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ABSTRACT
' L .;)- . RN
This-btudy‘was dcne to identify th% neural structures invclved
‘ A ' :

.

in hypothelamic inhibition of, reflex vagal bradycardia..

A discrete vasomotor region in the hypothalarus was identi-

-

fied in chloralose anaesthetized cats by studying the effect of
hypothalamic stimulation on heart rate and arterialgpressure, by

. N " Y i » .
"o . " - . - - .
recording the mesponse of single hypothalamic neurodres ,to se.ectiive.

stimulation of barorecepycrs an eceptors, and by demownstrating
o 3 ’

the inhibitory effect of stimulation of this region‘on refliex vagalk™~_ -

bradycardia. Electrical stimulation of a discrete regicrn im the * .
posteromedial hypothalamus\ (PMH) in nine cats was fgund zc elicit

arteriad ertension and cardioacceleraticrn that was abol shed by

9 -

-admlnlstration of propranolol (l 5 mg/kg i.v.). In 14 cats, tﬁj )

3.
.

spontaneous gctivity of 23 of 51 single unatSCrecorded in +he PMH was
N L) .

.

\ . "
shown tc be altered by electrical stimulation of the carotid slrnus
. . ‘
#erve (CSN): 16 of these unPts were inhibited and‘:éﬁen were excited.
~ . . - , .

“ . . -
Stimulation of baroreceptors (noradrenaline, 0.5 - 2.0 pg/kg i.v.)

decreased the spontaneous actf;ity of units inhibited by CSN'étimU?
. 4 ) .
la}ion.'”Excitaiioﬁ of right.éarotfd.body chemoreceptors (intra- -

carotid inJection’of sodium cyanide, 50-100 pg/kg) increased the

dbscharge frequency of unlts excited by CSN stlmulatlon. -In 18 cats,

transected at Cq; ele@%rical stlmulafion of the right and left PMH

LS
was found to consistently inhibit rgflex vagal bradycardia elic1tq§
oL 0. . \
by. electrical stimulation of the right CSN and by selective stimulation

- . '

A
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, of bgrofeceptors and right carotid body chemoreceptors. In addition,

it was shown that the PMH probably exerts a tonic inhibitory effect
4.

on reflex vagal bradycardia’as'the cardiac slowing elicited by chemo-

receptor stimﬁlation was increased in magnitude by midcollicular

decerebration in four cats.

[

To identify medullary structures involved in hypothalamic-

ighibition of reflex vagal bradycardia the medulla was systematically
’» Q -

explored for vagal cardioinhibitory sites and the effec¢t of simultaneous

stimulation of the PMH on the magnitude of this bradycardia was

. investigated. Electrical stimulation of the right medulla in 27
' - . «

N chloraloseq spinal cats (Cq) elicited vagal bradycardia from 160 -~
. , s . . .
histologically confirmed sites., The majority of the sites were .

1dcated in féur nuclei: ' n. ambiguus (NA, 55 sites); ventral n.
. . \

medullae oblongltae centralis (MOC, 31 sites); n. of tractus sol%tarius‘;

. ©

; _ .
(NTS, 23 sites); and dorsal MOC (18 sites). Ipsilategal vagotomy

* abolished the bradycardia elicited by stimulation of the NA (11 caté), ‘\

”»

the NTS (4 cats) and the ventral MOC.(3 cats). 1In six experiments
0 N - > ‘

administration of sodium pentobarbital (10 mg/kg i.v.) redyced the.

5

magnitude of the bradycardia elicited from the NTS significantly more
than the bradycardia from the NA and(from the peripheral vagus.

. . .
Electrical stimulatio# of the ipsilateral or cantralateral PMH'iq nine .

. cats was found to inhibit the “vagal bradycardia elicited by stimulation

of the right NTS and right dorsal MOC but not the brady%ardig elicf@ed

-

] -

2

from the NA. . T 4

’ s
. To investigate the sites of termination of inhibitory
“ . R o
. ~ hypothalamo-medullary pathways field potentials were recorded in the

’,\/ . . ) v "

iv




i &
. medulla during.electrical stimulation of the PMH. Stimulation of the
. right and left PMH in 21 spinal tgﬁ*‘elicited fiéld potentials at LOS

-

L)
sives in the ipsilateral and,contralateral medulla. The.field .

* potentials were located in the inferior olivary n., lateral reticylar

- n., NTS, ventral and dorsal MOC, NA, pa‘.rahypogl-‘qssalh_a.re.a and dorsal
lonéifudinal fas?icuius. The field pofentials:had a peak latency of
19-53 msec, did not follow freqpenciés of stimuiation greater than
26é§z, were not affectéd b& muscle paralysis, but were ab;lished by
barbiturate (sodi;lm( pentobarbital, 20 mg/kg i.v.) and by&phyxig..

Ipsilateral hemitransection at the pontomedullary Junction abolished

. . iﬁsiiateral field potentials and reduced contralateral field poientials.

S ) .

N : : . 2 .
ponis, mediates .baro

-

ceptor and chemofeceptor reflexes and that the

P

mediated by crossed and uncrossed pathways which aiter the electrical

K4

activity neurones in discrete nuclear structures located in the

. medulla..
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It is concluded ghat ithe PMHf‘in addition to the medulla and
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- INTRODUCTION

‘F. . '
’ It is generally recognized that nmany portions of the -neuraxis
i . o -7
) exert an influence of the cardiovascular system and that the essential

components mediating cardiovascular reflexes are lcocated in the pons
and medulla. However; the localizatiorn of brain stem'séruct;}es and
the study of mechanisms involjed in these reflexes pas occurred only
because of the introductiom of‘new experimental Eechniques. The 5

technique of electrical stimulation led to new advances because the .‘

- physiqlogical fupction of a structure could be inferred from the
response elicited by artificial stimulation of that structure. Using
this technique Weber & Weber (18L5) demonstrated that stimulation of

3 the peripheral end of the vagus énd!o? the medulla elicited a decrease

in heart rate. Cyon & Ludwig (1866) stimulating the aortic depressor

-

nerve demonstrated that cardiovascular ch&nges could also be elicited
] . »
-by altering the afferent input to the central nervous system...To )
. . ) . ‘, v . * ".
localize the vasoconstrictor ernd vasodilator cenmtres postulated by

‘Bayliss (1893), several authors, during the first par% of this century,

A8

observed that cardiovascular changes could be elicited by electrical

o . étimulatiop éf tHe floor of the fourth ventricle iég. Miller & Bowman,
1915; Ranson &'éillingsley, 1916). 1Ir 1939, Wang & Ranson sf;temati—
Acalli stimulated structures withinhthe brain stem using the sterqgtaxic ‘
technique (Horsley & Elarke, l90§) and loéqted general regions at
which electrical stimulation elicited either an increase‘or a. decrease

[4

in arterial pressure. -

The introduction of a technique for accurately lofalizing the

- -

-

. 001
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002
site of | ledtrode tip within the central_nervou§~system (Marshall,

/
v 1940} an e development of a method gsr recording evoked potentials"
"(Adrian, 1926; 1937) facilitated the localization of several medullary
nuclei‘that recéived afferent fibres from the carotid sinus nerve”

(Humphrey, 1967), Similarily, Crill & Reis (1968) located several ,

. F}
discréte meduIlary nuclei, electrical stimulation of which elicited

. - y .
antidromic evoked rotentials in the carotid sinus and. aortic depressor

. nerveﬁ«‘f'r - . , =
. 1

The development by Nauta & Gygax (1951) of a technique for '

<

tracing fibres anatomically in the central nervous system enabled
Smith (1965) to demonstrate a direct descen@ing.projeétion ftpm an
area in’ the posterior hypothalamus, st;mulafion of which elicited ;n
increase in arterial pressﬁfe and cardioacceleration, to several

. medulldry nuclei and to the Intermedioclateral regiom of the thoracic

spinal cord. In addition, using the same technique Cottle (1964} was

L3

- able to locate the site of termination‘of primary afferept cardio-

vascular neurcnes in the medulla of cats and Morest (196?) traced path-
wvays from this site io other medullary and pontine nuclei possibily

n
.

. - involved 1n.ca;diovascular reflex arcs.

-

-In an attempt to explain the various experimental observations,

variops conEepts of central neural contrel of the cardiovascular ;ystEm f
have been proposed. ' ;
The classical view of the functional organization of cardio-
‘vasculﬁr control pfoboses that the main integ;déing area is foynd in a
’ diffuse nefwork of reticular neuronel in the ggps~and medulls
' a

(Alexander, 1946; Bach, 1252; Wang & Chai, 1967). On the basis of

®
» .
-

?
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. s
experiments in which-these regiogs were electrically stimulated the
medulla and pons ha;e been roughly subdivided into a véntromeaial
"depreséor centre" and a dorsolateral pressor centre" (Alexander, 1946).
The diffuse regions are pnesumed to.maintain an adequate level of
arterial pressere,by/controlllng the discharge of vasoconstrictor.
neurones in the spinal cord,-and to receive excitatory and inhibitory
inputs from peripheral visceral‘qu somatic affetents and from supra-
pontine structures.. This concept'is found in current textbooks of
physiology (Mountcastle, 1968; Ruch & Patton, 1965).
ge:entiy, this traditfonal concept .of central control has been
re-evaluated. A more flexlble regulatory system has been proposed by
Peiss (1965) who views central)control of the cardiovascular system as
being ;;diated by a group of interact1ng parallel mechanisms cor;es—
ponding topographically to areas of the neuraxis which hage been found
to influence the cardiovascular system. Each of these areas haé a . i
separete afferené input and a segarate efferent projection via the
spipnal cord or vagus to the heart anq blood vessels. In particular, io

.

hes;been proposed that the hypothalamus and the izier brain stem can
= v ’

" indebeﬂdently’maintain an :dequate level of arterial pressure and

possess en afferent information channel-and an effector limb:

With regard to the hypothalamus,£héPamount of information on
the role of this structure in the céotrol of the cardiovascular system
is extensive and has been reviewed recently.(Folkov & Neil, 1971).

Tﬁe accepted view is that the hypothalamus. contains a Qumber of

"centresf which are respoosible'for well integrated response patterns,

including the appropriate cardiovascular adjustmenys (Folkow & Neil,
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i 1971). - Reports in the literature regarding the effects of stimulation
v . :

of the hypothalamus on cardiovascular parameters do not provide

»* infermation on the precise locations of the sites stimilated and on the

.neural mechanisms invelved in the observed responses (Abrahams, Hilton

R “ R . "
& Zbrozyna, 1960; Eliasson, Folkow, Lindgren & Uvnas, 1951; Kabat,
Magoun & Ranson; 1935} Manning & Peiss, 1960; MeQueen, Brown & Walker,

. 1954§. However, it may be suggested that some of the efftcts of hypo-
y .
o q , ) / ,
thalamic¢ stimulation arée:, mediated by a descending hypothalamo-

épinal pathway influeﬁcing sympathetic preganglionic qgurogeé directly.

This possibility is supported by the demoﬁétrai}on;of a diffuse des-

©

cending projection, which has been traced by the Nauta technique, f;om
' - ‘v .o

the postérior hypothalamus to the region of the later&l.cplumn'of the -

spinal cord (Smith 1965)
P

.In addition, t%e hypothalamus has been,shpwn to exert an in-
@ fldence on ongoing cardiovascular.reflexes (baroreceptor reflex) )

mediated by lower‘prain stem mechanisms (DJoJosuglto, Fohkow, Kylstra,
-
Lisender & Tuttle, 1970; Gebbe# & Snyder, 1970; Hilton, 1963, Hockman,
Talesnik & Livingston, 1969; Humphreys, Joels & McAllen, 1971) This
latter function of the hypothalamus is well established but it is not

known at what level of the baroreceptdh arc in the medulla the hypo-

thalamic influence takes plqge, although it has been reported ‘that

hypoé!.iamic stimulation may produce inhibition by depolarization of
.primary carotid a}nus nerve afferent fibres (Weiss & Crill, 1969):-
Althéugh the possibility exists that the primary‘afferent gepolariza-
tion.recordéd in the carotid sinus nerve may have;involved chemoreceptor

fibres as well as baroreceptor fibres, it is not known if the hypo~.”
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thalamus can 1nfluence the med;atlon of the-ehemoreceptor reflex
With regard to the medulla, it is well.docuhented that reflex .

cardievascular changes elicited by stimulation of barorecepto;s hnd

s
chemoreceptors are mediated at ‘this level of the brhig.Etem (Lindgrén,
_1961; Reis and Cuéyod, 1965; Wané and CheiQVEQéI); However, ' the. structures
as well as the preciée location of the ca;dioinhibitory neurones _
involved in the #aggl.EOmponent of these reflexes is yecertaiq
(Aeha%;, Downman & Weber,,i968; Borison & Domjan, 1970; Calaresu &
Pearce, 1965%;Gunn, Sevelius, Puiggari & Myers, 1968).

As much of our knowledge of the neural mechanisms involved in
the regulatdon of the cardiovascular system is based on eiﬁerimental )
evidence Obtained by abiation or electrical stimulation of relatively
}arge ané poorly localized areas in the central nervous system‘the'
localization of a discrete region in the hypothalamus, electric;l
stimulation of which produced reproducible changes in heart rate:én&
arterial'pressure was consiéered a necessary prerequisfte for an
investigation of the role of the h&pothalemus in the central control of
éardiova;cuiar reflexes. Af£e; loealizing a discrete vasbmetor region

in ‘the hypdthalémus experiments were done to investigate the possibie“

role of this hypothalamiC-region‘inAthe mediation of cardiovescular

. -

refleies. xttempte vere made to detefmine %; baroreceptor and chemo-
receptor inputs projected to this hypothalamic region and to determine
if electrical stimulation of this region altered the magnitude of the
cardiovascular response to barorecptor and chemoreceptor stimulation.
In eddition, as the medullary structures mediating cardiovascular

reflexes are:poorly defined, attempts were made to localize those

‘ )
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medullary sites invol¥ed in the mediation of reflex vagal bradycardia.-

-

Finally,.to investigate the possible medullary sites at which the -
. ‘ ) )

hypothalamus jinhibited the vagal component of the baroreceptor and chemo-

receptor reflex attempts were made to study the effect of hypothalamic

stimulation on the magnitude, of thé vagal bradycardia produced by

Y

stimulation-of localized medullary régionsfand, in addition, to record ‘L

evoked potentials in these medullary regions duridg‘stimulation of the ’

’
’ L]
N .

hypothalamus. v

4 , ) .

g




o _ ) HISTORICAL REVIEW -
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NU A. Central neural control of the Cardiovascular System

. (a) Medullary control

-

In the first investigation of the influence of the central

nervous system on thé heart and blood vessels Philip (1818) observed

in the frog that crushing the Erainuor pithing the spinal cord

produced a decrease in heart rate. He also observed cardioacceleration -

-

during application of, "spirits of’aine" to the surface of the brain or
spinal cord of the frog and rabbit. In 1845 Weber & Weber observed a

decrease in heart rate during electrical stimulation of the vagus in

P L]

y frogs and in rabbits and demonstrated that this response could alsc be

elicited by electrical stimulation of;the medulla. In 1888 Laborde

¥ B

stimulated the medulla of the cat by piqﬁre and demonstrated that the
. : r . : . .

cardioinhibitory area stimulated by Weber & Weber was located in the

floor of the fourth ventricle near thé nuclei of the IX th, X th, and
XII th cranial nerves. In addition to c;rdioinhibition, the medulla
. was shown by Dittmar (1873) to be involved in the maintenance of
resting arterial preséure. In his studies, Dittmar demonstrated that
the greatest fall in arterial pieseure producéd by transection of the

brainstem occurred when the section was performed in the region of the !
v ) " rostral medulla.-
To account for the changes in arterial pressure which he °

. observed during stimulation of the medulla, Bayliss (1893) pdstulated

‘ I
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the existence of~reciprocally interacting medullary vascdilator and:

o

vasoconstrictor centres and suggested that the increasd in diameter
Y

of blood vessels observed during medullary stimulation was due to

excitation of vasodilator fibres and inhibition of vasocomstrictor

~ fibres. “x

° - In 1900 Deganello observed in the dog that application bf hot-
and cold saline to the medulla in the area of the}gorsal nucleus of
the vagus produced bradycardia and suggested that this nucleus was the

cardioinhibitory centre. Miller & Bowman {1915) electrically stimulated

-

.. 4
the medulla of dogs transected at C, and localized the cardioinhibitery

1
. . P -
centre in the dorsal vagal nucleus. Ranson & Btllingsley (1916)

A"

described tbo areas “in the floor of the fourth ventricle of the cat

which-they called the pressor and depressor poihts. The pressor

-

point, stimulation of which elicited hypertension, was located "at the

v

apei of the fovea inferior"; the}dgpressor point, stimulation of which
elicited aideérease in arterial pressure, was situated in the area
postrema just {ateral to the obex. These autho}s suggested that the
two points corresponded'to the vésopongtrictor and vasodilator centres
of Bayliss. 1In 1923, Scott & Roberts demonstrated that the cardio-
inhibitory centre of Miller & Bowman was identical‘tonthe depressor
point of R@nson & Billinggley, as stimulation of the depressor point
wité the.vagi intact-produced in additiod to. the hypotension a marked
decrease in heart raté. As éardiac s}owigg and Arterial~hypqtension
were elicited by electrical stimulation of the same point, Scott &
Rdberts suggested that the depregsor point was not the vasodilator centre

of Bayliss but rather the location where the afferent fibres of the
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depressor reflex arc¢ were near the su fac?\of e meduila This

'suggestlon was supported by’thelr observatlon that éhe same respogse % ;
# C

could be elicited by stlmplatfon of the central cut end of the vagus d

nerve. To tést the hypothesis of Scott & Roberts that cardiovascular

‘responses elicited by stimulation of the surface of the medulla’ were

. i t- N

due to activation of deeper structlires Wang & Ranson (1939a), using
“the Horsiey-Clanke stereotaxic instrﬁmenf,astimulated the brain stem:
of cats from the pons to the pyramidal decussation and located many

-~points within the bulbar“reticular'formaﬁion at whioh low intensity

- o

stimulation elicited near maximal prgssor and ‘depressor responses.

Theif investigation was followed by & number of similar exploxé?ions

(Monnier, 1939; Alexander, 1946; Bach, 1952). -Bach (1952) made a
comparison of the location of pressor and dgpressor pocints obtained
. in his experiments witﬁ“pgose of other experimenters and concludod that

pressor points were usuadly located in the dorsomedjal and- ventrolateral

“dpofrtions of éhe.rostral brain stem, and lateral port%?ns %f the caudal

rain stem and that deprﬁfsor pd&nts were found most often in the .

ventromedial portions of the brain stem. AleXander "(19L6) hovever, in

-

a comprehen51ve investigation of the role of the medulle in cardio-

g

vascular function placed pressor points in the rostral medulla and

depressor points almost entirely within the medial bortion o;.the
caudal medulla,' Alexander's resp?icyion of pressor points to the rostral
medulla and depressor points to the caudal medulla was Yésed on his
observation of the changes in re;%ing arterial pressure clicited by

serial transection of the brain stem. He found that transection‘of ¢

the brain stem at the ponéomeduliaﬁ& Junction did not alter resting

d " CY

°
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teri&d pressure. However transection at the level of the obex -

o

. . . . ! 5 - : . .
decreased resting arterial pressure and subseguent transection of the

a0 ot

[ . . - . ) - .
R © spinal cogd at Cl resulted ifi an increase iélirterlal tressure. On
! the basis of theSé’figd%Pgs, Aleiander'cgncluded that spinal
- LN - . -~ - . -
e . . sympathetic vasoconstrictor neurones received a tonic excitatory

input from structures 1ocated in the rostral medulla and -a tonic

- L

1nh1b1tory 1npﬁt from structures in the caudal medullg.

-

In an attempt to locate the site ofhbrlgin of cardlolnhlbltory
Y4

neurones, Harfléon & Bruesch (lQhS) recorded evoked pOtEHtlalS in the

reglop of the obex of cats during electglcal stlmulatlon of the cervical

,

- o ’ ~
vagus. Similer results vere obtained by Anderson & Berry (1956) in,

a

s ° the same species, and by Lam & Tyler (1952) in the rabbit. However, no
. c . ) - N
preciée localization of the site oi origin of cardioinhibiﬁbry neurones

", 2 . was obpﬁined in these studies becausé of lack of accurate methods for

- . - y -
- ’d

- - - marking the sites of recording: Urabe.& Tsubokawa {1960}, by marking
. . . (‘5: L : : .
.sites of recording with small electrolytic lesions at the tip of the
#® electrode, localized evoked potentials elicited by-stimulation of
[ 3

, the cervical vagus in.the nucleus ?{'the tractus solitarius, the ¢
. S, RS 4 »

nucleus ambiguus and several reticular nuclei but failed to elicit any

»

o

activity in th§$ng'?l nucleus of the vagus. Port&r (1963) also using

Ty
- . wl v

“ . cats, obtained similar results. Calaresu & Pearce‘(19623) recorded
. . . -~ R ». .
B un;t.%ctivity in the dorsal nucleus 6f the vagus—-and found seven units

o wvhich incrsgsed teeir frequency of{discharge‘auring reflex bradycardia;

e

- <

however, when the dorsal nucleus of the vagus in the cat wes stimulated -
no changes in heart rate were observed (Calaregu &.Pearce, 1965b).

Gunn, Sevelius, Puiggari & Myers (1968) observeq;that stimulation of

- . .
. W

o
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v
the~dorsal “nucleus of the vagusboccasicnally resulted in vagal brady-'
- [© v ' _c
‘cardia in the dog but never in the‘EEt; they observed, howevér, that -
stimulatiop in or near the. nucieus ambiguds congistentdy elicited -

e
evoked potentlals in the cervlcal vagus and resulted in -cardiac sloving

\ o

in. both the cat ahd the dogq In v1ew of these regalts, theaearlier

contention that°the site of origln of cardlolnhibltory neurones is

o

located in the‘dorsalﬁnucleus’of tHe vagus must be reconsidered.
’ . M !,

;Recently, other medullary structures have been shown to possess

& cardioinhibitory fuﬁction::dchari, Dowrman, & Weber (1968)

electrically stimiulated selective, ardas i? the cat brain stem and
R° - ' '
traced a pathway from which bragycardia could be elicited extending

ihrough t‘;::;;;Ehiaf”?S;EEEESE\fsam_the nucleus reticularls-pontis

{

caudalis to the nucleus“reticularis -gigantocellularis. - .

In summary by the .eid of the 19th century, it had been
demonstrated by electrlcal stimulation and piqure that the cardio-
inhibitory centre was located in the caudal region of the medulla.
°h<In addltion, by serial transection experiments Dittmar had demonstrated

the tonlc actiyiny-exerted by the-medulld§pn the _heart end bleod o

. vessels. AleXander located the origin of this tonic actﬂvity. He
‘found that structures in the rostral medulla elicited a tonic
excitatory effect on spinal sympatsstic neurones and that & tonic

inhibitory effect originated in ééructures.located in the caudal
) Y . .

medulla. Regéntly,‘tbeqdevelopﬁent of, accurate methods for determining

the site of stimhletion and recording bas fecilitaﬁed‘the etudy‘ofd

K

discretekmedullary structures involved in cardiovascul%r control. The |
1 o : °

recording and stimulation experinents of Urabe & Tsubokawa, Porter,

¥ °u
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Calaresu & Pearce and Gunn et al have demonstrated that the nucleus
e $ »
and tractus solitarius and possibly the nucleus ambiguus are involved
- ' C ' M
*o with cardiovascular control. Their experiments have also caused

- - "reconslderatlon of the earlier cantention that the cardioishibitory

v 7 ’
[

centre was located in the dorsal nucleus of thé vagus. Flnally,.the
demonstration by .Achari et al of a cardioinhibitory pathway in the
. EQ.F - medulla has pointéd_ﬁo the nucleus reticularis gigantocellularis and
- nucleus reticularis poptis caudalis as possible gites involved in
cardiovascular control. . o

. Co (b) Hypothalamic control

[

One of the first indications that syprameduliary structures
’ exert ‘an influence on the cardiovascular syétem was the extensive ‘
Work done by Karplus & Kreidl between 1909 and 1927 who showed that
"e;ectrical stiqulation oft:he £ypothalamus in the cat elicited msarked
increases in heart rate -and 'arter:Lal pressure. Although' their regults
were confirmed by Beattie, Brow & long (l930a, b) and by Allen (1931)
in the rabbit it was not until-l935 that a systematic exploraplon of
the hypothiipmus vas made. In 1935, Kabat, Magoun & R;nson, using the

. Horéley-Clarke technique, observed that an increase-  8r decrease in
<. 7 o;

arterial pressure could be elicited by stimulation of many sites in

the hypothalamus of the cat. Simtlar results were obtained by Héss

o (1957), in the auake cat, using the Prussian blue reaction to loballze .

the sites of stimulation.

w With regard to the hypertensive reséonse the sites gliciting

an fncrease in arterial breé;ure were located fh the region of the fornix

- - [ °
h
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and fields of Forel. These results were confirmed in the dog px
McQueen, Brown & Walker (1954) who also elicited increases in arterial
ﬁ;essure by‘electrical sfimulation of the. dorsal and postefior ‘
hypothalamus. In-1960, Manning & Peiss observed that in addjtion to
arterial hypertepsion an increase in heart rate was elicited &uring
stimulation of 'the posterolaferal hypothalamus in the cat. Similar
results were obtained by Fuster & Weinberg (1960) and by Folkow & ,

Rubenstein (1966) Thgﬁé cardiovascular responses have been shown to

L
be mediated by the sympathetic nervous system as an increase in neural

activity has been recorded in the sympathetic nerves to the heart,
spleen, kidney and skeletal:muscles of the cat duri&g hyppthalamic
stimulation (Bronk, Pitts & Larrabee, 1940; Ninomiya, Judy & Wilson,

p, .
1970; Pitts, Larrabee & Bronk, 1941). - .

With regard to the hypofénéi#e respénse, Kabat gg_g;.(l935)

demonstrated that stimulation of a region in the preoptic area.

produced .a decrease in arterial pressure. McQueen et al (1954}

- - e

a

expandggpthg responsive region to includé the lateral hypothalamus

and medigl preoptic tract. In 1959, FoIkow, Johansson & Oberg

elicited depfessor responses duriné\stimulation of the anterior hypo-

. thalamus. Although it had been shown by Beattie (1932) that the
anterior hypothalamus waé involved.in~the control of parasympathetic
induced changes in stomach and bl;dde£ motility, Folkow et al (1959)
suggested thét the hypotensive response elicited by stimulation of this
region was mediated by the syTpétﬁetic nervous system as the response
could be elicited in vagotomized cats. This pugggation ;s ;upporied

by the recent demonstration that stimulation of the anterior hypo-
) “ ' .
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us inhibits efferent sympathetic dctivity (Hilton & Spyer, 1968;

In view of the similarity of the camliiovascular responses

elicited by hyppthalamic stimulation to the-cardiovascular changes
served %pring the. emotional states of fear and anger (Adams, Baccelli,

~ [

; A .
Mancia & Zanchetti, 1969; 1971) and during physical activity (Rushmer,
Franklin, van Citters & Smith, 1961; Rushmer, Smith & Franklin, 1959)
the hypothalamus has been suggestzd as a site of integration of these

cardiovascular changes. Support for this sugggstion. is the deronstration

«
]

that the hypothaléhus is rgquired.for the mediation of tachycafdia ih
arterial hypertension obsefved during siam rage- (Bard, 1930) an& that
lesiéns in the hypothalamus decrease the cardio;ascular response to
Eﬁéréise in ghe dog_(?gi}h, Jabber, R;shm¢r~& Lasher, 1960).

In summary, two ;eggons in the hypothalamus have been shown
to exert an influence on tie cardiovascular system. The antefior
hypothalamus is *involved in parasymbathetic excitation and sympathetic
inhibition while the posterolateral hypothalamus is involved in
sympatﬂetic excitation. However, the ex;ent of these hypothalamic

-~

regions are unknown due to the failure to accurately locelize the

3

s

sites of stimulstion.

(c) Hypothalamo—medulia;y connections

The first'investigation of descending pathways ;r;m the hypo- .
thalamus was done by Béatti;, ggow k Lamg (1930a, b) who pl;ced i;sions
iq the posterior hypothalamus of the cat and traced degedﬁratfng fibres
in the biain Qtem by thgﬂMarchi technique. They obseryed fibre

Ln
degeneration in the superior colliculus and ig tke medulla below the

]
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floor of the fourth Yentricle. In 1951, Crosby & Woodburne traced

the effe;ent,?escending pathways from the hypothalamus of‘the macaque
bf.the WQil, toluidine blue and pyridine siiver methods and demonstrated
the existence of‘a medial and lateral projection.

With regard to the medial prpjection, Crosby & Woodburne (1951)
demonstrated that in the medulla this pathway contributes fibfés to the
region of the dorsal nucleus of the vagus, the medial reticular formation
and likely the nucieus ambiguus. Similar results hawe been obtained

-

~in the rat (Guillery, 1957).

Recently, using the Hauta-Gygax silver technique, the‘hypothalamus has
been shown to project to the inferior olivary nucleus, the vestibular

nuclei and the parahypoglossal area in the cat (Mabuchi & Kusama,

. ~

1970). However, the importance of this projection in the mediation of

thf/yd?gg;;ascular respdnses elicited by h&pothalamic stimulation is

uncertain as‘destruction of this medial projection has recently been
reportea to have no effect on hypothalamic induced changes in heart

rate and arterial pressure {McClure & Clark, 1968).

LY

With regard to the lateral projé®tion, until recently, this

pathway was considered to tefminatehin the ;idbrain and rostral pons
‘(Crosby & Woodburne, 1951). However in 1966, Cheatum & Matzke, using
the Nauta technique demonstrated a prqgection to medullary nuclei‘in the
ca£.They found degenerating axons in the region of the dorsal nucleus
-

of the vagus and in the nucleus medullae oblongatae\ceﬁtralis in the
medullary reticular formation.

' In 1965, Smith placed lesions in the hypothalamus of dogs, cats
and rats at sites at which stimulation elicited an increase in heart

”



] - " 016

rate and arterial pressure and used the Nauta technique to .reveal
degenerating axons. Although it is uncertain whether the descend1ng
Qathway 1nVOlved was the medial oOr the lateral proJection Smlth
demonstrated a projection to the inferior olivary nucleus, the lateral

reticular nucleus and the nucleus intercalatus but failed to observe

=

any degeneration in the dorsal motor nucleus of the vagus.
Information regarding the location oﬁ_@escending pathways from

»

the hypothalamus has also been obtained by investigating the effect

of Yesions in the brain stem on the cardiovascular responses elicited
by hypothalaiic stimulation. Using this approach, Magoun, Ranson &
Hetherington (1938) concluded that the descending pathway mediating the

.8
cardiovascular rééponse elicited by hypothalamic stimulation in the

N\
cat occupied a large area of the midbrain as the response was rot
abolfished by lesion of the medial longitudinal fasciculus and the

periventricular grey. The foliowing year, Wang & Ranscn (1939b) placed

® -

lesions in the medulla of the cat and suggested tba} descending hyro-
thalamic pathways involved in cardiovascular control vére locatednié
the lateral reticular formation of the medulla.

The recent dldtnstratlon (Mannlng, 1965) that destruction of
the dorsolateral medullary reticular formation does not affect the
pressor’ responsc elicited by hypothalamic stimulation prompts the
suggestion that the hypothalamic pathway described by Wang & Ranson
(1939b) is located in the ventrplateral region of the medullary
reticular formation.

| Recently, the site of termination of hypothalamo-medullary
. pathways has been investigated by recording tbehefféct of hypothalamic

[ 4

stimulation on single unit activity ¥n the medulla and the hypothalamus

+

*
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has been shown to project to the parahypoglossal areg‘of the dog

(Alanis, Mascher & Miyamoto, 1966) and to the nucleus gigantocellularis
in the medial reticular formation of the rat (Keene & Casey, 1970).

In summary, fibre and terminal degeneration has been observed

in several medulla structures eg. inferior olivary nucleus, vestibular

nuclei, dorsal nucles of the vagus, nucleus intercalatus, lateral
reticular nucleus and parahypoglossai area after lesion of vasomotor
areas in the hypothalamus. In addition, cardiovascular responses
elicited by hypothalamicystimulation have been shown to be mediated by
N -
structures in the ventrolateral reticular forpgtiOn of éhe medulla.
Finally, a hypotﬁalamic projection to reticular nuclei in the medial
regibn of the medulla has been demonstrated. However, the failure to

accurately localize the sites of stimulation and lesion in the hypo-

thalamus and the lack of information concerning the function of the

d medullary nuclei receiving hypothalamic input prgcludés any conclusion
regarding the role cf these pathways in the control of the cardiovascular
system. \-

/ .
\
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B. _Reflex neural control of the cardiovascular system » \

(a) Baroreceptor reflex R

. |
The study of reflex control of the cardiovascular system began

with thé demonstration that electrical stimulation of the aortic K_,
depressor nerve elicited decreases in heart rate and arterial pressure
(Cyon & Ludwig, 1866).. These authors suggested that the sensory

endings of the depressor nerves were 1oca£ed in the heart and responded

to changes in intracardiac pressure,but Koster & Tschermak (1903),
) J

demcnstrated that the depressor nerves;arose from the asortic arch and

< . -
-

the roots of fhe great vessels and it was generally accepted by. most
workers at this time that changes in pressure in the aortic arch were
the normal stimulus to the nerve fibres. Heymans & Ladon (1925)

‘ demonstrated the vglidity of thkis assumption by cross-éirqulation
experiments: in a recipient dog they éevered all structures connecting
the head with the body except the vagosympathetic trunk and maintained
the ciréulation in the isolated head by pumping blood from anotHer dog.
In this preparation they.ob?erved thatupressure changes in the aérta
of the recipient dog elicited bradycardia by a nervous mechenism

.;Envolving the éepréisor nerve and the vagus. |

In 1912.Sollmann & Brown observed that tugging the cephalic end
of the common carotid artery produced bradycardia and arterial hypo-
tension. Hering,(1§2h) locali;ed the origin of this refle¥ to the carotid
bifurggtion when he demonstrat;d_that mechanical stimulation of the
carotid sinus vall in the dog elicited bradycardia and arterial hypo-

- -

A

tension-wvhich was abolished by section of the branch ofAthe gloss-
: 3

A [
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ophary;geal nerve qhat originated'in the area of the carotid bifurcation.

With regérd to baroreceptor hyPotensioq the reflex vasodila£ion
of blood vessels in sympa£hectomized dogs, cats and rabbits (Bayliss,

. - . .

1902; Bishop, Heinbetker & O'Leary, 1933), was atéributed by Rosenblueth
& Cannon (1934) to the presence of efferent dilator‘fibres in’the dorsal
roots of spinal nerves and these vasodilator fibres were considered to
be efferent pathway mediating baroreceptor induced hypotension.
Howe}er, Thomas & Brooks (1937) demonstrated conclusively that the
reflex changes in systemic arterial pressure elicited by alterations
in baroreceptor actigity were mediated by the vaséconstrgktor fibres of
the symﬁhthetic nervous system as stimulation of the ;arotid Sinus nerve
failed to elicit any change in systemic arterial pressure after surgical
extirpation of both sympaﬁhetic chains..

It is generally accepted that the baro£eceptor reflex inhibits
sympaﬁhetic vasoconstrictor activity, but recent evi&ence suggests that

£l

this inhibitory effect is not exerted oq_all‘central sympathetic -
structures as the postganglionic potentia;; evoked in tﬁe,external
carotid nérv; du}ing §pimulation of ‘a fasé cquuctiqg sympathetic
vasopressor pathway that originates in-the lateral hypothalamus were
not affected by baroreceptor‘activation (Gebber., Taylor & Weaver, 1973).
- With regard té the efferent pathway mediating baroreceptor
induced bradycardia Bronk, Ferguson & Solandt (1934) werg the first to
observe that increasing the pressu;euwithin the carotid sinus reduced .

the nervous activi%y in the sympathetic postgangiionig nerves to the

héart and that cutting both depressor né;ves increased the spontaneous

- .

» ol . .
-

activity in the sympathetic nerveg:., Work was confirmed b

»

-8




Downing & Siegel (1963) who also demonstrated that in the cat the

cardiac rhythm obser%ed in sympeathetic nerves became random if the aoftic
depressor and carotid sinus nerves were secfioned.;'Fa?ther support for
the inhiﬁitory influence of tle baroreceptors on the sympathetic input

to the heart was obtained in de cat and dog by Green & Heff;on (1966;.
1968) and byNKezdi & Geller (1968). These authors recorded simultane-

»
ously from the carotid sinus and sympathetic postganglionic nerves and .

observed that the sympathetic activity varied ‘inversely with barorec
discharge. 1In addition to irhibiting sympathetic activity, baroregeptor

~excitation is generally considered to increase the vagal ihput to the

heart and according to most of the evidence availabme'the bradycaidia
- .

induced by baroreceptor stimulation is mediated” by recxprocal changes

' L

in cardiac parasympathetic and sympathetlc activity (Rosenblueth &

Freeman, 1931; Wang &- Borison, 1947, Gellhorn, 196L; Scher & Young,

3. 2

1970 Thames & Kontos, 1970). However, thls classical view has recently

AR -

been challenged by Glick & Braunvald {196S) and by RoblnSOn, Ebsteln,'
Beiger & Braunvald (1966).; Gl1ck & Braunwald suggested that the -

cardiac slowing elicited in dogs by increasing the arterial pressure ‘@

involved predominantly vagal activity whereas the cardféacce;eration .

P

elicited by decreasing the arﬁfrial pressure invoived zredominangly

sympathetic discharge. Robinson et al found that in the occurrence

\ )
of a sympathetic or of a parasympathetic response depended on the pre-

’ . ! "
existing level of activity in thesé two limbs of the autonomic nervous
' system. * More recently, Berkowitz, Scherlag, Stein & Damato (1§69)
concluded that, although reciﬁrocal changes in sympathetic'and para-

sympathetic tome did oécur in the dog, baroreceptor contrql of heart

. @

¥




L

cohclusively that the ‘increased frequency .of impulses elicited during

021

rate was due primerily to variations in sympathetic discharge and that
changes in parasympathetic tone were of lesser importance.
In summary, the aortic arch and carotid sinus have been shown

to contain receptors that respond to changes in arterial pressure.

@ctivation of these baroreceptors wag demonstrated to produce reflex

vagal excitation and sympathetic inhibition resulting in bradycardia -
;ﬁd arterial hypotension. However, the relative importance of the

P
changes in vagal and sympathetic input to the hegrt during baroreceptor’
exgitation is still uncertain.

(b) Chemoreceptor reflex L Y

)

Heymans & Heymans (1927) were the first to demonstrate that in
a dog connected to its head solely by the vﬁgosympathetic trunk and

supplied with blood from a donor dog, Systemic-hypoxia in the trunk of

-

the recipient dog increased the resbiratory activity in the isolated

head as indicated by increased movements of the alae nasi and larymx

o

and that this increased respiratory activity was abolished by bilateral

vagotomy. Three years later, Heymans, Bouckaert & Dautrebande (1930)
demonstfated that perfusion of the caropid bifurcation with hypoxic or
hypercapnic blood produced hyperpnea aﬁd that‘}his resbonse was
abolished by section of the ipsilateral carotid sinus nerve. In 1935

Zotterman recofdgd from the carotid sinus nerve and demonstrated

perfusion of the carotid bifurcation.vith hypoxic blood was due to

" activation of chemoreceptors and not of baroreceptors abnormally'

excited by the low oxygen temsion in the perfusing fluid as suggested

by Bogue & Stella (19355. In 1938, Comroe & Schmidt suggested that

I
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the normal stimulgs to Ehemoreceptors was a decrease in the oxygen

!

tension of the blood since perfusion of the carotid body with blcod .
containing‘a high concentration of carboxyhaemoglobin failed to elicit

any change in respiratory %ate. Their suggestion has been supported by
Duke,*ﬁéxi & Neil (1952) and by Eyzaguirre & Lewin (196la,b) who

stud§ed the effect of decrgasing plasma oxygen tension on the impulse
activity of chemoreceptor .fibres in the carotid sinus nerve.

) Many-authors have reportéd that stimulation of the aortic and
c;fotid chemore;eptors.produces alterations in a}te}ial.pnessurg and

heart rate. Bacq, Brouha & Heymans (193k4) suggested that the hyber-

tensive response to chemoreceptor stimulation was due to a refl

1]
increase in sympathetic discharge to the blood vessels. A si

conclusion was reached by Dole & Morison (15#%) but Bishop 22 §£
(1933) suggested that inhibition of parasympathetic nerQes and,dorsal
réot dilators alsp océurred during chemoreceptor induced hypertension.
The failyre to elicit any vasocénstrictiOnror increase in arterial ﬁressure
duriﬁg chemoreceptor stimulation in sympathectomized dogs even- though
the dorsal roots were intact (Bernthal, Motley, Scﬁvind & Weeks, 19LS)
demonstrated con;lusively-that only sympathetic vasoconstrictor fibres
were involved. ‘

With regard to chemoreceptor induced'changes in heart rate,

. Heymans, Bouchaert & Dautrebande (1931) found that local injection of
qganide inté the arterial supply tp the carotgz body producgd brady- &
cardia. In spite of ‘this observation, Asmussen & Chiodi (19L41),

Whitehorn, Edelmann & Hftchcock (1946) and Alveryd & Brody (1948)

ascribed‘a peripheral chemoreceptor origin to hypoxic tachycardia.
s : ' ) :
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Bernthal, Greene & Revzin (1951) stimulated the isolated carotid body
with ﬁxgoxic blood in dogs breéathing spontaneously or artificially
respirated ‘with different gas mixtures and observed ‘that chemoreceptor -

stimulation produced bradycardia in artificially ventilated dogs and

variable changes i heart rate in dogs bfeathing spontaneously. In

.~

1958 Daly & Scott found that the magnitude of the. bradycardia produced ’
by stimulatiorr of the carotid chehoreceptérs in the dog was increased
after Lgng denervatidh aqd concluded that hypo#ic stimulaiion of '
peripheral chemoreceptors elic?%ed primary refléx bradycardia that was'\
partly or wholly masked by a secondary reflex tachycardia originating

in the lungs. Scott (1966) obtained similar result; in the cat and

McQueen & Ungar (1966, 1971) demonstrated that the vagal bradycardia.
elicited by stimufatioﬁ of the left or right cdr?tid body in tie ’ -
artificially ventilated dog was mediated by both vagi. Iﬁ 1956 Neil after
aliowing the charaéteristic response of tachycardia, hypertension and
hyperpﬁea observed during systemic hypoxia to develop and-to étabiliée,bl

<

perfused the carotid bifurcation wi%h’oxygenated Ringer-Locke solution:

°

o 2

a fallein arterial pressure and a reduction in respizftory rate was

" observed during perfusion dut no chanée in heart rat

¥

. . o . .
indicating a central origin of the tachycardia observed during systemic

was observed,

o

hypoxia. It appears therefore that chemoreceptor stimulafion capabdble

hof eliciting reflex respiratory and vasomotor changes is not the cause
~ .

* of tachycardia observed during systemic hypoxia. ©
Many authors have reportéd that chemoreceptor stimufation

produces an increase in ventilatidn. Recently, the chemoreceptors have B

been implicated in the ventilatory response observed duriné exercise

- g - .
: 2 - @

<
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,+’ . (giscog & Purves, 1Q67b); Carotid body chemoreéeptors have been shown

-

to be inhibited by efferent fibres in the carétid sinus nerve (Biscoe

& Sampson, 1967; Fidone & Sato, 1970; Neil & O‘Regan, 1971; Sampson &

Bisgge, ;9702 and to be excited by sympathetic activity in the cervie
. N . i
“sympathetic nerve (Biscoe & Purves, 1967a; Mills & Sampson, 1969). As

I'd

electrical stimulation-of the cerwical éympathetio nerves increases

carotid chemoreceptor discharge (Biscoe & Purves, 1967a) and ventila-

tion (Mills & Sampson, 1969) and passive mo¥ement of the hind limbs in

- < L ]
man, dogs and cats elicits Ef‘ipcrease in ventilation (Bilge,
- .. ' b . ) . i -
- - Velidedoglu, & Terzioglu, 1963; Comroce & Schmid%, 1943; Harrison, ‘.

(g

s - a
//;:}rison, Calhoun & Marsh, 1932; Honda & Minoguchi, 1957), cervical
sympathetic égg&vity and carotid chemoreceptor discharge (Biscoe &
- 1ed N —~

.
“ Purves, 1967b) the possibility exists that the increase in ventilation

NN

observed at the onset of exercise (Dejours, 1959; 196L) may be medisated
© N . »
. (5]
by increasing chemoreceptor discharge which ig known to increase
v ventilation (Comroe & Schmidt, 1938; baly & Scétt, 1958; Heymans et al,

o $x

1930; Neil, 1956; Scott, U966).
¢ . ’ In summary, the aortic body and carotid body have been showvn
to contain receptors which respégd to changes in the chemical compositf%n
< of the blood. The normal stimulus xo'these chemoreceptors is a
decrease in oxygen tension of the plasma. Agtivatioﬁ cof thé’chemo-

receptors produces an increase in arterial pressure due to sympathetic

[, excitation, bradycardia primarily due to vagalsinhibition and

increased Ventilatién due to ap dcrease in the respiratory-rate and
tida} volume. Although tlre kunctional significancé of the bradycardia

‘ ®

is uncertain as systemic hypoxia produces tachycardia, a functional .

° ’ 23 : | 2




units was due to baroreceptor or chemoreceptor input was suggested by

025

¢ o
] -

role of chemoreceptoy indgced hyperpnea in efb}cise has bee€n suggested
o

recently (B#scoe & Purves, 1967b).

\

{¢) Projeetion of baroreceptor and chemoreceptor input in

""the central nervous. system ' o

Aw 1961 Smith & Pearce, recorded sipgle units in the cat
medulla which exhibited spontaneous activity in phase v1th the heart
beat ‘and found that such units were only locate@ in the region of the

nucleus . of tractus solitarius. Slmllar results have beeg observed by
[

[

“Hellner & ‘Baumgarten (1961) by Salmoiraghi (1962) and by Middleton &

Woolsey (1965). The possibility that the pattern of discharge of these

the demonstration of degenerating fibres in the nucleus and tractus

solitarius after section of 'the IX th and X th cranial nerves (Cottle,
, .

196L)., Additional support for this possibifity is the recording of

A

compound action potentials in fhe carotid sinus and aortic depressor
nerves evoked ahtfdromlcally by electrleal stlmulation 01 the/puoleus
of‘tractus sollgarlus (Crila & Rels 1968) and the recordlng of field v
potentials in the nuclegs of tractus solitarius during electrical -
stimulation of the carotid s{ous nerve in the csat (Sampson & Biscoe,
léoB; iQTOb; Seller'i'lllert, l96§; Miura & Reis, 1969). finally,
Humbhrey (1967) demonéirated that stimulation of the-cafotidvsinus

<

nerve in ‘the cat produced multi- and.single-unit potentials in~the medial
A e . ; o
portions of the nucleus of tractus solitarius and that destruction of

this area abolished both the reflex decrease in arterial pressure and

x

the vagdlly mediated bradycardia produced by distension of ‘the carotid ’

sinus. * :




sinus and aortic depressor nerves that were evoked antidromically by

) t 026

Rééently, other medullary structures have Been shown to

receive cardiovascular afferent fibres. Short and long latency evoked

i

potentials have been recorded from an area of the medial reticular

formation corresponding to the location of the paramedian reticular

o

‘ J
nucleus (Humphrey, 1967). Because of the latencies of the evoked

<

potentials recorded in the medial reticular formation and the demonstra-
tion that jhe amplitude of the evoked potentials could be changed by

~ - .
varying the frequency of the stimulus applied to the nucleus of the

tractus solitarius and the carotid sinus nerve, Humphrey suggested
thdt carotid sinas nerve fibres fe;ayed to the medial reticular forma-

.

tion either directly or through the nucleus of tractus solitarius.

Similar results have been obtained by Seller & Illert (1969) and by

Miura & Reis, (1969). Short latency evoked potentials have also been
: s

recorded in the nculeus medullae oblongétaé’centralis (Miura & Reis, .-

1969;,Sgller & Illert, 1969) indicating a direct projection of carotid

-

§itus nerve fibres to this area. Similarly, a direct projection of

c iovagcular afferent fibres to the paramedfﬁn reticulayinucleus,

4

nucleus medullae oblongatae centralis, nucleus gigantocellularis_and

nucleus cuneatus mediakis and lateralis (Crill & Reis, 1968) has heen

demonstrated by recording compound action poténtials in the carotid -

electrical stimulatiom of jhese medullary structures.

It is welli documented that cardiovpscular afferent fibres:

“ . -

) , Y
proJect to medullary structures, but attempts to demonstrate baro-

‘receptor and chemoreceb%or input to the hypofhalamus have ynelded

equivocal results. - Hilton and Spyer (196&7 recorded singte unit

,
.
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activity. in the hypothalamus during baroreceptor stimulation and

i s :
reported that application of static pressure pulses to the carotid
sinus of the cat altered the spontaneous activity of eight hypo-

thalamic units. Similar results have been obtained in an extensive

-

_investigation by Spyer (1972). However, the demonstration that single

\
W

units in the hypothalamus of the gat responded to charges ip arterial
pressyre, after baroreceptor denervation and pontfne'traﬁsection
(Baust & Katz, 1961; Baust, N1emczyk Schaeffer & Vieth, 1962, Frazier,

Taguini, Boyarski, & Wilson, 1965) and as thehmethod used by Hilton &

Spyer to excite baroreceptors is kn%vn to elicit arterial hypotension
(Heymans & Neil, 1957), the possibility exists that Phe results obtained

-

by Hilton and Spyer were due to the direct effect of arterial pressure
changes on the hypothalamic units. Similarly, the evidence for a .
cheméreceptor input to the hypothalamus is ﬁncertain as the response
of hypothalamic units in the rat to changes in grférial PO2 and PéO2

. have .been attributed to chemosensitivf%y of these peurogeé (Cross, ¢
% 96L; Cross & Silver, 1963) and to input frog chemoreceptors in ghe. £
brain stem (Cross & Dyer, 1971). o . ‘

<

In summary; it is well docupented on the basis of anatomical
and electrophys{olqgical data that bér?receptor and chemoreceptor
fibres project to discrete me&ullary nuclei (i'.e. nuc}eus of tractus
solitarius, paramedian retisular nucleus gnd éncieus medulla oblongatae
centralis). However, attempts to demonstrate cardiovascular afferené

input to the hypothalamus have yieIded equivocal results ahd the

existence of this inpﬂili} uncertain. o

-
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due inhibition of the vagal component of the baroreceptof reflex as
1
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o

C. Central neural regulation of cardiovascular reflexes
e,
<

During the past decade, electrical stimulation and ablation of
many structures in the ‘central nervous system,has been shown to alter

the reflex changes in heart rate and arterial pressure elicited by

excitation of baroreceptors and chemoreceptors.

’
-

Qith fegard to the cerebellum, Moruzzi (1940) using decerebrate
vagotomized cats demonstrated that both the presscr response elicited

by carotid occlusion and the depressor response produced ;y electriéal‘
stimul§£idﬁ of the asortic depressor nerve were inhibited by electrfcal
stimulation Qf'the vermis cerebelli. Ee ;uggested that the éerebellum.

exerted an inhibitory influence on'the medullary and pontine structures

involved in the baroreceptor reflex. This suggestion has been

supported by the findings of Reis & Cuénod (1965) whc observed that . ¢

both .the pressor response produced by carotid occlusior and the depressor

response produced by distension of the carotid sinus were augmented

after cerebellectomy. In addition Achari & Dowrran (1970) demonstrated

L4 2

in. cats that electrical stimulation of the fastigial nucleus of the

-

cerebellum inhibited the reflex decrease in heart rate eliciteé by

—

stimulation of the carotid sinus nerve. This effect was shown to be

ES >

ﬁher ibitory responge was not affected bf spinal tgansection
(Hockman, Livingston & Talesnik, 1970).

. With regard to the medulls, stimﬁlation of the inferior olivary
@ucleus in cats has been reported.to inhibit the bradycardia and
arter;alkhypotenaion elicited by stretching the caro;id sinus (S@ith é

o ," > B
Nathan, 1966). However, the suggestion that stimulation of the inferdior
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olivary nucleus inhibits ;;roreceptor induced hypotensioﬁ is equivocal
ag the decrease in the magnitude of the argerial hypotension may hav;
been due to the decrease in the magnitude of the bradycgrdia. Recenfly,
in Spinal cats, electrical stimulation of the paramedian reticular
nucleus in the medial reticular formation of the medulla has been
shown to inhibit the reflex vggal bradycardia elicited bty electrical
- .stimulation of the aortic dePressor nerve (Calaresﬁ & Thomas, 1571)
and by intravenous gaministration cf noradrenaline (Klevans & Gebber,
1971). ‘ o
Hilton (1963) was the first to demonstrate that the hypo-
thalamus could influence cardiovascular reflexes. He qbserved in the
cat}that electrical stimulation of the hypothalamus decrea%ed.thaGI'
magnitude of the bradycardia and arterial hypotension elicited by
stimulation of the carotid sinus nerve. However, his conclusiop that
reflex hipotensién was inhibited du;ing central stimuletion is
equivocal as the’possibility exists that the decrease in the magnitude
of the hypotension may have been due to the inhibition of reflex
cardiac slowing. This possibility is‘supported by the recent demon-
stration that h&pothalamic stimulation inhibits the vagal component of
the barorecéptor reflex (Djojosugito, et al, 1970; Gebber & Snyder,
1970; Hockman & Talesnik, 1971; Humphreys, Joels & McAllen, 1971) but
not the sympathetic component (Humphreys & Joels, 197Z2). Finally, the
excitatory effect of carotid sinus nerve stimulation on single unit
activity in the nucleus of tractus solitarius has been shown .to be

I .

inhibited during electrical stimulation of the dorsomedial hypothalamus

(Adair & Mannings 1973). Although the mechanism of this hypothalamic



¥

inhibition of cardiovascular reflexes is unknown, primary afferent .

depolarization of carotid sinus nerve fibres in the nucleus of tractus

solitarius has been observed during hypothalamic stimulation (Weiss &

o

Crill, 1969).

Limbic structures have also been shown to exert an influence

-

on cardiovascular reflexes. Stimulation of the anterior hypothalamus,

preoptic -area, amyédala and septum in cats has been shown tc increase

the magnitude of the reflex vagal pradycardia elicited by intravenous

. .

administration of noradrenaline (Klevans & Gebber, 1970). Electrical

stimulation of the central grey in the midbrain and of the ventral
hippocampus-has been reported to inhibit or to‘augmenﬁ the reflex vacal
_bradycardid elicited by stimulation of the carotid sfnus nerve

(Hockman, Talesnik & Livingston, 1969).

To conclude, evidence has been presented which demonstrates ¢

.

that excitation or ablation of structures within the central néervcus

system alter the reflex cardiovascular responses elicited by the barc-

receptors and chemoreceptors. However the locations and mechanisms
. ; . . . . - J
involved in the interaction are unknown.

“ -



-D. Conclusions and statement of objectives of egperimental work:

-
-

~

A review of the literature concerning the role of the medulla

and hypothalamus and of baroreceptor and chemoreceptor reflexes in the
control of the cardiovascular system‘has been presented. It is well-

. - 4
documented that the medulla contains vasomotor_and cardioregulatory

areas and mediates reflex changes in heart rate gdmd arterial pressure. '

A

However, the function of discrete medullary structures in the control

of the cardiovascular system is®uncertain dye to the failureto

‘accurately localize the‘sites of stimulation and recording. VSimilarly,

. L ]
many investigations have shown that stimulation or ablatien of the ) Vo

+

hypothalamus produces marked changes in heart rate and arterial pressuré

but the precisg location of hypothalamic vasomotor areas. is. unknown.

The interaction of central neural structures vith.the barozz

*

receptor reflex is well documented but the location of these structures,
and the sites and mechanism(s) involved in this interaction .are uncertain..

. 7
In addition, the possibility that a similar interaction with the chemo- ., ¢ ., -

receptor reflex has not been investigated. ..

In view of these uncertainties, the aim of this project was to

study the role of a well defined hypothalamic rlegion in the cdéntrol of

cardiovascular, reflexes and to investigate the mechanism(s). involved

in this control. 'In the first series of experiments, attempts were

made to localize a discrete vasomotor region in the_hypothalamus and
\ ) .
to investigate the possibility that baroreceptor and chemoreceptor
& ) N
inputs project to this hypothalamic region. In the second series, the

~

effect of stimulation ofgthis»region on the cardiovescular response

elicited by baroreceptor and chemoreceptor stimulation was determined.

L4
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To investigate the mechanism of the hypothalamic interaction with
cardiovascular reflexes,- the pedullary structures involved in
mediating these reflexes were identified in the third series of

experiments and in the fourth series, the effect of hypotha;adic

stimulation on the neural activity in these medullary structures was

determined. X )
- As thé.experimenta% work done in this inveStigation‘involved
several relatéd projects, a béig} sﬁmﬁary of £he literature relevant“q
to each project ahd the ratlonale for d01ng the JPrk fresentid in thlg -
thesis :;ii be discussed.'. N ' ‘ St -

”

- - -
= - e

L . ~ - -

(a) Investigation of cardiovascular afferent inputs to the hyp®thalamus
N T

- *

- : EY - k) * - :
It is generally accepted ghat the reflex changes in heart rate

and arterial pressure elicited by stlmulaflon of Gardlovagcular
afferent fibres are medlated by altering the level\of act1v1ty in the -

~ . -~

vasomotor and cardiaregulatory areas Iocated in the pons aﬁd medilla
(Uvnas, 1960). This view is supported by the observation that many

pontomedullary areas from which chang@s in heart rate and arterial
‘

pressure are elicited by electrical stimulation (kchari, Downman &
Weber, 1968; Alexander, 1946; Calaresu &’Pearce, 1956; Calaresu &
Thomas, 1971) receive cardiovascuiar afferent fibres from the ninth

and tenth cranial nerves (Biscoe & Sampson, 1970; Cottle, 196&; .
Crill & Reis, 1968; Humphrey, 1967; Miura & Reis, 1969; Seller &
Illert, 1969). It ha; also been suggested that baroreceptor and

chemoreceptor reflexes may be mediated by altered activity in vaso-

motor and cardioregulary areas located in the hypothAlamusﬂ’(Hilton &

|

.




> . Spyer, 1971; Peiss, 1965). Although it is well documented that.
® 4
stimulation or ablation of the hypothalamus produce marked changes in

. .. heart rate and arterial pressure (Hilton, 1963; Keller, 1960; Korner,

1971) the precise locaticn of vasémotof areas within the hypothalamus

is urknown because of the poor localization of the sites of stimulation.

Irn additibn, attempfs to demonstrate baroreceptor and chemoreceptor

input to the hypothalamus ‘have yielded equivocal results. Hiltog and

, ; Spyer (1968) have reported that in the cat the-spontaneous activity of

" . - -

. o eight hypothalamic units’' was altered by the application of static - .

1] -

pressure pulses to the carotid sinus. However, as it has been shown -
that incyeased pressure in the carotid sinus elicits systemic hypo-
“tersion (Eeymans & Neil, 1958) and that single units in the hypothalamus

-
of cats respord to the changes in arter'ial pressure induced by carotid

occlusion and by injection of adrenalinekﬁgfore and after baro-

i receptor denervation and pontine transectioq_(Baust & Katz, 1961;
Baust, liemczyk & Schaeffer, 1962; Frazier, Taquini, Boyarski &

Wilson, 1965) the possibility exists that the results obtained by

- .

Hilton and Spyer (1968) were due torthe direct gtfeéi of arterjial - .
- pressure changes on the hypothalamic units. Simfiarlyg'the existence of

an input to the hypothalamus from Peripheral chemoreceptors is also

- “uncertain as the response of hypothalamic units in the rat té changes
in arterial P02 and P002‘h&§ been interpreted aé being due to chemo-
§ehsitivity of these neurones (Cross, 1964; Cross & Silvgr; 1963) and

-

to an input from chemoreceptors in the brain stem (Cross & Dyer, 1971).
. Thé?;urpase of the experiments reported here was to .determine -

“. . vhether or hot baroreceptor and chemdreceptor afferenf’&nputs project

-’ . ‘
. ' <
. . , 5

‘ ’
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to the.hypothalamgs»and alter the neural actiVity .,(in localized hypo-

-
? o

“tHalamic vasomotor aress. The first objective was tc localize a
‘ . e ’
discrete regior in the hypothalamus, electrical stimulation of which
. .
rroduced Fep{oducible changes in heart Egte ard arterial pressure.

, The second objective was toc record the activity of single units in this

region during electrical stimulation of the carctid sinus nerve (CsNn}.

70 ensure 4that the responses of sirngle units were rot due to changes
f -

- -

. in blood flow to the hypcthalamus the CSH was stimulated at fregquencies
such® that reflex bradycardia and arterial hypotension were not observed.

. & .
The final objective was to demonstraté the specificity cf the inputl o
]

hypothalamic units by comparing their response during electrical

stimulation of baroreceptor and chemoreceptor fibres in the CSH to
' .- -
that elicited by selective stimulaticn cf either taroreceptors or
- £
chemoreceptors. .
- . ) o

-

(t) Investigation of the role of the hypothalamus in the mediation

A

of cardiovascular reflexes

-

It is well documented that the primary response to carotid body

w
"

chemomeceptor excitation in the dog and in the cat comsists of brady-
cardig, arterial hypertension and hyperventilation (Bernthal, Green &

Revzin, 1951; Bernthal, Motley, Schwind & Weeks, 1945; Comroe & _ .

- L]

Mortimer, 196L; Daly-& Scott, 1958, Kontos, Vetrovec, & Richardson,

1

- L]
1970; MacLeod & Scott, 196L; McQueen & Ungar, 1971), and that®the
primafy reflex bradycardia may be obscured by the cardioécceleratioq
a -’. A

secondary to the chemoreceptor induced hyperventilation (Daly & Scott,

1958; Scott, 1966).




035
&

Experiments designed to elucidate the peripheral mechanism

mediating the cardiac slowing have yielded conflicting résults.

Evidence has been presented suggesting that carotid body chemoreceptor
o -
induced bradycardia is mediated by both an increase in vagal input and

a decrease in sympathetic input to the heart (Daly & Scott, 1958; /
Downing, Remensnyder & Mitchell, 1962; Macleod & Scott, 196L). On the
other hand, the demonstration that intravenous administration of

. .

atropine or bilatergl cerviéal vagotomy consisteéiy abolishes the
reflex bradycardia.elicitea by-chemoreceptor stimulation (McQueen &
Ungar, -1971) supportshthe contention that the reflex cardiac slowing
ma& be mediated exclusively gyvthg vagus. Additional evidence in
support of this latter bossibilit& is the f;ilure to demonstrate a
sig?ifiéént qpange in the electrical activity recorded from the

inferior cardiac nerve of the cat duriﬁg perfusion of the carotid

sinus with hypoxic blood (Downing & Siegel, 1963).‘

There is a similar ﬁncertainéy déncerning the role of supra-
bulbar nervous structures in tpe control of chemoreceptor:induced
bradycardia. The demonstration that“the bradycardia observed during
systemic hypoxia in the thalamic rabbit is abolipghed by decerebration
(gorner, Uther & White, l969)vhas beeh considered as evidence that the
hypothalamus is the central structure mediﬁting carétid body chemé—
receptor bradycardia. However,.this conclusion is not unequivocal as
it is possib%s that systemic hy?oxié may gtimulate directly the central
nervous system as well‘as excite peripheral chemoreceptors, as suga,éted

by the demonstration that hypoxié may elicit a decrease ifi heart rate

in rebbits after section of the carotid sinus and aortic depressor

-~
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nerves (Korner et al, 1969). .
In view of the apparent iiscrepancies concerning the peripheral

mechanism and the central control of chemoreceptor}g;adycardia three

i

series of experiments were done. In the first serigs the quantitative
changes in the cardiovascular responses to tarotid body chemorecertor
stimulation before gnd after seléctive elimination of either the

sympdathetic or of the parasympathetic input toc the heart were determined.

-
In the second, the role of suprabulbar structures in the control of
: o v - . ” e o
chemoreceptor bradycardia was assessed by comparing the 'cardiovascular

,

responses to selective excitation of carotid body chemoreceptors before
and after midcolliéulag decerebration. In the third, the effect of
discrete electrical stimulation of the po;teromedial hypothalsmus on
the chemoreceptor induéed changes in heart rate was invegstigated.

U

(c) Identification of medullary structures mediating reflex vagal

bradyéardia

It is well documented that réflex'cardiovascular changes elicited
by stimulation of baroreceptors and chemoreceptors are mediated at the
level of the médullg (Korner, Uther & White, 1969; Lindgigp, 1961;

Reis & Cufnod, 1965; Wang & Chai, 1967). However ‘the precise location
of-tMe cardioinhibitory neurones involved in the vagal congponent of
these reflexes is uncertain as éleétri%al stimulation of the dorsal
nucleus of the vagus (bx), generally considered to be the site of

origin of cardioinhibitory neurones, does not produc radycardia in

the gat (Achari, Downman & Weber, 1968; Boris¥h & Domjan, 1970;

Calaresu & Pearce, 1965b; Gunn, Sevelius, Puiggari, & Myers, 1968).

Al

©
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Additional evi@ence that the DX does not possess a cardioinhibiébry
function is the demonstration that destructiop of this nucleus does
not abolish the vagal cardioinhibitory response to brain stem ischemia
in the acute preparation (Borison & Domjan, 1970), or the bradycardia.~
elicited by electrical stimulation of the cut pei‘ipheral'vagus in the
chronic preparation (Kerr, 1969). ) ‘

Although it has been shown that electrical stimulation of certain

medullary nuclei elicits cardiac slowing it is.not possible on the basis

of the evidence in the literature to conclude that vagal cardio-

=

L]

-

inhibitory neurones are located in these structures. Electrical stimu-
lation of the nucleus of tracim& solitarius (NTS) has been shown to-
elicit vagal bradycardia (Achari et sal, Calaresu & Pearce, 1965b;

Gunn et al, 1968; Quest & Gebber, 1972; Sellerc& Illert, 1969).

However, this bradycardia is probably due to Stimulation of primary

afferent fibres as_baroreceptors and chgmoreceptors ar;(known to terminate®
in t#e NIS (Biscoe & Sampson, 1970; Cottle, 196L.; éfill % Re{;, 1968; .
Humphrey, 1967; Miura & Reis, 1969; 1972; Seller & Illert, 1969).Q
Similarly, ‘uncertainty exists éoncern}ng the bradycardia elicited fromk .
‘ipe regioﬁ of the nucleus ambiguus (NA) as the type of stimulus used
aﬁpears to be important. 'Heating the reticular formation in the '

region of the NA (Chai, Mu & Brobeckljl965ig advancing ége e;;cgrodé

into the region (piqire, Gunn et al, 1968) or electrical stimulation

with bipolar electrodes (Gunn et al, 1968; Quest & Gebber, 1972) .
elicits Qagal bradycardia. On the otﬂgr hand it has'been.reported that
electrical stimulation in the region of the NA with upipolar elé;%réées

. : : Lot o
fails to elicit any changes in heart rate (Chai et al, 1965). It has
p .
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also been shown that electrical stimulation=o the nucleus- giganto-

AL
~

cellularis located in thé medial reticular rmation of the medulla

»
elicits vagal bradycardia (Achari et al, 1968); however, this structure
was not considered to be the site of oriéih of cardigihhibitory neurones

but part of a descending ca}dioinhibitory patNway originating in the
15 =3
limbic coftex. s

.

>

s In view of the paucity of information concerning the site cf

origin of cardioinhibitory neurores this portiom of the investigation

-
]

involved a systematic exploraticn of the medulla -for vagal cardio=
. R
inhibitory sites with histological localjzation of the ré:;énﬁive sites.
' N
Spinal animals were used to ensure that éboked changes in heartwrate

were mediated only by the vagus. In addition, in some animals

>

1psilaterél and then contralateral vagotomy were done to determin .
whether the bradycardia was mediated by crossed=or uncrossed pathyays. N

Finally, ‘to ascertain whether the cardiac slowing elicited during
. .

- ¢
medullary stimulation was du® to excitation of afferent fibres and

interneurocnes involved in reflex vagal bradycardia rather than to direct
stimulatioq of efferent cafdioinhibitory néurones, the effect of
administration of a barbiturate on the vagal cardiac slowing .elicited

< T -

from various medullary sites was investigated. This agent was used

> 4
as it has been shown to depress synaptic transmission of barorecepter

and chemoreceptor inputs to the medulla (Miura & Reis, 1969). Y

@

(d) Identification of mmedullary sites mediating hypothalamic

inhibitation of reflex vagal bradycardia -

The role of the medulla oblongata‘in the mediation of reflex
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cardig;ascular changes elicited by %timulation of baroreceptogs and

" chemoreceptors is ﬁell established (Lingren, 1961; Re;s & Cuénod, 1965;‘
Wang & Chai, 1967). However, the location of different components
of these reflexarcs and particuiarly of cardioinhibitory .neurcnes is
un;ert,_g,icn (Achari, Downman & Weber, 1968; Borison & Domjan, 1970; 7
Calaresu.and Pearce, 1965b; Gunn, Seveliu#, Pujggari & Meyers, 1968;
Kerr, 1969) although recent investigations in the cat havé implicated -

the nucleus ambiguus as the site of origin of cardioinhibitory neurones

@

(Borison™% Domjan, 1970; Gunn et al, %968; Kerr, 1969).

~

With regard to the role of suprabulbar structures in the
‘ 5
~medigtion of cardiovaséular reflexes, it has been demonstrated during

the past decade that the hypothalamus can exert an influence\on ongoing'

7

cardioyaicular reflexés mediated by the lower brain stem./f;n particular,

|
electrical stimulation of the hypothalamus has been shown to inhibit
¢ . ° .
a, Lisander¢ & Tuttle,
& :
1970; Gebber & Snyder, 1970; Hilton, 1963; Hoq&ma%'& Talesnik, 1971;

the vagal bradycardia {Djojosugito, Folkow, Kylstr

;Humphreys,'Jogis &chAllen,'1971) and the arterial Hypotension (Hilton,

© 1963; Gébber & Snyder, 1970) elicited by baroreceptor excitation.

»

.However, information regarding discrete inhibitory regions in the h&poa

thalamud” is very scanty as in many of these investigations fhers was

©
~

" no precise localization of sites of stimulatior.

As the inhibitory function 'of the hypothalamus on cardiovascular

reflexes mediated at thedleyel of the medulla is well established, but

the precise location of thé medullary sites at which the hypothalamic

- influence takes iplace is uncertain, aftehpts vere made in the final
P v B s - - woo o
projept'of‘th investigation to localize medullary structures involved

- - o
o
-

.
)
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in the vagal component of baroreceptor and chemoreceptor reflexes which
could be irhibited by hypothalamic stimulation.’ Two series of
expefiments were done: in the first, the effect of electrical stimulation

of the hypothalamus on the magnitude of the vagal bradycardia produced ’

by stimulation of the medulla was determined; in the second, attempts.

were made’to~record field potentials in these medullary regions during
<

stimulation of the hypothalamus.



A. General procedures

"o

—

I3 M
Results were obtained in 131 cats (1.9 - 3.7 kg) anaesthetized
with alpha-chloralose (60 mg/kg) after ethyl chloride and ether’
induction. The trachea, femoral artery and femoral vein were:cannulated

*

routinely. Arterial pressure, monitored by a Statham transducer * .
connected to a ;atheter in the left fémoral artery,. heart rgte, Sbm-
puted by a Grass TP4 tachograph preamplifier,tand respiratory frequency,
monitored as a change in temperature of tidsal air'5yaa thermistor in
the tggchealycannula were recorded on a Grass 7T poiygraph.w e feméral
vein was uséd to inject drugs. The animals were placed in the prone
position wi;h the heads fixed in a Kopf stereotaxic ins%%umgn£.' The
rectal temperature of the anima;s was kept at 37°C % O.éfﬁy a Heating

pad controlled by a Yellow Springs T3 temperature controller.

B. Surgical prqcedures . °

)

X )
To expose the caudal portion of the floor of the fourth, ventricle

the occipital bone was removed and the cut edges were packef with

[} .
Horsley's bone wax to prevent bleeding. The cerebellum was totally
removed by suction and warm mineral il was poured over exposed'

{
nervous tissue.to prevent drying.

»

To stimulate and.record in the hypothalamus, the brain was
’
exposed by bi;ateral parietal craniotomy. In selected experiments, the

effect of decerebration on various experimental manoeuvers was determined.
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The decerebration done through a hole bored in the tethporal

and parietal bone on the left side of the skull consisted of transection

<

of the neuraxis at the intercollicular level using a blunt spatula

o

and subsequent removal of the nervous tissue rostral tc the transection.
.,Théﬁngt or right carotid sinus nerve (éNS) was exposed by a lateral
appéoach; the submaxillary gland and a segment of the hypoglossal

nerve near the carotid bifurcation were removed, and the CSH was iso-
lated from surrcunding connective tissue and crushed near its site.of~
origin at the carctid bifurcation. In selected expeff%;nts the CEN
was.isolated in such a way as to leave the blood supply to the carotid
body intact and the medial thyroid artery was caﬁnulatéd for subseguent

¢

infusions.

C. Electrical stimulation

(a} Stimulation of the hypethalarus

Uéibolaf stainless steel electrcdes (tip diameter 20-50 pﬁ,
shaftrdiameter 175 um, insplated with Insl-X, Insi-X Corp, ¥onkers, N.Y.
to approxiﬁately 150 pm from the tifﬂv;re used to stimulate the h;po-
thalamus. .The DC resistance of the eleétrodes in saiine“yas LO-50
kilohms. The indifferent electrode was an alligato? clip attached to

exposed écglp muscle. To investigate the effects of hypbthalamic

stimulation on heart rate and arterial preséuqe and on medullary and

sec. To elicit field’
3

reflex vagal bradycard®a the parameters’o stimulation were L-8 v,
(70-200 pA) LO-60 Hz, 0.2-0.5 msec for 10-
R

potentials in the %fdulla, the hypothalamus was stimulated at 4-8 v,




using single or twin pulses (interval 5-10 mse¢) of 0.2-0.5 msec

duration at a frequency of 0.5 Ez. The stimulus was generated by a

Grass Shl stimulator and was delivered to the hypothalamus through a

~ Grass (SIUS) stimulus isolation unit. On each penetration, the site

of stimulation selected was that yielding the maximum response.

{b) Stimulation of the medulla

- -

In preliminary experiments the right side o} the medulls was
explored for cardioinhibitory sitesrin a region extendingifrom 3mm .
caudal to:7 mm rostral to the obex and 5 mm lateral tc the midline.

It was found that cardiocinhibition could be most rea&iiy elicited
between 1 mm caudal and 4 mm rostral to the obex and 5 mm lateral.

This are; coincides with the region'described anatomically (Cottle, 196L)
-and electrophysiologically (Calaresu & Pearce,‘1965;,Crill & Reis, 1968)
as the site of termination of péimary cardiovascular afferents and“
therefore systematic exploration was restricted to this region. The
referengg’point for positioning the electrodé was the obex and the
region was explored systematically on a grid with points of pegetration
one millimeter apart. .Unipolar stainless steed electrodes were used

(tip gi;meter 5 - ld pm, shaft diameter 175 ym, insulated witl' Insl-X,
to within 75 pym from the tip).  The DC resistance of the-elec;rodes in
'saline was L0 - 60 kilohms. The indifferent electrode was an alligator ,
elip attached to expoéed scalp muscle. The stimulus used ;onsisted of

a 15 to 30 secend grain of rectangular pulses (L-8 v, 20-40 Hz, 0.2 °

msec). These parameters of stimulation were found to elicit optimal

“cardiac slowing.
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(¢c) Stimulation of the carctid sinus nerve (CSN)

The CSN was placed on bipolar stainless steel electrodes, the

skin edges of the wound were sutured to the stereotaxic framé and the -

nerve was covered with mineral oil at 37°C. Stimuli to the CSN were

~ 2 =

0.1 - 0.5 mgsec pulses from a Grass sk stimulator through a Grass SIUS

stimulus isolation unit. The "th;eshoid" stimulus was defined as the
voltage required to elicit a 20% décrease in heart rate using & 10 sec
stimulus train of 50 Hz and 0.2 msec pulse duratio£. The CSN was tken
repetitively stiﬁulated et 0.1 to 0.5 Hz at stimulus intensities of =
» to 5 times threshold while.the hypothalamus wés systematically explcored
. for responsive units or the CSKN was stimula{ed at 20 to 66 Ez (L=10 v,
0.1 to 0.5 msec) and the effect of simultaneous étiﬁulation of the

hypothalamus on the CSN induced cardiac slowing was deternined.

(d) Stimulation of the cervical vagus rerve

.

In selected experiments the peripheral end of the left cut

. vagus was stimulated. The left vagus, exposed by a latersl arproach,

»

was placed on bipolar stainless steél electrbdes, the skin edges of the

. wound were sutured to the stereotaxic frame and the nerve was kept in a
- ‘ '

. pool' of mineral oil at 37°C. The parameters of stimulation wére 2 - 6v,
- 20 - 4O Hz, 0.2 msec for 15 - 30 sec.

. - - 4
D. «Se*fctive stimulation of baroreceptors and chemoreceptors

- The chemoreceptors of the right carotid body were stimulated by

injection of sodium cyanide (NaCh, British Drug Houses, Toronto,
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.Canada, 50 - 100 pg in 0.05 + 0.10 ml o a 1 mg/ml solution in saline)

) ¢ ‘ .
into the right common carotid artery via a cannula in the medial thyroid

artery; this method.of administration "has been shown to excite

selectively the carotid body chemoreceptors, (Fidone & Sato, 1969;

Jacobs, Sampson & Comroe, 1971). The appearance of marked transient

K

bradycardié or arterigl hypertension or polypnea or a combination of

a

these responses after:- administration of NaCN was considered evidence
of chemoreceptor excitation. A control injection of saline (0.05 -

0.1 m1) into the common carotid artery did not elicit any cardiovascular
or respiratory responses..

Barorecepfors were stimulated by intravenous administration of

-8

»

noradrenaline (NA, 0.5 - 2.0 pg/kg); this method has beén shown to

selectively excite baroreceptors (Gebber & Snyder, 1970). The

L2} .

appearance of a marked transient bradycardia after administration of -

LA was considered evidence of -stimulation of barorecepters.

P

E. Recording neural activit& in the hypothalamus and in the medulla

() Single unit recording ”

-

Stainless steel microelec£rodes (Greeny 1958) with a‘tip
diameter of 1 - 3 p and a~resistgncg in,sali;erof Q:S to 3 MR were gsed
for extracéli;;ar—recording from single units in the hypothdlamus.
The’indifferent electrode was & needle inserted intq the brain sub-
stance through a(gghll hole.in the skull. Signalquere led into a
Grass Pl93differential p;gamﬁlifier with a bandpass of 300-3000 Hz.

The amplifier output was connected to a Tektronix 565 osciiloscope for

observation and Qhotography. The signals were also stored on a
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Philips Analog 7 tape recorder for further analysis.

(b) Recording of field potentials

-

Concentric’ bipolar electrodes (SNEX 100, Kopf Instruments,

Tujunga, Calif., tip separation 500 um, DC resistance in saline L40-50

kilopms) were used to record field potentials in the medulla during
hypothalamié stimulation. Signalé weré led in¥e a Grass P15 _differential
preamplifier with a bandpass of 0:3-3000 Hz and the amplifier cuiput

was connected to Tektronix 564 and 565 oscilloscopes for,observation

and photography; the signals were also stored bn a Philips Aralog 7T

tapegsrecorder for further analysis.

» - R
[}
-
- -
-

F. Investigation of efferknt pathways mediating cardiovascular responses

s

To investigate whether the changes "in heart rate and arterial ;

b TN o
pressure elicited by electrical stlmulatlon of the hypothelamus, -
- . . 2 - Ivr - -
medulla and CSN and by selectlve-exc1tat10n of carotid chemoreeep*ors

o

were meéfated through changes in sympathetic or parasynpathetlc

. a FX

activity, the effect of blocking either output on the response to

further stimulation was invest%gated. ~The parasympathetic inpui to

the héatt was abolisheQ'by bilgleral cervical vagotomy and the sym-
pathetic input was blocked ﬁy one of two methods. The first method  ,was
the intravenocus aninig;rati;; of the béta-adrengrgic blocking agent
propranclol (1.5 mg/ke, Inderal,’hyers; Laboratogies, Monireal); ’
dqses of 0.75 mg/kg of ihis drug in chloralcosed cats have been ghown to

abolish the cardiocdcceleration produced by electrical stimulation of the

right stellate ganglion (Black, Duncan & Shanks, 1965). The second



) ventilation was nequi%ed and was administered with an-E & M VS5KG .®

! »
" -
@ N s
L

g

method was transection of the spinal cord at QT; spinal Yansection at

this level in the cat usually does not abolish sponta.* respiration
and is' rostral *to the site of origin of spinal sympathetic neurones.

(Henry & ualaresu, 1972) * However, in several animals‘artificial

.

’
¢

respirator. . *

- - .

’ @ —_— - - P
In addition, in selected experiments, to ensure that thg changes
N , i .

- .ot

}; hegrf rate elic;ted by stimulqtiog of the medulla and‘r?fl x
excitation éf baroreceptors were médiated solely by the vagus nerves,
ard to investigate the effects of hypcthalamic sgimulatién on this
vagal response vifﬁput altering.t£é|sympathetic input to.heart and

blood vessels,. the spinal cord was cut at CT'

~

.. Histological localization of sites of recording and of

T
.

stimulation in the central nervous system ~
B . ) .

The hypothalémic stimulating and recording electrodes were
. . -

Positioned with reference to the stereotaxi¢ doordinates obtained from

-
v

the atlas of Jasper and Ajmone Marsan (1954). The reference point

for positioning medullary stimulating and recording electrode;\was the
cbex. To obtain accqrate anatomical localization of the electrode tip
the sites of recording and stimulation were marked by aepositing iron
fron the tip of the eleétrodg (5 pA for 20-30 sec. electrode tip
positive). The animals were pekfused with 0.9% saline followed by a

.

solution of 1% potassium ferrocyanide in 10% formalin. Thé brain was

fixed for 3-T7 days and 50 J froZen sections were cut and stained with
) -
] . - o
thicnin. The typical appearance of an iron deposit at a site of recording

Y
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in the hypothalamus is shown in Figure 1 and the appearance of an iron

“~deposit at a site of stimulation in the medulla is shown in Figure 2.

H. Analysis of data

.

(a) Cardiovascular response -

e

Heart rate wag_coqputed in beats/minute from é ccunt af the
systolic peaks of the art;riai pressure record in the 20 seccnds be-
fore eleétrical stimulation and irnjection:of drﬁgs and in the las*t 10
seconds Qf.fhe train of stirulation of the hypothalamus, ~—edulla, CEXN
and vagus and in a 5 second period during the maxirur cardiac respoense
elicited by injection of sédium,cyanide and noradrenelire., Mearn arterial
pressure (diastolic pressure pulse and third of the pulse pressure)
was measured ‘before the stimulus and injection and at highést“cr lowest
level elicited by electrical stimulation or injecticn of drugs. Tre
differences in heart rate and mean arterial rressure belween ccrnircl
and stimulation or injection values were averaged fror three rur‘. A
change in heart rate was considered to be present cnly if changes of €
. V4
or more beats/min were elicited by electrical ®timulaticn cor by
irJection of drugs. Changes in heart rate elicited ﬁy electrical‘stim-
ulation and by inlJection of drugs before and after vagotézy, adrministra-

= -

tion of propranolcl, spinal transection or decerebration, and before -
and during hypothalamic stimulaticn were siﬁilarly corputed. Mean

values (rounded to the nearest integer) of changes in heart rate and

arterial pressure for each group were then corpared.

"on

test for correlated samples were used for

- Student's 't
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. - Figure 1

Transverse section of the diencephalon with an iron
deposit (at the arrow) corresponding to the tip of a
recording electrode in the posteromedial hypothalamus.,

[ ]

50 um section, thibnin and potassium féfrocyanide stain.”
Plgpe of section at approximately f 10. Fx, fornix;
Hp, posterior hypothaiamus; Hd, dorsal hypothalamus;
MT, mqmmillo—thalamic tract. Cﬁiﬁbr&tion 1 mm.
/‘ -

o F
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Figure 2 .

Transverse section of the medulla of a cat approximately
1.5 mmw rostral to the obex with an iron deposit (at the

\

arrov) cog;esponding to the tip of a stimulating electrode
in the nucleus iambiguus. 50 um section,. thionin and

potassium ferrocyanide staip, calibraticn 1 mm.

[+ :?

e

/
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- statistical analysis] a probability of less tham 0.05 that the difference
between two'neansdpould occur by chafice was considered signifioant. .
D . ' .
/"\‘ - , . R Y
! (b) Single 'unit sctivity ‘ . o~

- 3 1 74

< R ’-

Y ‘To Investigate the ‘effects of electrical stimulation of,the
‘ £ . N e . -

carotid‘sinus nerve (CSN)'on hypothalami&éunit activity, a Biomac 1000

v ‘-

(Data Instruments Ltad. London) s1gnai analyzer was used to generate

’ ..

post- stlmulus time (PST): hlstograms. 'A decrease in the probability
J

)

of frrlnb of a neurone measured by the PST hlstogram comppred to the
o A ’5 .
control probabllltvaas designated 1nh1b1troﬁ".s Increased probablllty

N ¢
S vas designated “excitation“. In sLovly firing cells (2 splkes/sec)

. at least 50 summated sweeps were‘usually needed’ to demonstrate P
P \‘ N '
ichibition. The latenconf the responses observediﬁgs.been arbitrarily
‘defined as the'time fnom'the stimulus artifact 0 the appearance of .

~8a change in the probablllty of flrlng of a neurone mhe duration of

. the responses was . con51dered to be the tlme durlng which the probabllity ’
. ' . Y ' °

' ' of firing of a neurone was altered.from the contral probablllfy by .

- . st1mulat1on of the CSN.. v : ! ’ :
. . . , "-"‘

\ ) . . o L o R
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RESULTS ~

5 e

Cardiovascular response elicited by stimulation

4wy o F

A

of the posteromedial
s <

)

hxgptha{gmus

L

y
vy

A systematic exp

L AN AT

loration of the hypothalamus in a-regicn ex-

{
tending gspm 8.5 mm rostral to 13 mm rostral to the irter-auricular
o - L]

.

2

»

3 mm lateral and from 10 mm gdorsal +c 3 mm <

>

line, from the midline to

. £y -

*¢c find vasomCtor areas

-

dorsal to-the inter-auricular lirne was done-

- .
¢
1

that might be potential sites of termination of barareceptor cr chemo-

¥
receptor input.

> i

It was Tound that stimulation. of a localized area in

the posteromedial hypothalamus, produced marked c*anges in heart raze

o

20 histo-

1 Y
and arterial pressurg. Selective electrical stimuraticn o
\’ “ .

s

- ‘ . .
logicallyﬁ&%c&lized sites in <he posteromedial hypcthalamy

LY

animals comrSistently elicited cardiocacceleration and arter
? ’ -

tension.

The mean changes in heart rate and, arterial pres
9 : ’

bl
s in nine
~

ial hyper-’

icite

[

sure €

-

£

«
by electrical stimulation of these sites are presente in-Table 1 arjg
' . ” - L 3

the location of Mese sites is shown in Figure 3.

Lo . Ny
To investigase

by

ot

nduved

whether the éff@cts off heart rate i

'@lectricai stimulation of this hypothalamic area were mesiiated by

L]

chanées in activity of the sympathetic or of .thé parasympathetic input

to the heart, the responses. before and after blocking either inpu}

-

&~

.

were compa}ed.‘ In three animals, bilateg&l vagotomy .did not alter the
- - X :
cardicacceleration elic;&ex:by.electrical stimulétioui' However,

- Py 1 . . . ‘ .
intravenous adnfinistration of the beta-adrenergic blocking agent
‘r- L] ' R

< . .
y abolished the increase in heart ra&é elicited

Pl

propranclol consistentl

hypothalamus (Table 1).

by stimulation of five sites in the
: , : Nt

.

[+

-



af'
L 9

‘ . N
- - T

d ) ‘t
. ) » . . " N ‘
~TABLE 1. Changes in heart ratée (bpm) and in mean arterial
. \ pressure (mmHg) elicited by eléctrical stimulation

of site§ in the posteromedial hypothalamus before

apd after vagétomy and administration cof propranolol.
4 -

e ) + - \.-./,‘ ’}:0
Preparation . i , Cardioacceleration o Arterial
(n = nurmber of Hypertension
sites stimulated) Before After 3 Bq{ore After
N v &
L J
Intact . +32 t 305/ +h6 b 4 T.h

(n=20) Y . . ‘ ’ : :

Vagotomy +28 + 4.1 — +37 + L.4" +39 +713.5 +397+ 12.3"
{n=3) ' ) .
»
. . [ 3
Proprandlol #3232 7.9  + 322" 44T £13.2 +28 & 7.7
(n=%)
(o] ~ b
N Values are means + S.E.
* £»0.5 ’
.
% 0,05 .
* : . | o
3 o . %
. e . - . ©
.« ’ ° "
~- i -
et .
“
. ) - )
B " ..
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Location of iron deposits corresponding to hypothalsarmic

sites of stimulation and recording in 23 cats. The

&

transverse sections of the hyppthalamus are modified’ ¢
from a stereotaxic atlas {Jasper & A mone Marsan, 195L).6;
Each sectidh includes sites located between 0.25 rmm cganiai
aﬁé O.2§ mm ceaudal t© the plare of section. For conven-
ience stimuletion sites are show; or. the right ard. re-

cording sites on the left. @, location of 20 €ites at which

) 2. . I3 3 > L] : . g
electrical stimulation elicitéd cardiocacceleratior 'and -

arterial bypertension.a,lbcation of 7 units that were

b3

excited by CSN stimuletion.WV, "location of 16 .uitit's“ s
that were inhibited. x, location of 28 units that did

not respond. Hd, dorsal hypothalamus; Hl, latergl'hypo—l

“thalamus; Hp, posterior hypothalgmusf Hvm, ventrcmedial .

.

hypothalamus, Mm, mammillary bodies; Fx, forrix; MT,

mammillo-thalamic tract.
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B. Effect of baroreceptor and chemoreceptor excitation on activity

Ll A
of single units in “the posterOmedggl hypothalamus .
: . e
- N .

(a) ‘Responses of units to electrigii stimulation of the
) -

,»;\\\\ T carotid sinus nerve . .
-

As it had been shown that electrical stimulaticr. of a discreté

-

region in the posteromedial hypothalamus produced rmarkel@ Increases In
»

heart rate and arterial pressure, the effect of stimulation of tre

ipsiiateral carotid sinus nerve (C{SN) con the activity of single urnits
in this region was’investigated in 1L cats. Twerty-three of the S.

4
units from which recordings were obtained responded to stimulation cf

-

2 L ]
the CSN angh28 units did pot respond; these latter units were generally
£ J

¢ located either ventral or lateral tc the area where respcnsive units

were found. The firing frequency of the 23 resporsive urits was
-
altered by stimulation of the CSN: severn units were excited ani 1¢
- g

(fn

hd were inhibtited. The mean spontaneous rates of discharge of the

excited (5.7 ¢ L.1, range O to 30 spikes/sec) and cf the irnhibited

(5.7 £ 0.9, range 2.3 to 18.0 spikes/sec) neurones were not signifi-

*a cantly different. Although the ranges of latencies of the twc respornses

overlap, the mean latenties of the response of excited and irhikited
? . mo ’
neurones were significantly different (p€0.05). Furfhermore, the mean
b . ;
duratiag.of the inhib}tory response was sigpificantly greater {p€0.001)

than the durstion of the excitatory regficnse. These results are

iy

_ ’
summarized in Table 2 and the locatfjon of iron deposits correspending

to the sites of recording is shown iR Figure 3. Typical records of an

.

excitatory. and of an inhibitory re nse to stimulation of the CSii are




TABLE 2. Response of single units,in the posteromedial ~

hypothalamus to electrical stimulation of the

ipsilateral carotid sinus nerve.

Response Latency
(msec)
.
' L]

Neurones excited ) 29 + 3.7

(n=T7) (range 17-40)
Neurones inhibited - 68 + 9.0"

{n = 16) (range 30-1L0)

Duration
(msec)

19 + L.9
(range 5-=L0)

263 + 23.2""

(range 90-L20)

Values are means + S.E.

i

*P¢0.05

*%P<0.001

059
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a
seen in Figure L. ]
\ ‘ Rk '
(v) Response of units to selective stimulation of
baroreceptors and chemoreceptors
As it is known that the CSN contains‘baroreceptor and chemo-
receptor A-fibres (Fidone & Sato, 1969; Heymans & Neil, 1958) it is
A . .
. * C . -
% likely that both baroreceptor &and chemoreceptor fibres were excited

- by the electrical stimulation of the CSN. "To de)ermine whether the

response of ‘single units in the postersmedial hypothalamus was due

to stimulatioms of baroreceptor or chemoreceptor fibres in the CSN the
response of some hypothalamic units to electrical stimulation of the

CSN was compared with the response of the same units to selective

<

stimulation of either baroreceptors or chemoreceptdrs. As i+t has been

shown thaﬁ the bradycardia induced by noradrenaline (HA) is due,_ to

- [N

baroreceptor excitation (Gebber & Snyder, 1970) and the bradycardia
- observed after close intra-arterial injection_of sodium cyanide {NaCN)

is due to stimulation of carotid bedy chemoreceptors (Daly & Scott,

b L]

1658; Jacobs, Sampscon & Comroe, 1971; Scott, 1966), in this investigation
- " e

the period.of bradycardia observed after the injection of NA or NaCR

was'consi&zred to be the time of selective activation of barcreceptors

or chemoreceptors. *
. N k4

‘- _The effect of selective excitation of baroreceptors on hypo-
- » - - ~
thalamic unit activity was investigated in five units that were in-

P

hibited by CSH stimulation and it was found that the discharge frequency
) r -

of these units was markedly decreased during the baroreceptor induced

bradycardia after NA injection. The response to NA administration of a

hypothalaﬁic unit that was inhibited by CSN stimulation is shown in

-~
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Figure L

Post-stimulus time histograms (uppe:)gnd photographic

. records (lower) of activity of single units affected

by electrical stimulation of the carotid sinus nerve

{CSN). A. from a single unit excited by CSN stimulation.

B. fro? a sinéz? unit inhibited by CSN stimulation,

lower trace is 3 super-imposed sSweeps. N = number of

respcrrses summated for PST histograms. Stimulus

- .

occurred at time zeroc in each case.

/
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Figure 5. - /

, In a&dition, NaCN was administered while recording from three
of these five units. Although NaCN injection €licited a marked chemo-
receptor induced bradycg;&ia, no significant change in the frequency
of discharge was observed. | -

The effect of selective excitation of carotid ¥ody chemoreceptors

*

on hypothalamic unit activity could be investigated in only one unit s

that was excited by Q§N stimulation, and it was found that its dis-
charge frequency w;s markedly increased during the chemorecepicr
induced bradycardia (Figr 6); however, administration of NA did not
alter its firing rate.

Finally, in three units that did not respond to CSN stimulation,
no obviocus change in firing frequency was induced by HNA administrat?on,
and in two of these chemoreceptor activation also f;iled to influence

[

the frequency of firing. These results are summarized in Table 3.

Pl

C. Cardiovascular resporses elicited by stimulaticn of

-~ .

carotid body chemoreceptors

~

. Igtracarotid injection of HaCN in 29 animals consistently

v

elicited bradycerdia and arterial hypertension. The'cardiovascular
. .

responses appeared within 5 sec after NaCN injection; a typical response

is shown, in Figure TA. The mean values of changes in heart rate and

arterial pressure elicited by chemoreceptor stimulation are presented
in Table 4. Although changes in respiratory frequency were usually
observed to accompany the cardiovascular response (an increase in 26

animals and no change in 3) a tachycardia secondary to the polypnea

o
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Figure 5 .

Response of a single unit inhibited by carotid sinus
nerve (éSN) stimulaticn tc selective excitation of
baroreceptors. - A, spontaneous’discharge. B, discharge
duripg noradrenal%ne (NA) induced reflex bradycardia

(10 sec aftér A). 1In each record, top to bottom: -

nerve discharge, arterial pressure pulse, time .marker

(sec). Note the marked decrease ir discharge frequency

s

during baroreceptor induced bradygardia.
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Reéponse of a sing]e unit excited by carotid sinus

nerve (GSN) stlmulat}on to selective aqtlvatlon of carot
)

o 34 -

oy H

N » . X .« 0 . .
bedy chemoreceptors.; A, sgontaneous discharge. E&E,

é - ; - dlschaﬁge durlng sodium cyanide (NaCH) 1rduced ref;sx
, ) bradycardia (10 sec after A). :gh each record, tOp to
’ 3 .
’ . . ’ bottom: nerve discharge, arierial p;essure pu;se,
. . . .
) time marker- (sec). Note the mérQZQ increase in discharge
) KA ™ .. It

) . - ., 5 , - 4 -
frequency during chemoreceptor induced bradycardia.
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. TABLE'3_;:5 Reéponses of single®units in the posteromedial

- nypothaTamus to electrical stimgiation of the :

" . . < .
;. - ' * carotid sinus rerve, tc sglective stimulation ‘
- ’ b
. - cf baroreceptors and to selective stimulatfon )
- ’ . * . ~_ .
. - of carotid body chemoreceptors.”
. - -
. o M s e oy
: Response to *CEN Response to NA - }‘.%sponse <> NaCli
stimulation o injection injection .
. % charnge % change % change % change
“ . L im discharge in hearvw in discharge °~ in heart .
o . N ’ freguerncy rate freguency, rate
4 - . . . ‘ . . ’
. g ) . - . o <
M ' -
2y e, L L ' ' ‘
. Inhibition . = L6 - 31
5 ‘ ,
’ s . - - - -~
~ Inhibition - Lo=w23 g 62
- - »
. . . -~ : .
cyes o 2 . e .k -
~Inhibition .. . - Su - 40 + 2 . = 22
’ ’ .' : L d R * :'“ ’ - ‘
. : : N - . - ~ 7
v ' Ichibition e .’&_ % - BT - 50 -7 - 26
N - g T e N ' ‘ . =
, Lo ¥ ' . ~ - . T - ‘
J i s CoB . - . .
4 ) ..‘f . Inhibition O T Ly - 30 . - - © - 13
I! : El ,,“ ) :. 2N "- -
- - ' . - 5 . ".?' te . . - »
v . * R - 1 & - . . -
oo No x*espo‘nse ot - - 1 . B
- T . ] - v Py . - - : -
) v No response . o=l L - 30 =~ - ‘ - 25 .
_ . - ’ s . . ‘ . .
. ,,'Ié response ° - T - 38. . =3, : =029
» Lo - . . »' o . - - I .
- v i v - .
,l' i ) ’ s". ) e - ’ ! ¥ * .
- - cpxcised - . - 3 : o= L1 "4}‘0 L - 27
¥ g ‘ » c. L - ' . ! V, . P v hd
. . . 5 ’ - .
—— - A /\- - Ja o
- 3.
A * Bl A
iy ad » Al1l values are means ¢f three runs rounded to the nearest integer.
’}F . . E i - ) X .
: - . g [ N L) : [ .' . B
-~ ¢ ¢ - " ‘
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Figure 7 .

Effect of administration of p;opranolol and of yagotomy

on cardiovascular response to excitation of chemorecep-

»tors. In each record frep top t@ bottom: .arterial

pressure, tachograph E;acing, respiration; at tne arrow

intracarotid injection of “sodium ‘cyanide (NaCl) 50 ug.

A, control response and B, respcnse after 1.5 mg propranclol

I.V. C, response after right. vagotomy, and D, after

bilateral vagotonmy.
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’ TABLE 4, " Effect of administration of propranolol and of
vagotomy on cardiovascular responses elicited
by injection of sodium cyanide into right carotid .
f y . artery.
. Change in heart rate * Change i% mean arterial pressure
< : - . P
(bpm) {rm¥g)
T , : _ ,
; , Preparation . Before After Befcre : after
Control -28 + 6.8 .. +25 + 5.7
(n = 29)
Propranolol -2L ¢ 2.8 =20 % 2.3 +21 0% 3.7 +23 ¢ .8
l (n=19) : :
; . -
, Right -30 + €.z -19 + 5.1* 422+ LD J +21 % 4.8
~ : vagotomy ) . . T
(n=3) . : SN
SN .
L - Bilateral 30 + 6.2 + 2 #+.2.1% +22 + 4.0 +26 ¢+ 5.5
. _ vagotomy Lo P i g y . .
(nr=5) - . )
> . & ‘9
. Values are means + S.E. '
, n = number of animals
Resting heart rate: ccntrol, 197 % 9.2; .Jpropranolocl, 63 + 4.0
right vagotomy 187 + 16 6; bilateral vagotomy, 187 # 16. 6._
- a ’ [ ] -
. *P<O, OS for difference betwéen responses elicited berre and after -
experfmental procedure, ) . )
I’ , - .
r e -
} | r‘“) |
. . - i ) = . .
LN “. .
f'\ -
a———. . . “ - -
A) & »
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was never observed. In addition, in two experimerts NaCli irduced

bradycardia and_af%erial kypertensicn were fourd tc be .ebolished Ey

tae

section of the, carotid sinus ‘nerve.

1

B

(a) Effect of admifistration of propranclol and of bilesteral

cervical Vagotomlfon ¢hemorepeptor induced bradycardis

Ly | - ..

- To investigate the efferent rechanism mediating the zhemorecerter
. le
bradycardia the cardiovascular resronses elicitel by cerotid ‘tecdy chemc-

- - ] kY . 3 - L- A» »
receptor excitation before and after blocking either the 3ympathe=ic
A J iy

or parasympathetic input to the hear®t were compargd. Ir 5 cats
v ! . -

- ’
adrinistration of propramclol did not

Jespornse to intracarctid irnjection of NaCl (r30.3). Howevgr, In enciher

group of 5 animals the cerdiac siowins was sicnificanily (p€C.25 ) =
. reduced by right vagotormy and abolished by bilateral cervical vagctony
(p€0.05). These results are Suzmarized ir Table - ani “yrical :
® . .
) . ’ .responses hé;ﬁmmoreceptcr st imulaticn be?ore and ;f:er eitrner gimin-

istration of propranclol c¢r vagetcmy are shown in Figure

) SR T . - PR
Although these resuits indicated that the chercrecertcr Induced

bradycardia was npt due to inhibition of the sympethe<ic Inrut L2 the

« heart, the possibility existed that +the reflex vagal bradrcariis was o

) . B not due solely to carotid body chemoreceptcor excitaticrn but alsc-ic
) . . . P ,

v - : . - .
. vagal discharge induced reflexly by activation of tarciéceptcrs darirtg
: . - - N . . v /

-~ the arterial hypertension elicited by ¢hemorecertor stimulaticn. T¢ :

PN 4 /

o (Y] . . Lt . . , 2 '. . z / rs -~ -, *
. » investiyate this pdssibility, experiments weye Jdone tc compare the
. » ’ . ',/ . .
magnitude of the cardiac slowing elicited by intrecarctid injection cf

r . . SR . s . ~ ’ . ; ’
.HaCh before and after eliminating the pressor respongge by siinal tran-

-y [ . o .
- ‘ * - .o

- . . r# . ) . : ' ' .
: ““ ) . '.‘c' )‘ £ ' ’ ‘ “ !
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. ’- v

T (v)  Effect of spinal transection and bilateral cervical

vagotomy on chemoreceptor bradycardia
»

In 10 cats the magnitude of cardiac slowing elicited by intra-
carotid injection of NaCN was not arfected by spinal transection at
. ~ [y

S7.. In addition, in two animals that required artificial ventilation

. -
after spinal transectidn, the chemoreceptor bradycardia was similar in
maznitude to that obtainéd in spontaneously bréathing cats. A typical

4 .
.

N . . : Ce . ' . s
. response befcre and after transection is shown in Figure 8. "In 7 of |

these cats the effect of vagotémy-;ﬁf%he chemoreceptyr bradycardia was
» - . - ’r"
3 \

investigated and it was shown that the bradycardia was sighificantly

< . s
{p<0.05) reduced by section of the right cervical vagus ‘and abolished

by bilateral vagotony (pé0.0S). These results are summarized in
_Lable 5. I+ is waith noting by inspection of Figure 8 and Table 5

“ s - < . -

that irn spinal =arimals <he bradycardia elicited by imntracarotid injec-

»

N ~icn of NaCl was\accompaniei by a slight decrease in arterial mressure
I * ! . a

probably related to tke decreased cardiac gutput which is observed

N
L SN

ardiac slowing. ) . . .
e . , ,

. .

’
[on
K
[
s

o
0

‘

Effect of midecollicular decerebration on

. chemoreceptor bradye®ardia . .
" i * . “, .

. . M > %

- . , o 2 .

. . ST ‘As electrical stimulation of ‘the posteromedial hypothalamus

(PMH). elicited pressor responses similar to the respoiise elicited by
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Effect ,of spiral transection at C7,on cardicvascular
response to excitation of,chemorecertors. In each

record from top to bottom: arterial pressure, tacho-

graph tracing, respiration; at,the arrow intracarctii

injection of sodium cyanide (iiaCl) €0wug. A, control
, . . ' .-
response. B, after spinal transection.
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4

f@hemoreceptor;excitation and chemoreceptors had been shown to project

to the PMH, the possibility that the PMH was involved in the mediation
of the cdrdiovascular response elicited by chemoreceptor excitation
L3

was investigated by comparing the magrnitude of the cardiovascular
] }

changes elicited by stimulation of chemorecertors before and after

* . f

midcollicular decergbration. Midcollicular decerebraticn was done in

four chloralcsed arimals; a significant (p€0.05) increase irn the

magnitude of the cardiac slowing compared tc the respornse elicigsd in

the intact preparation was ob®erved. In addition, the chermoreceptor

bradycardia elicited after decerebration was significantly (p<0.0%)
* ‘ v

reduced by right cervical vagotory and abclished by tilateral vagctomy
~ d

(p<0.05), results simidar to those cbtained in animals with an intadét

central nervous sys-em and in spinal animels.- These experiments are

- [ '
v

-surrarized in Table 6 and typical responses tc chemorecertor excization
tefore and after decerebratior snd the effect of vagctomy on the brady-

-~

cardia are showrn in Figure 9.

. i ‘A
. : .
.

2. Effect of eiectrical stimulation of the posteromecial hypothalamus

.

on baroreceptor and chemoreceptor induced pradycardia ir spinal
- L]

animals - - »

.

.

. V? Tae' finding that midcollicular decérebration potertiated chemo=-
L4 - .
N *
receptor bradycardih (Table 6; Fig.-9) suggested the possibility that
. . ‘

supr@bulbar structures may inhibit the chemoreceptor reflex As

[y

chemoreceptor excitation alters the 4ischargée frequency of single units

in the posteromedial hypothalamus (Table 3; Fig. €), the effect of

hypothalamic stimglation on the_bradycgrdia indueed by ‘carotid sinus

’ . ’ .



>
TABLE 6. Effect of midcollicular decerebration and of
13 -
vagotomy on cardiovascular responses elicited
by injection of sodium cyanide into right
- carotid artery. .
. - ‘ -
. 1
. v
- .
--Change . neart rate Change in mean
arterial ggreszure
' ) . (brm) . {emig)
& . £
Preparation Lbefore 7 After pefore AlTer
D¥cerebration -31 + 4.0 -71 + 8.5% +18 + 2.5 +.5 + 5.2
(n = ){) . .
i+ Right -71 % &. -36 + Z.0% +29 * 5.- +19 + 3.5
vagotomy
(n = 4)
Bilateral -T. ", o* 9+ S +:95 + 7.5
Vi o bomy ' "
("A = ‘4) ' . 4 .
4 4 -
5 .,
N .

.

Jalies

'y

L = number of

*L0.09 for Jdittde

»  procedure

anima

rence between respanses

before and after

exrerimental
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*

pressure, tachograph tracing, respiration; at the arrow

A3

Figure 9 /
. . )
Effect of midcollicular decéfepration and of vagctomy

or. cardiovascular response to excitation of chemo-~
i

receptors. In eaeh record, from top to bottom: arterial

intracarotid injection of -sodium cyanide (NaCli) &C ug.

A, control responsesand B, response after decerebration.
: ‘ - .

s . 3

~

. C, after right vagotomy. D,.after bilateral vagotomy.

a S - e
’
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nerxs stlmulatlon was 1nvestlgated in order to ascertain whether or

not the posteromedial hypothalamus could inhibit reflex vagal brady-
. - N
cardia. . . .

v

Electrical stimulation of the right CSN;y#n & animals transected

.« at CT elicited a mean decrease in heart rate of 31 + 1.9 beats/min.

- r

‘Selective electrical stimulation of 28 ipsilateral and 13 contralateral

~

sites in the posteromedial hypothalamus, which in the intact animal

| ' ot
)

N > elicits cardioacceleration and arterial hypertensior (Table 1) did not-
- RY

el§cit any changes in heart rate or arterial pressure in these spinal
animals. ~However, when both the CSN and these sites in the hypo-
thalamus were stimulated simultaneously the decrease in heart rate

: elicited by CSN stimulation was reduced significantly (p<0.001) as

-~
-

shown in Table 7. The location of iron depoesits cbrrespondihg to

+

the sites of stihulat%on is shown in Figure 10. A typical response
o in which the bradycardia elicited by'stiﬁulaﬁion of the Qé? was in-
\\ ‘hibited by simultaneous stimulation of the h&pothalamus is ﬁresented
in Figure 11. | , -
_.After the inhibitory effect of hypothalamic stimulation on the

.

_ reflex bradycardia elicited by CSN stimulation was demonstrated, to

elucidate whether the iphibition was affecting the chemoreceptor or

’ ’ baroreceptor input, the ‘posteromedial hypothalamus was stimulated

2

during selective activatfon of either chemcreceptors or baroreceptors.
Intracargtid injection of 50 =°100 ug of NaCN in 10 cats transected at
Cr consisténtly elicited cardiac slowing (Fig. 12C). Electrical .o

stimulation of 22 ipsilateral and 17 contralateral sites in the postero—
n’medlal hypothalamus failed to alter heart rate in these animals but did
¥

—~ . f Py - -
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. / TABLE T. Effect of hypothalamic étipulation on the reflex .
vagal bradycardia elicited either by electrical
stimulation of the carotid sinus nerve (CSN) (8
.. cats) or by selective excitation of carotid body
chemoreceptors and baroreceptors (10 cats). )
) " 3 - ) ’
Preparation . Magnitude of S .
' Bradycardia (bpm) -: Inhibition
CSH 31 £ 1.4 I
. ’ . . 68%
. CSN + R. Hypothalamus 10 +# 1.2% -
‘ o (n = 28) : : ,
) N
CSN . : 30 £ 2.4 . N
73%

CSN + L. Hypothalamu 8.+ 1.9% . .,

(n = 13) :

NaCN ; X ) 33 +42.0 - , -

\-'\ ¢ } . . - 73%1
~ NaCN + R. Hypothalamus 9 +1.6% '
‘ (a=22) . ; "

NaCN .y . 39+6 ‘

: 67%
NaCd + L. Hypothalamus 13 + 3*
(n = 17) .
: RA' R by + 1.9
. , - 82%

NA + R. or L. . 8 + 2.6%

Hypothalamus . ‘ )
(n = '39) A . /’\'\

. ! .

Values are mean + S.E.

n = number of experimental runs \

#p<€0.001 for. changes during simultaneous stimulation compared with
changes elicited by CSN or chemoreceptor or baroreceptor stimulation
aloneo ( R . . ’ !

\ - * . 0 - ,
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v
ocation of electrcae tirs corresponding to siteg cf
o . s e . /. 2 C o
stizuleticn ir the nypcthalarmys in 17 cats. Each

‘ ~
secticr Includes sites Iccated betweer 0.25 == cranial

end 0.25°zm ceudal to the piane of secticn. @, lccation

of 4> sites at which stimuletion inhibited trhe vegal

bradycardia elicited by CSK stimulation;: X, lccaticn

of 39 sites that inhibiteld both barcrecertcr and chexc-

-
7

recepior induced vagal bradycerdia; Fx, forrnix; Hd,

dorsal Lypothalacus; Hl, iateral hypotkalamus; if,

. . )
rosterior hypothalamus; Hvm, ventromedial hypothalanus;

Mo, mammiilary bodiep; T, mammillotﬁai;mic tract. .

n
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top to bpttom:; arterial pressurxe, tachograph tracing,

I

N

Figure IT

s nerve (CSN) 'irduced vagzal

v

bradycardia by electrical stimulation of the posterc-

medial hypothalamus. A, stimulaticn of CSN. B,

Inhibition of carotid si

stimulation of hypothalamus. C, simultaneous stimula-

<

tion of CSN and cf hypothalamus. In eech record frc§
J

¢
electrical stimulus.
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-
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Inhibition of chemoreceptor and baroreceptor igduced

[ ad

vagal bradycardia by electrical stimulation of the

posteromedial hypothalamus. 5, selective excitatior.

of baroreceptors (noradrenaline (NA), 1.0 ul/kg I.V.).
/ ) ‘% LY -
1§\ . B, simultaneous stimulaticn of barorecéptors and cof

\ .

posteromedial hypothalamus. C, selective excitation

. ' ] of right carotid body chemoreceptors (sgdium cyaqiééiﬁs

(NaCHN) 50 ug.)--D.xsimultaneous stimulatign of chemo-

rg;epto;é‘and of postéibﬁgdfgl hypothalémus. In each. | =~ .
‘ SR LN

regord from top to bot tom: _arterial pressure, tacho-

" - graph traéing, elecﬁfica; stimulus. {Ié&ectibﬁs‘of NA

.and NaCN were given at the arrow. e .

- . ) a ,"
[ [
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inhibit significantly (p<0.001) the cardiac slowing elicited by chemo-

receptorqexcitatiqn (F@g. 12D). 1In addition, electrical stimulation

-

.of the same 39 hypothalamic sites that inhibited chemoreceptor brady-

B

cardia also inhibited significantly (p(0.00l)’ the baroreceptor brady-"-
. cardia (Fig. 12B) elicited by intravenous administration of 0.5 -’2.0

o pg/kg of noradrenaline,(Fig. 12A). The. mean values of'these,CJanges in

LY -

heart rate are presented in Table 7 and the location of iron deposits

carresponding to the sites of stimulation is sgpwr. in Figure 10. .« L
‘ » ~i )

The experiments reported in this'section clearly demonstrated that the

-

k]

posteromedial hypothalamus (PMH) had an inhibitory effect on the vagal )

* . bradycardia elicited by activation of baroreceptors and ¢hemoreceptors.
| . . L 1 . .

< . . %
To inveg&jga} o~ ianism of thisﬁinhibit&?y interaction, attempts

St 2

were made to record field po‘téntials in the medulls during electrica*z
A _ -

v o
stimulation of the PMH. As the medullary structures inveived in the

-

mediation of reflex vagal bra@yc&rdiﬁ‘ifé uncertain, it was considered
a necessary preréquisite to identify these medullary structures before

gttempting to locate the sites at which the hypothéIamus inhibited the
- X

&
%

vagal bradycardia elicited by baroreceptor and chemoreceptor stimulation.

E. Localization of medullaxf’cardioinh;pito}y‘sites in spinal cats

The right side of the medulla in 27 cats transected at CT T

was explored systematically in a region exf‘nding from 1 mm caudal to

P

. 'h mm rostral to the obex and from the midline to'5 mm lateral. Th¢~

f typical cardiovasculan responses elicited by electrical stimulétion'of,

sites_in this region during an electrode penetration’&re shown in \
c ) p . - \
Figure 13; vagal bradycardia appeared within 1 - 2 se¢ after onset of

» ' ‘.




ﬁiggge 13

©

Cardiovascular responses elicited by electrical
stimulation of the me;;lla at different deéths of
penetration. Note a dorsal and a ventral cardio-
inhibitory site separated by an unre nsive region.
NA, n. ambiguus; NTS, n. of tractus gitarius; d -;
v - MOC, dorsal, ventral n.‘medullae oblongatae
centraiis; PRN, paraﬁZdian reticular n; LRN, lateral
reticular n.; 5SP, n. tractus spiqglis trigemini; NG,
n.:gracilis; Né, n. cuneatus; ION, inferior olivaryi

n.; XII, n. hypoglossi; DX, dorsal n. of vagus.
-4
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rfnequency were usually observed to accompany the cafdiac slowing: a

stimulation and was elicited by stimulation at two sites, one in the

dorsal apd one: in the ventral medﬁlla, which were separated by an
unresponsive region. The location of iron deposits cérresponding to

160 cardioinhibitory site’s is shown in Figure 1L. As mpstz%f the sites
appeared to.be locat;d in two separate dorsal and ventral regions theyu ) Y
were arbitrarily clas;ified as eLtherndorsal br ventral with r@spect

to the intramedullary rcotlets of the vagus. HKowever, som; of the sgtes

located in a medial region could not be'reddily classified as either <
dorsal or ventral to the vagal rcotlets aqe wére thé;efore classified

as dorsomedial. The distribution of dorsal, ventral and dorsomedial

cardioinhibitory sites in medullary structures is surmarized i% Table

u

8, which shofé that the majority of the dorsal sites (L1/51) were located
L4

in the nucleus of tractus solitarius (NTS) (23) and dorsal nucleus

]

medullae oblongatae centralis (McC) (18), tkat the majority of the ventral

sites (86/97) were located in the qucleus ambiguus (HA) (55) and ventral

MOC (31) and that the dorsomedial sitgs (12) were located in a region

ventral to the dorsal nucle

of the vagus and hetweer the ventral &

MOC and the hypoglossai ndcleus. The mean values of changes in heart

>

rate and arterial pressure elicited by stimulation of the three different

locations (dorsal, ventral and dorsomedial sitéé) were not significantly
* ]
dlfferent from éne another, these results are summarized in Table 9.

a1

In 21 animals‘%reathlng spontaheously, changes in respiratory
’

P
-

decrease in resp1ratory frequency was. noted at 106 sites, an 1ncrea%§

at 5 and no change at 7. 1In addition, in six animals”that required
e . ‘
artificial respiration after spinal trqnsection bradycardia could still
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Dorsal 4 ‘nucleus tractus solitarius 23
(n=51) _ dorsal n. medullae oblongatae centralis 18
n. tractus spinalis trigemini 10
y
B! ’ .
Ventral nucleus ambiguus ' 55
(n=97) ‘ ventral n. medullae oblongatae centralis 31
. roctlets of vagus nerve 6
lateral reticular nucleus 5
&£
i ‘ N
Dorsomedial ’ between n. hypoglossi and ventral MOC 12
v - © ( 9 ‘.':(:12 ) °
re 7 l: h 2]
» _}’l
L} v
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= TABLE 9. Changes in heart rate (bpm) and mean arterial
’ pressire (mmHg) elicited by electrical stimulation

of dorsal; ventral® and dorsomedial sites in the

= right medulld, - ~ LG
\ R - '
&
;5 * Change in .
( ) . Change in . Mean AP- mean AP
T ¢, ,. HR before) HR during * before during
. ‘stimulation = stimulation stimulation stimulation
Dorsal 160 + 4.2 -52 + L. u» 93 t 3.0 ¥ .15 + 1.3%
(n=51)
A Y
Ventral 15& + 4.6 -49 + 2.7* 93 ¢ 2.3 -13 % 0.9*
(n=97) - '
. Dorsomedial 168 % 10.2 L3 + 6.9* 98 £ 5.4 -11 £ 2.1%
e ( n= 12 ) . N

Values are means + S.E.

x n = number qf sites stimulated
’

#p<0.05 for mean change ih relation to zero effect.

A
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" shown to depress synaptic transmissibn of baroreceptor and chemoreceptor

<

be elicited by electrical stimulation (L2 sites).

[ 4

\

(a) Effect of ipsilateral and bilateral vagotomy on the brady-

cardia elicited by m@edullary stimulation

To determine whether the bradycard?a elicited fror stirmuletion
of the right redulla was mediated by crossed -or uncrossed pathways,

the vagus nerve was cut first or the ipsilateral side ard thern on the

contralateral side inp 18 caty. After ipsilateral vagctomy electrical
stimulation of 4 dorsal si{gﬁ in the NTS and 1l& ventral sites (11 'in

the HA and 3 in the verntral MQC) elicited a cardioacceleraticn which

- - — - A .
was abolished by section of the left vagus. These results are summarized
e . '

in Table 10 and-typical heart rate responses before and after vagotomy

are shown irn Figure 15. -

(b) - Effect of administratior. of sodilzer perctobarbital on the

bradycardia elicited by medullary stimulation .

Although the magn?tudgs of the bradycardia elicited from dorsal,
ventrﬁl and dorsomedial sites were not.significantly,diffé}enp‘gnd the
effect of vagal‘seclion on the cardioinhibito;y resporse from dorsal
aﬁd.ventral s?pes was similar, the results described i; the preceding
section did not exclude the~possibility that the bradycardil observed
wéb due to activation of different componenfs of the same reflex arc.

To test this hypqthesis sodium pentobarbital (Nembutal Sodium, Abbott
\

Laboratories, Montreal: 10-40 mg/kg i.v.), an agent which has been

.

inputs to‘theqmedulla (Miura & Reis, 1969) was administered to six

»
[}




TABLE 10. Effect of vagotomy on the cardiac slowing elicited ’

-

; by stimulation of the right medulla.
i ;
Site of stimulation ‘ X Changes in Heart rate .
N Control After ipsilateral After bilateral
vagotomy vagotomy
NTS (n=4) . =57 % 5.1 -+8/: 2.4% o . o
s / .
v - MOC (n=3) -39 £ 7.8 8 s 25%  o* '
HA (n=11) . =50 % 5.2 +16 + 4.6 oo ,

Values are mean t S.E. in beats/min.

n = number of animals ) . . '
. . ) -

*¥P<0. 05, for difference between responses elicited before and after

experimental proqeduré.

.

. . i
NTS, n. tractus solitarius; v=-MOC, ventral n. medullae oblongatae

¥

centralis; NA, n.lambiguus.

)
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Figure 15

Effect of ipsilateral and bilateral vagotomxy on

the bradycardia elicited by stimulation of the

‘right medulla at sites in the n. ambiguus (HA)

and in the n. of tractus solitarius (NTS). Note

reversal of cardiac sjlowing to cardioacceleraticn-
affer ipsilateral vagotomy. ‘In each record: top,
heart rate (beats/min); bottom, arterial pressure

(om Hg).
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. P .
chloralosed cats and the magnitude of the bradycardia was compared to

. . L -
-, the control response. In addition, to eliminate the possibility'thgt )

changes in the magnituyde of the vagal bradycardia elicited by medullary

- > ‘ - i -
stimulation might be’'due to a peripheral effect of scdium pentobarbitaly

. " “ M )
the cardiac slowing elicited by stimulation of dorsal and ventral sites

- -

[

in the right medulla was compared~to the bradycardia elicited by

stimulation of the peripheral end of the cut left vagus ic the/same -

4

' animal after .admipnistration of different doses of sodlum pentobarbital.
Administration of cumujative doses of sodium penbobarb1tal was found
to decrease the magnitudecof ‘he vagal bradycarxdia eiicited by_
~siimulat:ion of the pe{ipheral end of tHe left éut vagus;'the,riéht RIS
. iJu(dorsal 51tes) and the right NA reglon (ventral 51tes) ”he ggcreases
;n the magnitude of the bradycardla elicited by vagal stlmulation and
NA s;imqlatiQn were not sighificantly different fro; each other even -
after injection of a cum#lapive dose of 40 mg/kg of sodium pentobarbital.
However,’injection af g;ly 10 mg/kg of sodium pentobarbital s;;hifi— ,
"caqtly reduced the cardiac slowing eli;ited from the NTS ;iég respect
to the vagal and NA bradycardia, -and injection of 40O mg/;g4of sodidﬁ
pentobarbital almost completely eliminaﬁed‘the respoése. Epese results
areksummarized in Figure 16.
<4 .

Effect of electrical stimulation of the ppsteromedial gypothalamus'
B ———— v

on medullary bradycardia ' i

To investigate the possible medullary sited at.which the
posteromedial hypothalamus (PMH) inhibits the vagal component of 7

baroreceptor and chemoreceptor reflexes the effect of PMH stimulation
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Figure 16
- <
Heart rate responses (as a percent of control) elicited L -

by stimulation of the peripheral segment of the cut left
vagus (open bars), the right n. ambiéuus (hatched bars),

‘ and the right n. of tractus solitariud (stippied'bars)
after cumulative doses of'sodium’pentoba}bital

<

. ‘[ " administered i.v. to six chloralosed cats.
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on the magnitude of the vagal bradycardia produced Ey’stimulatioﬁ of
“localized medullary regions that mediate vagal bradycardia (Table 8;

Fig. 1L) was studied in nine animals. Electrical stimulation of 10
sites in the right PMH and six sites in the left PMH that inhibited
~y

. the reflex vagal bradycardia induced by intravenous administration of

-

noradrenaline was found to inhibit the vagal bradycardia elicited by
stimulatién of }2 sites in the right meaullé, séven in the nucleus
tréctus solitarius (NTS) and five in the dorsal part of the n. medullae
obloﬁgatae centralis (d—MOC). However, the bradycardia elicited by

stimulation of 11 sites ip the right nucleus ambiguus (NA) was not

Loe. e
3 . -

affected by PMH stimulation. These resultg are summarized in Table 11
and the location of sites of stimulation in fhg hypothalamus and in

the medulla is shown in Figures 17'and 18. The characteristic

cardiovascular responses are presented in Figure 19: ‘the inhibition of

B3

. NTS bradycardie is shown in Figure 19 A Btand the absence of inhibitlon

durlng simultaneous stimulation of the PMH and NA is shown in Figure

- 19 C, D.

G. TField potentials evoked in the medulla during electrical

stimulation of the posteromedial hypothalamus /

As electrical stimulation of the PMH was found to inhibit the 1
vagal bradycardia elicited by stimulation of well id;ntified medullary |
) nuclei; to investigate the possibility that these structurea might be
the site of terminatioq of & descending hypothalamic inhibitory pathway
attempts were made to record field potentialg in the medulla dprigg

electrical stimulation of the PMH in 21 animals. Only sites of

~,

1] -
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-—
.

Effect of electrical stimulation of the ipsilateral
(I) and contralateral (C) posteromedial hypothalamus

(PMH) on the vagal bradycardia elicited by stimulation

of the right medulla.

{
DECREASE IN HEART RATE (bpm)

STIMULATION TIMULATION
V9F MEDULLA OF MEDULLA
AND PMH

n. tractus -solitarius g ' 19 + L. 76%

14 3.29*%

dorsal n. medullae + 3.68%

obl. centralis ° 2.65%

n. ambiguus + . + 3.10%=

+ 3.88%=

All valﬁes are mean t~S.E.
*P<0.05

*#* not significant
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b ~ ®
. Figure 17 -,
s 7
Hypothalamic sites of -stimulation. All sites . “

L~
inhibited noradrenaline induced reflex vagal brady-

cardia. For convenience sites stimulated durfng

- -]
’ v

medullary stimulation are. shown on the left and sites

that elicit?d -medullary field .Pot;entials are shown”on )
the right. Q, sites that inhibited ipsilateral
meddllary bradycax‘dia;.-\, sites that inhibiteé cgntra- )
lateral meduilary ‘bradycardia;®, sites eliciting fiel_d' L e
. potentials in ips'ilate%ral medulla; X, sites eliciting

field potentig.ls ‘in contralateral medulla.
X |

N,

%
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Medullary sit€s of recording and“stimulation.. For

A g
convenlence, all stimujation sites are shown on the’

4

left and recording §1tes are’ shown on the right. @, '

locatign of field potentlals elicited by stimulation of

i?ilatera.l posteromedial hypothalamus (PMH); X, location

2

& i @ 8 N < .
. of field potenti’a.ls elicited by stimulation of contralateral

PMH; ¥, location of“ stmulatlng electrode at which va.ga.l
bradyca.rdm was inhibited by simultaneous stimulation of
th‘e ipsilateral .or contralataera.l, PMH; ., logation of
medullary vagal bradycardia that we;e not inhibited by
ipsilateral or contralateral PMB stimulation. ’The i

‘ transverse scctions of the medulla  are modified from the ’
stereotaxic atlas of Berman 51968) For identification

" of struc;.ures see Figure 21 The mnnbgr in ea.ch trans-

?

verse section represents distance (mm) rostral L+) or |

caudal (-) to the obex.-

4o
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. Figure 19

3 . s
Eff;ct of stimulation of the posteromedial hypothalamus
(PMH) on medullary vagal bradycardia elicited by stimula-
tion of the g. of tractus solitarius (NTS) and n. ambiguus
(FA). A, stimulation of NTS. B, simultaneous stimulation
of NTS and'PMHi C, stimulation oerA. D, simultaneous
siimula?ion of NA and PMH. In each record, medullary
stimulation represented by solid bar and PMH stimulation
occurred between arrows. Note inhibition of NTS but not

NA bradycardia. v

o




111

.V\t

_m



112

-

stimulatioﬁ in.the:PMH that inhibited the reflex vagal bradycardia ’
elicited by intravegous Administratioﬁ of noradrenaljine were used. In
a@dition, the same parameters of stimulation (voltage and pulse duration)~
. that inhibitéd reflex bradycardia were used to elicit field potentials
ard the sites of penetration in the gedullas were restricted to a region

which mediates vagal bradycardia (Fig. 14).

-
(a) Effect of single and twin pulse stimulation of ggp postero-

medial hypothalamus on medullary field potentials

‘e

In the initiasl experiments the PMH was stimulated with single
gulses and it was found that in four animals only nine medullary‘field
potentials were recorded during 39 electrode penetrations. As previous
investigations (Brookhart; 1952; Laursen and Wiesendanger, 1966) have
shown that t?in pulse stirulation can elicit responses that are absent

_during siggle pulse stimulation the possibility that the paucity of
field potentials:i§ the initial experiments was dug to inadequate
stimulation  was in@estigated. It was found that the amglitudé of field

” potentials was markedly increased during twin pulse stimulation of the

PMH compared to the response elicited by single pulse stimulation; this

is shown in Figure 20A. To determine the twin pulse interval that
could elicit maximum responses at a constant voltage and pulse duration
'the effect of varying the pulse interval on the magnitude of field
potentials was investigated systematicallyuin six exper;ments and the
éesulxs obtained are presented in Figur;'ZOB. It can be se;n that an

increase in magnitude of the potentials was observed when the interval

was between 1 and 30 msec, with the greatest increase occurring between




Figure 20 .

$ «

¢

A. Effect of stimulafion of ghe postergmedial hypo-
thajamus (PMH) with twin pulses on a medullary field
potential. Top, single pulse stimulation. Bottom, twin
pulse stimulation, pulse interval 5 msec. timulus at -« .
% dots. Note marked increase in amplitude during twin
. ’ - pulse, stimulation. :
. '; .

B. Amplitude of evoked potentials versus twin pulse

intervals. Points represent means, bars represent

. S.E., n = 6 potentials. Note marked increase in

amplitude with twin pulse intervals betweer 2 and 10

- 1
I3

msec.

L
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- 2 and 10 msec. On the basis of theése results in all successive
experiments (17 animals) the PMH was stimulated with twin pulses with
° an interval of 5 msec.

(b) Location of medullary and hypothalamic sites of

stimulation and of recording

Thirty-one histologically confirmed sites in the PME at which
stimulation inhibited reflex vagal bradycardia and elicited field
potentfals in the medulla were located in a dis;rete region of the
'hypothalagus medial to the fornix and eiféhding fror the rostral
portion of the mammillary bodies to the caudal region of the ventré-
médial hypothalamic nucleus (Fig. 17). "

.The location of L05 histologically:confirmed sites in tke
medulls at wAich field potentidls zéré reéqrded is shown in Figure’ls.
It can‘be seen that almost all the field potentials‘were recorded\
T£om or near nuclear regions; the majority }382/&05) vere loc;ted ig

' seven medullary nuclei: inferior olivary nucleus, 110; lateral
retic;lar,nuci;;s, 91; nucleus aof tractus §blitériu§, L5, yentra;
nc;le;s medullae o@longa;ae centralis, 43; nucleus amb@guﬁs;‘3é:
paraLypoglossal area, 293 and dorsal nucleus‘me&ullae oblongatae
cegffalis, 26. The remaining 23 field pétentials vere recorded in a

fibre tract, the dorsal longitudingl fasciculus, and in Figure 18 it

can be seen that the majority of tpeée sites were located in the :
rostral area of the medullary region under investigation. The
| distribution of sites of recording of field potentials is shown in

. LS
Table 12. - That the field potentials could be recorded more readily in .
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TABLE 12-
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.Distribution of, field potentials in the medulla

elicited by stimulation of the posteromedial

hypothalamus (PMH) in 21 cats.

RIGHT MEDULLA

ION
IRN
NTS

~ v-MOC

PHA
NA
d-MOC
DLF

TOTAL

LEFT MEDULLA
. ION

LRN

v=MOC
NTS
a-MOC
DLF
PHA

TOTAL

+

Stimulation of
Ipsilateral PMH

n

33
23
20
20
13
13

9
6

137

10k

L—_"l\)w
(o)W « NN e AU 0 I o} ¢ O

%

24.0
16.8
1.6
14.6
9.5
9.5
6.6
bk

100

28>7
26.8
10.5
8.6
7.6
6.4
5.7
5.7

100

Stimulation ofv
Contralateral FMH

n

18 -
14

Vi W OO

29

11

5.

99

%
27.8
21'5

13.8

9.2
T.7

L.6 .

7.7
T.7

100

2913
26.3
11.0

8.1

8.1

6.1

6.1
5.0

100

202

59
54
22
17

16. -

12

°12
11

203

TOTAL

25.3
18.3
14}
12.9
8.9
7.9
6.9
5.4

Q

100

29.1

26.6 °

10.8
8.4
7.9
5.9

*5.9

5.4

100

*DLF, dorsal longitudinal rasciculus, ION, infer

lateral reticular n.; NA, n. ambiguus; 4 qnd ¥

n. medullae oblongatae centralis, NTS, n.
parahypoglossal area.

-

,0livary n.; LRN,
, dorsal and ventral

of tractus solitarius, PHA,




or near medullary nuclei is demonstrated in Figure 21 whiéh‘shOVS a
characteristic response ;écofded in thé medulls as a function of depth

S — '»
of electrode penetration; it can be observed that the maximum amplitude

of the potential ‘was obtained as t electrode passed through a nycleaf
"
region.

-

1 -

(c) Characteristics of medullary field patentials edicited by

stimulation of the posteromedial hypobhalamus

«

The field potentihls recorded in the medulla: could be divided

inte two groups on the basis of their waveform: ;hoée in the first.
g : ' ' .
group (9% of the potentials) were monophasic (positive or negative) and

those in the second group'(9l%) were biphasic (positive-negative, 185;

.

negatije-positive,dl93). The mean latency to the peak of tne flrsﬁ -

component of the field potential was 35 t 3.1 msec (range 19- 53 msec)

the distribution of the 1atencies is summarized in Figure 22. In.zhis

study, medullary field potentials, were recorded in order to investigate

hypothalamo—medullary connectldns and no attempt was made to characterize .|
- :” ’
medullary structures on the basis of the waveform of these potentlals .

The possibility that the megullary potentials might have been,
due to movement artifacts induced by hypothalamic stimulation was
\ b .

investigated by administration of the muscle relaxant gallamine

triethiodide (Flaxeaii, éoﬁlenc.Laboratories,,Montreal; S mg;kg,'i.v.)

%
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. Figure 21

"Amplitude of field potentials elicited in the medulla
by stimulation of the posteromedial hypothalamus as a
function of- depth of penetration. ' Note maximum
amplitude when electrode tip is in nuclear region.
DLF, dorsal longitudinal fasciculus; XII, hypoglossal
n.; ION, inferior olivary n.; LRN, lateral reticular
n,; NA, n. ambiguus; NC, n. cuneatus; NG, n. gracilis;

d- andiv-MQC, dorsal and ventral n. medullae oblongatae

centralis; NTS, n. of tractus solitarius; DX, dorsal n.

of vagus; PHA, parahypoglossal area; SV, spinai n. of

trigeminal nerve. ) ?
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(]
Histogram of latencies to peak response of
LY

medullary field potentials elicited during

stimulation -of the posteromedial hypothalamus.

’
-
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and‘it was fougd:thatxfhe%agplitgde, latency and duigtion of 29 7
ipsilateral and l6sgontralateral fiel&,potentéals were not altefed by
the drug. Typical responses before and after gallam}ne administration
ére sﬁbyn in Figure 23 A and B. In addition, the possibility that the
medullary field potentials were elicited by antidromic s;imulation of

gseending fibres was investigated i& the following experiments. First,

at medullary sites from which field potentials could be recorded the
’ . ‘ ? <

effect'on the response of different frequencies of stimulatidn,was
investigated and it was found that none of the potenfialsliollovea'.

frequencies of stimulation higher than 26 Hz. Second, it was shown
\ o . 4 ‘
tpht in 15 animels 150 sec of asphyxia induced by cessation of

o

artificial ventilation in paralyzed animals abolished 8 ipsilateral

and ‘7 contralateral field potentials. Typiéal responses before and after

?
asphyxia are showg in Figure 23, C and D. Third, in animals,

=

intravenous administration of sodium pentobarbital (20 mg/kg, Nembﬁtal,

r -

Abbott Laboratories, Montreal) ®bolished 4 ipsilateral and 3 contra-
lateral field,potegtjals; typical responses before and after sodium

pentobarbital administgation are shown in Figure 23, E and F.

(d) Effect of pontomedullary transection on medullary field

v

~ pofentials elicited by stimulation of the posteromedial

hypothalamus

The location of the descending phthways mediating the medullary
field potentials induced by stimulation of the PMH was investigated by -

comparing the effect of hemitransection and bilateral transection of

]

. - & . o2
the brain stem at the pontomedullary level on the amplitude of -the
iy .

/
?

-t
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Figure 23

Effect of various experimental procedures on medullary

field potentials. A, B: before and aftersgallamine

o

. triethiodide (5 mg/kg i.v.); C, D: before and after
asphyxia (150 sec); E, F: before and after sodium

(ﬁézkobarbital (20 mg/kg i.v.). .
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field potential in six cats. " six ipsilateral field potentials (3 in
.

.

the right and 3 in the left mefulla) were consistently abolished by

ispilateral hemitransection .at the pontomedullary Jjunction. However,

»
.ipsiiateral transection cnly reduced the amplitude of one contralateral

field potential in the right medulla sndé 3 contralateral field potentials
in the/ieft'medulla and bilateral transection was regquired to abolish

these contralateral responses. The characteristic response to tran-

secticn is shown in Figure 2L in whick it can be seen that igsflateral =

>

- field potentials were compietely abclished by ipsilateral remitransectiom

14

. reduced by ipsilateral hemitransection (Figure 2L,

. abolisked by ‘bilateral trensectiorn (Figure 2L, E).

o
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Figure 2L .

Effect of ipsilateral transection of the brain stem

at the pontomedu%laf& level on the amplitude of medullary
field potentials elicited by stimulation of the ipsilateral
(A, B) and the contralateral (c, D, F) posteromedial
hypothalamus. Note that ipsilateral transection abolished
the ipsilateral field potential (B) but only reduced the
amplitude of the contralateral field potential (D),

which was abolished 'by bilateral transection (E).

A
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exﬁerimental findings and the conclusions that may be drawn from these

s PISCUSSION
S Co . )

The aim of this project was to study the role of a well defined

4 4
hypothalamic region in the control of cardiovascular reflexes and to

Iy

investigate the mechanism(s) involved in.this control) - A discrete

vascmotor region was identified in the posteromedial hypothalamus

(PMH) and baroreceptor and chemoreceftqr inputs were shown to project
to it. In addition, electrical stimulation of ¢he PMH was found to

inhibit the vagal component of the baroreceptor and chemoreceptor

reflexes. Furthermore, medullary structures mediating reflex vagal

bradycardia were identified and stimulation of the ¥MH was shewn.to -

inliibit the vagal bradycardia elicited by medullary stimulation:

al

»

Finally a projection_from the PMH to these medullary structures was

demonstrated electrophysiclogically. . “

- . 7
The discussion will consist of an analysis of the detailed

observations with regard to neural control of the cardiovascular system.

v
[T

A. Discussion of experimental findings

(a) Cardiovascular response to stimulation of the
/

posteromedial hypofhalamus
\

) . - a
Many of the previous investigations of the cardiovascular

]

B & -
responses elicited by electricdl stimulation of the hypothalamus based

.

-

1

128
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3

on the use of stereotaxic coordinates and the histological appearance

i)

of electrode tracts to localize the' sites of stimulation (Folkow & . =

ro ‘Rubinstein, 1966; Gebber & Snyder, 1970; Hilton & Spyer, 1968;

Ninomiya, Judy & Wilson, 1970) have failed to provide précise ;océli--

-

zation of cardiovascular function in discrete reglons in the hypo-

.
.~ e

. thalamus. In the'pfesent investigation, the histdlogical localizdtion

.

. of the electrode tip has permitted thel accurate determination of the

siteg of stimulation and the investigation of a discrete™hypothalamic

'y \" ! @ , . ..

.* , region with yaigﬁétor function. = . ™ . 2t ~
:{.‘ - . L ” Eiectrical stimulation of thiswgifcrete vasomotor ‘grea 1o;§tqqfh
. - : iq ;he posterémedial‘hypothalapus has been {P?gd.to elicit marked -;}t
v increases in beart rate and arterial pressure. This cardioyascular a
‘. .-~ respbnse is dﬁe tq‘sympathetic excigggion-siﬁce the»cérdfo#écelgration}
, v is not affected by fﬁgotomy but is a;dlished by adminiétration-of'

pronranolgy. However, ‘as the animals in these.égperimen§§ vere under

~ alﬁﬁa-&hloralose anaesthe§i§ t;e possibiiity-that electrical ségmqlgticﬁ
‘of this area may also.inhibit thg vagal input to the heart could not
b; categorically excluded ih view of the recent deménstratioﬁ that
cepgnal vagai.act{vity is depressed by alpha—chloralcée kCalaresuf&

Thomas, 1971). -

?

(b) Baroreceptor and chemoreceptor inputs to the

posteromedial hypothalamus

o

, The results of previéus studies shbwing that hypothalamic

"heurﬁi/activity was influenced by baroreceptor and chemoreceptor

activation are difficult to ihterpret becauge the parameters of the
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stimuli employed to excite baroreceptors and chemoreceptors (Baugt &
- Katz;,196l; Baust, Niemeyzk, Schaeffer & Vieth, 1962; Cross, 1964;
Cross. & Silvef,~l963; Frazier, Taquini, Boyarski & Wilson, 1965;
Qilton & Spyer; 1968) wére such that changes ih blood flow to the
h&pothalamys and alterationé in the blood gases perfgsing the brain
would bg expected. In thepresent investigation the problem of

. eliciting systemic cardiovascular éhanges by electrical stimulation

of .the carotid sinus nerve (CSN) was circumvented by empléying stimu- .
lation of the CSN at such a freduency that no changes in systemic
cardiovq;cular pgrameteré were observed. This technique, combined

with the use-of the post-stimulus time (PST) histogram which summates
- - ,
. _—
the discharges of single neurones after a stimulus, has allowed the

.
]

demonstration of excitatory and inhibitory respoﬁ%gs to CSN stimulation
. . oL
without altering heart rate or arterial pressure. 1In addition, with

thefbe teclimiques it was possible o determine latency and duration -

-
©

of the responses.

4
- . -

The activity of 51 single units located in the postéromedial

~ hypothalamus was regorded during electrical stimulation of the CSN.

The paucity of active and responsive units-obtained in this igvestiga-

-

- tion may have been due to the use of alpha-chloralose as it has been-

-

shown that this drug greatly decreases thé@pnmber of spornrtaneocusly

»

active hypothalamic ‘units and their responﬁf&eness to afferent

\

stimylation (Stuart, Porter, Adey & Kamikawa, 1964). fThe 23 units that
wé;g excited or inhibited by CSN stimulation were found to be located ,
in”the same postéﬂgmedial region of the hypothalamus from which

electrical s&{mulation producéd cardioaéceleration and arterial hyper-

’
.

. .
. '
" ,V B X [ .
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. L4

tensiqn.. In contrast, the majority of the 28 units that did not alter

their firing frequefdy were found in areas that were either ventral

. v
. or lateral td the location of the responsive units.
. >
T " *With regard to the specificity of the responses of these units

to CSN stimulation, although evoked potentlaks and changes in the
discharge frequency of 51ngle units have been e11c1ted in the hypo-
thalamus ‘of cats and rats by somatosensory, light and’ acoustlc

émimulatioq (Dafny, Bental & Feldman, 1965; Dafny, Peritz, Fischler &

Feldman, 1970; Rudomin, Malli&ani & Zanchetti, 1965; Sarne & Feldmah,
1971; Stnart‘gg al, 196L), the demorstrat®n in the present investiga-

tion that selective stimulation of baroreceptors and chemorecepltors
altered the activity of these units strongly sukgé%ts that the

&

excitatory and inhibitory responses elicited in the posteromedial

*
" .

‘hypothalamus by stimuigfion of the CSN'Jere due to activation of

.

baforeceptor and chemoreceptor fibres. Furthermore, it may be concluded

on the basis of the broad ranges of ;atenc} and duration of the responses

.
-

elicited 6} CSN stimulation that ige baroreceptor and chemoreceptor
inputs are mediated by polysynaptic® pathways (Miura & Reis, 1969).
Finaliy,_as &ly ipsilateral CSN stimulation was attempted in this
study, the p;esibility that the afferent pathways may also ascend to
the conpre}ateral<side cannot be excluded, particularly in view of the
demcnstration of contralatefal representation‘of baroreceptor inpu£ at

E)

the medullary level (Calaresu & Pearce, 1965b; Crill & Reis, 1968).

L ~ " man .

As it.has been shown that the CSKN contains baroreceptor and -

-

chemé;gceptor'A-fiﬁren (%idcne & Sato, 1969) the demonstration of

inhibition of some hypothalamic units and of excitation of others by
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stimulation of the CSN prompts the suggestion that the two responses
were due to activation of baroreceptor and chemoreceptor fibres,

respectively. The observation that the activity of some units was .

injyibited by stimulation of the CSN and by noradren;line (NA) injection,
but not by injection of sodium cyanide (NaCN), adds evidence to fhe
suggestion that the inhibitory response was due to excitation of baro-
receptor afferent input. In addition, the failure to observe any
response to NA or NaCN ;nJéction in those units that were not affected
by CSN stimulation (Table 3) provides additional evidence that the
response t; NA injection was mediated by excitation of peripheral
receptors and was not due to a direct, effect of the drug on the cell
or to the changes in blood flow in the hypothalamus that occurred
\ during the NA induced hypertensio£.< - .
N .

' ) With regarq to the seven units that were excited by CSN

’

stimulat;on it may be suggested that these\upits under physiological
conditions are excited by activation of chemo;eceptoré?‘ If this
;ugge;tion is correct, these units should be excited by selective
stimulation of carotid body chemoreceptors by NaCN ia;ection[ This
-proved extremely difficult £o demonstrate as it required finding &
hypothalamic unit that was excited by CSN stimulation in an animal in
which the carotid body cﬁemoreceptors were responsive to NaCN injection.

However, in one animal in which carotid chemoreceptors were responsive

= - . .
tuaCN injection one unit was found which was excited by CSK stimulation

[

and whose discharge frequency was increased markedly duriné~NaCN induced,

: , &
bradycardia (Table 3 and Figure 6). This observation supports the

' hypothesis that the excitatory response elicited in the posteromedial

hypophalémus by stimulation of the CSN, was due to excitation of




‘chemoreceptor fibres.
If it is accepted that the inhibitory responsexz;s due to
excitation of baroreceptor fibres and that the excitatory }esponse was

- ’

due to stimuiation of chenmoreceptor fibres, an httempt‘can be made to
assign a ph&siological role to these hypothalamic units. It is well
documented that baroreceptor activation elicits arterial hypotension

by syhpathetic'inhibf}ion (Hainsworth, Ledsome & Garswell, 1970;

Heymans & Neil: 1958; Kezdi & Geller, 196E) and that stimul;tion of
chemoreceptors elicits' arterial hypertension by symp;thetic excitatioé
(Biscoe, 1971; Comroe & Mor;imer, 196L; Heymans & Neil, 1958; Neil,
1956). The barorecepﬁor and chemoreceptor induced changes in sympathetic
activity are generally considered to be mediated by changesgin the ‘
activity.of tonic sympat§etic cells located in the medulla ,and pons
(Uvnaé, 1960). However, it has recently beer suggested that cardio-
vascular fefléxes initiated by baroreceptor activation may also be
mediated by supramedullary structures (Peiss, 1965). This hypothesis

is supported by the demonstration that the amplitude cf the pressor
response elicited in cats by carotid occlusion is significantly reduced
after midcollicular decerebration (Reis & Cuénod, 1965). In addition,

the obs ation that the pressor response to carotid occlusion elicited
E‘K. . } ,

in cats with extensive medullary lesions is» sbolished by decerebration

(Manning, 1965) clearly demonstrates that neural mechanisms copcerned
with cardiqvascular f&flexes are not confined to medullary centres.
In the pre@ént investigation, the observation that ‘lectrical
stimulation of the{agn and selective excitation of baroreceptors

inhibits unit activity in a region of the hypothalamus electrical

’




n . ' . -

stimulation of which elicits hypertension and cardioacceleratiaon provides

direct e;idence for the involvement of supramedullary %Egions in .

cardiovascular reflexes. 1In hdéﬁtion, these results pfomét the suééés-
. \ v

tion that this hypothalamic-agea mediatés thé-supramedullaryfcompdnent

of the pressor response to carotid occlusion (Manning; }965) as removaip

of the inhibitory baroreceptor iqegt‘to this region‘during carotid ; l

;cclusion would result in an increase in the-aétivit§ cf €¢iegiqn

whicﬁ has been shown b& electrical stimulation to produce arterial .

hypertension and cardioacceleration. ] ' <" s

P

(e} Cardiovascular response to chemoreceptor stimulation

~ L

This study demonstrates that the bradycardia elicited by intra-

-

carotid injection of sodium cyanide (NaCN) is due solely to excitation RN
of the vagal input to the heart as the cardiac slowing was not significantly
~

altered either by intravenous administration of propranolol or by

transection of the spinal cord at C7 but was abolished by bilateral

¢

cervical vagotomy. In addition, the persisténce of a reduced brady-

cardia after right cervical vagotomytdemOnstrates that thg‘reflex s

cardias slowing elicited by excitation of right carotid body chemo-
receptors is mediated by both vagi. -
An interesting finding was the failure to observe a cggdio- e

acceleration sgpondary to the cheroreceptor indficed hypervebtilation.

These results are at variance with previous studies in which the
) ' G ~

primary reflex bradycardia was obscured by the cardioacceleration

elicited during hyperventilation (Daly & Sgcott, 1958; Scott, 1966).

This cafdioacceleration may have been due to a decreage in the




b

RV

" & Thomas, 1971). - .

spontaneous vagal discharge as inspiration has been shown to inhibit

N

sponftaneous vagal activity in-the dog (Katona, Poitras, Octo Barnett &

‘Terry,A1970). In the present investigation, however, a deé}easegin
»yg§al activity during chemoreceptor induced hyperventilation is un- =

-1ikely to have occurred as it has.been shown that spontaneous vagal

. . o
discharge to %he heart ;§ probably absent in chloralosed cats (Calaresu

’ >

Q
v

Although it may be argued thaé perfusion of the car;tid body
w;th hypoxic biood ;s anabreiphysiologécal stimulus to chemoreceptérs
tﬁhn intracarotid iﬂjection%of NaGl, this drug was used in this study
as it is Jéll documented that carotid 5ody éhé}oreceptors are selectively
;xcited by NaCN. Tﬁis has Réfn demonstrated by the‘finding,that the

discharge’ frequency of carotid sinus baroreceptor fibres is not affected

eTby intracérotid inJection of NaCN when given in doseé]sufficient to

increase the frequency of discharge of chemoreceptor fibres and to

. produce marked bradycardiaf(dacoba. Sampson & Comroe, 1971). In

addition, although intravenous administration of large doses of NaCN

(0.3 mg/kg) in sino-aortic denervated dogs has been showq”td'ZIiciﬁ
cardioacceleration and arterial hypertension (Krasney, 1970), the
p0351b111ty that the cardiovascular chang};ﬂbbserved in the present
investzgation were due to a direct stimulation of structures in the
central nervous system is unlikely as it has been demonstrated that the
bradycardia qulthe arterial hypertension elicited by intracarotid
injection of 50 pg of NaCN in the dog is abolished by .section of the
carotidfginus nerve (CSN) (Jac;bs et al, 1971). Simila?ly, in two of

the experiments reported here it was shown .that section of the CSN
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abolished the cardiac slowing and the arterial hypertension elicited
" . . ’
by intracarotid administration qf NaCN.

The demonstration that the chemoreceptor induced"bradycardﬁa

0

_ was due solely to, excitation of the vagal input to the heart is at

variance with p;evious_obsérvations in bilateraily vagotomized dogs -

‘“' - . <
(Daly & Scott, 1958) and cats (MacLeod & Scotf, 196k), in which cardiac
slowing due to sympathetic inhibition occurred during perfusion of the
isolated carotid sinus with hypoxic blood. A possible explanation for

these conflicting results may be found in the methcd used in these
Ay

investigations to excite chemoreceptors.a Prolonged® perfusion of the
carotid sinus with hypoxig bloocd may have;excited barpreceptors; this

is a likely possibiliﬁy as baroreceptors can be activated'after\a
delay of 10 sec by dosgg of NaCN larger than those required t?/éxcite
LY .

chemoreceptors (Jacobs et al, 1971); this delay has been att{;buted

L

to the rel%tive insensitivity of baroreceptors to chemical agents
. - . ¢

(Jacobs et al, 1971 ) based on the anatomical finding #hat baroreééﬁtors

. ¢ B 133
are located in the adventitia of the carotid artery and receive a
- 1

i

. relatife§y spanse blood supply (Heymans & Neil, 1958). If it isiaccepted‘

L

that NaCN mimics the effects of hypoxia; the possibility exists tﬁat J‘.

o

. the cardiac slowing previously observed in’vagotomized animals during
! . . - q
. prolonged perfusion of the isolated carotid sinus may have been due °

to excitation of baroreceptors which is known to inhibit the

sympathetic input to the heart (Green & Heffron, 1968; Scher & Young,

1970; Themes & Kontos, 1970).
N L" This study has deftonstrated that the reflex bradycardia
- ' * es “ . '
obtained by stimulation of thé right carotid body.is not mediated ©
’ ' ! ’

prngminaﬁtIy»by ‘the 1pqiiaterdl vhgus._ These results are different
" : : ’ 4.

,
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from the results of previous studies in the dog (McQueen & Ungar, 1971)

v

)

< and'hay be due .to a species differencei
The faild?emto cbserve a sign%ficant change in the amplitude
of fhe chemoreéeptor induced bradycardia after spinél transecgion, iy
which abolishes the pressor response to chemoreceptor stimulation;
_clearly demonstrates that the reflex vagal bradycardia is due solely

to excitation of carotid body chemoreceptors and not tc secondary

activation of barorzceptors by the chemoreceptor induced arterial
< &

hypertension. In addition, the absence of bradycardia in the presence

of a marked pressor response in vagotomized animals (Table L, 6;

Figure 7, 9) is an intefesting finding and suggests the possibility °

that chemoreceptor excitation may decrease the.sensit;v;ty cf the
- baroreceptor reflex to changes‘in arterial pressure. If éhis sﬁégestion
Jds acceited, the inhibition of the baroreégptor reflex-observed during
ﬁuscula} activity (Bristow, Brown, Cunningham, Howson, Strange .’
Pete;son, Pi%kering & S;eight; l971;~foote, ilton & Perez-Gonzalez,
1971) may iﬁﬁpart‘gf due to‘she increase in carotid body chemcreceptor

discharge which has been shown to occur during movement of the hindlimbs

. (Biiéoe & Purves, 1967b).

- .

The observation that carotid body chemoreceptor activation

* -

elicits an increase in arterial pressure without increasing the
. .
> sympathetic “input to the heart demonstrates that different functional

1 R
" components of the sympathetic nervous szstiﬁ\may be activatéd selectively
and supports previous suggegtfbns of a {unctional sgparation of areés
in the central nervoua‘systmg}influencing the éympathetic discharge §o

the heart and blood vessels (Downing, Remensnyder & ﬁitcﬁell, 1962;
. j o "

"
Y
~




?inhibitory regions in the hypothalamus. In the ﬁresent investigation,

> 4

<

Downing & Siegel, 1963).

- (d) Hypothalamic inhibition of reflex vagal bradycardia B

-

The finding that” the magnitude of the chemoreceptor induced
bradycardia,was significantly increased éfter midcolliculear dece{ee
bration strongly sugéésted that structures rostral to thi$ level of
tragsection inhibit the vagal component of the chemoreceptor refiex.
The exﬁériments reported here demonstrate ghat one of the sites of 4
origin of this inhibitory influence is a discrete region of the
posteromedial hypothalamus, electrical stimulation of which-has been
shown to inhibit the vagal bradycardia elicited by selective excitation

e

of right carotid body chemoreceptors. In addition, the obseryhgioﬁ“
that the bradycardia elicited by stimulation of'the right carotid sinus’
nerve (CSN) or by aétivation of chemoneéeptors in.tre right carotid
b;dy was inhibited by electrical stimulation of the\ipsilateral and

contralateral posteromedial hypothalamus (PMH) demonstrates that this .

inhibitory influence is mediated by crossed as well as uncrossed

-

]

pathways. o

°

Although it is well documented that electrical stimulation ofﬁ
the hypothalamus. ﬂphibits the vagsal éomponent of the baroreceptor.réflex
(Pjojosugifo, Folkow;Kylstra, Lisander & Tuttle, 1970; Gebber &

Snyder, 1970; Hilton, 1963; Humphreys & Jaels & McAllan, 1971) the
absence in these previoﬁsAstudies of precise localization of tﬁé gites

4

of stimulation has failed to provide information regarding discrete

-

however, the histological localization of the electrode tip
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has permitted the accurate determination of the sites of stimuiation'
and has demonstrated for the first time the existence of a discrete
région in the PMH electrical stimulation of which inhibits vagal brady-
cgrdia iiduce@ by excitation of both baroreceptors and chemoré;eptofs.
iF is recognizéduthét other hypbthalazic re;ions rcay have an influence
on cardiovescular reflexes mediated by medullary mechanisms. However,
the findings reportea here combined with the demcnétratio£ that
Paroreceptor and chemocreceptor inputs ?roject to this hypothalaric
region strongly suggest that the PMX has ar important role a4» the

control of refléex vagal bradycardia. -

(e) Medulléxy structures mediating vagal bradycardia

3

In this study vagal cardioinhibitory sites Have been accurately
¥

Jlocalized to diserete regicns of the meduila of the ca*. The results

observed were due solely to excitation of the vagus as *%e charges ir
-3 &

-~ .

heart rate were obtained in animals transected at C7 which irnterrurts
descending sympathetic pathways to the heart. The possibility that .the

cardiovascular responses were secondary to respiratory changes observed

»

during medullary stimulation may be excluded as a consistent cardiac
. AN

\

response was elicited in the presernce of inctnsistent restiratory

3
-

. e . - i
responses and cardiac slowing could be elicited ir artificially
vertilated animals by electrical stimulation of comparable lccations. -

The accurate histological identification of the sites of

stimuleticn has demonstrateg the existence of several medullary structures

possessing,s cardioinhibitory furction. ' In agkeement )
=
”

observations electrical stimulation of the nucleus of tractus solitarius
: 5

with previous
R B

o i
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(NTS) (Achari, Downman & Weber, 1968; Calaresu & Pearce, 1965b;

Gunn, Sevelius, Puiggari & Myers, 1968; Quest & Gebber, 1972; Seller &
Illert, 1969) and the nucleus ambiguus (NA) (Gunn et al, 1968; RQuest

& Gebber, 1972) haﬁ been found to produce & vagal bradycardia. In
addition to these previously identified cardioinhibitory areas, in

the present investigation the dorsﬁl and ventral n. medullae oblongatoe
centralis (MOC), the n. tractus spinalis trigemini (5SP), the intra-

: medullary rootlets of the vagus nerve and the lateral retlculaf

nucleus (LRN) have been shown to possess a cardlolnhlbltory function.

3 -

All these regiaqns are located in the lateral reticular formation,

which is not surprising as it bas been shown that the vagal response to
baroreceptor excitation is not abolished by destruction of the medial
reticular formation {(Smith, Humphrey & Nathan, 1965),‘ In addition,

12 sites were located in a dorsomedial region be£ween the hypoglossal
and ventral MOC nuclei. This region does not correspond to a well
defined anatomical structure and could be considered a rostral extension
of an area pfg¥iously implicated in the regulation of heart rate
(Calaresu & Henry, 1970). With regard fo thé possib}e mechanism of

the bradycardia elicited by stimulation cof the ventfgl MOC, the SSP

and the LRN" it can only be suggested that these nuclei may provide a;
excltatory input to card101nh1b1tory neurones. This suggestion is
supportgd by the demonstration that the LRN receives a cardiovascular
input from the hypothalamus (Smith, 1965) and from the aortic

~ depressor nerve (Kum;da & Nakajima, 1972); similarly it has been shown

that the MOC receives inputs from the NTS (Morest, 1967) and from the

carotid sinus nerve (Miura & Reis, 1969); finally, the 5SP receives
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afferent fibres from the trigeminal nerve electrical stimulation of
which has been shown to induce efferent activity in the vagus nerve

and slowing of the heart (Green, DeGroot & Sutin, 1957).

The *data obtained from this series of experiments regarding the

» I Y

effect of sectign of the- vagus nerves on the medullary bradycardia

-

differ in some respects from those of previous studies. The abolition

of the bradycardia elicited by.stimulation of the n.'ﬁmbiguus (HA) by
ipsilateral vagotomy is at variance with & previous report that ipsilaferal
vagotomy only reduced and that bilateral vagotomy was reguirec to abolisﬁ
the cardiac slowing elicited by stimulation of the NA (Gunn et al, 1968).
This discrepancy may be due to fhe method and parameters used to stim-
platé the NA. In the present investigation small tip {5 - 10p) unipolar
electrodes elicited a‘Q;adycéria without accompanying motor activity
whereas in the previous investigation bipolar electrcdes:(£ip separation
0.5 mm) elicited a bra&y;ardia that was accompanied by, ranting or

cougﬁing, and ipsilateral movements af the Jaw arnd néck. A similiar
discreépancy exists concerning thé effect of ipsilaterél vagotomy on

N&S bradycardia. In this study ipsilaterai vago vpmy agolished NTS
bradycardia while in a previoﬁs investigation it has been repcrted that .

o .
the NTS bradycardia persisted after ipsilateral vagotomy {Calaresu %

Pearce, ;?65b). .At present no explanatipn for this'discrepang;;g:n be
giveh aS the:sites of stimulation in both experiﬁeéfé appeéfé to be
comparable. ipwever, it is ﬁ;ssible that the‘five sites of NTS

' stimulation reported in the previous paper (Calaresu & Pearce, l965b)
may have been located in the small meéial extension of this nucleus

merging with the contralateral NTS (commissure nucleus, Cottle, 196L; -

J , ' s
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Taber, 1961), whereas in the experiments remgrted here the NTS sites
were all rostral to the commissure nucleus. l

- It has been reported that electricdl stimulation of the para-
median reticular nucleus (Calaresu & Thomas; 1971) and of the nucleus
intercalutus (Calaresu & Henry, 1970) elicits cardioacceleration due
to inhibition of efferent Yagal ;otivity. It is therefore in£eresting‘
that in the pr;seht investigation a ipsilateral vagotomy stimulu-
tion of the NTS, ventral MOC and NK also elioiéed cardioacceleration,

which was due to an‘inhibition of the efferent vagal activity ;n the

. -
v

coutralétefal vagus as it was present in the spinal animal and was

-

abolished by bilateral ;aéotomy. Although electr£cél stimulation of

the NA - in the sympathebtomized atropinized dog has been.;eoorted to
produce a cardloacceleratlon (Weiss & Priola, 1972) because this response
was abolished by ipsilaﬁeral vagotomy - it is very unlikely that the
cardioacceleration was mediated by the same mechanism postuiated for

the cardioacceleration ‘escribed in this study. .

The finding that administration,of sodium pentobarbital decreased

the card101nh1b1tory effect of per1phera1 vagal stimulation is in

-
. -

agreement with previous flndings that this anaesthetlc agent is vagolytic
and exerts a depressant action on the SA node (Cox, £§72): Although

the magnitude of the bradycard%a elicited from different:medullary
structures was esseﬁtiaily the same and the effect of vagotomy on the
medullary bradycardia was the same regardlesé of the site of stimulation
the differential effects of sodium pentobarbital on théibradycardia
elicited by s%&mulation of different meduilary structures suggests a

possible functional role for these various medullary areas. As it was

shown that the bra&ycaraia elicited from the NA was as resistant to the
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depressan£ effects of sodium pentobarbital as the bradycardia elicited
by stimulation of the peripheral vagus it is suggested that the NA
bradycardia was probably due to excitation of efferent fibres. Om,
the other han&, the pronounced inhibitory effect of sodium pentobar-
bital on NTS bradycardia suggests that this cardiac slowing was due .

N . to stlmulatlon of afferent fibres or p0331b1y 1nterneurones. Support
for this suggestion is the demonstration that scia?ic nerve s;imuiatign
which iphibits reflex vagal bfadyca;die but not the cardiac .slowing

,due to stimulation of the peripheral vagus, inhibips RTS buthﬁot RA
vagal bradycardia (Quest & Gebber, 1972).

On the basis of evideﬁce obtained in rthis study and results'
- H in the-literatuie a scheme‘;llustra§ing the possible central pathways
mediating baforeceptor and chemerécepto; reflex vagélfbrachardie is

- ‘presented in Figure 25. In this'gcheme, baroreceptor and.chemeo

Y
receptor afferent flbres pass through the region of the dorseal MOC to -

-~ P . v " , r,f
. terminate in the NTS. Carotid sinus.gnd aortic depressor nerve
e . . afferent fibr@% have in fact been locallzed in thl$ reg1on of the dorsal

-
3

MOC (Crlll & Refis,’ 1968) and the suggestion that these afferent fibres
relay in the NTS is based on anatomical_(Cotzle, 196L; Ingram & Davkins,
l9h5, Kerr, 1962) and electrophyszologlcal studies (Blscoe & Sampson,
-1970; Crill & Rels, 1968 Humphrey, 1967; M1ura & Reis, 1969; 19723
- Seller &;Illert, 1969). The proJection of second order neurones from
the NTS to the NA is hased on the anatomicai_. findings @f Morest (196Lk): ;
after lesioning the NTS he obeeeved'degenerated eions projecting ventro;

laterally and preterminal degeneration in the region of the NA.

According to this scheme the cardiac slowing elieited by stimulation




‘details see text).

y

ey

Figure 25

N

" Schematic illustration of the suggested central

pathways mediating reflex vagal bradycardia ( for

For identification of structures

L

9

see Figure 13.

-
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of the dorsal MOC was due to excitation of afferent baroreceptor an

chemoreceptor fibres, the NTS bradycardia was due to excitation of

second order neurones, the ventral MOC bradycardia was due to excitation
- * [ Y

of axons from the NTS travelling in the ventral MOC, and the bradycardia
) [}
elicited from the region of the NA was due to excitation of .efferent

vagal cardioinhibitory neurones.

(f) Hypothalamic inhibition of medﬁllagy bradycardia

d

The results of this study show for the first tfg: tﬁat-electrical
stimulation of the posteromedial hypothalamus (PMH) can inhibit the
vagal brad¥cardia elicited by direct stiﬁulat;En of some medullary
cardioinhibitory sites. The finding‘thét PMH stimulation iﬂhibited
the bradfcardia elicited by stimulation of the nucleug ,of tractus ’
solitarius (NTS).and of the dorsal part of the nucleus medullae -
oblongatae centralis (D-MbC) but failed to alter tLe vagai bradycafdia
elicited from %he nucleus ambiguus (N4) provides additional suppo%t
for the suggestion that the NTS aﬁd the dorsal MdC~§§rve as major
‘relay sitesvin thg mediation of reflex vagal bradycisgia and that the

yA i%/probably‘the site of origin 8f cardfoinhiﬁitory neurones. The
finding that elggtrical éximulation of both sides of the PMH inhibited
"the bradycardia elieited by stimulation of the right medulla
demonstrateé that the inhibitory éffecgs.of PMH stimuiaiign Are
mediang by crossed as well as uncr;;§ed pathweays. HoweYer, this
study provides no information regardinq the site of crossing of the

inhibitory pathway. »
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(g) Medullary field potentials elicited by stimulation of -

~

! the posteromedial hypothalamus -

-

The observation thét the field potentials did not follow

freqpencies of stimulation greater than 26 Hz and that the responses

could be ébolished by asphyxia or intravenous administration of sodium
pentobarbital but not by gallamine\demonst£atgs that the potentisls |

* elici%ed during PMH stimulation were not due to moverent artifacts
but_;;re duye tb excitation of a bathway syraptically connected with
medullary structures. On the basis of latencies of 19 to 53 msec and
of a conduction distance estimated at appréxinately 25 mm anéd if

synaptic¢ delays are considered negligible the cofiduction velocity of

the fibres in this pathway may be estimated to be 0.5 to 1.3 meters/

-
3

sec, indicating that this hypothalamo-medullary ccnnection consists

’ of small fibres. In addition, it is sugsested that th&\{iﬁiﬁ

potentials were due to changed in the activity of discrete medullary

nuclei because almost all potentials Qére.recorded'in medullary nuclear f
" regigds and on many occasions single urit activity was found tc be 19

: e

phase with a component of the field potéhtial. An example of this |

relationship is presented in Figure 26 in which the unit activity cen

be seen to be temporally related to the negative component'of the

field potential.

The rgsults of this study suggest that the hypothalamic
inhibitidn of medullary vagal bradycardia is mediated by crossed and
uncrossed descending pathways which: project to and”?lter the activity )
in discrete me&ullary nuclei, as demonstrated by thé observation t@at

ipsilateral field potentials were completely abolished by ipsilateral

oy . 7

- @




&

148

Figure 26

Field potential (top) and single unit activity (bottom)
elicited at the same medullary site by stimulation &f "
the posteromedial hypothalamus. Preamblifier bandpass_

-

3-3000 Hz (top) and ;300-3000 Ez (bottom).
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a » ' N , . ~ .
hemitransegtion at the pondomedullary -junction whi}e,cqptralrteral

.field,potentials wére only reduced by ipéilatéral hehitransedtjon’and
&
abollshedrby S!lateral transec¢tion. The suggest1on that thb field

potentials wére medzated by descendlng _pathways:is bgged on the obser-
ﬁatlcn that in 11 e£;er1ments ;ever51ng the electrodes (reeordlng at
W"

ﬁpﬂ hypothalam;c site Ef stimulatlon aﬁd stlmulatlng ‘at the medullary
i@i\of recordlng) falled to e11c1t any ewoked act1v1t& f .

» P 4

f“ On the basis of evidence in the lxterature and the-results
quned in this study the functional réi; of several. medull%;y struc-
tures in the medlatlon of hypothalamlc 1£duced changes in heart rate
and arterlal pre;sure nay be suggested. '&1th regard?to changes in heaf:

- rate due to parasympathetxc actlvatlon it 1s vell’ documented that

\._‘

electrlcal stimulatlon of the hypothalamus énhlblts refifx vagal brady-
cardia (DJOJOSuglpo,'Folkow,‘Kylstra, Lisédnder & Tuttle, 1910; ‘
R S 'Y ! M b

Gebber & Snyaér; 1970' Hockman & ,Talesnik, 1971; Hiltom, 1963;
- - , - )

Humphre.ys “iJoels & McAlIen 1971) In par'ticul’ar the PMH has iaeen

Shcjpffﬁﬂihé present investigatlon to inhiblt tbe vagal bradycardia .
1 - ~
elicited by selective excltatlon of baroreceptors and chemoreceptérs. ’
’ ~

-~ .
As the dorsal and ventral MQC, the NTS and' the NA were ghovn,fbvmeq;ate

*r - . N R .

vagal bradjcardia and the PMF was fougd to proJect‘to tﬁeétimedullary-

¢

3 2

voe . regions the/yJé31b111ty exists’ that the hypotﬁalamic induced inpibition

»

- of reflex vagal‘pradycardia mqy occur in thése medullary nuclei

. N i

'Although the synaptlc events responsible'ror this inhibitory effect

.

. are, unknown one ‘pessible’ mechanism may be preaynapxic inhibition as it

Y
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depolartzation in the carotid sinus nerve fibres terminating in the NTS

. (Weiss & Cril%,~l969).' The inferior oliééry nucleus {ION) may alsoc be

I

inVolved in the mediation 6f hypothalamic inhibition of reflex vagal

2

bradycardla as the PMH was shown to project to the ION and electrlcal
-y
[,;:> o stimulation of the ION has been reported to inhibit the carctid sinus
- - ] r . r

P o reflex {(Smith and Nathan, 19€6).
, . - ) . { .
With regard to changes in heart rate and arterial rresswre dﬁe

»
¢

to sympathetlc activation, it is well. documented that hyppthalamic

stlmulatlon increases the sympathet;c input to the heart ana‘glood

-

i vessels (Folkow & Rublnsteln, 1966, Ninomiya, Judy & Wilsom, 1970), .

. and in addition, discrete.electrical stimulation-of the PMH has been

- . shown in this ms{udy to elicit cargioaccelerafion anQ arterialtpypér;
A u-tension due to sympaphe{}é excitation. As the later;l'reticular‘ggcleus
- . - ’
~ ': (LRN) haq'beqﬁ)éﬁowh to be the site of origin of descending fibres -
: ' which}terminate on intermediblateral neurcones and electrical géimuia—
. ";E ;. t;on of he LRN produces cardloacceleratlon aad~arterial hypértenszon
bf.s pathetic,excitatiZn (Henry & Calaresu, 197h) the demonstration -VQ.

in the present inves®igation. of a descendlng pathway from the PME

- g
p - that projects go the LRN prompts the Suggestloh that " the hypotﬁalamlc
.i. 1nduted changes in sympathetlc act1v1ty are medlated by the#LRN.
T * ~As ‘medullary fleld -potentials were also recorded 1n.the dorsal ’EP

.
24

longitudinal faseiculus (DLF) and the hypothalamlc sites of stlmulat%on

&

\\ .- were 1ocatedb n the genérally‘éccepted site of origin 6f.the DLF
. . . ’

' (érosby Humphrey & Lauer ,;d&e) ;t is suggested thét the inhibitory
. effect of PMH stimulation on medullary and reflex v;gal bradycardla

is medt?ted by the DLF. . In addition, the-finding that the majg{lty of -
- - | N :

» . ’ ' ! . { ' ’ , ;
. ’ . N ‘ - ) -

Q
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the field potentials recorded in the DLF were loé;ted in the rostr@iv -
area of the medullary region‘bxplo;ed prbﬁpts the spggestion that the

. ’ »

‘ DLF descends in a medial position and gives rise to collateral fibres.

which préject Yo nuclei in the medulla ;nvolved in control of the
o . . ~
cardiovascular system. This suggestion is supported by the work of

. - - Crosby &.Woodburne (1951)Who traced the fibre tract and sites of
4 / . . '

1

termiration of the DLF in the macaque. They found that the DLF ‘

descernds in a do;séqedial position in the brain stex and contributes
, Tibres to .the région of the dorsal nucleus of the vagus, thé~med£;ﬁ
. L
reticular formation and likely the n. ambiguus. If it is Bccepted

. that the DLF mediates hypothalamif/inhiﬁition of vagal bradycardia,

-

this stuydy pﬁsgides the first electrophysiolo;iéal evidence of the
medullary sites of termination -of the BLF. ) :

-
~

-_ 9
B. Conclusions

- -

¢ ’ Y

’

-

5 This inves%igation hashgantributed to the understanding of
- ./' - . X

‘, . centrél control of the cardiovascular system by providing evidence

(;) . about the role of suprabulbar structures in the control of ¢ardio-

[y

vascilar reflexes. : .

ds; In the initial exp;riments it was.fbund that s%imuiation og a
. . - \ - - s :
. ) discrete vasomoto;’region in the posteromedial hypothalamus (PMH)‘
of cats e%}cits éardigacceleration and arteri;l hypertensfoq duerio
" : a an increas: in symﬁathetic activify. The demonstration that

o ’

stimulation of baroreceptors and chemoreceptors ‘4lters the activity
-

of neurvnes in the PMH provides the first direct evidence ghat in

3
‘a
. e .
. .
, “
.

b




. /

153

!

addition to the medulle and pons, suprabulbar structures are involved

-

ir the mediation of cardicvascular reflekes. With regard tc supra-

bulbar control of cardiovascular reflexes, it is well documented that

the hypothalamus exerts an inhib#ory influerce on the vagal compcrnent
cf the barorecepteor reflex. However, as there is urcertainty concerning
the eflerent pathway of the chemorecertor reflex, it was considered necess

. 4 L .
tc identifly the efferernt components of this reflex tefore investigating

the infiuence of suprabuibar stiructures on the baroreceptor and chemo-
. B 4
receptor reflexes and it was fcund that the hypertensicn elicited by

2
.

excitaticn. The bradycardi§ elicited by excitation ¢f carz+id body

chemoregeptors wass founé tc be due exclusively to vagal excitajiorn

N v

.arnd to be rmediated -by bcth vagus rerves. In addition, the significant
increase in the magritude of the cheroreceptor induced qagél brady-~
cardia after mjidcollicular Zecerebration is the first dezcnstration
g

that the chemorecertor reflex .ike the baroreceptor reflex is subject
tc inhibitory.influences from structures rostral to the level eof

decerebratiorn. One of the sites of crigin of this inhid

ct

ory influerce

&

bt

’is the PMH as electrical stirmulation of this region wes ghcwn tc ..

inhibit the reflex vagal bradycardfa elicited by selective stirulation
of carotid body‘éhemoreceptors; i addition, the PME was found to
inhibit -baroreceptor induced vagal bradycardia. This inhibitory

‘influence was shown tc be mediated by crossed as well as uncrossed

-pathways. ¢

After it was shown that the PMK inhibits reflex vagal brady-

cardia, the site of interaction of this irhibitory effect and the

N




) : -
medullary structures mediating reflex vagal bradycardia were studied.

The data obtained by localizing medullary cardioinhibitory sites

strongly suggests that the nucleus ambiéuus (NA) is the site of origin !

of cardioinhibitory neurones and that reflex excitation of these

cardioinhibitory neurones involves an interneurone located in the nucleus
: .

of tractus solitarjns (NTS). 1In addition, the demonstration that

£y

. electrical stimulation ©f the PMH at sites that inhibited reflex vagal

ad

bradycardia inhibits the btradycardia elicited by stimulation cof the

.UTS and dorsal nucleus medullae oblongatae centralis (dorsal MOC)

~

but not the cardiac slowing elicited by stimulation of the NA provides

additicnal support for the hypothesis.that the NA is the site of

u

origin of cardioinhibitory neurones and that the NTS and dorsal MOC

o are structures involved in the reflex excitation of these peurcones.

»
Furthermore, the results provide indirect evidence that the .inhibitory
. [

effect of hypothalamic stimulaticn on reflex vagal bradycardia is
) t, 2

medisted ﬁy medﬁllary structures. hThe_finding that field potentials

€«

——

elicited by stimulation of,the PMH were ;ecorded in discreie medullary
nuclei which haYe been shown in the present invqstiggtion to mediate

) reflex Qagal bradycardia, and, inAprevion studies, to ¥ihibit the
baroreceptor reflex and to excite spinal sympathetic neurones is the
first Elect£oph§sidloéical demonstration that hypothalamic vasomotor
areas project to disCrete medullary nuclei involved in central and
reflex control of the cg}diovasc:iar system. In addition, these
“results strongly suppo;t the hypothesis that the cardiovascular

changes e?icited during hypothalamic stimulation are mediated by

altering the activity of discrete vasomotor areas in the medulla.

-
2*

~
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In view of the demonstration that the PMH receives input from

baroreceptors and chemoreceptors, that stimulation of the PMH inhibits

”

reflex vagal bradycardia and medullary bradycardia and that the PMH

,»\\\k\?rojects to discrete medullary nuclei involved in central and reflex
<

control Of the heart and blopd vessels it is concluded that the postero-

-

medial hypothalamus plays an important role in the mediation and control

of the baroreceptor and chemoreceptor reflex. >




EaS

SUMMARY -
1. This study was done to 10;;lize the neural structures and
the mechanism(s) involved in the hypothalamic inhibition of reflex
vagal bradycardia. |
2. A discrete vasomotor region in the hypothalamus was identified
in chloralose anaesthetized cats Ey studying the effect.of hypothalamic
stimulation on he;rt rate and a:;erial pressure, by recording the res-
ponse of single hypothalamic neurones to selective stimulation of
barbreceptorsland chemoreceptors, and by déﬁonstrating the inhibitory
effect of stimulation of this region on reflex vagal bradycardia.
3. In nine chloralosed cats, electrical stimulation at 20 histo-"
logically confirmed sites in a discrete region of the posteromedial
hypothalamus (PMH) elicited cardioacceleration and arterial‘hypertension.
The carﬁioaeceleration was due to'sympathetic excitaiion as the response
was not affected by bilateral cervical vagotomy (3 cats) but was ab-
olished in five cats by intravenous administration of propranolol‘
(1.5 mg/kg). ‘

L, In 1L cats, the response of 51 single units in the PMH to

electrical stimulation of the cgrotid sinus nervEGACSN) was recorded

N

with extracellular-stainless steel electrodes: 16 of these units were
inhibited (latency 68+ 9 msec) and seven were excited (latency 29+ 3.7

msec). 1In five of the 16 units that wexe;inhibited by CSH stimulation

~

baroreceptors were selectively stimulated by intravenous admipistration
. 4

_of noradrenaline (0.5& 2.0 pg/kg) and were shown to inhibit the’
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spontanaous actifity; selective excitation of cérotid body chemo-
receptors by close intra-arterial injection of sodium cyanide (50 -
loolpg/kg)-attempted in three of these five units did not alter the
spon;aneous activity. Selective chemoreceptorfexéitation attempted in
one of the seven units excited b& CSHN stimulation‘increased the
discharge frequency while noradrenaline administration failed to'elicit
a response. These results suggest that, in addition 95 the medulla and
pons, a Qasomotof region in the PMH is glso iﬁ;olved in the mediation
of barcoreceptor and chemoreceptor reflexeg.

5. As the effe?eng pathways mediating chemoreceptor bradycardia
are uncertain the identification of these pathways was cpnsidered(a
necessary prerequisite before investigating the éf%ect of hypothnalamic
stimulation on chemorecepgor induced& changes. in heart rate. 1In 29 cats

r

selective stimulation of right carotid body chemoéreceptors ccnsistently

AN

elicited cardiac slowing ahd arterdial hypertension. The cardisac

slowing was due solely to vagal excitation as the“magnitude of the.

i bradycardia was not affected by administration of propranolol {9 cats)
-

or by spinal transection at C7 (10 cats) but was significantly reduced

after right cervical vagotomy and abolished after bilateral vagotomy

“

(12 cats). The chemoréceptor induced arterial hypertension. was due wo.

sympathetic excitation as the response was abolished by spinal

&
transection at Cp (10 gats).

»
»

6. After midcollicular decerebration in four cats the magnitude
. , i
- of cardiac slowing elicited by chemoreceptor stimulation was significamtly

‘ increased. These results demonstrated the existence of a tonie inhibi-

tory inflpénce by supra-collicular structures on chemorecé€ptor induced
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’
vagal bradycardia.

T. “In 18 cats transected at C7 eléctrical st;mulation of Ll
histologically confirmed sites in the right and left PMH inhibited

the reflex vagal bradycardia eliciied by'étimulation of the right CSN.
In addition, stimulation of 39 sites in the yight and left PMH inhibited
apd right carotid body chemoreceptors:l These results demonstrated

that the PMH inhibits reflex vagal bra&ycardia and that a possible site

-

of origin of the topic inhibitory iﬁfluence exerted on chemoreceptor
bradycardia by supraéollicular structures is the PMH.

8. To identify medullary structures involved in hypothalamic
inhibition of reflex vagal bradycardia the hedulla’was systematically
explcred for vagal cardioinhibitory sites and the effect of simultaneous

13

Stimulapion of the PMH on thg magnitude of this bradycardia was invgsti—
gated; - \\"//
9.~ The right side of f)e -medulla (1 mm caudal to 4 mm rostral to
the obex, 5 am iateral) was s&stematicallyfexplored in 27 chloralosed
cats .transected at Cy. Electrical stimulation with unipolar electrod;s
elicited a vagal B}adycardia.from 160 histologically confirmed sites
whicnkwére arbitrarily classified as dorsal or ;entral with respect td.
the intramedullary vagal rootlets., The majority of the dorsal sites ”
(b1/51) wereti;;ated in the n. éf tractus solitarius (NTS) and in the

dorsai’'n. medullae oblongatae centralis (MOC), and, the majority of the
. rd

. P .
ventral sites (86/97) were located in the n. ambiguus (NA) and in the

ventral MOC; in-addition, 12 sites were found between the ventral MOC

and the hypogiassal n. and vere classified as do?somedial. The -

~ | - \/ |
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responses from the dorsal, ventrel and dorscmedial siteS‘were not
significantly different in magnitude. After ipsilateral vagptom;
stimulation of the NA (11 cats), the NTS (h dhts) and the ventral MOC
(3 cats) elicited an increase in heart rate.

10. In six experiments administration of sodium pentobarbital

(10 mg/kg i.v.) reduced the magnitude of the bradycardia eiicited from
the NTS significantly more than the bradycardia from the QA and from
the peripheral ;agus. These results support the possibility that
cardioinhibitory neurones are located in the regicn of the NA and that
reflex excitation of thege neurones irvolves an intérneurone*located
in the NTS.

11. In nine chloralosed cats transected at Cy, eiectrical stimula-
tion of 10 sites in the right PMH and six sites in the left PMH that

inhibited reflex vagal bradycardia ‘tnduced by noradrenaline administra-
tion was found to inhibit the vagal bradycardia elicited By stimulation

. > :
of 12 sites in the right meduila, seven in the NTS arnd five}¢n the *dorsal

MOC. However, the bradycardia elicited by stimulation of 11 sites in

the right NA was not affected by PMH stimulation.

12. To investigate the sites of termination of iphibitory hypo-

thalago-medullary pathways field potentials were recorded in the

medulla during electrical stimulation of the PMH.

»

13. In 21 chloralosed cats transected at C7, field potentials

were recprded'at 405 sites in the réght and left medulla during

-

stimulation of tﬁé ipsilateral and contralateral PMH. The field

potentials were located in the inferior olivary n., lateral reticular

.

n., NTS, yentral and dorsal MOC, NA, parahypoglossal area, and dorsal

o .

»
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/
longitudinal fasciculus. The field potentials had a peak latency of
19-53 msed and did not follow frequencies of stimulatidn greater than
26 Hz, were not affected.by mugg}e paralysis (gallamine triethiode,
5 mg/kg i.v.) but were abolished by barbiturate (sodium pentobarbital,

20 mg/kg i.v.) and by asphyxia. Ipsilateral medulléry field potentials

were abolished by ipsilateral hemitransection at the ponto-m@dullary‘
Junction in six cats (3 in the right and é in the lefk medulla)., How-
ever, ipsilateral transection only reduced the amplitude of one
contralateral field potentials in the right medulla and three contra-
lateral field potentials in the left medulla and bilateral transeé;ion
was required to abolish these contralateral responses. .

lh: It is concluded that the inhibitory effect of PMH stimulation
on reflex vagal bradycardia is mediated by -crossed and uncrossed path-»
ways which alter fhe electrical activity of neurones located in discrete
vasomotor structures in the medulla. In'addition, these dat; suggest
that the dorsal longitudinal fasciculus is the descending pathway

mediating the cardiovascular responses and inhibitory effects observed

durihg stimulatio™af the hypothalamus.
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