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INTRODUCTION

Fatalities have occurred not infrequently during the clinical ad-
ministration of quinidine in patients suffering from heart disease.
At first particular emphasis was attached to the r6le that embolic
phenomena played in producing unexpected deaths (1, 2, 3). Later
it was found that during quinidine administration occasionally there
developed increased irritability of the ventricles, as evidenced by the
appearance of extraventricular systoles and ventricular tachycardia
(4, 5). It was thought, therefore, that ventricular fibrillation, the
most extreme type of ventricular irritability, might explain some
sudden deaths following quinidine.

It soon became apparent that neither of these explanations could
account for a further group of such fatalities. This latter feature was
particularly impressed upon us in our clinical experience for, in the
three fatalities that occurred in the wards of the Peter Bent Brigham
Hospital following quiniidine therapy, post-mortem examination
failed to show any evidence of emboli, and in one of the cases death
was not instantaneous. In this patient, a peculiar toxic state re-
sulted, somewhat resembling shock, or at least giving the appearance
of unusual respiratory distress for some hours before the fatal termi-
nation. We found that similar cases have been reported by others
(6, 7), in which this peculiar toxic state occurred. Von Frey (8) in
1918 reported two patients who received 0.2 gram of quinidine five
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MECHANISMOF DEATH FROMQUINIDINE

times a day. Three hours after the last dose he found that they'
presented a picture of cerebral paralysis. The patients had a sense
of dizziness and increasing warmth, after which they suddenly fainted.
They grew pale and the respirations became slower and stopped.
After a short time the pulse could not be felt. The patients recovered
after artificial respiration was given, and the recovery was accom-
panied by a stronger heart action. He gave epinephrin solution and
thought it had a favorable effect. He also used caffein and camphor,
but without result. As one patient was recovering from the fainting
attack following the period of apnea, he noticed some evidence of
motor excitability, with hallucinations and grimaces of the face.
In the second case, while the patient remained unconscious for several
hours, on three occasions her condition became worse, this being
characterized at first by a standstill of the respiration. Von Frey
concluded in these cases that there was no evidence of a paralyzing
effect of quinidine on the heart muscle, but rather that the results
pointed to a central action, the effect being at first on the respiratory
center. Cordier (9) in 1923 reported his observations on a case of
quinidine poisoning. This patient, a woman of fifty, suffering from
heart disease, was receiving by mouth 0.2 gram of powdered quinidine
a day. She became indisposed and he noticed that she was breathing
with difficulty, developed apnea and finally fainted. This occurred
three times in the same night. He observed no changes in the pulse
except a slight acceleration and weakness at the end of the crisis.
Long periods of apnea were noted by Neuhof (10), and Reid (11)
found evidences of respiratory failure following the administration
of quinidine in human cases. Wiechman (12) observed that in cases
of quinidine poisoning there was clinical evidence of damage to the
respiratory center. This; however, was accompanied by marked
changes in the circulation. Vasquez and Leconte (13) and Korns
(14) did not believe that quinidine ever really caused death. Exitus,
they thought, was due to some underlying heart condition. This
brief review indicates that there is considerable confusion as to
whether the heart or the respiratory system is the one that becomes
intoxicated primarily. It was with the purpose of studying the
mechanism of death and thereby obtaining information as to whether
we had any means of preventing such catastrophes that the following
investigation was undertaken.
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EXPERIMENTALTECHNIQUE

Sixty adult male cats were used in these experiments. They were etherized,
placed on an animal board, and held in the dorsal position. The femoral artery
and vein were exposed and 0.1 gram of heparin (15) dissolved in 2 cc. of physio-
logical salt solution was injected intravenously. A cannula was inserted in the
left femoral artery and was connected with a manometer apparatus by means of
a short piece of rubber tubing. The tubing contained 30 cc. of a 3 per cent
acacia solution and 10 mgm. of heparin under slight pressure. Stopcocks which
separated the manometer and the cannula from the blood stream of the animal
were then opened and a graphic record of the arterial pressure was traced on a
smoked drum. A pneumograph was placed around the animal's chest and con-
nected with a tambour apparatus; a marking signal and timing device were also
in contact with the kymograph. When intratracheal artificial respiration was to
be given, the trachea was exposed and opened, by means of a V-shaped incision.
A T-shaped cannula was then inserted into the trachea and connected with a com-
pressed air apparatus. The amount of air was regulated by opening and closing
one end of the cannula at a rate to correspond with normal breathing. In taking
the electrocardiograms, the hair on the two front legs and the left hind leg was
clipped and contacts were made by means of gauze strips soaked in salt solution.
They were connected with the apparatus in the usual manner. A 5 per cent
solution of quinidine bisulphate (manufactured by Howards and Sons, Ilford,
England) was freshly made for each experiment. The various doses of quinidine
were injected with a tuberculin syringe into the right femoral vein. For the
Roentgenograms, the same animal board and technique as employed in a previous
study (16) were used, except that in this experiment the current was of 30 milli-
amperes and the exposure for 2 seconds. It consisted of making rapid exposures
of the heart without disturbing the position of the animal. In determining
changes in heart size, tracings on smooth white paper were made from the heart
shadow; silhouettes were then cut out and weighed in milligrams.

LETHAL EXPERIMENTS

A series of lethal experiments was carried on in animals of known
weight. They indicated, first of all, that there was some relation
between the weight of the animal and the size of the dose. Wetried
to determine whether there was any relation between the speed of
administration and the minimal lethal dose, as Cohn and Levy (17)
have pointed out that the "greater the fractionation of the dosage,
the greater was the amount of drug necessary to cause death." We,
likewise, found that the animal could tolerate a much greater amount
of the drug when it was divided over a period of time extending from
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half an hour to two or more hours than if larger individual doses
were given more rapidly. As a result of numerous experiments it
was found that 25 to 30 mgm. per kilogram were fatal when given
in one dose. The total minimal lethal dose, however, if 15 mgm.
were given every six minutes, was 45 mgm. per kilogram. It was
possible by giving still smaller divided doses over a penrod of two
hours to administer 100 mgm. per kilogram before the lethal effect
was obtained. This total dose was four times as great as the minimal
lethal amount when one single dose was given. Although the above
figures hold in a general way, there were appreciable variations in
some experiments. A striking thing about these animals was that
practically no ether was required after the first injection, as the
quinidine seemed to be sufficient to produce a state of narcosis.

NON-LETHAL EXPERTIMENTS

In this series of experiments a small single dose was given in order
to determine the margin of safety for administration. A single dose
of 20 mgm. per kilogram caused no appreciable change in the respira-
tion except occasionally a slight slowing. On the other hand, when
a dose of 25 mgm. per kilogram was given, which was in the vicinity
of the lethal dose, there was frequently a brief cessation of the respira-
tion, followed by a slow rate and a gradual return to normal. In
about one half of the instances the dose was fatal. In other experi-
ments a total of 76 mgm. per kilogram administered in divided doses
over a period of two hours was not fatal, but caused some slowing
of the respiration and a moderate narcosis.

These results stand out in marked contrast to those obtained when
digitalis is given, for here the speed of administration does not alter
the minimal lethal dose (18). Some of the ainimals were Ieturned to
the cages, where they completely recovered. The others were u§ed
for different purposes. In several it was found that, following in-
jections of quinidine, apparent recovery of the animal took place
within a few hours and complete recovery in twenity-four hours, in
the sense that similar repeated injections could be given without
any evidence of an accumulative action of the previous administration.
This corresponds quite well to the observations made by Lewi§ (19)
who found that quinidine was completely excreted in approximately
one day.
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OBSERVATIONSONTHE BLOODPRESSURE

As Cohn and Levy (17) and other workers have observed, there
was a constant sudden drop of the blood pressure following the first
injection of quinidine. This was not always related to the size of
the dose. Wefound that the degree of this fall varied between forty
and eighty millimeters of mercury or more. There occurred quickly
a gradual although incomplete return to the normal level. There
was a tendency of the blood pressure to remain low for a longer time
when the dose was large, the return also being less complete. The
average time between the first drop in the pressure and the return to
the next highest level was from five to ten minutes. The drops
following successive injections grew less in extent than those following
the previous ones, and the recovery of the pressure was also less
marked, so that in studying a long chart there was a stairlike effect
on the pressure curve, which remained for some time at a level of
about 30 to 40 mgm. of mercury if no further injections were given
(fig. 1).

The question arose as to whether the fall in the pressure was due
to an action on the heart muscle itself or whether it was due to a
peripheral vascular dilatation. With this in mind, experiments were
performed in which the abdominal aorta was compressed. Referring
to figure 2 it will be seen that after obtaining a record of the normal
pressure, compression of the abdominal aorta elevated the carotid
arterial pressure 75 mm. of mercury above the normal level. While
the aortic pressure was being maintained an intravenous injection of
quinidine produced a fall of about 40 mm., which level was nevertheless
25 mm. higher than the normal readings before compression of the
aorta. When the abdominal aorta was released there was an imme-
diate fall in pressure to a level that would have corresponded to that
obtained from the quinidine if no aortic compression had been em-
ployed. Several minutes later when the blood pressure had returned
to its highest level, the aorta was again compressed with a similar
rise of about 80 mm., bringing the reading to 155 mm., nearly as high
as the level reached after the first injection. From this point a second
injection of quinidine again produced a fall of about 30 mm., and when
the aorta was released a drop occurred which corresponded to about
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the previous low level. This experiment is not critical in differentiat-
ing the effect of quinidine on the vessels from the direct action on the
heart muscle. But the fact that quinidine produced only a partial
fall of pressure while the abdominal aorta was completely compressed
indicates that the action of the drug, at least in a great measure, is on
the abdominal or peripheral vessels. Definite evidence for an addi-
tional effect on the heart muscle was obtained from a different angle

FIG. 2. CAT 29. WEIGHT, 3.9 KGM. BLOODPREssuRE RECORD.

Note increase in pressure following compression of the abdominal aorta and
partial fall as a result of quinidine, with further fall after release of aortic com-
pression.

in that the changes seen in the electrocardiograms (see below) were
of a type that is found only when the heart muscle is undergoing
serious damage.

OBSERVATIONSONTHE RESPIRATION

Von Frey and Haegeman (20), working on rabbits, observed that
quinidine had at first a paralyzing effect on the heart muscle and only
later affected the respirations. On the other hand, in this investiga-
tion we found that a single dose of 30 mgm. per kilogram or more
caused the respiration to become irregular, then it grew slow and
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shallow and soon ceased. When a smaller dose was given, the res-
pirations occasionally ceased for a few seconds and then continued,
at first slowly and later in a normal manner. A dose of about 15 to
20 mgm. per kilogram merely caused a slight but noticeable slowing
of the respiratory rate, lasting for two or three minutes and then
gradually the breathing resumed a normal rhythm.

In giving repeated injections every twelve minutes, the total
amount of which constituted a lethal dose, no striking change occurred
until the fifth or sixth injection. Then the rate of respiration became
slow and shallow, which lasted for five or six minutes, so that just
before the next injection the breathing was quite normal. The same
phenomenon took place after the next injection, but in a more serious
way, and there was a more gradual return to normal. Finally, when
the lethal dose was reached, the animal stopped breathing, although
the heart continued to beat for three or four minutes longer. This
is in accordance with the findings of Korns (14) who briefly mentioned
that if artificial respiration was performed on guinea pigs they could
withstand larger doses of quinidine. However, he failed to appreciate
the importance of this observation, for he added that his dogs died
of ventricular fibrillation, although respiration ceased only a few
minutes before death. In a study to determine the effect of ouabaine
(18) it was found that when ventricular fibrillation was the cause of
death, the respirations continued for an appreciable length of time
after the ventricular fibrillation had begun and mechanical contrac-
tion had ceased. This was a constant occurrence in the death from
ouabaine. It is altogether likely that in Korn's observations respira-
tory paralysis preceded and was in a great measure responsible for
the death of the animals and the ventricular fibrillation was the
sequel rather than the cause of death as it always followed cessation
of breathing. It was practically an invariable experience in our
experiments to find that the heart continued to beat after the respira-
tions had ceased (fig. 3).

THE GENERALAPPEARANCEOF THE ANIMAL

Mention has been made of the peculiar narcotic state of the animal
following the first non-lethal injections before the appearance of
marked symptoms. After a considerable amount of quinidine had
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FIG. 3A. CAT 31. WXEIGHT, 5 KGM. UPPERTRACINGINDICATES RESPIRATIONS,
LOWERBLOODPRESSURE.

Note sudden marked drop in pressure following quinidine with cessation of
respiration. Three periods of artificial respiration failed to institute spontaneous
breathing. After caffeine was given normal breathing returned.

FIG. 3B. BETWEENA AND B SUFFICIENT QUINIDINE WNTAS GIVEN TO PRODUCE
CESSATIONOF BREATHING

Note that caffeine alone produced return of normal respiration although blood
pressure remained low.
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been given, it was not uncommon for the cat to develop short periods
of convulsions. At this stage frequently there was also a livid appear-
ance of the lips, and from time to time the cat tossed his head from
side to side and threw his legs about limply. In some cats there
was a relaxation of the sphincters. The asthenic appearance of the
animals closely resembled the appearance of intoxication that one of
our patients who died following the oral administration of small doses
of quinidine presented during the last few hours of life.

MEANSOF RESUSCITATING THEANIMAL

At the beginning of this study it was our impression that the cats
were dying a cardiac or circulatory death. In some experiments
heart drugs such as ouabaine, strophanthin, and digitalis were given
intravenously when symptoms of catastrophe appeared. We also
used the drugs before starting the injection of quinidine with an idea
of preventing the deleterious effect on the heart and the circulation.
The harmful effects of qunidine were neither prevented nor removed by
the use of these drugs. Von Frey and Haegeman (20) made the same
observations. Suspecting that the failure might be due to vasodilita-
tion, causing a low blood pressure so that the vital centers failed to
receive a sufficient blood supply, we placed the animal head down,
but observed no changes in the respirations (fig. 4). It quickly
occurred to us that the respiratory mechanism was affected, at least
in a measure, independently of the circulation. Although the lower
state of blood pressure could account for a part of the respiratory
distress, it seemed unlikely that it played an important role, for it
has been observed frequently in these experiments that cats were
breathing normally with extremely low blood pressures (fig. 1, Sec-
tion E). As it was felt that caffein has a stimulating effect on the
respiration (21), we thought that it might be of value if the phenom-
enon were respiratory collapse. Thus in a group of animals we
gave a moderately large dose of quinidine, a dose sufficient to produce
respiratory embarrassment. At the point when the cat was breathing
poorly, and just about the time a standstill in the respiration seemed
to be imminent, an injection of caffein sodium benzoate was given-
(about 5 mgm. per kilogram). In most instances the normal breath-
ing returned (fig. 4). Other cats received sufficiently large doses
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MECHANISMOF DEATH FROMQUINIDINE

of quinidine to produce complete respiratory failure. One minute
after breathing had stopped, an intravenous injection of caffein was
made. In about one half of this series, after a few slow and deep
breaths, the normral breathing returned (fig. 4).

To determine whether it was possible to prevent untoward symp-
toms following the administration of dangerous doses of quinidine,
the following experiment was done. The animal was given as a
control 25 mgm. of quinidine per kilogram. The respiration was
very definitely affected. The rate was slow and the breathing shallow,
but the animal recovered. The next day caffein was given first and
followed by the same dose of quinidine, without noticeable change
in the respiration. One day later, the same animal was given 30
mgm. of quinidine and the respiration stopped; caffein (5 mgm. per
kilogram) was given intravenously. The respiratory rate returned
to normal and the animal recovered. These experiments were re-
peated on the same cat and similar results were obtained. The
above experiments indicate a definite beneficial effect of caffein on
the untoward depression of the respiratory mechanism following
quinidine.

The possibility of saving all cats, either from a large single lethal
dose of quinidine or from repeated small doses of such amounts as
were usually lethal, was then considered. When the cats stopped
breathing, artificial respiration by means of chest massage was given.
This procedure failed completely if vigorous or rapid manipulations
were used in carrying out the massage. On the contrary, it was
quite dependable in cats not hopelessly intoxicated by quinidine
when the respiratory movements were made in a slow careful manner
to correspond to the normal rate of the respiration. It was felt,
however, that with more complete ventilation of the lungs, it might
be possible to save the animals more readily. Therefore, intra-
tracheal artificial respiration as described above was undertaken.
This method seemed to be far more efficient. Cats given fatal
amounts of quinidine either in a single massive dose or in small
repeated doses which were sufficient to produce cessation of the
respiration for as long as two minutes, were saved by this procedure.
Some cats in which automatic breathing had stopped were given
artificial respiration for from fifteen to twenty minutes before normal
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breathing returned. The heart action during this period of respiratory
failure was satisfactory, the blood pressure ranging around 40 mm.
One cat which received a very large dose, i.e., 50 per cent larger than
the lethal dose, stopped breathing for two minutes. The animal was
inverted with no effect. Artificial respiration by the intratracheal
method was then instituted and was stopped at intervals, about every
minute, to determine if the animal were breathing spontaneously.
After nine minutes normal respiration returned. The next day the
animal was in good condition and the same dose was repeated. When
respiration ceased the cat was again inverted, without any beneficial
result. Then artificial respiration was started, but at the same time
an intravenous injection of 25 mgm. of caffeine sodium benzoate was
given. At the end of one minute artificial respiration was stopped,
and at that time the cat was breathing normally (fig. 4). Whereas
on the previous day it required nine minutes of artificial respiration
before the normal breathing returned, in this experiment the cat was
breathing after one minute. It seems, therefore, that the combined
action of the two procedures, i.e., artificial respiration and caffeine,
restored the animal more quickly and more efficiently than artificial
respiration alone. In numerous experiments similar recovery of the
animals after lethal injections of quinidine occurred.

OBSERVATIONSON THE HEART

Santesson (22) as early as in 1893 concluded that the action of
quinidine was essentially a muscle poisoning. Waddell and Cohen
(23) in an experimental study on the amphibian heart thought that
the quinidine produced its effect through an action on the musculature
of the heart and of the circulatory system, and they considered it to
be a physiological depressant.

Throughout our experiments, numerous electrocardiograms were
taken. In general it was found that with small doses of quinidine
transient changes in the ventricular complexes occurred. The dura-
tion of the Q-R-S complex was prolonged and the amplitude of the
R and S waves was also increased. Frequently there was a slight
delay in the P-R interval and even heart block as were noted by
Korns (14), and Lewis et. al. (24). These changes disappeared before
the next injection. The general type of curves is similar to those
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FIG. 5. CAT 41. WEIGHT, 3.4 KGM. ALL ELECTROCARDIOGRAMSARELEAD 2.

Timer below measure 5 second. The time the various tracings were taken is
indicated below each curve. No. 1 is normal control. Quinidine 25 mgm. given
at 11.13 a.m. Quinidine 25 mgm. given at 11.29; 15 mgm. at 11.33; 25 mgm. at
11.35. Respirations stopped at 11.37. At 11.38 caffeine sodium benzoate 20
mgm. given. Artificial respiration from 11.40 to 11.50 caffeine 10 mgm. at 11.55.
Note slight slowing and changes in the complexes with early doses of quinidine
and more marked changes with later doses. Striking recovery followed artificial
respiration and caffeine.
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seen in the upper two sections of figure 5. The electrocardiographic
changes became progressively more marked with repeated injections,
with a gradually diminishing degree of recovery. The heart rate in
most instances was slow and death occurred without fibrillation of
the ventricle in the great majority of instances. The final tracings
were apt to show bizarre ventricular curves. In those instances
where the respirations had ceased entirely and it seemed that the
animal would certainly die, electrocardiograms could still be obtained,
although they indicated a most grave state of intoxication. Despite
the dangerous outlook, artificial respiration was successful, both in
reviving the respiratory mechanism and in allowing the heart to, be
restored so that in about two hours electrocardiograms were essen-
tially normal. An example of recovery after a lethal dose of quinidine
was given is shown in figure 5. When such extraordinary curves
were obtained and means of resuscitation were not employed, the
animal invariably died, but here satisfactory heart as well as respira-
tory recovery occurred by means of artificial respiration.

By means of roentgenographic examination it was found that within
a few seconds following the injection of 22 mgm. of quinidine per
kilogram there began a diminution in the size of the heart. There
was further contraction during a period of seventy seconds and
thereafter the heart rapidly dilated to a size greater than the normal
control, with eventual return to normal (fig. 6). With the sub-
sequent injections of smaller doses of quinidine there was a diminution
in the heart size which was not followed by the period of dilation
before the gradual return to normal that occurred in the former case.
In figure 6 the first changes in the size of the heart as indicated by a
decrease in the weight of the silhouettes, although small, are in fact
significant. It was generally considered that changes under 10
per cent were within the limit of error (25) and the fall from 0.061
to 0.056 might be within this margin. But the decrease in the heart
size continued, as was indicated by the figure 0.051 which could not
be considered an error in technique. Furthermore, similar alterations
were observed in the same animal, which makes it more certain that
a true contraction occurred directly after each injection. There can
be no doubt that a subsequent dilatation occurred, for the change
from 0.051 to 0.077 is an increase of 50 per cent. Figure 7 likewise
shows these changes in the actual roentgenograms.
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These observations in general are in accord with those of Jackson,
Friedlander and Lawrence (26), despite the fact that in their experi-
ments the chest was opened and considerable manipulation of the
heart was necessary, whereas here, intact animals were employed.
It seems most likely that the initial contraction was related to the
sudden fall in pressure and was independent of any local action of
the drug on the heart. It was recently shown (16) that with the fall
in pressure that accompanied amyl nitrite administration and bleeding
there was a similar contraction in the heart. The dilatation that
occurred following the initial contraction after quinidine injection
probably resulted from direct action of the drug on the heart muscle,
as it was about that time that repeated electrocardiograms on the
animals showed changes in the ventricular complexes which were
indicative of intoxication of the muscle. Six minutes after quinidine
administration, the heart size returned to normal, although the blood
pressure only partially recovered. This would correspond with the
recovery of the heart as seen in electrocardiographic studies. The
above changes are also in accord with the observation of Waddell
and Cohen (23) who found evidence of decreased elasticity of the
heart muscle when it was perfused with quindine. The changes in
the heart size noted above and indicated in figure 7 were produced by
a two-fold mechanism; the peripheral action of quinidine producing
a fall in blood pressure accounted for the contraction of the heart,
and the direct action of the drug on the heart muscle in certain con-
centrations produced a dilatation. Both of these factors influenced
the size of the heart simultaneously, but in an antagonistic manner,
the resulting size was at any minute dependent on the relative degree
to which one or the other was most effective.

The above experiments conciliate some of the confficting views
expressed by previous observers. There is positive evidence of heart
muscle intoxication following quinidine. However, the respiratory
paralysis cannot be explained by any other mechanism than a specific
effect on the respirations and not as an indirect result of low blood
pressure. Experience in the clinic with one patient who died following
quinidine therapy and who showed respiratory embarrassment some
hours before death makes it seem likely that means of resuscitation
which proved so successful in these experiments might be applicable
to human cases.
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CONCLUSIONS

1. As a result of experiments on cats the minimal lethal dose of
quinidine bisulphate was found to be dependent upon the speed of
administration. Whereas 25 mgm. per kilogram were usually fatal
when given in a single dose, on the other hand, when smaller doses
were given at intervals of from six to twelve or twenty-four minutes,
the total minimal lethal dose correspondingly increased to about 0.1
gram per kilogram.

2. Immediately following injections of non-lethal doses of quinidine
there was a striking fall in blood pressure. This began a few seconds
after the administration was started.

3. The effect on the respiration was directly proportional to the
size of the dose. In giving a small dose the breathing was essentially
unaffected, whereas after a moderate dose, there was usually a tem-
porary, very brief cessation of the respirations. With increasing
sublethal doses there was a slowing of the rate and a decrease in the
depth of the respirations. With lethal doses the breathing gradually
failed and finally ceased. The heart always continued to beat after
complete respiratory failure, for even as long as two minutes.

4. The appearance of the animals under quinidine intoxication was
not unlike that manifested by a fatal case in the clinic.

5. It was found that when animals were given lethal doses and the
respirations had ceased for a period of one to two minutes, they could
be revived satisfactorily by artificial respiration combined with the
use of caffeine sodium benzoate. The caffeine alone was frequently
sufficient, although artificial respiration alone was much more effective.
When the two procedures were combined recovery took place more
rapidly.

6. There were changes in the electrocardiograms of varying degree,
depending on the size of the dose. With small doses the changes
were slight and transient. With larger ones the curves indicated a
grave intoxication of the heart muscle. Fibrillation of the ventricle
was very rarely observed.

7. Roentgenograms taken at freqent intervals during the fall of
pressure after an injection of a moderately large dose of quinidine
showed at first a slight contraction of the heart followed by a dilata-
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tion. With small doses a contraction but no dilatation occurred.
There was a marked dilatation as a tenninal event.

8. It is suggested that the method of resuscitation employed in
reviving the animals in these experiments may be applicable in the
clinic in the treatment of quinidine intoxications.

Wewish to take this opportunity of expressing our indebtedness to
Miss Bertha I. Barker for her devoted assistance in these experiments.
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