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INTRODUCTION
Accompanying the longer life span as & result of

advances made in medicine, there has been a clearly defined
inereass in the inecidence of cardiac arrhythmias, A% the
present time in the United States alone, one of every four
patients with heart disease will develop atrial flbrillatlon
at some period of the disease. While atrial fibrillation

is not a fatal disorder, it does seriously interfere with the
performance and enjoyment of the patient, often resulting in
"eapdiac cripples”. Medieine is not responsible solely for
saving life, but also strives to prolong the useful 1life of
the people.

Atrial fibrillation, also characterized as an irregular
irpegularity arcvhythmia, is many times assoclated with &
peduction in the heart's performsnce (34). During atrial
fibrillation, cardiase output is significantly decreased
(by as much 8s 60 per cent) (58) and this is restored when
the heart beat 1s converted to sinus rhythm. Assoclated with
the depression of cardiac output is & reduction of blood {low
through highly essential arteries; coronary, cerebral and
renal for example (52) {100). During atrial fibrillation,
the heart's response to exercise ls abnormal. The normal
response during sinus rhythm to exercise is an increase in

nheart rate, which, inturn, means an increased cardiac output,



Duping atrial fibrilletion, the heart rate increase follow-
ing exercise, is excessive and recovery iz delayed, Mitral
insufficiener or regurgitation is alse a gonsequence of
atriasl fibrillation {22). Dye-transfer studles show that,
during etrial fibrillstion, dye "escapes” into the retrograde
chamber and that this is a functional event, for there was no
organic lesion of any of the cardiac valves, With atrial
ribriliation, there is a greater susceptiblility to thrombo-
embolic complications., Epidemiological surveys indicate
that these may be in the vasculature of the heart itself,
in the corenary supply system, or in the vascular system
a8 & whole., If an "ideal”, safe drug were to exist,
these consequences might all be prevented by drug-induced
eonversion of all patients with atrial fibrillation te
normal sinus rhythm (45). At the present time, many patients
remain untreated, their arrhythmias perslsting.

Patients with chronic or paroxysmal atrial fibrillation,
who receive the standard guinidine therapy, are converted
to a normal sinus rhythm in but 60 to 70 per cent of the
patients (5) {27); 30 to 40 per cent continue to fibrillate
despite maximal quinidine desage. Of the 60 te 7O per cent
who do ?eapnnﬁ favorably to the quinidine treatment, one-hslf
of these cannot be maintained in sinus rhythm, and they
revert to the former state of atrial fibriliation., Thus, the

overall per cent success with guinidine would be 30 to 40
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per cent. Several clinicians feel that the benefits of
quinidine, even for the few patients responding satisfact-
orily, is not worth the risk; according to Sokolew (96),
one of 300 patients under quinidine therapy, died suddenly.
The merely unpleasant side effects of quinidine have besn
studied and evaluated, since its introduction into ¢lin-
ical medicine; to state just a few, the allergic responge,
drug rash and drug fever, thrombepenia, shock and vascular
collapse (12). "Cinchonism" (37), a syndreme commen to
all of the cinchona alkaloids, is an unusual pensitivity
of the nervous system of certain individuals %o these
alkaloids. Sympteme take the form of tinnitus, vertige,
intense nervous and emotional reactions, and even psyche-
sls. There are also effects of quinidine on the heart it-
self, such as the increased ineidence of eonduction block,
or the development of ectopic foel (8) (102). Quinidine
may depress the heart and suppress the sinus aetivity so
that 1t may force the heart into escape mechanlsms in the
form of idioventricular rhythms and ventricular tachycar-
dia. Therefore, large doses of quinidine, or even small
deses in susceptible hearts, may precipitate arrhythmias
lngtead of preventing them, Thus, there is a need for a
better drug than quinidine,.

The pharmacologle "sereening" methods for the anti-
fibrillatory drugs employs varicus techniques, as those
on isolated heart preparations or the intact animal, to



determine not only the prineciple action of the drugs but also
the side effects and toxleity., The animal studies are para-
doxical in the evalustion of antifibrillatory agents, as re-
garde te prediobing their clinical usefulness, The results
of the animal studies have been used as the basis for many
theories and hypotheses, but the correlations between anti-
arrhythmic potency in experimental animals and effectiveness
in patients with arrhythmias is very disappointing (18).
This makes very difficult the evaluation and interpretation
of antifibrillatery drug "screening” studles in animals (31).
In the préliminary experiments that must be conducted on

the animals, prier to giving the drug to humans, the
experiments on dogs have been found to be useful in 1§enti*
fying the safe maximum dosages and rate of administration
for the humen applieation (95). The electrocardiographic
changes that occur with the administration of various
antiarrhythmic agents, may alse lead to & possible mech-
anism of aetion for these drugs, The ability of the drugs
to alter the depolarization rate of the heart is shown by

the change in the width of the QRS complex and a change in
the width of the P wave (25). The QRS wave 18 the electrical
manifestation of the depolarization time of the ventricles
and the P width, the depolarization time of the atria. Drug
changes indicate a slowing of the rate of depolariszatien of

atria and ventricles, can be sesn in the accompanying



electrographic recordings. (See Figure 1), Any changes
(broadening) of the QRS interval is interpreted as a direct
result of the drug action, for it has been reported (28) that
the duration of the QRS complex is not altered by a change in
heart rate. Both the Q-T and P~R intervals are known to
lengthen with a decrease in heart rate.

Quinldine is the standard drug used clinically for atrial
fibrillation and is the basis of comparison for any new agent
submitted as an antifibrillatory drug. In designing a new
drug, the pharmacologie concept of biochemorphology or
chemoblodynamies is involved, Schueler (90) in his treatise
on the subject, brings ocut the fact that in the complex
structures of drugs, such as gquinidine, certain portions of
the molecule are necessary for activity, or for "suecessful
interaction” of the drug molecule and the biologlcal system
for a real or hypothetical "union”, therefore, & beneficial
pharmacologic response, The other portions of the compound
may produce the harmful effects due to the "unsuccessful
interaction” and actually elicit a blockade or antagonism %o
the biological system, The quinidine molecule is composed
of a methoxy quineoline ring, bridged to a bieycliec structure
called the quinuclidine moiety, which also has a vinyl side
chain. On the bridge between the quinoline and quinuclidine,
there is a sacondary aleohol group. The author feels that

the quinuclidine portion of the molecule is the portion or



EFFECT OF CINCHONAMINE IN RETARDING
ATRIAL AND VENTRICULAR DEPOLARIZATION
(NOTE WIDENING OF QRS AND P WAVES AS DOSE INCREASES)
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Flgure 1. A typloal electrocardiogram of an anesthe-
tized dog, illustrating the perled prior to drug ad-
minlstration as the control on the top, with the
center and bottom recordings obtalned during the in-
fusion of cinchonamine sulfate at 1 mg./kg,./minute,
All records were taken at 50 mm,./second,



"active" component, responsible for the antifibrillatory
activity. Certaln quinoline compounds not containing the
gquinueclidine ring are devoid of antiarrhythmic activity,
where at the present time, quinuclidine ring containing
compounds not substituted by other ring systems are not
avallable., Therefore, we considered that the substitution
of the quinoline portion by some other heteroeyele or alkyl
group may increase the activity of the compound and decrease
many of the undesireable side effects, In search for sueh
a structure, the compound best fitting the requirements was
the alkaleid cinchonamine. (See Figure 2),

Cinchonamine contains the quinuclidine portion with a
vinyl side chain and is bridged to an indole nuecleus, This
structure is intereating, in that it is the first alkaloid
containing a quiﬁuclidina ring also to have an indole nucleus,
whereas all other cinchona alkalolds contain the quinoline
ring system, The indole does not have the methoxy radiecal,
but it does contain an ethanol side chain, primary and not
secondary as with quinidine, The various portions of the

molecule will be discussed later as to their activity.
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Flgure 2, Structural formulae for guinidine and
cinchonamine, WNote that quinidine is & quinoiyl-
quinuclidine ring system, while cinchonamine is
an indole-guinuclidine structure, Both alkaloids
also have an alcohol and vinyl radicals.



THE PURPOSE OF THIS STUDY WAS TO TEST THE HYPOTHESIS
THAT DRUGS CONTAINING THE QUINUCLIDINE RING SYSTEM, BUT
LACKING THE QUINOLINE PORTION, WILL BE EFFECTIVE IN CONVERT-
ING ATRIAL FIBRILLATION TO REGULAR SINUS RHYTHM,

A DRUG'S ANTIARRHYTHMIC ABILITY (AND POTENCY) IN ANIMAL
EXPERIMENTS, DOES NOT SHOW SATISFACTORY CORRELATION WITH
THERAPEUTIC EFFECTIVENESS IN PATIENTS, THUS A LIMITED SERIES
OF QUINUCLIDINE CONTAINING ALKALOIDS WERE STUDIED IN DOGS
WITH NORMAL HEARTS, USING ELECTROCARDIOGRAPHIC CHANGES AS AN
INDEX OF CARDIAC ACTIVITY, AN ATTEMPT WAS THEN MADE T0
CORRELATE DRUG-INDUCED CHANGES ON THE NORMAL HEART WITH THE
BASIS OR BASES FOR TERMINATION OR PREVENTION OF CLINICAL
CARDIAC ARRHYTHMIAS., THESE PRELIMINARY STUDIES, IT IS HOPED,
WILL PROVIDE INFORMATION IMPROVING OUR UNDERSTANDING OF THE
MECHANISM OF ACTION OF QUINIDINE AND IN TURN ON THE GENESIS
OF HUMAN CARDIAC ARRHYTHMIAS,
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Historical Baskground:

Drugs With Antlarrhythmic Activity

Quinidine was filrst ldentified in 1848 by van Heyninger
(97), as one of the alkaloids present in the bark of

Cinchona ledgerderia, then used widely in the treatment of

malaria. It was first prepared as a pure crystalline entity
by Pasteur in 1853 (97). Although exploratory pharmacologic
experiments on gquinlidine are reported in the nineteenth
century, no real interest in it was shown untll the time of
World War I, Wenckebach introduced the l-isomer of

quinidine (quinine) into the treatment of atrial fibrillation
in 1914 (101). He relates that a Duteh merchant presented
himself with a history of two dlseases, atrial fibrillation
and malaria. When the merchant used quinine to suppress his
malarial attacks in Java, he discovered that his eplsodes

of atrial fibrillation also ceased, Wenckebach subsequently
used thils drug successfully in the treatment of other
patients with atrial fibrillation and those with other cardiac
arrhythmlas. von Frey was the first to employ quinidine,

the d-isomer of quinine, in the treatment of atrial
fibrillation (75). He also found that other cinchona
alkalolds, cinchonine and cinchonidine, were effective in
restoring sinus rhythm of patients with cardiac arrhythmias,

but concluded that they were less useful than quinidine,



11,

Gold (37), recently has shown the superior effectiveness
of quinidine to be due to its more complete and uniform
absorptlon from the intestinal traect, when compared with
quinine or the non-methoxyl containing congeners, cinchonine
and cinchonldine, All of these cinchona alkaloids are
quinolyl-quinuclidine derivatives. It 1s thus logical to
assume that any quinolylquinuclidine-containing einchona
alkaleid, injected 1ntravenously, would exhibit an
"equipotent” antiarrhythmic potency on the heart. Such a
hypothesis i1s not subjeet to simple experimental proof, for
the intravenous administration of these alkaloids to patients
with atrial fibrillation is gquite hazardous.

Non-cinechona drugs have been used effectively in the
treatment of chronic atrial fibrillation and other cardiac
arrhythmias. These drugs include: alloeryptopine {alpha
fagarine), quinacrine (Atabrinaqy), sparteine, procaine amide
(Pronestqua), and lidocaine (Xyloaaineqa) (11). while
alloeryptopine and sparteine were effective in chronie atrial
fibrillation, they were too toxie for general use, provoking
serious ventricular arrhythmias and death in as many as
8-10 per cent of the patients treated (26), The remaining
drugs could not terminate chronic atrial fibrillatien, fhough
they find practical use in paroxysmal atrial or ventricular
arrhythmias,
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Thus, it was concluded that a search for a more effect-
ive drug for chronic atrial fibrillation meet probably would
center on alkaloids related to quinidine,

A striking characteristic of Cinchons bark is its red
color, due to the presence of anthocyanine pigments.
Commercial samples of bark were often graded on the basis
of thls coler. By 1880, the cinchona trees of South America
were 8¢ depleted that copper colered barks were substituted,
It was noticed then that the copper colored barks imported
inte Europe were not effective in treating malaria, Upon
chemical examination, they were found to contain ne quinine.
Histologic section of these barks revealed that they were
not true Cinchena, but a related species named Remijia,
after the Brazilian physician whe first deseribed it. This
new bark, Remijia purdieana, Wedd., contained two entirely

new alkalelds, given the trivial names cinchonamine and
concusconine (47)., Pew papers on these alkaloids were pub-
lished between 1881 and 1950; only their melting peints and
emperic étructurea were established, In 1950, Goutarel and
associates (39), ildentified the structure of cinchonamine

as being that of an indole nucleus bridged to a guinuclidine
ring, with an ethanol side chain on the indole melecule,

This structure was interesting in that it is the first
alkaloid discovered containing & quinuclidine ring, but
without a quineline nucleus. 8till other important alkaleids



such as reserpine and yohimbine, psiloeybin, bufotenine and
others, although containing the indole ring, do not have

the gquinuclidine portion, {See Figure 3). The quinuclidine
ring, in & disguised or condensed form, has recently been
deseribed in ajmaline of Rauwplfia (Apocyanaceae, famlly),
and also some of the other derivatives from the same genus,
a8 for example ajmalidine, rauvomitine, and sandwicine,

Other compounds that possess the quinuelidine structure are
gshown, but very few of these alkalolds were available for
study. An isomerlc form of the quinuelldlne ring is present
in the alkalold lbogaine obtained from the African shrub,
Tabernanthe iboga Baillon (acanthaceae), Thus, from Remijia,
Rauwolfia, and Tabernanthe plants, 1t was possible to obtain
several indole-quinuelidine alkalolds for comparison with
quinidine as potentially uaﬁfnl drugs in the therapy of
atrial fibrillation, Only in the last few years has it been
possible to synthesize the quinuclidine ring (14) (41); only
& few derivatives have so far been prepared and the synthesis
is difficult, as starting waterials are not readily available.
The natural quinuclidine-containing alkaloids were thus
¢hosen as a starting point to learn if the indole-quinuclidine
compounds possesses antlarrhythmic properties, Synthetic
quinuclldine derivatives for pharmacologic study remain in
the future,
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Figure 3. The various alkaloids and their plant
Sources are shown, %The indole-quinuclidine alkaloids
fall into two groups: 1, those with a single bond
"bridge” between the two heterocyelics and 2. those
wherein the connecting bridge forms an additional
ring system,

14,



Hecently (63), it was propesed that the quinoline ring
of quinidine 1s not essentlal for its cardiac aetivity, but
rather is responsible for paripheral vasomotor eollapse,

The ring systems of compounds that we have selected for study
allow testing of the theory, that the gquinuclidine ring
system is essentiasl for the antiarrhythmic activity and that
the indecle portion wmay prove to have a lesser amount of the
vasomotor side effects.

The replacement of the quinoline ring with an indole
may not only be effective as an antifibrillatory agent, but
may also have the ability to decrease the frequency or
intensity of the other side effeets that are present in
those agents containing the guincline nucleus,

Quinldine has many side effects, some accounting for
death, others merely troublesome, Among the nntoward.effecﬁa
are those on the cardiovascular system, such as are seen in
the electrocardiogram; broadening of the QRS and P waves,
changes in the heart rate, "escape"” mechanisms, in the form
of idioventricular rhythms or even ventricular tachycardia

It is to be hoped that the alkaloids containing the
quinuclidine nucleus and the indole moiety can be shown to
be as therapeutiealiy effective as quinidine, but with fewer
toxic actions on the heart, Other undesireable actlons of
qulnidine ineclude non-cardiac actions summarized under the

syndrome of "cinchonism”" (12). fThe actions of quinidine on
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the central nervous system are many and varied and apre
charecterized by a ringing in the ears, blurred visien,
tremor, light-headedness or glddiness, emotlonal changes,
and even psychosis (9). Other side effects that may be
occasionally seen are; headache, excitement, confusion,
delirium, photophobia, diplopia, apnea, convulsions and
shock (13). The actions of quinidine on the gastro-intestinal
system include: nausea, vomlting, sbdominal pain and
dlarrhea (95); while on the renal system, the effects take
on the form of nephrosis and anuria (57), The allergic
responses to quinidine are similar to those found for any
drug given for a prolonged peried of time, namely; drug
fever, rash, urtiearia (73) (94), ginglival hemorrhaged (98),
exfoliative dermatitis, eczematold reactions {99), sinus
thrombosis (86), leucopenia with transient spenomegaly (48),
and thrombocytopenic purpura (10) (60)., Despite all these
slde effeets, quinidine is the drug of cholce for the treat-
ment of most cardlac arrhythmias and has remained the
standard of comparison during the 44 years since its
introduction. 7o be accepted however, an effective
antiarrhythmic indole gquinuclidine alkaloid must be shown
to have fewer side effects than quinidine,

The biochemorphologic approach (90) to the study of
compounds intended for therapy of cardiac arrhythmiess has

two objectives; 1t may lead to the design of an "ideal® drug
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or may provide information about the site or mechanism of
action of the drug which may shed light on the basic
mechanism of the disease itself, In the biochemorphic
approach, attention 1s focused on the chemical structure of
drugs, Various portions of the molecular structure may be
removed by chemical degradation, or & chemically related
series obtalned by the addition of various radicals to the
baslc molecule. All drugs are then examined pharmacologically
and chemieal structure-biological activity relstionships
derived. The various cinchona alkalolds and available
chemical derivative have been studied in a preliminary
fashion for such structure-activity relationships (23) (3).
The methoxy group, though not essential, contributes to the
inereased activity of quinidine, as compared to cinchonine,
its congener, apparently by virtue of improved absorption
from the intestine, The secondary alechol radical may be
replaced by an alkyl or ether molety without loss of effect-
iveness in malaria. The quinoline portion may be replaced
oy a number of aromatic radicals, such as naphthyl or phenyl
without loss of the antimalarial activity of the compound,
Certain animal studies would suggest parallel changes for
antiarrhythmic action, but these derivatives have not been
tried in patients, On the quinuclidine ring is a vinyl

side chain, which seems to decrease the antifibrillatory

potency, as gompared to the saturated form {(91). For in the
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commercial preparation of quinidine sulfate, there is
approximately 20 per cent of the saturated form, or
dihydroquinidine, which when tested alone in patients with
atrial flbrillation appears to be more potent than the
parent derivative, quinidine., Thls apparent advantage for
dihydroquinidine is subject to gquestion, for differences in
reported potency may not be statistically significant; double-
blind studies have not been made, Dihydroquinidine is used
by physiclians in Algeria, the rest of the world uses
quinidine, It seems juatifiable to conclude that either a
vinyl or ethyl side chain on the quinuclidine ring retains
the antiarrhythmic activity.

Cinchonamine was the simple choice of a compound which
fulfilled the above chemical requirements, It does contain
the quinuelidine portion and has a primary alcohol on the
indole nucleus, The vinyl side chain 1s present on the
quinuqlidine portion, so that structurally the two compounds,
quinldine and cinchonamine, are quite similar, (See Figure 2).

Clinical Cardiac Arrhythmias

A discussion of atrial fibrillation and other eclinical
cardiac arrhythmias is necessary for two reasons; first to
examine the baslec pathophysiologic or pathoblochemic
mechanlsms establishing the arrhythmias and so to provide a

pharmacologle point of attack for drug studies, and secondly
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to establish the deleterious effects of the arrhythmia on the
patient and so provide indications for the administration of
antlarrhythmic drugas. One of the earlies hypotheses concern-
ing the nature of atrial fibrillation was proposed in 1874

by Aubert and Dehn (6) (7)., They suggested that the altered
rhythm was produced by injury to a "nervous coordination
center” in the heart. Other than the sino-atrial node, no
such "coordination center” in atria can be demonstrated,
Engleman (33) then noticed that various parts of the
fibrillating atria were in different phases of contraction
at any given instant of time, and in 1895 proposed the
existence of multiple isolated areas of impulse, or focl.
From this tentative suggestion, has developed the "ectopic
fool" theories of the genesis of atrial fibrillation and other
cardiae arrhythmias as well, The "ecircus movement" theory
of atrial fibrillation was developed from MacWilliams'!
hypothesis of a re-entry phenomenon (64), In the conduction
of an electrical impulse from sino-atrial node to atrio-
ventricular node, the impulse wave was believed to re-enter
areas previously stimulated, and restimulating them, Garrey,
in 1914 {35), proposed the existence of a circular movement
for this re-entry wave in atrial fibrillation. The resulis
of the detalled studies by Sir Thomas Lewis and his co-
workers (30 {61), has resulted in an almost universal

acceptance of the "circus movement" theery,



Lewis, in 1918, concluded that atrial fibrillation was a
"eondition in which a aingle wave curculates continuously
the auricular muscle, The path taken both by the central
and ecentrifugal parts of this wave is sinuous and varles in
greater or lesser degree from cycle to cycle (58)." This
conclusion was proposed as an alternate theory to that of
MacWilliams (04), who postulated that the excitation wave

of fibrillation pursued a sinuous course through the atria,
traveling in a direction determined by the execltabllity of
the muscle fibers in its path, and that the cause of
floriilation was to be found in the conditlon of the cardiac
muscle itself, In recent years Lewis' concepts have been
challenged, At the present time no one theory for the
mechanism of atrial fibrillation or indeed any cardiac
arrhythmias is universally accepted. The theories do find
counterparts iln animal experiments providing e basis for
pharmacologic experiments, That 1s experimentally produced
disease (arrhythmias) are.preaueed in normal dogs to detect
antiarrhythmic potency of the drugs to be tested, By
placing aconitine or acetyl choline on the atria, arrhythmias
are formed presumably because of the formation of an ectopie
focus, Rosenbleuth and Garcia-Ramos (87), crushed the
intercaval bridge of the heart of dogs with forceps and the
arrhythmias whiech resulted are presumably caused by

establishing an inter-atrial circus movement,
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The deleterious effects of cardiac arrhythmlias are well
established, particularly through the recent studies of
Prinzmetal and Corday (75). The heart provides bloed
supplying all tissues and cells of the body with oxygen and
nutelients, and provides for the removal of carben dioxide
and waste products of mebtabolism, An average adult male's
heart, welghlng approximately 350 grams, will, during the
70 year 1ife span, beat some 3 billion times, pumping and
eirculating a total of 15 million gallons of blood (11).
Complete failure of the heart for as brief a time as 85
seconds results in death of the individual; partial failure
results in heart disease, severely limiting the activities
of the victim,

Disturbances in the rate or rhythm of the heart, which
are followed by a lowered cardiac output, an inefficient
coronary bleod flow, formation of & functional mitral or
tricuapid valve regurgltation and an increase in the
frequency of the complication of thrombo-embolic phenomena,
are the maln problems that need attentlion in the fibrillating
patient (75). Blood flew to other vital areas, due to the
deleterious effects of the arrhythmia is also impaired; for
example the renal blood‘flcw is decressed, along with that
of the cerebral and mesenterie flow (52). Therefors, a
termination of the arrhythmia would be accompanied by; an

increase in the cardiac output, an important reduction in
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the camplieatianiar the thrombo-embolic phenomena, an
increase in‘tha blood flow to the various important areas
of the body, coronary, mesenteric, cerebral ete, the dis-
appearance of mitral and/or tricuspid insufficlency, an
efficient response of the patient to exercise and a de-
crease in the venous pressure,

Atrial fibrillation, perhaps the most common of the
arrhythmias, may be ﬁénaiﬁercd as the spring-board of
other arrhythmias. In the patient with chronic sustained
fibrillation, only quinidine and the toxlec allocryptopine
are effective in rasﬁoring 2 normal sinus rhythm, Quini-
dine 1s also effective in arrhythmias other than atrial
fibrillatien; paroxysmal atrial fibrillatien, atrial flut-
ter, parexysmal atrial tachycardla, premature ventricular
systoles and ventricular tachycardia, Other drugs are
effective for a specific type of arrhythmia, but only
quinldine can be sald to be a general antiarrhythmie drug.
Therefore, drugs having a close structural relationship
to quinidine may also have a general antiarrhythmic action,

Atrial fibrillation, a disturbance in the rate and
rhythm of the heart 1ls the most common persistant arrhythmia.
Except in hyperthyroldism, it is rarely seen in the ab-
sence of organic heart disease, Paroxysmal atrial fibril-

lation 18 however, often found in hearts without organiec



disease, Atrial fibrillation is commonly associated with
mitral stenosis, thyrotoxicosis, arteriosclerosis, conges-
tive heart failure and hypertension, It is rare in sortic
disease and in subacute bacterial endocarditis. In the
paroxysmal type, the patient may suddenly develope tachy-
cardia, palpitation, precordial pain, dyspnea, vertigo,
nausea, pallor or even collapse, These attacks are often
associated with hyperthyroidism, undue exertion, acute in-
fection or the use of drugs, alcohol or tobacco. Reeur-
rent or persistent attacks give rise to the chronic form,
commonly assoclated with congestive heart failure. Other
than the enlarged atris and sustalned increase in the
intra-atrial pressures, no characteristic pathologle les~
lon can be identified as responsible for the onset or con-
tlnuance of atrial fibrillation,

The orderly sequence of atrial contraction is replac-
ed by a chaotic, inefficient contraction of auricular
muscle, The engorged and functionless asuricles show PApD-
id, futile, fibrillatory twitchings at a rate of 450 or
more per minute., The ventricles, unable %o respond to
but relatively few of these atrial stimull, because of
functional atrioventricular blosk, usually have a rate of
about 120 and rarely over 140 per minute., Their contrac-
tions are totally irregular, both in forece and rhythm,

This rapid and irregular heart action leads to inadequate
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diastolle ventricular filling, with a resultant inability,
due to weak contractions of many“beats, %o open the aortic
valve leaflets, A pulge deficlt results; the difference
in heart rate at the apex and radial pulse varying from
10 to 100 beats per minute (9).

Atrial fibrillation and flutter are similar in nature,
Fibrillation, according to the interpretation by Lewis'®
hypothesis, is caused by the "cirecus movement" within the
auricular museulature, which travels at a variable rate
anf follows an inconstant path, Flutter is then belleved
to be due to the "eircus movement" within the auricular
muscle, following a constant path at a constant rate, Thus,
there has been proposed, because of the close similarity
of these arrhythmias, a "unitarian” theory (75). This
theory suggests that there is no essential difference
among all atrial arrhythmias; premature atrial contract-
ions, atrial tachyecardla, atrial fibrillation or atrial
flutter, They differ only in the rate of stimulation
(cireus wave) and the rate of response, thereby they are
classifled as different arrhythmias. Atrial premature
systolle rhythms appear to be almos® identical to s nor-
mal slow sinus rhythm., Only occasionally is a cireus wave
activated, resulting in an occasional P wave of sbnormal

configuration, In atrial tachycardia (paroxysmal), the
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rate of discharge from the sinus node exceeds the rate
of discharge from the A-V node, and no aberrant éircus
wave need be proposed, or the wave is rapld and uniform,
The ventricles respond to each auricular beat. Then,
with atrlal flutter, the rate of discharge from the cir-
cus wave falls into the range of approximately 300 to 400
beats per minute (62); atrio-ventriecular block occurs and
a dlscrepancy of atrial and ventricular contractions
occurs, Atrial flbrillation also follows when the rate
of discharge from the circus wave exceeds the ability of
aurieies to respond rhythmicslly. This threshold for
fibrillation is usually between 400 to 600 per minute,

A similar "unitariasn" theory can be developed using the
ectopic focus (foci) mechanism for all atriasl arrhythmias.
The various types of arrhythmias are caused by variations
in rate of discharge and/or sites of ectoplie focus (foei).
Since there is a unity of cause of these arrhythmias,
therefore these arrhythmias will all respond to but a
gingle antiarrhythmic-antifibrillatory drug.

The ventricular arrhythmias might also be considered
from the point of view of the "unitarian" theory. That
is, that premature ventricular systoles, ventricular tachy-
cardla and ventricular fibrillation originate from the

same ectopic foel, thersefore a unity in the cause of the
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arrhythmia, Ventricular premature contractions are initiat-
ed in either ventricle by an eetople focus {foci), and other
than the occasional "prefiring" of the ventricle, the

rhythm 1s that of normal sinus rhythm, Paroxysmal ventric-
ular tachycardia differs from premature ventricular systoles
only in the increased rate of impulses from the ectopic
focus, Ventriocular fibrillation is the same as ventricular
tachycardia except for the further inerease in rate of fip-
ing of the ectople focus., With this hypothesis, all of

the ventricular arrhythmias would respond to but one
"antiarrhythmic-antifibrillatory” drug.

There are drugs which can be used to prevent or terminate
aardiac arrhythmias, but cannot, or should not be clas-
sified as éutiarrhythmic drugs because their action on
arrhythmias i1s secondary to their more impertant pharma-
colegle action, For example, hydroxyzine pamoate(Viatarifgb
is used as an antiarrhythmle to abolish ventricular extra-
systoles and paroxysmal ventricular tachyecardia, but its
main pharmacologlc action, like that of phenobarbital,
is on the central nervous system; a tranquilizer drug.
Presumably it suppresses the discharge from the anterior
or posterior hypothalamus, Electrical stimulation of
these areas, using a stereotoxic instrument, has been
shown %o provoke extra systoles (69), Procaine amide

(Pronesty’®) may be said to depress the "{rritability” of
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the cardiac muscle, and for both atrial and ventricular
extra-systoles, by virtue of 1ts local anesthetlc action.
This drug falls when the arrhythmis 1s not assoeclated with
an orgenic leslon causing hyperirritability. Norepinephrine
(Levaphadqﬁ) is effective in suppressing arrhythmias only
when they are caused by an abrupt fall in the blood pressure
such as may occur in myocardial infarction, when this
compound is really acting as a pressoramine., 8ince these
and other drugs do not have a primary pharmacologic action
on the heart, they cannot be considered to be antiarrhythmie

drugs.

Studies of Antilarrhythmic Drugs In Experimental Animals
The first attempts to study antiarrhythmic drugs in

animals followed immediately on the publication of 8ir Thomas
lewis' {61) concepts of the circus movement, He believed
that if a drug were %o prolong the refractory time perioed

of the heart, then it would so lengthen the path of the
circus movement that it would collapse by meeting unreactive
tissue and sinus rhythm would resume., Quinidine was shown

to prolong the relative refractory period of the beating
heart and study of other drugs soon followed, During

World War II, Dawes (24) devised a simple technique to
measure the effect of drugs on the atrial refractory period,

Isolated rabbit atria are placed in & heated bath and
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stimalated eleoctrically. As the frequency of the stimulus
is increased, 8 thresheld will be reashed, where the atria
will no longer comply with a 1:1 response to the applied
stimulus, The reciprocal of this maximum response rate
{frequency) is a measure of the refractory pevied., Sines
the stimulus intensity is some arbitrary value above
rheobase, the measurements are termed "effective refractory
period”. Quinldine, loeal anesthetics, antihistamines and
a large variety of other drugs prolong this relative
refractory pericd (25).

The means of producing atrial fibrillation in
experimental animals in the laboratory for the testing of
antifibrillatory drugs may be divided into three main groups;
first the drug or chemleally induced form of fibrillation,
as in the direct application of the alkaleoid aconitine to
the surface of the myocardium; secondly there is that form
of fibrillation seen as a result of electrical stimulation,
and lastly there 1la the mechanically induced fibrillation
of the atria by lnjury or surglecal manipulation., Those
experiments resulting in atrial fibrillation from electrical
stimulation of the aurlcle, at a rate of 500 to 1000 per
minute do show a characteristic brisf atrial fibrillation.
At a critical threshold current the arrhythmia appears after
the current is shut off, "nachflimmern”, After the threshold

eurrent has been derived, drugs were then infused and the
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stimulation reapplied, If there was a rise in the thresheold
current required to ellcit the post-stimulation arrhythmia,
the drug was considered to have potential antifibrillatory
activity., The chemlcal induction of atrial fibrillation

by aconitine was first used by Matthews and Cushny (21).

It has been used both as toplcally applled crystals or as

a solution in benzene, often on a paper pledget, or can be
injected subepicardially in an area nesar the sino-atrial
node (20). The local application of the aconitine seems

to be preferred by most investigators using this technique
(75). Acetyl choline or acetyl beta methyl choline
(Heaholqug)alaa has been appllied in the same manner. They
provoke atrial arrhythmias apparently identilcal to those of
aconltine in nature and cause, but are of shorter duration,
The third technique. that of injury, as in the crushing of
the auriecle; or by teasing the atrla with a wooden applicator
or by heating the atria with hot lamps, were found to be the
least reliable (75). All of these techniques for provoking
atrial fibrillation in animals whether electrical, chemical
or mechanical, are believed to involve a common cause, the
local tissue release of acetyl choline. Atropine is effect-
ive in preventing or terminating all of these arrhythmias,
Atropine in large doses, however, does not terminate clinilcal
atrial fibrillation. Therefore, the results of drug studies

on the experimental arrhythmias in experimental animals may
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have no value whatsoever in predicting usefulness of the
drug in man,

A variety of techniques have been developed %o provoke
ventricular arrhythmias in experimental animals, Premature
ventricular contractions and other ventricular arrhythmias
follow aconltine or acetyl cheline applications to the
ventricle and result from electrical or mechanical
stimulation, Ventricular arrnythmias'fallaw‘che administra-
tion of several drugs administered systematically; for
example, digitalis overdosage, Amodiaquin {Camoquin)
produces ventricular bigeminy; eplinephrine alone provokes
all types of atrial and ventricular arrhythmias; epinephrine
following eyclopropane inhalation causes ventricular
tachycardia and eplnephrine following chloroform inhalation
results in ventricular fibrillation (68).

There 1s general dissatisfaction with the results of
8ll of these antiarrhythmic pharmecologic studies, so much
so that in turn, it casts grave doubts on all hypotheses
for the mechanisms proposed for the genesis of arrhythmias,
Luther Terry in a speech at the National Institutes of
Health stated that 1284 compounds were selected as having
antiarrhythmic potency fiom animal studies, 58 had low
enough toxlelty to be gilven e¢linical trisl. None of the
58 drugs tested in patients with arrhythmias showed useful

therapeutic effects.
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There are, however, many observations of the
pharmacologic actions of quinidine on the heart, which may
prove to be useful in the evaluation of the potentially
useful antiarrhythmic indole-quinuclidine alkaloids, The
hypothetical basis for these studies can be described
briefly as a "toxic parallelism". The assumptions are that,
quinidine exerts some unknown action which is responsible
for preventing or terminating arrhythmias., This action is
subtle and not yet recognized in studies on animal hearts
in slous rhythm. With toxlc doses of quinidine this subtle
action of quinidine on the heart is intensified and can be
measured, It must be assumed that these seme actlons, when
elicited at lower therapeutic doses are in fact, vesponsible
for the therapeutic (antiarrhythmic) effect, Further, it is
assumed that new drugs showing toxic actions parallel to
those of quinidine on the heart, that these new drugs will
have & high probability of antiarrhythmic poteney when given
in lower (non-toxic) doses to patients with arrhythmias.

The direct actions of quinidine on the heart are best
measured by the electrocardiogram. They are, in general,
dose-intensity related and include: broadening of the QRS
and P waves, prolongation of the P-R and Q-T intervals;
appearance of U waves; transitory tachycardia, then brady-
cardis; reversal to an upright deflection of the T wave

and with an lnereased height and area; change in S-T junction
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posltion; decreased helght of R and an inerease length of
8 wave {(31).

Therefore, the effects of various indole~guinuclidine
containing alkalolds were adminlstered by intravenous drip
providing a continuously inereasing dosage and the electiro-
cardlogram recorded (amo continuously), At the present
time, only suecessful c¢linical trials can show that the
“"toxic parallellism” concept is useful in the discovery of

new antiarrhythmle drugs.



METHODS AND MATERIALS

The evaluation of the indole~guinuclidine alkaloids
as antiarrhythmie drugs invelves three different types of
experimental approach:

&, Chemical: 1isolation, purification, and identifi-
catlon of alkalolds from plant sBources;

B, ?harmacologieal: cbgervation and measurement of
the responses of the dog heart to the indole alkaloilds;

¢, Clinieal: human pharmacelogic investigation of
the indele alkaloids in patients with cardiac arrhythmias,

In some instances, there will be no mentien of an exper-
imental method and/or materials used, but this information
will be found in the results section for 1t seemed preferable
Lo include their description along with the experimental data
later on in the text. This will facilifate understanding
the results cbtained., The experimental procedures actually
used are thus outlined here, giving details of those tech-
niques whioch are not adequately deseribed in the section of
results,

A, Chemical Methods.

The isclation of cinchonamine from Remijia purdieana,

Wedd,, followed the standard metheds for the extraction
of alkaloids from plant materials, The salts of weak
organic acids of nearly all tertiary alkaloids are soluble
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in aleohol., Thus, ground RemijJia bark was extracted with
acid-alcohol, Sufficient acetic acld was added teo obtain a
pH of 4.5 %o 5.5, By thie process much tannin, cellulose,
lignins and other polymer materials were separated from the
desired alkalelids.,

The next stage in purification takes advantage of the
amphoteric nature of plant alkalolds. The aquacus-aleocholic
solution of the alkaloid-organic acid salt is made strongly
alkaline; forming alkaloid bases, Ammonium hydroxide is
used, for water-soluble sodium phenates which are formed
if the alkaloid contains a phenolic hydroxyl group. Using
& relatively non-pelar solvent, such as ether or chleroform,
the alksloid bases are transferred to the erganiec solvent
phase, leaving behind agueous-alceohol seluble impurities,
which aré not amphoterie by nature, Finally the alkaleid
basee are tranaflerred from the organic solvents te water by
forming salts of strong acids. Briefly, the ether 1s extrac-
ted with dilute sulfuric acid. HMuch colored matter, antho-
eyanine dyes and chlorophyll and its degradation products re-
main in the organic selvent phase and are discarded.

Purification of the alkaleids is a highly individual,
empiric precess, Fractionsl ecrystallization, using a
variety of non-polar, semi-pelar and pelar solvents was

tried. The nine transfer Craig counter current distributien
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system, lnvolving & two phase system of buffers at varying
PH and mixtures of solvents, is very effective in purifying
alkaloids and separating them as well., The right combinat-
ion of components of the counter-current system must be
determined by trial and error. Column chromatography,
particularly using “"activated” alumuna or the newer polymer
resins and differential elution of alkalolds, removes
impurities and is also a powerful purification tool.
Conditions again are established by trial and error.

Recent developments of analytle techniques have
enormeusly facilitated the ldentification of alkaloids., No
longer must we depend alone on melting points of the
alkaloids and their salts, although they are still done,

The general alkaloild precipitating reagents, Wagner's,
Dragendorff's and Millon's, were useful to detect the
presence of alkaloids during the fractionation process., The
precipitates depend on the reduction of agueous sglubility

of the alkalolds upon the addition of iodine or mercury. The
ultraviolet absorption spectra, using a Carey recording ultra-
violet spectrophotometer, provides some clues as to identity
of the alkalold but is most valuable in establishing purity
by comparing the molecular extinction coefficient of a
c¢harascteristic maximum or peak, with that obtained from
known samples or reported in the literature., The infrared

absorption spectra, obtalned from a potassium fodide pellet
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in the Perkin-Elmer 221 ¢ inatrument is a most valuable
ald in identifylng alkalolds. The multiple absorption bands
in the infrared region of the alkalold may be compared with
those of a known sample or the published literature, It
is also possible to ldentify partlcular structural moleties
which have a characteristic resonance resulting in an
absorption band at a known wave length (or frequency).
Nelther the nuclear resonance spectrograph nor a polarimeter
with sufflclent resolution were avallable to provide their
information on fine structure of heterocycles or stereo
lsomerism,

B, Pharmacological Methods.

The pharmecologic procedures adopted for the anti-
arrhythmic studles in animals were of two types. The
influence of the various indole alkaloida‘and quinidine on
the electrical properties of the heart were studied from
electrocardiographic recordings. Secondly, various
ventricular arrhythmias were produced in dogs by various
technlques and the indole alkaloids used in an attempt to
prevent the arrhythmias being established or to restore
sinus rhythm, the ventricular arrhythmia already present.

Electrocardiographle methods: Adult mengrel dogs of
elther sex vere welghed and anesthetized with sodium
pentobarbital administered either intraperitoneally or

intravenously. The dose of pentobarbital, usually 30 mg.
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per kilogram, was supplemented as necessary trying to
maintain a constant (light surgleal III.) level of anesthesia.

The electrocardiogram was recorded using either the
portable viso-cardiette or Sanborn Model 15C four channel
recorder. A 50 mm per second paper rate facilitated measure-
ments, A lead II record was obtained in all experiments.
In most experiments selected records were taken using
augmented limb leads AVR, AVL and AVF and right chest v3a
or left chest Vg to Vg leads these electrocardiograms were
recorded almost contlnuously throughout drug administration
and intermittently (10 to 15 min, internal) for a 3 to 4
hour post-drug time period.

For analysis, the electrocardiograms were placed in
an opaque projJector (Rectolinsoscope) and enlarged on a
screen, The manificabion was 55 to 60 diameters, Four
heart beats from sach record were traced on millimeter
graph paper using the upper border of the trace made by the
electrocardiographic stylus, The interpretation of the
electrocardiogram followed the standard elinical practice
as established by the New York heart assoclation., To
measure the length (or duration knowing the paper speed)
of the QRS wave a lead was selected having both a Q and 8
wave. QRS width was measured from that point where the Q
leaves the isoelectric line until the end of the S wave.

Since the 5,T. junction was not always at the isoelectric
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line, the end of the QRS wave, therefore, may not always

be on the isoelectric line. The beglinning and end of the
waves of the electrocardiogram is a mathematic asymptote.
In order to facilitate a declsion as to origin and termina-
tlon of waves, tangent lines were drawn through the siaya
of the wave and also the isoelectric line., In this way

the small arc formed between the intercept aids identifi-
cation at the beglnning and end of any wave,

The measurements of Q»E and P-R intervals offered no
difficulties, although those leads were chosen depicting
the largest waves (i.e., the greatest voltage) and inverted
T or isoelectric T waves avolded when possible., It is
noted that as in standard practice, the term P~R interval
is used, though 1t is a P-Q interval.

Unlike the wildth of the QRS and P waves, the duration
of the Q-T and P-R intervals varies inversely with heart
rate. Thus any drug-induced change in Q-T or P-R interval
may be the direct result of drug action or secondary to a
change in heart rate. The influence of heart rate on these
intervals was eliminated by using "corrected” time intervals.
In this procedure, the Q-T and P-R interval duration is
computed at the arbitrarily selected heart rate of 60 per
minute, This rate was chosen because the reciprocal of

heart rate, the R-R interval is 1,0 seconds or 1000 msec,;



a simple mathematical divisor. Bazette's formula (25):

r, - T
"R-R

*
was adopted for the "corrected” Q-T, interval, Fujiwara's
relationship between P-R interval and heart rate (25) was
fransformed algebralcally to the following expression:

Fa—ﬁc -y 1&751{' F-R
M

R-R
The time intervals of electrical silence or "diastole"
for atria and ventricles were derived by difference. Thus,
the time required for electrical diastole was subtracted
from the total tlme of electrical systole viz.,
for atria S¢Ty, = P-Ry - P width
for ventricles SgT, = Q-T, - Q&S

———

The measurements of various waves, or time intervals,
of the electrocardiogram, from any one lead, were found to
vary widely from dog to dog. Further variation iz encount-

ered in those same measurements from one lead to another.

*?he interpretation of these corrected time intervals must
be used with caution. The original data was obtained on
volunteer human subjects varylng the heart rates from 58 to
130 per minute by exercise. The valldity of adapting these
formulae to anesthetized dogs with heart rates varying from
130 to 200 per minute has not been examined.
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To clarify the interpretation of drug-induced changes eof
these wave and interval durations, the results are express-
ed interms of per cent change. In this way, each dog
served as its own control, the drug effect being some per
cent increase or decrease from the pre-drug control record
taken as 100 per cent., To cite an example, a control QRS
interval of 80 msec. broadened to 160 msec. by drug action,
would be expressed as 100 per cent lncrease.

All drugs were administered by continuous intravenous
drip at a constant Paﬁe. Although serew-driven syringes,
using constant speed motors were tried, the calibrated
Murphy-drlp technique was most practical, A femoral vein
was exposed by cut-down and catheterized with a poly-
ethylene tube of sultable size, The Murphy-drip devise
was adjusted or calibrated to deliver 1.0 ml. per minute.
The concentration of quinidine gluconate or the indole
alkaloids were then varied to obtain the desired dose in
mg. per kg. per minute, Sterile normal saline was used
a8 a diluent, A few preliminary experiments were necess-
ary to arrive at an optimal dosage rate. For each drug,
an arbitrary rate of administration was chosen and the
intravenous perfusion continued until the dog dled. A
satisfactory or optimum rate of administration was then

obtalned when death occurred within about 30 to 90 minutes
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after starting the injection of the drug. These times were
chosen merely to allow time for 2 to 4 dog experimentes to
be performed in one working day. This technique provided

a large series of many dosages with a eurreépendingly large
number of observations (the electrecardiogram), The rate
of administration, chosen in this manner also yielded a
progressively increasing serles of dosages, permitting
plotting of a dose-response curve for each drug on every
parameter studied. The dose increased, for the rate of
administration exceeded the rate of drug loss from liver
metabolism or renal excretion,

In some, but not all experiments, respiratory move-
mente and blood pressure were recorded simultaneously
with the electrocardiograme., The trachea was exposed,
cannulated and connected te a Marey tambour in the tradi-
tional fashien. The rubber tambour, however, was conneci-
ed to a strain guage transducer and a carrier wave Wheat-
stone bridge pre-amplifier used in the Sanborn multichan-
nel recorder, Blood pressures were recorded from a poly-
ethylene catheter inserted in a femoral artery. A Statham
P 23 D strain guage transducer and carrier wave Wheatstene

bridge system were used.
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Techniques for producing ventricular arrhythmias in dogs.

The detaills of the techniques used %o provoke experi-
mentally~-induced ventricular arrhythmias is presented co-
1n¢idantally with the recording of results of the indole
alkalold experiments in preventing or terminating these
arrhythmlas, This, it was belleved, would ease understand-
ing the results obtained, Moreover, each technique has been
modified to adapt to equipment avallable and modernized more
in terms of modern pharmacologlic concepts, In one instance,
that of amodiaquin-induced ventricular bigeminy, the
technique was devised from an observation in the literature.
Thus, while an experimental method, it actually was
developed during the course of these studies.

€. Clinical Method and Material,

Before any new drug can be submitted to a large number
of physicians (clinicians) for eclinical trial, to establish
its potential place in our therapeutic armamentarium, human
pharmacologic studlies must be performed., In these human
pharmacologlc studies, the general plan followed i3 to
administer a single dose of the drug that is believed well
below that dose provoking any pharmacologlec response, Some
quide %o select this dose 18 to be had from the animal
experiments done earller, Howsever, there are still

unexplained differences in mg., per kilogram doses between |
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animals and man, This dose is then increased until a
definlte pharmacologic response or desired therapeutic
change takes place in the human volunteer or patient. The
dosage increment adopted for the new drug 1= usually based
on previous elinical experilience with similar drugs. In the
antiarrhythmic drug field, the dosage increment has been
traditionally a factor of the square root of two, or twe
itself (i.e., doubling). It is obvious that the appearance
of any troublesome or potentially dangerous slde effect
necessitates immedlate discontinuence oif the drug.

The ¢linical human pharmacologic studles of ajmaline
and cinchonamine in patlents parallels th@ycarﬁiaa study of
these same drugs in the anesthetized dog. That is, for the
electrocardiogram, blood pressure and respiratory activity
were recorded at frequent intervals as the dosage level of
the drug was increased. This parallelism of study,
decreases the risks inveolved when a drug is to be given
for the first time in history to a human being. That is,
despite differences in dosage between dog and man, certain
quide posts or warnings of danger, are avallable. It was
known, for example from the study in dogs, that following a
prolongation of the QRS interval from 50 to 100 per cent,
that A-V block would ocecur, Simllarily an excessive rate
of adminlstration of the indole alkalolds in the dog caused

tachycardla and hypotension, These warning signs of
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potential danger were accidentally confirmed in a patient
vhen a defective Murphy-drip tube allowed too fast a rate
of administration of the drug.
-~ It was possible to solicit information about the
subjectlve symptoms of the new drug effects in patients.
Some of the experimental detalls of necessity are

inecluded in the description of the clinical results.



45,

RESULTS

A, Extraction of Alkaloids from Remijia purdiesna.

The procedure as described by Hesse (47), was used for
the 1soclation of the alkaloids of Remijis purdieana, Wedd.
The following is & simplified outline "flow-sheet” for the

process: (See Figure 4)., A 40 kilogram sample of the

dried bark of Remijia purdieans was obtained from Bogata,
Columbia. The botanical identification was cartiriad by
Sr, botanico, Dr. Rafael Romero Castaneda, Ministerio de

»
Agricultura, Republica de Columbia, The bark was ground
in a Wiley Mill using 1 mm, mesh screen. The total

alkaloids of the ground bark were then extracted with 95
per cent alecohol at room temperature by maceration and
percolation. Ground Remijia bark was mixed with Monterey
white sand, 1 part sand to 10 parts bark, to minimize
packing in the percolator. A total of 170 liters of alcohol
was used, with sufficlent glaclal scetic acid added to
maintain a pH of 4,5 to 4.9 (eca. 600 ml.), The alcohol

was divided into five portions, sach allowed to stand with
the bark from 24 to 48 heurs; the final alcohol extract

*This material was supplied through Astra Products
Farmaceutico Ltd., Bogata, through the courtesy of

Dr, Bengt Christiansson AB Astra Sweden, without who's
generous assistance, this work could not have been done,
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EXTRACTION PROCESS FOR THE
ISOLATION OF THE ALKALOIDS

FROM REMIJIA PURDIEANA

GROUND BARK
+

Ethy! alcohol and
acetic acid (pH 4-5)

¥ v
Residue (discarded) solvent + H20 + NH4OH(pH 9
! Ether extraction
v v
| Ether phase, total alkaloids Alkaline aqueous (discarded)
! FEay HpB0, filtered
v v
| Ether phase, evaporated.& precipitate; crude CONCUSCONINE
| residue taken up in dilute H2804 804
+ 0.5y HNO
LR 3 filtered
| \ ¥
agqueous phase + NH4OH (pH 9.0) precipitate; crude CINCHONAMINE
! .
| extract with ether NO3
. ¥ L4
alkaline aqueous (discarded) ether  evaporated

crude CINCHONINE base

Figure 4, Outline of the extraction process for the
isolation of alkaloids of Remijis purdieana, Wedd.
Some of the minor steps have been omitted, but the
overall scheme shows at which points concusconine,
cinchonine and cinchonamine were obtained.
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gave a positive Wagner's test at a dilution of frem 1 to 8,
to 1 to 16 {70). The dark red-bleck aleohol extract was
next concentrated., The alcohol was distilled off in &5532
{water aspirater) using a stream of nitrogen gas, and
maintalning the bath temperature from 30 to 40° C, The
last of the alcohol was removed by fan from evaporating
dlshes, These precautions were observed because the indole-
containing alkaloids are unstable to heat, light and oxygen.
The black tarry liquid remaining, 21.3 liters, was
ehilled, saturated with nitrogen gas and made alkaline with
2.5 N ammonium hydraxide, to a pH of 9.0, 400 ml, aliquots
of this extract were placed in separatory funnels with 200
ml, of ether (purified to remove peroxides) and placed on
a rolling extraction apparatus for 20 minutes. A second
and third extraction was necessary using 200 and 100 ml,
aliquots of ether respectively, to complete the transfer
of alkaloid bases to the ether @hasa.* Emulsions formed
but two layers separated ocut on standing., The intensely
green ether extract, 38,7 liters, was washed with ice

water.

*A brown clay-like precipltate formed in the aqueous phase
alfter extraction with ether, This was collected, filtered
and dried and an additional alkaloid yleld recovered by
Soxhlet extraction using ether. This alkaloid erop was
added to the main yileld.



The green, chlorophyll-containing, ether extract was
next extracted with 0.5 N sulfuric acid, transferring She
alkaleoida to thelr sulfate salts and thenece into the
agueous layer. Moat of the chlorophyll and other pigments
remain in the ether phase, Sufficient sullfuric acid ext-
ractions were done until the Wagner's test was positive at
a dllutlion of 1 to 16, or 1 te 32. A green, cheesy, gelat
inous preclpitate appeared at ths solvent interface and on
the sides of the separatory funnel. This precipitate,
ildentified by Hesse (47) as crude coneusconine sullate,
was removed and dried fopr later work up, Yield of erude
concusconine was 40 grams,

To the aecid aqueous phase, containing the remaining
alkalold sulfates, 0.5 N nltric acid was added forming a
coplous yellow precipitate,the insoluble nitrate salt eof
¢inchonamine, After the precipitats was removed by filt-
ration, a second and third ecrop could be obtained by ad-
dition of more nitric acid and chilling overnight in the
refrigerator, Total yield of crude, alr dried einchona-
mine nitrate was 205 grams, or a maximum content in the
bark of 0.5 per cent,

After removal of insoluble cinchonamine nitrate, the
aqueous phase containing the sulfate and/or nitrate salts
of atlll insoluble alkaloids, was worked up. This aqueous

phase was made alkallne, to pH 9.0, using 7 per cent

48,

s
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ammonium hydroxide. The alkalold base(s) was then extracted
with ether, The ether extract was then set aside in the
fume hood %o evaporate in the alr. The preciplitate which
formed after the removal of the ether Hesse identifled as
¢inchonine base, This fractlion was washed with ice water

and dried in a deslecator: the yield was 35.5 grams,

Purification of the alkaloids from Remijis purdieana.
coﬁausegnin@: This fascinating alkalold, named after the

Inca eity Cusco, high in the Cordielleras, is very résisw
tant to purification, Crude concusconine sulfate was
trensformed into the salt of a weak aeid, hoping‘that en-
hanced solubility in water, and therefore a better ability
to cryatallize; would follow, It was believed possible to
avold mixed salts, interferring with crystaliization,
which could oceur, by forming mono- or di-sulfate salts
(essuming the presence of two basic nitrogen nuelei).
Concusconine ﬁulfaﬁe, on genﬁle warning, was dlssolved
with glaeial acetic acid and diluted with water. On con-
centréting the selution by fan, concusconine acetate
erystalllized in long needles, lightly tan in color, The
yield was however, several fold greater than theoretical
and this was presumed to bd water of crystallization and
possibly poly-acetate inclusien, which did not lose all

of the water or acetate on prolonged standing in a



vacuun desiccator over phosphorous pentoxide.
Concusconine acetate and concusconine sulfate were
then converted to the base by the addition of 7 per cent
ammonium hydroxide, The concusconine base was then ext-
racted into peroxide-free ether., After washing the dark
colored ether with lce water, the solvent was removed by
evaporation, The concusconine base was dissolved in the
minimum amount of boiling water, When cooled, the whole
solution formed a greenish-brown transparent gel. This
was washed with ice water which removed much colored mat-
erial, When the gel was dried, a light yellow powder of
concusconine remained, Thisprocedure, although not sat-
1s£a¢fery, was the pvest method Tor the purification of
concusconine, Hydro-alecoholic mixtures were also tried,
but on cooling these aiso formed gels and appeared to
offer no advantage, OConcusconine base is readily soluble
in benzene and ether, but only slightly soluble in pet-
roleum ether, but would net recrystallilze from these sol-
vents, Crude concusconine sulfate (another portion) was
treated with a 20 per cent solution of modium carbonate
with trifuration and gentle heating., The base was then
treated with only 5ﬁaich19meﬁric amounts of sulfuric acld
to form the mono-suifate salt; the amount of water of
erystallization was not determined, The concusconine sul-

fate thus formed did not recrystallize satisiaectorily
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from either 80 per cent alecohol or beiling benzene,

Preliminary trials of purification by column chromato-
graphy, using Dowex 1 and Dowex 50, with elther concusconine
or concusconine sulfate were unsuccessful, Hydro-aleoholie
solutions were adsorbed on the columns and elution attempt-
ed using 1 N sulfuriec acid, The alkalold material appeared
to remein on the c¢olumn, Preliminary trials using paper
chromatography also were not rewarding. Using a n-butanel,
acetlc acld and water system, no spot separation appeared
when the papcr was sprayed with Wagner'’s or Dragendorff's
reagents, PFurther attempts, using different adsorbants
and solvents, are indicated.

Hesse{47) indicates that the crude concusconine sul-
fate is composed of several alkaloids., He dissolved the
crude concusconine sulfate fraction in boiling 80 per cent
aleohol; purified concusconine sulfate crystallized on
ehllling., To the mother liquor, Hesse added hydrochloric
acld, precipitating out chairamine hydrochloride, Next to
the mother liquor, potassium thiocyanate was added{potassium
rhodanate), and conchairamine precipitated out. By adding
to the remaining mother liquor, potassium thiocyanate in
excess, chalramidine and conchairamidine precipltated and
wera separated by Iractional crystallization from benzene,

When thls procedure was repeated, the crude concusconine



sulfate formed a gel-like precipitate, when the 80 per cent
alechol cooled, HNeifher hydrochloric aeid nor the potassium
thicecyanate added to ﬁhe mother liguor formed precipitates,

Howard and Chick (50) in 1909 prepasred concuscenine
but were not able to detect Hesse's chairamine or chaira-
midine stereoisomeric pairs and noted that concusconine
sulfate does not recrystaliize easily from alechol., The
physical data from the following table are consistent with
the hypothesis that the chairamine and chairamidine alkaloids
are in fact, erystalline erops, from alcohol, of impure
concusconine sulfate, contaminated with the dextro-rotatory
einchonamine and/or leverotatory e¢inchonine.

The structure of econcusconine has not yet been
determined, though much information regarding its nature is
avallable. The early work done by Hesse and others in the
nineteenth century identified the cincheona-like barks as
red or true China or quinquina barks, Cinchona ledgerderia;
copper barks as Cinchona pelletierana or Remi jia
pelleteriana, Hesse (40) isolated from the latter, both
cusconine and aricine &nd though at first denied 1%, he

later stated that Remi jla purdieana and cuprea bark, Remi jia

pedunculata, contalned aricine, It thus becomes a

possibility that concusconine and ariecine are the same

alkaloids or are stercolsomers,



Ariclne was {irst isolated from Peruvian, light colored
Rubacise (Cinchona) barks, whose origin was in the province
of Arequipe and shipped from the port of Arica., Aricine was
also named cinchovatin and possibly for a time was confused
with parieine {46). Aricine assumed greater interest, when,
like cinechonamine, it was shown to have an indole nucleus
on the basis of color reactions (p-dimethyl amine benzal-
dehyde) (39).

The structural formula of aricine was established by
Goutarel et al (39) in 1954, as being an alkalold of the
ajmalicine group of alkaloids (see Figure 3). Aricine,
like concusconine, has a moleculsr composition consistent
with the empirical formula Cpp-23HpgOyNp. Both alkaloids
have two labile methyl (or methoxyl) groups, from the
Zeisel determination. Goutarel and co-workers (39) depiet
the ultravielet and infra-red absorption spectra for
arieine. Thls permitted comparison with data obtained for
a concusconine sample recrystallized three times from hydro-
aleohol solvents, In figure 5, 1% can be seen that arieine
and concusconine both have an ultraviolet absorption
maximum at ca. 220 mp, In the infra-red spectrum of
concusconine, the same carbonyl (lactone) bands are seen
at 5.9 » and 6.1 p as are found in the spectrum published
for aricine., Whlle additional band similarities in other

regions of the infra-red spectrum between concusconine and
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Figure 5, Comparison of the infra-red spectra for
aricine and concusconine. The upper curve was ob-
tained from the literature, the lower from that of
a sample of concusconine,
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aricine can be seen, they are not identical, Thus, it does
not seem highly probably that cencusconine is the dextro
ateroiaeﬁar of aricine although they may be rather closely
related in structure, It 1s quite pertinent to note that
the infra-red spectra for concusconine and cinchonamine are
quite dissimilar. In partlcular the 10,9 mp vinyl band of
cinchonamine 1s absent in concusconine's spectrum. Thua,
since physical propertles suggesting concusconine's
structureydiﬁ not seem to lmply the presence of a quinucli-
dine ring system, it was not examined further for anti-

arrhythmic properties,

Cinchonamine:

Like that of concusconine, difficulties were encountered
in the purification of cinchonamine; & golden fluorescing
decomposition product of cinchonamine is formed.

Following the procedure described by Hesse (47), the
crude c¢lnchonamine nitrate was washed with ice water and
converted to the base by the addition of 7 per cent ammonium
hydroxide. The alkalold base was then washed with ice water
and recrystalllzed from dilute bolling alcohol., (In
separate experiments both 20 per cent, volume to volume,
and 50 per cent aleohol was used). The precipitate, at
first a bright white, soon turned to & canary yellow color

as the alcohol cooled; and, on standing, became a bright
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orange. The cinchonamine base was sucked dry on a Blchner
funnel, To this mat@#&aI, 1 N sulfuric acid was added to

a pH of 4.5, to form the mono-sulfate (neutral sulfate) salt,
This also was vecrystallized from beiling alechel (50 per
cent), Once again the initial crystal crop was white to
ivory in coiorﬁ but on standing, developed an intense yellow-
orange color. Bllran (32) previocusly noted that alcoholic
solutions of ¢inchonamine were decomposed by sunlight, with
the addition of oxygen, and recalled that Pasteur found that
all cinchona alkaloids were unstable in light and alcohol.
it may be suggested that the presence of the nitrate ion may
accelerate this oxidation for the cinchonamine., Pure white
einchonamine base was ebtalned by multiple recrystalllzatlon
from benzene.® A 20 gram portion of crude cinchonamine
nitrate was treated with an excess, 45 ml, of a 20 per cent,
of sodium carbonate solution, This was triturated for thor-
ough mixing, and placed in a separatory funnel contalning
300 ml, of water and 300 ml. of benzene, This sclvent sys~
tem was flushed out with nitrogen and kept in dim light,

Due to the insolubility of cinchonamine nitrate, conversion
to the base is slow and shaking of the separatory funnel was

continued for 20 minutes. Fresh benzene (saturated with

#1 am indebted to Dr. Gordon A. Alles of the Alles Labora-
tories, Pasadena, Californlia, for the suggestlion and am
grateful for other suggestions as well.



57.

nitrogen) was added until the benzene extrset showed less
than 1 to 16 posltive reasction for Wagners' resgent, and
0.5 N nitric acld no longer caused a visible precipltata.
Anhydrous sodium sulfate (5 grams per liter) was added to the
benzene to remove waler, and the hydrated sodium sulfate was
flltered off. The volume of benzene was reduced by in vacuo
distillation, using a stream of nitrogen end & bath tempera~
ture not exceeding 40° €. The benzene soclutlon wes then
divided into two fractions. One portion of the benzene was
placed in an evaporating dish and the solvent remeved by a
Jet of nitrogen passing over it. The crystalline cinchon-
amine base thus obtained was reerystallized from boiling
water. The cinchonamine solution was beiled for 20 minutes
to remove any trace of benzene (benzene is said to "poison”
activated charcoal), The pale brown-yellow solution was
beiled an additional 20 minutes with decolorizing charcoal
(carbon), and filtered. The pearly-white oinahcnamtna bage
crystallized on cooling,

The other benzene portion containing ecinchonamine base
was used for salt formation. 5 N hydrochlorie acid was
added dropwise to the solution, and cinchonamine hydrochlarzda
precipltated immedlately. The hydrechloric scid addition was
continued as long as significant precipltate appeared., The
resulting cinchonamine hydrochloride was recrystallized from

boiling water, using activated charcoal. For the sulfate salt
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of cinchonamine, the benzene was extracted with 0.5 N sul-
furie acld; the pH was then adjusted %o 4,0, and the vol-
ume reduced. The resulting neutral sulfate of cinchenamine
was recrystallized from a small amount of water. The melt-

ing points of some of the cinchonamine derivatives are list-

@d below;
Found °C Literaturs °C
Cinchonamine base 185-6 184-5 (Hesse)
18 Goutarel)
Cinchonamine nitrate 195 195 Hesse)
Cinchonamine hydrochloride 221-223 225-7 (Hesse)
Cinchonamine sulfate 250-251 —

The infra-red absorption spectrum for cinchonamine
base, in a potassium lodide pellet, and the ultra violet
absorption spectrum of cinchonamine base, in 95 per cent
alcohol, agree in every respect with those published by
Goutarel et al (38).

Remijalutein:

Considerable interest im the yellow decompesition pro-
duct of cinchonamine was aroused, because its appearance re-
duced the yleld of the desired c¢inchonamine, This product
has not been previously described, and was assigned the
trivial name of "remijalutein”, being obtained from the
genus Remijia and having a yellow color and yellow fluor-

escence, Remljalutein is present in the alcoholic extract
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of the Remijia puréieana bark, but whether 1% 1s preformed
in the bark itself, or results as an artifact during extrac-
tion, cannet yet be determined. Remijalutein is Tormed
from pure cinchonamine base or the mono-sulfate salt in
alcohol solutions. The process is accelsrated by exposure
of the einchonamine to an incandescent light and bubbling
in oxygen. Cinchonamine in chloroferm, exposed teo light
and air, alsc forms remijalutein,

Remi jalutein was purified by colmn chromatography.
Using Dowex 50, a deep yellow material formed from cinchona-
mine sulfate was adsorbed., Elution with 0.05 to 0.5 N
sulfuric acld removed the remijalutein, leaving the cinch-
onamine still on the column, On another column, using 40
per cent alcohol and 60 per cent water, containing 0.1 per
cent ammonium hydroxide, remijaluteln appeared in the fiprst
few tubes, cinchonamine in the lster ones. Using a 30 ¢m,
column, 2 om, in diameter, Dowex 1 (16 mesh) was added and
"activated” by running through 20 per cent alcohol 80 per
cent water with 0.1 N sulfurle aeid., Elution with the same
solvent released the yellow remijalutein sulfate in the
first few tubes, The cinchonamine was removed by elution
with alcochol-water containing 0.1 N ammonium hydroxide.

Thé remijalutein was obtalned as & dark brown amor-
phous selid (melting point 106-106°C)., Only very small

amounts were obtained and & chemical identification is
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incomplete, Remijalutein, in dilute aecid solution (1 N
sulfuric acid), fluoresces a bright golden-yellow color, but
does not fluoresce in alkaline solutions, in polar or non-
polar solvents., In the ultra violel, remijaluteln has the
same 270 &nd 220 mu maxima, but a new one is added toward
the longer wave lengths, around 340 mu. The infra-red ab-
sorption spectrum for remijalutein also shows similarities
to that for cinchonamine, but new bands appear as shoun in
figure 6.

A small amount, ca, 30 mg, of remijalutein, was dis-
solved in anhydrous diethylether and added dropwlse to
lithium aluminum hydride. The yelluﬁ color (and fluores-
cence in acid) disappeared, This experiment was inconclu-
sive, and should be repeated because the isolation of the
reaction product was not done.

A quite similar reaction has been described for an-
other indole-isoquinuelidine alkaloid, ibogaine (40).
Ibogaine, heated in chloroform in the presence of light
and alr, forms & yellow fluorescent product, ibolutein., By
reduction with lithiun aluminum hydride; lbolutein is con-
verted back te ibogaine, Other examples also are known;
for example, mavacurin from calabash curare is converted to
the fluorescing fluoracurin (66). Thus by analogy with
ibogaine, a provisional structure for remijalutein may be

proposed, as illustrated in figure 7.
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Figure 6., Comparison of the infra-red spectra for
einchonamine, The upper curve was obtalned from
the literature, and the lower from a sample izo-

lated from Remijia purdieana.



PROPOSED REACTION for the
FORMATION of REMIJALUTEIN

oxygen
+ light

~

C INCHONAMINE REMIJALUTEIN

Figure 7. A proposed reaction for the formation of
remijelutein, and iis possible structure, based on
the formation of ibolutein from ibogsine.
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Cinchonine:

The material remaining after precipitation of the ecin-
chonamine nitrate is, according to Hesse {4T), ecinchonine.
The c¢rude cinchonine base was recrystallized several times
from bolling benzene. Beautiful, glistening, white crystals
formed. The hydrochloride salt was prepared by adding
1.0 N hydrochlorie acid to a benzene solution containing
the base and recrystallizing from bolliag water. The
melting points of the base, 205° C and of the hydrochloride
salt, 215° C, agree with the published data for elnchonine
(65)., The ultraviolet and infra-red absorption spectra also
are the same as those published for e¢inchonine (38),
(Figure 8).

The co-existence of the indole-quinuclidine, cincho-
namine and the quinelyl-guinuelidine, cinchonamine, in
Remijia purdieana and other Rubsclae is unusval, Woodward
(104) has preposed a aghema for the biogenesis of the two
classes of alkalolds from the same source., Using as
starting materials tryptophane, 3,4-dihydroxyphenyl-alanine
and formaldehyde, he has proposed that strychnine,
cinchonamine, quinine and aricine alkaloids may be formed,
{Figure 9). |

Based on this hypothesis, Ochiai and associates (71)
(72) (42) (53) have synthesized many derivatives of the
quinuclldine alkalolds; for example, dihydrocinchonamine
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BIOGENESIS OF CINCHONAMINE AND GINCHONINE IN REMIJIA PURDIEANA

NH H

(cod
\C/ 43/

O l ’
- /N% P ,
7 HOHOT 0oy = . h
0./ HE 2H,0, NHj, 260, '
cleavage of ring D,

oxidation to oldehyde

e o = 4

OH groups and saturgtion
of double bonds
HO
tryptophane formaldehyde [intermediote] [intermediote]

3, 4 - dihydroxyphenylalanine
formation of bicylic
quinuclidine ring and
H vinyl chain by removal

Hgm of water and new bond
formation of oldehyde
§ ¢ / groups OH
l - i -
NF A 0 N
hydrolytic cleovage of .
N-C, bond and formation
of new link between
Ny -C3' after rotation of
benzenoid ring
CINCHONINE . [inrermediuie:] CINCHONAMINE

Figure 9. The blogenetic of the two different ring
containing compounds, cinchonine and cincheonamine,
as proposed by Woodward. The intermediates have not
been isolated, but both the reactants and products
are found in the plant Remijia purdieana,

65.
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has been prepared from cinchonine., (Figure 10). The first
stages of this synthesis were confirmed in our laboratory,
but limitations of time prevented completion of this
synthesis for linciusion in thls thesls,

B. Pharmacological Results,

Quinidine.

The effects on the heart obtained by the intravenous
infusion of the indole-quinuclidine alkalolds have been
observed by recording the electrocardiogram of the intact
anesthetized dog. The wlidih of the P and QRS waves; the
P-R and Q-T time intervals; and the height (voltage) of
P, R, 8 and T waves were measured., Varlous leads were
employed, selection being based on the widest interval (of
control records) and clearest inseription of waves. A%
least © measurements of each observation were made and a
mean value derived, At least two dogs were employed for
the perfusion of sach alkaloid; in some instances 8
replicate experiments were done. A total of 48 dogs were
used., To facllitate comparison of different alkalolds
with each other and to minimize varlation of individual
dogs, post drug observations were calculated as per cent
changes from the pre-drug control values taken as 100 per
cent. BEach dog, thus, served as his own control, 3Since

there is a difference in the toxicity and cardiac potency
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of the six drugs, they were administered in different rates,
Tetraphyllicine, ibogalne, ajmaline and gquinamine were
administered at a rate of 0.25 mg. per kilogram per minute,
Quinidine and cinchonamine were administered at a rate of
1.0 mg., per kilogram per minute.

The effects of quinidine on the electrical properties
of the heart are illustrated in Pigure 11, These results
are then to be compared with the observations of the indole-
quinuelidine alkalolds, quinidine serving as the standard
drug.

It is evident that guinidine prevakaa a widening, of
P and QRS waves, that is dose-related. After approximately
90 mg. per kilogram of quinidine, these intervals are twice
as wide as pre-drug control values, i,e., 100 per cent
prolongation, Concommittant with this effect is an increase
in voltage of S wave,

This prolongation of QRS and P wave can be interpreted
as being a slowing of conduction rate throughout the
ventricles and atria and also reflects a prolonged time
of depolarization,

It 18 also apparent (Figure 11) that quinidine’'s action
is followed by a widening of the P-R and Q-T ¢time intervals,
Interpretation of the basic mechanisms behind these
observations is complicated by changing heart rates, With

increasing doses of quinidine there is first a transitory
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PER CENT INCREASE FROM CONTROL TIME INTERVAL VALUES

ACCUMULATED DOSE OF QUINIDINE GLUCONATE (mg./kg.)

Flgure 11, Quinidine gluconate, infused intra-
venously at a rate of 1 mg./kg./minute, into an
anesthetlzed dog, the electrocardiogram being
taken during the infusion. BEach polnt represents
the mean of 18 experiments, and each experiment,
at the proper time interval three measurements
were taken of random heart beats,
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increase in heart rate followed by a slowing of heart rate,.
The infiluence of heart rate on P-R and Q-T interval durations
was removed by computing "corrected” P-R or Q-T intervals,
representing the estimated values at a heart rate of 60 per
minute, It is now evident that guinidine administration is
followed by a broadening of P-Ry and Q-T, intervals., These
actions are dose-intensity related, as seen iIn Flgure 11

and Table I,

The P-R, and Q-T, time intervals have been deslgned as
the total time periods of clectrical activity for atria and
ventrlcles, As such, the electrical activity is composed
of depolarization and repelarization, If the time of de~
polarization were to be subtracted from the total electri-
cal activity, the repolarization time is the arithmetic
remainder, Thus, QT - QRS = 8T (end of S to end of T
wave) and dependent on the validity of the QRS width as
measuring depolarization, SgTs riprtlcnta ventricular re-
polarization. In using P-Ry, an assumption is made that
initiation of the R wave is directly related to the term-
ination of atrial repolarization (that is the end of the
"hidden” Ty wave). Atrial repolarization time would thus
be measured as P-R; -~ P width = P R,. It is seen
that quinidine has 1ittle influence on the Sa?¢ interval
under the conditions of the experlment, There is a leng-

thening of PeRe interval by quinidine, but interpretation



Protocol for
TABLE 1

Dose~-response changes for various time inter-
vals of the electrocardlogram, The drug in-
duced change, for each parameter, is express-
ed as a8 per cent change frem the pre-drug
control period, which is taken as 100 per cent,
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of the meaning of this result is unclear.

Some confirmation of quinidine's retardation of the
ventricular repolarization prenens'appea?a likely from an
inspection of its effects on the T wave, Fellowing quin-
idine's action, an initially inverted T wave becomes up-
right, Whether inverted, isoelectric, biphasic or upright,
larger doses of quinidine inecrease both the height ef the
T wave and also the area inscribed by’at; In some, but by
no mesns a majority of the electrocardiograms, large doses
ef quinidine are followed by the appearance of a U wave.

In several experiments, respiratory activity and art-
erial bloed pressure were recorded, These observations
on respiration and circulation are not intended to reflect
possible side effect activity of quinidine or the indole
alkaloids., I% is known that the electrical activity of
the heart, the width of the QRS wave for example, may be
altered by hypoxie, The hypoxic effect may arise as a
depression of pulmonary ventilation or due to tissue hypo-
xemia, resulting from shock-like decreases in blood pres-
sure, As quinidine is perfused, there is an initial rise
in the rate and depth of breathing, followed by & fall in
the depth of breathing, as the dose of quinidine became
greater. Then as the dose of quinidine increases, there
is a progressive fall in blood pressure. It is however,

noteworthy that for total deses of quinidine of 60 to 80



mg. per kilogram, neither of these two parameters is signi-
ficantly altered. With these deses of quinidine, respira-
tory rates were 16 %o 24 per minute, with adequate depth
and no cyanosias of oral mucous membranes; bleood pressure
was 100-120/60,

¥hen quinidine was infused, achieving doses greater
than 80 mg. per kilogram, both respiration and blood pres-
sure were progressively depressed; death occurring aiter

approximately 120 mg. per kilogram,

Comparative e¢ffects of cinchonamine, quinamine, &jmaline,

tetraphyllicine and ibogaine on the heart.
When compared with quinidine, as illustrated in Pig-

ure 12 and TABLE I, the effects of the indole alkalolds on
the heart fall ;ntu three groups. Clnchonamine and quina-
mine resemble qQuinidine, both qualitatively and quantita-
tively, in action, There is evident & dose-related broad-
ening of QRS and F waves; a lengthening of PgR, interval
and an inerease in height and area of the T wave. Imspec-
tion of the dose-effect curves indlcate a simllar inten-~
sity (potency) of action for quinidine, cinchonamine and
guinamine., The second group of alkalolds includes ajma-
line and tetraphyllicine. Their action, like guinidine,
is a broadening of QRS and P waves, a lengthening of PgR,
and an incorease in the height of the T wave, The dose-

response curves are however, much steeper for ajmaline



Protocol for
FIGURE 12.

Dopse-~presponse curves for ths indole alkaloids
end quinidine gluconate, The rats of infusion
were 1 mg,/kg./minute for quinidine and cincho-
namine and 0.25 mg,/kg./minute for the other
drugs, Each polnt represents the meen value

of three heart beats.

A. Quinidine snd Cinchonamine,
B, Ajmaline and Quinamine.

C. Iboegaine and Tetraphyllicine.
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or tetraphylllcine than for quinidine, Direct drug potency
eamparisané should not hé made from constant intravenous
perfusion experiments, as the factors of tissue distribution
or eiiminat&on {by liver and kidney), have not been measur-
ed,v Neverthélaas, ajmaline and tetraphyllicine would appear
to exert a more intense action on the eleetrical actions of
the heart than does quinidine; though of the same nature, It
is noteworthy that ajmaline at deses of 12,5 mg. per kilo-
gram or greater provokes an strioventricular block, The P-P
interval, though quite regular {eca. 250 msec.), is faster
than the R-R interval and totally independent of it. The
final group of alkalolds contains but one member, ibogaine.
While ibogaine does provoke broadening of the QRS and P
waves, @as well as the PoR, like quinidine, there signifi-
cant differences, Ibogaine does result in a much greater
bradycardia than even nearly lethal doses of quinidine. In
addition, there appears to be much greater changes on the
P~-R interval. These interesting observations on ibogaine
must be repeated when more compound is available,

Selected experiments with the indole alkaloids also
included observations of respiration and blood pressure.
In none of these experiments was there sufficient depres-
slon of respiration or blood pressure to alter significant-
ly the electrical responses of the heart,

These effects of the various indole alkalolds and
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quinidine on the electrical properties of the h@&#t, suggest
several blochemorphic considerations. Thus, the guinueli-
dine and isoquinuclidine ring systems appear related to &
slowing of the rate of atrisl and ventricular depolariza-
tion, as measured by the width of the P and QRS waves. The
quineline ring system thus 13 not essentlal for this pro-
perty. The connection between the quinucliidine ring and
heterooyele need not be a secondary alcohel, &8 in guini-
dine, to pretain these characteristic effects én the elect-

rical properties of the heart.

gfracts‘gg the indole alkaloids on experimentally-induced

ventricular arrhythmias in dogs.
The effects of the previously dularibad axperiments of

the indole alkaloids, on the electrical properties of the
dog's heart, were done in lieu of their evaluation in exp-
erimentally~induced atrial arrhythmias in animals., This
was the result of a poor correlation between drug potency
experiments, reported by others, of experimental animal and
¢linical atrial arrhythmias, |

The results of drug studies, using experimentally-in-
duced ventricular arrhythmias in animaiﬁ, has a more satis-
factory clinical correlation. One such drug, procalne amlde,
was first shown to be effective against cyclopropane-
epinephrine ventricular tachycardia of dogs, and subsequen-

tly has found a useful place in the therapy of e¢liniecal



79.

ventricular arrhythmias., There is, however, no agreement
as to which experimentally-induced ventricular arrhythmias
in animals 18 best sulted for drug studles with an
ultimate goal of clinical wvwsefulness, Thus, it was
believed necessary to subjeet the indole-quinuclidine
alkalolds to several experimentally-induced ventricular
arrhythmias produced by different techniques, These
ineluded ventricular fibrillation provoked by chloroform-
epinephrine action; amodiaquin's ventricular blgeminy and
the complex veniricular arrhythmias arising from digitalis
overdosage or myoccardial infarets which follow coronary
artery ligation (Table IX),

Melville (68) produced ventricular fibrillation by
using a technique of chloroform and epinephrine. Fasting
dogs were weighed and anesthetlzed with 30 to 35 mg./kg.
of sodium pentoﬁarbital, administered intraperitoneally.

A cuffed-Maglll endotracheal tube was 1naerted'1nto the
trachea; the free end was covered with a chloroform saturated
2 x 2 gauze, at the appropriate time. The left femoral |
vein was catheterized, the tip being placed Just below the
inferlor vena cava; the epinephrine was administered in a
25 to 35 second period of time., The electrocardiogram was
recorded contlinuously throughout the experiment, at & paper
speed of 50 mm, per second., {Lead II unless otherwise
indicated).



Protocol for
TABLE IX

Suppression of experimentally-induced ventricular
arrhythmias by quinidine, ajmalline and cinchonamine,



TABIE II

EFFECTS OF VARIOUS INDOLE ALEALOIDE AND QUINIDINE
IN SUPPRESSING EXPERIMERTALLY~-INDUCED
VENTRICUIAR ARREYTHMIAS

WETHOD

left cor-
onary arte
eyy liga-
tion,

18 hours.

chloro-
fom, 5
minutes,
epinephrine
20 mog/kg

digoxin
gverdoss

amodia~
quin

QUINIDINE CLUGONATE

VERTRICULAR ARREYTHMIA
PRODUCED

mltifocal ventricular
arrhythmia, 50-70 %
alternating with sinus
rhythm, 30-50 %

ventricular fibrillae
tion

A~V nodal rhythm v th
interspersed VS, parodm
yamal atrial techyecardia
with A=V block

ventricular bigeminys
QRS 67 & 112 msee
a ternstings RE 283 msee

DOSE
{mg/fig)
2.5

10.0

1.0

8,0

1.0

20,0
2.5

10.0

SANT IARRHYTHMICY
EFFECT

no significant
chan ge

sinus rhythm

vy tricular
£ibrillation
multifocal vent-

ricular tachy-
rhytim

no # gnifiecant
chmge
ginus rhythm

gimis rhythm for
10 minutes

sinus rhythm for
L hours

8o,



TABLE II

AJMALINE HYDROCHLORIDE

METHCD VENTRICULAR ARRHYTHMIA DOSE TANTIARRHYTHMICY
o PRODUCED (ngfig) EFFECT
left corw multifocal ventricular 1,35  elous rhythm
onary ayt-  arrhythmia, intersper- for 10 minutes
ery liga- sed with bursts of

tion, ventricular tachycardis 5.0 ginus rhythm for
20 hours, 3 hours

¢hlorp= ventricular fibrills=- 1.0 ventricular
form, 5 tion fibrillation
minutes,

epinephrine 2.5 no change

20 meg/kg

50 A~V nodal rhythm,
then multifocal
ventricular tachy-

cardia
digoxin dl ternating A~V nodal 5e0 change to vent-
overdogse rhythm and PV8 ricular tachy-
cardia; RR 368
mgec,
anodia- ventricular bigeminy, 1.0 slnus rhythm;
quin QRS 81 & 14O msec RR 606 mmec,.

alternatings RR L3L msec.



amod] gw
quin

TABLE II

CINCHONAMINE SULFATE

VENTRICULAR ARRHYTHMIA DOSE

PRODUCED (me/kg)

miltifocal axrhythmia, 1.0
PVS alternating with :
A~V nodal rhythm

ventricular fibrilla- 5.0
tion

10,0

not completed for this drug

ventricular bigeminy; 2.0
QRS 68 & 157 meec

dlternating; RR 535

nsec.

®ANT A RRHYTHNIC®
_EFFECT

regular glms
thythm, 2 hours,

ventricular
fibrillation

rapid A~V nodal
rhythm followed
by sinue rhythm

sinug rhythms
RR 560 msec.



After the dog had become stablllzed to the barbiturate
anesthesia, the electrocardiograph was started, Then
chloroform was administered for five minutes, The chloro-
form administration was not intended to deepen the level
of anesthesia; excess chloroform resulted in an electro-
cardiogram typical of the heart in asphyxia, Epinephrine
1: 10,000 was then injected into the femoral catheter in a
dose of 20 micrograms/kg. Irreversible ventricular
fibrillation then ensued after & lag period of 30 to 85
seconds. Ventricular fibrillation, under these control
conditions resulted in death in 30 out of 30 animals
according to Melville and 16 out of 16 animals in this
laboratory. |

In certain experiments the antiarrhythmle drug was
administered at 0.5 to 2.0 mg,/kg./minute, just prier to
the ehloroform-eplnephrine challenge, Complete protection
was obtalned when only & sinus tachycardia ensued, Partial
protection was assessed 1f rapld A-V nodal or ventricular
fachycardia appeared for 2 to 3 minutes, Failure to show
antlarrhythmic qualities was apparent if, despite the drug
administration, ventricular fibrillation followed the
chloroform-epinephrine challenge. (See Table II),

Amodiaquin hydrochloride (Camoquin®) was injected at
a constant rate in anesthetized dogs until death occurred.

The dogs were anesthetlzed using 30 te 35 mg./kg. sodium
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pentobarbltal, and an electrocardlogram, lead II, unless
othervwise stated, recorded throughout the experimeni, In
salected experiments, respiratory activity and femoral
arterial blood pressures were recorded using strain-gauge
transducersa. When the rate of administration was between
0.25 and 5 mg./kg./minute, the lethal doses from ventriculapr
tachycardia were 85 and 35 mg./kg. respectively. Resplrat-
ion and blood pressure were both faillng Jjust prior to the
lethal dose. In the experimental arrhythmia experiments
to follow, the rate of administration was selected at
0.5 mg./kg./minute and at doses of 10 to 30 mg./kg., there
was no significant change of blood pressure or respiratory
movement.

When 10 to 30 mg,/kg. of amodiaquin had been
administered, ventricular bigemlny appeared. At first,
the arrhythmlia might persist only a few minutes., When the
amodiaquin administration waes contlnued for five additional
minutes {usually 2.5 mg,./kg.) the bigeminy persisted for at
least 45 minutes and occasionally lasting 7 hours,

Amodiaquin'’s ventricular bigeminy appeared from an
"apparent" fixed focus and was uniform, having a constant
rate for each dog. The rate varied from 120 to 220/minute;
(R-R 535 to 283 msec). Only one-half of these beats were
recorded as blood pressure peaks at the femoral artery, The

rhythm consisted of a normally conducted ventricular
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contraction preceded by a P wave (QRS 67 to 81 msec.
duration), shortly followed by the ventricular ectopic

beat and lnverted T wave (QRS 112 to 157 msec.) with a
pause, From multiple chest leads, 1t was observed that the
ventricular ectopic beat usually had its origin in the

left ventricle, however, in some dogs, the origin was in
the right ventricle,

With doses of Amodiaguin just subthreshold {just prior
fo the appearance of the ventricular bigeminy as the intra-
venous injectlon dose was accumulating), there were only
minor changes in the electrocardiogram. At approximately
4 to 8 mg,/kg., of amodiaquin, some decrease in the helght
of R and an increase in the length of the S wave occurred,
The T wave had an apparently earlier "take off" and the
5-T segment was sloping. An initially inverted T wave
became upright. The ventricular bigeminy was preceded by
irregularly occurring premature ventricular systoles from
various foel for a few beats, (See Figure 13).

As used as & procedure for establishing eiparimentally»
induced ventricular bigeminy, the amodiaquin was administered
at 0.5 mg./kg./minute. The drug was continued for 5 minutes
beyond the time of first appearance of bigeminy and then
stopped. An antiarrhythmlc effect was noted only if the
experimental drug could terminate the ventricular bigeminy

within 20 minutes.
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| CONTROL

AMODIAQUIN-
INDUGED All Records
VENTRICULAR 50 MM / SEC.

BIGEMINY

AFTER ;
CINCHONAMINE — -

0

0 O A

Figure 13. Amodiaquin produced ventricular blgeminy.
A control record is shown in the uppsr record, the
middle record after 10 mg./kg. of amodiaquin, and
the lower recording illustrates the reversal of
bigeminy by 2 mg./kg. of cinchonamine,
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Amodiaquin (Camoquin R) is chemically 4(3'-diethylamino-
methyl-4'=-hydroxyaniline)-7-chloroquinoline,

The observation was made during wartime lnvestigation
of antimalarial drugs, that amodliaquin given intravenously
(103), provoked bigemlny and this observation was studlied
as a possible method for provoking ventricular bigeminy,
for the study of antlarrhythmic properties. Amodiaguin's
bigeminy is paradoxical, for it, like quinidine, has
apparent antiarrhythmic properties of its ouwn (4), (ﬁee
Table II)., These experimental observations for amodiaguin
are, therefore, presented in some detall for as & test-method
it has not been previously described,

The ligation of the anterior coronary artery was
performed just beleow the bifurcation using the two step
procedure as descrlibed by Harris, The dogs chest was then
closed by layers and suction drainage provided., Ventricular
arrhythmlias appear immedlately after ligation but subside,
The arrhythmlas then return as necrosis 1s inlated reaching
a maximum in 16-24 hour post-operative period. The anti-
arrhythmic drugs were administered during this latter time
when ectoplc beats occupled 30 to 70 per cent of the total

heart heats.



Digoxin™ was administered by slow intravenous drip
such that approximately 1.0 mg. per kilogram had been
given in a one hour's period of time, Each dog (anesthetized
with 35 mg. pentobarbital) was "titrated" giving sufficilent
digoxin %o provoke a persistent ventricular arrhythmia. In
some instances, paroxysmal atrial fachycardia with A-V block
appeared, The antiarrhythiic drug was given over a 10«20
minute time period,

Sufficient supplles of the indole-guinuclidine alkaloids
were at hand to test only ajmaline and cinchonamine in these
experimentally-induced ventricular arrhythmias, Quinidine
gluconate was evaluated in the same way as a standard for
comparison. No attempt was made to establish precise
antliarrhythmic threshold levels for any drug., However, a
high and low estimated dose was used to "bracket" the anti-
arrhythmic threshold (each experiment and dosage was
duplicated). A total of 22 dogs were used exclusive of
those that died from ventricular fibrillation following
coronary artery ligation; from chloroform overdosage; and
does not include those dogs used to evaluate the amodiaguin

tachnique,

*Lanoxin Injectable obtained through the courtesy of
Mr, C, G, Smith, Burroughs-Wellcome Laboratories,
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In these experimentally-induced bentricular arrhythmia
experiments ajmaline and cinchonamine both demonstrate an
antiarrhythmic effect (see Table II). It should be
polnted out that with ajmaline and digoxin overdosage
- ventrleular tachycardia was provoked rather than an expect-
ed suppression of ventrlcular ectoplc activity.

These preliminary experiments suggest further interest
in ecinchonamine and to a lesser extent ajmaline as ventric-

ular antiarrhythmic drugs.

Cardiac and non-cardiac Pharmacology of fhe indole-

quinuclidine alkalolds reported by others.

The following summary of the literature described the
avallable pharmacologic knowledge of %the indole quinuclidine
alkaleclds, both cardiac and non-cardiac actions, It is
presented, at this time, being thought more germane to
results than in historical background and is preliminary

to the clinical studies which follow,

Cinchonamine

In the experiments reported in animals, the most
elinically significant effect of clnchonamine is that an
0.5 per cent solution 1s equal to a 0.7 per cent solution
of cocaine, in producing local anestheslia in the rabbit's
aye (84).
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Cinchonamine was noted (85) %o have an action
antagonistic to lethal doses of digltoxin on the f{rog
heart, and further that lethal doses of cinchonamlne
caused the heart to be arrested in diastole., Other
investigations show that cinchonamine will cause an increase
in biliary flow, I% does not effect the renal flow nor
pancreatlic secretions, Other effects that have been
observed are, that in the unanesthetlzed dog, an apparent
hallucinogenlie state may be ellicited, with death from
tetanic convulsions wlth dilated puplls. At & dosage of
cinchonamine of 0.5 to 10 mg./kg., 1t has been shown that
there 1s a slight fall in the blood pressure of the
anesthetized dog. Oinchsnamina base introduced into the
stomach of a dog will provoke nausea and vomifting, whille
the sulfate salt of cinchonamine dld not have thls effect
(76).

The approximate 1@tha1 dose for cinchonamine varies
from animal to animal and some of the resulis found by

See are glven below,

Animal Approximate Lethal dose (mg/kg)
Guinea pig 600
Dog ' 165
Frog 2500

Arnaud (1), on the other hand, showed & different set

of doses for the lethal doses of cinchonamine sulfate.
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These doses briefly summarized are:
1. for the frog, 362 mg./kg.; 2. for the rabbit,
61 mg,/kg.; 3. for the dog, 23 mg./kg.; 4. and
for man, approximately 17 mg./kg.
For & 70 kg. man, this would be a dose of approximately
1.2 grams. It was noticed that in dogs, there was, with
the inltial administration or the administration of small
doses, a tachyeardla followed later with larger doses of
c¢inchonamine sulfate, a bradycardia. It was further noted
that clnchonamine would block the cardiac effects of
electrical stimulation of the vagus (82).

It was further observed that einchonamine would not
arrest a plasmodium infestation éf mice, buﬁ that 1% did
have a weak antiseptic action on bacteria in vitro and
would raise the body temperature to a limited amount (85).

The studies by ﬂaymondQHamet (81) on the blood
pressure effects of ciﬁehonamine were belleved to be
primarily due to a direct vasoconstriction. As to the
effects of cinchonamine on the isolated rat or rabbit
uteri, it was proposed (76) that the action ellicited was
one of stlmulation due to the irritation of the muscle,
simllar to the action of quinine,

Ellran (32) reported the case of a human volunteer
given 200 mg, .of cinchonamine hydrochleride, there was a

decrease in pulse rate, from 98 to 80 lasting approximately
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3 hours and a complaint of slight headache, Clinchonamine
was detected in the urine of the volunteer at the 3 hour
time perlod. le further reports the administration of
clnchonamine hydrochloride, subcutaneously, to a dog,
which resulted in a "hallucinogenic” state, epilepsy-like
selzures, convulsions and death.
Ivbogaine
| Some of the experiments that have been performed
using lbogalne include its potentiation of the blood
pressure response of 0.6 moq./kg. of epinephrine, using
4 mg./kg. of ibogalne, but that potentiation of the
response of the blood pressure to 1.5 mg, of ephedrine
did not occur (78). Ibogaine at 20 mg,/kg. augments the
blood pressure rise of tyramine. I%s action on circulation
is largely peripheral, for ibogaine reinforces renal
vasoconstriction produced by epinephrine or tyramine as
measured with an oncometer (83)., Also it has been shown
that epinephrine's elevation of femoral artery tone, as
measured by restriction of femoral venous flow, is
augmented by 0.1 to 1.0 mg./kg. of ibogaine (78).

It has been reported (74) that indigenous people of
Gabon have used Iboga for countering the effects of fatigue
and sleep. This property was used, with good results, in

therapy of patients convalescing from infectious disease
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with neurasthenia and congestive heart fallure (atonic
dilation of the heart) (80).

Ibogaine, 1:100,000, decreases the tone and amplitude
of contractions of 1solated rabbit intestine, but does not
block the spasm caused by acetylecholine., Ibogaine's action
on the intestine is reversed by ergotamine (77).

Lambert (59) has shown that 2 to 10 mg,/kg. of ibogaine
given to an unanesthetlized cat willl provoke excitement,
mydrlasis, salivation, partial piloerection, tremors pro-
gressing into the rage syndrome; ataxia, clonic extension
of the legs and tachypnea lasting from 1 to 2 hours, An
arousal picture in the electroencephalogram, similar to a
stimulation of the reticular formatlion has also been noted.
This c¢entral nervous system action of ibogaine can be
blocked with atropine 2 to 3 mg./kg. These effects that
have been seen that are similar to epileptic madness, with
unconsciousness, drunkenness, excitement, mental confusion
and hallucinations which were reportedly on the natives of

Gabon on an overdese of ibogaine (89).

Ajmaline

In experiments reported with ajmaline in animals, the
most striking pharmacologic effects found were on the
heart, With small doses, the cat's heart is slowed, while

greater amounts provoked atrioventricular (A-V) block {15).
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These effects were not mediated by the vagus, for nelther
etropine nor severing the vagl could alter them. Ajmaline,
following intravenous doses of 10 to 15 mg./kg., doubled the
width of the P and QRS waves, The P-R intervel was also
prolonged and in some experiments, the electracardiogrgphie
pattern suggested right bundle branch block (36), using
gulnea pigs, Arora and Madan (2) reported ajmaline more
effective than quinidine in prolonging the refractory period
of isolated rabbit atria. ;
Of greater clinical interest perhaps, are the reports
that ajmaline can prevent or terminate experimentally-in-
duced cardiac arrhythmias. Hartog (U44) found ajmaline could
prevent ventricular fibrillation which follows electrical
stimulation of the frog heart, van Dongen (29) reported
that as little as 0.5 mg./kg. of ajmaline prevented electri-
cally-induced fibrillation of atria or ventricles of cats,
and also eliminated the arrhythmia which persists after the

current is shut off (pachflimmern). He also demonstrated

that ajmaline could protect the heart from ventricular
arrhythmies which were produced by the injection of barium
chloride or epinephrine., Other investigators (2) (88),
found that smaller doses of ajmaline than quinidine were
needed to arrest or prevent experimentally-induced fibril-

lation 1n dogs. The techniques used to establish the atrial
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arrhythmias included: crush of the inter-caval tissue {cir-
cus movement hypothesis) or the topical application of
acetylcholine or aconitine near the sinus node {(ectopic
focus theory).

Ajmaline's non-cardiac effects would not appear o be
a significant complication during clinilcal trial of the
alkaloid, Intravenous doses of 1 to 5 mg./kg. of ajmaline
caused a transient fall in blood pressure of the dog, but
unlike that resulting from quinidine, and there was no
change in peripheral vsscular resistance (88).

Daily oral doses of ajmaline (also in dogs), 1 to 3
mg,/kg./day, for 5 days, did not result in measurable hypo-
tension (19). AJjmaline applied to an isolated intestinal
strip provoked increased peristalsis and tone (17), but
contradictory results were obtained in the intact dog (79).
Large oral doses of ajmaline, 15 to 30 mg./kg,/day for 15
days, produced no detectable changes in cellular elements
of blood 1liver or kidney (88), The L®50 following intra-
peritoneal‘adminiatrétion of ajmaline to mice was approx-
imately 250 mg./kg.; respiratery difficulties and convul-
slons appeared just prior to death (16). Thus, although
regerpine and ajmaline are lsolated from the same Rau-
wolfia species, ajmaline does not possess hypotensive or

Sedative~-tranguilizer properties.
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¢linical Studies

The final proof of any drug'e effectiveness in the
treatment of disease must be obtained in patients. In the
field of antiarrhythmiec drugs, the many fallures in attempts
to correlate drug potency, in experimentally-induced arrhy-
thmias in animals, with that of ¢linical arrhythmiss, makes
the c¢clinical study of paramount importance, The complete

therapeutic evaluation of a drug, in patients, is a prolonged
effort invelving many hundreds of patients, each carefully
studied; above all, it must not be merely a testimonial or
superficial trial, The results of the s¢linlcal studles to
follow are, by nature, human pharmmacologie investigations.”
The primary object of these studies was to detect an anti-~
arrhythmic action; a therapeutic drug evaluation remains to
be undertaken,

Preliminary clinical studles were started on two of the
indole~quinuclidine alkaloids; ajmaline and cinchonamine.
Ajmaline was administered to nine patients on sixteen
cccasions; one patient reeceiving the drug six times. AL the

present time, only two patiente have been given clinschonamine.

*1 wish to thank Dr. H. Lenox H. Dick, M.D,, Asst. Clinical
Professor of Pharmacology, for permission te include the
results of these elinical gtudies in this thesls,
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The eriterlis used for patient selection for the pharme-
acologie evaluation of ajmaline and cinchonamine were two~
fold: (a) the atrial fibrillation had persisted for more
than 6 montha, (b) other circumstances permitted experimental
study on "private"” patients: terminasl carcinomas, cerebral
thrombotic episodes ("healed") with mental defieit; or "sen-
sltivity” to quinidine resulting in such syncope and vomiting
fellowing a test dose of the drug which precluded its further
use, Because of the limitations of case selection, the mean
age of the 6 men and 5 women was 71.6 years (range 54 to 84
years). The duration of the atrial fibrillation in the
patients actually used in the study was frem 9 months to 6
years. 1In several of the patients premature ventricular sys-
toles usumslly from a single "ectopic" focus accompanied the
atrial arrhythmia, This fact permitted evaluation of the
abllity of ajmaline and cinchonamine to suppress ventricular
arrvhythmias. In no Instance was the atrial (or ventricular)
arrhythmia in a clinical tachycardia classification requiring
emergency treatment, The origin of the atrial fibrillation
was on an atherosclerotic basls; none had a primary history
of rheumatic heart disease and valvuliltils was present to but
& minimal degree, if present at all, Congestive heart fail-
ure, when present, had been adequately compensated by digi-

talls given at a prior time,



98.

The ajmaline was administered as the sterile hydro-
c¢hloride salt by intravenous drip. The cinchonamine was
administered by mouth. For the ajmaline studies, the electro-
cardiogram was recorded (50 mm,/sec,) almost continuously
and blood pressure by sphygmomanometer recorded every 15
minutes. With cinchonamine the electrocardiogram and blood
pressure were recorded every 2 hours for a twelve hour time
period, The general clinical status of these patients was
observed closely during the period of time of drug admin-
istration and for an additional time of at least eight hours,
Since 1t was not possible to administer maintenance dosages
of ajmaline or einchonamine because of inadequate supplies
of the drug, the patient's arrhythmia returned if conversion
had occurred, When this took place, the patients were then
given the standard quinidine therapy. It thus became
posslble to compare ajmaline with quinidine or cinchonamine
with quinidine in the same patient, |

The ajmaline hydrochloride was dlluted with sterile 5
per cent dextrose in water or saline forming 0,02 to 0,1
per cent solutions, Each patient received no more than one
liter of gluild during a six hour period of time. The
aJmaline was adminlistered for 10 minuies at a constant drip
rate, then for the next 5 minutes the non-drug contalning
fluld was given, The rate of administration was computed

over the total fifteen minute‘period; the total time of
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administration involved was one and one-half to three hours.

In a preliminary study, one patient (L. W,) was given
aJmaline intravenously on six occasions with one or two
weeks interval between injections (see Table III)., In this
patient, the dosage of ajmaline was incressed by increments
of 12,5 or 25 mg. until a total of 100 mg. had been given,
There were no statistically significant changes in blood
pressure, heart rate or respiration, Dupring one of the 10
minute drug injection time periods, the rate of administrate-
ion of ajmaline was increased to 0.25 mg., per kg. per minute
as in the experiments with dogs. With this, the heart rate
rose from 68.5 per minute to 84, accompanied by a decrease
of the blood pressure from 180/90 to 160/70. Also the
frequency of premature véntricular systoles, 17.6 per cent
~ of the heart beats at that time, increased to 35.3 per cent
of the total heart beats, Accordingly, on the basis of this
experience, ajmaline administration was restriected to 0.1 mg.
per kg. per minute or less,

During the course of this preliminary trial, it was
observed that with 50 mg. doses of aJmaline the occasional
premature ventricular systole disappeared, the atrial
arrhythmia persisted., When 100 mg, of ajmaline had been
glven the atrial fibrillation rhythm was replaced by complete
A~V block: that is, atrial (P wave) activity was restored

but there was no normal atrioventricular eonduction,



Protocol for
TABLE III

The effecta of lncreasing doses of ajmaline
on the electrocardiogram and blood pressure
of a patient (L.,W.,) with chronic atrial
fibrillation,
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These results in patients parasllieled gulte closely the
results obtalined under simllar eircumstances in dogs.

After these preliminary results, ajmaline was adminis-
tered to elght additienal patients on one or more occasions,
31x patients had premature ventricular systoles accompanying
the atrial fibrillation; the frequency of the premature
beats occuplied 6.1 to 17.6 per cent of heart beats. Doses
of 50 mg., of ajmaline or greater completely suppressed this
ectopic ventricular acitivity (Table IV). With a dose of
ajmaline between 25 and 50 mg. the frequency of the extra
systoles was diminished by one-half to two~thirds, This
appeared to be the minimum effective dosage, for there was
no change in frequency of premature ventricular contractions
following 12.5 mg, of ajmaline, The ventricular extra
systole activity returned as the ajmaline was metabolized
and excreted, With a 75 mg. dose of ajmaline, suppression
of the extra systoles was complete for three hours; by the
fifth post-drug hour they had returned but appeared only
one-quarter as often as in the pre-drug period, Hamm,
Deiwick, Renschler and Zack in a preliminary note (43) also
report 50 mg, of ajmaline effective in suppressing ventrice
ular ectople activity in patients with recent myocardisl
infarcts.

Three patients received ajmaline alone at doses of

100, 150 or 225 mg. ajmaline (Table IV). In each A-V block



Protocol for
TABLE IV

The clinical effects of ajmaline on the cardiac
rhythm of patients with chrenic atrial
fibrillation,
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replaced the atrial fibrillation; the P-P interval was 0,220
to 0,255 sec, and regular, while the R-R interval was 0.796
to 0.862 sec, and variable, Thus, although the R-R interval
was not preeisely regular, the rhythm had more the character
of a sinus arrhythmias than that of the irregular-irregularity
of the atrial fibrillation. The P wavea appeared to have
normal eontour, although of low veltage and usually there

was complete dlssociation of atriz and ventricles with no
discernible P~R interval, In one patient, the electrocardio-
gram had the sppearance of sinus rhythm, but because the P-R
interval was prolonged to 0.234 sec,, this was interpreted

as being constant A-V block with colinelident phasing.

In the "toxiec parallelism” experiments of dogs it was
observed that ajmaline's A~V block could be prevented or
reversed by procaine amide, Thus, ajmaline (150-250 mg,)
was combined with small deses of procaine amide (150-250 mg.)
in four patients. The small doses of procaine amlde were
employed with the intent of reducing ajmalines A~V block,
Procaine amide, even at doses of 750 mg. or greater, glven
to some of these same patients falled to convert thelr
chronic atrial fibrillation te sinus rhythm and thls same
observation iz found verified in the literature (27) (75).
Nevertheless, ajmaline and procalne amlde may potentlate

each others antiarrhythmic¢ action,
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As seen in Table IV agjmaline and procaine amide
administration was followed by conversion of atrisl fibrillat-
tion to a sino-atrial rhythm, This converslion was immediate,
not delayed as with gquinidine. Apparent sinus conduected
beats might appear in bursts of two to eight or might persist,
as regular sinus rhythm, for twenty mlnutes, The change in
rhythm was always of a ftemporary nature; complete A~V block
returning to be replaced, in turn, by an atrisl fibrillation,
indistinguishable from the pre-drug records, The procaine
amide had been given in one instance prior to the ajmaline;
and in three, following it wlith the same results,

Side effects of ajmaline: There was no significant
(P = 0,05 of less) broadening of the width of the QRS wave
in patients until a dose of 50 mg. of ajmaline had been given,
At 50 mg. the breadening waes barely detectable, 10 per ¢ent
greater than pre-drug values or less, With a dese of 100 %o
150 mg., the inerease in wldth was 13 to 26.3 per cent, At
larger doses, 225 and 250 mg., the per cent broadening had
risen to 39 to 43 per cent, This appeared to establish a
maximum glngle dose based on the warning accepted for
quinidine; not to exceed a dose causing 50 per cent or greater
prolongation of the QRS wave.

There were no other significant side effect symptoms

or signs observed during ajmaline's administration,
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The results of this c¢linical study were interpreved as
supporting the hypothesis that an indole-quinuelidine
alkalold did possess antiarrhythmic potency in patients with
chronic atrial fibrillation, The appearance, however, of
A-V block would preclude any practical interest in ajmaline
for therapy, at least at this time.

Cinchonamine: Twe patients were glven oinchonamlne by

mouth, one as cinchonamine sulfate the other as cinchonamlne
base,

Me, M, W, (197893) aged 66 was admitted to the hospital
on 7-20-61 for conversion of atrial fibrillation, The
fibrillation was on the basls of atherosclerotic heart
disesse complicated by congestive heart faillure, low grade
mitral insufficiency and "healed" cerebral thrombi. The
duration of the atrial fibrillation was known for more than
one year, He was digltalized with digitoxin 10 days prior
to administering the cinchonamine; there were no residual
signe of edema or cardiomegaly.

Cinchonamine sulfate was administered in 200 mg.
capsules, one at 10 A.M, and two at noon. Within one and
three quarters hours the irregular heart rate &asa from
80 to 105-115 per minute without significant change of blood
pressure (166-170/88-100). The patient noticed slight
"heart burn" and dizziness, At 3:30 P.M, the electrocardio-

gram revealed regular sinus rhythm, (Figure 14), The next
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CONVERSION of CHRONIC ATRIAL FIBRILLATION
with CINCHONAMINE SULFATE

M.W. age 66 (197893) 29-9-1961

RIGHT CHEST LEAD V2 LEFT CHE ST LEAD V5

- 1:50 (2 Hours after last dose)

3:30 PM (Conversion to regular sinus rhythm)

TEESE

Figure 14, The clinical trial of c¢cinchonamine
sulfate in a patient (M.W,), with chronic atrial
fibrillation, with conversion to sinus rhythm,

(Upper record 50 mm./second; lower record 25 mm,/sec,)
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day this patient was started on a regime of quinidine sulfate
0,2 gm. t.,1.4., as a maintenance dosage. Sinus rhythm
§erslst@ﬁ for thirteen days. Four days later the patient was
readmitted to the hospital and glven quinidine, He was glven
quinidine sulfate 0.2, 0,4, 0,6, 0,8 and 0,8 gm. by mouth at
2 hour intervals, The atrial flbrillation persisted and
additional quinidine was not glven because of a protracted
vomiting and diarrhea episode which followed the last dose,
Mrs. M. 8. (139158) aged 76 had atrial fibrillation
for at least 14 months on a hypertensive cardiovascular basis,
The atrial fibrillation was accompanied by premature ventricu-
lar systoles of apparent single focus origin in the right
ventricle; the frequency of these ectoplc ventricular beats
computed from frequent electrocardiograms taken over a 6
week time perioed varied from 10.6 to 13.9 per cent of the
total heart beats,

- Due to the lnstability of cinchonamine sulfate capsules
which had turned red-brown on exposure to light and air and
shortness of time this patient was given capsules of
cinchonamine alkaloid, 200 mg., The cinchonamine was given
at 9 AM,, 12 and 3 P,M., at 200, 200 and 400 mg, dosage.
Severe nausea and vomiting was experienced following the last
dose, controlled by 1 M injection of 25 mg. diphenhydramine,
Due to this occurrence and a late laboratory report of a

blood urea nitrogen of 43 mg. per cent ne further cinchonamine
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was attempted.

Following the first (200 mg.) dose of cinchonamine the
premature ventricular systoles disappeared completely,
Followlng the second dose of c¢inchonamine prominent f waves
appeared in several electrocardiograme giving almost the
appearance of 2:1 to U4:l flutﬁar. It is pertinent to recall
that Gold and his assoclates (37) used the appearance of
f waves as belng an indlcation of Just subthreshold anti~
arrhythmiec activity of a drug.

These preliminary results with cinchonamine tend to
support the hypothesis that indole-quinuclidine alkaloids
are effectlive in converting chronic atrial fibrillation to
sinus rhythm and are also at lower dosage, capable of
suppressing ectopic ventricular asctivity. Further studies

are indicated.
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DISCUSSION

In the experience of Sokolow and others (95) (57) (94),
1% was found that in the treatment of patients with the drug
quinidine, one of 300 died, fecusing attentlon on the need
for a new and more ideal antiarrhythmlc drug. Quinldine's
discovery as a drug was the direct result of the coincidence
of two diseases in the same patient; the parasitic infectlon,
melaria and the cardiac arrhythmia, atrial fibrillation, No
such accidental discovery csn be predieted for the develope-~
ment of a new useful antiarrhythmic drug, The logical
scientific appreach in this area, using pharmacologic screen-
ing techniques in animals prior to clinical studies, has not
met with sucecess, Using this approach, procalne amide and
hydroxyzine pamoate have experienced limited usefulnesg in
eertain cardiac arrhythmias, but are impetent ln the most
common e¢linical arrhythmia, chronic sustained atrisl fibril-
lation., Thus, any attempt to correlate chemlcal structure
and effectiveness iIn atrial fibrillation 18 on a tentative
and insecure basis, Such correlative relationships are dis-
cussed then as merely suggestive avenues of future research.

Two heteroeyelic rings are evident in the chemical
structure of guinidine viz,, quinoline and guinuclidine, as
ghown in figure 2, One fragment, quinoline, has been

absorbed in conslderable amounts into workers in the dye
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industry, snd no beneficial effects on atrial fibrillation
reported. Ceontrariwise, drugs of any type, i.e., dibucaine,
contalning quinoline, have the reputation of high toxicity.
Although simple gquinuclidine compounds have recently
been synthetized, none has been given to patients with
atrial fibrillation. Evidence suggesting that the quinueli~-
dine ring is important for useful antiarrhythmic activity
vests on the successful clinical trial of ajmaline and ein-
chonamine reported in this atudy. Both compounds contain
two ring heterceyeles, indole and quinuelidine, From these
quite meager observations, the synthesis of the following

compound is desirable.
OH

This structure contains the quinuelidine ring and an
ethyl (or vinyl) side chain believed essential, It is also
a structure with two basic centers, the stronger quinucli-
dine nitrogen and the weaker base, the primary amine. The
primary {or secondary) alechol moiety is also suggested from
its presence in all "eliniecally effective” antiarrhythmic
drugs, The nitrogen nuclieil and alcehel are believed to be
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genters for covalent or hydrogen bonds, bending with the
81411 unknown antiarrhythmic receptor site in cardiac mus~
c¢le. The over-all size of this molecule is proposed as
necessary to blank the reactive receptor site, This some~
what vague concept has precedent in the estrogenic drugs,
stilbestrol and estradiel,

OH
- e

HO | HC

Diethylstilbestrol Estradiol

The ethylene double bond is necessary te limit rotat-
ion of groups about 2 carbon-carbon single bend, The
"trans' form of stilbene tending o ocecupy a similar area
of apace as the more or less planar sterold structure,

Followling along this blochemorphic approach, many
important questions are raised, To state only one: Is the
bieyelic quinuclidine ring really necessary for antiarrhy-
thmic potency, or could there be, by the rupture of one
ring, an active piperidine series established? When the
the requirements for chemical structure necessary for anti-
arrhythmic activity have been established, it should then
be possible to identify reactive sites in the receptor site
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or actilve enxym@s regulating nermal cardiac rhythm or vice
versa, that pathabiachemical or pathophyslologle mechanism
establishing oardzae arrhrthmiaa.

It is partinent to inquirt into the mechznisms under-
lying the broadening of the QRS and P waves observed for
both the quinidine and indole-quinuclidine groups of alka-
loids, Two questions are implied in this inguiry: 1, Is
the broadening of these QRS and P waves related to the
therspeutic effect of quinidine; and 2, Can the broadening
of the QRS and P waves be useful to evaluate with confiderice
new drugs as potentlially useful antiarrhythmic drugs?

The classical clinical interpretation of a broadened
QRS wave iﬁ the electrocardiogram is a éetardatian of myu-
cardial eondustion, This finds use in the diagnosis of
1ntraw¢nt#1eular bleck or of ventricular hypertrophy or
strain. Similarly, a widened P wave might indicate auri-
cular hypertrophy. It is also well understood that the
inseription of these waves 1s the electrical correlate of
ventricular and atrial contraction, The contraction pro-
cess is assoclated with the phenomenon of myeccardial de-
polarization, Thus, a broadening of the QRS wave (or P
wave) reflects both a slowing of the rate of the 1ndl¢1énal
cell depolarization process as well as a retardation of the

intercellular conduetion process, Now, as in the exparimant
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on the normal dog heart, there is no enlargement of atrial
or ventricular mass and there 1s no evidence of the block,
then a broadened wave refleets s slowing of the rate of the
depolarization process,

The hypothesis that the broadening of the P and QRS
vaves represents quinidine's slowing of the rate of depol-
arization has been confirmed in other studies, Capillary
micro-electrodes were driven into single myocardial muscle
fibers of experimental animals, and the mono-phasic action
potential recorded on an oscilloscope. This technique min-
imized complications of interpretation, While specialized
conduction tissue (8-A or A-V nodes and the His-Purkinje
system) 1s excluded, intercellular retardation may still
oceur, Using this ttchnique, Johnson (55) (56) found that
quinidine retards the rate of depelarization of atrium or
ventricle without significantly altering the resting mem-
brane petential, The bieochemical basis for this has been
described; as the membrane potentiasl collapses, insoribing
a depolarization action potential, there is a loss of
intracellular potassium and a gain of sodium ions. Using
radioisotopes with isolated rabbit atria, Holland and Klein
(49) found that quinidine slows the rate of cellular escape
of potassium {(efflux) into the interstitial space, as well as,
8lowlng the rate of cellular entrance of sodium, The inter-

pretation that quinidine, by broadening the QRS and P waves
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retards myosardial depolarization, thus appears Jjustifled,
Caution however, should be exercised in extending this

observation to explain the therapsutic effect of quinidine
in atrial fibrillation., The widening of the QRS and P waves
by quinidine and the indole alkaloids is transifory and
completely reversible, When dogs were given quinidine until
the QRS wave was 25 per cent greater than pre-injection
values, and then the drug was stopped, there resulfed &
return te the control QRS width in 180 minutes, Broadening
of the wave by 50 per cent required 240 minutes for a re-
turn to normal values, Similar values were cobtained for the
P wave, When patients are given quinldine by mouth, with
an adequate time interval between doses, there is no change
in the width of the QRS wave. Only when gulnidine is given
to patients intravenously, or by "pushing” large doses by
mouth, does QRS broadening ocecur., The review of the elect-
rocardiograms of hospitalized patients appears convineling;
the QRS wave during sinus rhythm following gquinidine cenver-
sion, while the patient 1s on a maintensnce dosage of the
drug, is not any wider than that measured during the pericd
of atrial fibrillation or antecedent sinus rhythm, more
often than not, they appear %o have narrowed, Broadening

of the P or QRS waves thus does not appear to exert a direct
influence on quinidine's gonversion of arrhythmias to sinus
rhythm.



118,

Measuremente of = drug's abillity to prolong the QRS and
P wave in experimentzl animals may still prove a uselful pharm-
seologlce scereening technigue. It has been reported pre-
viously (25) that drugs which are effective in terminating
chronic sustained atrial fibrillation, quinidine and allo-
cryptopine de broaden these intervals. Drugs whieh do not
lengthen these waves were clinically ineffectlve; quineserine,
atropine, procaine amide, diphenhydramine and methantheline,

Purther studles are however needed.
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SUMMARY

The experiments performed in this study were intended
to test the hypothesis that in the drug quinidine, the
gquinuclidine ring structure 1s essential, but that the
quinoline ring system is unnecessary for ant;arrhythmie
activity, The effsctiveness of c¢inchonamine and ajmaline,
both indole-quinuclidine alkaleolds, whieh sucecessfully term-
inated premature ventricular systoles and sustained atrial
fibrillation in patients, effectively supports the hypo-
thesis, PFurther studies are indicated for both ajmaline
and c¢inchonamine as potentially useful therapeutic agents;
the former in suppressing premature ventricular systoles
and other ventricular arrhythmias, and the latter for atrial
fibrillation,

This study was also intended to develope a new pharma-
cologic sereening tYechnique, which would demonstrate a bet-
ter correlation than now exists, between antiarrhythmic drug
potency in animals and therapeutic effectiveness in patients
with arrhythmias., To serve this purpose, quinidine was
administered in gradually increasing dosages to anesthetized
dogs, with continuous monitoring of the electrocardiogran,
Both gquinidine and the chemically related indole alkalolds;
ajmaline, cinchonamine, ibogaine, quinamine and tetraphylli-
cine, exhibit similar effects on the electrical properties
of the dog heart. These include: broadening of the P wave



117,

and QRS wave, prolongation of P-R, and Q-T, intervals and
an inerease in height (voltage) and area of the T wave,
Additional studies are necessary to correlate the clinical
prodictnbility.of these experiments, Such an experimental
design has however, preven of value in the human pharmaco-
logle studies of c¢inchonamine and ajmaline; as warning

"guide posts" of potentially dangerous e fects on the heart.

| Ineidental %o the above eéneluaianz, the following find-
ings haéa been made:

The alkaloid cinchonamine has been isolated from
Remijis purdleana, Wedd., and additlonal knowledge on its
chemical properties uneovered, Cinchonamine in the pres-
ence of light, air (oxygen) and certein solvents is convert-
ed to "remijalutein”, and a tentative structure for the lat-
ter assigned,

The minor alkaloid concusconine has been isolated alsoe,
and evidence suggesting its structure as ajmsline-like is
presented. The antimalarisl drug amodiaquin provokes ventr-
icular bigeminy, and this observation has been converted into
a "sereening" technique for the evaluation in animals of drugs
with potentially useful action in suppressing bigeminal
rhythm,
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