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DHTRODUCT ION

Early cliniesl chaervations of individuals with central nervous
suggested this strusturc ae
an area in the brain that exeris eontrol over the autonomic nervous systom
(1)e The experirsnta) physiclogy of the kypothalamss bagan with the work
of Earplos and Kreddl (2,3,4,5,6, & 7)e Thess authors stimulated the hypo=
thalamie ares olsctrically in cate and monkeys using needls slesivodes,
They found that many autonomic veaponses ccourred following electrical
exeitation of warions points in the hypothalarus. Theess resporwes included:
dilatation of the pupil, changes in heart rate, defecation, salivation,
contraction of the bladder, contraction of the niotitating mesbrane, and

system lesions thot involved the hypothelamus

rises in srtorial bleod pressure, It vas further showm that these responses
gould be obtained in the chronie decorticates preparation snd ware limited
to the hypothalamic portions of the ddemsaphalon (7). Prom these anstomi-
eal and thystologiesl data, the authors established the hypothalamms as a
subcortical area that exerts control over the setivities of the autonouwlo
nervous aystom,

The chaerwvations of Cannon and co-workers (8,9, & 10) on acute
docerticate animals suppested that the dienvephalon was essential for
activoticn of the sdvenal medulla during the sham rage response, During
the rage state these animals showed a2 widaspread sympethetic activation,




2

If a tronsection was then made just caudal to the inferior colliouli, the
respenes of the sdrenal medulla failed to ocoour.

Pupther evidenoe that would sugvest the diencephalon as the
gubonrtical ares respanaible for the rage reoaction seen in the decoptd-
cate animal ie afferded by the work of Woodworth and Sherrimgton (11) and
Basett and Penfield (12). Theme authors showed that, in the ohwoniocelly
deoeretrates cat, the sympathetic nervous system could bhe activated reflecly
by strong afferent stimulation, The somatic and visceral responses slisited
were different in degres and direction for the widbrein prepsration as
sompared to that soan in the decorticate preparations

Bard, st the suggestion of Cemnen, undartook s study to determine
the suboortical areas rosponsible for sham rage. Bard's extensive chaepe
vations in the acute decorticate ost permitted kim to relate the somutio
mmd visceral aotividy of the rage state to contral machanisme eonfined
within the esudsl helf of the hypothalamus and the nore ventral and mure
caudal portions of the thalemes (13 & 1h). Me concluded that the hypo-
thalams represants a conter for the sctiwaticn of sympathetie resctions,
The results of hypothalamatie stimulation have given support to this
sonclusion,

Ranson and his co-workers (15,16,17,18, & 19) made & compre-
hensive mapping of resctive apeas within the hypothalamus of the anesthew
tised cat uming & storectaxic instrument for more aoccurate positioni of
the stimlating electrodes. The responses elicited wers simllar to those
noted by Karplus and EKreldl and consisted of & rise in blood pressura,




inereased rale and amplitude of respiration, dilstation of the pupil, amd
oonigaction of the bladder, Thess responses did not always ocour congomie
tantly and were generally complex. Depending on the point stimlated and
the strongth of stdmdus, one or more types of resposss wore shsained.

The latent pariod of the bleod pressure rise follewing stimulaw
tion was apsroximately one second., Such a short latency suszrested & newral
rather than a hormonsl medistion between the site of stimulation and the
effector crgane In fact, Karplos and Xreddl (7) were able to evoke a rise
in blood presmyre by hypethalasie stimdation aftor the adrenal glands and
hypoptyeis had besn removed. That hypothalamdo stimlation oould inerease
the aotivity of the adrenal medulla was regognized by early workers
(20,21, & 22). Recomt evidencs suggests that the hypothalamis may influenos -
not only the amount of hormones relessed; Wt also the ratio in which the
two harwones (epinephrine and norepinspherine) of the adrenal msdulla are
reloased (23,2L, & 25). Thus, for a riss in blood pressurs to be medisted
by & nerwus mechanism following edequate hypethalamie stimulationy there
mast be & sbort latency in the cnset of the yesponme,

In the work of Renson and co-varkers great detall wes given to
the snatomdcal site of stimulation and the assoclated fiber tracts and
muolel invelwed., For the purpose of this repert, it will suffioce to
desoribe briefly thome areas whioh gave marked chanae
upens stimlation,
pointe are oblained until a plane at the lovel of the posterior berder ef

in bloed pvma
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the opiic ohiasma isreached, There ia then a eulden inarasse in the nusber
of active poinbe. From this lewel Yo & seetion through the ceudal pertion
of the mameillary bodies, numerous points are found that give a marked
rise in blood mesasure. Thelr distridution is diffuse and ineludes the
arean of the latewal hypothalamus, the median forebwsin bundle, a mitrip
adjacant 4o the ventricular wall, the csudal portions of the posterior
hypothalamie nuclei, wnd the fislds of Forel, Few or no pressor points were
) frem the thalamus, the subthalemic nuclel and the dorsomsdial
hypothalande ares, In genaral, these dates agres with thoss obtained by
other investigators working with both cate end dogs (26,27, & 28).

Hess (26 & 29), by moans of chrenie implanted eleotrodes, stimw
lated the hypoithalomus of the unanesthetized sads It wes his observation
that the vaprions autonomdio responses evoked wers located in relatively

eonfined arean. Thore was an overlapping of the aress and the responses
vere not confined to anatomical nuelels Prom a somprehensive stady, he
emnoloded that in the medial and posterior part of the
found those aulonomic responses that are wmediated by the sympathetie ner-

vous systame The parasyrpathetic narveus systen is ropresented in the
anterior part of the hypothalamus, It is appsrent fyom the above stutise
that an smatomical desoription of a point of stisulation sorven only to
give a previse location and not a localigation of & funetiomal senter that
is co-extensive with 2 histoleglesl nuslous,

The offwrent psthe fyom the hypothalamus $0 the intoreediolateral
oall eclown and sywpathetic centars of the spinal gowd may be divided inteo




two prineiple patiways (30). Fibars of the periwntricular syxien arise

ghout the hypothalamus, with a largs nushar of fibers emtributed by
the posterior hypothalamis. The periventriculsr system contimies ceudale
ward in the centra) gray as the dorsal longitudinal faseiculus (31)s The
work of Pestéie, Brow and Long (32 & 33) susgests that some of these fibhwrs
antar the widbraln tegmentum, but that the majority of {ihers demcand in
the medial longitudina) fasciecluss Physiclogionl data from cate with
various seotions in the lower brainstem does not support this omclusions
Instead, the diffuse desomnding conneciing system, which is o coudal ex-
tengion of the medial forebwain bundle soattered in the lateral retieulur
forwation of the brainstem, is more isportent in the tranmsission of hypo-
thalamie tmpulses to lower sympaibetic centers (3h & 35).

Prom the preceading desoription and other literatwre (36,37,
38,39,L0, % L1), there sxists a large body of evidenos to sstablish the
hypothalamis ss an inportant sdbecridical area sssosiated with sutoncede
fmetions The work of Hess and others (L2,h3, & Lh) gives evidence for a
Tunetional division of the hypothalamus. The parasympathetis neryous
aystam i represented in the antericr hypothalamus, whils the sympathetie
systen is repressnbed in the posterior division, The effersnt outflow
feom the hypothalamus to lower brainsten autonomic centers and the spinal
oord is not knoamn in detall, but must involve portions of the lateral
retioular formation,

The resent work of Gellhoen and his associates (LS,k6, & LT)
suzgests that the hypothalenus exerts a tonie end phasio control on blood
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pressure and heart rate, On the basiz of studies in animals with lower brain
stem transsotions (11,L8,L9, & 50), this view is in oontrast to the classie
teaching that the medullary senters mediate tonie and reflex control of the
blood pressure and heart rate (51). |

Ascording to Dellhorn, if the posterior hypothaloous is deprecsed
by intrahypothalasic injecticns of drugs or is destroyed by elsctrolytic
lesions, a saall fall) in blood pressure snd a slight slowing of the heard
rate ocour, After sueh a procedure the reflex rosponse %o & lypotensive
agant (histamine or acetyleholine) iz sroatly depressed. These results are
belisved to be due to the loss of the sympathwtie divisim of the hypew
thalamane On the other hand, if the anteprior hypothalamus is depressed o
destyoyed, thers results a alight rise in mean arterial pressure and heurt
rate. Inder these conditions, the raflex respomse 30 hypertsnsive agents

pineshrine) is depressed, Purther evidence is piven t0 show that a
reciprocal inhibitory innervation exista betweon the anterior and posterior
hypothalamus (52 & 53).

The sctivation of the sympathetie ocutflow to the heart by rae
flaxes, by direct stimlation of the syspathetle terunk, or by stimalstion
of the lowsr brainsten results in an avgmentation in the foroe of myow
cardial contraction (5h,55556,57,58,59,60, & 61)¢ Thess duta enphasize the
significance of a nerweus oconteol ovar the fores of wyosardial sontraoction,
It was Darther noted that a differential response ig cbtained when the
isolated laft stellete ganglion ip stimalated as ocompured with stimulation
of the right stellate ganglion (56). The predominant effect elicited from
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the left mide was cordioaugmmtetion, while that fyem the right slde was a
cardioacosloration with 1ittle cardicaugmentation. This differential responge
wag attributed o the alie of termination of mympathatiec {ibers on the |
heart, that 18, @ differential ending of postganglionic fibers an nodal and
masele tissul.

fou oxceptions, have been reported previcusly as changes in mesn srterial
preseure o as pressor and depressor responsess The inadecuacy of record-
ing technicques ewployed by early investizators did not allow for sn socurste
soalysis of pulse pressure chunges, Thuw; no interpretation of changes in
uyocardisl contraction oould be mads, MHoreover, the roported changes in
hoart rate ware not necessarily due to direct activation of sympathetie
oukflow to the heart. In sany reports the heart rete was measwed by direct
palpation for 30 ssoonds w stimdation, Usually, the vagl
were left intsct. Thus, acoalerator resporses could he accounied for by
cantrsl inhibition of tonie vegsl discharge and/or sctivation of the adrenal
moduilee Othar fnvestigators have used the ¢lectricsl activity in the
inferior cardise norve as an inderx of gympathetle acceleration of the heart

e reaponses to hypothalasie atisuletion, with

bafore amt dupd

{L1). EHowever, similtanecusly chbained pressure pulew rocords show no
changs in either heart rate or pulse pressurss The use of barbilurate
anesthosia ie probably ancther source of discrepamnsy seen in the eariier
Iterature, sinoe 14 has deon ghown that the hypotinlamus is depressed hy
barbiturates (27).

In the literature, there exlsts no elear eut ovidence that




hypotbalamic areas exert dirset sympathetic conipol over the heart rate
and/or the forse of myocardial eontractions Recent studies fyom this
iaberatory (61 2% 62) on buldber regulation of cardiowssculey funotion have
failed to corroborste the existance of a sympathebtic vardiosccelsrator
centor in the dorsal reticular formation of the redulla. Thorefore, it is
the vuroese of Shis thesis to demonstrate and to analyze the cardiovasoular
resmonaes olicited by electrienl stirmlstion of the hypothalsmus, By the
ding of ths arterial pressure nelse, chanzes in the dynamics

of the heart may e interpreted from alterstions in the nressure pulse,
The ohanges that ocour with shord lutencisn in the vagotomized snimale
fellowing stimmlation would be the result of direct syspathetio astivetion
of the hearts It is further proposed to show the effects of certain |
ancethetics on the ackivity of these hypothalamie areas.




1. Sterectexis Technique
Stereoctaxie provedure was used to implant the stimlating eleew
halon through a smsll hole in the cat's crantum,

This method pormits mosess %o all areas within the eranium with a mdrdmm
of tisove damsge.

Borsley and Clarke (63) firet employed the stereotuxic mthod
to wtudy the funchional amw&mmmlnwnamm Clayke
is oredited with the erneaption and design of the stereotaxie instremant,

*Aeoerding to Brnest Sschs, the only living newrosurgeon trained
hy 3y Victor NHorsley and the fivet to bring the sterectaxic
instrument to the United States ('11), Clarke was resp-nsible
for the idea of & stersctaxic instrusment, The ides was said
to have been oonceived in Egypt when Clsrke was rocovering from
mounonia which resulted fyom aasplration of an aspirin tablet,
On returning to Britain, Clarke pregented his ides to Horaley
who waa favorebly imwessed. Janes Swift of london sonstructed
the first model md many subsoguont wodifications, The remaine
ing yesrs of Clarke's life, as well as his savings, vere apent
developing steredtaxic instruments and methods, It was Wis




hope sven at that time that sberectaxic technigue would prove
peeful in humsn nourosurgerys (See Sashe and Pincher, *2?);"}‘

The sterectaxic insbrument is si~ply & three dimensional earrispge |
which gan be mechanieally mandpulated in relation to satabiished reforence
pimmes, The referonoe planes sre determined by anstomical struoture of the
srull, They sre:

1s A horisontal sero plane that is ten millimeters dorsal %o
the interaural line betwosn the external auditory meatd,

2+ A midesagittal sero plane, amd

3. A frontal mero plane whichk is perpendicclar to the horizone
tal plane and which passes through the intersural line.

The three intersecting reforence planes asre at right anglos to
each other and rermdd the locsalisation of newal structres within the
brain in refermoe to the sero planss, The sterestexie eoopdinutes of a
neural stymoture are then measured in millimetars to the »ight or laft,
ahove or below, and caudal or restral to the intarsection of thess re-
foronce planes.

Mlunt point erngentrio binelsr stimmlating electrodes were
eployed in this study, The reference alectrode was 22 gaupe hollow
duling completely ingsulated exoept fopr the terminal ring tip. An

ntery, He By and Whittler, J« Bs "Study of Hethods for “roducing
W&mm Imim of the Uentral Horvous System with Special
borastaxie Teohnigue®, J. Comp. Nenmrol., 973

7%, 1952,
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Snsnlated stainlens steel wire was inmerted into this tubing so as to W’
joot arororimately cone millimeter beyond the tersinel) rings The inwulae
tion wes ronoved from approximately 048 millimeters of the tip of the
shalmlens stesl wire (active olsctrode), The inteprity of the inmdation
was routinely tested,

Histological werification of the podint of stimulation was made
from serdel swotions of the brainstems Hicroscople determination of the
fiver tracts and associated muoled in the area of stimdation was mads,
Begause of the time involved in the preparation of tissue for seebloming,
the histological dats ip nob oomplete, Pigure 1 1s & seodion through the

damio mueleis Four elestrode paths are sem in




PIOURE )
A UX photographic enlargment of a oross-section thwrough the

ecabts diencaphalon showing four electrode patha.




2. Stimdating Paramtors

Eleotrical stimll were delivered from a Simpson square wave _
zenerators The frogquency, inteneity, and dwation of the stimalating pulse
was eontrolled ond was continuously mopdtored by an oscilloscops build inte
the stimilator and gomwoted §n parallel with its output,

Rolatively 1ittls data exist that would dictets tho optimml
atimilating parametors in order to obtain cardinveseular responses fyom
the brainstem, and in partioniur, frem the hypothalamss, Although 4t has
hean shouwn that & nressor regvonss may be oonverted into s depressor
gpengs slmply by redusing the frequemay of stimolatfon (L) & £b); it was
ecnsluded that the magritude of the pressor response inoreased with fre-
fuenelon up to sevaral hundred oyoles rer second, It must hoe pointed out
that these workers faill $o report thelr stimlating pulse duration,
Further, their mathods of reccrding the cardiovasoular responses wers ine
sdequate to parmit an accurate amalywis of possible augmentation of
myvoardial funoblon.

Record data from this lshoratopy (62), using & pessswre pulse
reccyding technique, desonstrated that the type of cardiovesenlar resnonse
obtained with lower brainsten stimlation wae a funcbion of the three
stimletion perameters. It way eoncluded from this stody that the uration
of the stimlation pulse i ome of the eritical factors eonirolling the
sotivation of fibars in this aroes.

In view of this avidenve, the parsmstors selssted for stimlating
the hypothalamus were a durstion of 2 millissconds, a frecusnoy of 70 eveles
per second, and a voltage hetussn 2 to T wolte,




In order to tent the suliability of these parametars, fur the
hypothalamu, an active point in the sosterior lateral hyvothelamis was
found, Stimulation of this point veoaduced ap alevstion in systolie and
Mustolie rrossures with » marked rise in the mulse preagsura and in the
puleae rate. The gontrol values were a systolic pressure of 100 mn, ligs,
disatolie rrassu-e of 20 ma, Hgs, & pulse pressuwe of 18 mm, Hg., and a
heart rate of 145 per minute, PFollowing stimulstion the wolues wors
slavated to a systolie pressure of 230 mme His, dlastolic prosmure of
160 wrte Hizep 8 pulse pressure of 70 mm. Hg., and a heart rate of 182 pop
minute. The parsmeters of stimuletion were L wolts, 2 2 millisecond
duretion, and 70 oycles por second,

The stimulation wes repsated, with the intensily and duration
held eonmtent, at Drequencies of 7, b, 35, snd 70 eyclss per second,

A% & frequeney of 7 oyoles par second no change in the pulse
presgure was noted, At 1L ayoles per sesond, the systelic and dlastolis
prassare slevated to 120/102 with no altorstion in the pulse pressurs,
but with an incresse in the pulse rate to 1%L per minuts, *en 2w shinue
lation was applisd with a frequensy of 35 cyvles ver secord, the sywbolic
and diasbolic pressure rase to 190/140 with an increase in the pulae
pressurs to 50 mm, Hg. and an aceeleration of the hesrt rate to 170 per
winute, Reapplying the originel zideulus at o frequency of 70 cveles
par ssoond, the systolic and diastolic pressures rose So 220/150, s pulse
presgure of 70 mu. Hge, and a puloe rate of 192 per slimtes 7The relaw
tively swall difference in the response obtained at 35 oveles par segond
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as compared t0 70 oyoles por seoond, indicates that the Irequansy response
esirve 18 aporosching 8 platesm of optimel frequengy for stimmlation, Tha
sarve of the freguangy response up 40 70 evoles per second is simdlar %o
the detailed surves of Pelsg (67). T4 was therefore decided to uwe a
frecuencey of 70 gyoles per seoond in order Lo compere the data on the
hypothalamy with those on the byain stem.




Regords of 4he pressure pulse ln the ¢ artory - ‘

by moans of & Swmborn Eleciromanoneter adapted o drive a Sanborn ERG
optical galvanometer. ¥From the galvanometer =ieror a light bean wee
fooused on moving photosensitive sacer to give a photolymopraphie record
of the rressure nulse ourve,

The general principle of opsration is as follows, 4 closed
fiaid syztem is conbinvous with the tvaneducer, and, in this case, the
arterial bleod of the varotid artery. The presmure and alterations in
presgurs in the fluld system is transmitted onto the transducor, The
trangducer eontaing s condenser mlorophone as the varlabls companent of
an altesmnating current heidge elrcuit. When the condensaretransducer is
sotivated by prassurs, the bridge is mmbalanted and the output woltage

is wropordional to the magnitude of change cecurring in the variable

componoente
Tha output of the electromancometor is then sultably amplified

to drive the optiesl galvanomedor. A modified Sanborn Model 126 gensral
purpose amplifier was smployed at this stage in the cironit. The modie
fiontion resulis in 2 eritically damped palvanoweiey response 40 & square
wave signal input,

The photokymograrh consisted of a Itippe and Bird model 70 « 140
opranh housed in 2 light tight metal box, The wetal hox was srovided
with & a14% 1/h inoh wide and 1k inches long through which tho reflected
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light beams wers fooused. By using an scoropriste lons systen, the ilght
beams from the galvanometer mirrer, the timsr, and the single mamet were
foorused “n the photosenaltive psvars The photosensitive naver eculd be
driven at a varisty of speeds hy the kymegraphe The recording setup is
vhetured in figure 2,




FIymE 2

The ssperissntal sebuo,




ko Experimentel Procedur
This study vas carried out on 28 young adult cats. The surgical
orovedures were carried out under local snesthesia {procaine), The animals
were imobilised with 0.2 mg./Kge of intravencus d-tubocurarine, and were
givw‘ﬁw&amﬁa}. doass of Oud mge/Kge 22 noeded during the cowrse of the
sxpariment, The trachea was canmulated and artifisisl resplration was
instituted. The vagl wore expogsed and sectioned. Tho common carotid
griory was isclated and canmulaled with the aprropriste sise polyethylans
tubing, The polyetlylens tubing and the threewway adapber valve, tomnected
to the fluld aystem of the eloctromsnomsiar, wore £illed with heparin
solabion,

The animal was them placed in the storectawie instrumert, 2
smll hole was made in the oranfum and the stiwmmlating electrodes inserted
into the desired area as desoribed above,

The ost was the animal of cholece for a numbar of peasons, The
young adult has & relastively uwniform skull size. Arothor advantage is the
larges wolums of neurophysiclogical and neuroanetosicsl data that has beon
obinined from the cat. 3Saveral atlases of the cat's brainaten are avalils
shle in whish stersotuxic scardinates are glven for the snatomioal siruc-

tures (£5).

Andimals were ssorificed by dissonneoting the respirstors The
oranium was removed and the desired section of the hwain placed in formlin
for histological workap,




Se Analysis of Date
Wigpera (66) demonstrated in artificisl ciremdation nodels that

intermretation of cardiovnsoulsy changes could be made from alterations
in the rresswe pulse tracings. Suth studies showed thad n ineresse in
hourt rate aleowates diastelic sressure wwpe than aystolie, thus, reducing
$he mulse vressure) incrosse in stroke wolume ralses systolic pressure
move than diastolie, theredy increasing the pulse pressure. An incresse
in peripheral resistance slowvates diastolie pressure rove than syatolie
mtil the arterial distemeibility beging to dimindsh drasticallys then,
aystolie sressure rigses propressively faster than dlastolie uvntd]l te
pulse pressure sctually exceeds nowmal, Thus, sesuming s normsl state
of apterial distensibility, the polee nressurs will ineresss ss a result

nted stroke wvolums and will be roduted hy cardiae acoslsration
avd by incrensed poripheral resistance. Flgure 3 f1lustrates the results
of varying each of the parsmters that determine pulae rrossure.

The dynamies of the srtifisisl eirsulation schomwe are applicable

to the intact animal with the realisstisn that the pleture is more come
plax, for the mjordty of cardiovascular changes obtained are wixed

roRNONsas.

In the present study, then, Uw resgure pilse iraeing from the
photokymograph rocords were analysed in the follewing fashion. 4 rise in
blood prassure with a congomdtant rise in disstolie pressure with little
or no intresse in the pulse pressure of heart rate was irderpreted as a
vasosonatriotor response, An elevabion in the pulse pressure achieved
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malnly by & rise in aystolie presours was taken 23 evidente far an inorease
2l eontraction (asgmuntor response).

in the foros of myocardd

An acealerstor response wvas determined by a shortening of the
pulee fnterval, In erder to make an sccurate detemsination of the onset
of sn asodelevator response, the pulss o pulse interval was measured with
a selipor from a fast spoed regord. The Liret shopiening of the pulse
interval was tskan ss the onset of ascelerstion,

These changes in syocardial funetion &8 deternined by a pulse
analysis are supported in gemersl by o muber of recent investizations
whish attept to messure more directly the foree of myocardial sontraciion.
Cotten (5h) stimlated the sympathetic reyvous systen and directly mcasured
the fores of myscardial contraction with stralin gauge arches, Hushaer (68)

rocantly ravorted direct measurements of the change in veniricular size
following hypothalamie stimulatiom in the ehwonis unanesthetized dog,
Randall (70) has demonsirated emrdiac augmentation iv the isovolumetyie
hoart in situ following direct steilete stimalation,
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FiG. 7—~Records obtained from artificial eirculation model illustrating ef-
feets on systolic and diastolic pressure during and after (x-vy) alteration of vari-
ous factors separately. A, effect of increasing heart rate; B, effect of increasing
stroke volume; (', effect of increasing peripheral resistance within constant
ranges of arterial distensibility; D, effect of reducing distensibility of arterial
system.

3
Analysis of pulse pressure taken from Wiggers (66), page 15.
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1. Augmentstion, Acceleralion, and Vasosomsiriction Elieited by

Hypothalamie J%imulation.
Meurss b and § are schematio mazitéal sections oy and three

millismstors lateral to the midline through the ost's brain, Figwre 6
ghows two schematis ovossesections through the cat's diencephalon. The
seviions dapiotsd here are cizht and ton milliseders rosteral $o the
intersural lines

The Jocalization of varicus points rapresents a composise of a
parien of 28 animals studied, The open clroles represent areas, the
stimlation of which resulted in pressor responsas. The closed oircles
remresant arens that ylolded avgmentation in the oulse »resswe. The
golid triangles are areas thot gave aumentation and acoslsration of the
hoord rate upen stimmlation. The T's are points of sbimulstion fros
wileh espdiovasoular respornses sculd not be elioited.

Over 150 sepsrate points (Horsley-Clarke ecordinnies) in the
postoriar dimeevhalon of the cal have boen repsatedly stimulated. How
cause of this lsrge wolume the data are, porhaps, best rerressnted by
Wﬁ.&nﬁ cortain types of resporwes eommon 0 a large numbey of animals,
Pigures 7,8,9,10, and 1} {llustrute the types of responses that were ohiained,
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A schematic segittal section 1 millimeter lateral %0 the midline thwough
the cat's brain,
CA - Comdosurs anterior Hn e Corrus manillars
Ch == Optic ohiasma Pon we Pony
ML - Massa intopmedia
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A schommbio sapittal seotion thres millimeters to the sidline through
the satts beaine
CA «e Cowedasurs anterior HR == Red Nucleus
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Schematie oross-gsections through the oatts diengephalon in frontal
planes § and 10,

By wwes Fornix MPD «w Hodian fopsbrsin bundls
Hy and H, - Flelds of Forsl Ha = Coppus mom

HL wew- Hypethalamie lateralis PED w= Peduncles

HP =-=w Hypothalamus postorior 21 = Zona incerta
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The mamitude of thege resconsss sxhibited a wide range, In the 28 andmals,
the ronge of inereass in hesrd rato veried from aprroximstely ¢ por cent
b0 22 per cent of the oontrel lowel, The ranwe of increase in pulase Tres-
sure verisd from 150 por cent to LB0 per cent of controls Stimulation of
an active point would elevate the mean mrierdsl pressure in some anisals

a8 lissle as 10 rm. Hge and in others as mich as 110 mme Hge Yo depressoy
tod finding in view

responges vere ever oblained, 7Tiis is not an unexpec
of the frequensy of stimulation used,

In the {igures, the markings of the ti2e line are spaced at
one second intervsls with a Lroader marking every ten sesonds., The onset
and the duration of the stimules is indlosted by the solid interrupied
oode line. Interruptions in the stimlation sigmal aserve o coordinate the

phic record with the written protogol, Its voriod varded from

7 to 15 sscords. The paramsters of the stimdadion are given az Intensity
in volts, durstion in mililseeonds, and freqgwney in oyoles por seoond,
The point of stimalation is depleted ap & dlack dot in the schomilo drosse
seotion of the diencephalons The sterectaxic coordinabes of this point

pented as the number of »illimeters postral to the intersural
line, in a frental plane (A), the muwder of millimeters lateral to the
midline, right lateral (RL) and left lateral (LL), and the muber of mill8~
miaps dorsal (+) or ventral («) to the horisonial sers plame (B). The
vortiosl eardinate i3 Blood prespure scaled in inorements of L0 mm. He.

Stimilation at the point ndicated in fipgurea 7 and 8§ rasulted

in an inereass in the pulse rressure that La four to Pive timoe the oontrole
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The point of stimalotion in fipure 7 wis 8,5 ma rostyrs) to the intersural
line, 3 vm to the left of the midline, and L rm ventral to the horisontal
zore plane, or approxiwately in the H, f1eld of Forel. The peraweters of
stimlation, as shown in the figure, were 3.5 wilte, 2 milliseesnd durabion,
and 70 e¢yclea per sevond, The systolis pressure rose fron a contyol lavel
of 1L sme Hg. to 268 wm, Hge while the diastolie pressure ross from

118 mme Hze to 170 mme Hge The pulse pressure incressed feom a oontrel

valun of 27 vme Hg. S0 95 mu, Hges G an inersase of &8 wa. Hps The
pulge rote remained emstant st 185 bests oar mizmte duping the entire
procodure. The maxiem response as desoribed asbove wes ehtained within
soven sovcnds following the onmset of stimmlation, Within thyoo seeonds,
or bafors the temth beaty thore was definiis sugmentation., The welatively
sl vise in Mastolie oressure waw token as ovidonoe that only s smld)
amnunt of vasogonstriotion accompenied tids response,

Figure § doviots the effect of stimdation in the area of the
median forebrain bundle, The eomirel pulss pressure was 20 mm, Ag. with
8 sysbolie rressure of 100 s, B, and 2 disstollis pressure of 120 wm. Hgze
Within 1.2 ssconds, or on the fourth best alter the stimulus was spplied
thare was definite inorease of the pulss pressure. The full reaponse was
achieved in 10 seoonds, At this ¢imp the pulse prossure had incvrsssed
to 110 mme Hza with a ayetolie mressure of 205 sm, Hyg. snd o dlastolie
presgups of 185 mm, Hg. This was a LSO per cemt inorease in the pulse

Prom the snalysis of this respouse when reoorded at o fagter




A
kymoorapnde spood, an elsvation in the pulae rate was -oteds The hesrd
rate inoveased fyom 2 conteol walue of 2L0 beats per minute to 255 boatw
por minube. This im 2 6.3 por oent incroase in heart rate. 4 pulse Lo
puloe analysis revealed thut the first decrezse in the pulse interwal
octurped 2,4 seoondn or on the tenth beat sfter the onset of stimulotdions

Augmentor and accelovator responses from stimuletion of other
areas are ghown in figures § and 10, In Tigure % the point of stimlation
was in the frontal plane .5, in ihe Hy fleld of Forel. On the sixth
best or approximately twe necsnds after the atimlvs was amlied the
pulss crssmwe was increased, the f4ll response being obiained within
aix seconds. The control pulse pressure of 24 rm figs (130/11L) incyeased
2.5 fold to a pulse pressure of 60 mme Fg. (200/1L0), Ho zovelerstion of
the heart rate was noted above ths oontwvl rate of 168 per minube,

The point of stimulation in figare 10 was the ares of the sons
incerta, Just dorsal to the lateral lgpothalaxie mucleus. The pulse
presgure increased during stimlstion to 2 value LS times the control
nulges Along with thds rosponse ocourpred the largest incresse in heart
rate which we have obtained by hypothalamic stimlation, The hwarté rate
inorsased fyrom & coptrel velue of 150 prr mirmte to 192 per minmie, i.6., an
increase of 28 por cents The latenuy of onseb of this rate change was less
than three seconds. With 30 seovnds alfter the sotession of ihe stirulue
the heart rete and diaptollic pressure return to s progtimilus level, while
the pulse will remaln increased for two or three winubes,

Occapionally,; responses ways obtained in whleh the sysiolis
and dlastolic pressure rose egually. Sush a responss is shown in Plgure 11,
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Augmentor response elieited Y hypothalamie stimlatiomn,
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response elicited by hypothalawic stimilatione
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The stimlating elsotrode was located in the lateral hypothalamie waoleunss
The systolic pressure rose from a prestimlus lsvel of 80 mme Hge b0
155 vene Hge widls disstolic pressurs rose from S8 sm, Hge 0 120 zens g,
4 alight rise in the pulse preasure ocourred ten to twelve seconds alier
the onset of stisulations The nature of the ehange in the pressure pulse
indicates that the riss in Wood rressure vas des to an lnorease in totgl
peripharsl resistance, especially ainse no chsnge in hesmt rate otoured.
The eardiodynamie changes illustrated above ors the result of
exgitation of the sympathetic subflow %o the lwart, The alteration in
rate cannot ba scoocunted for ot the basis of changew in wagal tone, since
the vagi were cube It iz imporiamnt to ¢onsider the latauay botween the onsed
of the stimalus and the first response of the heard, sines sugpmentation and
sooeleration of the heart do ccowr gescndary to the sctivation of the
adrona) modulla, Therefors, the interpretation of direst symathetis
aobiwition of the heard has baon resiricted t0 thoss responses that scooured
within seven seoonds following the applisetion of the stiwmulus, sinoe this
is loss than the elroulation time of the animale. In 2l the responses

poted, the latenmoles wore in a ranwe of amwowimtely one to four seoonds.
The augmentation of myocardial eontractisn was not the resuls

of changes in paripheral resistance as deronstrated fn figures 12 and 13.

In three animals the thoracic aorde and the infarior vena tava wers

ocosluded with a ligature apmroximuteiy eight millimeters before they

anber the diaphragms In figure 12, the siimulus wam appliied to the same

point in the hypothalams of the same animal shown in figure 7. The pulse
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pressure recorded 10 minutes before the coolusion way 27 mm, Hge (1h2/115),
After the occlusion the nulse pressure wss LE mm. Hg, {1’?0/125}.. Aftor
stimlation the mulse pressure incrsased to 5% vm. Hz, (235/150). Such a
procedurs also demenstrates that the aupmentar resnonmes were not the
rapulis of an inoressed sdrenal medullary sotivity.

In the experiment shown in figuwre 13, the stellate ganglia ware
infiltrated with procaine. In the same animal as the provious figure, the
aorta snd inferior vena cava vers octludod as bafore. It is of interest to
sote that the beard rate was slower after stellate blook. This is the
vosult of Joss of tonic sympathetic discharge medisted through the etellate
gonglias The stimlus was applied %o the savw ares as before and the
sugrantor response was not obtained. Thus, by blocking the major sympae
thetis outflowr to the hoart, the hypothalamio suementor rospinses cannot he
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2, Dyug Btfects on Vasomotor Responasg

A total of 150 differend points in the posteriar nypet alivwe
were eleotrically stimalated in three oats anesthetized with 30 mge/Kg.
of Sodium pentobarbital (Hewbutal). Hypothalamie sidmlation under these
eamditions was suseesslful in eliviting only a few resser response
sisting of a maximal rise of 20 =my Hg. in mean artarial pressure, ¥e
seoelerstion or sugmondution of the hesrt weas noted. Hypothalanmle ree
sponaiveness under Bewbutal anewthesia is in striking contrast to that of
the vasompbor areas in the medulla, whish are relatively uwneffected by
equivalent deses of Nesbutal (61),

To farther test the Jdapressunt acticn of Nembutal, the fullowing
sxperinments were parforssd. 5ix cats were prepared in the usual manner
and an actiwe polat in the hypothalemus wes located. Stimilation of those
points produced cardiovasculay changee simllar to those desoribed for
figures 7,8,9, and 10, Small dosos of Howbutel, 2.5 » 10 mge/Kge, wars
sdministered either iniva-arterially by wey of the common carotid wrtery

sly by way of the fororal wein., The sctive arecs ware again
stimulated and the degree and duration of ithe depression were measured,
It wes found that only 2.5 mge/Fge of Hembutal given intravertarially was
eapahle of coxpletely derressing the supmentor responses. The duration of
Wypothalanio deprossion was found $o be & function of the amount of hypnotio
given and wan depemdent vpon the route of intysveseular injection, FPor
oxsnple, the intervenous injeetion of 10 mg./Xge of Hembuted completely
deprossed the hypothalams. Three and one«half hours slapsed boafors the
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responsen had reburned to B0 per osnt of the prederrossed lsvel. It was
Hthar noted that subsequent simllay doses of the hypnotie wore sore afw
feetive in thelr action,

An example of this vhenomsnon 1s iliustrated in figure lh. The
open oiroles represent the actual syatolie and diastolioc pressure talen fron
a photiokymographie records During the eontrel stimilaticn the systolie and
dlastoile pressure rose with s largs augmentation of the pules. AL the
arrow, 1/10 of the normal anesthetic dose of Nembutal (3.5 mge/Kg.) was
given intra~ertorially by w of the earotid artery. The stismlus was re-
peatad ? winntes following the injeetion, This stimulation resulted in a
small vressop response with little augmentation in the pulee pressure.

Within forty minutes alter the injeotion the response had returned to
80 per cent of the predapressed level,

A seeond set of stimlating eleetrodes wore inserted indo the medule
lery vasoeotor area of this eat. Mpwe 15 illustrates the type of responses
ohtained on stimuloting this sren bolore and after the intra-arterisl injec-
tion of Wewbutad (3.5 mge/Kge)s Although the cardiovasculsr responses were
slightly derrensed ofder the injoctiom, & rise in pulse prossure to 30 mm. Xg.
was still obtained, The depressor action lasted for twelve minubes. This
is considerable shortoy time than that of the hypethalamie depression,

In two cats the injeeddon of 20 mge/¥g. of alpha-ghlorolose did not
alter the sbility to obtain cardioweso:lar resporses fyom the wedulls or the

nlasuss  This is supparted by other studles on the sat fyon this laboras
tory which show that aven full snosthetic desos of alpha~shorolose (100mg/fg.)

doen not depress responsivensss of the hypothalsous
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Effeets of Yembutal on the vasomotor responmes elicitod by hypethalamie
stimlation,
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FIGURE 18

Bffoste of Nemdbutal on the wasomotor respanses elicited Yy stimulatdon of
the mdallary vasomotor area.




Previcus investigato- s have demcnstrated the role of the hypo-
thalamus in modifying sympathetde responses. Their interpretations as to
148 control ovey the exrdicvasenlar systen were limited chiefly by the
vosording technigues smployed and the anesthetis agent used. This study
dexcnstrates conslusively for ths first tise that hypothalamie atimnlation
greatly augmente the foroe of myocardial eontrastion to glwe an inorease
in pulse pressure two Yo Live times the pre-stimilation levels |

The increased foros of aystolis ejeotion is the rosult of actde
wtion of the aympatbetic posteganglionie utfiow to the hesrt and ie not
‘the resulti of inoreased adrenel modullary howmonal outputs The latter
poasibility is positively eliminated by the short (1ol sesond) latengy of
She reaponees Alsc, when the seoretions of the sdrenal glands are prevented
from resohing the heart by ligating the thopscic acrte and inferior vems
aava, ithe response is still obiained, Evidence 1s also presented that would
tond to exclude the possibility that shenges in peripheral vesistanos eould
socoumt for the eleavated pulse pressure.

This conclusion is Harther supported by recent work of Rushmer
ard cowarkers (88), who directly meamred changes in homrt sine following
Nypothalamic stismlation in the chronic unsnesthetised doge It was thedr
eonglasion thet the sardiue augmentation whish occurred with hypothalmsie
stimlation olossly resenbles that od during exercise.
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The more drametic effeet seen during hypothalamie stdmulation is
an sugwentation rather than an acosleration of the heart. In only one
instance did the pulse rate increase to above 20 per csnb of the eontrel
level, i pumber of fuctors may account for this apparent lack of kypothae
lamic regulation of heart rate. The only rate changes msasured in thu.
work hsve been those that resulit from direct sympathetic pestganglionic
aetivation of the heart. The wagl are severed resulting in a loss of the
offeot of wagal influence on the heart. BHeeause of this, the hoart rate ia
faster as a result of dominance of syrpathetic tow. A sseond factor
$hat eontributes %0 an olavated basal heart rate is thut the animel is in
a oonsoious state and atill has afferent sensory input that my reach a
conseious lavel, and thus influence heart rate. Theve »say be & speciss
m%m&tmmﬁmwmm@mmmm
ating the heart is by contral inhibition of vagal toms,

The large sugmentor vesponses thet obtain with no changes in
heart rate are bast explained by the diferentisl activation of Libers
that terninate on myooardial rusele rather than nodal tissue,

The anatomical losation of aroas modifying cardiovasoulsr funcbion
15 in gemeral ssresment with the work of othars (16,17,26, & 29)s The
lack of scoslevator poinbs in the more caudal portions of the posteriee
hypothalmmas suggests incomplete mapping of this ares.
shoved respmmivensss So sleotrical stimdation of the hypet
i9 3 broad srea, essentially the pestericey lateral hypothalam




hs
rostrally by a plane at the lawel of the postericr border of the optis
ghissma and caudally by & plame st the lewel of ths smterior bopder of the
red nucleus, exteniing three millimeters lateral cn sither side of the
midline, from whish wsrious types of cardiovaseulsyr responses were obtained.

In some cats, a given type of response was quite disoretely

lvonlived, in the semse that & one millimnter movement of the sleotrods
remulted in loss of the response. In soms tats, a3 given resporse had a
mooh more diffuse representation. An sugmentor response could consistently
be obtatned from an sres in the latersl hypothalamie mocleus just dersal to
the medisn forebradn bundle, but the mesnitude of which could not be pre-
distod,

The curdiovascular responses slicited by hypothalamio stimalation
are groatly depressed by intrsvascular injections of Scdium pentobarbital.
T™his is in sharp contrast to the vesponsivensss to slectrical stimilation of
the medullary vanowotor aress under the influence of this drug. Reoent
studles of Pelss (67) have shown that the sctivity of these medullary areas
is depresued by either intravaseulay or intramedullsry injootions of amounts
af d-tubocurarine small smough %o bave no demonstrable effecta at the
wroneural jungtion, In the pressmt stody all of the hypotbalamie responses
were tbtained while the antwel was immobilised with de-tubooursrine. This
differantinl drug effest on the two aveas of the twain aten suggests that
soms of the hypotialamic cardioveseular responmes may nob require the fn-
togrity of the medullayy vasomotor areas for mediation of thelr effects,
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ing the bBillateral) remows) of appeoximately 2,5 rdllismeters
of the dorsusl portion of the msdulla ohlongats by sz frontal sestion parallsl
t0 the floor of the fourth vantricle sxtending from jusd caudal to the obex
%0 a midponbine level, stimulation of en active area in the hypethalams
#till was capsble of producing & vespanse. This response, although reduced
in magnitude, produced a rise in the pulass pressure. Such 2 section removes
the woet veactive part of the vaswnotor araas in the dorsal medulla or tiw
presser point of Ranson snd co-workers (69).

This stody susgests & mumbar of possible future investigstions
relnted to the hypothalasie ¢conirol of the cardiovescular sysbom.

A more sxtensive manping of reactive regions iz nesded to delineate
thoss hypothalamic aress azsocisted with changes in heart rate. An attempt
should be made to track the offurent Jesvending pathwsys through the lower
brain stem over which these acoslerator and augmantor impulses are sonducteds
The work of Randsl) and assotistes (56) shous a differentisl funetional
offeot on the heart botween the right end left sympathetie trunk. The
reapomane obteined fyom the hypothalamus wers bilatersl in looation, This
susneats an uneven docussation of aovelerator and sugmentor pathweys betwesn

By placing diserote elecirelylic leosions in the medullsry vaso-
W sreay the necessity of thie area in mediating hypothalamie esrdiow
vasgular responses may ba testeds Recent evidence (61) has showm that
acoelerator responses sre not ohtained from the classical wasomolor areos.
Instaad, changes in the heart rate wers found to ocour when the more venitrow
lateral sspect of the madulla was stimulated. This area 18 vsually thought
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%o bo relatively devoid of cardiowmscnlsr sotivity. Thus, the zroposed
study aould lend evidenoe in support of separaie efferent pathwnys in the
brain stem by which the dynamies of the heart may he altered,

jos those reported, othar chanres in the cardiovaseular gysiem
sheuld be investigated following hypothalsmic stimilation, Exporiments
should be designad $0 messure the oflfect of cardiae sugmandation on atedal
and ventrioulsr filling pressures. The ventricular eontrsotile foros eculd
bs recurded with a avitable strain gauge arch. This would give 2 direet
massure of the sugmented wentrieulsr beat,




SUMARY

Using sterestaxic procedures a lurge ares of the lateral postericr
a8 of 20 unaneathetized, vagotomized cate Lwebilized with
debubowararing was expleored with eoncentyino bipelar stimlating elestrodes,
wwmummnmmwmmmmmﬁfmmw
tation and asoslersiion, when vescular constriotion ie not a eomplicsting
factor. Certain specifin aress exert sigsificant sontrel over srpatbetic
mpmantation of syovardial eontraetion, yisldisg wvhen stimlated, a pulse
proasgurs ingreass of two to five Vimes the weestimglation values These
rosronaos are socompanied Yy 2 enall elswstion of dlastolic pressure and
oocarionglly by & small cardias soocleration, “he responsive regilow in
the latoral posterior hypothalamue ars extremsly sensiltive to Sodium
pospones, wheress the vasomobor aress in the medulla were relatively une
affected by squivalent doses.
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