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INTRODUCTION

Auricular fioriliation, or "delirius cordis” as
it was onge descoribed, was first ldentified by Hering in
1903. (3) "pursus irregularis perpetuus’ had veen known
to ¢linicians for meny decades but 1is significanes re~
mained ovscure until Hering descrived it as & cardiac
arrhythnia with charactepristio festures. These features
included irregular ventriocular contractions and an absence
of auricular contractions as shown Ly the phlebogrem. Al-
though his lirst cuservations were made on the experisental
aniwgl, he states, This arrbhythals iz of exsetly the samne
character as that which we find in pulsus irregularis per-
petuus.” He celled this arrhythmia "Flimsers der Vorhofe'
{auricular fiurillation).

Alshough ite elinleal existence was suspected Ly
Hering in 1903 and Cushny in 1906, (2} it wes net until
1909 that Rothuerger and Winterveyg (3) puslished the first
satisfactory evidenge that auricular fibvrillation cocurs
in hunen patients. Thelr publication nnteaaiea by only 8
few waeks the independent dexonatration by ania‘u} that
suricular florillation is & common clinieal disorder.

Auricular fivrillation ranks third in frequency
of ogeurrence 88 & disturiance of cardiac rhytha; presature
veats and peroxyssal asurieular tachycardia ranking firet
and second. GSome sourees report that aurigular ficrillation



iz more comaon Lhan paroxyssal tachycardis. The resson
for this discrepancy can u¢ explained in that suriecular
fivrillation is & striking disorder, frequently perssnent
and c¢asily recorded graphiecally. Paroxysmel tachycardia
is ususlly a transient condition, often scarsely heeded,
and ¢ifficult te record due to its short durstion.

An analysis of 3,000 cardime patients oy White
in 1920 (5) showed that 37C or thirteen per sent had auri-
cular fiorillation. Of these, eighty-two per cent were
peratnent and elghtesn per cent were paroxyssal in nature.
Rinety~two per cent of all cases of esuricular fiorilletiocn
lhoﬁed evidences of organie heart disedse, while eight per
gent had no demonstiracie signe of cardiac patholoigy.

There sre five well-recognized organic causes of
auricular fiorillstion. The moat common of these is alitral
stenosis with the most {requent cause of mitral stencsis
relng rheumatie fever. White (5) found that forty-six per
cent of all auricular fiorillators with organie hears di-
sease were in this category. Coronary dlisease, with its
complications of anoxis and infarction, seccounted for
twenty-one per fent. Hypertension alone, and complicated
oy other condltions;, e.i. cardiac fsilure, acecounted for
nineteen per gent. Thyrotoxicosis was the bdasis of the
fivrillation in fourteen per geant of the smBes.

Auricular fiveillation in those pstients without
organie heart dlsease has certain characteristic features.



It is found in the older sge group; symptoms of congestive
heart failure are absent; the heart rate is usually normal;
cardliae pnlarlnn-nt is absent; and the prognosis is favor-
able as these patients yleld readily to sntifibrillatory
drugs sush as quinidine. |

The sexes are unequally afflfeted with auriculay
fibrillation as two males show this arrhythais for every
female. An explanation may lie in the fact that men are
generally subject to greater cardiac atrain than women and
this correlates with the fact that organis heart disease is
more common in males than in femalea.

The elinical importance of suricular fibrillation
is not bLased on the fast that At is & very common disorder.
Hany syndromes are common, yet 80 innocuous &3 to require
little or no medisal attention. W¥While sowe individuals
look upon auricular fibrillation as an inconsequentisl dis-
order requiring no therapy, others view the condition with
an iniwical eye and take every opportunity to assault it
with the moat tnrizdablc therapeutls agents in their arma~
mentariun.

If fivrillation gccurs in the form of transient
paroxysme in a person without organic heart disesse, it way
disturdb the pstient but little more. Untreated parcxysme
usually last & few hours, nithtqztruum limits of & fow
minutes to several daye, and very rarely a fowweks. Par-
oxyame may ogour only ense or twige and be absent for many



JeRYS, or they may occur frequently st intervals of months
or weeks and yet not gause more than passing discomfort 4f
the wyoeardlum 1s not weakened &8s iu fsilure or infsrotion.
it is Lfaportent, however, that these paroxysms be distine
guished from mttacks of paroxysmal auriecular teechycavdia,

Zven permanent fibrillation may cause litile or
no dlsebllity if there 1s no associsted organic heart di-
sease and if the ecardiac rete 1s not excessive. There are
hatianta with a history of plruzysmalabr‘p&rmanant asurieular
Tibrillation who have lived with this condition for se loag
as thirty years.

Unfortunately, aurloular fibrlillation does not al-
ways present itsell as sn innocuous entity but may appear
&8 a serlousz complicetlon of heart disease. Indeed, it way
precipitate cardiae feilure and death. PFiopillation i1s s}~
waye & burden, even as 1is itmchycsrdia, to any heart.

The cardiag reserve of the normel heart 1s usu-
elly euffielent Lo compensete for this added burden, but the
heart with organic disesse may not heve this pregerve svall-
gble and failure results if fibrillation 1s superimposed.

In general, we may rogard auricular fibriliastion,
premuture bLeats and sinus tachycardiss, es functionsl dis-
orders or symptoms thet ere the result of underiying organie
disease or of an imbalance of normal physiologleal mecha-
nisms. An enalogy ¢an be made with sinus tachycardias, whieh
may be due to organic disease much se myocardlal infarction
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or it may be the result of hypothalamic everflew as in sit-
uational states. We should not atteapt to treat the tashy-
cardle per se but rather treat the infaretion or alleviste
the psychie stress. In some ceses, however, it way be to
the patient's best interests to control the heart rate un-
til the stiological causs oan he discovered and treated.

It has been suggested that the irregularity of
rhythe 18 the serious factor in aurdeular fibrillation and
i we are able to slow the rate even though the irregular
rate persists, adequate oardisc sutput say be msintained.
Dut hearts with a regular rate hive 2 greater cardiae output
then those with an irregular rate. (3) This faet alone of-
ten makes restoration of normal rhythm lifesaving in those
individuale who are on the borderline of decompensation.

Let us re-emphasize at this point that these individuals ere
fibrillating becsause of the underiying failure and are not
primarily in failure beoause of fidbrillation.

While 4t is true that prolenged fivrillation in
individuals with normel hesrts may conceivably wesken the
myocardium over & period of yesrs, the usual case is not
failure due %o the fibrillstion alone but to underlying or-
ganic disease such ap mitral stengsis plus the added burden
of the tachycardia and irregularity. Thus the esrly recog-
nition and persistent treatment of suriewlar fibrillation
would seem to be of great importance in prelenging life and
reduging disability in eardise oripples.
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There is one condition, thyrotoxicosis, in whieh
suricular fibrillation, either in the paraxysmal or perms-
nent form, is 1likely to bBe the earilest sign of cardise
streln. If the thyrotoxisosis is not corrested, the myo-
cardial stress and suricular fibvrillation may csuse heert
failure and death, The use of antifibrilistory druges alone
is not sufficient, because the ventrioular rate i1a 4iffieult
to control untlil the thyrotoxicosie ia sorrected. In all
cBses iunodiutnlantithrrniﬂ therapy should be instituted.

It is laportant to consider the possible existense of thyro-
toxiecosls in any patient with surdcular fibrillation that
does not show sufficlent cardisc pathology to ascount for the
arrhythmia.

An important complication of auricular fibrilla-~
tion, besldes cardisc failure, is emdolisw into oerebral,
renal, splenic or peripheral arteries from intra cardiac
thrombi. While 1t is recogniszed that esdolism a3 & compli-
eation of auricular fibrillation 18 infrequent, it does pre-
sent a serious problema in those oases wheres 4% does ocour.

Various investigstoras 41ffer in thelr reports of
sugcessful reatoration of normal rhythm in patients with
suriculsr fibriliation. The insidence of sucsessful therepy
varies from seven t0 ninety-four per eent, with the average
being sixty per eent. The uwsual procedure is to give 2
teat dose of 0.2 gram quinidine sulfate to the patient to
gee if he 45 unduly sensitive to the drug. If ne toxie



symptoms such as $innitus, deafuess, urticaris, ndusea,
vomiting, dlarrhes, or tachycardia develop, then adeministra-
tion of the drug in larger doses may provesd. The drug is
usually sdministered in five doses every two hours for the
firet dsy. If conversien to normal rhyths does nhot ccour,
the dose 18 inorecsed by 0.2 gram and the same time sohedule
is repeated the next day. This procedurs sontinues until
slgns of toxlelity or econversion to norsal rhythm oceurs.
Doses of 6 graas a dey have been glven with ne toxic effecots.
(5] if normel rhythes sappesrs, the patient should be main-
tedned on approximetely O.2 gram twice 2 day for two or
three weeks. In some instances therapy ¢an be discontinued
at once without recurrence of the arrhythmis. If suricular
fibrillation recurs it should be treated in the same wanney
&8 & new gaee, however 1f 1t reocurs often and normal rhythm
does not persist for any appreciable length of time, then‘
it may de best to discontinue therapy with guinidine and try
to decrease the cardise rete with digitalis.

Therapy of fibrillation 1s not without its compli-
eations. Emboll from intracardise throwbi which are
broken off when the auriculsr muscle resumes its normel
eontractionn mey result in desth or hemiplegia. Sudden
death without ewbolism hae been seen in seversl cases during
quinidine therapy and may be the result of the toxie effest
of the drug on the pacemakers of the heart. (s)

In a prevalent clinicel eondition such as



auricular fidrillation it would be logiecal t¢o assume that
over a peried of years, there would be advences in tech-
niques of therapy and the introduction of newer and wore
atfsetivt therapeutic sgents. Aotually, therapy of auricu-
lay fidrillation has changed very little since the discovery
in 191% that quinine had a.ipueifie effest on the disorder.
A patient with malaria and who ineidentally had auricular
fivrilliation reported to his physieisn, Profeasor R, P.
¥Werekebach, that the quinine he was taking for malaria also
cured his fibvrillation., Four years later, Frey published the
results of & study which showed that quinidine, the dextro-
fsomer of quinine, had more effect in abolishing aurioular
fibrillation than quinine. (6) Singce that time, with the ex~
geption of the intreduetion of lantrasuscular and intravenous
forms of quinidine (7), thers has been no uew drug developed
that has replaced quinidine i treating auricular fibril-
lation.

In 1940 prosaine hydrochloride was successfully
smployed to prevent the ventyiocular arrhythmiass that ogour
during surglcal operations when ¢yclopropane sust be used,
(8) Procaine is very rapidly hydrolyzed by blood esterases
and 1t sust be adminiatered by econtinuous intravenous drip.
Dr. E. L. NoCawley noted that diphenhydramine (Benadryl)
is clesely related chemieally to procaine. Procaine 1is a
dlalkylaminoalikyl ester while Benadryl is 2 closely related
dialkylamineoaliyl gther. The prediotion that Benadryl



prouably would have & longer duration of sation due te the
stacle ether linkage was vorne out in exparisental studies
and limited clinieal trial (MeCawley and Wnite 7). Dr. K.

L H. Dick suggested, since ventriele and suricle avre gom-
posed of the sape type of tisgue governed Ly the sane proper-
ties of contrasticility and conduation of stimulus, that
Benadryl ve gziven a trial in the therapy of suriculay fiveil-

lation.
Fany agents have sesn suvjeeted to trial in therapy

of suricular fivrillation; quinmerine (Atsbrine), sparteine,
alphs fagerine and proesine amide {Pronestyl) have rgawivﬁd
regent attention. Although mueh effort has been expended in
the aynthesis, dlscovery, rediscovery, and often exploita-
tion of new santifivrililatory drugs, it muet be admitted that
little of consequence hﬁa resulted from these energies to
date.

In the past, new antifibrillstory drugs were intro-
duced only as they were accldentally discoveresd, as in the
ease of quinine and guinidine, or by & slinisal trial and
eryror study of drugs siasilar to quinidine in visehemorpho-
logys At the present time the availstle sersening tests
include a few animel techniques of doudbtful wvalidity and a
poor regord of performange in seleecting useful drugs for
therapy. The reluctance of the patient and the physician to
receive or administer virtually unknown and untested cheai-
cals deters repld progress toward an idesl sntifinrillatory
drug. Easch year, numerous articles appesr in the various
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publications announoing new antifibriliatory drugs or de~
nouneing drugs previously ﬁmw. This chaos will
continue until we develop reliable sereening teats based
upen the physiological prineiples inveolved in auriculsy
rivrillation.

THE PURPOSE OF THIS THESIS I8 T0 sSTUDY THE
MECHANISHS INVOLVED IN THE GENESIS OF AURICULAR PIBRILLATION
ARD THE ACTION OF ANTIFPIDRILLATORY DRUGE AND 'N EVALUATE
CERTAIN DRUGS FOR ANTIFIBRILLATORY PROPERTIES. A REVIEW
AND PRESENTATION OF THE RESULTS OF THESE EXPERIMENTS IS
PRECIPITATED BY TENPORAL OBLIGATIONS, NOT THE SOLUTION OF
A VERY CONMPLEX PROBLEN.

Organisation of Thesis: The first section of this
thesls will be limited to a discussion of the meghsnism
and physiology of auricular fibrillation., It will inelude
a definition of the properties of cardise muscle and the
intluence of sush factors as anoxis and digitalis on suriou-
lar fibrillation; experiwentsl surieuler fibrillation in the
intact animel; and the mechanism of setion of the antifibril-
latory druge.

_ The verious methods of mtm antifibrillatory
druge and an introdustion of several new techniques for this
purpose are discussed in the second seotion. Several drugs
ineluding quinidine, antihistaminice end Banthine are evalu-
ated using these procedures.



PART ONE

HECHAKISHMS INVOLVED IN AURICULAR PISRILLATION
AND
ANTIPIBRILLATORY DRUGS

11
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MECHANISKS INVOLVED IN THE GENESIS OF

AURICULAR PIBRILLATION AND THE
ACTION OF ANTIFIBRILLATORY DRUGS

ANTRODUCTION

The first explanation for the mechanisms involved
in the genesls of suricular fibrillstion was suggested by
MaoWillten tn 1887, (10) yu possulated o cirewlating exei-
tation weve, perpetuated by re-entry of daughter waves inte
its sive of origin. Nis re-entry theory was modified by
Garrey in 1914 who suggested that the smechanism was & cirous
movement of excitation areund the 3g§ggugg!gg»£ll) This con-
seption, called the "oircous movement” theory is based on
fundamental cbaservations of & circus movement of musculsr
contraction waves in experimental animals. (12) (13) (a%)
The detailed studies of Lewis and his eo-workers during the
period 1918 - 1922 resulted in alwost universsi awcceptance
of this theory.

The genesie of aurdeular fivrillation is explained
by Lewis in the following manner. (13) A centrel wave of
exeltation, initiated from the sinceuricular nods, travels
through the atrial myccsrdium in e eircumferentisl path
arcund the vense cavae. The central wave gives riee to
deughter waves which spread to the periphery. (£1g.1) The
pathway of the gentral and daughter waves is determined by
the excitability of the susele fibers which 1ie in its path.
Porter in 1004 (26) made the obssrvation that funotional



Flgure 1. Hypothetieal Circus Movement in the
Auricle Showlng the Daughter Waves
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1%
intramuscular bloeks (absoluse refrsctory period) in the
strial myocardium could deflect the ecouwrse of the exci-
tatory impulse into s devious and redundsnt pathway. If the
central i:uttatnry wave has & sufficiently long pathway of
atrial tissue to travel in, it may re-enter the site (S-A
node area) of the initiating tissue and fxnﬁlns thlt re~
fractoriness has worn awvay, sontinue in ita original pathway.

Onse an area of myoeardium has been stimulated
by the exeitation wave, 1t sannot respond again until 1t hes
recovered from 1ts refractory period which resulted from the
previous contraction. The duration of the resulting iso-
eleetric gap between effective excitatory waves is dependent
on the sum of the sbsolute and "effective” relative refrao-
tory period of the atrial myocardium at the time. If the
iso~electric gap be mhortencd. the excitatory wave meets
lens non-responsive tissue and cén travel 8 shorter circus
resulting in a more rapid fibrillary vate. IF, by way of
sontrast, the iso-eleatric gap or refrsctory period be
lengthened by the asction of drugs, the Tibrillary rate
should be decreased or abolished.

Englemann in 1395,(17}itr“lk by the faet that
various parts of the fibvriliating suricles were in different
phases of contraction at a given instant, postulated that
the existence of multiple cotopic foel discharging simul-
taneously at different rates was responsible for the inco~
ordinated suseular setivity sharasteristic of the
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fibrillation. Englemann's theory of "polyteplc impulse
formation” gained much support becsuse it provided & ra-
tional basis for the observation that premature systoles
freguently precede the onset of fibrillation.

This theory, and particularly in its simplified
form of 2 single sotopie foous, 1s being currently revived,
Prinzmetal end his euuorttmaA‘ia) {19) have seriously
chellenged the circus movement coneept of suricular fibrile
lation and favor an eotopis foous explanation. The major
proof of esircus movement developed by the Lewis group was
the sequential appearanse of the exeltation wave pasaing
over eleotrodes implanted at various places in the right
suriele, with improved oscillossople recording and exposure
of the left auricle as well, the date sscumulated recently
does not suppert a eireus path of exeitation but rether
indicater & randon spresd of electrical activity, Nigh
speed oinesetographic reocording slso indieates that She son~
tracting waves of atrial myovardium do not follew a cireus
path but rather exhibit random astivity.

Prinsmetal and his group thus deseribe surioular
fivrillation as & chaotie heterorhythmie disturbence in-
velving & ses of irregular sontrastions that npumber from 8§00
to 40,000 per minute. ‘There is - super-imposed regulsr
wave-like contraction that sweeps soress the auricle in
undulating fashion at 400-600 eyoles per minute, Por pur-
poses of desoription these two ovders of astivity heave been
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termed "N’ or mieroscopie and "L” or magroscoplc activity.
Both cecur simultanecusly throughout 2ll contractile
portions of the asuricular musculature.

K" activity is diagnestic of aurioular fibril-
lation, &s it 18 never seen in any of the other surlcular
arrhythmiss. “L° waves arise at a relatively regulsr rate
of 800-0600 per minute and arise at various sites in the
surdele. In experimentally produced aurleulsr tashycardis
and flutter, these contrsstile waves arise from & single
eotopic focus. The distance covered by these "L" waves i
varieble; some are scarcely visible while others way Anvolve
wost of the auricle. Thers is the suggestion offered that
macroscopic waves may merely represent a fuslon of the micro~
scopie contractions. ‘

Today the battle line is drewn between these two
scheols of thought. On the side of the cirecus movement
theory 1s acoeptanse by medicnl texts for over thirty years
and the fact that it is the only explanation knows by the
miajority of physicians today. The ectople foel theory is
new, and untested. The results and cbservallious have not
yet been duplicated by others. I 18 not too widely known
nor is it completely understocd by all who have read or
listened to the leoctures on this work. At the present time
i do not believe that the problem has bDeen solved by elther
group but the ectopic fool theory, with gsertein modifica-
tions, which will be discussed laiter, more neariy gives us
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the key to the proovlen.

Cardiac muscle has certain fundsmental properties.
It is these properties and the modification of these propes-
ties oy such fagtors as druges, anoxila, aulonomie innep-
vation, temperature, and cardiac disease that provide us
with an explanstion for the genesis of auriculsr fisrillation
and the setion of antifiosrillatory drugs. This section is
devoted to the dissussion of these properties and their
response to various extrinsic and intrinsic factors. Where
it 1s feasitle, experiments have Leen devised to illustrate
or emphasise these points. Auricular rinserilletion has been
produced in experimentsl animels and isclated tissues to
asmanstrate the genesis of suriculsr fiorillation, and
hrl&in tp demonstrate the mode of setion of Antiribrlxlltnrr
arugs.

Methods. In order to wvoid repetition, the de-
talls of the methods used in these experiments will ve dis-~
oussed in Part Two under the heading, “Nethode of Evalu~
eting Antifibrillatory Drugs”, a&s many of these sase experi-
ments are used to demonstrate antifiovrillatory activity.
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THE ROLE QF CERTAIN CHARACTERISTIOS OF
CARDIAC MUBCLE IN THE GENESIS oF
AURICULAR FIBRILLATION

Cardise muscle has certain propertiee such as
rhythmicity and lrritabllity that must beoome altered in eny
disturcance of norsal cerdiac rhythm. A duauﬂaim of
these properties and thelr alteration in suriculsyr filpil-
lstion 48 neoessery at this time to provide us with an
understanding of the fundamental mechanisms invelved in the
genesis of auriecular fibrilletion.

Refractory Period: The term refraetory peried
signifies a state of unresponsiveness or lack of irrita-
Rility in mupele tissue following its stimulation. The
absolute refractory period is that period of time when the
tissue will not respond regardless of the intensity of the

stimulus., Relative refrastory period is the period of time '

vhen the tissue will respond Mut requires a stronger stisu-
lus than originally. It s the refrsctory period that is
the limiting fector in the stimulation and contrmection of
81l muscle tissue ineluding the myocardium.

The existence of aurisular fibrillation depends
on the presence of muecle tissue that oan respond to
rapld stimulation, be it from ectopic foeol or daughter
waves from the eircus movement of the eentral exeitation
wave. If the norusl refractory period is shortensd, then
wyocardisl tissue vesovers its sensitivity sooner and is avle
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to respond to stimuli at & faster rate. On the other hand,
if musele tissue which is being stimulated a2t 2 fast rate
heas its refractory period ineressed, then the response réte
of that musele will ve slowed.

Lewis, in his originel paper in 1921, reported
8 shortening of the a.sclute refragtory period preceding
suricular fivrillation. (13) However, this obeervatlon was
retracted in 1920 wheu he desoustrated that wiile the rela-
tive refractory period in dogs was lengthened Ly quinldineg,
there was no ghange in the ausolute relragtory period
assoolated with the development of suricular fibrillation.
(20) gince that time, 1% has been demonstreted that guini-
dine alse lengthens the relative refrsctory period in man.
(21)

It has veen suggested that yrelative refractory
period be given the wore deseriptive same, “effective ru-
fractory period.” This may ve desiraile in view of the
present confusion in regard to the limits of the meaning of
refractory period. (22) In any event, it may ve stated that
the moselute refractory period plays no rele in the mesha-
nise of auricular finrillation as it does net change one
¥ay or the other. In general, most of the evidence to date
indicates that a shortened relative refragtory period pre-
disposes to fiurillatien and & lengthened one inhibvits
fiupilletion, (23)

¥rat is the cause of the shortened relative
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refrastory period in surisular fiorilletion?) At the
present time, we ave unable to answer this question with
any degrse of certainty. However, wmost investigators agree
that the shortened relative refractory period ssen in
auricular fibrillation 18 in soms smanner related to in- P
oreased vagal tone. It has been shown that sholinergle .~ .. |/
drugs will decrease the relative refractory period, while
vagel blocking egents or anti-gcholinergic drugs will in-
creass it. (24, 25, 26)

In 8 series of experiments using the Dawes'
teohnique with the isclated rabbit's suriele, we have re-
affirmed these yesults and in addition, demonstrated that
antihistaminie druge such as Benadryl, also inerease the
relative refractory period and block the astion of choli~
nergie drugs on the heart. The results of these experiments
are shown below in Table 1. (The details of the experimental
methods will be discussed in a later sesotion.)
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Table ). The Effect of Cholinergic snd Anti-Cholinergie
8 on the Relative Refractory Period of the
Isolated Rabbit Auriale.

e o a e T
Change in Relative (1)

Drug Concentration  Refrsctory Pericd
fhelinepgle
Aeetyloholine 1 x210-6 30 per cent Goerease
Apti-Cheolinergie
stropine 1x10 -6 50 per cent inerease
quinidine 12X ~6 10 per cent increasse
Benadryl 1x10 -

6 35 pey gent increase
m

{}) Represents the average of three auricles.



While we realise that the whole provlem of
suricular fiorillation is #6ill in the theoretical stage,
we bellsve that if we are to make any progress in this
field, we must make certain affirmations and defend them.
1t is with this thought in mind that we make the following
statesents regarding auricular fiurillation and relative

refrastory period: !&_&&.MMMLQM__

It is the decrease in relative refractery period
and other concomitant changes in the auviele whieh agetyl-
chioline produces that makes possiocle the 1#&:1ntzan of
suricular fiorillation. It is the increase in relative ve-
frastory perloed and other concomitant changes in the auriele
which makes possible the therapy of suriculsr fibrillation.

Cenduetion and Condustien Defisitas The conduc-
tion system of the heart iz subjeet to many changes in the
aurioular arrhythmias. The resulting defeots may be in the
suricle, in the bundle branches or in the intraventricular
conduction system. This discussicn will be limited to &
econsideration of the intra-auricular and A~V nodal blocks.
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When experisental auricular fiurillation is in-
dused in dogs, inereased auricular conduction time and
A~V dlosks precede the actual fiuvrillation of the auricles
in almost every s.nnt-nu,w?* 28, 29, 3%) gnese same con-
duction defects have been shown to exiet in the development
of oliniesl suricular fibrillation. ' 20*22)

The appearance of conduetion defects mam
auricular fideillation is probably an indiestion of incroessed
vagal tone. (39) wnether or net it has any further signifi-
¢cance in the genesis of auricular fibrillation 18 not
M« ¥e have suggested that the ¢closs correlation between
gondustion defeots snd auricular fiopillation might foram
the basis of & new method of testing antifivrillatory
sotivity,

It might be expested that the miniwel amount of
& vagomimetic drug (scetyleholine), required to produce 8
2:1 A~V bloek in the intset dog, would be inoreassd after
the administration of mn antifibvrillatery drug. This proper~
ty of inereasing the "sinimal blook dose” of asetyleholine
(29)gnoura parallel antifiveillstory setivity snd will be
digoussed further in s later section of this paper.

Rhytheieity:s The iphepent rhythmleity of the
heart i1s its wost unigue characteristic. MNany theorys are
advanced as to the origin of this sctivity but as yet the
mechenisa 1s unknown. ¢33}

In suricular fivrillation, the rhythmieity of
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the heart is disturbed in Swo respectis. Firat there ias
complete inkivition of the pacemsker (S~A node) and secoond,
there 48 the initistion of abnormal stimull whieh give rise
to the fisrillatory setivity of the suriele. (13 19) py
the electrocardiogream thie is demonstrated by the lack of
novrskl P waves and the appearance of the charasteristic F
waves of surisular fivrillation.

¥e will ass in thi o t in ed
tone is the 1@ @ rease in relative

refractory period, the incresse in suriculer eonduction time

orillasion.

The origin of the abnormal stlsull in the fioril-
latory auricle is not e&s easily explained. However, it has
been shown that oscillating potentisle of sucv-threshold
intensity exist in auricular tissue. In isolated musole
strips, these potentials graduslly reach a threshold level
and propagate excitation waves. (32,33) Normally these €x-
citation waves do not appear as the threshold of the suricle
is s0 high that the S~-A node is the only focus capable of
produeing potentials that reach thresheold intensity. However
Af we suppress S-A nodal activity and at the same time de-
crease the stimulatory thieshald of the auricle, these
potentials now begome effective stimull and propagate exoi-
tation waves.

Indirectly Prinzmetal, 5rill, et al, 19:19) a4,
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Aulanntrated that such a ehadn of svents protadly takes
plase in suricular fiordllation. Normal P Waves are usually
Qed to 0.3 meve intenslty. Therslore, 1t may Le assumed
that the stimulateory threshold of the normel auricle is
approximately Q.1 t0 0.3 me.ve 1In fisrillating aurisles these
workers observed minute complexes usually less than 0.1 m.
v. and large complexes whose intensities ranged from 0.2 to

If sush sub-threshold potentials exist in
auricular tissue and they beeoue effective stimuli when
the threshold of the auricle 18 deoressed, we have a loglesl
sxplasstion for the origin of eetoplc auriculay foei. It
should be enphasiszed at this point, that ectople foci form
the Lasis for probavly the wost acceptable theory on the

geneals of auricular fibrillttiang (10, 18, 19)

There are two requisites necessary Lor repetitive,
riythuie impulse formation IfToms an ectopis focus. The first
ie the existence of & continmually active polarized region
with a pericdically depolarizing memorane. Seeondly, it
sust he separated froa the tissue to be sctliveted Ly a
tureshold. As the center begowes polariged, it will die-
charge itself only when the voltage resches s eritical or
threshold level. A practical example of this is demonstrated
by the relaxation-oscillator oireuit. (See Pigure 2) The
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gondenser is charged slowly by the battery through the
resisiance until & oritical voltage across the gas tube is
reached,at which time the tube suddenly becomes & conductor
and discharges the sondenser. The e¢ycle is then repested,
giving the wave form illustrated in Plgure 3.

It mey readily be seen from this diagram that the
speed of impulse discharge from an excitatory foous i
dependent upon the threshold snd the rate at which pelari-
sation takes place. Given an impulase with a coustant rate
of polarisation, we could speed tﬁé rate at which jmpulses
wers transaitted to the surrounding tissue by simply de-
ereasing the threshold.

It is entirely possitle that existence of ecctopic
foel which sre the source of rapidly formed stimull, depends
upon this type of mechanism. If we wish to slow the rate
of impulse formation arising from a foeus, then we may do
80 oy inereasing the threshold. As the ant&ti&rillntorx
drugs are capable of inereasing the stimulatory threshold
of auricular muscle, this may explain their mode of setion
in convertving auricular fiorillation {(rapidly firing foei)
to normal Sinus phythm (slowly firing faaui}‘

Irpitavility, Sensitivity and Stimulatery

Thresholds By definition, the ters irritsvility when
applied to cardisc muscle, means the ability of the wmusecle

to respond to & threshold stimulus. The degree of recep~
tiveness of the museculature to stimulation is known &8 ita



Figure 2. Relaxzation - Oseillograph Clirecuit.

Pigure 3. The Relatlionshlp Setween Threshold and
Rate of Diseharge iun & Relaxation ~
gscillograph Cireuit or an Eetople Foocus
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sensitivity. The stisulatory threshold indieates the level
to which cleetrical potentials wust rise before they stimu~
1late the surrounding tissue.

Aurioular fiovrillation &5 well &4 normal sinus
rhythm depends upon the presence of irpitadble tissue for its
existence. If there is no irritable suricular tissue, then
regardless of the intensity of the stimulus from the ectopie
focus oF the pacemfker, there will be no contrastion waves
propagated across the suricular muscle. Without thess eon-
tycotion waves, there oun be neither normal or atnormsl
auricular systoles. The role of irpitability of eardiess
musele in the genesis of suricular fiuvrillation is, therefore,
limited as irritability must be present if the heart is to
beat at alll

| On the other hand, sensitivity of the myossardium
is subject to ghange in disturbances of auricular rhythm.
It has veen demonstrated (13) tnat in surieular fiortllssion
the auriele is in & state of incremsed sensitivity. In
other words, the intensity of potentisls reguired to stimu-
late the surrounding wuscle is less than normal. Ve be-

£abriliation.

Stisulatory tareshold is inversely propertional
to tissue sensitivity. It deteraines whether the discharge
from an eotopie fool will be effective stimulus, and it
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deteraines the rate at which these »timull are discharged,
{See FPigure 3). The rate at which an ectopic focus fires

determines whether the suricular srrhythmis will ve &
taohyoardis, [lutter or fiorillation. (39) We belisve that

that s 8 B Lersased Vo
metic N & feel that the n action of
£ifioy Lory g6 _is 1o elevate the stimulatory thres-

holé of the aurlcle.

| These teneta are based upon the results obtained
from 2 series of experiments on isolsted ravbite' auricles
and the dog's heart. The exact details concerning the
methods used in these experiments will be discussed in the
second part of this paper, however, some gexplanatien is
necessary at this point for the sake of clarity.

isolated ravbits’ suricles weye suspended in
Tyrode's solution. They were attaghed by one end to &
writing lever and to fine wire eleotrodes Ly the other.
The eleetrodes wore connected Lo & pquare wave stimulator
in whieh the voltage and rate of stimulation sould Le ¢one~
trolled. The minisal voltage reguired to drive the auriele
at a given pate was then determined. These woltage deter~
uinations were made for rates of 112, 118, 186, 1%, 165,
198, 834, 270 and 312. After the normal stisulstory thres~
hold was determined, fiorillatory drugs such 88 agetyl~
choline or antifiveillatory drugs sueh as quinidine were
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added to the bhath. AS soon as the drugs had been in the
path long enough %o aet upon the aurioels, usually 15-20
minutes, the stimulatory threshold was agsin detersined.
After the maximum effest of the drugs was obtained the
solutions were replaced with fresh Tyrode's and the normal
stimulatory threshold was ggain obiained,

The value for etsh drug was obtained dy averaging
the results obtained from three surisles. These are shown
grephieally in FPigure §.

It was observed that santifibtrillatory drugs in-
crecsed the stimulatory threshold of the isolated ravbits'
suricle, For example, quinidine inoreased the stimulatory
trreshold ot 811 retes of stimulation tut had 1#: greatest
effeet at the higher stimulstory rates. This may well ex-
plase why cuinidine has little effeet on the heart es long
a5 the rate is normal, but has & mevked effect in conditions
where tachycardis is found. It also explains why it is
most effective sgainst vapidly firing foel 25 in suricvlar
fivrilliation and relatively ineffective except in toxie
doses sgainet the siow firing foeus (S-A node) in the
normal heart.

Atrepine has & similay action on the stimulatory
thysphold. It is significant to note that Lewis has
repoyrted some casee of suricular fivrpllletion that reapond-
ed to atropine therapy. (15) ¥We feel that atropine in large
enpugh Goses might be & very setisfmctory antifivrillatery



Plgure 4. The Norssl Stisulatory Threshold of the
Isolated Rachit Auricle and its Alter~

ation oy Quinidine, Densdryl, and Acetyle
choline,
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drug 1f it were not for the annoying sids effects of dry
mouth, oclurred vision, eto.

tiv inere stioula threshold by & d
agtion upen the suriocular musculeturs. T7This means that
the rate of stimulus discharge from the J-A node as well
as from sctopic foeol will be decreased.(See Table 2 whieh
shows the spontansous aurisular rate of the isclated ravbit
auricle vefore and after the addition of antifivrillatory
drugs to the bath.)

¥hen & fibrillatory drug such as seetyleholine
is added to the bath, the stimulatory threshold is inoreased
very little, or remsins unchanged as long as the auricle is
not driven at speeds over 140 per minute, but in the range
150 to 300 the ﬁh&utﬁuﬁd is decreased with the greatest
change being with the higher stimulatory rates! This provae
bly explains why vagal stimulation does not play an impor-
tant role in the firing of ectopie foeci as long 88 the rate
is in the vange of normal. Dut if the foel are firing at
rates above 140 per minute then vagel stimulation, whieh is
reflexly brought into play, deoreases the stimulatory thres-
hold of the surrounding surioular muscle, sllows the rate of
firing to be ineressed, whieh in turn inereases the effective-
ness of vagal stimulation in decreasing trhe stimulatory
threshold. It is not difficult to understand how such a
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Table 2. The Iffect of Antifiorilletory Druge Upon
the Spontansous Auricular Rate of the
Isolated Racbit Auriecle.

e — e
Sponteneous Aurisuler Rete (1)

Drug Concentration — RTINS
— T
quinidine i1x310-6 120 108
guinidine 12310 -5 a6 60
atropine 2x10 -6 148 124
Benadryl 1210 «86 102 96
Benadryl 1x10 ~ &% 87 66
Pronestyl 1x1i0 -5 eT 72
Ambodryl 5 % 10 - 3 90 oA

e
(1) wrepresents an average of three auricles.

The effect of other antifivrillatory drugs
upon the stimulatory threshold of the surlele has been
deteruined and the results will be found in the second pard

of this paper.



visious ¢ycle gan perpetusts itself., Ne hi

@ 8 auricular fivrillation.

While most of the experiments have besn done on
isolated tissue, the same results can be obtained in the
“open chest dog.” In reviewing some data tabulated by
Lewis et al in 1921, (13) we came Soross an interesting

ouservation that apparently passed un-noticed by those
workers at the time., In a seriea of experisents in whieh
they drove the dog's auricle with an electrical stimulator,
the stimulatery toareshold st various rates was determined.

As will oe seen from Figure 4, an analogous situation exists
in the jsolated racbit auricle. The stimulatory thresheld
of the controlauricle is analogous to the dog whose vagzal
influence is routralised by atropine. In both instances

the stimulatory threshold 1narein&: as the rete of stimulas-
tion 1s ineressed. However, in the surlele bathed with
soetyleholine which oan be compared to the dog whose vagus
12 not neutraliszed by atropine, the stimulatory threshold
astually decreases as the rate of stimulation is inoressed.
This would mean that inoressed vagal tone or & vagus not
vloocked by antivagal drugs (antifiveillatory druss) would
actually bring about ohanges in the auricle fevorable to the
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production of auricular fivrillation.

We dec¢lded to check the results outalined by
Lewis and FPigure 5 represents the date cutalned from an
open~ghest experisent uweing & dog anesthetized with pento-
varcital. Soall copper wire electirodes were clamped to the
tip of the right suriele. The stimulator was 2 square wave
type with whieh the rate and voltage sould te irndependently
controlled. The effects of the uninhiblited vagus, atropini-
gatlon and intravencus quinidine gluconate were deterumined.

The above experisent correlates ¢losely wit: ex~
perinents on the 1sclated suricle, tut more isportantly, it
emphaslizes the role of the vagus, and acetylohoiine in the
meghanism of auriculer flurillation. Vegel stimulation or
the injectlon of acetylicholine are luportant factors in ex-
perinentsl and slinical auricular ficrillation in that they
perpetuate and ineresse the rate of estopie foel discharge by
thely abllity to decrease the stlmulatory threshold of
furicular nusele. Digitoxin also has this sane effect and
provakly explains why patients with suricular flutter will
often convert te auriculsr fitrillation when they ere digi-
talized.

Thie ralses the question of the wvalidity of
digitelis thnerspy in the treatuent of suricular flutter and
fivrillstion. It 1s true that the ventricular rate 1o
slowed when @ flutter patient is digitalised but only ve-
¢ause he is now in florillation or his vagus 18 stimulsted



FPipgure 5. The Auricular Stimulatory Threshold in
8n Upen~Chest Dog Preparstion and lis
Alteration vy Atropine and Quinidine.
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and the 8-A node depressed. Many of these patients will
revert to a normal rhytha when the digltalis ie stopped.
Thies may be explained by the inorease in the stisulatory
threshold that takes place when digitalis is removed {ron
the isclated auricle bath or from the blood of the fioril-
lating patient! This can be more ¢learly denonstrated Ly
Pigure © which shows the effects of digitalis on the stiomu-
latory threshold of the isolated rabblt auricle.

It was observed that when the asuricle was placed
in Tyrode's solution Lt contracted at & spontancous rate
of 92 beats per minute. Then if the auricle was stimu-
lated at 300 beats pey minute with a sub~threshold stimulus,
in this ecase 1.5 volts were used with an auricle that had
& normel threshold of 2.4 velts, no change in rate was noted.
Shortly after digitoxin was added to the sclution the thres-
hold of the auriele decreased to the extent that the eleectys-
cal stismulus now became e¢ffegtive and the rate of auricular
gontraction was the sane as the electrical pacemaker. wWhen
the digitoxin wes washed out of the beth, the rate of
surisular contraction dropped to its ariginal spontaneous
rate. When the electricsl stisulus was gut off, no change
in rate resulted.

The importance of this experisent oan only ve
apprecisted Af one reslised the relationship of eotopis
stimull formation to the stimulatery threshold of the sur-
rounding aurieular tissue (ses Pigure 3}« In & eondition



Pigure 6. The Eifeot of Digltoxin on the Stimu-
iﬁﬁ::ly Threshold of the Isclated Raubit
MPLELE
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such as auricular {lutter or fiorillation where eotople
fool are responsible for the disorder of rase and rhyths,
the effect of digitalis, vagal stimulstion, acetylecheoline,
or epinephrine is to lower the stimulatory threshold and
allow more rapid discharge of the ectopic foel. When suech
druge ss gquinidine, atropine or Benadryl are used then the
stisulatory threshold is incressed (see Figure 7) and the
rate of discharge from the setopic focl 1s decroased, In
most sases the threshold 1s ilnoreased to the extent thas
the only foeus of suffisisnt potential to ue an effeetive
stimzlus is the pacemaker in the sinocauricular node and
noreal rhythm takes the place of the previous aprrhythais.



Flgure T. The Effects of Quinidine, Atropine,
Megholyl, Adrenaline, Acetyleholine
and Pilgltoxin on the Stimulatory Threshold
of the Isolated Recoit Auriels.
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THE ROLE OF THE AUTONOMIC NERVOUS SYSTEM
IN THE GANESIS OF AUCRICULAR PIEBRILLATION

Funetionally and anatomically the autonomie luner-
vation of the heart ils separated into sympathetic and para-
sympathetic influences (mee Figure £). While the property
of rhythmielty is inherent in cardisc muscle, it ie the
proper inter-play of these influences that regulate the
rhythes of the heart. It must be assumed therefore, that in
any disturcanee of cardiac evhyths the importanes of these
influences cannot be overlooked.

PARASYWPATHETIC INPLUENCES

It bas long veen recognised that auricular
ficrillation, ¢linieal and experimentsl, may be precipitated
by an inervase in the tone of the vagus or Ly the use #f
vagomiwetlieo drugs. Andrus and Certer in 1930 reported 2
shortening of the yefractory period and a reduetion of the
fiorillatory threshold of the dog's aurdele with stisuls-
tion of the vagus. (3%) potuslly Lewis in 1921 showed the
sane effects (15) sut was net cognizant of it at the time.
It has besn demonstrated that the application of Mecholyl
girectly to the surfasce of the suricle of anesthetiszed opan~
chest dog preparation will produce auricular fisrillation.
(35, 36) Rahun and Hoff have shouwn that intravencus Mecholyl

will produce auricular fisrillation in normsal patients, (37)



Filgure 5. Autonowie Innervation of the Heart.
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in bhyperihyreid potients, and in patients with awriou-

lar fiusser. 377 gme finriliation that follows the
adninistration of toxic doses of digitalis =ey ve due in
part to inereased vagal tone. (35)

The evidenes to dste leaves little room for doubt
that inoreased vagal stimulation does not play &n important
role in the genesis of aurteular fivrillstion. Let us there-
fore examine in soume detail, the changes that take place in
the auricle when there is 8 progressive lnerease in the
amount of vagsl stisulation or progressively larger doses of
a vagomimetic drug ave 1ﬁ3¢¢t§d (8ce Figure 14),

1. Ag ineresss i 1183 don_time {pro-
longed P-R interval) L2 one of the firat elecirocardio-
graphic changes that take place under the influence oI vagal

1e) ..Li.'.,..-, 2T 3

i i s

stismulstion. With very small doses of ifntravencus scetyl-
choline or a sliight amount of vagal stimulation, it say oe
the only noticeanle ehenge. {30) pyoept for the ereation
of loesl blocks of irritablility as suggested by DI Palme
{31) yne sotion of incressed conduction time on the wechs-
nises invelved in suriculer fisrillation is not fully
understood. It is recognised, however, that almost all
sases of oclinleal and experiwental auriculsy fiorillation

are preceded by an ineresse {n the P-R interval. (22, 27,
26, 30)

2. Porsstion of A-V blocks is the next eleetro-
cardiographie ohange ovserved when acetyleholine is injected
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into the experimental animal. Slightly larger duses are
reguired to produce A~V Lloek than are necessary to effect
a prolongation of the P-R interval. {%0) This change in
sinost all cases precedes counplete innfbitlen of impulse
formation at the sino-suricular node and prouanly represents
ovut one of the several progressive changes that lead
sventuslly to auriculer fivrillstion if the dose of acetyl-
echoline is large encugh.

3. Slowing of ti t the sing-
surigular node seens to depend chiefly on the right vagus,
although it 4s possivle that some fibers from the left vegus
slso innervate the sinco-asuricular node. (42, 43) Grant in
1949 preported that stimulation of the right vegus was aix
tines a8 effective as the left vagus in producing surieular
fisrillation in dogs. The ilanervation of the sino-auricular
node by the right vagus mey well explain this oLservation.
(8%) The importance of the inhivition of the sino-auricular
node is resognized but not fully understeod. We have shown
in the section on experisental suricular fiorillation that
one of the most significant electrosardiographic changes
that takes plase when suriculsr fisrillstion is induced in
dogs 18 first slowing and then complete inhivition of the
normal P waves. This has veen observed by other workers
(32, 44) and 1is well recognigzed as one of the ehanges that
precedes clinjeal and experimental surlcular fiwrillation.
(22, 27, 26, 30} ye have suggested previously that



45
initiation of suricular fiurillation depends upon the
existence of effective ectoplie foel in the auricles and
complete Inhlbition of stimulus fopmation at the sino-
auricular node.

%« The production of suriculay fivpillation is
the terminal shange that takes place in the auricle if

there is & sufflelent inerease in the wvagsl tone or if
large enough doses of asetyleholine are injected into dogs
(%0, 43) er humen sun jecta. (37, 38) As wag wentlioned pre-
vioualy, the mechaniaw by whieh aupioulsr fiovrillation is
initiated heg been the autjeet of mueh investigstion and
speculation. Present controversies genter ghiefly sround
the question of whether fisrillation is initisted and per-
petuated by a single, repildly riring focus, multiple fooi,
or & sell-sustaining re-éntrant phencmenon terved the eircus
wmovenent.

Recently, Pringmetal and his group have by 2
series of experisents where they cut or bleck the hypotheti-
eal path (39) disproved for all practical purposes the eirous
sovenent theory of suricular ficrillation. Acceptance of
these tenets leaves us with no other altersative than to
aceept the eotopie foel theory.

It has veen demonstrated that when expericental
suricular fiurillation is prodused by 2 single foecus or two
separate fool, the electrocardiogrephic pieture is the same,
(39) These workers concluded that as there was no difference
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in the elegtrocardiographic and clnesstographic recordings
of theses two experivents, that surieular fivrillastion is,
therefore. initiated and perpetunted by & single sotopie
foaus.

While we accept the sotople loel theory as the
Lasis of initistion and perpstuation of auricular rsurzzw_
latlion, we do not believe there is conclusive evidence in
favor of the single foqua ovey the sultiple foei. It iz
difficult to see how one ¢an postulate 2 pingle focua when
8 drug such as agonitine is injected into the suricular
tissue. What 18 to prevent the drug from spreading to othey
parts of the auricle, seither directly or hematogenously,
thereby giving rise to msultiple foeif? PFor this reason we
will sssuse in this paper that aurieular fisrillation 1s due
to the presence of eetople foei. NHowever, the views whieh
we will present can Just a» utzz be spplied te the single
foous if subseguent experimentsl evidence ﬁitgrnvas the
nultiple ectoplie foel theory.

Ae was previcusly mentioned, two factors must be
present before ectopic fool in the auricle may bheoome re~
spensible for aurisular arrhythsias. Pirst the foel must
pe present In the auriele and seeond, the stimulatory thres-
hold of the guriel- sust be low enough so that these foel
are svle to produse effective stimuli., BNoramally the thres-
hold of the aurieles is high enough so thet even 1f setople
fool are present. the sino-auricsulsr nede iz the only focus
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capatle of producing potentisle of sufficient intenﬁity o

be & phaocemaker. ge the Vi

pley. It has been shown experimentally tiat scetyleholine
or vagal stioulation frequently lesds to the dlscharge ol
volleys of rapid impulses in isolated suricular tissue. (%6,
47) gwo possitle esplanations are offered for these observa-
tions. First it may indicate that the fool weye present slil
the time and were sub-threshold until acetyloholine lowered
the stisulatory threshold, or it eay well Le that the pre-
gsenge of the foel as well &8 the lowered stimulatory thres~
hold were @& result of the drug. Most of the availacsle evi-
denge points to the former as belng the most prouable ex-
planation. The presence of the eetople foel in the auricular
tissue is more than likely dues to snother factor such &8
thyrotoxionsis (38) or epinephrine raxnlli.(39}

Lewis and Mester in 1925 provided us with ex~
pericental evidence that the sensitivity of specific tissue
such &8 the B-A snd A~V nodes ave less influenced by the
vagus than is the auricular lﬂlﬂiea(.B) Weston and
HoCawley in 1952 oveerved that this lneresse of aurleulsy
sensitivisy (lowered stimulatory threshold) is directly
proportional te the rate of impulse formation.
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Sehert has shown that it is posaible to produce
auriculsar tachyeardis of epprozisately 200-300 veats per
minute by the injeetion of 0.03 ¢ofc of a 0.05% solution of
gconitine inte the walls of the auricles. (50. 51) The
tachyoardia appearsd within a pericd of two amlautes and
lasted svout sixty minutes, Faredisc stisulation of the va-
gus during this time increased the rete by &8 much as 100
per cent and caused some animels te fiuvrillate. Cooling
auplished the taghycardis end ghanged the fivrillation Into
& tachyecardia. They were unable to terminete this surieular
tachyeardis with atreong faradie stimulation ¢f the vagus.
¥hile olinieally one is able to terainate nodal aurieular
tachyoardis with vagal stimulation, 1t is impossiole %o
vreak aurieulsr flutter opr fibrillstien. The reason for This
lies in the fact that aurleular tachycardis, if it is of
sino-supicular origin, is slowed due o the Anhibitory
effect of the vagus upon the sino-guricular node hut flutter
and fiseillation which are due to ectopie foal are not in-
hisited by vagal stisulation but seem O e perpetuatad by
it. Figure § shows the actlion of vagal stimulstion on the
stimulatory threshold and §-A node of the iselated rabuit's
auricle.

It may Le observed that normally the sino-surieu-
Jar node (shaded srea) beats at 560-90 veats pey minute and
that the stimulatory threshold is approzximately 1.5 velts.



Figure 9+ The Bfleete of Acetyloholine on the Norsal
Stimulatory Threshold and the S-A Node
of the Tsolated Ravvit Auricle,.
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- Any eotopic fosi {unshaaid area} that may be present are
unable to stimulate the auricle beecluse they are not of
threshold intensity. Under the influence of vagal stimu~
lation or vagoninetlio drugs the sino-aurisulsr node is
slowed. The stimulatory threshold eof the suricle ls de-
eresaged ao that eetoplc foel if present are new-wf thres-
hold intensity and auricular arrhythmiss result. It might
ve assuned then, that if we wished to produce aurisular
fiorillation experimentally or elinieally, all that would be
required is an increase in vegal tone (ocarotid sinus mas-
sege, oculsr pressure, induetion of vauwiting, Valsalva or
allied procedures) or the intravenous injection of secetyl-
sholine.

Unfortunately, the proulem 48 not 88 simple a8
that. In our experiense, only about 30-30 per sent of doge
will rivrillate when doses up to 1-8 mg/kg of acetylenoline
are given intravenously. (%0) ihen doses larger than this
are given, the snimals ususlly dle of reapiretory arrest.
This is in agreement with Horliok and Surtshin (3%) whe pro-
duged fivrillation in ascut 508 of dogs tested with similar
doses of ascetylcholine, Nahum and Hoff (3m) were able %o
produce auriculay fiurillation in three of seventeen noraal
human subjects with scetylenoline, However, Starr et al
‘53).aid not report & single instance of auriculsr fioril-
lation in humans who were given methacholine.

Therefore we are faced with the logiesl conslusion



thet there is a seoond factor concerned with surisular
fispiliation which seems to ve missing in most noraal
numans, and approximately fifty per cent of normal dogs
sut is present in thyrotoxie huIlnl,(Sa} in hypeethyrold
dogs (33), in anemie humans (27) ana 1a anemtc dogs. (¥}
Nahus 8nd Hoff have suggested the term "Bxelta-
tory Pastor’ for this second influence involved in auricular
fispillation, (38). They suggest that it night ve tiayroid
normone, while Grant offers the more acceptacle thesis that
it is the asetion of epinephrine, ()

SYNPATHETIC INFLUENCE

While it was shown by De Ello in 1947 that
epinephrine will lower the stisulatory thresiold slightly
and decrease the refractory period, it 4s not as effestive
as vagal stizulation ¢r vagouminetie drugs, therefore, 1%s
role in the genesis of surisular r;nxlllatien BBt e antire~
iy different than the vagus. (5%) As its ausence almost
prealudes the possivilivy of inducing experisental fioril-
lation, (83) we would like $o postulate & major role for
the csrdiostimulatory serves in the genesis of that arrhy~
thmin.

arant et 81 () nave ghown that epinephrine
will srestly ingresse the likelihood of discharge from
sotopis fosi. The importance of an sotopic fool in the
genosis of auriculayr fiopillistion has been desonstratsd by
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(18, 19, 39) (55, 36) g,

Prinsmetal et al and Van Dongens
latter in his work has shown that the santifiorillatory
potency of the various druge is direstly proporticnal to
their capacity to prevent heterotopie rhythes rather than
with thedr avility to alter the refractory period or con-
ducticn time of auricular musele. This fact bhas Leen sub-
stantiated by MoCawley et ul. (1) It 18 therefore ounly

redsconable to assume that if drugs whioh inhiuvit hetero-

topie rhythes are antifivrillatory drugs, then those drugs
whieh faeilitate dischuarges from ectopie foel sueh as
epinephyrine, are fivrillasery druge. Thus while vagal

Adzittedly, we have no direct proof as to this
supposed action of the sympathetle fikers to the heart, vut
let us examine the indirect proof which is avallatle to us.
it has been dewonstrated that suricular fibpillation is in
soxe way related %o awmu.ua* 19, 39) It iswuslly
found eliniealiy in individuals who, If they were not
fioepilisting. would have a taghycardie. (88) (Patients
with cardiac failure, =itral valve disease, anemia, and
thyrotoxiosis all fall into this eategory and agocount for
most of the elinieal aurteulsr fiorilletion.) It haes veen
suggested that those individuals without orgénic heapt
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disease, but who bave aurleular fiurillation, ars for the
wost part, emotional individusls with fast heart rates. (%2)

Saith and Noody in 1923 reported eplnephrine-
ineited fibrillation in two patients who had previously ex-
hibited aig&er auricular riveillation or extrasystoles on
foreed vreathing (vagsl stimulation). (59) Otto in 19Q7
showed that intravencus injections of very small doses of
epinephrine frequently casused fibpillation in noraal elderly
patients. (60) Atropine would prevent this, 80 the vagus
nerve alsc was involved. Cowan and Ritenie list epinephrine
a8 one of the sany agents which =8y indusce aurieular fivril-
iation in intact animals or in perfused hearts. (1) winter-
verg was unatle to induce auricular fivrillation oy means
of electriesl stimulation of the vagus in cats, wut when he
added gpinephpine or esleluwm salts, he was quite successful.
(62) In 1949 Grant reported on & series of experiments with
dogs in whieh he found that the most effectusl method of
produsing experimentsl suriculear fiovrllliation was to gomiine
an intravenous epinephrine drip with simultaneous vagal
stimulation. (&) When the vagus wes Llogked with atropine,
he was unable to get florillation and in only one case wae
he able to get fivrillation with vagal stisulation alone.

In 1933, Rasenaiu@ et 8l showed that hyparﬁhyraié dogs and
racbits would fibrillate when given smell intravenous doses
of epinephrine. The ﬁQtn of epinepiwine was so saall that
1t d1d not disturt the cardise rhyths in norssl snimsls. (63)
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Regently it was shown that vagal stimulation
(€8, 63) or tissue anoxia (65) w111 cause the release of
&n epinephrine~like susstance in the heart. Therefore, it
i3 excesdingly diffioult to separate the influences of
parasyapathetic and sympathetis innervatlen of the heari,
but at this time, the evidence is irrefutable that coth
play major roles in the genssls of aurieular fivrillatlon.
in review, it sppears that suricular fibrillation depends
upon the go-axistence of sympathetic and parasympatihetie
influences on the suricle. While either acetyloholine or
epinephrine will produce isolated cases of auricular fioril-
lation, the consistant produstion of auriculsr fibvrillation
in experimentsl animals depends upon scetyloholine or vagsl
stimulation in addition to epinephrine oy e¢pinephpine-
potentiating states such 88 ﬁhy?@t@li@ﬂﬁiﬁstng’ 45, 49

We have attespted to show the astion of epineph~
rine in the genesis of auriculsy fisrilletion by & series
of experiments with isolated rabbite' suricles, (see Figure
10). It was demonstrated, that while epinephrine lowered
the stisulstory threshold slightly, it wss much less effec-
tive tnhen similar concentrations of agetyloholine, (ine
Figure $). The rate of firing of the 8. A, node was in-
oreased frosm & norssl of 60-80 to 140 per minute. Visually
there were no other shanges in the muricle. We postulated,
however, that there were some ohanges present that we were
unable to measure at that time, namely the inltistion of



Pigure 10. The Elfects of Epinephrine, Alone and in
Comuination with Acetyleholine on the
Noruml Stimulatory Threshold, Eleetrioal
Activity, snd the S-A Node of the Isolated
Revuit Auriels.
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subthreshold stimull from sctopie foel+ In order to prove
that these subthreshold stimull were present, it tbecane
nedensary to devise & method of making them threshold.

This was done by adding scetylenoline to the vath in order
to lower the stimulatory threshold (see Figure 11).

A% the snset of the experiment, the awriecle was
ecoutracting at a wmuﬁ apontanecus rate of GO-E5 per
sinute. When the norasl rate and rhytha had veen deters
mined, epinephrine was dripped into the bLath at & constant
rete. Within & period of 53-8 minutes this rate was in-
oreased to 168 per minute, mm:; minutes after the start
of the sontinuous epinephrine drip, 0.1 to 0.2 mg of
soetyleholine were added to the ocath. The yate bechns slower
and the rhythm irreguler. (Notice the similarity vetween
this rhythes and elinical suriculsr fitrillstion). After s
fow sesonds of irvegular irresulsrity, the effective con-
tractions of the aurisle Jessed. When the suricle was then
removed fros the Lath and ouvserved with & megnifying glass,
4% was found to e in & chaotic state of motion guite
sisilar to that desorived by Prinssetal et al (39) when tney
prodused auricular fivrillation by means of an asonitine
foous.

The ehaotic movesent of the iscolated auricle
(aurioular fivrillatiod) eould not Le produced by the
individusl sction ef eitheyr spinephrine or acetylenoline,
but required the simultsnegus sotion of these two



Pigure 11, Fiorillation Produced in the Isclated
Ravbit Auricle by Acetyleholine and
Epinephying.
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mone (eplnepheine) 1lnitiated tipls o foel.
It is of interest that Prinzmetal et 81 (39) pe-

ported minute complexes of an estimated 50 to 500 milli~
miorovelts in amplitude whieh oecur at the astonishingly
high fregquency of 7,000 to 20,000 per minute in 4ireet lead
osclllograws of experimentally produced auricular ficrilia-
tion. They state that such deflections are too weak and oo
rapid to ve recorded Ly standard elsctrocardiographile equip-
ment. Larger deflections corresponding te the "f” waves of
the electrocardiogram varying from 3 t0 10 milli-microvolts
in paﬁ@ntill are 1nt¢éiuud 8% rates of 500 to 1000 per
ainute. Ssaller interscdiate complexes are deserived and

1¢ 18 felt that this form of electrical activity provably
is responsivle for the ipregular baseline of the "f" waves
sean in the lis: leads of elinical awrieular fibrillation.
None of the above elesctrical activity ig found in normal
tracings, thus sust result from one of the initiating fac-
tors of auricular fivrillation. Knowilng the stimulatory
effect of epinephérine on the pacemaker and the fact that
eplnephrine of'ten 1s the cause of ventrieular fiurillation
(41) it 1s not 4ifficult %o postulate that the same
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stisulatory effect is present in auricular tissue and
sccounts for these eotople foel.

Stotler and NcMahon (43) have deponstrated that
in addition to the sympathic nerve endings in the S«A and
A~V nodes, there are fliers that terminate around the
capillaries scattered throughout the myocardium. Stiaye
lation of the sympathetic nerves to the heaprt results,
therefore, in stimulation of the 5-A and A-V nodes and in
addition, epinephrine is relessed avround the myocardial
eapilisries. It is not 4ifficult to picture these multiple
intravasecular injections of epinephrine inte the ayocardium
as a source of ectople stimull., In all procablility under
norwal circumstances, these stimull are subthreshold and
reasin unsuspected and asymptomatlic., Dut in conditions
where there is concomitant vezal stimulation to lower the
stimulatory threshold of the auriecle they become threshold
stimuli and aurdculay fiopillation develops.



THE ROLE OF TENPERATURE, ANOXIA, ANERIA, DIGITALIS,
THYROPOXICOSIS AND QRUANIC HEART DISEASE
IN THE DENESIS OF AURICULAR FISRILIATION

It is well recognimed that temperature, anoxia,
aigituzit. thyrotoxicusis and organic heart discase are
important factors in the geneeis of elinical and experi-
mental auricular fiurillation. Eaeh of these fsctors will
be discussed separately and in some cases experimental evi-
dence will be ineluded with the discussion. Most of the
experiments we have done are on the isolated rabblt auricle
and a deseription of the methods used will ve found in the
segtion on methods of testing sntificrillatory drugs.

HYPOTHERMIA

P11l and Perbes have shown thét human subjects
ﬂﬂféﬁiaru ghilled to 30° ¢ often have runs of sponthneous
auricular fiocrillation, (57)'!%ﬁx were unable to demonstrate
that the fivrillation was & result of the hypotherais and
finally coneluded that it was not the hypothermig, Lut the
conicomitant anoxia that was responsicle for the initistion
of the auricular fiorlllasion. <€linlesal fiurillstion in
hypothermie conditions also has Leen reported Ly Wayburn
(68), sa1v0tt (59 ang crosse-procknors.(79) mest of these
workers agzree that ¢old per s¢ does not potentiate the
auricle for ficreillation cut that anoxia or reflex vagal
stimuiation are the rosponsibvle factors. While
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Grosgse-~Sproskholf (70} favors the hyposthermia of suricular
pusele as the ineciting oause of the fivrillation, his views
are not in agreement with the experimentel evidence offered
Gy other workers in this field.

It has been demonstrated that cooling aurioular
susele prolongs its relative refractory period (73) and that
experimental fiirillation say be terminated by perfusing
the heart with & eccel fluld (23) or uy oceoling an ectople
fool with Cog. (19> 39, 50, 51)

The effecss of temperature on the suriele oannot
ve measured with any degree of soouracy in the experimentsl
animal because af the uncontrollable effects of Llood
supply and autonomie imnervation. The lsolated auricle tech~
nigque obviates these interferences and is therefors the
metnod of choioe in experiments of this type.

Figure 12 shows the effect of hypothermia and
hypertherzis, on the stisulatory tnreshold of the lsolated
ratbit auricle. The norsal threshold measured at 29° €
varies from 3-4% volts depending on the stimulatory rate.
This threshold iz inereased when the bsth is ocooled to 23°
¢ and degreased when vath is warmed to 38° C. This |
readily explaina why Scheyf {50, 51} ang Prinsmetal et al
(18: 39) yope anvle to slow the rate of discharse fros an
sconitine ectoplic foous by ceoling and lneressing the rate
sy warming, for as ve shown bef £i
of an eotopie focus depends on the stimulatory thresheld of




Figure 1. The Effects of Temperature Changes On
the Normal Stisulatory Threshold of
the Isclated Ratcit Aurlele.
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the & anddng auriculsr nucels.

In review, the sgtion of hypethersis may e
direct depression of &n auriculsr muscle with an elevation
of the stinulastory thresheld or it may in the intaet
animel cause 2 reflex vagal stisulstion and & deersase in

the stimulatory threshold.

ek

The node of actlion of hypertherais ls Just the
opposite of hypothermin and quite similsyr to vagal stinmcls-
tion. Sehers (50, 51) produced & tachysardia of R00~300
Leats per minute 1n the dog's heart uy injeeting sconitine
into the suriele. The rate vwas inceressed by 88 mush as
100 per cent vy vagml stimulation or Ly waprming the aurigle.

It wes atclished oy socoling the aurlele,
ANOXIA

In the genesis of sauriculer fiuvrillation the
getion of anoxie 1s two-fold. Anoxia results in rellex
stimulation of the autonomis nervous system in the intast
enisal and 1n san, (3%} unile s11d anexia of the lsclated
relbit aurlicle results in o deercase of the stimulatory
threshold much in the same manner as hyperthersia, digitalis,
vagsl stimulation and ascetyleholine, (%0) Prelonged anoxis,
nowever, will result in & progressive lneresse in the stinu-
latory threshold until the suricle stops beating.
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Figure 13 uhﬁut'thu effect of =ild snd severs
anoxia on the isolated racbit suriele. The normal thres-
hold wes determined for a rate of 280. At thls point the
oxygen supply was shut off. Initially it is ouserved that
the threshold decressed for a periocd of 5-10 minutes bvulb
&g the Anoxis Leesae 0Ore ¢omplete the thresheld inoreases
until the suricle cesses to follow the stimulus. This way
explain why fiopillation may be present in those elinelsl
conditions which show A moderate degree of anoxia suoch as
anenia and cardiac failure.
| It has oeen ouserved that in the experimental

anisal, snoxia frequently converts sconitine-induced flutter
ingte fiurillation. (39) ne presense of anoxis has also veen
found to favor she produstlon of auriculsr fisrillation uy
ahelinergie drugs (37) and may be a factor in post-operative
fivrillation. The fact that aurioular fiuprillation is un-
compon in patients with anoxia resulting {rom gevere
emphysema or congenital heart disease may be attrioutadle
to the shronieity of the snoxis in sueh instances.

ANEHIA

Senliehter in 1949 reported seversl cases of in-
duced auriculay fiurillation in anemlie patients which were
tested with small intravenocus doses of uuatylohalina‘(av}

Tnis fivrillaticn reverted to norzal einus rhyths in all



Flgure 13. The Effeets of Anoxia on the Norsal
8timulatory Threshold of the Isclated
Rebulit Auriele.
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patients when the red blood count was peturned to normal by
transfusion with whole blood. This wes the first reported
svidence that anemia plays an izportant role in the genesias
and perpetuation of auricular fiorillation.

During the same year Horlick and Surtehin demon~
atrated that it was possicle to standsrdize the minimal
intravenous dose of seetylohioline necessary to produce segond
Gegree A~V block in unanesthetlzed dogs. (29) While there
was wide variavility in the “bloek dose” Smong different
aninals, the "block 4ose” for any one animal remained con-
stant over long periocde of time. Wwhen they injected doses
of scetyloheline 10-20 times larger than the “tlosk dose™
they were able tec produse auricular fiusrillation in about
fifty per cent of the animals.

After the animals were made snemic, the "Lloek
dose” and the fivrillating dose of meetyleholine were both
redused. Half of those animals who previously 4id not
ficrillate with 10-20 times the "ulook dose", fibrillated
when that dose was given, after the development of anewmia.
In all cases the "minimal vlock dose” paralleled the hemo-
glouin soncentration of the vlood.

Smith and Wilson perfused the coronaries of doge
with anoxic vlood snd at the same time injedted intravencus
Mecholyl. DIy this nethod thay were gonsiastently acle to
produce auricular fiurillation where previously neither

procedure used alone had sucoecded. (G6) The only legical
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conslusion is that anexis or tissue anvxis potentistes ihe
&ction of the vague or vagomiaetie drugs in produelng
surieular fivrillation. We have previously shown that a
mild degree of tlssue anoxia decreasses the stinulatory tires~
hold of the isolsted raubit suricle. This L8 in gouplete
agreement with Resnlk {?3} who feels that esrly suoxia pre- L,m_';
disposes to aurieulsr fivrillation Lut that ssvers anoxia ’
inhisite fispdllation. This 4s substantiated by the fast
Lt piruana dying anoxio deaths do not regularly develop
terninel florillatory stetes. (2} It 1s also reascasble to
sssuse that anexia in Yhe fringe avea of myocosrdisl infare-

$i0n pupt have some effeet on the Llrritavillity and production
{73)

of ectopic foel.

DIGITALIS

The use of digitalis i the treatment of auricular
fioriliation and flutter is Lased chiefly on emperigsl
obgervations of the pulse rate and not on sound appliostion
of the known pharmacological actions of the drug. It 18
koows that digitalis stismulates the vagus and Figure 6 shows
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that ite action on the stimulatory threshold of the isolated
auricle is similar to asetyloboline. It hes veen suggested
by DiPalma (22) that the antifisrillatory action of
digitalis 1s dus to its effeoct on gonduotion time and re-
fractory period, however, the antifiovrillatory action of
digitalis provably stems from & different source.

Digitalis 18 given wmost often in circumstances
where the heart suscle is fatigued, stretohed and anoxemio.
These oonditions are the i1deal stage setting for aurigular
fivrillation. (66) It is surprising then, that digitalis
whiech supplies positive inotropic effeots, the relief of
dilatation, uetter coronary perfusion pressure and oxygenf-
tion of the heart, often atops fiurillation? Digitalis
simply vemoves the factors whieh were responsinle for the
initistion of the auprleular fibrillation and ig not an antli-
fivrillatory drug per se. Proef of this is octained in-
directly oy the ovservation thatl sany patients who are
fiorillating and decospensated, cut who are net given
digitalis, revert to regular sinus rhythm with ved rest, se-
dation, oxygen and diuretics. Here szain the eonditions
favoring the fibrillation are removed and the estaclishuent
of & vregular sious rhyth: is made possicle.

The use of digitalis should ve limited to those
cases in which anoxia and cardiae feilure are present, If
we give the drug to 8 putient who 18 in flutter or fiveil-
lation from some other cause, e.g. thyrotoxicoeils, then the
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flutter will ve changed to fivrillation and the fitrillation
will e perpetusted. This sty readily ve explained thprough
its action of decressing the stimulatory tireshold of
suricular musele.

TEYROTOXICOBIS

As was mentioned previocusly, thyrotoxicosis is
responsivle for 13.1 per cent of all ¢linical auwricular
fivrillation. Auriculsr ficrillation is the most frequent
sardisg srrhythmia seen in hypurthyrad&ia, Xt usumlly
disappears permfnently when the hyperthroldism is relieved.
Thus 1t would seem thai there 18 some factor in hyperthy-
wid patients whiegh favors the produetion of auricular
fivrillation.

Thore is some evideneoe that thyroid extract
directly affects the myoccardius producing inereased sctivity
and sensitivity. Yater in 1931 demcnstreted that the leo-
iated perfused rearts of thyrotoxic ravihits Lest at & much
faster yate than similar preparations from norual rabbits.
{T%) wnis was sutstantisted oy the work of Lewis and Mo-
Eachern {(73) who worked with isolated vacbits'® auricles and
ostained similar results. Their reports also indieated
that th&rv is an increased resction of the heart of the
thyrotoxic enizals to epinephrine. In all prousovility, it
is this latter action of thyrotoxicosis wnich is most im-
portant in the production of uur:aularkfibhiilﬁtian in
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hyperthyroid petients. Ausann and Yousans in 1980 experi-
mentally analysed the sensitization of the cardiac asccelera~
tor mechsnism vy thyrotoxicosis in dogs. (?6) Thelir conslu-
sions were that thyrotoxicosis markedly potentiates the
action of epinephrine on the heart.

Hahua and Hoff produced auricular fiorillation
in nyperthyrold patients Ly the injeetion of 0.75 we /g
agetyleholine. (38) This same dose of scetylenoline éld
not produce fiveillation in normal persons. Weston and
HoCawley (77) working with experimentally induced hyper-
thyroidisam in dogs were able to show that smaller doses of
scetyleholine were needed to produce aurlcular finrillation
in the thyrotoxic dogs than in coutrel aniaals.

In view of the elinieal and experimental data at
hend, the importance of thyrotoxicosis in the genesis of
suricular fivrillation eannot se denied. While the preeclese
meshanism of sction is not known, 1t must be & conbination
of sensitization of the myocardium and a potentiation of
the heart to the aetlon of normally oireulatirng epinephrine.

QRGANIC HEART DISEASE

The relationship or organic heart disease will ve
discussed from & theoretical aspect using what information we
have 8t this time regarding the meshaniss of aurioular
fivrillation end the influence of anoxia, vagal stimulation,
and sympatihetic stimulation on this meohanlisnm.



79

i. [itral stenesis with resulting lelt awlsular
dilatation is 3 common esuse of aurleular finrillation. It
has veen shown that reflex vagal stimulation results from
an inecresse ln pressure in the asrta, (78) in the auricies
and great veins (79) and mechanical dllstation of the
aurtele. (89) e vagus in fturn not only lowers the stlmu-
latory threshold of the murigle vut results in reflex stisue
lstion of the cardio~mcoelerator nerves (W) with & release
of epinephrine. The latter oaaﬁciwnﬂly stioulates or inie
tiates eetopic focl and the vembination of these two neuro-
hopmones results in aurdioular fivrillation. GEvidence for
sympathetic atimulation in this condition 15 offered Ly Boss
and ooldsennidt (38) wno observed tiat obstruction of the
mitral valve would result in & taphycardia. 7The role of
the eardias stimulatory neprves in thisg taghycsrdisa was proved
when the hesrt rats retupned to norsal snd resained stanle

in & patient after his left stellate ganglion was removed.
Previous to the resoval of the ganglion he had an unoonirols
lavie tachyeardia.

faotors are present that initlate inereassed vagal tone and
sympathetic stisulstion of the suricular tissue.

3. Rbeousatic fever not only say result in con-
gestive fallure snd witral disease due to endocarditis, out
it has veen suggested by Altsehule (39) tnat whe tnflamsatory
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response in the suricle may sensitise neyve endlngs 1n
auricular tissue end result in hyperastive reflex vagal
stimulation. It hes oceen suggested that the inoreased 7-R
interval seen characteristleally in rheumatic lever repre-
pents inorsased vagal stimulation (36) g4 it 18 well known
thet vagal stimulstion, chemiecally or electrically will re
sult in prolongation of the P-R interval.

&, Coronary dissese snd infarctions result in tissue
anoxis with potentistion of noreal vaghl stimuli. In
addition they are usually cosplicated oy tashyeardis whieh
means incressed stisulation by the pympainetic nerves.

S tenglon it ultd e ) »
failure ilation alse uyings inte effeet

inepeased stimulation of the heart Ly the autonowic nervous



EXPERIMENTAL AURICULAR FIERILLATION
IN NORMAL AND THYROIOQXIC DOGS

The need for an experimental method of producing
aurleular fiorillation sonsistently in animals Lecoues
apparent wien one atteapts to evaluate antifivrillatory
arugs, (51 82) 1¢ 18 true that certain isolated heart teoh-
nigues may be used 1in the initisl soreening process out in
the finrsl evalustion, there i8 an incontrovertitle need for
trial on auricular fiopillation that is similar to the
¢linloal disesse.

It has veen denonsirated that acetyleholine will
produce ficrillatlion in E0-50 per cent of a series of sontrol
doge. (29 80, 4%} oy sonibining the mctios of &nemia and
intravenous acetylenoline in dous, Horliek and Surtshin wepre
avle to produsce suricular fiurillation in TS5 per cent of
thew, (29) The disadventages of this method include the pro-
duction of snemia Ly vonipuncture or the use of drugs and
the need for deing tlood ecounts and hemogloLin detersina-
tions daily.

Yarious other methods have Leen used to produce
experimental auricular fivrillation. They ineclude hyper~
thyroidien and epinephrine, (63) suu-epigardial injections
ef sconite, (51) simultaneous application of Mecholyl and
faradie stimulation of the suricle, (¥} gng application of
Mecholyl directly to the surfsce of the auriele in the
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region of the sinus nods. (35) The resultes cotalined with
these prooesdures are not predictaile nor are they consls~
tant enough to be used as an index for testing antifioril-
iatory drugs.

There are sany open chest techniques where the
auricles of the dog are stisulated chemically or electrical~
1y but they are complicated Gy the provlems of artificial
respiration, surgery, and ateleotasls. These proclens
practically civiaste this teehnique for extenaive experi-
sontal use.

The use of the intaet thyrotoxie animal was first
suggested vy Rosenulum (63) vut he limited hls studies to
the e¢ffeet of epinepirine on experimentally induced hyper-
thyroidism. In view of the known affects of vagal stluu-
istion and vagomimetie drugs on aurisular fiorillation, we
decided to use this factor in addition to thyrotoxicosis
to produce fibriliation in doge.

Horllek and Surtshin, (29) in thelir work with
anemie dogs deteramined the minimel “"heart ovlock dose” and
“riarilziting dose™ of intyravenous asgetylegholine for essh
gontrol animal. It was found that these doses ressloed eon~
stant for each animal for long periods of time. After the
arimals were made anemle, the hesrt Lloek and flurillatory
doses were szain determined. It was shown that the minlasl
amount of asetyleholine required te produce either heart
slock or aurlisular fibpillatlon was less In anemdic nniﬁlls
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than in the contrels. They also showed that 50 per cent
of the anizals that 4id not fiurillate with acetylonoline
alone would fisrillate when they oombined anemia and lntra-
venous acetyleholine. Thelyr sonclusions were that aneals
#né agetylenoline have an additive effeet in producing
aurioular fivrillstion in experimental animals.

The object of these experiments is to detérmine
if induced thyrotoxicosis end acetyleholine injecotions
have additive effects iIn the production of hesrt vlock and
auricular ficrillation in the experimental animsl and %o
dateraine whether such & procedure will conalastently produce
an auricular fibrillistion that can Le used So sereen anti-
fibrillatory drugs.

METHOD

Twenty-thres mongrel dogs welighing from slix to
twelve kilograms were used in these oxperiments. The anl-
male were snesthetised with pentocariital glven intraperi-
toneally. After they were anesthetiszed they were secured
to an anisal voard and 8 needle was inserted 1nto the
saphenous veln. This was held in plage by using & three-way
stop cock attached to & 50 ¢fe syringe which wae clamped to
8 ring etand., Injections ¢ould tren bLe made by connecting
& second syringe contalning the drug into the third opening
of the Stop-G00kK.

As soon a8 the needle was placed into the vein
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the anicals were given ¢ « 3 ofe of Heparin solution.
{1000 U.5.P., units per e¢.) This prevented clots from
forming in the lnjecting system. 8Standard Lead XI elec~
trocardiograns were regorded vefore and after sach injection.

Acetylcholine was made up freah bdn each experi-
mental aﬁy in solutions eontaining 1 mg per ¢/¢ and 10 =g
per /e, A smell dose of seetylenoline {avout 0.6 ¢/¢ of
the solution eontaining 1 mg per o/¢) was then injected
inte the velin. If it ceaused 231 heart tloek the dose wae
deereased untlil a dose was deteralned that represented the
sxallest dose that oould Le glven consistently to produce
a 21 heart tloek. When this was determined, 2 o/e of
scetylokoline (5 mg per ofo) was given yapldly, if fiorile
lation was produced, then the sinimal fivrillating dose
was deterained oy decreasing the dose with suisequent ia~
Jeationa. Higher doses of acetylcholine may be given but
the enisals often die of respiratory arrest. If the animal
would not riuvrillate on approximately 1 mg/kg then the
fiveillating dose was regarded as being 1 mg/kg <.

¥hen thls date was ovtained 1t waes regorded and
the anisals returned to the anisgl roon. The same proecedure
was repeated two or three tises on each aninal to make
cortain that these doses res@ined constant as reported vy
forliock and Surtshin. (29) As socn ms the ¢ontrol heart
retes, "minimel bloek dose” and ‘minimal fiorillating dose”
had veen deternined, the aniszals wers then ready for thyroid
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powdeyr feedings.

Eleven of the anivals received 1-2 grams of thyrolid
pouder U.B8.P. per day for & variable period of time. 10-50
dny#; depending on the onset of signes of thyrotoxicosis.
These signs deserived by Yousans snd Aumann in 1940 (76) in-
sluded tachyeardia, vomiting and diarrhes, and thirat. Con-
trol heart rates wore determined for esch anismal and then
followed after the animal was placed on thyrold powder. The
average control rate was 100. After the onset of vonltling
and diarrhes, the animals were cousidered toxie and the
aversge heart rate st this tisme was 153. This ccmpares
favoravly with the results of Youmans and Aumann (76) wno
reported control rates of 112 and thyrotexic rates of 181
after 14-21 days of tiyroid powder feedings.

It is significant to note that the two anisals
which falied to fiurillate efter veing placed on thyroid
powder for 455 @ays £till 414 not show vomlting sud dlarrhea
and proubably were not toxie @t the tinme the experiments wers
done. The possiiility of hypothroidism or wuffering action
by the thyvoid gland may Le enterteined &8 explanations Lut
texporal oovligations precluded any {urther siperisents st
that time.

RESULYIE

P t of intreve:ous sge ine oa the

eardisg ynytim of noresl dogs. Pour of the twenty-two



control snimals which received saximal doses of 1-2 wg/kg
agatyianallna snowed electrocsrdiographle evidence of
suriculay fi.rillation. The fiurilleting dose in these
anizals ranged from 0.0125 to 1.3 wmg/lkg. The F-R interval
was detersined in all enimsls snd except for one animal the
P-R interval was m geconds. However in the aunisal
that fiorillated on 0.0125 wg/kg acetylcholine, the P-R
interval was 0.19 sec. The protable signilficance of this
cbservation will se covered in tno\ditnu:tionl For 8 gom-
parison of the e¢ffects of asetyleholine on norsal and thyro-

toxie doge see Taile 3.

2. %The @ of th ¢osis on the ainimal

gholine., Right of the ten dogs whieh recelived thyrold
powder developed auricular fivrillation when tested with
saxisgl doses of approximately 1.0 ag/kg acetyleholine. The
two anizals whieh fajled to fiurillate at the tise the experi-~
ments were conducted did net show vomiting opr diarrhes and
possivly were not &8s toxic && the other anlmele in this
saries.

The effeet of thyrotoxicoslis on the slnimal bloek
snd fiorillating doses 1s simmerized in Tucles 3 and 4.

PISCUSSION

h intyravenous seetyleno «» Certsin animals
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Table 3,

(1)

The Effect of Intravencus Acetylecholine on the
Cardiac Rhythm of Normal and Thyrctoxis Doge.

78

4
2 2
. T T 05 w2 5
" “ . T TS5 mg/ke 3 6
’ ’ Y 10 w3 6
’ ! - TR0 mgfg 4 8
b e e —— : — s e yrht = i

Includes two dogs on thyroid for 4% days without
showing vomiting or diarrhea.
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Table 4: The Effect of Thyrotoxicosis on the Minimal Heart
Block Dose and Pibrillating Dose of Intravenous
Acetyleholine in the Intact Dog.

e ESREXOL i EOEORL

Animal Heart Blogk Pibrill. Heart Hlook PFibrill.
Mumbex» Rate Dose Dose Rate Dose se
nglig  wgleg

S 7 S 7, .

i 90 - 1.0 » 148 . C.h
1A 92 . 150 . 0.8
24 132 " ’ 16k o2 Osd
34 106 - . 1k4 - 0.1
12 o = ‘ 180 _ 1.0
124 96 0.0k ¥ 165 0.06 OB
i34 120 0. 07 1.3 188 0.08 O.b2
14a 26 008 1,25+ i34 0415 140
154 (1) 8o Q.04 1.00 148 004 Lo0e
8a () 5 0.03 i 8 o.03 .

e e e e e ]

(1} ‘These animals did not show vemiting or diarvhea.
{+) Indlcates that while the fibrillating dose was not
deterained, it was greater than the dose shown.
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were found whieh seemed to filrillate quite easily on seall
intravencus dopes of acetyloholine. All of the anisals
which fiorillated were mueh ssaller than those which did
not. As a general rule, it was the susll serawny dog, ot
the large, healthy animals whieh tsemad to fiorillate wost
easily. When injestions of intravencus acetylaholine ere
given to these aplsale in inereesin; dossges, an lnteresting
sequence of events takes place (see Flgure 1%}« Seall Goses
of asetyloholine produced & tesporary increase in the P-R

‘interval, Larger doses produced a prolongatien of the P-R

interval followed by 211 heert vleoek. §till larger doses of
seetyloholine resulted in complete hoart Hlosk with complete
inhibition of P waves sand QRS cosmplexes whieh is then {ollow-
ed vy fivrillation of the suricles and irrsguler QRS com-
plexes. Wien the effect of the drug wears off, the rhytha
returns to noreal. '

In most eases the fisrillation lasts one to thpee
minutes Lut the perioed of filrillation gould be prolonged to
rifteen to thirty minutes oy the use of physcstliymine in
addition to the acetyleholine. The asstlon of the physostig~
mine 18 to prolong the action of the aestyleholine thus
lengthening the peried of fivrillation.

Only one of the four contrel snimals that flopil-
jated showed electrocardiographlc evidence of increased vagal
tone before the experiments -egan. This particulsr animal
had a P-R interval of 0.19 ssconds gompared to the normal



Figure 18, The Effects of Increesingly Lercer Dosss

of Acetyleholine on the Cardiac Rhythe of

the Intact Dog, srowing the Reletionship
cetween Prolonged P-R Interval, 211

 Heaprt Block and Aupriculsy Fibprillation.
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P-R interval of 0.00 peoonds. It ie significant to note
that this animal with evidence of inereased vagal tone
fiorillated with a dese of sscetylenoline of 0.0185 wg/kg
while the other three animals requived doses of 0,00 mg/ksg.
0.5 mg/lkg and 3.3 mg/ kg

Clinicoally and experinmentslly it has veen demon~
streted that prolongation of the P-R interval 1s due to
inereased vagal tone. (36, 83, &%) Altasghule has reported a
high correlation Letween the occourrence of partial hesrt
elosk {inereased P-R interval) and suricular rivpillation in
rheunatic hesrt disesse. In & series of twenty-five patients
with prolonged P-R intervals, twenty~one developed aurigular
fivpilistion. (30)
the ¢sourrence of 8 prolonged P-R interval and auricsular
fivpillation following ayosardisl infaretion. (83) flectro~
cardiographic records showing the development of auricular
fivrillation indicates tihat in slmost every case, a prolon-
gation of P-R interval with heart ologck precedes the ini-
tiation of suricular fiurillstion. (29, 86, 87)

If we assuse that incoreased vegus agtivity is

A sisilar correlation was found uzetween

responeivlie for the incremsed P-R interval, lorsation of
2:1 heart clock, and initlation of auricular fiupillation
vy deereasing the stimulatory threshold of the auriele,
then we alght expect drugs whioh bloek or reverse the
efffect of the vagus to heve antifivrillestory activity.
Starr has reported that quinidine will clock the
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vradyoardia whioh normelly follows the injeetion of acelyle
choline. (e8) More regently Weston and MeCaswley have shown
that dlphonhrﬂrlulnﬂ has a similar agtion. (89) At the same
time they have shown that eatifibrillatory dyugs will ine
erease the amount of acetyleholine required to produce pro-
longation of the P-R interval, 2:1 hesrt Lloek and auricular
fivrillation. These observetions form the Lasis for a new
method of testing antifiurillatory sctivity which is dis-
ssaed in the second part of this paper.

2. @ egt of ! ptoxicosis on the minimal

agetyloioline. The higher inoldence of fivrillation in the
thiyrotoxic aniusls over the controls would be expeeted on
the vasls of our clinieal knowledge of the inereased inci-
dence of aurdcular fivrillation in thyrotoxic states. While
only nineteen per c¢ent of the contrel animals fiorillated
en 1-2 mg/kg scetyleholine, eighty per cent of the thyro-
toxic animals [iurilleted with sinmlilay doses of the drug.

in thyee of the five animals wnich had minimal
heart .loek doses determined velfore and Quring thyrotoxi-
cosis, there wes & alight ineresse in the minjsal Liook
doss. In the two aniemsls whieh provably were not completely
thyrotoxic as indicated oy their lack of vomiting and
diarrhes, there was no eignificant change in the minimal
heart Llock dose, This would indicated that whlle thyrotoxi-
cosls manikes Gogs more susceptivle to agetylenoline~induced
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auricular fiorillation, the meehanisa is not merely poten-
tiation of the vagus. II the mode of aoticn was potentiation
of the vagus #% 18 true with anenis in dogs (2s) then we
wuld expect the ainimal heart bvloek dose to Le appreclianly
deereased in thyrotoxicosis. On the othar hand, if the
action of thyrotoxicosis is the potentiation of & segond
factor in the genesis of suricular fisrillation; namely,
sympathetic sotivity, then we would expeet larger deses of
acetyleholine to ve required to nullify the sympathetic
seotion on the suricular tissue and sinus node in order %o
produce heart Llock. Yousans and Aumann nave doemonatrated
that thyroid horwone sensitized the adrenergic neurceffestor
gyeter of the dog's heart. (76) The effect of this sensiti-
gation is reflected in the aetion of thyrotoxicoals on the
minisel heart ulock dose end the minisal fiorillating dose

of acetyleholine.
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SUMRARY

It has soeen shown that intraverous asetyleholine in
doses of 1 mg/ks will produse auricular fiivrillation
in nineteen per cent of control dugs.

The dog requiring the least asetyleholine to produce
asurdculer fivrilletion had eslectrogardiographic
evidence of inereased vagsl activity Lefore experi~
ment cegan.

8%

It has ceen shown that 100 per cent of dogs fed thyreld

riets

powder in doses of 1~ speine daily until signs of
toxfoity develop, will fibrillate with intrevengus
acetyloholine in doses of 1 mg/kg.

It has veen shown that the "ainimal heart sloek dose”
of acetylencline is greater 1in thyrotoxie animals
than in the sontrols.

It has ceen showsn that the "minimal fivrillating dose"

of seetyleholine 18 less in thyrotoxie anisals than
in eontrol aniuals.
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THE MHCHANISH OF ACTION OF ANTIFISRILLATORY DRUGS

It has been uuphﬂlxiad previously in this paper
that Guricular fiorillation in most omses is 8 eymptom of
organiec heart discase, anemis, thyrotoxicosis or hypertension,
and should ue primarily trested a8 such. It should e
treated mugh in the same senner that we would treat any other
pympton e.i. headesche due o hypertension. We ody give
analzesies [opr the headuche Lut our maln congern is with re-
storing the nlood pressure to near normsl limite.

In all cases of fiirillstion the underlyling
pathology such &8 anemis, thyrotoxicosis or congestive
faillure should ve dimgneosed and treated., I this 1s not
done, then treatment with antificrillatory drugs sueh as
guinidine is as useful and as elffective as treating the
nesdache¢ of hypertension with aspirini

Lewls (23) on the Lasls of his elrcus movemsnt
theory decided that the perfect antifivrillatory drug would
hive two acotions. It would increase the conduction time
and decresse the refractory pericd. Quinidine lowered the
refractory period of the aurigle vut 1t decreassd the con~
duotion time. PFortunately this discrspancy was not a vital
ona for quinidine wae and remsins one of the most effective
sntifiorillatory drugs that we heve. |

Up to the present time, sost Investlizators nave
considersd the change in relraotory perliod to e the key Se
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the entifiveillatory sstion of quinidine. However, Van
Dongen (56) sonsiders the auility of & drug to suppress
heterotropic roythms to te & more sgourate measurement of
antifiveillateory astivity., In view of the sxperimental re-
sults of Frinssetal et 8l (18, 13, 39) it would seem that
this view 18 the correct one. If we secept the "eotopie
fosl” origin of suricular fiurillation then we would define
an antiriorillatory drug as one that atolishes ectopie foel.
This aight Le sccomplished Ly one of two wech@nisms. First
the drug might asolish the fool or the faotors that initisted
it. Secondly it might increase the stimulatory threshold of
the suricle to a level where the foel ocould not fire or
would fire so slowly that the regular pacemiiker would take
over.
foel might also be expected to vleck the agtion of cardio-
ageelerator actlon of epinephrine on the heart, ss we Lelleve
that sympathetic stisulation is responsible for this aspecs
of suriculsr [ivrillation. Krayer has shown by use of the
heart-lung preparation in dogs that eplinephrine~induced
tachyosrdia cen ve innibited by quinidine. (90} piphennyers-
wine and certaln other antlhistavinics have this sewe
sffect on the epinephrine~inducted tashycardis in isolated
racbitas' suricles. (91) They are also known to vlock the
epinephrine-induced hyperglycesia in ravbite. (92) Adre-
nergie~tlooking agents such as Dilbenasine and the ergot
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derivatives have not been tested for antilicsrillatory
aotivity but 1t would not be surprising to find that they
were antificrillatory drugs.

2. ZThose ﬂtSﬁl wi:leh would inerease Lo
latory toreshold of suricular tissue would also ue expectaed

to biock the vagus nerve which is protably responsitle for
the decreased stisulatory threshold seen in experimental
tachycarata. (35, %0) 1n 1936 Starr demonstrated the antago-
nism Letween acetyleholine and guinidine on cardiae rate.
{58) morsally acetyleholine will slow the cardise rate and
lower the plood pressure of anesthetized dogs. However,
whes animals are protected with quinidine, acetyleholine
will not sause & g¢hange in heart pate although it does osuse
s £all in uvloed pressure! VWeaton and MeCawley in 1958
demonstrated that diphenhydramine has a sisilar action. (89)
Atropine, entihistamines, ataorise, Pronestyl, Banthine end
Demerol whieh inhivit vagel stisulation are drugs that nave
veen used as antifiorillatory drugs or suggested as possivle
angifivrilliatory drugs.

ad g € n of stisulag hresho ]

third and equally important chapsgteristic.

Sueh drugs 88 quinidine and diphenhydresine meetd

all three of these requirements. Thelyr limitations lie in



thelr toxieity, idiocsynerssy and short duration of astion.
At the present, studies are belng made on drugs whienh are

apparently as effective as quinidine but whose duration of
action is much longer.

Up to the present time the surgical treatment of
guricular fiorillation hes not been attempted. However, in
view of the role which the vagus nerve playd in the genesis
of suricular ficpillation, 1t is not heyond the realm of
reslity to expeet that seotlion of the right vagus nerve
¢ould convert aupicular fiurillation o norsal sinus rhythm
or to & sinus tachyeardia.
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SUMMARY OF PART ORZ

The present theories regaprding the genesis of auricular
fiorillation are discussed. We [eel that the most
asceeptaule one is the "eotople foel” theory and that
gurievlar fivrillation depends upon the pressence of
egtopie fosl whieh are rapldly stimulating the surround«
ng auricular tissue for 1lts inlitistion and perpetuation.
In all proiability the presenge of these foel depends
upon lneressed activity of the cardio-secelerator nasrves,
although there 18 the Blternstive possisility that these
foel are present 8ll the time but remain latent as they
ars of subtipresshold latensity.
it hes veen shown that inereased vagal setivity as evi-
denced by shortened relative relractory period, in-
ereased P-R interval, and 2:1 heart block is responsivlie
for decresesing the normal stisulatory threshold of the
auriole in the dog. A similar setion of asetyleholine
on the isolated auricle has been demonstrated.
The converaion of subithreshold stisull te threshold
stimuli is orought sbout vy a decrease in the stimulatory
threshold. This deoresses in stioulatory threshold is
also respounsiile for allowling ectopie foeli to fire
their excltatory discharges at a faster rate. A vicious
eyale exists here as the [aster & foel fires, within
limits, the mope effective it makes the vagus in lowering
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the atisulatory tireshold.
Other factore such a8 digitalis, snoxias and hypertherais
decrease the otimulatery threshold and prouably contri-
tute to elinical and expcrimﬁnt&l aurieculayr fivpillation
in that manner.
Thyrotoxlcosis pﬁtaﬂtiaaeé the action ¢f epinephrine
in producing auwricular fiurillation in conjunction with
vagal stisulstion (acetylenoline).
The mode of @Motion of antifibrillatory drugs is to aet
diveetly on the auricular musele to inerease the stimu~
latory threshold and bloek the astion ol sympathetie and

parasynpathetie nsurohormonegs upon the hedrt.



PART TWO

METEODS OF TESTING
ANTIFIORILLATORY DRUGS

21



INTRODUCTION

Although the aveilsuls methods oy persening Orugs
for antifiveillatory activity are legion, they mey Le con-
venlently divided into two main groups) those whier utilize
axperimeutul‘azizsla and those which rely on clinfosl trial
pu ygﬁ&aata.

ANINAL PRODECURES

Iu peapect to Cfivrilletion in snimels, it 18 o0~
vious that there i& & caprked species dlifference. Pivrilliation
ip eaelly produced in dogs, vut diffleuls %o pfaﬁuca in cats.
Revbits 1ie somewhere in Letwoen. In appropriate conditions,
the reptile heert is useful. Sheep and plgs have Leen uaed
by some investigators. Ideslly, dogs constitute the vest
experisental snlmal, bub in lapr;e-senle soreening tests, the
expense is prohioitive. For this reason oatls and rakbits
have served 88 the most agonomieslly useful anisal in anti-
fivrilliatory studles.

A further olassification in the use of animals
sonserns technlgue. Some investigators heve used an 180~
1ated teehnique, otners an intact teehnique. The intact
teghnique varles greaatly under conditions of gnosthesia
and open ohest with artifieial rsspiretlion %o ne anesthesla
and induetion of firrillstion .y esophageal and intrasardisc
lends. Representative methods of each type of ianvestigation



93

will te discussed in some detall.

e yted teabnigue: Strips of ravuit auriele
sre suspended in oxygenated Locke's selution and driven oy
a8 suitavle stimulator. The {sastest rate at whioh the par-
gigular strip cén oo driven without akipping veats is deter-
mined. This serves not only ae an index of the refractory
period sut also as & threshold level, Qrdinarily in this
preparation the suricular strip can be driven at rates up
to 260/min. With guinidine in @ conoentyation of 1/100,000
added to the bath, the rate st which the suricular strip can
ve dpiven without irregularity falls to 100/min. Thie pre-
sumably indicates that the refractory periocd is lengthened.
(93)

This method has the advantage of simpliocity, nnlli
expense and gonsideravle precision. It has the d;aadvnntaga
conmon to all wath teehniques, notsvly, complete separation
from all reflexes, ineluding nervous, chemical sand normonal
common t6 the orgeniss &s A& whole. We have spplled this
method to certaln antihistaminie drugs. The resulis will ue
discussed later.

2. Inteect teghnigue, opeu ghest. Perhaps the
most commonly used method is that of direct application of
electrodes %o the auricles of an intact animal with open
ehest and with artificliel respiration. MNost often an in-
duetion goil is used as the source of curvent and the intepr-
coil distance neoesssary to Just produce fisrillation serves
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83 & toresield luvel. Moot lnvestlealors 4ow aglee shat the
induction goil 15 very unsatiziactory 4s & svuree of suwrrent
elice 1l oulpul Lotc 86 Lo wave form &G suplitude varies
widely at ldenticel szaiiings. {73) The wee of & condenser
dlsciarge OF SQUAIT WAVE LONerBLOr SuGlh &8 e Wein wridge
stloulator, makes 14 posslile lor application ol cuwrrents
wihilch are predictaclie as o wave Jors and {requeney. In this
metiod lmaiidious atteniion W Lie proper éppiicscion of
elegtrodes 13 necennsry &8 10 I ladesd Lo any wetiod using
electricel stiouiaticn. The counmon difileuiides euncouniered
are shovi-circuliing and polarizaiion efleots. Tihe former
sgy s2 solved Ly proper ausaoring aad suspenslion of toe
surigle, the latter oy uwse of uon-polarisavlie slecirodes.
Attentlion must &lso s¢ diyecied L0 L use ¢l auesthesia
wWhich deoes 50t unduly depress auionoule rellexes &nd a rate
¢f reapiratlion Just sullisient o prevent angxenis suk not
esute overventlilasion. Wien Lw proper aouree of eurrent
1o usad and atltention ¢ the awove polnts follosed, thie
petihod 18 praciical. Tae resulis can ve sapressed lo terus
of silliaspers of current at & certaln {regueney {600/ min)
Just necessary to produge Jivpillation.

Perrdps the woat accourate welnod is Luat in whish
the electrical stimulus is &pplied only during & sertain
portion of the heart cyele., Thls requires that She sinus
node Le removed Or concainized sud the heart driven oy &
wotor-driven device whish alsc adds 8 sedvnd stisulus &t &
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given interval. (9%) Another method consists of sriggering
the olreuit of & veacuus tube stimulator with the GRS po-
tential so as $o interject 4 stimulus &t & given ilaterval.
(34) The thresheld is the amount of ocurrent necessary to
produce finrillation at & certain point in the heart eycle,
¥hile this method 18 superior it is difficult technieslly
and provably not negessary in the soreening of drugs. It
is the only method which yilelds direct evidense of the length
of refractory peried and of the vulnerasllity at various
times in the heart cyole.

Wish the cheast opel, varigus procedures may ue
utilized to enhance the onset of Fiurillation or to perpetu-
ate it. It is now well known that a pledget of sotton
sosked in Mecholyl and applied to the region of the sinus
node williinnuru eontinuous aurisular fiocrillation in the
dog and will render it sore producivle in the e¢at. Another
method recently deserived is that of injesting sconite
subepicardially in the suprlele of the dog. (5)

3. lntact teginique, closed ghest. The heart way
ve fibvrillated Ly strong AC or DO shooks applied (o the limus
or trunk of en amimal. This resembles acoidental death
fros slegtrocution in bumsns. Strong currents asust Le used
and ventricular yather than aurioulsr fioriliation orften
ensues.

An escphagesl electrode convined with an intra-
suriculayr electrode introduged through the Jugulsr vein makes
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possiile the produstion of fiurillation with electrieal
stisulation. The disadventages of this wethod lles in the
fast that the intra-suriculer electrode position cannpt se
mbintained stationary and rather large amounts of gurrent
nust e used. The sdvantage 48 cbviously that no anesthesis
oeed be used. (95) |

HUMAN TRIAL

While it 1s civious that the [inal proof of the
value of & drug is the restoration of & sinus sechanisu in
humang, it is rarely feasivle to assey dyrugs by this method.
Often patients who are fiurillating stop spontansously.
Noreovay, {ivriliation is often :h-pizcataa;oy songestive
failure. In soue patients with idmtncad mitral stencsis
and 8 sarkedly dilated left suricle, it is impossivle to stop
the fiorillation by any metnod or drug. Therefore, 1% should
be obvious that no conclusion 16 possiocle if & supposed anti-~
fiorillatory drug is given to a patient with fivrillstion
and the fiorillation dees not stop. On the other hand if it
does stop this may only be aceldental.

METHODS USED IN THIS SERIES OF EXPERIMENTE

At the present time we have no ideal mathod for
measuring the antifivrillatory aetivity of new drugs. In
the past, many of the tests used wepre Lased upon certain
prineiples involved in the oireus movewent theory. The
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affeot of antifiveillatory druge on the refractory peried
19 a widely used test at the present time. It has been used
in this paper to demonstrate antilioprillatory activity in
the antinistasinia drugs.

Van Dongen, (55, 56) as well as oursslives, has
sriticized the use of the rofyactory period as the only index
of antifivrillatory astion. He has demonstrated shat anti-
pivrpillatory sotivity 1s more olosely associated with the
avility to suppress estopio foel. In order to measure this
property of drugs, we have modified the weasurewent of sensi-
tivity in the 1solated ratbits' auricle and used it as a
sereening test for antifibriliatory activity on sertaln
antihistaminie drugs. (9

Horlick and Surtshin have shown that eertaln
oonditions sueh a5 anemis which predispose the animal %o
auricular fiurillsation, will deorease the amount of seetyl«
eholine normally required %o produce at £:1 heart Lloek in
dogs. (29) we have shown trat sntifturillatory drugs nave
the opposite astion. They incresse the "sinimel neart
sloek dose.” We heve applied this method of testing drugs
for antifiorilliatory sctivity to seversl antihlstaminic
and anti-vagal drugs. This test is not only useful in
comparing the effeetiveness of the various drugs, ovut 1t
gives & good Andex of onset and duration of asction.

Finally, we have utiliszed the preopersy of 2owe
drugs to Lreak or prevent the formetion of experisentally
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produged suriculsr fivrillation in dogs 28 an lndex of
antifivrillatory asctivity. The method 1s used hare
ehiefly to show the soticn of ¢ertain antihistaminic drugs
on ind:ged surigular fiorillatien,



THE REPRACTORY PERIOD MEASURED IN THE ISOLATED RALBIT
AURICLE AS AN INDEX POR TESTING CERTAIN ANTI-
HISTAMINIC DRUGS POR ANTIPXLRILLATORY ACTIVITY

In previous experisents, HeCswley and otheres (s,
97) have shown that senshydryl ether antibistaminics prevent
the forestion of ventpioular arvhythaiss in anisals. 3Besed
on these expseriments we have undertaken o experisental
study to find out whether or not these gompounds might ve
applicacle t0 the treatment of elinical auriculer rioril-
lation. €linical suricular arrhytheiss and ventrioular
arphythziss do not usually respond ¢o the seme drug and any
study of B drug on bOth types of ArPhythnls might be es-
Wmolished on the assumption of & common physiologliesl meehl~
niss for myooardial "exeitavility and conduetion of prope-
gated myocardial distursence.” Furthermore, the sntihista~
winies possess many of the shesmical end pharmscologiesl
characteristicos of soth proeaine and quinidine.

Clinleal experience with quinidine in therapy of
puriculsr fivrillation hme indioated 8 need for 8 pubeti-
tute which may ue used intrevenously, whieh will not induce
maried hypi%tﬂnaiaﬁ, sod which, in issels, will not provoke
ventriculsr arrhythniss. We have endeavored to ¢vtain evi-
dence that such & drug say ve found among eertain antibim-
taninic compounds.

The antihistaminics svailacle for therapy of
alisrgie conditions, and for study of satificrilistery
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properiies, sey ve classified inte three ehemigel groups
vis: 2.) sminoethyl ethers, b.) propylemines, and o.)
ethylene diamines., A1l are dialkylsminoalikyl derivatives
jointed to isoeyelic or neterceyelic nuelel. The atom |
Joining the two portions of the wolecule, &.) OXygen, B}
carvon or ¢.) nitrogen, is the vaslis for the chemical clas-
sification. When significant acvivity was found emeng the
suinoether group, additionsl devivatives weps iuneluded in
the study.

The structural relationships betwesen the various
antihistaainles ie shown in Figure 15.

L3k & b b - & : A bt 4

devised 8 method lor evaluating antificrillatory drugs sased
on & prolongation of wefrastory perliod of the ieclated
raLblit auricle. (2%) The refractory period in tnis procedure
is measured indirectly. The auricles are driven vy Pepetitive
stimuli. As the freguency of this stisulus is grsdually in-
sreased, & rete will ve reached where the aurisles no longer
respond to every stisulus applied; this is recordsd s the
“saxisal response rate.” The refvactory periocd is taken as
ghe reciproosl of the suaximsl response rate. It has teen
found that this "maxisal response rate” is lowered by quini-
éine. The magnitude of reduction of the maxizal response
rate serves &5 & Lasis for evaluation of antifiLvwrillatory
drugs.



Figure 15« Cnenical Classirloestlon of Antinhista-
ainioed.
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METHODS

We uped younyg rabbits three to four months old.
They were killed vy & blow on the oociput and ths heart
immediately renoved and placed in & dish of warmed sallne.
Aftey washing the chambers free of cloed, the auricles were
coarsely trimmed from the vemtricle and vlood vessels, taking
eare not to injure tissues near the sinus node.

The auricles were then quickly affixed te a heart
lever and izmersed in an oxygensted Tyrode's molution con~
taining 0.2 per eent glusose, with the Lath tenparature
saintained at 290° €. Reetangular wave impulses, provided uy
& Bleelectronics model 3-IIX tﬁ&muiator, ware used for stimu-
1ating the aurisles using the clectrode Brrangement Bs
deseribed by Dawes.

| The ohmie resistance of the tip of the suriocle
between the electrodes was measured at the beglnning of eagh
experiment {12,000-21,000 ohms) and was used to detect any
ccecurrence of electrode shorting by tne Tyrode's solution.
Using & three millisecond pulse duration and with & fre~-
gquensy of approximaiely 300/min.. the voltage wes inereased
until the suriculsr contractions followed eaech stimulus. We
rfound that this Just "supre threshold” stimulus intensity
vemained constant at frequenciess Letween 200/min. and 00/
min. The wean stimulus current ruau&rcﬁ.undlr‘ﬂhiat eon~
ditions was 0.7¢ milliamperes.
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For our assay of antifivrillatory drugs, we found
it necemsary to allow esch suricle preparation % remain in
the bath for 8 sixty-ainute equilibration pericf. After
this equilivration period, the wean maxiugl reaponse rate
wes 328/win.; renge 270-370/sin. The suricles econtrected
spontanecusly wish & wean yate of 96.6/min.; renge 76-128/min.
for the LIty auricles used.

After scasuring the ehange in saximal yresponse
rate produced by & drug, the surlcles may e washed with
fresh Lyrede's selution and another drug or Aifferent con-
sentration of the same drug may e teoted. However, if 8
roduetion by wmore than 30 per ecent of the initisl maxlmal
reaponse rate has bheen produced, the aurdele uasually does
not pe¢over coupletely; l.e., the next drug tested will
elieit an unpredietatle response. Hven with this linite-
tion, repetition of the same coocentration of quialdine
yilelded the same extent of sciion only for the seeond and
third times oppliad. Until sdditionsl study of the smethod
is mede, conlfidence cannot ove placed in results ovtalned
on more than two drug epplications to & single suriele
preperetion.

RESULTS

Quinidine sulfate was used as the standerd of
gomparison and ite effegte on the refrsctory pericd of the
isclated suricle vere studied ot several congentyations.
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The maxivel response rate is lowered when quinidine sulfate
is added %o the Lath to yield concentrations froem 10-7 to
10-%. When the sexisal response rots was determined at
five-ninute intervales after the addition of qQuinidine it was
found that at least twenty minute2 were required for the
full efleot t¢ develop. Certain of the antihistasinics
required longer periods of time (sixty asinutes) for their
maximun effect,. Coaparison cetween druys was made after
eagh had developed its maximum effect. If comparison h#a
ceon adde at any arcitrary tize pericd, there would nave
seen confusion of the drug's potency of action with ite
rate of diffusion iute auricular tissue.

The gurve relating dusage to &rug aection of pro-
longation of refractory period for éuimiﬁinﬁ sulfate 1is
illustrated in Pigure 16. An analysis of variasce 4id not
dieprove a linear regression of effesct with log of esngen~
tration; this ocservation has ceen peported by other inves~-
tigators. (2%, 99, 100)

The dese~elfest curves cotalined for the antihis-
taminies show lincar relationaship bpetween logaritha of dose
and reduction of maximal response rate. The conbined slope
ef the several dose~effect curves sutained (see Pilgure 17)
¥as, howsver, steeper than that of quinidine. Thus in
ecomparing the antihistasinies with quinidine, the velative
potencles will vary with the ausclute dosage level at whiah
they are compared, sinee thelr slopes are not parallel. An



Pigure 16, Aotion of Quinidine on the Refractory
Peried of the Isolated Racbit Aurtiele.
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Figure 17. Action of Antihistasinies oun tha
Refrastory Psricd of the Isolated
Auyicle.
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additienal [ector deterring any ssgurate comparison of po-
tengies existe ueceuse of conditions imposed Ly isclated
tissue studies., The chlorprophenpyridasine was used as
the maleate salt, while doxylamine was availabla as the suc~
cinste salt. These anions way reduge the salslum ion gon~
centration availasle to the isolated auricle. DeEllo has
indioated that alteration of the ealeclum lon coneentra-
sien way affeet the activity of isolated aurioular tissue.
(23) A sizilar situstion is suspected with compound A-%46
as stock solutions of the hydroehloride salt will form pre-
sipitates with Tyrode's solution. Further dilution to the
soncentrations used in these experisents did not cause
precipitation, but it way ve suspacted that some fors of
joniec isbalance say have resulted.

Although compariseon of individual drug poten-
sies with our small auqalea, rough inferences are suggested
uy inspestion of Figure 17, is appesrs thet ehlorpro-
phenpyridasine has atout the same potency as quinidine.

The other antihistaminies of different chemical classi~
fications show greater sctivity; 8-45 and A-846 are the
most potent.

The results ocutained with cospounds of the asmino
ethyl ether serics were reagonaily homogeneous and permit
some ohservations on the relationshlp vetwsen chesieal
strusture and prolongation of refrastory peried of the
isolated suricle. A survey of this informstion indlcstes
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that the dimethylamine radical of diphenhydramine say uve
changed to diethylamine (3-35), to the morpholine (A~846),
to piperidine (5-49) and the same high ovder of astivity
on the heart is retained. Substitution of bromine on the
one wensene ping (AHOS0) does not alter the effect of
diphenhydraaine on the atrial refractory perled. Ewen
grester changes in chemioal structure may Le made without
signifieantly affecting action on the heast; with doxylamine,
pyridine repleces one vensene ring snd & methyl radisal
substitutes for hydrogen on the earvon atom Joining the two
aromatic ringe.

There was ne oovious relationship vetween anti~
histaminie activity and an sotion of prolonging the relative
refractory pericd among the compounds tested. The oompara-
tive antihlstaminie potencies have been yated by Loew et
a1 (193) oy oyiows: Diphenhydvamive, 1.0 5-89, 1.05 A-N46,
0.5 and §-45, 0.125. On the isolated hears it oau te
seen from Figure 17 that all of these latter derivatives
were more potent than the parent diphenhydramine., There
wes, moreover, no oorrelation with toxieity (lethml dosage)
and sotivity on the refrastory periocd. The LD;oe caleu-~
lated Irom the results of intra-avdominal injectlion in rats
arer 3-85, 35 mgm.lgn.; 589, 50 mgm./kgu.; diphenhydra-
mine 68 mg./kgm.; and A-386, 185 mgm./kgn. Linadryl, or
A-R45, appears particularly of interest for additional
studies a® the low order of toxielity in animals is vorne out
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with & low ineidence of side elfects roported in patlents.
(102)

The production of fivrillation in isolated auri-

¢les and conversion to a noraal poythn by antinistaninics.

in the process of estisating the "maximal response rate" of
the isclated auriele, the electriesl stisulus wes applied
for & f{ew seconds 8t each inorease in frequency untll the
muricle failed to follow each impulse. At the end of the

few seconds' train of ismpulses, the auricle exhivited a few
irregular ceats of great force and then returned to its

normal spontaneous rhythw of 90-120 veats/min. 1t was ou~
served that an ocossional auricle preparation would continue
to eontract at a rapid rave {292-324/min), the asplitude of
each gontractlion heing guite soall. It is possicle that
manipulation of the suriele or trimming away of exocess tis-
sue had produced 8 fogus of trauma which sets an an ectopie
pacensker. The finrillation state can ve deliverately pro-
duoad-by erushing the tip of an appendsge into the elesotrode
holdeyr, with sufllelent regulariiy (or asaay purposes. When
the aurlsles were in this "ritrillation” state, there was no
gpontanecus recovery; alter two to three hours all setivity
coanes, pernaps .eoduse the Tivrillating auriele 18 unanle to
take up sulflielent oxygen, Flourillation ¢annot be produced
with 8ll auricles,as after excessive trauna,the suricle fails
to eontract spontansously at ali. it will »e¢ noted that the
fivriliating lsolated suriele has most of the characierlisties
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of siinfical auricular licrillation.

Quinidine sulfate was added to the cath solution
with the fiuvrillating auriele %o yield a concentysation of
5 X 10«6, It was found that no ehange Geourred in the rate
of contraction of the suricle Tor avout fifteen minutes at
whien time the rhythe suddenly changed from a rate of 318/327
mine t0 90-100 min. On close inspeoction of the kymcaraphie
recording it was observed that the gouversion of fibrillation
to a alow rhyths of 90-100/min. hed ccourred in the orief
span of time of four to slx seconds. The trasings also re-
vealed that after conversion the gontrastions of the
aurdcles were greater in strength than Guring the "riveile
lation” state and approascied tne vigor of the pre-fiuvpile
latory auricle.

Piphenhydrasine alsc was evaluated using the
¥sitpillating” lsolated suricle. The bath econcentration
used was © £ 10-7 and conversion to a norsal rhyths oscurred
after & twenty-minute lag perlod. Gareater gongentratlioas of
diphenhydrasinre, 1 X 30-6 to 1 X 10-5, were sble to shorten
this delay or iag period only by & few minutes {fourteen
minutes at the highest concentrstion). Although the data
are few, they would tend to0 support the ldea thet the lag
pericd represents the time required for an effective goncen-
tration to be reaghed in the auricular myccardium. 7The lag
period time should vary with concentration of drug scecording
te the Mass Law hypothesis,
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An experimental “Iibpillation” stats in the

isclated surigle can be routinely produced by the appli-~
cation of the slkmlold, aconitine. Aconitine has veen
known foy some time to induse avnorsal stimulus forwation
in the heart. (0) Ir this alkaloid is epplied to the
atria’ in an open chest preparation, an auriculsr tashyoardia
appears which has sany charssteristics of slinical auriculsy
flutter. In our experiments, aconitine, @s 2 0.5 per cent
solution in bensene, was injected inte an sppendage of the
isclated rabbit auricle preparation. Within twe sinules the
spontaneous contraction rete has risen from 105 to over |
300 with the smplitude of contrasticus being very suall.
Quinidine and diphenhydramine added %o the cath in oonsen~
trations of 10-7 to 10-5 loweped the frequeney of contrac-
tions to 69-100/min. within & seventeen to twenty-minute
period o time. Part of the aetion of aconitine atill is
sanifest a8 the rhythe of contractions was now very uﬂgulw,
both a8 Lo rete and styrength of contractions. Apparently,
quinidine or diphenhydrasine restore & slow rhythm %o an
auriele in ficrillation or flutter from Sconitine, but they
gannot impose s repular rhyths in & slowly heating aurlele.

DIBCUSSION

Attention has been fogused in the seareh for antl-
ribriliatory drugs on &n ability to prolong the refractory
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pesricd of tm‘hm. There ia really no need to ocavil
over the tayms alsclute, effective or relative refrsotory
pericd as thers ia no real proof that a prolongation of
refractory pericd is responsivle for the therapeutis
effectiveness of & drug in clinleal surieslar fisrilistion.
To be sure, there i»n alse no proof thit & drug whieh
cannot proleng refractory wnu will "ooavert® & patient
with swrtoular fivrpillstion. Studies of & drug's abllity
to prolong refrectory period will in any event provide
useful information. A drug which will prolong the re-
fractory period should, Ly &n extension of suis “pharusco-
logieal” setion, be sble to csuse toxic atricoventricular
slocks and bundle uranch condustion disturiances.

It is noteworthy in the experisents using the
"rivrillating isclated aurisle” that arfter the addition of
quinidine oy diphenhydramine, there ocourred a sudden de-
erease of the suriculsr contraection rate of 190-200 veats/
win. Conversion to & nerwal sinus rhytham in patients with
guricular ritrillation also cecurs suddenly and is an
- example of sn all or none response to drugs. Drug setion
in prolonging the aurieular refractery period (messured
experimentally as a decrease in meaxinal response vate), has
in contrast, an inoresental type of drug response. It is
eonceivable that suriculayr fiurillation cannot sontinue wien
the refyactory pericd has been prolonged to a certain thres-
hold value; when this threshold is resshed through drug
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asotion, the fiurillation prooess would then necessarily
stop. If the same concentrations of gquinidine and diphen~
hydranine mentioned avove are epplied to the nen~fitrillating
isolated auricle, there iv & reduction in the veximzal re-
sponse rate (reciprocal of refrestory peried} of 50-60 veats/
win. Note that the deorease in suplcular contrastion rate
on sonversion of the isclated fivrillating auricle wes 190-
200 veats/ min. and there 18 thus & 140-150 vests/min. enange
that sannot te sccounted for on the basis of prolengation of
refractory period alone. These ouservations would suggest
that the therspeutically useful antifivrillatory sotion of
quinidine cannot ve satirely one of & prolongation of re-
frastory perilod.

An explanation for the necessity of an Lour's
equilivration period of the isolated auriecle preparation ce-
fors one can sest an sntifivrillateory drug is to ce found in
the work of De Eiia~(5#} He reported that epinephrine added
to the isolated suricle preparation caused first an lncrease
in the "saximel response rete” followed Ly a deersase in this
measuresent &nd its eventual return to the inltisl valus.

The biphasic direetion of ¢hange and tiwe gouree ovserved
by us clesely parallels De Ello's findin,s with 20 mlerogw.
epinephrine. It thus appears possiole that epinepinine is
released to the lsolated auricle as the enimal is belng
sserificed and the suricles removed and trismed.

It would appesy that & variety of experimental
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techniques must te applied to & potentially useful anti-
ficrillatory érug before it oan se given & elinieal trial.
(62) gur present state of knowledze concerning the gencsis
of oliniecal auricular ficrillstion is insufficient to perait
uB to select one alteration of eritical funstion of the
auricle for study with entificrillatory agents.

SUNMARY

1. The isclated auricle téﬁnniqus of Dawes has ceen used
to study the setion of & sseries of antihistanine ¢om-
pounds on the oyocardial refractory peried. The anti-
nistaminies studied prolony the refractory period at
gongentrations lower than that pequired oy gquinidine.
Diphenhydramine appeared wortiy of eliniesl trial in
patients with auricular ficrillation.

2. Pinpillation or "flutter” has teen evoked in the isolated
suricle preparstion oy 8 logaliged trasumatic infaret
or vy seconitine. Quinidine and dipbennydramine oan
produce a sudden gonversion to a slow rhyths in these
preparations.
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CHANOES IN THE STINULATORY THRESHOLD OF THE ISOLATED

RAZBIT AURICLE AS AN INDEX POR TEETING VARIOUS DRUGS
POR ANTIFIBRILLATORY ACTIVITY

The need for other methods of soreening antifiuril-
latory drugs became apparent when some of the drugs reported
vy KolCawley and Weston (96) to possess e¢ffective antifivrilla-~
tory activity failed to convert some casses of glinical auwriou~
lar fiurillation, whieh were resdily converted wlth saall
doses of quinidine. With our views on the mechaniss of
fivpilliation and the ilsportance of atimulatary ﬁhrasnaiaa in
relationsh 1ip te the rate of discharge from an ectoplie foecl, it
was only (o ve expected that we might attempt to use this
fector as an index to measure antifiuvrillatory sstivity.

HETHOD

We used young rawnlits thrse to four monthe olid.
They were kKilled by & vlow on the geeliput and the heart
imwedistely removed and placed in & dish of seline. The
awricles were coarsely trimmed [ros the ventricle and great
vessels. The surigle was then arfixed to & heart lever and
izmersed in an oxygensted Thyrode's selution sontaining 0.2
peyr ecent glucose. The temperature of the Lath was maintalned
at 29" €. Stimulation was fractionated through & threa-stage
decade Lox and eoupled to the slectredes through 8 cathode
follower 50 that the lapedance of the stimulus 4id not vary
as the voltage was ehanged. The electirodes were oonnected
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to the murieles in the manner shown in Pigure 1L,
The thyreshold voltagze was determined at the

following frequencies: 112, 118, 126, 184, 165, 23%, 370
snd 312, When normel velues were obisined, drugs were added
to the Leth to give verious known concentrations. At vari-
aule periode of time, depending on the rate 8t whieh the drug
acted on the auriecle, the threshold voltage was agaln deler~
wined. When the drug had reached s maxisus effect, usually
20-50 minutes, the solution was drained snd fresh Tyrode's
was added. A second detormination was done on the aurisle if
she stisulstory tnreshold returnsd to nopmal after the first
determination, No more than two determinations were done on

any auricle.
RESULTS

A total of 27 auricies were tested with various
drugs at different gongentrations. A sunsary of these resulte
gppesrs in Pigure 19. The avsclssa shows the rate at which
she auricle was stizulated. The ordinate indicates the par-
gentage inerease of the normel stimulatery threshold of the
auricle for that partisular stimulatory rate.

DIBCUSSION

The significance of & lowsred stimulatory shree-
nold in the sechanise of auricular fiurillsticn has Leen
emphasized several times in this paper. Il surlcular



Filgure 1&. Apparatus Used for the Enperime.ts on the
Isolated Recult Auriecle,
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Pigure 19. The Effects of Quinidine, Atropine and
Selectad Antihistaniniss on Stisulstody
Trresnald of the Isglated Reovulit Auricle.
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fisrillation is dependent oun incresased aurloular asensi-~
tivity either to perpetuate sotopic foel or enhange olirous
movesent then a drug whieh will deoresse this sensitivity
- would have definite antifiorilliatory properties.

Quinidine was used as g control in thils experisent,
the oujest veinyg to cumpare cother drugs, in this case, se~
legted sntihistaminic drugs, with quinidine. Examination
of Pigure 19 ahows that the efficiengy of gquinidine inereeses
not only as the condentration incresses bvut 8lso as the rate
of stimulation inercsses.

Diphenhydramine {Benadryl) seems to ve Just as
effective 8 qQuinidine in depression of sensitivity. This
is vorne out by elinical trial of this drug in supleular
fivrillstion. (103)

Atropine seeas to ue avouttwice as effective as
either diphenhydramine or quinidine. Lewls reports thas
atropine was used to treat suricular fibrillation sut that
it wes not always effective. (15) A possible explanation
is the dirference in the dosages of gquinidine and atropine
that the patient can tolerate. Linadryl (A-B46) showed 8
marked antifiorillatory aotion cssed on its effect on the re-
fractory period {Figure 17). Cliniecal trial of this drug was
discouraging and was in part responsible fop the development
of this method for testing antifivrillatory drugs. ©193)

The reason for the clinieal fallure is readily explainavle
on the bLasis of its astion on the sensitivity of the auricle.
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It 18 less than half as effective a8 diphennydramine or
gquinidine and therefore could not ve expected to have the
antificrillatory aotion of those drugs regardless of what
1% dces to refragtory period.

Diphenhydrasine-nethooronide (8-92) was suggested
as an antifivrillatory drug veceuse it was thought that 1ts
aotion would be mowe prolonged than quinidine or SBenadryl.
Preliminary tests have shown that it is 10-20 tises sa
effective a8 quinidine and has 8 longer duration of astion
which 18 an additional advantage. However, toxioity tests
are not completed on this drug and it has not yel ueen re-
leased for clinioal trial.

SUNMARY

1. The isolated ra.vit's auricle was used to astudy the
effect of guinidine and sertaln antihistaminie drugs
on the stimulatory tareshold of the aurlele at dirferent
rates of stimulatioq.

2. A1l of the antifivrillatory drugs tested inoreased the
stisulatory tonreshold of the surlele. The efficleney
of the drug was inoreased as the rate of stimulation
was inoreased.

3. 8-92 appesrs to be 10-20 tines as e¢ffective s quinidine
and should ce worthy of olinioal trial as 200n AS 1t is
released for olinieal use.
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THE USE OF THE "MININAL HEARY BLOCK DOSE” oF

ACETYLCHOLINZ IN DOOGS AS AN INDEX FOR TESTING
VARIOUS DRUGS FOR ANTIPIGRILLATORY ACTIVITY

The experimental and theoretical casis for this
method of testing drugs for antifiveillatory sctivity wes

discussed in the seotion on "Experimental Auricular
Piceillation.”

METHODS

Mongrel dogs welghing epproximately 10 kilograns
each wepre anesthetised with pentoveruital given intraperi-
toneally. After they were snesthetised they were secured to
an anlmal coard and & needle was inserted into the saphenous
veln. This was held in place Ly using a three-way stop ootk
attaciied %0 & 50 of¢ syringe which was clamped to & ring
atand. Injeotions could then ve made vy connedting & segond
syringe containing the drug inte the thixrd cpening of the
stop sock.

As agpon ae the needle was plaged inte the veln the
animals were given {3 ofe of Heparin solution. (100 U.S.P.
unite per ¢/¢) Thia prevented clots from foriing in the in-
Jeeting system. Standard Lead 1I electrocardiograms were
recorded celore and after esash injection,

Acetylonoline was snade up fresh on eaoh experi-
mental day in solutions eontaining 1 mg per ¢/¢ and 10 mg
per ¢/o. A swall dose of moetyleholine (avout 0.6 ¢fe of the
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solution sontalring 1 mg per o/fc)was then injected into the
vein. If it oaused 2:1 heart olock the dose was decreased
until a dose was determined that represented the smallest
doss that &auld.pt given to consistently produce 8 211 heart
zlogk. When this was determined, 2 o/e of secetyleholine
{5 wg per ¢/c) was given rapidly, if fiveillation was produced
then the minimal ficeillating dose was determined by de-
ayeasing the dose with sucsequent injeotions. Higher doses
of acetyleholine may Lo glven but the animels often die of
respiratory arrest.

When this date was cbtained, the anisal was gliven
the test drug end the "minimal heart Lloeck dose” determined
every five minutes until the drug had produced its maximal
effest. Then the minimal heart Lloek was determined every
15 minutes until 1t returned Lo noramal.

RESULYS

Figure 20 shows the effects of Benadryl, Linadryl
and quinidine on the "minima) heart block dose” of the sase
animal. This duta was eollected during three experiments.
Baeh time the gontrol Llock dose was determined as 0.015
ng/kg before the injestion of the test Aruga.

Pigure £1 shows the comparative effects of B;%ﬁinﬂn
penadryl and 8-92 on different anisals. This ascounts for
the differences in the control "heart block dose.” The
results are computed as per cent ingrease in the minimal



Figure 20, Elavatlion of 2:1 Hebrt Block Dose of
lutraverous Acelyleholine vy Anti-
fivrillatory Prugs it the Intact Dog.
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Figure E2l. Elevation of 251 heert Bloek Dose of
Intravenocus Acetyleholine in Inuet
Doy ny Banthine.
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heart blogk dose. |

| Figurs 20 clesrly demonstrates the dillerence in
the onset of aetlon of intravenous guinidine and the anti-
nisteminies. The antihistaminics have sn lsmedliate actlon
while the sction of guinidine is delayed for 20-30 minutes.
Thiz is upbeld by the slinical ovgervation that lntravenous
qainzding (10%) usually dees not sffect auricular rtirzlxatian
until 20-30 minutes after injections. The duration of aetion
of both Grugs is about the same snd explains why they must se
repeated every three to four Lours. (104)

On 8 mg/kg basis Benadryl apparently 1o mueh more
offective than quinidine, however the equallising fastor
¢linieally is the 665&§aa of each drug that nay ove salely
adeinistered. White has reported daily oral dosages of
guinidine as high 88 § grems without undue side effects. (5)
on the otner hand, Maskwull (193) 1natcates that intraverous
doses of 200-300 mg of Benadryl will csuse disginess, ting-
ling and thickened speech in 100 per gent of the patients
tested. Pifty to seventy-five per cent of these patients
will also complain of sleepiness and blurred vision. Tremors
and nauses were found in twenty-five per cent of these
patients. However, dosen as hiah a8 300 =g intravencusly
have been given t0 some patients with surdeular fivyillstion
without severe toxle effests. (103)
Figure 20 indiestes that sush drugs as Banthine

and 5-92 might be mere effective in smaller doses than
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Bensdryl, At the present time intrévenous Banthine 1s Leing

‘tentoﬁ elinieally as an antifibrilliatory drug but 5-92 nas

not yet been relessod for olinical trial. However, the
results of this and other experiments indicate that 1t
should receive 8 ¢linieal test &e soon &8 it becomes svall-
sele. Its advantages lie not only in its increased effec-
tiveness, vut experiments nave shown that it will proteet the

. auriele from the effeets of acetyleholine for periods of 6-0

Honies
DISCUSSION

As was shown in & previcus seotion in this paper,
the action of vagal sctivity or vegomimetic drugs is ecssen~
tially thres~fold. Slowing of the sinus node, increased
sensitivity of the surisulayr susculature and prolongation of
the P-R interval lri 81l ouvvious and weasurable actions.
Stary (68} phas uged quinidine to vloock the Lradycardia of
vagel stimulstion. HMore regently we have shown that Bensdryl
has the same aotion. (91) ps yet this factor has not Leen
used to test other antifiurillatery drugs but undouotedly
it will bve expleolited in the future. PMrecedlin; experiments
have shown thets sntiftbrillatory drugs decorease the sensi-
tivity of the auprleular musculature. However the eflecocts
of vogal astivity on the conductlon time as manifest by
prolongation of the P<R interval or production of 2:1 heart
bleek have not previously bteen utilized as an index of
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eotifivrilistory setivity., The resulis of tnis study
olearly indicate that antiflupillatory drugs protect the
purielie from the eifects of uéntr&nacl&na on its eondustion
sechanism, We are not in & position at the present time Lo
evalugte the exset role of eonducllve defecta In the pro-
Guetion of surisulsr fivrillation, but it has veen indicated
that almost all olinical and experimental suricular fiuril~
lasion is preceded by & ocondugtion defeet, either prolong-
gation of the PR interval or heart oloeit. (29, 85, 86, 67)
The probable explanation for the asove oupervetions 1s that
conduation defeots indicate vagal sctiwvation tut do not in
themaelves play an important role in the meechaniss of
fiecwillation.

The oocurvence of heart vlock in these experisenis
is useld as an indiecation of & vagomimetic drug aeting on
the suriele. ¥We feel that i we o2n prevent this block with
drugs such as guinidine or diphenhydpsamine, then we are pro-
teoting thet auriele from the offesets of & flurillatery ine

fluenee, 1in this csee, acetylenoline.
SUMEARY

1. The minimal hesrd slock dose of agetylenolline has Legn
deternined in the dog and used as an index of anti-
fivpiliatory activity.

2. These gtudies indicete that quinidine, Benadryl,
Banthirze and ﬁiphenhylrlainnmﬂ&%h@:r@uidg sre all
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effeotive drugs in inereasing the "heart slook dose”
of Mﬂ*yuﬁalim.
3. The effectivencss of Banthine sand £-92 in this respect
warrant their clinfcal trisl as antifivpillatory drugs.
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THE USE OF EXPERIMENTALLY PRODUCED AURICULAR

FISRILLATION IR DOGS A8 AN IKDEX POR TEETING
DRUGS POR ANTIFIURILLATORY ACTIVITY

The nearest spprosch to eetusl olinical trial of
the antificrillatory druge that we are able to make in the
latoratory 1s the prevention oF closking of experimentalily
induced auriecular fiorillation in animals. The various
sethods used to produce fisrillation in animals were dis-
oussed in the introduction. This series of sxperiments
will ce limited to agetyloholine-induced fivpillation in
normal and thyrotoxic dois.

METHODS

The animals used in this series of experiments
were selected vecause they would fiurillate whon given small
intravencus doses of acetyloholine. Bome of theme animals
were normsl animals, others were thyrotoxic animals. 7The
thyrotoxicosis wes prodused Ly deily fesdings of 1-2 gus
of thyvold powder U.S5.P. dally for & variable period of
time. %he aninals were anesthetized with pentouarvital
given intraperitoneally. A needle was introduced into the
saphenous vein for the purpose of injeoting Orugs. (See
section on Experimental Aurjculer Pinrillation for details)
Standard Lesd IXI electrosardlograme weres reoorded vefore
and during the injection of the acetyleholine. Solutions
of &eetyleoboline were made up fresh =ash day ia streangths of
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1 mg/oe and 5 mgfoe. In 81l of the animale a dose of
mcetyloholine wes estévlished ¢hal would consistently pro-
duce 8 short period of auricular fisrillation. %The animals
were then protected with the antifibrillatory dru; and agein
ghallenged with the econivel fiﬁxlelting dose of acetyl-
eholine., This was repested every rifteen minutes until
suricular fiocrillation wes again produged. In addition %o
messuring antifivrilistory activity, this gives an estinate
of the duration and ouset of sction of the test drug.

This method was varied in sosme animals. A seon
as the control fioriliating dose was deternined, the ani-
mRls wers given 0.25 to 0.5 mg of physostigmine intra-
venously. When seetyleholine was injected after the physod-
tigmiae, tue resulting surlicular riopillatlon instead of
lesting for seversl seconds, lasted as long a8 thirty
asinutes in some onses. AS soon as the fiocrillation was well

- estavlished, the antifiorilletory drug was glven and 17 the

arrhythaie was oroken shortly afterward, it was assused that
this was due to the injeetion of the antifibrliliatory drug.

RESULTS

Table 5 summeriges the results outained in thie
series of experiments. Three antifinrillatory drugs were
tested. Benadryl and quinidine were equally effective in
intravenous dosages of 2.5 mg/itg. The onset of action wes

- delayed in quinidine vut was immediste in Benadryl. The
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Tavle 5. The action of various drugs on experimentsl
auricular fibrillation in the intaot doy.

o Headdis d
&-99 1 my//ies Yes Incediate 5-C hrs
Quinidine 2.5 ugfig Yes 10-15
. ) | minutes 1% bre
benadpyl i—m Yes Imsediate 1-2 hye
saline 10 o/e ¥o e -
TP p—— ——————— e ————
S —— - SE——
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duration of metion of Loth agents was Auout the sase. 3592
2 drug that has shown promise in isolated surlcle technlgues
and in the minimal "heart block dose” technigue was effec~
tive for & peried of 5-6 hours in 8 dese of 1 ag/ikg.

Figure 22 demonstrates the sanner in which Denadryl
protects the animel from induced surigular fiorillation.
Auricular fivrillation was consistently produced in ihls
animal when 1 mg/kg acetylehioline wae injested latravenously.
The first noticeatle effect was & prolongation of the P-R
interval followed oy lpprhlimatelx thirty seconds of cardiae
arrest. An irregulsr ventricular uvradycardia with no P
waves then was produced, followed by thirty to forty seconds
of typieal suricular fiovpiliation. The phyths then rever-
ted to sinus rhythe with a prolonged P-R interval. When
the full effect of the acetyleholine had passed the rhythe
returned to norshl, This complete cyele usually lasted
avout three to five ainutes. If preceding injeotions of
physostigmine had cean made, then the duration of aurieular
fivrillation was much longer. A.ter the {ibrillating dese
was determined, the animal was protected with 2.5 mg/kg
penadryl end szain challenged with acetyleneline. This time
instead of [ivrilletion there 18 only prolengation of the
P-R interval and complete auricular-ventriculer Lloek. As
the effects of the bBensdryl disappear in one to two hours,
the duration of the block inoresses, then progresses to
somplete cardiac asystole, and eventually surisuler



FPigure 20. Prevention with Benmdryl of Aurioular
Fiorillation Induced in an Ianteet Dou
with Agetyleroline,
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PREVENTION WITH BENADRYL OF AURICULAR FIBRILLATION INDUCED IN AN
INTACT DOG

ACETYL CHOLINE ALONE

kil

TR

o I -*"?lil-i..: it T8 ey pd | AP\ (9O n=eh r B4 TR fERe e
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ficrilistion is produced. Quinidine and 5-32 produced
similar effectas. Controel experizents with normal saline

raéd no eflect on seelylenoline-induged aurigular fiorllla-

‘ A0z

Flgure 23 shows the electrosardiggraphic record
of au amimal with prolongsd swrieular fivrillation produced
sy & combination of physostigmine and agetyleholine. Phe
effeete of intravencus Denadryl are shown at various inter-
vals after the injeetion of the drug. The first effect 18
an inerease in ihe rate of ventricular contractions with a
decresss in the R wave end an lnerease in the 5 weve.

Later the R wave Lescomes clevated and the 5 wave dlsappears.
L rge inverted T waves are now found and approximately
seventy-five seconds grncr the injecticon of Benadryl, the
rhythn radically ehanges to that of 2: 1 heart cloek; three
sinutes later there isalnue tachyesrdia, which is later
followed Ly 8 norasal cardisc rhythe.

DISCUSSION

The method of produeling surisulsr fisrillation
with acetyleholine is a0t & new one (%%, 43, 87) vut serely
re-emphasiges the role of wvagel influences in the genesis
of iutieular fiordllation. 3ut we have Leen asle to modily

&

the teehnigue using intravenous physostigsine in conjunetion

with the seetylencline. This prolongs the duration of the
induced fivrillation Ly prolonging the sation of the



Filgure 23. Conversion with Sersdryl of Aurleular
Fiurillation Induoed in an Intset Do
with Acetylenelios end Physostigmina,
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acetyloholine and provides us with auricular fiurillation
that is second only %o e¢linieal fiurillation {or the evalua-
tion of antifibvrillatory drugs. Needless to say, this ie
not meant to te a sereening teohnigque a8 the number of
roraal dogs that will rivrillate on aceiylenoline alone 1s

“enly 20-50 per cent. (43, 43) However, if & eolony of ani-

mals 18 fed thyroid powder until the signs of thyreid
toxisity are produced, then 50-100 per cent of the aniwals
will fibrillate on acetylesoline. This teehnlque (59)
represents the =ost recent and effective method of produslng
guricular fisrillstion in the intact dog that is availaole
2% the present time.

The sxility of sueh drugs as quinidine, Senaderyl
and 5-92 to prevent or osreak this indused awricular fiopil-
lation provavly is 8 direst result of thelr elfest on the myo-
cardius. It was pointed out in the first part of this paper
that all of these drugs decrease the sensitivity and in-
crease the stimulatory threshold of the auriele. If fionril-
lation is dependent on 8 lowering of tissue sensitivity
by wvagal influences, digitalis, or aseiylencline, ao that
multiple or single ectople foel may now enter the ploture,
(19, 19, 39. 55, 36) then the methed by which these anti-
{ivpillatory drugs protect the auricle vecomes apparent.
They ineresse the sensitivity of the suriele to the extent
that eetopie foel no lenger are aule to produce threshold
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stimuli and the supriculer fivrillation is elther Lroken

or prevented.

1.

2.

3.

L

SUARY

Auricular fivrillation is produced in normal and hyper-
thyrold dogs.

Physostigmine in combination with acetylcholine prolongs
the duration of the induced fiuvrillation.

The induced awricular fiorillation 15 eliher broken

or prevanted oy sush drugs 8s quinidine, Benadryl and
582

it is suggested thet 2-92 te given & trial on elinieal
aurioular fivrillation as soon as it 13 released.
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SUMMARY OF PART TWO

The various mothods of producing experisental auricular
fivriliation in snizals are reviewed.

The isolated auriele teohnique of Dawes hes Leen used
to study the setion of a series of antihistamine com~
pounds on the myocardial refractory periocd. The anti~
histasiniles studied prolong the refractory period st
gongentrations lower than that required oy gquinidine.
Diphenhydramine appeared worthy of e¢linleal trial in
patlents with surieular ficrillation.

Pivrillation or flutter has veen evoked in the isolated
auricle preperation oy 8 localized traumatic inraret

or Ly seonitine. Quinidine and diphenhydramine can
produce a sudden conversion to a slow raytha 1n these
preparationa.

The isclsted ravbit's suricle wes used to study the
effect of quinidine mnd eertain antihistaninie drugs

on the stimulatery threshold of the auricle at different
rates of stimulation.

All of the antifiuvrillistory drugs tested inereased the
stismulatory sthreshold of the auriele. The effieleney
of the drug was inereased as the rate of stiamulation
wEs inoreased.

3«52 appesrs to ue 10-20 times as effective &3 quinidine
and should e worthy of clinical trial as soon as it is
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released for clinical use.
The minimal heart Slock dose of agetylenvline has Leen
determined in the dog and used 88 an index of anti-
fispillatory activity.
These studies indieate that guinidine, Benadryl,
penthine and diphenhydramine-methooromide are all
effective drugs ir increasing the "heart slock dose”
of acetyleoholine.
The effectiveness of Banthine and 5-92 in this respeot
warrant thelr elinical trial as antiflirillatory druge.
Aurioular finpillation is produced in normal and hyper-
thyrolid dogs. |
Phyeostizmine in gombination with acetyleholine prolongs
the duration of the induced [idvrilletion.
The induced aupicular fivtrillstion is either uroken
or prevented oy sush drugs 8s quinidine, Benadryl and
3-98.
It 18 sug ested that $-92 ve given & trial on ¢linical
surioular fivrillation &8 scon @8 1t is released.
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