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INTRODUCTION

Atrial fibrillstion has received comsiderable attention since
Hering's classical deseription® (1) iz 1903. This diserder today is
recognized as the most common cardisc errhythmis of clinicel significance
(2 « 5) yet its pethogenesis is mow no better understood then it was
fifty years ago. When H. E. Hering stated that s "the pulsus irregularis
perpetuus is due to an irregularity of the heart of mwrogenic origin
produced by extre stiuﬁli“, he circumscribed thé extent of present day
knowledge concerning the pathogenesis of thiz condition.

DiPalma (6) states thet significent advences in anti-
£ibrillstory drugs camnot be expected until the mechanisms by which
theee drugs act are recognized. It is obvicus that in order to undere
stend the mechanism of & drug's action, the underlying factors responsible
for the discese must also be kmown. Since, for atriel fibrillation, we
understand neither the action of the drug nor the mechanismaceusing the
arrhythmia, progress in the therapy of this disemse must necessarily be
limited. As e corollary, if we but knew the one property commou to ell
agente effective in the therapy of atrial fibrillation, additionel
knowledge basic to the pathogenesis of this errhythmia would be

achieved,

®Atrial Pibrillation as an irregular pulse was originally described
in 1705 by Raymond Vieussenms in hie report on e patient with mitrel
stenoeis.



CLINICAL IMPORTANCE OF ATRIAL FIBRILLATION

It is vell known thet petients with various types of cardiac
disease also have strial fibrillation. (2 « 5) (7 « 9) Meny vorkers in
the tielﬁ z-eter o the underlying cardiac ﬂifficulty as the ”etiala@“
pf the arrhythmis, This is ounly etymlogicalw correct.

It bas beem stated thaﬁ 60 = 90 per cent of persons v:tth
cengest:we heaxrt ts:tlm will menifest atrial fibrillation smet.:lw
during the course of their illumess. (&) {10) {11) A certain number of
these will spoutaveously revert to nm-nl ginus .:-!wm. One group of
investigators using quinidige sulfate as an antifi‘brillatw agent was
able to convert 53 per cent of their p‘atiezit‘s. (n) -ﬁaulm from athar
atudieaﬁmwmexy,ﬂtham hmBﬂtaQOperanthamof
TO per cent, dexuending on the type and degree of underlying cerdisc
pathology. (7) (u « 13) Others contend that the type of heert diseese
is not e factor. (1) (15) In urﬁurtaﬁinhm normal sinus rhythm a
daily mintensace dose of quinidine ves required in the mjarity of
casee. Patients with a xanat hiatary of ducomemw.an ware m dife
f:lcult to convert and to minta:!.n than those pat:!.aﬁts who had no previous
history of cerdise failure. (7) (11) Equally convincing arguments can
be admed for an asaochtien of rhumtis: heart a&aaaae with atrial
fibrillat:lon‘ Of patients v:m: atrial tibrﬁl.n‘bion, 50 per cont had &
history of rheumatic mitral insufficiency. (11) Mitral commissurotouy
for mitral stenosis is commonly followed by the appesrsnce of atrial
fibrillation. (8) (16)

Finally, untreated thyrotexicosis is associated with atriel
fibrillation end the arrhythmis camnot be comverted to sinus rhythm by
quinidine until the thyroid disorder is corrected. (9)
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Two facts, however, destroy much of these attractive avgumeuts.
It 1s well kmown that scme patients have atriel fibrillation, of both
the peroxysusl and persistent types, without any associsted heart
divesse. (1T - 25) Moreover, many patients with frank cardiac discase
(congestive heart failure, rheumstic valvulitis, or thyrotoxic heart
disesse) do not have atrisl fibrillation et ell, but rether & normal
einus rhythm. Thus other more subile biochemicel or functicnsl changes
of the heart must be explored as & bssis for atrial fibrillstion.

It is periinent to discuss what little is known of the pathoe
physiology of atrisl fibrillation. The extent of the adverse effects of
this arriythada will of course be modified by the condition of the patient.
Phillips and levine (26) discuss the abaormsl circulatory dynemice iu
atrisl fibrillation without other evidence of heart disease., The work
of these authors is supported by others who heve done studies om £ibe
rillating saiwels eod bumen subjects (27 - 30) All are agreed that the
rate of blood flov as messured by the circulation time is definitely
decreased during etriel fibrilletion., As would be expected, the cardiac
out put 19 decreased, by es wuch as 40 per cent in some cases. {31)

That the iapeired circulation could not be ascribed to au incresge in
heart rate was evident from the fact that cardisc output and rete of
flov of blood were greater in sinue tachycardia, but decressed in atrial
fibrillation et the sems heart rate. (26) The rate of venous flow in
these animals returned to normsl after comversion to normsl sinus rhythm,

While 1% is quite likely that the irregular £illing of the
left ventricle during disstole accounts for the major portion of the
circulatory deficit, there is still enmother factor to comsider, Daley



and McMillan (32) in 1955 demomstrated mitral insufficiency in animels
with experimentally induced atrial fibrillation, Perhape this incompe-
tence of the mitrel valve plays & major role in the decrease in cerdisc
output and Aiminished stroke volune, end the increased pulmomary erbery
pressure vhich hes been demonstrated, (27) These changes were sll
eliuinated when couversion to normal einus rhythm was achieved.

It 1s thus obvious thet this errythmis will be & perbicular
burden to the patiemt in am?:-iﬁ heart failure who peeds all available
help in meinteining his cardiac output and blood pressure. The effect of
atrial £ibrillation on blood pressure and cardisc output in petients with
congestive heart Mh;m has been etm. (29) The findings ere in
agreement with vhet has been stated previously,

A patlent with congestive heart failuwre and atrial fibrillation
may have his ventricular rate controlled with digitelis. The circulstory
dynamice at rest mey meet physiclogical requirements, However, the
digitalized, fibrillating pt&iéut cannot ipcrease cardiac output by cone
trolling the vemtricular rete. (26) (33) (34) Consequently, theee
patients may vexperiam syncops, dyspnea, dizziness and other symptowms
- in respomse to increased activity or emotional otiess‘ If the etrial
msculature vere functioning normally and its activity under vegal control,
the patient would be move physiologleclly compemseted. Fimally, it is mot
unusual to find fibrilleiing patients with congestive heart fallure who
cannot be coupenssted until normel sinus yhythm is restoved, even though
sdequately digitalized. (26) (35) (36) It is Pallacy %o assume that
simply reducing the ventricular rate to 60 » 80 beats per minute with
digltalization colves the petient's cardiac problem.



If the deleterious effects of this arrhthmis vere simply
phyeiological it would provide reason enoush for attempt et comversion.
There is, however, ancther important factor to consider and thet ie
systemic emboliszation. ”

There hn been considereble comtroversy whether or uot patients
vho have been fiteillating for eny period of time should be converted to
normal sinus rhythm, The proclivity oun the pert of weny clinicisns to
sllow patiente to comtinue with their srrhythmia in m %o avold
gystemic euboli has been fostered by the misconception that the incidence
of embolic episodes 1s increased at the tiwe of couversion. (37) (38)
Seversl recent stuiies refute this bellef. (2) (7) (8) (39) (¥0) One
states the likelihood of a petient discherging an embolus vas seven times
greater 1 the atrial fibrillation were ellowed to continue tham if cone
version to sinus rhythm hed been achieved. (12) It must also be borne in
mind that with the uwse of enticoagulsats ten to fourteen days prior to
starting quinidine, there is considerebly lesser poseibility of emboliza~
tion. (7) (12) (bo) |

The importance of adopting & course wmmanmm
in the least mmber of embolic episodes cen be seen from the following
report. (50} In this series of 1% petienmts with atrial fibrillation,
there vere 393 emboli; 50 per cent of these were cerebral and resulted in
50 per cent mortality. Im addition, 17 per cent involved the lower extremity
and l{) per cent the upper extremity. These statistice are reflected in
other reports. (7) (8) (35) (41) (42) wWhile it is ikmown that systemic
emboll may occur following coromary occlusion or myocarditis with moral
throwbi, (8) (43) (44), 80 to 90 per cemt of these emboli ere in patients



with etriel fibrillaticn; (7) (ko) (k2) either alome or in conjunction
vith other cexdiac pathology.

The possibility of pulmonary embolization from the right etrium
in patiente with strial fibrillation is real. (8) (12) (k5) However the
iocidence ia quite low, even in the patient with an enlarged right atrium.
Smal) puluonery emboli may be relstively innocusus in & patiemt with
adequate cardiac and pulmonary function. (45) In s patient vith etrial
fibrillation vhether or not congestive heart failure is present, the pul-
monary circulation is relatively engorged and the rate of blood flow is
decreaved as demonstrated by eboormal circulstion times and pulmonary
arjery pressures. #An ewbolus in such s situetion has considersbly greater
potentialities for producing serious conseguences.

Ultimately the decision es to whether or not conversion of the
patient Bhéuld be asttempted 1o the decisicn of the individual physician.
He is the ome who knows or should kmow all of the remifications of the
particular case he is hendling, However, a few of the mjor factors
which influence this decision can be enumerated. The criteria as listed
by Beckwith et sl ere gemerally asccepteble. (7) These are the criterie
vhich suggest that comnversion of atrial fibrillation should be attempted:

(1) Patiente with & history of embolic episodes

(2) Patiemts with refractory congestive heart feilure

not adequately controlled vith digitalis, salt
restriction and mercurisl diuretics

(3) Patients with vecently ecquired atrisl fibrillstion

vhich persiots

(k) Patieuts vithout other evidence of hsart diseamse who



glve a history of embolic episocdes and have heart |
fallure md/or cardiac enlargement.
If one doee not wish, or is wmable, to attenpt conversion of & patient
%o normel sinus rhythm, other courses ave available which may be Of
help in removing csome of the dengers sssociasted iwith this srrhythaia,
(7) (8) (12) (43) 1If the ﬁueiaim to atteupt conversion of the
patient to normel sinus rhythm is wede, vhat sgents sre available?

THERAPY OF ATRIAL FIBRILLATIOR

Since the fmmtm discovery ‘er quinine asp an antifibril-
latory agent, there has been little improvement in the therepy of
atrial 'r-:.bxnms.m. The only developments of consequence have been
the introduction of quinidine sulfete, the seutrolecasr of quinine in
oral and mn€m1 form, snd possibly the damlomn# ot procaine amide,
other agente have shown some promise, dut nome of these have been
accepted videly on a clinical basis, {46 - 51)

At the precent time quinidine sulfate or gluconate are the
drugs a:‘ choice in attempting conversion of f:;brﬂhting petients ter
normel sinue rhythm,

‘m therapeuﬁic and toxic effects of quini&im appear to be
releted to plasme concentrations. (52) (53) Verious dosage schedules
are used in u%twpting to convert patients to normal sinmus rhythm. The
important factor szeems to be the concentretion of guinidine achieved in
the myocardium. The myocardial concentrationm is & functiom of many
factors, one of the more important being the rete of administretion of
the drug. Sokolow (53) states thut pesk plesms levels occcur after
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administration in two hours end that the incremental increase in blood
levels becomes progressively less after four or five doses. This
sbservation indicates that the totel amount of quinidine is not as
important as the number of hours over which the drug is given and also
the size of the individusl dose, If couversion does not occur with
moderate blood levels, forcing the levels higher with increased doses
is rarely successful and there is & risk of serious toxieity. (36) (53) (54)

The tomicity of quinidine is manifest in & mumber of wayn;
not necessarily releted to dossge. Adverse Yeactions to quinidine mey
oceur as muscular weakpess, gastro-intestinal upset, vertigo, frequent
ventricular ectopic beets, or ventricular tachycardia. {7) (55) Other
reactions vhich mey be seen are hemolytic enemie, (56) ventricular
flutter, (59) end ventricular fibrillation with Stokes-Adams Syndrome.(59)
Some of the deleterious effects of quinidine eve primerily extensions of
its phermacologic action. They include a greater then 20 mm. drop in
disstolic blood pressure and o widening of the Q R 5 and T intervals
of the electrocardiogram. {55) A deleterious effect of myocardial
efficloncy due to intravenous gquinidine glucomate has besn demonstrated.
(5k) (59) This effect comsisted of & 50 per cent reduction in strole
volume and a 27 per ceut decresse in coropary ertery flow per beat,
Bfficiency measured as Kg/M of left ventricular work per cc, of exygen
fall to 45 per caxﬁ: of normal. It ic also reported that this drug may
aggravate cardiec failure, {36)

If 1t were known why quinidine is superice to other drugs in
the treatment of atriel fibrillation; i% wight be possible to imgrove
upon it. That it hes certain effecte on atrial muscle ie well known.



It elevates the thresheld of electrical stimulation, elows the speed

of ezcilatlion over the myocerdium, end reduces conductivity at all rates
of stimulation. (5) Stated in other words, quinidine prolongs conduce
tion in the strium, depresses myocerdial excitability and prolongs the
effective refractory period of wyocardial tissue. (55) While the pre-
ceading discussion does not include sll of the kmown slterations of
eardiac physiology induced by quinidine, these are the ususl pevameters
within which new druge are evaluaied.

If the present laboretory wethods for the evaluntion of enti-
fibrilletory druge were valld, then quinidine should de nc more effective
clinically then other agents which produce the same experimentel results.

It ie pertineat to review briefly the currently svailable
leborstary procedures utilized in the study of druge intended for thera-
peutic use in atrial fibrilutién. The relative refrectory period of
the myocardium may be measured using isolated rebbit atria stimuleted
electrically ot verious frequencies. (60-62) The electricsl threshold
current required to provoke abnormal $eata can be obtained in & dog or
cat with an open chest. (63+65) Ueing these preparatione, an i1l defiped
parcmeter termed nach flimmern mey eleo be messured, Here, data is
recorded on the ewount of cwrrent required to provoke cardiec srrhythmiss
which persist for e fow seconds beyond the time of electricsl stimulation.

After ¢ baseline is esteblished, the drug ie irnfused apd the preperation
is restimnlated; this iz in easenc‘é the meesurement of the prophylectic
erféct of the drug being ﬁestad. Atrial flutter or etrial fibrillation
can be produced in doge by a verdety of techniques. Eech is thought to
illustrate one of the theories of the geneele of strial fibrillation: -
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crush by forceps of the intercaval bridge and a portion of the atrisl
appendage (the esteblishment of an infarct around which & "circus movement"
mey progress); « the subepicardial injection of the alkalold aconitine
(thereby provoking a single ectopic focus); ~ topical application of the
cholinergic drug, Mecholyl, ot end proximal to the sinoeasuricular node
(multiple ectopic foci). (3) (5) (66) These experimentsl procedures
have been vigorously utilized by pharmacologists since 1521, and yet no
new effective drug for strial fibrillation has been discovered,

- A convincing ergument for ebendoning ell procedures presently
available for the ptudy of antifibrillatory drugs was reported by Dick
and McCevley in 1955, (54) They found thet methantheline bromide (Banthine)
had grester potency than quinidine in prolonging the relative refractory
period and in elevating the elesctical and nach flimmern thresholds. MNore~
over it required & swmaller dmn.ga of methantheline than guinidine to
convert strial fibrillation established in dogs dy all the meneuvers
previously described. Yet whem given trial ip patients with chromic
astrial fibrillation at twice the effective dose of guinidine, wsthantheline
wap uneble to comvert a single patient’s errhythmia to normal sious rhythm.
Thie copsistent discrepancy between laboratory emd clinicel findings makes
obvious the inadequacy of present experimentel procedures and the need for
s more valid method of evalueting entifibrillatory drugs.

When using laboratory methods we are dealing with normel tiseue
which has been sliered in & epecific wenner, Iu the petient with atrial
fibrillation, however, & pathological condition is present, the genesis of
wvhich is umknown, All that is known is thet quinidime is the moet effective
agent aveilable for restoring e normel situation. If its effectiveness in
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this regard is not measured by present laboratory methods, how then cam
it be measured?

Our objective in the studies reported in this thesis is to
utilize the wajor electrocardiographic alteration produced by large doses
of quinidine as & beois for evaluating other drugs. We propose to do
this by an infusion of quinidine glucomate into imtact, heslthy, anesthe-
tized dogs and recording nearly contimuously the electrocardiographic
changes produced. The electrocardiographic changes produced by other
chemical substances are to be compared with those of quinidine.

The folloving sssumptions ere wade:

1. quinidine®s action is directly on the myocardium aend

is not secondary to some other site,

2. the electrocardiogrem records the resultant, et leest,
of forces ecting on the heart during each phase of
their action,

3. the electrical forces are & reflection of biochemical
changes basic to myocardial depolarization and repolari-
zation,

h. the eletrocardiogrephic changes observed with quinidime
at large doses would also ocowr at smell clinicelly use-
ful dosage if more precise measuremguts could be made,

It is recoguized that the following limitetion is inherent in
this line of reasoning. Presuppose that some such electrocardiographic
correlation, as the broadening of the ¢ R S interval provoked by quinidine,
were accepted es indicating effectivensss in atrisl fitrillation. This
criterion might reveal a new auntiPibrillatory drug having the same
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mechanism of acticsn as quinidine but would certainly overlook any drug
having therapeutic merit in etrial fidrilletion, but baving e 4ifferent
mode of action then guinidine,

HETHODS AND MATERIALS

These studies were performed using edult momgrel fogs in
epparent good health. The dogs vere snesthetized with 35 mg/Kg of
pentobarbitsl sodium administered intraperitoneally.

Drugs were injected st & comstant rate for each dog through
& catbeter placed in a femoral vein cut down. Rate of injections were
controlled by ome of three methods; & Murphy drip, s comstent perfusion
pup; or by single injections every minute through a three way stopcock.
In the latter wethod, intervel flow of ealine woes utilized in oréer to
prevent clotting in the catheter.

The animals were phaved in eppropriete sress over the legs snd
ehest for placement of stendard electrocardiographic leads. Two simultan-
eous electrocardiogrems were recorded; ap lead I;i‘ and & cheet lead placed
over the polnt of maximsl impulse. Once control values had been cbtained,
infusion of the drug wes initisted., A ten centimeter segment of record
was obtained, every minute for smalysis. The styluses were kept in
position of comstant recording even though the paper wes not woving. In
this vay, if eny srvhythmis or significent chemge in hesrt rate occurred,
it would be noticed fmmediately by werely looking st end listening to the
styluwes and & permanent record could be obtained.
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Sinco quinidine and other drugs in this series may, in large
doses, cause death by respiratory cemter depression and arrest, the
snimls vere observed closely for this effect. In paived combrol studles,
however, 1t was found that the electrocardiogrephic changes _asacciafed
with quinidine tomicity were not altered when animels were intubasted with
an ML sirwey and néyimtim supported by meens of positive
pregeure with supplewmental oxygen. Furthermore the data sbetracted from
the recordings was taken prior to tha sppearance of toxicity great enough
to cause respiratory depression.

The various time intervals of the electrocardiogrem were
measured with the aid of fine celipers end a megnifying gless. A paper
speed of 50 mm/sec was ubilized to meke interpretation easjor, The ¢ R S,
PR, ond Q T time intervals were measwred accoxding to stenderd procedure,
The vertical deflection on the recoxding vas standardized so that a ome
centimeter deflection represented ome millivolt.

All of the animals were administered the drug being tested to
the point of lethal toxicity. A minfmm of five dogs were wsed for each
experiment.

4n integration of Bameti's constant, as described by Lepuuhkin;*
was utilised in correcting electrocardiographic components for change in
heart rate,

*#Lopeschldin, ., Hedern Electrocardiography, Vol. I, lst ed.
The Williams and Wilkins Company, Baltimore, 1951.
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RESULTS

A tinhcs o N s

Quinidine gluconate was administered to fifteen dogs , the
perfusion rate varying in different experiments between 0.37 and 5.0
ug/Kg/nia,

The data presented in Figure I represents average values for
five dogs in vhich the rate of perfusion was 1 mg/Kg/min.

It should be immediately sppsrent from inspection of this
graph that the Q R S and Q T intervels are prolonged by administretion
of quinidine. This tends to confirm reports in the xite;-etm to this
effoct. (2) () (5) I 1s aleo obvious that the Q & 5 interval is 0=
1mdtoamtermntthlnmamm‘beml. At a total dosege of
60 mg/Rg the Q B S time is doubled, while the Q T lmterval is emly 30
per cent grester than the preinfusion value, The ‘tiu required for
ventricular depolarization wes megwe& epd is mcma in Pigure I
88 the q R latervel: or ventrdcular sctivetion time. By inspectiocn, it
iz seen that this factor 1s prolonged by quinidine to neeriy the same
extent as the Q R S interval of which it is & component, The corrected
Q T intervel, designated as Q T ¢ and the (QT-QRS)c were determined
according to Bazetie's formmla in order to correct changes ccowrring
in these factors ae & result of cheuges mmmmta. It can be seen
that the Q T ¢ shows less change them the Q T. Furthermore the {(Qr-gRs )e
points out the fact that the prolongation of the Q T ¢ is due entirely
to prolongation of the Q B 8. At 60 wg/Kg the qR 18 75 per cent greater
than the initial value apd since the qR s a compouent of the Q R 5,
vhich is prolonged 100 per cemt, it is seen that the gR is respousible
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for T2 per cent of the imcrease im Q R & interwal.

Figare II demonstrates e prolongation of the gR intervel which
io of the seme magnitude as thet seen with guinidime. It should be noted
that the dosage required for this effect is mlyhnlro:thntwhichis
required for quinidine. This correlutes well with clinical data aveilable
for allocryptopine with respect to effective dosage. (48) (49) The gro-
longation of the Q T ¢ at this dosage, however, is not significantly differ-
ent than that which occurs with guinidine, ’

The woot striking changs moted in Figure ITT is the consider-
able incresse in the @ T interval., When this is corrected with Bagetie's
formle, however, the Q T ¢ demonstrates rather insignificant prolongation.
The @R is onlymoderately prolonged, and then at relatively high dosage.
There is s difference of opinion regarding the effectiveness of this drug
clinically in chremic atrial fibrillation. {2) (67) (68) (65) Pwrthermore
the mecheniom of ection of procaine amide probebly differs from that of
quinidine se indicated by Etreti {57) in his report of a case of gquinidine
induced ventricular flutter treated successfully with procaine emide.

Atebrine (Figure IV) demonstrates & rather varisble effect.

The gR interval is slightly prolonged initially, but thea repidly declines.
At pre-lethal doses it begine to incresse again, but pever reaches the
initial mextoal prolongation. The QT and Q T ¢ follow essenmtially the
same curve as the qRi. » v

Vith Benadryl there 1is uo effect on the gR imterval. Whnile
the Q T i increased T2.5 per cent at 47.5 wg/Kg, the ¢ 7 ¢ shows only a
35 per cent increase. At 60 wg/Kg there is & 100 per cemt increese in
the Q T interval and when this is corpected for heart rate the prolomgation



15
is only 18 per cent. (Figure V)

As with Benedryl, mthanthemnn showe no incresse in the
ventricular activation time (qR interval). At pre-lethal doses, the .
Q@ T is increased 52 per cent, but when this 1s corrected for heart rate
the imcrease is reduced to 17.5 per cent.

In addition to studying ageute which had been used in clinical
trials on patients with atrisl fibrillation, a total of twenty other
drugs were surveyed using this ‘expers.mn‘tgai method, To owr knowledge,
from a survey = the literature, none of these tventy drugs had ever
been aubjectea to clinical evaluation in the treatment of this arrhthymis.,

| | In *J:’able I it can be seen that 5C-39%20 and sjweline Mh give
significant changes in the gR interval of the electrocardiogram when
compared vith quinidine (Pigure I). The dosage required is well below
that of toxicity, At 76 per cenmt of the lethal dose, carycavine shows
@ 45 per cenmt increase in the ‘nntrz.cum ectivetion time; with SC-3920
& 120 per cent incresse at 50 - 60 per cent of fatal toxicity occurs.
Ajealine demonsirates & 220 per cent increase in time of ventricular
depolarizetion at & 20 per cent lethal dosage.

| Inspection of Tebles IY and IIT reveals no pertinent electroe
cardiographic alterations, It is uoted thet this correlates well vith
the data shown previously (Figures I, IV, V, snd VI), and in clinical
trials of the compounds to which most of these drugs ere related (feble IV).

A total of five dogs were administered quinidine glucomate st
a rate of 1 mg/Kg/min, Following the appesvance of obvious toxicity es
menifest by electrocardiographic ews » Be lactate in M/2 solution was
given as repidly es possible. The subsequent changes in the ¢leciroe
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cardiograph are poged (Pigure ViI). These chenges are representative of
those ocewrring in the other four enimsls, The possibility that the
electrocardiographic slterations were due %o & hypervolemis has nob been
ruled out, The ressom for using this agent was thait the slectrocardio-
graphic alterations due to guinidine (Figure I) might be explained on
the besis of @& loss of sodium icms at & cellular level, or en incresse
of potassium fon. {T1) (72) Another possibility is that lactate ion
may supply added acetate radicals, {73) (7h4) essentisl for myocardisl
metabolism in the presence of the protoplasmic poison gquinidine.



FIGURE 1
Effects of Quinidine Gluconate on the

Elzctrocardiogranm
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FIGURE IX
Effects of Allocryptopine (slpha
' fagarine) ou the Flectrocardiogram

18



% Increase from initial values

220

200

|80}

160

140

120

100~

ALLOCRYPTOPINE
I mg/Kg/min

gR (ventricular activation time)

QT
QT (QT interval corrected for heart rate)

o
=i L 1

1 1 1
10 20 30
Accumulated Dose mg/Kg




Flgure III
Effects of Procaine Amide on
the BElectrocardiogram
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Pigure IV
Effects of Atebrine Hydrochloride
on the Electrocardiogram
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Pigure V
E2fects of Bepadryl Hydrochloride
on the Nlectrocardiogram
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Pigure VI
Effects of Berthine Bromide on
the Plectrocardiogram
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Figure VII
Bffect of H/2 Sodium Lactete on Electro-
caydiogrepbic Chenges Due to Quinidine
Tazicity
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Fig.7 EFFECT OF M/2 Na LACTATE ON EKG
CHANGES PRODUCED BY QUINIDINE TOXICITY

|10 Kg dog Img/Kg/min of quinidine gluconate
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TABLE I
C ds lated to ALL ne (al
Hame Formla Ventricular
Activetion ReR P=R QTe Doge
Time Interval  Iiiterval
Protopine CH/E" N s + 708 at tachy« +24% at |Wo I.@rs/ﬁg/m:m.
' N N 4o cardia |40 ng/Kg|change | Lethal
o 5 ng/Kg
cH,
O/
Corycavine +45% at 439 at | +60% et |+30f 1.0 mg/Xg/miy
25 wg/ke |25 wg/Xg |25 mg/Ks| at lethal
2Smgf| 33 ma/Xe
Coupounds Related to Procaine Anide
Pame Chemical Newme Ventricular
Activation R-R Pl N
Time Interval Interval Dose
T - isopropyl +120f at | -OTH +100%  |+8% wg/Kg/min.
smino propyl) da |10 wg/Kg lethal
dipheuyl scetamide , 15-20 ug/Kg
8C-3920 | | I
Miscellaneous Derivatives
Name Chemical Name Ventriculay
Activation ReR PR
Time Interval Intervel gfc  Dose
RO 2-7302/% +66% +100% at | +115% at| decw-P.5 to 1.0
50 wg/Ke |50 wg/Kg| ssed | we/Ke/min.
lethale
5080 mg/Kg
Ajmaline CoolpgOglo 0% at  |tachy~ |+136% at| ceas | 1 wg/Kg/min.
Yohimbine 0.9 mg/Eg | cardia 5 mg/Xg [esed lethal -
derivative from  |+220f at |initislly b5 mg/Ke
Ravwolfia 5 mg/Kg later
+106%




Antiemalariel Drugs (Atgbrine)

TABLE IT

25

Qe Dose
+60p | 1 mg/xg/min.
Fot 0.266.0 ng/
pro- | Kg/min.
longed
Hot % .6-4,8
po- | wg/Kg/min,
longed | lethal~

384 mg/Kg
Hot 1.0 mg/Ke/
Pro=- min,

lethal -

106 mg/Xg
Not 0.7 wg/Re/
Pro= ain.
longed lethal

| 117185 me/Kg

Hot 2.5-10 mg/Ka/l
o~ min., lethal
longed | 38 =g/Ke
!Qt l.ﬁ‘ﬂ?.ﬂ wm(
Pro- nin., lethal
longed | 167 me/Ks
Hot 0.2+2 mg/Ka/
pro- |min,, lethale
tonged |28.8 mg/Ke

Hemc Chemical Fame Ventriculsr
Activation B=R P-R
Tiwe  Ioterval Interval
Ch Loquﬂ.!x T=chloroel Ho change | +h5% +345
(4 dtethyl-amino-
L-methyl butyle
amino )quinoline
SHw
Amodias | 4w{T-chloro-ii« Ho chenge | No Ho
quin gquinolyl-amine) {bigeminy)| change change
_ - diethylanino-
' O=Cresol
La(7=chloroeii= Ho change | +30% st | 5%
qinolyl amino) 300 ng/
U o dfbubyl
auinoe-o=cresol
’SK 15,108
k»(?nehlm&* o change | No Ho
quinolyleauine) {vigeminy)| change changs
K wl=piperidyl=
o=cresol
8N 11,636
4o {T=chloro=t- No change | Ho No
quivolyleamino) | (bigeminy) | change change
- o «isobutyl
amino) ~oecresol
Coupounds Related to Bemadryl
Ambodryl | p-bromo-dibense | Ho change | +70% at | Wo
hydryl dimethyl 30 wg/Kg | ~hangs
ethyl amine
A-C90
Linedryl | dibenshydeyl Fo change | +47% at | Ho
ethyl morpholine 100 mg/Kg| chaage
A6
dibenzhydryl die | No change | + 4O% at | Shortered
ethyi ethylanine 25 wg/Xg
B=45
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TABLE I1I
Anticholinerglc Dwugs (Banthine)
Name Chemical Rewe Ventricular |
Activation R-R P-R -
Tiwme Interval JIoterval Qs _ Dose - —
Piptal m ethyle3opipe |No change | +50f at | +10§ 1 %o w‘:{- 1.2 ug/Kg/min,
eridyl bensilate 50 mg/! increase | longas lethal » 55 mg/
methobromide \ tion | Eg
JB-323 !
'Bactd Heethyl-3«pip~ | +35% st +9lfh at | Ho chengel No 0.76 mg/Xg/min.
eridyl daiphenyl | 50 mg/Kg 90 me/Kg pro- | lethal -
acetate long- | 92 mg/Kg
JB=305 ation
H-mothly«3epip=~ | +7% ~Th I?ﬁ et | ochortel 1 mg/Kg.min,
eridyl benzilate wg/Kg | ens | letuel -
methobronide k5«50 ng/Kg
JB=340
dibenshydryl Ko change | -84 shortens | shore | 0.2+2.5 ng/Kg/
dimethyl ethyl~ tens |min. lethal -
amine methobroe 25 mg/Xg
mida
5-135 Se92
DytpathoulmetIcs
He{2-pmethoxy« | decremsed | tachy- +36% shor« | 0.83 mg/Xg/min,
phenyl) isoprowl cardis tens | lethal « 100 we/}
arterenol Kg
JIBe2h5
JB-E4E Ho change | tachy- no cheage shor- | 2.2 min.
cardie tens | lethal « 45 mg/
g
JB-251 8% increassd techy- 86 chengd +15% | 1.1% mg/Kg/min.
cardia , lethal -
95 mg/Kg
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TABLE IV

Comparative Therapeutic Effectiveness of Drugs
in "Chronic” Atrial Fibrillation in Man
(Duration 2 months to € years)

Drug Humber of Wunibex References
__Patients Coaverted

'Allocryptopine HCL & 5 48, 4o
{Alpha Fapgarine)
Atebrine HCL 13 o k6, 47, 50
Banthine Bromide 8 0 51
Bemadryl HCL T 2 51
Pronsetyl ECL 27 4 67 « 70

Quinidine Sulfate 10 6 51
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DISCUSSION

It has been customary te attribute all of the virtues of
guinidine, as an antifibrillatory agent, to ita ability to prolong
the refractory period of the myocardium and all of its shortcomings
to the slowing of myocardial conduction.

The classic circus movement theory was proposed by lewis
and Drury (75-77) in 1925. At thet time they postulated thet quinidine
2bolished strisl ﬁbr:i‘l}.atian by increasing the refractorineses of
n;trin.l puscle, thereby decreasing the "excitable gap" which was re~
sponsible for the perpetuation of the arrhythmis. When gquinidine
fails to convert striel fibrilletion, the explanation offered iz that
the sloving of myocardial conduction widens the "excitable gap" and
the circus movement ig perpetuated.

Investigators, dissetisfied with the circus movement theory,
propoas as a basis for the genesle of atrisl fibrillation, the theories
of & single ectopic focus or mltinle ectopic fock (5) (78) Quinidine
abolishes an arrhythmis produced by ectople foci through decreasing the
rate of discharge from these abnormal pacemekers. This is thought to
ocecur 88 & result of increasing the refractoriness of the muscle about
the ectopic focus. Prolongation of the refractory period of heart muscle
denotes a decrease in electricel excitability, therefore quiﬂidine ¢
abolishes atrial ribr:.llatian by prolonging the myocardial refractory
period and at the same time suppressing the activity of ebnormel pace~
makers with subsequent reaﬁwatian of normal rhythm.

That property of quinidine vhich slows myocardial conduction

has been looked upon as deleterious becsuse it may cause the production
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of an intraventricular block (5) (9) with subsequent ventricular
tachycardia or ventriculer fibrillation. Others bave stated that the
broadened Q R 8 interval must be ettributed to quinidine's having
produced & bundle branch block (79) (80)

In bundle branch block conductien proximal %o the point of
block may be normel, but circurvenbion of the blocked area by the
impulee requires a greater length of time than normal and depoluriza-
tion is prolonged. Whetﬁér this prolongation involves the gR or the
'Rs will be deternined by the bundle lavolved and the lead used in
obtaining the record. |

In the experiments reported here, guinidine prolongs both
the initisl and terminal portions of the Q R 8 intervael. It does
this by slowing the rate of myocardial conduction. IF the widening
of the Q R § inmterval induced by quinidine were due to @ bundle branch
bleck characteristic changes, ag a result of the abnormel conduction,
would be seen.

The vectorcardlogram is useful %o confirm this point. In
the manner described previously, quinidine glxmnnate vas infused at a
rate n&'lmg/xg/minr}:eada I and IT were used a8 input for the X and
Y plates of the oscilloscope. The frontel plane @ R 8 loop vector=
cardiogram was obtained and it was found thet guinidine even at 60 ng/Kg
changed neither the shape nor the direction of the long axis of the loop.

B8ince there was no alteration in the countour of the electro-
cordiogram, guinidine camnot have altered the time seguence of ventric«
ular depolarization;{81) there wes no bundle branch block.

The velidity of eny theory is established when its com~
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ponent pa.rtﬁ vithotand criticel laboratory experimente. When,
bowever, the theoretical mode of action of quinidinve is applied to
other drugs there is & poor correlation between laboratory and
clinieal results. Druge having a greater potency than guinidine in
prolonging the "effective” refractory perilod of isolated rabbit atria
are not mecessarily effective in clinical atrial fibrilletion. (51)

In contrest, the results described in thie theeis indicate
that there is a correlation between & drug's ablllity te slow myocar~
dial conduction and its effectiveness in clinical atrdisl fibrillation.
Quinidine (Figure 1) and allocryptopine (Figure II) prolong the @ R 8
interval {slow myocardial conduction) and both are effective in arrest~
ing chronic atrial fibrilletion in patiemts. Pronestyl (Figure III),
Atabrine (Figuve IV), and Bensdryl (Figure V) do not significantly
retard myocardial conduction and they ere ineffective in chronic
strial fibrillation, although they may be effective in parcxysmal
atrial fibrillation. Benthine (Figure VI) does not slow myocardial
conduction at all and this drug is of mo value in clinical atrial
Pibrillation.

Thus it is proposed that: Quinidine's effectiveness in
chronic atrial fibrillation 1s based on ite ability to retard the
rate of myocardial conduction.

The rate of conduction can be wmeRsured directly by the
use of micreelectrodes epplied to the heart. (82) This procedure wes
not edopted because of its inherent techniecal difficulties as well ap
profducing an wnphysiological state, and because it would have added
nothing to this study that could not more readily and conveniently
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be obtained by means of the standard electrocardiogram.

According to current electrocerdiographic interpretation,
the iageriwim of 'i;ha Q RS in‘ the electﬁcal correlate of ventricular
contraction, As such, the Q R 8 interval mmaents the time required
for complete vem;ricular depolerization; and ia therefam a measure of
the time roguired for eimtric‘:al conduction throughout the ventricles.
In this work the measurement of the ¢R interval was ﬁled to ﬁ&#ermim
the action of guinidine on myocardial cQMiQn. The stendsrds of
the Americen Heart Association stipulate that the ¢ R 8 is to be
meagured as follows: its initistion is the begimning of the dowmwerd
deflection representing the §Q wave, or, in ites absence, the inflection
beginning the R wave, The terminatlion of the @ R B8 occurs when the
8 vave returns to the isoelectric line. Difficuliies are anﬁauntema
when these criteria are applied in interpreting the actien of guin~
1ﬁiﬁeantheaﬁsmrm. |

Quinidine causes an incresse in the magnitude of the 8
wave. Due to imertia of the writing lever, tissue impedance and other
factors not related to quinidine's action, the upward &eflectioxz of
the 8 wave may be delayed. In leads which do not demonstrate an 8 wave
a cm in the "S<1" jJjunction may cccur as & result of the action of
guinidine. Thus alterations in the terminal portion of the Q R 8 may
not represent ventricular depolarisation but rether artifects.
Purthermore the significance of the 1ntr1nsiceid deflectlion iz not
well understood. (33)

Because of these diﬁ‘icultiee aaeuciateﬁ ui‘bh interpretation
of the effects of quinidine on the total Q R 8 interval, it was felt
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that mere accurate, and Just as significant, messurements could be
obtained utilizing the @R interval,

The action of guinidine in retarding myocerdiul conduction,
thereby prolonging the gR and @ R 8 igtervals, provides & correlation
between electrical and mechanieal cardiac sctivity. In discussing
the mechanisn of action of guinidine it is peritinent to inguire into
the cellular changes generating the forces which permit inscription
of the § R 8 by means of the electrocardiogreph.

It 1s %}l documented thet the electrocardlogram vecords
the sum of the dipole sctivities occwrring in the myocardium 2t a
given moment. {T1) (82-86) Iess well known are the factores respon«
slible for these bicelectric potentials. It is generally accepbed
that the sodium potzssium cationic gredients are the source of the
electromotive forces produced. (71) (87) (88) Nachmenschn (87) (88)
has summarized the major factors known concerning bigelectric mem-
brane potentials., He states that the movements occurring during
electrical activity (depolarization) are with the gradients. In
other words, initiation of activity by sodium ion transfer acrose
the mygoardial membrane reguires very little ewmergy. The slteration
of membrane permeapility vhich precedes the influx of sodlun ilom in
&ll conducting tissue is a funciion of acetyleholine, and the focus
of action of this esber is within the conducting membrane (89) (90)
?ﬁie acetylcholine which prmrokea indslation of sodivm lon luflux is
rapidly destroyed by cholinesteramse and it is known that confuction
along & membrane cannot be dissociated from this enzyme. After
acetylcholine is hydrolyzed the choline is reacetylated by choline

acetylase in the mazem:é of aaezawimtriphoammm vhich provides
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the ervergy for this reaction. When cholinesterase activity is
blocked with ghysostimzm » lmpulse propagetion along the mewbrane
is blocked. It has been demonstrated that guinine and presumbly
also gquinidine can in_himt plasma cholinesterase, approaching physo~
stignine in its magnitude of sctivity, (55) Clinically, the symptoms
of myasthenis gravis are sggravated by quinine, (91)

From this proceding discussion it 1o seen thet scetyleholine
initiates sodium ion trmﬁzr and consequently is one of the major
factors in‘ the alteration of the cationie Ment necessary for
profuction of the biceleciric potential. Also, for conduction to
occur normally, cholinesterase is essentisl » B8 are choline acetylase,
adenosinetriphosphate, and poseibly athez: factors not yet recognised.

'Biiev ef:ﬁ‘ecf of the altered sodiun potassium cationlc gredient
on the electrocardiogram was studied in detail by Lenzi and Caniggla (71)
These investigators found thot when the extraceliulor sbd:l.m ion con~
centrotlon was inecreased the folleowing chenges occurred:

1. The T wave wves prolonged and became diphesic with o
nogative terminal phade.

2. The Q R 8 interval was decreased as was the volbage
of the R wave.

3. The iscelectric 8+T segment became markedly prolonged.
When the extraceliular potassium was increased, these changes
were observed:

1. The T wveves initislly became abrupt and of higher
voltage.

2. The Q R B interval was mavkedly increased.

3+ The isoelectric 67 segment became shorter and
evagtually depressed.
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The changes observed may be explained in the folloving
manner, With the onset of d,epol.m:ation there is m influx of sodium
ions and on egress of potaspium. When tha‘extrncallumr sodiuwn lon |
concentration vas ineressed, the influx of sodium ion and the efflux
of potagsium was sugmented by the change in the gredients this xeaul‘bs
in the more rapid depolerization. During repelsxmfbmn the reverse
ocours. When the extracellular potassium ion concentration is incressed
the gredieut is reversed and depolarization is prolonged. | These £ind~
ings fit well into the theory of muscle conbraction as proposed by
Szet Gyorgl(9e)

In reviewing the results cbtained gith quinidine (Figuve 1)
and allocryptopine (Pigure IT), it is seen that the significant changes
in the electrocardiogran sre those invelving ventriculsr depolarisza~
tione .

Ueine the eriterie esteblished by Lenzl and Caniggia, these
alterations may be @xplai.md by one of the followingl

1. Increased potagsimm ion concentration in the proximity

of the cell imeding efflux of potassium and thereby
sloving depolarisation.
2, Decreased extracelluler sodium ion concentration,
since if potassium is to leaeve the cell sodium must
be available to mp}a&:e it. A

3, Epaded movement of sodium or potessium ion across the
nembrene by sowe wechanism other tham elteration in
extracellular ion concentrations. '

That the firs'h two poseibilities may occur is unli‘iwly, for
relatively large changes in ionic contembrations would be required
%o produce the effect seen. The third possibility is more amenable

to explanation and will just s readily eccovnf for the electro-
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cardlographic alterations. Furthermere the ectlon of guinidine
would more likely be on ¥he ilonic exchange mechaniesm rether than
on increasing or decreasing sbsolute voncemtrations of iona,

Hachmansohn postulates the following steps in the acetylcholine -

cholinesterase cycles

1. Acetylcholine in the resting phase is bound
and inactive, probably associated with & protein.

2. Excitetion causes relesse of scetylcholine from
its complex.

3+ The free acetylcholine acts ona specific receptor,
presumably a protein.

4. The action on the receptor causes a change in
ionic permeability(possibly due to rearranging
protein configuration),

5. The free ester ies hydrolyzed by free acetylchol=
inesterase.

6. The hydrolysis of acetylcholine permite the
receplor to return to its resting position, re«
establishing the barrier to rapid ionic exchange .
From our results the sction of guinidine is nost
readily explained by virtue of ite effect on depolarization, for
vhen the effect of quinidine on repolerization is corrected for
heart rate, it is imsignificant. The moet readily available ex-
planation for the prolongetion of depolarization would be the
impedrance of sodiuwm :‘;icml treangfer. PFrom the postulates advanced by
Fachmensoln the site of action of quinidine could be either in

impeding releese of acetylcholine from its resting state, or in
altering the receptor protein so that it does not become so
readily permeable to sodlum ion. Since very little emergy is
required for sodium to pass the menbrane barrier, any interfer-
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ence @t this level should not necessarily bleock ireusmission
of the ion completely, and the effect would be that of prolong~
ing rether than preventing depolarization. The fact that the
bizarre electrocordiographic chapges sasocicted with severe
guinidine toxicity nre partially alleviated by large doses of
M/2 sodium lactate {Pigure VII), given intravenously, coincides
with this hypothesis. | |

It was mentioned that quiniﬂim may be & potent
cholinesterase imhibitor and the question arises as to whether
this iz the basis for its electrocardiographic effect. If this
vere the case, the changes should be Just the opposite of those
obeerved, for ih such a sitvation acetylcholine would not be
destroyed, the receptor probtein would not return to ﬁ:’im reating
position and there would be zo Larrier to lonic exchange.

if the efficacy of an antifibrilletory agent is re-
lated to its ability o prolong ventricular activation time, we
would conclude thet alloeryptopine (Figure II) 1s e move effective
drug on & weighd to weight besis than is quinidine (Pigure I); this
has been confirmed in clinmieal trial. (48) (49) Further lnspection
of the experimental results and Table IV tends o confirm the cor-
relation between prolongation or ventricular activetion and anti-
fiwrillatery potency, for it is seen thot those é.ganta which are
ineffoctive clinically fail to prolong the gR imberval to eny
significant degree. | | | o |

Tables I, II, and Iﬁ represent the screening of twenty
compounds. lMost of these are related chemically to drugs which have
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received clinicel trial in this crrythmia. As determined bﬁ; owr
method only two of ‘%;haea drugs show promise as sntifibrillatory
BEertn .

It 1s sppavent thet there are many interesting questions
yet to be‘mareil, The locus of action of quin&ﬁing has been sug«
gested byt by no means worked out. Wihile we have not defindtely
slucldated the fundamental action ¢f quinidine in correcting
cardiac aryhythmiss 1t ls felt that the method described gives us,
26 o basls for correlating the effoctiveness of entifibrillatory
agents, a factor which is directly related to the ability of
guinidine to convert clinical atrial fibrillation te normal rhythm.
We have approached 88 mearly as possible a least common denomin-
ator for the therspeutic effectivenscs of quinidine and other
antifibrilleotory agents which vﬁul& act in the same menner.
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SUMMARY AND CONCIUSIONS

A review of the pertinent literature indicated that patients
with atrial fibrillation will be improved significantly following con-
version to normal simus rhythm. Fellowing restoration at normal rhythm,
there should be an increase in cardiac cutput, elimination of funetional
mitral insufficiency, a return of physiologic response to vagal activity
and a decrease in embolic complications.

‘I’hempy, using quinidine, may be disappointing and even
dangerous according to some investigators. Careful control of dosage,
using the electrocardiograph and quinidine blood levels, affords cnly
incomplete protection.

Previous experience inéimtea that there is a poor correla-
tion betwsen the effectiveness of antifibrillatory druge in experimental
animals and the results of ’ﬁria:l in patients with atrial fibrillation.
These observatiocns raise serious doubt that the mechansinm of aetion of
quinidine is related to a prolongation of the myocardial refractory
period, Since the experimentally induced atrial fibrillation in dogs
is presumed to illustrate circus movement or ectopic i‘mi; the failure
to correlate experimental wilth cliniecal effectiveness of drugs studied
in these animals valses doubt as to the value of these theories when
applied to the pathogenesis of atrial fibrillation.

1. The effect of toxic doses of quinidine on the clecirocsr-

diégrm was studied in detail and the interpretation of thesB =ffects
was in accordance with the generally sccepted explanation. 1t was ob-

served that prolongation of the § T interval is due to s lengthening of
the Q R S, When the Q T interval was corrected for heart rate its
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entire increase could be attributed to the prolonged Q R S,

2. Because of the intrinsie diffimltiaa in measuring the
Q R S, the g in%er'nl was utilized in detemird.ng the effect of
quinidizw on the myocardium, Bundle branch block, due to quinidine,
ciid not occur with the dosages used in these experiments, therefore
the prolongation of the q R intervel was &w to gmeralinad slowing.
There was found to be a direct cmﬂrelatiah bsm a  drﬁg’s ability
to prolong the qR interval and its effectiveness in chronic atrial
fibrillation.

3« A new t%smry is pmpnseri that: the effectiveness of
qad.nidim a8 an mﬁifibrillahory agssnt is related to its abiltiy to
prolong myocardial wnduct-m. This is dlametrically opposed to
curreat concepte on the mechanism of action of quinidine in atrial
fibrillation. Ourrently slowing of myocardial conduction is believed
 to represent s deleterious effect of quinidine and prolongation of
the vrefm'etary period, the therapeutic action.

ie A possible site for the action of quinidine in prolong-
ing depolarization is suggeated.
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