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IDSTRACT

THE MEDULLARY RUPRISENTATION OF THE B/RORECESTOR REFLEX

By

William James lMarquis

The purpose of my research was an attemot to elucidate the neurel
pathways in the medulla involved in the barorecepntor reflex concentrating
on the sympatho-inhibitery component and ﬁo ascertain the relative
contfibution of proposed medullary sites mediating this reflex.

Past research in this area has yielded much conflicting data and inter-‘
pretations as to the imvortance of various medullary sites involved
in the reflex.

Stimulation techniques were employed in an attempt to characterize
the cardiovascular responses elicited from proposed medullary sites
in the baroreceptor reflex pathway. Stirulation of TS produced a
large depressor response as well as a pronounced bradycardia suggesting
that beth compoﬁents of the baroreceptor reflex (sympatho-inhibition
and vasal activation) were present at this site. Stirulation of Fil
resulted in a large depressor response. The heart rate changes (small
bradycardia) wvere shown to be mediated by sympatho-inhibitory fibers
to the heart ond thus, no vasgal component of the reflex was present
at this sites Siniliar recoonses vore obtaincd by elcctrical activation
of the inferior olivary nucleus.
he second phase of the experimenis involvsd ablation of various

nedullary sites in varetonized cats in order to ascertain the importarce



and contribution of the lesioned &arcas to the syiipatho-inhibitory
component of the barorecceylor reflex, Baroreccptor reflex activity
was modificd by the following technigues: BICO, i.ve injection of NE,
and stimulation cf nuclear sites proposed to be in the pathway.
Ablation of FT3 prevented the compensatory reflex adjustments to

. .

barorcceptor activatior, This was shovn by the following: The pressor
resporise to BLCO was sierificontly recuced; the depressor response to
PN ostiralation was substantially potentizted; and mean blood pressure
increaged fellowing ablation.  The data obtainad from B a2blation
experiments indicated that the lesionced area did not ccntfibute signifi-
cantly to the sympatho-~inliibitory pathuax of the baroreceptor reflex:
The pressor resnonse to DICC was reduced only 107 following bilateral
ablation of this nucleus. Jidline ablation déta revealed that the
classic "dewresccr areal was a crucial substrate for the sympatho-
inhibitory corvoncnt of ihe barorecertor reflex: The pressor responée

to BLCO wes sisnificantly raeduced follouving ablation; the pressor re-

sponse to 1.v. IE was sirnificantly enhanced; and srall pressor resnonses

elicited by NTS stimuluticn were potentiated folloving midline eblation.
bLvidence was presented intieccting that pressor neurons may reside

in classic "depressor areas" of the midiine medullary reticular for-

maticn and may constitute the site of baroreceptor induced s'tipatho-

irhibition to the blocd veszels: I'ressor responscs were recorded &t

low stimulus peremeters to midline zrecs; ard blood pressuve decreased

after midline ablation possitlyv invliyving the desiruction of pressor

nceuronse



THE MeDULLARY REPRTSTLLITATICN

OF THE BARCRNCIPTOR RIFLEX

By

]
(]

William James Harcu

THLSIS

Subriitted to

Fichizan State University

[ae}

in varticl fellfillanent o

feor thno decree of

PASTER O 5CIVICE

Dapartrcnt of lhernzeolosy

Ay
_L(,; (/-L

the requirenents



ACKIOVTEDGULRTS

The author respectfully acknowledzes the support of Dr. G.L.
Gebber. He wishes to thank Dr, T.!'. Brody, Dr. J. Hook and Dr. C.

Chou for serving on his conmittee.



TADLE OF COUTILTS
Page
ACKI\‘O‘«"L‘?D:}TLYE::I‘S.'l0.000.0'..l..'......'....‘....00. ii
TABLTQ OF CO}ETE}:Z‘SO..l..lC..'....'O.'.'O.......l‘0'0. iii
IIST OI‘ T-&.BL—ES'.l........l.......'..'.......'....... iv

LIST OT FIGI]RES.O..‘...C'..'...‘.‘.......'...."..C' v

IHTRODUCTIO N eecooevoonsocascssssasssssessssssssanos 1
METIODSesseosssasssessssssscsccceasacsssnsscccsseses 19
RECULTSeeceosseaseeacscsassassccceocsoscsnssssansae 24
DISCUSSIOMeeocossscococsssccssscssccscscsssssssesss 05
SUMARYeeeecoevocccsossssossascssassssassssscccsces T

REF’ERE}:CES....O..........‘.....‘.“‘...."'....‘..0 75



Table

L

LIsT OF TABDIGS

The effect of varotomy on cerdiovascular
responces elicited by inferior olive
stiruvletion.

The cffect of lITS ablation on baroreceptor

- reflex activity.

The effect of P eblation on barorecertor
reflex activity.

The ¢ffect of dorsal lateral reticular
formietion ablation on baroreceptor reflex
activitye

The effect of midline "depressor area"
ablation on barcreceptor reflex activity.

The effect of micline cblatiocn on cardio-

vescular responscs clicited bty RNTS stimulaticn.

Page

Ly

L5

50

52

Sl



Figure

1

~1

\0

10

LIST OF FIGURTS

The c¢ffect of varotory on the cardiovascular
crma

responses elicited by 175 stimulation.

Voltage-resnonse curve showing the effect of
vaﬂo+0'y on heart rate responses elicited by
NTS stimulation.

Voltage-rosponse curve showing the effect of
vagotony on depressor responces evoked by NTS
stimalation.

Voltage-recronse curve showing the effect of
vagotomy on cepressor responses evoked by FHN
stimalation,

Voltage-respense curve showine the effect of
vagotory on iiie heart rate responses evoked by
PHIT stimulationa

The effeet of varying voltorze intensities on th
cariiovascular responses evoxed by stimulation

AN
A.n.

Volture-response curve snowing the effect of
vagotomy on the demressor responses elicited
by irferior colive stirmletion.

The effcct of TS ablaticn on the pressor
responce and heart rate evoked by bilateral
occlusion of the carcltid arteries in vagoti-
mized cats.

Correlation graph relating the change of nean
blood pressure levels end the chance in the

presser recnonse to BLCO following midline
ablation.

The effect of midline "depressor area" ablation
on baroreceptor reflex activity.

a b
of

L2

. 56

58



Figure

11

12

Page

The effect of blood pressure level on the 60
pressor resnonse to 31.CO following midline
ablation. '

The effect of midline ablation on the cardio- 62
vascular responses elicited by ETS stirumlaticn.



INLRODICTICN

The baroreceptor reflex is probably the most important visceral
reflex in the body, yet little is knowvm about its central anatomical
orgenization. 1In as much 2s abnormal cardiovascular fuuctions in-
cluding hypertension and cardiac arrhythmias have been attributed
to baroreceptor reflex impairrient, it is important to dclincate the
the Medullary neural pathways of the reflci. Klso, a clearer under-
standing of the medullary barorcceptor reflex pathways is important
in order to interpret supramcdullary mecdifications of the reflex which
r¢ integrated at the medullary level. The purpose of my research
was an attempt to elucidate the neural pathways in the medulla involved
in the baroreceptor reflex, concentratirg on the sympatho-inhibitery
compoinent and to ascertain the relative coentribution of proposed médullary
sites mediating this reflex. The follecirins will be a description of
some of the pertinent past rcscarch in baroreceptor physiolo;y and
anatemy. It moy be stated at the onsct that the literature is beset
wilh controversies regarding the neuroanatomical pathways of the
refiex as well as the contribution and importance of supramedullary
structures on cardicvascular function.

Traditionslly, the medulla has been resgarded as the neural center
integrating centrel cardiovascular controle Dittmar and Ousjannikow
in the 1870's were the first to enter into an investication of the
rmeaullary vasoootor center (Bard, 1940). They found that transections

of the brain stom from abeve dovmivard had no effect on blood pressure



until they reached a pontine level near the rostral border of the
trapezoid body. As scctions were made more czudally they produced
a greater fall in bleced pressure. The nmaximal effect was observed
3-4 mm atove the calanus scriptorius. At this point the degree of
decreasc in blood praszure was the same as.that obtained by section
of the spinal cord 2t C-l. These authors also showed that cardio-
vascular reflexes elicited by stimulation of the scictic nerve were
integrated in this ssme general ponto-medullary arca necessary for
maintainance of tonic blood pressure.

.Further infermation rerarding the position and nature of the
bulbar cardiovascular center was presented by Ranson and Billingsley
(1916)e They stirulated the floor of the 4th ventricle with a needle
electrode and found two discrete reaction points which responded
with chanzes in blo~d pressure: A pressor center ( 4 mm Hg. incrcase
in blood pressure) abeut 1 mm in diameter in the region of the ala
cinera Lo the fovea inferior, and a depressor center ( 40 mm Hg.
decrease in blood pressure) in the area postrema just lateral to the
cbex. The authors concluded that these points could represent; a)
afferent endings of vasomotor neurons, b) receptive nuclei of afferent
vasomotor neurons, or c) true vasodilator and vasoconstrictor centers
giving origin directly to autonomic efferents.

The next significant rescarch in this area was done by Ranson
and Wanz (1939) Using the newly designed Horsley-Clark sterecotaxie
instrument, they were able to explore the depths of the medulla in an
attempt to further delineate cardiovasculer centers. In genercal,

pressor points were spread diffusely in the dorsolateral reticular



formation, and depressor points in the ventromedial portions of the
reticular formation. Thus, these authors showed that the surface
areas previously reported by Ranson and Billingsley were just the
dorsal extensions of these diffuse areas in the reticular formation.

In 1946, Alexander amplified the concept of cardiovascular centers
by presenting a detailed localization of pressor and depressor areas
in the pons and medulla. As can be seen from the following figure,
the pressor center was found to ocecupy an extensive resion of the
lateral reticular formation in the caudal pons and rostral two-thirds
of the medulla, while the depressor center includes much of the medial

reticular formation in the caudal one-half of the medulla.

Inferior Colliculus

\ Auditory Tubercle

II

Relative distribution of the bulbar pressor
and depressor regionss pressor area indicated
by crosshatching; devressor area by horizontal
rulinge I, II, &nd IIT - levels of transection
Reproduced from Alexander, 1946.

In attempting to 2ssess the origin of tonic symnathetic nerve activity

controlling blood pressure, transections were made as indicated on the



diagram and recordings were taken from the inferior cardiac nerve and
cervical sympathetic trunk to indicate changes in cardiac and vaso-
motor function. Transection as far caudally as the lower one-third

of the pons had no sirnificant effect on blood pressure or tonic activity
along the sympatheticse Section at I (the level of the auditory
tuberclé) resulted in a considerable fall in mean blood pressure corre-
lated with a significant reduction in tonic sympathetic activity.

This transection removed a significant portion of the rostral pressor
region. Secticn at II (slightly rostral to the obex) produced a maximal
fallvin blood pressure topgether with a coﬁplete disappearance of
activity in the sympathetics. This scction, as can be seen from the
diagram, removed a large part of the pressor region while leaving a
major portion ol the depressor region intact.’ Furthér section at III
(C-1 cord section) raised blood pressure levels from previous low

levels and restored some activity in the sympathetic outputs thus
inplying that the depressor region exhibited tonic activity. That'is,
the C-1 cord section eliminzted a tonic depressor activity descending
to the spinal cardiovascular centers from the depressor center in the
medulla. This finding, according to Alexander, established the depressor
center as a functional entity rather than merely a recion through which
inhibitory afferents travel to reach the depressor center. The question
remains, howvever, whether this effect depends on the intrinsic activity
of a group of midline neurons or is the result of an inflow of impulses
from baroreceptor afferents or other sources of a depressor reflexe.
Klexender (1944) also studicd somatic pressor reflexes produced by

stimulation of the sciatic nerve. Following removal of portions of



reduction of its discharze rate following vreoceedurces which altered
blood pressure levels including i.ve injecti~n of vasoconstrictor and
vasodilator agents and bilateral carotid occlusion. These neurons,

so defined, could be divided into two groups: Population I- neurons
that exhibited an increase in their discharce when arterial pressure
rose and.a dcerease vhen pressure fell. These neurons ceased firing
during bilateral carotid occlusion; Population II- those ncurons that
brhaved in the opposite vav, 1l.e. decrcased their firinz rate with an
increase in blood prescure and increased their firing rate with a
decréase in blocd pressure. The ratio of fype II to type I was about
5 to 1. It was sugmested Ly the author that circulatory control may
be achieved by some {form of recirrocal inncrvation between these two
systems of neurons similiar to the reciprocity seen in the respiratory
centerss On the other hand, it is equally possible that the two systems
may operatc independently and intesrate their activity (inhibitory in
the case of tyve-I neurons and excitatory in the case of type-I1I) ﬁt
the spinal cord level. The distribution of type I and type II units
did not rcveal separetc anatomical areas for these units. Type I

and type II cardiovascular neurons were found scattered throushout the
medulla, interminglcd with each other, with the majority of the detect-
~able units within redial structures.

In a study done by %Wang and Przybyla (1907) employing similiar
techniques as Salmoirarhi, cardiovescular ncurons (type JI) were
located almost exclusively in the periventricular grey and adjacent
dorsal reticular forrmation. These neurons decreased their firing rates

from 30-100% following a rise in blood pressure. From this study,



and studics employins lesionineg tcchnigues, these authers concluded
that the arcas responsible for cardicvzscular intesration ere localized
in the dorsel lateral portions of the medulla. This group has also
demonstrated that supramsdullary structures are nct essential for
cardiovascular integratione This was pointed out by showine that
midcollicular decerebration did not @bolish the increase in arterial
pressure s=en after scctioning of the buffer nerves or inhibit the

erotid occlusion prescer responsce  Also, in another study, Chai and
Yanz (19462) showed that cardiozcccleration elicitcd by dorsal medullary
stirlation, bilateral carotid ccclusion, or sciatic nerve stimulation
was not reduced after midcollicular scction.

However, Manning (106%¢) disputes this view that medullary centers.
located in the dorsal relicular forisation maintcin vascular tone and
fornm the central synaptic link controliing cardiovascular reflex
adjustments. He showed that extensive lesions in the medullary vaso-
motor area did not siznificantly alter the cardiovascular reflex ad.-
Justments to bilateral carotid occlusion, to stimulation of the sciatic

nerve, or to bypothalamic stimulation. In addition the preparations
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ependont upon supramedullary conncctions to maintain
vascular tone and circunlatory reflex adjustrments for midcollicular
seetion in the lesioned animel brovceht about a reductien in blood
pressure and a loss of vascular reflex responces. Thus, according to
Manning, sunram~dtllary centers exert tonle 25 vell as rhosic influences
on vascular i ecardise activity indevsondent of the medullary vaso-
notor area, fvidence {rom Feiss! laLoralory sunports this view of

Manning(Peisz, 1943). He showed that cardioaceslcration o



stimulation in the dorsal m:dulla was climinated by lesions caudal to
the hypothalamus and sugrest.d that the cardioacceleration elicited
by stimulation in this area was due te activation of afferent pathweys
to higher CUS structures. Also, Domino (1968) showcd statistically
significant decreases in blood pressure following midpontine brainstem
trancection and sugcested that porticns of the CiS ahove the section
mey be cxerting touic influences on blood preegsure. Thus, the question
of supramedullary influence o1 tonic blcood pressurc and intezration of
cardiovascular reflexes is still not resolvede

Haviny discussed the concent of cardiovasculer centers and the
interration of cardiovascular reflexes in the medulla, I would now like
to specifically discuss the baroreceptor reflex including its physio-

)

logical functions and anatomical represcntation in the medulla as well
as the influence of supramedullary structures on the reflex. The
baroreceptor reflex is essenticlly a nesative control system. Baro-
receplor nerve endinzs are found predoninately in the carotid sinus
rezion and the arch of the asrta as well as in the richt atrium and along
the pulmonary arteriese An increase in blood pressure causcs mecianical
distortion of stretch receptors in these regions ard increascs tonic
nerve activity along the carotid simms ncrve, the aortic depressor

nerve in the cat, and the vapuse. These fibers terminate in the medulla
where they eventually cause inhibition of sjmpathetic tone to the

blood vessels at a nedullary site or in the spinal cord to buffcer the
rise in pressure, and va-al activation to slow the heart. Also, de-
creascs in blood pressure result in a decrease in activity alenz

baroreceptor afferents with

5

concomitant increase in blood pressure

and heavt rate due to relecace of tonic inhibition controllin~ these



cardiovascular responses. There is also a sympathetic innervation
controllins heart rate and cardiac contractility which is modified
by baroreceptor afferent input.

In the total pomulation of barorcceptors, there is considerable
variation in threshold. At a low but effective rressure, only a : -
minority‘consisting of the most excitable units contribute to the
discharre of afferent nerve impulscs. As the arterial pressure rises,
more and morc units are recruited to aupment the impulse bombardment
of the barorcceptor afferents. At the same time, those units already
actiQe discharre more frequently. The relationship between mean
blood pressurc and impulsc activity has been dctermined by Bronk and

Stella (1934) and is shown in the f~llowing graph:

120

Inpulses [ sec
of a single g
fiber

'. &

60 120
mean blood pressure

Hence, the rate of impulse discharge is closely related to the level
of pressure within the sinus. It was also shown that a pulsatile
pressure is a more effective stimulus in excitir;; barorecertor discharse

than a steady pressure (lleal et al, 1552).
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It aopears that other physiologzical functions are mediated or
influenced by fibers carried in the barorecepltor afferents. Chemo=-
receptors are located in the carotid and aortic bodies supplied by
afferent fibers of the carotid sinus nerve (CSH) and the vagrus,
Impulse activity in these fibers is only slight in the anesthesized,
spontaneously breathing animal, but is greatly increased by anoxic
anoxia, hypercarnia and &scidosis. Chemoreceptor stimulation causes
both reflex vasoconstirction and hyperpnea. Baust and Heinemann
(1967) have suerpested that the baroreceptors play a role in the regu-
lation of sleecp arnd wakefullness. They concluded from their studies
that the monotonous synchronous inflow from the baroreceptors is in
part responsible for the onset and maintainance of synchronized sleep.
A related study by Bonvallet (1954) showed that ERG activity is in-
fluenced by stimulation of carotid sinus afferents; increased pressure
resulted in EEG synchronization via a reflex inhibition of ascending
reticular neurons. BRonvallet also showed in this study that intér-
ruption of the béroreceptor vathuay at the nvcleus of the traétus
solitarius (ITS) intensifies the arousal pattern in the EL3 induced
by somatic or auditory stimulation of the reticular activating system.
Zanchetti et 2l (1960) deionstrated that diencephalic centers respon-
sible for éham rage are undef a tonic inhibitory influence from the
carotid sinus and aortic presscceptors. They showed that de-affer-
entation of thc pressocertors results in an increase of somatic and
autonomic outbursts, wnile increasins intrasinusal pressure blocked
spontaneously occurin; outbursis of sham rave. Also in acute decor-

ticate cats, bDilateral carotid cceclusion induced outbursts of sham
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rage which were abolished by errotid sinus nerve scetione In additien
to the alore mentioned activities, barorcceptor afferent impulses also
modify the spinal somatic reflexes as well as influcnce ADH secrction
(Share, 1965, Rothbazller, 1963). From these studies, then, it is evident
that blond prcssurc chenges mediated by barorecepter afferents result
in widespread and diverse paysiological modifications which might
conceiviably alter the direct cardiovascular compensatory rmechanisms
mediated by the barorccecptor roflex,

Turning new to the neurel reoresentation of the baroreceptor
reflex in the mecdulle, I would like to discuss papers which alterpt

)

to clucidate the nmcdullary noural pethwuays as well as mrntion some
studies demonstrating supramedvullary modificationz of the reflexe.
As will be shoun, thcre are huvsR gaps in our knowled:e of the inter-
actions betwecen the various inputs and the integrative centers of the
medulla concerned with cardicvascular function. It has been proposed
from evidence derived from degencration studies that the principnal
site of termination of barorecceptor afferents is in the middle third
of the nucleus of the tractus solitarius (NTS) necar the obex (Cottle,
1964, Kerr, 1962). Descrepencics exist as to where sccond order ncurons
project mediatine sympatho-inhibition and vegal activation, and if,
and to what extent, classic "denressor centers" of the midline re-
ticular formation particivate in the barorcceptor reflex.

Morest (1967) feiled to show connections from NTS %o ths midline
besed on axonal dcgencration studies followin~ lesions in the posterior

one-hall of NT3., Tli» most significant prejcetions of NTS were traced

to the dorszl latcral reticuler formation of the medulla. This area
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has been implicated as the primary integrating center for cardiovascular
reflexes as well as the most prominent locus of tonic cardiovascular
nourons (Chai and Wang, 1963). Projections werc also traced by Morest
to nucleus ambicuons after TS lesions. This finding supports the
contention of Gunn et 21 (1968) who postulated that nucleus ambiguous
is the site of origin of vapgal cardiomotor efferents.

Advances in electirorhysiological recording technigues have re-
sulted in a mere precise exploration of medullary pathways involved
in cardiovascular reflex mechinisms. Sampson and Biscoe (1968) re-
corded electrical potentials cvoked in the brain stem by stimulation
of the carotid sinus nervec. Based on onset latencies, they showed
monosyrnaptic connections to NTS which relsyed monosynaptically to
the ventromedial reticular formation of the medulla. Recording extra-
cellularly, thcy detected positive potentials (indicating a decrease
in excitability) in the followins mcedial areas: 0.5-1.8 mm from the
midline; 2 to 5 mm from the ventral surface; and from -10 to - 13 mm
(Horsley-Clark coordinents) in the A-P plane. In several trials,
when the recordins electrode penetrated one of the cells in this area,
a hyperpolarizins IFSP was detected with the same time course as the
extracellular positivity. Histolo~ical sections revealed involvement
of the folloviny medial nuclear groups: Subnucleus ventralis reticularis
oblongzata; nucleus reticularis gisantocellularis; and possibly the
medial nuclei of the raphd. They also concluded from their study that
secondary fibers rmay be crossing the midline at many levels in the
reticular formation based on potentials recorded contralaterally {rom

A-8 to A-l6o
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Crill and Reis (1968) observed a similiar distribution of baro-
receptor afferents. They explored the medulla with stimulating electrodes
and recorded antidromic potentials in‘the carotid sinus nerve and
the aortic depressor nerve in the cate Potentials vere recorded following
stirulation in T3 as well as in the medial reticular formation inclu-
ding paramedian reticular nucleus (F2i), nucleus gigantocellularis,
and nucleus medullae oblongatae centralis. They also recorded potentials
from stimulation of the cunecte complex sursesting that tonic baro-
receptor input may be responsible for the spontaneous activity recorded
at this site by many investipators.

Further evidence that the midline is invelved in the barorcceptor
pathway is presented by Pumphrey (1967). Fe applied single shock
stimulation to the ipsilateral carotid sinus nerve and recorded poten-
tials within two relatively distinet zones of the medial reticular
fromation. One recion consisted of a ventral midline strip about 1 rm
in dorsal-ventral lensth bourded ventrally by the intcrﬁal arcuaté
fibers. The second zone concisted of an area approximately 1 mm from
the midline which extended ventrelly from 2 to 4 mm beneath the floor
of the fourth ventricle. In addition to the medial recerions, potentials
were obscrved in the dorsal reticular formation, ventral to the nuclei
of the 9th, 10th, and 12th cranial nerves (area of IITS). No evoked
potentials were recordcd from the "pressor regions" of the lateral
reticular formation. Since the onset latencies of these potentials
indicated polysynantic pathweys, Murphrey stiumulated points in WTS
that had responded to carotid sinus nerve stimulation and recorded

potentials in the same areas as shown previously. Thus, the polysynavtiec
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nature of the pathwuay was confirmed, with NTS a relay point in these
pathwvays between sinus nerve afferents and the derressor regions of

the medullary reticular formation. As mentioned previously, stimulation
of baroreceptors is knovn to produce such diverse effects as respiratory

T
[

changes, alteration of scmatic reflexes, EWG changes, etc, so these
pathways delincated by Huriphrey may be mediating such effects rather
than hypotensive effects.

Recent electrozhysiolorical evidence of Miura end Reis (1949)
indicetes that baroreceptor affsrents torminate in F7U as well as NTS,.
This dual termination in the medulla was sugrested by the short latency,
monosynaptic responses recorded at these sites by stimulation of the
carotid sinus nerve. This indicated a direct pathway whereby carotid
sinus nerve activity could reach the medial reticular formation without
synapsing in NTS. It is interesting to note that FI'N may be involved
in the baroreceptor pathway. Studies have showvn that its integrity
appears necessary for sustainins the depressor responses elicited by
electrical stimulation of forebrain (Lofvins, 1961), and muscle nerves
(Heymens and Hcil,1958) as well as some cardiovazcular responses elicited
from the cerebellum (l‘iura and Reis, 1968). Thus, suvramedullary
modulating effects o barorecentor activity may be intezrated at this
site.

Additional evidence implicating the midline depressor area in the
baroreceptor reflex was prescented by Chai and Wang (1968). Following
ablation of discrete areas in the midline, they showed that the pressor
response to bilateral carotid occlusion (TLCO) was significantly

reduced. They also showed that ablation of the periventricular grey
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or the "pressor area" in the dorsal later-l reticular forration re-
duced the BILCO response as well as the praossor resuonse to stimuletion
of the scictic nerve. From these results they postulated that afferent
pathways of the barorecepntor reflex pass throush the midline depressor
rezion and on to the lateral pressor areas,

From the forevoine, it anpears that NTS is the first rclay station
in the baroreceptor reflex pathway. As stated previously, the des-
crepensies exist as to the projections from this aree to the site of
synmpatho-inhibition of tonic pressor neurons wiich may be in the medulla
or the spinal cord (Lim ¢t 2l, 1932, Seller and Illert, 1968, Alexander,
1946)s  Termination of projections fraa N7 in Lh~ deoressor areas has
been proposed by several authors previously mentioned., This is com-
patable with the anatomiczal description of reticular neurons shown by
Brodal (1957) and the Scheibels!' (1957). Their studics dcmonstrate that
reticular neurons located in the medial regions of the brain sten
characteristically have lenr axens which ascend or deécend or both thus
serving as effector ncurons whereas ncurons in the lateral reticular
fromation send their axons medially and are, by nature, association
or sensory neurons. This important anatomical description of reticular
ncurons seems to have been nezlected by many physiologists working in
this area. Since most of the "pres:or area" is situated outside those
regions which give off reticulospinal fibers, one must question the
proposals that show the final synaptic link in the medulla at the
lateral reticular fromation. How do the effector axens of these neurous
reach the intcrmcdiolateral colwins of the spinal cord which contazin |

the cells of the final comon pathway to the vessels? One should



16

also cuestion the efficiency of a meanderinz pathway that goes from
lateral areas to the midline and back to the pressor recions in the
lateral reticular forsation such as proposcd by Chai and Wang (1968).
Teleolo-ically, one would not expasct such an arrangement. The most
efficient pathway cempatable with anatomical and physiolo~ical evidence
would be from IT5 to the midline and dowm to the spinal cord placing
the site of swmpatho-inhibition in the cord or perhans in the medullary
"deoressor region"- 2 possibility which to rny knowled-e has never been
proposed. I will be presenting some evidence that is compatable with
this idca.

Before concluding a discussion of the neural pathways, I would
like to briefly describe some studies demonstrating surramedullary
modifications of the baroreceptor reflex. Knowledze of these mechanisms
may aid in eluclidating the pathways and neural structures involved in
the medullary reprcsentation of the reflex. Since there have been
many studies recently demonstrating supramedullary rodifications of
the baroreceptor reflex, I will limit my discussion to those which
have implicated a specific mecdullary terminaticn site along the baro-
rcceptor pathway. Hockman (1963) has shovm that stimulation of the
fastigial nucleus in the cercbellum in spinal cats inhibits the brady-
cardia produced by stimulation of the carotid sinus ncrve. The derree
of inhibition depended on the amrunt of impulse traffic in the baro-
receptor afferents. Since there is a prominant efferent fastigio-
bulbar pathway to FIi and since cerotid sinus nerve afferents have
been shown to terminate aroind this nucleus, it was postulated that

cerebellar modification (inhibition) of the baroreceptor reflex occurs
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at this site.

Carlaresu and Henry (1970) have implicated nuclcus intercalatus
(NIc) as a site of integration of cardiovascular reflexcs in the
medulla, Stimulation of this arca (parahypoglossal) produces an increase
in blood pressure and heart rate. NIc reccives projections from the
hypothalemus as well as from 1TSS (Morest, 1967). Thus, this site may
be pert of a descending hypothalamic pathivey that acts to inhibit
compensatory baroreceptor rcflexes in order to maintain en adequate
blood flow to critical tissucs in times of stress and exertion.

Smith and MNathen (19£6) have shown thét stimulation of mcdial
portions of the inferior olivary nucleus can inhibit the bradycardia
and the depressor effect of carotid sinus stretch and sugpested that
this arca may serve to integrate supramedullary influences from the
midbrain and hynothalamus on tarcreceptor compensatory reflexes.

From these studics, it ap:erars clear that suprabulbar influences
on cardiovascular functions are not exeirted by modulating the exci£a-
bility of the " primary cardiovascular ncurcns " located in the medullary
reticular formation but rather act on discrete loci prcsumably in the
baroreceptor reflex pathway which are distinct from the tonic vaso-
motor neuronse. Also, it is evident that the reflex is quite labile
and appcars to be overidden by neural centers above the medulla during
environnental stress includinz emotions, exercise and perhaps certain
patholorical conditions such as hypertension.

In an attempt to characterize the cardiovascular resnonses elicited
from proposed rmedullary sites in the baroreceptor reflex, stimulation

techniques were ermployed. The followinz nuclear sitcs were investigated:



NTS; IMN; and the infericer olivary nucleus. The participation and
contribution of sympathetic and parasympathetic components of the
reflex were evalvated by o¢btaining cardiovascular responses before and
after vagotomy. The sccond phase of the experiments involved ablation
of various medullary sites in order to ascertain the importance and

relative contribution of the lesioned areas to the barorcceptor reflex.
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KETHODS

Cats weirhing 2.0 to 345 k7. were used for these experimentse
They were anesthesized with Dial-Urethane (0.7 ce/kg.)e A heating
pad was employed to maintain rectal tomperature at 37 ° Co. Tracheal
cannulation was performed on all cats so that artificial ventilation
could be adrinistered when necessary. Blood pressure was recorded
from a femcral artery with a Stathem P-23 series pressure transducer
connected to a Grass polysrarhe Beat to beat chanres in heart rate
were recorded using a Grass cardictachometer which triggers to each
femoral pulse wave. Drurs were injected into the left Temoral vein.
The carotid erteries werc discected firce in the irnck revion and separatcd
by & loose ligaturc to insurc casy occessibility for occlusion proceedurcs,
Siiall bulldoz cla ps were usced for bilateral carotid occlusion. The
durction of the occlusion was limited to 30 seconds in'order to minimize
cerebral anoxia which mey distort the cardiovascular responses measurcd.
In several exrerinents, the vagal trunk was lipated so that vacotomy
could be perforied to ascertain the relative contributions of the
parasympathetic componenltls of cardiovascular functione

Brain Stirmulation

Stimuli were appliced before ard after vapotomy to sclected areas
of the medulla to characterize the cardiovascular responses of proposed
sites in the barorcccotor rofl-x &ad to evaluate the sympathetic and
parasympathetic contribubtions of thece responses. Stimuli were delivercd
by 1eans of a sguare wave stinulalor tle output of which was passed ’

through a stirmulus iselation unit to insulated stainless steel bipolar

or concentric clectirodes. The cats were placed in a stercotaxic frame.



Portions of tha occipital end parietal Lones vere removed to permit
electrode placement. Partial cerebellectomy was performed by suction
to allow a clear visualization of the dorsal medulla.

NTS stimulation: With the vagi intact, the middle third of NTS
just rosiral to the obex was explored until a maximal bradycardia
was elicited. Thic point was used throughout the experiment and marked
by 2 leisoning instrument (1.5 ma) for subsequent histological exami-
nation. Volicge-response curves were plotted varying the voltage from
2.5 to 10 V and kecping the duration (0.1 ms) and frequency (20 cps)
constante

Nt stimvlation: The electrodes were carefully positioned according
to the coordinonts of Dermon (1968) and a locus in B2 was selected
vhich yielded a large depraessor response (apsroximately P-13 mm, 0.5
mn from the midline, and 2 & Z.5 rm from the dorsal surface)e. Voltage-
response curves were ovtsined (2.5 to 15 V ), keeping the duration
(0.5 ms) and frecacney (50 eps) constante

Inferior olivary nucleus stimulation: The electrode placcment was
determined by explering the inferior olive and locating large depressor
responscé. The approximate coordinants were as follows: P-11 rm, 0.5
mn from the nidline, and 3.5 to 4.5 mm from the dorsal surface.
Voltages varied from 2.5 to i0 V. ; 0e5 ms and 50 cps were kept constant.

Ablations

Ablations were made bilalerally in NTS, DN, the dorsal lateral
reticuiar formatior (DLRT) of the medulla, and the oxtent of the midline
depressor area with a Stoelting Lesion Producing Device,

LT

+TS eblaticen: Curdiovancular responses were rccorded following

unilateral and bilateral N3 ablatione A 15 minute stebiligation
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period ensued between lesionin~y and recording responsese

YN ablation: The lesioning electrode was positioned so that the
ablaticens would include the site of monosynaptic termination of CSN
afferents described by luira and Reis. Lesions were made bilaterally
0.75 mm rostral and 0,75 mm caudal to the obex. The lateral coor-
dinant was 0.75 ma from the midline; the dorsal-ventral coordinant
was 2.5 rm from the dorsal surface. Resronses were recorded 15 minutes
after lesion. Extended lesions were made in most experiments in 1 mm
steps in the rosiral plane to include the anterior portions of Fill.

The optimal lesioninz current was 3 ma/l5 scc.

DLRF 2blation: Lesions were made bilaterally in the DLRF including
an area from the obex to 6 mm above the obexe The electrodes were
placed 3 rm lateral to the midline and 2.5 rm from the dorsal surfacece.
Responszes were recorided after the total extent of the lesicne Iesioning
parameters were 5 to 10 ma/20 sec.

Midline depressor area ablation: The lesions were performed in
the follewing manner in an attcmpt to destroy most of the midline
depressor area: lesion #1; 0.5 and 1.5 mn above the obex, bilaterally,
2.5 and 4,0 wm below the dorsal surface of the medulla, and 0.75 mm
from the midline. Therefore a total of 8 lesion points. lesion #2;
2.5 and 3.5 mm above the obex with the sanmce dorsal-ventral and medio-
lateral coordinants. ILesion #3; 4.5 mm ebove the obex with the same
dorsali-ventral and redio-latcral coordinants. Cardicvascular resnonses
were recorded 15 minutes after each set of 8 lesions. The lesioning

parameters were 3 ma/l5 sece
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Barorecontor Activation

hetivity in baroreceptor reflex pathways was modificd in the
followine manncr: Rilateral carotid occzlusion; i.ve injection of NE;
and stimulation of nuclear sites proposcd to be in the pathway. Whon
the carclids aro clamnped bilaterally distal to the stretceh recentors
in the carotid sinus region, a pronounced reflex rise in blood prezsure
would ensuve becouse there would be few impulses along baroreceptor
afferents to inhibit sympathetic vascular tone..That is, the tonic
sympatho-inkibitory input would be reduced. Injection of NE raises
blood pressure and increases barorecentor input. I{ the ablations
interrupled the reflex pathutys, one would expect the NE pressor response
to be entanced since the reflex rechanisms could not compensate for
the rise in rressure, The third method enployed to @lter barorecentor
refler activity involved elcctrical activation of nuclear sites pro-
posad in the pathweye By testinz the cardiovascular responses elicited
by stinulation of these sites before and after ablation, one can ascer-
tain the relative importance of the ablated site to the baroreceptor
pathwaye.
Histolomy

The extent of the lesions as well as the vlacement of stimulating
electrodes uere clucidated by gross section after fixation in 107
buffered formzline Histologzic:l verification was attempted on selected
brains from each set of experiments enployins the following proceedures:
1) fixation in formalin for scveral days. 2) dehydration in various
concentrations of alcohol and xylene. 3) embedded in paraffin.

L) scctioned in 20 micron thickness and 5) stained with cresyl violet
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for cells and luxol fast blue for fiber tracts.

A1l values are expressed as the mean + SE. Statistical analysis
was performed with the Student t test for paired and grouped data.
A "P" value of <0.05 was considered to indicate statistical significance.
Also, a coefficicnl. of correlation was obtained in one group of ex-

periments employing the methed proposed by Bravais and Pearson (lewis,

1966).
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RUSULTS

In the first sct of exneriments, NTS3, the proposed site of termi-
nation of btaroreceptor afferents, was stimulated‘before and after
varotormy in order to characterize the cardiovascular resvonses and
to ascertain the relative contributions of parasympathetic and sym-
pathetic comnonents mediating these responses. Fipgure 1 shows typical
responses to NTS stimulotione. It is evident that IITS mediates both
sympatho-inhibition to the vesscls as well as vagal activation,

The responscs seen following vagotomy indicate that the bradycardia
resulting from HTS stimulation is predominantly mediated by parasym-
pathetic fibers, althoush there apvears to be a small sympatho-inhibitory
contribnlicn as indiceted by the residual bradycardia following vagotomye
The fact that tlie depressor response is essentially unchanged following
vagotony suggests that this is a sympatho-inhibitory response independant
of varal influence. TFirure 2 surmarizes the results of NTS stimulation
on heart rate res»onses in 7 cats. Here again it is élear that vacotomy

ubstantially reduces the bradycardia evokeod by HITS stirulation. Also,

©

| ot

t appears that the vazal pathwvay eminating from the stimulated area

in NTS is uncrossed as ipsilateral vagotomy reduces hcart rate responses
to about the save level seen after bilateral vagotomye The next figure
(figure 3) represents the depressor responses resulting from NTS
stimulation ét various voltares. It apwnears that the varus does not
contribute to the depressor recponses as the responses secn after
vagotomy are similar at most veoltage paramcters,

In the next serics of experiments, paramedian reticular nucleus

(P1) was stiiulateds The purpose of this was to ascertain the



25

cardiovascular rcsvonses as this area was propesed by Miura and Reis
(1969) to be a monosynaptic termination site of CSH afferents. £lso,
the derrece of vagel participation in £he responses could be evaluated
followins bilateral vagotomy. Figure 4 summarizés the results of 5
experinents depicting the depressor resnonses to Fill stimulation at
varying voltages. It is evident that there is a lar-e depressor
component (60 mm lz.) which is still present after vazotory indicating
a pure sympatho-inhibitory response. - irure 5 shows the concomibant
fall in heart rate cdurinzg FIU stimulation. The smell bradycardia
evoked by electrical activation of B is evidént after vagotomy
implyinc that the decreace in heart rate is mediated by sympatho-
inhibitory fibers to the heart. Tizure 6 represents typical cardio-
vascular responses to PN stimulation. The important point to be
noted is that the large depressor responces are converted to small
pressor responses at low voltape intensitiese. This unekpected ob=-
servation was seen in several cxperiments and may suz-est that pressor
neurons reside in the classic "depressor regions" of the medulla,
Further explanations will be offered in the discussion scetions

The next series of experiments involved electrical activation
of the inferior olivary nucleus. This nuclear mass is located in the
classic "depressor re~ions" of the medial reticular formetion and has
been implicated as a possible intesrative center for supramedullary
influences (midbrain, cerebcllum and hypothalamus) on the barorecceostor
reflex, Figure 7 represents praphicelly the resulis of the effect of
inferior olivary stimulation on blood pressure in 3 cats, Depressor

responses are similer before and after vazotonye Table 1 summarizes
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the cardiovascular responscs cvoked by stiimulation of this area.
It is noted that heart rate is hardly influenced by stimulation of the
inferior olive,

The next group of expcriments employed ablation techniques to
interruprt proposed baroreceptor reflex pathway sitess These experiments
were done on varotomiged cats in order to evaluate the sympathoinhibitory
cemponent of the barorceeptor reflex. Activity in baroreceptor reflex
pathways was modified in the followin~T manner: 3ilateral carotid
occlusion; i.ve injection of U1E; and stimulation of nuclear sites
proposed to be in the pathwaye. By employinz these techniques, onc is
able to directly alter baroreceptor reflex activity and evaluate the
changes in activity which would occur if ablations interrupted part
of the neural substrate of the reflex.

The first series of ablations was done on KTS. After control
responses vere obtained, HTS was lesioned on the right side. Responses
vere retested after a 15 minute stabilization interval. NTS was then
lesicned on the left side and the responses were again tested. Table
2 surmarizes the data obtained from 6 cats., Following ablation mean
blood pressure was increased, however not significantly. The bilateral
carotid occlusion response (BLCO), the most sensitive indicator of
baroreceptor reflex activity, was significantly reduced after uni-
lateral NTS ablatione Further reduction of the response occurred after
bilateral ablation: It was recduced to 457 of the control value.

Pressor responses to NE increased slightly after bilateral NTS ablation.
The interaction studies done with PN stirmlation revealed that the

depressor respense seen in control was auesmented followin: bilateral
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ablation of I7TS. [irurc 8 shows the typical reductions of the pressor
responsc to BI1CO followin~ unilateral and bilateral NTS lesion.
This reduction was seen in every animal tested.

In order to evaluate the importance of IV in the baroreceptor
pathway, ablations wecre perforred at this site in 6 cats. The lesion-
ing electrode was positioned to include the area of I where Miura
and Reis detected nmonosynaptic terminations of CSI afferents. Table
3 summarizes the rcouldte.  Of interest is the observation that the
BICO response was nct significuntly reduced; rcduction was only to
907 of control value. Also, blood pressure decreased fuollowing ab-
lation which would not be exuccted $£ P was invelved in the reflex
pathway.

The next group of ablations involved the dorsal lateral reticunlar
formation of the redulla. This area, as mentioned previously, was
implicated by Chai ard Vans to represent the site of tonie pressor
output to thne vessels as wall as the central integraﬁing locus for
cardiovascular reflexes. Table 4 lists the results from 3 cats.

It is evident from this data that central cardiovascuvlar function is
markedly cepressed. lHowever, cross inspection of the lesioned site
reveal:d massive dostruction probebly extending te interrupt afferent
fibers of the reflex. Also, 1t was noted that extensive bleeding
occurrcd. Therefore, it is doubiful that these resuits represent an
accurate assessnent of the role of the dorsal lateral reticular for-
mation in bLarorcceptor functicns Reevaluztion of this area is planned
in the future with the purpose of producing rore discrete lesionse.

Since il ablation did not sirnificantly alter baroreceptor reflex



function end teczuse midline deprescor areas heve been imvlicated in
the reflex pathvayry, it was decided tq exterd midline eblations to
include an area from the obex to about 5 1m above the obexe. The
lesionins sites were described in the methods sections. Table 5 1lists
the data from 10 catse A sisnificant reduction of the RLCO response
vas noted after the second sct of lesions implyiny; that the midline

area encompussed by the lesion was part of the baroreceptor pathvaye.

However, examination of the data revealed that when mean blood pressure
increased after lesion (cat 77), the BL20 resronse 2lso was increased
from control; and when resting blood pressure decrcised, the BLCO
response decreascd.  Fimure 9 chouws this correlatione. Tre value ob-
tained for a coefilcient of corrcletisn was 0.722 which was sirnificant
at the 5% level, Table 5 also shouws thot thie responss to i.v. KE is
significantly potentiated after two szts of lesions. It is also noted
that hcart rate increased vrozressiv-iz lollowing lesioﬁs. Figufe 10
dericts the typical reduction of the yressor response to ILCO following
the first and second set of lesions in wirich resting blood pressure

had decreased. The bottom pancl revresents the potentiation of the

NE pressor resrnonse in the same animal after lesionins. The following
figure (fice 11) chows an example of potentiation of the BLCO response
after ablation in which blood pressure has increased from control
values. Another findins wiich may implicate the midline in the baro-
receptor pathway is illustrated by figure 12. It 1s evident that a
small prescor response elicited by U'S stimulaticon becemes prosressively
potentiated as riore of the midline is ablated. Table 6 summarizes

@bp data compairin: bleod vrosrure reccorses to U735 stimilation beofore

and after lesion.
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Firure 1
Tre effect of varotomy cn the cardiovascular responses elicited by

YA

W13 stirmlatiocn. Farul E chows tre Ylood precsure and heart rate

T

R T .

recponses to TS stirmlation with the vari intazet. Pancl A shows the
cardiovascular responses after bilateral varotorye. The downward
deflections of the tiise base indicale the duraticn of TS stimulation.
rarzrcters of stimulation are: 10 Ve, 0.1 res., and 20 coDeSe

Br=tlood pressure in mm Hoe  ER=heart rate in beats/min.
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Figure 2

Voltage-Response Curve showing the effect of vazotomy on heart rate
responses clicited by KTS stimulation at varying voliage intensities.
Each point represents the mean and the stancard error of 7 experimentse.
The stars represent heart rate rezponses with both vagi intact; open
circles represent heart rate responses followiﬁg ipsilateral vagotomy;
triangles represent heart rate responsez after bilateral vagotomye.
The duration_

The voltage intensities were varied from 2.5 to 10 V.

(0.1 ms) and frecuency (20 cps) werce kepi constant.
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Figure §

Voltage-Response Curve chowins the effecet eof varotory on the heart

rate responses evoked by PN stirulation. AThe noints represent the
mean and standard error of 5 cxperiments. The open circles represent
the heart rate responses evcked by IMN stirulation with the vagi intact;
stars represent the heart respeonses after bilateral vazotorye The

voltage intensities were varied from 2.5 1o 15 V. The duration (0.5ms)

and freaquercy of stimulation (50 cps) were kept constant.
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Figure 7

Voltaze-Response Curve shovin> the effect of vasotomy on the dewressor
responses elicited by inferior olive stimulation. Each point represents
the mean and standard error of 3 experiments. The stars represent

the depressor resnonses elicited by stimulation of the inferior olive

)

with the vagi intact. The circles represcent the resronses elicited
by stimulation of the same pcint in the inferior olive after bilateral
vagotory. The voltages were varied from 2.5 to 10 V. The duration

(0e5ms) and frequency of stimulation (50 cps) were kent constant.
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Table 1

The effect of vagotomy on cardiovascular responses elicited by inferior
olive stimulation. The nunbers rcpresent the mean and standard errors
of 3 experiments. The voltage intensities were varied from 2.5 to

10 Vo The duration and frequency of stimulation were kept constants

0.5 ns and 50 cyrse.
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AR ealed

Tne effcct of liT5 ablation on barorsespior reflex activity. Fach

)

nurber represents the rezn and standard error obtained froem 6 catse

A B.P.= chanze in rmean blood pressure (- denotes a decrease and +

derotes an increase in EP). A HoRe = chan~e in heart rate.

B.L.Cs0s = bilatcral carotid occlusicn. Ne.Z. = Noreprinepharine

Fii= Paramedian keticular lucleus. * denotes significance at PC0.05

as measured bv pzired t otests Lesionin:

N
R ]

2-3 ma/10 sec.
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Ly

ne effect of UTD 2:lztion on ithe pressor rosronse and heart rate

'3

evcked bty tilaterzl occlusion of the caroiid arterics in vazotomized
cete, Pzamiel A rerrccsents the contirol prescsor &nd heart rate resronses
to 2120, Fanel 2 reoressnis tie cerdiovascular responses to BIZO

in the czie cat afier vnilateral 75 2bl-ticn, Panel C shows the

-~ ~ - 2 PO N M - el N YA~ 3. 3
responses after tiletaral 175 20latione The dowmward deflections of

were occluded for about 39 secconds.
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Table 5

The effect of midline "devressor arca" eblatisn on barorecentor reflex
activity. The indivicdual responses are shovn for each of 10 experimentse.
The mean and standard error are represented at the bottwma of each

group. An exrylanation of the lesicned sites is presented in Methods.
Tne headiny lesion 0.5 & 1.5 revreszants responses obtained 15 minutes
following lesioning frem the obex to 1.5 rm above th= obex; values

under lLesion 2.5 % 3.5 represent responcses following lesions which
attem:ted to destroy the midline depressor arca from the obex to 3.5

mm above the obexj values under lesion 4,5 represent the responses
following losions froem the obex to 4.5 mm above the obex, In some caces
followinz the extended lesions, blood pressurc dropped too low to

rccord responses. # = cxperimental animal murber; M3P = riean blood
pressure; H2 = heart rate; BLCO = bilateral carotid occlusion; and XE =

lorepimepharine,
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Fipure 9

Correlation grash relating the change of moan bYlood pressure levels

and the chanze in the pressor resoonse to L.CO followinz midline avlatione.
The ordinant repres-nts the chansz in mean blood pressure (J¥BP) following
midline atlation extendine from the obex to 3.5 mm above the obex.
Increases in M2P are represented in the top half of the ordinant; decreases
in }BP arec shown on the bottom half. The abcissa rcpresents changes in the
pressor response (4 DP) to BLCO followins the lesion ( positive chanzes

5

to the richt-decreases in pressor respons=s to the left). FEach point

¥l

represents the difference betuween control values and values obtained
followine lesion (n=10). The coefficient of correlation was 0,722 which

was significant at the 5% levels
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Figure 16

The effect of midline "derressor are2" ablation on baroreceptor reflex
activitye. The ton two panels represent the reduction of the pressor
response to BLZO following ablation alonz with heert rate responses.
The bottom two panels show the potentiation of the pressor response

to B following ablations along with the heart rate changes. FPanel

A in both cases represents the control values; Panel B shows the
responscs observed after midline ablation of 2 mm of the midline from
the obex to 2 mm above the obex; Panel C shows the responses following
extended midline ablation in the same animal to include an area from
the obex to ebout 4 rm above the obex. The dovmvard deflections from
the time base in the top panels represent the clamning and unclamping
of the carotids on both sides. The downward deflection in the bottom

panels represents the i.v. injection of JE (1 ug/ke).
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Tre cffect of blesd prescure level on the pressor response to 2LCO
follovwing ridlirne colation. Fonel 4 reprresents the control pressor
response to ZIZ0 whien bleod pressure is cuite low. TPansl B shows the
enharced pressor response in the sare cat after losion in which blocd
pressure levels have Incresced, Between panels A & B, midline ablation
was rerformzd cxbtending 3.5:1m in the /-P rlene, The heart rate changes

2re also shown. The downiard deflections of the time base represent

cl

AV

n and wielenping of Lhe carotids (cbout 30 scoce. occlusion)e
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Ficure 12

The effect of midline ablation on the cardiovascular responses elicited
by NTS stimulatione 3lood pressure and heart rate responses to NTS
stimulaticn are represented: Panel A depicts the control cardiovascular
responses to NTS stimulation; Panel B shows the responses to NTS
stimulation after bilateral vasotomy; Panel C shows the responses in

the same cat after midline ablation extending from the obex to about

2 mm above the obex; Panel D represents the response§ to NTS stimulation
af'ter extended midline ablation to include an area from the obex to
about 4 mm above the obex in the A-P plane. The downward deflections

of the time base represent the duration of NTS stimulation ( about 10 sec.).
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Tekle 6

The effcet of 1idline aklstion on enrdiovasculnr resrnonscs elicited

br NT3 stimulaticn., Tach one<third of the table ropresenis a comnirison
of conirol I'75 resiousss Lo the recronses seen after ~idline lesicn.

10 V. and 5 V. siirulas intersitics vere delivered to NTS. The left
one=third of the tzlie cairares the control resronses to responses

after nidline abletion extendine 2 mm (Lrsion o5 & 1.5 mm)e N=10.

2 fas}

The middle on=-third of the table shows responses from II7S stimulation

before and after midiine lesion extending about 4 mm (Iesion 2.5 & 3.5mm).

1=8. The values on the rizht side of the table compare control NTS
responses to pesponses scen after ricdline abletion extendinz about 5 mm
in the A<P tlane (lesion 4.5 mm). =5, Tach value represents the mean

and standard error., * denotes sicnificance =t the 5% lovel.
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DISSUSSIC

™

results o

[
v

the stimulation exporiments characterize the
cardiovascular responses elicited from proposed nedullary sites in
the baroreceptor reflex pathuay as well as indicate the relative
contributions of sympathetic and parasympathetic components. The
NTS stimulation data reveals that the middle third of this nucleus
mediates both depressor and bradycardia resﬁonses. Since vagotomy
substantially rcduced the bradycardia but not the depressor response,
it appears that there is a sympatho-inhibitory component mediating
blood pressure chanves as well as a2 pardeympathetic vagal component
mediating heart rate responsese. These findings therefore suggest that
NHTS is a likely site in the baroreceptor reflex pathway.
Charactcrization of the cardiovascular responses from INMN stim-
ulation revcaled a large depressor resvonse vhich persisted following
vagotomy implying a pure sympatho-inhibitory responsce Since the
small bradycardia elicit~d by PIN stimulation was present after vago-
tory, it is 1likely that the vagal component of the barcoreceptor reflex
does not extend to this nucleus. The fact that larse depressor respon-
ses were elicited at this site sugrests that NN may be involved in
the sympatho-inhibitory pathway of the reflex. An unexpected response
occurred, however,when PI'N was stirmulated at low voltage intexsities
as shown in figpure 6. The larce depressor responses evoked at high
stimulus parancters were converted to small pressor responses at low
intensities. Possible exvlanations are as follows: 1) There may be

prcssor neurons located in the classic "depressor area" with low



thresholds which are macked at high stiaulus intensitices hrt manifest
at low voltarcs which are subtiareshold to surrounding depressor neurons
or 2) The larre depressor respoinscs may be due to current spread to
inhibitory afferents cerming in tovard B and other midline nuclei.
At low voltaces currcent spread would be minimal and pressor neurons
endogenoﬁs to Fi7! would predominate, This ideca that prcssor neurons
exist near the midline would be corpatable with Brodal's anatomical
arrancement of the reticular formation which I mentioned earlier,
That 1s, the site of sympatho-inhibition should be located near the
midline since only midline reticuvlar formation neurons send axons in
a rostral-caudcl plane. A descending pathﬁay with lonr axons to the
intermediolateral cell colurin in the spinal cord is, of course, the
effector comnonent of the reflex that regulates vascular tones

The results obtained from electrical activation of the inferior
olivary nucleus indicate that this site may be involved in the sym-
patho~inhibitory component of the baroreceptor reflex. The fact that
depressor responses were observed before and after vagotomy and the
observation that heart rate was unaltered bty inferior olive stimulation
sugrgest that the cardiovascular responses elicited from this site were
uncontarinated by varal influences.

Since the stimulation exveriments revealed cardiovascular responses
similar to those characteristic ¢f the baroreceptor reflex, it was
decided to #ulate these medullary sites and ascertain the effect of
ablation on baroreceptor reflex activity induced by bilateral carotid
occlusion, i.v. injection of I'E, and stimulation techniques as descrited

in lletheds, The data presented in Table 2 reveal that NTS is an esscntial
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nuclear substrate in the barorecevtor reflex pathwey as atlation of
this site prevents the cemoensatory reflcx adjustments to barorcceptor
activaticne Thic is shown by the significent reduction of the BLCO
response followin: ablation. then the carotids are clamped, tonic
sympatho-inhibitory impulse traffic is essentially abolished with a
concomitant large pressor response., If the baroreceptor reflex pathway
is interrunted one would see less of a rclease of inhibition and,
consequently, a reduction of the pressor recponse. Of course, the
possibility exists that the ablatien may be interrupting the CSIH af-
ferents in their course toward LTS in the tractus solatarius. In this
case a maximum reduction of the BILCO response would be expected.
Another finding sureesting NTS involvement in the pathway is that

the depressor resposise to Pl stimnlatien is substantially potentiated
after ablation. This potentiation indicates that HTS3 ab]ation pre vents
reflex adjustrents to the decrecase in blood precsure and, conscuently,
enhancement of the resvonse is seen. Another indicatinn of NfS in-
volvement in the barorcceptor reflex pathuay is that the pressor response
to 1.ve injection of WE is slichtly auemented following bilateral

NTS ablatione Turther evidcnce implicating NTS in the pathway is
revealcd by the mean blood pressure levels: lMean blood pressure is
increased after ablation, however not significantly. Cne might expect
a greater incrcace in blood pressure levels after N5 ablation if this
site was involved in the barcrccevtor pathway since sites rediating
tonic inhibitory input to pressor regions would be eliminateds Three
factors ray be maskin~ the incrcase: 1) trawnn induce’ durinz the lesioning
process, 2) darare to pressov neurons surronndin- 505 which would tend

to louar pressurc, and 3) porsictance of a portion of the barorecertor
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reflex fibers ( as indicated by relention of 45% of the response) which
would tend to compensate for a risine pressure.

Since the cblation experiments were perfcormed on vagotomized cats
it was impossible to assess the parasympathetic contribution to the
barorcceptor reflex. However, since the stimulation data on HTS revealed
a significent vacal component, it would be expected that heart rate
would rise following ablation of NWTS,

The data obtained from PNN ablation cxperiments indicates that
the lesioned area does not contribute significantly to the sympatho-
inhibitory pathway of the barorecevtor reflex. The preséor response
to BLCO was rcduced only 10% following bilateral ablation of the area
of PMN receiving monosynaptic afferent C5J projections as described
by Miura and Reis. Also, the observation thaf I avblation did not
significantly alter blood pressure responses to NTS stimulation implies
that the ablated site did not interfere with baroreceptor reflex
function. In addition, one would expcct mean blood pressure to inerease
after ablation if B were involved in the sympatho-inhibitory pathway
of the reflex, The fact that blood pressure decrcased following the
lesion may indicate that some pressor neurons are located in midline
arcas and were douaced in the ablationse. This supvorts earlier evi-
dence which was cited showring a pressor response from MY stimulation
at low parametcrse It is difficult to reconcile these results with
the electrophysiological data of Miura and Reis and the earlier ex-
periments I described showing a pronounced devressor response followine
Pl stimulation. However, the possibility exists that the CSN afferent

fibers traced to MY are not serving a sympatho-inhibitory function,
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but rather are chemoreceptor afferents or afferent fibers modulating
EEG or spinal somatic reflexes,

Midline ablations were carried cut to assess the role of this
area in the baroreceptor reflex. Severalireports based on elcctro-
physiolonical evidence have shown that baroreceptor afferents or their
secondary projections terminate in midline areas: (Humphrey, 1967,
Crill and Reis, 1968, Sampson and Biscoe, 1968, and Miura and Reis,
1969). Several lines of evidcnce obtained in the present experirents
indicate that the midline area is a crucial substrate for the sym-
patho-inhibitory coiponent of the baroreceptor reflex: 1) The pressor
response to BLCO was significantly reduced following midline atlation.
In one cat, however, it was noted that the BICO response was poten-:
tiated after ablation in which blood pressure had increased from control
level. In thnis case, one might conclude that the midline ablation did
not interfere with the baroreceptor reflex compensatory mechanisms,
however, an explanation may be that as pressure is increased there is
more input along the barorcceptor afferents and, therefore, occlusion
of the carotids would suddenly reduce this input with a concomitant
large pressor response. That is, at high blood pressure levels there
would be a greater release of tonic sympathetic activity upon occlusion
of the carotids since the sympatho-inhibitory input had been essentially
eliminated. 2) The pressor response to i.v. injecticn of KB was sig-
nificantly enhanced followiny midline ablation. This implies that the
baroreceptor reflex pathway is interrunted so as not to be able to
compensate for the rise in bloed pressure produced by '@, 3) The

depressor responses or soall pressor reoshonses clicited by stimulation



of KNTS were converted to larger pressor responses after midline ablation.
Since LTS lies well within the "pressor!" areas of the medullary reticular
formation the blood pressurc response'frcm this site is vrobakly a
combination of two elements: Stimulation of neurons in the baroreceptor
pathwey wiich would result in a decrease in blood pressure, and stim-
ulation of pressor neurons surroundinz I'T3 which, of course, would
produce a risec in blood pressurce. The observation that small pressor

responscs are potentiated following ablations misht indicazte that the

midline so as to rcvent the gymratho-inhibitery functions. This would
allow the pressor neurons surrounding 375 to dominate the response
unimpecded by compensatory baroreceptor function,

Finally, it was noted in most cf the animals that resting blood
pressure levels were decrecsed after precressive midline ablatinns.
This may provide further evidence that tonic pressor neurons are located
in midline depressor areas, and their subsccuent destruction after
ablation may account for the reduction in baseline blood pressure
levels.

The concept of pressor neurons in the midline "depressor regions"
is a possibility that is compatable with several lines of rescarche
Kahn and }ills (1957) evoked srall pressor responses in midline medullary
areas associated with an inhibition of csplanchnic nerve activity.
They showed that this pressor response was potentiated (additional
30 mn Hg rise in B1') during prolonged caroctid occlusion implyine that

the area stimulatced interacted with barorecentor input. This study



71

indicates that midline medullary stimulation sclectively activates
and inhibits different parts of the sympathetic vasomoter outflow,

As described in the introduction, Salmoirachi (1962) located
several "type 11" cardiovaccular reurcns in the midline mecullary
areas, These neurons decreased their discharge rate as blood pressure
increcsed. That is, they eppeared to be inhibited by pressoreceptor
discharges. It appears possible that these type 11 neurons may be pressor
neurons in the midline and represent a site of sympatho-inhibition
of the vasomoter outflow to the vessecls.

Sampson and Biscoe (1968) detecled séveral neurons in the midline
area which exhibited intracellular IPSP's durine CSN stimulation.
These could bz tonic pressor neurons which are inhibited by baroreceptor
input. Of course, the possibility exists that these are inhibitory
interneurons in the baroreceptor pathway that inhibit tonic pressor
outflow at another site.

Evidence from the present exveriments includes: 1) Stimulatién
of midline medullary areas (Fl) elicited pressor responscs at low
voltage intensities. 2) Blood pressure decreased following PN ablation
possibly indicating thet pressor neurons were interruvoted in the ablation
proceedure. 3) Blood pressure fell following midline "depressor arca"
ablations.

Assuming pressor neurons may exist in midline "depressor areas",
one must reconcile the existance of two pressor pools of neurons in
the medulla. The possibility exists that there are two brainstem
mechanisms involvins pressor neurons which mediate cardiovascular

function: A midline pool which discharses tonicnlly to barorcceptor
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afferent input as well as phasically to supramedullary afferents that
modulate the rcflex; and a pressor nool in the dorsal lateral reticular
formation vhich coutributes to the normal vascular tone through intrinsie
mechanismns. Both pressor outputs would converge on the final cormon
neuronal locus in the intermediolatcral horn of the spbnal cord with
the midline tract having the greater influence on the discharge of
these cord neuronse This idea would be compatable with the following
researchlfindings: 1) Humphrey was unable to detect potentials in
"pressor" areas of the dorsal lateral reticular formation following

CSH stimulation implying that barorccentor afferents modify tonic
vasomotor activity at a site outside of the classic pressor areas of
the medulla. 2) The supramcdullary modifications of the sympatho-
inhibitory component of the baroreceptor reflex appcar to occur in
midline arcas in the medulla rather than in the lateral pressor arease.
3) Chei and Wang (1968) were never able to show an increase in blood
pressure following extensive lesions in the dorsal lateral reticular
formation which they claimed interrupted barorcceptor reflex pathways.
4) lVanning (1965) has shown that extensive lesions in the medullary
"vasomotor area" (DLRF) failed to alter the cardiovascular reflex
adjustments to baroreceptor reflex activation.

Finally it should be mentioned that a spinal site of sympatho-
inhibition has been sugrested by several research groups. Ixperiments
have demonstrated that animals followinz recovery from cervical cord
transection regain nearly normal blood pressure levels and become
capable of certain cardiovascular reflex responses. Thus, it appears

that spinal cardiovasculoer neurons in the interiecdiolateral colwnns
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can take over for medullary vasonmotor centers. These spinal centers
may be functioning in the intact animal as the primary tonic and reflex
regulators of vascular function with the medullary cardiovascular
neurons serving only to modulate this activity. On the other hand,
spinal regulation of cardiovascular function may occur only when higher
centers are functionally depressed as in the spinal animal and thus,

not exert any control in the normal physiological state.
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In summary, it appears 1) that N7S basced on stimulation and ablation
experinents is an important relay sile in the baroreceptor reflex
pathway, nediating both sympatho—inhibition and vagal activation.

2) Paranmcdizn reticular nucleus is probably not an important relay
mucleus in the baroreceptor reflex pathway nediating sywmpatho-inhibitory
functionse. The barorcceptor afferents tracezd to this site by Miura

and Reis mey be fibers modulating ERG activity or influencing spinal
somatic reflexes.

3) It was shown that the vacal component of the baroreceptor reflex
mediatinzg heart rate chanres docs not exterd to midline areas.

L) Tt anpoars that clessic "midline depressor arcas" participate in

tie barorcceptor roflex pathways nediating simpatho~inhibition.
Responscs to barorecertor ectivation folloviny midline ablatinn indicated
that the lesioned sites vere involved in the compensatory reflex ad-
Justments mediated by the barorcceptor reflex pathways.

5) Evidence was prescrted that pressor neurocns may reside in elassic
"depressor regions" of the medulla and may constitute the site of

baroreceptor induced sympatho-inhibition to the blood vessels.
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