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operatively produced arterial embohzation has been 6% and the
wedence of swgerl areaton of sgsStant valvolar heomperence
1s about 79 The rate of recurrence of mtral stenosis has been
vanously reported as between 2% and 5% The longer the follow-
up, the higher this rate appears to be Most cardiac surgeons
attrsbute this to incomplete mobilization of the stenouc valve at
the time of operation
The objective physical signs and physiological changes asso-
ciated with mutral stenosis usually are not completely abolished by
the commissurotomy procedure, they are, however, modified favor-
ably in most nstances The charactenstic rmd-late diastolic murmur
was abolished i only 89 of the 10,000 cases analyzed in the
International Inquiry The same figure holds true for our own
sertes of mitral commussurotomses performed from the left side (over
1500 cases) Nonetheless, the majority of patients with pure or
preponderant mtral stenosis report considerable immediate sub-
Jecttve improvement In our own series this subjective improvement
has been mamtaned i 55% of patents five to exght years after
operation (2) Indeed, the first patient hustorically to survive from
a mtral commssurotomy procedure (3)remains mn excellent health
ten and one-half years following surgery, having given birth to
two healthy children during this period
Mitral commissurotomy, then, as generally practised (left
transappendageal approach) must, however, be looked upon as a
paliative procedure This, i fact, 1s the consensus of cardio-
logists and surgeons ahke (2, 4) It frequently produces con-
siderable symptomatic improvement umtially which, however,
with the passage of time may be lost m a large proportion of
patients
e parte cleex that many sargenns have herowme wereasogly
and painfully aware of the fact that the actual opening achieved
by sphtting or ncising the commassures nearly always falls far short
of a true relef of the stenosis This has led some very able surgeons
$5,8,7, Q) © advenate the wse of paweclel wechancal duscugtive
force 1n one fashion or another n order to establish a larger valve
opening  Although, these means may prove effective at tumes, they
cannot but carry the mherent nsk of rupturing the valve compo-
nents and, hence, of producing severe regurgitation This blind
application of severe disruptive force to the basically delicate tissues
of a structure as important as a heart valve cannot be considered
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as apything but 1 step backward an atavste development, \\h\thl
1 remimscent of the early abostie atempts to relieve miex
stenos1 withont regard to the competence of the Vabaular mechan
wm (9 10)

A Second Look at the Problem

Thgsatisfection with the evstng procedure alter an exproience
with ever 1500 cases led one of us {CP B to consder ways m
wluch the aperanon might be improved The introduction of a new
(ught sided} anatomical approach to the stenotic Tted valve m
1954 (11) provided the umpetus for 2 basic change sn the surgiead
treatment of utral stenosis Apart from sts techmical superorsty and
tts avoudance of the thrombus bearmg area of the appendage nd
nearby atnal wall, it enabled the surgeon to perform the mtra
cardia¢ mampulation with merewsed facthty The fact thwm the
sagracardiac {uger could approach both commssures 1 a pracu
catly strmight ine mstead of the around the-corner  approach
by way of the auncular appendage, permitted the performance of
amuchs neear amm
approact
wg expe .
that & procedure going beyond the concept of a commussurotorny
e« uld safely be performed Thisins ol ed the creation of 1 semicyren-
farly freed septalleaflet and was called by us m Qeference tan »

ma sl -

“ u s uuu but mcompletely and of ths the
authors became increasingly aware This uncertainty led onie of us
{J Z) to undertake a fundamental mvestigation anto the surgical
anatomy of the porma) mutral vahe 1ts funcuon and the patho

genesis and pathology of rheumatic mitral +aly ulws (15 16)

Tunctional Anatomy

) th:cdfunctmna\ anatomy of the mutral valve, as carefully
dva uated sn the intact fresh heast as well as i the hang organ
Unng operation was found 1o differ con:
51
textbook description The ann dtfﬂm)f o e wual

ulus fibrosus  of the m,

‘s itral vahe

1o actual fact meomplete Instead of @ ttag hke
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Ten Years Progress Toward the Complete Correction
of Mitral Stenosis”

By Cuaries P Battey?, Jacos Zomervan?, Witnias Liorr
Anp Denerrwvs Po Lazasioes?, Philadelphua, Pa

“The currently accepted operanion for the rehef of mitral stenons
has now been practiced for more than ten years, and the accumu-
fated expertences with 1t 15 quite considerable Yet we find that
many carchologists still consuder surgical therapy only for patients
1 the more advanced stages of the disease The dissatisfaction of
surgeons with this kind of operation can be seen from the fact that
50%, of a group of very expenenced surgeons who contnbuted to
the recent Internaonal Inquiry of the Amencan College of Chest
Phy {1} have expressed 4 with the existing oper-
aton

A review of our own surgical expenence as well as that of the
18,000 cases included 1n the International Inquiry mdicates that
the over all operative mortality of mutral commussurotomy (or the

d 1 procedures ly & d as vahot ¥, valeulow
plasty, or PP 1y 7%. The incidence of

) s spill
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operatively produced artenal embolization has been 6% and the
maidence of surgical creation of significant valvular incompetence
15 about 79 The rate of recurrence of mutral stenoss has been
variously reported as between 2% and 5% The longer the follow-
up, the higher this rate appears to be Most cardiac surgeons
attribute this to incomplete mobilization of the stenotic valve at
the time of operation

The objective physical signs and phystological changes asso-
cated with nutral stenosis usually are not completely abolished by
the commissurotomy procedure, they are, however, modified favor-
ably 1n most instances The charactenstic mid late diastolic murmur
was abolished 1 only 89 of the 10,000 cases analyzed n the
International Inquiry The same figure holds true for our own
series of mitral commissurotomes performed from the left side (over
1500 cases) Nonetheless, the majorty of patients with pure or
preponderant mutral stenosis report considerable immediate sub-
Jective improvement In our own senes this subjective improvement
has been maintamed 1n 559 of patients five to eight years after
operation (2) Indeed, the first patient historically to survave from
a matral commussurotomy procedure {3)remains in excellent health
ten and one-half years following surgery, having given birth to
two healthy children during this period

Mitral commussurotomy, then, as generally practised (left
transappendageal approach) must, however, be looked upon as a
palliative procedure This, n fact, 15 the consensus of cardio-
logists and surgeons alike (2, 4) It frequently produces con-
siderable symptomatic mprovement inttially which, however,
with the passage of time may be lost i a large proportion of
patients
It 1s quite clear that many surgeons have become mncreasingly
and punfully aware of the fact that the actual openmg achieved
by sphttng or ncising the commussures nearly always falls far short
of a true relicf of the stenosis This has led some very able surgeons
(5, 6, 7, 8) to advocate the use of powerful mechamcal disruptive
force 1n one fashion or another n order to establish a larger valve
opeming Although, these means may prove effective at hmes, they
cannot but carry the inherent nsk of ruptunng the valve compo-
nents and, hence, of producing severe regurgitation This bhnd
application of severe disruptive force to the basically delicate tissues
of a structure as important as a heart valve cannot be considered
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as anything bot 2 step hacheard, an atavistic desclopment, which
& temamscent of the early abortue attempls 1o relieve matral
senasss withaut regard to the competence of the + alsular mechan-
sm {9, 10}

A Second Look at the Problem

Dusatisfaction with the ensting procedure after an experience
b over 1500 cases fed one of us (CPB) 1o consider wavs
which the operation mught be improved The mtroduction of a new
(nght sided} anatomical approach to the stenouc mitral Vilve in
1954 (11} provided the mmpetus for » basic change 1w the surgical
treatment of miteal stenasis Apart from its technucal supertorits and
1ts avondance of the thrombus beaning area of the appendage and
nearby atrial wall, 1t enabled the surgeon to perform the sntra-
cardiac mampalauon with wcreased fachity The fact that the
mitracardiic finger covld approich both commssures 1 2 pragty-
cally <teaight hine, wstead of the “around-the corner™ approach
by way of the auncular appendage, permitted the performance of

g Usptnence, wsing the “nght nded approach™, tt became clear
that a procedure gowng beyond the concept of a commissurotomy
canld sxfely be performed Thisamolved the creaton of 3 semictrey~
tarly freed * septal leaflet” and was called by us 1a deference to anr

VIS T .

« wamlawuu bue meompletely and of this the
authors became sncreasingly aware This uncertainty led one of us
13 77 to undertake a fundamental mestigation into the surgical
anatormy of the pormal mitral vakve, 1ts funcuion, and the patho-
genesis and patholagy of rheumatic stral valvubins {15, 16)

Functional dratomy
‘The functional anatomy of the mutral sabie, a5 cavefully
:1“ uated 1n the intact fresh heart as welf as m the hving organ
¢ ::::f :p;ml\un, was found to differ considerably from the usual
on descripuon The “annsly Ghrosys '
us ' of the mitral valye
1s 1 actual fact sncomplete Instead of & ring fike structure thc;c

v
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Fig 1 Mutral valve showing the subaortic curtamn (outltned by dotted lmes which
represent the line of attachment of two adjacent aorttc cusps

ewusts only a horseshoe shaped hne of fibrous thickening on the
postertor aspect of the upper edge of the left ventricular myocar-
dium The free ends of this fibrous horseshoe terminate 1n the nght
and left fibrous trigones The gap between the trigones 1s bridged
by a curtain-like structure which takes origin from the lower edge
of the aortic root between the attachment of the left and the non-
coronary aortic valve cusps This membrane which separates the
left ventricular outflow tract from the left atrium s continued
downward to form what 1s usually called the “septal leaflet” of the
mutral valve (fig 1)

However, the mutral valve 1s not a “leaflet” vale although
classically described as consisting of two leaflets (“bicuspid valve”)
Unlike the semlunar valves which truly are made up of anatomi-
cally and functionally discrete cusps, the mutral valve consists of 2
continuous rtbbon of membranous tissue which hangs down n
“windsock” fashion from the fibrous horseshoe on the left ventr-
cular myocardial edge, and the subaortic curtamn It 15, in fact, 2
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Fig 2 \entncular aspect of normal mutral vahe showing is sleeve bke structure
A Septal portion of sieeve B Mural portion Bitey etal Ceurtesy of \ Y State
J Med 5 653 (1926) fig 5\

¢ sleeve-valve” with an irregular and oblique base {fig 2) The
irregulanty of the width of the vanous parts of the valve nbbon
has fed to the deseripnion of sepral and mural leaflets {fig 3) and
since these leaflets are not distinet structures but rather continuous
with one another, the narrower aspects of the nbbon have been
called by Curecut © junctional tissue” (17) The conventional de-
scription of separate leaflets, however, has led to the misconception
that the valve closes by the movement of the twa leaflets tow ards one
another when, in actual fact, the whole valve nbbon falls back inte
the center of the valve from all directions (centnpetally) As the
result of the greater width of the septal poruon the hine of contact
of the vahve ussue dunng closure 1s arcuate 1n shape (fig 4 A, B)



4 Bailey/Zimmerman/Likoff/Lazarides

Fig I Mutral xalve showing the subaortic curtaim (outhned by dotied lines which
represent the line of attachment of two adjacent aortic cusps

custs only a horscshoc-shaped Iine of fibrous thickening on the
posterior aspect of the upper edge of the left ventricular myocar-
dium The free ends of this fibrous horseshoe terminate in the nght
and left fibrous trigones The gap between the trigones 1s bridged
by a curtain-like structure which takes origin from the lower cdge
of the aortic root between the attachment of the left and the non.
coronary aortic valve cusps This membrane which separates the
left ventricular outflow tract from the left atrum 1s contmued
downward to form what 1s usually called the “septal leaflet” of the
mtral valve (fig 1)

However, the mitral valve 1s not a “leaflet” valve although
classically described as conststing of two leaflets (“bicuspid valve )
Unlike the semilunar valves which truly are made up of anatom
cally and functionnlly discrete cusps, the mitral valve consists of a
continuous ribbon of membranous tissue which hangs down
“windsock” fashion from the fibrous horseshoe on the left ventri.
cular myocardial edge, and the subaortic curtamn It 15, i fact, a
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Note that the length of this sht will be much shorter than the dameter of the open
oyt nder

Pathogenesis ~ Pathology

While most of the microscopic pathologic aspects of theumatic
vabvulitis hase been mvestigated it ly and d d
thoroughly, they do not, 1n actual fact, explain the oy erall develop-
ment of the stenotic onfice Undoubtedly, the most important
aspect of the pathology with respect to the development of mitral
stenosis 15 the severe inflammatory reaction which 1nvolves the free
margm and the adjacent penionficial zone of the valve sleeve The
fibrosis of healing produces the effect of a “purse string” about the
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Fig 3 Awsal aspect of normal mriral valve showing the arcuate Iie of closure and
the convoluted edge (autopsy specimen) BaiLky, courtesy of * Surgery of the Heart
Lca and Febriger 1955 491

During closure, the free edge becomes “pleated” 1n many
places so that the length of the arcuate hine of closure 1s considerably
shorter than the diameter of the valve, as might be expected

As w1l be described later, the pathological “freezing” of the
dehcately folded free edge of the valve in the arcuate hine of closnre
plus a vanable amount of cross-fusion produces “commissures™
which, therefore, are pathologic rather than anatomc structures
It must be obvious that mere dnision of these commussures by
surgical means cannot restore the deformed mutral valve to normal
or even near normal functional anatomy

On diastole, the valve nbbon moves effortlessly ahead of the
atrial blood stream mto the ventnicular cavity When the heart s
functioning normally the mutral valve 15 not, howexer, stretched to
1ts complete *“windsock”-form nto the ventricle, but merely opens
partially Only on extreme cxertion does complete unfolding of the

valve take place
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Nate that e length of ths sht wil be much shorter than the diameter of the open
cylinder

Pathogenesis - Patholog)

While most of the microscopic pathologyc aspects of rheumntie
valvuliis have been imsestigated mtensnely and documented
thoroughly, they do not, 1 actual fact, explain the ovesall des elop-
ment of the stenotic onfice Undoubtedly, the most important
aspect of the pathology with respect to the development of mtral
stenowss 3s the severe inflammatory reaction which imyolees the free
margin and the adjacent penonficial zone of the valve sleeve The
fibrosss of healing produces the effect of a *purse strng”* about the
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Fig 5 A Diagrammauc representation of a normal matral vahe (open) B The

rheumauc process myolves the free margin and a perionficial zone of valvular ussue

C The healing of these lesions causes  purse stringing  of the free valve margin Thus

the valve cylinder becomes conterted into a con¢ with a diminutnve onifice Usually the

perionificial zone of fibrosis i3ofves the entire fength (or width) of the mural portion

of the valve Note however that the septal portion while invohed to an equal width
remams unmsoled and flexible at 1ts base

free edge of the valve which, therefore, becomes a conrcal structure
with a small and hardened opeming (fig 5 A, B, C)

Since thus fibrosing and sclerosing effect 1s most prominent along
the free edge and adjacent valve tissue for a distance of (about 1 cm)
the narrower portion of the valve slceve will be mvolved totally
while on the septal aspect the basal ussue will remam compiratively
thin and flextble This fact enables us to create a new valve mechan-
1sm bv fashioning a “‘septal leaflet” which can move freely and
cffortlessly with the trans-mutral flow of blood
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Fig 6 Commissure

commussural valvulotory {atnal apect) C. Ventncufar aspect of operated valve

atomy for muteah sienoms % Stenet ¢ valhe (atrual aspect) B B

“ose that the open ng establuhed ammmu]m a fissure of limuted size which has hardencd
"

Cross fusian of the * leaflet , 1 other words, “‘commussure
formaton’ has been desenibed ns the basie mechanstm 1 the
dev elopment of mutral stenosis This does occur in some cases as the
result of * freezing  of the indurated valve m the poninon of closure
or near closure with concomitant adherence of the contiguous
“Jeaves at the sites of valve folding However in a high proporuon
of mdwiduals who present themselves for mtral surgery, commis-
sure formation 15 absent at one or both extremities of the residual
valve onfice In these cases the stenosis 18 the tesult of an extreme
degree of ‘purse strnging” of the free edge The concept of
commmussurotomy 1n such vales becomes somewhat academic

In addition to the changes at the valve edge there are smportant
pathological changes in relation to the subvalvular structures, the
chordae tendipae and the papillary muscles Contiguous chordae
tendinae become agglutinated by enveloping fibnnous exudare
and, fater, eross fused by 1ts argamszation These thick chordal
aggregates may actually shorten due to the contraction of the
ogamztd exmdate Often, however, the longer chordae {of the
second order) will adhere to and become imbedded within the
ventneylar aspect of the valve proper, thereby gning the appear-
i‘}’“:tao‘f :Toaﬂenizlgfl'}l‘mhtlrmore, as Broca (18) has pownted out,

ate which accuraulates upon 1t free

margsn and the immediately continuous web of supporting chordae
e :‘\:s amr:sulécng these changes, one or both of the *“papillary

y ound directly adherent to the thichened and
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“clongated” margin of the valve in many patients who come to
operation Unless such secondary remforeing “subvalvular stenosis”
1s overcome simple mobilization of the valve tissue may provide
but shght relef of the obstruction (19, 20).

Reortentation of Surgical Concepts

Realistic assessment of these features of anatomy and pathology
indicates that the commissural concept upon which the procedure
of mitral commussurotomy 15 based 1s significantly deficient In view
of our present knowledge and experience 1t has proven, n fact, to
have been merely a step 1n the right direction Since, as was men-
tioned above, the frec edges of the valie sleeve becomes contracted
considerably by fibrosis, simple division of the commussures, even
m those cases in which they are well formed, will provide but a
relatively short fissurc or cleft the anatomical aperture of which
can not be more than a fraction of the normal valve opening
(fig 6 A, B, C) Turthermore, the impedance to forward flow of
blood which the functionally hmited opening, thus surgically creat-
cd, necessanily must offer obviously 1s far greater than that associat-
cd wath the effortless diastolic unfolding of the delicately convoluted
margmn of the normal valve Nevertheless, in many cases consider-
able 1mmediate symptomatic bencfit may be obtamned from this
kind of operation The presence of such a fissure created through
an area of scarring, may, however, portend a high incidence of
reestabhshment of the obstruction, due either to subsequent read-
herence of 1ts lips, or to progressive mduration of them and the
pentorificial zone of involvement as a result of further fibrosis or
calafication of the tissues

Still another factor which militates agamst the adequacy of
relief of the obstruction by division of the commussures only 1s the
nearly consistent finding of fibrosis and ngidity of the entire width
of the shorter mural portion of the valve (mural “leaflet”) There
docs not exst any surgical techmque, known to us, which can
restore mobility and function to this scarred and carnified arcuate
“shelf” Hence, all valvular function following mobihzation
necessanly must be supplied by the longer septal portion of the
valve “cone” which 1s still fleuble at 1ts base Since the possibihity
of recstablishing the normal “sleeve valve” action 1s precluded by
the pathology, as described, 1t becomes necessary to fashion a
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Fig 7 \ Neostrophingic moblization of the valve B Note that a septal leaflet
ar valke flag has been created Because 1t 1s hinged upon the flesble basal partion free
mobilization 18 imparted to U 13 structure

different hind of valve mechanism (barring insertion of a prosthesis)
Fortunately 1t has been found possible by extending the scparation
of the “commussures” 1 smooth curves toward the palpitonly
recognizable ingenal ter of the “fibrous horseshoc” to
create a chordally well supported valie flap embodying the septal
portion of the fibrosed margin of the valve cone (fig 7 A, B) Such
a flap valve, while not natural to the mammalian heart 15 an effec-
tne mechimsm which resembles 1n action the normal umicuspid
mutral vahve of the terrapin {fig 8) Morcover, on the basis of expe-
nence with nearly 500 cases, 1t has been proven feasible to create
such a salve technically in a very hugh proportion of those patient
with mitral stenosis which are encountered surgically (fig 94, B)

Technical Accomphishment

In 460 patients operated by this techmique an adequate septal
valve flap has been fastioned (surgeon’s estimate) in 709, In ths
group the diastolic murmur was abolished 1n 55% "
with only 8% following mutral commissurotomy P

as compared
the left auncular appendage In nearly all o

performed lhrough
f the remaimng 309,
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Fig 8 Untcuspid matral salve of the turtle In this spectes there 15 a simgle large sall
v

a compromise was accepted because of the nccessity for carly
termination of the operation due to detenoration of the patient’s
conditzon Many of the patients in these 309 obtaned a technical
result which, by the conventional criteria of mitral commussuro-
tomy must still be considered excellent

Operative Morbidity and Mortahty

Since adopting the techmique of creation of a scptal leaflet as a
routine procedure m 1956, the mnadence of operatively produced
arterial embolization has dechined from 6 8% to 2 8% At the same
ume the inadence of surgically created physiologically significant
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ed 10 neostrophingic mobil
Fig 9 \ Stenotic mutral salve whuch has been subyeet

2o on (open position) Nate that the durectly adherent papillary muscles have been
splittongutud nally B Closed valve Baitey courtesy Amee J Card Jan 1 93 (1958)

insufficiency has declined from 49% to 419%* However, the
recogmion of a very small regurgiant jet at the apex of the valve
cleavage 15 higher with this surgical procedure since mobilization
frequently 15 continued mtentionally until such a “warmng” jet
1s felt The overall operative mortality 1 our estimation 1s still too
tugh {58%) The major portion of this mortahty has been attn-
butable to arculatory failure occurring dunng or shortly after the
mobilizanon of the valve It usually has manifested wself in the
form of artenal hypotension, acute pulmonary edema, or frank
cardiac arrest Furthermore, as mentioned previously, nearly all
of the compromuse procedures (including those associated with
creation of app ! it d from the develop-
ment of crreulatory embarassment on the operating table Many
patients, although they suffer sinular airculatory nadequacy durning
the operation do overcome the physiological strain and survive the
operation with satisfactory result Such a happy outcome, howes er,
does not change the fact that these episodes represent a serious
hazard of any type of surgical treatment for mutral stenosts

* In the connentional m tral commssurotomy
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Py siologieal Considerations

As any cardac surgeon of experience can attest, the mere
application of considerable pressure agamst the stenotic valve or
its annular attachment may induce, apparently by a refles mechan-
1sm, severe hypotension, a run of premature ventnicular contrac-
tions or momentary asystole Should the valve onfice be blocked
for several beats by the mampulating finger, these effects may
become profound It 1s nothing short of remarhkable that m the
majorty of cases cessation of these deleterious stresses 1s followed
by rapid restoration of the circulatory status quo ante. It usually 1s
only 1 patients with longstanding, tight mitral stenosis in whom
myocardial degeneration 1s advanced that the momentary fall 1n
cardiac output with the coinaident reduction n the adequacy of
coronary perfusion mitiates a train of eircumstances amounting to
a wvicrous circle of deterioration of the curculatory status

A very simple and for the most part acceptable explanation for
the development of such circulatory failure 1s that these indraduals
happen to be just too 1ll to withstand the stress of the necessary
surgical mancuvers without artificial support of the circulation
While deftness and rapidity on the surgeon’s part may tend to
reduce the inadence of these episodes, clumsiness, slow ness, or the
creation of mitral regurgitation tend to iutiate 1t Some type of
circulatory support would seem, therefore, to be required 1n those
patients 1n whom age or the general condition of the heart point
to the likehhood of circulatory failure during or following the
manipulations

Another and equally common physiologically ads erse develop-
ment may follow the completion of an othernise satisfactory mobi-
zation of the valve during the course of which there did not occur
a severe or persistent drop of blood pressure The left atnal pressure
mstead of becoming reduced following the opening of the valve
gradually rises so that shortly after the removal of the finger from
the heart the left atrium becomes tense and distended and the left
ventricle may be seen to be dilated and contracting with difficulty
Shortly thereafter, 1 spite of the mtravascular admimstration of
stimulant drugs the anesthetist may notice the eistence of acute
pulmonary edema While many such patients have been sabaged
by the wntratrachcal admimistration of wetting agents along with
appropriate medical measures, the outlook generally 1s quite grave
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Fe 10 D agrammat c lhutrat on of emergency n cthod by wh b a smalt “balncwng
nteratr ol sepral defect may be crva cd 1o redies e 2002 pudtionary edems

every case f the condition 1s recogmzed i hme A continuous theidt
thereafter palpable through the nght stnal «all mdicates the fact
that the septal defect contnbntes 10 effectn ¢ decompression of the
lefc atrium Thus, the cause of the pulmonary edema {lugh left
wntra amal pressure refiected back thiough the s alveless pulmonan
vewns to the capilary bed of the lung), 13 remor ed and the ddatation
of the left ventoele is rebeved Suck satall atral septal defects close
spontaneously m 2 comparatively short me s has been shown
repetedly in the expenimental anymal {21} Cardhac cathetenzation
m our cases has shown closure of the defect m all but one case
within 12 weekhs of operation

The explanation for thus 1) pe of ¢ ceulatory Gafure seems to he
W the wabihty of the smoll and relatnedy underdeyeloped 1eft
ventncle to accept the sudden imposition of the greater volume load

admtted theough the surgically opened valve Nearfy always this
4P of epusode 15 seen i dlder

panents wie long standing 1ery
¢ ght matraf stenosis 1 whont no clement of valyular wsuffivency
e ts Preoperatnely the et ventricle may be scen to

be very small
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in comparison with the large night ventncle and the distended left
atrium  Probably the acute failure 1s related to the rather hmited
ability of the left ventricle to dilate suddenly while maintaining
vigorous contractibility, this we have reported previously (22)
Gnven sufficient time, measured probably in hours or days, the
left ventricle can adjust to this increased volume load The creation
of the small nteratnal septal defect provides conditions favorable
for such adjustment to occur

Open Heart Surgery for Mutral Stenosis

With the remarkable success of “open heart™ techniques it
was logical to try to operate cases of mutral stenosis under drrect
\vision using total circulatory bypass Unfortunately, 1t soon became
apparent that only the atrial aspect of the mutral valve thereby
becomes visible to the operator, that the annulus and the chordo
papiliary structures stil must be dealt with palpatonly Further-
more, 1 the non-functiomng heart small degrees of mitral msuffi-
ciency can not be recogmzed Thercfore, one has no cntenion by
which beginning regurgitation may be recognized The operator,
accordingly, 15 constramed to it or restrict the opening of the
valve to a “‘safe” size Such operations, then, are no better than
the old commussurotomy procedure although accomplished with
much more difficulty Nevertheless, 1t 15 felt that under certam
crrcumstances such as with extremes of valvular pathology open
heart surgery for mutral stenosss 1s incheated

Closed By pass-Partial

A much simpler but highly effective method of cireulatory
support may be provided by withdrawing the major portion of the
left atnal return (ovygenated blood) by an approprately placed
cannula and administering 1t to the patient by way of an artenal
cannula By this means the systemuc blood pressure (and coronary
perfusion) may be mamtamed even 1 the event of digntal obstruc-
tion of the valve Remarhably, although the transmutral flow may
be reduced 1n this fashion by 80 % or more, there 1s little differ-
ence w the tactile perception of a small regurgitant jet Thus,
this most important diagnostic sign as to the presence of an cle-
ment of incompetence 15 retained

With this type of circulatory support the surgeon may work
slowly and deliberately, secure m his knowledge that the patient’s
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Femoral
Artery

Fig 1t offeft atrial bypassof theleftventricleonly A Pene-
tranon of multwndowed plastic catheter (No 28 Fr) threaded orer a sharp pointed
obturator which 15 passed through the wteratnal septum B Removal of obturator
establishes dramage of feft atrum C Diagram of left ventrcular bypasssystem Note that
when decannulat on 1s performed a small balancing interawrial defect will be left

condition will not deteriorate suddenly or irretnievably during the
course of the operation Compromise resuits due to 1nadequate
mobilization of the valve, therefore, become relatvely rare In
addition, as long as the left atnal blood 1s being drained via the
bypass arcuit the nisk of pulmonary edema 15 pracucally non-
cL)‘uslin: By‘mscrtmg the catheter which dramns the oxygenated
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acute left heart failure 1n case the left ventnicle should have diffi-
culty m adjusting to the sudden ncrease 1n 1ts volume load

Since the blood requirements for bypass of the left ventricle
are small (about 500 cc of atrated blood) the logistic problems
of blood procurement which are associated with the usual total
cardio-pulmonary bypass techmique arc not encountered The
procedure does require hepanimzation of the patient prior to
cannuhzation of the circulatory svstem The heparin, however, 1s
casily neutralized by smtable amounts of polybrene* following
decannubization with restoration of normal clotting of the patient’s
blood within a matter of minutes We have not met any problems
of excessive bleeding attributable to the usc of this type of bypass

Wihle, at first, such closed bypass support was used by us only
n patients who were cither 1 an older age group or 1n very poor
general condition, the simpheity and ease with which 1t can be
apphed has led us recently to provide such physiologic support for
all patients undergoing operation for matral stenosis By 1ts use the
occastonal unexpected death from circulatory failure may be avert-
ed, and the nadence of compromise operations (incomplete
mobihzation of the valve) can be reduced to a new low level We
belicve that this simple bypass procedure along with the fully
developed techmque of creation of a flap valve provide us with 1
far superior and much safer method of surgery for mitral stenosis
than has exsted to date

Closed Subtotal Cardio-Pulmonars B pass

Since the left ventricular bypass depends for its cffectiveness
upon a normally functiomng unassisted right ventricle, 1t may
become necessary 1n cascs of severe and persistent right heart
failure (possibly with associated tricusprd msufficiency) to provide
physiological support to both sides of the heart This 1s most casily
accomplished with the help of a conventional ovygenator bypass
1n which case the unoxygenated blood 1s collected from the night
atrium, passed through the ovygenator, and returned to the artenal
trec Although, the actual mtracardiac mampulations for the rehel
of the stenosis would still be executed withmn the closed heart, this
set-up provides the possibility for opening the left atnum The

» Methobromate obtunable from \bbott Laborateries North Chieago Illenoms



Ten Years Progress Toward the Complete Carrecuan of Mitral Senosty 19

presence of a lotse clot within the left atrum, may at imes make
such opening of this chamber advisable.,

References

The Surgwcal Teeatment of Matral Stenosts Report of the Section on Cardm)\) ;!;u\;r
Surgery of the American College of Chest Physicians s, Chest (10 be pul el
Lixore, 1 avo Unicenio § F Results of miral commsserotomy J acaee
1938]
{z\f..fvﬂ, J’Q’ (Surgllcal wweatment of mitral sienows Dis Chest 15 377 (1939)
Eits, L B AnD Hamaew, D B The chueal resulis i the Fest 5130 pauents with
emtral stenosis undergoing valvuloplasty Ciseulanon 2/ 637 (1935}
Bk, G 8 The techrugque of openung the sicnoue mural vale ] amer med
An 356 1100 (1954
DuBost, G , OTesra, G ANp Brospeat, P Le probléme techmque de 1a commas-
surolom’m mutrale résultats obenus par Ya dilatapon anstrumentale de 1 sténose
Lém Acod Clur 80 321 (1934)

;f;:s,\éax ot by Houfu Sertoms, 3rd World Congr Cardit Brussels 1958
Cowars, W §, Afarues, G Lo ax0 Berotst, S F Mural sale surgeny.
Transentrcular vabeuloplasty and use of Jvalon spange pack for mural nsuffi-
crency Ds Chest 35 291-301 (1939)
9 Swen 31 £ - v ..

hez -
10 Ha

of ¥ b

[N

o

P

,
N\eprine W B asp Batey, C. P Matral commissurotomy though the night
thoracic approach J thorac Surg 28 15 (18341

Banes, © 7, Bouton, H B anp Morse,D P The nght spproach to the probiem
of murat sienosis Surg Clin N Amer 35 931 {1956)

Bauwey C P aspMomsE, D P Meural commussurotomy perfortmed from the right
sde § whorac Surg 33 427 (1957

Baes G P oasp Hiross, Terco  Maimal reconstrucuon of the sienoe mstral
sahe by neosropbingic mobiization J thorac Surg 35 5 {1958

Butev, G P Hinose Trmta asn Monse, D P Aitral stenoss — new vonerpt
of correcuion by rehmmng of the septal deaflet Amer J Cardiol 7 81 {1958)
Towwtsass § A vew Yook 20 cardiac anatomy § A Eansten med Gent 7
77-87 (1939)

s v % % %

k]

Ceneem M A asb Banes, € P La vaivola mutrale (11 Penorm Screntifico,
Eduore Roma 1954

3

Brock R G The surgical and patholagical anatomy of the mutcal vab
Hean] 1 489 (1922) i ol vshe T

W Hamcan D E axp Brack, H Issproved salvuluplasty for mit

Engl ] Med 253 669 (1955) ey TR e New
2 Ncnots HT aw Jawson W Lo Subvalvular mrrad seerosts
g 20 sreayment § dhorsc Surg 29 611 (1955 I SR s pecogtanon

Swax, o Magest, G, Jassson M OE ane Wanner, G

, G, ®, The
cteanon avd closure of suncular septal defects J thorac Surg 3!‘”;‘:;“:[‘;’;:3‘))
Bausy, C P, Bowtoy H [, Nicrors, H T asn Guaay, Ry Ventneuk
Plasty for cardiac ancurysen J thorac Surg 35 37 {1948 -

2

Author s nddiess Charles P Batew
RTetioh 55 P MR D41 Thoratc Chme 269 Aorth B oad Sorer

3 Forichr Kadol Vo 2



Baley Ch P and Zummerman ] Advagces wn the
incompetence Adv Card ol ol 2 pp zo—ﬂ'(mﬁ;ﬁ'ﬁ"ﬂ?:‘:ﬁim\r{'&;k"'l93“93'c stenoss and

Advances in the Surgical Treatment of Aortic Stenosis
and Incompetence*
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Absolute or dynamic impedance to blood flow across the
aortic valve respectively presenting n the form of stenosis or in-
competence, poses a serious threat to the maintenance of the
systemic artenal circulation and thus to the survival of the organmism
Fortunately, the left ventricular myocardium 15 able to compensate
for the ieffictency of the valve mechamism by hypertrophy, dila
tation, or a combination of these processes, often for many years
(fig 1) The compensatory function of the left ventricle 1s so effec
tve, that for a considerable period of time (frequently measured
m decades) the panent may be completely asymptomanc, escept
perhaps during severe physical exertion Sigmficant symptoms
gencrally appear only during the late stages of the discase, often
during the third or fourth decade of ife The first signs of heart
fatlure, left, nght, or combined, indicate cxhaustion of the com
pensatory powers of the feft ventricle and tius usuaify impiies a
very serious prognosts As a legacy of the years during which no
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Fg 1 7 emendous concentr ¢ hpertropl y and d latat on of the left ventricle in a
case of comb ned ancc stenosis and reg rgatat on

surgical treatment for intracardac lesions evisted and the compen
satory power of the left ventricle was looked upon by the physician
with favor and approval the patient with aortic valvular lesions,
reaches the surgeon nearly always 1o the late symptomatic stage of
the disease, frequently after the occurrence of episodes of frank
heart faslure It 1s hardly surprising therefore, that the operatnve
mortality 15 sull rather hugh considenng the necessary sevenity and
chemveness o wmesh Wenaren Woeudd stemn juiefed w
hope that wath further perfection of the now relatively satisfactory
surgical rechmques to be described which take due heed of the
precanious conditton of the ventricular myocardium superior results
will be obtamed with a markedly reduced operanve nsk Ths, we
trust will lead to referral of patients with aortic valvular lessons

for surgical therapy dunng a stage of the discase m which the left
ventricle 15 stll 1n good condition
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retheting the exact tipe of patholozical changes prcopcr:xu\c cl“yr
’s tash Because the mantenanc

{ugther compound the surgeon’s

the systermic artenal creplanon is cssential for moment lo-morn:m

syrvnval of the arganism, direct surgicad witack upon the aottic val \rf\

for acquired lesions was mpractical until 1n effectin e extracorpore

agygenator bypass method was desefoped (fig 3) Congemtnl aortic

Fig 4 Trapsventncular 4 latauon of the stenoic aostze 12ke Beicey Surgery of the
Heart |t Edwon Jasary 1955 courtesv of Lea and Feb ger p 796 fig 541D

stenosts 1n children usually can be corrected wath the aid of general
bodily hypotherrma because of the smplicrty of the operative
technique which requires bat a very short time far the defimtne
surgery Closed surgicd techmques, howeser, have been practiced
snce 1930 (1) for the relicf of acquired aortic stenosis Our present
more complete understinding of the anatomic, physislogic and
pthalogic aspects of aortic valvular disease swhuch to a considerable
degree 1s due to the expertence of the fast fow years has convinced
us that these closed techniques are nanting n Wnmy important
respects (fig 4)

The pathological changes of aortic stenosss are so varied, and
extensive that closed surgical mampulations, even when assyted hy
We  tacule vision  of the surgeon's finger when ntroduced mto
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Fig 2 Relatons of aortic valve (and aortic root) to many very important structures
Gourp Pathology of the Heart, p 110 fig 3 19

Arter al

Fig 3 Extracorporeal pumpoxygenator bypass arcuit which usually 15 emploved for
open surgery upon the aoruc valve Note that the night atrium 1s dramned by a single
muli perforated plastic catheter of large wize (40 Fr or larger)

The anatomic poation of the aortic valve, the fact that 1t 1s
situated relatively deeply within the heart, surrounded and related
to most 1mportant structures, such as the coronary ongms and the
common conduction bundle, mahes a direct surgical approach to
1t rather difficult (fig 2) The rather severe degrees of pathological
munlation of the valve mechanism as well as the impossibihty of



\dvanres 1o the Sure cal Treatment o Aot ¢ Stenos s and Incompetence 3
by AT f

predcnsg the et fge of pathological clnngcs prco‘pcra‘::c c\oy;
enaf
ns tash Because the man
{apher corpaund the surgeo B
lation 15 essential for momen!
the systernie artenial cireu ent to moree
t surgical attack upon 4
survinal of the organism, darec! he
al until 1n effective EXITacorpo

for acquired lesions w3s impractic

9\5%{?\3’&: bypass method Wwas developed {fig 3) Congemital aortic

Fg¢ 4 Teans entncutar d (staton of the $ enot ¢ aon ¢ va) @ Bues Surgery f the
Heart fst kd on Januaty 1935 courtesy of Lea and Feb ger p 796 g 541D

stenosis m children usually can be eorrected with the ard of generat
bodily hypothermua becawse of the simphety of the operative
technique which requires hut a very shart tune for the defimtine
surgery Closed surgical rechmques, however, have been pracuced
since 1950 (1) for the rehef of acquited aorhe stenosc

s Qur present
more complete und ding of the , physialogic and
pathelogic aspects of aartic valyular disease which to a considerable

deyree 15 due 1o the expenence of the dast few years has convinced
us that these closed techmigues are waating m many important
respects {fig 4)

The pathological changes of aorte stenosis are 5o vamed and
extensie that closed surgica) mampulations esen when asuisted by
the tacule vison  of the surgeon s finger when mtroduced o
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the aortic lumen cannot be expected to produce consistently satis-
factory results (fig 5)

Calalfication of the valve which 15 a prominent feature 1n the
preponderant majority of cases of acquired aortic stenoss 1s at
times more marhed i the fused commussures, at other times 1n the
cusp tissues proper In the majority of these cases instrumental

é:
=
=
=

/E

Fig 5 Transaortic exploration of the aortic valve by a closed technique using a pouch
sutured to the ascending aorta The tactile vision so provided has proven sigmficantly
deficient 1n the treatment of aortic stenosts

dilatation of the stenotic valve orfice with (the hoped for) con-
comitant fracturing of the calaified areas, although accomplished
without producing severe valvular mcompetence, can provide but
a small increase 1n the functional opeming of the valve (fig 6)
Attempts at closed surgical techniques for the relief of aortic
incompetence, although they were mstrumental m breaking down
the atmosphere of therapeutic hopelessness which surrounded 1t
have proven umformly unsucessful The indirect attack on the
valvular msufficiency by the placement of a prosthetic valve 1n the
Iine of the descending aorta (HUFNAGEL, 2) did for a ime gain a
certain degree of populanity Apart from certun serious fundimental
problems which the presence of an arufictal mechanism 1n a post
tion of primary function necessarily must present, this techmque
fails to relieve, probably even aggravates, the effects of the valvular
insuffictency with respect to the coronary and cerebral arculition

(fig 7)
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aecess y for an open techa que the fore becomes apparent Raitry courtesy of J
thorac Surg 26 1 7 fg 2D (1953)

Fg 7 Hursacer ball al ¢ pros het€ nscrted nto the
cont nu ty of the descend ng thorac ¢ aorta “o ¢ that the
ar cal val e does not protect the first porton of the
¢ reula on { nclud ng thecerebral a tenes and the corona
T es) aga nst the effects of heao t¢ alvular ncompetence

The development of an extracorporeal pump oxygenator by
pass system and 1ts chmical apphcation to the surgical correction
of congenital heart lesions (3 4 5 6) provided the 1mpetus for the
search for suitable techniques 1n the surgical treatment of acquired
aortic vahvular disease Early bypass techmques which permitted
safe operatine penods of short duration only and with compara
tnely low flow rates had to be modified for utihization with adults
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who require flows of 3000-4000 cem /mmnute for relatvely long
pertods of perfusion Such large perfusion flows are facilitated by
the use of a wide-bore mulu-windowed single catheter (40 Tr or
larger) to dramn the blood from the night atrium, the superior and
wnferior vena cava, and also the coronary sinus by gravity siphonage
Thghtenung of an umbihcal tape which has been placed around the
mamn pulmonary artery cnsures the completeness of the bypass
The return of large quantities of oxygenated blood to the systemic
arterial tree 15 best accomplished by the use of large arterial ca-
theters mserted into both femoral arteries

Although the major portion of blood flow 15 dwverted 1n this
fashion from the heart, there still remains a small flow, that from
the bronchial arteries, which 1s sufficient to obstruct the operator’s
view. An cffective special low-pressure suction system, which s but
minimally destructive to the blood elements, 15 essential to permit
satisfactory visuahzation of the aortic valve The blood from this
suction line 1s returned to the ovygenator and, therefore, 15 not lost
from the circulation

The ovygenator bypass system with the modification to be
described, provides about one hour of safe operating time for the
defimtive part of the procedure For more complcated cases,
particularly those with aortic incompetence which may require
extensive reconstruction of the aortic valve, this period of ime may
prove uncomfortably short

The mtroduction by Branco (7) of a completely new perfusion
techmque which permuts much longer pernussible periods of extra-
corporeal bypass, has been cxtremely helpful This mvolves the
utihzation of the patient’s own lungs for oxygenation of the by-
passed blood and, therefore, avords the damage to the blood which
results from eatracorporeal oxygenation With this techmque, all
venous blood 15 drained from the night atrium, as described, and
1s then returned with the help of a pump to the main pulmonary
artery for oxygenation by the lungs The oxygenated blood 1s col-
lected from the left atrum by a large (No 40 French) plasuc
catheter and 15 returned to the systemic artenal tree with the help
of a sccond pump Efficzent drainage of oxygenated blood from the
left atrum depends upon the presence of a competent and un-
disturbed mutral valve As a precautionary safeguard, a conven-
tional oxygenator bypaiss system always 15 sct up 1n parallel with
the autogenous lung system (fig 8)
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A speatfic problem of “open™ techmigues for the cnrrgc;mn of
4 wath the necessity for defimtine

aorue 1 alvular lesions 1§ £QRCETNK
erfusion of the coronary Aenes with oxygenated blood dunngr
S'nc bypass peniod In view of the frequently severe degrees o

Pump a1

Fg 8 Diagrammat ¢ repressmiahion of ghe = -
i whigh the pauent s own fungs are wse
ocygenator should be plared wn paratieh

{al nitts o1 eramRel

myocardial hypertrophy encountered n panents with acqured
aoruc valvular lesions, 1t 15 hardly surprising that complete inter-
uption of the coronary blood flow 1s not tolerated well by the heart

The hypertrophied myocardum with us coronary artertal
network already “stramed™ to the lumit, withstands anovia poarly
This applses espeanally to the spearfic conduction tssue {His), whick
appears to be extremely sensitive to oxygen want It has been
shown (8) that electve cardiac arrest does not reduce the oxygen
sequitements of the heast significantly and provides, therefore, no
answer to this problem Recent studies with regard to potassium
arrest have, m fact, thrown considerable doubt upon 1ts “harmless-
vess” (8] Although, 1n an occasional instance even prolonged
myocardhal anowa may not prevent complete return of normal

myocardial function, this cannot be expected 1 every case Retro-
grade perfusion via the coronary sius as suggested by Branco (10}
and uttoed by Liazner (11) and Bansy {12) has not proven
satisfactory 1n our expenience due to the ncansistent pattern of the

venous dramnage of the heart In some cases pracucally the whole
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myocardium can be supplied in this fashion with arterial blood but
the pattern of the venous network of the heart cannot be predicted
ahead of time. The problem of blood supply for the myocardium
was finally solved by the introduction of the technique of direct

e
-

oy
=
e

Fig 9B Sponge rubber cuffed tips of NUSez catheters introduced 1nto coronary ostia
Mattress or pursc-string sutures placed about the ostia prevent expulsion by the per-
fusion pressure

perfusion of the coronary arteries during the open part of the
procedure. As soon as the aorta is incised, specially prepared
catheters of the type devised by Nunez are inserted and sewn into
the two coronary ostia. Oxygenated blood then is pumped 1nto the
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coronayy arieres 1m suitable quantnes (600-1000 cc [mmulg m
the average panent) Wih such a supply of oxsgenated bloo Ilu
the myocardium, the heart may be permmed 1o beat novmatly
(fg 98, 1) Wway, howevet, e adwisable to nduce yentmeuiar
Shnllanon with the help of an mductormm Ths will provide a
comparatvely quiet field and more effective drunage of the ¥R
ventricle by the low pressure suction set-up

The placement and closure of the moson o the aota
sequire connderable attention While 1t 15 ymportant 1o make an
opening large enough to provide a sansfactory exposure of the
valve which 1s aituated deeply “within” the heart, every care must
be taken to prevent extension of the momon 1o the vianus of the
aght coromary ostium for fear of compromssing the size of this im-
gortant onfice when the maston 1s repasred  Because of the nature
of the artery i thuis namty and 1ts “fivanon” to the ventneular
myocardium, the aortic wall myy tend to tear readily Such a
disadvantageous complicasion must be avotded smce closure of the
lowermost part of the ncion, at times, m1y be veny difficult
Wath the help of 2 metenlous technique using two tons of con-
tinyous sutures, one mattress, and one aver and over, a very satse
factory closure generally can be obtamned Not infrequently berause
of the fnabulity of the aortic wall, the very considerable tension on
the suture line due 10 the wira-aorne pressure, and the fixavon of
the 2ortic roat, 1t becames advisable to use strips of Ivalon sponge
10 buffer and strengthen the line of aortic closure

ortie Stenons

The concept of * commussural” sepacacan w huch underlay the
closed technigues for zortic o 3 15 deficient 1t mamy
tespects The norma aortic valve opens ap duning systole by a
centnfugal or outward wosemens of the valve cusps Such a move
ment requites the ewstence of unfused commnssures and, tan
flewible valve cusps (fig 10) Rignd valve cusps, such as thase whiet
aee usually encountered 1 avruc stenosis fin part, due to extensy t‘
caledfication) cannot move ot of the w ay of the blood stream .
though the v may be completely unfused G ‘\'t“
of course, even thin cusps cannot sr { i

s
€
extensiely fused commssures parate i beld together by
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Frz 10 Cme photographs showing successine posittons of aortic sahe cusps during

cyclic (mechanteal perfusion of the wsolated aortc vahe Note that wide openng of

the valve requres both flexability of the cusps and lack of cross fusion at the comems
sures MacMicean Brit Heart J £ 56 (19535)

A satisfactory concept of the surgical rehief of aortic stenosis,
therefore, must provide a method for correction of bath of these
pathological features Furthermore, 1t 1s tmportant that, in addi-
tion to mobilization and to flesibihity of tissue, the cusps preserse
their cup-like configuration since this 1s essential for valvular com-
petence A fleable cusp which has lost this configuration may
produce serious valvular incompetence by prolapsing in the diree-
uon of the ventricle during diastole unless prevented from domg
so by commussural fusion to one or other of 1ts fellow cusps (fig 11)

The open techmique for surgical correction of aortic stenosts
as described herain 1s based upon the consideration of all three of
these important aspects of the normal and pathological anatomy
of the aortic valve In the less common case with only commussural
fuston of relatively flexible and well formed cusps (most commonly
scen 1n congenital aortic stenosis) simple but cntically accurate
division of the fused commussures may be all that 1s necessary for
masimal restoration of aperture and function (fig 12AB} Tlis may
be accomplished quickly with a hypothermue technique or with
pump oxygenator bypass without the need for direct perfusion of
the coronary arteries In the great majonity of cases of aortic stenosis
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3n the adult, howey er, calaification and loss of eup-like configuration
of the vilve cusps play a part which may transcend the ymportance
of commussural fusion 1n any given cise Gross Asp hucer (13)
deseribe the aortic susp as bewng compoased of two lavers ~ the
fibrosa on the concave aspect and the spongiost on the conves or
ventriculr aspect Calaification insobses more commonly the lvyer
on the concave aspect of the aoruc vihve cusps The convex inyer
15 much less often involied When the calaficruon 15 limuted

Fie 1 Prolspse of an 2onuc valvc cusp which permuts smere tncompeteree. Baurs
courtesy of Amer § Card 3 9 fig 7 (1039) !

Fg 124 Craca he
y dceurate divsson of 4
S beat g . © 30rlc commtuses under drect isian

TESIOre a good functiona
and rctain sher norms] deep e Lo gpete o cusps e et le
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B C
Fig 12B Sculpturing” of the stenotic aortic vahe by removing the scarred and
calarfied layer of the cusp In most instances the pathology will be bmtted to or maximal
upon the concasve aspects of the leaflets
Fig 12C In many instances excimon of the densely scarred and retracted tayer of the
leaflet will provide a mncrement of T h of the thinned cusp Tlus
will tend to overcome any associated incompetence BAILFy courtesy of Amer J Card
3 fig 222 L (1929)

to one of these layers 1t may be possible to chmmate the calaific
encrustation completely by dissection of a cleavage plane and
excsion of the affected layer This leaves behind the uminvolved
(or less involved) layer which provides a cusp of adequate strength
and sigmficant fleibihty Often a certain increment of lengthen-
g of the effective valve cusp 15 ganed by removal of the retracting
scarred and calaified lhyer This may be mstrumental in correcting
a less important element of valvular incompetence which not in-
frequently coexists (fig 12B, C)

More often, however, the pathological lestons are not so con
venently distributed It becomes necessary then to remove the
calaific encrustations i piece-meal fashion with the help of rongeurs
and curettes to restore fleubility to the valve cusps If feasible,
maximum functional mobility of the central portions of the threc
cusps 1s achieved first It 1s understood that scverely calaified cusps
which have completely lost their cuplike configuration must not
be so thinned or sculptured since ther very ngidity may provide
an important clement of protection agamst subsequent prolapse
should 1t be felt advisable to detach one or both extremities from
an adjacent cusp (commussural scparation) Only after very careful
and crical evaluaton of the mobility, configuration, and support
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of the resultant cusps may consideration be given to the division of
on¢ or more commussuses In order to lessen the risk of crc:\;lm;
\alvular incompetence, division of the commussures 15 performed in
small and carefully controlled wmcrements The custence of sohd
calafcation of a commussure Which apparently extends throuth-
and through from one cusp ta its fellow may incheate that surgict!
dunsion of this commissure 1s not advisable On the other hand, a
fibrous, leathery consistency of the concase aspects of the cusps i
the region of a fused comumssure denotes a safer situition In mm
instances after disision of a commssure, a blockhihe calaific en-
crustation beneath the draded commissure must be removed 5f 2
good functionl apertute 1 to be obtaned The surgreal removal of
calafied areas must be executed with the greatest of care not only
to avoud perforatton o a cusp butalsoto avond the danger of calafic
embolization upon the resumpuon of normal vahe movement

This apphes partcularly to removal of fragments from the comvex
aspect of the valve-cusps and the outfiow tract It may be advisable
10 pach the left ventncular outflow tract with gauze packing duning
the marpulations to reduce this danger

The results of the surgical relief of aortic stenosis by the open
techmque described are often stnking The second ~ortic sound
which 15 so typieally absent i severe aortic stenosis frequently s
restored to normal intensity postoperatively The gradient across
the aortic valve usually 15 reduced considerably while the flow
across the valve s increased (A preoperatn e gradient of 50 mm
across the valve with 3 pormal carthac output 15 taken as the
mimmam mdicaton for surgical intervennion )

Since excellent symptomatic results are obtaned consistently
even when the functional opeming has been mereased only to
30% of normal, the surgeon should not unwisely nisk production
of a serious degree of valvular mcompetence in a hazardous
attempt to obtain a more deal valve opening This may require
marmtenance of fusion of ane or more commssures

The mechamsm of caleification of the valve components 1s not

hnown The possibabity of recalafication with resulting recurrence
of sigmificant aortic stenosis, therefore, must be accepted We believe
that the larger the functional opening obtaned surgically and the
greater the mobnlity of the cusps, the less the nsk of early recales-
ficanon and restenosis Unfortunately however, the pa\io\n

such that 1t 15 quite ympossible at present 1o ac,hme an Wc‘a;}ﬂ:i
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functional result i every case The intenstve utilization of medical
measures which may reduce the danger of recalcification 15 of real
mmportance 1n these patients after the surgical correction of the
stenosts Presumable, thus should include the use of chelating agents
as well as a calcium restncting dict In general, 1t 1s certainly far
to state that the open operation described 1s a marked improvement
over earhier techmques although 1t cannot be considered a com-
pletely 1deal one
Aottic Insufficrency

While the “open heart” technique for aortic valvular lesions
has merely improved, although markedly, the results of the surgcal
therapy for aortic stenosis, 1t has revoluttoruzed completely our
attitude towards the surgical correction of aortic msufficiency
Trom our recent experience with this lesion, 1t has become abund-
antly clear that an ntelligent therapeutic approach must be based
upon an accurate recogmtion of the different pathological lesions
which can cause this chinical enlity

These arc many ctiological factors wlnch may produce aortic
msufficency and, although certamn pathologrcal lesions tend to be
associated with one or other of these factors this relationship 1s
no way consistent Congemital malformation, rheumatic cardtis
and valyulitis, lues, Marfan’s syndrome, and trauma arec common
primary factors 1n the development of mcompetence of the aortic
valve Sccondary factors such as bactenal endocarditis, degencratne
changes and widening of the aortic root due to left ventricular
dilatation (possibly as part of a vicious circle) may play a prommnent
part 1n the fina) prcture of the disease

Whateser the etiological cause of the prthological changes,
however, the delicate, prease tricuspid aortic valve mechamsm
usually 15 completely and yrretrievably destroyed  Only very
rarely does a sigmficant degree of mcompetence cwst 1n the ab-
sence of basic mutilation of the tricusprd mechanism (except mn the
case of a perforated valve cusp duc to trauma, acadentl or surgi-
cal, bctenal endocarditis or congemtal fenestration)

With the exception of perforation of a cusp w which the
incempetence can be corrected by patching with Ivalon sponge,
and the rehef of a component of ncompetence 1 a predommantly
stenotic valve by suitable “sculpturing” of the cusps, bicuspidiza-
tion of the aortic valie has proven to be our most effective method
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unar
Gov the restoranon of valvular competence i‘\ blu\)spli 153: l‘|; o
¢ provides a telatvely 8
alve arrngement, although 1
‘r;pcnmg [ E far more stable mechanism than 2 tricuspid one with
.
respect to vakve elosure

Fig 17 Rheumst ¢ aorue valsul s Not only 1 there beginn ng commussural obl ters.
tion but the \a) ¢ reiges dond ta becurtte rofied {inwand $oward the € nusex of | alaha)
and to become prolaps ¢ Batgs courtesy of | thorac Sur 31 373 1956)

Effectne hicuspdization of the aoruce valve can be accom
phshed by several different techmques Thus chowce of the techmque
n each indiadual case degends upon the pathalogical problem
mmoked Careful evaluahon of the chmeal picture, particularly
the eudlogical canse, if st can be established, may point 10 one or
another of the pathologica) types Radiographuc visuall of
the root of the aora with the hedp of contrast media 1 mare helpfut
n quanttating the amaunt of regurguation than i predicung the
type of pathology tualitamely Generally, only after careful .
spection of the exposed aornc valve at the aperating table will the

surgeon be i a position to decide wgon the exact teuhnique suited
to the indvdual case

Type I By far the commonest cause of the vafvular ncompe-
tence 15 the deformation of one or more of the leaflets by retraction
or curhing of the cusp edge The great majonty of these lesions are
fue to rheumatic mflammatory changes (fig 13} In some w.
stances one of the edges 15 abnarmally stretchied so that there eyists
4 Fouch hadol Vol 2
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functional result mn every case The mntensive utihzation of medical
measures which mny reduce the danger of recalafication 1s of real
importance 1n these patients after the surgical correction of the
stenosis: Presumable, this should include the use of chelating agents
as well as a caleum restrictng dict In general, 1t 1s certunly fair
to state that the open operation deseribed 15 2 marked improvement
over carher techniques although 1t cannot be considered a com-
pletely ideal one
Aortic Insufficrency

While the “‘open heart” techmgque for nortic valvular lesions
has merely improved, although marhedly, the results of the surgical
therapy for aortic stenosts, 1t has revolutionized completely our
attitude towards the surgical correction of aortic insuffictency
Trom our recent experience with this lesion, 1t has become abund-
antly clear that an intelhgent therapeutic approach must be based
upon an accurate recogmtion of the different pathological lesions
which can cause this chimical entity

These are many etiological factors which may produce aortic
msuffictency and, although certain pathological Iestons tend to be
associated with one or other of these fictors this relationship 1s 1in
no way consistent Congemtal malformation, rheumatic carditis
and valvuhts, lues, Marfan’s syndrome, and trauma are common
primary factors 1n the development of mcompetence of the aortic
valve Secondary factors such as bactenal endocarditis, degenerative
changes and widening of the aortic root due to left ventricular
dilatation (possibly as part of a vicious circle) may play a prormnent
part n the final picture of the disease

Whatever the ctiological cause of the pathological changes,
however, the delicate, precse tricuspid aortic valve mechamsm
usually 15 completely and iretrievably destroyed  Only very
rarcly does a significant degree of incompetence exst in the ab
sence of basic mutilation of the tricusprd mechamsm (except in the
casc of a perforated valve cusp duc to traumn, acadental or surgt
cal, bacterial endocarditis or congemtal fenestrition)

With the exception of perforation of a cusp 1 which the
mcompetence can be corrected by patching with Ivalon sponge,
and the rehief of a component of incompetence 1 1 predominantly
stenottc valve by suitable “sculptunng” of the cusps, bicuspidizn-
tion of the aortic valve has proven to be our most effictive method
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A B
Fig 154 Preoperame aoriograms performed m a 32 yearold white Temate T A
showing 4 plus incompetence of the aortic valie
Fig [3B Postoperatne aortogram performned o E 4 {ollowing bicwspidizavon by
creation of & comomt cusp from Two protapsed ones “ote absee of rgurgation
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Fig 15C Blood preure charung in E A showing elevation of the dastolic blood
pressure level followang bcuspidization To be publisher

?l?l:mlus of the aoruc valve which concenvahbly could be constricted
e only theoretical equivalent of a valve ring 1s the 21g-zag hne

of the penpheral attach e
ment of i
: ! he three aortic cusps to the root
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a tendency toward prolapse of the cusp in the direction of the
ventricle duning diastole (see fig 11)

Surgical correction of this type of leston consists 1 trans
forming the valve mto a bicusprd one by suturing the deformed
cusp to one of its normal or abnormal fellows, thus creating a
practically fied shelf winle leaving the third (most nearly normal)
cusp to move freely out of the way of the blood flow during systole
while during diastole 1t can abut securcly agamst the conjomnt
fixed shelf (g 14A, B, G)

Fig It 1 Diagrammauc representation of top view of an aoruc vale with a single
severely retracted perhaps prolapsic cusp
Fig 14B By suturing the deficient leaflet to one of the adjacent normal (or abnormal)
cusps a larger comparnt cusp w il be created Ths structure can supportsesel as a relatie
ly fixed shelf by virtue of 1ts attachment to two thirds of the aortic circumference The
suture line should he buffered by thin strips of Ivalon sponge

Fig H#C Vale funcuon s provided by movement of the remainng normal cusp
Baey courtesy \mer J Card 3 15 (1959)

The reduction n aperture size thus created 1s not crntic-
ally sigmificant and valvular competence will be complete, provided
the frec cusp 1s of normal structure and fleubility (fig 154, B, ©)

T3pe Il Circumferential widenng of the aoruc root by mn
creasing the size of the aperturc to be defended causes a relative
dcarth of the otherwise normal valvular tissue, thus resultung in
incompetence of the valve Although classically caused by syphillis,
this type of pathology may be seen following rheumatic and other
forms of carduitis (fig 16A, B, C) Usually the cusps 1re intrnsically
unchanged, although secondary affections may alter this too Con
striction of the “aortic annulus” with a sash, 1s practiced some
yearsago by oneofus (C P B ) (14) and more recently by others (15)
has proven to be of but temporary benefit

Ths 15 not surprising i the hight of our present hnowledge of
the anitomy of the aortic root (6) There 13, m fact, no circular
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Fig 181 Lateral tnentgenogram of H B 3 58year-ald whuee female vath a greaity
i Tated (calerfied) a0rta ang free msufficiency

Fig 148 ™

fig 1€ f
she aorte
cusp Bec

VS ak e e
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A B c
Fig 164 Dhagrammat: 1llustration of a normal aortic valhe
Fig I6B Lxtensne dilatation of the aortic root causes ncompetence although the
cusps may be intrinsically normat
Fig 16C Extreme dilatation * stretches” the free margins of the cusps mto the posiion
of * bow-strings” leaving a large central “aperture of incompetence™ Amer J Card
3 8 (1959)

Fig J7 Method of correction of aortic incompetence due to dilatation of the ront
Fig 174 The non coronary cusp the sinus of Valsalia, and an cllipse of aortic wall
are exased Note that the fibrous hne of cusp attachment to the aortic wall 1s preserved

Fig 17B The aortic wall 1s repared using strips of Tvalon sponge to buffer the
suture line

Fig 7€ Tap view showwng that the free margins of the remauuag eusps (coronary
bearing) now le as connguous diameters of the much reduced circular aortic aperture
Amer J Card 3 12 (1959}

Effective correction of this type of mcompetence can be ac-
comphshed by another method of bicuspidization This involves
exasion of the noncoronary valve cusp, together with the greater
portion of the assoctated sinus of Valsalva Closure of the gap
in the artery by approuimation of the two limbs of the fibrous
V of attachment of the excised cusp will result in a fully competent
bicuspid valve (fig 174, B, G) Since the aortic aperture has been
too large, 1t readily tolerates this amount of reduction The results
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of this hind of correction of aortic Incompetence are very granfying
since a completely competent \alve usually may be estabhshed
without causing senous stenosts of the aoruc opening (fig 18A,B,
G, D)

Type I Occanonally perforation or tears of the cusps are
seen as 1solated defects This may be the result of bacterial endo-
carditss or of trauma, either accidental or following closed proce-
dures for aortic stenosts When 1solated, repair of the defect with
2 mateh of Tyalon sponge may be all that s necessary If, however,

s may

described for Type I patients

Type IV In the three pathological types described so far, a
sasfactory surgical result 1s based upon the fact that in the majority
of cases of aortic incompetence there 1s at least one good vahe
cusp which can be uulized to refashion an effecuve valve me-
chanism

When this 1s nat true the correction of aortic ncompetence
requires a complete reconstruction of the whole valve mechanism
Generally this will require a considerable length of time and

Fig 0 Contiauation of reconsiruction of soruc vahe such as depicted 1 fig 19

Fig 204 By sutuning the free lateral ma
g of each nde of th
of acrtic wall 1o the appropriate coronary beanng cusp each ornlf;"lﬂﬁ,“ ‘dcdbemp
om clongated that a truly bicuspid valve structure will be created nbew
i og' z 8 :usptns ons of the distal extremuty of each of the gortc SUPS to th
i wall using buffering straps of Ivalon sporsge and high attachun Tt o the aeemr
Forton of the flap to the prostheuc patch wsed for rep e oyt

a1t of the aortic wall
competence to the new valye wall providey
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Fig 18D Blood pressure chart in H B showing marked elevation 1n the diasiohe
level following bicuspidization Amer | Card 3 12-13 (1959)

\ B <

Fig 19 Mecthod of valve reconstruction for aortic regurgitation which may ‘be employed
when all three cusps are so damaged that no one can be returned ta effective function
Often serious stenosis coexists

Fig 194 Extremely calcified and stenotic vahe
Fag 198 Excision of non-coronary cusp o\ercomes much of the stengsis although 1t
ncreases the element of mcompetence
Fig 19C Mobilizanon of an elliptical portion of the aortic wall as a flap pedicled
at the base of the excised cusp The flap 15 mewed longitudmally for most of 1ts length
Amer J Card 3 18-19 (1959)
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valvular incomp Aorne insnfbich can now ~ with the
help of the open techniques ~ be corrected very effectively b.y
swrgical means. In the majority of cases, competence of the valve is
achieved by surgical bicuspidization. The particular technique
1 each indwidual case depends upon the type of pathology
nvolved.
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should, thercfore, not be attempted unless an autogenous lung
bypass sctup 1s available to permut a long period of work with the
open heart, or unless hypothermit 1s to be combined with the
bypass

Thus techmque also will apply to lesions of combmed stenosis
and regurgitation with extreme calctfication of the valve

Essentially, 1t snvolves excision of the noncoronary cusp (which,
m the case of concomitant stenosis, would reheve this aspect of the
prthology) 1nd the decpening and lengthenmg of the remamng
two cusps by suturing to cach of them a narrow pedicled flap of
aortic will Thus, by extreme lengtheming of the coronary bearing
cusps, a brcuspid valve will be established (fig 194, B, C)

The large defect 1n the aortic wall 1s then closed up with a
watertight prosthetic patch of Ivalon-Teflon sponge (fig 204,
B, C)

Summary

The mtroduction of “open henrt” techntques has provided the
conditions essential for effective surgical treatment of acquured
aortic valvular lesions Dhrect perfusion of the coronary arteries
protects the myocardium agamst anowia during operation The
development of an autogenous lung bypass system hns further
extended the scope of this type of surgery The treatment of aortic
stenosts must be based upon very careful evaluation of the local
pathology and mvolves sculpturing of the cusps and division of the
commussurcs when this can be accomplished without creting
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faced with an n-
out to do a closed pulmonary atvotomy and 15
fandibular stenosss may be completely defeated and have to close
the chest Ths had happened 1 two of my cases at 2 first aperation
by other surgeons

Inducations for Operatson

Not alt cases of pure infundibulor stenosss wilt necessanty need
operation for the degree of stenons may not be severe enough

1t 15 often asked what should be done when the patient has no
symptoms T find ths approach to cardiology almost contemptible
Nature has endowed the heart with great resene powers and the
myocardram can hypertrophy sufficently to overcome the effect
of the stenosis, in 5o far as symptoms or disability are concerned,
especially in children or young adults Jt1s not for us to base our
advice an the abseace of syraptowms, 1f 0 why do we trouble to spend
so many years tramng to be doctors and specialists o we apply
anly the cntena of the layman® In such a problem our duty hes
1 assesstng how much burden the heart 1s carmyng, how much
strain it 15 exposed to in order to achieve the symptomless, or near
symptomless state

The absence of cardiac enlargement does not exclude senous

obstruction The most valuable help 15 given by chnieal evidence of
rased venous nrewsire hy the ala «

ventnicular pre
T waverr

-1

operation, if' ¥ ( o v 4 are aflected the stenosis 15 mvariably severe
and the nght ventncular pressure may be as high as 150 mm Hg
or even 200 mm Hg Arbitraraly T suggest that every patient wath

a nght ventncular pressure of 75 mm Hg or over needs operation
Between 43 mm W~ 1

decision mu -

the electroc - -
obsenethe , |\ yumniuar pressure during exercise bevause st may
then be much ugher

- dll;tt;c Patent s condiron 15 poor, if the heart 15 large and nghe
1ced fadure present the case may well be inoperable, o
©an only be done with a very high sk P  OF operation

Tteatment

- Tnmy first 6 cases T performed a closed mfundibular resection
g esther a cureular punch or a speaial spur punch, or both
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Pure Infundibular Stenosis
By Sir RusseL Brock, London

This condition 15 rare and yet 1t 1s essential that both physicians
and surgeons should be aware of 1t as 1t 15 liable to be misdiagnosed
The literature 15 scanty because few people have had experience of
many cases My own experience 15 shown below 1n companson
with expenience m pure pulmonary valve stenosis

Pulmonary valve stenosis (normal aortic root) 155 cases

Infundibular stenosis (normal aortic root) 12 cases

In contrast aortic subvalvar stenosis 1s much more common,
probably forming about one-thard of cases of congemtal acrtic

stenosis
Duiagnosis

That misdiagnosis 1s common 1s shown by the fact that in 6 of
my 12 cases a wrong diagnosis had been made before operation 1n
spite of cardiac catheterisation having been done m all but one
The most helpful differential feature 1 diagnosis 1s the absence of
post-stenotic dilatation of the pulmonary trunk, but this1s not always
reliable Cardiac cathetensation should reveal that the pressure
change occurs below the valve level, but here agamn mistakes are
made Angiocardiography 1s more hkely to give the correct diag-
nosis
Cyanosis has been absent 1n all 12 cases, the atrial septum has
always been closed However, I haveseen one post-mortem spectmen
i which a large atnal communication was present with cyanosis
duning life

Failure to differentiate the condition from pure valvar stenosis
1s sertous 1f the surgeon 1s not equipped to perform open cardiotomy
at short notice when the condition 1s revealed at operation Today
many surgeons are using open surgery for pulmonary valvar
stenosts and so preparations may aiready have been made
The surgeon who has had little expertence 1n heart surgery and sets
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out to do @ closed pulmonary valvotomy and 15 faced with an -
fundibular stenons may be completely defeated and have to close
the chest This had happened 1n two of my cases ata first operation
by other surgeons

Tndcations for Ofieralion

Not alt cases of pure mfundibular stenosis will necessanly need
operation for the degree of stenosis may not be severe cnough

1t 15 often asked what should be done when the patient has no
symptoms 1 find thus approach to cardiology almost coniemptible
Nature b endowed the heart with great reserve powers and the
myocardum can hypertrophy sufficiently to overcome the effect
of the stenosss, 1n so far a5 symptoms or disability are concerned,
especally 1n children or young adults 1t 1s not for vs to base our
adwice on the absence of symptoms,, 1 50 why do we trouble to sperd
so mauy years tramng to be doctors and specialists if we apply
only the cnteria of the Tayman® In such a problem our duty hes
i assessing how much burden the heart 15 carrying, how much
stram 1t 15 exposed to 1n order to achieve the symptomless, or near
symptomless state

The absence of cardiac enlargement does not evclude senous
obstruchon The most valuable help 1s gven by chimeal evidence of
ratsed venous pressure, by the electrocardiogram, and by the nght
ventnicular pressure as shown at cardiac cathetensation

T wave mversion 1n V | and V 2 usually sndicates the need for
operation, £V 1 1o V 4 are zffected the stenosis s nvanably severe
and the nght ventnewlar pressure may be as high a3 150 mm Hg
or even 200 mm Hy Arbitranly I suggest that every patient with
a nght ventnicular pressure of 75 mm Hg or over needs opesahion
‘l::ffwctn 50 mmHg and 75 mm Hg the case 15 less precisn nd tha

'
6 vinlticuidr pressure durning exercise because it ma:
en be much hgher 4
1§ vhe pavent s conditton 18 poot,
sided fudure present the case may wel

1 be snoperable,

Wthe heart 1s large and nght-
can only be done with a very high nisk

or operation

Treatment

. in n‘;y Brst & cases T performed 2 closed nfundibutar Tesection
g cither 2 cwenlar punch or a spectal spur punch, ar both



44 Szent Gybrgyt, General Views on the Chemustsy of Muscle Contraction

membranc which 15 rebuilt after the excitation has passed The
charged groups of the protemn will tend to attract enough 1ons for
therr complete balancing Naturally, if balanced completely there
will be no force left to bring actin and myosin together agamm So,
m the 1solated frog heart, the tension developed after a longer pause
will be very poor and will nise stepwise with each contraction at
the measure as the K 1s expelled again gradually by the single beats,
~ a phenomenon discovered by Bowditck and called the “Treppe”
{Treppe meaming a “starrcase™ 1y German*)

The situation will be different 1n the body and heart muscle
The former often 15 quiescent for long periods to enter suddenly
wto maximal actity In this muscle the 1onic concentrations have
thus to be stabilized at the optimum Swnce body muscle cansists
of imndependent muscle fibers, each with its own nerve ending, the
tension developed 1n ats contraction can be regulated by altenng
the number of fibers which are brought to contraction This is not
the case with heart muscle which 1s a syncitium, a network, n which
the fibers are connected and have to contract simultaneously Here
the qualities of the contraction withun the single fibers have to be
regulated and adjusted to the functional demand I vuzo the tension
developed by the heart muscle 1s greatly modified by the adrenalne
secreted by the sympathetic, and the ACH secreted by the para
sympathetic nerve endings How adrenaline and ACH influence the
tension developed by actomyosin we do not know None of the two
acts directly on actomyosin Even if they could, the number of ther
molecules would be too small to mfluence the more numerous mole
cules of actomyosin directly There must be an amplifier between
the two, the hormones have to act on a more central pomt which
can hardly be anything else than the membrane The fact that we
do not understand how they actually act on 1t 1s not surprising simce
we do not understand the membrane at all and stijl less 1ts relation
to actomyosin Not only changes of the membrane seem to influence
actomyosn but also 1ts stats seems to have a dominating wfluence
Haydw's expenments seem to give some information about this pont
He studied the relation between the intracellular (K) and the mem-
brane potential As mentioned, a low (K) tends to keep actin and
myosin together and produce contracture Haydu has vanied the mem
brane potential and found a defimte relation between this potential

————
* Bowd h did these expeniments in Germany in Ludwig's Jaboratory
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ayscle membrane. The expenients showed that these substances,
digitoxon or strophant, apphied W therapeytic concentratians,
acrually sbolished the staircase and these are yeasoas to behieve that
they achually sxert s thexapentic actwry by restanng the normal
degree of permeanibty In spue of sporadie reports to the contrary
§ was ntver able to find a direct action of digitalis e substances
on actomyos whach tould explasn there biologreal activity, while
thewr actiort on the stawrease 15 stnking indeed It conld be shown
that the heart of frogs succurbing to an nfecuon, actually fais
Tecanst of the mereased Kepermeabnhity of s membrane A “dead
fieatt” could readily be restored to normal activity hy decreasmg
#s (K, ), by decreasiny the (K} of the perfusnion flwd or by adding
digrealis or strophanutm to the prefusion flud These are rewsons
believe that the fatture of the heart was actually due to the increased
(i1}, the dimtals action to a decrease of this (K}) The hear, of
2eft to 1tself, 15 able to comp for the d K-per y
of its membrane only by g 1ts {req Ths Oy,
cyts down also the time available for secovery and sends thus th

heart 1nto a vicious tarcle Dhgitahis, by decreasing the permeabihty,

brings the heact aut of this vicious cuele, allows it to resume sts
pormal frer oes 33 0 -

The digrtahs s
portan ors fear w0
[ . .

a sk ke - .
mssng

Sy wuasl €U 0L only to work well, but abso to
relax well One shoufd not hestate to apply dignitaks event 1 muid
cases of a weakened funchion even if there 13 no active pathological
agent present anvmore and weakness 1s but the yemmant of earker
disease

An analogons wfiuence of the XK. perme:
has sinee been found also in mm};{:x‘:g:l&?;:‘ﬂ;ﬁ:sbmnc

Moulm and $¥:idbrandt have found lately that simufarly to dugn.
s, e €211q be abolihied also by wncreasing the (Casy
of the prefusion flusd, and ate wcimed 10 honk that digitals :l !
not produce 1ts actsan by alterng the (K} but by acting o :l?
Ca transport, a comeption supported aksa by Nirdoens 10 'n% T e
relation ket
for fo
doey

“v 3t s fiot surprising to find that an
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damage to the membrane and consecutive increase 1n permeability
and intracellular (K+) and not to a damage done directly to acto
myosin Such a condition can castly be produced in the winter frog
by 1ts perfusion with Ringer In the winter frog everything 15 at a
low level, adjusted to the low temperature and activaty If the heart
of this Amimal 15 suddenly brought to room temperature wnd perfused
with saline 1t soon loses substances which 2re essentral for the main
tenance of 1ts specific 1onic 1mpermeability ‘The heart will now
answer a decrease n frequency with a fall of tension, the mflux of
K being favored by this slow down The longer pauses will gne
more tune to the K+ s to leak in and the damaged membrane will
be unable to heep them out The longer the pause, or the lower the
frequency, the poorer the beat, that 1s, there will be a strong star
cise Normal tension cn be restored by increasing the frequency
which gives more chance to the heart to get rid of 1ts excess h a
definite tmount of 1t being pushed out m every bear Tension can
also be mcreased by lowering the temperature, which favours the
expulsion of K The summer frog does not show thisrate dependence
of tension, his no sturease, being tuned to a high activity and being
well provided with a1l the essentials necessary for mamtuning it
The heart of the winter frog with the great frequency- or tem
perature dependence of 1ts tension offers a wonderful test object for
substances which can increase the abiity of the fibers to heep the
K out It was found by Hadu and the auther (1952) that normal
serum contains such substances, the activity of which declares rtself
tn the abolition of the staircase, making the tension independent of
frequency In the presence of these substances the heart will be able
to develop maxunal tension even after 1 pause 1s long as 60 seconds
or at 1 correspondingly low frequency The solubihity of these
substances of serum suggested a sterord character and 1t was found
that steroids, hke DOC or progesterone actually could produce this
effect though they produced 1t only 1n unphysiologicaly high con
centrations The corresponding substances of serum had to be much
more active, and they readily produced contracture if their con
centrations was ncreased too much decreasing the (k) beyond a
cnitical Jevel which could no more be compensated by the membrane
Digitalis glucosides and related substances are chemically re
lated to steroids, bemng phenanthrene derwvates This suggested the
question whether the heart glucosides do not exert ther therapeutic
action by restoring the normal h impermeability to the damaged
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increase of (Ca) in the perfusion fluid should have the same cffect
as digitalis and render the membrane more impermeable to K.
This action may be instantaneous, since the frog-heart has a sponge-
like structure and little time is needed for the Ca to reach the mem-
brane of the different fibers. So if Ca is added to the Ringer and the
heart is stopped, the first beat after the prolonged pause may be
found to be just as good as the last one preceding it, no chance
having been given to the K to use the long pause to leak in, the
membrane having been rendered impermeable.

Hgjdu and the author made no attempt to tell what digitalis
actually does to the membrane on the molecular level. Loewi's ex-
periments strongly suggest that, somehow, this action is connected
with Ca. All this, however, does not invalidate the conclusion that
digitalis (and possibly Ca) alter the tension, that is act on actomyosin
(which is directly responsible for the development of this tension)
by altering the intracellular (K+) (and with it also the pH). That
digitalis did not does not improve the working of actomyosin by
acting solely on the membrane itself this is shown by the fact that
once the heart is working poorly (i.e. an unfavourable intracellular
ionic millieu has been established), digitalis develops its therapeutic
effect but very gradually, needs time. The quantity of K ejected
by a heart in a single beat is small (127 micromole) and so 2 definite
number of beats is needed to bring the intracellular (K) down to
the optimal level again.

A very painful gap in our knowledge concerns the membrane
potential in all these varied conditions, which gap is evidently due
to the great methodical difficulties of measurements in single fibers.
So, at the moment, we have to supplant, at many points, measure-
ment with speculation, if we want to make a picture of what actually
could happen. But the lack of information about membrane poten-
tials is not the only gap in our knowledge. As I tried to bring out in
this review, muscle, in many ways, is still a mystery. But in spite
of all incertitudes the darkness is gradually clearing and the doctor
who stands at the bed-side of his patients trying to alleviate their
suffering, and the research-worker who studies actomyosin, jons or
potentials in his laboratory, approach one another more and more,

day by day.
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{he main dynamo of energy production appears to operaten am‘mal
tssues, 1 nverfebrates, 1n MICrO-Orgamsms, molds, and 1n p! “‘;‘
matenial Tt has been found to operaten sheletal muscle, lner, lad-
ney, mammary gland, the lens of the ¢ye and 1n heart muscle
Fhe unersal emstence and the umformuty of tus encrgy producing
metabolic cycle demonstrates that all lving matter relies an stmatar
processes for its energy production, and that 1t 35 30 the liberation
of energy that organ differs from organ and species from specses It
appears, therefore, that there are no large diffesences 3n the meta-
bohe orgamzation of the heart from other organs, but possibly only
changes m degree, which adapt the heart to 1ts parucular task
1t 1s not surprsing that the enzymatic actwty concerned with
energy production 1n skeletal muscle 1s Jow as compared to heart
muscle
Thus far, mention has only been made of the processes within
Ahe cell which ate tesporsible for the production and transfer of
energy The substrate which 15 shunted through these common
metabolic channels1s den ed from carboly drates, protems and fats
The question that have to be answered are What foodstuffs feed
the energy dynamo of the heart? In what proportion does the hart
use them? What general conclusions on the mechanism of disturbed
cardiac achion can be drawn from changes in the utilization of food-
stuffs by the heart?
1t 15 1n thes field than some of the greatest advances have been
made within recent decades Metabohsm of heart muscle has been
studied 1 tissue shees, on the wolated heart 1n vitro, and finally 1n
the mtact heatt of animals or humans Each of these metheds has

centan advantages and duadvantages Using issue shees, the step-
wise fate of foodstufls through the hiol:

h can be fol-
lowed, parncalazly if radio-ssotopes are wsed YZ\:\ \hcrlc 3 never any

real proof that processes observed 1 these unnatural conditions
actually take place mn the intact organism In studies on the whala
heart kent alran~ g

e

! =« uave we disadvanta,
dividual catalytic enzy cannat be ind sty ‘h;:! lh‘c
?}:n mh\mo studzes have the advantage that they ave cat;\cd‘ ot
3 ¥h o\: c;‘iamz:d sys;cm and under physiofogical condions
© teehmque employed m the study of cardsa
C metaby
1 the intact human and ansmal 55 based on cazhctmzal:o: :!} ?}’:2




From the Dep nt of E 1 Med. The Medical College of

Alabama Birmingham, Alabama

Disturbances in Myocardial Metabolism
By RICHARD J BING

Metabolism may be defined as the chemical changes mn the
hwving ccells, by which energy 1s provided for vital processes and
activities Thus, metabolism includes both energy producing and
energy iberating mechamsms The primary process connected with
energy production 1s through the oxidation of foodstuffs Oxidation
of foodstufls 15 a stepwise process which, being diverse for vanous
foodstuffs 1n 1ts early phase, 1s quite uniform as the substrates reach
the final stages of energy production Brochemusts have shown that
the origmal foodstuffs, carbohydrates, fats, and proteins, are mostly
broken down to a very ssmple compound  an acetate This acetate
(a two carbon molecule) becomes Iinked to the radical (the thioester)
ofa coenzyme A, to form the “active acetate” or acetyl coenzyme A
Trom this common relay station, the substrate 1s shunted through
the main process connected with energy production, the tricarboxyhc
acid or Krebs cycle Duning aerobic oxidations within this cycle,
36 high-energy phosphate compounds i the form of adenosmne
triphosphate (ATP) are formed This represents a veritable power-
house of energy, since the free energy of hydrolysss of the terminal
phosphate of ATP furnishes the energy of about 14,000 calores
per mol This high energy phosphate represents the ink between
energy production and utilization, stnce ATP appears to be intima-
tely connected with contraction of muscle The tricarboxyhc cycle,

Please quote ths atticle as follows
Bwg R J Dusturbances 1n Myocard al Metabolism Adv Card ol 2, 52-64

S Rarger Bael/New York 1956
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2 Ingh fat mtake, suggesting the posubility of storage vathan the
heart muscle It 13 hkely that storage of fatty acids constitutes an
effort of the heart to guard sts eaergy production aganst 2 sudden
dechme tn fucl supply, primanty of carbohydrates The human heatt
s extracts considerable quanuies of amiao aadsand afternfusion
of a protemn hydrotysate, as sach as 4097, of the totat oxygen uptake
o the heant can be accounted for by acrobie metabolism of anuno
acids
Wazk on the human heart, using the techmque of mtubatien
of the coronary simus, therefore bas sndicated that the heart can
ntilize lactate, pyruvate, fatty acids, hetone bodies, and amno acids
Thus 1l the great + hity of the myocardim in the use
of s fuel supply 1t 15 likely that the relavonship between utihzation
of carbohydrates and non-carbohydrate matenal is influenced by
their relanve avasiability and by the abibty of the enzyme systems
of the heart to catalyze carbohydrates

Dusturbances in AMyocardial Metabolism

The techmque of cathetenzaton of the coronary sinus has been
of value m nvesygating disturbances i myocardial metabohsm
Metabobism was previously defined as the sum of chemical changes
s the bving cell by which energy 15 provided for vitat Pprocesses
We may broaden fus defimtion to nclude under metabotism not
only energy prod but also unl s ly, dis-
turbances 1n the metabehsm of the heart may mamfa‘z thcr;x'sches
m energy production connected with the oudation of foodstufls
they may also be located 1n processes connected vath energy uxm:
zation and hberation Abnormal myocard A aetemms fA0

© w14y pe 56 subt]
not become apparent with the methods which rcl)leag;;‘or‘xh (ciz‘::iro



54 Bing, Disturbances in Myocardial Metabolism

coronary sinus The value of catheterization for the determiaton
of cardiac metabolisn has been of recent date In 1946 1t was noticed
that the tip of the catheter could be introduced 1to the coronary
sinus The possibihity of obtaiming samples of coronary vemn blood
from the coronary sinus opened a whole sertes of mvestigations
In the first place, the blood flow through the coronary vascular
bed could now be determmed 1n man In addition, by comparng
the concentration of various foodstuffs mn artenal and coronary vem
blood, the usage and extraction of various foodstuffs and of oxygen
by the human heart could be measured Thus, for the first time
the calculation of the mechamical efficiency of the human heart was
possible Further, the relative contnbution of each of these meta
bolites to the oxidative metabolism of the heart could be calculated

Since this 1s primanly a discussion of disturbances 1n cardiac
metabolism, the results obtaned on the normal heart will be discussed
briefly only as far as their knowledge 1s necessary for an understand-
g of the disturbed mechamsms 1n disease Using cathetenization
of the coronary sinus, 1t could be shown that the blood flow through
the heart muscle 1s only a relatively small percentage of the total
output of the heart (about 8-10%) In contrast, the hidney recewves
about 25% of the total cardiac output The heart 1s a working
muscle, constantly demanding oxygen, this demand for oxygen 15
expressed 1n the large amount of oxygen which the heart muscle
extractsfrom arterial blood The oxygen extraction s almost maximal
even 1n the normally working heart muscle Since the extraction of
oxygen 15 almost maxamal at “rest”, the only means on which the
heart can rely to mcrease 1ts oxygen uptake 15 through an ncrease
m coronary flow When, for some reason, such as narrowmng or
obstructing one or more coronary artenes, the flow of blood to the
heart muscle cannot ncrease, the resulting oxygen lack m heart
muscle can produce the symptoms of coronary insufficiency with
pain on exertion being the predommant complaint

Using cathetenzation of the coronary sinus, 1t was shown that
the human heart can utilize considerable quantities of carbohydrates,
fatty acids, ketone bodies and amino acids Assuming complete
oxidation of carbohydrates, the acrobic metabohsm of the food
stuffs 1n man could count for only approxumately 359% of the total
myocardial oxygen uptake The mamn contribution to the oxidative
metabolism of the heart therefore comes from non carbohydrate
materzal Myocardial uptake of fatty acids 1s particularly great after
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a Ingh fat sntake, suggesung the possibibty of storage within the
heart muscle 3t 15 bhely that storage of fatty acids constitutes an
effort of the heart to guard 1ts energy production against a sudden
dechine m fuel supply, pnmanty of carbohydrates The human heart
also extracts considerable quantities of amuno acids and after infunion
of a protein hydrolysate, as much as 40% of the total oxygen uptake
of the heart can be accounted for by aerobic metabolism of amino
aads

Work on the human heart, using the techmaque of intubation
of the caronary sinus, therefore has indicated that the heart can
utihize lactate, pyrus ate, fatty acids, ketone bodues, and amino acids
Thas tlustrates the great versathity of the myocardium in the use
ofats fuc supply 1t 1s hikely that the rel tup between
of carbohydrates and non-carbohydrate material 15 influenced by
their relanve availabibity and by the ability of the enzyme systems
of the heart to catalyze carbohydrates

Dusturbanzes 1 Myoardial Metabohism

The technique of cathetenization of the coronary sinus has been
af valye w g disturh n my dral bol
Metabolism was previously defined as the sum of chemical changes
mn the ving cell by which energy 1s provided for vital processes
We may broaden this defiration 10 include under metabolism not
only energy prod , but also utd » consequently, dis-
turbances n the metabolism of the heart may manifest themsehes
i energy production, connected with the oudation of foodstuffs
they may also be located 1n processes connected with energy uuh:
zation and Iib Abnormal my daal of fooddstufls
suggests that the disturbances occur within mechanisms eoncerned
with cncrgz production However, the finding nf parmaatl ave-

PO

1~ ewulalll Ay be so subtle thay th
::‘ :);cvm; ap‘;’;arcnl with the methods which rely only on ;ztio
on of substrates 1n coronary artenal and .
all, the evidence for the Joca e ot ood Al in
b ization and nature of the metybel
of caronary sinus cath= o
within energy Liberan

A Liergy hberation
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of the heart muscle takes place m the contractile protems of the
heart muscle This 15 a complex structure, composed of a series of
Protemns which are subject to a combmation of enzymes and electro-
Iytes The search for the exact location of the deficiency 15 comph-
cated and mvolved, and cannot be carried out on the intact heart

Table 1 Disturh, 1n Myoeardial Metabols

bances 1n energy prod with reduced cardiac efficiency
Ber: Ber heart disease
Myocardial 1scherma and anoaa
1 Hemorrhagic shock
2 Coronary occlusion
3 Ventrcular fibnillation
4 Hypotherma
Disturt n energy d without d d cardiac efficiency
A Diabetes
D
A

ey

big

b n energy with reduced cardiac efficiency
Congesuve faslure

m

Table 1 shows that the disturbances 1n cardiac metabolism
have been divided 1nto those of energy production and of energy
hberation and utibzation Subdivisions were made depending on
whether the mechanical effictency of the heart 1s altered The
mechanical efficiency of the heart represents the percentage ratio
of the work of the heart to the oxygen usage of the heart expressed
m cnergy umts Efficiency of the normal left ventricle of man 1s
approxmmately 25%, or 25% of the chemical energy 1s converted
1nto useful work of contraction Therefore, a fall 1n efficiency could
result from a decline mn cardiac work or an increase in oxygen
usage by the heart In most chinical conditions, myocardial efficiency
declines because of a fall in cardiac work and not because of an
mcrease in the myocardial oxygen consumption

This discussion will not deal with 11l the disturbances in cardiac
metabolism enumerated 1n table 1 Most of these have been covered
by the present author 1n recent reviews on myocardial metabolism
This review will deal primanily with the problem of myocardial
1schemia and anoxa, and with metabolic studies of cardiac meta-
bolism of patients tn congestive failure

Myocardal Ischemia and Anoxia

Myocardial 1schemia can be considered as a separate metabolic
entity, because the sumulus for the metabolic alterations and the
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metabokc response of the heart sauscle are qute ﬂm‘h;f- ‘“‘;3::;5_
onty 1 degree wath the seventy of scherma For examp ‘; h"‘ .
orrhagic shoch the degree of 1schemua 18 relatn ely minor, the m "
bolic changes are few In embolizauon of the coronary artenes wit
plastic spheres, myocardial ischemia and the metrbolic changes “l‘e
more pronounced The most severe changes are seea 1a ventacuiar
fibnilaton
Hemorrhagic Shock Many reportsn the hiterature have suggested
amyocardiaf component hemorthage shock, Thereis no question
that the coronary flow, and therefore the myocardsal oxygen usage,
1 reduced dunng both oligemic and normovolermc phases of shock
Myocardial efficiency 15 reduced because the cardiac work 1 de-
creased proportionately more than the myocardial oxygen con-
sumptian The reduction 1n cardiac output dunng oligermia Teads
to stagnant with a resultant increase 10 penpheral exe
traction of blood Many of these changes m the Hlood persust after
retransfusion of the blood (dunng normavolesma) These changes
1 blood point toward the fact that certain enzyme systems of the
penipheral tissues are affected duning hemorrhage shock Findings
obtaned with coronary simus cathetenzation suggest that some of
these changes also occur mn heart muscle The most sigmaficant
change 1 myocardial metabolism 13 the dimnniion n myocardsal
pyruvate usage with an actual mncrease n that of lactate Tny most
mnstances pyruvate levels i coronary vemn blood exceed those of
artenial blood 1n both oligemic and normevolemic shock The myo-
cardial extrachion and usage of glucose are reduced Consequently *
dimmushed myocardial pyruvate extraction octurs umulianzoushy
withncreased myocardial lactate extraction The fact that the heart
15 m_rncgauvc myocardial pyruvate balance suggests that there s
e with the decarboxyl of thys , possibly
G e b sty Thecomayme s detecd
ns and s disappearance 1 thought to
result from 1ts dephosphorylation ‘Therefore, m hemarrha ¢ shack
the myocardial block 1 )dentical with that encountered mgb‘m b
heant disease However, m the former, cocarboxylase 18 destr c:
because of anoxa, while sn bert bent heart disease 1ts furmau:zcu
diminished became of absence of adequate dietasy thiamun The

f;ct that Jactate usage by the kaart 15 not 1ntesfered weth n hemor-
Thagic shock, indicates that under these conditions the heart !
18 nat forced to rely on b for energy prod I oo

Incon-
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of the heart muscle takes place i the contractile protems of the
heart muscle This 15 a complex structure, composed of a series of
protemns which are subject to a combination of enzymes and electro-
Iytes The search for the exact location of the deficiency 1s comph-
cated and mvolved, and cannot be carried out on the ntact heart

Table 1 Dusturbances in Myocardial Metabolism

I Dusturbances in energy production with reduced cardiac efficiency
A Ben Bers heart disease
B Myocardial ischemta and anoxia
1 Hemorrhagic shock
2 Coronary occlusion
3 Ventncular fibnillaten
4 Hypotherma
II Disturb 1n energy prod: without d d cardiac
A Diabetes
IIT Disturbances in energy utlization with reduced cardtac efficiency
A Congesuve farlure

i

Table 1 shows that the disturbances 1n cardiac metabolism
have been divided into those of energy production and of energy
hberation and utihzation Subdmvisions were made depending on
whether the mechanical efficiency of the heart 15 altered The
mechanical efficiency of the heart represents the percentage ratio
of the work of the heart to the oxygen usage of the heart expressed
n energy units Efficiency of the normal left ventricle of man 15
approximately 25%, or 25% of the chemucal energy 1s converted
1nto useful work of contraction Therefore, a fall n efficiency could
result from a dechne n cardiac work or an mcrease 1 oxygen
usage by the heart In most chnical conditions, myocardial efficiency
declimes because of a fall in cardiac work and not because of an
increase 1n the myocardial oxygen consumption

Thas discussion will not deal wath all the disturbances in cardiac
metabohsm enumerated 1n table 1 Most of these have been covered
by the present author 1n recent reviews on myocardial metabolism
This review will deal pnimanly with the problem of myocardial
1schemia and anoxia, and with metabolic studtes of cardiac meta-

bolism of patients mn congestive farlure

Mjocardial Ischemia and Anoxia

Myocardial 1schema can be considered as a separate metabolic
entity, because the sumulus for the metabolic alterations and the
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1 15 quite hely that the metabolic changes ohserved result from
a2 sudden dechime 1 coronary flow, no statistical corrclation exists
between the height of the mean artenal pressure and the myocardial
extraction of these metabolites In addition to the rapd changes in
myocardial extracion af substrates, as reported from this laboratory,
embolzation tesults 1w more prolonged disturbances withun the
heart muscle, as illustrated by a rise 1n artenal concentration of
transamumase It has been shown that the serum level of glutamic |
oxalacetic transaminase nses sigraficantly following acute myocardhal
nfarction In contrast to the immediate changes in the coronary
vein concentration of smaller molecules, the nse 1n blood trans-
aminase levels occurs eight hours after embolzauon  Apparently
coronary occluston results first 1n changes i myocardial extraction
of substrates of small molecular size, as necresis of heart muscle
progresses, larger molecules are released into the blood stream from
the damaged muscle cell

Ventneular fibrillation produced by electne shock resulys
severe changes in myocardial metabolism In some instances, the
coronary vein concentration of glucose exceeds that 1n artenal blood
by mare than 20 mg per cent and smmediately following the onset
of ventncutar fibnilation the concentrations of Jactate, pyruvate and
ketones are also considerably hugher in coronary vein than in artenial
biood The nise of potassium 1n coronary vesn blood 1s probably the
result of mncreased permeabulity of the cell raembrane while the
negative myocardial sodium balance may result from the escape
of thus 1on from cells of the Purkinye system Increased content of
morgame phosphorusy m coronary vem blood 1 also frequently
observed 1n these expenments In all likelthood, certain coenzymes
lalskz ;A:\;i: ::dm‘mn(amcd i their phosphorylated form only as long

atson 18 assured  As soon as oxidabion 18 arrested, the

co-enzymes break down and the process hecames yrrey ersib
oxidation fakes place before this has oceurred emblewles

Cardiac Metabolism 3n Congestive Fasture

Accumulation of nformatuy
i on regarding the metabolic processes

problem 1n the environment yn
which 1t connues o progress
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trast, anaerobiosis occurs 1n other tissues since lactate concentration
of artertal blood 1s elevated The threshold stimulus, resulting 1n
glycolysis 15 probably greater in cardiac than m skeletal muscle
Under the conditions of hemorrhagic shock, glycolysis plays norole _
m energy-producing mechansms of heart muscle

Experymental Coronary Occlusion and Coronary Shock When plastic
spheres are injected directly mnto the coronary arteries through a
special catheter, 1nserted into the carotid artery of a dog, a significant
dechine n peripheral arterial pressure, coronary flow and coronary
output occurs The fallin cardiac output 1s the reflection of increased
systemic arteriovenous oxygen difference and the diminution in
myocardial oxygen consumption 1s the result of reduced coronary
blood flow As in hemorrhagic shock, the myocardial extraction
of oxygen does not change, despite a significant fall 1n coronary
blood flow Thus 1s mn ke with previous observations, that within
himuts, changes in coronary blood flow rather than myocardial
oxygen extraction are responsible for alterations mn myocardral
oxygen consumption In contrast, ventricular fibnllation results 1n
a sigmficant dimimution 1 myocardial oxygen extraction

The metabolic changes following embolization of coronary
arteries are severe Statistical comparison of the averages of the
control observation and averages of data obtained followmng em
bolization reveal a sigmficant diminution 1n myocardial extraction
of carbohydrates In many instances the myocardial balances of
glucose, lactate and pyruvate become negative This illustrates the
severity of the damage to energy-producing mechanisms It 1s hikely
that here, too, the changes in pyruvate extractions are the result
of destruction of cocarboxylase The appearance of an increased
amount of glucose m coronary vem blood 1s more difficult to inter
pret Itislikely that an increase in permeability of the cell membrane
brought about by the circulatory changes 1s responsible

In contrast to hemorrhagic shock, glycolysis 1s present following
embolization of the coronary arteries, the lactate extraction by the
heart 1s dimimshed, and concentrations of lactate 1n coronary vein
blood often exceed those m artenal blood

A charactenstic feature of the metabolic changes observed after
embohization of the coronary arteres 15 their short duration Many
of the changes m myocardial extraction observed persist for several
minutes only Frequently the negative myocardial substrate balances
become positive despite persistent arterial hypotension Although
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Substrate ytilization appeared to be equally normat No signifi-
cant difference 1n myocardial usage of any of the basic foodstuffs
could be demonstrated in patients with congestive farlure, 1n patents
with heart disease without farlure, and 1 normal mdividuals The
smilanty of the pattern of foodstufs uttdizatian wat further con-
firmed by data on the respiratory quotients, which showed similar
mean values 1 all three groups

1 myocardial metabolism in human subjects 13 predomnantly
anaerobic process and energy 1s produced by theoud bol
of substrate, 1t should be possible 1o use oxygen consumption as an
mdex of enesgy production In order to make vahid comparnsons
1 this manner, 1t Tust be demonstrated that first, the same type
of fuel 1s consumed by the normal and failing heart, since the energy
equivalent of oxygen vanes according to the type of foodstufls
catabolized, and second, that no energy 18 demed from anatrobic

h or that the so denved are equalin both fathing
and normal hearts

The first question has already been answered, since 1t has been
shown that the pattern of foodstuff usage 1n congestive falure 18
nat altered sufficiently to have any effect on total quantity of energy

released by oadat bolism The second g 18 mare dif-
ficult to answer However, evaluation of lactate metabolism in
patients with congt faslure, and consid ofp work

1 expenmental ammals, permuts certain conclusions on the possible
tole of anaerobious a3 3 raeans of energy production m heart
muscle
Since the myocardium 15 conunuously active, sufficsent oxygen
and Ty enzy are avatlable to permit 2 kugh rate of
anaerotae metabolism Skeletal muscles, 1 which actwity usuajly
alternates with penods of rest, are fess well endowed with oxidative
enzyme systems \When skeletal muscles hecoms active, glycolysis
takes place 10 an effort to fulfill the energy requirements Since no
1m:;:dxa!c OXYBEn 15 Tequired, glycolyss provides a method for
pr utcmg energy dunng hypoxia, Following cessation of acuvaty
:rrx:‘s; o‘;a::: t:f orxygcn ;u‘)ply, OXYRen consumphion proceeds ag
€38 ol immediate exergy requirements unal gb
stores have been replaced and su; e
rplus fachc acd
0“\12‘:\;‘ Tequired for this purposes 13 “the ovygccxlx digr;s‘umed The
gs from and ather laboratonies of 2 sigm.
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bolism of the failing heart have utilized exther the isolated heart-
lung preparation, or a pump-oxygenator system, or more recently,
1atubation of the coronary sinus While extremely valuable, the
nformation obtained by such methods 1s not necessanly applicable
to congestive heart fulure 1 man, or at least 1s subject to con
siderable musmterpretation when analogies are attempted Cathe
tertzation of the coronary sinus has provided a means of not only
gathening data which would otherwise be unobtawmable, but also
of conducting the study of congestive failure under physiologic
conditions with normally operating nervous and hormonal regu
latory mechanisms

In order to arnve at statistically rehable conclusions concerning
metabolic events 1n the heart of patients with congestive failure,
1t 1s necessary to have a senes large enough to mtigate the effect
of considerble scatter of the individual observations In view of
these considerations, a study was undertaken 1n this Iaboratory to
provide statistically valrd data which could be used to a1d 1n resolving
the following problems 1 Is there any difference i the amount
of oxygen consumed by equal weights of normal and fathng human
heart muscles? 2 Is the failling heart deficient 1n 1ts ability to utihze
any of the basic foodstufls consumed by the normal heart? 3 Is
there any evidence of anaerobic myocirdial metabolism in con-
gestive heart fulure® 4 Is the reduced efficiency of the fatlmg heart
duc to deficient energy production or mefficient energy utihzaton?
To accomplish this purpose, results were obtained by cathetenzation
of the coronary smus m 20 patients with congestive heart farfure of
the common etiologies The data were then compared with sumilar
findings obtaned m two control groups, one consisting of subjects
with entirely normal hearts, and the other of patients with known
heart disease but without congestive failure

The results of these studies indicate that in congestive failure,
the myocardial oxygen consumption does not differ from that
obtained m normal mdividuals Patients with congestive failure
have a lower average coronary flow but a slightly higher myocardtal
oxygen extraction than do the normals Calculations of the myo-
cardal oxygen consumption from this dat give values of 91cc
per 100 g per minute 1n the normals, and 9 2 per ce per 100 g per
munute 1n the patents with left ventricular falure It was therefore
concluded that the oxygen consumed by equal weights of heart
muscle was the same 1n both groups
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of the heart as talcylated from oxygen consumption 1t 15 Mkely,
however, that when 1 congestive fulure the work of the heart 1s
1ncreased, glycolysis takes place, making it difficult to calculate total
energy production from oxygen consumpuon of the heast muscle
The mefficiency of the glycolytic process as a means of energy
production could partially explamn the dimumished ability of the
heart 1 subjects with congestine farlure to mcerease its output dunng
exercise

The studes performed 1n this laboratory therefore indheate that
no appreaiable difference exists between the normal and the faling
human heart 1n exther oxygen consumption or the pattern of sub-
strate utilization, at least under basal conditions It may be con-
cluded, therefore, that there 1s no diffe e 1n energy prod °
for equal rates of normal and failing heart muscle Since the me-
chanical work performed 1s normal or decreased the fauling heart
must be deficrent m 1ts ability to utlize energy for effectine muscutar
contraction Tt s bikely that the deficiency resides wathun the con-
tractile proteins of heart muscle

The findings obtzined on the effect of dagualis on the metabolism
of thehuman heartarein agreement with thisinterpretation Cardiae
glycondes appear to produce no change 1n my dial
oxygen ption or 1 total foodstuff utl of the human
heart This suggests that the improvement 1n work capaaity of the
faling heart, resulung from the wse of cardiac ghycosides must be
the result of their action on energy hberation, or more specifically,

1t must result from thewr effect on the contractile protems of faling
heart musele
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ficantly increased blood lactate concentration mn patients with
congestive failure suggest that tissue oxygenation 1s madequate for
optimal aerobic energy production In contrast to skeletal muscle,
normal cardiac muscle 1s apparently able to respond to mereased
work demands by an increase 1n aerobic metabolism without .
resource to glycolysis Numerous observers bave reported studies in
experimental ammals demonstrating that the myocardium does not
contract a significant oxygen debt duning increased work However,
1t 15 hikely that the apparent differcnce m energy producing mecha-
1sms between heart and sheletal muscle 1s quantitative rather than
qualitative, since under conditions of marked hypoxa the lactate
concentration of coronary sinus blood may exceed that of artertal
blood indicating the presence of significant glycolyses in heart musele

From consideration of the glycolytic processes in the skeletal
muscle, and from lactate metabolism of the acutely 1schemic heart,
1t 15 inferred that if anaerobiosis occurs 1n cardiac muscle of human
subjects with cardinc fallure, 1t should be detected first by diminished
extraction of Inctate from coronary blood As energy demands -
crease or oxygen supply dimmmshes, lactate production should
ncrease until the rate of production exceeds the rate of utihzation,
at which point the concentration 1n coronary venous blood should
exceed that 1n artenal blood Since in the present study the subjects
were 1n nearly basal condition and no evidence of decreased oxygen
consumption was found, only mimmal changes mn myocardial
lactate metabolism would be expected

However, results of the dxta indicate that glycolysis may actually
occur n the hearts of some of the patients with congestive heart
faslure This assumption 1s based on the finding that despite sigmi-
ficantly 1ncreased artenal lactate concentration in the patients with
farlure, myocardial extraction of lactate 1s not elevated Analysis
of individual observation demonstrates further that dmminished
lactate extraction 1s evident chiefly 1n those subjects with a higher
artersal lactate level In normal individuals, the myocard:al usage
of lactate 15 a function of 1ts artenal concentration The findings,
thercfore, may be interpreted as mdicating a relative diminution n
the utiization of lactate by the heart muscle

In spite of the suggestive evidence for myocardial anaerobiosis
1n some of the patients with congestive failure, 1t 15 unlikely that
the amount of energy hberated by glycolysis under normal con-
ditions 15 sufficient to alter substantially the total energy production

v



The Adrenergic-Cholinergic Control of
Cardiac Metabolism and Function
(Physio-Pathological and Climeal Aspects)

By W RAAB®
Tntroduction
Modern mediane 15 passing through us “Golden Age” of
lar and dented progress to which cardiology has

contributed 1ts xmp;rcssxvc share 1 the fields of cardiac surgery,

hemodynamucs and diagnostic measunng techmques Vet, the patho-
genests of the pnmanty functonal and degeneratis heart disenses
13 stall targely shrouded in the fog of meomprehension

Over the decades, the founders of traditional, orthodox chinical
cardiology have bt a maghty fortress of ongnally frntful but by
now partly out-dated mechamstic concepts and, firmly entrenched
behind the thick walls of stnetly non-chermeal thunking, ther faith-
ful disciples put up a vahant against the Ty
besieping but poorly organized forces of the infidels phystologists,
brochemusts, biophysicists, and even a few rebellious cinicrans Upon
the ramparts flies the banner of “Coronary Flow” as the supposedly
all explanatory cardinal feature of functional and degenerative car-
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problems, not because they give promise of immediate value to the
human race, but because they make an irresistible appeal by reason
of an inner beauty.”

1. PHYSIO-PATHOLOGICAL FEATURES

1. Cardiac Innervation
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diac pathology, tattered by inconsistencies but still the dominant
symbol of unshakeable conservativism
Only threc years ago, R Hegghn (262) deplored the nearly
complete disregard of myocardial metabolism by the chncal text-
baoks and pointed out that “climcal cardiology 1s stiil based almost
entirely upon pathological anatomical concepts, established during
the last century, whereas 1n other fields of medicine patho physio-
logical thinking has become decisive long ago” However, there 1s
no cause for absolute pesssmism Extraclscal recognition of many
basic facts, not only concerning physiology but also concerning its
pathogemc ymplications, has greatly progressed during the last 20
years, and their ultimate penetration through the Paper Curtain
which separates the achievements of fundamental research and
chinical thought cannot be held up forever The mnconvenience for
the busy chinician of thinking 1n unfamiliar brochemical terms does
not disprove the existence of biochemical processes, and, therefore,
to re emphasize here the obvious, paramount importance of cellular
metabolism for myocardial contractile activity and for ats climical
derangements, appears superfluous
Owing to the pioneer work of mvestigators with wvision and
ingenuty, such as 7 Barroft, A B and M Beznak, R 7 Bing, J H
Burn, C L Evans, U S von Euler, K Golluntzer Meaer, W T Goodale,
H Gremels, F Hoffmann, A Jansch, F Lenzr, O Loews, V C Mpers, D
Nachmansohn, H Schatfer, H Schumann, E H Starling, 4 Szent Gyorgn
and many others, some of the fundamentals of myocardial meta-
bolism and the both regulating and disturbing mfluences, exerted
upon 1t by the cardiac nerves and neurchormones, have been clan
fied to a remarkable extent Although a great many sections of this
large problem complex still rematn 1 obscunty, the mternational
Iiterature reveals already now the distinct archutectural outhines of
a functional system whose manifold purposeful integrations cannot
but evoke 1n 1ts student a fechng of admiration and awe
The following review of the subject must needs be a superfical
and shetchy one It1s mtended merely to lead the 1nterested reader
to sources which will enable nm to obtain more detailed informatron
and, 1f he so chooses, to contribute himself to further progress in
this field Its maximal exploration 1s indispensable for a successful
battle agamst the most common of all fatal diseases of civihzation
However, to quote John Jacob Abel * The way to future discovery
can be kept open only when the mvestigator freely dares to attack
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drac pathology, tattered by inconsistencies but still the dominant
symbol of unshakeable conservativism

Only three years ago, R Hegghn (262) deplored the nearly
complete disregard of myocardtal metabolism by the clmieal text-
books and pointed out that “clinical cardiology 1s still based almost
entirely upon pathological anatomical concepts, established during
the last century, whereas in other fields of medicine patho physio-
logical thinking has become decisive long age” However, there 1s
no cause for absolute pessimusm  Extrachmnical recogmtion of many
basic facts, not only concerning physiology but also concerning 1ts
pathogenic implications, has greatly progressed durng the last 20
years, and their ulumate penetration through the Paper Curtan
which separates the achievements of fundamental research and
chimeal thought cannot be held up forever The mcanvemence for
the busy clinican of thinkang i unfamihiar biochemical terms does
not disprove the existence of biochermical processes, and, therefore,
to re-emphasize here the obvious, paramount importance of cellular
metabolism for myocardial contractile activity and for ats chmical
derangements, appears superfluous

Owing to the pioneer work of nvestigators with vision and
mgenuity, such as ¥ Bareroft, A B and M Bezndk, R ¥ Bing, § H
Burn, C L Erans, U 8§ von Euler, K Golluntzer Mewer, W T Goodale,
H Gremels, F Hoffmann, A Jansch, F Lenzt, O Loewt, V C Myers, D
Nackmansokn, H Schaefer, H Schumann, E H Starling, A Szent Gyorgs:
and many others, some of the fundamentals of myocardial meta-
bolism and the both regulating and disturbing influences, exerted
upon 1t by the cardiac nerves and neurohormones, have been clan
fied to a remarhable extent Although a great many sections of this
large problem complex stll remam 1n obscurity, the international
Iiterature reveals already now the distinct architectural outhnes of
a functional system whose manifold purposeful mtegrations cannot
but evoke 1n 1ts student a feehng of admiration and awe

The following review of the subject must needs be a superficial
and shetchy one It 1s mtended merely to lead the mnterested reader
to sources which will enable him to obtain more detailed information
and, 1f he so chooses, to contribute himself to further progress
¢hs field Its maximal exploration 1s mdispensable for a successful
battle agamst the most common of all fatal diseases of cavihzation
However, to quote Fohn Jacob Abel “The way to future discovery
can be kept open only when the nvestigator freely dares to attack
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Fig 2 Schemane Representation of the Aerve and Vascular Supply of Myocardial Tisss, and
Dustrbuton of Mewrohormones
All preganghiome fibers contain Tchol The h
a4, h

Tel disch

the px

acetylcholine (exutence of such postganglionic vagal elements outsde of the atna
questionable) Additional quantiies of acetylcholme are formed 1n the myocardium
dependently of 1ts nerve supply, and are stored there, bound 1o lipids or protens
(o holine) Some epinephnne and small of from
the adrenial medulla reach the heart muscle va the blaod stream A certan amount of |
catecholamncs séems 10 be formed by chromaffin celt ulands 1n the myocardium

The

o n neurons was
found by con Exler (155) to mcrease toward the nerve endings (fig

2) In view of the
relanve scaraty of \s catecholamine i the sympathene ganglia, he beheves that
norepracphnne ongunates manly 1 th heral part of the
o i ly c penpheral part of the neurons and that 1t

Ty, probably by diffusion The latter process us |:uu:led bv nervous lhm::h

The exstence of such compounds 3 o
ippears likely in view of the tendency of porepine.

phrmt] © c]::hme with lecuihune (153, 412) Holtz (278) assumes that part of the neural

vorepiacpbnne i formed n the chromaffine cell graups withun the sympathetic ganglia,
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1t 13 generally beheved that the ventnicles of the heart are entirely free of vagal elements
and thus of direct vagal inhibitory mnfluences, there are some nvestigators who feel
that such influences do exist or at least that this problem 1s not defimtely settled (143,
293) The preganghome cardiac portions of the vag: onginate n the dorsal nucler m
the floor of the fourth ventricle

‘The ¢fferent p s cardiac sympathetsc fibers partly n the sino-

and 1 nodes, partly in the ventncular musculature Their
ganglionic synapses are located at a greater distance from the heart in the cervical
gangha and 1n the stellate lion whose p n the

lateral horns of the upper thoraeic segments of the spinal cord Other fibers pass to the
heart from the sympatheuc cham as far down as the fourth or fifth thoracic ganghon
(100) Higher centers which govern the sympathetic outflow of the central nervous
system arc probably situated 1n the postenior hypothalamic region (38 72) and 1n the
amygdaloid nuclear area (101, 530)

The above mentioned efferent vagal and sympathetic pathways are largely inter-
nungled in the cardiac nerves This has been shown anatormcally (19, 432) as well as
by the study of sumulation effects (79, 362, 423) and of the respective action currents
(363) We shall see later (seep 77, 81} that an evaluation of the speaific effects, exerted
upon the heart muscle by the individual cardiac nen es, 1s further comphicated by the

lay of thewr resp b h

Beside the efferent neurons which connect the central nervous system with the
heart, there exist also afferent cardiac pathways of at least two different types, namely
a) sensory fibers which convey pain stmuli from myocardial receptors along the sym
patheuc cardiac nerves or 1o the eervical and upper thoracic gangha, and b) fibers
which originate 1n the cardiac musculature and are involved m the Bezold Jarsch
reflex (291) They have been described as vagal neurons, devord of directly cardio-

wnhibitory properties and thetie p fibers within the
dial (293} The card hibitory effect resulting from their symu

lat’xon 15 an indirect one through mediation of the above named vagal reflex mechanism
Afferent pathways for the cardio-acceleratory Bamnbridge reflex could not be
rdentified wich certamty (204, 362, 500)

2. The Nature of Autonomuc Neurohormones

0 Loewr’s classical expertments m 1921 and 1936 (353) which
demonstrated the presence of vagal and sympathetic neurohormones
1n the heart, have laid the groundwork for our present-day under-
standing of the chemical transmission of nerve wnpulses It 1s now
generally agreed that the transmitters of those vegetative nerves
which we designate according to Dale’s (122) nomenclature as
adrenergic (mostly sympathetic) and cholinergic (mostly para-
sympathetic or vagal), are identical with norepinephrine (24, 153,
278) and acetylcholine (123, 168, 379, 400, 404) respectively, since
these substances were detected 1n both gangha and nerve fibers, and
produce pharmacodynamic effects analogous to those clhicited by
stimulation of adrenergic and cholinergic nerves
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and that the hol stores of the heuc neurons which become exhausted
both during prolonged stmulaton (454} and after adrenal, (85) are replenished
from the adrenal medulla It must be remembered, however, that the sympathetic
nerves, perhaps with excepuion of the epnephnne nich coronary plexus (24), comaml
and disch lly ne epmeph (the methylated dern ative of norepinep
{84]) 1n contrast to the prepond ) of the adrenal medulla |

Blood-borne epinephrine which passes through the sympathetic gangha inbibts
their synapuc functton (transmission of preganghiome sumuli to the postganghonic
fibers) (367) Destruction of the hol. Iy of nofeptneph at the
sympathetic nerve endings, seems to be effectuated by the enzymes amine oxidase (91,
287) and cytochrome oxidase (287) It leads to the formaton of “oxyadrenaline® (365),

d, 3 (23, 226) and d h (280) vespecunely

Acetylcholine, the spearfic L of the p hetic system and of all
preganglionsc parasympathetic as well as sympathetic clements (166}, 1s hiberated at
the synapses of all ganglia under the influence of preganghontc simuli In a4 manner
closely resembling the effect of nicotne, 1t sumulates the ganglionuc cells 1n low con-,
centrations by depolanizauon (167), while 1t paralyzes them, if present in excess (168)

Dy chaung postgang! of T h (“mcotime effect’ ), acetyls
choline serves as a physiol 1p of hetic activity By virtue of 1ts local
hb and chol. {* * ) actvaty at vagal perve termunals, on the

other hand, 1t evokes partly opposte cellufar reactions This dual effectiveness of acetyl-
choline 1s sometimes referred to as “amphotropsm’ or “amp "

Relatively Jarge quantsties of acetylcholine are present not only 1n the chohnergic
nerves (73, 166) and preganghonic autonormc trunks but also 1n the sympatheuc
gangha, especially 1n the stellate ganglion (378) The synthesis and destruction of acctyl-
choline are effectuated by enzymes, namely cholinacetylase (404) and various types
of cholinesterases respectively (63) Potassum 1ons which are liberated during the pro-
pagation of nervous impulses are beheved to be instrumental i setting free acetyl
choline at the synapses and at the cholinergic nerve endimgs (347

3. Neurobormones in the Heart

The sympathommetc catecholamnes norepmephrine and
epmephnine on the one hand, and acetylcholine on the other have
been found to be present in the mammalian heart muscle under all
circumstances, though m varying concentrations (table 1} The
latter scem to depend on four factors, namely a) the intensity of
neurogenic discharges from the sympatheuc and vagal nerve ter-
mmunals respectively, b) the absorption of catecholamnes from the
circulating blood by the heart muscle, c) the itracardiac formation
of catecholamimes and of acetylcholne from local estraneural
sources; d) the rate of therr enzymatic destruction In the following,
these alternatives will be briefly discussed.
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Heart Muscle Thigh Muscle
RO
CONTROLS. V] & CoNTROLS
STIMUL OF CARDIAC (D ® :‘(‘;\vutho' CRURAL
SYMPATH NERVES
ROREPINEPRRINE ® ::v:mmm
[L -0 ~y?hg
EPINEPRINE @ CPNEPRRINE
P 10mghy 1P Gagrty
STUMUL OF CRURAL K.
©  PLWS NOTEPNEPHR.
EPINEPHRINE * Vaghy
U Mgy
rLYS
STIAULOFCRURAL R
::l ::“:m @ nUs EPNTPURNE
" P Ky

W erineruring £ NOREPINEPWRINE

Fig 4 Norepoephnng (white) and epunephrne (black) content of dogs heart ond thagh rruscles

Electneal sumulanon of the cardiac nerves ncreases myocardul notepincphnne 1n-

Jected morepuaephane and epmephnne are andly absorbed by the myocardium, The

‘catecholamme content of the skeletal muscle rematns almost uminfiyenced under anse
fogous conduons (after 1+ Raab and B Gugee (451))

lionectomy but may return agan toward normal within a few
weeks (218)

The heart muscle p an ding 1o absorb
njected or seercted norepinephnne and, even more so, epinephnne
from the cxreulating blood (1n stnking contrast to the skeletal musele)
(450) (fig 4),andto late these catechol 1 a pharma-
codynamically active form for penods of at least ten minutes {451).
T}us specific abtlity of the my d to absorb circulating cate-

accounts undoubtedly for the increased catecholamine
concentrations, especially concermng epmephnne, which were found
m the hearts of expenmental ammals after muscular exercise, £x-
posure to cold temp s 1 of the splanchme nerves,
nephrectomy and overdosage of msulin (275, 439, 47 (g 3) '

Injection of acetylcholine was hikewse followed
taton of cardiac catecholarmnes (439) (fig 3) This

by an angmen- |
may be asenbed,
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It is a well established fact that the bulk of the catecholamines,
normally contained in the mammalian heart muscle, consists of
norepinephrine, with epinephrine amounting to maximally 309,
or sometimes entirely lacking (154, 218, 275, 281, 447), These recent
findings supersede several earlier reports (24, 96, 353), in which the
cardio-acceleratorymaterial, isolated from the heart muscle, had been
described as epinephrine or “epinephrine-like”, Haberlandt (239) on
the other hand, concluded that his “Herzhormon” could not be
identical with epinephrine because its pressor effect was diminished
but not inverted by ergotamine. This very behavior constitutes a
characteristic of the then unknown norepinephrine (278). We may
assume, therefore, that Haberland?’s interpretation had come nearer
the truth, as we know it today, than that of his contemporaries, and
that much of his work was unjustly disregarded.

Stimulation of the cardiac sympathetic nerves produces an
increase of the total myocardial catecholamines (439, 454) (fig. 3).
This was recently found to be due, specifically, to an accumulation
of norepinephrine while the epinephrine concentration remained
unchanged (450, 451) (fig. 4).

Contrariwise, sympathectomy is followed by a diminution of
total cardiac catecholamines (96, 461) (fig. 3). Both norepinephrine
and epinephrine decrease in the heart after cervico-thoracic gang-

Dosage  Mortaliy Deviations
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7227777 E!ﬂ:/g % +123% Grats
P S e 8% < Jezra Gran
B — T P
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Danitlopolu’s (125) appealing hypothesis concerning annitiation
of cardiae acetylcholine synthesis or hiberation by locally Yiberated
catecholamines is not definitely blished but desenves further
imestigation with modern techniques. 1t is of interest in this cnn-)
nection that epinephrine was found to inhibit the activity of cholin-
esterase (42), Faradic stimulation of the ventricles seems 1o liberate »
both acetylchohine and catecholamines (108), and there is some
evidence that choline serves not only as mother substance for acetyl-
choline synthesis but aiso as a methyl donor for the methylation of
notepinephrine to cpinephrine (182},

4, Nervous Influences on Dynamic Cardiac Functions
\ In spealung of the functional state of the heart, 3 diinction 18 ofien made between
A1 b bt ol Tt oF e L e H Pl T

AL 01 e presumanty protonged acuvity of mtnnune nrurogenic chemieal m;nmmm
and of thew anly partally reduced presence in the myscardiumeven afier complese dr-
Tervaton (setr P 12), ‘.‘:l dear scparation of these two components i not possible,
Cardiac functianal features whch are conspicuously and specifical b
nerve interference are heart rate, i il ool \TINJLmodM‘w
pasiaare . *

Chronotropre and wnotroprc neural effects on
the heart are j
nterest in connection with the subject of this review, As fz: :‘::!:r
former are concerned, the well-known inhibitory influence of lhc
vagus and the acccleratory effect of the sympathetic ¢: "
regarded as antagonistic in the strict sense of the ——
respective sies of action are tapicall
y separated (va; i i
:e l;'l:acemake.\- N fympathetzc chiefly in the myocagdil?u dxcﬂy "y
h:r;i ;eg;\wc mo!r?pic action of the vagus on thcnt:n):.x o
powezfals c<n questioned (362) (see also p. 81) in cont e
ul positive wotropic effect, exerted by the sympmh‘::;t 2;2‘4}1;
c .

word because thejr
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at least in part, to the stimulating “nicotinic” effect of acetylcholine
on the ganglia of the cardiac sympathetic nerves, and possibly also
to a local catecholamine (epinephrine?) liberation from intracardiac /
chromaffine cell groups (273). Carotid sinus denervation and arti-
ficial general hypoxia do not seem to alter the myocardial catechola-
mines significantly (156a).

Acetyleholine is always present in the heart muscle. Its quantity |
is diminished by vagotomy (425) and augmented by stimulation
of the cardiac vagus (425, 487). However, there exists ample evidence
that not all the acetylcholine found in the heart is of vagal origin.
Considerable amounts have been recovered from the myocardium
without vagal stimulation (425), and from the perfusion fluid of the ,
beating isolated heart (77, 451a, 487). Several workers have de-
monstrated the liberation of cholinergic material under the influence
of direct faradic stimuli in the myocardium of the auricles and even
in that of the ventricles, despite the fack of vagal innervation of the
latter (487). It is now recognized that acetylcholine is being syn-
thetized in the heart muscle (77, 90, 425, 487) in connection with
the fatter’s rhythmic contractile activity. This is effectuated through
acetylation of choline with acetic acid by means of acetylase, and
under the supporting influence of potassium, magnesium and
adenosine-triphosphate (4042, 406).

Extensive investigations (1, 3, 45, 55, 126, 425, 487) have made
it probable that the heart muscle contains an “acetylcholine pre-
cursor” or “pro-acetylcholine”, namely acetylcholine tied up m an
inactive form with proteins and/or lipids (4042, 488). Vagal sumu-
lation is followed by a diminution of cardiac pro-acetylcholine (1),
presumably because of its conversion into free, active acetylchohine.
This latter process is also put into effect by electrical energy, acting

L N

thyroxin ($a}).

The equilibrium between synthesis and degradation of acetyl-
choline in the heart can be shifted in either direction under certain
abnormal conditions (487). It appears from observations by Burn
(90) that the administration of extra acetylcholine depresses the
synthesis of acetylcholine in the normally beating auricles but aug-
ments it in auricles whose rhythmic activity had ceased.



of Cardiac Metabofism and Functon kxi

o e abohshed by
the other hand, cctopic beats and rhythms can
:\Yehsdmm;r(jl?:z\ u?:o\;\:m loride {452} Ore of the roost pertlous comesdences s ¢

1hat of coronary octlusion with

resulting in p fatalsen.

wietar (254) Theel hock wnduced fbnllation of the fes can be

prevented by sympathetic d

1,

of the heart, by and by adminu. §

trauon of acety] beta methylchobne-chlonde {270)

A sfowng or dlock of

far conduction, erther persodical (4 enchebach 3

My or otherwise exag-

ods}, parotysmal or permanent, ¢an be caused by the central

:‘ncd\ “?::g.\?\c dmmrxvpxc influence of the vagus (‘567), especaally in the presence
m———edme 2 A LRI .

foa o

The coronary blood flow 15 ordinanty augmented by sympathetic
(147, 148, 209, 524} and diminished by vagal sumufation (145, 209).
Houwener, 1t cannat be stated with certainty to which extent these
changes are aunbutable 1o direct vascular mnenauon, since the
sanatons of heart rate, vigor of myocardial contraction, and par-

ticularly, the influenc

¢ of myocardial metabolites (148) constitute

impartant modifjing factors (229). An hypothesis of mtracasdiag
reflexes acting upon the coronary vascular bed could not be sub-

§(229) The

Y interp: of changes of the

coronary flow under the influence of reflex stumult from the gastro-
wntestmal tract, galibladder, ete (it 229), as being indicative of
direct nervous effects on the cosonary vessels alone, distegards the

presumable role of concomitant nery e-induced reflectory alterations
of myocardial metabolism (see p 81, 92).

5. Neurghormones and Dynamic Cardiae Functions
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At rest and under otherwise normal conditions, the vagal and
sympathetic influences on cardiac rhythm and dynamics are equilibrated
under the guidance of the central nervous system, but this equilibrium
is subject to reflex-induced modifications which originate in various
parts of the body, i.e. in the central nervous system, in the cardio-
vascular system itself; and in some peripheral tissues (lt. 473).
Increase of intracranial pressure, pressure upon the eyeballs, stimu-
lation of the nasal mucesa and of the upper respiratory passages,
ete,, elicit usually a slowing of the heart rate; emotional excitement,
muscular exercise, erect posture, ete. produce an acceleration. The
most important proprioceptive cardio-inhibitory reflexes originate
in the pressoreceptor areas of the aorta, the carotid sinus and other
sections of the vascular tree, and as the so-called Bezold-Jarisch
reflex, in the heart muscle itself. This latter reflex consists of com-
bined vasodilator and cardio-inhibitory components, Both chemical
(14, 291, 297) and mechanical (stretch) changes in the auricular
and ventricular walls (294, 300, 538) seem to serve as its provoking
stimuli whereby the speed of intraauticular pressure changes seems
to constitute an essential element of the stimulus formation, Fukuds
(186) speaks of a “cardiotonic bradycardia™, assuming that any
increase of myocardial muscular tonus acts as the starting mechanism
of a bradycardia-producing reflex, although the latter may be over-
whelmed by simultancous directly cardio-acceleratory inftuences.

The actual existence of a cardio-acceleratory reflex (the so-
called Bainbridge reflex) which is supposed to be elicited by a rse
of pressure in the right auricle could not be clearly confirmed with
modern methods of investigation (28, 294, 362, 502).

Ectopie beats and rhythms, n and walls or m the
lar and 1 lar nodes, and fested as les, aunicular
Lol 1 5 I

flutter or 3 or y and lar fi

are frequently msuated under the snfluence of the cardiac nerves by virtue of ther

“hathmotropic” effects on the centers of mtracardiac strmulus formaton It 1s to be

understood, however, that these events occur only under certain abnormal predisposug
i} of either the cardiac vagus {351a, 580) or

such as , .
s atheue or, sibly more ly, an sumulation t:
b o of such neurogenic “coltimions”

both (484) The disorderly, bal
whose dynamue patterns are, in addition, modified by various hormonal, m:dncm:l and
- - 1 om 1 aMaheharenn
tachyeardia (U, 40U, U/ ) Diluuar sBuvuy « ~ . -
whxc}'x have their onigin mn the respiratory or gastrovintesunal tracts, 23 discussed by

Seherf wnd Sckatt (508), emotronal factors are capable of provoking varous types of
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denervanon {228, 527) or by atropine, which bring the true sym-
d ¢ actwity of norepinephnne to hight Ttas qualitanvely

it

quivalent 1o that of epineph snd conusts of posine chrono-
tropic and notropic effects and of dlectrocardiographic T-winve
d followed bya 1 (g 5) (190,203,330,

257D, 520, 595) Both cpiephnac and norepmephnn aceclerate

P
the 1dioventacular pacemaker 1 the presence of atno-y entncutar

block (538) It should be noted, however, that the direct cardio~
acceleratory effect of norepincphnine may 2150 be modified by a
simultaneous action on sensible receptors 1n the heart muscle wsell
and by a resulting strmulation of afferent pathways {500) winch are
Iikely toelictta certam degree of reflectory counter regulating cardiac

mhibwon A dr pic accel of aunculo-ventneulir con-

duction has beea observed under the influente of both epinephrine
(Lt 334) and norepinephrine (483)

Whals (he adrouustration of epincphring 18 oftent followed by arrhythmias, nuch a2
far thythm auncular and tar 6 [

443) the queston of & duver arhythrua produang effect of norepinephnne on the
& ed heart (und by ehicted vagal counter reflexes) has not
oo boen tystematically stud ed, Perional obarvations with E LepescMan {336) on
steoptzeq cats suggest however that norepephnne 1s Iy profie to evoke puch
thythinic dusturbances than epinephrine

Th Y flow s d by bath Ph (Ut 444) and 3
@UE 78] grobably Gor the game reasona as wuenuoned 18 connecon vyth the eoremary
Qlatayon pesulung from tard ac sympatheuc nerve stmulation (see p 77)

Allin all, the effects of injected ep and nor h
ey

(after nactivation of the vagus) have been useful 1n nterpreting the
mode of acttan of sympathogemc newrosecretion on the heart.
Evafuation 1n the mtact organusm of the
r of v ad "

P
hond, w made difficult by s
mvolves i h

direct {“muscannic™)
tlcholine, on the other
duat “amphomimenc™ effect, which

p seep 70,
and, thus, distutbs cholinergic mfuences on heart rate a{\d apmpl\)‘
i

mde {129, 251, 374, 453} The pr of esther chol
ar adrcncrg,l,c cardiac responses seems to depend an the
vagatorue” or “sympathotome’ state of the indnadual

of acetylcholine admmstration (286) Even on the deneryated b
acetylcholine doss not exert a graded negative chronotro ne1nf] oo
(227}, and may produce an acceleratory effect, apI;::-eml!m‘t?c
vartue of 315 action on ntramyocardial sympathene gangha {257)
s

Pl’C'CXlSlmg
1 at the ime
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consists prevailingly of epinephrine, but also with most of the effects
exerted upen the heart by locally liberated norepinephrine.

Injection of norepinephrine, on the other hand, is paradoxically
even more unsuitable as an intended analog to the local liberation
of norepinephrine within the heart muscle. Artificially administered
norepinephrine circulates in the blood, and, by eliciting widespread
constriction in almost the entire arterial system, provokes via the
vascular pressoreceptors overwhelming vagal counter-regulatory
reflexes on the heart, i.e. bradycardia (31, 85, 213, 319, 539) and
sometimes a decrease of the cardiac output (204, 483). These com-
plicating features have caused much confusion in the interpretation
of norepinephrine action on the heart. They are abolished by vagal
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as pointed out by Lenzi and Caniggia (2}32, 333), S\muhancous.ly,
acetyicholine is being resynthetized in its bound fotm by choline
acetylase, a process for which the necessary energy secms (o be
furnished by the hydrolysis of ATP (304a). '\:hmc concepts seem
well compatible with the observation, made in young rats on a
choline-free diet, that cardiac contractility was diminished (2, 487).
A negative inotrapic effect of acetylcholine was concluded from
an early diastolic relaxation and diminished contractife amplitud
(34, 183, 436), but i 4 amplitudes were also oceasi ty
observed (87). A direct antagonism hetween negative and positive
inotropic actions of acetylcholine and epinephrine, respectively (23),
and also between their opposite effects on the Toware (26) was
demonstrated on the frog heart by Lozt (348) and Baker and Baker
{25, 26). Howeser, on mammalian hearts, acetylcholine was found
capable of p ing the i ic effect of epinephrine (375).

F

The oceurrence of ectopic thythms may be attributed to the synthes:s or liberation
of cardiac acetylchohine having reached 2 eertain it at the centers of automanaty.
Shght mechameal njury to ether auncles or ventricles, Which 1s known to Liberate
acetylcholine from pro-acetylcholine (487), elicrted fibnllanon This could be prevented.
iy atropne (507)

Coronary flow has been found 10 be incseased by intracoronary injection of acetyl.
choline under vanous condinens and with avoidance of Tagor thanges of the Blood
pressure (17, 142, 302, 578) Thus effect was abolished by wuropine (229). Tt eontrasts
wath the coronary which usually eardiac vagal A
{sce p 77,84, fig ) ls underlying mechanum, Whether prmanly concetrung the
coronary vascular walls or myocardial metabolusm, s 1l uncertasn {229)

6. Neuroh

and Total Oxidat;

of the Heart
Interference 1n the oxygen consumption and econamy of the

heast muscle s the most conspicuous and best known feature among

the nervous mfluences upon myocardial metabolism. 1t will there.

fore be discussed first before an attempt is made to penetrate d

mto the phenomena of intermed Y cardiac metahol Wl

neurogenic alterations R
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273) Large doses et bradycardia or aunculo ventricular block
(231) Ectopic rhythms (extrasystoles, auncular flutter and fibnl
lation) have be¢n provoked by tnjection and prolonged mfusion of
acetylcholine (33, 93, 206, 351a, 407, 418, 485, 504, 574) or by 1ts
topical applicatson on the auncles and the sinus node (507)

The observations on 1solated hearts had been onginally intended
and beleved to imitate exclusively the actvity of acetylcholine,
hberated n the supraventnicular areas of the heart as a result of
vagrl simulation Recent findings of Paes (425) and of Bulbring and
Burn (86), however, have made 1t probable that, beside 1ts function
as 1 cardio-inhibitory vagal neuro humoral transmutter, acetyl
choline serves also, independently of vagal activity, as an essential
link 1n the process of cardiac muscular contraction Exhausted and
noncontracting 1solated aunicles were brought to renewed activity
by the addition of acetylchohne Increasing amounts augmented
the vigor of contraction untila certain maximumwasrerched Beyond
this, a further addition of acetylcholine caused again mhibition A
sttmulating effect of small doses of acetylcholine, 1n contrast to an
inhibitory one of larger quantitics, had also been observed by other
worhers (324, 374, 532) on the mammalian ventnicle Bum (90)
concludes that “mn cardiac muscle the mechamsm of finng off the
contriction 1s acetylcholine but 1nstead of bemg liberated by 2
neryous impulse, 1t 15 synthesized and causes a contraction probably
when a certain concentration s reached It s possible that the pace
mnker controls the rate of beating by controlling the rate at which
this concentration 1s reached  He assumes that acetylcholine 15
also concerned with the conduction of the impulse and with the
force of contraction (92) According to Nackmansokn (404a), free
acetylcholine 1s fundamentally 1nvolved in the formation of bio
electric potentials by acting upon spearfic receptors (protems?) 1
the muscular cell membrane 1n a way which alters 1ts permeability
for cattons During muscular activity, the action of free acetylcholine,
released from 1ts storage complexes by electric currents or other
“disturbances”, would permit the rapid entry of sodium ons 1nto
the cell and the extrusion of potasstum, with their respective gradients
Subsequent mstantaneous hydrolysss of acetylcholine by acetyl
cholmesterase would permit the cellular receptors to return to their
restng condition whereby the barner to a rapid exchange of tons
1s re established During this recovery phase, the cationic status 13
restored agamst the gradient at the expense of oudative energy,
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snfluence of epinephrme an wncrement of myocardial oxygen con-
sumption up to 350% Wwhnch was far out of proportion to the swaule
tancons sntensification of work performance, and outlasted the latter

o dependence of the degree of the exaggerated oudauve processes
on the amount and type of concomitant cardiac extra work conld
e ascertaned by exther Golluatzer-Mewer (208) or Garefa Ramos (193)

According to Gremels (231}, small doses of epinephnne (less than
5 gamma on the heart lung preparation) cause a 40% clevation of
the myocardial oxsdations i the absence of any measurable increase
of cardiac work The maximal calongenic effect bey ond which no
farther sugmentation conld be achieved was reached with doses of
about 15 gamma Single iyections of epinephnine were followed by
ymmediate “explosion hhe” nses of the cardiac oxygen consumption

It declhined withw approwumately 5 rinutes but remained abeve
normal for longer penods (231) To charactenze the speafic ovygen

wasting and thus efficiency impanng properies of the adreno-

v . - »

e (10, 337, 910} Who beheve that the sometnc “inner ten-
sion” of the heart muscle which aceurs under catecholamine action
(468) requures all the excess oxygen observed, 1
when a systolically emptied ventricle contracts further, as :: mre‘,
aganst ftself, m the manner of a clenched fist (148) The valdity
of this concept seems doubtful however, m view of a) the markedly
oxdaton augmenting effect of even small, dynamically subthresh
old doses of epinephrine, dispropartionate ¢ Tise
wn the blood of the coronary sinus which suggests a gom-cmon of
oxidatine energy mto heat rather than 1nto mechanieal energy {282
335), and ¢} the general, probably largely nondynamic ulongtnu,:
action of the catecholamunes (136, 355) (older L. 309) Normalt
approximately 359 of the free energy of substrate utilized in cdlulz;
metabolism 15 being dussipated as heat @n U‘nder the 1nfl
of the catecholamnes, this ratio seems to be inereased 1nvence
2 shouid
s i i oo 5 8k o e R 3o e
s calongeme effects rather ta meem . (3 87 224 450
(adrenochrome 1226)) [sce P 70} Green
on the heart but the effect of adrenochre
that 1t can hardly be cons dered fully '
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tative one (see below). Thus, the results, ob: d wath epineph are sull ptab
as valid bur with the und ding that the bohic changes observed were exag-
gerated by with those b le to h nervous ;
resulung in the Jocal discharge of pond: of norepineph

Gollwizzer-Meier and Witler (213) determined the augmenting
influence of norepincphrine on cardiac oxygen consumption, It
amounted to approximately one quarter of that exerted by epine-
phrine. Direct stimulation of the cardiac sympathetic nerves was
found by Gollwitzer-Afeier and Kroetz (209) and by Erkstein and co-
workers (148) greatly to intensify myocardial oxygen consumption.
An outstandingly characteristic and important peculiarity of this
sympathetic- (i. ¢. norepinephrine) -induced increase of myocardial
oxygen consumption is the fact that it is not paralleled by a pro-
portionate increase of cardiac work either of the isolated heart (212)
orof the heart in situ (148). Eckstein et al. (148) controlied the cardiac
output during sympathetic stimulation by inflating balloons in the
venae cavae, and even an actual reduction of cardiac work did not
significantly interfere with the marked increase of myocardial
oxygen consumption (fig. 6). Their conclusion that “the increased
oxygen consumptian following nerve stimulation is not due to in-
creases in cardiac work’ agrees with essentially identical observations
which had been made before with epinephrine by C. L. Evans (158),
Gollwitzer-Meier and co-workers (208), Gremels (231) and Garcia Ramos
and De Arellano (193). Gollwstzer-Merer (208) observed under the
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Fig 6 S dral oxygen ot dless of 2 wncrease o
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decrease of cardiac work fled through of wen )

(composed from data published by R W Eckstmneral {148])
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usuad efficiency of these compensatory hemodynamic mechanisms,

it is cbvious that they will nat be able to cope wi.lh the !.3‘“:‘“(:; it
the influx of catecholamines into the heart muscle is excestive an for
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on my 1]

P Ny h 1l of oh and
metabolism (458).
! Some t'clcologxcally-mmdcd crtics have pomted to the apparent absurdsty of
‘p * sub Iike the adr patk hol.
such a seermingly purposeless and ultimately harmful wastage of cardizc oxm‘am:

cr:crgy. This objection can be refuted by recogmtion of the existence of two normally
namely 1. adaptability of the Intact coronary

arculation and 2. chol,

) Tt is true that the coronary dilatation which accompanies the
influx into the myocardium of both norepinephrine from the sym-
pathetic nerve terminals, and of epinephrine from the circulating
blood or perfusion fluid, is often insufficient to compensate for the
catecholamine-induced critical oxygen losses either in the isolated
heart or in the innervated heart-lung preparation (209, 220) (fig. 7).

b 04 CONSUMPTION
2
SYHPATH
o STIMUL,
L
H CORONARY YOLUNE,
>
o
&
-3 CORONARY wwn:}vwn
o CONSUMPTION  J'STINUL

Fig 7 Stmulayon of the cardiac sympathetic nerves increases myocardial oxygen

consumption to a greater extent than coronary flow, thus preducing myocardial hy-

poxia, vagal strmulation, on the other hand, reduces oxygen consumption to a greater

extent than coronary flow, thus corserving myocardial oxygen (after K Golliazzer- Maer
and € Kroetz {209])

Under these conditions, the outflowing coronary venous blood was
found abnormally dark due to excessive oxygen losses and a “catas-
trophic” degree of myocardial hypoxia appeared imminent (208,
209). However, with the innervated heart in situ, the situation dif-
fered radically insofar as identical augmentations of the myocardial
oxygen uptake were compensated by a commensurate mncrement
of the coronary flow, and the coronary venous blood appeared
brighter red. Gollwitzer-Merer and Kroetz (209) estimate the ncarly
1009, adaptation of the coronary flow as being made possible to about
one-third by active coronary dilatation (as in the 1solated heart)
plus two-thirds by the general hemodynamc effects of the catechol-
amines, leading to a passive increase of coronary artery pressure and
flow. In the intact animal, epinephrin¢ augmented the coronary
flow four times as much as in the 1solated heart (209). Despite the



of Cardhac Mersbolum sud Funcuan 87

1y paradoxical
aedan secuons 13 and 18 Tt reflected sn scemungly
::z:::o:t:::e by Gremels (231} such 83 an increase M" card ac ox:‘dauom :mder :;;
d daryl beration of holamine
\nfiuence of larges doscs of atetylcholine (du y
re doses of epunephnine {dus to secondary
;:r a depmiwn of c‘m‘i ac rnmhuom by b O ot amous

- A N 3 e r

Total deneration of the heart dimimshes 1ts energeue effictency
(230, 534} The relately hugh residual oxygen consumption of the
completely resung heart muscle (107, 195, 316, 481) has been at-
tnibuted to an accumulanon of lactic anid {515), but the fact that
1t greatly exceeds that of an equal mass of sheletal muscle may be
due to 1ts hugher content 1n active catecholasmines (450} The actual
mechameal work, performed by the hent ner honme con car s
small .
requt ¢

o U anl

heart rate, by augmentations of the stroke volume {515) ang, par-
neularly, by mcrements of the diastohic volume {534) which, n
turn, depend on the penpheral resstance (t. 515) However,
Starling’s Jaw according to which the ovygen consumption of the
myocardium 15, within certain hmats, proporhionate to the degree
oftension of the myocardial muscle fibess, applies 1n 1ts onginal form

only to the artificially uclated heast whnle 1t 15 grossty modifi
sita by the above d d ity . -

B anflu.
ences

In summanzing 1t may be stated at this pame thas Lo

pposIng

.
. . v sie oines, eolladorate normal
dhe mamtenance of energetic b A , m the equilih b :}
Shaat respectice acttetties, ansing from euther excessice or defiremt v
format an .

e
v _poteanally hypoxiaun,
wunty with inadequate corona 5 I,)l fequate
chalinergic counterregulaton e s ey andfor e

We shall
the chmcal sections If 1a, b and 11 ;c, r:fc;cto $9¢h sicuations
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if the dilatabibity of the coronary vessels 1s impaired, as by athero-
sclerosis (sce p 114) Under suck crcumstances, both epinephnne and
norepinephrine will act as truly cardiotoxic anoxating agents by exhausting
the coronary oxygen supply before the coronary capullary blood has establighed
contact with all indindual myocardial cells 1t 1s to be assumed that the
cells, imng the longest and narrowest capillaries will suffer the most
from hypoxia which results from catecholamine mnduced oxygen
wastage (fig 8).

The second compensatory mechamsm which ss capable of pre-
ventmg 2 harmful degree of catecholamineanduced myocardial
oxygen wastage 1s the opposite, oyygen preserving melabolic action of
acebylcholine Its dummshing influence on cardiac oxygen consumption
(30, 106, 193, 195, 231, 482, 493) has been found independent of 1ts
dynamuc ihibrtory action (193, 231) which 1t both precedes and
outlasts Infused does as smallas 0 000017 gamma per minute proved
effective 1n this respect on the heart-lung preparation (231) Essen
tially 1dentical results were obtained by sttmulation of the cardiac
vagus (66, 209, 534), erther directly or reflectorily (212) Here agan
the oaygen-sparng action 1ppeared essentially independent of the
dynanmucally inlubstory, negative chronotrapic effect of vagal sumy
lation Energetic efficiency was incresed (209), the total oxygen
requirement for each systolic contractton bemng dimiumshed (66)
Accordingly, eltmnation of vagal action on the innervated heart
augmented the cardiac oxdations (230) by creatng a relative adren-
ergic preponderance

The reduction of coronary flow which accompanies cardiac
vagal stumulation (sce p 77) does not keep pace with the degree
of oxygen preservation (209) {fig 7), Just as catechol nduced coro-
nary dilatation does not heep pace with cardrac oxygen wastage (209)
Thus, the vagal cholmergic influences on my oca{dml oxidatine
metabohsm and blood supply appear as drametrically opposed to
those exerted by the sympathetic ctecholamines Yet, 1t remains
2 moot question whether this “antagonism” takes place at dentical
levels of the intermediary metabolic processes (502)
the assumed rhythmical synthesis and d s

from myocard al pro-acetylchol ne and the

The comphcated interplay between
Tcholme 1ts Iib
h from myocard al sources by acetylcholine ttself

of
11 of
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process (318) under parhcipation of thiamne as cocarboxy fase for )
the oxdation of pyravic aad, and of other enzymes of the vitamin B
plex. After oad dehydrog the hydrogen atowms of
the substrate pass through several enzymatic carners whereby
energy 15 released, and approximately 65% of the free energy of
the substrate {27) are mcorparated 1nta 3 number of orgme phos-
phate bonds which serve as temparary energy stores while the rest
15 digsipated asheat {fig 9) Creatne combmes wath one energry-nch
phosphate group to form phosphocreatine (phosphagen] Enzymatic
anaerobie sphitting of the latter imto treatine and phosphone acd
furtishes the eneryy for immediate Tesyntheus of ATP after cach
contraction (Lobmann reaction [349)) Beside thus senes of reactions
which supphes approximately 90% of the cacdiac mechamcal

OXIDATIONS
*Auatron ¢
GLYCOGENOLYS §

RECOVERY Chion
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Fig 9 Sunplifed. ot Representatiom of A Docardu
Schema fetabolusm gnd Elee ogran.
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7. The Energy-Yieling Metabolism of the Heart

The essence of the intermediary chemucal processes which yeld
the energy, required for cardiac muscular contraction, has been
clarified to a considerable extent Yet, while there can be no doubt
that neurchormonal factors interfere profoundly in this comphcated
mterplay of delicate reactions, only httle attention has been pard
so far to the modifications, 1mposed by the catecholamines and by
acetylcholine on the varioussteps of energy production and utiization
at therr respective levels

For general information regarding the details of the metabolic
processes in question, the reader 1s referred to the books of Schumann
(515), Szent Gyorgsr (541a), Verzar (552), Mommaerts (389a) and
Pendl (431), and to the reviews by Olson and Schwartz (419), Wellen
berger (588), Hegglin (262) and Green (225) Only a few of the most
mmportant features of myocardial energy production and utilization
will be mentioned here Asfaras the formeris concerned, it 1s beheved
to be largely used for preparing the resynthesis of adenosine-triphos-
phate (ATP), the cluef energy donor, which disintegrates while de-
hvening energy directly for actual muscular contraction Oxidatne
and anaerobzc energy production take place prevaiingly during the
dinstolic recovery phase of the heart muscle. They constitute the
most complex chain of processes 1n cardiac metabohsm and require
adequate supplies of oxygen, of enzymes and coenzymes, of certain
hormones, and of substrate (glucose, lactate, pyruvate, fatty acids,
ketone bodies and ammo acids) which the heart muscle extracts
from the blood Myoglobin serves as an oxygen reservorr, suitable
to equalize the fluctuations of the oxygen supply dunng the contrac
tion phase (54)

Lack of substrate hardly ever occurs with the heart in situ and
can be disregarded in the present deltberations Even 1n starvaton,
the heart 15 capable of denving 1ts necessary energy from fat (215)
The presumable mnterference of neurohormones 1n the other meta-
bolic requirements will be discussed below

Energy productien w the heart muscle 15 guaranteed by the
oxidative combustzon of carbohydrates via the so called Krebs cycle
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wranpes {318} undcr p:smupm\an of thiamine as cocarboxylase for P
» % aspmmrenss of the vitamin B
. . - - = rdrogen atoms of
the substrate pass through seveiu €uly. =" arriess whereby
energy is released, and approximately 63% of the free energy of
the substrate {27) are incorporated inta a number of organic phos-
phate bonds which serve as temporary energy stores while the rest
1s dissipated asheat {fig, 9). Creatine combines with ons energy-rich
phosphate group to form phosphocreatine {phosphagen). Enzymatic
anacrobic sphitting of the latter into ereatint and phosphoric acid
furnishes the energy for immetiate resynthesis of ATP after each
contraction (Zekmans reaction {319]). Buside this series of reactions
which supplies approximately 90%, of the cardiae mechanical
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energy (262) (however without any clear-cut quantitative relation-
ship to the amount of mechanical work performed by the heart [11]),
there exist also anaerobic mechanisms which contribute to the
remainmg encrgy fraction, namely a) anaerobic glycogenolysis,
resulting 1n the generation of Iabile phosphorus bonds and ultimate
synthesis of additional phosphocreatine, and b) direct anaerobie
transformation of glucose mto Jactic acid This latter process and
the direct combustion of lactic acid are specific features of the heart
muscle which distingussh it from skeletal muscle (e 515). ATP
serves as coenzyme 1 the anaerobic formation of lactic acid (350) ¢
The normally relatwy ely msignificant sets of anaerobic reactions step
mto the forcground, if called upon as emergency mechamsms
states of cardiac hypoxia By themselves, they can maintain cardiac
activity only for a few minutes (67, 303) The rapid breakdown of
cardac function under more or less anaerobic conditions 1s caused
notso much by thelach of oxygen per se rather than by the immediate
accumulation of unoxidized lactic acid (515) which (like pyruvic
acid) shmulates oxidative processes further (241, 308) and mterferes
n cardiac energy utilization (419), thus contrbuting to a detsimental
wictous eircle Coronary vascular occlusion constitutes, therefore, the
maximal hazard for cardiac function, while a thorough flushing of
the coronary system with blood or with a perfusion flurd, containing
glucose, permits a much longer mamntenance of anaerobic cardac
activity by washing away the accumulated unoxidized tovic meta-
bolstes, especially Jactic acid (515).

The utiization of energy, provided by ATP for cardiac muscie
cell contraction, s made possible, accordmng to current theorses
{40, 560), by the partal dephosphorylanon of ATP to adenosine
diphosphate under the mfluence of the enzyme adenosmetriphos-
phatase (ATP-ase), which 15 probably identical with one chief’
constituent of the myocardial cell proteins, namely myosin (152)
Myosin and actm combined, as shown by the fundamental mvesti-
gations of Szent-Gyorgyz (541), form the contracule actomyosin mole-
cule which becomes shortened, 1f exposed to ATP and if surrounded
by an adequate electrolyte distribution The sntracellular potasstum
stores are beheved by Szent-Gyorgyr (541) to serve as msulating ma-
tenal, separatng actomyosi and ATP, unul their temporary de-
pletion by diffusion of part of the potassium 1ons through the cell
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membrane permts a close contact of ATP and actomyesin which 1s
necessary for contraction of the latter Beswde 1ts tole 1n the myocars
dual systole, ATP s sko snstrumental 1 apitating the subsequent re-
laxation Both assocsation {contracture} and dissociation (relaxation)
of axe mfl d by the intracellular electrolyte content
(245) The presumable role of acetylcholine in facthtating the trans-
membranous rugration of electrolytes hos been discussed on p 80

Great emphasis 1s beng placed by Lenzt and Camggra {332, 333)
on the “cationie gradient”, that 1s, on the relatve mtra- and extra~
cellular concentrations of both sodwm and potassium, as a promunent
factor 1n myocardial cell contractility The concept of these authors
15 based on observations of Fleckenstan (175, 177) which suggest a
dueect dependence of the electric membrane potentral of muscle
cells on the electrolyte gradient and, 1n tumn, a deasive influence
of this membrane potential upon cellular action potential and con-

w Loldlie acuon  aunng systole Nat* enters the cell and K+
Ieaves it, during the recovery phase, the electrolyte distnbution 18
restored, whereb)y energy, supphed by the intermediary myocardial
carbohydrate metabolism, 15 used {and thus wasted for mechantcal
purpases) for re estabhishung the il gradient agamst the
gradient slape Differenices in the transmembranous my

gration velo-
aty of Na+ (slow} and K+ tFaeed vaena o .

by chan - PR

the diffc -

and rep B .
the opir a viila Lardiae contractility depends more on the
© y of the ntra Hut

T cattonie gradients than on the
absofute electrolyte concentratons within and around the cells
However, Hyydu (245) has produced evidence in favor of a major
importance also of the absclute total cellular 10n content for th
e of actomyos 4. hil; °

He asenbes to
h W 7 certun
lr changes two effects namal
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most of this experimental work was carried out with potassium, there
is reason to assume that the electrophysical phenomena under
question are similarly attributable to fluctuations of sodium, as far
as these affect total intra- and extracellular ion concentrations and
contents (245, 332, 333, 376).

It must be mentioned here that recent investigations by Flecken-
stein (176) on frog muscles, which prove that contraction occurs
without a diminution of muscular ATP, and despite a far-reaching
elimination of phosphocreatine, are apt to cast some doubt on the
validity of the above-outlined theories of ATP breakdown and re-
synthesis also regarding the heart muscle. The electrophysical pheno-
mena of electrolyte diffusion and their effects on membrane potentials
and on depolarization and repolarization are assuming increasing
significance in the interpretation of muscularcontractility and cardiac
rhythmicity, Fleckenstein {176) suggests that the dissociation of phos-
phocreatine may serve the recharging of the muscle cell membranes
rather than the resynthesis of ATP. Contraction of actomyosin
threads has been seen to occur under a variety of conditions in the
absence of ATP (476).

8. Interference of Neurohormones in Cardiac Energy-Producing and
-Utilizing P and Related Electrical Ph

) 3

‘There seem to be several reasons for the scarcuy of work, devoted so far to the
of the and of holine in the chemical and phynco-

chemucal processes of cardiac energy and utl the largely p
nature of these processes, many of whose basic features are stll in need of further clan.
f cation, the difficulty ettabllshzng elearly specific effects of the indnsdual neuro.
bed b on the part of their respectine “antagomsis”,
and an apparent lack of realizaton that all types of neurchormones are constantly
present 1n the heart muscle and f\mdﬂm:nla"y important not only for 1ts physiologrcal

activaty but also for uts pathol and structural

‘The ability of lhc ccmpl:ldy dcnerva(cd xsolzled heart to !‘uncnon for hours does
niot prove ats s smce a d presence of
both bohcally active h and and of Achol

dial tissue has at least not been ruled out

yielding p line 1n the my
The myocardhal catecholamunes are only partrally r:duced after sympathectomy (218,
461) and can be ncllhtr d hed nor d by holyhe drugs (450)

le to letel, erther or

‘Thug, 1t scems
cholinergic influences from the beaung heart and to clearly evaluate the quantitauve

degree of thar speaific parucipanon 1 the basic processes of cardiac contrachon
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phosphate of the skeletal mutie \stay W s ¢ . the myocardium,

especially regasting phosphoereatine and ATP (83, 411, and the velanve mIbiny of
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A) Effets of Catecholamines

"The effects of norepinephrine upon the intesmediary cardiac
metaholism have not yet been studied, but whatever information
was ohtained from experiments with epinephrine may be considered

\ ly, if not quantitatively, valid also regarding norepine-

phrine.
e followi bolic areas of fiolamine interference
wall be considered [table 2):
Tatle 2
Effects of Neuro on Mpyocardial Metaboli
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ad a) Under normal conditions, cardiac oxidative processes
take place largely at the expense of the myocardial carbobydrates,
lactic acid furnishing the bulk of this matenal (159, 160, 215, 377),
but fatty-acids are hikewsse utilized to a conmiderable extent (37, 53,
116, 215, 553) The augmentation of oxidative processes by epine-
phrinen general (252, 358, 564) and 1n the heart musclen particular
(162) 15 believed to be caused essentsally by an increvsed combustion
of carbohydrates (429) However, this has not yet been proven to
be true for the heart of the mtact animal or human The three
best-known features of epinephnne-induced alteration of carbo-
hydrate metabolism are 1. a reducuon of myocardial glycogen (69,
98, 397, 515) which may lead to complete glycogen deprivation of
the heart (113) but which may also be laching, probably according
to dosage and to cholinergic counter-regulatory effectrveness (163,
327, 537) (sce below), 2 an accumulation of lactic acid 1n the heart
muscle (563), accompanied by an increased delivery of lactic acid
mnto the blood (220} with resultng aadification of the latter (207)
and a reduced uptake of lactate from the corsnary arculation,
presumably because of a diminution of the blood-to-tissue gradient
(68, 214), and 3 a dummished ability of the heart muscle to absorb
and asstmilate glucose from the blood (233) 1 apparent analogy
to the behaviour of other peripheral tissues (112, 531, 572) This
last pownt secems difficult to reconcile with the contention that the
epinephrmne-induced mcrease of oxidative processes occurs pre-
vathingly at the expense of carbohydrates (see above) Bing’s recent
finding (50) that sn the tatact human heart in situ only 35% of the
energy production dernve from carbohydrates and most of the rest
from fatty acsds, may necessitate a revision of the ahave-mentioned
older conclusions which were based on experiments with solated
hearts or heart-lung preparations
The 1rregulartty and even absence of glycogen losses from the
myocardium mn some of the experiments with epinephnine may have
been due to differences i techmque and dosage Since myocardial
hypoxia 15 2 well-recognized factor i eliciting the anaerobic de-
gradation of glycogen to the stage of lacﬁxc acd ‘(ht 163, 268, 515},

+ e~ leave

nay be
assumed that epmephnneanduced myocardial accumulauons of
lactic actd, 1f occurring at all, are a secondary, toxic phenomenon
They may be attnibuted to the hypoxia of parts of the heart
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muscle, resulung from an excessine premature extracuon of oxygen
from the capillary blood, especally af 1t 18 combined with an -
adequate coronary blood flow (fig 8) The hypoxa 18 probably
further aggravated by the accomulating lacue aod wself (241, 308)
which at the same time also intubits a continued anaerobic utihization
of the rematning glycogen stores (515) Cardiac glycogenolyns scems
1o gonto effect 1f an exaggerated hypouating catecholamine action
calls upon 1t a3 an b T h Tactc acd
25 ts endgroduct cannat be fucther oadized in the affected cell
groups until oxidations fall again to a degree which does no longer
exhaust the otygen reserves of the coronary blood prematurely
before 1t Yas reached all myocarchal cells suppled by it {6g 8)

2d b) The ATP content of the heart musele has been found by
several workers to be d g after hnne ad

(95,397, 563) Here too, a causatw ¢ role of cardiac hypowa should
be suspected 1n view of the analogy with the ATP losses of hearts
artificially deprived of oxygen (99, 515), and because lack of oxygen
nferferes with the symhesis of ATP {262) Addition of ATP to
hearts, made hypody by overdosage of ) was
found capable of reacuvating them (104) The actlmty‘ of 1\'1’,1’-:!5:
in the heart does not seem to be altered by epinephnine (398)
Myacardial phosph 18 bkewne d hed by

'
Targer doses {95, 397, 563} Small doses do not cynu;e m;tL:(;.cr:
ductions of erther ATP or phosphocreatine (563) and thus do not
interfere serausly tn cardiac dynamics despite impaired efficien

(231) 1n contrast to large, toxic doses which contnbute to t}?’
dcvc;opmcm of cardiac failure (see p 126) ¢

t 15 worthy of note that strenuous mus;

assotiated with a marked ncrease of the Cl;;l:kl:[:xf;l:::;hlclxl;s
epinephnine) content of the heart muscle (275, 444), lead: ol
1gly, to a dimunution of myocardial elve ; > s accord-

Ntran  ATD .

e b duteg maseufar exercse (361)
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ad ¢) Observations concerming the mnfluence of the sympatho-
mmenc catecholamines on myocardal electrolyte metabolism are still
quite rudimentary Changes m the imtracellular movements of
potasstum are closely linked with carbohydrate metabolism, mn that
the assmulation of glucose and glycogen-synthesis are accompanied
by a “binding” of potasstum whereas potasstum 1ons are “released”
when glycogen 1s hydrolyzed (325, 533) According to Verzér (552),
this latter process takes place dunng each contraction, comncident
with the disintegration of a relaxing myosin-glycogen-potasstum
“symplex”

The above-mentioned glycogenolytic effects of catecholamine
action can be expected to hberate K+ in ncreased amounts and
thus to mfluence the intracellular electrolytic milieu as well as the
mtra-extraceilular cationic gradient and cellular membrane poten-
tial (sce p 91)

A specific study of the effect of small and medrum doses of epine
phrine and norepinephrine on the intra- and eatracellular electrolyte
distribution 1 the heart muscle by Robertson and Peyser (479) did
not yreld conclusive results but Jarge doses of epmephrine were fol-
lowed by a definite intracellular mncrease of Na+ and some decrease
of K+ Extracellular water was augmented in all experiments Sumslar
changes were observed in artificially anowated heart muscle (260),
and losses of K+ from the myocardium of perfused hearts occurred
after addition of epimephrine and norepinephrine (38%) These
metabolic influences and a presumable reaction of epmephrine with
specific receptors at the cell membrane (348) seem to account for
the negative surface potential of the heart muscle cells, which 15
induced by sympathetic stimulation (121, 198) and epinephrine
(272, 517), while the effects of epinephnne on the cellular action
potential are still controversal (172, 518) The rate of repolanzation
was found to be accelerated by epmephnine af the begmning of the
systole but stowed during the phase of the T-wave (172)

It should be reiterated here that the expenimental results obtaned with epine-
phrine which were di dn the p P phs may be dered mn prin
¢ ple a3 analogous to sympatheuc nervous action (1 ¢ norepincphnne liberation) on
the heart but with the understand ng that the effects of norepmephrine are fess anserse
at least as far as oxidative processes are concerned

B) Effects of Acetylcholine
In contrast to the rather extensively explored effects of the
catecholamines upon 1ntermediary cardiac carbohydrate meta-
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bolism, very httle information 1 avaitable concerming 1ts behavior
under the mfluence of ncerylchohne whose oxygen preserang and
efficiency waprovingaction {seep 86) 15 sull unexplamed (table 2).
Tt hasbeen stated by one m estigator (§45) that myoecardial ghycogen
1s 1ncreased by mfusion of acetylcholine Dehydrogenation of sue-
onate and lactate were found unaltered (499) On the other hand,
the apparent tndispensability of acetylcholine for' myocardial con-
traction {4043, 487), andats tendency to hiberate K* (284, 331,409)
pomnt toward some parbcipation in carbohydrate catabolum No
direct evidence could be obtaned in fav or of an interferenceof veetyI-
chobine sn myocardial recovery bolsm as 3 possible cause of
1ts problematic negatnve wotropic effect {29) (see p 81)

The recsprocal hberanon of acetylchohne by K+ (45, 348),
presumably {tom pro-acetylcholine stares (487), may consttute a
feature of the apparently inseparable interplay of adrenergmie and
cholmergic interferences 1n cardiac cellular metabolism Tlis 1s
also suggested by the potentiation of cholnergie effects through
small doses of epinephnine {94, 231, 234) and vice versa {375, 425),
and the supposedly “diphasic® {532) or “amph > (128
action of hoth the catecholamines and acetylcholine

Relations between acetylcholine on the one hand, and ATP-
synthes:s and acuon on the other, are not yet clanfied but there
exists some evidence 1n favor of a mutual achivation of these sub-
stances (46,83,543), and of a role of ATPn the process of acety Iation
(4043, 405) Hearts, made hypodynarmic by an overdosage ofacety]

choline could be revived by ATP (104) ATP ase actrnaty s not 1n-
fluenced by acetylcholine (399)

Acetylcholine exetts exther a weak hegatne {487} or no (80a 272) effect on
membrane potential of the beanng heart Tt was fourd 1o kl(\e the n)s\u\g ‘;m:‘:)
of the myocardsal cells Unchanged {277 487 60 ~r ) o
thert action posential (892, 487 590) or
of chol nesterase 1 spl ting acetvleboling
exchange of Na® and h* (276 401a) 1
by acetylchohne (892 132 272) whert
Gaskelt (197) and otbers (It 34) pres )
ofthe vagus Although vagal sumda on '

19 the heare & doc s ve 5 gmiicames of 1 « ' !

KT lh: nunf::; SPpeats utlikely accords werpitety {194} As

elevatien of the serum. - n

o “?l o theseru ﬂpﬁvgl:;sum concentration was found to increase card;ac re&dw\t‘{%
aker 2 7

hand and o )

electncal .

7amep e prosed more effecive
¥ Hetabn, Forteh te der Kandsotogae
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than norepinephnine in overnding the electrical ph , elicited by acetylchol
The more potent hypoxiating properties of epmephrine may possibly account for this
difference because hypoxia per s mhibits vagal effectiveness to some extent {594)

9. Interference of Hi and V, in Neurol
Regulation of Cardine Metabolism

a) Thyrord Hormons

Among the hormonal mterferences which modify the neuro-
hormonal effects on cardiac metabolism, outlined on pp 81~86and
9395, those caused by the thyroid hormeone are the most important
or, at least, the best understood

At the outset, two not widely enough appreciated pomnts must
be emphatically stressed One 15 the mvalidity of the teleological
textbook myth that the cardiac effects of thyroid overactivity are
attributable to adjustments of heart action “in order to fulfill” the
metabolic “demands” of the tissues of the body. This convenient
but rather metaphysical superstition, although convincingly refirted
by Rasmussen (466) and others (328, 474) who demonstrated the
mutual independence of peripheral and direct cardiac effects of
the thyroid hormone, still dommates chmeal thinking and teaching

"Thesecond pamnt concerns a concept which has been propounded
by the writer (444) for a long time and which was recently consoit-
dated especially by Brewster (74, 74a) and others (277, 464), namely
that the metabolic and, accordingly, functional effects of the thyraid
hormone are elicited indirectly through potentiation of the intrinsic
ubiquitous adreno-sympathetic catechelammes n the tissues, In-
cluding the relatively large catecholamine deposits m the heart
muscle Therefore, the cardiovascular effects of the thyrord hormone
are to be considered as mediated by the catecholamnes and 1n
prnciple rdentical wath those of the latter

Burn (91) and others (288, 544) have suggested that the thyroid
hormone, by reducing tissue amime-oxidase, protects the catecholr
rmines against enzymatic inactivation and thus enhances their specific
effectiveness The observation of an exaggerated deposion of m-
jected epinephnine w the heart muscle of thyraid-treated animals
(329) seems to be consistent with this view Bacg (22) noticed an
epinephnine-protecting effect of thyroxn tn vitro However, other
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amme axidase mhibitors did not sigmficantly alter the myocardal
catechplamne content {1560} and, thus, the abo e-inentianad hypo-
thess 1s shll open fo question Leduc et 2} (329) consder a\s? the

tnhity of a tocal vt of notepinept to cpricphnne
1n the heart, since pisephnne was found d tred after ad-
munustration of thysaid hormone On the other hand, both Geodall
(218) and Hokfelt (275) ohsened an augmemation of myocardal
norepmephnne under thyroun treatment Thyrodectomy was fol-
lowed by diminunon of norepiephnne and merease of epinephnne
(275) or faited to produce ngmficant changes (218)

The £ 1 cardiac fe under the wnfluence of
thyrod ad ation and overl and their opp n the
absence of the thyrod hormone, are weli known (w449, pp 34~
41, 122-161}) Thyrod mnduced tachyeardia, increased wigor of
ventrrcular contraction and augmented stroke volume appear sden-
weal with the effects of adrenergic action on the myocardom Ytas
equally well known that the sensivity of the heart 1o epmephnne
1 greatly accentyated by the thyrord hormane and weskened m
ats absence (bt 444, pp 35, 36, 742, 132, 145} The ultmate!
cardag towety of bath epinephnine and norepinephtiners p
by the thyrad hormone and dsmnsshed by thyroid mactyy anon
{320, 430, 441)

The metabolic corollary of the thyroid induced catecholamine
potentiaton consists ofa marked enhancement of myocardial oxy gen

5, 547), and a decrease of
4 while thvrn dertac wo

ty fata}
ernled

+ 10918 ) 169, 379, 373,
vy 22h 140, 513, 5213 and ATP (44
370, 514) are depressed but ATP ase does not seem to be ahc(r:(i
(1%4) The lactate content of the heart muscle was found nereased ©
(; ) Thcs thyrotropic hormone of the pruitary eheits simfar
changes (515) Tt s worthy of note that Physical exercise wharh
wncreases the myocardsal catecholagune content (275, 442} accentu-
ates the thyroxin mduced reductian of flycogen and ATP, ang the
heart muscle (513a) Taty,
?nilét;l;,coﬁz:iichsnu oi; thyroid and catecholamune :.u):um\ or:\ gaillxr::
Te 50 abvious that the rale of &

piaephrine -

epinephnine as medators of thyraid action appears !i)mrdly ;:gb:fz
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than ‘Pinephrine in ding the electrical ph ehiated by acetylcholine
‘The more potent hypoxiating properties of cpinephnne may possubly account for this
difference because hypoua per se mhibits vagal effectiveness to some extent (594)

9. Interference of H and V) m Nenrohormonal
Regulanon of Cardinc Metaholism

a) Thyrord Hormone

Among the hormonal interferences which modify the neuro-
hormonal effects on cardiac metabohsm, outlined on pp 81-86and
93~95, those caused by the thyrord hormone are the most 1mportant
or, at least, the best understood

At the outset, two not widely enough appreciated pomnts must
be emphatically stressed One 1s the mvalidity of the teleological
textbooh myth that the cardiac effects of thyroid overactivity are
attributable to adjustments of heart action “1n order to fulfill” the
metabolic “demands” of the tissues of the body This convenient
but rather metaphysical superstition, although convincingly refuted
by Rasmussen (466) and others (328, 474) who demonstrated the
mutual mdependence of peripheral and direct cardiac effects of
the thyroid hormone, still domnates chimcal thinhing and teaching

The second point concerns a concept which has been propounded
by the writer (444) for a long fime and which was recently consoh-
dated especially by Brewster (74, 742) and others (277, 464), nomely
that the metabalic and, accordingly, funceanal effects of the thyroid
hormone are elicited mdirectly through potentation of the mtrinsic
ubiquitous adreno sympathetic catecholamunes m the ussues, -
cluding the relatively large catecholamine deposits i the heart
muscle Therefore, the cardiovascular effects of the thyroid hormone
are to be considered as medinted by the catecholammes and
prnciple 1dentical with those of the Jatter

Burn (91) and others (288, 544) have suggested that the thyrod
hormone, by reducing tissue amine-owdase, protects the catecholt
runes against enzymatic 1nactivation and thus enhances their specific
effectiveness The observation of an exaggerated deposition of -
yected epinephrine 1n the heart muscle of thyrord-treated ammals
(329) seems to be consistent with this view Baeg (22) nonced an
epmephrme-protecting effect of thyrosin n vitro However, other
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catecholatsines 10 the heart muscle after adminustration of des-
oxycorticostesone acetate (438) However, the interference of so-
called muneralocorticord and glucocorticoid actiants 1 muscular
and myocardal electrotyte balance {increase of intracelfular Na#
and decrease of K#) (130, 246, 420, 478) and carbohydrate meta-
bolism permts the assumption that ‘myocardial neurohormonal ef-
fects can be modified by the adrenal corscnds For instance, des-

oxycor per se, although leaving myocardial ATP-ase
[399), glycagen and lactic aad unchanged, seems to prevent the
ineph duced gly {ysis and ac \ of lactate!

pineg ghycog

(516), and to mtensify the motropic effect of epinephrine on the frog
heart (463) Adrenal cortical extracts also sensiized the heart to
epinephnne (20, 463, 467) and increased the contracting force of
the froy heart (188, 189) but not of the mammalian heart {422),
Cortisone did not seem to be the effectne companent (246).

Jeaves the duat ¢ content wnaltered {275) or
shghdy reduced (438) It s followed by a diqunution of cardiac glycogen (78, 83, 223,
515} and an wnertase of imwracellular hor (131, 5793, whercas phosphocreaune {356,
515) and ATP (265, 416, 515) resan relatively unaffected The sdrensleciomy.
wnduced chemucal abnormalitics of the beant as well as the accompanying dynamic
weakness of the myocardium {109) can be corrected by the admunsteason of desexy.
;::S:cg:: t:d \ht:mt(ﬂ cx\r;:‘\; (o, 5‘33 515) Shumann (515} powats out the dif+

atierm of the me
b lhn}:n i tabohe derargements of the heart 1n adrenal

d) Gonadal Sterpuds

¢} Pitwrtary Hormones

rathe ' '

trato ' L “a N
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direct
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Theinvolvement of the cholinergic system in thyroid qveractivity
is much more problematic and difficult to evaluate because of the
overwhelming adrenergic preponderance. The effectiveness ofi
stimulation of the cardiac vagus was found reduced by pretreatment’
with thyroid hormone (10, 274, 312) while thyroidectomy intensified
it (274). Hoffmann et al. (274) have shown that acetylcholine liberates
epinephrine-like material from the heart muscle of thyroid-treated
animals in excess, while the opposite occurs after thyroidectomy.
Conversely, we (451} have observed in a preliminary series of ex-
periments that the pro-acetylcholine stores of the rat heart are
partially exhausted by both thyroxin and epinephrine, presumably
due to exaggerated liberation and utilization of active acetylcholine.
Wise and Hoff {583) observed an intensified response of thyrotoxic
hearts to acetylcholine, and auricular fibrillation which is believed
to be clicited by a “collision” of adrenergic and cholmergic effects
(sce p. 76). It can be provoked with abnormal ease in the thyro-
toxic heart by administration of cholinergic drugs (407). A pro-
longed P-R interval in some thyrotoxic individuals was interpreted
by Altschule (12) as suggesting vagal stimulation. Thus, a simul-
tancous increase of both adrenergic and cholinergic actwvities, but
with the former over-shadowing the latter, may be suspected in the

thyrotoxic heart.
b) Insulin

Investigation of the influence of insulin on cardiac metabolism was atways ham-
pered by the fact that overdosages of insulr ehicat sccondary discharges of epinephnne
from the adrenal medulla (it 444) and, accordingly, an increase of myocardial cate~
cholanunes (447), especially of epincphrine (275), which results in augmented myo-
cardial exygen consumption (117), loss of cardiac glycogen (bt 515) and vanous
i fe of the heart (201, 233, 334, 503) The specific
‘holinergic nature (201,

cardrac effects of wmsuhin per se are believed to be rather of a cl
hal oxd 4

233) which may explan the p and ghc 1
Iating actions of insulin, observed by some workers (37, 117, 233) i contrast to those
referred to above.

ol 1w the my dial util of carbohyd (117, 161, 548), proteins

and fat (548) have been observed in diabetes, but therr cardiac functional 1mphications
are of mnor significance (242) They are normahzed by the admmstration of mnsulin

@17)
¢} Adrenal Corticords
Nothing is known so far concerning a direct influcnce of the
adrenal corticoids upon cardiac innervation and neurohormonc
formation in the heart, except for a shght increase of the total
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Ve
behavior of the beriberi heart (ncc_clcmliu?, incrcafcd output [;1?:
444, 446]) and jts increased s:nsim::ty to mjcc(ct‘l epincphrine (5 &
565) seem to xepresent the functional expression 0.f qa_ggcm\.c
catecholamine activity while in certain species and individuat in-
stances bradycardia prevauls instead (it 444, 445), pmbab}y du:.\o
atypical prepond e of the simul 4 ed cholin-
ergic activity (see above), This is also suggested by certain electro~
cardiographic phenomena (lit, 444, 446), by the occurrence of
auricular fibnllation (582), and by the paradoxical absence of an
excessive myocardial oxygen consumption (240, 402, 522) which
one would otherwise expect to result from the high catecholamine
concentrations in the heart, The oxygen-wasting activity of the latter
seems to be partly compensated by oxygenssparing cholinergic
counteraction (see p. 86). The severe preterminal stage, however,
appears to be regularly ushered in by an ultimately hypoxiating
cardio-toxic adrenergie preponderance (540).

Interesting analogies exist between the dynamic and metabolic
charactenstics of the thiamine-deficient and the thyrotovic heart
{see this section, a}. Since there is no reason to assume a deficiency
1n 2himentary thiamine intake, it is believed {419} that the abnor-
mally hugh thiamine Tequirement of the oxy, gen-wasting thyrotoxic
heart creates 1 relative rather than an absolute thiamine deficiency..
The findings of a d ion of the blood th lenel, of reduced
thiamine txueu:m, and of a decreased pyruvic acid tolerance in

e -

vt w Lonauutyiase 1rom vitamin B, has also been considered
as a posuibility (364).

In summanzing, the cardiac manifestations of thiawina 2,0

we- s st usually with prevalence of the former.

k) Alpha- Tocopherol
At ingunious sfluence of wavgm » T .z
and structure 13 w
cem the role of afy
K

tated ¢ .
1moa
" . b
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Pitressin influences the cardiac oxygen supply by way of ity coronary constricting
acuon (it 444) but the resulting detrimental effects may be mitigated by oxygen
spanng vagal counter latory resp via the peripheral pressoreceptors These
could be ehmunated by vagotomy (ht 33%)

f) Parathyrord Hormone

h

The hyp \! action of exerts ch effects on cardiac
function and the Q-T nterval (lic 444) but 1o investgations concermng specific myo-
cardial metabolic alterations have yet been carned out Hypercalcemaanduced slowing
of the heart rate was ascribed to vagal stimulation since 1t could be prevented by atropine
{271) On the other hand, the epinephrine sensitvity of the heart seems to be increased
1n hypoparathyrordism (165) which 1s also believed to be the cause of occasional sudden
cardiac deaths (258)

g) Thamne

Influences of thiamne on the metabolism of the normal heart
are not known but Unna and Pk (549) described an mhibiting
action of thramine on the transmusston of nenvous unpulses at the
synapses and end plates Accordingly, a lack of this action may ex-
plamn the abnormal accumulation of catecholamunes (218, 462)
and of acetylcholine (48a, 369) in the heart muscle of thiammne-
deficrent amimals The excess catecholamines are promptly remov-
able by admunmstration of thiamine (462) Swmce there exists also
some evidence of an increased adreno-medullary secretory activity
1n thiamine deficiency (496), the excess catecholamne deposits 1n
the heart muscle may be of both local neurogenic and adreno-
medullary ongin Degenerative changes which have been ubscrvcd1
1n the central and peripheral secttons of the sympathetc and para-
sympathetic systems m thiamne deficiency (591) were suspected of
contnbuting to the neurovegetative features of the beribert syndrome
but therr specificity has been questioned (179)

Since thiamine diphosphate serves as cocarboxylase n the oxi-
dation of pyruvic acid, a charactenstic chemical derangement of the
benber1 heart concerns the madequate breaking down of pyruvate
(419, 465) Part of the latter was found by some workers to be poured
out into the coronary circulation (465) Others (240) failed to observe
a ssgmificant arteriovenous difference i the coronary blood pyruvate
concentration The extraction of glucose and lactate from the blood
appeared Itkewise nhibited (240) Both the deficient oxtdation of
myocardial pyruvate, and the accumulation of catecholamunes 1o
the heart muscle can be assumed to contrbute to reductrons of
cardiac ATP in thiamne defiaency (103) The usual dynamic

e
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accelerated by excessive treadmull exercise which promotes cate-
cholanune dxsz\mgcs (seep 12,6 3,73)}(511) Epinephnncwisalso
found to alter the plasma liptd ratios (140b) and to augment the in-
corporanion of radiacuve phosphorus wn the aortic tissue (140a) It
1sof mterest that severe renal excretory insufficiency, whichs always
assocrated with anvacrease of the blood catecholamine concentration
{scep 123), predusposestothedevelop ofartenoscl (542a)
Prolonged general hypowa causes degenerative changes i the
aortic wall (80), and 1t secms possible that catecholamine induced
Tocal hypoxa 15 prominently imvolved mn the pathogenesss of lesions
of the coronary artenes which, 1n combination with other factors
(ipid metabobism, etc), provide the basis for the development of
full fledged coronaty atherosclerosis with all sts harmful myocardial
p Whether the app gradul inerease of the artental
catecholamine content with advancing years (437a) contnibutes to
the age distnbution of coronary atherosclerosis would have to be
further mvestigated
The phenomenon of cardiac kypertrophy 15 a complex metabolic
encand not to be explamned sumply as a result of increased myocardinl
work agamst an ab I mechameal (seep 22) Tt ss

nseparably dependent on the presence in the body of the preustary §
growth hormone f47 128 Tha L

ofth -
{387

card ws uawauve protesses {919), such as ventncular distenuon ¢
{Starling's aw) and thyrod potenviated catecholamine action
(bt 444) (49, 236), and by artificially induced hypoua {550y
Water and electrolyte content of the hypertrophic heart muscle 1s
not necessanly abnormal (2903, even though the als

of large amounts of sodm xs, . o B e

2 potent contnbutory fact
development of cardiac hypertraphy {519) 7 faetor i the
R Symy Y (235, 289), thyroid;

(940 amy

N UL LLGIaine nactivaty
101) may be suspected of playing a part suon fee p 20,
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10. Nervous and Neurchormonal Influences on Cardiac
and Coronary Structure

The structural integnty of the feart musele depends on 1ts mtrinsic
metabolic normalcy and on the coronary flow The latter, turn,
may be profoundly altered by structural lesions of the coronary
vessels, 1n whose origin local metabolic factors are hihewse involved

Disseminated foer of hyaline degeneration, necroses and scar-
ring of the myocardium have becen frequently observed after n
Jections of epinephrine (It 444) and under conditions which are
assocated with discharges of norepinephrme and epephrine, such
as faradization (269), strenuous exerctse (81, 164) and insulin over-
dosage (ht 444) Epmnephrine-induced myocardial lesions are fur-
ther markedly accentuated by the catecholamine-potentiating
thyrord hormone (236) Prolonged treatment with acetylcholine,
which, besides 1ts direct “muscarimc” effect, stmulates adreno-
sympathetic neurosccretion and thus mecreases the cardiac cate-
cholammnes (sce p 70, 72, fig 3), was scen to produce analogous
degenerative changes in the heart muscle (247, 263)

The finer mechanism by which the nterference of catechola-
mines in heart metabolism damages myocardial tissue 1s not clearly
understood but their mtense hypoxta-producing and lactic acid-
accumulating effect (sce p 82, 85, fig 8, 94), possibly also losses of
potassium (237a), may well constitute the decisive mjurtous factor

Catecholamine-induced tissue hypoxia may equally affect the
walls of the coronary artenes, predisposing them to the development of
sclerosis and, thus, contributing 1n a vietous circle to further myo
cardial hypoxia All arterial walls contam catecholamines which
denive from their sympathetic nervous termunals and from the adrenal
medulla (it 444) Not only the well-hnown media necrosis but also

thickemings of the mtima are caused by injections of epmephrine
(it 444) and, to a lesser extent, of norepmephrme (185) These
lestons are markedly aggravated by the thyrord hormone (418)
which increases the oxygen consumption of artersal tissue (76, 307)
Iihe that of the myocardium (see p 99) The deposition of choles-
terol mn the mtima 1s mtensified by epmephrine (It 444) and by
mcotine (129) The latter sumulates the sympathetic gangh {se¢
p 108) Statistical evidence suggests an enhancement of coronary
atherosclerosis by tobacco smoking (140, 250, 372, 492) In anmals,
the depositron of cholesterol in the coronary vessels appeared greatly
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b) Vagotropte Drugs

Beside drugs which are chernteally related to acetylcholine, s\zch
o hlonde {Mechohyl), and which

as acety) beta-methylcholine  chlonde N .
ummc the effects of acety leholine, we have to Aisunguish substances
which are beheted to stimulate the vagus durectly, such as the verat
rum alkalods, and others which potentiate mnnsic acetyichohne
action by mactnanng cholinesterase

The reratrum alkalads, by actnatng the Bezold-Jansch reflex
mechamsm (see p 76) (293), ehatvagal cardiac deceleration, wheres
by the leftyentncless beheved 1o be the chieS receptor area {123), and
a d of epreardsal sepol seems 1o oceur {151} The
1nftuence of the veratrum alkatods upon cardiat energy metabolum
resembles that, exerted by the dipabis glycondes (382) (sce below,
7)) Oneofthem, Veratrarune, was found by Krayer (317) to counter-
atithe thronvaupe, St retthe praficctsalepneph
of cardsac sympathetic stnulation ATP-ase activity was reduced
by veratnne (398)

Physestigr v . .
down of acety! . .
(bt 219) Phy . “
stratem the by wu Ly o2

Aoreptnephring may be menuoned among the vagowropie drugt insofar ax 1 eheus
a powerfil cardiat vagal sumulanion v2a the vascular pressoreceptons provided that
\Lis admimstered a3 2 “drug’ into the blood arenlaton mstead of s natural nevror
secretory discharge into the heart muscle juself (sce g 78 79)

¢) Vagolytic Drugs

These are represented mainly by atrapme It does not mactivate
acetylchaline chermcally (487}, nordaesit preventatssynthesss (35%)
1t 15 rather beheved to function, through blackade of the eardiac
acetylcholine receptors (487), probably viz cell surface action {489)
in a competinve manner (25, 26) It elesates the heart rate by per-
mitting adrenergic preponderance The coronary bed 1s dilated
accordingly {see p 77) (it 506) Faradically mduced auncular
fibnllation an which acetylcholine action plays a significant vole
(seep 78,81) can be prevented or abolished by atropine (93, 581)
The underlying metabolic Processes are shll unexplored ’

Qunnine comy f Lzl
i o s s & o uaned i b g, s ey
fébruxman They depress ATP age acuwty {4903) Procae omufe aca nm:\':ﬂx I:I

pressing myocardial excitabilay, vl

but
v b b m s e o 10 gy RIS oy
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11, Interference of Drugs in Neurohormonal Regulation
of Cardinc Metabolism

In this scction, several drugs will be discussed which interfere
or may be assumed to interfere directly in the activities of the cardiac
neurohormenes, or which may modify the metabolic effects of the
latter. Experimental work done in these fields is relatively scarce
and quite fragmentary.

a) Sympatholytic Drugs

No evidence exists which would suggest a genuine “lytic”, i.e.
destructive action of any one of the drugs of this group on the sym-
pathomimetic catecholamines. Three of the most potent ones
(Dibenamine, Regitine, and benzodioxane) did not diminish the
amounts or pharmacodynamic effectiveness of norepinephrine and
epinephrine present in the heart muscle (450). In fact, Regitine and
Dibenamine caused even an increase of myocardial norepinephrine,
which may explain their cardio-acceleratory action (394, 410, 555,
593}, Compared with their marked antagonistic effectiveness against
the pressor activity of epinephrine and norepinephrine, their cate-
cholamine-blocking influence on the heart (rate, output, electro-
cardiogram) is negligible (138, 244, 394, 410, 459, 557). This applies
to catecholamine injections as well as to sympathetic stimulation.
1t holds true likewise concerning the ergot alkaloids and Priscol

(lit. 410). Only in isolated hearts was benzodioxane found to exert,

a depressant influence and to reduce the inotropic effects of epine-
phrine and of sympathetic stimulation (368).

Smcc neither a destruction of the

nor an of
[P U SRPYYY N

pecuvc "!cccpto'rs" seem to differ from (hoxc 1n other contractile tissues It must ve
cmphmz:d, howcver, that one mantfestation of catecholamine towuity, namely the
etc.) tendency toward arrhy thmias, especially

zoward \cnlncular fibrillaton (192), can be effe ly Dib

(305, 410).

The underlytng metabolic and clectrophyncal mbdc of action of the sympatholytic
hife ang effece of Dibena-
S S Priscol and benzodioxane
learly understood Hemo-

phenomenon (411)

drugs 1s unknown Nesther s :hc
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b} Vagotropsc Drugs

Beside drugs which are chemically related to acetylcholine, such
as acetyl beta methyl-choline chlonde (Mecholyl), and which
e the effects of acetylchohae, we have to disunguish substances
which are believ ed to sumulrte the vagus directly, such as the verat-
rum alkalords, and others which potenuate minnsie acetylchohne
action by 1nactnating cholnesterase

The veratrum ofkalnds, by actnating the Bezold-Jansch reflex
mechansm {scep 76) (293), ehiaatvagal cardiac deceleranon, w here-
by the leftventnclesbelieyed tobe the chuef receptar area (133),and
aretardation of epicardual repolanzation seems to oceur (151) The
influence of the s eratrum alkalods upen cardiac energy metabolism
resembles that, exerted by the diatabs ghy condes {382) {see below,
f}) Oneofthem, Veratramne, wasfound by Arayer (317) to counter-
act the ch pic, but not the pic effects of epinephrine nd
of cardiac sympathetic sumulanon ATP ase actvity was reduced
by veratnne (398)

Physostigm nz (esenae) and d asrsy Aumeodl & @ A4 me 2= ]
downola R
(ut 219) N 1)
sirate it w Ly dg

Aarepunepinne may be Taen joned among the 3agotronic drugs insefar w1
a o . - . ‘ [ )
s 0
s )

]

¢) Vagolytic Drugs

These are represented maly by airs

opiae Tt does not mactinate
acetylcholne chemcally {487), nor does st presentitssynthesis {354)
Tt rather beheved to function through blockade of the cardiac
?;catyelzl;hx;curtcepwrs (487), probably via cell surface action {489)

petitive manner (25, 28 1 elevates the heart
ramém;g a;ircx(zcrg:c g’rcpondemncc The comn:\ryn}::crlml: t:lz'l;cc:
ceordingly (see 7

oy ¢ w}ul:h a) (it 506) Faradically induced auncular

cetylchal
(secp 76,81) con be 3 ?;nc action ?lays a significant role

it abolist +)
The underlying metabolic processes are sif uncxpl;rcd 2,58
mmh?::‘m:mzpm especially quinidine mav he oo
fibrdlat ¢ o
depress o .

Ravebee ¢ suumned 1 this repeet (e 219 3 {g; Isiatams to cholinergic actmty
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d) Gangliome Stimulating Drugs

The ganghome sumulating “nicotinic” properties of acetyl-
choline have been discussed on p 70 Nicotne 1tself exerts both
sumulating and subsequent paralyzing effects on all autonomic
ganglionic synapses, probably by influencing their responstveness
to locally Iiberated acetylcholine (219, p 29, 427) According to
prevailing sympathetic or vagal simulation or paralyss respectively,
tachycardia or bradycardia develop and the coronary flow increases
ordecreases (ht 9) The effects depend largely on the dosage apphed
An additional adrenergic component, acting on the heart, 1s due to
Iiberation of epmephrine from the adrenal medulla (it 9) It s to
be anticrpated that the alterations of myocardial metabohsm wiuch
are evoked by nicotine, are rdentical wath those, produced by cate-
cholanune and acetylcholine action or maction respectively (see
16, 8) A hypothetical nicotine mduced discharge of posterior
piturtary hormone has been made responsible for signs of hypoxiating
caronary artery constriction (bt 9)

e} Ganglione Blocking Drugs

Tetraethylammonsum chlonde (TEA) and methonwum compounds
(pentamethomium and hexamethonum} cause general autonomic
ganglionic blockade by elevating the threshold of the synaptic cell
reactivity to acetylcholine, liberated there by preganghonic stimu
lation (5, 428) Here ag-un, the cardrac reactions vary in accordance
with pre exssting sympathetic or vagal preponderance, provided
that the respective stmul are preganghome m orgin Postganghionic
sttmuly are not affected The coronary flow 1s secondanly mvolved
by the peripherally hypotenstve effects of these drugs (118) In nor-
mal hearts, the oxygen consumption was found unchanged by hexa
methonum but cardiac work (efficiency) was dummished (118),
whereas the fathing human heart secems to respond 1n a different

fashion (see p 126)

[} dpocardial Stumulating Drugs

The xanthnes notably caffeine and the theophplling compounds actd rectly upon the
myocard um causing an augmentation of the card ac output (both heart ratc and
stroke volume) (1t 219), accompamed by mcrease of the cardiac oxygen uptake
Coronary flow 1s tncreased (It 229} but not always 1n proportion to the augmented
card ac work and oxygen consumpt on (180)
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The acuon of sskethamide (o:mmme) Tesesnbles that of theophylhine an thatjt was ’
found to increase coronary fow cardiac ourput and axygen comsumplion howover
it 2 diounutian of andative energet ¢ efficiency (141)

By far the most important drugs with direct myocardial action
are the digitalis glycondzs One of thesr characternstics 18 therr relative
ineffecuveness 1n metabolically normal, non fahing hearts (it 419,
588) (8, 211, 381), except perhaps under physical strain (396) Since
most of the studies concermng thesr dynamic and metabolic effects
were therefore camed out on fi Ity wnsufficient heart muscles,
the problem of their specific activity 15 closely interwoven with that
of cardhac fatlure Hence, 1t will be necessary sn the following to
anuicipate conudesation of certam features of heart fulure which
are to be discussed 1n greater detal on pp 123-129

The most outstanding and most regularly obsen ed effect of the

s

A

493, W01, 533, 239, SY4Y)  Lotal myocardial oxygen consumpuon of
nsolated hearts varied under the influence of digwtalis (159, 173, 211,
232 494 587) In the fuling human heartin sy, nochange of ither
the absolute axygen consumption or coronary flow was ehicited {52)
The coronary flow yesponses of expenmental hearts were meon-
clusive (229)
‘The behavior of myocardial glycoy
gen under digitalis admums.
:raum‘wabs lhewsse 1r;egu13r (It 588) but the utilization of glucose
eers 10 be increased (233), av abo ndicated &
y \he Tesprratory
quotitnt (35;)3)831)1;1'::“ and utihzation of lacyc aeid were found
, % 1 2 corresp reduction of the !
2adity of the coronary venous blood (383 N
Th
which the digatahis gy condes tend to norm»t )-- L_an:cchamsm by

&283 419) assume thag

)} Some amesty
they promote th estigators
g the utd nof

ote ckpul):mcnzauon of actin by
Phosphate bond energy The
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observation, made in some isolated perfused hearts (562) that
strophanthine is capable of restoring reduced oxygen consumptijon
as well as phosphocreatine and ATP-synthesis to normal, suggests
that the process of aerobic epergy formation may possibly also be
cnhanced to some extent by this particular glycoside, but altogether,
the question as to whether interference of digitalis in the oxidative
processes of the cardiac recovery phase constitutes a significant
feature of its therapeutic effectiveness, is still a controversial one
(419). Sarre (497) produced some clinical evidence for a difference
in the types of modification of myocardial oxygen supply (coronary
circulation?) by strophanthine on one hand, and by Digilanid on
the other,

It 15 of nterest that the digrtalis glycosides praved more or less ineflective m heart
failure which had been expenimentally produced by anoxia (it 588), and i such
A as thy osis and th deficiency with heart fadure (174, 570), n
which a catecholamine-induced myocardial hypoxic element seems to participate beside
a deficiency of pyruvate oxadation 0Nt I AL - ettt aren
be consistent with the hypothes:s t -
1n those forms of heart failure,
energy for consersion 1nto mechanical work, thus an essentially nonoxtdative process,
53 disturbed (419, 588).
The clectrolyte distnbution in failing hearts (see p 125) was found to be influenced
by therapeutic doses of the digitalis glycostdes in that the latter tend to augment the
potassium (70, 108, 243) and to dimmush the sodium content {108) of the heart muscle,

Several similarities of digitalis action with the effects of cholin-
ergic activity, especially the improvement of energetic efficiency,
slowing of atrio-ventricular conduction and of the heart rate, have
been considered as suggesting a central stimulation of the vagus
(120, 315), or a potentiation of acetylcholine effects in the heart
muscle (4, 202, 232), or an inactivation of cholinesterase (127).
However, neither an increase of myocardial acetylcholine nor an
inhibition of cholinesterase activity could be ascertained under the
influence of strophanthine (322). The latter has even been suspected
(221} of relieving esterase inhibition. Besides, certain features of
(muscarinic) acetylcholine action, such as marked effectiveness on
the normal heart, negative inotropic influence, definite reduction
of oxygen consumption, absence of S-T depression, etc. distinguish
it from digitalis effects,

+ === L - bed to the digrtahs
+ holamncandueed
{ative energy 1nto

h 1 work, can be d by digitalis (see p 120, 149)
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g) Coronary Dilating Drugs

. It has been mentioned before {ste p. 27) that coronary flow
*. Asenemined larzelv, if not entirely, by the primary metabohe and
. B P

wind, Thisapplies ¢.g. ta the coronary Quatdiivi weuts & & - -
of the xanthunes {see p. 108} and probably lilewise, a1 feast partially,
to the effect of the classical vasoditators, the nifsites (229}, aven
thaugh almost no attention has been paid s far to their postible
irect interference in myocardial metabolism,

The stroke volurme was found by same workers {71, 342, 566),
bt not by others {561), to be decreased by nitrites, The catechola-
aine-induced “hypoxic” changes of the electrocardiogram during

exetesse (401, 503}, after inj of epinephtine or norepinephrine
{4574} (fg. 10} and during - B et T
{4573} could be abalshed - - -
were confitmed by Ecketan -+ ¢ < - L.

ARTERENOL (I0g Bet, 21660
ol 20 Be, 2166

4
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dog [146]) Moreover, since the cardiac accelerations, provoked by
cpinephnne or by cardiac sympathetic stimulation, were reduced
or abolished by mitroglycerine (453, 457a), 1t appears probable that
the mitrites act upon the myocardium itself, though in a sull unknown
fashion Oxygen saturation of the coronary venous blood was found
augmented after admmustration of mtroglycerine (180), but the
epinephnne mduced exaggerated oxygen consumption by the heart
muscle of dogs was not altered (146) (Oxidatrons [310] and ATP
ase activity 1n artenal tissue were diummshed [97) ) Epinephnine-
induced dynamic reactions of the papillary muscle were not signi-
ficantly changed by mitroglycenine (191), but the contracting effect
of the catecholamines on aortic strps was abolished by mitrites {187)
In any event, a thorough study of mtrite interference i myocardal
metabolism appears desirable

Another potent “vasodilator”, Khellin (18, 340) seems also to
possess favorable cardio metabolic properties as a redox system (546}

I CLINICAL FEATURES

Inductive 1ppheation of the principles, discussed mn the pre-
ceding sections, to a varety of climcal cardiac syndromes makes 1t
possible to reconcile certam meonsistencies of current mechansstic
concepts and should facilttate both the understanding of pathogeme
mechanssms and of rationa) therapeutic possibilittes (tables 3, 4)
even though vast areas of cardiac metabolic pathology are stall
awating exploration The bulk of the pertment international clinscal
literature until 1953 15 discussed and listed an the writer s book on
“Hormonal and Neurogemic Cardiovascular Disorders” (444) and
will not be quoted here in detail
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1 Acute Adrenergic Effects

a} Angina Pectons

The syndrome of angma pectorss, tradiwonally attnbuted to
myocardial hypoxia due to corenary sclerosis (of “spasm”) plus
smcreased cardme work oceurs frequently without any mncrese of
cardac work and not infrequently m the absence of significant
coronary sclerosis (it 444, p 368-370) (443) The concept of a
coronary spasm was construed as a convement stop-gap hypothesis

at a tme when the ph of bolic, ¢ -
induced myocardial hypoxa was sl unknown

In most angmal symp occur :n which
arec d with \ of the sympathetic system {exeraise,

emotions, exposure to cold temperature, overdosage of insulin,
tobacco smoking) 1 ¢ under conditions which are aither hnown
{ste p 72,73) or which may be expected to be accompamed by an
tnflux of extra norepincphrine from the cardiac sympathetic nerves
andfor eptcphnne from the adrenal medulla wto the andly cates
cholamyne absorbing heart muscle (fig 11) Exaggerated ctechola-
mane discharges into the blood have been observedin angina paticnts
duning physical exerase (444, pp 378, 393), but 1t 1s obvious that
the ease with which even normal amounts of oYygen wasting cate-

t 2 3 4 5

Fg 11 Alterations of e e
whih cause angmal grmp
ase 3 Exposure tg

P
1
a

I
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cholamines will elicit acute painful myocardial hypoxia will inerease
with the degree of coexisting coronary sclerosis, i.e. with decreasing
ability of the coronary vessels to dilate and, thus, to fulfill their
normal compensatory function (fig. 8). Though acute myocardial
hypoxia {angina pectoris) may occur in an otherwise normal heart
due to an absolutely excessive influx of catecholamines (e.g. in cases
of pheochramacytoma, after injection of epinephrine, etc. [lit.444,
pp- 85, 365]), the presence of coronary sclerosis will, of course, create
a most important aggravating predisposition for painful degrees of
catecholamine-induced myocardial hypoxia (rapid exhaustion of
diminished “coronary reserve™ [509] [fig. 12]). The sensation of

NORMAL ANGCINA PECTORIS
WTREATED TREATLD
A 4 4 D E

PADY TRESHLD

% .

o (O|o o0 o

SY RCISE REST EXERCISE EXERCISE
e E%IET!CMENI ZXCT‘TECENT EquE-M[NT
-

Fig 12 Schematic Representation of the Pain-Producing Metebolie Mechanum of Angina Pectons
- e R
Y - eovered

Dlack areas Magnitude of myocardial oxygen consumpuon, inadequately covered
by coronary oxygen supply (coronary resenve nsufficrent)

Circles  Coronary caliber

A No oxygen debt

B Despue hol: duced of oxygen p no
oxygen debt, because of sufficient coronary dilatation

C Coronary sienosis at rest causes a mrmor, not painful degree of oxygen debt

for none at al) .
f - .
E Long range X ray O UL, s
h h Hol. 3,
thyrord therapy) reduces or P thus dep:
hreshold, unless coronary scleross 13 too far

panful oxyg, below pam
advanced
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cnbed by S Thomas Laris {338) to the appearance of
Zxax“}‘;;;?dxa:uca\ ¢ suZStanC: P’ 1n the heart muscle Itas pri)b'ably
1dentical with acutely it dized actd
notably lactic acid (see p 94)

The argument that a coronary spastic factor 1n the anginal
syndrome be indicated by the pamn rehieving effect of vasodilating
drugs {nutrites, Khellin) disregards the probatulity of a direct 1
fluence of these drugs upon myocardial metabolsm (see p 111,112)

Nearly all successful forms of fong range treatment of angina
pectons (it 444, pp 388-414) (fig 12) are based (even 1f unbe-
known to their proponents) on two basically related principles
1 diminution of the mflux of hypowa preducing catecholamines

Table 3

Modes of Action of Antiadrenergic Forms of Treatment and Precention
of Angina Pectons and Congestire Fanlure

Sympathectamy {cardiac) S opsdl f:
Sympathectomy (thoraco-lutsbar)

Reduees general discharges of norepanephnine and
epmephnne wncluding thse from adrenal medully
Gangliome blockads (TEA, bexa
methonum) Reduces general catecholam ne duscharges
Roentgen veaduat on of adrenal plands Reduces xaggerated catecholam ne duscharges from
sdrenal medulia
Thyroud wnacticaton (surgery
thiourea 1ad o- odine) Reduces bypoxsating

g effectiveness of catecholam fies
1 the heart muscle

N trites Seem to counteracy myoeardial metabo) 1y resulung
from catecholamine mduced candize hypoxia

Thiom ne Reduees cand ac Catechalamines which had accumu.
1a ed due to th anune deficiency

Caretd sinus massage Eokeyacute myorard af oxygen Ppreserviag chol ney
B¢ prepanderance

Prolanged physical 1 g Develops chron ¢ efficiency MPrOVIag oxygen pre.

N serng cholinerpic preponderance,

(Digatalis glucondes Counteract presumably ea echolam nenduced g,
Parment of card mergete effic ency bye nat
catecholam ne indured myocand a] hypoxia acuya
ton of acttylchol pe Queshonable)

(Sympatholyuc drugy

Ineflects ¢ on the
€a echolam nes]
Percatecholenua)

keart [againg Itnns e card ac
CXCEPT temporanly yn uremie hy



116 Raab, The Adrenergic Cholinergic Control

mto the heart muscle {cervico-thoracic sympathectomy stops the
Iocal neurosecretion of pain-chiciting efferent neurons, beside sever-
mg afferent pam-conveymg fibers, roentgen-rradiation of the
adrenal glands reduces adrenal medullary discharges), and 2
dimmution of the hypoviating metabohc effectiveness of the cate-
cholamines which enter the heart muscle (thyroidectomy, thiourea
compounds and radio-1odme chiminate the catecholamme-potent:-
ating thyroid hormone [see p 98,99]) The nitntes and Khellin may
be suspected of antagomzing the pamn-producing catecholamne
effect 1n the heart muscle tissue itself (fig 10), beside dilating which-
ever portions of a sclerotic coronary system might have remamed
dilatable In cases of far-advanced coronary sclerosts, the functional
therapeutic methods are hikely to fail, and surgical revascularization
may offer better results (it 444, p 388) (Table 3)
Sympatholytic drugs are usually ineffective because of their m-
ability to mactivate the tntramyocardial catecholamines (see p 106)
Oceastonally, immedsate relief of pain can be achieved by manual
pressure on the carotid sinus (337, 536, 558) It produces a vagal
cholinergic, 1 e oxygen preserving (see p 86) effect on the heart
metabolism, independently of cardiac dynamucs (193, 231, 536),
and directly counteracts the catechol induced pamnful hypoxia
Ganglionic blockade through hexamethonium and stoilar com-
pounds was also found symptomatically effective (21, 339, 395), but
antihypertensive drugs are apt to provoke anginal symptoms when
the blood pressure falls toa low for adequate coronary perfusion (299)

b) Myocardial Necrosis

Dassemsnated myocardral necroses like those ehated expenmentally
by the injection of epinephrine, or by excessive, cardiac catechola-
mine-augmenting exercise (bt 444, p 421), and by their hypoxiating
action (sec p 82-86), are frequently found n hearts whose vascular
supply does not show any sigmficant signs of impairment (it 444,
p 418) The lesions are located especrally 1 the subendocardial
layers and papillary muscles It would be mnteresting to study the
length and structure of the capillanes in these areas from the point
of iew that erythrocytes, travelling through the Jongest or systolic-
ally most compressed capillaries, are the most Iikely to be completely
deprved of their available oxygen before having reached all the

cells which hine therr path (fig 8)
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¢) Compheations of Mpocardial Infarction

Some myocardial infarctions occur asa result of an intramural
hemorrhage 1 the sclerotic coronary artery wall which then bulges
forth into the vascular lumen It seems possible that these events
are miated by the sudden coronary dilatation & l\\Ch‘aCCOmpamcs
sympathetic carciac 1 { e ,
etc [t 444, pp 415~427)) and which may lead to a teanng open
of the vulnerable grant capilianes within the scleronc artenalinima
Sympath \! Toay also precip Wrombes &
by dilating sections of the coronary sessels whose blood seloity
slackens due to a ngd sclerote narrowing of their Jumen upstream
from the dilated area Blood stagnation in such a relaxed and poorly
emptied vascular section may then lead to local coagulation

‘Whatever the pathogenic meeh tuch canses the mdnndual
attack of myoeardial infarction may be, such acadents are ofien
followed by wd of 2 profound §i Limvolvement alio

of myocardial areas which were not directly affected a sharp
reduction of cardiac output (it 444 p 423), arhythmuas and
ultmately congesuve failure The first named phenomenon hasbeen
ascribed to a stumulation of the Bezold Jansch reflex mechanusm
(sern @0

my

has 3u u quisutted (5342} knnon nfarcted portions of the

Ieft ventncle of patients who had died within a few days after an
wfarcuon -

creased {45
augmented
aallymfan . o w uugy taenyeardia and arthythmias The
latter could be suppressed by ; y

y Dibenzyhine and Regitine (25
These workers consider an d of Sl AR

d of
liberated K+ sn the wjured aseas as responsibl c
e for th
thythms The above man a2 @ ’ ¢ cclumt_:
influence of catechola:
P 99) on the cl meal

an important efficienc

p= 5 alu possibly hypoxiating cardio
taxcroleof thesympathogenic neurohormones i the general cardsac
complications of localized myotardial wlavcton
Lifesaing effects of Taveno:
us afis o83 of hy
# ng compounds n patents wi by cardiogene shock (?6? 2;‘5’) :::::‘l"udev‘;rdld,?rg:ﬂ(
3
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CARDIACS HYOURD FAILURE

INFARCTIO!
sieses 7 mu neases
Fig 13 horepnephnine (white) and A (black) content of human hearts (axerages

left ventricle) (after B Raab and It Gigee [419))

the b of penpk vascular which restores the blood pressure

level and a pressoreceptor medated secondary vagal action on the heart (sec p 78)
Insevere prok d shock therr effect: has been greatly mcreased by combination

‘with corusone (358a) Epinephnine and atropine are contraindrcated

d) Sudden “‘Phystological * Death

Since World War II, relattvely numerous mstances of sudden
unexpected death m apparently healthy young indmaduals have
been described, 1n which autopsy did not reveal any sigmficant
morphological findings (bt 444, pp 428-435) In two instances,
the catecholamune content of the heart was found ncreased (444,
p 432) hike 1n the hearts of experimental animals which had rapidly
dsed after an injection of epinephnine (441)

Deaths from adrenahin owrdosage have a]so occurred 1n humans and a fatal
d ) in the drum (acute

y or fibi lation) seems a possib lity 1n such cases The primary

h, are unk In some instances death was preceded by intense
emotional excitement andjor physical stress (e g the messenger from Marathon a
freshly captured hion which died trying to break out of its cage and whose autopsy

findings were entirely negative [43a])

effect of
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2, Subacnte and Chrome Adrenesgie Effects

a) Thyroloxcosts

The heart 1 thyrotomcasis (ut 483, pp 121-146) (eep 98 1
constantly mfluenced by a state of exaggerated acuvation of sts
\ntrosic catecholamne stores, even though their absolute quantity
does not scem to be greatly mcreased (sce p 99) Tachyerdis,
augmentation of stroke volume, and 1 tendency toward auncular
fibnifation are the man functional charagtensties of the thyratavc
heart The last named feature may be caused by a presumably
particspating chohnergic factor (seep 100) Angina pectons, though
not uncommon, does not occur as frequently as one might expect

m a cond wath fied holl actiity and myo-
cardial oxygen wastage (see p 99) Tl apparent inconnistency
may be explained by the p eandl exerted by the thyroid

hormone aganst the formation of intimal cholesterol deposits, and
a correspondingly Jow madence of coronary atherosclerosit in thy-
Tatorc wndmduals

Cardiac hypestrophy and degenerame lesions of the myo-
cardium are frequently obsened 1 thyrotouc hearts (it 444,
p 140} They are probably atnbutable to the metabalic effects of
exaggerated catecholamine acton (see pp 104, 105and 116) Bing's
(51) report on a seemingly normal oxygen consumption per umt of
estmated heart weight 1 one patient with thyrotoucoss 1s at
vanance with expenmental results {see p 99) and may not be
representanve of the syndrome.

Congestive heart fulure of purely thyrotouc ony
1s only rarely seen nowadays because of yt;xc usunloly E:.\:c‘::f\ﬁ c‘fj))r

with thyraid
orment Y Y, thiourea compounds or rad

)

er ey
s Mo asy W precpitate congestive fasuce (341) s

&) Beriben
- 'Tph; b;gsbiio, I;ea’(t 4-(:;: P 102) sn ns classical onenta) form (it
auy,rcgardm m) ) resembles the thyrotouc heart function
o pegards 5;“4 wsually aceelerated Tate, mereased stroke volume,
e ;}; o arthythmas and increased sensitvity 1o 1, cé
ne As discussed on pp 102 ang 103, thiamine deﬁclx:::cy
s
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bestdesmvolving alach of cocarboxylase which 1s needed for pyruvate
oxidation, nduces an absolute, potentially hypoxiating ncrease of
the myocardial catecholamine content In this respect, the berbers
heart differs from the thyrotoxic heart whose catechol stores are
merely overactivated However, a relatve thramine deficiency
seems to exist also m the latter form of heart disease (see p 103)

Both appear to have a certamn degree of simultaneous cholinergic
overactvity in common (seep 100,103) This may become prominent
enough m cases of thiamune defictency to ehcit bradycardia, a
slowing of aunculo ventneular conduction, atrio ventricular block
and auncular fibnllation (bt 444, p 437) (446) Congestive fuilure
(see p 126} constitutes the terminnl stage and 1t 1s of interest that
evidence of a more or less pronounced thiamme deficiency has been
obtaned also 1 other, more common types of congestive heart
fatlure (see p 128)

“Qccidental bertber1” 1s @ more complex syndrome of presum-
able multiitamin-deficiency It occurs particularly in alcoholics
(56, 565) Congestive failure develops earhier and does not yield
as readsly to thiamine therapy as in oriental benibers (it 444, p 440)
(446)

¢) “Hypertensive” Heart Disease

So called “hypertensive” kears disense (bt 444, pp 457-475)
charactenized by hypertrophy of the left ventricle, electrocardio
graphuc signs of myocardal hypoxia, dilatation, and ultumate con-
gestve fatlure (see p 123) Iis structural changes which do or do
not 1nclude degenerative lesions and fibrosis of all degrees (255)
cannot be ascribed solely to the frequently coexisting but often quite
mmmal (255, 392, 417, 435) sclerosis of the coronary arteries, nor
to the high blood pressure level as a predominant and mdispensable
pathogenic factor Ifand when left ventricular hypertrophy develops,
1 growing disproportion between muscular mass and capillary blood
supply reduces the amount of oxygen available per mdrvidual en-
larged myocardal cell (80, 237, 256, 477) (fig 8)

General sympathetic overactivity tu the cardiovascular sphere,
erther absolute (due to emotional sumulating factors [512] or to
cerchral artenolir scleronic 1schemia [ht 444, pp 267-273]), or
relatwve (due to failure of pressoreceptor medtated vagal counter-
regulation [554]), 1s considered a promunent element 1 the patho
genests of the “neurogentc” stage of essential hypertension (105,
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CENTAAL NERVEVS STITER

AR
TRESSORECTPTORS

thogense mechamm of hypertennid’ heart disease
Fg 1§ Aochormancl wfunces wn the pathogent e ol b b G,
bral artepiolar slero ¢ mschema etc)

M my
central sympatheuc sumulat on (psychuc _cere
b wnad .

(deficrent pi reacuwty [Fo!
hrd 554] or poss bly defcient acetylcholne format on 1 the heart 1wself)

444, 528 584) (fig 14) The analogies with the chmcally often
mdistinguishable sustained type of hypertension, caused by pheo-

per unit of d myocardial weight mn cases of
pt § essential hyp (51) appeared sigmficantly
mcreased (The accuracy of heart weight estimates 1n vivo remarns
probl } Blood hol levels (Lt 444, p 275) and
unnary catecho! excretion were usually found within normal Limits
by the majonty of mvestigators (157, 205 414, 448}, whle others
(89b 279 321) reported augmentations 1n the unne

Thelack of a clear cut proof of an abnormal intensity of adreno-

path mn plicated al hypertension
does not rule out a relatn e predominance of catech

olamine actvity
which mght result from deficient vagal counter reflexes as suggested
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Gertain dynamic, metabolic and electrocardiographic (501) df-
ferences exist between the spontaneously developing weakness of
the 1solated heart and the condition of the “failing” human heart
muscle whose absolute mechanical weakness, although usually taken
for granted, 1s not a clearly established fact for all forms of “con
gestive failure” (89) The more common types of so called * low
output” fatlure 1n “hypertensive”, “artenosclerotic” and valvular
heart disease differ sigmficantly from the “ligh output” farlure of
thyrotoxicosss, benben, cor pulmonale, artero-venous shunt, etc,
and only in the termunal phases do their hemodynamic patterns
seem to merge 1nto the fatal stage of absolute myocardial dynamic
weakness

Lattle 15 hnown, so far, concerming the special intermediary
metabolic charactenstics of the different types mentioned, but the
advent of coronary smus catheterism has paved the way for study
of these problems in the human heart mn situ, and promises much
valuable information In patients with valvular or artenosclerotic
heart discase and congestive failure, the following important findings
were obtamned by Bing and Goodale 1 Cardiac oxygen consumption
per esimated weight umt of heart muscle was found normal (52}
or mcreased (216) but the output was low, thus indicating that not
energy production but the conversion of oxidative energy into
mechamcal work (1 ¢ cfficiency) was sigmficantly tmpaired (the
same had been observed m expenimental ammal hearts [lit 588]
[180a, 352]), 2 Extraction of glucose, lactate and pyruvate from
the coronary blood, relative to arterial substrate levels, was essenti
ally normal (50, 216) (Oxygen, glucose and lactate were utilized
also 1n failing experimental hearts [67, 306, 490], and in these, the
glycogen stores were found intact [553], unless the extnnsic oxygen
supply had been reduced [67, 490] )

In fahng blood-perfused hearts (heart lung preparations), the
amount of ATP was unchanged, phosphocreatine was even increased

(586), suggesting a deficiency mn utilization rather than mn synthesis
of energy-rich phosphates Insufficient oxygen supply, however,
caused exhaustion of such phosphate bonds (Iit 588)

The quantitative assty of these unstable compounds 1 the
autopsied human heart 1s hampered by the lapse of time between
death and analysis Several Amenican investigators determined,
therefore, the amounts of creatine and phosphorus, and found them
dimmshed m cases of congestive failure (113, 266, 343, 360, 403)
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Adenme was likewise reduced (359) The conclusteness of xhic
findings as implying a loss of energy-nch phosphate bonds i the
1nvi o fathng human heart has been quesuoned (588) but assumption
of a pretermunal state of severe cardiac hypowia {sce below) {x‘n:;y
explain their apparent inconsistency wth the above mentioned find-
1ngs 1n failing but not markedly hypoxic expenmental hearts

[uling hearts

Abnorma) bies of lecirolyte disribuuon shsenned 10 autopsied

contem a fow K content {108 119 257,290 360 5$76) which 15 usually asociated
N - St T - .

. i
. . N
. W ep wds luue s ustase 13 evet asnoadied with con
geswne fafure and total adrenalectoray has been found effectne 1n abolshing the latter
1n casrs of Bypertens e heart disease (205 585) The functional s gn ficance of the
coruco d nduced myocard al electrolyic chanees for cardiac é:
Blemane K, atached 1o phosphates, 1 1mwolved bl energy
(171 542) and the 1ntra-extracellufar cation ¢ gradient s bel eved to determune cellwlar
contractbty (seep S1)
of the depressed hrars muscle by red f e surround ng

Na* concentration {376) seems cons stent with thi vaew and s perhaps explanatary
of the therapeutic benefits obtained from duetary sodium restriction apare of the cffect
of such a fegurmen on the exrcddatory volume {1t 44% p 509

A gquanttatne reducuon of contractle protein (actomyos n} was teported 1n
expenmentally faling heants of dogs (42)

ynamics remams pro-
\ 3

Almost no attention has been pad so far to the guestion of
b 1 nervous and t wfl as possible causal
factors 1n the ongm of the abave-discussed metabolic features of
cordsac flure Yet, the speaific efficuency wmparring, patenteally hypaviating
properties of the adreno ympathogeme eatecholamuner, and the vole of acetyl-
chofine as an ontagomstic, efficsency improcing agent and as @ chemcal hink
wn the process of cardiae museular , stand out as funds 7}
wmportant phenomena which determine the metabohe state of the heast I"t
seems hardly ymagiable that prolonged disturbances of the adren-
ergic cholinergie equilibnum 1 the heart should leave myocardial
energy utilization and fanchon ntact

Is there any evidence of cardiac “neuroy cgetative” disturbances
in chimeal cases of cangestive heart failure? The techmcal approach
to the investigation of this question 15 blocked by great difficulties
and, as matters stand toda , nost of our redsomung has 1o be based
ox;‘ m:u;lcct clues and will have to imvolve a good deal of: spccu\:m;n
::b :“:auuov::vsr, 18 supported by extensive experimental and clinteat
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been mentioned above, may interfere, in view of existing evidence
that acetylcholine “sensitizes” the mammalian heart muscle to ino-
tropic dynamic catecholamine action (375), and that in those types
of heart disease in which both adrenergic and cholinergic activity
seem to be increased (thyrotoxicosis, beriberi; see below) the cardiac
output is actually greater than normal.

Systematic investigation of the mutually compensating adren-
ergic-cholinergic cardiac mechanisms and of the reasons for the
apparent disturbance of their equilibrium in so many human hearts
(see p. 126, 133) seems one of the most urgent requirements of
future cardiological rescarch.

More attention will also have to be pad to the metabolic differences of the indi-
vidual heart chambers as compared with each other under normal and pathological

D 1 effi y of the left vs the nght ventncle, are likely to
constitute a basie factor 1n the blisk of fe in the penphery
(fig 16) If indivadual v boll cunves could ever be worked out to
supplement the families of dynamic ventnicular function curves, as determined by
Sarnoff and Berglund (495 a), this would provide a far better insight into the fundamental

a

h

phenomena of congestve heart falure than ble with pi t-day q
It wall be recalled that in certain forms of “high output” failure (thyrotoxicosis,
thiammne deficiency) (fig 16), both ad gic and chol oy seem 10

coexsst, though usually with marked preponderance of the former (pp 119,120) In

these the h of tive failure differs from that e g 1n “hyper-

tensive”, arteriosclerotic and valvular heart disease, 1n that a lack of cocarboxylase

mterferes 1 energy formation (beside the catechol-induced ympairment of energy

uulization) In other, more common types of congestive failure, 2 sccondary thiamine

defioency may particspate as a subsidiary pathogeme element (Lt 446) but without
such pi fi as 1 benben and thyrotoucos:s

The digitahs glycosides whose principal action concerns the
economical conversion of oxidative energy into mechamcal work

"L RoL R oL L] R4

NORMAL | Laft LOW THESAME | LiptHICH TRESAnE
OUTPUT ~ WITH OUTPUT H
FAILURE DICITAUS | FAILYRE DICITAUS
Fig 16 Hypothetical velotions betueen oxygen consumption (whate) and wark (cardwe output)
(black) of r1ght and lgf? ¢entricle (R L) 1 the normal heart, 1n “low output™ congestive
failure, and m “high output” congestve falure Digitahs restores cfficiency i the

former (e € 1n “hypertensive’ heart disease) but not in the latter (¢ g 1n thyrotoxicoss,
beriber1)
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an the correction of abnormalities 1 €NEIEy formation
2:::;: ;(1)19, 110) are relatvely incflectivein the two last named tyg«‘:
of cardiac Fulure (588) (g 16) and alsoin the termanal, probably
catecholamne hypoua induced, ‘breakdown phase of cardiae ac-
ity The therapeutc effects of diitalts seem to take place at or
near the level of efficiency-1mpainng {notyet hypownating) processes
by which the catecholarnes Qisturb the economical conversion of
energy mnto mechanical work, that 15, 1n the asarmiation of phos-
phate bond encrgy by the contractile actomyosia fibnls The ap~
parent normalizing effect of digitalis on the dustorted clectrolyte
distnbution 1 the fathpg human heart {108) may play a part
this same non-oxidative process

« - a
we B Lpu uelace are less promnently mvolved than € g 1 hypertensive
Reart discase

One anteresog aspect of topgesuve heart fadure 1 the wswal disappearance of
preceding attacks of angnal pan co nedent wath ats onset Redustion of phys cal
exercuse tnder such cireumstances docs not seem to be the only cause of thuy phenomenon
a8t 15 sho observed 1 persons who had suffercd from angina decybitus “The metabohie
pecubanues of the {aling heart may 1 some way prevent the peveeption of paan
Instead sudden epsodes of catecholamune influx become now more Lxely to evoke
2cute cardiac asthma and pulmonary edema than symptoms of a0gna

S} Energetic-Dynamic Cardiac Insuffinency

¢ Energehic dynamue cardias snsuffitensy’ 13 o term, coiped by
R Hegglin (261}, refernng to states of myocardial weakness which
are not or not 1y d

) b
as the chimical eriterion of which Hegghn dcsancd atime dissocration
of the 4 My effective h 1 systole, :dentified by the
graphically recorded second heart sound {closure of serlunar
valves) on the one hand, and of the clectrical systole, identified by
the end of the T wave, on theather Incases of| presumable metabolic

damage of the entire myocardium, the mee
mally shortened A 1 '::bnorrirx:lmuc?l i lﬁbo[:‘;-
cavsing an mterval of 0 04 seconds or more between the second hcnr;
sound and the end of the T wave, 15 considered patho
for “energetic dynamc wmsuificiency” gnomonie
. kagmf:canﬂy, thus phenomenon 15 only rarely obs
¥ tardsac msuff Y (o

£ fadure, and

o served 1n cases

g heart £l ure}

19 Hekghn Foruschrate der Kandclogpe
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Leaning on MecMichael's (380) concept that the syndrome of con-
gestive heart failure is caused not so much by a primary disturbance
of cardiac contractility as by reflectory veno-motor regulatory
mechanisms outside of the heart, Hegglin (261) assumes that, e.g.
in cases of hypertension or valvular discase with congestive failure,
“‘the myocardial fibers are adequately handling their abnormal
work load”, and that the pooling of blood in the pre cardial venous
system is essentially the result of extracardiac veno-motor mecha-
nisms.

The fact that congestive failure develops, as a rule, in conditions
which affect the different chambers of the heart in unequal degrees
may account for an unequal distribution of their metabolic efficiency
as an important factor in the phenomenon of “congestion”. By
contrast, the criteria of “energetic-dynamic™ insufficiency are com-
monly seen in general metabolic disturbances under which all parts
of the heart muscle suffer equally, such as hypopotassemia, Addison’s
disease, diabetic coma, infections, anemias, porphyria, etc., and also,
according to Hegglin (261}, in thyrotoxicosis and in the terminal
stage of hypertensive heart disease when cardiac “fatigue” has set
in. Since epinephrine shortens the mechanical systole (196, 573) and
since the signs of “energetic-dynamic insufficiency” are also elicited
by myocardial hypoxia (261), the above-mentioned observations
in terminal hypertensive heart disease and thyrotoxicosis seem con-
sistent with the assumption of catecholamine-induced myocardial
hypoxia (pp. 119, 120). Hegglin (262) stresses losses of ATP as an
essential factor causing hypoxic myocardial weakness, whereas in
other (“toxic™) disturbances of heart metabolism, a deficiency of
ATP-ase activity is thought to be prevalent.

McMichael's and Hegglin's concepts offer the advantage of calling attention to the
often overlooked fact that an actual absolute weakness of the heart muscle 1s by no
means proven for all forms of congestive “heart falure”, especially not for the *hugh
output” types and the chronic forms before they have reached the termunal, presumably
hypowuc stage which 1s refractory even 1o digutalis Impairment of energetc efficiency

1n terms of oxygen consumed, a feature which the catecholaminestreated and the heart
10 cong failure have in common, 1s not ly identical with reduced absolute
dynamuc “efficacy” (301) Burch (89) goes so far as to say “It has not been proved that
the syndrome” (of congestive failure) *“cannot develop as a result of cardiac disease
wathout mechanical farlure of the heart as a pump” Catecholamune-induced imparr-
ment of may be dered hypoth dly as one smportant and
common type of such metabolic 'cardiac disease” but much more work will be needed

to defimtely establish this concept
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2. Acute sud Chrome Cholinergie Actvity

) Carod Snus Syndrome and Other Syncopes

Acute exaggerated chobnege effects an the heart, tausing
bradycardsa, partial or complete Block of atnowentncular cons
dnchon, a0d even cardiac standstill, occur i the so-called carond
sunus syndrome It can be ebeted by focal anatomical or functionat
anamahes of the carotid simus, Mmolving ov erextitabibity of the
P pror teflex mech or by abnormal conditions 1n the
central synapses, or by an abnormal reatuwity of the cardiac con-
ductive apparatus (it 444, p 334) The attacks are usually of short
duration and detnmental to the myocardium only in case an ac-
companymg fall of the blood pressure or prolonged cardiae stand
stll wterferes with coronary blood supply

Socalled vaso-vagal syncope and other forms of syneape {ar 353) 12 whuch a
fall of blond hol of the heart ras pate are esenually
of perpheral reflectory or central nervous ongin and do wot constitute problems of
primary metabol ¢ derangements of the heart “Ther sccondary effects on coronary
flow and oxygen supply resemble those of the carond ninus syndrome

b} Athlete's Heart

The term “athlete’s heart” will b wsed i the follewing 1o
designate the physiologieal charactensties which dustingussh the
fiearts of persons who had undergone prolonged systemaue muscidar
tramng, from the average mdividual 1n our modern non-musenlar
avilization They have been studied most extensively by H N
&l (472) vely by H e

The outstanding peculianties of the hearts oF athletes, espeaally

of those engaged . endurance sports {marathon runners lonter-
distance swimmere ¢ o
¢ .
o Suu 14

wa y ldpa aeceleranon after exercise,
absence of hypoac alterations of S T and T even under tx‘xcm;
stress, aften, tow ataoy

entmeukaT Tonducton, small st

rake volume
at rest but great angmentation of the stroke volume duning exercsse
In many instances the radiographic size of

E?
markedly entarged (bt 444) byt corable of he heart was found
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sharply from the flabby dilated myocardium 1n advanced “hyper-
tensive” or artertosclerotic heart disease which has completely lost
the ability to contract to normal size The dilatation of the athlete’s
heart 15 not accompanted by any congestive mamfestations It has
been designated as “tonogenic” (313, 596), “nonorgamic” (575) or
“regulrtory” (470, 472), and 1s not to be considered as a sign of
weakness but rather as one of cxceptional adaptabiity

Alltheaboyeenumerated features of the fully-developed athlete’s
heart can be attributed to a state of powerful vagal (cholmergic)
preponderance Even the phenomenon of “tonogemc” dilatation
has been ascribed by Rewndell (472) 10 a postulated “negatrye tono
tropic” vagal mfluence (472) which mny be somehow related to
the relwxation promoung (“Weichmacher”) (559) effect of ATP

Very httle work has been devoted so far to the mfluence of
muscular trunmg on cardirc metabolsm Only Schumann (513b)
determmed glycogen, phosphocreatine and ATP mn the hearts of
untrained and treadmull-truned rats The catecholamne-induced
(sce p 94, 95) marked reduction of these substances, demonstrable i
the heart muscle after a short period of severe exercise, was signi-
ficantly less pronounced 1n traned animals after a smmlar degree
of exercise No hearts of athletes have yet been examned regarding
therr metabolic condition but total oxygen consumption and lactate
accumulation 1n the bloed were found relauvely low 1n athletes
after exercise (391) The capillary network of athletes® hearts was
reported as bemng particularly nchly developed (434) Siguficant
structural abnormaliies were found only rarely, even in marhedly
enlarged hearts of deceased athletes (472)

In summary, there can hardly remain any doubt that the sys
tematically tramed endurance athlete owes his remarhable cardiac
prowess, his, as1t were, super normalcy, to a highly developed chol-
ergic preponderance Whether this 15 due to augmented acetyl
choline discharges at the cardiac vagal nerve termunals, or to a
greater availabihity of pro acetylcholne stores m the myocardrum,
or to more efficient enzymatic actions 1n acetylcholine metabohsm
will have to be clarified

One cannot but be impressed with the striung contrast between the cholinerge
cardiac features of the tra ned athlete on the one hand and the indications of adrencrgic
A o7 annmee v heart fature

eless, in some
acd latation

have also been scen 1n hypertensive 1nd viduals (a¥0) 1118 sugy 8 st possibility that
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the gesstance of bgh blood pressure Jevels per se may, under cerun trEmAtAnc,
serve ssa tramg” mechatisma for the beant.

¢) ‘The Buy Loafer’s Heart

The busiest, the most harassed and most sesponsibisty 4aden
representatite of modemn sotiety, the general edical pracutiontr,
16 2150 one of the most common cardiac victims of pur emilization
of motorized © busy loafers”, whach 1s takang us facther and further
away from the 2 ¢ pattern of our Wy Msraned”,
agile, th hunting, problem less and feastessforefathers Afew
conteraporary atblenc muscle men succeed I reconstrucng 3
portial semblance of thew ancestors” actomyasime abilities, butanly
at the expente of constaat systermaue effort Any interruptson. of
ther trasmng wil vapudly desteoy what has been gamed over Jong
penads (471} The rest of us must be reconailed to await puy cardiag
demse as penalty for a hfeume spent pushing buttons, turmng
knobs and worrying mbetween, all suted to Jet gur cholmerpie
meckanssms fall asieep and instead to stir up the unopposed cate-
cholamunes New, more or less saenufic designations hase already
Been proposed for this predicament of ours, such a3 “hypolunesia™
(316}, “motoross” (592) and others, but “busy loafer’s heart”,
even though unflatienng, may be sufficiently descriptine

The example of the trmned athlete shows what can be done
abaut 1t but no one should expect defimte results from but a few
months of sportive enficasors {311} Excessive exercies wiiha « -

prest]

+ u L atiumulaton vesches a entical maxi-
mur which may cause sudden death (37h) In ammals, both
coronary atheroscleronss (511) and myocardial necroses {80, 164)
fave been ehated by enforced acute ove !

won Stat 1 ey
denee {43, 393) soggests that sadwaddual o

which mvot e sty

ch involve 3 greater measura of maderate but steady wagsentar
actaty are less prone to succumb 0 degeneratnve heast dhsease,
presumably beeause a long cultivated )

“cholingrme pramn a1 L
af thetr mvarara . <
mental ar R b
the *iptpy - N

v+ yueatasaf
Pathett: systera, 10 potentally catastroph calth, the sy

y
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Dr Paul D White,ina prophetic essay, entitled “‘lﬂcnn Disease
_ a World Problem™ (569) stated 15 years ago that *“if our present
generation used 1ts intelbgence and uts legs more and it alarm clock‘s‘
and s stomach less, we might have fewer cases of cotonary discase

III SUMMARY

a) Phyno-Pathological Features

All direct sympathetic and vagal ner ous influences upon the
heart are mediated by the local hberavon of notepimephnine and
acetylchohine, respectvely Besdes, certun amounts of both cate-
cholamines and acetylchohine seem ta be formed 1n the myocardium
atself, independently of nervous action, and are always present there.
Carculating catecholamunes from the adrenal medulia (epinephnne,
ot phrine) and fromvascularsy thetic nerve 15 {noy-
epmephrine) are eagerly absorbed and stored by the heart muscle
Locally formed acetylcholine seems to an 1 link
1 the chemical process of myocardial muscular contraction

The neurchormanes regulate the energy metabolism of the heart wnsofar
as the quantity of oxygen consumed duning the cardiac recovery phase 35 aug-
mented by the catecholamines, and reduced by acetyleholine Energetic efficiency
(bercentual conversion of oxdatice energy snto mechameal work, prodadly
through seacton betuween ATP and actomporin] s veduced by the tatechol-
amines and qugmented by acetylcholine The wnterplay and mutual equebibrum

o the adrenrgic and ol h d the degree o)
energetic effinency s rgree of cardiac

Excesaive catecholamune acton, by greatly mtensifine ma«
cardial nvvren ~ *

. « y wnatauon tails {e ¢ due ¢

andfor 1if cholinergic oxvenm men — e osclerons)

quate In such wmstances, =

:z:crg\{r formaton (glycoge sv p wit tdued upon However, these
¢ self lruted both because of want of substrate and be\::msc, of the
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mjurious accumulation of non-oxidized lactic acid The phospho-
creatine and ATP content of the myocardium drops, dynamic 1n-
sufficiency sets 1 and, if life 1s salvaged, structural lestons (degener-
ation, necrosis) result

The metabolic effects of the catecholamines are potentiated by
the thyroid hormone, and probably also by adrenal corticords The
latter act presumably via their influence on mtra extracellular
clectrolyte distribution (the “cationic gradient”) — Thiamune de-
ficiency (beside 1ts imterference m the oxidation of pyruvate)
promotes an accumulation of catecholamines 1n the myocardium
- Sympathectomy diminishes the cardiac catecholamines The
“sympatholytic” drugs do not mfluence them sigmificantly — Digi-
tahs glucosides act upon deficient anaerobic energy utilization by
restoring 1t toward normal, but they do not seem to overcome
hypoxic or enzymatic disturbances of aerobic energy formation —
Nitrites, beside dilating the coronary vessels, seem to correct some
intermediary metabolic phase, resulting from catecholamine-tnduced
myocardial hypoxia — The presumable mode of action of some
other drugs 1s briefly discussed as far as the present state of know-
ledge permuts

The efficrency-impaining, potentially hyp 1g properises of the adreno-
sympathog holy pred them to play a dominant role 1n the
path of vanous fi ! and deg diseases of the heart,

whereby coextsting coronary sclerosis andfor cardiac hypertrophy serve as
smportant, though not obligatory, predisposing and agg g factors ( The
development of coronary sclerosis and of cardiac hypertrophy themselves seem
to be enhanced by local metabol: hol, action ) 1Where an absolute

oterproduction or ov tron of adrenergic catechol 15 not de ble
or unhkely, an inadequacy of cholinergic counteraction may be considered as
permutiing a relatwe adrenergic preponderance and resulting 1mp ! of

efficiency

&) Chnical Features

Acute painful myocardial hypoxia (anging pectorss) 1s precipt
tated by the sudden mflux of neurogemc norepinephrine and of
epinephrine from the adrenal medulla, mto the heart muscle,
especially if compensatory coronary diatation fails because of
scleroticnon dilatability Particularlyntensive or prolonged episodes
of thus kind cause dissermnated hypoxic myocardial necroses and
may be acutely fatal Ratonal etiologrcal therapy consists ofa) ehim-



13
o Casdize Motabelis ad Funeon, 13

nanon or 4ep of the eatect " : & hr;dii‘:!x Y
{sympathectomy, Toeatetn imdnuqn of ':hc“: =l f ° B
b) catechotamine inactivadon {3 ai-Abyold therstly ; mﬂf{f"“m’)
ton of the painfrl metrabolic effertsof ;3:\»«&&31 h\?nu.:sé( m‘;&
{beside attempts at LoTOBATY dilatarion of serpical cardiac
qu’l‘z?:nfox:l;mml cordizs completions whek dreeld efier rymrdiel
wafaretons {arrhovthonize, cardiogenc yhuck, congestive fAﬂux} seem
to be due, 1 part, to a stll unospliined accumslation of epire-
pheune to the non-nfarcted areasof thebeart mescle. Pressoreceptor-
medited overwhelmny szalanan of the cardise vazer dregh
wmjfised vorepaephrme v therapentieally useful. .
The thyrotaxte feort s charactenyed by an cxggerated menabol'c
acavity of itx mmmsic halyod i

A
possibly with a
certam degree of relative thuanure deficiency and some (imadequars}

werease of cholinergie actwmty

Severt thamns defourey {bmbens) cavses accumelaton of eate-
cholanes 1n the beant muscle. Tis cardiac features resemble those
of the thvrotatie beawt dy Uy 25 well as bolrcally, Do
tabs s refanvely tneffectual n both syadromes, probably beeause

of ws wabaliey to correet disturbances of oudanve eneryy formaton
sdeficrency of cocarhoxs tae).

Cordige compluatans of reecl euvetory emfineuy (conzestive
falure, puimonary edems) are probably preespstated by the renal
retennon of otherwise excreted catscholamines. These ase partly aba
sorbed b the heart muscle upos which they seem to et by wmpatring
energenic efficency and by ultmaredy producing myocardial hypereia,

So-atled * hppertenror® dezt disezse 13 baneally unrelsted to,
although ofien azgravated by gk blood pressure tevels. s mcu:
bohe prerequinte seerms 1o be 2 relae e, efficiency
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myurious accumulation of non-oxidized lactic acid The phospho-
creatine and ATP content of the myocardium drops, dynamic m
sufficiency sets in and, 1f bife 1s salvaged, structural Jestons {degener-
ation, necrosis) result

The metabolic effects of the catecholamines are potentiated by
the thyroid hormone, and probably also by adrenal corticords The
latter act presumably via therr mfluence on mntra-extracellular
electrolyte distribution (the “catiomic gradient™) - Thiammne de
ficency (beside 1ts interference i the ovadation of pyruvate)
promotes an accumulation of catecholamines 1 the myocardium
~ Sympathectomy dimmushes the cardiac catecholamnes The
“sympatholytic™ drugs do not influence them sigmficantly ~ Digi-
talis glucostdes act upon defictent anaerobie energy utibzation by
restonng 1t toward normal, but they do not seem to overcome
hypoxic or enzymatic disturbances of aerobic energy formation -
Nitntes, beside dilating the coronary vessels, seem to correct some
termedtary metabolic phase, resulting from catecholamne mduced
myocardial hypoxia ~ The presumable mode of actien of some
other drugs 1s briefly discussed s far as the present state of know-
ledge permuts

The eficiency-impaining, potentally bypoxrating propertres of the adreno-
sympathogeme catecholamnes predestine them lfo play a domnant role in the

pathogenesis of vanous fu ! and degenerative diseases of the heart,
whereby coextsting coronary sclevosrs andjor cardiac hyperirophy serve as
unporiant, though not obligalory, predisp and aggravating factors (The
development of coronary sclesosss and of cardiac kypertrophy themselres seem
to be enhanced by local bolic catechol, action ) Where an absolute
oterproduction or oier of adrenerg hol, 15 70t de bl
or unlikely, an wadequacy of cholnerg may be dered as
permitting a relatue adrenetgic prepond and resulting 1mp tof
effictency

b) Chmcal Features

Acute panful myocardial hypoxsa (angina pectonis) 1s precips-
tated by the sudden influx of neurogemc norepinephrine and of
epinephnne from the adrenal medulla, into the heart muscle,
especially 1f compensatory coronary difatation farls because of
sclerotic non~dilatability Particularlyintenstve or prolonged epsodes
of this ksnd cause disseminated hypoxic myocardial necroses and
may be acutely fatal Rational etiological therapy consists of a) elimu-
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absence of structural anomales of the coronary vessels or/and the
cardiac valves, this suggests an unevenly distributed preponderance
of effictency-impainng adrenergic actwaty over efficiency-preserving
cholinergic counteraction In the termunal stages, catecholamine-
induced hypoxia (aggravated by coronary sclerosis, andfor cardiac
hypertrophy) may supervene and lead to absolute dynamic weakness
of the heart Sympathectomy and ganglionic blacking agents are
often therapeutically effective Vagal sumulation (carotid stnus pres
sure) can stop pulmonary edema Digitalis restores energetic effi
ciency as long as severe hypoxia has not set tn At the time of death,
the cardiac epinephrine content 1s usually increased and energy-nch
phosphate bonds seem to be depleted

Acute vagal oversimulations of vanous types (carofid sinus
syndrome, vaso vagal syncope, elc ) affect myocardial metabolism ad
versely only through hypotenston- or asystole induced mpairment
of cardiac blood supply

The heart of kaghly trawned endurance athletes displays the critena
of powerful chohnergic preponderance, even occasional marked
cardiac enlargements are not an indication of falure but rather of
extraordmary dynamic adaptabihity These hearts illustrate strik
mgly the advantages of cholinergic preponderance, acquired by
constant physical traiming They put added emphasis on the presum-
able causes of the mass degencration of our hyper-adrenergic, hypo
cholinergic “busy loafers’ hearts”, the ever increasing victims of
gadget-worshippmg, muscle-pampening but mentally harassing
Western civilization

Without an intensified study and broad recognition of the fun-
damental role of neurovegetative metabolic mfluences 1n the ongin
of functional and degenerative forms of heart disease, no decisive
progress 1n the understanding and prevention of these ominous
conditions can be expected
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absence of structural anomalies of the coronary vessels orjand the
cardiac valves, this suggests an unevenly distributed preponderance
of efficiency-impairing adrenergic activity over efficiency-preserving
cholinergic counteraction In the termunal stages, catecholamune-
nduced hypoxia (aggravated by coronary sclerosts, andfor cardiac
hypertrophy) may supervene and lead to absolute dynamic weakness
of the heart Sympathectomy and ganghome blocking agents are
often therapeuticaily effective Vagal stimulation (carotid stmus pres
sure) can stop pulmonary edema Digitalis restores energetic effi-
ctency as long as severe hypoxia has not set n At the ume of death,
the cardiac epmephrine content 1s usually increased and energy nich
phosphate bonds seem to be depleted

Acute vagal overstimulations of vanous types (carsfid sinus
syndrome, vaso vagal syncope, ¢t ) affect myocardial metabolism ad
versely only through hypotension- or asystole induced imparrment
of cardiac blood supply

The heart of highly-tramned endurance athletes displays the critera
of powerful cholmergic preponderance, even occasional marked
cardiac enlargements are not an mdication of failure but rather of
extraordinary dynamic adaptability These hearts illustrate strik-
mgly the advantages of cholinergic preponderance, acquired by
constant physical trmmng They put added emphasis on the presum
able causes of the mass degeneration of our hyper-adrenergrc, hype
cholmergic “busy loafers’ hearts”, the ever mcreasing vichims of
gadget worshipping, muscle pampering but mentally harassing
Western civihization

Without an mntensified study and broad recognition of the fun
damental role of neurovegetative metabolic mfluences i the ongmn
of functional and degenerative forms of heart disease, no decisive
progress 1n the understanding and prevention of these ommous
condstions can be expected
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FElectrolytic Balanee and Myoeardial Contraction
ByF LENZI Sem

The physician who wishes to bnng Tumself up to date about
this subject makes a first observation n a speculatne field clinseal
medicine exammnes a field which physiology and biochemistry probe
with extreme care and caution

The part played by electrolytes 1 myocardial and sheletal
muscle contraction, draws the attention of scholars to biochermcal,
physiologrcal and chemucal g 1t 15 hoped that the answers
to these q already provided by chinical med and electro-
cardiography will be confirmed 1n the course of ime These answers
have, at any rate, nteresung aspects, but 1t 15 also true that they
do not pronde any sure knowledge about the role of electrolytes
in the functon of muscles and in the genesis of achon potentials

Many articles have already appeared showing el d
grapluc patterns and cardiac findings considered as typical for one

or other electrolyuc balance, and typrcal states of both hyper-
kalienua and hypokaherma have been descnbed  But authors have
5o far confined th lves to descniptive analysis and have been
unabl: to grve a relable bioelectrical interpretation of the observed
& A

plete interp of these clectrocardio-
graphic changes must take into account vanous problerns, many
of whach are stll unsolved

Itas still not clsaf whether the modifications, plus or mnus, 1n
a gwen electrolyte (K, Na, Ca) have aspeaific effect on the electro-
cardrogram, 3t may be that they operate by changing the necessary

Pleage quote thus article as foflows

Lz F R yuc Balance and M; ¥
153-183 S Karger Bascl/New York 1956

Adv Cardio! 4,
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equilibrium to the normal heart contraction and to the nising action
potentials We do not know how these modifications come about, if
we admit equilibrium disturbances among electrolytes, 1t would fol
low that the decrease of a certain cation might 1n this ¢ase be only
relative, we could no longer assume a close relationship between
the vanous electrocardiographic patterns and the concentrations of
an electrolyte 1n the serum A satisfactory answer has not yet been
found to the 1nteresting question whether the electracardiographic
patterns of lesion and those seen 1n conditions of chinged kaliemia
are related pathogenctically

We do not Lnow whether the happenings 1n 1schemic centres
due to the accumulation of hydrogen have any ssmlanty to con-
ditions 1n which there 15 an abnormnal prevalence of potassium If
1t 15 true that 2 certain relationship exists between concentrations of
the vanous electrolytes, 1t 1s most probable that the hyperkaliermia
will be followed by hyposodierma, therefore 1t 15 not sure 1if the
observed effect can be attributed to the former or to the latter

A correct concentration of clectrolytes 1s of fundamental im-
portance for muscular contraction, both n the examples of Szent
Gyorgyt’s actomyosin and, still more so, 1 the conception of the
osmodynamic accumulator of energy

On the other hand, electrolytes — potasstum m particular - play
various parts n the resynthess of glycogen (formation of K hexose-
diphosphate according to Ferzdr, reduction of the halierma due to
the ~ction of nsulin which leads to the disappearance from the blood
of the same guantities of K and P found m muscles, reaction of
Lardy and Ziegler)

The close connection between certain fundamental reactions
m gly cidic metabolism and the movement of K presents the foliowing
problem are we to consider the changes in K as a secondary aspect
of glycidic metabohsm or as an essential mechamsm designed to
obtan fundamental condations for the contractile function® In other
words, does glycogen resynthesis represent a preparatory phase of
electrolytic situations which are the real cause of contraction?

Ttss interesting to consider the interference of glycidic metabolism
and electrolytic homeostasis through the cellular membrane Re
garding the clearly antithetical position of adrenal mneral active
and glyco active hormones we are faced with the question whether
glycogen resynthesis may be regarded as the basis for the inter-
ference of the two series of hormones
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chmesan who has already observed some typical states of
a m'c‘y‘(;l\:'\ed“:oncmmunn of K in the blood 15 faced wx(hdm:my
problers sometimes hypohahiemia 1s very well tolerated z“b coml-l
pletely asymptomatic whereas 1n other cases 1t 18 followe g’ we
toarhed symptoms Examples are the hypolaliermin ansing dunng
t t, the lar ad 10 peniodical paralysis
after glucose ad: and the disapp of K intolernce
1 Addwor's disease after desowcorticosterone All these examples
paint to an alteration 10 the balance of several electrolytes, or even
of the same electrolyte on dufferent sides of the cell membrine,
rather than to an independent action due to changes 1n the ton-
centration of a single electrolyte in the blood Canmon observed that
hypokalhiemic rats soon show serious cardiac lesions if fed wath too
much Na, this would not be the case 1f the rats were deprived of
K and Na in the same proportions 1t follows that the electrolytes
canmot be considered separately in an i estigation of the parho-
genetic sigruficance of their varying concentrauons 1n the blood
Besides studying the rel hipt the serumelectrolytes,
wehave also tried to find out whether there are differences in the elec-
trofyhe fevels of the intraceliular and extracellular fluds Startng
from the P that such daffe es do eust, the attempt was
made to study the cell when 1t contained an abnormal amount of
1t essentiaf electrolyte, potassiom The purpose of such a study 13
clear, but 1t may be doubted £ a 4 of the p
1 the cells of broptic matenal can nform us about the real quantty
of potassium which the cell 15 able to exchange with the ntersuce
We speak of intracellular diffusible potassiem which differs 1
function from organ potassum compounds and which 1 present
vanous amounts depending on several factors
This complicated subject has been treated 1 several recent
monographs and we do not ntend to discuss 1t 1n detal] here We
:):rl};ul;u:\v ﬂ;“‘\ tabe a quick look at the functional stwation of the
Sty ‘Pfﬁ:; ;: aym;; cg‘x;sm:cnu of the body Such a sun, ey, 1f care-
curselves 1o 1‘\!’8:1:;“ s it Ihr, g Sha" mCMorc Coﬂﬁnc
by of potasstum and sodium for onentative pur
posesonly Ttus wseful to consider that the total amount of an ]
Iyte 1 the body 15 dwaded 1nto ‘many fractions, everyo, “(' eoiro-
1s separated from the others by what 15 knuw:’x as T t:e of which
s clear that the rasing or lows a threshold, 1t
change the total amount of R ok hese threshalds sl not
of the electrolyte 1 the body but only
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the ratio of the various frachions Let us take potassium as an ex-
ample as a first fraction we may consider the potasstum bound
ndiffusible compounds The study of thrs mtracellular indiffusible
fraction, of 1ts level and of the factors which control the ratio of
diffustble and mdiffussble K fraction 15 still at the begmnng It
stands to reason that inside the cell there are certain factors which
regulate the ratio between the andiffusible and diffusible fraction,
but our knowledge of this subject 5s very incomplete We may wonder
whether the changes 1n these two intracellular fractions are re-
sponsible for some unbalanced syndromes Physiological mvest
gation ndicates that these changes are important and may be m-
fluenced by hormonal secretions
Thus first threshold between tntracellular and indiffusible potas-
ssum and intracellular diffusible potassium (1 ¢ functional potas
stum) may have direct repercussions on the relation between difs
fusible mtracellutar and extracellular potassium
This second ratio, bemg dependent on the different concen-
tration of potassium on both sides of the cell membrane, has held
the attention of various authors and has been regarded by us as a
central powmt in the concept of cationic membrane gradients
It 15 very probable that not all 1ons are equally diffustble in the
plasma, 1t has been shown that the 1ons nearest the cell membranes
are subjected to attractions which do nat excite other 1ons which
move more freely mn the mibeu Leaving asude these considerations
let us consider the 10nic plasmatic mass as a homogeneous one The
very last threshold 1s ont the level of the renal filter we mustgnest
the greatest emphasis because of the mdependent position of the
Lidney tubule in retaimng or expelhing electrolytes The importance
of the renal threshold of crtion ehrmmnation 1n preserving the balance
of water and mmerals and 1n regulating the total balance 1s evident
What we want to say m short 1s that between the two extreme
factors (amounts imtroduced and eltrmnated via the hidneys, faeces
and digestive juices) causing the vanation of the balance in one or in
the other direction, 1t 15 necessary to consider the varations in the
“arder” of the varous fractions snto which mneral mass 1s divided
The functional changes and electrocardiographic modsfications
are apparently due to the fact that allthough the electrolyte 1s seen
to move from one sector to another, the orgamsm 1s unable to reach
2 halance which daes not compromse the functionality Thus helps
us to understand, for mstance, how even a shght kahema can be
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well tolerated and mae nise to 10 chinical symptoms and how n
these cases very smalt K. doses are sufficent to upset a balanﬁc
winch was 1n process of beng established A given rzuo must be
d between Alutar K fixed 1 comp and there-
fore indiffusible, and flutar d ted K, which s romcally
sctve Hovw this ratio may be mantamed and how 1t 1y disturbed
can be explained by saymg that a prevalence of synthesis causes an
increase 1 fixed amounts or at least a displacement of K towards
the tell Theopposit occurs mcond of hyperfuncuion,
of wearmess and of cellular suffenng i general
These two aspects of the ratio between the two fractions of
imtracellular K are connected the first with an exaggeration of
synthesis and the second with an exaggerated demolinon of the
cellular substances
Glycogen synthess and glyconeogenesss, the former under 10
subm and the later under hypophyseal adcenal 1 contral,
are very probably the means by winch K fixed 1n the celis or, at
least, one of the quickest ways of enabling K to pass from one side of
the membrane to the other These vanous “orders™ of the twointra-
cellular p have

1n the extracellular
sector, which are worth noting Let us consider the devclopment
of the 1ntracellular ratio between 1nciffuable and diffusible potas-
sium, the first fraction 13 tnereungly detnmental to the second and
1n the membrane gradient the extracellular K. preval even
when below normal This situation shows us how certain functional

d of hyperkal may be obtained with normal and sub-
normal serum values The result will be the acuvauag of the prin-
apal regulating agent the direns The K will then be remosed
via the kudneys with a negative effect on the balance notwhstanding
normal or even subnormal serum values,

Inthe ple given above modifi ofthe B bol
may be bmug'ht ab?ut by cortisone and by AGTH, the symptoms
are a well hypokal and neg; K balance with
Yosz of K 1n the unme notwithstandin g hypohalienua A new loss after
cevery cortisone njection 15 observed In such conditions compls
wanons due to hypokabiema vary seldom anse in spute of the rcdulc)cd
serumn levels This 1 eanly understood of we remember that th
kalierata 1s fow but Proportionate to the parts of diffisibl ¢
c:llular potassum Any astempt 1o correct the hypokahcmx: \l::\r:?d

ause an immediate change 1o the “order” 1o which the orgamsm
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the ratio of the vartous fractions Let us take potassium as an ex
ample as a first fraction we may consider the potassium bound m
mdiffusible compounds The study of this ntracellular indiffusible
fraction, of 1ts level and of the factors which control the ratio of
diffustble and indaffustble K fraction 1s still at the begmmng It
stands to reason that mnside the cell there are certam factors which
regulate the ratio between the indiffusible and diffusible fraction
but our knowledge of this subject 1s very incomplete We may wonder
whether the changes in these two intracellular fractions are re
sponsible for some unbalanced syndromes Physiological mvest
gation indicates that these changes are important and may be
fluenced by hormonal secretions

Thus first threshold between mtracellular and indsffusible potas
sum and intracellular diffusible potassium (1 e functional potas
stum) may have direct repercussions on the relation between df
fusible mtracellular and extracellular potassium

This second ratio, being dependent on the different conced
tration of potasstum on both sides of the cell membrane, has held
the attention of various authors and has been regarded by usas2
central pont 1n the concept of cationic membrane gradients

It 15 very probable that not all 10ns are equally diffusible mn the
plasma, 1t has been shown that the 10ns nearest the cell membranes
are subjected to attractions which do not excite other 10ns which
move more freely in the miheu Leaving aside these considerations
let us consider the 1onic plasmatic mass as a homogeneous one The
very last threshold 1s on the level of the renal filter we mustgvest
the greatest emphasis because of the mndependent position of the
kidney tubule in retamning or expelling electrolytes The importance
of the renal threshold of cation elimination in preserving the balanct
of water and munerals and 1n regulatung the total balance 1s evident

What we want to say n short 15 that between the two extrem®
factors (amounts introduced and elmmnated via the hidneys, facces
and digestive juices) causing the varation of the balance i one or 1
the other direction, 1t 15 necessary to consider the variations 1 the
“order” of the vanious fractions into which mineral mass 15 divided

The functional changes and electrocardiographic modification’
are apparently due to the fact that allthough the electrolyte 15 seen
to move from one sector to another, the orgamsm 1s unable to reach
a balance which does not compromuse the functionality This helps
us to understand, for instance, how even a shght kahema can be



Lenas, Electrolyne Balance and Myocardial G 157

well tolerated and gwe nse to no chincal symptoms and how 1n
these cases very small K doses are sufficient to upset a balance
which was 1n process of being established. A ginen ratio must be
d between ffular K fixed 1n compounds and there-
fore indiffusible, and ular @ a K, which 13 romcally
actne How this ratio may be mantamed and how it s disturbed
can be explaned by saying that a prevalence of synthess causes an
increase 10 fived amounts or at least n displacement of K iowards
thecell The opp: oceurs incond ofhyperfi
of weanness and of cellular sufferng 1n general
These two aspects of the ratio between the two fracuons of
intracellular K are connected the first with an exaggeranon of

synthesss and the second with an exaggerated demolstion of the
cellular substances.

Glycogen synthesis and glyconcogenesis, the former under in-
stilig and Phadatne 3wt m 1Y .

ares .
teast -

ther - B v .
cefluar potassium {ractions have rep i the extracellul
sector, which are worth noting Let us consider the development
of the mtracellular rato between indiffusible and diffustble potas-
sium, the first fraction 1s incresingly detrimental to the second and

K

mthe b gradient the fiul prevail even
when below normal This situation shows us how certam functional
cond of hyperkat may be ob

d with normal and sub-
Tormal serum values The result will be the actvating of the pnn-
cipal regulating agent the duress The K wall then be remoned
wia the kidneys with a negative effect on the balance notwithstandin,
normal or even subnormal serum values "8
In the le given above modifi of X bol,
may be brought 2bout by cortisone and by ACTl};lc,l;xc sym]

are a well tolerat ?
S G ed hypokahema and negative K halane

ptoms
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= v g sbuoil anse 1 spite of the reduced

serum levels This 15 canly wnders
I
ka\l;erma 15 low but pmpozhunﬂtt tgotdh e amber tat the
cellular potasssum Any attem,
1pt 10 correct the h
Cause an immediate change m the “order™ 12 mﬁ::‘ ;a oud
Tganism
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was tending — which would hardly occur at lowerlevel - and a sudden
appearance of hyperkahema syndromes with subnormal kaliemia

If we stop the treatment, after 10-12 hours the X balance 15
mverted, the kahemia rises and everything tends to balance agam
at 2 normal seric level

In studymng the different possible cases we must consider the
variations which the parts of potasstum may undergo and the more
immedzate and interesting repercussions We shall discuss the earliest
pathogenetic signs, the chimical picture which later develops and the
therapy The tendency of the indiffusible intracellular fractions to
increase results in an immediate reduction of serum potassium which®
re-enters the cells 1n large quantities Different conditions may anse
anside the cells but generally a balance 1s reached at a comparatively
low level of diffusible potassium, which in this case 1s well counter
balanced by the low degree of potassiemna The balance remains
unchanged and we have no syndrome of hyperhahema or hypo
kalem:a

The case 1s different in penodical fanulial paralysis characterised
by spells of muscular adynama with low kalierma It has been shown
that adynamuc crises may be caused by the introduction of large
amounts of glucose, either 1 by reduction of the haliermiz, or2 by the
passing of Kinto the cells through an activated glycogentc synthesis

Thus syndrome anses through mcrease of the glycidic synthesis
combined with sudden withdrawal of large quantities of potassium
from the small extracellular stores Another example 1s hyper-
corticordism 1n which the slow ehmination of Na from the serum
1s often combined with low kaliemia In this pecubanty of the
humoral picture hypercorticoidism differs from adreno cortical
deficiency 1 which there 1s high kaliemia due to the passage of m
sufficient quantities of K into the cells

Because of the damage of the cellular protoplasma — tovnic,
anoxiemic, traumatic — there 1s msufficient synthesis or even dis-
1ntegration of the synthetized compounds with loss of large quantities
of potassium from the cell

This loss of potassum may be rapid or slow It may be related
to protemn catabolism or the amount of potassium lost may be larger
than the fractions calculated according to K/Na ratio

We shall now go on to consider the varous consequences of
these early disturbances which are often found 1 medical and

surgical practice
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In cases of extensive damage and tissue necrosiy large amount
K are found to pass quickly mto the extraceliular fiwd from the
Is Besides these severe cases we meet many others of @ mulder
ture In these cases the passage of potassium 1nto the extracelialar
1d 15 followed by improsement sn the diuresis and disappearance
excess K * va” the Jadneys The serum Klen el in thos case remanns
thun normal imats and the depletion n the cells 15 only expressed
/ the balance

The relation between the ntracellular and the extracellular

1ons of diffusibie po ~ants very hitle beeause the
change pracesses are slow and any excess 1s rapidly corrected by
1e actne dress There are no very marked symptoms

In diabetic acdosis two different pathogenetic factors are
ombined

1 pnmary inability of the cefl to maintam 1ts potassium,

2 polyuna and general peniphuc loss of potassium which not
smly disposes of the potassium passed from the cells to the intersutial
tuid but can also cause hypokahierma Exenan these cases, however,
the relation between the {lular and extracellular ¢ -
tons (1 ¢ between the serum and the cell fractions which are both
reduced) tends to rernan within faurly normal hmats Thus a con-
dition usually develops in which indiffusible intracellutar K 1sscaree,
while the membrane ratio remains near normal

We sull have a situation of “order™ but there 15 also the nsh
thatany therapeutical interference may duturh that order and resplt
1n large quantities of extracellular potasstum passing into the cells
Ths would give nse diately to an unbal 4 cond due

o defisency of plasmatc fractions Er
ey P! ons Even small changes may disturb

Besides the maintenance of balance 1 situations of risk we may
also meet vpposite tendencies due to a greater proportion of plase
mate p (relative hyperkal } or of il p‘
‘S\um (relauve hypokaliermia) 1 the membranam w1 -~ potas

i Loy 1 WLLLOL, 16,
v DA, palance mechanism of blood does not remamn c;tra

nepus to
us these changes of the Ppotassium, the role of th

e by
bemgap inentone in these ch uffenng

We have observed how §esofthe
1 a drab N
with an almost normal kaliem L subyect coma Ay appear

¢ Jevel, the atkatine reserve, how-
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ever, 1s constantly subnormal and not even the extracellular water1s
very much reduced The therapy, designed to re-establish the normal
actd-base balance and restore the normal amount of extracellular
water, produces dilution of the serum potassium and decreased
kaliermia wiich 1s the first pathogenetic sign of the syndrome
This explains how the therapy (flud-ennching, antiacidosss,
glucose-msulin) provokes a hypokaliemic syndrome due to the
presence of two different pathogenetic mechanisms
But 1f1t 1s true that n a diabetic patient the level of intracellular
potassium decreases even before the appearance of acidosis (ex-
peniments with labelled K), the following two factors must be con
sidered as closely connected the quantity of cellular potassium and
the efficiency of the glycogen synthesis
We have already stressed the important effect of the disturbance
starting 1n the cell on the mechanism regulating the membrane
potassic gradient
The large cellular stores may cause exther sudden withdrawals
from, or transfers to, the small seric fractions, which are defended
agamnst sudden loss of potasstum by the slowness with which 1t can
enter the cells and against sudden increase by renal functionality
Other extracellular factors may cause changes n the kalierma
and therefore also influence the membrane gradients
This depends on certain conditions connected with disturbed
renal function (e g retention 1n some types of oligunc nephritis and
1n renal bloch, for instance the state of depletion 1n the so called
salt Jostng nephntis) or on conditions connected with Joss of extra-
cellular K through vomiting, diarrhoes, etc A genesis of this kind
1s found 1n the cases of Brown and more recently Erans or mn the
De Tont Fancons syndrome (Milne Buchel) In these conditions which
cause severe disturbance of the electrolytic balance, the appearance
of a hypokaliemic syndrome 1s not frequent The passage of K from
rich mtracellular stores into the interstitial hiquid may compensate
even considerable losses, as long as these show no especial charac-
tentstics Intracellular K, 1n these cases forms a compensating reser-
vorr for extracellular K Obviously 1t takes time to bring this me-
chanism mto action, since the permeabiity of the membrane 15
very shight
So far we have spoken almost exclusvely of K, the cation that
hasrecaived greatest attention in clinrcal and electrocardiographical
studies It must 1ndeed be recogmised that nowadays disorders of
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the electrolytic equilibnum are generally studied only 1n connection
with hyperkaherma and hypolahemta This 1s on the basis of electro-

diographic pictures
« hir:spbccrf smd that Na canses few or no changes in the clectro-
cardiogram and that we know almost nothing about the role of
Mg It has been assumed 1n fact that K plays a pre-emunent 1if not
an exclusie part {except in hypocaleemic modifications) 1n deter-
muning typical electrocardiographic changes

But we may have doubts about this assumption In our opinion
there 15 a sound baus for the theory that the contraction of the myo-
cardral fiber 15 caused by changes 1 the intraceliutar and extra-
cellular concentratons of k and Na Since the myocardial fibnl
will only fanction efficiently if relauons between the plasmauc and
cellular concentrations of the two catons are normal, electro-
cardiography 1s faced with the following problem are the reg d
tracings due simply to the prevalence or lack of either of the two
cations 1 equilibrrur, or are we to look for a more complex cause
For nstance, a hypokaliere pattern might be due simply to an
ncreased proportion of extraceliular sodwm  Imvestigatons
closely relating to this problem are at present being made 1n con-
nection with congestive heart falure

So far we have followed the theory of bachward fulure primary
venous hypertension due to hyposstolia which in its turn causes
disturbances in thesalt water exchanges atthelevel of the capillanies,
primary water retention and secondary NaCl retention to maintain
sotonic condstions The part played by Na in the pathogenens of

edema 15 therefore <econdary at least to the venous hyperteasion
and the water retenuon

‘The current inyestigations how ever place the retention of NaCl
and 1,0 m a very different position, indicating that the root of
the trouble hies 1n excessive tubular reabsorption sn the kidneys

We do not wish to discuss here whether this snerease in tub:;}ar
reabsorption 1s due to the low F G + to venous hyperteasnian 1 the
kidney, or to an increase in CO, tension We shall only obsene
that sodium retention appears to play a more important part
Oihe pathogenes:s of cardiac edema than was Previously su;fposc‘;
bt;c:em(srg)::(\::i t:?: :glcuda;nagmg :ﬂ':zt of the salt balance dustur-

m) may nat be confined to the level
g:;s:;snc contacts, on which the appearance of the :dcm::

12 Mery o Fortschrite der Kardiologse
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Once this has been established, we may have to revise our views
on the pathogenesis of hyposistoha We may even wonder whether
we are justified 1n considering that disturbances 1n the contraction
of the myocardial fibril are secondary to conditions of hypernatremua
(or relative hypokaliemia) Na retention thus acquires particular
significance because of ts durect effect on the metabolism of potas
sium and 1ts close connection with myocardsal contraction It has
recently been observed that the 1solated heart of the rat, 1n con
ditions of anoxia, can regain normal conducibility 1f the Na i the
Iiqud of perfusion 15 reduced and constant osmotic pressure with
glucose 1s mamtamed Since an anoxic or excessively stmulated
muscle retains sodium and releases potassium, some authors have
thought that the favorable effect of an hyposodic diet on cardiac
patients may be connected with direct action on the myocardium

In addition 1t has been estabhshed that excess of Na increases
the damage caused by potassium deficiency in the heart of rats
Conversely, if the sodium intahe 1s restricted the myocardial damage
1s retarded

We record finally our experiments on cold blooded ammals
By artificially provoking a state of absolute hypersodiemia in these
animals we have seen ecgraphic modifications similar to those con
sidered by other authors to indicate a hypokahiemic state Elsewhere
we have tned to give a biophysical mterpretation of these modifi
cations based on the theory of electrolytes We do not wish to broach
this subject again and we prefere to underhne certam features of
greater chimcal importance In these ammals prolongation of the
repolarization time caused the final wave of the electrocardiogram
to come closer to the succeeding 1tial wave this was followed by
the appearance of a typical state of fibrillation This state was re
versible within certam limats both with time and with the mntroduc
tion of KCl These results present certain problems 1s 1t correct
to interpret 1s hypokahemic those ecgraphic patterns which show
the same charactenstics as are provoked by the mcrease of plasmatic
amounts of Na?

May we consider that Na retention 1s not only a factor 1n the
pathogenesis of the edemas but 15 also responsible for contractile
disturbances?

Patients suffering from congestive failure show, if compared
with other heart patients a marked tendency to auricolar fibnillation
Therefore are we justified 1n considering that our results arcindicative
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and (hat the changes 1 lectrolytic equihbrium prov oklcd bz :1:;
Increased patnemua may be connected wath the particular asp
cisturbance?
o m{;ﬁ;‘:ﬁxsim certamn aspects of disturbed €lectrolytic ba-
\ance, let us consder the ymportance of the electrolytic °°“C°““':"
tions 1n myocardial contractionandin thegenesis of iction potentials
Thus 15 & most controsersial and fascmating subject which pres
sents many obscure potnts The purpose of the following pages 1
entirely practical, we wish to demonstrate the great ymportance
of sutable concentrations of the electrolytes for normal myocardial
contraction and for the genesis of action potentials
All authors agrec on the great importance of ths aspeet of our
subject
According to Szent Gyorgyt and Ins co-workers, the contractile
combmation consists of actorny osin, ATP, K, and Mg Inthissystem,
the actomyosin represents the substance which 1o appropnate con-
divons proceeds to a retractan so sudden that it could be called
contraction
Actomyosin is made up of myosin and acin Myosinis a hydro-
phalous collordal system of complex structure, formed of an ipactine
framework 10 winch globular protemns are hinked which fundamen-
cally modify 1ts enzymic properties
Particular 1nterest agtaches to the behaviour of myosin 1n the
presence of dilute solutions of neutral salts The ssodlectne pont of
myosin 1n aqueous solution free from salts hies at pH 54 where st
precipitates By varying the reaction of the medium the protein
becomes redissolved starting at a pH of 7 or of 4 1T 0025 M of
KCl s added to the mydun solution 1ts woelectnc pornt shifs to
neutrality (pH 7) and the protem precipitates The analysis of the
myosin preciptate by means of 6025 M solunons of hO) shows
that the proten has enly fired K vathout a simultancous fixation of
C) M at this pomt we ncrease the concentranon of KCl we note

ﬁr;t that the ;nyusm dissolves again and second that there 15 intense
sudsequent adsorption of the K 1005 which now pecurs 1n by

with the absorption of the Cl 1ons catbrum

This phenomenon can be

expressed by saying that the hQl yn

u;{uaSbI: concentrations shufls the ssaelecterc pomt of myosin {ram

1};1 e 4 bto PH7 This property 15 not speaific to hCl, which indeed

I\DC e strongly concentrated 1 order 1o show 1, but s common

o NaCl m an equal concentration, and 15 possessed 1 lower con
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centrations by MgCl,, and above all, by KCl and MgCl, com-
bined

In aqueous solutions free from salts the myosin does not fix
ATP. This 15 readily comprehensible i view of the anionic nature
of both the substances

If the myosin 1s dissolved 1n KCl solutions then the ATP begins
to be fixed, but only shghtly. The quantity of ATP fixed depends
on the quantity of K which has been previously fixed by the myosin
In large amounts ATP 1s fixed 1n the presence of MgCl,, and 1n an
ever greater quantity 1if K and Mg*+ 1ons are present at the same
time

Szent-Gyorgsr thinks that myosin, because of the prevalent dis-
sociation of the COOH groups, possesses a negative charge which
15, however, compensated by the fixed Mg 1ons In their turn the
fixed Mg 10ns mtiate the absorption of ATP which restores the
negativ e charge to the combination The myosin-ATP combination
1s thus characterised by a negative charge which denves directly
from the adsorbed ATP. Each time the ATP dimnishes there will
also be a diminution of the electro-negativity favouring the myosin-
actin assoctation which determines the contraction

All this produces a somewhat complicated activity of electric
charges and leaves the protein particle with a final negative charge
which 1s finally balanced by the cations — 1n the first place the
K — present m the aqueous environment of the protein particle
1tself
The 10ns surrounding the particle and the 1ons attached to 1t
are i equiibrium Any change 1n the jonic balance of the medmm
will cause a corresponding change 1n the charge of the myosinic
particle, and consequently will have repercussions on the forces of
attraction and repulsion between actin and myosmn

Myosin has two different enzymic actvities It can act as an
ATP-asc (separating the termnal phosphorated group of ATP) or
1t can act as a deammase (separating the amino groups from
adenosme) A short note on the ATP-ase actiity of myosin will
suffice
Though 1t may seem strange that a contractile protem like
myosin can be an enzyme, we must accept this enzymic actvity
as belonging to myosm Every attempt to separate myosin from 1ts
ATP-ase activity and to show that myosin and ATP-ase are two
different substances has so far failed
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A very mterestng fact 13 that the ATP-ase function of myt:{n
appearsin a given phase of activaty of the system and ceases immeds-
ately after (Engelhardt and Lyubimora)

In the muscle at rest, myosin 15 present 1 a frec state, not at-
tached to act, and 1n the form of Mg-myosinate which possesses
ATP ase actwity at pH 9, that 15, 10 a highly alkaline medium far
removed from the pH proper to the muscle (6 95-7) At thw latter
pH Mg myosinate does not, therefore, possess ATP-ase actinity
When owing to the advent of the wasve of excitation, the myosun
ututes with actin, the acun shifts the optimum pH for the ATP-ase
activity of myosin from the alkalime value to that proper to the
muscle

Thus 1t can be concluded that the ATP ase acuvity of myosin
appears when the system 1s activated

The ATP ase actiaty of myosin depends on ats charges, that
13, 1t depends fimally on the 10mic concentration In the absence of
the salts, myosin has no ATP-ase activity, just as 1t does not possess
1t when the saline conc 15 1n excess Exp Wy 3t 28
posuible to observe that the maxamum ATP-ase actiity 1s reached
by myosin at a pH of 7 with an 1om¢ concentraon (KCl or NaCl)
of about 016 M

Having thus established ina very schematic manner the princspal
charactenstics of myosin, which interests us as a component of acto-

myosn, let us see what are the charactenstics of the other com-
ponent, actin

The reactine properties of acun are very complex and an ana-
lytical enumeration would not help to claniy the general develop-
ment of the phenomena

Actin 15 present 1 two farms, G-actin or globular actn and
F acun or fibrous actin Under the ultramicsoscope G-actin shows
globular formations When polymenzed wato Facun st presents thin
long nbbon Wke filaments The presence of cations 15 essential ‘
the polymenzation of G acun -

The unson of the
© protens, myosin an wod o
2 newW suhstanre e o P gl . 4 Factn =

= wsv s toreseeable 1t preciprtates
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with increasing concentrations of KCl, then with further mcrease
of the K concentration 1t again becomes soluble, simular to the
behaviour of myosin If, however, we add ATP besides KCl, shght
vanations m the saline concentration suffice to carry actomyosmn
from the state of superprecipitation (which Szent-Gyorgyr calls con
traction) to that of complete solubility, this vanation occurs in KCl
concentrations very near 0 16 M

Above 016 M of KClI, actomyosin 15 completely relaxed, m
the presence of ATP 1t becomes completely contracted below this
saline concentration

We are therefore faced by a contractile system formed of actin,
myostn, ATP and KCI which can exist 1n equilibrium n conditions
which occur physiologically, since Szent-Gyorgys caleulates precisely
016 M as the sum of the K+ and Na+ 10ns present 1n the muscle
Supcrprccxpltanon apparently occurs when to the two components
of the system there 1s added a third of any kind

A point which 1s still a subject of conjecture 1s the part played by
ATP 1n the passage from the relaxed phase to the contracted phase
It 1s obvious that in the relaxed phase great importance attaches
to the rectprocal repulsion of the two proteins, both bemng electro-
negative

Myosin 1s less electronegative than actin, hence a subsequent
decrease of 1ts electronegative character would annul the electro-
static repulsion and would lead the two protemns to umte This 1s
what occurs when we preciprtate actomyosin with KCI But this 1s
not the condttion attained with superprecipitation because in pre-
cipitation by KCI actomyosin still contains 95 per cent of water,
while 1 the “contraction” from KCI + ATP 1t contams only 50
per cent It follows that ATP must intensify the mtimate depolan-
zation of the charges, determumng a greater discharge of the poten-
tials of the two proteins, and cause the collord to lose 1ts hydro-
phiha
This uncertamty about the part played by ATP n contraction
1s closely connected with another question, whether the energy of
the P-O-P link 1s used by the contractile mechamism for contraction
or for relaxation This 1s a query which can be avoided by regarding
the cessation of energy which follows a contraction as preceding the
following contraction and so on In other words, it can be admtted
that the energy of the P O-P hnk may be hiberated 1n one phase
and utilised 1n the followmng phase
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Howexer, we must not concene the role of the energy bond of
ATPtobesmchthatits presence sigm jonand its b
ugnifies relaxation.

I thss system formed of acun-myosin, ATP aod K¢ and Mg+
1oms, two possibilities occuy, 1,41 the surface electrse charges which
cause the twa protems 1o repel ecach other exceed a ghven level, the
two protens coexist separately as acnn- and myostn-ATP which
1w this phase does ot possess ATP-ascactvity, 2,1fthe repulsion of
the charges falls below a cestam entical value, a singfe combination,
actormyostn-ATP 18 formed, wheren those reactions winch Jead 1o

would be 8 ined The degree of repudsron and ottroetion
af the particles, which finally govems the posnibihity of bang able to react,
15 determined by the tonec swrroundings wa so dehieate @ manner that dyfferences
of 002 M of KCl are sufficvent to produce a change from ¢ state of vest (o
one of contracion

Let us now follow the varous phases of the contractle gyele
as concerved by Szent-Gyrgy

n the state of rest the muscle would not contain actomyosin
but acun and myosin separately, that 1, actomyossn i the -
soctated state. The reason for this dissociatson 1s the fact that the
particles of actin and myosin are too distant from one another 1o
react cherneslly The dustance 1 one of a few Angstrom urists but
1t must be regarded as suffitient to establish a state of equihbnum
wnthe play of the attraction and repulsion forces which are produced

by electne charges
present in the wontc condition of the me
In this state af tect she vas w edium

. e~

ready for ull present and
.. . . m

Tonug equm . . ¢ balanced

N The Wave of excitation passing alony the mambeen 4 . 1

andt o ) . wulUSyUANICEs Arbn oo~ oo B

< snangts .
by 5 difference sn con 1588 0t the order of those determuned

100 that tha wer centration of 862 M of KM Wa e o ..
hbrum v o - )
myosn-p .

components w we agam dissociated 1nto 1te three
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In the excitation phase the conditions permtting the consti
tuents of the actomyosn ATP combinaton to react mutually are
established There the process of the maximum depolanzation of
the respective charges 1sinitiated This shows as intense dehydration
We pass from the relaxed phase of the contractile combination,
charactenised by a high and unstable thermodynamic potential, to
a contracted phase poor 1n internal energy The difference 1n the
“form” of the actin ovords, which decrease their lnrger drameter
on transforming mto globular actin, expresses the adaptation of the
fibre which 1s thus capable of accomphishing work

Szent Gyorgy: thinks that the premuses for relaxation are seen m
the dephosphonlation of ATP mnto ADP Given that ADP 1s not
capable of imtiating the contraction of actomyosin, 1t 15 probable
that 1t also has no capacaty for mamtaining the contracted state

Conditions which could lead to relaxation are therefore esta
bhshed at the moment of contraction, owing to the sole fact of the
degradation of ATP

Szent Gyorgsr does not think 1t 15 necessary to account for an
active re extension of the fibre, but that 1t 1s sufficient to be content
that the fibre does resist being extended agan by ats antagonusts
It 1s doubtful whether the degradation of ATP to ADP 15 sufficient
to attain the relaxed state

‘What happens n vitro leads to the idea that, as with the re
solution of the superprecipitate of actomyosin the presence of ATP
1s necessary, so also 1ts presence 1s required for muscular relaxation
In this case, 1t 15 from the reservorr system of phosphocrettmne that
the phosphorted group would be acquired to remtegrate ATP

Summansing thescheme which Szent Gyorgy offers for hus theory

Rest actin + myosm ~ ATP!, in which the exclamation mark
indicates the presence of the energy bond of ATP not yet mvolved
1 the reaction

Excitation  actomyosin — ATP!, i which the distance between
the individual members of the combination 1s dimmushed and mter
reaction becomes possible

Contraction actomyosmn — ATP, mn which the combination 15 1
1ts contracted form

The absence of the exclamation mark in this third phase ob
viously does not sigmfy that ATP has lost 1ts energy bond (an ATP
ase action will appear only with contracted actomyosin) but merely
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that ATP, 1n some not well clanfied way, has taken pate m thus
reaction

Relaxatun
actomyosin-ATP A= actomyoun-ADP 4+ phosphate
actomyosin~ADP + PO === actomnyosm-ATP 4 creatine

Al
actin myosin ATP!

We have stated the th A concept that tar worh 1
accomplished by reason of the energy of ATP ‘
“This nterp regards these boll from a

special angle I the general purpose of glycogen metabohsm 13 the
producnion of energy, wis 3 speaific requirement of the muscular
machne that this cnergy be contaned withon the particular energy
bonds of a speafic substance, ATP
Recently important researches have been carned ont winch
appose the Szent Gyorgy muscular contraction theory It 1 to be
noted how Fleckenstetn et al 1n recent chromatographic expeniments
have foliowed the degradanon of ATP to ADP and 10 adenyhe and
In a frog rectum muscle KCt contraction the authors obsenved no
degradation of ATP, this 1s a result which would Jead 10 the con
cluston that n these expenimental conditions the ATP remains out
ade the reactions which bring about contraction and relaxation
In the preceding chapter we have seen that the musenlar con-
tractile system of Szent Gyorgst 1s constituted of actin, myosn ATP,
B, Mg We have noted that the contraculity of actomy osin depends
on the surrounding concentranion of monovalent cations, so that
vaniations of thus concentration withun very restescted hmats deter
e contraction and relaxaton of the system
Half 2 century ago, Or‘nlbn $a1d the foundations of a new and

. bK:.b:ury ¢;€r ﬁL with hus classic research
on the behaviour of muscle fibres with varying concent:
on he bebay Tying rations af
N In thys theory there 15 a systematie explanation niot only of the
P wnherent 1n and cardiac movement but also
of many aspects of the fanchon of nerve conduction It has been
supported by sound experimental contnbutions frorm German authors
as regards the contraction of the skeletal muscle,
thors as regards myocardzal contraction,

from Utalian au
and from Anglo-Amencan
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authors as regards the phenomena of excitation and nerve con-
duction

The theory of the “primary osmodynamic accumulator of _
energy” (Fleckenstein ) 1s, i fact, founded on the asymmetnical dis-
tribution of the Na and K 10ns on aither side of the membranes
delimiting the myofibres and the nerve fibres Very small extra-
cellular amounts of potassium are confronted by large intracellular
amounts of potasstum, and large extracellular amounts of sodium
are confronted by very small intracellular amounts of sodium The
theory considers, moreover, the catiomic exchanges (of Na and
of K) 1n the successive phases of muscular contraction and relax-
ation

Consideration will be given to K and Na distnbution i the
cells and 1 the mtersutial liquuds From the asymmetrical distni-
bution of K and Na 1n the orgamsm as regards cellular membranes
we will obtain the idea of a “potassium gradient and sodium gradient
of the membrane” This concept 1s fundamental for understanding
the genesis of the electrocardiogram as well as that of vaned chinical
occurrences

The electrolytic gradient 1s not the passive resultant of auto-
nomous vartations which take place on one or other side of the mem-
brane, 1ts amount cannot be evaluated by difference What 15 1n
questzon 1s a constant which the orgamsm tends to maintain with
continous changes, impoverishing the intracellular stock if the extra-
cellular stock has suffered losses, and vice versa Its amount can be
stated only by a ratio, and there 15 a basic slowness with which
proportional changes aiming at keeping the gradient constant are
produced on one side of the membrane corresponding to changes
on the other side

According to Klinke the blood serum contuns from 280 to 350
mg per cent Na, and the Iymph, from 242 to 323 mg per cent
Burcher and Rothlin give values of 359 mg per cent of Nat+ for blood
serum Putting the figure of 326 mg as the mean Na concentration
1 the plasma, we have a sodum content equal to 142 mEq per
litre, according to the simple calculation

3260 mg per hitre 23 (atomic weight of Na) = 142mEq
Of these 142 mEq of Na+ contamed n a litre, 100 10ns become
bound to as many 1ons of Cl, 27 combine with the HCO, anions,
and the remaining 15 1n part to the amions of SO,, H,PO, or with
organic actds or with the protemns
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1 authors a that the extracellular N1 1510 a state of com-
plc(eA }o:::mon lglr:cxs pever found (Mack states this defimitely) in
the forms of 1nsoluble comt which can ¢ resene
deposits, a5, for mstance 35 the tase with Ca salts The Na of the
bone tissue has a stnetly local and well-defined function, and »s
completely foraign to the metabolism of the Na dissolsed as NaCl
or as Na HCO, (Peters} "This does not mean that the Na 10ms are
all equally mobie, and that thew dutnbution 18 homogencous
throughout the extracellular fimd

According to the expeniments of Mord and Netter, at the surface
of the muscle fibres there occurs a true condensation of Na ions
which would be drawn by a force of attraction to the membrane
‘The 10ns of this penfibnllar sodium envelope would not enter into
combynation with the Cl amon Measurements by Mond and Netter
mdeed, have established 1hat the Na 13 1 excess as vompared wath
whatt would beleptimate to expect from the quantities of Cl found

Assumung, as we have done, the amount of Na to be equal to
142 mEq(1, and given that the eqmvalent cations tatal 155, 1t follows
st 1n the extraceltular flud the other catons (K, Ca, Mg} are
represented by a totai of only 13 mEq/1, and therefore that the Na
1ons constitute 96 6 per cent of the plasma cations K, Ca and Mg
are ditnbuted as follows K 5 mEq, Ca 5, and Mg 3

The of K m the Hular flurds s thesefore
28 4 times [ess than that of Na
Al authors agree that plasma K 15 completely diffusible
We can the of the \
the extracellular body flurds thus

1 the Na ons form 966 per cent of the total extracellular
cationie concentration,

catons in

2 the b 1ons are present m the extracellular flurds 11 2 con

cg:t:::un about 28 times less than the concentration of the
According to Klinke and Neubner 100

g of skeletal -

tams 254 to 398 mg X and 100 g heart conta o

ns 264
dehanh)m gn:'c d;xc K content of musele 1¢ 278 R ~n mg Bucher
o .

o vy

vso MU LAt the concentration of K'xons "

{:2: a‘:\]zi Gandinoatabonr 115 mEq, and by Gamble at abl;usllz‘;(;dml?y
ch hitre of cellular water, we obtam st larger percentage values
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However, 1 the discordant data reported by vanous authors,
thereis still a defimite gradation between the K content in the stniated
muscles, the heart, and the smooth muscles, the maximum con-
centration having been found 1n the striated muscles and the mim \
mum 1n the smooth muscles

In frog stniated muscle Emnst and Scheffer, Katz, Urano, Fenn,
Meigs and Ryan, and Dubutsson found the K content to be around
300 mg per cent In man, the figure was shghtly higher, about 300-
400 mg per cent (Katz, Harnson, Pilcher and Euing) and definitely
400 mg per cent (Leulier and Pomme) In the dog, the values were
between 200 and 400 mg per cent (Houssay and Aarenzt, Cahn)
The K content of the heart was found to be less by Kochmann,
Reehwisen, Leullter, Velluz and Griffon Calkoun, Cullen, Clark and Har
nison, and IWilkins all draw attention to very interesting differences
between the two ventricles, the left having a higher K content
Constantino and I#4/kins concur 1n finding smooth muscle has a lower
concentration of K (100 mg per cent) than either strated or heart
muscle

The K content of nerve tissue 1s lugher Page has given figures
of 350~450 mg per cent, and values around 400 mg per cent were
found 1n nerve by Geraud This was confirmed by Cowan who found
a concentrition 13 times greater than that in plasma, and also by
Fenn, Schrutt and Bear

Leulier, Bernard and Richard noticed that i muscles degenerated
by denervation a great decrease of K occurs, and Cicardo and Gurevich
stated that this amounted to about 28 per cent (fresh tissue) The
authors consider this decrease 15 related to an mncrease of cellular
permeability Thus 1s confirmed by the experiments of Noonan, Fenn
and Haege, and Lyman, who have shown that the snjection of radio
active K 1nto a denervated muscle provoles an mcrease of K up to
5 times the normal

Closely connected with the problem of quantitatrs e evaluation
of potassium 1n the tissues 15 the problem of quahtative evaluation,
that 15, the problem of whether the K present 1n the tissues 15 m the
diffusible state, 2nd 1f so, m what percentage

There 15 disagreement of opmmons on this question At the
present time most authors beheve that about four-fifth of the total
muscular potasstum 1s partially combined with the collowds

The query whether nondiffusible K exsts or not has been

tackled with the techmque of radioactive 1sotopes, and 1t was found



Lenn Eleetrolyte Balance and Myocardial Co 13

that tusue K 15 only partly replaceable by K¢ (Heresy, Hahn and
Facobsen, Bocks) These expenments are to be interpreted as thowing
the of K 1n the combined diffusible state

The experiments made by Lezt and Gaudino, and by Moore are
relevant and can be summansed as follows On njecting heavy
water, equibbrium between the extacelivlar region and the cellular
region 15 reached m not more than two hours, but n: i 15 hnur}
before equilibrium 15 reached between ntracellutar K and the K
of the interstitial flmd when labeled K 15 injected

Hawing dealt at length with the value and state of intracellular
|, what relates to intraceitular Na cannot be summansed by quoting
the defimite by Boul ¢ Theresan 1 difference
between ussue sodum and p Na s Mlular, K s
intraceliulas ” In fact, Gamble wrote concerning the N1and Clions,
“1n spite of some slight reservation osver sodium, the extraceliular
posiion of these twoons canbe considered asheing well established *
Besides this prudent reservation of Gamble's 1t 1s necessary to note
that Peters, who previously asugned an exclusively extracellular
position to Na, seems to review this opinion shightly 1n his recent
publ kemng 1ts absolute character

Darrow and Pratt are the authors who defimtely place Na among
the wtracellular electrolytes and gwe its concentration 4t about
7 mEq per kilo of muscle, that 15, according to their calcultions,
\10 mEqj1

The posaibility of Na taking the place of the h removed from

the cells s~ * °
decrease -

N -
of Na anu w veenvacn s experiments showed that muscles placed
11t Ringer s solution free from K can appropnate Na

Cnmson and Furman noted that i cases of tranma, burns, et
the Na can pass from the extracellular fluids 1o the cells, !’vhllc
Comeay and Hingerty observed that Na enters the muscle cefls of
rats kept on a diet without X ang that, once st has entered, 1t comes
out more slowly than the X re-enters As regards cx;;cnmcnu

TS
dealing with the entry of Na tato the muscle fibres duning con-

traction, we refer to a paragraph below

Wecansummansethesituat

on of the monovalen

the muscle fibre as follows festonsathn
1 the p 18 cont d m strong cc

tion within
the muscle fibres, with maximum vatues of about 400 mg
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per cent m the stnated muscle fibres, of 250 mg per cent
m the myocardial fibres, and of 100 mg per cent m the
smooth muscle fibres,

1t 15 obvious that the maximum part of the intracellular
potassium 15 1 the form of osmotically nactve organo

potassium compounds,

the sodium 10ns contained within the cardiac muscle fibres
do not 1n normal conditions exceed one twentieth of the total
quantity of potassium 10ns

The asymmetrical partition of the Na and K cations on the two

sides of the membrane leads to the expectation that two concen-
tration gradients will occur,
a) an intra-extracellular potassium gradsent for the strong con-
centrations of K within the muscle fibre and the weak con
centrations of K outside the fibre,
b} an extra-intracellular sodium gradient for the strong Na
concentrations outside the muscle fibre and the weak con-
centrations within the fibre
The conservation of these gradrents withun phystologrcal limits
15 an indispensable condition for normal muscular contraction

The following pages will discuss the reasons why 1t 1s necessary
to have 1 definite ratio between the large available quantity of intra-
cellular K and extracellular Na and the small available quantity
of extracellular K and intracellular Na 1n order that muscular work
may be performed normally

Experiments by various authors show continuous vigilance on

the part of the body 1 order that the potassium gradient be pre-
served All the causes which reduce the K 1n the extracellular fluids
make K pass out of the cells and vice versa, that 1s, the movements of
the two concentrations are concordant (Darrow and Muller, Heppel)

In another work we have summanzed the contributions which

document the movement of potassium out of, and the movement
of sodium 1nto, the muscle fibre during contraction and which may
be summanzed under the following headings

1 Muscular contraction 1s accompanted by the ext of potassium
from the myofibrillar elements

2 The exit of potassium occurs paralle] with an entry of sodium

3 These two phenomena have been confirmed and defined
quantitatively by means of the direct techmque of the 1s0-

topes of Na and K

N

w
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4 'The du of antraceliul of p re-
present a constant finding in muscles incapable of efficent
function

5 Dhigtahs drugs admumstered 1n toxac doses can impovensh
cardsum potassmm
Onthdexcm:;mr hand }:aptnmtn\s with solutions of K salts had
resulted an the observation that the K 1on has the property of
determuinng muscufar contraction
These expeniments show ed that
1 the K 10n can determine a muscular contraction resistant
Yt any antagomistic drug,
-2 the K 1on d a lar o
which cannot be exaggerated by other substances or by
other contractie stmulants including elecine cussent
Fleckensten and Hertel 1y 1948 set theraselves the tash, of cluc-
dating what part of the muscular contraction due to K+ belongs
to this on and what part depends on the removal of the Nat cation
which was necessanly effected m the perfusion fhuid 1n order to
mamtaint the 150-osmosss of the system
Usimng the rectus muscle of the frog, they studied the length of
the muscle n mcreasing concentrations of K+ and decreasing con-
centrations of Nat Shortening was found to mcrense progressvely
wth the increase of the K+ concentration and with the decrease of
the Na* concentration Return to an environtment rich 1n Nat pro-
duced a rapid relengtheming of the muscle preparation ‘There was
thus a quantitative demonstration that
1 the mechameal functional state of the muscle fibre depends
very closely on the sum of the extracellulay catwons,
2 the workmg eapataty of the preparation 11 lost sith the pro-
gresswve levellng of the sntra-extracelivtar concentrations of
the cations

The shortemng of 2 muscle placed sn a solution free from Na+
18 rt;::mb)e, and the muscle relengthens rapudly where placed in
A solution contamng Na*, at the same time

fost exaatability ! oA g the
. Fil)ulcmum and Hertel have established the exustence of close rela-
1:):xs d:twcen muscular contraction from an increase of extracellular
B an dmuscularcontrzcuon framsubtractan of Nav Amuscle which

a}f \uncergone a contraction x thtough subtractian of Na*undergoes,

when placed 1n a solution of KCl,a shortening y This shnrt:mgng {s,
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less pronounced than the maximum shortening obtamnable with K*,
but 1t 1s such that x 4 y attains the maximum value atself

The potassium contraction 1s therefore, complementary to the
low sodiim contraction, and the contractile effect of the K+ 1ons
occurs only when there 1s still some Na+ removable from the surface
of the muscle fibres

Considening the question from a mathematical pont of view,
Tleckensten demonstrated that there can be justification for holding
that the cnergy of contraction s not obtained from the enzymatic
splitting of a chemical system, but that on the contrary 1t 15 liberated
from an exchange of diffuston between K+ and Na+

A complicated calculation made by Sckaefer and TWolf has shown
that the osmotic energy liberated by the K/Na exchanges in 1¢g
of frog muscle furnishes a quantity of energy three times that which
can be hiberated by the complete breakdown of the adenosme
triphosphoric acid contaned mn 1t

According to Fleckenstein, the stages of glycogen metabolism mn
the muscle have the task of recharging this primary osmodynamic
battery They would be employed in shifting anew the cations 1n
the direction of the slope of their gradient

Somogys and Verzdr calculated that for I mg of K+ which leaves
the muscle fibre, there 15 a hberation of energy equal to 4000 gem
(figure gven by Perzdr), this 1s the energy necessary to determne
the fixation of | mg of K+ 1n the muscle cells

Starting from personal experiments, Fleckenstein has calculated
the energy necessary for introducing 1 mg of K+ mto the muscle
fibres to be 6700 gcm and also that the osmotic energy hberated
i the muscular system during contraction 15 able to meet fully
the cost of the mechanical work of the muscle

Interesting contributions to this problem have been made by
Hodgkin and Huxley who expenimented on the nerves of Carcinus
moenas with the help of the 1sotopes of Na and K These authors
have calculated that 1 g of nerve 1s capable of producing 1n 1 second
osmotic work which, expressed as mechanical work, would be
sufficient to raise a weight of 1 g to a height of 0 5 m each second

To the experimental data of Agines and Leuwns, made with 150
topes of Na and K on the giant nerve fibres of cuttle-fish, Flecken
sten has apphed a reversible 1sothermic equanon He calculated
that the work needed for the reabsorption of 1 g of K+ 1nto the fibre
corresponds to 144 5 calones and the work m expelling the Na+
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from the fibre corresponds to 90 27 calones, further, that the con
sumption of O, by the nen e subjected to this work 15 quite 6 tmes
the consumption when 1t rest, 1n efficiency of 23 per cent beng
assumed, with a lower efficiency, the amount of O, would be sult
greater

The high energy vatues shown by these ealculttions gree with
the 1dea that the maimn function of the oudtine exchnge i the
muscle and nerve fibres 1s that of restoring the accumulition of
tracellufar k+, that 15 to reconstitute powerful gradients of h+
and N1+

The energy of the system was found to depend lognithmienily
on the ratio of the intra extracellular concentrations of h* 1nd \a+
according to the following formula

h

E=RT(n »

+ Nat
a
S LI
¥ Na*
The expenmental curve expresung the real mount of the

succesuve muscle shortenings very closely pprovimates ta the
curve of &~

the prep
due 10 A wut wieteases s persod of latency

An important pomnt 1n order to be ma
an accurate evaluation of the electroc:
are considered typical of hyper or

Positon to proceed (o
ardiographuc changes which
hypokaliera 1s the following

v ulacans s n |
the logarithm of the extracellul wear relation with

2T coricentrat,
very low concentrations on of & exeept for

a faf’ard and Perry Tecently made

nteresting ¢
0 stiped muscle 0 elucidat T of s Wil
raximum contraction whth follows

€ the made of increase of the
treat
adrenalin ang noradrenahy T}, ment with small doses of

ey have been ghle to show thay
1 Hegg o Foruchn, & dee Rardio oge
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less pronounced than the maximum shortening obtamable with K+,
but 1t 1s such that x + y attamns the maximum value atself

The potasslum contraction 15 therefore, complementary to the
low sodirm contraction, and the contractile effect of the K+ 1ons
occurs only when there 15 still some Na+ removable from the surface
of the muscle fibres

Considering the question from a mathematical point of view,
Tleckensten demonstrated that there can be justification for holding
that the energy of contraction 15 not obtaned from the enzymatic
sphtting of a chemcal system, but that on the contrary 1t 1s iberated
from an exchange of diffusion between K+ and Na+

A complicated calculation made by Schasfer and I¥oif has shown
that the osmotic cnergy liberated by the K/Na exchanges in 1g
of frog muscle furnishes a quantity of energy three times that which
can be liberated by the complete breakdown of the adenosine-
triphosphoric acid contained 1n 1t

According to Fleckenstein, the stages of glycogen metabohsm 1n
the muscle have the task of recharging this primary esmodynamuc
battery They would be employed 1n shifting anew the cations
the direction of the slope of their gradient

Somogyt and Verzar caleulated that for 1 mg of K+ which leaves
the muscle fibre, there 1s a hberation of encrgy equal to 4000 gcm
(figure gaven by Verzdr), this 1s the energy necessary to determine
the fixation of 1 mg of K+ in the muscle cells

Starting from personal expeniments, Fleckenstern has calculated
the energy necessary for introducing 1 mg of K+ into the muscle
fibres to be 6700 gcm and also that the osmotic energy hiberated
m the muscular system during contraction 15 able to meet fully
the cost of the mechamcal work of the muscle

Interesting contributions to thus problem have been made by
Hodghin and Huxley who expenimented on the nerves of Carcinus
moenas with the help of the isotopes of Na and K These authors
have calculated that 1 g of nerve 1s capable of producing in 1 second
osmotic work which, expressed as mechamical work, would be
sufficient to ranse a weight of 1 g to a height of 05 m each second

To the experimental data of Kgynes and Lewss, made with 150~
topes of Na and K on the giant nerve fibres of cuttle-fish, Flecken
stan has applied a reversible 1sothermic equation He calculated
that the work needed for the reabsorption of 1 g of K+ 1nto the fibre
corresponds to 144 5 calories and the work mn expelling the Na+
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feom the Hbre corsesponds ta 90 27 ealonies, further, thit the con
symption of O, by the nenve subjected to this waork 15 quite 6 trmes
the consumption when 7t rest, 3n efficiency of 22 per cent bemy
assumed with a lower efficiency, the amount of O, would be stl)
greater

The gh energy values shawn by these caleulations agree with
the 1dea that the mun functon of the ouditve exchange tn the
musde and weme bres 1 that of vestoning the tccumulition of
ntraceltatar bo*, that s to reconstitute powesful gridients of Kr
and Nav

The energy of the system was found to depend loganthmieally
on the r3uo of the 1ntra extricellulr concentrations of K+ and N+
according to the folowing formula

| %4 Nt
E = @ RS
RT® {in : + In N }

The expenimental curve expressing the real amount of the
successtse miu cle shosterungs very closely approximates to the
cunve of the above equation prasided the Ca** 1s chiminated from
the preprration. This 1om does not tntibut the musculr contraction
due to R+ but mcreases us penod of lutency

An rmportant pomt w arder to be i a posiion to proceed to
an accurate exaluatian of the electrocardiographuc chauges which
are considered typrcal of hyper or hypohaliemia ss the following
e must establish the relationshup between the electroly tic balhwnce
and the appearance of bioelectnie phenomena in the muscular fibre

Ruffer and Ruedermann noted that muscle fibres wn surroundings
nchn B+ contracted 1n parallel to the discharge of therr potenul
of rest A general decrease of the muscle and nene potentials
Proportional to the incretse of the h+ content of the perfuston
hqm‘d wasobsers ed by Graham and Banl, Hodgksn, ¥ alker and Aatg
saho:;h); Cfn;xc;tmn Shanes and Hopkmns state that the dcpo]al;-
i, loga)mhmaD[‘x ; nenve of crustaceans 18 1n hinear reltion with
ey o mncmuaz ;v;raccﬂuk\r concentrtion of K except for

Goffard
R et e o e gt
o icrease of
. ;r::f;;l‘r: ;ggtr:ruan whih follows trextment with smalt dom}:)c[

oradrenalin They hase been able to show that

T Mg a Fomh e der Daolotogee



178 1 enz1, Electrolytic Balance and Myocardral Contraction

the mcrease of the “normal maximum twatch tenston” runs parallel
to an mncrease of the potential of rest, and to a diminution of the
concentration of 42 K 1n the perfusate of the muscle, almost as
i 1t were necessary to maintain the hgh intracellular levels of K

In other recent expenments, Goffart has been able to establish
that the adrenalin potenttation of the muscular contraction 1s
closely dependent on the ntra-extracellular 1onic equilbrium, an
excess of K in the extracellular medium decreases and suppresses
adrenalin potency of the maximal contraction and the same effect
follows with a loss of the intracellular potassium content (this
phenomenon 15 reversible)

These expertments confirm (also with direct determination by
means of radio-sotopes of K)

1 the importance of the activity of the cationic gradients,

2 the parallehsm between mechamcal phenomena and dif

ferences 1n potential of rest

Fleckenstern affirms that the formula grven on page 177 eapresses,
besides the capacity of muscular mechamcal work, also the haight
of the membrane potentials 1n agreement with Bernstein

He has demonstrated that the differences m cationic concen-
tration are transformed into electrical potentials with the same
loganithmic relation to the mechamcal work

The capacity of the catiomic gradients for determining electrical
work rests on the muscular membrane’s fundamental property of
permitting a different speed of migration of the 1ons through 1ts
“pores” Putting the speed of diffusion of K+ equal to 1, according
to Afichaelis and Fupta the speed of mgration of the cations of the
first group 15 the following ~

L1+ 0 0048, Na+ 0 145, K+ 1, Rb* 28 The strongly hydrated
1ons such as those of Li* and Na+ pass through the membranes
with more difficulty, those which are very mobile, because they
have a scanty water envelope, do so more rapidly

In the case of muscular contraction, the K+ 1ons come out more
quichly than the Na*+ 1ons enter, this 1s sufficient because there
may be the possibility of electrical work

Applying the formula of Nernst for the diffusion potentinls

Uk Y™

c .
Ur ‘VT 00001983 T° log a volt
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U ang V bewng the speeds of exchange of the K+ :\é\d Nar conons
sespectively, T° the absolute temperature and & the rano of
the mtra extra concentrations 11 the membrane seduces the \i{md
of duffusion of Nat to a mimmum while remumme permeable to
B+, we shalt have for 2 temperature of 37°

p= 120 poopioss  310°, log 20 = 008 ok
10

1f the membrane does not at all influence the speed of diffusion
of the Na* {which m such a cwe would be equal to uts speed of
Affusion 1n water relatnely to K, that 15, 663) we sl hae

o 1708 0001083 310° fog 20 = 0017 valt
1+065

This shows the great tmportance

1 of the rano of concentration (catiome gradient),

2 of the different permeability of the membrane to the two

alfahine cations

Tt further results from s equabon that an nerease in per-
nieabiity of the membrane, as occurs dunng exaitation, will cause
a drop 1n the potential at the point of stimulauon, as had been
stated by Hoeber and by Ebbecke and as has been fully confirmed
w numerous experimental 1nvestigations

We must therefore consider that the energy for the differences
1 potential of action 15 sinated 1 the double clectneal Inyers of
the membrane at rest Excitement determunes discharge by means
of breahdown® which pernuts the entrance of the Ma 1ons

Fleckenstern males an accurate caleulation of the electrical work
of the muscular membranes based on the amounts of K+ coming
out and of Na* going i, and finds a value of 3778 gem, a value
very close to and therefore agreewg <with, the figuse of Verzor
(4000 gem) M

Accarding to the theory now stated, the posstbibity of utihsing
the energy commned m the selectve accumwuation of K and Na
onthe one and other side of the celular membrane, must be regarded
as( \‘\lx\ndamcnml for the functian of muscular contraction The charge
of the system 18 mamtamed at the expens:

el
e pes { the testoratiy e meta-
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Szent-Gyorgyi regards dehydration as an essential element 1n the
contraction of nctomyosin The actomyosin-ATP combination loses
more than 50 per cent of the water 1t has absorbed and thus goes
nto contraction

The theory of the electrolytes also emphasises that dehydration
of the fibres causes them to shorten According to this theory, the
fundamental condition which mamntams the extended state of the
muscular fibre (maximum aptitude for work) 1s represented by the
saturation of the external boundary layers of the membrane with
strongly hydrated Na 10ns In the state of rest these layers become
strongly hydrated through the saturation with Na+1ons Considering
the strong clectrical fields which nfiltrate the membrane at rest,
one must think of a ngid ahignment of dipoles This wall also sohdify
the membrane from the static pomt of view

The substitution of Na+ by K+ during exaitation wall enormously
reduce the water deposited on the external fice of the membrane
mn view of the scanty hydration of the K+1ons The ngrd ahignment
of the dipoles will be climinated and the distended threads of myosin
will thus have the means to shorten themsclves

During the restoration phase, the K+ re-enters the muscle fibres
and the Na+ reacquires its pert-fibnilar situatton There will be 2
rencwal of the tension exercised by the Na-water combination around
the threads of actomyosin which thus resume i extension the work-
ing capacity which they had lost during contraction

We propose to demonstrate mn this article that the myocardial
contraction and the appearance of actron-potentinls are functions for
which the normality of the electrolytic field 1s of fundamental 1m-
portance

Tor the normality of these functions we cannot consider as the
only deternumng factor a single clectrolyte, that 1s to s1y, the nor-
mality of 1ts blood concentration, but we must bear in mimnd those
physiological disturbances of balance which ewist between the
various cations and 1n particulir between K and Na

This 1s the reason why we find ourselves 1n doubt 1n the face
of those orienttions which exactly deduct the K serum concen-

trations from the pattern of the clectrocardiographic records

We give below 2 summary of the results of some of our findings

We have shown 1n the preceding pages that i dinbetic comn,
sttuations can arise, i which both the cellular and plasmatic potas-

sium, are extremely but proportionally reduced, this situation allows
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Szent-Gyorgyt regards dehydration as an essential clement i the
contraction of actomyosin The actomyosin-ATP combination loses
more than 50 per cent of the water 1t has absorbed and thus goes
mto contraction

The theory of the electrolytes also emphasises that dehydration
of the fibres causes them to shorten According to this theory, the
fundamental condition which mantains the estended state of the
muscular fibre (mvimum aptitude for work) 1s represented by the
saturation of the esternal boundary layers of the membrane with
strongly hydrated Na 1ons In the state of rest these lyers become
strongly hydrated through the saturation with Na+ions Considering
the strong clectrical ficlds which anfiltrate the membrane at rest,
one must think of a nigid alignment of dipoles This wall also sohdify
the membrane from the static point of view

The substitution of Na+ by K+ duning excitation wall enormously
reduce the water depostted on the external face of the membrane
mn view of the scanty hydration of the K+1ons The ngid ahgnment
of the dipoles will be ehmnated and the distended threads of myosi
will thus have the mcans to shorten themsehes

During the restoration phase, the K+ re-enters the muscle fibres
and the Na+ reacquires its peni-fibrilar situation There wall be 1
rencwal of the tenston exercised by the Na-water combination around
the threads of actomyosin which thus resume in extension the worh-
mg capicty which they had lost duning contraction

We propose to demonstrate 1 this article that the myocardial
contraction and the appearance of action-potentinls are functions for
which the normality of the electrolytic field 1s of fundamental 1m-
portance

Tor the normlity of these functians we cannat consider as the
only determyming factor a single electrolyte, that 1s to s1y, the nor-
mality of 1ts blood concentration, but we must bear m mind those
physiologicnl disturbances of balance which exst between the
varjous cations and mn particular between K and Na

Thas 15 the reason why we find ourselscs in doubt in the face
of those orientations which exactly deduct the K serum concen-
trations from the pattern of the electrocardiographic records

We gnve below a summary of the results of some of our findings

We have shown 1nn the preceding pages that mn drabetic coma,
situations can arise, m which both the cellular and plsmatic potas-
sium, are extremely but proportionally reduced, this situttion aliows
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below the normal we can observe the appearance of tmportant ec-
graphic modhfications which are very bike those which we consdered
typical of hyperhaliemua (fig 1)

We report a second case which 15 sigmficant for the mutual
relations between plasmatic potusium and sodum In cases of
anune characteristic conditions my be determined by Na retention
while the blood potassium remuns within the normal hnus This
condition comades with the electrocardiogrim recorded (fix 2)
from an anunc patent with a potissemia of 5 8 mbPqgfl and with
a natnem of 172 mEq/l
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a normal contractile function and does not determine any modi-
fication in the clectrocardiogram,

It is thercfore a case of hypokaliemia which does not register
on the electrocardiogram.

Ifin these conditions we administer small quantities of K, thesc
in themselves are not sufficient to cause the haliemia to return to
normal, but may be sufficient to disturb a balance which had been
mamntained and which thus is broken, With a haliemia which 15
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recorded m our diabetic patient, but 1n the Itter the potasacmuy,
exen afier the adsnsstravon of K, was below normal

1n conclusion we Ay Asspme that

1 The smportance of the elrctroty tes n the tonrictle funcuon

and 10 the mertase of scuon porenns 5 fupdimentsl

The normal contraction and the rermal appracwpee of the
bio electneal phenomena require thit the syme relatons be
muntnned Between the concentrauons of the vanows clees
trofytes, especrathy K and Na

‘The orgamstn strongly defends these relations wineh we hue
called catiome gradesas

ra

w

-

The normahity of the gradients may 2lso be mauntawed under
condivions of depletion and retention In these caves ne cleer

rene

cottespond o Yow or

permit s to Jook at a
ondwon o disturbed batance becanse of & prevafence of

extracellalar K. Such patterss may be fownd also m the case
of a tow kahemuy after adminutration of beht does of K
Such 2 poselubty kas been reported

Other pictures peregt us te look 3 & condion of disturbed
balance for an ncrease af exteaeeliudir Na ¥t does not seem
nght 10 g e the respansibiliny for suck modifications (LY
condiwon if hypohaliena, seetng that the dsturbance of

Ed
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Theclectrocardiographic pattern is similar to thosew hichwchve
recorded 1n cold-blooded amimals after the administration of N1

We consider the prevalence of the Na concentration oser that
of K to be responsible for these chinges Na beng the only electro-
lyte changed and above normal, 1t 15 not possible to admut hypo
Raliermia

In this patient we observed that after re-cstablished diuress
(fig 3) the sodicmia returned to normal, while the potassierma fell
from 58 to 51 mEq/l

In this we sce further proof that the responsibihty Iny with the
lack of balance of which high sodiemir was the principle cause

These conclusions are based on what we have noted 1n a syste-
matic study of cold-blooded ammals

In fig 115 shown a typical case of disturbance of electrolytic
balance due to increase 1n the sodienma artifianlly induced We
have noticed a progressive lengthemng of the electric sistole QT

5
7
5______,\_._,____.,_."’\ "‘_-\’,\"“‘""'_,Z:}

At VA r’\_’ ~

-t - ‘-—-.,_‘.A.‘);—"-__w ’—_—_\__,.A

Iig ¥ Electrocardiographic modifications i the tortoisc after ntravenous injcction
of 5 mEq of NaCl The QRS ume dinumshes from 0 12 to 0 11 The ST/T tme increases
sigrificantly from 076 to [ 33 the ratio QT/RR being taken into account The ST
imtersal 1s stnctly ssoclectric The QT time {clectrical diastole) has almost disappeared

while QRS was not lengthened And this aspect 1s to be considered
i connection with what has already been observed mn our anuric
patient, with a high sodiemia We also noticed, how 1 antmals
placed under such experimental conditions, we had a progressive
reduction of the diastolic time and how this pattern, as in the re-

~ £

after an intra enous ijection of KCI In this case the clectrocardio-
graphic modificattons are to be constdered 1n connection with those
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balance may be provoked by an increase of Na with normal
or even increased serum potassium.,

7. Itis probable that the retention of'sodium in congestive heart
failure plays a pathogenetic role, which is more complex than
is generally believed and which has a point of attack on the
contractile function of the myocardium.

e e e S

Fig 6 Electrocardiographic modifications in the tortoise following injecuon of 2 mEq
of KCQl The QRS ume lengthens from 0 10 to 0 30 Note the premature negaiive J
and ST The last tracing 1s very much hike the last tracing of Fig I, recorded 1n a man
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Zur Wirkung der herzwirksamen Glykoside
auf den Myokardstoffnechsel
\an E. ROTHLIN und M TADSCHLER

1. Einleitung

Die umfassende Lateratur uber die pharmakologischen und
therapeutischen Wirkungen der herzwirksamen Glykoside geht auf
wehr als 150 Jahre zurck und wurde wiederholt 1 ausfuhrlichen
Monographien zusammengefaBt 10312110.162.48,5°, Ts ynterheyt
heute hemem Zweifel, daf die therapentsche Witkyng dieser Phar-
maka be den verschiedensten Formen der Herzinsuffizienz in erster
Linte auf emmem prnmaren kardialen Angriffspunkt beruht. Von
Wichtgkertist der Befund, da8 nur die Kontraltibitat des geschadag-
ten und 1nsuffizienten Herzens verbessert, wogegen das gesunde suf-
fizsente Herz durch die Glykoside wenig oder nicht beeinflubt wird.
Den Herzglyhosiden hommen neben den kardialen noch weitere
sogenannte extrahardiale Wirkungen auf das Zentralnery ensystem
(Vagus), auf die Naere, die Darmmushulatur etc, zu Diese hiegen
aber i shrer Bedeutung lunter dem Lardwalen Effelt zuruck, Wenn
die Wirkung der Glykoside auf die Dynamik des Herzens in ihrer
Erschemung ziemiich gut bekannt 1st, so wissen wir wenie tihar dan

= ot sluuiens setzt eime genaue Kenntnis der Phy-

Man bitter die Arbeut wie folgt 2 zitieren
Rordfin, £ wnd Taeschler M Zaue Wirkung der herzwickeay

Myokardstoffwechscl Fortschr Kardiol J, 183-239 § karg\-r',“ B‘lff’/\“fi"ill“ﬁfé’
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Aus dem Pharmakologschen Laboratorum der Sandoy AG, Basel

Zur Wirkung der herzwirksamen Glykoside
auf den Myokardstoflwechsel
\on E ROTHLIN und M TAESCHLTR

1. Finlejtung

Die umfassende Lateratur uber die pharmakologischen und
therapeutischen Wirkungen der herzwirhsamen Glyhoside geht auf
mehr als 150 Jahre zuruch und wurde wiederholt i ausfithrlichen
AT pt pefafites 101:1,110.002008.59, s unterhent
heute kewem Zweilel, daB dic therapeutische Wirkung dieser Phar-
maba bet den verschiedensten Formen der Herzinsuffizienz in erster
Linte auf emem primaren hardialen Angnffspunkt berult. Von
Wichugheitist der Befund, daB nur die Kontralailiat des geschadig-
ten und msuffizienten Herzens verbessert, wogegen das gesunde suf-
finente Herz durch die Glyhostde wemg oder nicht beernfluBit wird,
Den Heraglylosiden hommen neben den fardialen noch weitere
sogenannte extralardiale Wirkungen auf das Zentralnery ensystem
(\ agus}, auf die Niere, die Darmmushulatur ete. zu Diese liegen
aber 1n thres Bed hanter dem kardinlen Bffeht zuruch, Wenn
die Wirkung der Glykoude auf die Dynamuk des Herzens in ihrer

Ers(hcm‘ung ziemiich gut behannt 1st, 50 wissen wir wenier sthas T

v

> wwesousatsertene genaue Kenntnis der Phy-
Naa buget 4t
Rothhn, £ . .
Miokardstoffwe

& b s MOy K0Tk 1956
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stologe des Myohardstoffsechsels und der Mushelkontraltion s or-
aus, und erfordert die brologischen und biochemischen Methoden,
welche eserlauben, dic Angniffspunkte des Pharmalon aufdie Zellen,
deren Enzyme und Energieumsetzungen zu differenzicren

Die Literatur uber die Wirkung der Herzglyhoside auf den
EnergiestofTfwechscl des Herzens wurde 1949 durch Vollenbergert
zusammengefafit In der vorhegenden Darstellung wird, gewssser-
maBen als Fortsetzung, ein Uberblich uber die sest 1949 erschienenen
wichtigeren Bertrage zu diesem Problem erstrebt Allerdings wird
es notwendig semn, gewsse alterc Arbeiten und Uberlegungen m
nceuem Lichte zu dishutieren Auch die Glyhosidwirkung auf das
Ionenmilieu wird von uns einbezogen, da dem Ionentransport an
der Zelloberflache aine bedentende Rolle ber der Erregung und
Encrgicrufindung der Zelle zukommt (Hodg/ in et al 8, Fleckensten™)
Das watlaufige Gebset ist untertesdlt mn dic direhte cnergetische Wir-
kung auf O,- und Substratverbrauch, auf den Intermedirstofi-
wechsel, auf dic Beainflussung des Kontraktionsablaufes des Acto-
myosinhomplenes, und schlteBlich wird der Effeht auf das Tonen-
milicu beruchsichtigt Die mchr physiho-chemischen Eigenschafien
der Glyloside, mshesondere deren Bindung an Ems eiBhorper, sind
nur gestreift, da in emner vor hurzem erschienenen Ubersicht dieser
spezielien Frage die notuge Aufmerhsambent geschenht worden st
(Rothlin und Burchert®2)

Betrachten wir die posity motrope \Wirhung der Herzglyhoside
von emem rem physihalisch energetischen Gesichtspunkt aus, so
kann dic crhohte Arbertsleistung des Herzens durch diese Wirkstoffe
entweder auf einer grofleren Zufuhs yon direht verw ertbarer Energre
zur Zelle beruhen, oder die Folge ewer verbesserten Umwandlung
der vorhandenen Energre in mechanische Arbert sein Iollenberger™
postulicrt diese Alternatine als

a) Wirkung 1uf die Energiebereustellung {energy liberation),
b) Wirkung auf die Energieausnutzung (energy utihzation)

Daber betnfft die Energieberentstellung die Energieaufnahme (O,
Nabhrstoffe ctc ), den Intermediarstoffwechsel und letztlich die Bil-
dung der energtereichen Phosphate (Phosphocreat und Adenosm-
triphosphat), die heute als die fur dic Zcllfunhtion direht verwert-
bare Energieform angeschen werden (McElrg) et al™) Dic Beain-
flussung der Energicausnutzung, d h die Verwertung der chem-
schen Energie fur die mechamische Arbertslesstung, zerfallt m emne
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Wirkung auf den hontrahtilen Apparat selbst oder au[' die Milicu-
faMtoren (Yonen, Lazyme etc.), die fur die Kontrahtilitat des Myo-
fards notwenchg sind.

2. Wickung der herpwirhsamen Gighowide auf dic 0,-Aufnabme
des Myoharda

Der Stoffwechse] des schlagenden Herzmushels ist stark ab-
hangyg vom Grad der Arbetsleistung. Jede Untersuchung der Wir-
Lung ron Pharmaka auf den Gasstoffwechsel des Herzens mud
grondsatzich eine Wichung auf den Rubestoffsechsel von einer
Wirkung aufdas arbertende Herz unterscheiden; beiletzterem durfte
der grafite Terl der entstehenden chemischen Energic fur dic Kon-
trahtonsarbert verwendet werden

a) Wikung am schlagenden Herzen

Am embryonalen Huhnerherzen bewirkt Ouabam cine geringe
Zunahme des O Verbrauches, dic in hener Bezichung zur Herz-
frequenzanderung steht (Smith et aldd"1#%), Ebenso haben Rensom
B e s e .
Ratten

Abnah ) N

Je hachuem aer v orhot unter Spannung steht oder nicht; im ersteren

Fall zewgt srch nur ene relats e Zunahme nach mittleren Glyhoud.
dosen, - =" -

Berder -

Zunahi v o wnill Giykosukonzentrationen auf ', Bei Beriieh-
sichuigung dieses exgenartigen Verhaltens ist es fraghch, ob am arbei-
tenden und unter Spannung stehenden Vorhof der Sauerstofly op-
brauch durch das Glyhond tatsachbich erhobt wird, Am isolierten

Papiflarmuskel erhoht Ouabain die Kontrahtotsamplitude, okne
Sanerstaffuerbrauch zu beenflussen (Lee™?) Erst cie tovsche (5! I\ :in
\\:\rk\mg m Form der Kontraktur fuket zar Atmungssiei cru‘ OSI‘)'.
Kontralthtat wird damit meht durch eine \crmchrfc Eng. o
bereutstellung erhabt Nur wenn Quabain den Endstadncrmc.
Versuches zugefuhrt wurde, wa der Muskel stark gc.sch’u{m ('ks
zaigre sich zenwesse eine deutliche Erhohung des O,V cri) B
;ag‘n ‘:i:cr G\ykusld\crabrelchung Auch aus den \"l:l'suchrmChCS
;:lzr am Herzmushelstreifen der Ratte geht hervor, d; :}n o
Phanthm 1 emer optimal motrop wirksamen Komtn’\rn:\lmnsgo—
en
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Og-Verbrauch micht vermehrt Hingegen wird die Stoffwechsel-
abnahme, welche dic Straifen 1n der Llektroly tlosung aufuesen,
durch Strophanthinzugabe weitgehend verhundert Wenn nach
langerer Inkubationszeit der O,-Verbrauch und die Kontrahtions-
hraft des Herzens schr stark abgesunken sind, hann Strophanthin
zu ciner Steigerung des O,-Verbrauches fithren Die inotrope Wir-
hung 1st i diesem Tall nur noch schwach ausgepragt Die grofie
Zahl fruherer Untersuchungen der Glyhosidwirhung auf den Gas-
stoffivechsel des 1solierten Herzens und des Herz-Lungen-Prapa-
rates ergab emn mcht ganz eiheithiches Resultat Die Unterscluede
sind zum Teil durch verschiedene Methodik und Interpretation der
Versuche bedingt Die Beurtailung der Beziehung zwischen Kardio-
dynimik und Encrgiestoffwechsel 1st wesentlich erlerchtert, wenn
cntweder die Arbertsleistung oder das diastolische Volumen honstant
gehalten werden Ber dicsen Versuchsbedingungen finden die mei-
sten Autoren, daB unter der Glyhosidwirhung die Arbertsletstung des
Herzens relatiy starker zummmt als die Og-Aufnahme, d h daB der

Arbertsleistung

Wirkungsgrad des Herzens zerbessert uird

Lnergicaquivalent des O,
Neuere Versuche am volhgisolierten Herzen, sowie Untersuchungen
mit Acetyldigitonin am Herz-Lungen-Praparat (HLP) des Hundes
bestatigen diese Ergebmisse (Lorber™®, Hafhenschiel und Cerletty™)
K-Strophanthosid v erandert nach Branchi* am Langendorf-Herzen,
das unter anoxischen Bedingungen arbertet, den Oy-Verbrauch bet
crhaltener kardiotoner Wirkung mcht Auch am Dimitrophenol-ge-
schadigten HLP scheint Lanatosid C mcht dircht mit dem O,-Ver-
brauch zu mterferieren (Rothlin et 11%%') Am mcht insuffizienten
Hundeherzen 1n vivo fehlt ene Quabuawirhung auf dea Oy e
brauch des Myokards, der Wirkungsgrad des Herzens wird jedoch
verbessert (Page et al 1¥8) Bing et al ®* gelang es, durch Katheterisie-
rung des Koronrsinus des Menschen die Koronardurchblutung und
den O,-Verbrauch des Herzens am wachen Patienten zu messen
Beim insuflizienten Herzen 15t wohl die Arbertsleistung ermednigt,
der Sauerstoffverbrauch aber unverindert Strophosid-\ erabrer-
chung crhoht die Herzleistung ohne die O,-Aufnahme zu beemffus-
sen Tolglich verbessert das Glyhosid den Lardialen Wirkungsgrid
All diese Versuche rm schlngenden Herzen sprechen zur Mehr-
z1hl gegen eme dirchte Wirkung der Glyhoside auf die Energie-
bereutstellung 1m Sinne emer Erhohung des Op-Verbrauches Viel-
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mehr wesen sie darauf hin, dafl dic Glyhoside den kardialen Wir-
fungsgrad durch eine verbesserte Encrgicausn(}&ung”‘ erhohen.
Buanchit betont die Moghichheit, dafl die Glykoside den fmncmbsn
Stoffiechsel fordern Lonnen. Dhe Beurteslung des hardialen Wir-
kungsgrades muB deshalb neben dem aeroben auch den anacroben
Metabohsmus beriicksichtigen.

b) Wirkung am Herzmuskelschnitt

Exne Vielzahl von Atbeiten aus dem Freund’schen Laboratorium
ergab, dal verschiedene Herzglykoside und Aglykone in Konzen-
tratonen von 1:10-%-10~7 die Saverstoffaufnahme des Herz-
muskels verschiedener Tiere tals erhohen, tals erniedrigen Lonnen
(Eat Bet 221). Spatere Untersuchungen am relativ intakten Herz.
muskelschmtt in gepufferter glukoschaltiger Ringerlasung ergaben
den emhertiichen Befund, daB die verschiedensten Glykoside bei

divercon Toacnmtan Ju € ss a0 o
hohe

dier
=

o, 8

der uiyhosiae zegt sich auch am M
®) Am Herzschmtt der Katze 15t
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diese biphasische Wirkung selten

N tritt nur eine anhaltende A
1 Erscheinungse toe,

Die hierende und -depressive Glykosidwirkung ist
ar die Integnitit der Zolfe Bebunden~ Siefehltam Herzbret und am Hym.
h oder fallt hettlich ate (Wnltonpenstin oo = s
etal ¥ Douff et 5) I - - - .
Systemen oder an Mitc ) - " .
ungeachtet ob diese dyy

s~ ssestlduieichung geschidipt i
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e 1 und foxtschen Glykosig,
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nchen) nach 1) erapeutischen Dogsen Zum mind inn
esten
der Messung exnen sigmfikant hoheren Oy-Verbraueh :uf\zv‘:ﬂ]::rfl :1;1
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die Kontrollen (Rothlin ct al.2®'; Herrmann®s; Wollenberger®2; Libert™).
Dic Verabreichung toxischer Glykosiddosen verursacht am Herz-
schnitt dieser Tiere eine Abnahme des O,-Verbrauches (Rothiin et
al.ien162) Die Dauer dieses Stoffivechseleffektes geht mit der hardio-
dynamischen Wirkungsdauer verschiedener Glyhoside parallel.

AuBer am Herzmuskel zeigt sich der atmungsstimulierende
Glykosideffekt, wenn auch in etwas schwicherem AusmalB, nur am
Hirnrindenschnitt. An verschiedenen anderen Geweben wird die Oy
Aufnahme durch Glyhoside ausschlieBlich geringgradig gesenht. An
der glatten und quergestreiften Muskulatur fehlt jede Glykosidwir-
Rung®1,

Es scheint nicht eindeutig festgelegt zu sein, inwieweit Substrat-
anwesenhert (Glukose ) notwendig ist zur atmungsstimulierenden Gly-
kosidwirkung am Herzschnitt. Iollenberger®® beobachtete diesen
Effekt nur bei Anwesenheit von Substrat (z.B. Glukose), wahrend
Finkelstein und Bodansky®; Herrmann®s; Hisada etal.#?das Vorhanden-
sein von Glukose nicht als notwendige Voraussetzung betrachten.
Oxalessigsaure ermoglicht ebenfalls diese Stoffiechselwirkung, wih-
rend bei Anwesenheit von Acetat, Maleat oder Succinat der atmungs-
stimulierende Effekt fehlt und nur die stoffivechselsenkende Wirkung
in Crscheinung tritt 3, Wenn damit die Glukose nicht die unbeding.fc
Voraussetzung eciner QO,-steigernden Glykosidwirkung zu sein
scheint, so ist dennoch dieser metabolische Glykosideffekt starker
ausgepragt bei Glukosezugabe®2,

Neben der Substratanwesenheit ist der atmungsstimulierende
Glykosideffekt am Herzmuskelschnitt noch von anderen Milieu-
faktoren abhangig. Dic Stoffwechselsteigerung tritt um so deutlicher
in Erscheinung, je geringer die Ausgangsatmung ist®,10%, In den Ver-
suchen der meisten Autoren fallt der QO, in der Anfangsphase der
Messung rasch auf emnen relativ konstanten Wert ab. Es ist sehr
naheliegend, daB diese initiale Stoffwechseldepression die Folge
einer im Laufe der Praparation aufgetretenen Zellschadigung ist
(Wollenberger et al.?*; Fuscher et al.¥), Das ktinstliche Nahrmilteu ver-
ursacht schon nach kurzer Zeit morphologisch nachweisbare Ver-
anderungen der Herzmushelzellen®; der funktionelle Effeht d'!:l‘J
Herzglykoside bleibt aber trotzdem crhalten®”. In gleicher Weise
ist die atmungsstimulierende Glykosidwirkung an dem durch Bar-
biturate geschadigten Herzmuskelschnitt starker ausgepragt'®® )‘

Die Anwesenheit von Ca-Tonen in der Nahrlosung ist eine unerlaB-2
liche Voraussetzung zur Erzielung ciner QO,-Steigerung nach Gly-2
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\osidverabreschung {Hermmann®, Doull ct al ®, Langemann et alte!,
Funkelstan et a1%) Ber vermndertem Ca Gehalt tnwt nur die At-
4 nach Glyhosidaugab n Ersch wogegen mit
zunchmendem Ca Gehalt der stoffwechselsumulerende Effeht zu-
mmmt Neben dem Calowmm spielt auch der Phosphat Gehall ene
wichtige Rolle® In phosphatarmer Ringetlosung, die selbst zu eaner
Resprrationsvermunderung fuhrt, 1t der simulierende Glyhosd-
effektverstarkt, Calaumzugabe erhoht auch unter diesen Bedingun-
gen den Glyhosdeffekt. Die Glykondwirbung auf die Atmung der
Herrschnutte 15t werterhun tom Alter der Trere abbangig (Wollenberger
etal 30, Libert™s) Die Vielzahl der Miheufaktoren, die diese Glyko-
sidwirkung beeinflussen, mag wohl die 1n quantitativer Hinsicht oft
abwechenden Befunde der venschiedenes Autoren erblasen
Der atmungsstmulierende Glybosideffelt am Herzschmtt steht
wn scheinbarem Widerspruch zu den Befunden in vivo, wo die Glyko-
side wohl den Wirkungsgrad des Herzens verbessern, aber mcht die
Saverstoffaufnahme per s¢ erhohen Dabet 1st grundsitzliich zu be-
rucksichtigen, daB beim ruhenden Herzen (Herzmushelschrtt) nur
der Zelgrundstoffwechsel gemessen wird, wahrend berm schlagen-
den Herzen der groBere Texl der aufgenommenen Energie in me-
chanische Arbests) g umgewandelt wird (der imtiale QO, des
Schruttes betragt nur ca 20% des O,-Verbrauches des schlagenden
Herzensinvivo) Jeghche Verinderung emes Ruhestoffw echsels der
Zelle allein kann sich d folge nur in L A Be aulden
Gesamt Qy-Verbrauch des arbatenden Herzens auswarhen Dre di

vergenten Befunde am Schmtt und am Herzen 1n vivo sind somst
nucht unverembar

¢) Beaehungen des Glykonid Effektes 1n sutro
2ur kardiodymamschen Wirkung
Von prninnpeller Bedeutun,
g diirfte die Fra b
itro beobachtete Stoffwechselefekt mit der e Frahomn

1 vivo 1n Erschenu;
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merhsam gemacht®® Beirde Wirkungen scheinen m mancher Hin-
sicht verglechbar beztighch shrer Intensitat und Spezifitat Ver-
schicdene nevere Befunde bestarken diese Auffassung Die bo-
chemische Wirkung auf die Zellstmung hommt nur an Geweben
zustande, dic auch in vivo auf Glykoside ansprechen Namlich 1n
erster Linre am Herzen und 1n schwacherem AusmaB am Gehin
Andere Orgnne wie Leber ete sind 1n vivo und 1n vitro glykosid-
unempfindlich® 208 2 Beztiglich baider Effekte spricht das Hirn-
gewebe ber den verschiedenen Tierspezies quantitativ gleich stark
auf Glykoside an, wahrend sich am Herzen ausgesprochene Speztes-
differenzen zeigen®® Dynamusche und energetische Glykosidwir-
Kungen treten ferner 1m gleichen Dosenbereich auf Konzentratio-
nen, dic aine hardiotone Wirhung entfalten, aber hewne tovschen
Nebenwirkungen (Arrhythmie, Kontrihtur) zeigen, sind n vitro
atmungsstimulierend, wahrend die toxisch wirksamen Konzentra-
tionen am Herzmuskelschmtt die Atmung hemmen?®$ 1 20 Diese
Uberemnstimmung zeigt sich nicht nur ber Zugabe des Glykosids
zum Herzschnitt 1n vitro, sondern auch nach Vorbchandlung der
Tiere mit dem Glykosid und nachfolgender Besummung des O,-
Verbrauches des Herzschmittes (Rothlin et al 29 162} Die relatine
Wirhungsstarke verschiedenster Herzglykoside und Aglyhone am
Herzmushelschnitt und am schlagenden Herzen in vivo oder in situ
verlauft weitgehend parallel (Herrmann et al ® 8) Das n scner
kardiotonen und kardiotoxsschen Wirkung den pflanzlichen Glyko-
siden nahestehende Bufagin besitzt auch den quantitativ und qual-
tatw entsprechenden Effekt auf die Gewebsatmung Namlich aus-
schheBliche Wirkang am Herz- und Hirnschnatt, sowie Abhangig

kett vom Calcumgehalt und von der Tierspezies (Doull et al*?)

Glykosid ahnlich wirksame Stoffe, wie Protoveratrin und Erythro-
phloeumallaloide bewirken auch den Stoffwechseleffekt m witro
(Wollenberger™ *2) Anderungen m der Struktur der Herzglykoside,

dre die kardsale Wirkung aufheben, sind auch von emem Verlust des
Atmungseffektes gefolgt?? Die charaktenistische Abhangigkert der
kardsalen Glykosidwirkung von der Ticrspezics zeigt sich 1 sehr
ahnhicher Weise am Herzmuskelschmtt, mdem Praparate von Rat-

ten und Mausen viel hohere Glykosidkonzentrationen benotigen als

Meerschweinchenschnitte (Herrmann®) Es wird von den meisten

Autoren angenommen, daB Kinder relativ hohere Glykos\ddoscn

vertrgen als Erwachsene (Mathes ¢t al %0 3, Nadas ct al 1), auch

1m Tierversuch wurde wiederholt eme genngere Glykosidempfind-
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Jichkest der yungen ‘Tiere beschneben (Wollenberger ot al =2, Rathe
fintee, Galdberg® cted, e Refund, der allerdings fur gewsse Ther-
arten mcht unwidersprochen blieb (Haag et al ™, Hoffimann und
Lendle®, Noup'®) Wollenberger honnte nun zeigen, daB n gleicher
Wese wie der kardiale Giyhondeffelt auch die Atmungsstimulierung
mut dem Alter der Tiere zummmt®® Der Stoffwechselefleht der
Glykoside wird, wie dessen Inotropie, durch Calaumverstirkt Eine
watere Parallele ergibt sich msofern, als die kardiotone Wirkung
der Glykoside nur am geschadigten oder msuffizienten Herzen i
Ersch g tnitt und der g 1l de Effckt ebenfalls um
sostarher ausfallt, je tiefer der mttale GO, abgefallenist Beiberden
Witkungen 15t also Voraussetzung emer Glykosidwirkung die vore
genpge Schadigung des Herzmushels

Diese expenmentellen Befunde weisen darauf hin, daB die spezs-
fische Glykondwrrkung am schiogenden Herzen mut derjengen am Herz-
muskelschratt 1n Tatyo n enger Beniehung sieht Kenntmusse tiber den Wire
Kungsmech dieses Stoffwechselefektes Lonnt ghcher
weise Aufschiufl geben tiber den Angnifspunkt dieser Pharmaka in
viva Wenn auch die A T \ mt der kardialen Wir-
\ung der Glykaside 1 emen engen und zum Teal ursachlichen Zu-
sammenhang gebracht wurde, so kann unseres Erachtens duese Erhshung
der Sauerstoffaufnakime 1n vitro micht fur die verstarkle Kontraktslitds des
Mjyokards in rico verantwortheh san. Aufyeden Fall micht in dem Sinne,
dafl dadurch mehr Energe fur die Arbaitstesstung zur Verfogung
steht Duese Moghchkeit haben wir unter Beriickuchugung der Er-
gebnusse der Gasstoffwechsel g am ntakten Herzen schon als
unwahrschembich betrachtet Auch die noch zu besprechenden Un
tersuchungen uber die Glylondwirkung auf den Intermedsarstofy-
wechsel und auf die Bildung enermereicher PhOSphnlc geben zu
ciner solchen Annahme keme Anhaltspunkte

d) Wirkungsmechanismen

Der Asmungsefiekt der Herzglykoside in witr
an die Intakthert der Zelle gebunden Fane n'entueﬁ:;i::’ilc:::: hh; ;
ZellgroBe fur die Wirkungsintensitat der Glykoude wurde msg ft il
z’i‘ukuum, als junge Tiere sawie Ma < na Ratten aine gcn:g::
- 12er et 2l 2, Hofmann
emner und somut die
r Annahme, dag die

uv e pro Lellvolumen grofiert Bey de;
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Glyhosidwirkung sich an der Zelloberflache abspielt, wirde ber
groBerer spezifischer Oberflache (d.h. Gesamtzelloberflache pro
Raumeinheit) auch eine hohere Glyhosiddosis benotigt zur Er-
zielung emner gleichen Wirkung®. Emne Erllarung der verschie-
denen Glykosidempfindlichkeiten durch die verschiedene Ge-
samtzelloberflache mitBte aber vorgangig die Moglichkeit aus-
schhefien, daB bei diversen Tieren oder wahrend des Wachstums
funktionelle Anderungen im Stoffwechsel auftreten und dadurch
die Wirhungsintensitat des Glykosides verandert wurde (IWollen-
berger ct al®?). Die GroBe der Zelloberflache ditrfte auch deshalb
in ihrer Bedeutung zuruchtreten, da Berechnungen ergeben, daB
selbst nach toxischen Glykosiddosen nur ein sehr geringer Teil der
Zelloberflache von den Glyhosidmolehtilen bedeckt wird (Rothin%).
Auch durch Alter oder Tierspezies bedingte Unterschiede in der
Halfifestigheit und Ausscheidung der Glykoside waren in Erwagung
zu zichen,

stoffen kann durch Glykosde ye nach Ve h d erhoht oder wer-

den Die Abhangigkent des AtmungsefTekies von der Menge der zugefubrien Glukose

LieB es als mBgheh erscheinen, dall die Glykoside die Duffusion der NahrstofTe 1n die Zelle

férdern und somut den Q,-Verbrauch des Schnittes erhohen Da aber auch Respirations-
R

gerung 1n suk den wurde und weiterhin dieser Glykond-
effekt mcht von der Schruttdicke abhangt, erscheint emne direkte oder lndl{!kle Beem-
flussung des d Abbaues des 3 als eine And m

der Zellpermeabilitat Eine erhshte Diffuston von Substrat n die Zelle ware damit hochstens
- S e 1etT 4 e o beam ¥ e Beanflussung der D

. « = wurde auch in Betracht
. \rde die Glykosidwirkung

;n 2 h bracht mut emer verb Iitlusion des Flavin Adenosin-
Nukeotides ins Zelinnere {Hisada ex a1 ™) Aufdie dere B iz
h der A rtdemZe der Zelleund dessen Beeanflussung

durch die Glykoside wiesen kurzlich Hollond et al ™ hin Diese spezielle Wirkung der
Glykoside wird im letzten Abschmtt behandelt.

3. Intermediiirstoffwechsel

Nach den Untersuchungen von Gremels und anderen erhohen
schon sehr klemne Glyhouddosen am insuffizienten Herz-Lungen-
Praparat und am Froschherzen dic Aufnahme von Glukese und Alch-
séure, Diese Wirkung soll vor dem Exnsetzen der Inotropie aufireten.
Andere Versuche ergaben jedoch, daB die Glykoside den hohen
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Milchsaurey exbrauch ber der barbituratbedingten Insuffizienz micht

7,
verandern®! Da n diesen Ui gen das geg; ge Ver-
halts von Glubose und Milch erbrauch zur O,
Aufnahme und and zur Arbatsl des Herzens micht

genau festgelegt 1st, fallt es schwer, en Mares Bild der Glykosd-
wirkung auf die Substrataufnabme zu erhalten Die Alternatne, ob
dic Glykonde pnmar dic Energicaufnahme erhohen oder ob diese
Zunahme die sehundare Folge der eshohten Arbetsleistung baw

des verbesserten Wrkungsgrades ist, hann danut mcht entsehueden
werden Auch die Erget ber die Beewnll des Glyhogen-
aufbaues durch die Herzglykoside sind widersprechend® Ber An

wendung emer Biopsiemethode wurde am Herzen eine Zunahme
des Glykogengehaltes nach ¥ d C-Verab

(Cesten et al®) Toxische Dosen von Herzglykosiden sermindern
nach Angabe der mesten Autoren den Glyhogengehalt des Herzens
und erhohen glect e Milek produluon so starh, daB
sogar Milchsaure vom Herzen abgegeben wird®t Ob es sich dabes
wm anen unspezafischen towschen Effeht oder um die Folge aines
durch die Glykoside gestaig {Tfwechsels bandelt —1n
Analogie zur ausgesprochenen Zunahme des O, Verbrauches am
HLP nach toxuschen Glylonddosen ~, kann nicht mat Sicherhent
entschieden werden Eine erhohte Milchsiureproduktion und Ab-
nahme des Herzglykogens wurden andererseits von Schumang?ne 172

en E

am tnsuffizienten Herzen gefunden Dic Glykonde vermogen diese
5 hseland Eruhel Lch

ung 8] weise ndem sie d
Glykogenaufbau fordern -

Dank der Verwendung von Glukose, Loktat und Pyruvat e mt
radwakficem G~ ©

1 die Wirkung
des Herzens zt
wurdenanHu o, Guuuen gemessen unter de
r Binwithung o

510 * M Ouabain Nach dem Glykosid war die O, Au(‘nﬁ!:m:
erhoht, der Glukoseverbrauch vermindert, aber die G G, Produk
:an aus der markierten Glukose erhokt Theser beschleunigten Oxy-

atmltlx ‘dt: Gtukose ging eme entsprechend verminderte Glykaly:’c
g:::“c : der Gl\(]ikogcng:halt blich unverandert Wirg Ladeat als

rat verwendet, so wurde d

21 CHO, s dcrtlo, ::Tic essen Aufhafime und Verbrenn e
hoht, wahrend die
b

lichen (Wollenbergerrs 7w Cutione Glukose und Milehsqure.



200 Rothlin) Taeschler, Zur Wirkung der herzwirksamen Glykoside

terbrennung ber glechzeitig verminderter Glukoseaufnahme und
Glykolyse deutet auf emne Verschichung vom glykolytischen zum
oxydativen Metabolismus durch die Glyhoside hin Der Wirkungs-
grad des Kohlehydratkatabolismus wird damit verbessert, weil die
oxydative Verbrennung der Glukose zu CO, und H,O ca 10mal
mehr Energie freisetzt als der Abbau der Glukose zu Milchsaure
Line Hemmung der aeroben Glykolyse durch Ouabain wurde eben-
falls an Pferdeerythrocyten und an der Magenmushulatur nach-
gewiesen (Segre®®, Wemer?), Die Interpretation der Befunde st
allerdings divergent Segre postuliert emnen beschieumgten Milch-
saureabbau, wahrend I¥erner eine erhohte oxydative Resynthese an-
mmmt Die Befunde iber die Wirkung der Herzglyhoside auf den
Glykogenstoffiechsel in vivo sind wie erwahnt widersprechend und
sollen hier mcht als Vergleich angefuhrt werden Am Homogenat
der Meerschwemchenherzen verrindert Quabain den Glyhogen~
gehalt ber glerchzeitig erhohter Milchsaureproduktion und vernun-
derter Pyruvatbildung (Segre1ss)

Wollenberger®® zeigte am Herzschnutt, dal ber der durch Gly-
kosde erhohten Milchsaure-Aufnahme und -Verbrennung der
Pyruvatverbrauch mcht beemnfluBlt war Diese Befunde legten die
SchluBfolgerung nahe, daB8 durch das Glyhosid die Oxydation der
Malchsaure zu Pyruvat beschleungt ward und damt der Angniffs-
punkt des Glykosids in das Milchsauredehydrogenasesystem zu lo~
kahisieren ware Auch Segre zieht diese Wirhung m Erwagung!®
Eme direkte Beeinflussung des wolierten Atmungyfermentsystems durch
die Herzglykoside konnte aber mut Swcherhest nicht nackgew sesen werden’ =

Tmspeziellen fehlt eine direkte Wirkung auf die Milchsauredehydrogenase (Saunders
et al ™M, Retter ct al ) und auf das Cytochrom Cytochromoxydasesystem (Segre'®s
Helmrewh®, Doull et al 9, Duboss et al ) Auch die be Glykolyse am kel
schnitt wird durch die Herzglyhoside micht verandert™ 1% Aus der Beenflussung der
5 des Frosch nach Herzglykosiden durch C lase und Na

Pyruvat (Lu®) kann keine Schlul: auf die bolische Wirkung dieser
Pharmaka gezogen werden

Obgleich am Hirngewebe wie am Herzschmtt Glykoside at-
mungsstimulierend wirken, wird der Kohlehydratstoffivechsel der
beiden Gewebe durch diese Pharmaka verschieden beemnfluit Die
aerobe Milchsaurchildung am Hirnschmtt wird durch die Glyho-
side mcht gehemmt, sondern gefordert Moglicherwesse hangt dieser
Unterschied mut der stark glykolytischen Fahigkext des Hirngeucbes
und semem genngen Abbauvermogen 1m Krebszyklus zusammen

(Wollenberger®®)
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s dreser Vaelsalt vos expenmentellen Befunden tbet die Stofl-
wechselwirhung der Herzglykosde yeht emndeutig henvor, daBrepro-
Auzerbare und Kare Befunde bisher nuran ntabten Zellformationen

erhalten wurden Bei Verwendung von Gewebst genaten oder
solterten Fermentsystemen fehlt aine Glyhosidwirkung, bzs die
Resultat aed 3 her sind widersprechend Diese

Feststellung spricht zur Zewt dafur, daBl die Glkondurrkung sich mehs
an etner wsolierten Engymreakbion absprelen dutfle, Sondern die motphologische
wnd funkionelie Integritat der Lelle exfordert Damat sst alferdings der
Angnifsort 1m hompl Broct der lebenden Zelle mcht
Tokshsiert. Dha es sich dabes meist um die Vorgange des Subsirat-
abbaues und der Encrpenmwandlung handelt, honnen Gehalts-

gen ames Metaboliten 1n einem t Zestpun)
nur bedngt Aufichiug geben dher den Stoffivechselvorgany Denn
eme Gehal hme dieses Metaboliten kann eine vermehrte New-

bildung oder esmen etntedngten Abbau bedeuten, cbenso hann ein
unveranderter Gehalt ber gleichzestys erhohter Produktion und Spal-
wng ewem erhohten Stoffwechsel entsprechen Die Verwendung radso-
aktw mark Substrate bigtet die Meglichkert, diese d hen Verhalte
e Karer z erfassen. Den eren Schon i daeser Ruchtung bt

deten i offenberger s Versuche am Herzmuskelschmit Diesbeztghch

stelit sich aber die Frage, ob auch das Herz yn vivo unter der Glyko-
sidwirkung vermehete Topm dert

und ob die kar -

P -
- - teht
i we

» & veuuenverger vorschiagt, konnen diese Frage abklaren

4. The epergiererchen Phosphate (cwP0,)

\ Das Endghied des enerpshiefernden Stoffwechsels 15t die Agfh
adung eines En spuchers, dessen Aufspal g eine grofie Menge
ld?.ncﬁxc fre:sct;t umil: damit fiir die messten Zellen dia unnuttelbaye,

ekt verwertbare Energlequelle dagsty .
e v s B g} arstellr. Bs handelt sl luer vor

n {P!
T Do - {PL) und das Adenosintnphasphat
Verscluedene Untersucher ze;
gten, dafl am suffizienten mtak
icxhzc[x;x, Herz Lungen- (HLP) oder Langendor{t Ptipuatl:;zz:n;m
che Chkessddosen kewne Anderung des P und A TP Gelaltes bcmrkeng.
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Auch am ssolierten Mcerschwenchenvorhof erhoht Strophanthin
wohl die Kontraktionsamplitude, andert aber den Gehalt an energte-
retchen Phosphaten nicht (Furchgott et al %) Aber auch am msuff-
ztenten HLP 1st der ATP- und PC-Gehnlt unverandert!® und wird
durch hardioton wirksame Glykosidkonzentrationen nicht beemn-
fluBt (3ollenberger™) Diese Befunde fuhrten zur Annahme, dafl
therapeutische Glykosiddosen trotz kardiotoner Wirkung den Gehalt
an energiereichen Phosphaten micht verandern®® 22 Ber starher
Schadigung des Papillarmuskels hingegen sinkt der ATP-Gehalt ber
unverandertem PCab Durch motrop wirksame Quabardosen wird
der ATP-Gehalt wieder normalisiert (Greiner®s) Daraus zicht Grener
die SchiuBfolgerung, daB Ouabain die systohische Kraft durch Nor-
mahsierung des ATP-Gehnltes wieder herstellt Esist mcht angangig,
aus emer Anderung des Gehaltes an energiereichen Phosphaten emn-
deutsge Ruckschliisse avf eme Beeinflussung des Phosphatstoffivech-
sels durch die Glykoside zu ziehen Der 1n emmem besimmten Mo

ment gemessene ATP~ und PC-Gehalt bedeutet nur den Justand eines
Glewchgewrchtes von Bereutstellung und Verbrauck derselben und besagt mekis
uber die Geschunndighest der metabolischen Umsttzung Selbst bei raschem
Abbau und groiem Verbrauch dieser Phosphate 1st 1hr Gehalt un-
verandert, sofern die Neubildung dieser Verbindungen mut der Spal-
tung Schntt hait??

Toxische Dosen von Digitoxin und Ouabam, die zur ventrikularen
Tachykardre fahren, vermindern den PC Gekalt des mtakten Herzens
oder des HLPs*® Dieser Effekt auf den Phosphatstoffwechsel sst
mcht die Folge der Glykostdtachykardie, da bes elektrscher Reizung
des Herzens mut emner Frequenz von 200/Min oder nach Adrenalin
der ATP- und PC-Gehalt des Herzens nicht wesentlich verandert
wird Die PC-Abnahme st demzulolge als spezifischer Glykosid-
effekt anzusehen und kann die Folge emer verminderten PC-Syn
these ader emes erhohten PC Abbaues sein Folgende 3 Argumente
1 Die Zunahme des O, Verbrauches am Herzschmutt in vitro, 2 die
Tendenz zur Stoffwechselsteigerung durch die Glykoside am Herzen
1n vivo, und 3 das Fehlen etner Hemmung der oxydatnen Phos
phorylierung durch Glyhoside in vitross 108 10¢ 151 22t 26 sprechen fur
die Auffassung, daB die Abnahme des PC Gehaltes 1m Myokard
nach hohen Glykosiddosen weniger die Folge ener gehemmten PC-
Synthese darstellt, sondern cher dem Ausdruck emnes erhohten PC-
Abbaues entspricht, wie das auch Wollenberger® postuhert Nimmt
man mut Wollenberger emne ursachliche Verhnupfung des toxzschen
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und ther nen Glykondeffeltes an, so hanu man der Hypo-
these (a\g:n, da8 auch therapentische Dosen den PC- resp ATKE
Abbau erhohen, daB aber 1n diesem Stadsum die Synthese vou P
mt dem erholten Verbrauch Schnitt haiten Lann und deshalb hene
PC-Abnahme ewntritt Esst ber hoher Dosierung tberwiegt der Ab-
bau tber die Synthesc und es hommt zur PC-Verminderung Im
Gegensatz zom BLP findet Gremer®® am wolierten Papllarmuskel
nach Verabrewch her Ouabaindosen ene Vermuinderung
des ATP Gehaltes ber normalem PG Rontrakturerzeugende Glyko-
aiddosen senken anch am sohierten mt Ringer perfundterten Warm-
Blaterherzen den ATP Gehalt starker als den des PC, und emnc Ab-
nahme des Gehaltes an encrgereichern Phosphat darf als charaks
e Folge der tiedensten Kontrakturen angeschen wer

den® Es erhebt sich damut die Frage, ob die Kontraktumneigung
des 1solierten Herzens nut der ATP-Abnahine zusammenhangt und
ob die feblende ATP-Verminderung am HLP dessen Konteaktur
verhundert®™ Diese und andere Unterschiede in der Reahuvitit des
wolierten Herzens in Ringerlosung und des mat Blut perfundierten
HLP stellen die Frage zur Diskussion, ob micht aligemein das konst-
Iiche Rangermibien gewrsse funktionelle Veranderungen des Herzens
hervorruft Es sex hier daran ennnert, daBl schon emne kurze Inkuba.

d des Herzsch i Ringer) morphologisch faf-
bare Veranderungen bewult* Ber Verwendung von radioahin
markiertera Phosphat (-P=Q,) scheinen subtovusche Diptonndosen
den Phosphatstoffwechsel des Herzens zu stimulieren, wahcend
toxische Dosen diesen meht beemnflussen, shn Jedoch 1n der Leber
hemmen (Afstrom?) Wir haben auf die Schwienghest hungewicsen,
dhese dy hen Stoffwechselp ausdemn einem Zeitpunht
bestirarmten Metabolitgehalt zu beurt

elen Wenere Untersuchun.
gen mmt radioaktnem P konnen htl

h diese sch
Verhaltmsse uberwinden
rden Versuche unternommen, durch sukzessive
B

Waederholt wu
phavmaked) lockserung der bek Energuaddoustuftn und
lerchzertige B g des funl Wen Efftktes Einblick in die
i‘t;;fr\\ echsely organge der Zellen zu gewrnnen Untersuchungen von
ts am wsolerten Froschherzen ergaben, dafi
Wirkungdesk Strophanth 5"""u‘itvzr haer “dlc”pismv mmmspoc-
wienach Blockierung desKrebs ‘Tricarbosylsanrezyklus durchqi‘l\;or-
acetat erhalten blabt, sofern erne gentigende Menge Glukose vor
handenst Blochierung des Kohlehydratstoffwechsels sm Meyerhof.
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Embdensystem durch Jodacetat verhindert, zumindest fiir kurze
Zett, die kardiotone Wirkung ebenfalls nicht

Dimitrophenol (DNP) trennt Oxydation und Phosphorylierung
(«uncoupling effect»), mndem es wohl den O, Verbrauch starh er
hoht, aber glexchzeiug die Bildung energiereicher Phosphate hemmt
(Loomus und Lipmantt8, Cross et al ®) Nach Erzeugung dieses Stoff
wechselbloches durch DNP bleibt die hardiotone Glykosidwirkung
ws (Ellis et al 48 ©9) Diese Ergebnusse zergen, daB der oxydative Stoff
wechsel nicht ene unbedingte Voraussetzung fur die hardiotone Wirkung
der Herzglyhoside beim Frosch 15t Von Bedeutung st allem, daf
dem Froschherzen unter der Glyhosidwirkung eme genugende Menge
energiereiches Phosphat zur Verfugung steht Dies fuhrt zur Auffassung
dnB die Glykoside eher auf die Ausnutzung der energiereichen Phosphate ein
wirken als auf deren Berestellungs® 21 Am Warmbliterherzen fehlt
die hardiotone Glyhosidwirhung unter anaeroben Bedingungen Die
Befunde am Froschherzen honnen andere Ursachen haben So die
ausgesprochene anaercbe Energiebeschaffung (Milchsaureproduk
tion), werterhin die Arbertslestung ber tiefer Temperatur, ber der
die Energicbedurfiusse a prion ermedngt sind Das phosphorylie
rungshemmende DNP vermindert am Langendorfl Praparat die
Kontraktibtat des Herzmuskels, futhrt zur Kontraktur und bewirkt
em vollstandiges Verschwinden des PC, ohne den ATP Gehalt
wesentlich zu beeinflussen (IVollenberger et al?#) Die kardiotone
Wirkung des Strophanthins 1st nach DNP-Vergiftung des Herzens
stark abgeschwacht oder fehlend, der toxische Effekt aber verstarkt
indem klemne, normalerwesse micht toxische Dosen eine Arrhythmie
und Kontraktur bewirken bei gleichzeitiger Verminderung des ATP-
Gehaltes??* Die Wirkungslosigkeit von Ouabain am DNP vergifteten
1solierten Vorhof wurde auch von anderer Seite bestatigt??® Diese
und die fruher bereits erwahnten Untersuchungen Follenberger sfubr
ten zu folgender Hypothese der Glykosidwirkung Auch therapeutische
Glykosiddosen erhohen den Phosphatstoffiechsel doch 1st ein ver
starkter Abbau von emner vermehrten Synthese beglertet, und der
Gehalt an «oPO, andert sich mcht Wird nun die Synthese dieses
Phosphates durch DNP blockiert und damut das PG 1m Herzen
herabgesetzt so bewirhen therapeutische Glykosiddosen 1nfolge ver
starkten Abbaues eine Abnahme des ATP und fuhren damit zu
toxischen Erschemnungen am Myokard Die Stoffwechselwirkung
therapeutischer und toxischer Dasen honnte bei dicser Interpretation
auf den gleichen Angnffspunkt zuruchgefuhrt werden
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Die am HLP erhobenen Befunde weichen von denen am solier-
ten Herzen ab DNP ruft auch an diesem mt Blur perfundierten
Praparat eme Insuffizienz henvor, dhese hann yedoch durch Quabawa
oder Lanatond Chehobenwerden, sofern dic DNP Schadigungzwar
deuthich, aber macht zu ntensivast Erst nach hohen Dosen von DNP
blesbt de kardiotone Glykonidwirkung aus (Gruhzt und Faraht® ©,
Rothlin et al %) Diese Befunde am HLP stehen 1m Gegensatz zu
denen am oherten und mit Rungerlosung durchstromten Neers
schwemchen und Froschherzen In Wallenberger's Versuchen fiel dic
Athentslesstung nach DNP am mit Ringer durchstromten Herzen
um §0-90% am HLP um 60-70%% Da auch am HLP dic Glyho-
side nach hohen DNP-Dosen unwirksam sind, 15t die Wirkungslosig-
Leit des Glykonids am kinstheh duarc Herzen moghcher-
wesse aufeme grofere Empfindtichkeit gegentiber der DNP Schadie
gung 2urfickzufubren Auch st 2w erwigen, ob micht der nach
DNP-Verabreichung erhohte $: {Tv erbrauch am Langendor{T
Praparat, das ohnehin unter abnorm geringer Sauerstoffs essorgung
arbeitet, zu emer relatnven Hypoxie fihrt, dazu addiert sich noch

+

dre Phospharyl durch die Glyhosidwirkung s er-
lundert wird So erwies sichauch 7 7

mt anoxischem Blut durchstromt

m Anak zu den Vi hen vou 1 am Langenderff.
Praparat’ Die uns aus der Lateratur bekannten Daten besechtgen
die Annahme, daf die DNP Insuffi als Folge verminderter
Energieberentstellung zu bewertensst Eane positve Glykosidwirkung
unter daeser Bedingung kann aufverbesserte Energrefreisetzung oder
erhohte Energieausnitzong zurttchgefuhrt werden Der letztere Weg
1st wahrscheinhicher, da die Glykosde nur bet maBiger DNP-Ver
giftung wirken und den DNP Effeke auf den Op-Verbrauch nucht
verandern** Die Bezichung zwischen der kardiotonen Glykosid-
vatkung und dem Grad der Herznsuffizienz zesgt sich 1n gletcher
Wese wie nach DNP auch nach Na and und Na zyamd, imdem
cmf gennge IBsu:]ﬁanz kompenstert wird, eine hochgtad;ge aber
eibt Da Adrenal
an weiterer Hinwers filr etnen unt 313‘5‘1' k":’-f‘iﬂ? *"Ef; :'Ptn knnn,‘m
nsmos zwischen dem Glykond und dem sympathischen Rmm “:
%;::d(ucr:shgt c; al ‘):)SAUC: am Skelettrusskel bewarkt DNP :?n;
1e durch Strophanthin behoben werden kann D,
Befund wurde als Wirkung der Herzglykoside aufdie K e
Oxydanon zur Phosphoryberung gedZutct, md‘:f:dxc};:: };cxll‘;:i:ﬁ
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Embdensystem durch Jodacetat verhundert, zumndest fiir furze
Zeit, die kardiotone Wirkung ebenfalls mcht,

Dimtrophenol (DNP) trennt Oxydation und Phosphoryherung
{«uncoupling effect»), indem es wohl den O,-Verbrauch stark er«
hoht, aber gleichzeitig die Bildung energiereicher Phosphate hemmt
(Loomss und Lipmany8, Cross et al ), Nach Erzeugung dieses Stoff
wechselblockes durch DNP bleibt die hardtotone Glyhosidwirhung
aus (Ellis et al 4:4%), Diese Ergebnusse zeigen, daB der oy datice Stof-
wechsel nicht eine unbedingte Voraussetzung fur die kardiotone Wirkung
der Herzglyboside berm Frosch 1st Von Bedeutung st allemn, daB
dem Iroschherzen unter der Glyhosidwirkung eine genugende Menge
energrereches Phosphat zur Verfugung steht Dies fithrt zur Aunffassung,
daB die Ghkoside eher auf die Ausniitzung der energiereschen Phosphate en-
wirken als auf deren Berautstellung® ®™ Am Warmbluterherzen fehlt
die hardiotone Glyhosidwirkung unter anaeroben Bedingungen Die
Befunde am Froschherzen konnen andere Ursachen haben So die
ausgesprochene anaercbe Energrebeschaffung (Milchsaureprodub-
tion), weterhin die Arbertslesstung ber tiefer Temperatur, bet der
dic Energiebediirfiusse a prion erniedngt sind Das phosphorylie-
rungshemmende DNP vermundert am Langendorfi-Praparat die
Kontrahtilitat des Herzmuskels, fuhrt zur Kontraktur und bewirkt
em vollstandiges Verschwinden des PC, ohne den ATP-Gehalt
wesentlich zu beemflussen (IWollenberger et al 2%) Die hardiotone
Wirkung des Strophanthins 1st nach DNP-Vergiftung des Herzens
stark abgeschwacht oder fehlend, der toxische Effeht aber verstarkt,
indem kleine, normalerweise nicht toxische Dosen emne Arrhythmie
und Kontraktur bewirhen bes gleichzeiiger Verrnderung des ATP-
Gehaltes?t, Die Wirkungslosigheits on Ouabain am DNP-vergfieten
1solierten Vorhof wurde auch von anderer Sexte bestatigti®® Diese
und die friher bereits erwahnten Untersuchungen IWollenberger's fihr-
ten zu folgender Hypothese der Glykosidwrrkung Auch therapeutische
Glyhosiddosen erhohen den Phosphatstoffivechsel, doch ast ein ver-
starkter Abbau von emner vermehrten Synthese beglertet, und der
Gehalt an coPO, andert sich nicht Wird nun die Synthese dieses
Phosphates durch DNP blockiert und damt das PG am Herzen
herabgesetzt, so bewirken therapentische Glykosiddosen nfolge ver-
starkten Abbaues eine Abnahme des ATP und fithren damit zu
tovischen Erschemungen am Myokard Die Stoffwechselwirkung
therapeutischer und toxischer Dosen honnte ber dieser Interpretation
auf den gleichen Angnffspunkt zuruckgefuhrt werden



auf den Myokardstoffwechsel 207

D e Untersuchungen @ber die Deeinflusiung der ATPase-Akt viat durch die Glykos de
lassen an twe gewisse Analogie zu shrer Wirkungilos gheit auf so! erte oxydm:: \"'.r:x)m
sys cme denken. Wie betont 1stdic d dzelies Glyko
s dwirkung Es muBl d ¢ Mogl chkent erwogen werden daf aus demsclben Grund keine
s chere Wirkung der Glykos de auld ¢ ATPase an 1solierten Obyekten gefunden wurde

Fassen wir das vielsenge Matenal und 1 h
das derzert Wesenthche herauszuschalen, so ergibt sich Die Mehr-
zaht der Untersucher fand heine sicheren Argumente, die auf cine
Wirkung der Herzglyhoside fir die Energicberentstellung hinwessen
Hingegen sprechen verschiedenc Befunde fur eme Forderung der
Energuenusnutzung durch die Ghkonde Ob es nch dabey um emnen exhBhien
Abba ron PC ofer ATP handelt, kann Fochstens vermutet werden Auch
fuer stellt ich die Frage nach Ursache und Wirkung Ist ein Effeht
der Glyhoside aul den Phosphatibbau pnmiare Warkung oder sehun-
dare Folge ewnes auderen Glybondeffektes? Verbessern, anders ge-
sagt die Glyloside dic hontralulitat infolge erhohten Phosphat-
abbaues, oder fordert die erhdhte hontraktihti

t resp der ibr zu-
grunde begende Glyhondefleke emen erhthten Tt -P Bhad

5 e kontrahtilen Elemente

Unsere K itber den Mech der Muskellontral-
tion basieren vor allem auf Untersuchungen, dic anstreben dazlana
trake > ™ Fra .
sexm - - -
= a o "urait und kdsall™ brachten die Doppel-

g von M losungen in Benehung 7u denemy
¥ en der kon-
traktrden Muskelelemente 1Weber®™S stellte a;s oo o

AL

traknle ExwerBfaden her Es war mshesondere Lﬁzn{?::’;ﬁ;\“m“
Szent Gyorgyn'7, Actim 7u 1sohieran und 2u zeigen, daB Actom: o
aws Myosin und Actin zusammengesetzt 1st, BC!‘ZUSI“Z ‘on )Ao'ii;
7{;:; Actomyosin La‘nmc er dieses Protetnt 1n semer Form verindern

o \-‘4\; b )} und A faden zur hontraktion brn.
imc Ax:‘::un entwickelte Szent Gyorgyr durch Glyzenmextraktion

“nctomyosmpraparat», in welchem die histologmseh

tur des Muskels erhaleen blasbs und das sich St
pretonl nur b Zugabe
i :t;l:x;tug:r:? frsc’hcmtcsmoghch,cme bm!omxrbgff‘— ' an
stratin vitro ure
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die Fahigheit zukommen soll, die Phosphorylierung im Verhaltnis
zur Oxydation zu erhohen (Kokler et also).

Man hat verscluedentlich versucht, den Angnffspunkt der Herzglykoside durch
g threr Hularen Verlalung zu erfassen, @ i durch den relativen Glykesid-
gehalt der Mitochondnen, des Zellkerns oder der Wasserfrak Drese verschied:
Fraktionen wurden durch differenzsertes Zentnfugieren erhalten Da die Resultate aber
nicht einheithich ausfallen, durfte es noch verfruht sein, aus diesen Untersuchungen Riick-
schhisse auf den Wirkungsmechamsmus der Glykoside zu zichen 2 0% 397,

Eine Wirkung der Herzglyhoside auf die erhohte Ausmitzung
der Phosphatenergie wurde wiederholt in einem Effekt auf die das
ATP spaltenden Fermente gesucht. Die Ergebnisse sind jedoch nicht
cinheitlich: Es wurde zum Teil kein EinfluB der Glyhoside auf die
ATPase-Aktrntat gefunden (Langemann®s; Guerra et al.’®; Reiter et
al.®), zum Teil eine geringgradige Stimulierung (Hegglin et al.=19;
Segre’®s), oder eine Hemmung der durch Calcium nicht aktivier-
baren Phosphatase (Kimura et al."). Die unterschiedlichen Befunde
durften wohl auch damit in Zusammenhang gebracht werden, daB
die ATPase-Spaltung mit verschiedenen Methoden durchgefithrt,
sowie die Wirkung auf verschiedene ATPasen gepruft wurde. Es
sind mindestens zwei ATPasen bekannt: Eme wasserlosliche und
eine an Myosin gebundene, Die beiden Fermente unterscheiden sich
in threr BeeinfluBbarheit durch Calcium und Magnesium (Szent-
Gjorgyit??). Bei Verwendung eines Gewebshomogenats ist die Zu-
sammensetzung des Enzymgemisches nicht genau behannt, und die
Resultate honnen unterschiedlich ausfallen. Bei Trennung der beiden
Enzyme ergibt sich, dafl Ouabain in relativ hohen Konzentrationen
von 10-% M die ATPase-Aktatat im Nativ-Rinderherz-Extrakt (das
die wasserloshche und die Myosin-gebundene ATPase enthalt)
hemmt, hingegen diejenige des gewasch Actomyosins stimu-
liert (Edman®1%), Calcium hann diesen fordernden Quabameffeht
verstarken. Beide ATPasen aus dem Shelettmuskel werden durch
glerche Ouabainkonzentrationen nicht beeinfluft. Ein Uberschuf
an Calctum laBt aber den gleichen Glyhosideffekt wie am Herz-
muskel in Erscheinung treten.

Inwiewert die viskosimetrische Messung der ATP-Actomyosin-Reaktion Auﬂ;;luﬂ
daruber gibt, ob cs sich um cinc spezfische Wirkung des Glykosds auf die .t ;:
oder auf die Reaktion «ADP-ATP» handelt, 1st micht sicher abgeklart (Edmar h) y
McssungdexATPa:c—Aklnll-’nna:hDubnu"wurdckcme\\xrkungdck-Slrophzn(l Ij’s!xg:
auf die ATPase-Akuvitat von Mecrschwemnchen- und Mauscherzen gefunden (Large-
mann') Auf Grund dieser divergenten Befunde durfic es verfruht :):, :;g::c;m
Parallele hen solcher E g und dem th hen Effeht 21
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des Myokard Actins zu beenflussen (Coule ct al ), cbcf\su fordert
Adrenshin die Actnpolymensation {Straub et al*) Kuschinsky'
kounte den fardernden Effelt der Glyhoside auf die Acunpolymen-
sanon mcht bestatigen, auch fehlte ene Wirkung auf die «Kon-
traktion» des Actomyostn Gels, wae auch auf die Dissozsation und
Symplexmiduny von Actomyoun resp Actin und cbenso auf die
ATPase-Aktmatat Dagegen st nach Kuschinsky die Extrahuerbarkeit
des «kontraktilen» Protemns, das wahrscheinlich Actinist, am grob
zerkdenesten Mushel be Digitounzugabe gennges Dieser Befund
wurde als «abdichtendes Wirkung des Digitoxans erhlart, weill am
grob zerblemerten Muskel dic Zelis erbande noch weitgehend unzer-
stort smd Colowm zegy ene glachnnmge Wishung Am fenst.
zerkleinerten Mushel fand er die entgegengesetzte Wirkung Nach
den Befunden von Rebb und Mallon®®? \erandert Quabain gewisse
physibabische Eagenschafien des Actomyosins waez B dessen Aws-
bratungsfahigheit auf der Oberflache sowie dessen Elastizitat,

Samthche bekannten Ewveiffraktionen des Herz- und Skelett-
muskels rermigen Herzglykonde 1n erheblichem Mafe zu bindm Das
Myogen dex Herzmuskels, emn Alburmn, bindet bedeutend mehe
Glykond als das Myosin {Dybing et a} %) Anderseits wurde bex Ver-
wendung emes radioaktiv markierten Glyhosids (C* Acetyldigitox-
gemn) ene starke Bindung an das Actin und Myosta des Frosch-
herzens gefunden (Turba et al*™) Die Glyloside werden auch an
Skel 1ol A

m gebunden (Wasert™), das Verhiitns der
Bundungsstarke von A ¥ zu and Muskelp nr
daber mecht besummt worden

Verschuedene Versuct d 2ergten, dab die A,

nde auch die * + ' e nzzlrlfn-
wird die duw 4 - - '
sn B Faden wu oy pisinzeruge Digntoxmbermischung  erhoht
{Bowen) A , the durch K

emes Ober-
flachenfilms dieser Eswe:Blosung erhalten wurden, zeigen nach AT

Zugabe micht nur eme Verkiirzun,
Hebung emes Klemen Gewachtes auch effek
tive Arbert 2y Jesst

(Hiyu:ht") Beumuschung von Quabam zur Actamyosmlosun; v::
;ﬂ ert mcht nur gewsse physikalische Ergenschaften der aus dyeser
u\vﬁi&i:i\ngg bcrgestt)‘.\l\m Faden, sondern erhdht auch deren Kon

aktili ie mit Glykosid vorbehandelten Act i
kitrzen sich nack ATP Zugab e ver-

gabe rascher und leisten exn K

trakbonsarbestalvunbehzndelte Diese Ouabmnwnlk\:ng;f\::;;:r:

g sondern ste vermogen durch

15 Hepgha, Fornchnne der Kardiologe
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sermaBen um einen Modellversuch handelt, der nicht das komplette
Geschechen der Muskelkontraktion wiedergibt oder erklart. Vor
allem fehle der Erschlaffungsvorgang, der unter physiologischen Ver-
haltnissen auf einmaligen Reiz ebenso typisch ist wie die Kontrak-
tion, Daher ist es verstindlich, daB diese Theorie der Muskelkon-
traktion nicht ohne Widerspruch geblieben ist.

In verschiedener Hinsicht sind Wirkungen der Herzglykoside
auf die kontraktilen Proteine untersucht worden. Die Fiskositat
mehrerer Herz- und MuskeleiweiBfraktionen wird durch Strophan-
thin nicht verdndert (Holzhausen®). Hingegen fanden TWaser et al?®
bei Verwendung einer Actomyosinlésung aus dem Skelettmuskel,
daB Herzglykoside dessen Viskositht geringgradig erniedrigen. Der
Abfallist proportional der zugefiigten molaren Glykosidmenge. Wei-
terhin ergibt sich eine Parallelitéit zwischen der relativen Wirksam-
keit verschiedener Glykoside auf die Viskositat der Actomyosin-
losung und deren Haftfestigkeit am Herzmuskel, wie sie von Rothlin'®
und anderen gefunden wurde. Die Glykoside verindern aber den
Viskosititsabfall nach ATP-Zusatz nicht, was auch fur die ATPase-
Aktivitit zutrifft. Dieser Befund bestatigt die fruher von Edman*
am Skelettrmuskel erhobenen Resultate,

Voraussetzung filr die Vereinigung von Actin und Myosin zu
Actomyosin ist die Polymerisation des Actins, d. h. die Umformung
der globularen in die fibrillare EiweiB-Struktur (G-F Transfor-
mation). Geringe Konzentrationen von Herzglykosiden sollen die
G-F Transformation des Actins aus dem Froschherzmuskel beschleunigen,
wogegen selbst hochste Dosen keinen EinfluB auf die Polymerisation
des Skelettmuskel-Actins ausuben (Horzath et al,*). Auch Calcium
fordert die Polymerisation von Actin (Feuer et al.*t). Eine Deaminase
kann die Polymerisation des Actins durch eine dcaminisierende
Wirkung auf das ATP verhindern (Snellman et al3*?), Neben der
direkten polymerisationsférdernden Wirkung des Glykosids wur_de
auch ein Hemmeffekt der Glykoside auf diese Deaminase beschrie-
ben!"3%2, Die Anwesenheit einer ATP-Deaminase in Acﬁnprﬁ?a-
raten konnte jedoch nicht bestatigt werden. Es wurde nur eine
Adenylsiure-Deaminase gefunden®. [¥ollenberger™ konnte den
Polymerisationseffekt der Glykoside auf das Actin ebenfalls na_ch-
weisen, bezeichnet ihn aber als wnspezifisch. Denn stark herzwn:k-
same Glykoside sind diesbeziiglich nicht wirksamer als k;u:dxal
unwirksame Glykoside (z. B, Hexahydroscillaren A). Auch QQYN{OH
erhoht die Polymerisation des Skelettmuskel-Actins, ohne diejenige
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deutung zulommen, wenn die charaktenstische und spezifische Gly-
Losdwirkung auf die Atmung des Herzschnittes nur durch cinen
Angnffspunht der Glyhoside am kontraktlen Protemn erklart werden
mubte Alle bisher beschricbenen speyfischen Glyhosideflekte sind an
de Integnitat der Zelle gebunden Man muB sich daher fragen, ob
der Effekt dieser Pharmaka auf dic hontrahtilen Proteinc in dieser
Beziehung cine Ausnahme bildet, oder ob dieser auch am Herzen
1 v1vo nachweisbar 15t Von besonderer Bedeutung sind deshalb
Untersuchungen, wie st von Bing™** exngeschlagen wurden und die
2eigen sellen, ob bex Vorbehandlung des schl den intakten Her-
zens vt therapeutischen Glyhosiddosen die Reaktivitat des Acto-
myosnhomplexes m srgendeiner Weise verandert 15t Dieser erste
Versuch 15t allerdings negativ ausgefallen, doch schhieBt er mcht aus,
daB unter anderen Versuchsbeding durch Vorbehand!
mut Glykosiden in vivo eine Beemnfl des Actomyosinkompl
nachgewiesen werden kann

6 E 9, h L und T Tuek

BUngEP s

Der auslosende Faktor der Mushelkontraktion st der Erregungs-
vorgang Er spregelt sich 1in nachweisharen elektnischen Verinde-
rungen des Gewcbes und der Zelle wider Dic expenmentelle Rli-
rung des Kationengustausches wakrend der Erregung der Nervenyerdanken
wir der Hodghin schen Arbertsgruppe Eswitrde den Rahmen dervor
1 den Arbeit weit ibersch , auf diese neven Ergebnisse und
Erkenntnisse naher emnzugehen, wirverwesen aufdie entsprechende
Lateratur {Hodghn®) Dicse Untersuchungen wurden zum grofen
Teil an der R venfaser des T fisct fohrt und er-
gaben, kurz gefaBt, folgendes Resultat Die Mcmbr;n der Nerven-
zelle weist emne elektnsche Spannung, das Ruhepotential, auf, dessen
Ursache m emer ungleichen Vertellung des Na* und drjs Kl 1nner-
und auBerhalb der Zelle hegt Einem hohen intrazetlularen Kc*.
Gehalt steht ein hoher extrazellularer Na* Gehalt gegendber D .
g;;l«::re%ung)cml::cmic D:polansntmn macht die Membran ﬁ;:
gradig, aber d durch} X
zentrationsgefalles kommt es zum Na+ Emstrm:\ ulxlxg.ozlﬁ: gs: -
::léd;: le\} 51:;::‘ Pha;ehbcgmm der Auswartestrom des K*cr\l:l;:.

ermeabilitat wieder abnimmt ) X
phase bilden sich diese Vorgange wieder zurirck, f:d‘:: I\i::‘ (;l;ng:;
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actomyosinpraparaten ausgesprochener als an solchen aus dem She-
lettmuskel (Robb und Mallop'®:%57), Durch Glyzerinextraktion von
Herz- und Skelettmuskelstreifen erhalt man Muskelpraparate, deren
histologische Struktur erhalten ist, die aber nicht mehr aufelektrische
und Acetylcholin-Stimulation reagieren. Diese Streifen kontrahieren
sich jedoch bei Zugabe von ATP in einer isotonischen Kaliumlosung
(Szent-Gyargyi*%7; Taeschler et al'®®). Digitoxinbeimischung veran-
dert dic Kontraktilitat solcher extrahierter Skelettmuskelstreifen
nicht (Korey1®). Auch bei Vorbehandlung der Versuchstiere in vivo
mit Lanatosid C und nachtraglicher Zugabe dieses Glyhosids zu den
aus diesen Herzen hergestellten, extrahierten Mushelpraparaten ist
die durch ATP hervorgerufene Kontraktion nicht beeinflufit: Die
Arbcitsleistung, die Kontraktionsgeschwindigkeit und das Langs-
Spannungsdiagramm der Streifen sind unverandert (Stutz et al1*¢).
In beiden Versuchsanordnungen wurde der EinfluB der Glykoside
in calciumfrcier isotonischer Kaliumlosung gepruft. Neuere Befunde
von Edman% %7 zeigen, da Ouabain oder Calcium allein die ATP-
Kontraktion von extrahierten Skelettmuskelstreifen nicht erhohen,
daB aber bei glechzeitiger Qugabe von Caloum und Quabain die Kon-
traktionsgroBe um 339 verstarkt ist. Die Anwesenheit von Calcium
scheint somit eine notwendige Voraussetzung zu sein, den Glyhosid-
effekt an diesem Muskelpraparat auszulosen.
Die meisten der cben zitierten Untersuchungsbefunde ergaben,
daB die Glykoside in irgendeiner Wewse mit dem Actomyosinkomplex wnter-
ferteren, sei es durch Bindung des Glykosids an diese Proteine, sei es
durch Veranderung gewisser physikalischer Eigenschaften oder der
durch ATP hervorgerufenen Kontraktion. Daber erhebt sich die Frage,
ob die an den kontraktilen Protewnen beobachieten Wirkungen zusammen-
Fhdngen und Ausdruck emes einzigen spezifischen Effektes der Glykoside auf
die kontraktilen Proteine sind. Nur einige Autoren treten auf die Frage
der Spezifitat dieser Herzglykosidwirkung ein. Der Polymerisatio.ns-
effekt der Herzglykoside diirfte haum spezifisch sein®™, ebenso wird
aber auch die Kontraktilitat von Actomyosmfaden durch nicht-
kardioton wirksame Stoffe, wic Histamin, Alkohol etc., erhoht
(Robb'5#). Solche Resultate mussen jedoch einen Angnﬁ‘spun!xt der
Glykoside an den Muskelproteinen nicht unbedingt ausschlieBen,
denn der kardiale Glykosideffekt kann komplexer Natur semn u.nd
eventuell erst durch Integration der Wirkungen am Actomyosin-
komplex, im Intermediarstoffwechsel und am Ionentransport der
Membran zustande hommen. Einer solchen Auffassung durfte Be-
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s der Glyhosde, denn auch her stelit sich dic gleache Alternative
BeewBussen diese Pharmaka den Actomyosinkomplex oder den
Tonenaustausch?

Uber die physiologische Rolle des Cat+ bam muskularen Er-
segungs und KontraktionsprozeB sowre iber seine Bedeutung berm
Ftound Nat Austausch st uns wemger Sicheres behannt Wir wissen
seit den Untersuchungen von Reager'®* nur, daB Ca++ ein unerlaB-
ticher Faktor fur die narmale Herzmuskeltatigheit ist. Veranderung
der optimalen Calerumbonzentration modifiziert die Herzfunktion

Da die Erregung und der Jonenaustausch eng mit den energeti-
schen Prozessen und dem Zellstoffwechsel verkngpft sind, hat ane
Ubersicht tiber die Glyhosidwirhung auf den MyohardstofTu echsel
auch diese Seute zu berticksichigen  Es steht heute auBier Zwafel,
dafy die Herzghhostde ene Warkung auf dem Erregungsvorgang ausuben
Es solt luer meht naher auf diese spezselle Wirkung der Glyloside
emgegangen, sondern nur hurz daran cnnnert werden, dafl die
Glykoside das Aktionsp ! der Myokardzelle im Sinne einer Ver-
kurzung der Repolar pl beeinfl (Woodbury und
Hechez) Diese Glyhosidwirkung auf das Aktionspotential ist nicht
auswaschbar (Stutz et al*¢) Dre typischen EAG Feranderungen be-
stehen 1 emner Verlangerung der Uberleitungszeit vom Vorhof zar
Kammer (PQ), emner Verktrzung der QT Distanz und ferner in
einem partiellen oder totalen Block Ber gleichzeitiger Warkung auf
die Refraktarperiode und die Erregbarhert resunltiert das sielfaluge
Bildvont ypen Rhythmen, Big , Tachysystolie und letzt-

114} Die Bedeutung dieser durch

hich hammerfimmern (Rothlin et al
die Herzglykoside hervorgerufenen Veranderungen im broelektr-
schen Gescheh es Erregungs- und hontraktionsp und
shrer Bezichung zur Wirkung dieser Pharmaka auf die Herzdynamik
und auf den Myokardstoffwechsel st heute noch unklar Manmg

falug sind dre Untersuchungen hber den Lanftafp des Tonenmalieus ayf
die Giykosidunrkung

a} Caloum

Die Versuche von Clark® und von Loewt 87
Calcwm emen bedeutenden Exnflud auf die W)

elykoside ausubt Die fehlende Gl ke

in Ca freser R crlosung Xt ”) ‘;f;:iu‘:‘;iu'n‘g “": F?Is;h:lchr:sm
Die lz—lenglykosuic hesitzen kene dsrekte erk;ng auf dll:: H::z-
muskelkontraktion, sondern ste sensibilisieren das Myokard fitr Ca)

zeigten, daB das
wkung der Herz
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Zelle herausbefordert und K+ eingepumpt wird Da diese Austausch
vorgange entgegen dem Diffusionsgefille verlaufen, erfordern sie
anc akttve metabolische Zellesstung, die als Na- und K-Pumpe
bezeichnet wird Genaue Kenntnisse tther den Mechanssmus der
Pumpe fehlen zur Zeit Wir wissen nur, daf sie durch das phosphory-
) ! DYt T e a3t henere
' 4 + wie ber

der Nervenerregung spielen sicn aucn oer aer aduskeikoniraxtion ab
Die Ergebnusse dieser Untersuchungen hat kirzhich Fleckensten zu-
sammengefa8t Bet jeder Muskelverhurzung oder -hontraktion tritt
Kahum ausder Zelle aus Das AusmaB dieser Kallumabgabe verlauft
ungefihr parallel dem Grade der Verkurzung Ber der recersiblen
Muskelkontraktion oder -hontraktur wird dieser Verlust durch esnen
Lmstrom von Natrium kompensiert Die Ruchresorption von K+
und das Austretben von Na*in der Erholungsphase erfolgt gegen das
Duffusionsgefalle und benotigt daher osmotische Energie Dieser Be-
fund besagt, daB die Ionenverschiebungen mut starken Energiever-
schiebungen gehoppeltsind und daf deshalb die Kaliumspeicherung
in der Zelle mit einer bedeutenden Energieaufladung esnhergeht
Diesem physikalisch chemischen Energiespeicher stellt Fleckensten
die bekannten chemischen Energiespercher zur Seste (energieretche
Phosphate etc) Die vom Muskel gestapelte osmotische Energre-
menge dirfte nach theoretischen Berechnungen wesentlich hoher
semn als die aus der ATP—ADP-Spaltung resultierende und hegt
absolut 1 der GroBenordnung der vom Herzen pro Systole geler-
steten Arbert Solche Berechnungen wurden an Schildkrotenherzen
durchgefuhrt (Iilde und O’Brien®®) Die Depolarsation der Mem-
bran 1st eng mit der Verktirzung des Muskels gekoppelt, wahrend
die Relaxation des Muskels aus der Kontraktion von den oxydativen
Stoffwechselvorgangen und 1nsbesondere von der Bereitstellung
energiereicher Phosphate abhangt Daraus lettet Fleckenstan®® die
Alternative ab, daB die §¢ g der energ hen Phosphate und ins-
besondere des ATP entweder die direkte unmattelbare Energiequelle fur die
Actomyosinkontraktion ses oder fur die Membranaufladung gebraucht werde,
die ber whrer Entladung shrersets die Energie zur Actompyosinkontroksion he-
fert Dex ATP-Theonie der Muskelkontraktion von Szent Gyirgn™
wird damit eme Ionen-Theorie gegenubergestellt Es st jedoch
verfritht, eme der Alternativen mt Sicherhert anzunehmen, da fur
berde gewisse Argumentesprechen Die besden Theorien der Muskel-
kontraktion hahen aber ihre Bedeutung fiir den Wirkungsmechanis-

14
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he, sondern auch die therap e, kard Glykosidurrkung
ta?x‘:“}‘fros,chht:rzcn und am 1solierten Vorhof wird durch Caleum-
2ugabe verstarke {IVilbrandt et al 29) Salter et al 19 1 17 finden dies-
bezughich am isohierten Froschheszen cinen quontitatioen Synergremus
Wird die Kontraktionshraft des Froschherzens durch einen defimer-
ten Calcumentzug vermndert, 5o hann die Herzkraft durch emne
besummte Glykosdmenge wieder normahsiert werden Diese Bes
21ehung von Cal gel zu Glyhosidzugabe verluft hnear dber
enen waten Dosenbereich {Salter et al¥#* 1217} Eim bestimmies
Glykesid hann sotmit bezdghch setter notropen Wirkungsmtensitit
charaktensiert werden durch die Zahl von Calaiumionen, die es
substitureren hann Glyhoside und Caleum beeinflussen auch die
Ralumwirkung 2uf das Herz quanttatv glechsinnig'™ Auf Grund
dheser Versuche kann die inotrope Wirkung des K+, Cat++ und des
Glykosids am Froschherzen als Normogramm aufgezeichnet werden,
und bet Kenntrs der Konzentration der drex Stoffe 1st dic Kontrah
tionsamplrtude des Herzens aus diesem Normogramm emichtlich®
Auch the Ghyhosidwarkung avf das EKG desisoherten Froschherzens
wird durch Ca++ verstarkt im Sinne einer weiteren Verktirzung der
elektnschen Systole und emer B gung des Ventnkel
s (Baker et al ? 8)

Ber Calaumeerminderung 1 der Rungerlosung honnen gewnsse Gly-
kosudeffekte gehemmt vesp ruckgangig gemacht werden Z B die o~
trope Wirkung am Vorhof und am Froschherzen und die Glykosids
kontraktur des Frosch- nder des LangendorfT Herzens$ 23 Caleinme
mangel andert auch den Repolansationsy eslauf der Herzmuskelzelle

(li“cs Frosches Diese Veranderung des Aktionspotentials kann durch
e

°Y Das

. ) badet

v sustt et komplexes balz, das im neutralen und sauren pH-
Bererch nuckt dissoznert (Sehwarzenback et al ), weshalb durch Vers
abrexchung von NaEDTA am Herze

o voa NafD Lungen Yx:apa_\'at. (HLY)- m:d
(Rothfin et a} W N - -

storungen konnen ¢ - -
stens vorubergehen -

- wwprd ) e Wirkung
ics NaEDTA am Ganztier 15t nur sehr kurzdauernd, weil bey S:ng~
unirgs‘(] \ piegels durch den Komplexbild
rasch Calem mobilisiert wird Auch 15t die ney
gativ 1
kung des NaEDTA am HLP ausgesprachener als saine

vom Korper
notrope Wir-
Warkung auf
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cum, so daf8 emn normaler Calcumgehalt so wirkt wie emne hohe
Calcrumkonzentration Dicse Hypothese kann allerdings mcht das
ganze Wirkungsspchtrum der Glyhoside erklaren, sweshalb dem
Glyhosid noch emn werterer spezifischer Einflult auf das Herz zuge-
schrieben wird (Blumenfeld und Loews) Die Loewr'sche Auffassung
wurde mehrmals angefochten, weil emne kardiotone Glyhosidwirkung
ebenfalls in Ca-freier Ringerlosung gefunden wurde (Fischer®, Man
delstamm™*) Calcium beenfluBte 1n diesen Versuchen den Verlauf
der Glyhosidvergftung nicht, weshalb die Glyhostdwirhung sich
unabhangig von der des Calaums zu vollzichen schuen Das mut
Glykosid behandelte Herz 1st nicht ausschheBlch gegen Calcum
sensibilistert, auch andere Stoffe verstarken dessen Kontraktur-
neigung (Fischer) Unbestrtten st ingegen, daB Calcum am Hergen
ane den GhRosiden sehr aknhiche Wirkung entfaltet, und eme Vielzahl
von Autoren beschreiben eine Verstarkung der toxischen und letalen Herz-
Ehhostdunrkung durch Calotum  (Allein Nahum und Hoff ' bezweifeln
emnen additiven Effekt dieser bexden Wirkstoffe am intakten hann
chenherzen ) Die Verstarhung des Glyhosideffeltes durch Calerum
zeigt sich am Froschherzen, am ssolierten Langendorff-Praparat und
am Herz-Lungen-Praparat (Nn und Dubos™®, Wiechmann®®,
Baker et al®, Bakers) Die muttlere letale Dosis emes Calcium
Glyhosidgemisches ber der Maus ist geringer als die der Emzelkom-
ponenten (Tarail et al***) Eine quantitative Beziehung hann wmso-
fern festgelegt werden, als mit steaigenden Dosen von Calcum die
Dosis letals des Quabains abfallts Es wurde auch versucht, die
Bezichung des Calciums und der Glyhoside als addstiv e (Zieberman®,
McGugan et al | Afandelstamm?2®), als particll additive (Simetk et
al 18%) und als synergistische Wirkung zu bezerchnen (Gold et al ®
o, Billgh 12, Sok 1ann'®) Eine solche Differenzierung ist
allerdimgs mt emer gewsssen Vorsicht zu beurteilen, weil Versuchs
bedingungen und Termnologte mcht emheithich sind Calclum
zerchnet sich durch eme relativ hurzdauernde, aber rasch emnsetzende
Wirkung aus, wahrend die des Glykosids langsam und zunehmend
emsetzt und lange anhalt Darmt st die Beziehung von Calcum zum
Glykosid stark abhangig von der Art der Verabreichung (Vorbe-
handlung, simultane Applihation etc ), sowse von der Geschwindig-
ket der Injektion (MeGuagan et al 34, Ligb¢grman®™) Am embryonalen
Entenherzen war die Wirkung des Calciums jedoch verschieden von
der der Glykos:de, und emn Synergismus von Calcrum und Glykosid
konnte mcht nachgewresen werden (Friedman et al*”) Nicht nur die
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Auf Grund dueser Versuche stellte Salier das Postulat der K Ca-
Relauon fir die Inotrapie des Herzmuskels in Frage {\m Papllar-
muskel der Katze beeinfluBt e unterschiedhicher Kalumgehalt
(3,5-8,5 mMol) dic positwv wotrope Gly Losidwirkung mcht, woht
aber wird das Aufireten von towschen Erschemnuneen (Atthy thmie)
durch hohere Kaluml nt get Daraus wurde die
Schinfifolgerung gezogen, dafl das Kalum wohl eme Rotle sprelt
m Arthythmephanomen, mcht aber duekt betabigt it an der
motropen Wirkung (Green et al %, Garb™) (Die motrope Wirkung
des Calerums 1t dagegen auch am Papillarmushel nachwasbar )
Wird dagegen die hardiotone Glyhondwirkung am Froschherzen
und am wolerten Vorhof ausgedricke als Quotient der Wirkung
von Strophanthosid 1m modifi ¥ hieu und der Summe
der Wirkungen von Strophanthosid und T derung selbst, so
erpbtsich, da Kal 1 sowse Cal berschul die Glyho-
d pre serstarken, Kat berschuB sowae Call gel sie
aber abschwachen (IValbrandt et al %) Die KalumefTekte sind star-
kerals die des Calorums  Der Kahummangel hann wie der Calemme
berschul selbst glyhostdahnhich warken2s

Es wurde am Menschen und am Tier wiederholt
e Raftgmmannef S ob o Lomrr &
halium
AV Ble

chung fiuntt m rscneinung (bnedman et a1%) Ebenso v erkitrzt
em Ral 1 die Stillstand desL dorfl-Herzens nach
Ouabamn (Baker’) Auch beim Menschen konnte gezeigt werden,
daB eine Verminderung des Kalumgehaltes nfolge Divrese, Unter-
ermahrung, Dialyse it kunsthicher Niere ete dietomschen Glyloud-
effekte fruher und bes nzed Dosert 1n Ersch g treten Jafit
dhese Wirkung it reversibel (Lown et al 1 122 ) Anderersents Imnm:’
ein Kabumuberschuf due toxschen Glykosdefkte am Hunde HLP {Bursten
etal "), am Langendorfi-Herzen (Baker®), sowie beum intahten Meer-
schweinchen {Hagard et al *} Auch die letale Glyhosiddosis ward
durch gleichzeitige halumy, ersbreichung erhoht, w agegen aber die
gech\mkung der Glykoside mcht beeinflyBt wird? Lane glache
F n?r:;::;t:ni .(.lci ?lzrk-osxd:: durch Kahu_m_zu;zabc Wird aneh o
:Rem durch d '

n:nncz\:]h“:)m A« wutpressive Ragenwirkung (Fed

gezesgt, dab
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dieGlyhosidarrhythme (Rothfin15) Weiterhin kommt demNaEDTA
auch eme eigene und von der Calciumbindung unabhangige, de-
pressive Wirkung auf die Herzdynamik zu, so daB eme Hemmung
der toxischen Glykosideffekte nucht allein die Folge des Calcum
entzuges 1st (Rothlin1s3) K-LDTA hemmt die Glykosidarrhythmee
wesenthich starker als NaLDTA, wober die freigewordene Kalum-
menge aus dem Komplexon allen keme Hemmwirkung ausubt
(Smuth ct al 90)

Der Wirkungsmechanismus des Calorums resp des Synergismus Ca+t
plus Glykosid 1st nicht behannt Es wurde die Vermutung geauBert,
daBber dem durch Ca-Mangel geschadigten Herzen auch der Ionen-
austrusch an dessen Membran verandert st (Trautwen et al )
Caleium wirkt nun aber gerade gegensinmg zu den Glyhosiden auf
den normalen Kaliumaustritt aus dem Muskel in vatro, indem durch
Car+der Kalwmaustritt gebremst wird (Gofieerler et al ) Es wurde
auch angenommen, da8 Veranderungen des extrazellularen Cal
crums Verschiebungen 1m intrazellularen Ca++ verursachen, die
tiber den Ca-LinfluB auf die AT Pase-Aktivitat die Kontraktilitat des
Actomyosins beemnflussen honnen (Wilbrandi??)  Schuntermann®®®
auBert die Vermutung, daB der Synergismus von Ca*+ und Glyhosid
sich 1m Gewebe selbst resp 1m Ionenmiheu des Erfolgsorgans ab
spielt, da der Calciumgehalt des insuffizienten und glyhosidempfind
lichen Herzens erhoht 1st und weil Parathormon, das die Ca*+ Bin-
dung 1m Gewebe beemfluBt, die Glykosidempfindhichhert erhdht

b) Kalwum

Wie schon Clark® und Loews® 17 zeigten, wird die Glykosid-
wirhung mchs nur durch Caleium, sondern auch ~1n enfgegengeseiziem
Sinne — durch Kalym beernfluft Dieser Effckt bezog sich auf die tossche
Wirkung der Glykoside Ber der Untersuchung der Wirkung der
Herzglykoside ber verschiedenem Kalumgehalt it zu differenzieren,
ob es sich um eine kardrotone, posittv inotrope Wirkung handelt oder
um ewnen foxisch arrhythmschen Ghkosudeffekt Nach Saiter et al*® st
die hontraktihtat des Froschherzens am grofiten bet 4,8 mMol
Kalum, hohere und gerngere honzentrationen vermmdern die
Kontrakthtat Calcumzugabe erhoht jewerls die Kontrakuions-
amplitude, andert aber das qualitative Bild der wechselnden Kalum-
konzentration nicht, denn die Kontraktionsamphtude zagtylmmcr
noch mn gleicher Weise thren Grpfelpunkt ber 4,8 mMol Kabum
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Auf Grund dheser Versuche stellte Salter das Postulat der K Ca-
Relation fur die Inotropie des Herzmushels in Frage Am P"P‘E‘“{'
mouskel der Katze been@ugt e unterschiedhicher Kahumge
(3,5-8,5 mMol) dic posiiy motrope Glykondwirkung mcht, wohl
aber wird dos Aufireten 1o toxuchen Erschenungen (Arrhythmie)
durch hohere Kalwmk get t Daraus wurde dic
Sedubfolgerung gezogen, da@ das Kalwm wohl eme Rolle spielt
m Arhythmiephanomen, nicht aber dirckt beteiigt it an der
motropen Witkung (Green et al ¢, Gard®'} (Dic inotrope Wirkung
des Calciums st dagegen auch am Papiliarmushel nachweisbar®® )
Wird dagegen die kardiotone Glyhosdwithung am Froschherzen
und am solierten Vorhof ausgedrilckt als Quotient der Wirkung
1on Strophanthosid 1m mod ten I heu und der Summe
der Wirkungen von Strophanthosid und lonenanderung selbst, so
ergibt sich, dafi Kal 1 sowse Cal berschuB die Glyho-

d pie verstarken, Kal berschuB sowie Cal ingel sic
aber abschwachen (1albrandt et al ¥) Die Kalbumeffehte sind stér-
Leralsdie des Caleums  Der Kalummangel kann wie der Caleiume-
tberschuB selbst glyhosidahnlich wirken®s

Es wurde am Menschen und am Tier wiederholt gezeigt, dafi

e Kafummangel die toxischen Glykosideffebte verstarkt Bea ermedngtem
Ralumgehalt der Perft losung treten Rhytt ungen und
A-V-Block am embryonalen Entenherzen nach Glyhosidy erabres-
chung frither 1 Erschernung (Friedman et al®) Ebenso serkirzt
em Kal; D'dle" 11 3 desL £ g
Ouabain (Baker) Auch beim Menschen honnte
daB emne Ver derung des Kal hal

¥ Herzens nach
Gezeigt werden,
nfolge Diurese, Unter-
erndhrung, Dialyse it kimstheher Nuere ete die toxuschen Glykond-

:‘ﬂ':k!c frither und bex niednigeren Dosen in Erscheinung treten thate
aatt .

¢ - ’
€ - . v
schwe : -
durch

© =swuw wsulabitichung erhoht, wo,
Brechwirkung der : e e e die

Glykoside mcht beemfluft wird® F
H:anmwxrk\mg_ der Glykoside durch Katwmp onbe e gleche

o Aa U
man et a1 ) ruwuepressive bigenwarkung (Fned
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Der antiarchythmische Effekt des Kaliums bei Glykosidintoxi-
kation zeigt sich auch beim Menschen. Die therapeutische Brauch-
barkeit wurde des oftern in Frage gestellt (Hazard et al.®; Enselberg
et al.3; Lown et al21:1238; Bropy et al,%0; Sampson et ali%), Andere
Arrhythmien sollen durch Kalium nicht beeinfluft werden {Loun
et al.#1%), Wenn gewisse toxische Glykosideffekte durch Kalium-
itberschul gehemmt oder abgeschwacht werden konnen, so kann
andererseits die Glykosidkontraktur des isolierten Froschherzens
auch durch Perfusion mit kaliumfreiem Ringer rascher behoben und
damit die normale Kontraktilitat wiederhergestellt werden (Sca-

rinci™),
Kalwum beewnflufit nucht nur die Glykosidwark sondern auch der umgekehrie
Lflekt wurde beobachtet, indem die K X X des Skel kels durch Digi-

toxn verstarkt ward (Tords und JVoff*0), Am Froschrectus wurde daeser Effekt aller-
dings nucht beobachtet (Mazella’™) Auch die kardiodepressive Wirkung des Kalums
avf das Froschherz wird durch Ouabain potenziery (Sedef ™)

¢) ITonenaustausch

Als Calhoun und Harrison® eine Verminderung des Kaliumgehaltes
tm Herzen nack Verabreichung von Glykosiden nachwiesen und Cattell et
al26.27 quf den erhdhten Kalumaustritt aus dem Skelettmuskel nach
Strophanthus aufmerksam machten, wurde der Wirkung der Glyho-
side aufden Ionentransport eine neue Bedeutung beigemessen, Diese
Befunde wurden wiederholt bestatigt, und es zeigte sich, daf die
Glyhkoside den Kaliumaustritt am aktiven Herz- und Skelettmuskel
fordern (I¥ood und Moe*™; Orabona et al¥; Sherrod'®®; Schatzmann
et al2??; Hagen™; Friedman et al®®; Holland et al.®?). Wenn diese
Befunde im toxischen Dosenbereich ziemlich ubercinstimmend sind,
so weichen jene nach therapeutischen Dosen voneinander ab Am
HLP und am intakten Hund hommt es wahrscheinlich zu emer ge-
ringen Senkung des Kaliumgehaltes ([#o0d und Afoe®*; Calhoun et
al.#), bei der Katze und am isolierten Schildkrotenherzstreifen re-
sultiert keine Veranderung (I¥edd?®). In anderen Versuchen am
intakten Katzenherzen und am Langendorff-Praparat nahm der
Kaliumgehalt sogar zu (Bayer und Powndexter'’; Hagen™). Nach Hol-
land et al,’® konnen niedere Konzentrationen von Lanatosid G den
spontanen Kaliumverlust des isolierten Herzens hemmen, wahrend

hohere Konzentrationen diesen eindentig verstarken.
. - - .- v dan Zalla unrd am embryonaten
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nack Lanatos 4 © parallel mut emer erhdhten Raliumabgabe aus dem Muskel Dade
Efftkie werden dur‘:h Erhohung des halumgehaltes 1o der Perfunonslésung geherorat
und durch Abnahme der Kalumkonzentration verstarkt {folland et ol #) N\a¢ Mangel
1m der Pesfus onslosung hebt ebenfalls den R+ Verlust nach dem Glykosd auf*™

Herzgly honde sowie Agluhone bewirken einc Femmung des akiicen
Ratzonentransportes durch die Erythrozytenmembran Da dabes weder
dic Atmung noch die Glykolyse vermindert st, drfte & sich ba
dieser Bremsung der Na K-Pumpt meht um eine blockiesende Wire
kung auf dic Energieberatstellung handeln (Schatzmann'™*) Diese
H des Kal yttes und des N: tes an Ery-
throzyten wurde bestatigt, weiterhun Lonnte gezeigt werden, daB
dueser Effektspeasfisch denHerzglyhosiden und Aglukonenzubommt,
cht aber anderen kardioton wirksamen Stoffen wie Protoy eratnn,
Adrenalin, Veratnidin ete (Kakn et al 7 Auch am Froschsartonus
hemmt Ouabain den aktiven Na-Transport { Matcket? et al 1)

Die Zunahme des Kalmmserlustes unter der k-Strophantiun.
Esnwirkung zesgt sich nach Schatzmann und Wit ® nur am ruhen-
den, mcht aber am Lontrahierenden Shelettmuskel, by dem die
spontane Kabumabgabem Vergleich zum rubenden Muskel erhsht
1t Verdoppelung der Reszfreq verdndert den Kalumaustntt
rucht Wenn bex mederer Rewzfrequenz der Kaliumm erlust des Muse
kels durch das Glykond nucht beewnfluBt wird, so s ermag bes hoherer
R quenz aine gleche Strophanthin den Kahum-

“a 1LAUSLITT aus dem kontrah den Shelettmuskel er-
hoht. Strophanthin vermindert auch mn dieser Versuchsanordnung
dﬂ}‘, Lal:‘ux;aéustr(x‘:t des Muskels Dicse Befunde fihrten zur An
nahme, daB8 das Glykond a: ¢
pahme, da dos G J‘ o dd :’_’:’thndm Ifluskcl den Kabumentnte
penode auch den K areoo - .
Es ergibt sich | * ew Suoucuen am
schlagenden Herzen, andem die Herzglykaude woch Wt Borth ne.
dere DNP Dosen hervorgerufene Insuffizieng beheben 68 100 16 un(i
\;\r;;(;’:(:}l:u;b::: faryqdm’}i ’(iljknnd;ﬁtkt Ton der Kontroktionsfrequeny dos
8¢ Nach Wazsacker™ 15t der toxische Glykosid
ekt proportional ) odellekt
ausgedfu cf: ol zur Hf:rzgr‘t‘tqu:nz (\;c':ri die Glyk?ndmrkung
elektnisch gereszten Froeeh = —1 : Fsny s
50 hangt ber glercher £
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Der antiarrhythmische Effekt des Kaliums bei Glyhosidintoxi-
kation zeigt sich auch beim Menschen. Die therapeutische Brauch-
barkeit wurde des oftern in Frage gestellt (Hazard et al.t2; Enselberg
ct al.s; Lown et al.}21122.13; Brown et al.?®; Sampson et alt™), Andere
Arrhythmien sollen durch Kalium nicht beeinflufit werden (Loun
et al2#.13), Wenn gewisse toxische Glykosideffekte durch Kalium-
tiberschuB gehemmt oder abgeschwacht werden konnen, so kann
andererseits die Glykosidkontraktur des isolierten Froschherzens
auch durch Perfusion mit kaliumyreiem Ringer rascher behoben und
damit die normale Kontraktilitat wiederhergestellt werden (Sca-
ningit®),

- Kalium beesnfluBi mcl:( nur die Glykosrdwirk sondern auch der umgck:‘l‘mc

. PR eoerova ——

t "o . PR

c . . .oae . . N

auf das Froschherz wird durch Quabain potenziert (Sedef3*t)

¢) lonenaustausch

Als Calhoun und Harrison® eine Verminderung des Kaliumgehalles
1m Herzen nach Verabrewchung von Glykosiden nachwiesen und Cattell et
al#827 auf den erhihten Kaliumaustntt aus dem Skelettmuskel nach
Strophanthus aufmerhsam machten, wurde der Wirkung der Glyko-
side auf den Ionentransport eine neue Bedeutung beigemessen. Diese
Befunde wurden wiederholt bestatigt, und es zeigte sich, daB die
Glykoside den Kaliumaustritt am aktiven Herz- und Shelettmushel
fordern (IWood und Moe®3; Orabona ct al4?; Sherrod*®®; Schalzmann
ct al}"?; Hagen™; Friedman et al®®; Holland et al.®%). Wenn diese
Befunde im toxischen Dosenbereich ziemlich tbereinstimmend sind,
50 weichen jene nach therapeutischen Dosen voneinander ab* Am
HLP und am intakten Hund kommt es wahrscheinlich zu emner ge-
ringen Senkung des Kaliumgehaltes (Food und Afoe®; Calhoun et
al#), bei der Katze und am jsoherten Schildkrotenherzstreifen re-
sultiert keine Veranderung (Wedd?*®). In anderen Versuchen am
intakten Katzenherzen und am Langendorff-Praparat nahm der
Kaliumgehalt sogar zu (Boyer und Powndexter'?; Hagen™). Nach Hol-
land et al.* konnen niedere Konzentrationen von Lanatesid C den
spontanen Kahumverlust des isolierten Herzens hemmen, wahrend

hohere Konzentrationen diesen cindeutig verstarken.

~ o~ s 4. PO Kal san e s = e der Zelle ward am embryonalen
. rhindert (Friedman

- . N
rleitungsstorungen
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und die Glyloside 1hre kard Wirkung dadurch ben, dafl
siedieungunsuge Kahumanhaufungim Zelhmnern wrhmder: sesp
rickgangg machen (Nach den Versuchen von Hall:md etal ®wrd
der hahumerlust der Herzmushelzelie durch Natrum ersetzt,
glechgulug ob die halumabnahme spontan oder 1nfolge emner
wirbung auftnit
Gl)‘g:f?“ ,‘rk ‘;i; )dzs Froscht wird durch Caleum
m glacher Wesse gehemmt wie durch die Herzglyhostde und den
Kahummangel, Veranderungen der Calciumbonzentration warken
desbeziigheh wesenthich starkes Als glech groBe Veranderungen der
Kalhumbonzentration (Afoulin und Walbrandt®%)
Diese nter Ve hshed erlauben sicherlich
emen wateren Einblick in den Wirkungsmechamsmus der Herz-
ghloside Die Beandt des Treppenphi durch yede die
ser Substanzen, Glykosid, Ca*+, Desoxycorticosteron, Serum, K+
Mangel, geht parallel mut shrer positis notropen Wirkung am
Froschherzen (Haydu et a1 %) Da Caloum und die Glykonde am
Treppenphanamen des Froschherzens gleichartg wirken, erhebt
sich die Frage, ob Caleium in dieser Versuchsanordnung ebenfalls
zu emer Abnahme des ntrazellularen Kaliums fuhrt Am Skelett-
mushel wurde eine solche Wirkung nicht beobachtet (Goficetler et
al %) N dhrandt®® 27 erwog auf Grund seiner Versuche cher emne
W erkung des Herzglykostds auf den Cal sport an der Zell, b
als 2uf deren b Austausch Um diese Hypothese zu prifen, wurde
e Froschventnkel eimer Rungerlosung mit achifachem Caleium.
gehalt ausgesetzt, wobe ein Terl dieses Calciums markaert war als
radioabtives Ca* In eimgen Versuchen wurden die Tiere auch
durch s ¢ Impektion von Ca% vorhehandelt Nach Ersatz dieser
calaumreichen Losung durch normaten Ringer wurde der Austntt
mr;‘ica“ nus'd:m Muskel 1n die Ringerlosung gemessen A-Strophan.

die Ausin hwmdighert des Ca+* um 71, Es desteht
4;7;mt'_a’uclx etn Exﬁﬁuﬂ der Glykoswde auf den Calewumd mehtritt durch die

-tiert, daB die
- . an der 7a1
der Calauml o ) )
wmyosns infoly
su g suttic ALrase Aktvitaterinde,
1;;: iragc blcx})t allerdings noch offen, ob die Caleumwirkung ;nuf
g ppenp nicht ebenfall infolge emer Beewnflussun,
s habumtransportes z :

ustandekommt resp ob in Syent Grorgyr'ste mv
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Inotropie direht von der Herzfrequenz ab (Idbrandi®t) Unter-
suchungen am 1solierten Meerschweinchenvorhof ergaben, daf k-
Strophanthin den Frequenzeffekt, d h die direkte Abhangigheit der
Kontraktionsamphtude von der Reizfrequenz aufhebt (Furchgottss),
und schlieBlich mmmt der arbertende Shelettmuskel mehr Strophan
thosid auf als der ruhende (Del Pozo ct al %)

Emn Zusammenhang dieser frequenzabhangigen Glyhosidefiekte
mut Ionenverschicbungen wurde allerdings nicht gepriift

Szent-Gyorgyt und Haydu® packten das Problem der Ghkosid
wirkung ayf den Ionenaustausch an der Muskelzelle von einer ganz an
deren Seite an Sie benutzten als Test das «staircasen- oder Treppen
phanomen ton Bowdich's Dieses besagt, daB nach langerer Unter
brechung der Tatigheit des Froschherzens die Amplitude anfanglich
vermindert 1st und erst allmahlich, treppenartig, zum maximalen
Wert ansteigt Diese memals naher analysierte Erschemnung deu-
teten Szent Gyorgys und Hapdu so, daB jede Mushelkontraktion emen
fur die folgende Kontrahtion gunstigeren Zustand hinterlaft, daB
aber bexm ruhenden Mushel diese gtinstigere Voraussetzung mit der
Zeat wieder verschwindet Diese Untersucher honnten zeigen, daB
das Treppenphanomen 1 halumfreier Rungerlosung ~ufgehoben
1st, und mterpretierten deshalb die Erscheinung der Treppeals Folge
ewner relativen Anhaufung von Kalum im Zellinnern, die threrseits
die Tatigket des Actomyosins hemmen soll ¢ Mt jeder Kontraktion
wird wieder etwas mehr Kalium herausbefordert und damit emne
gunstigere Voraussetzung fur die Actomyosinkontraktion geschaffen
Haydu konnte zeigen, daB emn Verlust von nur 3 mEq Kahum aus
dem Zellinnern dic Spannung des Froschherzmuskels von 0% auf
100% erhoht Ein aquivalenter Natrumverlust des Zellnnern hat
emen gleichen Effcht Da dheser Tonenverlustvon emnem entsprechen
den Wasserverlust gefolgt 1st, und Anderungen der Ionenkonzentra-
tion 1m Zelhnnern durch Wasserverschiebung allemn heine Wirkung
auf die Spannungskraft austben, sind die kontraktilen Proteine nur emp
findlich auf Anderungen un totalen Ionengehalt des Zellinnern, mcht aber
auf Anderungen der Ioncnkonzentration Ist der Tonengehalt des
Zellinnern sehr stark erntedngt, so geht der Mushel 1n Kontraktur
Glykoside, Desoxycorticosteron und Progesteron vertundern das Trep
penphanomen und blockicren den Wiederemntmtt des ausgetretenen
Kaliums Sie fithren damut zur Abnahme des Kaliumgehaltes 1m
Zellinnern® 7 7 Die Autoren schlieBen draus, da8 die Anhanfung
von Kalum 1m Zellinnern die Tatigkeit des Actomyosins hemmt
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mende Wirkung entfalten’® Am isobierten Halsganghion wird die
Wirkung von ACH, K+ oder Nenvenraizung, resp an der neuro~
muskularen Synapse die von Succinyl und Decamethomum, 12 gler
chem MaBe gestesgert Diese am isoherten Ganghon gefundene
synaptotrope Wirkung der Herzglyhonidel® zeigt sich auch am
LangendorfT Herzen® Die ACH-Sensibilisicrung fehlt ber Per-
fuston mit h+freiem Ringer, weshalb eme Glylosidwirkung auf
den K+ Transport \ermutet wurde®® Die Versuche an der neuro-
muskuldcen Synapse schemnen aufaine schwache membran-depolan-
sierende Wirhung der Glyhonde hinzawessen, da durch die Glyho-
nide ACH synergstsch und Tuboturann antagomstisch beenfiuft
werden® Der ACH sensibiisierende Effehtin vivowird vonanderen
Autoren abgelehnt (Lendle et al W, Rall et a1, Lutsada et a1,
IWells et al ™), es kano sogar zur Hemmung aines ACH-Effektes
am Herzen nach Glykosidverabresichung kommen Diese wider-
sprechenden Resultate bezighch der Beenf der ACH-Wir-
kung durch die Herzglyhoside konnen durch die verschuedene Ver-
suchsanordnung bedingt sein Es st 2u erwagen, obin den Versuchen
mut fehlendem Sensibik ffekt die ACH-Wirkung Gberwie-
gend muskartnartig 15t und deshalb durch das Glykosid eher abge-
P

schwacht wird, wogegen ber Vor aner Sensibilisicrung

die ganghontre ACH Wickung 1 Vardergrund steht

- Gremels*? warft die Frage auf, ob die ACH-Verstarkung avf esner
- A - - .

15t keine Esterase durch
dte Glykonde nachweishart® 15 83 Dy Ergebmsse tiber dic Eholm-

esterascbeernflussung an vatro simd micht tbereinstymmend

01 4t UES DXEIEY kel
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Versuchen nicht ebenfalls Calciumverschiebungen an der Zell-
oberflache mutsprelen  Am 1solierten, perfundierten Meerschwem-
chenherzen vermindert Digitoxin den Natriumgehalt des Herz-
mushels, beeinfluBt aber den Austausch von Calcium und Kahum
durch die Membran micht (Haroey et al 7 79)

Die Verwendung des Treppenphanomens des Froschherzens als
Versuchsanordnung zurAnalyse der Glykosidwirkung brachtesicher-
lich emnen neuen Aspeht dieses Problems Voraussetzung fir die Gil-
tigke1t der Befunde an diesem Modell fur die Interpretation des kar-
dialen Effektes dieser Pharmak ist allerdings der Nachwers, da8
der Glyhosideffekt am Staircase-Phanomen 1n kausalem Zusammen-
hang steht mt der spezifischen inotropen resp kardiotoxaschen
Wirkung dieser Stoffe Glerchzeitige Testierung verschiedener Glyko-
side am Treppenphanomen des Froschmuskels und aufs v Tauben-
towizitat ergibt exne unterschiedhiche Wirkungsintensitat an den ber-
den Untersuchungsobjekten, ndem gewsse Glyhoside relativ star-
ker das Treppenphanomen hemmen, andere relativ toxischer sind
an der Taube (De Saloa et al*¢) Dieser Unterschied 1st allerdings
nicht unbedingt bewessend, weil eme Wirkung in Ringerlosung mit
emem Effekt 1n vivo verglichen wurde, und wir wissen, daB dabe:
schon eme verschiedene EnweiBbindung resp Haftfestigkert Unter-
schuede m der Wirhungsintensitat hervorrufen konnen

d) Acetylcholin

Aufdie Zusammenhange der Membranpermeabilitat, des Acety!
chohn (ACH )-Stoffwecksels und der Glykosidunrkung wies Gremels zuerst
hin® Er zeigte, daB die negativ-chronotrope und stoffwechselhem-
mende Wirkung des ACH am Herzen schon durch Klemste Glykosid-
dosen erheblich zerstarkt wird Diese Versuche interpretiext Gremels
als Folge emer permeabilitatsstesgernden Wirkung der Glykoside
an der Membran Er stellt diese Pharmaka m threm Wirkungstypus
dem Veratrin zur Seite Verschiedene Untersuchungen bestaugten
i der Folge die ACH-Sensibibsterung durch die Herzglykoside
Dieser Effekt war nachweisbar am 1solierten Fotusherzen des Men-
schen, am Troschherzen, Langendorff-Praparat, Skelettmuskel so-
wie am 1soliert durchstromten oberen Halsganglion und an der
sneuromuskularen Synapse (Baker®, Perry et al 359, Danselopolu et al%,
Mazella?, Abdon et al!, Konzett und Rothlin*®, FWestermann®?,
Sedsf1®) Hohe Dosen des Glykosids konnen nachtraglch emne lah-
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Drgoxans sucht {Stznbury und Fatah™) ) e Glykoudwirkung wurde auchin Zunmmlm
bang gebracht rut threr Fahigkent Yomplexe Verbind ot detn Kupfe
(Chenoueth et al 0 ¥} Am Ouaban verpftetsn Tier £ndet sich an erhohter Rupler-
gehalt des Myokards (Palmer et a1ty Die Toxztat der Herzglykos de am Ganzuer
wird durch Cu** je nach Tierart und Glykond vermindert oder ventarkt* ™ Am
ol exten Frosch und Vs axmabldterherzen wird d € Wirkung des g-Strophanthins ver-
tarks, dac der Dhgtalisghykonde kann aber am ‘W armblaterherzen gehemmt werden
{(Meer et 813%) D e Bemschung der Glykoudwirkung zum Cut* B Jedoch noch 3o un
flar daB daraus keine Scb Gber den Wi d eser Phar
mak; n werden kann

‘!ﬁfden ‘Amonen kommt besonders dem Phasphat wesenthiche Bedeuwung zu,
ndem bei mederer Phosph der Ouabuneflekt am stdrksten
15t (Masuoka und Saunders’®, Finkelstn et 2wy
“Auf die Bedeutung des COj bes der Glykos dwirkung wiesen Meer und Tnpodi®

Bt o
Er
A\
AAr W pusuy 100 1wpen k1 ki (Arera und Argyert)

¢) Schiuffolgerung

Aus der Fille der Daten tber die Abhangghet der Glykosid-
effehte vom Tonenmilieu resp deren Wirkung auf den Kauonen-
transport ergeben sich exmge tberainstimmende Resultate Das Cal-
cum eotfaltes ame glykosidahnliche hardiale Wirhung, fohet aber
nicht zu den glexck hen Ersct Glykosid und Cal-
aumefckt konnen sich add Damt 15t allerdings noch michts
uber den Mech dieses Sy bzw tiber einen ursach-
fichen Zusammenhang der beiden Wirkungen ausgesagt Wenn
Kat \ d die toxsschen GlyhondefTel

te hem-

men, 5o ist andererseits der Antagomsmus des Kalum resp der
Sy des K*-Mangels zur therap hen posity inatranan
Criaa 1 . . .

wintizeue zu, dem therapeutische Dosen
nur zu emem fraghchen Kalumverlust des Herzens fuhren Am
Treppenpt des Froschh geht allerdings ein thera.
. her Glykosideffekt mut esner deutlichen Kalrumabnahme ern.
her* 1 Es erhebt sich somt die Frage, ob der Effekt von toxischen
Glykosidd auf den Kal, 1m ursdchlichern Z;
h;ng steht :lLt Jenem nach therapeutischen Dosen Bey der Bespre-
cPurLl'g des P Phatsto " % 1 e hwu' zu der analogen
g m erhohter Abbau der enerme.
rewhen Phosphate durch die Herzglykoside 1m thuapcuuscs:n
Synthese beglatet und der

Dosenbereich von emer verstarkten

18 Hegsla Forchrate der Kand olopue
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Wenn emerseits die Glyhoside ACH- und Eserin-Wirkungen
senstbilisteren honnen, vermag anderseits Acetyleholin oder Lsenn in
der Perfustonslosung die foxsche Wirkung des Quabatns kerabzusetzen
{Chatterye®®, Holland et al # %) Esseian die diesbeziigliche Analogie
des ACH zum Kalium ernnert, da Kalium ebenfalls dre Towzitat
des Ouabuns herabzusetzen vermag Auf emen Zusammenhang des
ACH-Stoffwechsels und des Jonentustausches an der Membran mit
der Glyhosidwirhung weisen Holland et al hin3% % % Dye durch
hohe Dosen von Lanatosid C hervorgerufene Kalumabnahme des
Herzmushels und EKG-Veranderung honnen durch Acetylcholm,
Esenn und Kahum gehemmt werden Gleiche Dosen des Glyhosids
vermndern auch die Acetylcholinesterase-Aktivitat, wober auch
dieser Effekt von der Acetyleholinzugabe abhangt Gennge Glyko-
sidkonzentrationen, dic den spontanen Kaltumverlust des Herz
muskels hemmen, fordern andererseits die Acetylcholmspaltung®
Duese Versuche legten die Auffassung nahe, daB der Glyhosideffekt
auf Tonennwustausch und EKG auf emer Beemflussung des zellularen
Acetylcholinstoffiwechsels beruht Diese muit dem Acetylcholinmeta-
bolismus gekoppelten Ionenvorginge, sowse thre BeenfluBbarkeit
durch Glyhoside zeigen sich nur an der intakien Zelle, ncht aber an den
Mutochondnen Dic am Herzmuskelschmtt gefundene mitiale Atem-
stimulation und che nachlolgende Depression ber Verabreichung von
Herzglyhosiden geht parallel mut der Beewnfl g des Kal:
triites und der Aceblcholinspaltung Der Kalumyerlust 1st an dieser
Versuchsanordnung allerdings mut emner erhohten Acetylchobn-
spaltung gehoppelt (Dunn et al%?) Wenn auch kesne enge Parallele
zwischen der Wirkung der Herzglyhoside und der typischen Cholin-
esteraschemmer (Lserin, Prosigmm etc) auf das EKG und den
Tonentransport vorliegt, wewsen diese Versuche doch auf interes
sante Zusammenhange und moglicherweise auf emen wetteren An-
gnifspunkt der Glykoside hin Die Bedeutung der Interfercnz der
Herzglykoside mit dem ACH-Stoffivechsel fur die Kardiodynamik
1st aber ber weitem nicht abgeklart Moghcherweise konnen die
Untersuchungen von Burm?, die auf den Zusammenhang der lokalen
ACH-Bildung und den Herzrhythmus hinwessen, dazu noch wer
teres beitragen

Neben dem Kalium und dem Qaleum spielen auch noch einige anl:ln Jonen :x:;

Rolle ber der Glykosidwirk M besaizt ene ‘d JH e wm:! :::imb
bestehender Glykonidarrhythmue fiir kurze Zeit den Herzrhy

l:::n'bcn brexch vony‘ T verand aber die toxische brw letale Doss des
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sern jedoch den Wirkungsgrad des Herzens, indem sie die kare

Sle Arbeyslewtang relatn mehr erhohen als dessen Sterstofe

aufnahme

Am Herzmushelschnitt wird der oxydative Abbau der Glukose

und Milchsaure zu CO, und HyO durch diese TPhirmakver

bessert,

Eine emdeutige Wirkung der Glykonde auf ssoherie Ferment-

systeme oder Gewebshomogenate wurde micht gefunden

Die postay wotrape Herzwirkung der Glyhoside 1st an das Vor~

handensein einer mummalen “Menge chemischer Energse gebun

den, wober es —zum d am Froschh - gluchgilug

1st, ob diese aerob oder anaerob beschaffen wird

ie Glykoside schenen die Bildung enermereicher Phosphate

Phosphol Ad phosphat},d kv dic Encrguet

stellung mcht zu beernflussen, sondern erhohen cher die Enerpe-

ausnutzung, moghcherwesse durch emen verbesserten Abbau

dreser Phosphate

Inerschiedener Beziehung interfenieren die Glyhode mit dem

A komplex Sie erhohen die hontrahultat gewrser
beanfl die Viskomtit der

¢ - -

ATP Actomyosi

p v JuE aes nerzens gebunden
Die Glykondwirkungen werden durch Ca** verstiny, dorck
A+ gehemmt, Verminderung dieser Ionengehalte wirkt sich
in entgegengesetzter Richtung auf den Glyhonideffekt aus Ca++
beemnfluBit die therapentsschen und toxischen Glyhossdwarkun
gen Hingegen 15t noch micht gesichert, ob der h+-Effeke sich
auch auf die therapentische hardiotone Glylostdwirkung bes
zicht oder nur auf deren tousche Effekte beschrankt blasht
Toxsche Glykosiddosen erhohen den h + Austrrtt aus dem Rus~
kel, es 15t noch nicht sicher abgehlart, ob therapeutische Dosen
gxc g\nkc;;c Wlnkung entfalten Die G)bostde mterfeneren mit
em aktiven Tonentr:
e Tone amp:z;nwdfr Zelimembran, \ermuthch
Der K+ und Acetylchohneffekt am Ganglionund and
muskularen Synapse wird durch du e T
Es wird die Sp p' der }: o ‘c‘;'l Y{‘OSldc vearht
auf die Bed g desZ -

disk t und

fiir

Prcles deeser Einzeleffel
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oPO,-Gehalt deshalb unverdndert, und st die toxische Wirkung
durch einen so ausgesprochenen Phosphatabbau charakterisiert, daB
deren Synthese mcht mehr folgen kann (IWollenberger®2s 23)? Die ana

loge Auslegung der Glykosidwirkung auf den Ionentransport wurde
lauten, d1B die Kalumabgabe im therapeutischen Dosenbereich
wohl erhoht 1st, aber nicht fortschrertet, sondern durch die aktive
Zellesstung bis zu emnem gewassen Grade wieder hompenstert wer-
den kann, wahrend toxische Dosen zu emem so ausgesprochenen
Kahumverlust fuhren, daB die aktive Zelleistung dadurch beein-
trachtigt, die K'\llumr\lckresorpnon verunmoglicht wird, und der
Muskel in Kontrahtur geht Solche Analogien dtirfen hochstens als
Arbeitshypothesen dienen und zur Prufung anregen, ob und wie
die an verschiedenen Versuchssystemen gefundenen Ergebmsse mit-
emander 1n Bezichung gebracht werden konnen Unsere Kenntnusse
tiber den Biochemismus der Zelle lassen es auBer Zwexfel, daB Struk-
tur, Stoffwechsel und Funktion eng miteinander verknupft sind Es
bleibt der Zukunft vorbehnlten, die bestehenden Befunde zu sichern
und zu erweitern, vor allem aber richtig zu interpretieren Erst eme
sinngemaBe Integration aller sicheren Ergebnisse tiber die Glyhosid

wirkung an den verschiedenen 1n vitro- und 1n vivo Versuchssyste-
men wird den mtimen Wirkungsmechamsmus dieser wertvollen
Pharmaka aufklaren

7. Zusammenfassung

1 Die Herzglykoside entfalten ihre Lardiotone therapeutische Wir-
kung nur an emem geschadigten, msuffizienten Herzen, die
kardiotoxischen Erscheinungen treten aber auch am suffizienten
Herzen auf

Die Glykoside erhohen den Sauerstoffverbrauch des Herzmus-
kelschmttes Ber hoherer Dosterung 1st diese Stimulation von
emer sekundaren Abnahme der Atmung gefolgt Dicser Stoff-
wechseleffekt der Glykoside st an die Imcgmat‘ der Zelle und

* v

N

LN
Dauer weitgehend parallel mit der kardiotonen Yvirkung wesct
Wirkstoffe am intakten Herzen
Am schlagenden Herzen scheinen die Glykoside micht direkt
mmt dem kardialen Og-Verbrauch zu intervemeren, si¢ verbes-

(2]
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smensation of actu, and finally they are bound by mast proteins
of cardiac muscle.
9 The actions of the glycosides are potentiated by caldium and
hibnted by p jons, @ ing the Gat+ or K+ can-
centsation respectn ely exents theinverted effcct. Galesumaffects
amilasly cardiotonse and touc actions of the gl coside, 1t is,
however, not yet uniformly accepted that K* influences the
InotsopiC action in the same extent as the toue effect of the
ghycondes
10 Touc concentrations of the glycosides increase the potassam
foss of the muscle cell, findimgs are dinergent whether thera-
peunc doses of the ghy casides exert the same effect Theglyconides
wterfere with the actwve jon transport at the cell membrane,
porably by nhsbition of the potassium influs,
P Ty s

~an= e mannl v and

i

‘2 . " ma - - -t
Emphass has been put on the importance of a simultaneous
wteraction of these different specified effects which are found
1n msolated Systems for the final pverall action of the cardiac
glycosides on the heating heart

Lueratur
Caaoan
. .
3 f:’.-”'e’f 8, and @ Xegyer The anuveratnnic scuon of the ~4~3 -

. .

. “ “
. . .
« w voe ouscrvations u
0 120 1958 pon wsotated perfused hyman foetal hearts, 7 Physio)
T 8%a U W and 7 M Bikr Blertwoomse  —
the ouabmpized frog bears 1o
8 I Efflccts of epuephrine an !

o e bean Gl R 3,274
Burten,S G, L.L Beun
a5 Samionls € oo e g e o 7 Hotter Jr

Effects of potam
Fed Proc 420, 1939 failing heatt 1n heant Tung prepar petsm
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das Zustandekommen der Glykosidwirkung am schlagenden
Herzen hingewiesen

Summary

The cardiac glycosides exert their therapeutic positive notropic
action exclusively on the depressed or faling heart muscle,
toxic effects can also be observed mn 2 normal heart

The glycosides increase the oxygen consumption of heart muscle
shees Increasing the concentration of the drug shortens the
pertod of respiratory sttmulation and results 1n a secondary
depression of the oxygen uptake The intactness of the structure
of the cardiac muscle and the presence of calcium 1ons 1 the
medium are a prerequisite for the metabolic action of the cardiac
glycosides The increase in respiration of heart muscle slices
produced by the cardiac glycosides 13 specific for these drugs,
as this effect parallels 1n several respects therr cardiotonic or
toxic action in the ntact beating heart

These glycosides apparently do not interfere directly with the
oxygen consumption of the beating heart, however, they m-
prove cardiac efficiency as they increase cardiac work to a
greater extent than the myocardial oxygen uptake

In heart muscle shees, the acrobic breakdown of glucose and
lactic acid to CO, and H,0 1s accelerated by the cardiac
glycosides

Any clearcut or definite action of cardiac glycosides on 1solated
enzyme systems or tssue homogenate has not been found

The cardiotonic action of the glycosides depends upon the
presence of a mimmal amount of phosphate bond energy, the
latter can, at least 1n the frog heart, be denved from aerobic
or anaerobic breakdown of glucose

The generition of energy nch phosphates (phosphocreatin,
adenosintniphosphate), 1 e the energy production and hiberation,
15 apparently not influenced by these drugs Considerable evi-
dence suggests that the glycosides improve the energy utilizaton,
possibly by accelerating the breakdown of these phosphates
The glycosides mterfere with the contractile protems of the
muscle, and especially with actomyosin  they increase the con
tractility of certain ATP-actomyosin preparations, they change
the viscasity of the contractile protemns and accelerate the poly
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Aus der Inneren Abterlung des Kresskrankent Hedenh an der Brenz
(Chefarzt Dr Fritz Pendl)

Herzstoffwechsel und Therapic

Von F PENDL

Dic Aufforderung der Schnftlettung zu dieser Arbert wird um
so lieber befolgt, als dadurch eme Gelegenheit gegeben ist, an sicht-
barer Stelle crneut fir die Auffassung zu werben, daB emn msuffi-
zientes Herz mcht nur die bisher im Vordergrund stehenden hamo-
dynamischen Probleme bictet, sondern viel mehr im Licht der
energetischen Vorgange m semner Mushulatur gesehen werden sollte
Denn Stoflivechselprozesse sind die ersten, die bet emer Uberlastung
und beginnenden Dekompensation des Herzens Not lerden, sie be-
stimmen auch spater die Form- und Lesstungsanderungen des Her-
zens mut, beemflussen seine Ansprechbarheit auf Arzneimuttel, und
thre Berucksichtigung verfemert die Diagnostik und bereschert die
Therapie Da sich KrankhettsbegniT und Krankhertsverlaufe zeit-
bedingt andern, erschemnt mir eme solche Auffassung heute besonders
bercchtigt, da z B der neue Begnff der « Managerhrankheit» emne
Rethe von Erschemnungen unter emen Nenner zu bringen trachtet,
deren Vielfalt noch hemeswegs aufgehlart ist und zum Teil sicher
auf schwer faBbaren Stoffwechselanderungen beruht, wie sie etwa
ber Vernachlassigung der Shelettmuskulatur auftreten, welche mut
dem Myohard 1n sehr engen Wechselbeziehungen steht

Zum Verstandmis des Folgenden seien eimge Beobachtungen
ttber Bau und Stoffvechsel des quergestreiften, msbesondere des
Herzmushels 1n Ernnerung gerufen

Man bitcet, die Arbert wre folgt zu zitieren

Pendl, F Herzstoflwechsel und Therapte Fortschr hardiol f 240-296 S Karger,
Basel{New York 1956
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1. Morphologe des quergestreiften Muskels

Als Arbetsel des Her Aels sind sene Fasern anzu-
sehen, die mit denen des quergestraiften Shelettmushels grofie Ahn-
Iiehkeit haben Wenn man aber beriicksichtigt, daB der Herzmuskel
2u immernahrender Tatigkeit gezwungen 1st, dic aus getrennten
Eanzelkontraktionen besteht, wahrend die natichiche Aktion des
Skelettmuskels eme tetamsche 15t und die Moghchhet zu
Jangen Ruhe- und daher Erholungspenoden enthatt, dann wird es
Klar, daB Unterschiede 1n Bestand und Ausnutzung energichefernder
und umwandelnder Substanzen und auch in der Struktur bestehen
missen

a) Normale Verhaltnrsse

Die quergestraiite Herzmuskelfaser 15t von emer feinen struktur-
Tosen Membran, dem Sarkolemm, umschlossen, welche das spezi-
fische Ionenmabicu des Faseninneren von dem det Umgebung trenat
und die von Menencndigungen kommenden Impulse westerlestet,
wobet § gen 1m umhegenden I leichgeswicht und elek-
trische Spannungen auftreten Das wnerhalb des Sacholemms he-
gende Protoplasma cnthalt zahlreiche Kerne, deren Masse beim
gesunden Herzen in exnem ganz besummten Verhaltms zur Menge
des Protoplasmas steht#¢ Sie sind tm Gegensatz zu den randstands-
gen Rernen der Skelettmuskelfaser zentral angeordnet, hegen also
als Stoffwechselzentrum der Zelle m dem Punkt®, wo jede Ande-
rung 1m Milteu der Faser oder 1m umgebenden Blut am feinsten
wahrgenommen werden hann® AuBer diessem undifferenzierten
Sarkoplasma enthalt die Muskelfaser die eigenthichen kontraktilen
Elemente, die 1n der Langsnchtung verlaufenden Myofibnllen,
\dvdch: m Wi ichen aus hochmolekul EwweiBkarpern gebil-

et wc;dcn Durch dianne Qy fen ~ Z-Memb:
~ werden 1n den Mushelfasern emnzelne Abtalungen gebild
;:; Sarkomere nennt Diese sind 1n threm lnncmilch% cmhz\‘l’h‘:}llc
Nahcc gcr I%i Membran erscheinen sic 1m Mikroskop heller, in der
g h:lrl atte dunkler Dheser dunklere Stresfen st nochmals von
- I.mhg”en Membran unterterlt Threm Verhalien un polansier-
ot entsprechend werden die der Z-Membran nahe gelegenen
«amsmi:n» Anteile «I Band» genannt, die dazwischen gelegenen
gonde htlr]’:n»ZAmc:lc sind die < A-Bander» Die wn A Band hee
Mite ds ; kwxschcnschnch: nennt man nach shrer Lage in der
tkomers die «M Membranw™ Dye I.Banden sind
17 Hervta, Foruchintie der Rand alogee
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reich an Lipoiden, wahrend Ca und Mg, diese wichtigen Stoffe bet
der Muskelkontraktion, vorwiegend i den A-Banden lohalisiert
sind®, Ber der Kontraktion treten Stoffverschicbungen mn diesen
Gebseten auf Die Elektronenmikroskopie zeigt, daB 1n den quer-
gestreiften Muskelfasern Fibritlen durch die 1sotropen und anso-
tropen Schethen Lontmuerlich durchlaufen®., Werter erhoht en
reichhaltiges Netz hesonderer Faden, das die Fasern umgibt und
an shrer Oberflache haftet, die mechamsche Stabihitat des Muskels
und schiitzt die empfindliche kontraktile Substanz und das dunne
Sarholemm gegen auBere Storungen Ihrer Struktur nach mussen
diese Faden schr elastisch sein?*

Normale Herzkammern verschiedenen Gewichtes und ver-
schiedener Individuen sollen etwa 38 Milliarden defimerte Faser-
elemente haben, deren Anzahl mn der inken und rechten Kammer
gleich groB 15t so daB thr muttleres Segmentvolumen dem Mushel-
volumen einer Kammer emnfach proportional sein mu3 Normale
Herzen haben also emn gleichartiges mushulares Standardgerust,
dessen Proportionen sich wahrend des emnfachen Funkuonswachs-
tums nach der Geburt nicht andern Die Leistungssteigerung des
Herzens wahrend des Korperwachstums fuhrt zu einer Dehnung
der Herzmushelfasern Dadurch entsteht eme relative Oberfliichen-
vergroBerung, zu der beim gesunden Jugendlichen ein echtes Wachs-
tum der KoronargefaBe mit Zunahme der horonaren Strombahn
und Durchblutung hommt Die anfangs tiberdehnte Faser hann dann
bis zu shrer dem Anspruch des Erwachsenen entsprechenden GroSie
heranwachsen Hier se1 an hhnische Beobachtungen ennnert, wo-
nach ¢s bei unserer heutigen Jugend, die haufig noch an den Folgen
der Ugterernahrung und nervasen Uberlastung des Krieges leidet,
ofters zu Herzbeschwerden kommt, fur die sich orgamsche Unter-
Jagen mut den gebrauchhichen Mitteln nicht betbringen lassen
Storungen der eben beschriebenen Elemente emnes normalen Wachs-
tums der Herzmuskelfasern mogen die Ursache dieser Beschwerden
und gelegentlichen Insuffizienzerschemungen sem Forderung der
Durchblutung, bessere Ernahrung sowie horperhche Schonung des
gefahrdeten Kindes sind daher im Interesse des notlerdenden Myo-
kardstoffwechsels angezergt
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b) Krankhafte Umb gnge sm hypertrophischen und msuffizient
Herzmuskel

Bes der Hypertrophie nach unphysiologischen Mehrlesstungen
wrd das routtlere Herzgewncht, das beim normalen gesunden Mann
etwa 300 g betragt™, oft erheblich iiberschntten Das harmonische
Wachstum der Herzmushelfasern ber gleschbleibender Fasermenge
f.ann aber nur bis zu ainem besummten «kntischen» Herzgewicht

aufrechtert altan « avdas An M . et
diese - \ PR B oo .
entste. © M. - - P

die durch das Bestreben nach OberflachenvergroBerung gekenn-
zeichnet sind Die normalerweaise fast zylindnschen Herzmushel-
fasern konnen 1 «schweren Herzen»® uefe, Yangs veravfende
Rulien zeigen, dae oft eme Kapillare mantelartig umschheBen. Ls
Lommt anfings mcht nur 2u ener Verdickung, sondern auch zu
emer Vermehtung von Fasern und Kernen, welche durch Langs-
spaltung an phynologisch vargebildeten Steflen bewrkt wird® 5,
Die Zahl der Fibailen soli? in hypertrophuschen Fasern wohl relatiy
etwas gerger sen als bey normalen  Dafiir 15t aber der gesamte
Querschmtt der Faser so viel groBer als in der Norm, dafl dann
ene glercke Zahl, wenn nicht mehr, Mushelsiulchenvorhandensan
mussen wie m dem Querschnitt der normalen Fasern. Es kommt
endlich zu einer relativen Abnahme der Kernmasse, was die Insuffi-
zienz des hypertrophen Herzens fordert

Die aligemeine Odemneigu-~ 4~ T
frubzeitg auch zum Faserodem
Myofibrllen = e we

- . " .

Eindr 2 G BLUN Lusammenhang mit dem vermehrten

ringen vor Natnum in die beschadigte und an Kahum ser-
armte Herzmuskelzelle zu schen

. dD(e Entwicklung der Lapillaren Strombahn blebt mit wach-
taﬂ em Herzgewacht bald tunter den Erfordernissen des StofTaus.
usches 1n der pathologisch vermehsten Muskelmasse zurpek Auch

bet relatiy 3
gesunden KranzgefaBen kann deren vaso

motonsche Er-
wenernngsfabiekert dann nicht h o

des Stoffivechsels den Sauerstoffverbranc]
matzung durch Mehrdurchblutung allem

, um bey etner § g
h ohne seine bessere Aus-
2u decken®? Im Laufe der
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Hypertrophiesind auBerdem die feineren GefaBe meistens sklerotisch
geschadigt® ® und konnen sich dem Bedarf noch weniger anpassen.
Dater ereignen sich im weiteren Verlauf der Exkrankung fruhzeitig
lokale, gefaBbedingte Stoffwechsellatastrophen mit winzigen
Schwielenbildungen im Myokard®, da Lleine Aste oft schwerer und
froher crkranken als die groBen.

Wegen der verringerten Kernmassen und dem langeren Weg
durch die verdickten Muskelfasern, wegen der weiteren Erschwerung
des Stoffaustausches durch Faserodem und Verminderung der koro-
naren Durchblutung hommt es nicht nur zu einer Hemmung der
Zufuhr von Nahrstoffen und des Abtransports von Schlacken im
kranhen Herzmuskel, sondern auch zu einer weiteren Steigerung
seines durch unrationelle Arbeit ohnehin erhohten Energiebedarfs.

11, EiweiBverbindungen im Herzen

a) Muskeleiwes

Die Hauptmasse des Mushels besteht aus EiweiB. Man kann
daraus verschiedene Fraktionen gewinnen. Die wichtigsten sind die
Albumine mit etwa 289%, Globulin X mit 209, Myosin 40% und
Tropomyosin 5% *. Dann sind noch unlosliche Proteine vorhanden,
die dem Stroma der Muskelfaser angehoren durften. Der wesent-
liche Baustoff der Myofibrillen ist das Myosin, welches als das hon-
trahtile Element der Mushelfaser gelten kann.

Rontgenoptische und vergleichende Untersuchungen der Dop-
pelbrechung von Myosinfaden und Musheifasern lassen diesen
Schlufl zu®, Diese geheimnisvolle Substanz hat auBerdem noch da-
durch besonderes Gewicht, weil sic als funhtiomerendes Ferment
(ATPase) mit dem Zerfall der Adenosintriphosphorsaure zusammen-
hangts? 3133, welche die Kontraktionsenergie liefert. Im Zuszfmmen-
hang mit der Muskelkontrahtion verbindet sich das My osin miteinem
spater gefundenen Stoff 139,185, welcher den Namen Actin erhielt und
in zwei Formen auftreten kann, die reversibel ineinander ubergehen.
Die F- (fibrillare) Form des Actins verbmndet sich mt dem Myosm
zu Actomyosin, einem Komplex, der fiir die Muskelkontraktion von
ausschlaggebender Bedeutung ist. Er kann unter dEr. Emwirkung
von Adenosintriphosphorsaure (ATP) wicder i Myosin u.nd Acun
dissozijeren. Das Actomyosin kann aus Muskelsubstanz in fetnen
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Faden extrahiert werden Ean solcher Faden, der m gestrecktem
Zustand eine besummte Lange und Dicke hat, kontrahiert sich mut
emner geeigneten Salzlosung ber gleschzestig Anwesenheitvon ATP,
wenn diese Faktoren 1n enem b Verhiltms d
stehen Dieser Versuch Lann als Modell fir die Mushelkontraktion
gelten, ber der sich auch die Spannungsanderung Uber das Acto-
myosn 2u vollzschen schewat, 1ndem ane \oritbergehende Faltung
der Polypeptidhetten oder jedenfalls cine Anderung 1hrer Anord-
nung eintntt, die bes emner Rickhehr zum alten Milien ssseder auf-
geboben wird Moglicherweise hommt die Kontraktion der Fibnlle
durch Anemanderlagerung von Myosin- und Actunketten zustande,
wobtx die kugelge G Form des Actins 1n seme F-Form, die lang-
gestreckte, fadenformige Molekitle darstellt, tbergeht und das Myo-
s emnen Zustand starker Faltung anmmmt®

b) Blutuespkorper

Diese Verhaltmsse wurden deshalb etwas genauer geschildert,
weil sie die SuBerst komplizierte Verbindung morphologischer Ele-
mente und ch her Realtionen besonders deutlich machen und
die grofle Rolle 1ns rechte Licht setzen, welche auch die Blutemei-
korper dabe: spielen Sic sind die ErweiBquelle der Organe3? 37 %0 1o
und das Substrat emnes dauernden chemischen Prozesses, bet dem
dic emzelnen Amunosauren des Plasmas, ja auch emnzelne shrer
Molekulgruppen und Arome, mit dem Zellenwerf) in standigem Aus-
‘m‘usc‘h ftchcn Em Defizit am Plasmaeiweil wird vor allem von der

mmer wieder lichen, sofern dies durch die Nah-
nngsagfnabme mcht moghch st Die Kenntns dieser Dingesst daher
ber der khimschen Beurteilung und Behandlung von Herzhranken
wichig und z B fur das Verstandms der Pathogenese von Herz
muskelschaden ber falscher Faveilzusammensetzung des Blutes
(Dyspratemame) aufichluBretch

Die BlutaweiBkorper,

;} g der elektroph
!g:c t:mcn,‘Grup]?:n d‘:\r Alb\:menc gntll Globuline trennen lassen, stehen

der Da e 1m B £ zueinan
Oberncty ut 1n kol‘lcud:,\lcr I.;bs\’x\ng s":% und eine sehr groBe

: p repr
onnen Anderungen threr Relation bedeutende x‘:uswukungcn au,l‘

welche sich 1n der Klimk u a durch die
B lichkert 1n die herden

Verhal
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den Orgamismus haben So stellt die haufige Vermnderung der
Albumine bei Herz- und Leberkranken emne der Ursachen der $dem-
bildung dar, weil threklemnen Teilchen von einem besonders umfang-
reichen Wassermantel umgeben sind und emne wichtige Aufgabe
ber der Aufrechterhaltung des holloidosmotischen Druckes ha-
ben, dessen Absinken den Flussigkeitsaustntt aus den Gefafien
fordert

Den einzelnen ExweiBfraktionen fallen auch besimmte Trans-
portfunktionen zu, unter denen die der Albumne fur Digitalis-
glykoside fiur unser Thema besonders mnteressant sind Vom Digi-
toxin solf z B 0,01 mg durch 1 mg Albumin gebunden werden 157
Artfremdes EiweiB hemmt die Wirkung des Digitoxns, arteigenes
tut dies nicht® Es wird daraus geschlossen, daB das an fremdes
Serum gebundene Pharmakon von den Herzmuskelzellen nicht auf-
genommen werden kann Das Digitoxin scheint von allen Digutalis-
korpern am starksten am Serumeiwelf zu haften, und es ist hervorzu-
heben, daB gerade dieser Korper besonders schnell in die Organe der
Versuchstiere tibergeht und dort gebunden wird® # Strophanthin
und Digilamd C hafien am ErweiB viel wenger fest®! % % Parallel
zu diesen auch fur andere Glykosidarten bekannten Bindungsver-
haltnissen scheint auch die Art der pharmakologischen Wirkung zu
gehen® Strophanthin und Digilanid C zeigen sich am ungehemm-
testen ber Dysproteinamien, wo andere Glykoside bereits mn threr
Lewstungsfalugkert beschrankt sind Damit ware die mangelhafte
Brauchbarkeit von Digitalispraparaten bet gewissen Krankheiten,
wie Hungerdystrophie, erklarbar, die mit Kreislaufstorungen emn-
hergehen

Chronische Herzinsuffizienz fuhrt sehr haufig zu emem Ab-
stnken der gesamten BluteiweiBhorpermenge, vorher aber noch zu
emer Verminderung der Alburmine und emem gleichzeitigen Anster-
gen emnes Teiles der Globulinfraktion, der Gammaglobuline?® 10?7
Solche Veranderungen gehen messt parallel der Schwere und Dauer
des Krankheitsbildes und deuten vor allem dann eine schlechte Pro-
goose an, wenn das Gesamteiweil vermindert 15t*® Bet den meisten
entzindlichen Erkrankungen findet man eme Alburmnabnahme
und Globulinzunahme 1m Serum, ganz ahrliche Bilder wie bex Herz-
krankheiten, wo ja Infekte so defetaren EinfluBl haben konnen Im
glechen Sinne wirksame Eanflusse auf das humorale Blutbild mogen
sich luer addieren  Anderersents konnten die 1m Verlauf schwerer
Infektionskrankherten eintretenden Veranderungen 1m Eiwei-
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spekirum unter den Ursachen semn, welche 1n der Khik 2u den
behannten Krelaufichadenim Laufesonschiweren Infekten fihren

¢) Afokardosesyndrom

Veranderungen 1m Blutesw e8tild — Dysprotesnimuen - kbanen
Ruckwarkungen haben, die sich aus der Funktion der ainzelnen
Fraktonen ergeben Ste dienen rucht nur als Ew ciBquelle und
Transportmattel, sondern beterligen sich daridber lunaus an den Ge-
nnnungsvorgangen, dienen als Puffersubstanzen, halten den holloid-
osmotischen Druck und die Vishoutat aufrecht und sind damit hreis-
Iufbesummende Faktoren von entscheidendem Rang Bei ser-
schedenen Erkrankungen mut Storungen im Bluterw exBgefuge treten
Rresslaufsymptome auf, die diesen Stbrungen zugeschneben werden
Sie werden unter dem Begnff der Myokardose heute stark beath-
tet™ Man findet hamodynamisch unbegriindete Brady- oder
Tachylardien, die sich durch Digtaliskorper oder phystkahische
Mafnah nur schwer beemnfl lassen und leicht 1n das Gebuet
der «vegetativen Dystonses verwiesen werden Abschwiichung oder
Spaltung des ersten Herztones an der Spitze hommen vor, ferner
Gajopprhythmus, Zyanose und Dyspnoe, Neigung zu Odemen und
vor aliem zu Hypotome Im EKG sicht man Senkungen der S-T-
Strecke, P Q, und Q T-Verlingerungen und gelegenthch vorzertiges
Eanfallen des zwerten H was auf gleich Elektrolyt-
serschiebungen sm K-Ca Bereich himweist und dem Bild exner ener-
gensch-dynanuschen Herzmsuffinenz entspncht™  Es mbt verbrere
;nc Kammerkomplexe, verstnchene T-Zacken und allgememe

rederspannung! Solche EKG-Veranderungen'® lieBen sich auch
m Tlerversuch bex E; g emner Dysp an der Ratte
:;m Al derung und Globul 1 nach zwes- bag
Immunahgcr Dauer der Eanwirkung hervorrufen™ 1 Histoo
ogisch findet man bes sp wie exper 11

;umcn‘“ Verquellungen der Herzmuskelfaser mut bsondc‘rs deut-

‘:‘ldl;: Zerchnung threr Querstresfung, die dann bis zur vollen Aus.
- z;:g I_f’“ Fibnifenzerfalls und der Sarkolyse fortschresten und
\n]dcnr ‘throse fdh;cn konnen Ber WiederaufTutterung der There
b w:td sich nur Ia zuriick, wahrend Leberyerand ungen
T mtxc dcxi Fetts und Glykogenablagerung, Veranderung der
il ) vicl spater avfireten und rascher wieder aushelen Die

ng dieser Myokardose scheint weniger 12 Storungen der
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Kapiilarpermeabilitat mit «Proteinune ms Geweben zu liegen als
vielmehr dann, daB de pathologisch veranderten und verminderten
Plasmaproteme 1hre normale Funktion der ausreichenden Fiweil-
versorgung der Muskulatur nicht mehr erfullen konnen®

Dre khinischen Zerchen dieser Storung konnen mehr oder went-
ger stark ausgepragt und von den Symptomen der Grundhrankhert
iiberdecht, daher oft schwer zu deuten sein Ste konnen ber schw eren
chronischen Erkranhungen der Leber, der Nieren, des Panhreas, ber
Coma diabetrcum, uricmicum, hepaticum und apoplecticum, ber
chromschen Magen-Darm Affektionen, Sprue, Hungerdystrophie
und andern Mangelzustanden auf dem Lrnahrungssektor gefanden
werden°® 1%, be; Infeltionskranhherten, wie Diphtherie und Typhus,
Anginen, Verbrennungen und Dermatosen, nach Rontgenbestrah-
tungen und vor allem ber mahgnen Tumoren Sie konnen auch 1m
Circulus vitiosus entstehen, indem die primare Herzkrankhert auf
dem Wege itber die Leberstauung dort neben anderen Schadigungen
auch BluterweiBveranderungen und rickwirhend Kresslaufstorungen
auslost, die mut den hamodynamischen Veranderungen der Herz
leistung vorerst gar nichts zu tun haben

d) Leberschaden bet Herzinsuffizienz

Denn die Leber st die Bildungsstatte und das Depotorgan von
Blutetweilhorpern und dasjemige Organ, das ber Herzinsuflizienz
durch die Ritcksttuung des Blutes besonders fruh und empfindlich
1n Mitlerdenschaft gezogen wird Die Leber baut die Albumine auf
und schemnt auch Vorstufen fertiger Protemfraktionen an das Blut
abzugeben, welche durch Zellen des retthuloendothelinlen Systems
weiter verarbeitet werden, das enge Beziehungen zu den Globulinen
hat Die Leber hat auch Eigenschaften, welche Sauerstoffmangel
fur das Herz ertraghcher machen konnen und die emem Stoff
zugeschricben werdens 18 17, der, m der Milz gebildet, uber
Durchblutungsanderungen 1m Stromgebiet der Artena hepatica zu
Ausschuttung von herzwirksamen Stoffen aus der Leber fuhren soll
Diese schemnen ahnliche Ergenschaften wie das Strophanthin zu
haben Die groBe chemische Ahnlichket zwischen Herzglykosiden
und gewsssen Nebennierenhormonen deutet den Weg an¥, auf dem
vielleicht die Aufklarung der Strophanthmwirksamkeit hegt Ba
kardual bedingten wie auch ber anderen Leberschadigungen durfte
diescr Stoff fehlen, was zu emner weiteren Steigerung des ohnehm
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schon erhohten Sauerstoff erbrauches kranker Herzen fuhren hann
hlinische Symptome, welche von andern Krankherten mat Grund-
umsatzerhohung her bekannt sind, lassen solche Zustande manch-
mal exkennen

¢) Therapre

Die Behandlung von herzschadigenden EmeiBrveranderungen
muB sich daher auf eine gearg: Dt und Leberbehandlung ewn-
stellen Hier hatsichvor allem eine e esBirerche Kost durchgesetzt?
165 146, die auch sonst rerch an Kaloren st, um Vesluste an Korper-
avealzuy der, das het Nahrung gel zur Dechung ander-
wenger Stoffwechselbedurfnisse verwendet werden konnte Zur Er-
ganzung kann man Amunosauregemische geben, denn es 1t meht
noug, dem Korper Anunoshuren nur im Verband des LineiB-
molekuls anzubieten, da dieses ber der Verdauung ja doch zu
medngeren Baustunen zerlegt wird AuBer tienschem EwmeB ward
auch leicht verdaulicher Quark und Kasein bevorzugt verwendet
Auch die Carrelkur, welche den Flussigkestsbedarf des Kranken mit
Milch deckt und gentigend Erwerf zufithret, sollte wieder mehr zu
Ehren kommen Auch die Notwendigkert von Kohlenhydraten zum
Schutz und Aufbau von Leberglykogen 1t zu betonen Ginstg
wirkt die Injektion oder perorale Einnahme von ungereimigten
Leberhy dralysaten, wie Ripason, Prohepar usw , deren Wirkungs-
mechamsmus hier meht beschneben werden kann Eine Stergerung
des gunstigen Eanflusses dieser Mittel LieB sich auch bei uns durch
thre hombination mit Lavylose erziclens, denn sie 15t ein Kohlen-
hydrat mut besonderer Affinutat zur Leber Thre Verwertung Lann
durch gleichzeiviges Vorhandensemn von Vitarmn B,y gebessert wer-
den A bel gshurven bet Gesunden und bey P

mitverschiedenen Krankhestsbildern zeigten, dal die Vatarne der

Gruppe B sowohl die intesunale Resorption als auch den Verbrauch
der Amunosauren 1m mens

Tireemda ™ chlichen Korper stetern Die Verinds.
G . - e

P T .

* .

w1 wu Lesunden, ber Patienten mit L

; ’ it Leber-
;:;d::'ibsr tntt sie kaum i Erscheinung Dieser Therapie gegen-
Py he direkte Exnwarkung auf den EsweiBhaushalt durch

oder -nfi , 1l auch Bluttrans-
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fustonen, bet den mn der mneren Medizin gebrauchlichen Indika-
tionen mehr n den Hintergrund

III. Energrereiche Phosphorverbmdungen

a) Adenosintriphosphorsaure (ATP)

Die esgentliche Quelle der Muskelhontraktion sst die energre
reichste Stufe der orgamischen Phosphorverbindungen des Korpers,
die schon friher genannte ATP, die ber der Kontraktion des Muskels
mt der hontraktilen Substanz unter Abspaltung emes Phosphat
molekuls reagrert®, wobe: die Energie der Phosphatbindung m me-
chamische Leistung umgesetzt wird  Auf welche Weise dreser Uber-
gang stattfindct, 15t nicht behannt Diskusstonen daraber, ob er die
Kontraktions- oder Erschlaflungsphase ber der Muskelzuckung ein
leitet, sind 1m Sinne der Kontraktionsphase entschieden

Eme weitere fur die Herzaktion wichtige Eigenschaft der ATP
15t es, dem ruhenden Mushel Dehnbarkeit zu verlethen, die er ber
volligem Fehlen dieser Substanz, z B 1n der Totenstarre, vollig ver-
Lert Damut wird die Bedeutung remn hamodynamischer Gesichts-
punhte emngeschrankt, welche z B eine vergroBerte Anfangsfullung
und die damit verbundene groBere Lange der Herzmuskelfaser als
alleinige Voraussetzung jeder Erhohung der Herzmuskelleistung
anschen® Mitentscheidend sst huer gewil der Gehalt an frerer
ATP, der nach jeder Kontraktuon im Herzen noch ubnigbleibt und
dort seme «Weichmacherwirkung» zu entfalten vermag

Als Speicher energiereicher Phosphatbindungen, aus dem sich
die ATP unmittelbar erneuern kann, 1st das Phosphokreatin anzu-
sehen Es kann mit Hife des Zuckerstoffwechsels aus Kreatin und
anorganischem Phosphat gebildet werden und Phosphat immer nur
m Bezichung zum Adenylsauresystem und nach dessen Lrforder-
nissen abgeben®

Die Aufspaltung energierescher organischer Phosphatverbin-
dungen 1st nicht nur die unmttelbare Energrequelle der Muskel
kontraktion, sondern uberhaupt der meisten energetischen Vorgange
sn der lebenden Zelle und hier in threr Wirkung ungefzhr dem elek-
trischen Strom als Kraftubertrager vergleschbar Dazu ist emn Phos-
phatkrﬂslauf notwendig, der Energre fiir mechanische, osmotische
und andere Leistungen abgeben und aus verschiedenen Stoffwechsel-
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prozessen auch aufnehmen hann Er dient zur Synthese von Fer-
menten, zum Transport durch dic Nierentubuly, die Darmwand oder
andere Grenzflachen und spiclt ber den Umwandlungen des KH-,
Fett, EmerB und Mineralstoffsechsels eme entschexdende Rolle
Dieser hresslauf beginnt 1m Orgamismus it dem Aufbau orgam-
scher, zunehmend energrereicher Phosphon erbindungen aus an-
orgamschem Phosphat tiber die Glyholyse und Verbrennung von
Zucker und anderen Nahrstoffen  Phosphatgruppen werden dann
2uf das Adenylsauresystem fbertragen, um in diesem gegebenenfalls
watergereicht und zu hoherwertigen Verbindungen aufgeladen zu
werden Durch Aufspalten der energiereict Verbindung dieses
Systems, der ATP, werden seme Krafte endhich auf das Erfolgsorgan
thertragen, auch auf die Herzmuskelfibnile, wo der Zustand des
MuskelerweiBes geindert und dic Kontrahtion ermbglicht wird

b) Das Adenylsauresystem !

. Das Adenyksaurcsystem, welches als Empfanger, Triger und

dler groBer Energy gen glt, 1aBt sich aus Bausteinen
der Nullemsauren herlesten, die Bestandteile der Zellherne sind
Dret seiner Verbindungen, Adenosin-Mono-, -Di- und ~Triphos-

phorsaure, haben vor allem therap he Bed

Mit zunehmendem Phosphatgehalt werden sie groﬂcrc;nnlhrcr Les-
;ﬁmgsl‘ahlgku!, aber kitrzer 1n shrer Wirkungsdauer Diese Verbin-
&x:g:sn lassen sich zwar wsoliert darstellen, aber es besteht die groBe
vl 5hcmlxchkcu, daB sie 1n der Zelle keme so streng getrennten

sund, rasch der Ubergehen konnen und unter-
::andcr em «FheBgleich ht» ilden Sie witrden
" :)s :;:r aue Art Kunstprodukt darstellen, das i der Natur nicht
Samn:; :;rhanden 15t Da diec ATP als energiereichste und wirk-
et 1 1;schwcx- zu gewnnen, schlecht haltbar und mit unan.
Fa en Nebenwirkungen auf den Kreislaufbegabe 1st, wie Herab-
- ‘mg v;:; Frequenz und Kontrahtionskraft des Herzens, Block-
ot i"m g1bnad pectons Schmerzen und Blutdrucky cranderungen,
barerve, bgledc eutungsvoll, ob durch die Zufuhr leichter darstell-
Korper i r};‘ ;ngcn, vorallem dcrAdcnosnnmonophosphonaurc, m
Abotecs :1 crwertigen Verbindungen entstehen konnen Es bt
Mutel su:dwa uc!;:: das bejahen Nach haufiger Anwendung solcher
TechstenSuly “CM wir g?nclgt, :\Ezu:chn:cn, dafl diesem energie-

Iwirhungen auch durch
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dic Zufuhr niedrigerwertiger Praparate zu erziclen sind*. Gefas-
wirkungen der Adenylverbindungen beruhen aufihrem Einfluf auf
Muskelnund Nervenendigungen der kleinen Blutgefch und wirken
sich in niedrigeren Konzentrationen regulierend, in groBeren im
Sinne von GefaBerweiterungen bis zu Kollapserscheinungen aus.
Untersttitzt werden diese unmittelbar pharmakologisch ausgewer-
teten Einflusse durch die spater einsetzenden, aber nachhaltigeren
Stoffivechselwirkungen?®, die aus den energietibertragenden und
reaktionsfordernden Eigenschaften des Systems erklarbar sind.

¢} Therapie

Herzschadigungen durch Beeintrachtigung der Funktion der
ATP sind sicher haufig, ihre klinische Erhennung und Verwertung
stecht aber noch im Anfangsstadium. Solche Storungen honnen
z.B. durch verminderten Gehalt des Mushels an ATP infolge Hem-
mung ihres Aufbauces entstehen. Eine solche tritt im Gewebe bei
Sauerstoffmangel ein®s, Dicser Zustand einer chronischen Anoxamie
findetsich z. B. im hypertrophischen Herzmuskel, weil dieser weniger
okonomisch arbeitet als der gesunde. Der darauf folgende Ausfall
von ATP im Myokardgewebe ist daher wahrscheinlich mitverant-
wortlich dafiir, daB die Hypertrophie, welche ursprunglich zwech-
maBig der Aufrechterhaltung der Herzleistung dienen soll, schlief-
lich nicht mehr ausreicht, um die Insuffizienz des Herzens zu ver-
meiden. Ein solcher Abfall der ATP ist beobachtet und in der Lite-
ratur bekannt®, Eine Verminderung threr Wirkung kann aber auch
bei Storungen der Ausnutzbarkeit von ATP entstehen. Die Blochse-
rung ihrer Aktivierungssubstanz, des Fermentes ATPase, das mat
dem Myosin in Bezichung steht, hann solche Storungen verursachen.
Das kommt nach gewissen Vergiftungen, z.B. mit Barbitursaurepra-
paratenund Veratrin, vor. Im EKG sollensich nach solchen Mangel-
erscheinungen ahnhiche Bilder finden wie ber Hypokahamie.

Zur Therapie cignen sich nach dem Gesagten die niedriger-
wertigen Adenylverbindungen, weil sic weniger Nebenwirhungen

-, 1 o "' Lae W e e aneroeticch verschuedener

-
. beiter Adams ce

R - ‘ . saure, Adenosine
hosph ¢ und Ad gepruft und S der nacatl Tte :m:-:xc

Veranderungen des Gehaltes an M am Blut

Diese Befunde traten nach ATF schneller und ausgepragter in Erschainung, waren

aber auch nach AMP deuthch®
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baben und haltbarer sind Thre Zuluhr hann dann eine Substitu-
tonstherapie bedeuten, wenn €s an NTP mangelt oder zuviel davon
srbrapeht wird Die grofie Wirksamkeut Mewer Dosen macht es
aber wahrschtsnhich, €af es sich fuer such um eme Wirkung mm
Sine emes katalytschen Fermentes handely, 2u dessen Tuldung die
TPuosphatgruppen ja butragen So gesehen wrd die Ewmwendung
grgenstandsios, dafl die von uns und andern verwendeten Klanen
Dosen zu fenng seien, um ane Substitutionstherapie zu betretben

Die mtravenose Anwendung von ATP haben wir ber Herz-
kranken aus den oben genannten Grinden ganz verlissen Von
AMP Praparaten gebenwir mehrmals im Tag 20 rag intramushular,
per os oder als Zapfchen und fahiren ihre gute Wirkung ber Angin
peetems, Ketonarfarkt, chronscher Hermmuffiznenz ond Er
schopfungszustanden sowohl auf die schnell emtretende gefall-
erwerternde wie auf die spater, aber nachhaluger emsetzende Stoff-
wechselwickung zuriick, Wir geben diese Praparate auch zur Unter-
stutzung der Stoffw echselwirkung anderer Substanzen, deren Reak-
tionen zur Aufpahme 1n den E haushalt dber Phosphorylie-
rungen verlaufen  Wir hom n also mit Neb nden:
formonen, mut Zucker, mt yersctued Lebersch
und mit Vitamm B

prapariten

IV. Kohlenhydratstoffwechsel

a} Umfang des Herzstoffuechsels

Vom Adenylsauces
ystem ausgehend gefangt m: -
sprechung der den Hi Lel gm mcxs%cn ’*g . bc;‘ﬁr»gzicn

‘svacchsdfakmrcn weterhin zumn Kohlenhydratstoffwechsed  Der

erstoffy
e wnv;rllrlauib :ics Herzens wird 1a sanem AusmaB vorwies
Y
z::; Gesunden als Ma fir den Energieverbrauch
mmﬂznzrtmgd, da das Herz zum Unterschied v
unterbroch, ~;

gmsatzg P chen tang ast, auf 7-20%,
&% s gesarm
o

Er k;

At

Man kann 1hn
des Herzens an-
on anderen Or-
des gesamten Grund-
rpers geschatzt ' Weil das Herzgewicht nur etwa

ten Borpergewichtes darstellt, be
tragt sean Umsatz
a:snlii::)f;he des Durchschmtts im ubm’;cn Kc%pcrgcwebc’“
angigket von viclen Faktoren, wie Mushelarber,
s
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unrationelic Arbeit ber Klappenfehlern, Hypertrophie, Arrhyth.
mien, Fieber usw , auf das Mehrfache steigen

b) Milchsaure

Schon ber der Wiederherstellung des Phosphorkreatins, das als
Phosphatreserve zur unmittelbaren Erncuerung der ber der Kon-
traktion zerfallenden ATP dient, sind Umwandlungen des Muskel-
glykogens notwendig Ber semem glykolytischen Abbau hann Phos-
phorkreatin regenenert werden Es entsteht daber Milchsaure, die
unter normalen Verhaltmssen groBtenteils wieder zum Aufbau von
Glykogen verwendet wird Ste wird auch ber der Tatigkeit des
Skelettmuskels reichlich gebildet und dient neben anderen Stoffen,
wie Brenztraubensaure und glukoplastischen Amingsauren®, in ho-
hem MagB der Energieversorgung des Herzens Unter phystologi-
schen Verhaltnissen wird der Erholungsstoffechsel zum Neuaufbau
der Adenosintriphosphorsaure und damit zur Wiederherstellung der
Kontrahtionsenergiec des Herzens hauptsachlich durch Oxydation
der Blutmilchsaure bestrytten, wahrend Herzglyhogen und Gluhose
weitgehend geschont werden Milchsaure wird ber starkerer Arbert
des Shelettmuskels vermehrt gebildet, Lann aber von diesem micht
oder nur ungeniigend wieder verwertet werden? Sie muB vielmehr,
um neuerdings als Energiespender fur den Skelettmushel zu dienen,
erst den Umyeg itber die Leber machen, um dort 1n Glykogen ver-
wandelt zu werden Dieses wird dort gehortet, je nach Bedarf als
Zucker s Blut abgegeben und kann dann erst vom Muskel auf-
genommen und wieder n Energte umgewandelt werden Es voll-
zieht sich hier emn Kreislauf der Kohlenhydrate vom Skelettmuskel
itber dre Leber wieder zum Muskel Das Herz hingegen kann semne
Miichsaure direkt verwenden und auBerdem noch groBe Mengen
davon aus dem Blut direkt, ohne Umweg uber die Leber, m semen
Stoffwechsel emnbeziehen

Der Milchsauregehalt im Blut betragt normalerweise 5-20 mg %
und kann schon ber maBiger Muskelarbeit auf das 2-3fache stergen
Unter Umstanden werden Werte von 100-200 mg% erreicht™ Es
Lommt dann auch zu Milchsaureanhaufung 1n Muskel, und sthre
Verbrennung erhoht wieder den Sauerstoffbedarf des Korpers nach
grofen Muskellesstungen und vor allem ber Herzinsuffizienz Der
erhohte Sauerstoffverbrauch ber solchen Krankherten 1st ja bekannt
und wird bet vielen Herzkranken mut chromscher Dekompensation
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des hreslaufes durch Symptome angedeutet, Wit wit sie sonst be
Thyreotoxtkosen zu schen gewohnt sind  Man kann bet solchen
Herzkranken durch shr erregtes Wesen, Schwitzen, Tremor, J1
Augensymptome auf cinen solchen besonderen Sauerstoffmanget
aufmerhsam werden, der dureh Milchsaurenhufung oder andere
Stoffwechsels eranderungen 1m Gefolge der Heransuffizienz henor-
gerufenwird Man darfaber andererseits auch nicht die Moglichhait
fiberschen, daB primare thyreotoxische Erbranbungen erst zu der
vorlicgenden Herznsuffimenz gefithrt haben™*

¢) Spar- und Sich 1m Herzstoffwechsel

Be Muskelarbeit muB dic Herzarbet groBer werden Der
Shelettmuskel hiefert daber mehr Milchsiure an das Blut und stellt
damit dem Herzen, dessen Mehrarbeit er braucht, durch sane
eigene Arbait ein hraftreser oir zur Verfugung, das sich den jewer-
ligen Mehranforderungen unter normalen Verhaltnissen ymmer an-
padt In dhesem Verhalten 1st ein hernvorrigendes Beispiel der spar
samen und sinnreichen Planung von Lebensvorgangen zu schen, wie
sie gerade 1m Bereich des Herzstoffw echsels besonders deutheh nach
zuwessen sind, da dieser wegen seiner zentralen Stellung und stoB-
wessen Mehrbeanspruchung besond hutzbeditrfug 15t Andere
Besspiele' zur Befnedigung dreses Sicherhextsbedtrfnisses sind auch
mn der Ergenschaft des Herzens zu sehen, 1m Gegensatz zum Shelett-
uskel oder jedenfalls 1 west hoherem MaBe als dieser bes Sauer-
sl:aﬂ'mangcl aufanaerobem Wege Traubenzucker unter Milchsaure-
did‘;\r;g direkt verbrennen zu konnen, ferner in dem hohen Gehalt
a“ yokards an Myoglobin emem dem Hamoglobin shnlichen,
. mrm wichtigen Protein des Mushels, das cine besonders hochgradige
spcxchm zum Sauerstoff hat. Es kann thn in besonders groBer Menge
ot nt;n, ;lt“l also eme groBe lokale Sauerstofireserve des Muskels
iy Cﬁx ¢ thn erst bex tiefer Partialipannung ab Es bnldet wahe-
Cons eme Zwischenstation zwischen dem Hamoglobin und den
s }V{rmcntcn"' Auch diese, wie das Zy tochromsystem, finden
e ::en m besonders rexchem Mafie, und esist zu vermuten,
deens o ;;n; bessere Sauerstoffausnutzung erlauben als 1n ap-
faserkerns lc . erner 15t die le A o der H kel
P Fnas lesem Rahmen zu erwahnen und die grofe Dehnbar-
¢r mder Diastole und Dilatation Die F:
dunter, und gt — 1e Faser wird daber
te Diffusionsstrecke n threm Innern bis
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zum Kern und zwischen den Kapillaren verringert und die zur Stofi-
aufnahme notwendige Faseroberflache vergroBert

d) Der energieliefernde Kohlenhydratumbau 1m Herzmuskel

Die Zuckerverwertung zur Beremtstellung von Kraftreserven
kann auf zwer Wegen geschehen Sie stehen mn engster Verbindung
mit dem Mineralhaushalt, und die emnzelnen Umwandlungen ge-
schehen unter Vermuttlung der energieretchen Phosphatverbindun-
gendes Adenylsauresystems, zu dessen Aufladung wieder der Zucker-
abbau unentbehrlich 1t

Der groBte Energiegewinn durch KH-Abbau geschieht durch
die Veratmung der KH unter Sauerstoffverbrauch, in der oxydativen
Phase AuBlerdem gibt es die Glykolyse, welche Substrate fir den
oxydativen Abbau hefert, was die gegenseiige Abhangigkert dieser
beiden Vorgange unterstreicht Die erste Etappe des KH-Abbaues
stellen 1n den mesten Zellen woh! die glykolytischen Reaktionen
dar Dies geht schon daraus hervor, daf8 der Zusatz von Stoffen,
welche die Glykolysec hemmen, meist auch die Atmung der Zellen,
also die oxydativen Verbrennungen, bis aufemnen klemen Rest unter-
dritckt

1 Glykolyse

Be1 der Glyholyse kommt es, ohne daB vorerst Sauerstoff ver-
braucht wird, zum Abbau des Muskelglykogens durch Umlagerun-
gen, Abspaltung und Anfugung von Phosphatresten tiber das Adenyl-
sauresystem an Bruchstuche von Kohlenhydratketten unter derkata-
Iytischen Wirkung von Fermenten Da diese Umwandlungen auch
ber Sauerstoffmangel vor sich gehen konnen (daher der Name
«anacrobe Phase»), 1st dieses glykolytische Fermentsystem beson-
ders 1n solchen Geweben gut ausgebildet, die zeitwesse unter Sauer-
stoffmangel arbeiten mussen, wie Herz und Skelettmuskel Es han-
delt sich ber diesen Reaktionen um emne Kette von etwa 20 Ghiedern,
die 1m emzelnen genau bekannt sind™ Fur spatere therapeutische
Uberlegungen 1st es wichtig, daB8 1n emner der fruheren Stufen das
dort gebildete Glukose-6-Phosphat 1n Fruktose 6-Phosphat umge-
lagert wird, da offenbar nur Fruktose weiter zerlegt werden kann
Es lassen sich daher ber Zufuhr von Fruktose anstellc von Trauben-
zucker therapeutische Vorteile erzielen, weil die Fruktose die gleiche
Encrgie muthefert wie die Glukose, ohne den ersten Teil von deren
Umwandlungen mitmachen zu mussen%*
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Ba S fTzufuhr ist dic Brenztraubenshure das Endproduke
der Glyholyse. Bei der Spaltung threr Vorstufe, der Phosphobrenz-
travhensiure, mmmt froher gebildete Ad diphosph
unter katalytischer Vermittlung emnes magnesiumhalugen Fer-
mentes die abgetrennte Phosphorgruppe auf, wodurch ATP gebuldet
wird Dic Brenztraubensiure Lann dann als wesenthicher Baustein
mden KresprozeB der oxydatn en Verbrennung der Kohlenhydrate
engeschleust werden
Wenn das tiensche Gewebe aber unter Sauerstoffmangel leben
mub, stellt dse Milchsaure das Endprodukt der Glyholyse dar, In
diesem Fall, alto auch ber der Herznsuffizienz, trtt diese Abbau-
phase 1n den Vordergrund, bex Zutntt von SauerstofT aber nimmt
sie ab oder verschwindet ganz zugunsten der Atmung Der Vorteil
derrrromer L - = rauer-
. ) .- " raur
- . - . - \Ycr_
brennung 2 eruielen 15t Sie sind also micht okonomusch,

2 Atmung und horebszyklus

Der eigentiiche Energiegewinn erfolgt erst 1n der zweiten, der
Sogenannten «acroben Phase» Hier ward vor allem die Brenztrau~
bensiure weter palten, deren Entstehung aus hoheren Zucher-
verbind wir cben beleuchtet haben Dues geschieht auf dem
Weg uber die Essigsaure, welche tber thre Rolle 1im Zuckerstoff-
;‘ccgsci humaus auch als Zuschenprodubt m den Auf- und Abban
d'; \;tb"und Eweilstoff echisels engeschaltet 1st 1m Hinblich auf
and; Yl; ardutes‘:l'ahalb wichtig, neben den Kohlenhydraten noch
rcudm . \ fur den Herzstoffu echsel zu erkennen Wah-

o noch micht sicher 1st, ob die FawerllstofTe als solche 1 Frage

men, gibt es gtn_ﬁgc‘nd Hinwewse dafur, daB das Herz Fett 21

tethranma—

Ene . - PR
ol ) - e .
=~ sumuatil wirkt sich das aber wah;
gtmtaf}'wgchsd e wahrschemnlich nur im Hun.
ber die E
“aktivierte Escigsaurer 1 deren komphzierte Entstel ber dic
Vet o srgsi:m:c» vnd das Koenzym A hier nur angedeutet
-
s die E: g der Stoffe 1n

oder Krebszyklus, wo e tber Tri-

ung 3 "
Dikarbonsiuren by zu den Endprodukten der brologischen

®
Hexgto, Rortsetnnee der Kardwlogre
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Oxydation ~ zu Kohlensaure und Wasser - abgebaut werden Es
handelt sich daber um esnen KresprozeB, in dem die Oxalessigsaure
als immer neu entstehender Reaktionspartner eme besondere Rolle
sprelt.

¢) Atmungskette und Zytochromspstem

Die Verbrennungsprozesse des Zitronensaurezykius machen thre
Energre auf dem Wege tiber die «Atmungskette» wirksam, an wel-
cher der Strom der bes dem KreisprozeB frer werdenden Wasserstoff-
atome entlang wandert und dort Reaktionen, wie die Bildung von
ATP unter Aufnahme von anorganischem Phosphat, auslost Sowird
dic Encrgieder Verbrennung aus dem Krebszyklus micht fres, sondern
durch dirckte Uberfuhrung in die organische Phosphatbindung uber
das Adenylsauresystem fur die verschiedensten Lestungen :1m Kor-
per zur Verfugung gestellt Daber kommt es aber nicht zu emner
Stapelung auf langere Sicht wic etwa be: der Anlage von Glyhogen-
vorraten, sondern es handelt sich um emen dynamischen Auffang-
mechanmismus, der dic anfaliende Energie sammelt, um sie n gerich-
teter Weise weiterzugeben wie ber emem Windkessel In der At-
mungskette wird der Wasserstofl zuerst von Fermenten aufgenom-
men, welche in besummten Zellgranula (Mitochondren) lokah-
siert und einander sehr ahnlich sind Sie unterscherden sich aber
durch ihr «Apoferment», einen spezifischen ExweiSkorper, von dem
es abhangt, von welchem Substrat des Krebszyklus der Wasserstoff
abgespalten wird® Es handelt sich hier mit emer Ausnahme um
Pyndinfermente Von 1hnen wird der Wasserstoff auf eine andere
Termentgruppe, dic Flavinfermente, ubertragen und von diesen auf’
das Zytochromsystem, wober das Wasserstoffatom 1 das Wasser-
stoffion ibergeht

Das Zytochrom C 1st der am besten bekannte Angehonige des
Zytochromsystems, in dem der Wasserstoff unter Anderung der
Wertighait des 1m Zytochrom enthaltenen Essens westergereicht
wird bis zu semer wasserbildenden Endreaktion mut dem Sauer-
stoff Das System laBt ferner den Sauerstoff der Luft 1m Zellstofl-
wechsel aufgehen Dieser wird tn der Lunge dem Hamoglobin an-
gelagert® und von dort aus an die Zellwand herangetragen Dort
wird er, wohl unter Vermuttlung des Myoglobins, vom Warburg-
schen Atmungsferment, der Zytochromoxydase, welche 1o Jeder
Zelle vorhanden und fest verankert ist, ubernommen und an das
Zytochromsystem wertergereicht Diyeses, aus den Zytochromgrup-



Pendl, Herrstoffweehsel und Therapie 259

pen A, Bund C bestchend, gehort wic Hamoglobin und Zytochrom-
oxydasc zu den Essenporphynny erbindungen Wahrend das Hamo-
globin seine Sauerstoffiransportfunkuion usibt, wdem es Sauer-
ctoff aus der Luft nur anlagert, ohne sein Eisen aus der zw enwertigen
1n die dremertige Stufe tberzufUhren, honnen Zytochromoxydase
und system durch resersiblen Valenzwechsel Fern'{ Ferro wirken
Den Aufgaben dieses Systems entsprechend enthalten Gewebe mit
dem stark travitalen S ffverbrauch die grobten 7yto-
chrombonzentrationen An threr Spitze steht dis Herz™ Im Tier-
\ersuchhonnte gezeigt werden™, daBin Herz und Merenyon Ratten
der Gehalt an Zytochromoxydase nach haufig wiederholten Ingck-
tionen von Zytochrom ansteigt
Hiersind auch Beobachtungen interessant?®, wonach der Milch-
saurespiegel 1m Blut, dessen Verhalten b Hypoue besprochen
wurde, ber Hernnsuffizienz, Angina pectons, Koronannsuffizienz,
CO und Schlafomttelsergifiungen usw durch Gaben von Zyto-
chrom C durch mehrere Stunden gesenkt werden hann Damt wer-
den neben andernt ¢ 2 auch esgenc Minusche Beobachtungen be-
statigt!®, die wir auBer ber Barhitursauresergifiungen auch bex
zyanotischen H, {Ti g ht haben (Kyphoskol ),
wo wir emne raschere Erholung mit Verschwinden der Zyanose ge-
sehen haben als nach andern Arzneimitteln, insbesondere wenn nach
langem Gebrauch Strophanthin aus irgendwelchen Griinden un-
wirksam geworden war Auch wir haben anfangs die 1n der oben
zitrerten. Avbet von Boden und Mitarbestern erwobnten Uber-
empfindichkestsreaktionen, wie Glottisbdem, Urticania und sogar
ch‘“:‘dﬁlmlc, erlebt Das hat aber ganz aufgehort, seitdem die uns
Firma py fi Wasser zur H g der Am-
pullen verwendet Wir spritzen das Mittel 1n Dosen von 10-30 mg

an bis mehrmals 1m Tag intraven 1 T
Standen anhale g 05, weil die Wirkung nur emige

) Vitamun B bes Herzkronkhesten

1V tasun B,
Ber den Kohl hyd

im:glcl; u;u: Rolle, u{) denen Vitamine eingebaut sind \md:]'cbc;s

€ Bedentung haben Indem der Naturin

entfremdeten Leben unserer Zi e sl g
milisationsepache stellen sie ¢

guilspunkt verschiedener Schadigungen dar und sollc]: hi:rA:t;

spielen \{
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Oxydation ~ zu Kohlensaure und Wasser — abgebaut werden Es
handelt sich dabe: um emen KreisprozeB, in dem de Oxalessigsaure
als immer neu entstehender Reaktionspartner ene besondere Rolle
spielt

¢) Atmungskette und Zytockromsystem

Dic Verbrennungsprozesse des Zitronensaurezyklus machen thre
Energie auf dem Wege uber die «Atmungskette» wirksam, an wel-
cher der Strom der ber dem Kretsproze$ frex werdenden Wasserstoff-
atome entlang wandert und dort Reaktionen, wie die Bildung von
ATP unter Aufnahme von anorganischem Phosphat, auslost Sowird
die Lnergie der Verbrennung aus dem Krebszyklus nicht fre1, sondern
durch direkte Uberfiihrung i die organische Phosphatbindung uber
das Adenylsauresystem fur die verschied: Lestungen im Kor-
per zur Verfiigung gestellt Daber kommt es aber nicht zu emer
Stapelung auf langere Sicht wie etwa ber der Anlage von Glyhogen-
vorraten, sondern ¢s handelt sich um emen dynamischen Auffang-
mechanismus, der die anfallende Energie ssmmelt, um sie i gench-
teter Weuse weiterzugeben wie ber emem Windkessel In der At-
mungskette wird der Wasserstoff zuerst von Fermenten aufgenom-
men, welche 1n bestimmten Zellgranula (Mitochondrien) lokal-
siert und emander sehr ahnhich sind Sie unterscherden sich aber
durch ihr «Apoferment», emen spezifischen EmeiBkorper, vondem
es abhangt, von welchem Substrat des KrebszyMus der Wasserstoff
abgespalten wird®® Es handelt sich ner mit emner Ausnahme um
Pyndimfermente Von thnen wird der Wasserstoff auf esne andere
Fermentgruppe, die Flavinfermente, ubertragen und von dresen auf
das Zytochromsystem, wober das Wasserstoffatom sn das Wasser-
stoffion ubergeht

Das Zytochrom C 1st der am besten bekannte Angehonge des
Zytochramsystems, mn dem der Wasserstoff unter Anderung der
Wertigkeit des 1m Zytochrom enthaltenen Eisens wertergereicht
wird bis zu seiner wasserbildenden Endreaknon rmt dem Sauer-
stoff Das System laBt ferner den Sauerstoff der Luft :m Zellstoff-
wechsel aufgehen Dieser wird 1n der Lunge dem Hamoglobimn an-
gelagert® und von dort aus an die Zellwand herangetragen Dort
wird er, wohl unter Vermittiung des Myoglobins, vom Warburg-
schen Atmungsferment, der Zytochromoxydase, welche n Jeder
Zelle vorhanden und fest veranhert 1st, ubernommen und an das
Zytochromsystem wetergereicht Dieses, aus den Zytochromgrup-
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Aufregungen emtreten, mmwmt dis Herz sehe bald Mtralform an;
e kommt zustarker Ernenterung des rechten Herzens und zu Stau-
ungenam dahinter hegenden Venengebiet, insbesondere sn derLeber.
Im Myohard entsteht Queltung des Sarhoplasmas, baroft fange eshal-
tener Querstresfung?®, Sarkolyse der Fibnllenstruktur und Bildung
\on Rundzellemnfiltraten 1m Interstitium ™
Esliegt nahe, hnliche Ersct gen des Versagens der rechten
Herzhalfte mut Leberstauung auch i Evropa i Zusammenhang
mt Vitarun B-Mangel zu bnngen Denn es gibt zahlreiche Tak-
toren, welche auch hier cinen solchen erzeugen Dazu gehbrt an
erster Lime der relatn, mednge und in der letzten Generation standig
abnehmende B, Gehalt unserer durchschmtthehen Emnihrung Une
bh von der Eank tufe mmmt der Verbrauch von
WeiBmehl und Zucher, also vitumnarmen KH-Tragern, zu Dabei
wird die Emeifiquote unserer Nahrung crhoht, und berdes vermehrt
den B-Bedarl1m Stoffwechsel Nur das Fett laft tho unbertihet Es
kommt dadurch mindestens zu einem relativen Ancunamange), da
das Vitarun B, vielfach 1n Schalen und Hauten voshommt, die ber
der industriellen Zuberentung wegfallen
And, wird bei Eiwer 1, auch ber ausrerchender Ver.
sorgung des Korpers mut B,, dessen Verwertung 1m Orgamismus ge-
hemmt, weil es namlich ~ an Phosphor gebunden — in der Zelle an
FiwerB verankert werden mu@, wm am Aufbau von Fermenten teil-
nehmen zu konnen'™ Es besteht also auch ber zu gennger Zufuhr
oder Bddung von OrganerweiB sn der Leber ein erhohter B,-Bedarf
DBies st mcht nur ber Hunger, sondern auch ber Herzhrankherten
besonders wichug, weil diese haufig zu Albumin- und Gesamtenw el
mange) fuhren
Rcsorpuonsszorungcn ber der Nahrungsaufnahme, wie sie ba
Stanungshatarchen vorhommen, verhindesn ebenso wie Durch-
falle die ausreschende B. ;-Versorgung ber Herzhranken, weil die Aus-
g\“lung des Aneuringehaltes der Nahrung um so besser sst, 3¢ linger
klﬁc 1 Magen Darm-Trakt verweslen kann Fieberhafte Erkrane
B\n‘ntcxz undedeandere korperliche Ly gisteigerungerhohenden
k:“:e?:; ‘V"): :‘: Z;:;nd&ﬂihml]g;n zAum KH-Stoffwechsel zu er-
Lorperficher Arbest oder dalse}‘) mi Lone B qutrct'en d:rLBcnbcn nach
pacher Ersch be: dekompensierten Herzkranken Weil d
%\::’“;t Stoffwechsel durch erhohte Schilddrisentatighet a!:wlc::
 fordert auch ewme Hyperthyreose das Auftreten von kardio-
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emem der Therapie bereits gut zuganglichen Beispiel besprochen
werden Die groBe Bedeutung der Brenztraubensaure (BTS), welche
1m Laufder Glykolyse, aber auch ber andern Reaktionen im EnweB-
und Fetthaushalt des Orgamsmus erscheint und als wichtiger Brenn-
stoff fur die Oxydationen des Zitronensaurezyklus dient, wurde
oben beschrieben Thre Emmuindung in diesen KreisprozeB durch
Uberfuhrung in die Oxalessigsaure geschieht auf einem homplizier-
ten, aber bereits weitgehend aufgeklarten Weg tiber ein Ferment,
Karboxylase, dessen wesentlicher Bestandtenl Aneunndiphosphor-
saurest!®, welche aus Vitamin By und zwes Phosphorgruppen gebildet
wird Sie dient auch noch ber emer weiteren Reaktion 1n diesem
Zyklus als Koferment, und das zu 1threm Aufbau notwendige Vit-
amin B, spielt daher 1m Stoffwechsel und vor allem 1m Zuckerstoff-
wechsel emne unentbehrliche Rolle Seme Bedeutung in der Herz-
und Kreislaufpathologie liegt daher auf der Hand

Eme Storung 1m Abbau der BTS 1st wegen 1hrer engen Ver-
knupfung mt so vielen Stoffwechselprozessen von groBer Bedeutung,
denn sie fehlt dann als Brennstoff und hann durch thre hohere Kon-
zentration 1m Blut erhebhche Nebenwirkungen auslosen, zu denen
wohl die dem Aneuninmangel zugeschniebenen charakteristischen
Erscheinungen von seiten des Zentralnervensystems, wie Krampfe
und Lahmungen, gehoren und die Benommenheit und Unruhe des
dekompensierten Herzhranken wemgstens teilweise, die man sonst
zentralen Durchblutungsstorungen zur Last zu legen pflegt Eine
solche Storung 1m BTS-Abbau 1st denkbar, wenn dieses Stoffwechsel-
produkt 1m Sauerstoffimangel ber Herzinsuffizienz wegen uberwie
gend anterober Abbauprozesse vermehrt anfallt und der normale
Fermentbestand micht ausreicht, um es wester zu verarbeiten Sie
1st weiter denkbar, wenn die Phosphoranlagerung an B; Not lexdet,
wie es bet ungenugender Ausschuttung von Nebennierennindenhor-
monen der Fall sein kann, und sie 15t endhich genau bekannt bet
Vitamin-By-Mangelkrankherten, wie der Beriber:® 17

2 Vitaminmangelkrankheiten

Diese auf Vitamin B-Mangel beruhende Massenerkrankung
malanscher Reisesser 1aBt neben emner mehr oder wemger ausge-
pragten neuntischen und hydropischen Komponente vor allem
schwere Kremslaufzeichen erkennen*® Nach Mudigket, Herz-
Klopfen und Unwohlsein, welche vor allem nach Anstrengungen und
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dic Digualistherapie nach nchuger Indihationsstellung durch eme
Vitamu B Therapie erganzt werden
Diese Therapre muB mit einer geaigneten Diit beginnen, welche
Mehi und Brot mit eznem Ausmahlungsgrad von mindestens B3%,
enthalten soll, da sich B, vor allemn Getrerdehornern und Hitlsen-
friichten findet, also tiberil dort, wo NahrstofT fidr entwicklungs-
fabuge hetme angesammelt 15t Von andern pflanzhichen Nahrungs-
mtteln nind vor allem Gurken, Tomaten, Haselntsse, Spinat, grine
Bohnes, Johannisheeren, Apfetanen, Mohrriben, gehochte Kar-
toffeln usw 1n der erwahnten Rethenfolge gute bis ausreichende
B, Trager Auchn tienschen Qrganen, vor aliem Leber, Niere und
Herz, findet sich vicldavon Unter den gebrauchhichen Flewschsorten
1t Schwenefiench besonders rachan B, Auch Hithnercier enthalten
viel davon Beaim Braten und hochen honnen 50%, und mehr von
diesem Stoffaerlorengehen Dn lebende Zellen fir die Zustandsform
der hokarbogylase, 1 der sich das Aneunn dort befindet, meht
durchgangg sind, Lommen sie trotz shres Reichtums an B; abs
Ancurmnspender mcht i Frage, sie raifen sogar freies Ancunin aus
dem Darmimhalt an sich, welches an dic Membranen der lebenden
Hefezellen adsorbiert wird®™® Wenn grofiere Ancunindosen peroral
verabreicht werden sollen, muB man bedenhen, dafl dic Resorptions-
fahgket 1m Darm auch ber Vertelung tber den ganzen Tag micht
uber 10-12 mg hunausgeht Parenteral honnen el groBere Dosen
wirksam werden Es kommt dann aber unter Umstanden zu anaph
laktogenen Wirkungen, die Ersct wie bey Ewwerfd PL‘).
;\H;iﬁn:hchkcn glechen Von der Aneunntherapie in Form der
arboxylase haben wir oft besonders bex sehr asphyktischen Pa-
:;mcndschr Gutes gesehen Die Wirkung halt aber mcht sehr lang
ol i M e
Vitamn Shomplos b g;\mt; ek b:( 1n r':;\ enose Zufuhr von
BVA Roche ) War s s s Eand 1:1:\ ewihrt  (Polybion,
lmts:xschnnungcn nach Aneunn vo‘r ;\‘l}lc Vdon Uberempfindich-
%ﬁngcn, vl e B : - hﬂtm lshnl? da‘lzu ubcrgc;
Tuppe der B - ©
hongfn tharm\:em :::12:;%;‘7:3:6‘::;3;51:“1:&6351‘ Ghmppc :ngc-
memsam v cn stehen und ge-
alle an('i‘:mzl‘*:’:h’:::;gd:i i:;ks ‘;u‘lz;lnc v lr:‘n thnen nur wirkt, \vgm
glexchzni:‘gcs(x}‘abc: vo:v.:;:’:cmmzcn d}l\uc
o5ty .
da die Lesstung des Aneunns erst iiber seme Ph%?;ﬁo::.

g

Therapre oft durch
Phﬂﬂhurc,
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vaskularen Ancurmmangelsymptomen Das haufige Vorkommen
von Herzinsuffizienzzeichen ber Hyperthyreose, welche oft gar nicht
auf diese Erhrankung bezogen und daher falsch emgeschatzt wer-
den** und durch Digitalispraparate meist mcht zu beeinflussen
sind, solite daher micht nur auf die hormonbedingte Pulsbeschleun:-
gung und Uberbeanspruchung durch die Stoffwechselerhohung be-
zogen, sondern auch mn Zusammenhang nut dem Aneunnmangel
ber Schilddrusenuiberfunktion gesehen werden Das 1st wichtig, weil
Hyperthyreosen und verwandte Abwegigkeiten 1m vegetatnen Be-
reich heute sehr haufig snd Endhich honnen Beglerterschernungen
von Herzkrankheiten, wie Stanungspneumonien oder andere fieber-
haite Infekte, den Aneurinmangel wetterhin verstarken und den
Circulus vitiosus, der immer mehr zu Delompensation des Herzens
fuhrt, vertiefen, der dann ber starkerem Fermentbedarf 1m anaeroben
KH-Abbau der Anosamie zur Katastrophe fuhrt

DaB e solcher Mechanismus haufig vorliegt, geht aus Beob-
achtungen tber Steigerungen des BTS-Spiegels im Serum von Here-
kranken mit den beschniebenen Symptomen hervor Neben andern
Untersuchern® ™ 33 haben auch wiri®? ber vielen schwer dekom-
pensierten Herzpatienten solche Steigerungen bis zu 4, neverdings
sogar bis 6 mg%, gesehen, wahrend sich unsere Normalwerte wie in
anderen Beschresbungen um 1 mg% bewegen Die Hohe des Blut-
spregels gmg haufig der Schwere des Krankhertsbildes parallel und
senkte sich bex Besserung des Allgemenzustandes

g) Therapie

Die Bedeutung emner Vitamin-B-Therapie geht aus dem Gesag-
ten ausreichend hervor Ste wird noch dadurch unterstrichen, daff
StofFwechseluntersuchungen an Herzschmitten von Versuchstieren®®
1m Gegensatz zu der sigmifikanten Wirkung von Strophanthmn auf
Glukose- und Milchsaureverbrauch kemen Emfluf der Herzglyko-
side auf den Brenztraubensaureumsatz ergeben haben Das warft
emn Licht auf die oft geringe Ansprechbarkert der Rechtsherzinsuffi-
zienz auf Digitalispraparate und die gute Wirkung von Kokarboxy-
lase mn solchen Fallen® Eine solche haben wir auch mit Vitamun-B-
Komplex-Praparaten haufig erzielen konnen und danach ofters auch
wieder eine bessere Ansprechbarkeit auf Digitahshorper geschen
Dhe Herzunsuffimenzsymptome ber Ancurinmangel und BTS-Erho-
hung sind cben durch Digitalis mcht zu heilen, und deswegen muB
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Eine erfolgreiche Zucherserwertung 1st nur moghch, wenn das
gulerende Fer ¥ 1n Ordnung 1st, dessen Aktwierung da-
ber angestrebt werden mufl Schon die Fruktose wirkt hier ginsuger,
wed sie e guter ATP-Laeferant 15t Das tiber Vitamin B Gesagte
15t huer ebenfalls zu berucksichtigen, vor allem soll auch B,y micht
\ergessen werden, welches Verwertungsstorungen des Zuchers, wie
sieber Parenchymschadigungen der Leber und be besonderen Ken-
stitationstypen, wie Pyknikern und bei Fettsitchtigen, vorhommen,
beseingen Lann und den Umsatz dieses Zuchers beschleumgt?
Daber braucht es sich wahrscheinlich gar nicht um einen primaren
Vitamimmangel auf diesem Gebiet gehandelt zu haben Die besten
Exfolge haben wir gesehen, wenn wir in schweren Fallen neben der
genannten Therapie zweimal in der Woche 1000 y By, (Cytobron)
parenteral gegeben haben

V. Kalium 1n Khmk und Therapie

a) Bedeutung des Ionenmulieus

Die wichtigsten U, dl or her Sub

D g € zur Auf-
rec g des Lebens pllanzlicher und uenscher Gewebe sind

eng mut dem M Ihaushalt des lebend Korpers verkntipft,
der diese Gewebe enthalt Das gilt 1n besonderem Mab fiur das Herz
und fur alle Lebensvorgange, welche die Tatugheit des Herzens
wgendwie beemflussen Der Auf und Abbau von Nihrstoffen zur
Erzeugung von Energie oder zur Verbrennung und 1hr Transport
durch die Zellwande 1n dic asbertenden Zellen oder als Schlacken
i die AuBenwelt 15t an e genau regulertes Elektrolytglesch-
KGCJ‘WC;K gebunden Machtige Krafte 1m Organismus suchen dieses
o }:XC gewicht muit raffinierten Mitteln aufrechtzuerhlten, denn

on geninge Veranderungen 1m Verhaltms der einzelnen Ionen-

gTuppen zueinander fith:
e ren zu Stoffwechselstorungen, Leistungs-

1 lanenantagonusmus
In dies
Bed em Ionenmilien kommt dem halium emne entscherdende

cutung zu Seine Wechs en, W v:
elwirkung zu anderen Yon
e, 4 , WIE ctwa

mel hersusgehobon wird leicht faBlich von der Gyorgyischen For-

K Phosphat HCO,
Ca Mg H



264 Fendi, Herzstoffwechsel und Therapie

herung zu Koharboxylase moglich 1st, also auch yon exnem genugen-
den Angebot an Phosphordonatoren abhangt

Die Behandlung von Herzhranken itber den Zucherstoffivechsel
muf zum Ziele haben, moglichst lexcht verwertbare Zucker in mag-
lichst groBen Mengen an Herz und Leber heranzubringen Da die
Tatighest des zucherverarbestenden Fermentsystems vor allemn der
Leber wertgehend autonom ist und von Angebot und Nachfrage ge-
regelt wird, besor hormonelle und neurov egetative Regulationsvor-
richtungen eingreifen, hegt die Bedeutung dieser MaBnahme auf
der Hand Sie cient zum dirckten Angebot verwertbarer Kohlen-
hydrate an das Herz und zur Verbesserung der Leberfunktionen
durch Erleichterung des Glyhogenansatzes Uber die Traubenzuk-
hertherapie braucht hier nicht besonders geredet zu werden, da sie
schr gut cangeburgert st Linen Fortschntt gegenuber dieser Thera-
pie stelit die Behandlung mit Fruchtzucher dar, denn sie fuhrt zu
schnellerer Zucherverwertung und starkerem Glyhogenansatz i der
Leber Wenn enestarkere Anlagerungvon Fruktose selbstim Herzen
auch nicht nachgewiesen 1st, so wirkt ste auf den Herzstoffwechsel
doch gunstiger als Dextrose, weil mehr Intermediarprodukte ange-
hoten werden, mehr Adenosintriphosphorsaure gebildet wird und
dic Leber durch starkere Glyhogenanrescherung n shrer Hulfsstel-
lung fur das Herz gefordert wird Fruchtzucker (Lavalose) wird gut
vertragen, per oral Jangsamer resorbiert als Dextrose und macht
bet der Ingehtion nicht so leicht Thrombosen wie diese Nach grofien
und schnell gegebenen Dosen hann es vorubergehend zu adynam-
schen Zustanden und Opressionsgefuhl 1m Oberbauch kommen
Wir verwenden 20%iges Lavosan 1 Dosen von 10-20 cm® intra-
venos oder 0,25 glkg Korpergewicht 1n 6%ger Losung innerhalb
(G Minuten m Corm emer intravenosen Dauertropfinfusion Stropl-
anthin 15t 1n dieser Kombination langsam noch wirksam, wenn es
allesn Nebenwirkungen zeigt

Auch die Mischung von Fruktose und Dextrose i Gestalt der
Invertzuckertherapie hat einen ahnhch gunstgen Heileflekt wie die
Lavulose allein Ber glechzeitigem Tkterns 15t diese Therapie der
Lavulose sogar uberlegen, denn jetzt 15t der Gluhoseante:! besser in
der Lage, giftig wirkende Abbaustoffe der Leber und auch Bilirubin
zu entgiften und dann mut der gestauten Galle uber die Blutbahn
mut dem Harn zu ehmmmeren® Die intravenose Therapie st be-
sanders ber Stauungskatarrhen 1m Magen-Darm-System der per-
oralen Anwendung vorzuzichen



Pendt, Herstoffwechsel und Therapie 267

wden Zellen verschwindet Kalium aus dem Blutserum oder der dic
Zdlle umgebenden Extrazellularflassighest und wird 1o der Zelle
angerachert, bet B von Glyk ven tntt cs 1n der
Umgebung sermehst auf Die guten Erfolge der Zuchertherapse
e Herz- und Lebererhrantungen, dic lange Zett auf raner Em.
pne beruhten, werden vielleicht durch cinen «Mitnahmeeffeht»
dieser Zucher fur Kahum i das Zethnnere hanein bedingt, wenn
dieses an Kalum verarmt 1st* Denn Kalwm i der Zelle be-
deatet eme Forderung der Zellenergie, Kalumabgabe aber Lner-
gioverlust und gegebenenfalls Emntntt von Natnum in den Zell-

leb, was L derung, Quell und Schidigung mt
sich brningt
Es 1st emne der auffallend: E haften febender Zellen,

da8 sic Konzentrationsunterschiede der lonen des Zellmneren ge-
geniiber der Umgebung aufrechtzuerhalten bestrebt sind Surbt
die Zelle ab, so gleichen sich diese Unterschiede aus™ Thre Auf-
rechterhaltung erfordert Arbert Um sie zu Jeisten, sind groBe Ener-
gemengen notwendig, dic emen betrichtichen Tel des wn der
Grundumsatzbestrmmung zum Ausdruck hommenden gesamten
Energrebedarts des O b d 1 Nach Unte H
muttels radioaktiver Natrium- und Kaliumionen darf man annch-
men® 10, dag das Eandnngen von Natnum 1n die Zellen, wo cs
normalerwese schr sparhich vorhanden 1st, durchaus moglch 15t
ad macht durch das stoffiche Verhalten der Zeltwand verhindert
wird Das gleiche gilt mit umgekehrtem Vorzachen fur die Kahum-
tonen Wahrend die Natnumionen wie durch e Pumpsystem
gaucmd durch die Zellwand h 1eben bzw abgehalten wer-
d:: werden die K-Tonen dem Zytoplasma dauernd zugebracht, zu
a stte’ wohl eme besondere Affinitat haben Dieses Pumpsystem
feben Energie auch Kalium brauchen, so daB ber dessen Man-

%t‘ll der Natnumgehalt der Zellen groBer werden kann, weil das

mpsystem micht geniigend funktiomert

3 Kal umbestand 1m menschlichen harper

Die K K
o0 ml;%onzcntmnon des Kaliums betragt 1m Zelinneren 540 bis

In dem der Unt h
by ersuchung fast ausschlieBlich zugang
v ;:n?:;azscllularm Raum sst es aber nur in sehr gennger X\%Cnggc
Ve cg\vankungcn mn der GroBenordnung von 16-20 mgY
1m Eererch des Normalen For die Beurterlung der Ion:nc-
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Sie stellt die Notwendigkert fixer Beziehungen dieser Stoffe zu-
emander zwecks Aunfrechterhaltung normaler Lebensvorgange sche-
matsch dar Erfolgt 2 B emne absolute oder relative Steigerung des
Zahlers, so wird dadurch eme erhohte neuromuskulare Erregbarkert
ausgelost, wahrend das Ubenvxegen des Kalziums auf diesem Sektor
eme dampfende Wirhung zergt, Das Verhaltms von Kalum zu Kal-
zium wird z B 1m Blutserum, wo es betrm Gesunden 1m Durch-
schnstt ber 1,8 gefunden wird, sehr genau aufrechterhalten Wenn
¢s, wic ber manchen Herzhrankhesten, durch emne Erhohung des
Kahumspiegels gestort wird, dann kehrt es nach unseren Unter-
suchungen® 107 durch Nachriichen des Ca-Spregels rascher zur
Norm zurtich als der Kalumonengehalt des Serums selbst Als
Gegenspieler des Kaliums wirkt 1m lebenden Orgamsmus aber vor
allem das Natriumion, wie spater ausgefithrt wird Es hat als Alkali-
trager die fuhrende Rolle im Blutserum und tberhaupt 1n der extra-
zellularen Tlussigkeit des Korpers, wahrend das Kabum das wich-
tigste Kation des Zellinnercn st

2 Aufgaben des Kaliums im Stoffwechsel

Dort verlauft der Stoflwechsel, wie wir geschen haben, unter
Vermuttlung der encrgicreichen Phosphorsaureester des Adenyl-
sauresystems Diese sind nur wirhsam, wenn sie mit Kahum in Be-
ruhrung stehen Ber Kaltummangel werden sie i ungenugender
Menge gebildet Kaltum wird anderseits 1w den Zellen um so
starker angereichert, je hoher dort der Gehalt an solchen energie-
reichen Zwischenprodukten des Stoffwechsels st

Auch dic Verknupfung des Kalums mut dem ZellerwerB st
hervorzuheben Es wird mit dem Stickstoff bexm Fasten m emem
Verhaltms ausgeschreden, welches der Muskelzusammensetzung
entspricht (92 mg K fur 1 g N}* Dies weist aufl seine Bedeutung
ber der Kontraktion des Muskels hum, der ja zum grofiten Teil aus
Erwei3 besteht Deren Vorstadium, die Ubertragung der Erregung,
it an das Vorhandensern von Kalumionen geknupft! Auch
die Wirkung des MuskeleiwerBes als ausl des Ferment fur die
Muskelkontraktion, welches die dazu notwendige Adenosintriphos-
phorsaure, also die energicrechste Stufe der vorhmn genannten
Phosphorverbindungen, spaltet, schetnt an eme entsprechende Ka-
liumionenkonzentration der Umgebung gebunden zu sen®

Endhch mu8 der Bedeutung des Kalums fiir den Kohlen-
hydratstoffivechsel gedacht werden Bar der Bildung von Glykogen
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stande von Bedentung und erklart die exzessiven Kaltumyerluste
durch Erbrechen, Durchfalle, Dinndrmésteln, Sondenaspiration
wsw halummangel 1m Korper braucht sich nicht unbedingt n
ener ~ am Lebenden allem meBbaren - Erntedngung des Serum-
kahumspiegels, also 1 aner Hypokaliamie, zu auBern, die z B
durch eine Blutesndickung larviert oder durch eine Hydramue vor-
getauscht san kann Aber die Serumwerte sind nach zahlreichen
Literaturangaben und eigener Beobachtung fur die gleich zu be-
1 ten S

b Symp des Kal gels vermtworthch®,
Bet lang Vorhand entsprechender intrazellufarer Sto-
rungen werden ste sich ja auch auf den Zustand des umgebenden
Gewebes lien und 1hn widerspiegel

b) Kahumbenegung ber Herzkrankh
1 Ral umgehalt in Myokard und Serum bey Herzmsuffizienz

Im Herzen vom chromisch dehompensierten Kranken wurde
on U

t n ein hahumdefizt des geschadigten
Myokards festgestellts? % 87 Im Serum Lommt es ber sol:hcn
Patienten nach anfanglichem Anstieg der K-Werte, der viellescht
2ls Folge der zunchmenden Ausschitttung von K aus den Zellen
2u deuten 1st, dann zu einer Hypokahamue, wenn die Leber Stau-
ungssymptome aufwerst'®” Besonders auffallig st diese Erscher
:::\5 auch bex parenchymatosen Lebererhranhungen, wo thre Er-
" ung lebensrettend wirken hann Zu miedere Kaliumwerte 1m
ut finden sich ferner ber Dby ung normater D {1tions.
;)Gc:gkmlge, wie ber allzu langer Muskelarbest untraimerter Personen,
aliumarmer Ernshirung besonders dann, wenn bereits ein la-

p -
[mtcr oder manifester Kahummangel ans anderer Ursache bestehy,
hccr}:’xczhhu Insufh: des tubul; Ni 5 und cnd:
o lebenshedtohliche Erscheinung 1m Coma énbencum, wo

m Ubergang in die Azidose Zeilewaifl abgebaut wird, ber dessen

Versch
winden K
e n Kalumverluste exntreten mitssen Die Hvppkal am »
. . .
e
u = . 1]

men wm; é:su}x:u 1osen homplikationen ans Durch diese MaBnah.
Symptome s Kah'um in die Zellen gedrangt Dadurch werden die
cs nucht verhindert, sondern gelordert,

8 >

Wie es auch 'y
beun Aufireten von famuliaren paroxysmalen Lahmun-

a
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bewegung im Organismus und ihrer fur uns meBbaren Auswirkun-
gen, die sich bis jetzt hauptsachlich auf Urin- und Blutuntersuchun-
gen, neuerdings auch auf die Verjolgung von radioaktiven Jonen
mit dem Geigerzahirohr erstrechen, ist es wichtig, daB der Kalium-
bestand des menschlichen Korpers auf Grund dieser intra- und
extrazellularen Konzentrationsverhaltnisse wesentlich groBer ist als
der Korpergehalt an Natrium. Der Gesamthaliumgehalt des
menschlichen Organismus wird mit 0,259, des Korpergewichtes
angenommen, was auch fur andere Saugeticre zutrifft. Das ent-
spricht rund 175 g Kalium fitr den erwachsenen Menschen. 98%
befinden sich intrazellular, Der Kochsalzgehalt soll 150-300 g be-
tragen; nimmt man als Mittelwert 200 g an, so wurde dies 80 g
Natrium fitr den menschlichen Korper entsprechen. Es ergibt sich
daraus ein ungefahres Verhaltnis von Korperkalium zu -natrium
wie 2,25: 1%, Diese Angaben sind aber nicht als ganz genau anzu-
nchmen, weil das Verhaltnis vom Gesamihorper zur extrazellularen
Flussigkeit nur geschatzt werden hann und die meisten Unter-
suchungen aus dieser Flissigheit stammen. Der Korper enthalt
ferner etwa 1 kg Ca, Das Phosphat halt sich in der GroBenordnung
des Ca, Dic Chloridmenge entspricht der des Natriums®®, 58-65%
des menschlichen Korpergewichtes bestchen aus Wasser.

In unserem Lebensraum werden von einem gesunden Erwach-
senen innerhalb 24 Stunden 3-¢ g Kalium aufgenommen. Die
Tagesausscheidung betragt 2,5-3,5 g. Sie geschicht zu ungefahr
959 durch die Nieren, zu einem geringen Teil auch durch Darm
und Haut®, Junge Gemuse und andere Vegetabilien mit Aus-
nahme von Reis sind die wichtigsten Kaliumttager der Nahrung.
Vom Obst vor allem Bananen; auch Kartoffeln, Milch und Brot
enthalten viel davon, endlich Sojabohnen, Linsen und andere Hul-
senfruchte. Im Fleisch ist relativ wenig, doch sind die inneren
Organe, wie Herz, Niere, Leber und Hirn, und weiter Hefe als
Kaliumtrager der Nahrung nicht zu vernachlassigen. Emne Kost,
die reich ist an Fett und anderen als den genannten Kohlenhydraten,
ist kaliumarm,

Das Mineral wird aus der Nahrung durch den Digestionstrakt
ins Blut aufgenommen und kommt von da in die Gewebse, vor allem
in Leber, Skelettmuskel und Myokard. Eine relativ grofe Menge
davon erscheint aber mit den Sekretionsprodukten der Verdau-
ungsdrusen, die sehr kallumreich sind, nochmals in den operen
Abschnitten des Darmkanals®®. Das ist fiir viele Krankheitszu-
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Lang and der Ral 1 fubrt zu hen Verand am
Myckard, an den Nicren wnd ym Darmirakt Es gibt umschnebene Nekrosen mat
leukozytaren Infltratonen und ym Darmirakt Erneitentngen der Darmschlingen mit
Odemen der d Aus den Leukozy fi Xannen sich im Laufe det Zant
fbrose Herde entwickeln

¢} Therape

Die emnfachste MaBnah Teheb

2ur oder auch zur Ver-
hutung ewmes drohenden Kalwmmangels, der ymmer za emner Be-
entrachtigung des Herzens fuhrt, aber auch durch chromsche
Herzmsuffizienz bedingt sean hann und die Digitaliswarkung stort,
1t eine geergnete Didt See soll die engangs beschnebenen Nahre
stoffe enthalten. Zur Unterstitzung dienen Kalmmlosungen, die
auch deshatb wichtig sind, weil siein Fallen mit Neigung zu Wasser-
ansammlung emne diuretische Wirkung entfalten Als ertraghch gl
die wiederholte Zufuhr von 0,5~2 g KCGI n halb- bis anderthalb-
stindigen Intervallen mut grofieren Obst- oder Teemengen oder an
0,5%ger Losung Tagesmengen von 4 g Kalum, ako 8 g KCl,
sind gut vertraghch  Auch Salze orgamischer Sauren tun huer gute
Dienste, machen allerdings Magense Bet der per-
oralen Anwendung von Kahumlosungen sind herzlahmende Emn-
srkungen wemger zu befurchten, weill die Ausschedung des te-
sorbterten Kalmms teils it dem Ham, teils in die Gew ebe so schnell
erfolgt, daB die zur Herzschadigung notwendige Konzentration im
retauf nicht emreicht werden kana Die Touztatsgrenze hegt
ber 30 mg?, Kabum 1m Blut und wird ber Tagesdosen von 2-4 g
peroral mucht lescht errercht, sofern heme Ausscheidungsstorungen
bestehenttt  Bey parenteralen Gaben, wie e ber Herzhranken
seltener 1n Frage kommen, 15t lungegen groBere Vorucht am Platz,
‘;(:if::ﬂi’crgxfm’ngsgrcnz: rascher erreicht wird, sie solite nur unter
Nonto des Kaltumspregels i Blut oder ber loufender EKG-
cne A © 3hg‘ewcnslct werden Dhe Gefahr st besonders grofl, wenn
t,b“cx Nier " "; besteht, wie das

orhoramt Am besten hat sich uns die

g\":l{;!;s\tfx: Losung ¥ bew hhrt,‘ deren Zusammensetzung folgender-
224 A“‘ﬂ NaCl 0,6 g, KC1 1,0 g, K,HPO, 0,5 g, NaG,H,0,
i nfus;onz‘:,; ‘:;‘Z! 112:5:(;00.0 cm* Die travenose Ingektion oder
Merennag ) Ddc:"zgﬂ‘m ‘Cfﬁﬂgtn, sie kann durc}:} Neben-
thy uexRer 3 werden, wel-
¢ 623 Endringen von Kahum 1 die Zellen fordern Zeigen :;c]h

b Herznsulfizienz ofters +
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gen zu sem scheint, deren Bezichungen zum Kalwmstoffivechsel
bekannt sind

2 Symptome der Hypokahiamie

Sie werden aus den beschriebenen Eigenschaften dieses Stoffes
verstandlich Serner mangelnden Wirkung auf die Muskelkontral-
tion und -ernahrung entsprechend, hommt es uber Kribbeln m den
Beinen und Schweregefuhl mn den Gliedern zu Muskelschwache, bis
zu mehr oder wemger schnell v onibergehenden Lahmungen, welche
um so eher mut «funhtionellen» Beschwerden verwechselt werden,
als sie durch Bewegen der Ghedmafen und Herumgehen ge-
muldert werden Es hann zu Dyspnoezustanden, Lahmung der At-
mungs- und Schlundmushulatur und der charakterstischen «Fisch-
maulatmung» hommen Auf gleicher Grundlage sicht man Me-
teonsmus und Ileuserschemungen, welche gewi8 beseitigt werden
Lonnen, wenn man an diese Genese denkt Odemneigung wird ge-
fordert, es hommt gelegentlich zu Verwirrung anden, tetam-
schen Zewchen, Rezbarkeit und Nervositat In spateren Stadien
ttherwiegen kardiale Krankheitszeichen, wie Herzerwerterung, Auf-
treten von leisen systolischen Gerauschen und Herzinsuffizienz Es
wird danach auch eme Uberempfindhchheit gegenuber Digitahs-
korpern beschrieben, welche ber der Hypokalramie friher toxsche
‘Wirkungen zeigen als berm Normalen und nach K-Zufuhr wieder
thre ubliche Lestungsfalughert gewinmen®  Dementsprechend
treten elehtrokardiographische Veranderungen auf, man sicht Ver-
langerungen der P-Q.Zeit und der S-T-Strecke und ber werterer
Verschlechterung hoher werdendes P und Abflachung der T-Zacke,
eventuell eme U-Welle Spater beobachtet man S-T-Senhungen

Die Verlangerung der Q-T-Zext, welche emer pathologisch ver-
langerten Kontraktionsdauer entspricht, ist mn manchen Fallen mit
emem Vorfallen des zweten Herztones als Symptom emer Kon-
traktionsschwache des Myokards verhnilpft, wie Hegglin® gezeigt
hat Dieses Bild gilt als Ausdruck der energetisch-dynamuschen
Herzinsuffizienz und zeigt sich mest sm Zusammenhang mut emner
Storung des Kalumstoffiwechsels Die Symptome der Hypokali-
amie sind haufig undeuthich und werden von anderen Krankhests-
bildern uberlagert, in deren Beglettung ste auftreten Man muB
auch ber Herzinsuffizienz danach fahnden und womoghch den
Kahumspiegel nut dem Flammenphotometer messen oder wemg-
stens e EKG anfertigen
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Wasser- und Mineralhaushalt betreffen Beim Herzkranken st cin
hochhonzentrierter, schlackenreicher Unn die Regel Er Lommt
mcht nur dadurch zustande, daB wegen emer Mangeldurchblutung
der Miere beraits zuwemg Flisigkeit aus den Glomeruh abfilinert
wird Sene hohe Konzentration beruht vor allem auf der Not-
wendighent, die vermehrten Abfallprodulbte aus den umfangreiche-
ren Stoffwechselprozessen des HerzArnken auszuschwemmen 7u
diesen gehort vor allem auch Kalum?, dessen vermehrtes Auf-
treten 1m Harn von solchen Patienten auch wir nachweisen honn-
ten* Im Austausch zu diesen Bestandtellen miiBte dann auch
mehr Kochsalz von den Tubuh wicder aufgenommen werden,
welches dann 1m Gewebe verschwindet, dort seine whsser hend
Kraft entfaltet und so zur Odembildung bestrigt
Auch das Vi drmis der Sal 1 - der hypochlor-
&mischen Azotamic — wird durch diese Vorstellungen erlerchtert
Sie ttt mcht nur ber Durchfallen, Ruhe, langdiuerndem Er-
brechen auf, wo sie unter uramischen Zeichen mut Krampfen, Aus-
trocknung, Reststickstofferhohung bis 200 mg®, und neuerlichem
Esbrechen zum Tod fithren Lann Dieses oft verhannte Krankheits-
bild wird heute auch durch unsere therapeutischen MaBnahmen
be1 Herzkrantheten oft genug provoziert Das gesclueht durch die
schematische Verordnung salzloser Kost oder anderer hochsalzent-
nichender Mafinahmen ber Patenten, die schon vor shrem Kontakt
mit dem Arzt oder dem Kranl wegen S gshatarrhen
rechhich erbrochen oder Durchfalle gehabt hatten, an der Nah-
:I““gsaufnahmc behindert waren oder ber denen schon eme Min-
crung der Glomerulusfiltratmenge durch dic Herzinsuffizienz ein-
i:]t;t,;m war Die Verordnung kochsalzarmer Kost ber Herzkranken
hﬂhﬂ' erst nach genauer Klarung der unmuttelbaren Vor-
Eﬁt ichte gegeben werden Die Kochsalzbeschriinkung fithrt von
;:;é‘;‘:ﬁm SU?M an nln:ht nur zu dieser Ausscherdungshems
Sonse chwa;\r‘d g dern auch zu einer Funhe
Toanken ohn:)u *t Nebenmerennnde, die bam chromsch Herz-
pllegt dens d‘:nTmns; geschadigt oder Gberbeansprucht zu sein
wissen Kochor iﬁtg it der Nebenmerenrinde 15t von ciner ge-

bhi; 4 And steuert die Neben
Merennnde, wie sie die K- .
alumbewegung beeinfiuft, -
her : ; qung 5 auch die Aus

M H
262, Portachrate der Kaeet ologre
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Ubcrdosxcrungscrschemungcn, wi¢ Zyanose, Bradykardie oder Herz-
block, dann bringen Kalzmnektionen Erleichterung

VI, Natnum

Das antagomstische Verhalten von Kalium und Natrumionen
1m menschlichen Korper, deren letztere mn den Korperflusngkenen
domimieren, wahrend die ersteren fur viele Reaktionen im Zeli-
snneren untbehrlich sind, findet sich ganz aligemen n der belebten
Natur Das Verhaltnis dieser Substanzen zuemander und thre Wir
hung aufemnander stellen wichtige Faktoren ber der Aufrechterhal-
tung des Saurebasengleichgewichtes im Korper dar Das Natrum
wird zur Neutralisation der mm Stoffwechse! entstehenden Sauren
benutzt, Natnumretention und X-Verarmung sind charaktenstisch
fur eme alkrlotische Stoffiechsellage Dre Azidose dagegen 1st von
Kochsalzausscherdung und Wiederaufnahme von Kalmm i die
Zellen beglentet

a) Kochsalz

Das Natrium entfaltet semne Wirkung 1m Organsmus vor allem
mn Verbindung mut dem Chlorion als Kochsalz In dieser Bindung
macht es die Schwankungen des leichter beweglichen Chlors mat
und wird wie dieses abhangig von nervos-hormonalen, renalen und
zellular-osmotischen Stoffwechselmechanismen Es st nls emziges
Harnfixam 1m Blutserum 1n so hoher Konzentration vorhanden
(0,59-0,67 %), daB die normalerwerse von den Glomeruh abfiltnerte
Flussigheitsmenge® genugend davon mutbringt, ohne eme zu
satzliche Sehretionsletstung der Niere zu erfordern Es st auch der
enzige Harnbestandtetl, der von der Niere durch die Tubuls wieder
aufgenommen und dem Blutstrom emverleibt werden kann Es
stellt damt emne Art Grundlage der Sekretionstatgket der Nieren-
tubuls dar, weil fur jedes Molekul emner anderen harnfalgen Sub
stanz, welche die Tubuluszelle 1n Richtung des Lumens verlaBt,
em Molekul Kochsalz aus dem vom Glomerulus gehieferten provi-
sonschen Harn aufgenommen werden mufl

1 Salzmangelurame

Dieser Mechansmus kann das Verstandnis fur manche Krank-
hetserschesnungen ber Herzinsuffizienz erlerchtern, soweit sie den



Pendl, Herzstoffwechsel und Therapie 275

ten auch heute noch, wonach Herzhranke wahrend der Digitahs-
therapie — also dekompensierte Patienten ~ «ininken sollen, was e
gern haben, und zwar i so grofier Menge, we 1hre Trinklust das
verlangt Diese Apweisung 15t um so notwendiger, als man ginz all-
gemen dse vorgefaBte Meinung hat, daB die Wassersucht durch
Enthaltsamkeit im Trinken g maBen ausgeschwemmt werden
muBte, und sich firchtet, die Krankheit zu vermehren, wenn man
der Meigung der Patienten, zu trinken, nachgibt » Denn die Flis-
sighertsbeschrankung allem 126t die osmousche Ronzentration des
Plasmas ansteygen und sumubiert auf diese Wese die Sekretion des
antdiuretischen Hormons der Hypophyse Darm liegt die Tendenz
zur Oligune, welche die Ausscherdung von Kochsalz und andern
Harnfixa behindert

1 Quecksilberd uretika

Eine Ausschwemmung von Kochsalz wird hiufig nuttels der
Quechulberdiuretika versucht Sie soften vor allem dic «Rock-
Tesorption» von hochsalz durch die Maerentubuli hemmen® Sie
sind aber nicht indifferent, da sie 1n entsprechender Konzentration
die lebenswachtige ATP Spaltung durch Actomyosin vergiften®®
bzw die ATPase Wirkung unmoghch machen®, mndem uie an den
«SH» Grupy fen, Molehitlb dies welche for die
ATP Spajtung unentbehrlich sinds® Die diretsche Wirkung der
Quecksitberdruretika wird auch mut der Leberfunktion in Beziehung
gebrachtt Nach Abletung der Galle durch eine Gallenfistel hort
die dwretsche Wirkung des Salyrgans namhich auf, um erst wieder-
zulehren, wenn van neuem Gallensauren zougefihet werden® Da
x\:: Lt;bcr bes Herzkranken so oft geschadigt ist, sind die Hg-Prapa-
p hcx 1 dicsen auch deshalb mit grofiter Reserve anzuwenden Ste

uaren auch zu Kahumverlusten, die wegen der bey Herzkranken

oft schon bestehenden K .
konngnon K Stoff ung gefahrlich werden

2 Tontnaustauscher

nME!ne weitere MaBnahme zur Entfernung von Natrium aus dem

P st:i!t die ¥ hung durch Kat h
hbmai ns‘m\;i I;unsthaxzc, dic em hohes Ionenbindungsvermogen
mmd,l - c:‘ a[l;ungstmkt unloshch sind und daher auch nicht
rund o en?* Die Diffusion und der Austausch von lonen sst anf
s mikroporosen Aufbaues dieser Stoffe moghch Ligent-
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2 Odeme

Ber der Odemenstehung 1m Zusammenhang mut der Zuruck-
haltung von Kochsalz kommt dem Natriumion 1m Gegensatz zum
Chlorion, das diuresefordernd wirkt, die wichtigere Rolle zu% Das
gilt auch fiir dic Herzwassersucht Ber der Natriumretention, also
emer Zunahme der Kationen, erfolgt aus Grunden der Elehtro-
neutrabitat zwangslaufig auch eine Vermehrung der Antonen Dabey
wird der osmotische Druckanstieg verdoppelt und die Odembildung
gefordert Bei Natriumverlust hommt es deshalb zu emer Abnahme
des osmotischen Druches, weil die Kationen nicht nur eme gleiche
Zahl von Amonen mitnehmen, sondern vor allem durch Lem an-
deres Kation, wic Kalzium, Magnestum oder Kalum, ersetzt werden
honnen, da emne derartige Erhohung der Konzentration dieser Kat-
1onen mit dem Leben micht mehr verembar 1st* Die Retention
von Chlorionen hat wegen deren Fahighest, die Zellwand zu durch-
dringen, haum eme Zunahme der osmotischen Konzentration und
damit auch keine Wasserretention zur Folge

b) Therapie ber krerslaufbedingten Odemen

Da die Odembildung neben mechanischen Grunden auch sehr
wichtige Wurzeln n dem durch die Herzmsuffizienz gestorten Ei-
weiBhaushalt und Mineralstoffis echsel hat und weil die Odeme selbst
wieder storend i Stoffivechselvorgange des Herzens emngreifen, set
1hre Therapte hier hurz gestreift Besonders missen hochsalzarme
Duatformen beruchsichngt werden, werl die Kost des zivijisierten
Menschen mit 12-20 g taglicher Kochsalzzufuhr das wahre Bedurf-
n1s des Korpers, das bet 5 g liegt, erheblich zu ubersteigen pflegt und
damut schon beim Gesunden auf die Dauer Schaden setzt, vor allem
aber beim dehompensierten Herzhranken, der zur Salzretention
neigt Obst-, Saft- und Milchtage sind zu behannt, um im emzelnen
besprochen zu werden Die Carreltage soliten wieder mehr zu Ehren
Lommen, wel sie mehr Erwerl geben als rein vegetabile Kost, und
das 1st wegen der DiweiBkomponente der Odeme wichtig Auch
den verscliedenen Schemata der salzarmen Kost sollte mehr leicht-
verdauliches EiweiB vorkommen als ublich Wegen der Gefahr eter
Salzmangeluramse sollen aber solche Kostformen mcht langer ge-

eben werden, als wirklich Odemneigung besteht Auch dic Be-
schrankung der Flussigkertszufuhr 15t individuell zu handhaben Dre
Anwessungen des Schopfers der Digitalistherapre, Withering'®, gel-
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der hapillaren Druckverhaltnisse durch Digitalisglykoside versucht
werden

VII. Hormoneinwirkungen auf das Herz

Die beschnebenen Seltoren des allgemeinen Stoffwcchsels des
Org welche hadenden Einfluf auf die Taughert des
Herzens nehmen, unterliegen wesentlichen Impulsen on seiten an.
derer Organe, wie des Nervensystems und der endohninen Dritsen
Unter diesen spiclt die Nebennierennnde (NNR) eine besondere
Rolle, weil sic Hormone enthalt, von denen der Kohlenhydrat.
stoffwechsel, die Phosphoryherungsorgange 1m Zusammenhang mit
dem Adenyl Y und die U dlungen des Mineralhaus-
haltes weitgehend abhangig sind

a) Aebennerenmark

Auch das Nebennterenmark hat belanntlich engste Verbin.

dungenzu Herz und Rresslauf So 15t mit allen Kresslaufregulitions-
11 Verbindung mt Verbr gen, Infektionskrankhen

ten, Allgemerninfektionen usw eine Akuvierung des NN-Markes
25 Ausdruck einer allgemeinen Stoff echselsteigerung verbunden
Eskommt zy Markhyperplasie als Folge emner chromsch gesteigerten
Muskelarbert, und zwar meht nur der Skelettmuskulatur Dieselbe

Beobachtung macht man bes chromscher Belastung des hyper-
Grophicrten Herzens, wahrend 1m Stad der Dehomp

von
mehthypertonischen Rerzfehlern cine Ruckbildung des NN-VMarkes
::"m;" Im Herzmuskel sind dse Nebennierenmarkhormone Ar-
un;n:x lm:ih Adrenafinin verhaltmsmaBig groBer Menge + crhanden,
mchnmpad 0130§15chc‘n Herzen findet sich messt ene abnorme Ver.
ung dcgr ;8 , dessen ffverbrauchsteigernde Wir.
Saumggﬂ‘a;: Ancrénols wertaus Gberlegen 1t Damit wird die
o, . ;‘Z:::" lc’s ‘}‘f:rzcns gestort und die Hypoxie und Herz-
Inderletzten 7,
Merenanteile wah
erment eyneg Fe)
{arkhormone

it wird auch ein Synergismus der beiden Neben.
rscheinlich gemacht, indem 1n der Runde das Ko-
rmentes gebildet werden soll, das die Synthese der
tberhaupt erst ermdghicht®
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hiche Trager der Austauschfunktion simd Saurereste, die 1n fester
chemischer Bindung an der Grundsubstanz verankert sind und thre
charaktenstische Falughest zur Salzbildung behalten haben Dem
Masscnwirhungsgesetz entsprechend werden vor allem Natrium-
1onen von 1hnen gebunden, da diese sm Darm uberwicgen® Aber
auch der Kalwmhaushalt kann durch sie beemfluBt werden, wenn
auch jetzt Austauscher verwendet werden, die mit Kalum vor-
beladen sind und daher nicht mehr so viel davon aufnehmen Hier
drohen dennoch Gefahren, besonders wenn gleichzeitig Glykoside
gegeben werden, deren Giftwirkung ber K-Verarmung groBer wird,
oder wenn die Austuschharze ber Obstipation langer 1m Darm
bletben Deshalb soliten EKG und Serumuntersuchungen mit dem
Flammenphotometer gemacht werden, wenn man mut Austauschern
arbeitet

3 Woartere therapeunsche MaBnahmen

Weniger emngreifend und leichter zu handhaben, bei sehr guter
und anhaltender Wirkhsamhert, schemnen uns die neuen, aus Sulfon-
amuden entwickelten Hemmstoffe der Karboanhydrase zu sen
Dicsem Ferment hommt eine besondere Funhtion 1m Elehtrolyt-
stoffivechsel der Niere zu Es st fir die Bildung von Ht und die
Ruchresorptian von HCOy-Tonen verantwortlich Da die Natrium-
ruchresorption 1m distalen Tubulusante:l an die Anwesenhert von
H Ionen gebunden ist, wird durch die Hemmung des genannten
Termentes auch dic Natriumruckeesorption verhindert Es kommt
zu semer vermehrten Ausscherdung und drmit zu gesteigerter Diu
rese®® Wir haben mut dieser — unter dem Namen Diamox (Lederie)
1m Handel befindlichen ~ Substanz m Dosen von 16 mg/hg Korper-
gewicht gute Erfahrungen gemacht, sie 15t gut vertraghch und hat
allen oder zusimmen mut sehr klemnen und seltenen Dosen von
Hg Diureticss gute Ausscherdungswirkung

Weiter se1 auf die Kalumtherapre hingesiesen, die fruber aus-
fihrhicher beschrieben wurde, wetl damut unter gewsssen Umstan-
den eme Verdrangung der Natriumionen und diuretische Wirkungen
zu erzielen sind

Im Sinne emer Verbesserung der BlutenweiBverhaltrusse und
damit emner Forderung der Odemausschwemmung legt neben ei-
weiBreicher Diat, Zufubr von Aminosauregemmschen oder Alburn-
mjektionen auch emne gute Leberschutzbehandlung® Neben allen
dresen MaBnahmen aber sollte eme Hebung der Herzkraft und damst
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eme Kalumgaben todhich vergifict werden Durch erhohte Zu-
fuhr von Na Salzen ber moghichst weitgehender Ausschaltung des
halums hann man NNR Ausfallsymptome zum Verschwinden
brngen Diese Moghichhert zeagt, dafl dieschweren Folgen des NNR-
Hormon Ausfslles 1m wesentlichen durch Storungen 1m Minerl-
hawshdtbedingt sind, die moghcherweise erst den Bodenvorberesten
missen damitK H-Stoffis echselstorungen mamfestwerden honnen™
Disse Veranderungen missen hier besonders vermerkt werden, weil
die Digtahsempfindhichhest 1m hranken Herzen eng mnt scinem
Rabumgehalt zusammenhangt und weil eine strenge hochsalzent~
nehung wie sie bam Herzhranken getibt wird, bet den haufigen
Tallen rut diberlasteter Nebennierennnde mehe schaden als niltzen
faan Erhohte H fubhr steigest dic Nagung zu Kochsalz-
und Wasserretention, indem die Natmumrgickresorption m den
Tubuft vermehrt®? und dieses und damit Wasser in den Geweben
starker festgehalten wird?® Es st aber meht anzunchmen, d18 diese
Minerathaushaltsstorung thre Ursache nur in emer Verdnderung der
Ausscherdsamelihiod onp : bl
der Nier hat, ste schemt sich aber
an den Epithelien der Miere 1n besonders auffillender Wesse zu
alern, weil uer due affgemeine Falughent der Zelie zum Stofftrans-
Port in Gestalt der Ruckresorption von Wasser und Tonen aus dem
Lumen der Tubuly 1ns Gefalsy zu ewmer spezifischeren Funk-
;‘f’“ ausgebuldet 15t und dahier ber Storungen und Ausfall dieser
Z‘:ﬁt:nn zu etngrefenderen Veranderungen fithrt als ber andern
Soweit es sich um den Mineralstoffw echsel handelt, scheint der
lmi‘;‘gi}:‘\::h der NNR-Hormone an den Grenzfiachen der Zellen
dor Musml;\;: r:u su;hm zu sein, daher auch an den Oberflachen
1 der Aufnc bt wdem ixc'mh clkm. ber normalem Stoffwechsel
ng ewer g Schranke beteil , welche

‘i;-h::: Kalum den Austnitt, dem Natnum den Emtratt in das
— ¢ verwehrt Dauernde Encrgiczufuhr sst nbtig, um diese
_be osmotische Spannungsdifferenz von Na und K 1m extra- und
ancmrauonc}:mm frect halten, welche auf esmotschen
dvae e g Plmm:rh:\lb der Zelle beruht, die dreimal so hoth
Ny asmas Dicse Spannungsdafferenz sinkt bes NNR-
e Cxpcnm:thr mednge Werte, wie am Muskelgewcbe von
wnd e g ntcl:if:s(gcs(cm wurde™ Das hilft die SchlafThet
Yares 4 ynamie der Muskulatur bet NNR-Insuffizienz zu er-

en)
ndie osmotische Spannungsdifferenz zwischen dem Zell-
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b) Nebenmerenninde

1 Warkungsmechamsmus

Ein Ausfall der Nebennierenrinde durch Exstirpation oder Er-
krankung fuhrt ahnlich wie die Entfernung der Hypophyse zu Hypo-
glyhamie, Verminderung der Glyhogenreserven i der Leber und
der dem Normalen gegeniber geningeren Fahigheit des Korpers,
seinen Kohlenhydratbestand aufrechtzuerhalten,wenn ungenugend
Kohlerhydrate zugefuhrt oder zuviel davon verbraucht werden
Das erhlart sich dadurch, daB berm Fehlen von NNR-Hormonen
die Neubrldung von Glykogen, die Gluhoneogenese, stark verlang-
samt 15t Eine Substitutionstherapie mit Rindenextrakten bewrkt
m solchen Fallen eme Auffiillung der Glyhogenvorrate besonders
m der Leber® und emne Regulansierung des Zucherstoffiechsels
Wir schen daber, daB alle aktnen Hormone der NNR qualitatiy
ahnliche Wirkungen auf den KH-Stoffivechsel zeigen und nur 1in
quantitativer Hinsicht differieren Auch Einflusse der NNR auf den
Tettstolfivechsel 1im Sinne emer Regularsierung der Fettablagerung
und emer Forderung der Glyhogenneubildung aus Fett? sind be-
kannt Ebenso soll unter threr Wirkung mehr Zucher aus Emerl
gebildet werden®, wenn keine andere Glyhogenquelle vorhinden st

Wean auch der Mechamismus dieser Hormoneinflusse noch
stark diskutiert wird, steht doch fest, daB sie tief1in den Aufbau und
1n die Wirksamkert lebenswichtiger Fermente emngretfeni® 1% Dre-
jenigen Fermente, von denen angenommen wird, dafi die NNR-
Hormone auf ste etnwirken, enthalten m 1hrem chemischen Gerust
SH-Gruppen, und es wird vermutet ™, da dse NNR-Hormone mm
Sinne emer Aktwvierung dreser lebenswichtigen Gruppen an diesen
Fermenten angreifen Wie wir gesehen haben, geschehen insbeson-
dere 1 Kohlenhydrathaushalt wesentliche Umwandlungen uber
Anlagerung und Abspaltung von Phosphatgruppen und diese Phos-
phorylierungen sollen 1 sehr engen Bezichungen zu den NNR-
Hormonen stehen™ 12, sa daB deren Verhaltms zum Adenylsaure-
system hier besonders betont werden muB

Im Mumneralhaushalt fiihrt das Fehlen von NNR-Hormonen zu
grofen Natrium und Chlorverlusten, Flussigkertsyerschiebungen
m Korper, Anstieg des Kaliums 1m Blut und anch m den Zellen,

und der Antagomsmus von Natrmm zu Kalum scheint gesteigert
o s v
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samten Rohextraktes blicben, honnte vor hurzem?* eme weitere
\erbindung hnstallisiert werden, das Aldosteron, zuerst Elehtro-
kortn genannt, welches auf den Mineralstoffw echsel besonderen
Einfiu hat. Sane Reindarstellung scheint auch in therapeutischer
Sicht eme wesentliche Neuerung darzustellen, da es eine 30-50fach
starhere Wirksamhert®® hat als das thm nahestehende Desoxylorti-
Yosteron (ber 25mal starkerer Na-Retention und 5mal starkerer
b Auscherdung), aber hane Wirkung auf die Wasserausschesdung
z0gt* und den Blutdruck in physiologischen Dosen micht erhoht ™
Diewrksame Tagesdosis ber Addusonp lag schon bes 150 bis
200mg Das Aldosteron soll aber mcht nur fiir den Mineralhaushalt
des Orgamsmus iiber den Angnffspunkt der NNR, sondern auch
for den Minerathaushalt der einzelnen Zelle entscherdend verant-
worthch sein®9, und es hegt nahe, 1uch aine speafische Aldosteron-
Wirkung auf das Herz anzunchmen Therapeutische Versuche mut
aidosteronhalugen NNR-Extrabten (Hormonchemie) an delom-
pensierten Herzkranken haben uns in dieser Richtung ermutigende
Resultate geliefert, wenn sie auch noch micht so zahtreich sind, da8
u¢ staustisch ausgewertet werden honnten

4 Ridungsaidtien der N\R Hormone

Nach neveren Untersuchungen® werden dic fur den ge-
wohnlichen Stoffwechsel des Org notwend Rinden-
?;r?une ~und zwar die Gluko- und die Mineralokorukosteronde —
v <t mneren Rindenhilfie als der eigentlichen Funktionsschicht

INVR gebildet: Der yewealige Hormonbedarf des Org;
:Zmiﬂm [a)uch die qualitatne Lastung der Rindenepithelien be-
e mC: : x; anficre Halfte der Zona fasaiculata dagegen soll eine
dtrungec xcr t sein, auf die der Organismus ber groBeren Anfor-
o un: :0 }:m zurlickgrerfen kann  Die Tatighest dieser Schichten
i ehr lebhafte semn, denn in der Minute wird von der NNR
o 2¢hafuche Menge des jewels n abir feststelibaren Hormon-

gehaltey abgegehentst
th)‘t~dasgA é!} - _DaE an Vorderlappenhormon der Hy-

Horm, n die Synthese und Sekretion der NNR-
rend ;n: C{:l’demd emngreift, sex huer nur am Rande vermesht, wah-
stor gy, P:;’:xl)}u;mche Bedeutung der Askorbinsaure als Rataly-
werden o :a mc; Hormonproduktion deutlicher herausgestelle
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mneren und der Umgebung 1st em entscherdender Faltor fur den
Gewebsturgor. Da aus physikalischen Griinden auch Bezichungen
zwischen diesem und dem Blutdruck bestehen, sind auch hier Er-
klarungsmoglichkeiten fur die Hypotonie ber Addison und gewissen
Herzerkrankungen gegeben Wenn die Wirkung der den Mimeral-
stoffwechsel steuernden Hormongruppen aufhort, trtt an die Stelle
der biologischen Schranke an den Grenzflachen der Zellen ein Aus-
tausch der Ionen nach rein physikalischen Gesichtspunkten

2 Aufghed der NNR H

Von den 30 steroidartigen Stoffen, die aus NNR-Extrakten in
knstallisiertem Zustand zu 1solieren waren, sind seit etwa 18 Jahren
sechs bekannt!®, die eme typische «Kortinwirksamkert» haben,
d h die Tahighert, emen mehr oder weniger grofen Teil der Aus-
fallserscheinungen beim NNR-losen Tier aufzuhebento? 3t Sie
haben Hormoncharakter und stellen ungesattigte Ketone dar, die
dem Gelbkorperhormon Progesteron nahe verwandt sind Es st
wahrscheinlich, daB3 das Cholesterin 1hre Muttersubstanz 15t Sie
werden als Kortikosteroide bezerchnet

Ls gibt unter den genannten Hormonen solche, die vorwiegend
den Kohlenhydratstoffivechsel beeinflussen, wie das Kortison (17-
Oxy-Korttkosteron) 3! Diesen Gluhohortikosteroiden stehen Mine-
ralohortihosteroide gegenuber, deren wichtigster Vertreter das Des-
oxykortihosteron gewesen 1st, das nur n sehr Memner Menge 1n der
NNR vorhommt und von manchen Autoren lediglich als Zwischen-
produkt des eigenthichen Hormons angesehen wird™ Es bewrkt
Natrium-, Chlor- und Wasserretention ber vermehrter K-Ausscher-
dung und erhofit den Blutdruch Die berden Hormongruppen sind
1 threr Wirksamkeit nicht so stark getrennt wie man ursprunglich
annahm. Die Glukohortikosteroide wirken auch auf den Mineral-
stoffwechsel und rmit Desoxykortikosteron kann man anderseits
NNR-lose Tiere am Leben erhalten®, obwohl dieses Steroid sonst
kemen EmfluB auf den KH-Stoffwechsel zu haben schent

3 Aldosteron

Aus emner nach Entfernung dieser krstallisierbaren Substanzen
aus NNR-Extrakten zuruckbletbenden «amorphen Fraktion»,
welcher je nach Art der Gewinnung 60-80% der Wirkung des ge-
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samten Rohextrabtes bhieben, honnte vor hurzem™ eine watere
Verbindung knstallsert werden, das Aldosteron, zuerst Elehtro-
kortn genannt, welches auf den Mineralstoffuechsel besonderen
EmfinBhat Seine Rendarstellung schemnt auch in therapeutuscher
Sicht erne wesentliche Neuerung d Ylen, da es emne 30-50ach
starhere Wirksamkeit®® hat als das thm nahestchende Desoxyhorte-
kosteron (ber 25mal starkerer Na Retention und 5mal starkerer
h Ausscherdung), aber hemne Wirkung auf die Wasserausscherdung
26gt™ und den Blutdruck i physiologschen Dosen micht crh_ohx“.
-

Na o ™ '

tur den Mmeralhaushalt der cinzelnen Zelle entschedend verants
worthich sein®™, und es Liegt nahe, auch cine spezsfische Aldosteron.
Wirkung auf das Herz anzunehmen Therapeutische Versuche mnt
aldosterontialugen NNR-Exisakten {Hormoncheme) an dekom-
pensierten Herzhranken haben uns in dieser Richtung ermutigende
Resultate geliefert, wenn sie auch noch meht so zahleerch sind, dall
sie statistisch ausgewcrtet werden honnten

4 Bldungsstatten dey NNR Honmone

Nach neutren Untersuchungen® werden die fir den pe-
wohnhchen Stoffwechsel des Organismus notwendigen Runden-
hormone ~ und zwar die Gluko- und die Mincralokortilosterorde ~
sn der wneren Rindenhalfte als der exgenthichen Funknonsschicht
der NNR gebildet Der jewetlige Hormonbedarf des Organssmus
solf daber auch die qualitative Leistung der Randenepithelien be.
summen Die huBere Halfte der Zona fasciculata dagegen soll eme
Reserveschicht semn, auf die der Orgatusmus ber groBeren Anfor-
derungen sofort zurtickgreifen kann Die Tatgkest dieser Schichten
ol eme sehr ebhafte sem, denn m der Minute wird von der NNR
etwa die zehnfache Menge des jewerls 1 1hr feststellbaren Hormon-

gebaltes abgepeben™ Dag em Vorderlappenhormon der Hy-
%bp\\yst ~ 823 ACTH - 1n die Synthese und Sekretion der NNR-
ormone fordernd emgrexft, sex hrer nur am Rande vermerkt, wih-
rend die therapeunsche Bedeutung der Askorbinsaure als K’a
sator ym Prozed der Hor deutlicher b : taty-
werden sofl?® © 10 1m i
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& Askorbinsavre

Dic Zelltmung in der NNR, die besonders reich an Vitamm C
1st, steigt nach Ashorbinsaurczufuhr, weil der Whasserstoffiransport
i NNR-Zcllen durch sic aktiviert wird®® Daruf beruht auch
dic fordernde Wirkung ~wuf dic Biosynthese der Sterordhormone
Dic Askorbmnswrezufuhr darf aber emn gewisses Optimum micht
tberschretten, sonst sinkt die Hormonsynthese Ls 1st auBerdem
wichtig zu wissen, d1f} dic Wirkung von Vitamin C ber zunehmen-
dem Alter der Dritse immer gennger wird Diese stoffvechsel- und
hormonsynthescfordernden Ergenschaften der Ashorbmsaure hon-
nen bet der Herztherapie ausgenutzt und neben anderen auch durch
dic Vitymine E und A unterstittzt werden, die in ahnlichem Sinne
wirken

¢) Nebenmierenninde ber Herzinsuffizieny
1 Klinjsche Beobachtungen

Ber der Untersuchung von chromsch dekompensierten Herz-
kranken fallen dem langyshrigen Beobachter ofter Symptome auf, die
auch ber Nebenniereninsuffizienz verschiedener Stadien vorhommen
{Addisonismus, M Addison) Sie zeigen sich als Mushelschwache,
Adynamie, Magen-Darm Storungen verschiedener Art, wie Ap
pettlosighert, Ubelhert, AufstoBen, Erbrechen und Vermnderung
der Salzshure- und Fermentproduhtion des Magens, Durchfalle,
endlich Welhwerden und Pigmentierung der Haut und medriger
Blutdruck Ls handelt sich um Veranderungen der AuBeren Er-
scheinung und des Wesens dieser Kranken, die durch die Herz-
schwache allesn nicht erhlarbar snd  Anderserts findet man cbenso
wice beim chronsch Herzkranken auch besm Addison eine Herab-
setzung des Minutenvolumens und des Schlagvolumens des Herzens
und eine Lindickung des Blutes und bet beiden Krankheitsbildern
EKG-Vcranderungen, die ahnlich simd und durch eme Senhung
der ST-Strecke und cine Abflachung oder ein Negativwerden der
T-Zacke charaktensiert sind  Ls 15t durchaus denkbar, da sie wuch
bes chronisch Herzkranken wemgstens tedwesse als Ausdruch emner
NNR-Insuffizienz zu werten sind Solche Mimschen Veranderungen
sind uch von anderer Seite beschricben®  Sie treffen meist
Kranke, dic wegen alter Klappenfehler, fixierter Hypertonien, Ko-
ronarshlerosen oder Arrhythmien verschiedener Genese immer wie-
der dekompensicren Stie sind meist lang und oft mit Digitahs be-
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handelt worden wod 1mmer wieder Lompensiert gewesen, bis An-
strengungen oder Infekte zu neuer Tusuffizienz uad endhich trotz
Glykosidbehandlung zu hydropuschen Ench gen und Herze
versagen gefuhrt haben Diese Zewhen treten n w echselnder Zy-
sammenstellung und oft auch mcht besonders deuthch hervor, sind
aber ziemhich oft, vor allem bes dlteren Leuten 2zu finden

2 Amatamische Veranderungen

Duese Beobachtungen geben emen Hinweisdarauf, daBdie NMR
bes solchen Herzkranken i Matlewdensehalt gezogen und 1 threr
Funkbon beantrachtigt wrd, was durchihre eben beschnebene Be-
teiligung an lebenswichtigen Stoffwechselvorghngen 1 nahe hiegt
Diese Beeintrachtigung 1aBt sich durch zahlresche morphologische
und fimkuonetle Daten befegen® 2 22 So ergab sich, daB das Herz-
und das Nebennerennndengewicht von Witdueren im aflgemeinen
hoher hegt als das rhrer d ten h
Ratten) und daB sich beide bet chromsch iberanstrengten Txcrcr,x
crhohen, nach NNR Entfernung aber eine Reduktion des Herz-
gewichts und der Lewstungsfatugkeit emntntt, Wir wassen auch, daff
che T fahgkert von Versuch durch NNR-Hormone
gestergert und die Ermudbarkest des hlichen Sket kels
darch sie anausgeschoben swerden kann Pathologisch anatomusche
Untersuchungen haben ergeben, dafi ba Lompensiester Herz-
muskelhypertrophie, besonders bex Hypertome, ene starhe Hyper-
trophie der NNR avftntt deren Gewicht z B von 4,02 auf §
i&e\gcn'kz'um Daber kommt es zu ewer Uberfunktion des Ormug

- “ . livuimeny
substanzen, besonders von doppelt brccht:r:dbciﬂ{}::rtx; g von Fett-
Rindenschichten auBert Ber dekompensierten H:P:z km i allen
gegen findet man einen Verlust des Rindengewichts ranken da-
d’:‘;" Atropine und statkem Schwvund der fettfarbbaren g:;s::hun‘
S
3&\:\::\“ :«“:ﬁc? i:\p‘old: D’?c End:““““ﬁ:n Taseen « o1 zen
wechsel . .

als Subst - .
et

Aatatysator
Ste werden von der NNR deshalh so lange es g;?::’::::;r:\’;“dm
crets
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gestellt, wobei es zu emer Hypertrophie des Organs kommt Wenn
aber emn bestmmter Punkt tiberschritten ward, setzt der beschrie-
bene Entspercherungsvorgang und eme langsame Atrophse des
Organs em Damut 15t ein Versiegen der Hormonausschuttung und
eme weitere schwere Schadigung des gesamten und des Herzstoff
wechsels verbunden, denn zu den hamodynamisch bedingten Scha
den tritt nun noch emn Erlahmen wichugster Stoffivechselfunktio-
nen, deren Ablauf durch NNR-Hormen Mangel zumindest ver-
langsamt wird

3 Linflu der Herz nsuffiz enz auf d e Ketostero daussche dung

Um quch von der funktioncllen Seite her eme Bestatigung dieser
Befunde zu crhalten, haben wir?®? 32 Abbauproduhte dieser Hor-
mone 1m Harn untersucht Ls handelt sich dabet um die 17-heto
steroide, die ein Sammelbechen darzustellen scheinen, in das neben
Kortihosterorden allerdings auch andere Stoffe eingehen, welche als
Abbauproduhte der mannlichen Keimdrusenhormone 1ngesehen
werden Da diese Stoffe auch auf anderen Gebieten zur Aufdechung
von Zusimmenhangen mit dem NNR-System verwendet wer
den’®, haben wir sic ber emncr groBeren Anzahl von Herzkranken
untersucht und bei 265 mzwischen veroffentlichten Bestimmungen
emn Absmken der Werte ber chromsch dehompensierten Herzhrinken
gefunden Diese Beobachtungen haben sich mzwischen vermehrt
und sind auch von anderer Seite bestatigt™

Auch die friaher schon erw thnte Veranderung der Bluthalium
werte von Herzkranken® spricht 1m Sinn emer Beteligung der
NNR an diesem Geschehen Die Erhohung des halumspiegels 1m
Blut, dre wir ber viclen dekompensterten Herzkrinken gefunden
haben, wenn noch keine zu grofie Leberbetethgung vorlag hegt
namlich ebenfalls im Rahmen der bet NNR Insuffizienz erwarteten
Veranderung Fs 1st umvahrscheialich da8 diese hohen k Werte
ganz unabhangig vom Verhalten der NNR vorkommen und un
1bhangig von 1hr ber zunehmender hompensation wieder zuruch
gehen

d) Therapre

Diese Zusammenhange erfordern ene Beruchsichtigung der
NNR-T'unktion ber der Behandlung von Herzhranken und der dazu
notwendigen Indihationsstellung Unabhangig davon, ob dhese Hor-
(mone als Substrat oder Ratalysator wirken, handelt es sich ber threr



Pendl, Heratofiwechscl und Therape 285
Verordnung um eine Sut t die vor allem deshatb
mcht schr lange angewandt werden soll, werl sie mit der Zait eine
Neuemstellung des Organstaus auf diese Hormone bewirkt und zu
emer Inahtivitatsatrophic der NNR fuhrt oder eme sotche Atrophue
nach Uberlastung noch fordert Es muB auflerdem eine Daosnis ge-
funden werden, die den Schaden gerade ausgleicht ohne 2u Uber-
doscrungserschemungen zu fihren, welche besonders dann gefahr-
fich und, wenn bereits Symptome vorhanden sind, die 1n der Rich-
tung solcher Nebenwirkungen hegen Das gt besonders fur die
Verordmng von Muneraiokortkosteronden wie Cortiron oder Per-
corten, deren Uberdosierung Odeme und  Blutdruckerhohung
macht Sie sollen ber Patienten mit Hochdruck- und Odem:

neigung
micht angewendet werden Ba K farkt, K kl n
und hyp hen Z den d wirken s1e sehr gut Die

Therapie mut Aldasteron konnte hier wielleicht eine Wandlun,
bringen, da ste die guten Esgenschaften der Mineralokortil de,
thre Wirkung auf die he Sp g an den Zellwanden usw
ausnutzen kann, ohne emne Wasserretention oder Blutdruckerho-
hung zu produzieren

‘Wenn Symptome da sind, die mehr auf eine Storung 1m Zucker-
haushalt hinweisen, Adynamie 2 B, dann sind eher Gluhokoru.
kosterorde angezeigt, aber auch hier st zu berdcksichtigen, daf
l\f‘cbenvnrkun‘g;cn auftreten konnen, inshesondere eine Erhvhung der

s haft, dic bewn Hes2hranken so.

w‘zeso m den gestauten Organen schon gesteigert 15t und durch
tatfand

von Bl B derungen d

2 urch

H he und bei E d hied A

Herschuache gen v Art werter
Ber der Anwendung emzetner Hormon e
Vorsicht am Platze Daber spreit auch der g:iil:zknc l::n:‘i‘{)ozl"l‘;:c;?’c
daB eme Hormongruppe durch zu groBe Beanspruchung n
kranken Herzen her anch m shrer T eistung als Gegens, mlg gm
andern geschwacht wird, so dafBl deren Ubernegen 2 pE:h ol
nungen fuhet, die wir sonst als chrdosxcmng&zmchtn l\u A
Bewprel seien nochmals die Hypertonie ynd Ga o
Herzkranken genannt, die messt remn ham b agung des

adynamu:
den }V‘:\m\ n dem beim Herzhranken zrimmYm 7 sfh "L}f“ wer
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Auf Grand solcher Uberlegungen haben wir schon sehr fruh
angefangen, ol- und wasserloshche Gesamtextrakte zu verwenden,
denn dadurch glaubten wir, solche Nebenwirkungen eher aus-
schalten zu Aonnen, und auflerdem wollten wir den Kranken auch
die amorphe Fraktion zugute hommen lassen, bevor wir vom Aldo-
steron etwas wuflten, Erfabrungen und Kasunnk daruber sind
memnem Buch!®? medergelegt Nach moghchst emgehendem Studum
der klinischen Wirkung von ol- und wasserloslichen Gesamtextrak-
ten, wie Eschatin, Pancortex usw, haben wir jetzt emen Extrakt
(Hormonchemte Munchen) in Benutzung, der Aldosteron enthalt!s
Wir glauben, mn sehr schweren Fallen davon eine bessere Wirkung
zu schen als mit den alteren Praparaten, wenn wir hier auch meust
gezwungen sind, Vitamun-B-Komplex, Zucher und Zytochrom
glerchzettig anzusenden Aber Beobachtungen an kianken Men-
schen lassen sich eben nicht so veremnfachen wie beim Tierversuch

Die Anwendung dieser Stoffe dient vor allem der Durchbre-
chung emes Circulus vitiosus, m den sich der Organismus ber zu-
nechmender Dekompensation hinemnsteigert, mdem che Mangel-
durchblutung und Stoffwechseluberlastung Situattonen schafft, aus
denen der Orgamsmus nicht mehr allein heraushommt Dazu
kommt aus allen moglichen noch zu berthrenden Grunden oft emne
schlechtere Ansprechbarkent auf Digitahsglykoside, die messt schon
lange gegeben worden waren Wenn nun durch diese Hormone der
Ablauf von Stoflwechselvorgangen wieder besser wird, dann kann
auch Herzleistung und Durchblutung wieder besser werden und
Digatalis besser ansprechen Sobald man das sieht, soll man mit der
NNR-Therapie aufhoren und sich eventuell durch mebrtagige Ga-
ben von ACTH aus dem Hypophysen-Vorderlappen dagegen
schiitzen, daB die wahrend der Behandlung maktivierte NNR micht
rasch genug mut 1hrer Eigentatigkert emsetzt

Damit hann die Substitutionstherape auf diesem Sehtor auf
das Niveau etner echten Heilbehandlung gehoben werden, beson-
ders wenn sie mit einer Verbesserung des Stoffwechselablaufes emne
seltenere Glykosidgabe erlaubt und n Fallen von Digatalis-Uber-

pfindlichhett Zeutsp n uberbricken hift, 1n denen auch
durch andere MaBnahmen, Kalumgaben usw , dienormale Glyko-
sidempfindhichkert wieder hergestellt 1st Das haben wir ber der
Behandlung von alten dekompensierten Klappenfehlern gesehen,
bei dekompensterten Hypertonien, arteriosklerotischen un::l sonsti-
gen Archythmien mit Herzinsuffizsenz bes alten Leuten mt Koronar-
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gunshigsten reagierten Fatienten mit Uberlastung des rechien \ en-
tokels und medngem Blutdruck

VIUL. Stoffwechsetwirkungen der Digitalaglykoside

Die Digstalistherapie solt 1 diesem Rahmen nur msofern ge-
streift werden, als Indizien dafiir bestehen, daB die herzwirksimen

Glykoside Angniffspunkte an Stoffwechsel haben, welche

das Herz mut Enerme versorgen und bey Herzerhrankungen gestort
sein konnen s 15t aber heute noch schwer, emn klares und 2uswm-
menhangendes Bild von solchen Stoffw echselwirkungen der Droge
zu behommen So haben wir wie viele andere vor uns versucht, an-
gebliche Veranderungen des pllanzlichen Wachstums durch Digp-
tabsdungung nachzuprufen und haben an Samen und auc]

h an
Baktenenhulturen keine andeungen Resultate erzielen honnen Wir
haben ~ mat Dr  Odeneatd

- auch die Wachstums\ erhaltrusse der
Hefe unter Enwirkung verschiedener Konzentrationen verschic-
dener Digitalisglyhoude untersucht und kene Veranderungen ge-
funden Dagegen 1st s uns in Jungster Zeat gelungen, 1m Wi arburg-
Apparat hinsichthich der Beemflubarkent vor Atmung und Ghrung
der Hefezelle emen zwar genngfimpen aber konstanten Strophan-
thineffeht nachzuweisen, der trotz der noch relany genngen Anzahl
von Versuchen (Atmung 36 Messungen mit, 17 Messungen ohne
Strophanthun, Garung 38 mu, 13 okne S(mph:\mhm) statistisch
schon gut gesichert 1t Wiyr fanden unter aerghen Verhahimssen,
dafl Strophanthin sm Verglerch 2y Leenersuchen eine Vernn, c:
rung des O, Verbrauches upg eme Stcxgcmng der CO, .B.\dugn
bewirke, deren AusmaB h dvon der Strophanthat s
‘\::t?:, ;:;:::;g;g 15t Eme Mittedtung von Odernald daritber 1st 1n

Weiter bnngt die Untenuchung von lebenden Herzmuskel
geweben 1 Schnmprapamtcn, endhch die Durchstromung gan, ‘
Herzen allein oder 1m Zusammcnhang mut andern Or, :ui:g e;cr
dem Gcsammrgamsmus er auch hier 15t man wci von d::;

Aby
Lomphizierten Verhaltmssen entfernt, die ym Leben herrschen Dye
die rasch entretende Insuffizieny des

Lasion des Gewebes yng
wsoherten Herzensue gopo 0 @ abnorme Bedingungen fur die
an-

e
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greifenden Digitaliskorper, aber damit auch gunstige Moglichkeiten
zu threm Studium; denn am optimal tatigen Herzen bleiben Stoff-
wechselwirkungen der Digitalisglykoside aus, soweit nicht toxische
Dosen gegeben werden. Der Eintritt eines positiven chemischen und
mechanischen Wirkungseffektes nach jhrer Anwendung ist abhangig
von dem Vorliegen ciner «Insuffizienz», d. b. einer Ermudung bzw,
Schadigung des Herzens®. Die Faktoren, die fur das Gelingen
der Untersuchungen notwendig sind, sind aber so mannigfaltiger
Art, daf3 widersprechende Versuchsergebnisse vorkommen und oft
schwer unter cinen Hut zu bringen sind.

a) Bezieh 2um Mineralhaushalt
1, Zum Kalzmum

Auf dem Gebiet des Mineralstoffiwechsels bestehen engere Be-
ziehungen zwischen Digitaliskorpern und Kalzium. Denn an Ca-frei
erndhrten Herzen von Versuchstieren zeigen herzwirksame Gly-
koside keinen Digitaliseffeht. Dieser wird jedoch sichtbar, wenn
dann Ca-haltige Nahtlosungen zugefithrt werden®, Die An-
sprechbarkeit des Organs auf solche Pharmaka ist also an die
Gegenwart von Ca gebunden. Anderseits ist bekannt, daB der Zeit-
punkt des Stillstandes eines Herzens nach Durchspitlung mit Ca-
freier Ringerlosung durch Strophanthin wesentlich hinausgeschoben
werden hann®®. Wegen der engen Bindung des Serumhalziums
an die BluteiweiBkorper kann es bei denjenigen Kranken, bei denen
die Herzinsuffizienz zu einer Hyperproteinamie resp. einer Hypal-
buminamie gefuhrt hat, auch zu einer Hypokalzamie kommen, weil
za wenig EiweiB als Vehikel des Ca da ist®. So kann bei manchen
Herzkranken die geringe Empfindlichheit fur Digitalis uber einen
Ca-Mangel erhlart werden. DaB auch die Digitatiskorper selbst von
Serumproteinen transportiert werden, sei in diesem Zusammenhang
nur noch einmal kurz erwahnt,

kogen, fordert die hrmudung 'Y und siot Uit asls
1 B 1 ) e

synthese yon ATP und Gly

lewstung Solchen Stofft 1 p Hyp
Q-T-Dauer tm EKG, welche dem Erregungsablauf im Ventrikel entspricht, Unter desn
EinfluB von Ca kann m vitro und 1n 310 emne Erwenerung der Koronargefafe en-

tretents 99,
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2 Zum halun

Wahrend Ca Erhohung die Strophanthinwirhung verstarke,
tut habumvermehrung m der Durchstromungsfisuigket ber
H 1 unter g Bedingungen das Gegentedl Die
groBc‘rc Digitalisempfindbehket des H kels bey Erhohung
des Ca Spaegels ym Blut wird durch en entsprechendes Nachriicken
des hahumgehalts s zur Normahsierung des h/Ca Quotienten
ruckgangig gemacht® Eine Hypolalidmue fuhrt zu vermehr

1 e a1

ter Dig P hhext was Beobachtungen erklant®™, wo-
nach habumsalze die toxische Diptabiswirkung bessern konnen
Dhe Z hange dieser Ersch gen werden viclleicht durch
Y h besser § dhich wonach Digitalisglykonde dic

ATPase-, also die Fermentwirkung des Myosins, aktivieren deren
Funkuon von enem opimalen haliumspiegel der U gebung ab-
hangig 15t ® Dic Digitaliswirksamkest wird also durch das
A erhalten des M thaushalts stark beawnfiult, wie an dem By
spiel der berden wichtigen Tonen k und Ga gezaigt werden konnte
Die Ghykoside wirken selbst wieder auf abnorme Elektrolytver

terfungen regulansierend e und erziclen damit sicher ewmen Tail
thres Erfolges

b} Herzghykosde und Adenylsauresystem

Im insuffizienten Herzen fommt
Adenylsauresubstanzen m
Anstieg des 1 P
zeichen emer Minderlestung des Herzans

«

© 2u einer Abnakme der

1t einem aus shrer Spaltung resulticrenden
hosphatsi* a)g iy hes Renn

Die Abnahme der Ko

o
= yemalusanwirksamen Phosphorverbynd,
un
wieder auf annabernd normale Verha o e

ltnisse bringen tte.ise
b‘eschltumgt und verstarkt auch die ATP bedmgti honnak?\zi
glyzennextraluerter Muskelfasern Es scheint
or all
thz!:u:‘g d;s Ph;sp;mrkrcaungchnlrs zum Normalen z:n;:c:::‘:
en' und verhindert den unokonomsch rester
hochwertiger energerercher Phospharvcrhmdusgcn gdzr:cguzi;rml
uc\;\:t:le;::; :1;:tzu&reten ]pﬂcgt. Andersetts frdest AMP nach kl:rx\z\
s chtungen g] echsinmg die say, t
der Dipitalisglykosides» 1y, toxwschen Dosc:rsx iﬂ'sgattndc g
anthin die Vorry; chem 1o Suoph
Tgiereichem Phosphatise

te des Herzens an £ne

20 Heesta Forachrite do Kandctogse
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und zerstort vor allem das Phosphorkreatin  Zunehmende Ver
giftung mit Herzglykosiden 15t biochemisch charakterisiert durch
eunc vermehrte Spaltung energiereichen Phosphats 1m Myokard
ohne entsprechendes Anstergen seiner Synthese®

¢) Beziehungen der Digitalisglykoside zum « Milzleberstoff
und zu den NNR-Hormonen

Digitalisglyhoside konnen am insuffizienten Herzen den Sauer-
stoffbedarf mindern und den Wirkungsgrad heben*? 43 %6 Damnt
wirken sie gleichsinmig mit dem frither beschriebenen Milzleberstoff
Der Sterordcharakter dieser Glykoside und 1hre daraus resultierende
Verwandtschaft mit den in der Leber gebildeten Gallensaurent™
sowie den auch fiir den Herzstoffw echsel bedeutsamen Keimdrusen-
und NNR-Hormonen lafit hier an Zusammenhange denken, die
nach neueren amenkamschen Arberten® schr wahrschemlich
werden Sie berichten tiber die Herstellung von Produkten, die -
vom Agluhon des K- und g-Strophanthmn ausgehend ~ dem Pro-
gesteron und Desoxybortikosteron entsprechen Dieses durch Teil-
synthese gewonnene 19-Oxy-desoxykortikosteron zexgt nur eme m-
nmimale Natriumretention und kemnerler glukokortihoide Wirkung
Ber semnem Vergleich mt emer aus Rindernebenmerenrinden ge-
wonnenen nattirlichen Substanz®, welche nach ihrem chemischen
Verhalten zur Gruppe der NNR-Hormone gehort, ergab sich die
vollige Identitat dieser beiden Stoffe Dadurch ergeben sich auch
wesenthche therapeutische Ausblicke Die Wirksamkeit der NNR-
Hormone ber Herzerkrankungen wird verstandhcher und der Be-
gnff der sogenannten «Herzhormone» semem wirklichen Stand-
punkt nahergebracht

d) Digitalss und Kohlenhydratstoffwechsel
1 Wirkung auf Glykalyse und Atmung

Dugrtalss stergert am Shelettmuskel und am zerklenerten Herz
muskelgewebe 1n therapeutischen Dosen die l\thhsiiurcbx]dung" aus
Glykogen und aus Glukose®* Dic Verwendung radwaktiver Koh-
Ienstoffisotopen hat es in den letzten Jahren moghch gemacht'®,
die Strophanthinwirhung auf den KH-Umsatz ~ Glykolyse und
Oxydation — genauer zu verfolgen Es ergab sich ber der Beobach-
tung atmender Scheiben von Hundemyokard unter der Emnwirkung
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von g Strophanthin bet entsprechender Glukose- oder Milchss
zufuhr, daB besonders die Glukoseverb g gegenilber den
1 llen eine Beschl g erfuhr Es trat emne wesentliche

Erhohung der CO,-deungQauf', wahrend der Sauerstoffs erbrauch
relativ medng bheb In diesem Zusammenhang sind die am Anfang
dieses haptels Iten eigenen Beobachtungen tiber Digatahs
und Hefe nochmals zu erwahnen

2 Digitals und Brenatraubensiure

Der Verbrauch von Brenztrant aber, dic Kohl -
produktion aus diesem Substrat, sene Reduktion zu Milchsaure
blicben durch Strophanthin unbershrt Die Intensitéit der Atmung
des Herzgewebes in BTS Uberschub war ohne Strophanthin ehenso
hoch wie 1n Glukose und Mychsaure mt § ph In
BTS Lonnte sie aber durch Strophanthun mcht weiter gestegert
werden!s wie bet den andern Hier sind auch andere gleichsimige
Beobachtungen® und ki H ** bemerkenswert, wo-
nach digitalisrefraktare Herzkranke mat BYS Erhohung 1m Blut
und guter BeeinfluBbarkert durch Kokarh wylase danach waeder
auf Digitahs ansprechen Dye groBe Bedeutung der Vitamine des
B homplexes fur Stoffw echsel mZ g mitdem

worden, auch die hapf
Storung dieses Abbaues ber Herzkranky ) .

den homplex der Funkuonsandemngcn m insuffizienten Harven
t mahaean A a0 e

& .

v

v € swuon beschneben wurden, he.
sonders wm Zusammcnhang mit der S!mphamhmtheraplc d,crcn
Lesstungsfatugkest durch Vitamin B mehy nyr ergdnzt son:iem m
gewissen Fallen uberhaupt epst ermoghicht werden ka;m

Die Frage der verschyed, Digital, dlichkest bedarf
noc: weiterer Rlarung §;e scheint aus S(ofrw;cchsclgmndcn uaa
a“;]: umgckc:l;t Proportional deemy Durchmesser dep Herzmuskel
Z:, nec hz‘:c;w‘:v mns:‘ lttann :cx chronischer ng\mhslcmng auch

atomisc)

Abizken dey o ¢ Lisionen aufireten, die zy emem
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Lusammenfassung

In diesen Blattern wird versucht, den Zusammenhangen zwi
schen Storungen der Herztatgkeit und Veranderungen wichtiger
Stoffwechsclvorgange nachzugehen Emne Herzmsuffizienz z B st
in der Lage, je nach threr Art und 1hrem AusmaB durch Mehr-
verbrauch von Stoffiechselprodukten oder Storungen der Ferment-
titigkeit, vor allem aber durch stavungsbedingte Uberlastung von
lebenswichtigen Organen tief 1n den Energiehaushalt des Korpers
emzugreifen Andererseits konnen primare Stoffivechselerkrankun-
gen von sich aus zu krankhaften Herzveranderungen fuhren Er-
fahrungen auf diesen Gebeten sollten Wege zu neuen Behandlungs-
methoden erschlieBen, welche die Herztherapre differenzierter und
rexchhaltuger gestalten konnen Um zu wissen, wo etwa emne For-
derung des Jonenmilieus, Verbesserung des sauerstoffubertragenden
Fermentsystems durch Zytochromgaben, die Behandlung mat Zuk-
kerverbindungen, die Ausnutzung der Vorzuge des Vitamm B
Komplexes oder die Forderung von Hormonwirkungen durch
Askorbinsaure oder durch direkte Hormonzufuhr vorteithaft st,
muB auch eme weitere Differenzierung der Kresslaufdiagnostik an-
gestrebt werden Versuche mn dieser Richtung werden z B durch
die Beschretbung addisonahnlicher Symptome ber Herzinsuffizienz
oder der kardialen Krankheitszeichen ber B-Mangel i Angnff ge
nommen Damt kann eme Indikationsstellung n energetischer
Sicht gefordert werden, die fiir den Erfolg solcher Behandlungs-
methoden von ausschlaggebender Bedeutung st

Due althergebrachte, 1n neuerer Zeit vielfach varnerte, aber n
thren Grundlagen unveranderte und noch nicht ganz aufgeklarte
Dygitahstherapre kann dadurch bereichert und erganzt, aber mcht
entthront werden Nicht nur die Zunahme, sondern auch die zest-
bedingte Veranderung von Herzkrankheiten rechtfertigt die Pro-
pagierung dieser Anschauungen uber die Herztherapie Sie hat be-
sonders ber denjemigen Fallen ihre Berechtigung, die nach jahre
langem Gebrauch von Herzglykosiden und Quecksilberdureticis
an emem Endzustand angelangt sind, der fruher endgultig war
Hier konnen wir durch manche der beschriebenen MaBnahmen e
neuerliches Ansprechen des Myokards auf Digitalis errerchen, den
Gebrauch von Glykosiden verringern oder msofern erganzen, als
z B durch Vitamin-B Fahigkeiten des Myokards gefordert w erden,
die durch Digrtals nicht zu erreichen sind
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Dieses Beispiel mage fitr manche andere dienen, die im Rahmen
der tinzelnen Kapitel abgehandelt werden
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