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therefore, they are not terminal, is based on the incorrect
premise that terminal arteries cannot be thus injected, and
has no weight against the positive evidence of the complete
failure of nutrition following closure.” As 1 interpret the
process, the absence of anastomosis further suggests the exist-
ence of an additional source of energy; but the cardiac arrest
after ligation of the coronary also indicates that compensation
from the opposite heart can only be gradually established. On
the whole, the coronaries of the right side are as important
as if they alone supplied the needs of the functions of that
side. The granules § and the adrenal secretion are furnished to
compensate for the absence of arterial blood in the right aurie-
ulo-ventricular cavities and in their Thebesian charnelg; but,
the right coronaries being the only source of one of the three
necessary factors of the process, their obliteration means as
much as that of the left coronaries does fo the left heart.
We can also understand why the contractile elements of
the primary fasciculi are pare. They are constantly bathed
in the plasma from which they obtain the granules B that
enter into the formation of their myosinogen. The absence
of oxygen in this fluid renders it perfectly harmless to the
Jelicate structures that surround the primary and secondary
bundles of muscle-fiber, and to the net-works of arterial capil-
laries that hug the bare fibers. The latter, by a rapid absorp-
tion,—which the presence of earcolemma would counteract,—
are constantly forming their products of metabolism: i.e.,
myosinogen. The arterial capillaries, “coated, on their exter-
nal surface, with flat connective-tissue cells” (Berdal), when
they cross the spaces of Henle, being the only carriers of oxy-
gen, normally become the active factors of nutrition and func-
tion. Their blood is the normal excitant—as elsewhere. The
venous blood brings the granules B ; the adrenal secretions, by
contracting the cardiac walls, forces it into the Thebesian chan-
nels; the bare muscle-fibers absorb the granules and convert
them into their own particular kind of fuel, myosinogen; the
capillary blood supplies the energy for this metabolism—oxy-
gen—and simultaneously sustains, again with ifs oxygen, the
combustion processes upon which the continuous work of the
organ depends. Here, as elsewhere, the potentia,l energy of
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’.[he chemical agencies present becomes converted into mecl
ical energy, which manifests itself as visible motion -
th Thfe lett lheart—the coronaries of which are larger than
those o Ehe right—presents anatomical features which modif
:ieap;rrlzgzgfa th;-; lgan‘iler in which its physiological funetiorig
) med. DBoth 1ts auricle and ventricle containi -
;](?tl ialozd fi'esh from the }.1eart, the Thebesian eircfx?;:tlirtl)i %E‘;ss
Indee}zlp J:;‘e 0 fl}lﬁll the primary réle it does in the right heart.
i various experiments of Pratt and his predecessors
and my own careful examination of the ox-heart disti tlt"
;;ilsrw thit _thti Thebesian circulation of the left heart, as r;;l;rd}s
aventricular orifices, is much less im
the rllght heart. Still, the evident permfé;)]::ali];; E}flafhethiﬂ:te(;f
:sgéz;iuii tsiizu?lﬁa];d tJ}E}e histology of the left myocardium
; eft heart mus i ial ai
adrenal secretion and its granu%esr e;?lv%l‘llr]lliztefz:ltluid ﬁfm ﬂ'le
be referred to in the twelfth chapter. sk
P A feature tha',t may be considered as demonstrated, and
mon to both sides, is the return of the blood, whether it
.source be t‘he Thebesian or coronary systems, by’ way of tlhz
.fzorozary veing. We.have seen that Langer expressed the opin-
lon that the foramina Thebesii in the ventricles comm o t
with thela veins by capillaries alone.” My conception 111];10;10
process involved would necessitate such an arranglément Oas r(:

gards the right heart. Indeed, so direct is this connection that

:Eva} such viseid .subsf:ances as starch and celloidin were found
:t 7 ratt, when introduced into the coronary veins of the ox
o emerge fram the foramina Thebesii. Still, we could hardlj;

expect such a free transit on the left side of the organ, inas-

EEChraS the presence here of arterial blood only would suggest
naryp ;?szsle of aIstructural organization similar to that of ordi-
e ﬁs. ndeed, referring to the vascular connections
: eft heart, Pratt says: “So intimate a connection, how-
ever, between the coronary veins and the vessels EIltEI‘i_[’lg the

. -_(l);fttﬁingli; I have not yet b.een able to demonstrate.” Again,
o beg glfie the. connectm.n with coronary veins must evi-

E vegous 1 1p ()is%ologlcal one, since “a small, but steady, stream
.gffe e 00 1ssm.ed from them” when the veins were incised
g fiter the right ventricle had been filled with defibrinated blood.
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But “no flow of blood ocenrred from the artery, although there
was a free eseape from an {ncision in an accompanying vein” in
an experiment cimilar to that previously referred to, also per-
formed by Dr. Pratt. In fact, it appears to me very doubtful
whether even the capillary communication between coronary
arteries and the Thebesian vessels, referred fo by the latter
ohserver in his conclusions, at all exists—at least in the walls
of the right heart. Tven disregarding my views, it seems evi-
dent that the admixture of venous blood with the arterial blood
would greatly reduce and perhaps annul {he functional efficacy
of the latter as an oxidizing agent.

We can now understand how the adrenal secretion 80
greatly influences cardiac activity. An increase of it augments
the force of the contraction, but the heart does not dilate as
promptly nor perhaps as complgtely; hence its action is slower,
but more forcible; we have seen that this represents the primary
effect of all drugs sufficiently active to, stimulate the adrenals.
A still greater quantity of adrenal secretion increases the vio-
lence of cardiac action; the vessels are tense, amd ecchymoses,
hematuria, epistaxis, efc., may ensue. The heart acts normally,
however, in the sense that ite diastole is almost complete. Con-
tinuous cardiac *stimulation through excessive production of
adrenal secretion, due in fumn to excessive production of iodo-

thyrin, as-in exophthalmic goiter, causes the heart to contract

before it has exhausted its complete diastole and to work
within a narrower field. Tts contractions are sharp, but rapid:
the type of the “cramped heart.” Increase of adrenal activity
involves increase of oxidizing substance; hence the left heart
is correspondingly stimulated. When, however, adrenal insuffi-
cieney occurs, the phenomena follow an opposite course; when
total inhibition of the adrenal system ensues, the vascular walls,
losing all their functional stimuli,—the adrenal secretion, the
granules 3, and the oxidizing cubstance,—gradually cease their
contractions and lapse into diastole.

THE INNERVATION OF THE HEART.

We are again brought, by analysis, to the realization that
the efferent nerves distributed to the heart incite and govert
functional activity but contribute nothing to the continuation
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of vital processes per se. Indeed, in the heart they do naught
else than in other parts of the organism. One set of nerves
distributed to the cardiac arteries provokes dilation to increase
cardiac activity; another set causes constriction of these vessels
when cardiac activity is to be reduced. “The rich nervous supply
of the heart is derived from the coronary plexuses,” says Piersol,
“and includes numerous ‘medullated fibers coming from the
pneumogastric as well as the non-medullated sympathetic fibers
proceeding from the cervical ganglia. Numerous microscopical
ganglia are found along the course of the large merve-trunks
accompanying the bsanches of the coronary arteries, especially
in the longitudinal interventricular and in the auriculo-ven-
fricular furrows. Many additional small groups of ganglion-
cells occur within the muscular tissue associated with the fibers
supplying the intimate structure.” Briefly, according to pre-
vailing teachings the vagus and sympathetic are the nerves
~ which govern the functions of the heart.

Is this true? In the light of my own views, it is subject
to doubt; and, precisely as I have shown it to be the case with
the kidneys, all the nerves supplied to the heart belong to the
sympathetic system.

AccELERATION.—Legallois, early last century (1812) urged
that the nerves which increased the beats of the heart in a
given time belonged to the sympathetic gystem.  Although
vigorously attacked by Bezold and others, this doctrine has
steadily gained ground, and most investigators, including Hei-
denhain, Langley and Gaskell have accepted Legallois’s view.
It becomes a question, however,—in the light of my views,—
whether acceleration represents the motor phase of cardiac
action, and therefore, whether or not as in the kidney, the
sympathetic fulfills the role of motor, .e., of vasodilator nerve.
That it does is shown by the experiments of E. and M. Cyon'®
who found that occlusion of cardiac vessels did not cause ac-
celeration—in other words that it was not by reducing the
blood supplied to the heart walls that the accelerators acted
upon the heart. On the other hand, as will be shown under
the next heading, constriction of the cardiac arteries, i.e., dimi-

B E. and M. Cyon: Archiv f. Physiol., 1867,
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nution of the blood supplied to the cardiac muscle, slows the
heart’s action. Indeed, Baxt' observed a distinet antagonism
between the vagi in the neck—owing as shown below to the
presence of cardiac vasoconstrictor fibers in this nerve—and the
accelerators, when stimulated simultaneously. The vagi sup-
pressed the accelerators invariably, in fact, and irrespective of
the strength of the current. 1t is evident, therefore, that ac-
celeration is not due to constriction of the cardiac arteries, and
that the sympathetic accelerators must act upon the heart by
producing dilation of these vessels.

The vasodilator properties of the accelerators have, in fact,
so legitimate a claim to recognition that in his recently pub-
lished Teview of our knowledge on the subject Carvallo'® re-
marks: “The first thoracic ganglion, or stellate ganglion seems
to contain vasodilator fibers which almost always cause aug-
mentation of speed” He forcibly illustrates this fact by a
table demonstrating that the vessels so influenced show an in-
creased blood-flow in a given time, when the accelerator nerves
are stimulated, and closes his review with the following words:
«“e may conclude therefore that the heart possesses a complete
vasomotor apparatus the vasoconstrictor fibers of which reach
it essentially by way of the vagus, and the vasodilator nerves
by the stellate ganglia [first thoracic] and the annuli of Vieus-
sens.”

Briefly, “acceleration” represents an exacerbation of ac-
tivity of the heart, and just as we found such increased activity
produced by vasodilation and the admission of an excess of
blood, in other organs, so do we find it here.

InumpitioN.—In the light of foregoing statements, this
phenomenon ghould assert itself as a result of excessive €on-
ctriction of the cardiac arteries and diminution of the blood sup-
plied to the cardiac musele. That such is the case suggests
itself from various directions.

The inhibitory effect of excessive constriction of the coro-
naries is beyond question. Chirac®® found that the beats of a
dog’s heart were soon arrested when one of the coronaries was

17 Baxt: Arb. a. d. phys. Anst., Leipzig, 1875.
18 Carvallo: Richet's Dictionnaire de Physiol., p. 341,
19 Chirac: “‘De Motu Cordis,” p. 121, 1698,
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tied. Erichsen®® observed a similar res '

;2::313. (?eonard Hill** referring to the inuxlr:;st?;i?oﬁzlzfg Ct:}fz?
o oﬂal.:rs Slchulthess-Rechhe'rg,” McWilliams,*® Bettelheim,
e fI,‘ea 80 sttlates tha’f “ligaturing one of the large br&uch’es
. It}uen dy sufﬁczent to cause arrest.” Again, Sée
e th&e an Rc')ussy * observed that substances capable oé
b fardia ,coronarles—lycoqpodium spores, for instance—also
3 nine{een 5 arrest. Porter®® plugged the left coronary artery
o Pmmp:ﬁs ff]lﬁ) Wsz,gsb;haai; “t}:e, clzsure of the artery was

Y prooipuy Test.” As the result o
Eifhiliartemze in sixty-seven fiogs, he reached the deduci:fio(;lloiﬁzrli
bices I?uatnfly”‘)f arrest is in proportion to the size of the
thrmigh tt})le (‘ara. As. cardio-inhibitory impulses transmitted
S socgpstmctors_ of both vagal trunks probably influ-
. C?’r 1ac. arterioles simultaneously, the ease with
b ‘fr s action can be arrested by exciting the bulbar
e haveﬁioﬁogted.for.t HFinally Kolster,* Porter,?® and
erimenta
supplii’ed l?y an 'infarctI:ad coronarg: ;?;tryﬂ?eglzl:;a::s i
excessjsi; ::) 1jhte .v:.somotor impulses inhibit the heart by causing
e ths; r]lf ion of the coronaries and their oﬁsﬁoots, the
et earft wall must coincide with those resulting
e }:)bsewodn J:L bIood-. Such is undoubtedly the case: E.
ety ed that during Partial inhibition the cardiac con-
iy :e weakened,_whﬂe Schiff*® found that the mus-
- stimulien }‘::HE:; t;‘a:;;e ]:)rgg‘x.l ;eslponded less or not at all
. - ck, Fischel ®* { ;

that the cardiac walls were softer than 11:1.?3. Otﬂl"‘]sltsergi)sse:e;cii
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that when the interrupted current is used to stimulate the
vagal trunk, the heart remains in diastole, motionless and flac-
cid. When, however, the current is weak, the beats are only
slowed and weakened. Coats® ascertained manometrically that
the contractions were markedly reduced in force. Gaskell**
and Stefani®® found that the ventricular tonicity was reduced.
Muskens®® also found that stimulation of the vagus lessened the
force of the contraction in the frog.

(Gaskell® characterizes as “most striking” the attending
depression of activity. Still, there is no loss of inherent mus-
cular irritability, since, according to TFoster,” a pin prick in
the heart during inhibition may cause the organ to resume ite
beats; the morbid phenomena are, therefore, the result of a
deficient supply of the nutrient components of the blood. Por-
ter® states that “but little is known as to the constituents of
the blood which are essential to the life of the mammalian
heart,” and that “an abundant supply of oxygen is certainly
highly important.” The manner in which the deficiency of
these blood constituents causes the inhibitory effects is suggested
in the following lines of Langley’s’: “The decrease of rigidity
in the inhibited muscular tissue shows that inhibition is not
caused by the development of a contractile force acting in a
direction opposed to the normal one and overpowering it. * We
are then brought to the conclusion that certain merve impulses
—the inhibitory merve impulses—are able to lessen or to stop
the chemical change in the tissue which leads to contraction.”

The role of the “inhibitory” fibers (now generally consid-
ered as vagal, because they form part of the nerve bundles
which have been known as the vagi, or pneumogastric nerves)
thus corresponds with that of the sympathetic vasoconstrictors
we have found, elsewhere, to restore the arterioles to their nor-
mal caliber after these vessels had been dilated by a motor or
secreto-motor merve to incite an exacerbation of functional

38 Qoats: Bericht d. k. Sachs. Gesellsch. d. Wissensch., 8. 360, 1869.

3¢ Gaskell: Philosoph. Trans., p. 1019; 1882. I

8 Qtefani: Archives italiennes de biologie, T. xxiii, p. 172, 1895.

3 Muskens: Pfliiger’s Archiv, Bd. Ixvi, Hft. 5 u, 6, 8. 328 1897,

31 Gagkell: Schafer’s “T. B. of Physiol.,” vol, ii, p. 169, 1900.

% Woster: “T. B. of Physiol," sixth American edition, 1895.

 Porter: ‘‘Amer. T. B. of Physiol,,” vol. i, second edition, p. 148, 1900.
® Tangley: Schifer’s “T. B. of Physiol.,” vol. ii, p. 616, 1900,
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aci‘;ivity. Langley’s observation gives precision to my view in
ﬂ?lS- connection ; interpreted from my standpoint, it is the
diminution of blood in the cellular elements WhiC‘]; serves “to
lessen or to stop the chemical change in the tissue which leads
t«: contraction.” Can we logically, in view of the secreto-motor
1‘ole_ascribed by physiologists to the vagus in other organs
admit that in the heart its action is the opposite? That th(;
so}-:':ailled “inhibitory” nerve is composed of sympathetic fibers
which earry on the sa i i
4 thereforeyeﬁdentfe same functions they do in other organs,

“_Shqum we under these conditions consider the sympathetic
as 1nh1b‘1tory”? I have shown that inhibition is the result
of excessive constriction of the arterioles. “Excessive” here
obkus.ly portrays a morbid or pathological condition, one of
grave importance clinically. Indeed, as I will Showj in the
second volume, many toxing and toxics are fatal ow'mg‘to their
vasoconstrictor influence on the cardiac vessels, and the morbid
phejnomena awakened are precisely those described above—those
which the physiologist deems normal because they are expressions
of a so-called physiological function he has termed “inhibition.”

In my opinion the older term “moderator nerve” should
replace the pernicious term now used, and “inhibition” be re-
served for the expression of the morbid process which excessive
constriction of the arterioles represents.

AvemeNTATION.—This action of the heart, i.e., increase of

_ its contractile power, must be due to an action other than that

of acclerator nerves. Thus, von Bezold and Bever*' and later
Cyon** found that stimulation of the accelerator increased
the number of beats of the heart, but not its power. This was
confirmed by other investigators. Again the mode of action of
ﬂ_le augmentor nerve differs strikingly from that of other car-
diac nerves; Foster,®® for instance, wrifes: “In confrast with
the case of the vagus fibers, a somewhat strong stimulation is

. required to produce an effect; the time required for the maxi-
mum effect to be produced is also remarkably long.” These

4 Bezol : i
o zold and Bever: Untersuch. a. d. physiol. Lab. zu Wurzburg, Bd. ii,

42 Cyon: Loc. cit.
48 Fogter: Laoc. cit,, p. 203,

t




—— %

= =

450 THE DYNAMICS OF CARDIAC ACTION.

facts suggest that acceleration and augmentation are separate
functions. Indeed, the delay in the augmentation of power, as
compared with the acceleration, is explained when, as I urged
a few years ago,** the adrenal secretion is regarded as the source
of the increased cardiac power. This is sustained by many
facts, Thus, while Noel Paton* refers to the “augmentors and
accelerators” as small medullated, i.e., sympathetic, fibers “which
Jeave the spinal eord by the anterior roots of the second, third,
and fourth dorsal nerves passing to the stellate ganglion,” I
have shown that the three above-mentioned roots are also pre-
cisely those through which the nerves which pass to the sym-
pathetic chain and thence down to the splanchnic, to finally
reach the adrenals. On stimulating these nerves, therefore, an
experimenter not only excites the accelerators which pass fo the
heart via the annulus of Vieussens, but also the nerve-paths to
the adrenals. '

This accounts for the fact that while a large group of in-
vestigators including Cyon, Bezold, Sehmiedeberg, Boehm and
Bowditch observed acceleration without increase of power, others,
equally competent, including Heidenhain, Mills, Roy and Adami,
and Bayliss and Starling observed both phenomena. Indeed
Schmiedeberg and Bowditch both urged the presence of two
different sets of nerves to account for these specific effects, the
one set influencing the cardiac beats, the other “acting upon
the blood-pressure without influencing frequency.” Now, the

marked influence of the adrenal secretion upon the blood-pres- _

sure ig well-known, and the delay in the appearance of “aug-
mentation” is explained when it is borne in mind that the
activity of seeretory organs had to be awakened before the “aug-
mentation” and the rise of blood-pressure could become mani-
fest. Biedl*® in fact, found that stimulation of the divided
splanchnic only caused an increased production of adrenal secre-
tion after 7 to 9 seconds.

I submitted in the two preceding sections, the reasons
which had led me to conclude that the adrenal secretion con-
tributed to the contractile power of the right ventricle which

4 Sajous: Jour. Amer. Med. Assoc., Feb. 4, 1905.
4 Noel Paton: ‘‘Essential of Human Physiol.,” p. 243, 1805.

4 Biedl: Loe. eit.
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_ :ltT reaches with the venous blood of the inferior vena cava
Now, Brow1l1-Séquard" had many years earlier (1853) wur, d
the _predommating influence of the blood of this vein uge
cardiac dynamism, a view sustained by Radeliffe (1855); IIJJOI:;
Castell hafring' found that a frog’s heart when detached f,ail::d
to b.eat with increased vigor in carbonic acid gas, and over-
Io?kmg the fact that some other substance in the v:snous blood
m‘lght have acted on the heart, physiologists disregarded Brown-
Sequérd’s observation, Additional evidence to this effect i
submitted in the second volume. L

The presence of “augmentor” and “pressor” i
sympathetic splanchnic accounts for the fgcz ;’;’;’g fgsriezr;il;
by von Bezold and Bensen, that section of hoth splanchnics
luwerfzd the blood-pressure as much as section of the spinal
cord in the cervical region, while Strehl and Weiss found 113:hat
after relanhlg one adrenal, the blood-pressure could be ]owered,
by e?a?npmg the suprarenal vein of the remaining organ, thus

depmjmg the blood of any adrenal secretion, and th;t b
relea.smg this vein the blood-pressure was soon restored to itz
previous level. As I view the process, however, excitation of
?he lower segment of the upper sympathetic cord after dividin
it should raise the blood-pressure. Bezold found that this I(E
Fe(.h}re raised the blood-pressure as much as seven timespits
initial level; Ludwig and ‘Thiry showed, moreover, that the

:;;n;e;a‘?ﬂt could be obtained after severing all the nerves to

Augmentor effects attended by a rise of the blood-pressure
may also be produced through the intermediary of another
organ. Cyon and Aladoff* found that stimulation of the an-
nvtlus of Vieussens (which also contains pure accelerator fibers)

raised the blood-pressure. Cyon had already found in 1867

that .when the cervical sympathetic was divided on a level with

t%le inferior cervical ganglion, and its upper segment was ex-
cited the strength of the heart-beats was markedly increased.

_—
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