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I.-DEFINITION OF TONUS..

Tonus ii "that state of constant muscular tension which unéer-
lies end makes possible all crderly'motidnﬂ(se), or the degree of
resistancs of a muscle to extension or deformation (36), or the
energy of contraction (7}, or the physiological fitness of the
mascle £iber to contract (36), or "a sustained partial diastolie
contraction independanﬁk of the systolic contractions {in the case
of heert mﬁscle) by virtue of which the muscle fibers resist dis-
tention during diastole more than they would because of their mere
physical properties® (36). Cardiae tonus according %o w«he last and
best definition does not inelude such diverse things as elastie
properties of mnséle, physiological fitness of its fibers, sus-
tained contractile aetivity, contraction ram&iné&gs, and contrac-
tures, Cardiaec muscle, like skeletal, goes into a state of long
sustained ocontraetion, when exposed to exiremes of pH, excess Ca,
CClsH, caffein, alcohol, digitelis, etc. These contractures are
not examples of tonus, according to Meek (36}, for they are dis-
turbanees in the normal rythmical contraetions, are really exag-
gerated contraction rems inders and are not directly;rehated to
sustained diastolie contraction. Purthermore, the theories of
contracture do not refer to tonus in the above specific sense;
they attribute contracture to lactie acid formation in ¥he mus-
¢le by the aetion of the gontraeture-producing substances, which
later prevent relaxation by their direct physicochemical action
on the muscle (Meyerhof (36), }, or aceording to ghe other viewé

(Bethe (36},} contracture is the direet result of the action of



these substances on the musele tissue. Riesser and Heinzan [B£F (386)
"agree to both views for they have demonstrated the absence of lae;%e

"acid in acetyl choline contracture and its presence in other contrac-
tures.
11.-TESTS FOR THE EXISTENCE OF CARDIAC TONUS.

First, spontanecus eh&ngés in the extent of éiastolie relaxastion.
Second, alterations in these spontaneous changes brought about by any
of the folloving‘physical, chemical, and physioclogical factors, Oz,
COg, temperature, nerves, distending pressures and chemical composi-
tion of the nutrient media. Such alterations should not, according to
tonus in the specified sense, effect the rate or the contour of the
rythmical contractions in any way that may secondarily alter the so-

called general diastolic level.

III.-TECHNICAL METHODS OF STUDY OF CARDIAC TONUS:.

First, suspension methods, second, plathysmogrephic volume curve
method, third, manometer intrawauricular and intraveantricular pressure

curve method.

IV.-DOES TONUS EXIST IN TED AURICLans?

&.- applieation of the first tQSFi 7

Feno (36) in 1887 described spontaneous tonus waves in the
auricles of Emys europea. Action ecurrent determinations by the eapil-
lary electrometer showed oscillations similar to these waves, and seg-
ments from the tip of the auricles showed them also. Bottazzi (36)
reported similar waves and studied various factors controlling them.
Gaskell (36) observed no tonus oscillations in the land tortoise.
Gruber (19, 20, 21, 22, 23), Porter (44) report such oscillations

in the tortoise auriolea.iGesell (18) used these ogcillations by



recording isotonic gnﬁ isometric auricular contractions to study the
effect on eardiac function of varying initial length of fiber with
initial tension constant or initial tension with initial fiber cons-
tant. The weigh§ c£ the evidence, therefore, meets the requirements
'b§? the first te;t for. the existence ©of tonus in the auricles of
cold-bleoded,anima;s. Therevis only one reference (32) on auricular
tonus in the hearis of warm-blooded animals which shall be discussed
later but which does not,in any way, clarify the conception of tonus.
b.- Application of the second test.

The requiremgntsoftzeseconﬁ test have also been satisfied

by the investigations of the workers Jjust mentioned.
(1) .~ Bvidence from the effect of ‘temperature.

Fano (36) found that a rise in temperature a-
bolishes tonus waves and augments the fundamental contractioné.Periera
(48) reported that & rise in temperature applied to the auricles of
the heart perfusegigg Phosphate Ringer solution not only augments the
tonus waves but also makes them appear in hearts that do not show them
spoﬁtaneoualy, or in hearts that are tonically depressed by atropine,
.75% NaCl, as was also reported by Fano, reversed the effect of tempera-
ture.

(2).- Evidence from the effect of nervous stimulation.
Fano (36) found that vagal stimulation either did
not effect the tonus waves or increased them and p:ovoked the corres-
ponding electrical oscillations in the action current. Bottazzi (36)
was careful not to eonside:‘as tonus oscillations changes in the dias-
tolic level that are secondary to changes in rate or contour of the

fundamental contractions, and'beggggg}%zﬁ)‘had suspected that these
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"'tcnna wa#es were under nar?cga control, Bottazzi, by gfading;the
stimuli atqdied tng‘qffegt}of nervous excitation and could produee
tﬁm;vagal‘stimnlat;on a p0§t§ve tonotropic effect, before any nege-
tive inotropie or ch;cngtrqp;g»effact appeared and thru sympathatic
stimulation a negatiﬁe tonotropic effect before the appmarance of any
pesitivs'inatrepic'or ehronotrepiq effects. Oinuma (36) confirmed
these findings of Fano and Bottazzi on the nervous control of auri-
cular tonus in the hearts of cold-blooded animals.

(3) .- Evidence from the effect of various drugs and

chemical solutions.

Fano and his associates (36) found that musﬁ
earine s;;mulates’while atropine, nicotine, veratrine,depress the to-
nus waves; digitalis abolishes them together with the regulsr contrac-
tions at the same time that it raises the general tonus level. Grﬁber
in his previous references reporteé& thatadrenaline dec:éases tonus
waves while KCi1, nidotine, digitalis, BaClg inerease: thém and raise
tha general diastolie leval that the effects of atpopine and pilo-
carpine are not%ﬁi&&éﬁiﬂ‘that adrenaline and KCl are antaganistlc
wh;la KC1l and GaCla are synergisie; and that ad:enaline is effaetife
even after atropine. Snyder and Andrus (48} eliecited tonus changes
- thru appropriate pH's in the perfusates agd abolished themvor e~
vented their appearance by.application of papaverine and benzadehyde;
they found, for instance, that pH 7.3-7.4 abolishes tonus while pH 7.6
reestablishes it in.the'terapinfs heart; that morphine? alkaloids sti-
mulate while papaverine alkaloids depress tonus in the terrapin's
heért inspite of the presence of the adgguatevpﬁ. Since atropine
does nqt al;gr these effeetg thg tonotropic fijres are probably not

parasympathetic and because adrenaline stimulates tonus when pH is



also tonus-stimulating unless the tonus is already maximum and dep-
c both

resses it when the pH is tonus-depressing the tonotropic fibres, pos-
itive and negative, must probably’be sympatheticﬁéé& the aetivity of
either being therefore dependent on the pH. Gemnill (16) found that
the concentration of laetic acid in the terrapints auricles is ,036%
(by weight), and that vagal stimulation does not alter it tﬁggg%& sug-
gest&;; a possible reiation between lactic acid concentration and to-
nus hainﬁenanca. Clark (11) reports that the sympathetiecs contain
vaso-dilators which seecrete Sympathine I and vaso-constrietors which
Sympathine E and that the threshold of the former to adrenaline is
lower than that of the latter and hence the artericler vaso-dilating
effect of small doses of adrenaline. Salant and Johnston (45) found
that an acid Ringer solution has a negative inotropic effeet on the
frog*S'heaxt while an alkaline Ringer solution hés a positive inotrp-
pic effect; and that small doses of adrenaline produce a positive
chronotrapic and inotropic effect in alkaline Ringer and a negative
chronotropic and inotropie effect in acid Ringer while bigger doses
produce positive effects in both. It is, therefore, not at all sur-
prising to find such contreversial results of the effects of drugs,
PH, ioné, and nervous stimulation;én tonus since fhere are so. many
factors to control like the concentration of the drg§i g%e concent-
ration of the ion, pH, and the species of animals used,whieh were
not given their due eonsideration by the earlier investigators.Blood,
foar instance, was found by Bein (4) to be antagonistic to aeetyle
choline and adrenaline in their aetion on the smooth muscle of the
gut while Ort (41) discovered that the lack of erythrocytes in the
both examples '

perfusate inereases cardiac permeability,skk of which goes to show

the delicacy of this type of research and the relative ease of
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finding eonflicting data and arriving at unwarranted conclusions.
Nevertheless, inspite of all this controversy, the weight of the
evidence so far presented is in favor of the exis tence of auric-
ular tonus in the hearts of cold-blooded animals which is eapable
of alteration in response to various physiecal, chemiecal, and phy—.

sioclogical faetors.

V.-NATUKE OF AURICULAR TONUS.

@.- Tonus oscillation is of myogeniﬁ‘rather*thgn nsurogeniec
origin., This is suggested by the finding of Fano (36} that non-
ganglionated segments from the tips of aurieles show spontaneous
tonus waves, The findings of Fano, Bottazzi, and Gaskell (36),how-
ever, indieate that the latter are under the control of nervous
regulating influenecss.

b.- Tonus oscillation is dependent on the contractile rather
than on the elastic properties of museles. This is suggested by
Fano*s experiment on digitalis (36) where the tbnus waves were
abolished together with the fundamental eontractions, and by Bot-
tazzi's finding that the former are inhibited by KOH, CClzH which
are muscls tissue poisons.

| ¢.- Increase in,ﬁonus is an anéholic rather than a catabolic
phenomenon. This agrees with the fact that vegal stimulmtion which

is aecompaniad by positive electrical variation raises ihe general

tonus level.

d.- Tonus oseillation is the rythmical automatiec contraetionj’w~s
aﬁé relaxation of sarcoplasm. The sluggish character of the tonus
waves reminded Bottazzi (6), the promulgator of this theory, of
pseudopodial movement. But as Cobb (36) remarks there is no direet

angtomical or,physiologieal’preaf'that saréoplasm is contractile.



In additioﬁ, Gaskell (36) raports, as was already mentioned, that
the heart of the.land tortoise,though rich in sarcoplasm,shows no
tonus eseillations?%gggi findings would have weakened Bottazzi's
sarcoplasmie theory of the nature of tonus if it were not for the
work of Bottazzi and Grunbaum (36) who showed that smooth museled
whieh is rieh in sércoplaam has contractions similar to eauricular
tonus waves in,their‘respcgée to temperature and drugs.

e.-'Tonus escillatiqn‘&epends on some strueture other than the
sarcomeres which are concerned with the fundamental contraections.
This is suggested by Bottazzi's experiments (36) on nervous sti-
mulation and on KC1 which he found to be inhibitaery te these:fun-
damental contractions before being depressant to the tonus oseil~-
lations and by Fano's (36) and Pereira's (4®) experiments on the
effects of témperature.'This theory is also supported by Porter's
findimg (44) that tonus waves in the tortoise aurieles sould be
superimposed and built into a tetanus, which made him believe tﬁét
tetanus in all mus¢le tissue is a fusion of tonic contractions
and notkof the f?ndamsntal contraetions. |

f.- Smo6th muscle theory. Bottazzi's theory (6) emphasized thét
eytoplasm is the structure responsible for tonus oscillation but
was intended to meah that smooth muscle which is rich in sarccpl&mﬁ
is the really responsible siructure. Rosenzweig (36) discovered "s
sheéth of smooth muscle célls under the endocardium of Emys suropea®.
Sechaner (46) deseribed the same thing in Emys blandingii. Bottazzi (36)
confirmed Rosenzweig's discovery and found that smooth muscle is

more abuadant in the surieles than in the ventricle, Laurens.(30)

found no tonus waves in the heart of the lizard Lacerta viridis,



which also showsd no smooth musele. Snyder and Andruys (48) gave

& chemical proof of this smooth muscle theory in their work on
papaverine and benzaldehyde which are smooth muscle peisons, and
on morphine and papaverine which have a similar action on smooth
muscle as on terrapin*s cardiac muscle. McSwiney and Newton (35)
tew some doubt cn,this_chemigal proof by their wark on gastric
musculature. They found that an increase in pH produced a fall
and a fall in pH a rise in the base line of rythmiecal smooth nusg-
ele contractions. This is ef course euntrary to the findings of
Snyder and Andrus Jjust referred to. They furthermara skowed that
the fundie musculature of the stomaeh which is a tonus musculature
has a curve'of responss 1o pH changes very’similar ta that of the
gelatine, and that this response is myogenlic bsecause it iénOtef-
fected by piloearpine, atropine, nicetine, and nerve generation.
Thus the effect of pH on smoocth muscle may not agree fully'with its
effect on the tonus of cardiac muscle. But Macht (31) gave a phar-
macological evidence in support of the smﬁoth.mnselé theory whieh
may be said.%%?%utbalaneéithe evidence against it given by the work
of McSwiney and Newton just mentioned. He found that members of the
pyridine phenanthrene group like ﬁorphine, for example, stimulats
by their pyridine radical the contraetion and raise the tonus of
smooth musele, while members of the benzyl isoquincline group 1like
papaverine exercise thru their benzyl radiecal the opposite effect.,
The amooth muscle theary is, therefore, the most acceplable because
it is supported not only by the anatomieal but also by the physio-

logical, chemieal, and pharmacological data as well.



VI.- DOES TONUS EXIST IN THE VENTRICLE?

a.- Evaluation of the evidence from the study of the ef-

feect of cardiae nerves.

- (1)~ Vagal effects. Altho spontaneous tonus changes
have been rarely described in the ventriele, it dees not fol-
low that the latter has no degree of sustaingﬁ; contraction
during diastola. Dilatation from vagal stimulation was con-
gidered as loss of tonus. The relation of tonus tardilatation‘
will be described 1ster. To find out whether the vagus has any
effect on ventricular tonus or not Frank's work and Hoffman‘'s
work (36) must be reviewed. Frank, by working on frog's heart
under isotonie and isometric conditions, varied the degree of
cardiae filling by varying the perfusing pressure, and plotted »
the effect on systolic and diastolic pressures against volume.
He gct‘isomstria and iSctonic maxime (systolic) and minima
(diastglie) eurves, and found that isometric minima eurves
ran lower th&n the isotonic minims curves showing that the
relaxation in both types of contraction was not of the same
nature or rapidity;-vagal stimulation did nmot alter the iso-
metric minima eurve (relaxation in the resting heart béing
quick and complete), bﬁt lowered the isotonic minima curves
only in those-points which were above the horizontal (ndica-
ting that the ventrical was still relaxing) but never to a point
balow the isometric minime. The suggestion, may, #herefare, be
mads that vagal stimuléticn has no effect on the degree or rate
of relaxation of a resting heart and hence no effect on tonus

sdem. Hofmann, using the suspension method on frogé' hearts



cautioned against two indirect effects of vagal stimilgtion

on the diastolie 1eve1ithat may be wrongly ascribed to tonie
changes. The first of these, which was also noticed By Gas-
kell (35),‘15 the effect of a change in rate on the diasto-

lie lsvel. Sinca the véntricle,ordinarily, relaxes slowly, the
dlastolic level will be higher the quicker the rate and lower
the slower th&frate. Therefore, the vagus should not be credita
ed with an effect on tonus which is really secondary to its
influence cnrfhs'haér@ f&te. The second indirect effeet is &
ehange in diés%elie level due to a change in the eourse of the
fundamental contractions brought about by vagal stimulation.
Gaskell (36) in the volume curves from the frogs® ventzieies
r'attributeﬁ_ény‘ghgnga in éisStolic level in the absence of any
alteration in ?éte to a vagal influence on tonus. Vagal sti-
mulation, however, briﬁés about the following effects in order:
& shortening of systolé and an earlier diastole; a negative
inotropic effect (that usually accompanies the prewious one);
and a negative chronotropic effect. It is thus seen that the
diastolie level may be lower even before any change in rate

has oceurred; this lowering is due to the first vagal effect

on the contour of the fundamental contractions and not to a
change in tonus. Hofmann in further defense of this point re-
portsthat the diastolic level can be lowered by vagal stimu-
lation more when the hearti rate is artifieailly maintained at‘

one beat per three seconds than at one beat per ten seconds.

Similarlj the softening effect of vugal stimulation on cardiae
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musculature reported by Francois-Frank, (36) cannot s be
taken as evidence for the exlstence of tonus,for the method
of its study is toe‘rough to lead to any accurate findings on
this delicate phase of the prohlem. Gemmill (16} more recent-
ly supplied a chemical ‘proof®of this lmck of vagal influence
on tonus in the ventricle by his finding that vagal stimu-
lation does not alter the lactic acid concentration in the
terrapints heart (.026% by weight in thé ventricle); ;t remains
to be proved, however, that the coneentration of this laetie
acid is a nhemieai index of thé state of tonus.

Concerning the effect of vagal stimulation on mammalian
ventricular tonus, there is very scanty literature. The vagus
has a negative inotropdé effect on the auricles (12) but no
definite
deedinive effect on the ventricle. Its influence on the latter
is an o0ld physiological controversy which was abandoned after
Cullis and Tribe (12) found that pilocarpine and musecarine are
ineffective on the ventricles of the cats' or rabbits"hearts
after sectioning of the A-V bundle, altho their aurieular ef-
fects persistsed. Mammalian ventriclm, therefore, receives no
vagal <fibres and any vagal influence on it must be only -
Zgiiiifr rg?éggéerfect on the auricle; it is however rieh in
sympathetic fibres that come to it not solely thru the A-V
bundle, but thru other channels as well. This is similar to
Snyder and Andrus deduction from their work on the terrapin's
heart (48) that the tenotropic fibres have no relation to the
cardiac pafasympathetic supply. Fredericq (13) described in}

turtles a positive bathmotropic effect of vagal stimulation

due to direct vagal action on the mydCardium and not to the



- vagal influence on the heart rate, but he made no reference
to tonus. I% ﬁgggiwe‘that ventricular volume curves (36) show
& lengthening of systole on vagal stinulation, but again,
this effect is not due to & changing tonus; it is rather_due

effect
to the direct aotiem of the vagus in increasing the diastolie

thereby leading to :
filling Ah4/ HEO0ALANE/ an increase in imtial volume and ten-
sion. |

(2} o= Frank found (36) that stimulation of these nerves
did not akter the isotonic and isometric minima curves. Bok-
nenkamp (36) reports that sympathetic stimulation lengthens
the sy=tols of the frog's ventriale‘and therefore raises the
diastolic level or dscreases the extent of relaxation when all
other factors are kept constamt. No experiments were however
desecribed.

Sympéthetic gtimuiaticn in the mammalian heart .also showed
no direet effects on tonus. The shortening of systole reported
by éarlier workers may not be due to direct sympathe tie action
on the ventriele. Changes in intraventricular pressures were
also secondary. Henderécn and Barringer‘(zﬁ) maintained that
sympathetie stimulation would not bring about any augnmentor
effects gnleas‘the arterial blood pressure was . low and the
cardiac musculature in a state of decrecased vigor. Wiggers
and Katz (36) and Katz (36) investigated this point and found
by avoiding the effect of rate thru use of systole-cycle ratios
that the contraection peried was redueéd by stimulation of the

cardiac accelerators; this finding, however, throws no light

on the tonus problem.

The conclusion seems therefore warranted that there is no

sustained partial disstolic contraction in the ventricles of
cold-blooded and mammalian animals under vagal or aeeelera;gr
_contrpol, . . . . | L s oL
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b,- Evaluation of the evidence from a study of the
‘éffeet of possible supraventricular tone centers.
Failure to show any ventricular tonus under ex-
trinsie nervous control directed attention to the possibility
of exlistence of tonus under the control of supraventricular
centers. This possibility was suggested by the following ex-
perimental findings which were later, however, criticised and
the conelusion #4ken arrived at that there is no ventricular
tonus under the control of sueh centers.

(1} .- Pietrkowski {B6) inflated the frog's auricle
with air and the ventricle became tonically contracted as if
the frog had been digitalized. This auricular stretching sen-
sitized the ventricle to digitalis, BaCls, Caclz, and methyl-
violet. He, therefore, concluded that véntricular tonus is
controlled by a tone center in the auricle which is musecu-
larly connected with the ventricle. But sinece the stretching of
the ventricle b;ings about according to Galtz (36), some main-
taﬁ%?shortening‘or even a systolic standstill and since blowing
up the auricles with air probébly results in a simultaneous
stretching of the ventricles due to valvular incompetence,the
data of FPietrkowskl offer no real evidence for the existenece
of & tonus center in the auricle. Furthermore, Koch (36) re-
peated Pietrkowski's experiments after 4ying the A-V ofifices

and obtained no effeet on the ventricle.

(2)i- Lowe (36) two years later found that the vent-
ricular®tonus®inereased on distending the auricles with saline
solution as well as with air. He noted that the ventricular

in 81l respeets . |
strips were normal”even after oxygen deprivation for several
hours, except in ﬁhat they showed no"™tonus" changes and did

1



not respond to members of the digitalis group, while auriecu-
lar strips would go into a standstill if subjected to the
aetion of the latter,and if then strexched, would go into a
long maximal toniec contraetion, Ventricular strips, on the
other hand, would not behave similarly unless they retained
the ir cannecticnwizhfhe guricles. This stretch response could
then be provoked by stretching the auricle or the ventricle
after digitélis sensitization or salline distension and co-
cain would abolish it. Lowe therefore concluded that therse
is an intracardiaec tonus reflex nervous mechanism asé shas
the: center of which is in the auricles around their gang-
lionated region receiving afferents from both auriclss and
ventriele:ngéndiag out afferents to both. Wickels (36) came
to the same conclusion from similar experimemts where he
found that c¢oeain would abolish the stretch reflex but would
not interfere with automaticity and that this reflex could
be provoked in the ventriele only if it remained attaeched to
the ganglionated portion of the auricles and after digitalis
treatment. But Machiela (36) repeated the experiments of Lowe
andqéickels, and obtained exactly opposite results. The streteh
reflex could be provoked on any segment of the! heart if oxygen
supply was sufficient and the load was not heaﬁy; similarly,
strophantige contractures would occur in any strip under thess
alsa.

conditions, Thus the existence of supraventricular tone centers

was alse disputed.

(3) .- Frohlich and Pick (36) believe 4 that there are

nervous centers for contracture and tonus in the auriculer
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septum; that e&l&r&l eould hardly raise diastolic level of
the ventricle uhless the latter‘*s connection with the auricle
and sinus was left intact; and that ventricular contracture
produced by BaClg would spontanecusly increase and decrease
in intensity suggesting an underlying nervous mechanism. But
Amsler aﬁd Frohlich fonﬁ&'(36} that chloral would produce went-
ricular contracture when the rate is fast enough irrespective
to. the auricles

of whether the ventricular attachment is intact or not. If the
rate 1s slow, artificial stimulil at a faster rate may be applied
and eontracture would quickly be precipitated. Again, there-
fore, the evidende for the control of ventrieular tonus by
supraventricular centers is proved monconclusive.

(4) .- Amsler end Pick (36),bathing ventricular strips in s
strophantine, found thatthose that were completely detached

o that were

from the auricles went into contracture while those attached
did not; this éas the ease inspite of the resulting chrono-
tropie depression of the vagal node. They,therefore, inferred
the possible existence of a contracture-inhibiting center in
the auriclew. But such findings are not in égreement with
those of Lowe or of Machiela., None, however, tried to prove
or disprove them; but Roéslésagcund that the contraction eurves
of #solated ventricular portions were higher than those still
| attached to the aurieées dus)nnt to a fuller diastole but to
a stronger systole. This means that the contour of the funda-
mental contraetions has been altered by the separaticn and

therefore any further change in this contour . as by strophan-

tine,for example, ecan not be taken as an evidence for the sud-
) R 8 v
den appearanee of tonus or for its previous inhibition by higher

canter.
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(5).- Szent-Gybrgi}(S&) diseovered that tying off the
sinus In a frog's heart resulted in the following three changss
in the suspension curves eof the ventricular beatg, & greater
diastolic filling, =& ate&éer or qulcker dlastolic ddesecent,
and "a short serles of after vibrations similar to those des-
eribed bgﬂEmsnuelvfcr atoniec muscle™ (36)., These changes were
ascribed to the iass of tonie impulses from the sinus. Re-
gelsberger (36} avoided injury to the A-V groove and srtifi-
¢lally stimuleted the ventricle at a eonstant rate and then mild-
1y removed the sinus influence either by cooling or bylapplying

- urethane; in one group of hearts he obtained a fgll but in an-

group
other there was no change in the diastoliec level. But Szent-

Gyorgi*s <findings eould be reproduced by slterastions in the )
rate as Koch ag¢tually found cut by further adjustm?ﬁt of thé
lever-masses or cculd be ascribed to insceuracies ef the re-
cording systeﬁ, The fall In disstolie level after the remo-
val of the sinus was due to the resultant slowness in the rate
of the ventriele, while‘the steeper diastolie deseent‘and the af-
ter oseillatiens were due to'.the lever mass which could express
itself more markedly et the slowed rete. Altho Szent-Gyorgi tried
tcv remove thevirfest of g&ﬁeﬁch&nges, thru gradual depression of
the sims rythm by COg-defiecient perfusates to the point at
which the ventricle became automatic and found a fall in the dias-

tolie level &s the sinus ceased to function?yet he presented no

curges to demonstrate this effect. Koch (36} similarly disproved
Regelsberger*s evidenees on a basis of changes in rate and in
loading. Artifieial stimulation of the ventricle at a constant rate
did not in hié'h&nﬁs,eentfary'to the findings of Regelsberger,
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produce any lowering of the dizstolic level after removal ;of the
simus. Regelsberger,howsver,found & <fall in the diastolic level
under these ec¢onditions but the contour of the curves was changed.
ﬁléo the normal slow rate, after the sinus removal,would allow more
diastolie descent withRlight levers than with heavier ones which
would have fully distended the ventricle before the removal of the
sinus. The finding of Laurens (30) in lizards and tortoises that
the A-¥ bundle is rieh in ganglions and nerves may offer a recent
'evidence}for the existence of supraventricular or possibly vent-~
ricular tone center, but no experimental proof has as yet been
presented. Again, therefore, and this time disprocof has been of
the strongest evidence for the existence of supraventricular tone
eenters no proof is as vet available to demonstrate the existencs
of ventrieuler tonus under the contral of high%%fggr&iac center.

- Evkluation of evidence from the study of "action eurrents.

If there is a condition of sustained diastolic contrac-

tion, then, a m onophasie eurve from & string'galvanometar applied
t§ theheart would show & displacement from the position of rest.
No suech reeords, are, however, aveailable. Evans (36] found that the
eleftrical ehenges ceased on COp. induction of tonic contraetion in
the snails heert. Schaffer (36) found a slow return of the string
to the isceleetric position efter a contragtion or a series of cont-
ractions in the <frog's ventricle. He thus™argues that the heart
dﬁring a series of beats is in a constant state of tonie excita-
tion”, as eavideneed by the string deflection, and that the gradual
return of the lattser to. ‘the isoelectriec position aceompanies/’/

relaxation rather than ocontraction. As yet, no argument exists
electrical wvariations are tonus
as to whether tenwus ie sgsocigted with ereedricai-variations or
not, or even with eontrécture altho Schaffer and Licht reporied

(36} & long monophasie variation aceompanying asecetyl choline cont-
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raecture. Evang! finding,v on the other hand, that no eleetrical
variation aeeompaﬁieé contraeturs, agrees with Schaffer's first
finding but the latter mey be teken especially in the Iight of
his later discovery to mean that sustalned diastolic contraetion
is accompanied by & slow electrical variation whieh wltimately
dies off. Such indaeermimsde-rindings plus the technical diffic-
ulties involved in.fhis tyﬁe of research (38) make this mode
of approach tc the problem of ecardiac tonus not very condusive
to mueh (lluminating information.

d.- Eveluation of evidenee from the study of "Special Cont-

ributions That Heve Touched On Tonmus™ (36).

(1}.- Bruns (36) obeerved spontaneous variations in
dizstolic and sjstelia volumes independsnf of changes In rate
or in distending pressufe after overexerting the ventricles'of
fPegs' hearts by a long rapid series of eontraetions. Such va-
riations were less marked in fresh heart8.Fatigued hearts were
&lso more extensible by increasse in distending pressures than
fresh ones. The spontaneous variations secemed to be tonie osei-
llations and?hiehcre&sed 'extensibj:lity, & change in diaestolie e-
lasticity due to fatigue which aceording to Harrison (24} is the
result of a decrease in the buffering cardiac ability and in the
congentration of potassium (brought ebout perhaps by the imck qf
erythroeytes in the perfusate (41), },which oeceur in eases of )
congestive heart failure. Scott (47), however, found that the
coneentration of potassium in the heart is 0.23€ by welght in
edematous as well as in non-edematous eases. This change in the

dizstolie elastieity is a factor in the produetion of eardiae

dilatation. Soein (36) working om cats' heart-lung preparations‘-
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produeed acute eardiac weakness by CClgzH; dilatation oceurred
but was seéondary to weakened contraetility (which lef% some
blood in the ventriecle after esch aystolg) and not to a change
in elastieity or in tonus. Cardiasec dilatation, therefore, is nct
always equivalent to theloss of eardise tonus. Few of Scecin's
experiments showed dilatation before any fall in the plwthysmo-
grams was notieed suggesting that either elastieity or. tonus has
been deereased. But, Straub (36}, by his work diagrems on mam-
malian hearts found t2§t "even toward the end of dimstole the
diagrem is convex to the abscissa, which means that a cert&in
degree of contraetion remsinder has perdsted throughout nearly
&ll of the filling time™. Thls shows that the curve of the ex-
tension minime of the mammelian heart does nét lie on the curve
of the extension minima of the resting heexrt; just as wes found
by Frenk to apply So cold-blooded hearts (36). 4s in the latter,
80 in the former, an increased diastoliec relaxaticn reported by
both Bruns and Socin, just mentionsd,does not indicate tonus. Fur-
thermore, Strasub found that fatigue does not alter the position |
of the extensian.minima but of the extension maxime meaning thet
the dilstation that was pro&deea was due to decreased contraet-
ility and ggt auy‘ehangiﬂzntonus. O0f course, most of Soein's re-
sults agree with this deduetion, but those of Bruns de not, prab-
ably beeause the latter subjeeted the hearts to extremely ex-
hausting conditions not likely to be found even in ‘pathqlogical‘
eases, 7

(2).- Henderson (36) defines tonus as "the degree of re-
sistanegodeformation”. This diastolic resistance to distention

must be uniform:if all plethysmogresms of the mammalian heart



are to be superimposable (Henderson's law of uniform eardise

behavior). Rate the only factor that alters tonus which aceord-

) )
ing to him varies but little with every hear%;%s really there-
fore a contraction remainder. Venous pressure does not ater this
diastoliec resistanee beecause the latter is larger than the former.
His laws of cardio-dynamiecs are all bawed on this coneception of
tonus which does not,however, illuminete the problem. In seap-
nia he says the heart goes into extreme tonuggghzgisis really
a contracture either of a fagigued or of a poisoned heart. Any
of those influences that aet on the tonus of the resting skeletal
muscle are inconsistent with his law of uniform eardiae beha-
vior; therefore, he ean not conceive of tonus as a diastolie
contraetion sustained,indepenﬁentlj*of the fundamental contrac-
tioﬁs.

(3).- Starling (36) also disbelieves in the exis tence
of any sustained diastolie contraction independent of the funda-
mental contractions. Diastolic size acecording to him depexds
on the length of the diastolie phase and on the speed with
which blood enters the heart. The contracted heart of shock is
the result of decreased inflow resulting from capillery stasis;
the distended heart of inereased peripheral resistance or of myo-
cardial weakness is the result of an increased amount of blood
in the heart leading to dilatation until compensation supersedes.
Both of theser%ggigfhe adds, need not be asceibed to changes in
tonus. His disbelief in tomus in the specific sense ls based on
his findings that no change in intraventricular pressure occurred
during diastole; that the eurve fell to zero and "the fall in pres-

sure at the end of systole ocecurred just as rapidly as the sys-

tolic rise™. The distending pressure over a wide range of inflow
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ean therefare he negligible. Sustained diasstolie tone, if
present, would not allow such a fall in diastolie pressure,
end altho other workers (36) reported slightly higher figurss
yet the evidence from this angle of approach is not convineing
enough to uaFrant a belief in tonus. Furthermore, the lack of
fluetuations in pressure and volume curves In experiments under
norm&;condition& speaks against the presence of a sustained dias-~
telie contraction that can be modified to meet various physio-
logieal neads..starling‘(SG) togéther with Bordet (7) therefore
consider tonus as the econtractile fitness of a muscle;but such
a nom#énelature doces not, in any way, clarify our econeeption of

the problem and is rather misleading.

(4) .~ Tonus and diletation. Reference has already beex
made, more than once, to dilatation. Morittz (36) classifies the
latter into two types: tonogenic (resulting from an increased
tension in the musele fiber and is characterized by an increased
initiel and meximal 1n$rav§ntricular pressure and & maintenanee
or an increase of the stroke volume; the heart is passive and
the process is physiological and compensating), and myogenic
(due to eardiae weakness or injury). These two:Yypes ecan be dis-
tinguished geecording to Straub (56) by determining the peripheral
resistance. Hering (36) subdivide& the myogenie dilatations into
two types, hypinogenic (due to decreased contraetility) and hypo-
tonggenic’ (due to #acreased muscular tonus). The latter is re-
lated to tonus as sueh, but it is not clear whether it applies
to tonus in the already specified sense or not. Wiggers (36) in
his work on the volume-elastieity coefficient of the relaxed

heart plotted the volume inerease against equal increments of the
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diatending pressure and dbﬁaineé what may be called a tonus
eurve. A similar eurve,plotted after vagal stimulation, would
show the change in tonus (for a given pressure would them eause
a greater volume change if the tonus is lowered}. In‘&ilatation,
however, this tonus curie would not change or be abnormal; if

it were, it would indieate a change in tonus.

e.- Evalugtion of evidence from the study of the effeet
of the c¢hemieal composition of the nutriant media.
Gaskell (15) noted that an alkaline perfusate (with

NaOH) produeed a systoliec standstill while an acid perfusate(with
laétie) produced a dm&sﬁolic standstill; he could not say whether
the pH effected the elasticity or the tonieity of the musele
or whether the contraetility was changed thru combination of the
musele tissue with the ions added or an idlomusecmlar contraction
‘brought about. Mines (40) reported that an al kaline Ringer sdlution
raises diastoliec level and inereases the systolie level, while an
acid Ringer lowers the former alone or +the leatter together with
the former; antiarin digitalin and atropine behave like alkalisy
while musearine and piloearpine, like acids. Alkalinity,he aéﬁa%
favors axidatioqbnd makes possible the tonie state of the vascular
system which shows that the cardlisc musanlature reacts to pH changes
as the smooth musculature of the vessels. And:us (1) lmter showed
thet a pH change from 7.4-7.6 augments the tonus waves of the
turtle's heart and dacrdases the amplitude of the fundamental
contraections while a pH change from 7.4-7.3 decreases the tonus

waves. He also reported that the auricular tonus waves are more

: occasional 7 ]
sensitive to pH ochanges than the.ventricular ones. Applying
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this finding to cardiodynamies he deduced that DH regulates
ventrieular output either thru its direct effeet on the vent-
ricular tonus (as in ecases of reversed cardiae beat when the
auricular output does not influence the ventriocular cxztput) or,
as is usually the eass,thru its efffect on the more sensitive
suricular tonus and amplitude. Andrus (2} explains this effect
of PH on auricular tonus on the rabbit as follows: the intra-
cellular pH is lower than the extracellular DpH; gurieculsr ex-
citability for rythm and susceptibility to excitation or inhi-
bition of any kind depend on this difference in pH and decrease
with its diminution. HpCOgz,for instance, does not alter the au-
riczlar rythm but NegHPOg4 does, far the latter decreases the
extracellular pH &nd being unable to endosmose reduces this
pH difference betwsen thé inside amd the outside of the cell,
end thereby diminishes the rythm while Hp€Oz to which the
plasmahaut is permeabls effects both pHts almost equally and
hence does not influenee rythm. For this same reason, sympathe-
ti¢ stimulation and sympathomimetic drugs ere more effective on
the heart at pH sxthan.pH 7 while vagal stimulation and vage-
mimetiec drugs at pH 7 then at pH 8. Mines (32) gives a differ-
ent.explan&ticn: the hearts of frog§‘pecten% and elasmobranchs
would go into a diastolie standstill on addition to the perfusate
of magnesium or of a smaller amount of & simple trivalent katien,‘
or of an slkaline rare earth metal; they are more senslitive to
simple than toeomplex kations and are revived by making the
perfusate more alkaline, but their readiness to respond in this

menner is of course variable. From all these findings he conc-
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luded that the heert muscle contains an emulsoid which is ne-
gatively eharged end that decreasing this negative echarge
by aelds or kations would produce & diastolie standstill thru
impe irmeht of the rythm mechanism because excitability and
cantraetility depend on plasmahaut differential ionie permea-
bility whieh in turn depends on plasmehasut surface charge, the
latter being determined by the nature of the plasmahéut and
by the ionic composition of the eell medium. Kations by adsorp-
tion render the emulsoid muck 'less negative or even.posifive,
while alkalis bring about the opposite effect and thus lead to
revival due to the amphoteric nature of the proteins. The
emuisoii constituent of the hearts of frogsg, pectens, and elas-
mobrenchs differ in their iscelectirie points owing to differ—
enees in their ehflemieal structure. The excess negative aharge
on the plasmmhaut or on the emulsoid surface as would entail

a leek of mmgnesium, for'instanee, produeces such aheightened
excitability as to lead to a systblie standstill which can,how-
ever, be prevented or removed by the addition 6f an acié.‘Because

. of the eardiae emulsoid
the iscelectrie polnt.of pectens is higher than that of elasmobranchs

Oén%rﬁss, the laek of magnesium in & neutral perfusate which pro-
duees a systolie arrest in the pecten's heart results ody in an
acceleration of frogs*® or elasmobranchs' hearts. Mines fIALXYf/
LLlAdd7 144 similarly tried the effect of alkaline rare earths on
frogs? hearts and found that they resemble ing h produeing a»
diastolliec arrest but are much more potent anditheir effeect is

neutralized or prevented by C0H (37,38). He finally classifies

the ions that alter surface cherge in the following weay: nomadie



28

ions (like Ne,K,Li,Rb,Cs,H,Cl,NOz,0H] cambining ions (like‘ca,Sr,
Ba) and polarizing lons(like H,Mg,Ce, and other simple trivalent:
ketions, OH,citrate,phosphate, and complex trivalent kations). -
Tawi (36} found that a change of pH from 7.4-7.5 inereased the
diastolic tone in the isolated cat's heart while a change to pH
7.2 caused di&stélie relaxstion. Not only does & low pH prodice
& greater ventricular rélaxztion but a faster one too; thus in
exercise as the pH changes from 7.3-7.1 (Barr and Himwick (36),)
the heart may still be able to put out‘ﬁhe normal amount of blood
per beat inspite of the aceceleratdion in rate. Henderson's super-
impos&ble plethysmograms of the heart would then not be always
reproducible. In any ease, such an effect of the pH is not cone
sidered as an evidenee for the existence of tonus since the ek~
racter of the fontraction and relaxation has been altered.
Potassium brings sbout & smaller systole and more repid dias-
tole withaltrﬁ;[ inotropie effect necessarily accompanyinéf“an&
thus lowers the diastollie level; while chleium hastens systole
axiéelays diestole and so inhibits relaxstion and raises the dias-
toliec level., These changes are,fu thermore, independent of any
changes In rate or of any variation in the sustained dimstolie
gontraction. Holzlohner and Otto Frgnk (36} as well as Gasser
and Hill (36} @iseuss the setion of these kations and aseribe
their effects to physicochemicel reactions of some kind that
modify the normasl eourse of contraetion. Howell {2#) found thsat
NaCl deereases the taone of the terrapin's ventricle, while CaClp
inereases it and that both tOgethaf produce a relaxation;an§
contraction respeetively. KCl antagonizes CaClg but the anta-

gonism is less in the presence of NaCl. Burridge (9) found that
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lactie aeid produees in the frog's skeletal musecle & quieck sur-
face shortening due to %h& 1neréase ig the osmotic pressure gg
the sarcgmggéggyagﬁstexﬂsmosis of potassium saf%écgdgigbed on the
collolds, followed by a slower shortening due to the exosmosis of
potassium ss&lts present in & suspenscid state in the eolloidal
system of the sarcomere. Potassium salts produee a tonie state

in the frog's intestine; in small doses they produce a éigstelie
stendstill,in bigger doses they have initially a similar effect
followed later, however, by a maintained contraction. This asetion
of potassium does not depend on & change in the osmotic pressure
for an isosmotle NaCl solution ik any dose alweys produces &
diastolic stendstill. Changes in surface tension may be the under-
lying mechanism of sueh effects of potassium and lactic acid.Bus
In any case, as far as potassium or sodium.iSﬂeoncerned,'neither
of them veries sufficiextly in econeentration in the bloed to be
able to elter by their relaxing and contraecting effects the phys-
iological response of the heart muscle. Anyway, this study of the
chemical composition of the heart’s media does not, acecording to
Heek (36) throw much light on the existence and nsture of tonus
for the followingtwo reasons:first, the alteration: in the ehem-
ieal composition of these nutrégggc%gdia that produces & change

in the diastolie level usually si%ers the contour of the funds~:
mentel eontractions also; seecond, it woudd bring about such a
physieoehemicalrchange in the diastolic phase that would allow

a different type of relaxation or that would modify the elastie
properties of the musecle or that would possibly alter the deg- |

woul
ree of sustained diastolic econtraection (tonus) even tho it me¥y
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any
not lead to ne &Iteration in the eourse of the fundamental contrac-

tion. To sttribute, therefore, the results of the action of ions
on the hbeart only %o changes in tonus would probably be ineorrect
or at least not suffieiently substantiated by the experimexrtsal
findings.

f.- Applieation of the two tests for the existence of card-
lae¢ tonus ta the more recent experimental investigations.
So far, no positive proof has been given of the exis~
tenece of tonus in the ventricle of cald-blooded or warm blooded
animals. The sbsence of the spoﬁtaneous oscitlations in the ﬁias—
tolic level (first test) plus the lack of proof of the influence
on this level, of-tire-susteined diestotie-cortraetion of nervous
stimuletion, temperature, ﬁH changes and ionie alterations (secon§
test) warrant such & conclusion. But the requirements of these two
tests have, however, been met sinece 1927 by the investigations
of the following warkers, anghggidenee for the exlistenece of
ventriecular tonus has, ﬁheref&;;?i;%xtfcund conelusive.

Appelrot (3} workiﬁg on the isolated ventricles of Emys
blandingii found #ery’dafinite and spontaneocus tonus waves that
could be'reproﬁueed from the ventriclé alone aﬁ from the artic
ring alone but mueh more markedly from both together.These acortic

in themselves :
tonus waves offer a physiologieal proof of thevsmooth.musele theory
of tonus osecillations. A rise of tempersture augmented the vent-
riculo-aortig waves in intensity and frequency (as Pereira (4!4%,
found in the auricies of the cold-blooded animals) and had a si-

milar effect on the funﬁamental contraetions with this éxception

that the effect on the tonus waves outlasted the Bffect on the



beats while & fall in temperature had exsmtly the epposite'effeet.
Vagal stimulation was without any influence or perhaps was slight-
1y stimnlating to these waves, at the same time, that it resulted
in complete cardiae arrest. Furuta K. (14), however,reported thet
vagal stimalation in the turtle is depressant to the ventrieulsr
-tonug waves altho his eurves,according to Appelrot.(in & perso-
nal egmmnnic&tion.to him)show thet in those cases where apparent
tonie inhibition oeecurred ZMEFE during vagal stimulation no eard-
iae arrest was simultanecusly produced indieating that the stimu-
lation was ineffective; 0n eessation of the latterishere followed
& period of definitely augmented tonic osecillations. In & later
paper Furutae ( ) confirmed Appelrot's findimgs in this conneec-
tion. Appelrot,in the same paper, reports that adrenaline in

1: l 000,000,000 and 1:20,000 concentrations depressed the tonus
waves while ergotamine, in the same coneentrations, had no ef-
fect. In the light of the work of Snyder and Andrus (48), pre-
viously mentioned, this finding may be explained on the basis

of a lack of the adequate PH or of the paralysis by'argptamine"
of both kinds of tonctmgmlaftiboenzl‘scfﬁgc heu;lpeur seyms?y?ngftthieet’l eHSO'Et and
Chia's (25) finding that purelsmmpethetis--stimletion in the
toad raises the diastolic level of the suspension curves from an
isolated sympathetic-v&gus-heart preparation is eontrary to

thim finding of Appelrottlm adrenaline , but the giigeseaee‘may

in degree of

be aseribed to the differen¢econcentration or stimulation qgglied.
This sympathetic effeet on the diastolie level is probably due

to & tonie change because it was different in the auriculsar

it
from the ventricular tracinga indieating that itwms not secand—



ary to changés in the rate of the fundamental eontraetions.
Appelrot further reports that carbon dioxide in high concent-
rations increased the tonus waves while oxygen had no effect.
This effect is either due %o €0g anion or to its effeect on pH.
Sinee it does not alter the difference between extracelluler and
intraecellular pH (2), its effect on tonus must be rather aseribed
to its ionie nature. Eaggﬁémmeﬁs the attribution of its effeet on
tonus to & echange in pH does not agree with Gaskell's finding
115) already referred to. Ketgham (29) had previously reported
that carbon éiloxide depresses the tonus level in tpe hearts of
¢0ld and warm-blooded animals. Marmorstein (32) working on dog's
heart found that the auricular tone aetivity is not exclusive of
ordinary contraetile aetivity, but at the same time has no influenece
on it, and that a rise in the intraventricular pressure is see-
ondary to a rise in the auricular tone whiech may be taken as an
evidence against one of Andrus' (1) suggestions,already dessribe?/
of the possible mode of action of pH on ventricular discharge. He
also found that‘sﬁimnlation of the intraventricular septum below
the pulmonary semilunar valves produces vemtricular tonie cont-
raction; whether thls was secondary to any change in rate or con-
tour of the fundamental contractions or not there is as yet no
sufficient experimental data to deeide. But this finding plus
the finding of Laﬁrens/(50) already referred tg’may be teken as
an evidence for the posSible existence 6f a ventrieular tone cen-
ter in the hearts of mammalian and cold-blooded animals.

Thus, the appearance of spontaneous oscillations in the_dﬂaé—

tolic level of the fundamental contractions of the cold-blooded
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ventricles (first test) plus their being subjeet to variation
by temperature, nerves, drugs, pH, and(§ggsf82¥%nitely"prove,he-.
yond any doubt, the existenece of tonus in these ventricles,
The evidence for the existenee of ventricular as well as of au-
ricular tonus in the hearts of warm—bloodéd animals is still not
asﬁcongincing, altthough smooth musele, the gggtomiaal basis of
tonus has been rarnrted in some of them by Maximow (33). The
success of previous workers in proving definitely the existenece
of auricular tonus in the hearts of cocld-blooded animals and
their  failure to discover in them ventricular tonus as well as
auriculer and ventricueler tonus in the hearts of warm-blooded
animals mey be attributed to a difference in the genera. and spe-
cies of animals used or to a difference in the amount of smooth
mus:ele present ewan within different members of the same species
or to differences in the experimental conditions (pH, tempera-
ture, drafts, handling, ions, etc.) which have, as was already
mentioned, a definite regulatory influence on tonus waves and

on the degree of sustained dlastolic contraection

VII.-NATURE OF VENTRICULAR TONUS.,

In the light of the more reecent experimental findings Jjust

deseribed the féllowing conclusions about the nature of vent-
riecular tonus seem warranted:

a.- Tonus oscillations depend on some structure in the
musele other than the sarcomeres which are responsible for the
produetion of the fundamental contraetions.

b.- Tonus oscillations are probably the rythmical auto-

netie contraetions and relaxstions of smeoth musele,
c.- Elevation in the tonus level is probably an anabolie
vhile its depression a catabolic process.
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VIII.- FUNCTIONS OF CARDIAC TONUS.

a.- Prevention of wvalvular incompetence .

b.- Regulation of the systolic discharge (which is re-
lated to initial tension (1,1%),).

¢.- Prevention of nmural dilatation.

d.- Direction of the greater and lesser circulations
in the hearts of cold-blooded animals from the au-

riecles to the ventricle.
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I.- PROCEDURE.

Veﬁtriculo-aortic and auricular tonus in 73 river
turtles of the genus Pestude from Damascus was studied by
the suspension method. The technique of Appelrot and Carlson

(3) was followed with this modification that the hearts were
not perfused but sub'jected to the aetion of various solutions
by the drop method. The experiments were performed in eautumn,
winter and early spring and unless otherwise stated the tem-
perature applied was that of the room. The effects of pH and
ions were studied and ordinary solutions as well as buffers
for pH control were used. Attempts at perfusing the ventri-
‘culoaortic.prgp@rations thru the asortic cannula were not suc-
gessful on aceount of clotting which was impogsible to re-~
move or prevent without introducing a veriable pH or ion
fector. Heart preparations in situ were not studied because
the turtles, even after deeapitation, exhibit sluggish bodiiy
movements whieh would interfere with the tracimgs. Such move- '
ments when they ocetnrred in the limbs seemed purposive and
aimed at position maintenance or correction; they continued
usually for an hoﬁr after the excision of the heart and Pa-
pilian (42) who could produce ‘thém in whole animals after
death by chemieal injeetions, attributed them to chemical fac-
tors. The conditions reported in the literature as being in-
hibitoryvto the spontaneous tonus waves wWere earefully a-
voided; no air drafts were allowed (3); solutions of various

: 5
1on% Lnd at verious pH's i&gi and temperatures (43) were used;



the ;turtles were kept in water to cool (18)and the prepmrations
were left standing for sometime to recover from the shoek of
handling (6).

II.~-RESULTS.

No spontaneous osecillations in the diastolic level were
noted in all the prepasrations used in this wark. Only one,
out of the 73 prepsrations showed oscillations simllar to the
sponteneous tonus waves of Emys deseribed by Appelrot and Carl-
son (3) and by Furuta (14). Histological sections (8) of the
slx hearts exsmined showed the complete absence of smooth
nusele from both auricles and ventriele.

& characteristic rise in diastoiie end usually in systo-
1ic level followed by & eorresponding fall, with no altera-
tion in,heaft rate was produced in four heart.:' ©preparations
by laetic acid at pH 2.35 and by HzPOy at DH 2.27. The fall
began after the withdrawal of the solution and subsequent
applications after HzPO, of either laetic acid at pH 2.35
or HzPO4 at ©DH 2.87 reproduced the same wave in a more ab-
rupt and intense way‘(see on page3839 traecings No.l,2,3,4,5).

No &l gnificant changes in the diastolic level were noted
when each of the following solutions at the different pH's
mentioned waé adééd to fresh hearts; neither was the heart
rate changed but elterations in the amplitude were usually
incurred:- Na-K-PO4 buffer in 15 preparations, K-PO, and
Na-—IPO4 buffers in 7 meparations éf%a)at‘pﬁ 5.6, 5.8, 6.5,
6.8, 7, 7.2, 7.4, 7i6, 7.8,8, 8.2; .11M NaCl in 16 prepara-
tions, .11M KC1 in 10 preperations, and .11M CaClp in 7
preparations at pH 5.5, 5.8, 6, 6.3, 6.5, 6.9 . The CaClp
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. solution, however, usually produeced a transient marked wavy
descent in the diastolie level.

| A rise in dlastolic and usually in systolio level sue-
ceeded by a fall was noted in 11 preparations after the ap-
plieation of either .00073M laetie acid or .OOO’?lM’HSPQ4 fol-
lowed immediately by .0023M NeHCOz at pH 7.47 or .2M NaGH or
.13M NeCl at aeid DH or .6l KCl at acid pH or .5M CaCls at
aseid pH (see on page 39, tracings No. 6,7,8).

DISCUSSION.

The lack ef smooth musele in the hearts of the
turtles used in this work probesbly explains the absence of
spontanecus cardiac tonus ascillations since Schaner (46)
and Laurens (30} and othershave ascribed the latter to the
rythmiecal contractions of the smooth museulature. The single
preparation that showed them may have beegfa different spe-
cies of the same genus or may have had scme smooth muscle.im
ite-hoars

The artificial single waves produced by laetic ascid
‘at'pH 2.35 and by HgzPO4 at pH 2.27 may be considered as tonic
waves becsuse they did not incur any alteration in the fate
or contour of the fundamental cardiac}eentraetions.

The faet that .11M NaCl or KCl or CaClp and the phos-
phate buffers of either Na or K or both produced no change in
diastolle level in spite of the variations made in their pH
suggests that pH in itself, independent of the nature of ionsg,
has no effect on general tonus. The work of Mines (39) already
diseussed shows the relative gneffectiveness of PH as 6@mpared

with ions in produecing & eertain effeet on the dimstolie level.

T o S S



In addition ' the eonelusion of Haskell (15) and of Andrus (1)
that a rise in pH raises diastolic level and a fall in pH
lowers it, may not necessarily follow from their findings,
because they perfused the heart premrations with seversl ions
without running control experiments to Isolate the effeet of
the DpH from the effect of the ion. (Gaskell, for instanee,
used a:fggrfusate defibrinated blood mixed with saline
and regulated the PH with additions of lactiec acid and NaOH,
while Andrus use& Ringer solution containing NaCl, KC1l,€eClg,
NaliCOz, NeHpoPO4 and regulated the pH with ad&itiohs of HC1L
and NaHCOg. In the light of this Dpresent waork, no such eonc;
lusion as to the poss;ble affect of pH on tonus can becwar-
ranted until the effeets of these various ions at various pH's
have been studled.

The artificial wéves mroduced by the application of elther
.OOO?SM,lactie.aci& or .00071M HzPO4 followed immediately by
-0023M NaHCOq4 (at pPH 7.47) or .2M NaQH or .13M NaCl at acid
pH or .6M KCl at aclid pH or .5M CaClz_at écid PH are also to-
‘nie'waves for the fellowing three reasons. In‘the first placse,
they could not be produced until a certain level .of the general
tonus has been attained; this shows that they are dependent on
é eertain degree of sustained diastolie contraction whidh ac-
cording to our definition of tonus is a definite preregulsite
theredf -~ (38). In the second plaece, they are independent of
any alteration iﬁ heart rate since they persisted even when
the heart rate became slow. In the third place, they are in4}

dependent of the regular contraetions and of any possible
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changes in their contour as can be deducted from the faetl that
they continued to sppear even after these fundamental cont-
ractions had slmost disappeared.

The faet that the artificial fall in these waves was pro-
dueced by'ﬂaH305 or-NaGH'on.the gl kaline side of pH as well as
by NaCl, KC1, CaClz on the acid side at onece removes the pos-
sibility of their being due to changes in pH; they must, there-
fare, be caused by echanges in the charaeter of ions. Qur fimd-
ing that H3PO4,produced e rise whilé the phosphste buffers of
Na or K or of both when applied at different pH's brought a-
bout no change in tonus suggests that the PO4 anion is & tonus
stimlant and Na', kKt ketions are tonus depressants or are
antagonistic to the PO4 effect on tonus.On the other hand our
finding that the desceent in these artificial tonus waves was
produced by NaCl or NeHCOgz or NaOH.whilé the ettempt to pro-
duce them by varying the pH of NaCl or KCl or CaClz obtained
negetive results, suggests that Ga*‘ as well gc Na# and K+
kations are probably tonus depressants while C1I” anion is their
antagonist.

| These findings and deduetions that the tonus level can

be reised by POg4 or lactate or possibly Cl~ anlons and lowered
by Na¥ OF K+ or ca?* kations support Mines' theory (39) of
the mode of action‘éfjﬁﬁrand ions, in general, on tonus and
Burridge*s coneeption (9) of the mode of action of lactate
anion in particular. Again, the finding that the chloride

of the divalent kation ca¥¥ had &8 transient wavy depressant
effect on tonus, while the ehlofides of the monovalent Na¥

or Kf kations, as well as the phosphate buffers of Na or'K
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gpr bath had none, alsc supports ‘this theory of Mines on the
relz tion between tonus level veriation and the alter&tion
in the surgface eharge of the cardiac emulscid. The ﬁ&nding
however, that Nﬁﬁl, KCl,CaCly lowered the tonus leveligfter
it had beenvr&ised by leetate or 304"' enions, is prabably
to be explained on the basis of a possible inerease in the
adsorptive power of the cardiae emulsoid subsequent to its
pubjeection ﬁo(the a#tion of either of these two snions.

IV. -~ CONCLUSIONS.ON GARDIAC TONUS IN THE RIVER TURTLE TESTUDO IBERTA: -

v
]

A.~- No agantaneous guriecular or ventricnlo—aortfﬁ tonus
waves could be recorded in the heart pr&paratians of
the turtles used whiech may probably be aseribed to
the lack of smeoth muscle. -

B.~ The tonus level is uninfiuenced by varlations in pH
thet are independent of changes in f{¢ ions.

C.- The tonus level can be raeised by the anions lactate,
phosphate and possibly chloride and lowered by the
kations sodium, potassium, and calcium.

D.~ Artificial tonus waves can be produced either by the
separate applieation of lactate and phosphate anions,

or, by their application quickly to be followed by

the kation sodfum, or potassium,or calecium.
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