c
-
8
g
H

Loyola University Chicago

GLORIAM

e Loyola eCommons
Dissertations Theses and Dissertations
1969

A Functional Analysis of the Innervation of the
Canine Heart

James Stephen Wechsler
Loyola University Chicago

Recommended Citation

Wechsler, James Stephen, "A Functional Analysis of the Innervation of the Canine Heart" (1969). Dissertations. Paper 967.
http://ecommons.luc.edu/luc_diss/967

This Dissertation is brought to you for free and open access by the Theses and Dissertations at Loyola eCommons. It has been accepted for inclusion in

Dissertations by an authorized administrator of Loyola eCommons. For more information, please contact ecommons@luc.edu.

This work is licensed under a Creative Commons Attribution-Noncommercial-No Derivative Works 3.0 License.
Copyright © 1969 James Stephen Wechsler



http://ecommons.luc.edu
http://ecommons.luc.edu/luc_diss
http://ecommons.luc.edu/td
mailto:ecommons@luc.edu
http://creativecommons.org/licenses/by-nc-nd/3.0/
http://creativecommons.org/licenses/by-nc-nd/3.0/
http://creativecommons.org/licenses/by-nc-nd/3.0/

A FUNCTIOEAL ANALYSIS OF THE IBRERVATION
OF THE CANINE HEART

by

JAMES STEPHEN WECHSLER

A Diesertation Submitted to the Faculty of the Graduate 3chool
of loyola University in Partial PFulfiliment of
the Requirements for the Degree of
Dootor of Fhilosophy

Uirary--Loyola University Medical Center

JUNE
1969




BIOCGRAPRPAY

James 3. wechsler was born on June 6, 1943, in
Kew York City, Hew York. He mttended Morgan Fark High Scheol,
and then continued his studies at Horthwestern University at
the 3vangton campus. After one year al Horthwestern, he {rans-
ferred to the University of Chloago, where he received a
Bachelor of sScience in Biochemiatry ia June, 1965,

in the fall of 1965, he began graduate training in
the ULepartment of ihysiology, under the sujervision ¢of Dr. Wal-
ter C. Randall, Chairman of the Departuent. Le served as s
Ggraduate Asaistant from 1965 to 1969, being supported by a Re-
search Training Grant of the Bantional Institutea of Health,
Hational Inatituteuy of General Medical 3ciences.

L1I8T OF FUBLICATIONS:

1. Randall, %.C., D.¥. Friole, J.B. Fanee, and J.3. Weohsler.
Ventrioular sugaentor fibers in the cervical vago-
sympathetic trunk. FProc. 30e0. Exp. Biol. & Hed. 129:
1254-1257, 1967.

. Weohsler, J.8., J.B. Pace, and ¥.C. Randall. Peripheral
autonomic pathways to the heart of the dog: localis-
ation and synaptic connections. IFhysiologiast 1U:
340, 1967.

11




3.

D

6.

7.

&.

9.

iG,

iis

Szentivanyi, ¥., J.B3. Pace, J.3. Wechsler, und W.0, Randall
Localized myocardial responses to stimulation of
cardiac sympathetic nerves. Cire. Res. 21l: 691-702,
1967.

Face, J.8., W.0. Hundall, J.3. Wechsler, and D,V, Friola.
Alterations in ventricular dynamics induced by stimul-
ution of the cervical vagosympathetic trunk. Aner, dJ.
Fhysiol. 214: 1213-1218, 1968.

Rendall, %.C,, F. Jzentivanyi, J.B. race, J.i. Wechsler,
and ¥.P. Eaye. fatterng of sympathetie projections
onto the canine heart. Circ. Res. 22: 315-323%, 1968.

Randsll, %.C,, J.5, Vechsler, J.B, Face, and M, Szenti-
vanyi. Alterations in nyoeardial sontractility during
stimulation ¢f the cardiac nerves., Amer. J. Physiol.
214: 120%-1212, 196&.

Weohsler, J.3., J.M. Goldberg, J.B. Pace, and %W.C, Handall.
Cardiovascular responses %o stimulatlon of afferent
pathways in the canine vagus. Ped. Froc. 28: 518,
1969.

Aandall, ¥.C., J.B. Pace, J.5. Vechsler, and Kee Soon Kim.
Cardisc responees t¢ separate stiasulation of sympa~-
thetic and parazympathetic components of the vago~
sympathietic trunk in the dog. 1In print, Cire. Res.,
1969.

wechsler, J.3., J.B. Face, J.M, Goldberg, sund w.C. Randall.
Loealization of synaptic connections in the cardise
syapathetic pathways of the dog. Subaitted, Amer. J.
¥oysiol., 1969.

Wechsler, J.5., J.M. Goldberg, J.8. Pece, and wW.C, Randall.
an analysis of cardiovascular vagal afferent pathways
in the dog. In preparation, Amer. J. Physiol., 1969.




ACKHNOWLEDGHENTS

I wish to take this opportunity teo thank
br. Walter ¢. Randall for the sage counsel and guldance
which he has so willingly provided. I ulso wish to thank
John Face and Jack Goldberg for their help in the performance
of many of experiments presented herein.

I want to thank my parents for their support in
this venture and I dedicate this dissertation to two people;
the boy who said, "] want t0 be & plain man and work like
my daddy does®™ and his little brother.

iv




Chapter

1.
i1.

111.
iv.

V.

viI.

TABLE 9P CORNRTEERTGS

STATEMENT OF FROBLEM

LITERATURE RBVIEW

METHODS

REJUL’S
Synaptic 3tations-3ymzathetie Cardiac
FOUAWAYE ccossssenosossnrssesssssvsonss
Yagal Aflerent fathways In Cardiac
Reflex CONtIol «vevnsconvessavansnnnse

PI3CU3SI0N

CONCLISIONS

BIBLIOGRAFRY

s £

Page

29

%9

53
69
5
17




Figure
1.

2.

3.

4.

5.

6.

1.

9.

L1382 OF% PIGURES

Arnateoay Uf The Thoraeie Auntonomis Nervous

Systen And Strain Gauge Placement ...sevcvescence
Ressponse To Stisulation Uf The Right Cardiac
Sympathoetic HEIrVes cicccrvnvvasnenssncsscsssnnnss
Responses Yo Stimulation Of The Left Cardiac
Sympathetic Herves secessvovssssscsnssssesonscanse
Reaponses To Btimulation Of The Left Stellate
BBZLAON cevorasusnrsrsssressnrsvosrnsssuransosen
Aesponses To Stimulation Of The Right Stellate
JUDELAON covrvvsvncsnsansavanssnsansssesssonensacs
Responses Of The Heurt Aund Blood Fressure To
Right Afferent Stimulation ccsvsesssesccvccsenses
Responses Of The Heart And Blood Pressure To
Left Afferent H8imulation scscessvvervenscsncnnes
Responmes Of Seven Doge To Left Afferent
StAMMLIAELON seenccrsoerrnsorscrcsannrrsnnvassanns
Responses Of Right Doge To Right Afferent
BUABMIATIOB cevsveessessnssesnirnsnnsrsnssssennns

vi.

Page

40

41

44

46

48

55

57

64

66




STATEMENT OF THR PROBLEM

The heart and eirculation can be and have been
considered on many levels of orgunisation, from the gross ana~
tomical, through the funstional organ-system to the smolecular
level. 3Each level of study generates new knowledge and the
integration of such knowledge will result in a more compre~
hensive understanding of the cardiovascular system. It is
with this thesis that I appreach the functional study of the
efferent and afferent innervation of the heart and the vasoular
systen, draving on inforsation at all levels in order to
understand this systen.

Froa the time of langley 1t has been known that the
eardiiac sympathetic preganglionio innervation takes origin
from the thoracolumbar levels of the spinal cerd. ¥hile the
general knowledge of the pathways of the cardisc sympathetie
efferent innervetion has been fairly well documented in the
past, lack of specific knowledge of the location of the synajp-
tic stations of these nerves seensd t0 be & very important
problen to whigch I should address myself. ZThe general comeejpt,
not supported by any direoct evidence, that all cardiac syspe~-
thetic synapses in the dog are made in the stellate ganglion
generates the possibility of an error in the anstomioal ocon-
sideration of the autonomio nervous systes which could have far
reaoching conssquences. For example, if the synapses wers not
sonfined to the atellate ganglion, the value of stellectony in
csusing degensration of post-ganglionioc sympathetic fibers
would be questionable. Thus all studies based on the premise
of this technigue would be open to nevw interpretation.
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During a consideration of the termimal pathway of
oardiso sympathetic innervation I ralsed vhat I conslder $o0 be
a erucial question. Where exactly are the cardiac ayspathetio
synapses sade and how important is the stellate ganglion an a
logale for these asynajeea? Initially I set cut to answar this
question. At the time that I was considering the synapses in
the efferent cardiac sympathetic nerves I began to wonder as to
the relative invoivement of these jathways in cardiovascular
reflexes. These sympathetic sfferent pathways are physically
quite close to the pathways taken by afferent vagsl {(pars~
sympathetic) fibers.

Thus the second purt of the study began as an
attenpt t0 understand the reflex activation of these efferent
pathways. During the course of these experiments I found it
posgible to study the relative contributions of the cardiss
jarasymgethetic and ayaputhetic innervation as well as the
sontributions of the adrenal msedulls and the peripherasl
vasculature.




LITERATURE REVIEW

The history of the study of the efferent and
afferent innervation of the cardiovasoular systex is like a
tapestry woven with threads from many different origins yet
somehow organised into & unified whole. Thus meny different
Piecen of information obtained from sesaningly unrelated ex-
periments provide some understanding of the system.

The firet thread in this tapestry involves the
understanding of the autonomio nerves znd the development of
sueh understanding began with the studies of J.X.Langley. In
1878 Langley (82) moted, “The sesretory fumetion of the sympa-
thetio nerve, as well as that of the cherda, is paralysed by
atropine.® Langley attridbuted this "paralysis” t0 nerve
endings or gland cells, but this was the firset indicstion that
stropine aight have an inhibitory effect at sympathetioc ganglia
In 1898 lLangley, in experiments in whioch the vagosympathetie
trunk of the ocat was joined 90 the severed cervioal syspathetie
trunk, found the regenerated wvagus nerve, on stisulstiom, gave
rise to "sympathetic™ pupillary responses (85). He conecluded
from this experiment that

",eothere 1is no fundamental difference between
the preganglionie fibders of the body, whether
they belong to the eranial, the sympatbetic or
the saorsl autonomic systems. And that any
preganglionie fiber in the body is capable of
foraing functional oonnection with any nerve
¢ell of the sympathetic tyre whereever found.
i consluds further, that the function of any
sutonomie nerve fiber depends not so much on
iss inherent properties as wupon the norve
cells with which it has an opportunity of be-
eoning connected in the process of development.
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And 1 bave earlier (1897) drought forward
some faots to show that the function of
the peripheral nerve ¢ell depends upon
the peripheral structure in which its axon
has an opportunity of ending. do thst,
the physioclogical differences depend, in
the main, upon the anatomical connections
brought about by morphological laws."

While Lengley elugidated important feots sbout the
nature of the sutonomic neurons, it was the work of Oliver
and 3ehafer (104) that began the study of the neurchumors
l1iberated by such tissues. They found that by freesing the
adrenal glands they were able to isolate the active cardio~-
vasoular cemponent almost sxelusively in the adramal medulls.
They rightly supposed that any cardiovascular aoction by ex~
tracts of the adrenal cortex was due to diffusion of the
active primeciple, known today as epinephrine, from the asdulla
t0 the cortex during the freesing rocess. In 1904 Elliot
(55) proposed, on the bdasis of experiments involving the
action of adrenal medullary extract on the innervated and de-
nervated oat dilator pupil muscle and skeletal muscle, thmt,

".e+4t cannot be that adrmmalin exoeites
any strusture derived from, and dependent
for its persisteuncs un, the peripheral
neuron. But since sdrenanlin does not
evoke any reaction from musdcle that has
at 8o time of its 1life Deen imnervated

by the sympathetic, the point at which
the stimulus of the shemical excitant is
received, and transformed into what may
cause the change of tension of the muscle
fiber, is perhaps a mechanien developed
out of the musole ¢ell in response %o ity
union with the synapsing sympathetic fider,
the function of whieh is ¢0 receive and
transfora the nervous impulse. Adrenalina
might then be the chemical stimulant
liberated on each occasion wvhen the im-




palse arrcives at the periphery.”

ale (44) added an interesting remark that Ellfot's
thesis, 80 nearly corrsct in principle, raised suoch an aproar
among the physioclogists of that day and was held to be in such
disrepute that in s 1905 paper, Elliot (56) did not mentiom
that he felt "“"wdrenalin” %0 be the sympathetic transmitter,
The mood of the time may be judged by a paper written by lang~-
ley in 1901 when he hypothesised that the action of adrensal
medullary extract on denervated organs was due to some type
of excitatory action of the active compound on the sympathetic
nerve endings (86). At that time he did not delieve that the
locus of the response was at the postasynaptic site and he 4in-
dicated that any hypothesin bamed on the direct action of a
transaitter required very sareful scrutiny. Apparently
Elliot's 1904 paper did influence Langley bevause in 1905
Langley (87) compered effects of nicotine and curare at the
cat neuromysl junction. He hypothesized that the difference
in response to the two compounds could be explained in either
of two ways; 1) nerve fibers in eonjunection with cells give
rise to different types of transmittera, 2) the same trans-
mitter could have different effects because of differences in
the post-aynaptic region of the cell. Thus Langley was be-
ginning %o think in terms of transmitter theory. Elliot's
1905 paper represented an extensive study of the action of
epinephrine on the bladder, heart, skeletal muscle and nerves
of different species. Ye oconcluded that; 1) the action of
epinephrine on smooth amuscle was similar to the action of the
thoraso~-lusbar nerves on smooth muscle, 2} the magnitude of
the response was determined by the frequency of sympathetie
impulses transaitted to a tissue, 3) any tissue responding to
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epinephrine is indioative that the tissue ia innervated by
symjathetic nerves, 4) denervated smooth muscle shows an in-
creased responsiveness to epinephrine with time (somewhat pre-
dating Cannon's demonstration of denervation supersensitivity
(31) and 5) syspathetic nerves are not stimulated by epinephrine
at their terminations but that exogenously applied epinephrine
acts at the muscle cell surface.

Barger snd Dale (9) studied the biological activity
of various amines and it was they who oolmed the term “sympa-
thomimetic®. In their atudy they found that a demethylated
derivetive of epinephrine, later to be known as ncrepinephrine,
had & greater sympathomimetic effect than the methylated parent
compound when the similsrities of those compounds to sympa-
thetic nerve stimulation were compared. Dale (44) later indi-
cated that 1t never ocourred to Barger and himself that the
demsthylated compound could be the naturally cccurring trens-
mitter of the sympnthetic nerves. Cannon and Bacq (28) showed
that stimulation of the sympathetic nerves in intact animals
coused 5 aympathomimetic substance to pass into the blood and
they named this substance, Sympathin. This compound appeared
t0 be like epinephrine in many ways, so much 80 in fact, that
Bacq (7,8) hypothasized that Sympathin and epinephrine vere
jdentical. However, 1t was becoming clear that ejpinephrine and
Sympathin were not identical. Cannon and Rosenblueth (30) found
that after giving ergotoxin, the administration of Syspathin
did not give rise to the ®epinephrine reversal®™ which is a
depression of blood pressure occurring after epinephrine is in-
fused into an animal pretrented with ergotoxin. Sympathin
caused an elevation in prescure. JSuch obviously different
actions of the two compounds caused Cannon and Rosenblueth (30)
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t0 develop thelir hypotheais of the two Sympathins, Sympathin E
and Syampathin I. According to this hypothesis all asdrenergie
nerves release a common substance which Cannoa snd dosenblueth
hypothesised to be epinephrine. This epinephrine would then
pass into the ocelis innerveted by that aneuren and once inside
the innervated c¢ell tne transitien to Symjathin I oxr Sympathin
1 would take place. Thus depending on the nature of the inner~
vated cell, the epinephrine woulid be converted by suitabdble
snsyne syatems t0 either Sympathin £ or dympathin i. After
the conversion reaction the Lympathin E or 1 would either exeite
or inhibit the target organ. For example, it was fels that
most of the adrenergic mechaniams of the gastrointestinal tract
involved the Sympathin 1 ensyme systoms because stimulation of
adrenergic nerves or the intravenous administration of epine~
phrine caused the relaxation of gastric smooth muscle. It was
hypothesised that the compound released from the liver upon
hepatic nerve stimulation was Sympathin &, decause this com-
pound caused an inoresse in blood pressure and heart rate,

S8ince there are biood vessels in the intestine
which are constricted by neural stimulation, according to the
sympathin theory, these veszels would coontain effluent Sym-
pathin £ froa the nerves. Sympathin I, passing into the vnu:olﬂ
of the gastrointestinal tract, would dbe contaminated by Sym-
pathin B from the innervated biood vessels. Thus it was hypo~
thesized that pure Syapathin 1 could never be isolated. Be-
onuse Sympathin 1 could act like Symjathin E, for exasmple liver
Sympathin £ could relax gestrointestinal smooth muscle, it was
also necessary to postulate taat the two Syapathins could be
interconverted by the target organ.

For thirtesn years the Sympatain theory held sway
and its first great challenge came in 1946 when von Euler (57),
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in his classic paper, reported the isolation of the transmitier
of adrenergic neurons frou seversl different sources. 1In all
onses the transmitter was norepinephrine, the demethylated
derivative used by Barger et al. (9) in 1910 in their structured
aotivity study of amine sotion. In 1948 Anlguist (2) developed
his receptor theory which states that there were two post-
synajptic sites of aoction of catecholumine, alpha-sites and
beta-sites. These are excitatory snd inamlbitory sites and the
classification of a @it on the basis of a tissue respouse to
catecholamine is no less arditrary than the supposition that
there are two ensyme systems changing one type of sympathin to
another type of sympathin. The lmportant difference between
the Sympathin theory snd the current concejpyt is ithmt norepine-
phrine is the adrenergic transmitter and that epinephrine is
released malnly from the adrenal medulia. The receptor theory
of ahlquist (2) may be considered another modification of the
recejytor goneept which dates baok t0 lLangley (87) who indi-
cated that there may be post-synaptic "receptors" sensitive to
neurohumoral substan¢es.

¥hile it is nov generally socepted that the adrener.
gic nervous transmitter is nor-epinephrine there is currently
& controverasy as to the steps in the release of this neurohumor
from a sympathetic nerve. This controversy had ite rocis in
the work of lale et al. (45) who found that etimulation of the
vagzus nerve in the atropinised oat yielded a positive chrono-
tropic effect. Furthermore, twelve days after the removal of
toe superior cervical, inferior (middle) cervioal and the
stellate gunglia they were still able to slieit the positive
chronotropic respouse after atropine. Jourdan and Nowak (77)
reported the mase finding in unatropinised cats, Kabat (78) re-
ported thie bivalent behavior of the vagus nerve in the dog and

ki
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it was initieliy explained that two types of fidbers, according
to Dale's (43) clusasification, adrenergic and cholinergic in
the nerve which had been consldered by zany to be & "pure”
cholinergic nerve tract. TIne concept that a "pure" adrenergie
or cholinergic nerve exists is atill held today by some workers
and probably hinders understanding to some extent. Hoffmann et
al., (71) fouad that in the isolated, atropinized heart of the
dog, cat, reabbit and guinea pig, addition of scetyleholine pro-
duced & positive inotropie and cnronotropioc effeot. Thewe
reaponses were abolished by ergotamine, curare und nicotine.
After perfusing these hearts with acetylcholine, tihe perfusste
was collected from the hearts and this solution atimulated the
hypodynamie frog heart, relazxed the reotal caecum of the fowl
and relaxed the small inteatine of the rabbit. These aure all
bicasaay techniques for tie identification of adrenergie trans-
witters. Both the injection of acetyloholine and nicotine re=-
sulted in the liberatiocon of this compound. It has been shown
by Perry et al. (6G) that the stimulatory effeot of acetyl-
choline way be due to a direct stimulation of posi~-ganglionie
adrenergic nerves. Whetier this phonomenon occcurrs in the
natural course of adrenergic neural sotion is open to debate
at present. In 1946 von Euler (57) noted in the same paper
which domonatrated the yresence of nor-epinephrine in adrenergi
cally innerveted tiasues that,

"The presence 0f the sympathetic ergone in extracts
of the vugus nerve...ealis for some comment. A

to vagus nerves 1t ies known that it conteins car-
dio-accelerator fibers, for inatunce in the cat,
which might be taken as physiologioael evidence

for the presence of adrenerzic fibers in this nerve."

A8 B footnote to this remark, it was subsequently shown by
Bendali et al. (108, 109) that veantricular force of contraction

L 2
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vas also inoreased in respouse t0 stimulation of the vago~
syspathetic trunk in the atropinised dog.

A8 knowledge of adrenergio fibers in the wvego-
synpathetic trunk accumulates, it beocomes apierent that *pure*
sympathetic nerves may not exist. In 1948 Polkow (62) et al.
found that stimuleation of the stellate ganglion im atropinised,
eserinised cats and dogs produced detegtable amounts acetyl-
choline in the coronary sinus effluent blood. Folkow (62)
speculated that the acetyleholine might be derived from sympa-
thetic cholinergio vasodilator fibers in the sympathetio cut~
flows t0o the heart. In the same edition of the journal, Folkow
et al. (63) reported the presence of symputietic cholinergic
vasodilator ontflows to the hindliaba of the oat and they re-
ported that this systes was atropine resistant. In 1959 Burn
and Rand (26) stated,

*Cholinergic fibers, which seen wideajpread
in the postganglionic sympathetic supply,
say liderate noradrenaline from the store
at the nerve endings, and thus de adrenergio
in effeot.”

This was the first mention of the hypothesis that
acetyloholine caumses the release of norepinephrine. In 1961
Brandon and Rand (16) found that after section of the splenie
nerve the scetyloholine concentrstion of the spieen dropped to
78% of control values snd the norepinephrine content dropped
t0 82% of control. Stimulation of the splenic nerves after
neostiguine led to the release of a cholinergic-like substunce
(it caused the comtrection of isolated guines pig 1leum and
this soction was blocked by atropine). Hemicholinium caused the
spleen to fail in response t0 nerve stimulation while the ad-
ministration of choline reversed this action. Administration
of acetylcholine contracted the spleen and this action was not
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blooked by atropine but it was reduced by reserpine and
abolished by phenoxybenzamine, piperoxan and bretylium.
Brendon and Boyd (1%) injected acetyloholine intre-arterially
into the isolated spleen and found thet after treatment with
reserpine no norepinephrine was released in response t0 the
injeotion. After phenoxybensamine there was an lncrease in the
norepinerhrine output of the gland. Brandon and Boyd explained
the ineressed ocutput of norepinephrine after phenoxybenzamnine
as 8 result of the weak anticholinesterasse effect of the
alpha-blocking agents. Blekely et al. (13) showed that physo-
stigasine and neostigmine, anticholinesterase agents, did not
inorease the output of norepinephriane from the oat apieen
vhile phenoxybensaemine did cause an inerease as Brandon and
Boyd had reported. Thus Blakely refuted ithe ides that phenoxy-
benganine inoreased norepinephrine output by inoreasing the
saount of scetylcholine in the viecinity of the sdrenergioc
nerve endings. Argusents about the nature of adrenergie
transmission based on the agtions of these drugs may be tenuous
at best becauss, as the work of Blaber and XKarosmar (11) hase
shown, the mechanism of drug ection in the newromuscular
Junotion, ia not as simple as it first appears, and the action
of drugs may not involve mechaniams which have been ascribed
%0 them. ’

Porry ot al. (60) infused 10-250 mmg acetyl-
choline into the aplenic artery of the cat and noted that
these dosages evoked a centripetal discharge of C~fibers in
the splenic nerve. This discharge was blocked by hexamethonl
but not by atropine or hydergine (an alpha-blooking agent).
C-fiber activation was 8till elicited afier afferent denervet-
ion of the spleen. The technique of afferent denervation
employed involved seotion of the splancohnic nerves Jjust at the
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level of the diaphragm. Pirst one nerve was sectioned and
then 10 days lster the other nerve was sectioned. Ten days
after the last operation the sexperiazent wvans performed. It mmy
be that the time allowed for degeneration was inadequate and
that affereat C-fibers may not have degeaerated. Afferent (-
fibers of the type found by Ranson et al. (110) im the cat did
not respond in this manner. Burn end Rand (27) bad alremdy
formulated their hypothesis of sdrensrgic transsission which
included the pupposition that all post-ganglionic sympathetie
fibers were eholinergic and that some other struoture, or
another paxt of the post-ganglionic neuron caused the release
of norepinephrine. The diffioulty im studying the mechanism
of action of acetylcholine led Lee et al. to atudy the sotion
of the cholinergic compounds in producing adrenergic effects
on a simpler system. In 1960 Lee et al. (89) found that
niocotine (axlﬁ”5 g/ml) caused a positive inotropic effect in
the four day old embryonic obick heart. This dose of nicotine
also produoed s trausient positive chronotropic effeot followed
by a negative chronotropico effeot. The same response wvas ob-
served with tetramethylammonium iodide (1074 g/ml) and acetyi-
choline (13’4 &/81) when the heart was atropinized., Di-
chloroisoproterencl blocked the nicotine responses. It has
besn demonstrated histelogically by Ssepsenwohl end Bron (118)
that the sympathetic innervation does not develop uatil the
fifth day of 1ife of the embryonic c¢chick heart. Lee et al.
{69) concluded that the positive responses were due to an
intermedinte structure which gentains epinephrine~like
materials. They felt that the compound was deing relessed by
nicotine, moetylcholine and tetramethylammoniuvm iodide. Ig-
narro et al. (72) studied various aspects of catecholamine
metabolisz in the embryonic chick heart and found that catechol-
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O-methyl transferase (COMT) and monoamine oxidese (MAO) are
first detectable in the four day o0ld chick heart snd that these
ensymnes increase in concentration to the tenth day when their
concentretions reach a plateau. The level of CONT in the four
day old heart was .02 mumol metanephrine/hr/mg protein and
the level of HAO was 2.0 mumol indolsecetic acid/hr/mg pretein.
In the three day old chick hemrt COMT levels vere not signi-
ficantly different from zero and KAO activity was indetectable.
In another study (73) they found that dihydroxyphenylalanine
(00F2) end its decarboxylated congener, dopamine were first
detected in the embrycnic chick heart on the fourth and sixth
days, respectively. Cardisc levels of norepinephrine and epi-
nephrine were first detected on the third day of incubation.
Tyrosine hydrexylase was firast observed on day 1, DUPA de~
carboxyluse was firast observed on day 2, dupasine B~oxidame
wvas first observed on day 4 and phenylethanclamine~li-methyl
transfersse was firet observed on day 6., in enother paper
(74) this group reported that tritiated epinephrine and nor-
epinephrine were taken up by the hLeart as early as the fourth
day of inocubation. There was asctualliy a decrease in uptake
on the fifth day anu then a graduasl inorease in uptake fros
the sixth to the tenih day. Iin smbryonic hearts uptake of the
labeled compound wag exclusively found in the soluble fraction
until the fifth day when uptake bscame apparent in the mioroe-
somel Iframotiom. This correlates well with the histological
observation ithat cardisc innervation does not begin until the
fifth day of embryonic life. The awount of uptake by the
sicroscmal fraction increased in parallel with the development
of the aymjathetioc innervation of the heart. 1In the 3-5 day
0ld whole embryo the tritiated norejpinephrine was found
primarily in the miorosomal fraotion. fIiritiated norepine~
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phrine in the miocrosomes began t0 increase relative to that
in the soluble frection on the Lifth day. HReserpine, cocains nnq
low temperasture sarkedly altered the avility of five day old
hearts to take up norepinephrine but four day old hearts vere
not a0 affected.

The embryologic information has indicuted that
soetyloholine exerts a positive inotropic and chronotropic effect
on & heart which does not have adrenergic innervation, but does
seen t0 possess the metabolioc mechanisms necessary for some of
the reactions wvhioch have been regarvded as asacoisted with the
adrenergic nervous aystem. Ancther interyretation of the ap-
parent relation between acetyleholine and anerepinephrine nhas
been proposed by Leaders (88). He has postulated a "cholinergio-
adrenergic interaction”. This theory ves bused on the assumpt—~
ion that the mammelian vagus nerve is “purely"  erasymjpathetic
and the stellate to be "pursly® eympathetic, in the sense that
the former was cheolinergic while the iatter was adrenergic.
Leaders theorised that there may be an intermotion between
adrenergic and cholinergic fibers such that acetyiocholine from
one fiber may act on another fiber to causs the release of nor-
epinephrine and similarliy, norepinepurine could affect the re~-
lease of acetyloholine. leaders' hypothesis can be explained
on the basis of mixed nerve trunks. The point he made, however,
is that the interaction occurs at the level of the target organ.

This idea of integration at the target organ level
has been given histological confirmation of a sort by the work
of Jacobowits (75) who has shown the presence of chromaffin
cells in the hearta of seversl sjpecies and has indicated the
locstion of cholinergic post~ganglionic cell bdodies in intimate
asaceiation with the chromaffin cells.

The appareat interelationship between acetylcholine
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and norepineparine makes it mandatory to consider mcetylcholine
itself. Cleghorn (32) found that an aqueous extract of sympa-
thetic ganglia caused the isolated turtle eart to stop bo&tingw
caused a depression in blood ;ressure, but had no effect on cat
papillary muscie. iie concluded that the extract from the geang-
lia bore no relation to the aubatance liberatec from the syapa-
thetic nerves. In 1906 Dixon (48) hypothesized that the heart
contained a substance, named "proinnibin®, which wes converted
to "inhibin® after vugal excitation. This compound would then
combine with the oardiac muscle resulting in vagal arrest.
Pixon believed the chesmical aotion to be similer to that for
secretion and panereatie function. 4 great step forward in the
knowledge of acetyloholine came in 1914 when Jele (42) found,
after teasting the action of choline derivatives in the cat,

*In the action of gholine, und, with
varylag degrees of intensification, in
the notion of certain ethers and eators
of choline, two distinot tyjeas of aotion
can be detectod- a "muscarinic' action,
peralysed by atropine, and a ‘'‘nicotinic’
sotion, jparalysed by eiceas of nicotine."

This represented the fLirst statement that acetyl-
ocholine or other choline derivatives had a dusl action. Also
Dale speculated that moetylcholine might be the physiclogically
active compound involved in the organism. Ia 1915 Burn and
Dale (25) found that tetraethylammoniua was a nicotinie block-
ing agent and unlike nicotine, it did not cause & transient
etinulation before the onset of blookade, Covan and Walter
{(36) found that tetreethylammoniunam iodide in the perfused frog
nerve prejaration in coacentrations of 15 sN/L or higher
caused spontaneous potentials in the nerves, however no evi-
dence of a stimulant action of TEA has been ahown in the geng-
lion. Faton (106) found that in a series of polymethylene




16
bistrimethylummonium salts, hexamethoniuan had the greatest
action as a ganglionio blocking agent while decsmethonium had
the greatest motion as a neuromuscular bloeking agent., The
tissues tested were the cat superior cervioal ganglion and the
cat tiblalis muscle.

Koelle and Xoelie (80) studied the distribvution of
acetyleholiuesterase in the ¢at superior cervical ganglion
through the use of denervation techniques, asbenonium (a re-
versible anticholinesterase) and diisopropylfluorephosphate
(D¥F, an irreverszible anticholinestersse). They found that
essentislly all the functional scetylcholinesteramse was present
in the ypresynapiic terminals. They rroposed a three-fold
function for this scetylcholineaterase; 1) it might prevent
post-gynaptic activation by acetylcholine during the reating
poase, 2) it wight prevent the acoumulation and spread of
acetyloholine during the course of repeated preganglionio
volileys and 3) it might protect against antidromie firing of
the presynaptic fibers. Utilising denervetion techniques, DFP,
and the oloae arterial injection of ancetylcholine and carba-
mylcholine Volle and Hoellie (121) found that acetylcholinester-
ase appeared %o have three roles in aympathetic ganglionic
{3uperior Cerviesl ganglion) transaimaion; 1) limitation,
temporally or spatially, of the truasmitter action of acetyl-
choline at tne post-synaptio site, 2) protection of the yre~
synaptic nerve terminals against endogencusly liberated
acetylenoline andi 3) preventioa of the accumulstion and mction
of acetyloholine liberated during tae resting state. JFrox
their experisents they felt that jyresynaptic acetylcheline~
aterase did mot function in the genesis of choline sources for
uptake and resynthesis by the texminals of the resynajptic
fibers. is Bluber has indicmted in & personal communication,
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the theory of muscarinic and ndicotinic receptors on the pogt-
synaytic membrane of necessity meuns that acetylcholinesterase
oould not be present since the acetylcholine has to diffuse
from the niecotinic recspitor te the muscarinic receptor. Thus
tne systes would not funotion with postsyna tic aeo%ylahelintw
sterase reseat.

it 15 generally assumed that a majority of cardise
sympathetic syne;tic connectlions in the dog are made in the
stellate ganglia. The obscrvstions of Bronk et sl. (18,19,20)
have been inﬁ&ryr@ﬁed to indicate that the fibera ilmsulng from
the cat etellate gunglion are totally post-ganglionic since
impulse traffic ia the fiburs wes asald to be abollished by
paluting tne atellate ganglion with nicotine, ¥ocllard (130)
chaerved that, "removal of the stellate ganglis zlone may be
insufficieut t0 remove &ll thne post-gunglionio fibers of the
sympathetic ayetem, for in the cat some may come frosm the
cervioal region and possibly frow the thoracice gunglia.” lHe
reported that fibers considered to be symgathetic based on
fiber alze were still present, although in reduced amounts, in
the cardiac tisaue of the oat after bdilateral ziellectonmy.
Nettleshiy (98) compared the hisiclogical results obtained
in the cat heart after bilasteral stellectomy snd bilatersl
stellectomy plus blimtersl]l middle cerviocal genglioneciomy. He
noted, "la the latter operation tnere was nd inoresse in the
area over waich degenerating anerve trunks were found but in-
dividual tranks hsd « greater fiber loss.” Nonidez (103) fuan#
that many reganglionic fibers enter the middle ocervieal
ganglion of the dog while many poatganglionic fibers leave the
gunglion. Reocestly Brown hes ehown thet a nuwber of re-
sanglionie fibers way “run through® both astelliate and caudal
cervioal sanglis and terminate within or near the walls of the
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heart (25,. In sddition sowe sywpebthetic fibers have been
suown t0 ayospae within the ventral roots of the spinal cord
(3). :
Feidborg wud Geddun (59) demoustrated thut electri-
oal atimulation of the easerinised, perfused cat superior cer-
vical gwnglion resulted in the collection of ecetylcholine in
tiue effluent porfusate. The aclive coustituent of ithe Lerfusate
wus ladistinguishable from acetylcholine when oomjured in aix
biocussay tests. Tuney coucluded thatl acetyloholiue was the
tracgaitter ot eympethetic gmbglia. ia 1935 Ecoles published
a deries of three papers dealing with transasission ia the cat
superior vervical gengiiom. In the first paper (49) he recorded
four types of potentialy whleh Le counsidered due to the presence
of four different types of ganglion cella. Kore lwportant tuan
thie was his demvnstration of & late positive and a late nega-
tive wave in his extrecellular recordisge. in the second paper
(50) he demonstrated inhibition and faoilitation in the ganglion
snd ia the third paper (51) ae indiosted that the slov negative
and positive potentials coulda be related to inkibition or
facilitation of ganglionic transuission. ie hypothesised that
this action was similar t¢o the inhlibitory and excitatory aciion
of the spinal cord whioch Locles snd Suerrvingten (53) bad sug-
geated in 19%0. Ecocles concluded that the sympathetio ganglion
wvas sore than just a way station for transmission but represents
a possible locus for integrative activity. Iao 1539 Bronk (18)
noted that post-ganglionic cell bodles were aotivated either by
spasial susmation (simultaneous aciivation of one post-ganglion-
ic cell body by aseveral different pre-ganglionic impuises) or
temporal sunsmation {(eumaasion by vollieys of pre-gungiionio
stimulation).

Herraszi (93) in 1939 studied the action of pilo-
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caryine and alropine on the resporse of the cat and rabbit
epuperior cerviocal ganglic t0 electricsl stimulation. He found
that pllocarpiune lancreaacd Llhe reaponse while atropine de-
creaged tus responge. Harregsi also found in the cat that,

"epinephrine in large or in ezall doses
causes depression of the response of the
superior gerviocal sympathetio ganglion to
repetitive astimulation of its ;reganglionic
trunk by constent, subsaximal shocks." (94)

Bulbring (24) examined the response of the cat
nictitating membrane t0 electrical stimulation of the perfused
superior cervical gunglion. 3he found that st low doses
epinephrine facilitated the response, wvhile at high doses the
response was inhibited. Howvever, Narravsi and Marrassi (99)
recorded extracelliuler potentisls z2ud were usable to demon~
strate facilitation with even lower doses than used by Bulbrxmﬁ
They indicated that s deteriorsting preparation did shov faei-
litation with epinejhrine. In 1952 Lundberg {92) found that
norepinephrine was one fourth ss potent as epinephrine as an
inhibitor of gunglionie trunswmission in the cat superior cer-
vical gangliou., He found that dihydroergotemine (an alpha
blocking agent) effectively blocked the action of infused
epinephrine in ganglionic transmisaion. He aleo ahowed that
dihydroergotamine had no effeat on inhibition produced by a
tetanic elgctrical stisulation. Lundberg reasoned that epine~
shrine did not pley a funotional role in ganglionic tranas-
mission. Reinert (112) found that norepinephrine ocould be
¢ollected from the zerfusate of the cat superior ocervical
ganglion and that the output of norepinephrine increased
daring orthodromic or sntidromic stimulasion., He found that
monoamine oxidase inhibitors inereaned the level of nor-
epinephrine but did not alter the recorded sxtracellular
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evoked potentials and that an inhibitory effect of reserpine
was related to osmotio changes in the ganglion rather than true
excitadility changes due to morepinsphrine depletion. He
sgreed with Lundberg's conclusion that catecholamine hud no
role in ganglionie transmission. DeGroat and Volle (47) found
that intrasrterial administration of norepinephrine and spine-
porine did not alter the ability of the eat superior cervical
post-ganglionic cell body t0 fire in responge to acetyloholine
or nigotine. However, the catecholamines enhanced a late
securring atropine sensitive discharge. This after~discharge
was potentiated by alpha adrenergic dlocking agents and anta~
gonized by beta adrenmergic dlooking agents. They hypothesized
that norepinephrine and epinephrine caused hyperpolarisation
and depolarisation, respectively. They noted that isoprotere-
20l ( a beta adrenergio stimulent ) reduced the efficacy of a
ECL induced depolarisation dut not that of a Ba@la depolaris-
stion. ZThey hypothesized that the beta sensitive inhibition
was related to a change in postaynajptic asembrane peraeability
to X*. Most of the drug doses were quite high and how much thej
results reflect a normal physiological response is open to
guestion.

In 1961 Eccles and Libet (54) investigated the
properties of ganglionic transaission in the curarized superior
~eervical ganglion of the rabbit. They developed a model for
ganglionic transmission based on the action of different drugs
on observed evoked extraceliular potentials. The model ia-
volves the hypothesis of three different receptor sitee on the
poatganglionic cell body, a muscarinic site, a nicotinie site
and a catecholamine sensitive site. Chromaffin cells aswocia-
tod with the post-ganglionio cell body are hypothesized to
ooatain atropine sensitive 2ites and release epinephrine upon
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stimulation. In the Eoclea-iLibet model epinephrine produces
the R potential {faet depolarigation) and the LE potential
{(slow depolarigation). Takeahige and Volle (119) recorded sur~
face potentials from the superior cervical gaunglion of the cat
and responses t0 acetylcholine and tetramethylsmmonium ad-
ministered via intraarterial injections. They found that the
surface potential was altered by both acetyleholine and tetra-
methylammonium (THA) but that the THA affect was blocked by
hexamethonium but not by stropine while acetylcholine was
bloocked by both compounds. They expanded thelir atudy in anoiher
paper (120) in whioch they atudied the alteration of ganglionie
reaponses t© cholinomimetic agents following conditioning of
the ganglion (cat 3CG) by preganglionic stimulation or pilo-
carpine or physostigmine. Responses to injected acetylcholine,
tetramethylammoniun and methacholine were the same except that
pilocarpine conditioning resulted in no shange in the late
post-ganglionic discharge while the other conditioning processes
inoreased thias dimscharge. They postulated that the atropine
sensitive sites, their H and LD sites (corresponding to Hoecles'
(54) ¥ and ? sites) were important as modulators of transmission|
Ziker (113) showed that the response of the isolated frog ViIith
genglion to acetyloholine infusion differed from the response
obtained to orthodromioc slectrical stimulation. He demonstre-
ted that sceiyleholine induced spikes were antidromic in
nature. It will be recalled that Ferry (60) demonstrated that
scetylcholine infusion elicited antidromic firing in C fibers
in the ocat apleen. Gedber (63) astudied the perfuped cat
superior cervical ganglion and found that the positive after-
potential recorded by bipolar electrodes appeared to be in-
veraely related to the production of Ce sengltive discharge
ovoked by infused acetylcholine. 4as the preganglionic fibers
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wers slectriocally stimulated at varying parameters, only those
paraneters which decreased the positive afterpotentianl resulted
in a facilitsation of the response to infused acetylcholine.
Atropine did not affect these discharges.

Gebber (62) in another study employed clome artcriuﬁ
injections and bipolar slectrodes recording from the cat su-
perior cervical ganglion., He found that: 1) tetanic pregang-
lionie stimulation sntagonised the bloeok occurring during de~
polarisation evoked by niceotine, 2) d-tubocurare antagonised
depolarization evoked by nicotine but enhanced the simul-
tuneously ovcourring block of transmission, 3) the intravenous
infusion of nigotine (30-100 miorograms/kg/min.) evoked a post~
ganglionic discharge which was saintained when transmission was
ebolished and 4) discharges svoked by non-nicotinie stimulat-
ing agents (S~hydroxytryptamine, methacholine) were enhanced
during ithe blockade of transsisasion and depolarisation evoked
by niootine. Gebber concluded that the dlockade of trans-
sission and the simultaneously ocourring ganglionic depolariz-
ation by nigotine were not ceausally related.

Gobber and Snyder (64) compared the effect of the
close arterial injeotion of tetramethylammonium (TMA) and the
constant infusion of THA in the cat superior cervicsl ganglion.
They found that the injection of TMa produced a ressponse
dlocked by C, but mot by atropine, confirming the findings of
Takeshige and Volle (119). The constant infusion of TMA pro-
duoced a response blocked by both U; and atropine. Varying the
infusion reate did not alter the character of the response.

They concluded that infusion of THA Initiated an interaction
betwsen the Cg sensitive and atropine sensitive excitatory
sites. They proposed that the spread of depolarisation from
the Cg sensitive site markedly enbanced a weak susoarinie
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stianlating aotion of TRA. With an injection of woetylcholine,
the response was blocked by Cg. The infusion of acetylcholine
produced a discharge blocked by atropine but not by Cg. IThe
conclusion they draw is that both sites must be activated to
bave sugesssful transmission.
| in aone of the three sets of experiments do the

authors indicate whether infueion of the agents csused stimuli~
ation of presynaptioc fiders. I1f Riker's finding of the anti-
dromie nature of acetylcholine~induced spikes are applicable,
it may be that some of the results to infusion and injeation
might be due to the “unphysiologis® release of acetylcholine by
the preganglionic neuwron in response to THA or nicotine. The
veak auscarinic effeat of THA might be caused by smeetylcholine
relense.

Muoh of the informative work on ganglionic trans-
miesion has been derived through the use of intracellular
regordings of ganglionic potentiale. In 1953 Blaockman et al.
(12) showed that there appeared to be a gquantsl discharge of
transunitter from the pre-gunglionic sympathetic fiber of the
frog to orthodromic eleotrical stimmlation. Nishi et al. (102)
extended Hlaockman's work and on the besis of intrescellulsr
potential measursments of the bdullfrog sympathetie ganglion
and biocassay teochniques, csloulated quanta and the quantal
sise associated with pre~ganglionic fibers of the aB and sl
type. The bullfrog is interesting ia that pregunglionic B
Iibers synapse only vwith postganglionic B fibers and pre-
ganglionie C fibers synapse only with postganglionic C fibers.
Hishi et al. onleulated that 8B aynaptic knobs yielded
approxisately 2 quanta per impulse with 8,000 molecules of
acetyloholine per quantum. 3Similarly sthey oaloulated that
8C preganglionic synaptic knobs yielded approximately 5 guanta
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ror impulse with 12,000 molecules of acetylcholine per guantus.
Libet (50) snalyzed slow potentisls in the rsbbit superior
cervical ganglion and he showed the jpresence of long latent
pericds for the onset of slow inhibitory snd excitatory post
synaptic potentialsm. He found that the onset time for the
132 vas 35 msec. and the ouset time for the EFIP wae 200-300
usec. Tuese slow potentials were enbanced by s sypecific anti-
scetylcholinesterase (B.W.284) and little affected by diiso-
propyl fiuorophosphate (used es a specifio inhibitor of butyri-
cholinesterase). He concluded that the slow potentisls were
c¢holinergio in origin. Libet indiceted, "lhe slow post syn-
ajtic potentiuls provide models of slow neuronal responses whioh
way have relevaunce in the sutonomic and eentral nervous
syatens." Brown (23) demonatrated thet atropine partially
blocked synauptic tranemission in cardimc sympathetic adrenergic
jathways of the cet, indicating the iaportance of the mus-
carinic receptor site in geursl function. Nishi and Koketsu
{(101) recorded from bullfrog sympathetic ganglia using the
gucrose gap technigue end looked specifioally at the slow
ianibitory post aynajytic potential. They fouad that this P
potential was independent of €1~ , enhanced by en incresse in
Na* and deprossed by a decresse in K'. They concluded that
the I potential may be produced by the syaanptio aoctivation of
ab eleoctrogenic sodium pump in the genglion cells. They also
demongtrated thet the P potential originates in the proximal
portion of the post-ganglionic axon rather than somewhere in
the cell body. In another study lishi and Koketsu (100)
studied the genesis of early and laute afterdischarges in dull-
frog sympathetic ganglis with the sucrose gap teohnique. They
determined that the afterdischarge in postganglionic sympa-
thetie fibera after preganglionie stimulation was composed of
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two separate components differing in origin; 1) ERAD (early
after discharge) which is cholinergio in nature and triggered
by the LN potential and 2) IAD (late after discharge) which
is non-cholinergic im nature and is triggered by a very slow
post-aynaptic depolarization vhich is the LLH potential of the
ganglion. They eoncluded that the LA potentisl was a slow
EP3F which triggered the early after discharge, the LIH was »
late slow EP3P whieh triggered the late after discharge and was
non-cholinergic in nature. In another study Koketsu and NHishi
(81) demonstrated that pregavglionic sympathetic fibers of
the bullfrog are depolarised by the action of acetyloholine
released from the presynaptic neurcas. In view of this finding
by Koketsu and Hishi it is interesting to compare the resulis
of Riker (113) who showed that transsission block say ocour
at unmyelinated portions of the presynaptic sympathetic fiber
of the bullfrog. Thess two bits of evidence may lend oredence
t0 the "percussion® theory of acetylocholine releass as initial-
1y proposed by Koelle (79). It is therefors possible that
blookade 0f transmission could ooocur at the preaynaptiec fiber
by dloeking the action of acetylcholine on the presynaptic
nerve terminal.

Libet and Tosaka (91) have successfully recorded
intrecellular potentisls from ganglion cells of the rabbit
superior cerviocal ganglion. They have demonstrated that post~-
ganglionioc cells have three separate sites resulting in fast
EP3P'es, slow EFSP's and slow IP3P's. They have also demon-
strated that preganglionio Iibers ocan be specific in eliciting
either slow BF3P's or slow IP3i's. Jacobowits (76) has shown
histologically that htere appear t0 be aocllaterals of ayapa~
thetic post-ganglionic fibers ending in the region of other
postganglionie cell bodies. It {s tempting to speculate that
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there may be inhibitory actien of one postganglionic neuron
upon another postganglionic neuron.

Whether this speculation will be justified in the
future is uncertain but it should be noted that Libet snd
iosaks's demonstration of taree sites does offer support teo
the model proposed by Eccles and Libet in 1961,

Ranson et al. (111) found that the nodome ganglion
0f the vagus nerve in tne cat showed no evidence of any synap-
tic conneoctions but did coatain bipoiar and unipolar cell
bodiea. dHeinbecker and U'.esry (68) found that the vagal
cardiag efferent fibers were derived from gells within the
gentral nervous system and they oonfirmed the work of Ranson
ot ali. in that they did not find any evidence of synaptic
connections in the nodose ganglion and they hypothesised that
the oeli bodies in the nodose ganglion were predominantly
affereata., They also concluded that the gcerviocal aympathetic
trank contributed little %o the non-ayelinated fibers of the
vagus nerve but recsantly Nielsen et al. (Y39) reported that a
asignificant number of cardiac adrenergioc fibers do cross aver
%0 the vagal part of the cat's vagosyammthetic trunk. They
als0o showed that bilateral superior cervical ganglionectony
resulted in a 22-27% decrease in the level of cardiso norepine~
phrine.

¥olay et al. (61) compared norsel cats and vagal
raizctomized onts and determined, histologioally, that 65-80¢
of the fiber populstion are afferent and 20-35% of the fibers
are vfferent at the cervical level. Agostoni et al. (1) con~
firmed these values in a study of the distribution of the cat
vagosympatbetic trunk $0 the heart, lungs and abdominal
viscora.

Heymans and Ladon (70) demonstrated the action of
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the aortic baroreceptors and this was confiraed by inrep and
3egall (5). 7Tne sortic chemorecejytors were demonsirated first
by Heymans and Heymans (69) and localized by Coarce (33). Bosa
and Gresn (14) reported the presence of ancillary baroreceptors
ip carotid arteries of the dog and cat. Taey indicated that
these barorecept.rs asend afferent fibers which asoend in the
vagosyspathetioc trunk. A4viedo et al. (6) demounstrated the
presence of pressorecejptora in the right atrius which, when
stinulated, resulted in & reflex Dradyocardia and a vasodilit-
ation.,. Ventriocular stretoh reoceptors have been demonatrated by
Whitteridge (128) end oonfirmed by Jaintal (105%). The timing
of these fibers has been related to electrosardiographic
tracings while it seems that tney should be related to ventri-
cuiar pressure curves if they are to be meaningfully interpreted)
Bleignt and widdicombe (115,116) bave provided eovidence for
eploardial and pericardial atretch receptors. It should be
stressed at this time no involvement of wventricular, epicardial
or pericardial stretch receptors has been demonsirated in
cardiovaacular reflexes.

Brodie and Hussell (17) eleotrioally stimulated
the central enda of the ocut pulmonary vagl in the cat and de-
monstrated profound refliex bradycardia and hypoiension. aurep
et al. (4) later found that some efferent vagal fibers looped
down into the pulmonary vegl and then passed up and back down
toward the heart.

DeBurgh Dmly et al. (46) have shown that pulmonary
inflation results in a reflex hypotension but thelir records deo
not show nor do they report an associated bradyoardia.

Comroe and Mortimer (34) have stressed the differ-
enges in the responses of the aortic and carotid chemoreceptors,
The aortic chemoreceptors, upon stimolation resulted in tachy-
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cardia, arterisl hypertension and elight hyperpnes while the
carotid chemorecepiors result in bradycardia, hypotension and
marked hyperpnea. .

Brown (22) has demonstruted the resence of a re-
flex bradysardia and hypotension resulting from distension of
tne left coronsry artery in the cat. He found thut the vagus
nerve ocarried the afferent part of the reflex loop.

Gliek and Covell (67) demonstrated in a cross
girculation sxperiwent that when either the carotid or aortie
barorecegtors isorense their firing rate, the anisal resjpondas
to the positive stimuius (isorease in receptor firing) over the
negative stisulus (decremse in receptor firing) when the two
receptor arsus are conjared.
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The major tool of aeasurswent in this etudy is the
strain gauge arch. It is therefore cerucial to examine the
development of this iastrument and by examining this develop~
wsent an understanding of exactly what such a device measures
nay be deterained.

The developaent of the strain gauge arch as applied
%0 the study of the heart owea its origiam to the studies of
Koy and adami (114) who developed the myocardiograph, a device
used in conjunetion with a kymograpn to study the cuntractile
responses in the in situ heart. Cushny (38,39,40,41) made
extensive use of this device ané the device becane known as the
“Cushny Myocerdiograpn*. Essentially the ayocardiograph con~-
gisted of two limbe which were sutured ou either side of an
ares of myocardium or epicardium to be measured. JUne limb of
the apparatus acted as a fulerus and the other limd acted as a
lever wiioh was wechanioally linked to the recording druas.
ignoring the resistance of tae lever ito movement, the machine
measured the chauge in length of the pariioular ayocardial
seguent under study, the lever systesm amplifing thie ochange.

In & study of the effects of different drugs on
right ventricular eontractility, wWalton and Brodie (122) in-
troduged a modification of the ayoocardlograph which employed
& dalibrated spring which could be stretched to oOppose the
development of tension by the seguent of myosardium under study
and thus the force or tension applied by the smpring was used
a8 an index of the tension of the myoccardium. At the peak of
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the response to an iafusion of epinephrine, for example, the
spring was tightened t0 such an extent that it represented
an opposing force of 98 grams, therefore they felt that the
heaurt, under the lizbs of the gauge, developed a forece of 98
granss. Walton et al. (123) demonstrated the same device at the
A.P.8. in 1949, but with one noteworthy changs. The spring
elenent had been repiaced with a strain gauge element. The
introduction of the atrain gauge elesaent made the strain gauge
an apperently isometric device. “Apparently® beocsuse on closer
examination one observes that in order for the gauge system to
indicate a change in force the resistance %1‘&‘&% of the strain
gauge arch aust be deformed.

Walton, Leary and Jones (12%) compared the myocardio}
graph with a strain gauge element to a strain gauge arch and
reported that there was no appreciabdble difference between thex.
However, these workers 4id not conaider the strain gauge arch
t0 be giving an absolute value for the force generated by the
augols under the gauge. Also they chronically implanted the
strain gauge arches for three months in dogs and reported only
slight fibrosis around the gauge. Wmlton, Cotten, Brill and
Gazes (124) found no sppreciable differsnce in the response of
the tvo gauges 1o the same straine genezated by right vontri-
culaxr mycoardium in response to epinephrine infusion. In the
light of the work done by Ssemtivanyi et al. (117) the reesponses
of two separate areas of & single ventricular chazber would not
be expocted to give rise to the same responses when fine bran-
ches of the asutonomie nervous supply to the hesrt are stimul-
ated but the agreesment between two separate gauges can be ex-
peoted to be closer in the face of more generaliszed inter-
ventions such s stellate stimulation or catecholamine infusion.
Cotten (35) studied the relationship of various parameters of
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cardiac funetion to the forece recordings and he noted that
stretohing the muscle under the gauge by 0% seemed to produce
recordings whioh were free of artifacts. In ny studies this
*stretohing® procedure was routinely folleowed. ilmo Cotten
showed that the depth of suture placesent used 10 anchor the
gauge seomed to be important in that the deeper the sutures the
greater vas the nagnitude of the foree recording. In my studie
1 bave attempted to standardise the depth of ay suture placemen
%0 about 2 millimeters but there is of course some variabilisy.
Cotten also noted the saximum control comtractile foroe cccurred
vhen the underlying muscle was stretohed to 50% over its
"resting® length. Any investigator who claims that his strain
gsuge meagurenénts are recording the absolute force developed
by the ayocardium is making a grave error in judgezent if one
sccepts the jreviously guoted work. It is much more sensible
to state that a strain gesuge oan be used to monitor changes in
the forece of contraction of the heart. It is meaningless to
spesk O0f measuring the force of contraction in groms and using
that value as & common faotor in a table of date since the
grevioualy mentioned variables can s¢ alter the gquantitative
nature of the reaponse, Thus any atteapt to oompare the ex~
perizental results on the bdasis of granms of force is indefen~
aible. (uantitation of the strain gauge response is not pos~
sible but utilisation of the per cent change of a remponse
from & control level as a means of making comparisons is nmore
useful. Since comparisons of per cent change are only wvalid
if the strain gauges respond in a linear fashion, a strain
gauge calibrator was duilt to test the linearity of response.
The calibrator consists of a heavy brass plate which was
sachined such that one linb of a strain gauge aroch could be
firmly clamped to the plate. The other lind was then attached
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%0 a threand which passed over a pulley and weights from 1 to
200 grems could be suspended Ifrom the thread to test the gauge
response. The gauges wvere tested at different emplifications
of the Grass model 7 polygraph which was utilised in actual
experiments. The amplifications were from 0.5 av/em pen de~-
flection %0 20 wv/om pen deflection and in this range the
gauges were found to vespond linearly. Since the name gauges
vere always applied to the same regions of the heart in ex~
perizents utilised in the tables, while the slopes of different
gauges varied slightly (that is the change in pen deflection
per unit weightchange), the reaponses of a particular region
of the heart ocould be eompared on a per vent ohange from contre}l
basis for all dogs of a series. It should de noted that the
strein gauges are linear over a wide range of digtention. Thus
while the gauges may be fixed at various tensions wvhen sutured
$0 the epicardium the applied tension may be determined on the
basie of the offaet voltage required to dring the strain gauge
arch to the gaxe baseline jresent before thne geuge was sutured
in place. In practice, at & sensitivity of 20 av/em when full
span was equivalent to forcee in excess of 200 grams, the off-~
set voltage or aslternatively, the shift in baseline was never
more than eguivalent to 40-50 grams. Of course there was
variadility from preparation to preparstion dut the offset
technique indicastes that the ganuges are being stressed over a
linear portion of thelr performance.

in all the experiments of a series incorporated
into a teble, 1 attempted to be certain that gauge placement
vas ocomjarable from experiment to experiment. Thus the gauge
Pleaced on the right ventrioular sinus region was always placed
in the sanme ventral-lateral position and perpendicular %0 the
division of the right and left ventricles.
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The experiments were conducted in three separate
modes of anesthesia, 1) phenoyolidine HCl (2.0 mg/kg) and a-
chloralose (80 mg/kg), 2) slphm~chlorslose (100 mg/kg), 3) phen.
oyolidine HO1 (2.0 mg/kg) and alpha-chloralose (60 mg/kg).

The first anesthetic combinntion was used in the
initial phases of the study on the locslization of the symaptio
connections in the oardisc sympathetics. This combination was
used until Priola (107) reported that phencyclidine HOL acted
as & beta~bloeking agent and then the sevond anesthetic com-
bination was used. However, there did not appear to be any
noticeable difference betveen animals anesthetiszed with ithe
first combination and animels anesthetiszed with the second
combinstion so the first snesthetic cosbination was utilised
in later experiments. In the study of afferent pathways it
it vas deocided that the anesthetioc dose of chlorlose should
be reduced 20 as to make sure that deep anesthesia, which might
seriously depress reflex responses, would not be a problem.
Thus the 60 mg/kg dose of alpha-chloralose in conjunotion with
the phencyelidine HUl produced a lighter level of anesthesia
but not so light that the animal gave the appearance simnilarx
t0 that of being "anesthetised® with an agent like d-tubo-
curare.

¥hile phencyelidine HCL1 may exert its anesthetio
effects through some foram of beta~bloekads the mechanism of
action of chloralose is not ¢lear at this time but if, as
Focles (52) had indicated, it aots by prolonging the pheno-
menon of presynaptic inhibition then it 1is posaible that such
& prolongation of presynaptiec inhibition might affect some
of the responses which are mediated at least in part through
the mechaniss of presynaptic inhibitien.

Blood pressure wus seesured by means of s F23AC
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pressure transducer with a castheter of FPEZ 50 polyethylene
tubing. In the experizents dealing with the cardimc sympa~
thetio pynapses blood yressure wae taken from the right femoral
artery whaile in the study of afferent vagel pathways tre
aortic pressure was taken by zeans of a catheter passed through
the internal thoracie artery into the amcending sorta. While
the responsiveness of the 723AC trunsducer ls adaittedly in-
ferior to that of a tranaducer such as & P23D8 it should he
noted that the model 7 polygraph used in all the sxperiments
reported here has a maximum frequeney of 45 oyales yper second.
Thue the analyeis of fast transient reaponses might be in erropl
However, in these experimentis faast transients such as the rate
of rise of asortic pressure or the rate of rise otf the strain
gauge recordings were not measured and thus this oriticisa
cannct be leveled in this instance. It might be argued that
the zsasurement of s peak response with these techniques is
open 10 the same criticism and this may be valid, The major
points in this dissertation, however, are of a more gualita-
tive nature and involve cinanges vhiohk are more of vector
quantity than a scaler quantity. Thus direction is far more
inportant in determining the nature of the response than the
magnitude of the reaponse.

The resaponses were initinted by weans of electrioal
stizulation delivered through bipolar stainless asteel eleg~
trodea whiech were consiructed especlaliy for the purpose. A
Grass 80-5 stimulator was uged to supply supreasaximal stimule
ating voltages and these stimulations were continuously
monitored with a cathode ray oscilloscope a0 that this in-
vestigator was sutisfied as to tne consistenecy of his atimul-
ation parameters. [or the studies involved in the determina-
tion of symaptiec stations 10 cycles per second, 5 msec, durutiaf
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and 5 volts were used., These stimulation yarsaeters have
been used by Szentivanyi et al. (ll4) and have proved to be
optiznal jparaceters for the groas stisulation of efferent
cardince sympathetic pathways. 7The parameters eamployed in the
stimulaiion of afferent vagosymputhetic pathways were 30
cyeles per sscond, 5 msec. duration and 5 volia. Voltages
higher than 9 volts did not produce any greater response and
80 5 volta was used throughoui the study. The frequency of
stimulation is, of course, oritiosnl in the study of afferent-
induced responses of this kinu, There seems to be more in the
literuture about the conduction velocities of various afferent
vagal fibers (useful ss an index of the type of fider carrying
the afferent impuiges) bul less about the normal frequency of
response of various afferent vagel neurons. However, Whitter-
idge (1295) has found ithatl some cardiovascular afferent path-
vays conduct noresl impuise traffie at frequencies of 3¢ to
90 oyeles per second and widdicombe (126) hms given evidence
that some pulmonary stretoh receptors may fire at frequencies
up to 30U cyoles per second. It is difficult to obtain single
unit recordings of these afferent fibers and thus I am not
cortain that the higher frequencies rejpresent normal physio-
logical reaspouses. The raunge of respouses which may ob-~
tain are sueh that sny one choice of stimulatiun parameters
may not be optimal for all afferent fibers and this must be
sdmitted at the outset. It is the purpose of this dissertation,|
howvever, to report the findings elicited with the atimulation
parameters previously mentioned. It is recognized that differ-
ent afferent paihwaye may have different optimal frequencies
of stimulation.
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The animais employed in the sceries uf experiments
denling with the loculizetion of the cardiasc sympathetie
Bynaybes were pilaced on posilive preacure respirstion and s
bilateral thoracotouny was performed betweern the third and fourth
ribs. §trein gauges were sutured to the epicerdial surface und
right femoral ertery was canulated for bloocd prescure. Then
the thorscic sutonomie nerve trunks were discected free and tue
cervical vagosympathetic trunks were sectioned in the neck to
eliminate reflex responsee originating from the thoracic level.
Tne T4 seguenl was decentruliszed from the thoracic chein as was
the stellate sanglion., The heart was aslmost completely de-
centralized with the exception of aberrant cervical inflows as
reported by Weissan et al. (127). Stimulations were carried
out at locations on the left and right sympathetie and vago-
syayeihetic trunks.

The first seriep of eiperiments involved the loonl~
leation of the curdiac symjpathetic synaitic connections, In
these experiments the asnesthetic ngents were either phenmcyc-
lidine 01 (2.0 mg/ug) and alpha-chloralose (BO ag/kg) or
alpha~ghlorelose alone (100 mg/kg), the cheet opened, and
¥alton-Brodlie struin gauge arches sutured to the ventral surfece
of the myocardium. Five {0 8ix stralin gauges were employed,
gauges beling sutured to the aplesl end bessanl regions of both
ventricles us well a8 on the right and sovetinmes left atria.
The vetal arch of the gauge was routinely pleced under tension
by slight compreawzion of its limbs.

The left and right sympatheiic trunks at the level
of the stellate ganglion and the fourth thoracic segment, as
veli a8 both thormcic vagosyspathetic trunks, were carefully
dipsected frec. 7The decentralized T4 seguente, the stellate
genglia, the anterior ansse, the left ventromedial or ventro-
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lateral cervical cerdiac nerve and tne right astellinte cardiae
nerve were stimulated consecutively by rectangular pulses froa
a Urecs madel 5D-5 stimulator with continmuous monitoring on a
cathode ray oscoilloscope. To eliminate the posaibility of
thoraclie afferent stimulation leading to reflex setivity, the
cervicul vegosympathetic trunks were sectioned in the neok.
atroplne sulfste (0.25 mg) and eithaer tetraethylammonium C1
(2.5 ag) were administered by successive injections directly
into the stellate and cauwdal cervical gengliz, stimulstions
beliug carried out before end sfter each injection. PFinally,
atropine sulfate (0.5 mg/kg) snd one of the three named ni-
cotinie blocking agente vere given systemicelly (0.5 mg/kg)
and the uerve stimulations repeated after esch intrevenous ine-
Jection,

The gsecond series of experiments involved the
study of afferent vagul pathways and in this series the animals
wers Intubated, waintained on pomitive prasssure respirstion
and a lateral thorscotomy was performed with the removel of
the firast six ribs. 411 connections of the vagosysm;iathetiec
trunk on the operated side were severed from the diaphragmatic
level to above the caudsl cervical zanglion. 7The contra-
lateral vagosympathetic trunk was untouched. 4 Walton-Brodie
strein gauge arch was sutured to the right ventricular epi-
eardlum, It wes felt at the time of the experiments that the
repponse of the right ventricle to & mmssive afferent stimul-
atlon would result in a totel chunge in right ventricular con-
trectile force. Unjublished duto indicmtes thut this usy not
be true but this informstion was not aveilable at the time the
experiments were cuonducted. The true neture of a differential
right ventricular response to afferent stimuletion hea there-
fore not been deteruined. Aortic blood pressure was recorded
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with a8 catheter vias the internel thormolic mrtery oconnected to
a 2340 Stathenm pressure trzneducer. Right ventrioular con-
tractile foree wnd amortic prescure vere reccrded on g Grass
model 7 polygrsih.

The vegosympathetic trunk was stimulated nnd all
stimulations were continuously monitored on a cathode ray oceclle
lescope.

Pour experimental steps were employed: 1) control
stinulations vere ourried out in which selected brenches or
portions of the vugosyaupathetic trunk were electrioanlly stimul-
ated, 2) the contralateral vagosympsthetie trunk was then
sectioned in the neck and the stimulations repeated, 3) the
contrelateral stellate ganglion was completely removed and the
stisulations repeated and 4) the animel was given jropranoclol
(0.25 mg/kg) ané the stimulations repeated.




ptions~Sympathetlic Cardiae Fathwar

Figure 1 illiustrates the arrengezent of the
synpathetic and vagosympathetic trunks of the dog whose res-
yonges sre illustrated in Figurea 2 and 3. The nerve tracts
are identiflied according tc the terminology developed by
Hiseres (97). The ventral view of the heart in Pigure 1 illu-
astrates the placement of the five strain gauge arches in the
dog, and the contruactile responses from these aress are illu-~
strated in Pigures 2 and 3. Thus, Pigure 2 {llustrates res-
ponse %0 electrical stimulation at four selected portions of
the right thoracio autonemic supply to the heart; the T4 seg-
ment of the thoracic sympathetic trunk, the stelliate ganglion,
the right anterior anss and the atellate cardiac nerve. Each
location was stimulated first under control conditions, next
after the injection tetraethylammonium C1 (TEA) into the stel-
late ganglion and finally after the injection of TZA into the
caudal cervical ganglion.

Stimulation of the T4 segment under control
conditions ylelded a generalised increamse in the foree of con~
traction as seasured at all five areas of the heart, san asso~
clated ilnorease in pulase pressure as recorded in the femorsl
artery, as well as a 60 beat/minute ineresse in heart rate.
&timulation of this same segunent after the injection of TEA
into the right stellate ganglion resulted in a 1% redudtion
in the inotropic response with only a 38 beat/minute increase
in heart rate. Blood pressure elevation was correspondingly
reduced., 3timulation of the 74 segment after the injection
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FIGURE 1

ANATOMY OF THE THORACIU AUTONUMIC NERVOUS
SYSTEN AND STRAIN GAUGE PLACEMEKYT
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Above, 3ketch of the left and right sympathetio
and vagosyupathetic trunks of the dog whose responses are
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shown in figures 2 and 3. Terminology is after Kiseres (97).
Below, dketch of the snterior surface of the heart iliustrates
the location of strain gauge arches from whioh records shown

in Flgures 2 and 3 were made.




FIGURE 2

RESPONSE TO STIMULATION OF THE RIGHT
CARDIAC SYMPATHELIC NERVES
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Reaponses of the heart.to electrical stinulation of
four neural segments (right T4, right Stellate ganglion, right
enterlior ansa and right Stellate cardiac nerve) under three con-
Bitiong (Contrel, after injection of TEA into right Stellate
canglion and after injection of TEA into right caudal cervical
canglion). Respohses are recorded from strain gauge arches to

E e epiecardial surface of the left ventricular base (LVB), left

entricular apex (LVA), right ventricular conus (RVC), right
entricular sinus (RVS) and right atrium (RA). Femoral arterial
pressure (BP) is also shown. All stimuli were constant at 10
yoles/second, 5 msec and 5v (the latter adjusted during each
timulation as monitored by cathode ray oscilloscope).
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of TBA into the right caudal cerviosl ganglion yielded only
alight inoreases in contractile force from the left ventricle
and the right atrium with a residusl 38 deat/minute increase
in heart rate. Blouvd pressure ochanges were barely discernible.

Stimulation of the right stellate ganglion ylelded
genersaliged positive inotropic and chronotropic responses of
greater sagnitude than did control T4 stimulation owing to the
entry of sdditional eardiac pathways through the upper three
thoracic rami. After the injeotion of TEA into the stellate
ganglion the responses were again slightly less, indieating
blockade of a relatively fow synapsen. However, after the in-
Jection of TEA inte the caudal cervical ganglion, stellate
stimalation eldcited little or no change in ventricular con~
treotile response with a residual acceleration of 25 beats/
minute and a 2575 augmentation in right atrial foree. Right
snterior anss atimulation, during both contrel and following
stellate bloockade, indused positive inotropic and chronotropiec
responses with elevation ia blood pressure. dgain, following
injeoction of TEA into the eauwdal oervioal ganglion, the ree-
ponse to stimulation was obliterated except for a 30% positive

iaotropic response from the right atrial segeuent and a 30 h-utﬁ

sainute acceleration.

Stimulation of the stellate cardiac nerve (See
Pigure 1) yielded little or no inotrepio response but induced
& profound increase in heart rate (from 143 to 218 b/m), with
agcompanying pulsus alternans. This cohronotropic response was
only slightly changed by ganglionie blockade. Thus, a small
nusber of fiders at the level of the T4 segment make synaptic
connections in the atellate with a major proportion in the
caudal gervical ganglion. Xven after TEA blockade of both
ganglia, positive inotrepic and chrenotropic responses per-
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sisted to 74 stimulation with four alternative explanastions;
1) synaptic conneotions may be made near either ganglion but
not in the structure itself, 2) some pre-gunglionic fibers may
synapee at the level of the iheart as suggested by Brown (23),
3) sympathetio fibers say synapse central to the T4 seguent as
suggested by Alexander et al. (3), or 4) the ganglionic blockade
may have been incomplete. The faet that the response to stel-
iate ganglion stimulstion is not much affected by the sdmini~
stration of TEA into the steliate ganglion indicates that its
neural and functionsl oaspacity is not sompromiped and rregang~
lionic fibers continue to respond to elestrical exeitation.
Synaptio conneotions blooked in the stellate may not shovw re-
ductiona in contractile force response provided the postgang-
lionie fibers are stimulated directly. 3Since the anterior sasa
is distal to the first injection, there should be no difference
in response providing the dlocking agent did not diffuse into
the systemie oiroulation and induge generslized blookade. Thus
most of the aynaptic connestions appear to be made in the caudal
cervioanl ganglion with a lesser nusber in the stellate ganglion.
Stimuiation of the stellate cardiac nerve whiob is distal to
the points of injection shows no change from control which in-
dicates the lack of any deterioration of the prepsration.

Pigure 35 illustrates respouses to electrical sti-
mulation before and after injections of TEL lato the left stel~
late and caudal cervical ganglia. 4s on the right slde, the
nagnitude of change in contractile force indiceted relatively
few cardisc pre-ganglioniec fibers were preasent at ithe fourth
thoraclie segment. Nevertheless, blogiade of the left stellate
ganglion resulted in siight depresslon of the response to 14
stimulation, whioh was further depressed after bdlockade of the
caudal eervical ganglion. Control stimulations of the stellate
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PIGURE 3

RE5 PONSES TO OTIMULATION OF YiE
LEFT CARDIAC SYKFATHETIC NERVED
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Responges of the heart of the same dog as in PFigure
2 to eleotrical stimulation of four neural msegments (left 74,
left Stelliate ganglion, left anterior ensa and ventromedial
cervical cardise nerve) under three conditions (Control, after
injection of TZA into left stellate ganglion and after injection
of T3a into left caudal Cervical ganglion). Itimulation para-~
mseters same as Pigure 2.
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ganglion and the left antericr ansa ylelded wsximum inotropie
responses snd accelerstion of 80 beats/minute. 7These responses
were only slightiy altered by stellate injeotion of THk, Howe
ever, followlng additional blockade of the caudal cervical
ganglion, the responses were murkedly reduced. These in-
fluences wers essentially confirved during comparable manuevers
at the left anterior atisa. ZRespouses t0 comparable exoitation
of the ventromeiial cervical cardiac nerve, which carries a
variable fruction of cardiomotor post-ganglionic fibers, re~
sained intact in spite of gangliomic blookade.

Pigure 4 ililustirates tue responses of six areans
of the heurt together with asortic pressure during elestrisal
stiguiation of the deventralized left atelliate gunglioun. ZThe
Tirst vertical peanel represests the siaultanevus reeponses to
control stimaletion. Injection of 0.2% ml of U.9§ saline inte
the stellate gunglion (panel 2) or caudal cervical ganglion
(panel 3} produced no signifiocsnt alterations in response to
stisulation. Injection of U.25 mg atropine sulfute 1ato the
stellate ganglion &isd resuited in little or no change. How-
ever, after injection of atropine inte the oaudal cervical
genglion there was & decline in the rate of develojpment of the
gtrain guuge response 0 atimulstion as well as & deorease in
the sagnitude of the contractile responses of Ri mand lLi. Also,
the inorease ia heart rate attained only 63% of the control
responge. The injection of 2.5 sg IZA into the stellate
ganglion wae without sjpyerent sffect. #inaliy, the injection
of T34 into the osudal carvical gsngllion profoundly atienuated
the response to stellats atimuiation. Ilhkiriy-Ifive sinutes
efter the injection of 174 into the caudal ocervical ganglion
stimulation of the stellate ganglion ylelded positive res-
ponges indlosting initisl recovery frox the ganglionie hlaetnaui




FIGURE 4

RESPONSES TO STIMULATION OF THE LEFT
STELLATE GANGLION

LEFT STELLATE )
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Responses of the heart to electrical stimuletion of
the left stellate ganglion under eight conditions (Control,
after injection of 0.25 ml saline into left stellate ganglion,
after injection of C.25 ml saline into left caudal cervical
ganglion, after injection of 0.25 mg atropine into left stellate
ganglion, after injection of 0.25 mg atropine into left caudal
cervical ganglion, after injection of TEA into left stellate
ganglion, after injection of 25 mg TEA into left caudal cervical
ganglion and 35 minutes after the injection of 2.5 mg TEA into
left caudal cervical ganglion). Responses are recorded from
strain gauge arches stitched to the epicardial surface of the
right atrium (Ra), right ventricular conus (RVC), right ventri-
cular sinus (RVS), left atrium (LA), left ventricular base
(LVB) and left ventricular apex (LVA). Aortic blood pressure
(BP) and the change in heart rate, in beats/minute, is shown
during each procedure. Stimulation  parameters same as Figure 2,
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Mgure 5 illustrates the response of the sanme
animal to right sympathetio stimulation. Little or no change
wa® apparent in the response to stellate stimulation in the
first four janels. However, after the injection of atropine
into the vaudal cervical ganglion s s8light reduction in the
rate of rise of the response sppeared, the peak arterial pres-
sure response wad decreased by 10 mm Hg and the heart rate res-
fonse reached only 8584 of previoug asxima. The injection of
TEA into tne atellate ganglion did not alter the previcus res-
ponge but the injected of TEA inte the csudal cerviecal yanglion
markedly reduced all foroe, neart rate (387 of the previous
reagonse) and blood pressure reaponses.

Pigures 4 and %5 illustrate the following points;
1) the intraganglionie injection of a ¢.25 ml bolus of saline,
atropine or T2k does not alter the transmisaion of impulses
through the ganglion as reflected by the useasured ocardiac res-
ponses, 2) relatively small amounts of the locally injeocted
ganglionic blocking agents diffused into the eystemiec cireulat-
ion as revealed by the abasence of alteretions in systemic blood
pressure, 3) injection of THEA into the stellate ganglion does
not markedly alter the response to T4 stimulation (Pigure 3)
indicating that TxaA itself does not wlter axoual conduction,
either by compression block or through action on the axon itmelfl

Table 1 summarizes datu in which the complete
series of observetions were made from twelve animals. The
values represent the per oent change from prestimulation con~-
tractile forae and heart rate during stimulation of eight neurs)
segments (four on the left and four on the right). These res-
ponses were tabulated for six areas of the ceart and heart rate|
Thus stimulution of the left T4 segment before the sdministrat-
don of blocking agents resulted in an aversge increase in the




FIGURE 5

RESPONSES TO STIMULATION OF THE RIGHT
STELLATE GANGLION
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Responses of the heart of the same dog shown in
Figure 4 to electrical stimulation of the right stellate gang-
lion vnder seven conditions (Control, after injection of 0.25
rl saline into right stellate ganglion, after injection of 0.25
ml saline into right caudal cerviecal ganglion, after injection
of 0.25 ml saline into right caudal cervical ganglion, after
injection of 0.25 mg atropine into right stellate ganglion,
after injection of 0.25 mg atropine into right caudal cervical
ganglion, after injection of 2.5 mg TEA into right stellate
ganglion and after injection of 2.5 mg TEA into right caudal
cervical ganglion). Stimulation parameters same as Figure 2.
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force of contraction of the region of the left ventricular
base (LVB) of 47%. S3imilarly for the left ventricular apex
(LVA) the average response achieved 1255 of contrel.

The Pisher t-teat wvas employed t0 determine the
level of significance of the results and the asterisks after the
figures denote the degree of significance caloulated and the
standard error is indicated.

injeotion of atropine into the stellate ganglion
frequently resulted in o significant reduction in response to
T4 stimulation. This was further reduced by atropine in the
caudsl cerviesl ganglion. However, the major blooking setion
ogcurred uyon injection of TEAL direotly inte the eaudal cervical
ganglion with responses attenunted on all test portions of the
heart. Successive stimulation of the sympathetic cutflows at
the stellate ganglion snd anterior ansa induced much greater
contractile and heart rate changes due to the sntyy of large
sunbers of pre-ganglioniec fibers froam the 13-T1 segments. The
sajor attenuntion in response followed TEA injection into the
caudal cervical ganglion indioating this ganglion is the
prisary synaptic eite for the cardiac sympathetios. It appears
that synaptio connections are made in the left stellate ganzlion
since there was a decreass in response to stimulsation of the
left &4 segment. It seems, bowever, that the left atellate
ganglion (ecomposed of s fusion of the first three thorscic
ranl in the dog) does not contain all the esrdiac sympathetic
synapses since the injection of TEA into the ocaudal cervical
gonglion markedly reduced the response to left stellate and
left anterior ansa stinulation. There is evidence that eardisc
sympathetio fiber tracts terminating in specific areas of the
heart (Ri), pmsa through the 14 level and msy be blocked by
atropinisation of the caudal oervioal gangliom. After the T4
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contribution combines with cardiac sympathetic tracts derived
from the T3-T1 segments, as in the atellate or the anterior ansa,
the influence of the T4 derived fibers on the response %o sti-
sulation of larger trunks is reduced.

Injection of atropine into the right stellate in-
duced significant changes in the response of the right ventricle
and heart rate t0 electrical excitation at the T4 seguents,
thus indicating a diastinet difference in location of synapses
and diatribution of post-ganglionie fibers when compared with
the left side. However, the predominant mass of synapses for
sympathetic pathways to the entire heart reside in the caundal
cervieal ganglion. Both stropine and TEA induoced signifioant
blookade of the rignt caudal cervioal ganglion, with the action
of TEA invariably induoing the more complete blookade. Itimul~
ation of the right stellate cardinc nerve resulted in 1ittle
significant change indicating that most of the fibers in this
partioular trect are post-ganglionic. The systemio admingi-
stration of atropine following looalised ganglionie blockade
often resulted in sonevwhat greater responses to sympathetic
nerve stimulation, but the alteration was not sufficiently con-
sietent to establish significance. Systemic sdministration of
T2ZA often produced s small additional attenuation in oantractilj
and heaxrt rate response, suggesting the existences of more dista
aynaptic sites although additional bloockade at the stellate
and ocaudal cervical ganglias cannot be ruled out.

! jways ix ’.-.‘.,... ;v nGe Keligx ""'

Pigure 6 illustrates the cardiovascular responses
of a dog to right vagal afferent stimulation. It should be
noted that after left vagiseotion there was 1ittle change in

¢either the control level of right ventricular acontractile foree
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or aortic blovd ;resszure. After left stellate ganglionectomy,
however, both control recordinga were depressed. After pro-
pranclol there were only slight changes in gontresotile force
and systemioc blocd pressure.

3timulation of the vegosympathetic trunk at the
level of the diaphrags yielded little Or no response and in
most instances this was characteristic. Stimulation of a
branch arising from the level of the pulmonary hilus showed a
deyressor response with bradycardia. The bradycardia was eli-
ainated by contralateral vagisection but the depressor response
resained during stimulation. After left stellate meotion the
rete of recovery was decreased and the addition of propranoclol
did not alter thia response., Stimulation of the vagosympa-
thetic trunk one centimeter rostral to the pulmonary hilus
yielded responses essentially identiecal to those elicited from
tae pulaonary branch. Htimulation of the vagosympathetie trunk
1.0 centimeter caudal to the recurrent cardiac nerve ylelded
respongses 0f the same nature ae the two previous stimulations.

Stimulation of the recurrent cardiac nerve caused,
in order of appearance; a pressor response, a slight dradycar-
dia and a slight depressor response. After contralateral vagi-
section the bradycardia was adolished but the pressor and de-
preasor responses vwere still elicited by e¢leoctriocal excitation,
In addition, after vegisection an ineresse in right ventri-
oular foree ocourred during stimulation but this increase did
not oecur following stimulation after left stellate section.
It should 8ls80 be noted that stellectomy markedly reduged the
pressor component of the response to eleectrical stimulation as
reflected by the aortie pressure recording. Fropranclol did
not affect this response. Ancther point of interest concerns
& comparison of the ongset of the depressor response after re~
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after cervical section of the contralateral vagosympathetic
trunk, after section of the contralateral stellate ganglion,
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current cardisc¢ nerve and pulmonary brauch stimulation. The
onset of the depressor response after pulmonary branch stimul -
ation was 4-8 seconds while the onset aftser recurrent oardiao
nerve stimulation was 10-12 seconds (comparison after propranc-
lol).

Stimulation of the vagosympathetic trunk one centi-
aeter rostral to the right caudal cervical ganglion yielded a
prolonged pressor response and bradyoardis which remained pro-
nounced even 35 seconds after cessation of stimulation. Con-
tralateral vegisection sbolished this prolonged response and und
masked & pressor response of short duration as well as an in~
orease in right ventriocular force. Left stellate section re-
duoed the pressor response, sarkedly reduced the right ventri-
oular foroe response, and slicited a depressor response. Fro-
Pranclol 4id not further alter these reaponses.

Stimulasion of the right cerviecal vagosympathetic
tyunk high in the cervical region ylelded a prolonged brady-
cardia and pressor response. Contralatersl vagiseotion elimin-
ated the bradycardis but the prolonged pressor response re-
mained. Also unmasked by vagiseotion was an inerease in right
ventricular force and heart rate which began 3 seoconds after
the onset of the sortis pressure response. After stellate
section both the onaet of the ineresse in right ventricular
force and the peak of the pressor response wers delayed. Fro-
pranclol abolished the inorease in right veatriocular forge and
sliminated the tachycardis accompanyling stellate section. The
mugnitude of the pressor response was not further affected by
propranolol.

Figure 7 illuatrates the cardiovascular responses
of g dog 10 left vagal afferent stimulution. It should bde
noted that after right vagisection there was a slight inorease
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FIGURE T

RESPCNSES OF THE HEART Afu BLOOD PRESSURE
TO LEFT AFPFERENT STIMULATION
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Responses of the right ventricular sinus (RVS) and
aortic blood pressure to stimulation of the isolated left vago-
sympathetic trunk. Stimuli were the same as Figure l. Seven
stimulation points were stimulated under four different con-
ditiong, control, after cervical section of the contralateral
vagosyunpathetic trunk, after section of the contralateral stel-

late ganglion, and after 0.25 mg/kg propranclol.
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in the control walues of right ventricular force and heart rate
but little effect on aortia blood pressurs. After right stel~
lectomy control right ventricular force and heart rate fell but
contrel blood pressure remained approximstely the same. Aifter
intravenous administration of propranclol, control right veatri-
cular foroce and heart rate decreased with little change in blood
pressure.

Stimulation of the left vagosympathetic trunk at
the level of the diapbregm resulted in s slight deoresase in
both right ventricular force and heart rate. There was a bi-
phasie presaure response, & slight increane followed dy a slight
decrease after stimulation. After right cervical vagisection
there was no change in response to stimulation. This remained
unchanged after stellectomy and propranclel. 3timulation of
the vagosympathetio trunk at the level of the pulmonary hilus
resulted in prolonged bradyoardia which commenced before any
change oocurred in the level of blood pressure. Furthermore,
right ventrioular contresctile force was decressed in response
to stimulation with aortic pressure at a constant level. Both
the bradycardia and the negative inotropis response were abol-
ished after contralateral wvagineotion. There was only a slight
biphasic pressor sund depressor response which was not abolished
by veagisection. After mtelleotomy no change was observed in
responge to electricel stimulation and this waes unaffected dy
propranolol.

3timulation of the vagosympathetic trunk 1 oenti-
meter caudal to separantion of the ventromedial cervical cardisec
nerve resulted in bradycardia rapid in onset (within 1 seaond
of the onset -f stimulus) and prolonged in durstion (91 seconds
after the cessation of stimulus) which was abolished by contra-
lateral vagiseotion. A alight pressor response was maintained
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after vagiseotion dut this was markedly reduced after stellec-
tomy and absent after propranclol. Aifter contralatersl vagi-
section there was a progressive decrease in right ventricular
force whioh 414 not oecur after right stellectomy and proprenoc-
lol.

Stimulation of the ventromedial cervical ocardisc
nerve resulted in a pressor response wvhile both heart rate and
right ventriocular force declined. These decreases were not
elicited after right vagisection. The magnitude of the pressor
response was most affected by vagiseotion while stellectonmy
did not slter the response further. After propranclol there
wvae little response to stimulation.

Stimulation of the vagosymjathetic trunk .5 centi.
meters caudal to the ceudal cervical ganglion resulted in a
prolonged bradycardia and pressor response which were abolished
after contralateral vagiseotion. During the iaitial phase of
the bradycardia, right veatricular force fell while aortic
pressure remeined constant. After vagisection the pressor
response becaume bdiphasic, an initial inerease in jpressure fol-
lowed by a decrease. The biphasic response was diminished
after stellectomy and there appearsd to be little response
after propranclol.

Stimulation of the vagosympathelic trunk 1.0 centi.
meter rostral to the caudal cervisal ganglion resulted in a
rapidly developed, prolonged pressoxr response, a prolonged
bredycardia and a decresse in right ventrieular force. The
prolonged responses and the decreased force vere abolished
aftor contralateml vagal section and right ventricular force
becanme increased. The pressor response showed a fast rising
initial component followed by a plateau or sescondary component,
Stelleotomy resulted in a decrease in the fast rising component
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with & delay in the onset of the force increase. Froprenolol
abolished the latent increasse in forge and deoreased the magni-
tude of the pressor response.

Stimulation of the left cerviosal vngosynpathctio
trunk produced responses similar in nature to those seen in the
previougly stimuluted segment but of a much grester magnitude.
After stellectony there was & prolonged pressor response which
wvas not abolished by propranolol although right ventricular
force wes decroased. It should be noted that this prolonged
response wus not elicited after vagisection. The arrhythmic
nature of the trace may be dus to the afterlecad inorease due
to the incremme in acrtic presaure due to a peripheral vascular
constriction.

Table 2 summarises the average responses of fifteen
animals to those procedures illustrated in Figures 6 and 7.
Right wventricular force, systolic pressure, dimstolic pressure,
pulse pressure and heart rate were messured in response to
electrical stimulation of six different points on the left and
right vagosympathetic trunks. The points were; 1) cervieal
vagosympathetic trunk, 2) 1 om above the caudal cervical gang-
lion, 3) either the resurrent (right) or ventromedial (left)

lion, 5) st the level of the pulmonary hilus and 6) at the dia-
phragmatic level. PFour different experimental comditions ob-
tained; 1) control stimulation, 2) stimulation after contra-

and 4) stimulstion after propranclel (0.2% mg/kg IV). The
standard error was calcoulated and accompanies smnch wvalue in the

table. The responses are given in terms of percent of the pre~
[stimulation control contractile foree, pressure, or rate. Thus
the response of right ventricular force to contrel stimulation

cervical cardisc nerves, 4) 1 om belov the caudal cervical gang-

lateral vagotomy, 3) stimulation after contralateral stellectoay
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IABLE 2

GERVICAL ABOVE BELOV PULMONARY DIA-

RIGHT vedT P, @138 109%15 104311 107323
SYSTOLIC B.P. 139315  141f8 1349 116820
DIASTOLIC B.FP. 127%2 13548 12785 111%22
PULSE PRESs. 201%84  173%20 143%9 148f7

HEAR? RATE _4649 69%8  72%6 6616

P8 Gia &
-

, Al ¥

RIGHT VENT P. 140%e  150%19 166%26 125018 108h12
S8YSTOLIC B.F. 17053 175813 15626 124419 |
DIASTOLIC B.P. 161%2 171413 151415 12319
PULSE PRESS. 2133 180220 177526 X2
HEAKT RATE 11852 1174

; STELLECTONRY

RIGHT VENT ». 274394 184333 10030 112327 106%6
SYSTOLIC B.P. 2208%1 202%29 122%14 9312 97y
DIASTOLIC B.P. 319¥1%0 213%52 123816 got12 oy
PULSE FRESS. 226831 171%20 L5 1z 956
HiaRT RatE 132819 116%6  109%9 104% 1033

~ZBOPRANOLOL, ,
RIGHT vENT F. 1c00%o  140f33  a3to 128%28 100%
SYSTOLIC B.P. 141311 182925 125%2% 119%34 8911
DIASTOLIC B.2. 14 192d28 130830 1:ateo  sedwe
PULSE FRESS. 194394 148819 110210 10529 1000

HEART RATE  100%0  104% 103%3 108%  goh1

2 "x* = Standard Error

1008 = Pre Stimulation Control Velue
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TiBLE 2 (CONT'D)

e e SE OB ERO L

CERVICAL ABOVE  REC.

MAGUS _ COO _ CARD.N.
IGHT VENT P. 10937 111dy  134f22
ISTOLIC B.P. 138714 1310 127412
pLasTOLIC B.P. 148810 133011 13739
PULSE PRESS. 142%20 150113 126510
meﬁm BATE g5t T 89%4

RICHT VZNT P. 1437 149311 119%10
[sysronic B.z. 16585 161%9 122811
DI4STOLIC B.P. 17448 170411 134h1)
FULSE PRESS., 13056 13112 109%s

HEART BATE  _320%7 21637

RIGHT vawr P, 138% 132d7  105%8  10sf7r 933 97d3
SYSTOLIC B.P. 169%9 146%21 103f19  e9fis 77236 1033
DLASTOLIC B.P. 174110 159%14 106%28  s2h1s 106228 103%3
PULSE FRESS. 156320 115%1  96f6 10901 ged9  103%3
HEART BaTs  _109% 306%3 joo*z ~ a00%f0  acoto ~ 200%

RIGHT VENT F. 115%7 115% 10035 95t11  gef2  100d0
8YSTOLIC B.P. 16739 1s1%12 102tza  &si;  sof9  106%6
DIA3TOLIC B.P. 174%6 15¢%10 102%26  e3l39 170 107
PULSE iRe3s. 146531 123716 10474 96=2 9574 10050
HEART RATE  J00%0  100%0  100o%o  adoto  100%0  100%0 )

1 "x* = 3Standard Error
1904 = Pre Stimulation Control Value
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of the left cervical vagosympathetic trunk was 8138 percent of
the prestimulation control response. Similarly stimulstion of
the left vagosympathetic trunk 1 om above the caudal cervieal
ganglion under the same conditions resulted in a 10915 per-
cent response or ot1s percent over prestimulation control.

The responses of right ventricular force, systolic
blood pressure, pulse pressure and heart rate as listed in
table 2 are graphed in Pigures 8 and 9.

Figure B illustrates the responses to stimulation
of the left vagosympathetio trunk. 3Stimulation at the level of
the diaphraga resulted in only slight changes fros conirol
levels, indicating that few if any afferent jathways with car-~
diovascular sffects are present at the diaphragmatic level. 4
elight but definite bradycardia was generally elicited in the
control as well as & slight inerease in systoliec and pulse
presasure. Singe after contralatersl vagotomy the pulse pressurd
and systolic pressure fall with a conmensurate rise in heart
rate, it would sppear that the change in pressures are due to
the induction of the bradyocardia. 3IStimuwiatien at the level of
the pulmonary hilus resulted in a marked bradycardia with an
1ncra§na in pulse pressure dut no change in systolio yressure
and a deoresse in right ventricular force. After vagotomy
systolic and pulse pressures fell in response to stimulation.
After stellectomy all parameters except heart rate were slight-
ly dejpressed. After propranclol there was a slight decrease
in systolic pressure but no other deoreases.

It would appear from this graph that there is &
definite depreasor reflex whose afferent input is at the level
of the pulmonary bilus. This confirms the work of DeBurgh Daly
who found a depressor reflex originating from pulmonary stretoh
(46). 1n their records they 40 not show a bradycardis of vagal
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FIGURE 8

RESPONSES OF SEVEN DOGS TO
LEFT AFFERENT STIMULATION
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Respongea of right ventricular force, systolic bloo
pressure, pulse pressure and heart rate to stimulation of the
left vagosympathetic trunk at six locations: 1) cervical vago-
sympathetic trunk, 2) 1 em rosiral to the caudal cervical gang-
iion, 3) ventromedial cervical cardiac nerve, 4) 1 cm distal to
the caudal cervical genglion, 5) at the level of the pulmonary
hilus and 6) at the level of the diaphragn. Stimulations were
carried out at each point under four consecutive procedures; 1)
control stimulation, 2) stimuletion after contralateral vago-
tomy, 3) stimulation after contralateral stellectomy and 4)
gtimulation after propranolol (0.25 mg/kg IV). All stimulation
were at 30 cvcles/sec, 5 msec duration and 5 volts (the latt
being adjusted during stimulstion es monitored by a cathode
oscilloscone). All data and standard errors taken from Table
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origin which is present in these experimenta. The bradycardia J

sonfiras observations mede by Brodie and Russel (17), whioh wer
challeaged by inrep et al. (4). aAnrep's oriticism can not be
applied t0 the present work asince the left vagosympathetio tr
was disconneoted from all posasible efferent connections to the
heart before stimulation was undertaken.

Conslder the responses to stimnlation of the three
follovwing points, 1) 1 on below the eaudal cervical ganglion,
2) 1 om above the ecaudal cervical ganglion and 3) the cervioal
vagosympathetic trunk. It will be noted that there was &
general inorease in the responses after vagotomy, stellectomy
and propranclol as the eleotrodes were moved rostrally. It
would appesr that there is an input of pressor reaponses or
sfferent ypathways which result in presacor responses as one
stimulates more rostral portions. One would expect, in the
control atimulations, for right ventricular foree, systolic
blood presaure and heart rate decreases to be more pronounced
as one moves rostral, due to inoreased recruitment of ancillary
baroreceptor fibers as the data of Boss and Green (14) suggest.
After vagotomy there is an inoreasse in pressure and force which
indicates that therse may be ancillary chemorecepytors as well as
baroreceptors in the left carotid artery which have inputs fato
the left wvagosympathetic trunk.

Figure 9 summariszes the reaponses of the right wvago.
sympathetic trunk to stimulation. All neursl segments are at
the same levels s in the previous figure except that the re~
current cardiac nerve was stimulated instead of the ventro-
medial cervical cardisc nerve. Stimulation of the right vago-
sympathetic trunk generally produced responses which were of e
leaser nagnitude than those found after left vagosympathetic
trunk stimulation. Changes in heart rate resulting from right
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FIGURE 9

RESPONSES OF EIGHT DOGS TO
RIGHT AFFERENT STIMULATION
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Responses of right ventricular force, systolic blood
pressure, pulse pressure and heart rate to stimulation of the
right vagosympathetic trunk at gixz locations: 1) cervical vago-
sympathetic trunk. 2) 1 em rostral to the caudal cervical gang-
lion, 3) recurrent cardiac nerve, 4) 1 cm distal to the caudal
cervical ganglion, 5) at the level of the pulmonary hilus and
6) at the level of the diaphragmn. Stimulations were carried ouy
under the four consecutive procedures listed in Figure 8. Sti-
nulation parameters were the same as in Figure 8. All data and
standard errors were taken from Table 2.
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vagosympatheticg trunk stimulation (le, efferent 1imd via the
left vagosympathetic trunk) were lees than that seen when the
right vagosympathetic trunk carried the efferent limb of the
response arc. This follows from the work of Handall et al.
(108) indicating that the right vagosyspathetic trunk carries
aore fibers involved in alteration of heart rate. Again sti-
sulation of the vagosympathetic trunk at the level of the dia-
phragm produced only slight increases in right ventricular forog
and systolic bdleod pressure before and after contralateral vagot
tomy, These were abolished after contralateral stellectomy.
Stimulation of the vagosympmthetic trunk st the level of the
palmonary hilus produced depression of right ventricular force
and systolic pressure as compared with stimulation of the vago~
sympathetic trunk at the diaphregn. Before vagotomy, stimul-
ation at the level of the pulmonary hilus resulted in e dearnauf
in all parumeters excepyt pulse jpressure wvhich was elevated pre-
dominantly because of the rute deorease. After vagotomy (and
elimination of the decrease in heart rate) there was slight de-
presaion of pulse pressure in the subsequent procedures. There
vag a consistent depression of right ventricular force and
systolic blood pressure in response to stimulation under all
experimental conditions. This is similar to the findings
during stimulation of the left vagosyampathetic trunk at pul-
monary hilus. Again, as the stimulating electrodes were moved
rostrally, the response to stimulation increased.

Comparison of the reaponse to stimulation of the
more rostral branches of the vagosympathetliso trunk and the
response to stimulation of either the ventromedial cervical or
recurrent ocardiac nerves shows that the responses are not
additive, at least 88 far as the recording technigues employed
in this study may be evaluated. Thus it is diffiocult to aauaaal
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the quantitative contributions of different nerve tracts to the
afferent input. However, the qualitative increase in the number
of fiber tracts entering the vagosympathetic trunk as it ascends
toward the hemd is evident from figures 8 and 9.




LISCUBSICH

The technique of localised injection does not ad-
versely affect the physical or structural ability of the nerves
to conduct impulses since injections of saline did not alter the
responss of the heart to nerve stlaulaution. Furthermore, Lang-
ley (83) using nicotinic depolarisation blocking sgeants (ie.
nicotine sulfate) frequently recorded initisl autonomous in-
oreases in cardiac rate and force of contraction whioh indiocated
that the blocking agent was exerting an initial stimulatory
sffact.

The classical observations of lLangley (82), Cannon
et al. (29) and others suggested possible inhibitory effects of
atropine on sympathetic resjponses. HMNarraszi (93) in 1939 estab-
lished the role of atropine sensitivity in ganglionic trans~-
mission and Zoclem et al. (54) provided s test model for this
syatem. Zocles et al. hyyn%hcﬂxtcd that asusearinic receptors
have an important role in transaisasion through the rabbit su-
perior cervical ganglion. They showed the presence of a late
negative potential whiech oould funetion in altering the excita~
bility of the postganglionio oell body by partislly depolarising
it. Also they indicated a musocarine sensitive site on assooia~
ted ochromaffin cells which would relesmse catecholaxnine causing
the development of an inhibitory potential in the post gang-
lionic sympathetic cell body. Hore recently, Libet (90} showed
that loung lsating inhibvitory post eynaptic potentials (1P5P's)
and slow excitatory post symaptic potentiale (DPSF's) are
sbolished by atropine in the rabbit superior cervical ganglion.
He stated: "“The slow pust synaptlo potentisls provide models of

69




70
slow neurcnal responses which amay have relevance for the slow
activities in the autonomic and central nervous systems.®

The present data conclusively deaonstirate a great
nusber of cardiac sympathetic synajses in the dog's e&uﬂul oer-
vical genglia. Furtheraore, there appear ¢ be atropine sensi-
tive synapses thus confiraing the work of Browa (23). He ashowed
taat intravenous adainistretion of atrojplae abolished syn-
chronous 80 elevaticns in extracellular recordings of eardisc
syapathetic nerve trunks in the dog and cat. He aleo showed
that the ability of pre- and poat-ganglionio fibers to conduct
impulese traffioc were unaffected. He conoluded that atrojpine
(in doses as low as 350 miorograms/kg) partially blocked gang-
lionioc transmission. In the work of Libet and Eocles, atropine
sengitivity was considered important in the modulation rather
than the blookade of tranamission.

The results cbtained from the ganglionic injection
technique have ahown that the majority of canine cardiac sya~
pathetioc synapses are aade in the ocaudal cervical gaunglia. A
minority are made in the steliate ganglion and it appears, as
Browa (23) indicated, that soae fibers mey "run through® both
the stellate and caudal cervieal ganglia to synajpse near or
wiihin the neart. On the left side the majority of symputhetio
nerves in T4 appear to synapse in the atellate which differs
from the results obtuined from the right ganglim. <The T, to
I3 thoracic rami, which fuse to make up the steliate ganglion
on $he loft aside, appear to make a large nunber of synaptic
Junctions in the left caudal cervical gaunglion. Brown showed
that B fiber aotivity assoclated with curxdiac funcilion could be
recorded in whal have been vounsidered purely post-gangliounio
rierves. He proposed that some jregauglionic syampathnetie fivers
*run through” both the stellate and caudal cervical ganglia.
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The data in this dissertation lends some support to this
hypothesis.

This author has shown earlier (126) that the ecaudal
cervical ganglia are major loci for cardiac sympathetioc synap-
8es aud this observation hus been confirmed by Farr et sl.
(58). The importance of this obaervation lies in the consider-
ation of techniques employed to produce post-ganglionic dener~
vation in dogs. C{hronio removal of the astellate genglia cannot
be considered an sdequate technique for post-ganglionioc dener-
vation of the heart, and studies baged on the assumption that
bilateral stellectony results in total degeneration of post-
ganglioniec aymiathetic fibers sust de examined in a new light.
For example, studies of “"denervated" hearts snd their cate-
cholamine levels may reflect the catecholamine content of
adrenergic nerves rather than the heart.

Boss and Oreen {(14) reported the presence of anoil-
lary barorsceptor aresas in the carotid arteries of the cat and
dog. They indicated that the afferent fibers from these areas
entered tne vagosympathetic trunk and truveled up the trumnk
into the braianstem. 7The data presented here supports this view
in that supramaxisal stimulation of the upper cervical vago-
sympathetic trunk yields a more pronounced bradycardia than
stimulation of the thoracic vegosympathetic trunk Jjust rostral
to tne ocaudal cervicsl gangliom when the centralateral vagus
is intaoct. This effect is more prevalent when the right vagus
is intact and the left vagus is being stimulated.

After section of the oontralateral vagosympathetioc
trunk, supranaximal stimulation of the cerviesl vagoaympathetic
trunk yielded a greater pressor resjponss than supramaxisal
stizulation of the vagosympathetio trunk at a point immediately
rostral to the caudal cervieal ganglion. Thus, there may be
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accessory chemorecejytors as vell as acoessory barorecsptors
along the length of the dog's carotid artery. Berguann et al.
(10) have suggested that there may be a baroreceptor in the ocat
carotid sinus whieh incresses its firing rate with decremsed
distension of the baroregeptor ares. However, they did not re-
cord neural traffic in the sinus nerve but used pharmasvlogioal
agents as tools to study the sinus area. Zven if some influence
of this type of receptors vwere cited as & possible mechanism to
explain the inerease in response at the cervical levels, Berg-
mann ot al. have indicated that this receptor ylelds & small
rsaponse. Thus, if such receptors exist, their contributiocn to
the response would be expected to be sualler than the data pre-
sented in this dissertation would indicate. Purthermore, Bronk
et al. (19) bave shown that atimulation of carotid sinus
afferents causes a decresse in impulse traffie through the
stellste ganglion, presumably to the heart. Thus if the primsry
baroreceptor (the classical receptor vhich inoresses its firing
rate with increases in distension of the receptor area) is
activated by stimulation, inmhidition of sympathetic outflow
should be expected and this should predominate over the weaker
faciliitation response.

Frequently, stimulation of the vagosyapathetioc
trunk fros the level of the pulmonary hilus and cephalad gave
rise t0 a prolonged bradycerdia which lasted up to 11U seoonds
after the terminution of the eleoctrical stimulus. Helowell
(96) reported & similar finding. Daly et al. (46) studied a
cardiovascular depressor reflex generated by lung inflstion and
stizulation of the pulmonary hilus branches elicited this de-~
presaor resyonse. However, in addition to the peripheral vas-
cular respouse reporied by those workers, with the contralater~
al vegosymjmthetic trunk intaoct at this level we also obtained
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a reflex bradycardia. In a number of instances this brady-
cardia could be obiained after pulmonary level stimuiation
without a depressor reaponse as in Figure 7. This indicates,
since Daly's records 40 not show a depresasion of nheart rate,
that this bradycardia may be assooliated with some other reflex
phenomenon.

The depressor responge vhich Daly reported was
abolished by division of the nerves entering the vagosympatheti
trunk at the pulmonary hilus level which is where stimulation oj
the vagosyspathetio trunk produced a depressor response in our
experisents. Partheraore, the response was not affected by
division of the thorscic vagus caudal to the pulmonary hilus in
their experiment and in our experiments the depresscor response
could not be evoked by stimulation of the thorecio vagosympa-
thetic trunk below the level of the pulmonary hilus.

Brown (22) reported the preaence of a depressor
reflex arising from the left coronary artery of the cat under
chloralose anesthesia. Assoceiated with this reflex was a braﬂyw
oardis and he indicated that this response was abolished by
vagotomy. Thus the bradycardia seen with stimulation of the
vagosympathetic trunk at the level of the caudal cervioal gang-
lion may in part be due to this reflex mechanisa.

Stimulation of the vagocsympathetic trunk st the
level of the caudal cervieal ganglion jroduced a biphasie
pressure response with an initisl inerease in pressure followed
by a decrease in pressure. 3Stellectoay and proprgnolol di~
minished the cardiogenic pressor respouse with little effect
on the decresse in pressure. 3ince the depressor response is
first elicited at the level of the pulmonary bilus it would
seem that thie serves 8s & 004 example of the mixing of affer-
ent fibers as the eleotrodes are moved rostral tovard tae head.




T4
In 3 dogas stimulation of the cerviocasl vagosympa-

thetic trunk after contralateral vagisection resulted in pre-
dominantly a sympathetic response manifestied by pathways
coursing through the stellate ganglion since after 1ts removal
the positive inotropic response was delayed and was probably
due to seoretion from the adrenal smedulla. The fact that the
adrenal medullary response did not manifest itself until after
the steliate was reaoved indicetes that the adrenal response
may have been inhibited due to the jresence of the steliate
response. The carotid sinus bdaroreceptors vere intsot in thea
snimals and the respense of these baroreceptors to the rise in
pressure generated by the reflex atellate stimulation say have

inhibited the sotion 0f the late induced adrenasl medullary sti-

sulation. Thie indicates that the reflex rezulation of blood

yressure is more complicated than a simple on-off response from

one systea.

L




CONCLUSIONS

By means of injection of atropine, tetmethyl~-
samonium (THA) directly into the sympathetic ganglia while re-
cording contractile foroe, heart rate and arterial blood press
the location of sympathetic aynaptic connections was studied
in fifteen doge. Cardiac responses were eliocited by supramaxi-
mal electricnl excitation at points both proximal snd distal to
the stellate and caudal cervigal gaunglia. A majority of synap~
ses were found to be in the caudal cervical ganglion with eig-
nlficantly smalier nuabers in the stellate ganglion. Atropine
sensitive, muscarinio synapees, ss well as TEA sensitive nico-
tinic synapses were deaonastrated in both ganglionie locatiouas.
Evidenca is offered in support of the conceyt of sympathetic
fibers "running through® both ganglia Yo synapse within or
near the ueart itself.

Cardiovascular responses to afferent vagosympathetioc
elecirical atimulaiion while recording aortic blood pressure,
heart rate and right ventricular force were studied in fifteen
dogs. Four experimental conditions were imposed; 1) control
stimulation of various portions of the vagosympathetio trunk
completely isolated fromz all efferent connections, 2) stimul~
ation of the trunk after contralateral cervical vagotomy, 3)
stimulstion of the trunk after contralateral steliectony and
4) stimulation of the trunk after propranclol. Few afferent
fiver traote give rise to cardiovascular resjponses are at the
level of the diaphragm., Stimulation st the level of the pul~
monary hilus elicited a depressor response with & bradycardia
and stimuletion of the vagosympathetic trunk with the intact
contralateral vagosyspathetic &gunk often resulted in a pro-
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longed bradycardia. Jiressor reaponses incressed in magnitude
a8 the stimulating electrodes were moved rostrally along the
vagosympathetic trunk and the reaponses to afferent stimulastion
were broken down as to the levels of the vagosymjathetie trunk
at which different cardiovascular resyonses were elicited.
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