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illustration, to the "capsule of the lobe thickened in places, 
from which extend threads that end in knobs," etc. That the 
varicose threads and the capsule are structurally continuous, 
the latter tbus dipping, through a multitude of protoplasmic 
projections, into the deeper elements of the lobe is evident. 

We have seen that many features suggest a relationship 
between the anterior pituitary and the adrenals, through nerves 
at present considered as appurtenances of lhe sympathetic sys
tem. That the anterior lobe contains but one kind of nerve 
connected with this function-besides its vasoconstrictors-is 
shown by the following statement of Berkley's: "In the gland
ular portion o:f the body, nerves, other than thoee belonging 
to the sympathetic system, are not found. Tbey are very 
fine varicose fibers, with numerous ramifications and branchlets 
coming off from the main stems at a right or slightly obtuse 
angle." These fibers must, therefore, represent, considering 

their general morpbology and location, not terminals o:f the 
connecting nerves and distributors of energy, but collectors of 
energy, i.e., of sensory impulses. They are probably the fi.bers 
wbich Cajal traced to the fl.oor of the third ventricle. If Fig. l 
in Plate III, which repres~ts a section of tbe glandular por
tion of the anterior lobe, is consulted, it will be seen that these 
nerves present the two main characteristics of the capsular 
threads of the posterior lobe: i.e., they are also varicose and their 
tips are likewise knobbed. Since, therefore, the nervcs so dis
posed in the anterior pituitary are collectors of energy, the vari
cose and kn,obbed threads of the capsules of the posterior pitni
tary must also be collectors of energy. This is further sustained 
by the analogy between the two organs to which reference has 

already been made. 
That a direct nervous connection between the posterior 

pituitary and the infundibukr tissues, etc., exists by way o:f 
the capsule of the :fonner is thus probable-tbus making it pos
sible :for impulses generated in the depths of the lobe to reach 
the ventricular structures, irrespective of the sharply defined 
connective-tissue separation between the lobe proper and the 
infundibulum. Indeed, such a separation seems a necessity, 
inasmuch as an impulse, transmitted through the intermediary 
of the capsule must, owing to the skull-cap shape of the latter, 
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If all the data I have submitted are considered collect
ively, it seems to me that the following conclusion is warranted: 
Removal of the hemispheres in an animal does not arrest its 
power to execute normal bodily movements under external 
stimulation, because these movements are dependent upon func
tional structure$- situated in the base of the brain and in the 
spinal cord and whi~h the posterior pituitary probably governs. 

Of course, this appears to contradict at once a great mass 
of e:rperimental and clinical testimony, but the contradiction 
fr: only apparent. Removal of the motor areas in the rabbit 
gives rise to no detectable differences in the movements; the 
injured animal is similar to an intact one. In the dog, the 
same procedure, according to Foster, causes "loss or diminu
tion of voluntary movement in the corresponding part of .the 
body"; but this is only temporary, and the animal may re
cover to such a degree that the temporarily paralyzed limb 
cannot be told from the normal one. Careful examination of 
the brain after death shows that no regeneration of the lost part 
had occurred. Even removal of the whole motor area causes 
no appreciable difference between the movements of the two 
sides of the body to a casual observer. In the monkey the 
results have been unequal: ''While in sorne instances recovery 
of the movement has, in the monkey, as in the dog, after awhile 
taken place, in other instances the 'paralysis' has appeared to 
be permanent." . . . '"l'he facts,. however, within our 
knowledge relating to the permanence of the effect are neither 
numerous nor exact enough to justify at present a definite 
conclusion," as stated by Foster. "On the other hand, the 
positive cases, where recovery has taken place, are of more 
value than the negative ones, since in the latter the recovery 
may have been hindered by concomitant events of a nature 
which we may call accidental." I might add that a single 
case of recovery in the monkey, when the motor area has been 
completely removed, demonstrates that, generally speaking, 
the structures are functionally similar in all higher animals, 
including man, judging from such instances as the crow-bar 
case, or one reported by Brown-Séquard, 11 in which an en tire 

11 Brown-Séquard; Soclété de Biologle, 1876. 
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lobe was destroyed and in which the only symptoms were 
amaurosis and slight headache. This empbasizes the identity 
of the cerebral hemispheres as an aggregate of centers which 
record impressions and are the seat of reason, intelligence, and 
volition, but it also suggests tbat the word "motor" is only 
applicable in its literal sense to tbe areas in tbe lower cerebral 
mecbanism: i.e., the intermediary through which the mandates 

from tbe hemispberes are executed. 
I have previously referred to tbe misleading information 

a:fforded by the use of electrical stimulation. N owhere in tbe 
organism does tbis seem to be more applicable than to ~he 
brain. This feature and the complexity of the processes m
volved are fully emphasized in tbe following lines of the late Dr. 
Foster: "Sorne writers appear to entertain the conception that 
in a voluntary movement, such as that of the forelimb, all 
that takes place is tbat the 'will' stimulates certain cells in 
the cortical area, causing the discharge of motor impulses along 
the pyramidal :fibers connected with those cells, and that these 
motor impulses travel straight down the pyramidal tract to 
the motor :fibers of the appropriate nerves, undergoing pos
sibly some change at the ptace in the cord where the pyramidal 
fiber makes junction with the fiber of the anterior root, but 
deriving their chief, if not their whole, co-ordination from t~e 
cortex itself: tbat is to say, being co-ordinated at the1r 
starting-point. That such a view is untenable and that the 
simplicity of the electrical phenomena is misleading are shown 
by the f ollowing two considerations, among others: ~n ~he 
one hand, as was sbown in a previous section, the co-ordmation 
of movements may be carried out apart from the cortex, 
namelv: in the absence of the hemispberes; and we can hardly 
suppo~ that there should be two quite distinct systems of co
ordination to carry out the same movement: one employed 
when volition was the moving cause, and the otber when some
thing else led to the movement. On the other hand, :he 
analogy of speech justi:fies us in concluding that the cortical 
processes do take advantage of co-ordination e:ffected by the 

action of other parts of the nervous system." 
Referring directly to the general character of tbe processes 

fa volved, Prof essor Foster says : "Hence, while admitting, as 
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we m~st do, that in the intact animal the cortical area and 
pyram1dal trae~ pla~ th~ir part in carrying out voluntary 
movements, their action 1s not of that simple character sup
po~ed by the view referred to above. On the contrary, we are 
dnven to r~gar.d the~ rather as links-important links, it is 
true, but still lmks-m a complex chain. As we have already 
urged, we .may probably speak of the changes taking place in 
the pyra~1dal :fibers as being, on the whole, of the nature of 
e:fferent impulses; but we would go beyond the evidence if we 
~oncluded that they were identicaJ, with the ordinary eff erent 
impulses of . motor ner~es."1

~ All the features emphasized in 
~hese quotation~, especially m the last lines, appear to me to 
1solate the he.rmspheres from the source of motor impulses per 
se, and to confirm what experimental evidence obtained after 
removal of the hemispheres had suggested: i.e., that the lower 
cerebro-spinal structures constitute the executive intermediary 
through. which the cortical mandates are actively realized. 
Ye~, as 1~ :"ell known, these lower structures, in turn, manif est 
the1r actmty through the centers imbedded in them; what is 
the:e ~ replace the energy in the forro of motor impulses 
wh1ch 1s erroneously supposed to be awakened by the "will" · 
" ... . I m. cer ~am ce 1s of the cortical area"? 

Professor Foster partially answers this question when he 
says: "The discussion in a previous section h¡¡s shown that 
m~ch of th~ co-ordination of the body is carried out by the 
míddle portions of the brain, and on these the motor area 
must have its hold as on the spinal mechanisms. The details 
of the nature of that hold are at present unknown to us." It 
would appear from the facts reviewed that what might be 
te~ed the central brain and the spinal cord constitute an 
enhty-a mechanical entity, perhaps-made up of working 
centers, beginning with the olfactory bulb and the other nerv
ous structures distributed to the nasal mucous membrane 
~teriorly, and terminating with the end of the spinal cord: 
i.e.,_ the_ neural tract of lower forros. Motility, unconscious co
ordmation, and sensation-but only, in the case of the latter, 
to the extent of transmitting sensory impressfons to th~ir r~-

¡2 ',l'he !talles are IDf OWIJ• 
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spective perception-centers-would enter witbin the scope of 
this central brain. 

As to the source of the transmitted energy or impulses,-
apart from the sensory connections with underlying structures 
which the cortex possesses,-the predilection of most writers 
to ascribe to the cortical areas motor functions but demon
strates the need of such an agency to logically account for the 
phenomena witnessed. To ascribe to the central brain or its 
centers per se attributes of a similar kind would simply amount 
to shifting to it a convenien~, but unknown, quantity, and a 
fictitious one bcsides, in the sense that it supplies nothing to 
account for something. In the only nervous system that I 
bave so far traced to its origin, tbat of the suprarenal ~lands, 
the conversion of chemical energy into nervous impulses was 
found to be a functional attribute of the anterior pituitary 
body. That so extensive a system as that represented by tbe 
central brain and cord should likewise need a center such as 
that represented by the posterior pituitary body for the <:°n
version of sorne form of energy of external source to sabsfy . 
the needs not only of its efferent, but also its afferent, im-

pulses seems clear. • 
That tbe middle brain is the source of the motor phe-

nomena witnessed is not only suggested by the fact that nor
mal mu~cular contractility promptly recurs after removal of 
the hemispheres, but also by tbe following experiment by 
Professor 1\I. Duval: "If a part of the gray substance of the 
cortex designated as the center of certain movements is cau
terized the same movements are obtained when the electrodes 
are a;plied upon the eschar thus produced. . . . This 
experiment shows," says the author, "that the gray cortical 
substance is not a necessary experimental condition for the 
production of localized movements." Indeed, he states that 
the underlying white substance of certain parts will also cause 
circumscribed motions in cerlltin groups of muscles, etc. 

Can the remo val of the cortex of one side be f ollowed by 
the assumption of compensative functions by the opposite side? 
After the usual period of paralysis, due to shock, the normal 
motions promptly recurred, precisely as they had on the other 
side. To ascertain wbether the cortex at all possessed motor 
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~ttributes Y~pian passed an electrode tbrougb it, that part 
m _contact w1th the cortex being insulated. The underlying 
white substance was thus alone stimulated. He found that 
the latter was far more easily excited than füe cortex. It 
scems clear that in these experimenta the increased excitability 
was ~ue to the closer proximity of the central brain. "All the 
funct10ns of the brain. can persist," says Brown-Séquara, "af ter 
the co~~lete ~estruct10n of an entire lobe.m3 Experimental 
and_ ch~ical endence, however, only eliminate motilitv and co
ordmaho~ ír~m the hemispheres. The cortcx, as reg~rds cere
bral locaJ1zat10n, merely loses the "motor'' attribute su"gested 
by ~le ter:11 "motor area," and is shown, by its fun~tional 
relatwns wrth the underlying structures, to be a vast sensitive 
surface, ~ the "areas" of which the term "sensory'' migbt be 
more fittmgly applied. 

~he practica! bearing of this may be illustrated by an 
expenm~nt tha~ will recall sorne of the familiar features of 
the earlrer port10ns of this work and at the same time point 
to th~ central brain as the source of motor phenomena. This 
e:qJcnment, referred to by Professor Foster, is as follows: "It 
has be_en observed that in certain stages of the infl.uence of 
~orphme the ~o_rtex and the rest of the nervous system are 
m_ such a cond1tion that the application of even a momentary 
shmulus _to an are~ leads not to a simple movement, but to a 
long-con~mued tome contraction of the appropriate muscles." 
As prev10usly shown, many drugs raise the blood-pressure and 
thus con?est the adrenals and indirectly the brain. Cerebral 
hypcrrenua, we have seen, is the source of the majoritv of 
P?enomena that íollow tbe ingestion of drugs that are ~uffi
cientl~· ~ctive to stimulate the ad~enals. The intense headache 
of qumme and other agents is obviously due to this congestion 
of the c~~ebral vessels; muscular contractions, tetany, etc., are 
also fam1har results º! suprarenal overactivity; indeed, digitalis, 
one_ of_ the ~ost _active suprarenal stimulants, is particularly 
ac~ve m p~cd1sposmg muscles to contraction and in experimental 
im1mals smtably dosed a minirnal current without the drug will 
produce maximum effects-prolonged tetany-with it. 

n M. Duval: Loe. cit., p. 115, 
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In the course of the statements to which I have referred, 
Foster, after ascribing the temporary paralysis observed after 
operative interference to a condition _"of the n~ture o~ sho~k," 
remarks: "But, even giving full we1ght to th1s con~1derati~n, 
there remains the fact that the cortical area is assoC'lated w1th 
various co-ordinating and other nervous mecbanisms b:longi~g 
to the limbs by such close ties that these_ are ~hrow~ mto d1s
order when it is injured. And, side by s1de w1th th1s, ~·e may 
put the remarkable fact, previously stated, . that . dunng an 

abnormal condition of the cortical area-s1mulahon of the 
area-instead of producing the appropriate movements confined 
to the limb may give rise to movements of otber pa_rts cul-
minating in epileptif orm convulsions."14 

• • 

If the word "assoeiated" is given its full meanmg, hmbs 
and co-ordinating mechanism constituting one class, and the 
cortical surface the other, the hemispherical mantle of gray 
matter being considered solely as a great sensory surface, tl:e de
mands of experimental evidence seem to me to . be s~tisfied. 
\Yhat are epileptic convulsions after all but mamfestahon~ o.E 
excessivll motor activity? . . . Can the latter be cred1ted 
to the \;erebral cortex, as is now taught in text-books? Ob
viously not, since experimental evidence proves that t_he cortex 
has no motor properties per se. But irritation _of th1s_ sensor! 
surface or an accumulation of physiological tox1cs, wluch pen
odically becomes sufficiently great to so sti.mulate the vasomotor 
center as to cause vio1ent hyperremia, not only of the sen
sorv cortex but also of its executive mechanism, the middle 
brain, are the clearly defi.ned causes to which physiological_ and 
chemica1 evidence points. Could the cortex without the nuddle 
brain give rise to the same phenomena? That such is_ not ~he 
case is shown by the preservation of all motor funct10ns, m
cluding co-ordination, after removal of the hemispheres. In
deed it is only when the midd1e brain is removed that the 
expe~imental animal thus deprived of its sentient cortex_ ~nd 
of its dynamic center practically loses its identity as a hvmg 
thing. Hence it seems clear that the motor phenomena cause~ 

l4 Ali italics are my own. 
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by stimulation of thc moto1· a reas of the cortex are manif esta
tio~s o~ a~tivity of _fhe central gray matter at the base of the 
b,ain, incited therein by sensory impulses from these cortical 
areas. 

~hat constitutes this lower brain? The co-ordination 
so ev1dently preserved in animals deprived of their hemi~ 
spheres, points to the cerebellum as a possible member of the 
?roup ?f organs to be considered in this connection. Includ
mg th1s organ, therefore, and beginning with the anterior 
Etruc_tures, ~·e would now have: the posterior pituitary body; 
the mfundibulnm; the central gray matter, forming "a bed 
for the development of the nuclei of the cranial nerves" · the 
teg~ental system,-i.e., the reticular formation in the medulla 
~ontmued to the subthalamic region, and to which belong the 
ied nucleus and other bulbar nuclei. All this fonns what 
Foster so apt1y characterizes as "a more or leas continuous 
col~mn ~f gray_ matte~" connected with the spinal cord by 
va~10us hes, bes1des bemg, as it were, "a continuation of the 
spmal gray matter." It is as evident that the optic thalami and 
corpora quadrigemina are also members of the group since 
these related organs appear to be necessary for the suc~ess of 
the experiment in which both cerebral hemispheres are re
m~ved. . T~us, referring to the frog, Foster says: "In this 
ammal it 1s comparative1y easy to remove the cerebral hemi
sp~eres, in~luding. the . parts corresponding to the corpora 
st~iata, leav1~g behmd, mtact and uninjured, the. optic thalami 
w_ith ~he ophc lobes, the representatives of the corpora quad
ngemina, the small cerebellum, and the bulb. If the animal 
be carefull! fed and attended to, it may be kept alive for a 
very long bme: for more than a year, for instance." 
. If, _with this list before us, we now examine the annexed 
i_llustrahon, originally from His's work, and, therefore, not 
iec~ntly drawn, a rather suggestive coincidence appears, indi
cahng, perhaps, a total independence, in the embryo of the 
region containing all the structures enumerated f;om the 
vesic1e wh~ch subsequently develops into the hemisphere of 
the s~me s1de. In mammals the latter is at first insignificant, 
lmt 1t develops very rapidly, soon overlappinO' the middle 
structures. The out1ine of the latter is colored bluish gray. 
The name of each part is given on the cut: a feature that will 
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better convey the mutual relations of the various structures 
included in this system than a verbal description. 

Again, the location of the posterior pituitary at the very 
head of the entire spinal system, as shown in the illustration, 
adds further testimony to that already submitted to demon
strate the functional relationship between the nervous struct
ures lying in the posterior pituitary, including the floor of the 
fourth ventricle, and the bulb. 

A summary of all these fact&, i.c., ( 1) that the posterior 
pituitary body has a phylogenetic llistory which distinctly 
identifics it as a part of thc entirc neural tract; (2) that it 
presents clearly defined histological characteristics of an active 
neural organ; ( 3) that these characteristics extend to the in
:fundibulum, the tuber cinereu.m, the fl.oor and sides of thc 
third ventricle; ( 4) that these structures are continuous with 
the reticular substance of th.e tegmental region, the mcdulla, 
and the cord; ( 5) that the posterior pituitary body has been 
found to be in direct relation with the olfatory center and 
the bulbo-spinal axis in ali classes .of vertebrates; ( 6) that a 
current passed between the olfactory and medullar centers may 
cause heart-inhibition and death; (7) that various nerve-centers 
are included in the structtrres with which the pituitary is func
tionally connected in all vertebrates; (8) that sudden death 
is caused by a puncture in the region of the vagal bulbar center 
through interruption of the efferent and afferent impulses 
through which the cardio-pulmonary system is incited to ac
füity and governed; (9) that electrical excitation of the exposed 
pituitary body causes an instantaneous rise of the blood-pressure 
of over 100 mm. Hg.; (10) that removal of the pituitary causes 
the opposite, i.e., an immediate and great fall of the blood-pres
sure; ( 11) that division of the base of the brain across the path 
of nerves known to originate in the pituitary body prevents the 
action of drugs, such as antipyrin, which lower the temperature, 
and also the action of pus and other septic materials which cause 
fever; and finally (12) that all functions carried on normally 
after re.moval of the brain are caused to cease by removal of 
the pituitary, seems to me to warrant the conclusion that :-

The posierior pituitary body 1s the chief center of the spi-

·-9 
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M ETIIAN .ANTI VERTICAL SECTI□N DF .A TWD ANTI 
DNE-HALF MDNTHS' EMERYO, [His.J 

[Consider~bly Enlarged.) 

1, A queduct of Sylvius , 2 , Medulla Oblonga.ta, 3, Cerebellum, 
4, Pons Varolii, S , Anterior Tubercula l;!uadrigemina, 6

1 
Posterior 

Tubercula t;!uadrigemina, 7 , I ntundibulum and Pituitary Eodies , 
8, 'I'uber Cinereum, 9, Optic Thalamus, to, F'ourth Ventricle , 
11, H ypoglossal Nerve [Twelfth Pair), 121 Third Ventriole , 13, 
H emisphere Vesicle, 


