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INTRODUCTION AND REVIEW OF LITERATURE

The Weber brothers, Eduard and Ernst, in 1846, provided the
first indisputable evidence that the vagus carries inhibitory fibers to
the heart (7). Thie, in fact, was the first evidence for the sup=
pression or inhibition of an organ by the stimulastion of an appropriate
nerve, Cardiac inhibition as a result of vagal stimulation had been
 observed in animsl experiments and reported as early aes two centuries
before the Webers by Boyle and Lower, Haller, and Senec. These obser;
vations failed to gain recognition not because of the obscurity of the
authors or of the publications but.because of "the particular orien-
tation of the physiological thinking of those days® (2). Haller, in 1759,
presentsd & myogenic theory for the origin of the cardiac impuise, which
stated that it is based on the inherent irritability of the myocardium
itself. He, however, could not entirely divorce himself from the
thought that nerves probably played a part in the origin of the impulce.
Accordingly, the myogenic theory was accepted by neither him nor other
investigators of his time. Observations on the effect of stimulation
of the vagl, together with the finding near the atrioc-ventriculer
Junction of tiny ganglia which were supposed to be affected by the
sympathetic nerves, led to the neurcgenic theory for origin of the
cardisc impulse. This theory attributed the origin of the heart beat to
spontaneous or reflex acti#ity of the cardiac ganglia and the transmission
of the cardisc impulse to the intracardiac nerve fibers orlginating in
‘the ganglia. The neurogenic theory persisted in spite of the obser-
vatione of other workers that the heart could continue to beat after
the brein was destroyed, the animsls' heads cut off aﬁd 2ll the nerves of

the heart divided (2).



Volkmann, in 1838, reported the influence of the vagus on
the movements of the heart of the frog but did not point out ite signi-
ficance. Then in 1846, the Weber brothers, mainly Eduard, demonstrated
vegal inhibition and shortly afterward Claude Bernard described cardiac
arrest in response to vagal stimulation upon repeating the Webers!
experiments. Since that time, the evidence for vagel inhibitory fibers
has been corroborated by innumersble physiologists.

Gaskell, in 1883 (3), pointed out that stimilation of the
left vagus in the frog produces an incomplete auriculo-ventriculsr dis-
sociation. Hofman (9) found that in frogs stimulation of the right
vagus produces a complete arrest of the heart, while stimalation of the
left vagus produces only a weakening of the beat. Other animasls, such
as the news (4), cat (5), horse (6), pigeons (7), as well as rats,
gulnea plgs, rabbits and others, were stuﬁied for differences in
action of the two vagi. In dogs, observations were mads by numerous
investigators but in most cases no distinction was made between the
right and left vagus (20) (21), Rothberger and Winterberg (8) pointed
out that right vagal fibers in the dog pass predominently to the sino=
suricular node and the left to the atrio-ventricular node. Cohn, in
1912 (9), pointed out that stimulation of the right vagus produces
complete arrest of all chambers of the heart, while stimulation of the
loft vagus hes a profoﬁnd effect on atrio-=ventriculsasr conductioﬁ, the
effect varying from delayed P-R time to complete suriculo-ventricular
dissociation. Binthoven and Wierenger (10), Cohn and Lewis (11),

Lewis (12), and later many others pointed out the effect of the left

vegus on Junctional tissue and of the right vagus on the sino-auricular



node. Cohn and Lewis (11) pointed out that the differences in effect
of the two vegl are quantitative rather than qualitative; that is,

thet while both nerves usually affect impulse formetion and impul se
conduction, the rigzt‘ nerve chiefly conirols the former and the left
nerve the latter. These experiments wers done in anesthetized animale
‘and by direct electrical stimulation of the cut periphersl ends of the
nerves., Ochn, in 1913 (13), however, succeeded in producing sinus
bradycerdia in chronic right vagus doge and incomplete atrio-ventricular
block in chronic left vagus dogs by the intra~venous injection of
morphine sulphate in dosages varying from 16 to 96 milligrams. It was
assumed that his results were based on central stimulation of the vagi,

Efforts te show the difference in distributioﬁ of the two vagi
in man have concerned largely cerotid sinus pressure, the effects of
which are not confired to a single vé.gus and therefore are incon-
clusive (14) (15) (16) (22).

Anatomicel attempts to follow the distribution of the right and
left vagus into the heart itself have not resulted in clear-cut evidence
for the differentiel distribution of the v(gga;l. fibers to the various
portionsg of the condﬁ.cting systen, Eonid.ezl ';oints out that pre-
ganglionlc fibers terminate in ganglia above the coronary sulcus but that
no ganglis sre found in the ventricles. He mskes no note éf a dif-
ferential distribution of the vagi in the heart. Woollard (18), in =
study of the inmervation of the heart, states merely that "it has been
found experimentally that the Keith-Flack sino-suricular node is stimu~
lated by the right nerves and the Tawsra node by the left nerves

(Rothberger and Winterberg)."



Since most of the evidence concerning the vagal control of
the heart has concerned artificial means of stimulation, in anesthetized
animgls, it has seemed desirable to attempt an evaluation of the in-
fluence of the vagi on the heart under moré physiological experimental
conditions., Accordingly, _the following experiments have been carried

out on unanesthetized trained dogs.



METHOD OF STUDY

Unselected dogs, after a suitable training period, were pre=
pared by aseptic unilateral vagotomy high in the neck, The heart beats
were recorded by a contimuous electrocardiogrephic tracing--before,
during, and efter the injection of the pressor compounds, Neo Synephrin
H C1, Pitressin, and Angiotonin. WNeo Synephrin, im 1/10,000 dilution,
was injected by means of a constant injection spparatus at the rate of
one, two, or four c.c.e per minumte, Angiotonin equivalent to a
1:250,000 Adrenalin solution was injected at the rate of four CaCo
per minute through the ssme apparstus. Pltressin was in Jected intram
venously in the dosage of one pressor unit, or intra=muscularly as 1.2
%o 4.0 pressor units. Before the injection was started and the records
made, the trained dogs were allowed to rest on the table with the needle
in their veins until the heart rate was stabilized.

EESULTS

1, Neo Synephrin:

‘ In twenty-seven out of thirty-seven experiments on fourteen
chronic left vagus dogs, a partial 2 to 1 heart block was produced.
This block was dgmonstrated at least once in all but ome animal of the
series. In twenty-eight experiments onm twelve chronic right vagus dogs,
there was no instsnce of a partial heart bleck. In four of the twenty-
eight experiments involving two animals, an atrie-ventricular nodsl
rythsm was produced and in one experiment, atrio-ventricular nodal beats
were obgerved. There were mo atriceventricular nodal beats or rythms in
chronic left vague dogs. In six of a series of thirteen dogs, with beth

vegl intect, eight of a total of thirty-nine experiments resulted in a



partial 2 to 1 atrio-ventricular block, and in one experiment, there
was an atrio-ventriculer nodsl rythm. Im thirty-seven experiments om
twenty-one completely vagotomized dogs, no heart blocks, atrice-
ventricular nodal rythme, or atric=ventricular nodal beats were ob=
served, Ectopic ventricular beats of similar origin occurred im all
four types of dogs,
2. Pitressing

In seven of a seriés of ten experiments on seven chronic left
vagus dogs, & partial 2 to 1 heart block was produced. Only one animal
of the seven failed to develop & block, There were no cases of partial
heart block in twelve experiments on six chronie right vegus dogs, al=
thougiz in one experiment, atrioeventricular nedal rythm appeared and in
another nodal beats. In a series of nine experiments on four dogs having
Dotk vagl intact, two experiments on two of the animals resulted in a
partial 2 to 1 atrio-ventricular block. HNo atrio=ventricular nodal
Tythm or beats occurred. In four experiments on four completely
vagotomized dogs, there was no incidenee of partial heart block, atrio=
ventricular nodsl rythm, or atri.o-ventriwlar‘ nedal beats. There were
no ecteplc ventricular beats in any of the experiments with Pitressin,
3, Angiotoning

Angiotonin was made available through the courtesy of Dr. K. K.
Chen of the Eli Lilly laboratories. It was diluted to equal the potency
of a 13250,000 Adrenslin solution. A sufficient anbunt to try only one
experiment on ea,éh of four types of dogs was availsble. The results

showed only a eimus bradycardis in the intact and chronie right vagus dogs

and a 2 to 1 heart block in the chroniec left vagus dogs. There was no



slowing in the vagotomized dog.

TABLE

Keo Synephrin
Type Atrio- Atrio- Atrio= Betopie
of ventricular ventricular ventricular ventricular
Animel Bumber block nodal rythm nodal beats beats
Right 12 dogs 0 2 L 3
Vagus 28 exp. 0 4 1 7
Left 14 dogs i3 0 0 3
Vagus 37 exp. 27 0 0 7
Both 13 dogs 6 1 0 3
Vagi 39 exp. 8 1 0 3
0 21 dogs 0 0 0 7
Vagi 37 ©Xp. 0 0 0 8
?itre’ssig
Right 6 dogs 0 1 1 0
Vagus 12 exp. 0 1 1 0
Left 7 dogs 6 0 0 0
Vague 10 exp. 7 0 0 0
Both 4 dogs 2 0 0 0
Vagi 9 exp. 2 0 0 0
0 4 dogs 0 0 0 0
Vagi 4 exp. 0 0 0 0




DISCUSSION

These experiments support the previcus contentions that the
right vegus predominantly supplies the sino=auricular node and the left
vagus the atrio-ventricular node. They represent an attempt to demon-
strate the vagal inflﬁance on the heart under more nearly physiological
conditions, Thus, the method of stimulation of the vagl i§ a refle:;
one depending on a rise ofi'blood pressure, in unanesthetized dogs. It
should be pointed out that in the chronic left vagus dogs thére wes a -
slowing of the atrial rate on an average from 93 to 54 with Neo Synephrin
and from 94 to 48 with Pitressin, a:s compared to 89 te 50 with Neo
Synephrin and 92 to 42 with Pitressin in chronic right vagus dogs. This
is in accordence with the views of Cohn and Lewis (11) that direct
stimulation of elther vegus usually affects rate of impulse formation
but the right nerve éhiefly controls impulse formation and the left nerve,
impulse conduction. There wa,sv no inetancs of heart block in chronic_
right vagus dogs or in vagotomized dogs. It is interesting to note that
in four experiments on two dogs of a total serises of twenty-eight ex=
periments on twelve chronic right vagus dogs, an atrio-ventricular nodal
rythm oecurred and in another dog, atrio-ventricular nodal beats were
observed. This never occurred in chronmic left vaéus dogs or in
vagotomized animals. In these dogs, the sino-auricular hode was suf=
ficiently depressed by the right vagus to reduce 11;5 rythmicity to a

level below that of the atrio-ventricular node so that the latter bacane
the paéamaker.

Compounds having little or no direct effect on the heart but

a relatively greater blood pressure raising effect were selected. However,

‘



Heo Synephrin, a cémpound closely related to Adrenalin, is known to be
capeble of produecing direct cardiac accelsration in large deéea@ The
doges of this compoun&rselected were below the threshold for more then

8 slight cardiac stimulation. Keys and Violante (19), working on

humans, concluded that "Neo Synephrin produces a primary bradycardia by
inhibition of the sino=auricular node and fhis is relatively independent
of blood pressure reflexes over the vagus nervé.ee In our experimehts on
dogs we find that the bradycardia is entirely dependent upon the presence
of the vegus nerves. Thﬁs, following vagotomy, ¥eo Synephrin adminie
stration‘resulted in an acceleratlion from an average resting rate of

115 to an average of 135 beats per minate, In intact animals, the

slight cardio=accelerator action of Neo Symephrin is over-ridden by the
reflex inhibition produced by the rise of blood pressurs. In vagotomized
animals it was not possible to produce a partial heart block, atrio=
ventricular rythm, or atriceventricular nodal beats by the injection of
Neo Synephrin. However, in all four types of dogs, normal, chronic right
or left vagus, and vagotomized snimals, Neo Symephrin frequently Proe=
duced ectopic ventricular beats, while Pitressin or Anglotonin failed to
do so.

The P-R interval was compared in both chronie right and left
vagus dogs. In 58% of the chronic left vagus dogs and 40% of the chronic
right vagus dogs, the P-R intervel was lengthened 0.04 seconds as a
maximm from the resting rate. In 33% of the chronic left vagus dogs
and 14% of the chronie right vagus dogs, there was a lemgthening of over

0.06 seconds, While these figures suggest a greater influence of the
left than of the right vagus on atrio=ventricular conduction, they do neot
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offer as striking evidence as that concerned with the development of
atrio-ventricular heart block.

SUMMARY

A review of the litersture on the distribution of the cardise
branches of the two vagus nerves is présented. It roveals no previous
attempts to study the problem by means of reflex a@tivat.icn of the
nerves produced by a rise of blood pressure in the umanesthetized animal.

The compounds Neo Bymephrin, Pitressin, and Angiotonin wers
used as pressor agents. Their influence on the heart, vé.s Judged by
glectrocardiographic tracings, was studied in four groups of dogss
(1) Wormels; (2) Dogs whose left vagus was cuts that is, right vesue
dogs: (3) Dogs whoss right vagus was cut; that is, left vagus dogs, and
{4) Dogs having both vagl cut.

Sinus bradycardia was commonly produced in response to pres-
soT cémpounds in all except the bilaterally vagotomized dogs.

In left vagus dogs, atrio=ventricular nodal heart block was a
common finding while in right vagus dogs this block never was.;recorded.

In a few experiments on right vagus dogs, an atris-veatricular
nodal rythm was observed. This result indicates that the right vagus
was excitadv reflexly to the extent that it depressed the rythmicity of
the sino-auricular node to a level below that of the strisceventricular node.

In experiments in which it was measured, the P-R interval showed
8 slightly greater change in chroniec left than in chronie right vagus
dogs. Thus, in 33% of the left vagus dogs as compared to 14% of the

right vagus dogs, there was an increase inm P-R interval of over .06 seconds.



Ectople ventricular beats occurred only with Neo Synephrin
and thelr varlable sites of origin could not be corrslated with the

type of enimal preparation used.
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Fig.l Dog 4. Upper record : Before injeckion and point of onset of injeckion

Lower record : Sinus Bradycardia, 75 seconde after onset of (r\jzzchon of
neosynephrin 1-10,000 &k rate of 4 cc. per minute.
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Dog 2 Upper record : Before injection and. point of onset of injection.
Pig.2 Lower record

: A-V nodal rhylhm, 90 seconds after onset of injection of
neosynephrin 1-10,000 at rate of 2cc per minute.
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DOG 5. Upper record. - before indection and point of onsek of inqection. .
Fig. R Lower record : 2:1 AV heart block,49 seconds after onset of injection
&< of neosynepbrin 1-10,000 at rate of 4cc.per minute.
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Lower record. @ 90 sec. after iv. injection of Pitressin 05 Pressor unit
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Upper record.  Before injection and point of injection .
Lower tecord :Partial AV block following injection of Pitressin .0625 cc.
EFFECT OF NEQSYNEPHRIN ON THE DENERVATED HEART. (Bilateral removal of the

stellate and upper 5 thoracic sympathetic ganglia and section of both vagi
high in the neck.
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Dog 2. Upper record.: Before injection and onseb of in{e@ction of neosynephyin
1-10,000 at rate of 1cc. per mm_ut% Rate U3 r minute. :
lower record: Moderate but definite sinus tachycardia, 60 seconds
after onset of imection. Rate |28/ min.
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Dog I7: Upper record. : Before mLecrbior\ and onselb of inqection of neosynephrin
1-10,000 at rate of 4cc. per minute. Rate 120 ?Jelr‘ minute -t .
Lower record : Tachycardia marked at 80 seconds after onset of mjection
Rate 150 per minute
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