response to repetitive stimulation of mesen-
cephalic central gray matter and its neighborhood in unanaesthetized (restrained) animals. 
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Fig. 4 Cortical responses induced with low frequency repetitive stimulation 

of mesencephalic central gray matter. A: Stimulation (0.3 msec., lOv., 8 
Pふ）elicited responses in coronal gyrus on the same side. 

B: 0.3 msec., lOv., 7.5 p.s., anterior suprasylvian gyrus on the same side. 
C: 0.3 msec., !Ov., 9 pふ， middleectosylvian gyrus on the opposite side. 
D: 0.2 lllSC'ι，12v., 9 p.s., middle suprasylvian gyrus on the ::;ame side. 
Time marker 60 c/s in all. Calibration, ~001べ．

somatosensory receiving area (gyr. sigmoid. post.) 

( 3 ) Cortical distribution of our response. 

329 

According to the resultsυr experiment which was canied out by monopolar 

leading main！~・ and IJ~’ bipolar leading with tip distance of 2-4 mm  successively, 
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our responses were obtained from the wide 

cortical areas bv means of liminal or sup-

raliminal stimulation. 

U日ua11γ，日urfaceEEG was recorded 

from the cerebral convexity and in the 

majority of our cases our responses wc1℃ 

recordable from the following cortical areas: 

anterior, middle and posterior c;upra町lvian

灯 rus,coronal gyrus, lateral g:vrus, anterior, 

middle and posterior ectosylYian gyrus and 

anterior and posterior sigmoid g-yrus. Res-

ponses were obtained also from fornicate 

gyrus and piriform灯 ruswith the bipolar 

electrode inserted slightly deeper than the 

cortical surface. Fig. 5 shows an example 

of cortical distribution of rc:-,pon時日）Jy

means of sing le ぉhock. In other words, 

cortical disti叶JUti on was di百useinvolving 

somatosensory and auditory receiving areas. 

盟関圃

＼〈メ

ー（
Fig. 5 Distribution pattern of cortical respo応e
following single shock of mesencephalic 
central仰向＇ in one and the same cぉe.
Stimulation〔lmsec., 8 v.J. Time marker 
60 els. 

Although appearances of the responses were sometimes apt to depend upon the 

many experimental conditions, cortical distribution (inclusive of the anterior and 

posterior areas) was not signifcantly influenced by the stimulating point within the 

mesencephalic e百ectiveregion. 

( 4 ) Fluctuation of the amplitude. 

It is obvious from the pi℃Yious stud~’ of our laboratoy that recruiting response-

like EEG changes induced with cxtrathalamic日tirnulationoccur most easily by about 
10 per second frequencies of stimulation. 

The recruitment of the responses during repetitive stimulation was not so cons-
tant, as seen in the case of recruiting response in anesthetized cats, probably because 

of the difficult conditions of being unanesthetized (Fig. 4). For instance, during 

the maintaining stimulation, some responses show alrcacl~· high amplitude to the 

first stimulation without the marked tendency to augment to successive stimulus 

(Fig. 4. D), others little or no response to the白rstwith日lowlydcYC!oping recruit-

ment during continuous stimulation (Fig. 4. C., Fig. 7. left) and others occassionally 
waxing and waning (Fig. 4. B). 

These fluctuations of amplitudes were usually most distinct in the main negative 

wa¥'cs. Sometimes cvcn in the same case under the same conditions, the different 

modes of自uctuationswere ol 'served in di町crcntseries of stimulation. 

( 5 ) Response time . 

. Although it ,,・as【lifficultto measure rcs11011同 timeexactly, the latency, for 

instance, was measurecl from the beginning of the stimulus artifact to the onset of 

the negati¥'C or 11ositi,・c cletlection along the base line 抗日 well as possible. In one 

case of single stimulus of mesencephalic central gray matter, latencies of the main 
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negative waves from the various cortical areas, that is, anterior suprasylvian gyrus, 

middle ectosylYian gyrus and posterior supra町lviang~Tus bilaterally, were as follows 

respectively: 50 msec., 40 msec., 70 mscc , 82 mscc., 70 mscc., 56 msec. and more 

or less different in accordance with the leading cortical areas. Tracing latencies in 

the total examples as well山 possible,those of main negative wave日were30 to 85 

msec. (in the majorit?, 30 to 50 msec.), initial negative wayes 3 to 8 msec. and 

following positive waves 10 to 30 msec. (most!.¥・ 12 to 20 msec.). Peak times of 

the main negative wayes were between 50 and 90 msec. and its duration 40 to 70 

msec. In case of augmentation of the respoηses during the repetitiye stimulation, 

fluctuations of the latencies of the main negative waves were generally not so 

marked as in usual n:cruiting response. 

( 6 ) Our respons:') and various stimulating conditions. 

With various intensities and frequencies of stimulation, responses were observed. 

a) With increasing of intensity b~· 2 volts, the appearances of the main negative 

waves were observed. In the example of Fig. 6 t〕emain negative wave appeared 

I lOOμy 

Fig" 6 Cortical response in antsrior supraョylvian.?;yrus to liminal stimulation of 
m2s2ncephalic c巴ntralgray. L:=ft: 1 ms色C・，2 v. middle: -± ¥'. right: 6 v. Time 
marker 60 c/s. Notic色 thatmain negative ＇＇刊・ebegins to appear with intensity 
of 4 v. 

at first with stimulation of 1 msec. and 3 or 4 volts. On the other hand with 

gradual decrease it disappeared with about 3 or 4 volts. In man~’ cm·es, the liminal 

threshold to evoke the main negative wave did not necessarily rely upon the stimu-

lated loci within the medial mesencephalon or upon the recorded cortical areas. 

With increasing supraliminal intensity, not so marked changes in wave forms occurred 

in most cases, except slight increase in amplitude of positive and negative wave, 

but sometimes marked increase of positin~ wave and a little prolongation or shortrn-

ing of latency of negative wave were seen. We also had an example (Fig. 7); in 
which responses gradually increasing during repetitive stimulation became constant 

in amplitude b~’ increasing voltage. But, generally speaking, we could not find in 

our response the definite relationship between stimulating intensity and waxing-and-

waning, which should be observed in typical recruiting 1℃日ponぽ inanesthetized 

animal according to JASPER (1949). The reason for this rr.a~’ be that response to 

low voltage stimulation may be covered b.¥' the spontaneous EEG in our conditions. 

With increasing intensity, diffuse cortical distribution was inclined to be more 

marked. 

b) Although it was clearly ob:.ci ＼℃cl that responses were町nchronizedwith 

stimulation of frequencies up to 20 01・30per second, optimal frequencγ is about 

10 per second just as was shown in the previous report from our laborator;;. Changes 
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of frequencies around 10 per second did not greatly influence the amplitude and 

latency of the main negative wa vc. 

( 7 ) The influence of anesthesia upon our responses. 

The investigations about the so called recruiting respon~e with w c of muscle 

relaxants and under unanesthctic state wむre iCccnU~· reported but ‘＇classical recrui-

ting response”which JicmrsoN and DEMPSEY at first reported wa日 foundout in the 

cats under nembutal anesthesia. In this exper‘iment unanesthetized (restrained) 

cats were mostly used but in a fe¥1' cases, 

in order to compare with the recruiting 

rcsponse，“Ravonal”（sodium 5・cth~l・5 (1-

25 v. 

12v 
圃園

もy

Fig・. 7 A case of cortical n行pun.;cwhen stimu-
Ia ting intensity was increas巴cl. Stimulation 
(0.2 rnsec., 9 p. s” left: 6γ，middle: 12 '"・ 
right: 25γJ of rnesencephalic叩】tralgray 
matter. -・ L巴ad from middle suprasylvian 
gyrus. Time marker 60 c/s. 

βι｛<Jre α／te1・

A 

JmL九 18mtη

8 

園園 園関，，伽
Fig-. 8 Our response was depressed when intra・開
peritoneal injection of Ravonal was carried 
out. A: Our r€sponse to stimulation of mesen-
cephalicじentralgray. B: Recruiting response 
to stimulation of centrum medianum. Both 
two responsES were led from middle suprasyト
、iang-yrns on the same side. Left: before 
injection. Stimulation (0.2 ms巴c.,10、・η9p.s.) 
of the above two loci. Middle: 3 minutes 
art<'r inj2ction of Ravena! 25 rn且perkilogram. 
Stimulatioh (0.2 ms巴C., 10 Y., 8 p目s.).Right: 
18 minutes after injection. Stimulation俗
above. Time marker 60 c/s. 
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methylbutyl) thiobarbiturate) was used to examine the influence of anesthesia upon 

our response. 

In one and the same cat, after stimulating electrodes were inserted into both 

mesencephalic central gray matter and centrum medianum of thalamus on the same 

side, the influences of anesthesia upon each two responses were compared, which 

were obtained by stimulation of the both loci with the same stimulating conditions 

and by leading from the same cortical area (in this case the middle part of middle 

suprasylvian gyrus on the same side) (Fig. 8). Ravonal of 25 rng per kilogram was 

injected intraperitoneally. 3 minutes after injection, when slight muscular relaxa-

tion, miosis, decrease of nocirefl.ex and slow waves sometimes spindles on EEG ap-

peared, on stimulating mesencephalic central gray matter with the same conditions 

as before anesthesia, responses no longιr occun’ed at all from the cortical areas 

above described or elewhere. 

On the contrary, at this time on stimulating centrum medianum, one of the 

diffusely projecting thalamic nucki, responses were elicited marked］~’ to cver:i・other

stimulus (alternation). Moreover, 18 minutes after injection, at the time of marked 

slow waves in EEG, muscular relaxation arid slow respirations, responιm to stimu-

lation of mesencephalic central gray matter still did not occur from each cortical 

area, while marked response to centrum medianum did. Afterwards, frequencies of 

宇ー.. stimulation were reduced to about 3 per 

βψe (Jfter second but no response to stim山 tionof 

p ’ mesencephalic central gray matter was 

obtained from diffuse cortical areas whereas 

stimulation of the di百usethalamocortical 

projection system (centrum medianum) 

elicited recruiting response. 53 minutes 

after injection, the cat began to move 

slightl:i’and awake, and subsequently 35 

minutes afterward, with low frequenc~’ 

stimulation of mesencephalic central gray 

25min matter responses began to appear. 

5min 
I 100}.lV 

圃圃
Fig. 9 Our response recorded from posterior 
suprasylvian gyrus following stimulation ( 1 
mseι10 v., 8 pふ ）of mesencephalic central 
gray was depressed by means of intraperito-
neal injedion of Ravonal. Left : before inject-

Fig. 9 shows the same e汀ectof anes-

thesia as above. 5 minutes after injection, 

anesthesia depressed cortical responses to 

stimulation of mesencephalic central gray 

matter. Especially the amplitude of the 

main negative wave decreased and tended 

to become fl.at and 25 minutes after injec-

tion, entire！ ~ · disappeared. Initial negative 
ion. Middle: 5 minutes after inj2ction of Ravo- ＂’川 ℃ seenin this case was almost unin-
nal 60 rr;g per kilogram. Right : 25 minut岱

百uencecl.after injection 1 with supplement of 60 n：ιafter 
22 minutes). Tim巴marker60 c/s. As mentioned above, cortical responsEs 

to repetitive stimulation of mesencephalic central gray matter were much more 
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;;cnsiti,・c than that to stimulation of the diffuse］）’projecting thalamic nuclei for 

anesthetics such a日 Ravonaland depressed so markedly. 

( 8 ) The influence of the cooling upon our responses. 

During the long-lasting experi-

ment with exposure of the brain, 1 

the刈 meexperimental procedure, if / 

repeated with a certain interval, / 

does not alwa~·s elicite the same 

result again. For this many reasons 

may be considered, above all, cooling 

and dehydration of the cerebral 

cortex seemed to influence the ap-

pearances of our cortical responses, 

and her、emain negath’cw 
． most sensitive and apt to disapr】ear

1司rhile initial negative waves and 

poメitiγc wa ¥'C日 stillcoul【lbe 日CCll.

Th巴se ill e百ects disappeared bγ 

means of ])l'C¥'ention from cooling 

and dehydration of the brain. 

This fact seems to give us a 
suggestion about the origin of each 

element of our response. 

(B) Elcctrophysiological connec-

tions between mesencephalic central 

灯叫r matter and various subcortical 

structures. 

Stimulating mcsencq】haliccen-

tral gray matter and its adjacent 

reticular formation and recording 

responses from depths of the brain, 

we examined the loci of predilection 

where the responses were most casil.'・ 

obtained and also the natm c of the 

response日. The responses in depths 

were not so simple in wa¥'c forms 

and others as compar℃d with the 

surface responses on account of being 

more cnsil.'・ intlueneι〔lIJ ~· many ex-

perimental conditions. Although 

the de日c1iplior1日 aboutthe にu!Jcor-

tic,11 ('llllllCCt i川isfrom mcscncephalic 

central g-1 <1.1’sulista1;.ce had ali encl.' 

I 100jlV 

8 

A 
c 

I 200).lV 

Fig-. IO Responses recorded in depth of the brain by 
stimulation of mEsencEphalic central g-ray matter. 
A: 1 mset:. 8 Y., JO p.s. Response Jed from the region 
of rn1cleus ruber on the same sirle. Notice slow develop-
ment of ]Jositive deflections during repetitive stimu-
lation. B: lmsec. 15 v., JO pふ Frommesencephalic 
reticular formation r just dorsal to nucleus interpe-
cluncularis). (' ・ 0.2 mscc., JO、8.5p.s. From centrum 
mEdianum on the same side. Time marker 60 c/s・
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吃enmade by ARAKI, SAKATA and MATSUNAGA, the loci in depth of the brain from 

vhich responses occurred markedly to stimulation of mesencephalic central gray 

natter in this stud：－’ were as follows : various parts of midbrain tegmentum (reti-

ular formation, nucl. ruber) ventral parts of thalamus (centrum medianum, nucl. 

eunicns, lamina medullans externa, neighborhood of nucl. ventralis anterior), zona 

ncerta, lateral hypothalamus, ventral part of capsula intcrna, head of nucl. cau-

latus and nucl. amygdalae lateralis. In addition there seem to be not a few other 

oci from which responses are more or less recordable, though not ascertained in a 

ufficient number of cases白 Thedepth responses were elicitable with nearly the same 

timulating conditions as the surface responses. They were evoked with single shock 

1r low frequencies of stimulation of about 10 per second given to the midbrain 

:entral gray (Fig. IO. Fig. 11) without or with recruitment (Fig. IO. A). 

A B c 

) 50ノ'..lV

f 10，かνD 
仁
」

Fig・. 11 Subcortical responses to mesencephalic single stimulus. A: Stimulation (1 msec., 
8 v.) of mesencephalic central gray. Lead from external medullary lamina. B: Stimu-
lation (0.2 msec., 10 v.〕ofthe same regionぉ above.Lead from centrum medianum on 
the same side. C: Stimulation (I msec., 10 v.) of the same region as above. Lead from 
nucleus reuniens. D: Stimulation (1 msec., 8 v.) of mcsencephalic reticular fomation 
(adjacent to eentral gray matter 1. Lead from just below the surface of fornicate 
gyrus on the same side. E: Stimulation (1 msec. 8、.）of the same region as above. 
Lead from internal capsule (close to nuclrns entopeduncularisJ. Time marker 60 c/s 
in all. 

Wave forms m’ere sometimes influenced l月’leadingmethods, especially, positions 

tnd directions of electrodes, but most！：－’monophasic positive or negative ''a ¥'fS in 

:ase of monopolar leading. Those of subcortical responses, in particular, from the 

nidbrain reticular formation were mostly steep and their deflections ＂アereshort in 

luration time. 

It is difficult fo measure the ex.act latenc~・ owing to variations in wave forms 
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but if the latenc；「ismeasured from the stimulus artifact to the first conspicuous 
deflection in all cases, it amounts roughly within the range of 5 msec. to 35 msec., 

but di仔ersaccording to pick up sites. Namely, subcortical responses in mesencephalic 
reticular formation and centrum medianum etc. which were closer to the stimula-
ting loci (midbrain central gray), had generall~ .. shorter latencies than those in head 
of nucl. caudatus and others which were remote. Latencies of the former were 

I 101恥ν

B 

1200川

c 
I/（｝，中山

A 
Fig. 12 Cortical responses induced by stimulation of 
the diffusely projectin邑I thalamic nuclei. 
A : Stimula~ion (0.2 msec., IO ¥'., 8.5 p.s.) of叩 nt-
ru1t1 medianum. Lc-如 Ifrom anterior sigmoid 
r-:yrus on the opposite side. B: Stimulation (0.5 
msec., 6 v., 9 p.s.) of nucleus reticularis. Lead 
from posterior suprasylvian gyrns on the oppo-
si.te side. C : Stimulation (0.5 ms代 ， IO¥"., 9 p. 
S.) in th巴regionof nucl. ventalis anterior. Lead 
from posterior sigmoid g-yrus on the opposite 
side. Time marker 60 c/s. 

about 5 to 20 msec., and the latぬr

about 10 to 30 msec. Those of res-

ponses recorded from mesencephalic 

reticular formation were in most 

shorter than 10 msec. After alし
latencies of subcortical res卯nses

generally seemed to be shorter, at 

least never longer, than those of 

cortical negative waves. 

(C) Cortical responses to stimu-

lation of thalamus and other struc-
tures. 

In comparison with our cortical 

responses to stimulation of mesence-

phalic central gray matter, cortical 

responses to stimulation of the dト

仔uselyprojecting thalamic nuclei, 

thalamic日ensor:-'rela:-r nuclei and 

others ¥Vere examined in unanesthe-

tized animals. Also in our condi-

tions, cortical responses to stimula-

tion of the di仔uselyprojecting tha-

lamic nuclei were confirmed to pos-

sess various properties of recruiting 

l'Cぉponsedescribed in literature (Fig. 

12), i. e. they showed diffuse cortical 

distributions, main negative waves, 
optimal stimulating frequencies of 

about 10 per second, waxing and 

waning which could be seen fre-

quen tly, long latencies with fluctua-

tions and tcnclenc;.・ to become more 

typical b:-・ anesthesia. 

1再＇idcspreadshort latency (about 
15 msec.) responses were gained to 

叫imulation of nucleus ventralis 

anterior (Fig. 12). 
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On the other hand, the latencies of negative n’a¥・c:-; of recruiting respom:e in 

our conditions were 30 to 70 msec., which were nearly the same as those to stimu-

lation of mesencephalic central gra~’ substances, but the development of the former 

response was in some cases atip~·cal in that the response was slowly recruiteヨafter
the end of a few repetitive stimuli or it was elicited maximally lη’the白rststimulus. 

Although these variations were not strange and probabl：γowing to the di宵erences
of exp巴rimentalconditions, this made us feel that the so called recruiting 1・espom:e 

should be understood in wider sen回 thanthe cla::;sical recruiting response originated 
bγMo RISON and DEMPSEY. 

When medial lemniscus of midbrain or nucleus ventralis posterolateralis of 

thalamus, namely, sensory system was stimulated, 1-c日ponsesoccurred "・hich had 
short latencies and wave forms consisting of, first, positive, next, spike-like short 
durable negative and then positive phases in the localized sen~ory receiving areas 

as described in the literature. These responses sterned to l〕ecli汀erentin many res-

pects from the so-called recruiting response and our respon叩 tostimulaticn of 
mesencephalic central gray matter. 

DISCUSSION 

It was confirmed that in unanesthetized (restrained) cat mtsencephalic central 
gray matter, especially its ventral portion, and its adjacent reticular formation, 

rostrocaudally from oculomotor nucleus to trochlear nucleus have el€ctroph:n;iological 
connections with the diffuse cerebral cortex and subcortical structures. The response 
by these ways will be discussed in compar色onwith so called recruiting response to 

stimulation of the di百uselyprojecting thalamic nuclei and ・with rnme other res-
ponses described in the literature and then some considerations will be made from 
the viewpoint of coma. 

a) Comparison with recruiting response. 

Since MoRISON and DEMPSEY (1942) had first described recruiting response, much 
information about it was advanced by JASPER (1949) and others and recently the 

response was reported to occur under non-anesthesia with the use of muscle relaxants. 

But it is not easy to decide whether we can applγthe term of recruiting response 

to our response or not, in considering that with more advancing and developing of 
the information about recruiting response some di百erentviews exist among invc.s-
tigators. 

Though it has been thought to be reasonable that the most characteristic aspect 

of recruiting response is resemblance to spindle burst during anesthesia, recent］~· 

reported is the fact that spindle burst resembles in a certain respect augmenting 

response, which occurs b~’ stimulation of specific thalamic nuclei, rather than rec-
ruiting response. 

If the term “recruiting response”is to be used only for response elicited in the 
diffuse cortical areas by stimulation of the di町uselyprojecting thalamic nuclei, of 
course we can not call our response, which is induced with stimulation of the 

mesencephalic central gray matter in this experiment, by the name of recruiting 
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respon同. But some compariEon ＼γill be made of our response with recruiting response 

from the results obtained in this study. 

Recentl~＇ ， J. l¥I. BROOKHART and A. ZANCHETTI (1956), discussing the difference 

between recruiting rcs:)onse and augmenting・response,defined“pure recruiting 
response”as follows: 1) generalized cortical distribution 2) slow development with 
little or no response to the first stimulation 3) latenc~· in excess of 15 msec. 4) 
minimal initial positivity. Valiclitγof each of these criteria in our response will 

be considered in detail. 

( 1 ) Cortical distribution of the response was found by means of monopolar 

and bipnlar leading to be di庁useon the cortical convexity including somatosensory 

and auditory receiving areas without marked local predommance. It is to be noticed 

that stimulation of either di町uselyprojecting thalamic system or mesencephalic 

central gray matter (under the same comlitions) in the same case could elicite each 

typical response in the same cortical leading area (reference to A, (7) of Results）白

This fact shows that both of these responses have, at least in part, common cortical 

distributions. 

( 2 ) Slow development. In regard to development of recruiting response during 

repetitive stimulation of the thalamus, JASPER proved that it differed depending on 

modes of leading and stimulation, that is, changes of stimulus intensity and leading 

area sometimes induced constant .amplitude response and sometimes waxing and 

waning response, and consequently development of recruitment had a certain causal 

relation with conditions of stimulation and leading in anesthetized cat. However, 
in one or two reports in the literature responses which show the maximum amplitude 

from the beginning of stimulation in stead of slow development are describ吋 as

recruiting rがponse. In our experiment in which tl1e diffuccl:-・ projecting thalamic 

nuclei were stimulated in unanesthetized animals, at＞’pical recruiting response without 

slow development were frequently observed b＞’usual stimulation. 

On the other hand, stimulation of mesencephalic central gray matter sometimes 
elicited slowly developing, or occassionally waxing-anιwaning response, but more 

often remarkable response to the first stimulation. And these di百crenttypes of 

response sometimes changed from one to another mutually under the same conditions 

(due to unknown factors). In our response, causal relations between conditions of 

stimulation or leading and response types as described in recruiting response of 

anesthetized animals '''ere not so definite with a few exceptions （日g.7). 

Thus from the common or uncommon occurrence of typical recruitment it may 

not bz conclucld that our response essentially di汀ersfrom so-called recruiting respons .e 

to stimulation of the dif 

gra【lualincrea討Cof amplituc1【：J日isa phenomen＜】ndue to facilitation of excitation in 

the central nervous s~·日te rn , which is seen also when some loci other than diffusely 
projecting thalamic nuclei are stimulated (GLOOR, 1955 and others). 

( 3 ) Although latencies varied more or !es日 accordingto conditions of stimula嗣

tion and leading, the high voltage main negative wave shovved latenc~＇ of 30 to 85 
msec. (mostly 30 to 50 msec.) In the literature latency of negative wave of 
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εcrniti11g rε日p0!1sewas reported as follows : :'doRrsoN and DEMPSEY : 20 to 35 msec., 

dAGOUN et al: 15 to 60 mscc., JASPER: 5 to 40 msec. In this stud;; Jatcnc~· of 

・2::ruiting response obtained under non-anesthesia by stimulation of the cliffusely 

>rojecting thalamic nuclei was 30 to 70 msec., rough！γsimilar to that obtained lη’ 

:timulation of mesencephalic central gray with exception of short latency (about 

~5 msεc.) di古useresponse to stimulation of nucl. ventralis anterior. By the way, 

luracion of negative wave of our response was 40加 70msec. and that of recruiting 

・esponse according to JASPER et al, l¥IoRrsoN and DEMPSEY was 30 to 50 msec. 

1'luctuations of latencies of recruiting response are alread~・ known (JASPER et al 1953, 

<¥JMONE-AfARSAN 1956). 

( 4) Minimal initial positivity. Of our response main negative waye is most 

)1官ninentwith little or no positive wave. Therefore monophasic form occurs most 

freque;ltly. This is similar to that of recruiting response to stimulation of the 

liffusely projecting thalamic nuclei in previous reports or in this experiment. In 

;ome cases short latency negative response localized in posterior sigmoid g~Tus and 

:ts neighborhood (somatosensor~· receiving areas) was obtained. 

From the above it is considered that our cortical response in unanesthetized 

~at does not necessarily stand against recruiting response. Strictl>・ speaking, it is 

10t the same as recruiting response in JASPER’s report in that slow development of our 
「esponsecould not be easily controlled by conditions of stimulation and recording 

:mt this does not seem absolutely necessary. Otherwise cortical responses to low 

frequenc~· repetitive stimulation of mesencephalic central gray matter and its adjacent 

t・eticular formation may not be different from recruiting response in an ordinar＞’ 

;;ense. Still more, as described later, in considering the fact that mcsencephalic 

~entral gray h出 functionalconne:::tions with the diffuse thalamocortical projection 

:;ystem, it is possible to assume that both responses ma＞’be essentially the same 

n.europhysiological phenomenon. However, it is well known that classical recruiting 

respon田 tostimulation of the di百uselyprojecting thalamic nuclei appears so mark-

オlyunder anesthesia and is ditkult to be elicited in n:ry alert or excited animals. 

Many descriptions have been made about relatio!1s between recruiting response and 

:mesthesia. KrNG (1954) statd that the anesthetics such as chloralornne, pento-

oarbital and penthotal increase(l the am~）lituck and decrca同clthe threshold of rec-

ruiting response while they suppressed EEG arousal induced with stimulation of 

mesencephalic reticular formation. Comparing the e汀ectof anesthesia (Ravonal) 

upon recruiting response to thalamic stimulation with that upon our response to 

mesencephalic stimulation, we could白1dremarkable di百erencein sensitivity to 

1nesthetics. Namely, the former, i. e. recruiting response did not disappear at all 

'Lnd became rather more typical and marked, though it showcct sli山tdecrease of 

Jptimal frequency of stimulation. On the other hancl, the latter, i. c. our re日pon日c

co mesencephalic stimulation decreased its amplitude and then disa1)1)cared entirely 

till awakening, even with use of greatl~’ lowsrecl stimulating frequencies, at the 
:i.nesthetic stage in which recruiting response was eagiJ：，’elicitable to thalamic stimu-

lation. Thus our respon刈 wasはlj)[)l'C出crlmore sensiti\'E:l~’ b~· Ravonal. That also 
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in both responses from the same cortical area in the same animal such a di汀erenee 

was :-;ccn, makes us suppose di町erentmechanisms of thc>'e two respon ~.cs but we 

cannot immediatel~’ conclude so for following reasons. As mesencephalic central 

gray matter seems to be connected with the di町usethalamocortical projection system 

with relatively short latency response according to our experiment, both responses 

take probably the same subcortical paths to reach the cerebral cortex, while accor-

ding旬 MAGOUNthe brain stem activating system including mesencephalic reticular 

formation is sensitive to barbiturates and functionally suppressed easily and therefore 

different effects of anesth€sia upon the two responses may result, though the essen-
tial natures of the responses are not necessarily different. 

b) Electrophysiological connections of mesencephalic central gray matter with 

sukortical structures. 

The stimulations of mesencephalic central gray matter mduce rcqionscs clearly 

in unanesthetized animals in wide subcortical structures : midbrain tegmentum, 

hypothalamus, ventral portion of thalamus (in particular, a part of the di仇se

thalamocortical projection 旬、stem),head of nucleus caudatus, ventral part of internal 

capsule, lateral amygdaloid nucleus. Besides, ARAKI, SAKATA and l¥IATSUNAGA proved 

recruiting response-like EEG changes in medullary central gray, b~， stimulation of 

mesencephalic central gra:y’matter. 1¥IAGOUN et al (1951) reported that under chlo・

ralosane or nembutal anesthesia, medullar~・ or mesencephalic reticular formation 

stimulation elicited responses in midbrain tegmentum, ventromedial thalamus, sub-

thalamus, h~アpothalamus and capsula interna. Anatomicall.Y, tracts from midbrain 

central gra~・ to midbrain tegmentum, hypothalamus and a part of thalamus (nucleus 

parafascicularis, centrum medianum, et al) were found (F. H. JoHNEON, 1953). 

Subcorti::al responses were synchronized with each repetitive stimulus of about 

10 per second or single shock given to mesencephalic central gray matter and its 

surrounding structures. Those in rostral mesencephalon or posterior thalamus have 

relatively short latencies of about 10 msec. sometimes with marked recruitment. 

Though it is difficult to measure latencies and wave forms exactly, generally max・ 

imum deflections have latencies of about 5 to 30 mse~. ， which are at least not longer 

than those of cortical responses. Particularly, latencies of I℃:sronses in midbrain 

reticular formation and nucl. ruber, etc. are shorter than those in head of nucleus 

caudatus and capsula interna. Therefore, these subcortical structures may be thought 

to be relay stations of excitatory transmission from mesenc巳phaliccentral gray 

matter to cerebral cortex. As latencies of responses in rostral mesrncephalic reticular 

formation are sufficiently short as compared with those of our cortical rcsi:onses, 

especially of recruiting response to stimulation of the diffusle:iマ projectingthalamic 

nuclei, it may b2 expected that connecting paths, at least a part of them, from 

mesencephalic central gra＞’ to ctiffu:-・e cortical arc~s may run throug’h the di仔m・e

thalamic projection町村tern. Long latencies of diffuse cortical rcspome to stimulation 

of mesencephalic central 俳句F matter probably may be due to the paths via difft7F£ 

thalamocortical projection system. MAGOUN, Lr, （、ULLENand JASPER ill＼＇（日tigatedthe 

structures where synaptic delay of recruiting response occurred. The fact that our 
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response is much more sensitive to anesthesia and rather hard to show typical 
waxing and waning as compared with pure recruiting response, may be attributed 

to interposition of many neural paths from central gray matter to the di町use

thalamocortical projection system. It ma)' be supposed that because of indirect 

bombing to the di百usethalamocortical projection system by impulses via these suc-

cessive interpositive neural paths, rhythmical excitatory recruitment within this 

s~＇stem may not occur so typicall~＇ as by direct bombing within the di百usethala-
mocortical projection system. Thus cortical response to stimulation of central gray 

matter should be exactly named as modified recruiting response as opposed to pure 

recruiting response. But recruiting response. and our cortical response may not be 

different in their essential nature. 

However from the fact that responses with relatiYely long latencies of about 

30 msec. are induced in rostral subcortical extrathalamic structures, i.e. head of 

nucleus caudatus, a part of internal capsule and amygdala, and also from the results 

of experiments of thalamic destruction by MAGOUN (1951), possibility of occurrence 
of cortical response via extrathalamic route from mesencephalic central gray matter 
to di百usecortical areas cannot be denied. In other words, two routeへintrathalamic 
and extrathalamic, should be assumed. 

c) Relation to the brain stem activating system. 

STARZL, TAYLOR and MAGOUN (1951) reported that under relatively light anes-
thesia with chloralosane or nembutal, stimulation of medial mesencephalon induced 
best generalized cortical desynchronization. They stated that reliable desγnchronizing 

e百ectwas obtained from the stimulation of mesencephalic reticular formation, but 

not reliable des:rアnchronizinge百ectwas induced by that of other structures includ-
ing probably mesencephalic central gray matter. They then added that distribution 

of the cortical potentials evoked川F single shock stimulation of the brain stem 
reticular activating system, either in the midrain or medulla, was widespread to a 
degree, but response in the frontal pole was more remarkable, which was synchro-

nized with repetitive stimulation up to 8-10 p・s.,while response in the posterior pole 
was greatly variable, augmented by serially repetitive stimuli and had di百erent
wave form from that in the anter匂r.In our responses, such differences according 

to leading cortical areas were not found. Namely, their appearances were uniformly 
diffuse with wave-like form and showed no local predominance. 

d) Relation to secondary response. 

Secondary response was found under deep barbiturate anesthesia from widespread 

cortical areas by means of sciatic stimulation b~· FoRBSE and MORISON (1936). .After-

wards, PURPURA (1955) stated that under deep barbiturate anesthesia he could re-
produce it by single shock stimulation of mesencephalic reticular formation. According 

to him, it represented the maximal positive wave in the anterior part of lateral 
gyrus while respon叩 inpo日teriorpole of the cortex was thought to have spread 

from anterior. 

Our cortical response to mesencephalic central gray stimulation differs from 

secondary response in anesthetic influence, cortical distribution, ＼＼’ave forms and 
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others. 
e) Discussing conclusively, in our experiment on unanesthetized but resting 

animals, li＞’means of low frequenc~· repetitive stimulation of mesencephalic central 

gray and its adjacent reticular formation, electrical actiYit~＇ of widespread cerebral 
cortex was elicited in synchronization with stimulating frequencies. 

~'dorem·er, in consideration of the existence of abundant cortical and subcortical 

connections, it can be presumed that mesencephalic central gr叫’maγ in日uencethe 

functions of the whole brain and abnormal discharges occurring at this mesencephalic 

central gra~· and its neighborhood ma:-・ a町ectthe n’hole brain and thus may play 

an important role in the mechanism of coma occurring immediate!>・ after head 

injuries. 

CON（でLUSION

l. On observing recruiting response-like EEG changes induced with stimulation 

of mesencephalic central graγmatter of unanesthetized cat reported previously by 

ARAKI, SAKATA and ::'IIATsUNAGA, this brain portion ¥Vas confirmed to ha＇℃ man~· 

connections with di百usecortical and subcortical structures. 

2. 1¥s to cortical responses obtained in this experiment, the>' were discussed 

in comparison with recruiting response to stimulation of the diffuse thalamocortical 

projection system, and seemed analogous in some respects to the latter. It is worthy 

of note that in the experiment under anesthesia, the matter changes entire!>'・ 
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和文抄録

中脳中心灰白質と大脳皮質との

電気生理学的結合について

京都大学医学部外利ツ教室第1講座 （荒木千里教授 指導）

中 村 F-1 
:i:n 

先に旋.1~， 販問p 松永の行った：f!!f：、州内Hi'liに於ける中

脳中心灰白質附近の刺戟実験により，i湾発せら れた

recruiting response様現象について更に観察した結

果3 此脳部分が広範な大脳皮質及皮質下諸部と重量富な

結合関係、を有する事を再確認した．又此際、見らfl.る皮

賀レスポンスについてP 所調recruitingresponse l 

比絞検討を試みp 少から'2る面に於て此と同義的な意

味を有するものであろう事を推論した．併しp麻酔下

の実験では，このような recruitingresponse燥の

):J..応が出な くなる事は注目さるべきである．


