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Preface

"Tie Unvenstn or Ransas Medical School has recogmzed sts
obligation to its state nd regionn] area to provide stimulating
post graduate medical education This has been a major purpose
of our school 1nd 1 myjor ebligation of our staff
In February 1956 the Medical School presented a two day
post graduate program on the single subject of Digitalis The
program was jomtly sponsored by the School the kansas Med
1cal Society the Ransas Board of Health the hansas Heart As
soctation nd the Ransas City Missourt Heart Association
Two hundred physicians were mn attendance guest speakers
were Dr Robert Batterman Dr Richard Bmg Dr h K Chen
Dr Santago Gnsohn Dr Bernard Lown Dr Aldo Luisada and
Dr Wilkam Sodeman
The intent of tlns course s wath the other Ransas post graduate
courses was to present the subject from a practical viewpoint
useful to the physician i practice but at the same time providing
deq physwological and phar logical bachground
The material presented by the guest speahers and the scope
of the panels offered an excellent coverage of the status of the
digitalis glycosides their history pharmacolegy physwology ex
perimental approaches toucity and therapy were all well cov
ered The content of the course was augmented by obtaining ad
ditional papers from Dr Ralph H Major Dr Meyer Friedman
and Dr George Okita This book presents this collection of
formation
The contributors to the volume are representatne of those
working presently in this field n the United States Their individ
ual papers and the panel discussion have been onented toward
the practical applied use of the drug and its background pharma
cology
The editing of this volume has been facilitated by the gener
ous help of Dr Sherman M Steinzeig Tramnee National Heart
Insutute The secretaril burden was carried cheerfully by Myss
Rathryn Calderwood I wish to thank both of them

E Grey Dnoxo M D
Kansas City Kansas
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Doctor Ralph H Maor presented 1 a beau
tiful and lucsd manner the hfe of Wilham
Withering and the ongins of digitalis i Tus
book THE Crassic DESCRIPTIONS OF DISEASE
1t seems particularly appropniate to begin this
present volume wath a reprinting of Doctor
Major s essay



Dugtals
Wirssans Wirirnine

Dierrwus 1 without question the most viluable ewdine drug
ever discovered and one of the most v duible drugs w the entire
phamacopoar The mtroduction of digstilis was one of the
bidmarks m the lustory of cardine diserse

William Withermg who introduced digrtahs mto the practice
of medicne was born in Wellington Shropshsre Enghnd m
1741 His father was w wpothee witiirgeon who emoyed a goad
practice m Shropshire Willlam Withering recenved Jus first edu
cation 1t the school of Ins mitne town and later went to Edin
burgh where he took the degrec of M D i 1768 The following
year he commenced practice m Stiffard but does not scem to
hawe been unusually successful smce he wrote that hus prafes
sionl enggements seircely produced on the average of six
years one hundred pounds per annum  Presently he Ioft Stifford
and moved to Brrmmngham tikng over the prictice of Dr Smalt
1 1776 we Jewn that Ius practice had hecome considerable and
his recespts mereased to morc thin one thouswnd pounds a year
He gave free advice to the poor 1t Ins home on certamn davs and
aided the poor wd unfortunite m many ways His extensie
practice cused Tum to travel both day 1nd mght and durmng
these trps he read and wrote  His c urage was equipped with 1
light so he could study while travelling along the countmyside at
mght Hs fisst pubhished work was A Botenical Arrangement of
Al the Vegetables Growing e Great Britam According to the
System of the Celebrated Linngens with an eavy wtroduction fp
the study of Botany  He remaned afl his Iife an wdent student
of botmy and later became much mterested 1n chemsstry and
T{Yfﬂ“’wﬂ In Buringham he beeame 2 member of the Lunar

Reprat 4 from Ralph H Majr MpD g
Spriogheld Mo Charl 5 © Thomas Pibaber lassic Descray tions of Disease

{31
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Socicty 1 scientific body so named because 1t met once a month
and which numbered among its members such celebrities as
Priestley and Watt
Withering s Account of the Foxglove and Some of Its Medical
Uses was published n 1785 and mmmediately attracted great at
tention This work was the fruit of many years of observation
and on 1its title page appears the appropriate quotation from
Horace Nonumgque prematur in annum (let 1t be suppressed for
nine years) The year of its publication he was made  fellow of
the Royal Society and recened a diploma from the Medical So
ciety of London This book of Withermg 1s one of the classics
of medical hterature and greatly prized by collectors It sold
when published for five shillings with the colored plate of the
foxglove A copy sold m 1943 for $275 00
The use of digitalis m practice was condemned by Dr John
Conlley Lettsom who enjoyed the largest and most remunerative
practice in London  Lettsom was a man of marked literary abihty
4 skillful physician and a great philanthropist Lettsom on the
recommendation of Withering had preseribed digitalis and m
eight mnstances the 1illness had termmated fatally Among these
patients was Charles James Fox the English statesman who was
suffering from crrrhosis of the liver with ascites and 1 whom 1t
had apparently produced a fatal effect Withermg 1n 1 letter
answenng Lettsoms strictures complains that No one could
compare Lettsomss choice of patients with my declaration of the
fit and unfit or the doses he prescribed and the perseverance he
enjomed, with my doses rules and cautions
Withering suffered for twenty years from bronchiectasts or
possibly tuberculosis and died 1n 1799 age 58 He 1s buried
the Pinsh Church at Edgbaston his tomb bemg 2dorned with
the staff of Aesculapius round which are entwined the serpent
1nd the foxglove Withering Ived to see digitahis adnutted nto
the Edwnburgh Pharmacopoeia and 1ts ments generally recog

mzed
Dr Erasmus Darwin the grandfather of Charles Darwin em

ployed digitalis to good effect and sought to immortalize 1t m the
followng verses
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Tolster d with down amid 1 thousand wants
Pale Dropsy rears his bloated form and pants
Quench me ye cool pelluaad nlls ™ he eries
VWets lus parched tongue and rolls hus hollow eyes
So hends tormented Tantalus to drink

While from his Lips the refluent waters sbrink
Again the nsing stream his bosom Javes

And thirst consumes lum mud circumfluent waves
Divine Hygewa from the bending sky

De cending listens to his piercing ery

Assumes bnight Digitalis dress and ar

Her ruby cheek white nech and raven haw
Four youths protect her from the virchng throng
And like the Nymph the Goddess steps along
Oeer hum she waves her serpent wreathed wand
Cheers with her voice and raises wath her hand
Warms with rekandling bloom his visage wan
And charms the shapeless monster into m1n

Boranic Garpen Part 2 Crnto 2

AN ACCOUNT OF THE INTRODUCTION OF
FOXGLOVE INTO MODERN PRACTICE ©

As the more obvious and sensible properties of plants such
as colour taste and smell have but httle connexion with the
diseases they are adapted to cure so ther peculiar quahtres hve
no certain dependence upon their external configuration Ther
chemical exammation by fire after an immense waste of time
and labour having been found useless 1s now abandoned by
general consent Possibly other modes of analysis will be found
out which may turn to better account but we have hitherto made
only a very small progress in the cherstry of ammal and vege
table substances Their virtues must therefore be learnt either
from obsening therr effects upon nsects and quadrupeds from
analogy deduced from the already known powers of some of
therr congenera or from the empirical usages and expenence of
the populace

The first method has not yet been much attended to and the
second can only be perfected n proportion 1s we approach to

Withening Wallam An Account of the Foxglove end Some of wts Medical
Uses Birmngham Swinney 1765 p 1 p 11
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Society a scientific body so named because 1t met once a month
and which numbered among 1its members such celebrities as
Priestley and Watt

Withering s Account of the Foxglove and Some of Its Medical
Uses was published n 1785 and mmediately attracted great at
tention This work was the fruit of many years of obseryation
and on its title page appears the appropriate quotation from
Horace Nonumque prematur in annum (let 1t be suppressed for
nme years) The year of its publication he was made 1 fellow of
the Royal Society and recened a diploma from the Medical So
ciety of London This book of Withering 1s one of the classtes
of medical Iiterature and greatly prized by collectors 1t sold
when published for five shillings with the colored plate of the
foxglove A copy sold in 1943 for $275 00

The use of digitalis i practice was condemned by Dr John
Coakley Lettsom who enjoyed the largest and most remuneratne
practice n London Lettsom was 2 man of marked hterary abihty
a skillfu} physician and a great philanthropist Lettsom on the
recommendation of Withering had prescribed digitabs and
eight mstances the 1llness had termnated fatally, Among these
patients was Charles James Fox the English statesman who was
suffering from crrrhosis of the liver with ascites and 1n whom 1t
had apparently produced a fatal effect Withering mn a letter
answening Lettsoms strictures complains that No one could
compare Lettsom s choice of patients with my declaration of the
fit and unfit or the doses he presceribed and the perseserance he
enjomed with my doses rules and cautions

Withering suffered for twenty years from bronchiectasis or
possibly tuberculosis and died 1n 1799 age 58 He 1s buried in
the Pansh Church at Edgbaston his tomb being adorned with
the staff of Aesculapius around which are entwined the serpent
and the foxglove Withering Ined to see digitalis «dmtted into
the Edinburgh Pharmacopoeia and its mernts generally recog
mzed

Dr Erasmus Darwin the grandfather of Charles Darwin em
ployed digitalis to good effect and sought to immortalize it in the
following verses
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mode of prescription but a errcumstance happened which aceel
erated that event My truly valuable and respectable friend Dr
Ash nformed me that Dr Crawley then principal of Brazen
Nose College Oxford has been cured of a Hydrops Pectoris by
an ¢mpincal exhitbition of the root of the Foxglove after some
of the first physictans of the age had declared they could do no
more for him T was now determined to pursue my former 1deas
more vigorously than before but was too well aw are of the uncer
tainty which must attend on the exhibition of the root of a brennial
plant and therefore continued to use the leates These I had
found to vary much as to dose at different seasons of the year
but I expected if gathered always 1n one condition of the plant
viz when 1t was n sts flowering state and carefully drnied that
the dose might be ascertained as exactly as that of any other
medicine nor have I been disappointed 1n this expectation The
more I saw of the great powers of this plant the more it seemed
necessary to bring the doses of 1t to the greatest possible accuracy
I suspected that this degree of accuracy was not reconcilable
with the use of a decoction as 1t depended not only upon the
care of those who had the preparation of it but 1t was easy to
concene from the analogy of another plant of the same natural
order the tobacco that its active properties might be impatred by
long boilng The decoction was therefore discarded and the
infusion substituted in 1ts place  After this I began to use the
leaves 1n powder but I still very often prescribe the infusion

Further expenience cominced me that the dcuretic effects
of this medicine do not at all depend upon 1its exciting a nausea
or vomuting but on the contrary that though the mncreased secre
tion of urine will frequently succeed to or ewst along with these
crrcumstances yet they are so far from being friendly or neces
sary that I have often known the discharge of urine cheched
when the doses have been imprudentlv urged so as to occasion
sichness

If the medicine purges 1t 1s almost certam to fail in its desired
effect but this having been the case I have seen it afterwards
succeed when jomed with small doses of oprum so as to restram
1ts action on the bowels

In the summer of the year 1776 1 ordered a quantity of the
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wards the discoverv of a truly natural system but the last as
far as 1t extends lies within the reach of every one who 1s open
to information regardless of the source from whence 1t springs

It was a errcumstance of this hind which first fived my atten
tion on the Foxglove

In the year 1775 my opion was asked concerming a family
recerpt for the cure of the dropsy I was told that it had long
been kept a secret by an old woman m Shropshure who had
sometimes made cures after the more regular practitioners had
falled I was informed also that the effects produced were vio
lent vomiting and purging for the dwretic effects seemed to
have been overlooked This medicine was composed of twenty
or more different herbs but 1t was not very difficult for one con
versant in these subjects to perceive that the active herb could
be no other than the Foxglove

My worthy predecessor m this place the very humne and
mgenious Dr Small has made 1t a practice to gne his advice
to the poor during one hour in a dvy This practice whieh I con
tinued until we had an Hospital opened for the reception of the
sich poor gave me an opportumty of putting my 1deas imnto exe
cution m 2 vanety of cases for the number of poor who thus
applied for advice amounted to between two 1nd three thousand
annually 1 soon found the Foxglove to be 1 very powerful diu
retic but then and for a considerable time afterwards I gave
1t 1n doses very much too large and urged its continuance too
long for nusled by reasonmg from the effects of the squill which
generally acts best upon the Lidneys when 1t excites nausea 1
wished to produce the same effect by the Foxglove In this
mode of prescribing when I had so mny patients to attend to
1n the space of one or at most of two hours 1t will not be expected
that T could be verv particular much less could I tike notes of
all the cases which occurred Two or three of them only n which
the medicine succeeded I find mentioned amongst my papers
It was from this kind of experience that I ventured to assert m
the Botameal Arrangement published m the course of the follow
g spring that the Digitahs purpurea merited more attention

than modern practice bestowed upon 1t
I had not however yet mtroduced 1t mto the more regular
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feeble his body greatly emaciated except lus belly which was
very large and upon exammation contaued a fluid The case
had been considered as ansing from worms He was directed to
take the decoction of Digitabs mght and morming It operated
as a diretic never made him sick, and he got well without any
other medicine

Case IV

July 25th \Mrs H of A near \ between forty
and fifty vears of age 1 few weeks ago after some previous indis
positon was attacked by a severe cold shivenng fit succeeded
by fever great pamn in her left side shortness of breath perpetual
cough and after some dayvs copious expectoraton On the 4th
of June Dr Darwin ® was called to her T have not heard what
was then done for her but, between the 15th of June and 25th of
July the Doctor at hus different visits gave her vanous med:
cnes of the deobstruent tomc anti spasmodic dwretic and
evacuant kinds

On the 25th of July I was desired to meet Dr Darwin at the
lady s house 1 found her nearly 1n 2 state of suffocation her pulse
extremely weak and wregular her breath very short and labonous
her countenance sunk her arms of a leaden colour clammy and
cold She could not lve down mn bed and had neither strength
nor appetite but was evtremely thisty Her stomach legs and
thighs were greath swollen her urme very small in quantity
not more than a spoonful at a time and that very seldom It had
been proposed to scanfy her legs but the proposition was not
acceded to

She had expenenced no relief from any means that had been
used except from ipecacoanha vomits the dose of which had
been gradually increased from 15 to 40 grains but such was the
msensible state of her stomach for the last few days that even
those very large doses failed to make her sich, and consequently
purged her In this situation of things I knew of nothing Iikely
to avail us except the Digitahs  but this T hesitated to propose
from an apprehension that Intle could be expected from any
thing that an unfavourable termination would tend to discredit
a medicme which promised to be of great benefit to mankind,

and I might be censured for a prescnption which could not be

d by the e of any other regular practiboner

But these considerations soon gave way to the desire of preserving
Then resident at Lichfield now at Derby
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leaves to be dried and as 1t then became possible to ascertam 1its
doses 1t was gradually adopted by the medical practitioners
the cirele of my acquamtance

Cases

CASES IN WHICH THE DIGITALIS WAS GIVEN BY THE
DIRECTION OF THE AUTHOR

1775

It was n the course of this year that I began to use the Digt
tahs mn dropsical cases The patients were such as apphed at my
house for advice gratis I cannot pretend to charge my memory
with particular cases or particular effects and I had not leisure
to make notes Upon the whole however it may be concluded
that the medicine was found useful or I should not have continued
to employ 1t

Case 1

December 8th A man about fifty years of age who had form
erly been a bulder but was now much reduced in s circum
stances complimed to me of an asthma which first attacked him
about the latter end of autumn His breath was very short his
countenance was sunken s belly large and upon examination
a fluctuation 1n 1t was very perceptible His urme for some time
past had been small in quantity I diected a decoction of Fol
Digital recent which made him very sick the sickness recurrning
at intervals for several days durng which time he made a Jarge
quantity of water His breath gradually drew easter his belly
subsided and 1n about ten days he begun to eat with 1 keen
appetite  He afterwards took steel and bitters

1776
Case II
January 14th A poor man labouring under n asgites and
anagarca was directed to take a decoction of Digitalis every four
hours It purged him smartly but did not relieve hum  An opinte
was now ordered with cach dose of the medicine which then
acted upon the kidneys very freely and he soon lost all his com
plaimnts
Case 11T
March 15th A poor boy about nine years of age was brought
for my advice His countenance was pale his pulse quick and
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It 1s now almost mne years smce the Digitahs was first pre
scnbed for this Indy and notwithstanding I have tried every pre
venttye method I could devise the dropsy still continues to recur
at times but 1s never allowed to merease so 1s to cause much
distress for she occasionally takes the infusion and relieves her
self whenever she chooses  Simce the first exhibition of that med
ane very small doses have been 1lways found sufficient to pro
mote the flow of unne

I have been more particular 1n the narritive of this case
partly because Dr Darwin has related 1t rather imperfectly i the
notes of his sons posthumous publication trusting I imagine to
memory and partly because 1t was 1 case which gave nse to a
very general use of the medicme 1n that part of Shropshire

11
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the Iife of this valuable woman and accordingly I proposed the
Digitalis to be tned adding that I sometimes had found 1t to
succeed when other even the most judicious methods had failed
Dr Darwm very politely acceded immedzately to my proposition
and as he had never seen 1t given left the preparation and the
dose to my direction We therefore prescribed as follows

R Fol Digital purp recent oz 1v coque ex
Aq fontan purae Ibiss ad Ib1 et cola
R Decot Digital oz 1ss
Aq Nuc Moschat oz 1 M fiat haust
2 cis hons sumend

The patient took five of these driughts which made her very
sick and acted very powerful upon the kadneys for within the
first twenty four hours she made upwrds of exght quarts of water
The sense of fulness and oppression across her stomach was greatly
dimimshed her breath was eased her pulse became more full
and more regular and the swellings of her legs subsided

26th Our patient betng thus snatched from impending destruc
tion Dr Darwin proposed to give her a decoction of pareira
brava and guricum shavings wath pills of myrrh and white vitriol
and 1f costive 1 pill with calomel and aloes To these propositions
I gave a ready assent

30th This dry Dr Darwin saw her and directed a continun
tion of the medicines last presenbed

Angust 1st 1 found the patient perfectly free from every ap
pearance of dropsy her breath quite easy her appetite much 1m
proved but still very weak Having some suspicton of a diseased
liver I directed pills of sop rhubarb tartar of vitriol and calomel
to be taken twice a day with a neutrnl saline draught

9th We visited our patient together and repeated the draughts
directed on the 26th of June with the tddition of tincture of bark
and also ordered pills of 1loes guacum and sal martis to be tiken
1f costive

September 10th  From this time the management of the case
fell entirely under mv dircction and percewving symptoms of effu
sion gowg forvards I desired that 2 solution of merc subl corr
might be given twice a d1y

16th The mcrease of the dropsical symptoms now made it
necessary to repeat the Digatahs  The dried leaves were used n in
fusion ~nd the water was presently evacuated as before
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strates two features the ncrease m the force of systolic contrac
tion and the depression of the A V conduction

The mammnlan heart responds mn a sumilar manner Figure 2
represents systolic tension of the papilliry muscle of the cats
heart reproduced from a publicaition by Cattell and Gold The
muscle was mmmersed m Lochess solution and electrically stimu
Inted at the rate of forty times per minute At arrow digitoxin
was added Promptly the systohic tension was increased reach
g a maximum 1t the end of seventy four minutes Figure 31sa
group of electrocardiograms of w etherized cat from Lead 2
during the slow continuous mntrayenous mjection of 1 dilute solu
tion of digitoum  After 54% of the lethal dose was adminsstered
the smus rate was defimtely slower than the mitial and the P R
prolongation became obvious After 66% of the lethal dose was
mjected the auricles and ventricles followed their mndependent
rhythms Ventricular tachyeardia with multiple foe1 of mmpulse
formation started when 84% of the lethal dose had been mfused
Bundle branch bloek appeared at 90% of the lethal dose nd the
cat died from ventricular Gbnilation “This expenment lustrates
two effects the depression of the A V conduction system and the
slowing of the sinus rhythm The latter 1 attnbutable to the
stimulation of vagal endings because double vagotomy or atro
pinization does away with this slowing

It 1s common experience that a fallmg heart 1s more respon

Figure 1 Tracing of the contractions of a frogs ventncle perfused with

Ringer solution through the mferior vena cava At the arrow  the perfusion

was switched to digitowin There 1s an occurrence of extra systoles 21
block and a systohe contracture
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K Kk Cuex®

WiLam Witasring an Enghish physician learned of a secret
recipe from a2 woman of Shropshure for the treatment of dropsy
m 1775 It consisted of over twenty herbs but to Withermg a
competent botamst as well as a brlliant medical man 1t was
obvious that digitalis was the active ingredient So he decided to
use the leaves of digitalis not the whole rectpe on his patients
After ten years of studies he published his classicnl book An Ac
count of the Foxglove

A perusal of this medical treatise reveals (1) Withering dis
covered digitalis by applying Jaymen s knowledge under a similar
circumstance that Jenner discovered small pox vacene (2) his
discovery was made not by chance but by thorough knowledge
of botany (3) Withering estiblished the value of digitalis in
dropsy by lus careful study of 163 patients 1n a period of ten
years and (4) he mcluded 1n hus book thirteen confirmatory re
ports from his colleagues and friends It 1s thus a perfect example
of scientific research carried out some 180 years ago

About seventy five years after the discovery of digitalis the
French and German physiologists pharmacologists and clmieians
led by Vulpian emphnsized the action of digitals on the heart
This 15 mdeed the man and specific effect of the drug In the
laboratory animals the action of digitalis on the heart e be
broken down to at least three phases — (a) the increase of the
force of contraction by the stimulation of heart muscle fibers
(b) the stimulation of the vagal endings and (c) the depression
of AV conduction Figure 1 shows a tracing of the frog s ventnicle
perfused with Ringers solution through the inferior ven1 cava
At arrow 1t was switched to digitoxn *one of the active constitu
ents of digtalis “There was occurrence of extrasystoles 2 1 block
and the tendency of systolic contracture This experiment demon

< From the Lily Research Laboratories Inchanapohs Indiana

T2}
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The heart rate 1s dramatically reduced by digitahs of aurscular
fibnllation accompanies heart fulure It does not matter whether
one believes n the circus movement theory or the ectopic focus
theory since digitalis does not abolish the fibrillatory process
What 1s important to the patient 1s that digitahis converts numer
ous feeble ventrnicular beats to a few forceful contractions The
end result 15 the improvement of hert fulure as measured by the
reversal of its climeal signs

Aside from the crdine action digitalis causes vomitmg For
tunately the amount of the drug required for this reaction 1s

DIGITOXIN

CTROCARDIOG
% FATAL. DOSE ELE IOGRAM

from an

a group of el cat

{Lead II) dunng slow continuous mteryenous mjection of a dilute solution

of digitoun  After 54 per cent of the lethal dose was adminstered the

simus rate was defimtely slower than mitully and the P R imnterval prolonga

tion 1s obvious After 668 per cent of the lethal dose 1s mjected the auncles
1 h 1

Figure 3

and ventricles follow 1nd dent rhythms 3\ with

multiple foct of the impulse formation begins when 84 per cent of the

lethal dose has been mnfused Bundle branch block appears at 90 per cent

of the lethal dose and the cat died from ventncular fibnllation n the last
strip
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DIGITOXIN 15 M

TENSION

HOURS ! :
Figure 2 Represents the systolic tension of the
capillary muscle of the cats heart (reproduced from
a publication by Cattell and Gold): The muscle was
mmmersed m Locke s solution and electrically strmu
lated at the rate of 40 times per mmute At the
arrow digitoxin was added Promptly the systolie
tension was increased reaching a maximum at the
end of 74 minutes Ilustration reproduced from
] Pharm Exp Thera 62116 1938 by Cattell and

Gold Courtesy Wilhams & Wilkins Ce

swve than a normal heart to the same dose of digitahs This 1s
because of the fact that a normal heart 1s operating at an optimal
efficiency and 15 less easily stimulated than the fmling heart
which 15 working under a phystological handicap and shows 1ts
relief when digitalis 1s admimistered To my second year medical
students I am m the habit of makmg the subject simple and
would tell them that digitalis 15 idicated as long as there are
signs of heart fulure What are the signs of heart failure? I place
them 1n two columns of four items each

SIGNS OF HEART FAILURE (SEVERE)

Decerease in
Vital capacity
Minute volume output
Rate of blood flow
Unne

Presence of
High venous pressure
Cyanosis due to anowia
Chronic passive congestion
Edema
The augmentation of the contractile force of the heart brings
about a reversal of these signs This scheme serves as an ntro-
duction to therr course m cardiology during the third and fourth

year classes

E I
G0
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bowels let 1t be stopped upon the first appearance of any one
of these effects” Modem chmieians try to aclueve digitalization
and its m by ad 1ng enough digitalis just short
of casing untownrd renctions winch are loss of appetite nnuser,
vomiting diwrther 1nd evidence of A V block They realize that
because therr pattents susceptibility to digitalis varies from one
to another the dosage must be therefore ndiadualized After
the mmtinl test doses 1t does not matter whether we start with
100 mg or 200 mg of digitalis three to four times 2 day for the
first few days and continue with 1 mantenance dose of 100 mg
per d1y or one half of the amount As long 1s the signs of heart
faillure are controlled without toue mamfestations the patients
mterests are well served

When we presenbe digitahs we are giving the patient celln
lose plant protesns hprds orgamic acids chlorophyll saponins
and glycosides It 1s the last class of products the glycosides that
contribute the digitalis action on the heart The glycosides are
steroids coupled with natural sugars  One hundred years after
Withering s discovery of digitahis Sct deberg made a ch 1
analysis of the leaves and named one of the glycosides digitoxan
This was further purified and crystallized It turns out to be the
principal glycoside m both quantity and quahty In 1940 Gold
Cattell ¢t al demonstrated the adyantages of digitoxm 1n clinical
use over the gilenical preparations  According to their work digt
toxin 1s completely 1bsorbed from the gastromntestinal tract while
the active constituents in the crude form arc absorbed approxt
mately to the extent of 25% One biological unit of digitoxin ¢an
therefore plish what 4 biologrcal umts of digitalis powder
will do Since digrtoxin exerts 1ts full effect upon swallowing a
relatively smaller dose such as 0 1 mg can be used Such a small
amount free from umtating impunties (sapomns particularly )
causes 4 minmmum of local reaction mainly nausea and vomiting
The pure principle thus can take the place of the crude drug
much the same as morphme for oprum and pemeillin for the mold

Now if we let digitoun represent digitalis we will have a
shghtly better 1dea of its distribution 1n the body and its ehmina
tion from 1t Like the crude drug digitowun has a latent period of
two to four hours wnd mav take two to four days for full digitaliza
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VENTRICLE I¥
ALA CINEREA \

CHEMORECEPTOR
TRIGGER ZONE

VOMITING CENTER
RETICULAR
FORMATION

Figure 4 Indicates the suggested location of the chemoreceptor

tngger zone lying on the dorsal surface of the ala cinerea m

the medulla The impulse 15 then mediated to the vomiting

center which 1s located in the lateral reticular formation (see
text)

usually greater than that for the treatment of heart failure It 1s
therefore avoidable chimically The mechamsm of digitalis emesis
1s better understood now At one time 1t was sud that digitalis
directly acted on the vomiting center at another 1t was thought
to be a reflex effect through the cardiac nerves Recent work by
the neurophysiologists at Columbia Umversity reveals that digt
talis excites the chemoreceptor trigger zone which hes on the
dorsal surface of the ala cinerea 1n the medulla (Figure 4) The
mmpulse 15 then mediated to the vomiting center which 1s located
1 lateral reticular formation These areas were carefully located
by direct application of the drug and ablation wath microelec
trodes

The expression of digitals potency 1s much sumpler today
Although we retain the unit we can actually prescribe in metric
weights Thus 1 USP Umt s equivalent to 100 mg of digitahs
powder or 1 cc of tincture of digitalis The USP Umt 15 the
same as the international umt Each batch of digitahs powder 1s
biol 1ly assayed i p agamst the USP standard

Withenng s advice for using digitalis 15 Let 1t be contmued
untal 1t acts erther on the hidneys the stomach the pulse or the
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digatalis restored denosmetriphosphate and  phosphocreatine
which are energy rich metabolites At the same time the drug
mercases the ovy gen consumption 1nd ghicose utilization of the
heart Digatoun tends to remstate the molecular weight of myosm
of the fuling heart as measured by the ultracentrifuge My dis
cussion can be iceepted onhy as an elementan introduction to
digaitalss therapy
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a/cc
aH
OIGITOXOSE
I T
OIGITOXOSE DIGITOXIN
DIGITOXOSE

Figure 5 Tlustrates the formula

of digitoun Notice the basic

cyclo pento phenanthrene nng

with the hydroxal group at C

the sugar group at C and the
Jactone rmg

tion It apparently takes time to saturate the tissues i order to
attam the peak and plateau effect After absorption the glyco
side appears 1n the blood gall bladder spleen and heart It s
nteresting that the unchanged digitoxin 15 not specially concen
trated i the heart muscle Working with 1sotopic digitoun Geil
mg and Ius associates concluded that the liver was the prmeipal
organ for metabohzing this glycoside and the kidney the major
organ of excretion The rate of elimmation spreads over days
thus accounting for 1ts cumulative effect which 1s so well known
The formula of digitotun has several vulnerable pomts (Figure 5)

Hydrolysis certainly takes place because the residual struc
ture without sugar has been identified n the urme The nich
enzyme systems of the liver may mactivate the glycoside by at
tacking the OH group at C,, by saturation of the double bond
m the lactone ring or by the change of steric arrangements It
15 not mconcervable that sapomfication may take place upon long
exposure to a pH greater than 7

Every year several hundred papers are published on digitths
and 1its related products Much fundamental nformation 1s
added to our knowledge Heart fulure can be surgically induced
mn expermental ammaly simulating chinteal cases  Numerous mn
vestigahons deal with the action of digitalis at enzymatic and
chemical levels For example on both normal and fuling hearts
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cept of muscular actnvity will become clear m subsequent pira
graphs ’
Let us now proceed to modern studies on this problem The
cell intenior has a low sodium and a high potassium concentrt
tion whereas the 10nic concentration on the outside of the cell s
reversed During depolirization potissium moves outward dur
ing repolarization sodium moves mto the eell The sodium and
potasstum concentration differences are built up during recovery
by a cyclical process which absorbs pottssium and extrudes
sodiim agunst the electrochemical potential gradient The
amount of sedium extruded exceeds the amount of potassium b
sorbed In general only 1 trickle of 1ons leaks through the mem
brane passnvely but pores of the membrane-open up when the
membrane 15 depolarized and large 1ome movements then take
plice ns shown during the action potentinl Apparently the
movements of 1ons across the cell membrane durng the action
potentinl or during depolarization are passive while the move
ments of 1ons across the membrane during recovery represent
to 1 large extent 1 active transport Within recent years particu
larly due to the work of Hodghins the separation between active
and passive transfer of 10ns across the cell membrane has become
apparent 1t has become likely that there 1s 1 coupled system
which ejects sodium from the axon or probably from the muscle
on one Limb of a cycle and absorbs potissium on the other Thus
if the potassium 1nflux 1s abolished by removing external potas
stum the sodwm outflow drops by an amount roughly equal to
the ongmal p mflux P with dimtropl 1 or
cyamde greatly reduces the sodium outflow and also removes
most of the potasstum influx Cooling to 1 C has a stmilar effect
The fact that the movements of 10ns across the membrane during
the spike of the action potential are passive can be demonstrated
by the fact that metabolic poisons do not prevent the rapid move
ments of the 1on across the membrane during the passage of
mmpulses

Consequently according to Hodgkims n addition to a per
meability system there 1s a secretory mechanism drven by
metabolism which ejects sodnm and absorbs potassum agamst
electrochemcal gradients Conduction of impulses but not re
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Ttk Muciansm of the action of digitalis on the heart muscle
still remains a mystery Chutcal observatons contmbute hitle
more to this problem It 15 tkely that most of the. advances m this
field will come from fundamental studies of the structure and
function of the cell It 1s for this reason that today s lecture will
be primnly devoted to this ispect

I DIGITALIS AND YONS

The protews of the muscle have the facultv of contraction
The membrane of the muscle cell 15 responsible for the, electrical
actvity The concentration of 1ons within the muscle cell differs
from that m the surroundimg medwim 1n that the muscle cell 1s
nich i potassiim whereas the surroundmg medmm contaws an
cxcess of sodwm  Unguestionably the electneal impulse m the
nerve and the action potential of the muscle 1s 1ccompamed by 1
movement of 10ns cross the membrane This was clearly stated
many years ago by Bernstem nd in the same year by Overton
Bernstemn suggested that nerve and muscle fibers are endowed
with a surface membrane of special selectnve permealnhty and
excitable properties  This me mbrane has the quility of bemg se
lectively permeable to potassium ions and 45 a result of the
unequal distnibution of potissmm on exther side of the membrane
an electric potential dilference 15 established which is re sponsible
for the action potential

Overton m the same yvear stressed the importmce of the
sodium 10n 1 muscular contraction  He shoned that the exat
ability of muscle cannot be mantaned without sodum 1n the
surre g med. and he Tuded that the sodm 10n must
have a speatfic function thus impulse conduction nd excitabhty
1s accompamed by a chinge between mtraceliular potassium and
extracelinlar sodmum 1ons  How close he was to the present con

{20}
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less than n ordinary aqueous solution This observation demon
strates that potassium certamly 1s not bound within the cell and
that the ability to discrimimate betw cen potasstum and other 1ons
must depend upon a selective property of the cell surface or the
membrane The situation with sodum 15 not very different be
cause 1t has been found that potassium ¢n penctrate more easily
than sodm since the external concentration of sodum exceeds
that of potassium about sixsts times It appewrs then that the
potassium 1on has a much higher chance of entering the nside
of the cell than has the sodium  As was mentioned before sterdy
concentration differences are mamtamed between inside nd out
side by an active energy spending process which is thm to actne
secretion of sodm which 1s continually at work m nerve and
muscle fiber
-~ Letusnow der the possible mfl of digitalis on mem
'brane permeability and possibly on actn e metabolic processes of
the cell which regulate 10me exchange duning the recovery period
of the membrane
The effect of cardine glycosides on the electrical exaitabality
of 1solated heart muscles can be demonstrated by microelectrode
techmques Woodberrn and Hecht using microelectrodes m
serted mto mdnidual muscle fibers of frogs heart found that
digitoxin lengthened and then shortened membrane action po
tentials Tovic doses brought about evtreme shortemng of re
polanzation The duration of depolarization was not affected
However the amplitude of depolarization diminished with large
doses of glycosides Resting potentials were not changed A
similanty of the effect of strophantlidin to that of sodium lack
on the mtact heart was found by Daley and Clurk A decrease
1 the sodium concentration 1n the medum 1n which the muscle
fibers were soaked resulted 1n a loss of overshoot T'urthermore
the action potential became shorter with no change 1 resting
potential  Replacement of sodium chloride with 150 osmotic sac
charose resulted mn similwr changes Our observations on the
effect of Cedilanid on mammalian heart muscle 1s simlar to that
described by Woodberry and Hecht on the frog heart muscle
When muscle strps from dogs ventncles were suspended 1
tvrode solution to which Cedilamd 1n varied concentration had
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covery can take place if the secretory mechanism 1s put out of
action with mhibitors  Finally sodium afflux and potassitm influx
are coupled but do not seem to be Jmked ngidly
~ It s as vet too early to point out the possible effect of these
modern concepts of membrane activity on the action of digitals
However 1t 1s hkely that glycosides influence the active meta
bolically driven movements of 1ons
What 15 known about the hypothetical structure of the mem
brane? The presence of 1= membrane 1s made Iikely by the fact
that if we penetrate with a micro electrode mto the mteror of
the cell « so called resting potential 1s obtuned Apparently the
mtertor of nerve ind muscle fibers behaves like an ordinary elec
trolyte of somewhat lower conductivity than the surrounding
solution but the cell surface contains 1 layer of high direct current
resistance and large capacity It 1s obviously the different con
centration m 1ons which 1s responsible for the membrane resting
potential 1 that the conductinity of the mside of the cell 1s
lower thin that of the outside When we penetrate the surfce
of a heart muscle fiber with a microelectrode of 8 microns tip
diameter the entry of the micromanipulated electrode mto the
fiber 15 indicated by 1 sudden drop of the potentral at the tip of
the electrode This leaves no doubt that the surface Inyer of the
fiber must be the seat of a very high electrie potential gradient
In addition at any gwen level of the muscle cell there re
accordmg to the English workers no measurable potential differ
ences mside the fiber and the electromotn e forces in resting 1nd
active nerves are developed wholly across the surface membrane
Thus we have here the electrienl evidence for a structure which
separates the mside of the cell from the surroundmg medium
Other more indirect proof for the presence of the membrane
has come from an entwely different method of experimentation
which bears close relattonship to what was discussed n the first
two paragraphs of this paper In referring to Hodghins agun
there appears to be an evchange of 1ons across the membrane
with a concentration gradient existing between the outside and
the mside of the cell or the fiber Hodghins and lus assoctates
were able to show that the 10mc mobility and the diffusion cocfi
cient of potassum mside the nerve fiber was only about 10%
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less than n ordman, aqueous solution This obseryation demon
strtes that potassium certanly 1s not bound within the cell and
that the ability to diseniminate betw een potassium and other 10ns
must depend upon a selective property of the cell surface or the
membrane The situation with sodm 15 not very different be
cause 1t has been found that potasssum ¢ penetrate more easily
than sodium since the external concentration of sodum exceeds
that of potassium about sixty times Tt appears then that the
potassium 101 has a much higher chance of entering the nside
of the cell than has the sodium  As w1s mentioned beforc steady
concentration differences rre mamtuned between mside and out
side by an active energy spending process which is akin to actnve
secretion of sodum which 15 contmually at work m nene and
muscle fiber
~ Let us now consider the possible mfluence of digitahs on mem
brane permeatnlity and possiblv on active metibohie processes of
the cell which regulate ronic exchange during the recovery period
of the membrane
The effect of cardirc glycosides on the electrical exatability
of 1solated heart muscles cn be demonstrated by microelectrode
techmques Woodberry and Hecht using microelectrodes m
serted nto indnidual muscle fibers of frogs heart found that
digitoun lengthened and then shortened membrane action po
tentinls Touc doses brought about extreme shortenmng of re
polanzation The duration of depolirization was not affected
However the amplitude of depolarization diminished wath large
doses of glicosides Resting potentials were not changed A
sumlanty of the effect of strophanthidin to that of sodium Tnch
on the stact heart was found by Dnley and Clrk A decrense
m the sodum concentration 1n the medium 1n which the muscle
fibers were sonhed resulted 1n a loss of overshoot Furthermore
the action potential became shorter with no change m resting
potential  Replacement of sothum chlonde with 1s0 osmotie sac
charose resulted m smmlar changes Our observations on the
effect of Cedilimd on mammalian heart muscle 1s similar to that
described by Woodberry and Hecht on the frog heart muscle
When muscle strips from dogs ventncles were suspended m
tyrode solution to which Cedilamid 1 varied concentration had
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been added a marked change was seen In the normal action
potential three phases of repolarization are noticeable with an
mtial steep phase a plateau and a final steep phase Digitahis
effect 15 charactenzed by shortening of repolanzation which 1s
primanily the result of the disappearance of the plateau and the
final steep phase  As a result the whole 2ction potental shortens
Signs of extreme tovicity consist of uregular spontaneous con
tractions  Fibrillation and arrest are not uncommon Charac
teristically digitals has no effect on the membrane resting
potentinl

One may wonder at this point whether the clear demonstra
tions of the effect of the cardiac glycosides on the membrane ac
tion potential 15 not 1 disagreement with our hypothesis that
digntalis gly cosides act on the metabolic rather than on the excita
tory phase itself  One may venture the assumption that an action
of the glycosides on the sodum wnflux or the potassium outflow
during recovery may influence the action potential through 2
change 1 1mtial 10mic concentration of the cell at the onset of
the excitatory period

The strong binding power of the heart muscle to the glycoside
was demonstrated m expertments it which 1t was shown that
membrine action potentials of fibers which have been placed m
tyrode solution contuning Cedilanid mamtaun their digitals effect
when placed m Cedilind free tyrode solution Theoretically the
glycoside could have remamed attached to the membrane or 1t
could have penetrated the nterior of the cell combining with the
contractile protems We therefore performed experiments to see
whether or not Cedilanid had remuned attached to the mem
brane or whether 1t had penetrated the mtertor of the cell When
muscle mn tyrode solution contaming Cedilamd was extracted n
water for two to six minutes all mechamical and electrical ac
tivity ceased When after that period of time the muscle strip
was brought mto contact with Cedilamd free tyrode solution
action potentinls demonstrating digitals effect reappeared 1n

diately If 1t 1s d that water extraction destroys the
membrane temporanly then the glycoside must have become

fived to the mterior of the cell during soaking 1n water exerting
ats nfl diately upon r 1on of the membrane 11
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tyrode solution On the other hand the glycosrde may have
been bound to the membrine tself wiich mav hwe only
temporardy lost its ability of depolnzation and repolanization
presumably theough changes 1w permetbility to sodwm and po
tasswem These expersments therefore gave us no answer to the
question of where the digitalis binding to heart musele fiber
actually occurred AH that e be sud 15 that the electncal
effect of the glyconide must be dependent upon wme balances
between the mside and the outside of the muscle fibers

Do cudine glycosides wfluence the electrolyte balwce of the
whole heart m situ? The effect of therapentse as well as touc doses
of digitalis ghycosides on the electrolyte eontent of the whole
heart has been a controversial subject Enarher studies by Ham
son and hus cowarhers suggested that heart fadure alone could
mfluence the electrolyte content of the heart thus the nght ven
trieular muscle of patients dving from pulmonan disease was
found to have dummished potassium content while the left ven
tricular musele did not When pulmonary and systemie conges
tion were present the potassmum content of both ventricles was
dimuushed Wilking and Cathoun and others found decreased
potwssiun and phosphosus tion and d sodmm
concentration w the ventricles of persons who had died of con
gestnve fmlure

Although these studies suggested that hewt faure wself may
change the electrolyte content of heart muscle the possibility
evisted that digitabis may have been responsible for the observed
electrolyte changes Earher staches m this field have wndicated
that the potassium content of dogs hearts recenng towie doses
of digrtalis was reduced while digitahs 1n therapeutse doses did
not inf} the ation of p m the heart muscle
Hagen found that therapeutic doses of Digilamd € caused a shght
nerease while tovie doses resulted 1 a marked decrease m potas
sium content of the perfused rabbnt heart muscle In 1938 Wedd
pubhshed a paper on the miluence of digoun on the potassum
content of heart muscle His experiments were performed on the
turtle ventricle which provided adequate control matenal He
found that digoun exerts 2 profound effect en the muscle con
tractility without causing sigmficant changes 1n 1ts potassium
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content Ihigh concentrations of digoxin at times did result i
marked potassium lowering but with that went great impurment
of beat or even complete loss of excitability Apparently here s
well s 10 some other more recent work the positive motropic
action of cardine glycosides w1s not nccompanted by changes m
the electrolyte balance of he wt muscle Wood and Moe using the
heart lung preparation found good correlation between the mag
mtude of the efficiency increase of the heart and the rate of potas
sium mobilization from the heart muscle 2 finding which held
true for both tovic and therapeutic doses of the glycosides Thes
concluded that potassium mobilization from tissues of the heart
may be 1ssociated with therapeutic digitalis action and 1s not
merely a tovic mamfestation of these drugs s some previous
researchers have indicated
While previous dattr were primanly obtuned on the heart
1n vitro or on muscle strips recent catheterization studies on the
coronary stnus have made 1t possible to 1vestigate the effect of
cardiac glycosides on the electrolyte balince of the heirt m a
more physiological manner  Using a powerful glycoside Acetyl
strophanthidm 1t was found that the myocardial balance of po
tasslum became negative 1nd that of sodium positive immedrately
followng the mjection of the glycoside mto dogs After twenty
five minutes the opposite effect was recorded Less convincing
results were obtuned using k strophanthudin
We mvestigated this problem m patients with and without
heart faillure using the technique of coronary smus eatheterizn
tion Repeated blood samples were drown from hoth the coronary
sinus and the femoral artery during the control period and 1t
ten munute mtervals for sixty mmutes followmy, the mjection of
from 9 to 15 mg of Cedilud No gross interference with the
potassium or sodiam balance of the human heart was pparent
The only statistically significant finding was an merease m the
potassium concentration m arterial and coronary sinus blood sug
gesting that Cedilanid m theripeutic doses ctuses potassim
hberation primarily from extracardiae tissues
Despite these negative results a shght action of the gly coside
on heart muscle balance of potassium and sodium ¢ nnot be com
pletely excluded by these findmgs It 1s Iikely that there arc
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severl factors which o influence the magnstude of the corenany
arteniorvenous potassum and sodwm differences In the first
plice ¢hanges m coronary flow can alter the arteriorcnous hffer
ence' Thus w merease m coronary flow reduces the wrtenoyenons
difference However we had previously shown that degtabs gly
casides do not influence the coronry blood flow  Another factor
» the speed with winch potwssivm 1s releascd from the heart
muscle Thus cardine glycosrdes with very rpid action may lend
10 4 demonstrable difference m the mvocardinl electrolyte bai
ances The more rapid the loss of 1ons from hewrt muscle the
farger will bie their coronnry rtenovenous differences *The fiml
factor deterniming myocardinl bndances of electrolytes 15 the
total quantity of potrssium Jost from the heart The more exten
sne the loss of the electrolyte from heart muscle the greater 15
the coronary arteriovenous differences It is hkely that differences
m the nction of the varous glycosides on the electroly te balances
of the heut we prmanh the result of the speed with which
potasstum 1s relensed from the heart muscle Thus together with
species differences may furnish the explanition for the difference
w wctian of cwdiac gheosides on the myocardinl pottssium wd
sodium balances

Much of what has been stated here has been based on expent
mental work relatmg electrolvte balances of the hewt to the
action of the ghcondes In the following parigriphs views
will be presented wluch refate these electrolyte changes to the
contractiity of the hewt muscle Most of this work has come
from the laboratory of Szent Gyorgy1 In order to comprehend his
concepts an understindg of certun fundamental aspects of
the nature of the countractile protews s essential  Seme of this
will Le discussed as we deal with the ~ction of digitahis and
contractile protemns diwectly  According to Szent Gyorgyr the
contrictile matter 15 bult of thread ke thin and fong protem
particles myosn In the resting muscle the myosm 15 lept
straight  In the contracting musele 1t folds The myosin particles
are hept apat {m the strarghtened state) by two forces (1)
thewr negatne charges and (2} positne potassium sons which
surround these charged protemn particles Thus as Szent Gyorgy:
expresses it the myosin particle 1s surrounded by 1 cloud of posi
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tive potassium 1ons which heeps the myosmn n a lengthened state
and also keeps 1t m solution The greater the number of positine
to negatne charges the greater the repellent action Further
more the thicker the positive 1onic [ayer the greater the repellent
action

It follows that n order for the muscle to contract or for the
myosm particles to fold this repellent action of the potassium
10n has to be el ted This 1s plished by a loss of potas
sum from the cell which as we have seen occurs during the
ascending spike of the action potential As the muscle cell loses
potassium  the repellent charges are dimmnshed and folding of
the myosin molecules occurs Furthermore as potassium 1s lost
from the cell myosm combines with another protem actin which
also has been kept apart from myosin by the negative charges of
the myosin and the positive charge of the surrounding potassium
ons Thus as the excitation wave sweeps along the membrane
folding of myosin or contraction comes about by loss of potassmm
and subsequent interaction of myosin with action with formation
of the contractile protemn actomyosin It follows that 2 loss of
potassium 1s a favorable condition for contraction It 1s this con
cept which 1s fundamental 1n Szent Gyorgyis reasoning

Accordingly since potassium 15 lost during an mdividual con
traction rapidly succeeding contractions should become more
powerful since with short intervals between contractions potas
sium has no chance to return mnto the cell to assume 1ts guard
position around the myosin molecules The stawrcase phenomenon
15 used by Szent Gyorgyt in support of his theories Baudich
working on the 1solated frog heart found that if the heart 1s
arrested for some time the first beat after the pause 1s weaker
than the last one precedmg 1t If beats follow each other rapidly
the contractions become stronger Szent Gyorgy: explams this
phenomenon by stating that each single beat leaves a decreased
potassium 1on concentration behind which favors contraction
During a long mterval between beats this favorable condition
deteriorates and potassium reenters the cell and the next contrac
tion 15 weaker When the mterval between beats 1s short potas
siuum remams outside the cell and contractions are stronger

Let us now return to the digitalis problem The first clue on
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the 1ction of cardine gly cossdes on these mechamsms came when
Szent Gyorgy s and Hadyu found that sf they repliced the Ringer
solution 1 heart perfusates with serum the beat of the heart
after n reldtively long pause wis as powerful as the preceding
one Accordmg to the concept of Szent Gyorgyr serum con
tamed a substance which hept potassium out of the cell This
substance was found to be a sterol Digitalis also bemg a sterol
had a sumubrr effect
Szent Gyorgyt now continues hus reasoming by statng that
when the heart 15 dumaged st seems to be unable to keep the
potassium out The benefical action of cardiac glycosides would
then result from their ~bilty to dumimsh itricellular potassium
trabon This mg: theory has a great deal of expen
mental bicking but some of it 1s definrtely stdl within the yealm
of speculation There 13 for example hitle evidence that potas
surm content of the fnling heart 1s ereased

Il CARDIAC GLYCOSIDES AND
CONTRACTILE PROTEINS

We have already hewd that according to Szent Gyorgy:
myosm 15 negatnely charged bat that it 1s surrounded by positne
potassium ions which act as further repulsive forces Actm 1s the
other muscle protem whieh revets with myosin If an actin and
a myosm particle meet m the presence of a physwologieal salt
concentration they omie 10 a complex actomyosmn which be
comes putially discharged The uncontrcted resting hugh energy
state 15 thus transferred by the ts of potassium tons i a
contracted low energy state The energy avaiable for contraction
s contamed m lugh energy phosphate adenosmetriphospliate
and 1t 15 with the myosin ATP complex that actin umtes to form
actomyosin The actomyesin ATP formed 1 muscle under the
nfluence of exaitation 15 spontaneously transferred wto energy
poor contracted state The loss of energy can be used for mus
cular work

We shall now examme some fundamental properties of acto
myosin as they pertam to the actidn of cardine glycondes In the
first place m the preparation of actomyosm extraction of the
heart muscle “brer with potassum chlonde solution must be
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carried out for at least twenty four hours It was first found i
Szent Gyorgyts Inboratory that when muscle 1s extracted with a
buffered RC1 solution { 6 mol) the mixture prepared by short
extraction has a relatively low viscosity while after protracted
extriction (over 24 hours) 1 very high viscosity ensues The
highly viscous myosin was termed myosm B winch now can be
referred to as actomyosm the myosm of low viscosity was termed
myosm A Apparently the prolonged extraction had added a new
protein from the minced muscle which m combmation with myo
sin leds to mereased viscosity This new protemn ts actm which
with myosin 1s responsible for the formation of actomyosmn

The concentration of RC1 and ATP profoundly mfluences the
behavior of actomyosin  Apparently 1n the presence of ATP 1t a
low salt concentration there 1s complete dissolution and dissoc1n
tion of actomyosin Then when the potassitum chloride concen
tration 1s gradually increased 1n exceedmgly mtense precipitation
occurs  Instead of loose bulky floccules a dry lookng granular
superprecipitation 1s formed which settles rapidly to the bot
tom of the test tube occupying 2 small volume As we increase
potassium chlonide further suddenly complete dissolution and
complete dissocition take place again The concentration of po
tassium chlonide 1s extremelv critieal  Szent Gyorgy: found that
a difference of no more thmn 02 molar potassum chloride may
change superprecipitation nto dissocnation It was already men
tioned that the dissociated form possesses 1 low viscosity the pre
cipitated form ugh viscostty An mncrensed concentration of ATP
makes the zone of superprecipitation smaller Thus the pownt of
transition between the two states superprecipitation and dissocia
tion depends on various factors Starting from the maamum of
superprecipitation mcreased potassmum chlornide ATP magnesium
pH or low temperature will fuvor dissociition  Superprecipita
tion does not tike place unless we have n the solution myosin
actin ATP and salts After actomyosm has been formed by
twenty four hour extraction ATP together with potissim chlo
nde mn the concentration used will heep the formed actomyosin
m the dissocrited form

How can the effect of cardiac glycosides on actomyosin be
determined? Weber and his coworkers prepared the first acto
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myosm threwd which ean be made ether from punfied natural
actomyosm solution or from netemyostn wlhieh has been synthe
tized from myosm and actin Weber ealls this wtomyosm thrcad
o thrend model

Withm recent yewrs actomyosim threads have heen made by
othet methods the best kaown probably bemy, that of Haywhs
of Columbin Unnersity  Havwshe wsed the puneiple of swrface
spread actormyosn solwtion In Yus methed the pure rctomyosm
15 spread on the surface of - soluhon contamed m <+ Longmur
trough By compression of this sorface flm aetonn osin threads
can be obtamed which can be placed on 2 stationiry hooh  The
cantraction of these fibers can be meawsured followang addition
of AR Hay s found that dilute potwsswom ehloride nppeared
o fix the fber 2t Wy length while «n merense m sadt concentra
tion was necessary for elongaton the presente of ATP was e |
gured for contriction  Agam we have here evidence of the
wportance of salt concentration for comraction with the con
dimons for contrachions bemg ATE i low swlt concentranon for
elongation ATP m hagh st concentrstions

There wre certan disadhantages 1o these threads They are
stcky and fragle and removing them from the bath saspending
them on 1 book and weighng them 1s a chore  Fuarthermore the
seatter of datn obtamed with this method » considerable This
mav be due to the fact that the actemoun film spread on the
surface of the trough docs not sepresent \ monolwyer but surfnce
precpitated Ivers of proteins with a certun Qegree of raolcular
onentation The reason for the fraplity of the threds prepuaed
with this method hes probably in the fact thy the protem s
partially dentused  Such a denatured protem contubmites noth
mg to contraction while wmereasn,, the frgibity of the protemn
thread A final difficalty wath this method kes in the mewsurement
of shortenng of these fibers This has been weemphished by ob
serving the tp of the mancle stnp with 4 boszontslly ahgned
dissecting microscope This 15 not an obyectne recording

To overcome these varons sethacks Dr Detth m our labo
ratory has mtroduced a method which resobves some of these
difficufties  In the first place the actomyosi threads need sot
be touched or transfersed  After compression the thread swams
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on the surface of a subcompartment of the trough and can be
attached to a torsion balance the movements and contractions of
the thread are then observed by a null seehing device which per
mts continuous registration of the contractions of the actomvosm
thread
Using this system the scatter of data 1s less the movements
can be registered on 1 kymograph and tensions after loaded
contractions and simple shortening can be recorded T might
say here in passing that one of the most mteresting facts which
Dr Dettlis work has brought to light 1s that the contractihity of
actomyosin prepared from non beating hearts wlich have been
removed from the body for one hour and left at room temperature
15 sumilar to that of a fresh preparation This opens a new field
for the study of myocardial failure and the action of digitahs
smee 1t will permit the study of human actomyosmn from autopsy
material which has heretofore not been possible One of the
greatest difficulties 1n studying the behavior of contractile pro
tems n myocardil failure 1s that actomyosin must be prepared
from animal hearts in which failure has been artificially produced
This my differ from the type of failure seen m the human The
modification mtroduced by Dr Detth will permzt 1 study of the
digitalized s compared to the non digitahized human actomyosmn
There eusts another “model of the contractile protem which
1s easter to prepare than the pure actomyosin thread I am refer
ring here to the water glycerol extracted muscle which Weber
calls the fiber model When sheletal or heart muscle 1s extracted
m 50% glycerol for three d1ys at 0 C followed by extraction from
ten to fourteen days at —20 C and from these strips smaller
4to 7 mm pieces are dissected 2 preparation 1s obtamed which
contracts upon the addition of ATP to the surrounding bath
Neither epmephrine nor acety] chohine produce contractions The
tension developed by the strip mncreases with nsing ATP content
of the brth Turthermore the degree of shortenng of an iso
tomeally contracting wished myocardial preparation 1s directly
proportional to the lognthm of time TImnlly the speed of
contraction expressed by 1ts logarithmic slope decreases with
risng tension and the work of the 1sotomeally contracting muscle
strp calculated per unit fiber 15 related directly to the tension
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up to a certun pomt and decreases when the tension becomes
excessive When these glycerol extracted heart muscle strips are
stretched and the developing length 1s related to the tension as
recorded by a strun giuge 1t 1s seen thnt a progressively larger
nise m tenston occurs with merease m length

To summarize then we have two tools at our disposal to
study the action of cardrac glycosides on the contractile proteins
One 15 the glycerol extracted heart muscle the fiber model and
the other 15 the actomyosin thread or thread model

Let us exxmine the action of the cardiac glycosides on these
two models We mvestigated the effect of Cedilamd on the me
chanical activity of extracted heart muscle strips  As described
above the work of the extracted muscle strip mcereased with ris
g tension up to a maumum value and decreases as this tension
1s exceeded Prolonged periods of stretch leading to an increase
m fiber length result 1n greater work performance of the extracted
muscle Cedilamd has no effect on the work tension relationship
of extracted heart muscle strips

Smce the degree of shortening of extracted heart muscle was
found to be directly proportional to the logarithm of time the
slope of the contraction curve could be expressed as a function
of the loganithm of time and the degree of shorteming Using the
slope as a function of the speed of contraction 1t could be shown
that digitalized extracted heart muscle shortens at the same rate
as the control Fmally the effect of Cedilarud on the length rest
g tension relationship was investigated Since 1t has been man
tamed that the effect of digitalis 15 on the heart muscle drectly
expressing itself i changes m mtial fiber length or m mtial
tenson the cardiac glycosides could concewably influence the
length resting tension relationship of extracted heart muscle by a
relatively greater tension per increase i length However Cedi
lamd had no effect on the length tension relationship

So far our attempt to demonstrate the action of Cedilantd on
the 1solated glveerol extracted heart muscle strip had failed En
tirely different results were obtained by Robb and Mallov These
mvestigators found that ouabain made 1t possible for a thread
to undergo greater shortemng either with or without attached
weight Furthermore the glycostde resulted in more rapid short
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ening  Robb and Mallov however used Hayashis method m
preparing the actomyosin threads the difficulties of this method
have been pomted out mn a preceding paragraph
To summanize In all hkebhood cardiac glycosides mfluence
“ the distribution of electrolytes between ntenior and extersor of
the muscle cell An effect of cardiae glycosides on contractile
protems has been demonstrated 1 some preparations

III THE EFFECT OF CARDIAC GLYCOSIDES ON
HEART MUSCLE IN CONGESTIVE FAILURE

In order to discuss the effects of cardiac glycosides on heart
failure 1t 15 essential to dwell upon some of the metabolic aspects
of congestive heart faillure  Accumulation of mformation regard
mg the metabolic processes of the heart muscle of human subjects
with congestive heart failure has been hampered by a lach of
sunable techmques for studying the problem n the environment
under which 1t develops and in which 1t contmues to progress
Most previous studies on the metabolism of the failing heart have
utilized either the 1solated mammalian heart muscle preparation
a pump oxygenator system or more recently mtubation of the
coronary sinus of amtmals While extremely valuable information
ob.amed by such methods 1s not necessary applicable to human
congestive {ailure or at least 1s subject to considerable msinter
pretation when anilogies are attempted Catheterization of the
coronary smus in min has now made possible a means of gather
ing data which would otherwise be unobtamable and of studying
under physiological conditions with normal nervous and hormonal
regulitory mechantsms some of the aspects of myocardial metabo
lism 1n congestive failure

Previous reports on the metabolism of the human heart using
coronary smus catheterization have shown that under normal
resting conditions the myocardnm extracts sigmficant amounts of
glucose pyrwvate lactate fatty acids ammo acids and ketone
bodies from the coronary blood and that the extraction of ewch
foodstuff 15 dependent chiefly upon its artertal concentration
In the post absorptive state the heart derives on the average
about T0{ of 1ts energy requrements from non carbohydrate
matenal chrefly fatty acids but also ammo acids and hetones
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The 2balits of normal heart muscle to uthze whtever foodstulf
15 supphed cn be demonstrited by rusing the blood concentry
tion of an mdnidual substrate and observing the consequent
crease m myoc wdial extriction

Cansiderbly less 1s known about substratc utihization n con
gestne hert fulure  Studies were therefore undertahen m this
faboratory winch could be used to md i resobang the following
problems (1) 15 therc any difference m the amount of oy gen
consumed by equil weights of normal and faling hum w heart
muscle® (2) Is the fulng heart deficient m 1ts ability to utthze
any of the bisic foodstulls consumed by the normal heart  (3) Is
therc any evidence of uncrobie myoc wdial metabolism m con
gestive heart fulure  (4) Is the redueed efficiency of the faling
heart due to deficient energy production or mnefficient energy
ubhzation? Some of these questions have direct bearing on the
problem of digitalis effect on the faihng heart

Ta accomplish 1t lewst o« partial Answer to these guestions
twenty patients with congestive farlure of common etology were
studied We comparcd the data with simitar findings an two con
trol groups one consisting of subjects with entircly normal hearts
and the ather of patients with known cardiie disense but witheut
congestive fatlure

Cardiac output and respreatory quotient of the heart Cardiae
ontput was dunnished i the fadure group  The mean respiatory
quotient of the heart sveriged 75 ndicwtmg that the energy
requirements of the heart m the postabsorptwve state are met
chiefly by non carbohydrate foodstufls No dsffcrence between
the faiting and non fading hearts was found

Caronary flow . the congestve falure group was shightly

1 hed but not sigmficantly so The coronary artenovenous

ovygen difference was shightly but not sigmficantly above that
of the coutrol group The oxygen usage per gram of myocardium
was the same m congestive failure as m the normal

Substrate Utifization  The overall patter of foodstuffs utihzed
by the myocardium was not altered mn the presence of congestive
heart falure

Although these Sndings were on the whole negative some
conclusions ¢ be drawn from them The first apphes to our
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question Is there any difference in the amount of oxygen con
sumed by equal weights of normal and failling human heart mus
cle? The fact that the oxygen usage of the fuling heart 15 1dentt
cal with that of the normal heart indicates that myocardial energy
production 15 not grossly interfered with m failure

As to the next question Is the fuling heart deficient m 1ts
abibty to utihze any of the basic foodstuffs consumed by the
normal heart? This question can also be answered n the nega
tive since we found normal utilization of the essential foodstuffs
by the failing heart

The third question Is there any evidence of anaerobic me
tabolism mn congestive heart failure? This question 1s more difficult
to answer but an evaluation of lactate metabolism 1n patients
with congestive failure and consideration of some of our previous
work on expermmental ammals should permut an estimate of the
possible role of anaerobiosis as a means of energy production m
heart muscle

It has been observed that the arterial lactate concentration m
some patients 1s elevated Qur data nlso show a considerably m
creased artenal lactate concentration n our patients with conges
tive failure This suggested that tissue oxygenation 1s adequate for
optimal aerobic energy production The question anses whether
the heart participates 1n anaerobrosis m congestive faillure In
contrast to sheletal muscle normal cardiac muscle 1s apparently
able to increase 1ts aerobic metabolism sufficiently to perform
increased work within physiological muts without resort to gly
colysis Numerous observers have reported studies in expert
mental ammals demonstrating that the myocardium does not
contract a significant oxy gen debt during mcreased cardiac work
However 1t 1s likely and this seems to be the crux of the matter
that the apparent difference between heart and skeletal muscle
15 quantitatin e rather than qualtative smee under conditions of
marked hypoxta the lactate concentration of the coronary sinus
blood may exceed that of arterial blood 1ndicating the occurrence
of sigmficant glycolysis This 1s for example the case i venin
cular fibrillntion and 1 myocardil infarction where glycolysis m
heart muscle occurs

From considerations of the glycolytic process in sheletal mus
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cle and from the beh nior of Inctate metabolsm m the schemic
mvocardium 1t 35 wnferred that 1f maerobrosts oceurs i cardiac
muscle of human subjects with cardine failure 1t should be de-
tected first by dummmshed exvtraction of lactate from coronary
blood A review of our data indieates that such 1 process mav
actually occur n some of the patients with congestin e heart fal
ure For example although the artensal lactate concentration m
faulure 15 sigmficantly increased myocardial extraction of lactate
1s not elevated  Analysis of our ndividual observations demon
strate that dimumished lactate extraction 1s evident chiefly i those
subjects with the lugher artenal levels In contrast to the results
m patients with heart fulure subjects i the control group show
no decreased lacate extraction «t igher artenal levels There s
therefore sugtestive evidence for mvocardial anaerobiosis m
some of the patients with congestive failure It 15 unlihely how
ever that the amount of energy liberated by glycolysis 1s suffi
cient to alter substantially the total energy production of the
heart as calculated from oxygen consumpion

The conclusion therefore can be reached that the failmg heart
1s deficient 1 1ts abalitv to uthize energy for effective museular
confraction even under basal conditions since the mechamcal
wark performed 15 normal or decreased

It 1s Jomeal then to start with the worlang hypothes:s that
m congestive farlure glycosides will aid to reestablish the hnk
between energy production and utiizaton  Cathetenzation of
the coronary sinus has enabled us to examine the effects of cardiac
gycasides on the cardiac pump uself rather than studying the
effects of these drugs on the pump s action m the form of cardiac
output and pressure It has been well known for many years that
cardiac glycosides merease the cardiac output and consequently
the left ventricular work We found that digatalis has no effect on
the oxygen consumption and there fore the merease 1 cardiac
efficiency resulting from their admmistration 15 entirely the result
of mereased left ventricular work These findings do indicate
that cardiac glycosides act to reestablish the hink between aerobic
energy consumption and the effective work of the heart The me
chanism by which this 15 accomplished 1 unknown but the pre
cedmg paragraphs suggest that this may be through direct action
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of the glycosides on the contractile protems If this 1s correct
then digitalis should have no action on myocardial metabolism
This problem will be discussed m subsequent paragraphs

The varous glycosides differ sery hittle except m time of onset
and persistence of action Lanatoside C the preparation which
we used n our study 1s a punfied dervative of digitalis lanata
which can be given intravenously With average digitalizing
doses of 12 to 16 mg the so called vagal effect usually appears
withmn fifteen to twenty minutes reachmg a maumum m about
forty mnutes If the glycoside has an action on myocardial me
taboltsm this should become apparent within that pertod of time
We selected twelve undigitalized adult patients for our study
Some of them had no henrt disease others were m congestive
fatlure or had hypertensive or theumatic heart disease Cardiac
metabolism was studied by using the method of coronary smus
mtubation

No significant changes i the respirators quotient or the ex
traction of foodstufls by the heart was noticed The only sigmficant
effect was a shght elevation of the percentage glucose extraction
This negative effect of Cedilanid on carbohydrate metabolism
the mtact human heart contrasts with the results of Wollenberger
This mvestigator found m studying the action of ouabam on
respiration of heart shices in the Warburg apparatus that the
glycoside accelerates the oxidation of glucose and lactate This
action wcounted for the simultaneous ncrease 1n respiratory ac
tivity with the acceleration of glucose oudation exceeding in
proportion that of the oxygen uptake Our results demonstrated
only a shght elevation 1n percentage glucose extraction without
any change m myocardial oxygen utilization Since myocardial
lactate utihzation remamed unchanged a digitalis induced shift
from  glycolytic to a largely resprratory metabolism of carbo
hydrates as suggested by Wallenberger nppeared to be unlikely
1 the human heart under the conditions of our tests

The finding that the cirdiac glycoside produced no sigmficant
changes m myocardial ovy gen consumption or m total foodstuff
utilization confirms that the improvement m work capacity of the
failing heart induced by the glycoside must be the result of the
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action on energy hiberabion or more speafically on the con
tractile protem of the fathng heart muscle directh

1 conclude by guoting from Clwde Bemard s An Introduction
to Experimental Medicine an exeerpt which T hope  stresses
certam ptfalls of chmeal nvesbigation m gencral

In the part of the inveshgabion devoted to mutntion Budder
and Schmdt desenbed 2 very notable expenment perhaps ane of
the most Jabonous ever performed  From the pomt of view of cle
mentary andysis they Kept a balance sheet of everything taken m
wd given out by 1 cat dunng exght days nounshment and mne-
teen duws fasting  This cat was i a physiologicn] condibon of
which thev were unaware  She was pregnant and she bad ber
littens on the seventeenth day of the expenment In these or
cumstinces our tuthors considered the kittens as excretions and
caleultted them with other ehminated materials as 4 smaple loss
of weight

( laude Bernard then contunues

1 bekeve that these mterpretations should be rectfied when
trymg to definc such complex phenomena

Another quotation

Chemical averages are often used } we collect a man s urtne
for 24 hours and mic all thes urne to analyze the average we get
an analysis of 4 unne that simply does not evst for urnne when
fasting 15 different from unne duning digestion A startling n
stance of this kind was mvented by a physiologist who took unne
from a railroad station urinal where people of all nations pass and
who believed he could thus present an walyas of the average
Enropewn urme! So i physwology we must never make average
desenptions of expenments becanse the true relations of phe
nomenon do not appear 1n the average when dealing with com
plex and varible cxpenments we must study the vanous errcum
stainces wnd then present our most perfect expeniment as a tvpe
which however still stands for trus facts



The Fate and Deposition of Digitonin
1 Ammal and Man
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*INTRODUCTION

Prior to the last decade any evact quantitative mformation
concerning the fate of a digitahs glycoside in the body of man
or anmal was non eustent This of course was due to the fact
that the drug was effective m tissues when present 1 sub micro
gram concentration and the available methods of assay were
capable of measuring fractions of a milligram at best

Despute this absence of any precise tool with which to detect
digitals glycosides 1n the tissues or body fluids of either the pa
tient or e(penmental ammal certam precepts were entertamed
concerning the absorption locahization and excretion of a digt
talis glycoside m the human subject Perhaps it would be of
mterest to review these beliefs prior to any description of the
data obtuned by recent guantitative micrometric methods of
assay

Fust almost all climeians had believed that both digitalis and
digitoxin were absorbed almost completely from the gastrom
testinal tract This belief which probably antedated the exper
mental findings of Ogawa?® Rothlim and Travell and Gold *
nevertheless recewved a certamn degree of experimental proof from
these latter studies

Secondly the behef was widespread that a selective concen
tration of digitalis or digitouin occurred 1n the heart after thewr
admmsiration  Perhaps the major reason for this belief was a
simple one namely that the dynamies of this particular organ
appeared to be most radically influenced by the administration

© Director Harold Brun Inshtute Mount Zion Hospital San Franciseo Cah

forma
[40]
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of a digitalis preparation There was however no unequivocal
expermental venficition for this belief While 1t 15 true that
Rothlin* and Weese® concluded that 1solated cardiac tissue re
moved more digitoxin from a perfusion fluid than other tissues
they did not actually analyze their hearts for thewr digitoxin con
tent Then too the delicacy and the precision of their method of
assay were open to serious question Hatcher and Eggelston®
moreover were unable to find digitoun 1n any organ of the rat
except 1ts Iner

Thirdly most climcians believed that extravascular fluid (par-
ticularly in edematous patients) probably contamed significant
amounts of a digitalis preparation after 1ts admmstration  Here
again actual expenmental proof of this was exceedingly tenous ™ ®
and 1t would appear that the real basis for this clinical belief was
primanly due to the appearance of various toxic mamfestations
sometimes observed concomitantly with the apparent reabsorp-
tion of an extravascular accumulation of flnd and 1ts consequent
eut via the hidney

Fourthly the majonty of chmeians agam despite the con
trary findings of Hatcher ? n the expenmental ammal believed
that the major portion of an admmustered digitahis glycoside was
excreted 1 the patients unine

Fifthly 1t was generally believed for many generations that
man excretes or otherwise nids himself of approximately 01 gram
of digrtalis or 01 mg of digitoxn a day  As a corollary of this
clinteal assumption 1t was generilly believed that a patient com
pletely digitalized with digitalis or digitoxin would completely
lose all of his digitals approamately fourteen days after cessation
of 1its administration

These five beliefs concerming the fate and disposition of dig
talis or digitoin then were those generally held by climeians m
that pertod of time extending from the mtroduction of the digttalis
Jeaf mn 1785 by Withering ** up to the last decade at which time
two extremely sensitive methods were introduced for digitoxin
assay Later n this article these clmically held views will be re

viewed agam m the light of data recently obtamed by these
methods
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I METHOD OF QUANTITATIVE ASSAY FOR
DIGITOXIN IN BIOLOGICAL TISSUES
AND FLUIDS

Although various 1ss1y methods for digitalis detection have
been attempted during the past fifey years 1t would appear that
at the present time the two most successful have been the radio
1sotope method of Geiling ef al'* and the embryonic duck heart
method of Friedman and Bine!

The comparative ments of both methods have been discussed
previously ** and the nterested reader 15 referred thereto Suffice
1t to s1y here that both methods are capable of detecting fractions
of 1 microgram of digitoxin m various medi and that both meth
ods depend upon the meticulous chemcal extraction of very
minute amounts of digitoxin from the biologicnl sample It 1s
the difficulty of this quantitatnve 1solation of the drug prior to its
measurement by Geiger counter or embryonic duch heart pre
paration that may lead to errors by either type of assay In our
opmon also this preliminary extraction of biwological samples
and later precipitation with digitomde does not allow the n
vestigator any absolute confidence that the digitonide precipitate
1s unchanged cardiozctive digitoxin unless 1t proves to be so on
biological assay Only the embryonic duck heart method llows
this last type of identification « fact which makes us prefer its
employment Below 2 description of the embryonic duck heart
method 1s detuled

Description of the Embryonic Duch Heart Assay

The method 15 essentially similar to that described by Paff
for the embryonic chick heart In our hands the embryonic chich
heart assay proved to be unrehable although I suspect that our
farlure with this method was due to our mability to obtun fertile
eggs from 1 single source

The fertile duck egg (White Pehing China strain) 15 incubated
for about 90 hours at 39 C The shell 1s partially removed the
tot1l embryo 1s removed and pliced n a shde well contumng
Tyrodes solution Under a dissecting microscope the heart 1s
removed with dissecting cataract knives and plieed with four
other similarly removed hearts 1n 4 second shde well contaming
01 ml of the solution to be tested This second shde rests on the
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stage of 1 compound microscope which 15 n 1 box 2utomatieally
muntuned at approumately 35 C
Alfter the five hearts have been transferred to the second
slide each 1s observed through the mucroscope and the (1)
strength and rate of contraction (2) time of occurrence of n
arrhythmia (usually partial or complete A V block) and (3)
duration of beating are noted The oceurrence of an arrhy thmin
or marked slowing or brupt cessition of beating will nvanably
occur 1f 0025 micrograms or more of digitoxin per m! of flmd
1s present Moreover the more diitoxin present the more rapid
will this digitals effect occur Thus five hearts immersed m
0025 meg of digitoun per ml usually exhibit an effect i an
average of about forty minutes whereas five hearts immersed m
010 meg of digitoxn per ml exhibit an effect in twelve minutes
Accordingly standards contammng varymg quantities of digitoxin
(0025 005 0075 010 meg etc ) e made up nd the merage
time for digitahs effect can be determmed  After these stand
ards have been set up 1 series of five or more hearts are placed in
the unknown sample to be assayed and the Intters content of
digitoxin determined by the time taken for the hearts to exhtbit
the typical digitalis effect
Before digitowin 1n tissue or fluid can be ass1yed m such man
ner 1t must be extracted from the biologicnl sample Thus when
m tissue 1t 15 removed first by repeated alcohohc extraction of
the ground up tissue evaporation of the fin1l alcoholic extract
and chloroform extraction of the latter The chloroform extract
m turn 1s evaporated 1nd the residue dissohed 1n Tyrode s solu
tion This latter solution 1s then tested for its digitoxin content
by the immersion of the beating embryome duck hearts within
it Extravascular flind bile and urine except for 2 few vanations
are treated 1n essentinlly the same manner
Because of the impossibility of extracting all of the mmute
amounts of digitoxn esther i tissues or flul 1t has been our
custom to add known amounts of digitoxm to ahquots of tissue
or flud then perform the extraction and determimme the average
time for occurrence of digitalis effect 1 a number of hearts
exposed to ext: of issues mtlly known various
amounts of digitouin  Such extractions furmsh the standards for
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the assay of tissue or fluds contaming unknown amounts of digt
toun

The above gives a brief description of the techmques em
ployed but if the reader should contemplate performing this
method of assay he 1s advised to consult the specific articles ¥ 1
describmg these processes If proper attention 1s pad to the
chemical measures mnvolved this method offers a reasonably ac
curate tool for the study of digitoxin (or Lanatoside C) n the
anmal and human body Certamly the dissection of the em
bryome heart and 1its observation for cardiac ruregulanty when
exposed to digitoxin are simple procedures easily learned after a
few hours of practice manipulation and observation

I THE FATE OF DIGITOXIN IN THE BODY
AFTER ITS ADMINISTRATION
The data and conclusions described below unless otherwise
stated have been obtamed by employment of the embryonic duch
heart preparation It 1s of mterest that m general these results
are stmilar to those obtuned by the radioisotope techmque a fact
suggesting the accuracy of both methods

A The Absorption of Dagitoxin

Digitoxin 1ndeed as suspected by the climeitn appears to be
completely absorbed from the gastromtestinal tract As Table I
demonstrates the amount of digitoxin found m the urme of
normal subjects after oral admimistration 1s about the same as
that found 1 the urme of subjects given the same amount of
digitoxm by intravenous route The equnalence of these two
values of course suggests that the amount of digitoxin absorbed
after oral ingestion was the same as that obtamed after parenteral
mjection

If this urinary excretion of digitoxin 1s used as the indicator
then even the patient suffering from left ventnicular fulure was
found to absorb the entirety of an oral dose of digitoxin 7

B The Disappearance of Digttoxin from Blood After Parenteral
Admmstration

We have never observed a measurable amount of digitoxm

(1e 003 mcg/cc of serum or more) in the blood after the oral
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TABLE 1

Tre Rewar Ixererion oF Dicrroxiv 1v Young Apurrs AFIER a) OraL
Anp b) INTRAVENOLS ADMINISTRATION oF Dicrrowy (12 m6)

Unnary Digitorin (Meg )
Subgect Age W erght

(o) Total
Day 1 Day 2 Day8 (3 Days)

A Subgects Giren Diptoxin Orally

N F 39 73 44 60 8 189
s B 31 73 86 8 38 192
REB 31 86 52 28 20 1

S h 30 74 51 30 — —_
FM 35 73 60 19 139
Average 31 76 58 49 40 155

B Suljects Guen Digttorn Intrarenously

R 39 80 69 2 54 194
wn 41 80 20 50 33 103
MS 31 52 46 26 30 102
Vs 46 50 50 30 78 158
Arerage 10 €6 16 45 49 150

mgestion of digitoxin even 1f hugh quantities are taken Several
years ago we examimned the blood of a patient who had taken ten
grams of digitalis wath swicidal intent but no detectable amount of
digitoxan was observed m his blood

When 12 mg of digitoxin 1s gwven mtravenously approx
mately 50% of 1t disappears almost immediately from the blood
stream ** The remainder however possibly because of 1ts adsorp
tion by plasma albumin ** very slowly disappears from blood over
a period of two to three hours Oluta et al ° however found a
more rapid rate of disappearance Lanatoside C given n the
same dosage disappears much more rapidly (probably because
1t 15 not absorbed by albumin) so that in less than thirty mnutes
after its admmistration none could be found m the blood ** I
believe this difference between the rates of disappearance of the
two respective drugs carnes therapeutic sigmficance because if
raptdity of digstahs effect 1s desired certamnly Lanatoside C with

its quick departure from blood should prove the more rapidly
acting drug

C Deposition of Digitoxin m Various Tissues
The long held chnrcal behef that a selective concentration of
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digitoxin occurred 1n the heart does not appear to be true if exther
our measurements ™* or those of Fischer Sjoerdsma and Johnson
using the radioisotope techmgque are valid

The results of both studies indicated that immediately follow
g the parenteral admmistration of digttoun m the rat the Inver
contamned the greatest amount of digitoxin The heart moreover
contamed about the same amount of the glycoside as the hidney
and lung although about five times as much as skeletal muscle
Three hours after mjection the quantity of digitoxn 1n the heart
decreased approimately 80% bemg only shghtly greater than
that found 1n muscle nd only one fifth of that still found n the
Iner Some time between twelve and sixteen hours no digitoxin
could be found n any organ except the bran This organ appar
ently took up digitoxin much more slowly than other organs but
retamed 1t much longer Indeed even after twenty four hours
shght trace of digitoxin could still be detected m the bram

Essentrally similar results were observed when the organs of
the rabbit and dog were studied except that the hdney of the
latter was found to contan the greatest quantity of digitoxm as
the duration of the experiment lengthened This relative localiza
tion of digitoxin tn the kidney of the dog 1s interesting mn view of
the fact that httle or no digitoun ean be found n the unne of
this species

These results of course suggest that the effect of digitalis
glycosides upon cardrac dynamics 1s due to some specific response
of cardrac musculature and this type of musculature alone to
these substances There certunly seems to be lttle support
offered by these studies to the concept that some general effect
of digatalis glycosides upon all types of muscular contraction be
comes primarily a cardio spectfic one because of 1 selective con
centration of these substances m the heart

By means of centrifugal separation of cellular fractions of the
heart (of an animal given digitouin) and assay of their digitoxin
content our studies 3 strongly suggest that nerther the nuclear
nor the mitochondrial fraction of the cardine contracting cell
contamns significant amounts of digitoxin  On the other hind the
highly soluble portion of the cellular cytoplism contams the
major portion of the mtracellularly deposited digitoin
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When 1t 1s remembered (1) that this same cellular fraction
also contams the contractile protemns actin 1nd myosin and (2)
digitonin appears to have no cflect upon the chemucal encrgy
formmg reactions of contricting muscle ** then 1t seems a reason
able possibility to consider that digitoin exerts its therapeutic
effect by uding the mechanical efficiency of the contractile units
Whether this lust (ffect 1s mediated by cation changes mitiated
by digitoxin rem-uns to be determined

D Possible Deposition of Digitexin 1n Extravascular Tlnd

Here agun the frequently held view that considerable
amounts of digitoun may accumulate m the extravascular flnd
could not be venified by our recent study In this study the
extrwascular flmds of the penitoneal of the plenral cawities and
of the subcutancous tissues of both eardine nd non cardine pa
tients given digitoun over a long penod of time were found to
contun almost insigmficant amounts of digitoxin (less than 20
meg of digitoun per liter of extravascular flud) It therefore
seems probable that whatever toue mamifestations a patient may
suffer from or exhubit during reabsorption of extravasculr fluds
(with subsequent diuresis) they do not stem from any flooding
of the blood and other tissues with digitoxin previously retuned
mn edema flmad It 1s far more probable that the sudden shifts
cation concentration (p1rt1cularl) potissium) 1n various organs
associnted with reabsorption and diresis of excess fluid are prob
ably responsible for these tovic mamfestations

I THE EXCRETION OF DIGITOXIN
A The Renal Excretion of Digstoxin

1 Normal Subjects Man seemingly differs markedly from
the rat rabbit and dog m Ius renal handling of digitoxin The
animals aited apparently are capable of excreting only a very
small fraction of a given dose of digitoxin in their urme Con
cerming this pomt there 1s complete agreement between myesti
gators  employing the radioisotope technique and those ¢ 3
using the embryonic duck heart method

A young man on the other hand 1s capable of ridding himself
of approvimately 40 to 50% of a single dose of digitoan - How ever
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digitoxin oceurred 1n the heart does not appear to be true if either
our measurements * or those of Fischer Sjoerdsma and Johnson ?
using the radioisotope techmque are vahd

The results of both studies indicated that immedaately follow
g the parenteral administration of digitoxin 1n the rat the hver
contamed the greatest amount of digitoxin The heart moreover
contained about the sume amount of the glycoside as the hidney
and lung although about five times as much as skeletal muscle
Three hours after imection the quantity of digitoxin n the heart
decreased approximately 80% being only slightly greater than
that found i muscle 1nd only one fifth of that still found 1n the
Iner Some time between twelve and sixteen hours no digitoxn
could be found m any organ except the brain This organ appar
ently took up digitoxin much more slowly than other organs but
retuned 1t much longer Indeed even after twenty four hours 2
shght trace of digitoxin could still be detected 1n the bramn

Essentially similar results were observed when the organs of
the rbbit and dog were studied except that the kidney of the
latter was found to contain the greatest quantity of digitoxin as
the duration of the experiment lengthened Ths relative localiza
tion of digitown 1n the hidney of the dog 1s interesting m view of
the fact that hittle or no digitoun can be found mn the urne of
this species

These results of course suggest that the effect of digitalis
glycosides upon cardiac dynamices 1s due to some specific response
of cardiac musculature and this type of musculature alone to
these substances There certamly seems to be little support
offered by these studies to the concept that some general effect
of digttalis glycosides upon all types of muscular contriction be
comes primanily a eardio specific one because of a selective con
centration of these substinces m the heart

By means of centnifugal separation of cellular fractions of the
heart (of an 1nmnl gnen digitoxin) and assay of their digitoun
content our studies ® strongly suggest that neither the nuclear
nor the mitochondrial fraction of the eardie contracting cell
contamns significant amounts of digitoun  On the other hand the
highly soluble portion of the cellulir cytoplism contuns the
major portion of the intracellulrly deposited digitouin
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former rarely excretes more than two and sometimes less than 1%
of the total dose *® The reason for this difference has not heen
determined but 1t seems plausible that the reduction m rate of
glomerular filtration 1n the old person may be responsible

f 4 normal indnidual 15 digitalized (eg gven 12 mg of
digitown m twenty four hours) and then mantuned on a duly
dose of 01 mg the renal excretion of digtoan differs (see
Figure 1) from that observed i the person given just a single
dose of 12 mg The renal excretion of the subject given the
mamtenance dose will not progressively fall after the third day
as noted above but will level off so that he will excrete furly
consistently and indefimtely 32-44 megs of digitoxin a day that
1s about 32 44% of the maintenance dose

This daily excretion rate of 32-44 megs of digitoxin m 1 sub
ject bemng mamtamned on the drug seems to be charactenstic
and indicatne of n satisfactory state of complete digitalization
When considerably more digitoxin 1s excreted daily the danger
of overdosage 15 immunent We have found * that when 80 or
more megs of digitoxin are excreted daly 1n a chromcally dign
talized subject symptoms and signs of overdosage mvanably will
soon appear

2 Cardiac Patients Patents suffenng from acute left ven
triculr failure excrete digitoxim just as readily as do normal sub
jects ¢ suggestng also as mentioned above that absorption s
ummpared  On the other hand patients suffering from right
ventricular farlure are capable of excreting only about half of the
usual amount of digitoxin found 1n the urine durimg the first
twenty four hours foll g mtial digitahization This reduction
m renal excretion is not due to a possible wlubition in the absorp
tion of digitovin because 1t also was observed 1 patients who
recewed thewr digitoxin parenterally Apparently then the de
crease 15 due to an interference with renal cireulation Certanly
with improvement m the state of congestive failure the renal
excretion of digitoxm rapidly rises to the usual level This return
to the normal rate may indeed usually does occur some time
between the second and third days post digitalization

The compensated cardiac patient who has been digitalized
and then mamtamed on 2 duly dose of 010 to 015 mg of digy
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Figure 1 The renal excretion of digitoxin m normal human subjects after
(1) A smgle mitial duse of d:gltoxm and (2) mutal dose followed by daily
of d d from Circult 2753 1950 by per

myssion of Grune and Stratton Inc

(see Fagure 1) 1t usunlly takes hum two or more weeks to do so
Thus during the first three days after the administration of digt
toxin the normal subject will excrete only 3 to 5% per day of
the total dose grnen regardless of the amount given If only 100
meg are given for example the renal excretion during the first
twenty four hours will be about five megs but 1f 1200 megs are
gren about 60 megs (1e 5% of the total dose) will be excreted
After the third day the percentile excretion decreases so that at
the end of six days about 2% of the total amount mrtially grven
15 excreted duly

The older person (re over sixty years of age) excretes digr
toxin much less readily than the young adult Whereas the latter
excretes 3 to 5% of the total dose the first twenty four hours the
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of digitoxin m therr bile 1s rather surprsing m view of the imtial
selectiv e locahzation of administered digitoxin n the hver Ap
parently this storage 1s temporary and not a prelude either to the
mmmediate destruction or excretion of digitoxin

Our findings n the expernimental amimal were confirmed 1 a
later study of the digitoxin content of human bile  Such bile after
the administration of 12 mg of digitoun was found to contamn
too small a quantity of digitoxin to be detected by our method
However 1f as much as 207 of the administered digitoun had been
excreted m the bile 1t would have been detected by us It
would seem therefore that although mans hidney handles dign
toxin differently than that of the commen laboratory ammals s
Iiver does not do so

C Intestinal Excretion of Digitoxin
Considerable confusion exists about the mtestinal evcretion
of digitoin  Gerling 7 and Fischer et al ? examiming the feces
of dogs cats and rats observed that 1n these species somewhere
between 10 and 25% of a gien dose of digitoxin 1s excreted as
unchanged digitoan 1n the feces and about twice this amount as
digitoxin metabolites  On the other hand studies made with
the embryonic duch heart method indicate that although the rat
does excrete about ten to fifteen per cent of a given dose of it
toxin 1n 1ts feces this digitoxin 1s derved from the bile and not
the intestinal wall
The disagreement between the results obtained may well be
due to the fact that the embryonic duck heart will assay only digr
toun when 1t 1s intact 1 respect to its cardioactive properties
whereas the digitoxin substance 1solated by the Geiling group 15
actually a digitonide precipitate which may or may not represent
mtact digitoxin as discussed earlier The conflict however 1s at
best of academmc interest with no real relevance to the important
pharmacological aspects of digitoxn It 1s important however
to pomt out that the degree of radioactivity alone of a biological
sample after the admimstration of radicactive digitoxin cannot
be employed as a measure of digitoxn itself It may easily be
radioactive fragments of the oniginal steroid skeleton of the drug
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toxm excretes approvimately the same amount of digitoxm as
the normal subject Eighteen such patients studied by us ¢ were
found to excrete approuimately 41 mcgs of digitoun a day
after an average penod of twenty four months of adequate digi
talization Overdosage m these patients also was reflected by 1
daily renal excretion of eighty or more megs of digitown

B The Hepatic Excretion of Digitoxin

If the preceding data concerning the duration of urmary ex
cretion of digitoxin after a sigle dose 15 correct then 1t hardly
seems likels that much digitoxin 1s excreted by the Iver mto bile
Because if such excretion were a myor or efficient one 1t seems
hard to believe that the human subject takes two or more weehs
to excrete or rid himself of a single dose of 1 2mg Itis of course
possible that the drug may be tenaciously held by vanous tissues
and thus available 1n only minuscule amounts for excretion 1t any
gtven mstant

The answer to this question of course can only be obtamed
by direct measurement of the drug n the bile of the anmmal or
of man This of course w1s not possible until very recently al
though Hatcher and Eggelston ® believed that their detection of
some digitoxin 1n the urme of a rat after bihary obstruction sug
gested that at least some digitoun was excreted m the bile
Geiling 7 employing the radioisotope method was the first to
analyze the bile itself in the experimental anmmnl (dog) He found
about 11% of the total of rad wity ad ered on
gmally as digttoxm 1 the bile collected for forty eight hours

Employing the embryonic duck heart method we found that
the bile of the rat dog and rabbit did contain digitoxin but 1t
never accounted for more than 10% of the digitoun admmstered
It 1s possible of course that some of the glycoside could huve
been altered 1n 1ts passage through the bile passage thus not
exerting a cardioactive effect upon our duck hearts However
this seems unlikely because m Geilings analysis as mentioned
above only 11% of the total radioactivity admumstered was de
tected 1n the bile

The failure of the rat and rabbit to excrete greater quantities
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1zed person 1f 200 or more mucrograms are given daly then no
more than 100 of this could be excreted However the remamning
100 megs twice exceeds the maxmum capacity of destruction
{re 50 micrograms a day ) Jerding to a toue accumulation This
15 the probable reason why so much tovieity was encountered
chmieally when a dose of 0.2 mg was advocated as a proper man
tenance dose by some mvestigators

V A COMPARISON OF THE PREVIOUSLY HELD CLINICAL
VIEWS AND RECENTLY OBTAINED EXPERIMENTAL
DATA CONCERNING THE FATE AND DISPOSITION
OF DIGITALIS AND ITS GLYCOSIDES
At the begmning of this section I histed five clinical views
about the disposition of digitahs glycosides m the ammal body It
might be of mterest now to review these m the Light of new but
not necessanly absolutely correct expenmentat data
First the chmceal view that digitalis and digitoxin are com
pletely absorbed has been borne out by all experimental studies
Secondly the expenimental data venfies the chinical view about
the time taken for digitalis and digitoxin to disappear 1in man
Thirdly the experimental data partially but not completely sup
ports the 1dea that man excretes a major portion of mgested
digitoun 1n his urine  However expenimental data appears to
refute the 1dea that a digitalis glycoside (1) s selectively con
centrated m cardrac tissue or (2) 1s stored mn stgmificant amount
m extravascular fluds

VI THE UILTIMATE GOAL IN THE PHARMACOLOGICAL
STUDY OF DIGITALIS AND ITS GLYCOSIDES

All of the data obtamed duning the last decade about the
fate and disposition of digitouin 1nteresting and perhaps even
mstructive as 1t may be still does not allow the student of digitahs
therapy to approach any closer to the real core of lis enquin, Such
a student actually and mdeed understandingly wants to know
above all else  Precisely (1€ ch Ily or physico ch Ily)
how does digitabs or ats glycosides restore the faling musculature
of the heart to a near normal state?

Neither the assay nor the catheterization techmques have
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IV THE DESTRUCTION OF DIGITOXIN
WITHIN THE BODY

Although 1t seems very probable that both the experimental
ammal and man destroy some digitoxin the actual evidence
availible allows no absolute certainty about such a process In
deed various types of tissue when tested i 1 vitro studies
appear strangely incapable of esther hydrolyzing or otherwise
destroymg digitoun 8 ¥ Actually we assume that a consider
able portion of digitoxin 1s destroyed i the experimental animal
prxmanly because we cannot recover a sufficient fraction of any
admimistered amount 1 the varous excretions of the animal to
account for 1ts rapid disappearance from both the tissues and
flmds of the same animal This evidence of course 1s primanly
negative but 1t nevertheless 1s strong evidence for the assumption
that some digitoxin must be destroyed 1n the anml body

In man objectine data about this pomt is almost completely
lacking and even following the recent mtroduction of the more
sensitive methods of assay 1t still remains quite uncertun whether
or not digitowin 1s destroyed 1n man If however our present
methods of assay are correctly estimatmg the total amount of
digitoxn excreted via urine and feces then almost half of a daily
maintenance dose of 010 mg s disappearing m some fashion
other than by excretion Also the apprent appearance of digt
toxin metabolhites 1 urme after the admnstration of radio
active digitoxin  suggests that some deterioration of this steroid
must take place i the human body

If such destruction actually occurs however 1t 15 certamly
placed at a snails speed because were there a rapid process m
volving a considerable portion of the body s total digttoxin 1t 15
extremely doubtful that the normal subject would contmue to
excrete a relatively fived but minute amount of digitoxm for days
and days after a single administration of only 12 mg Indeed
any body process capable of destroying at most a scnt 50 75
mucrograms of digitoxin 1 day must be considered as one of phy
siologgcally insigmficant proportions

This minute capacity of man to destroy digitoxin explains his
extreme susceptibility to overdosage Thus although about 30 to
50% of 1 given mamtenance dose may be excreted by the digital
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furmished even a reasonably sohd clue to this terribly mportant
emgma \Mere quantitative reconnorterng of the digitalis path
ways m the body of course cannot be expected to do so  Mere
quantitative descriptions of cardiac output before, during and
after digitahs admimistration also cannot be expected to furmsh
an answer either Actually upon reflection, 1t 1s obvious that
cardiac output 1s not just a function of cardiac contractility but a'
resultant of this last plus arteriolar changes m resistance Thus
even if force of cardiac thrust were halved 1if this were mstan
taneously accompanied by reflex arteriolar vasodilatation thel
cardiac output mught continue unchanged Thus last 1s sometimes
forgotten 1n the welter of catheter obtamed statistics

There 1s needed then a new set of tools that will allow the
mvestigator to explore the mterior of a single cardiac cell to
measure the physico chemical reactions of the contractile pro
temns and of the various 1ns m the milieu surroundmng these
protein entittes both before and after the administration of digt
talis In other words the further possibly lucrative study of
digitalis lies not m a study of the sterord itself but m those cellular
substances whose behaviour has been altered by therr contact
wath digitalis
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Selected Studies on the Metabolhic Fate of
Radioactiy e Digitosm m Man
Geonce T Onrra®

(OvEr ONE AND ONE HALT centurtes have elapsed since Withering
Brst noticed the cwdiac action of digitalis* Since then there has
accumulated 1 voluminous literature on the chinical and pharma
cological effects of the digitahs glycosides However to date
knowledge concerning the metabolic fate of digitalis n human
subjects 1s very limited The reason for thus general tack of knowl
edge can be attnibuted to the fact that only mmute amounts of
the drug are required to produce the cardiotome effects This’
therefore malkes 1t extremely difficult to measure microgram
quantities or less of the drug m body tissues It has only been
withm recent years that new methods have been devised which
enable one to quantitatively assay sub microgram amounts of
digatals

Three of the more sensitive methods are the radioisotope
method of Geiling et al 2 the polarographie method of Fulton*
and the embryonic duck heart broassay method of Friedman and
Bme* By utilizing these sensitive methods 1t has been possible
to obtain information on the blood level tissue distribution and
excretion of digttalis in human subjects * ** For an excellent re
view of the behavior and fate of digitoxmn 1 expermmental am
mal and man one can refer to a recent article by Friedman St
George and Bine ¥

It 15 the purpose of this review to summarize our findings on
the study of the metabohe fate of digstoxin m human subjects
usmg the radioactive 15otope tracer techmque

USE OF RADIOACTIVE C 14 DIGITOXIN
The extreme sensitivity the accuracy and the relative stm
plicity of the radioactive technique are some of the attractive

© Department of Pharmacology and the Argonne Cancer Research Hospital
The Unwversity of Chicago Chicago Il o
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digitalis plants were admimistered C 14 carbon dioude at fre
quent mtervals  After each admimistration of the radioactive gas
the carbon 14 1n the chamber atmosphere was momtored by using
an end window Geger counter For maximum growth artificial
Mlumnation was provided immediately above the plant chamber
After the four to six weeks growmng period there was an eight
to ten fold mcrease mn leaf surface The leaves were then harvested
and dried 2t room temperature before subjecting the leaves to
the extraction procedure for the 1solation of the cardiotonie prm
ciple

Essentinlly the extraction of the radicactive digitoxin from
the dned plants was accomplished by solvent solvent extraction
followed bv chromatographic fractionation using 10n exchange
and adsorption chromatography columns The isolated radioactive
digiton was then further punfied by repeated recry stallizations
from aqueous ethanol From 20 grams of the dried plant matenal,
approuumately 5 mg of radioactine digttoxin were obtamned De
pending upon the amount of carbon 14 admimstered to each
Digitalis purpuree L plant the specific activity of the labeled
drug vaned from 026 to 054 uc per milhgram

Punty and identrfication of the radioactive drug was tested
by 2 number of methods ** Melting pomt determination crvstallo
graphic exammation polirographic analysis color reaction tests
and paper chromatography of the labeled compound all confirmed
that the 1solated drug was radicactive digttoxin

B Extraction and Assay of C14 Dhgitoxin from Biological
Samples

A detatled account has also been presented earher for the 10
lation of unchanged digitown from tissues and body flmds?
5 14 From biological samples such as blood and solid tissues an
mitial solvent extraction was effected using exther hot methanol
or 80% ethanol plus chloroform to hiberate the protem bound digy
toxn For urine samples an 1mtial solvent extraction was effected
usmg 50% ethanol In all cases approwmately 2 mg of non
labeled digitoxin was added as carner to the extraction mixture
to a1d m the 1solation of the labeled glycoside A combunation of
approprate solvent solvent extractions plus chromatographic sep
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Figure 1 A plant growing chamber used for the biosynthetic labeling of

medicinal plants with radicactive carbon dioxide Figures 1 9 reproduced

from ] Pharm Exp Thera (110244 1954 113 376 1955 115371
1935) by Okatt ¢t al Courtesy the Wilkams & Wilkins Company

features of this method Using radtoactive digitoxan 1t 15 possible
to 1solate and detect as little as 002 microgram of the labeled
drug from a biclogical sample provided non labeled digitoxin 1s
added to the sample as carrier to aid 1 the 1solation of micro
amounts of the drug Another ndvantage of the 1sotope method
1s that by using biosynthetically labeled drugs one can follow
not only the unchanged drug but also 1ts metabolic products since
the compound 1s uniformly labeled As a result varous frac
tions from the parent compound can be convenently traced and
accounted for
A Brosynthesis and Isolation of C 14 Digitoxin

The radicactive drug admmustered to the patients was pre
pared by biosynthesis using Digitalis purpurea L plants exposed
to an atmosphere of carbon 14 dioide A detatled account of
the method of biosynthesis and 1solation of the crystalhne labeled
glycoside has been reported earher  Briefly the method mvolves
the plicement of several Digitalis purpurea L plants m n arr
tight plant growmg chamber smmlar to the one shown n Figure 1
Dunng the four to six weeks growing period in the chamber the
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heart method of ass1y Friedman and co workers ® were able to
follow the disappearance rate of digitoxin from blood of four
norml subjects up to three hours after 1its parenteral admmistra
tion This same group lso reported that lanatoside C was removed
from the blood stream of ten human subjects within thirty mmutes
after ats intras enous mjection® Hilton ' using the polarographic
method reported that digitoun was ehminated from the blood
stream within three to five hours after its wjection

Using the radioisotope method we have mvestigated the rate
of disapperance of unchanged digitoxan and 1ts conversion prod
ducts from the blood stream of eight cardiac patients who re
cened a single mtravenous dose of the labeled glycoside ** The
eight patients with congestne heart failure were divided mto
two equal groups one group recen g 0 5 mg of radioactive dig
toun and the other group recewing from 12 to 15 mg Pnor to
the admmstration of the radiactive drug digitalis preparations
were withheld for fourteen to thirty four days in order to permit
the admmistration of a relatwvelv large dose of digiton  Since
unine samples were also collected for a renal excretion study
further digitalis therapy was discontinued for fourteen days or
longer after admmistrition of the labeled drug Ten to 20 ml
blood samples were withdrawn by vempuncture at vanous time
mtenvals between mmmediate to mmnety six hours after njection
of the drug  After withdrawal of each blood sample the blood
was quickly transferred mto a heparmized glass stoppered tube
and immediately stored at —17 C

A Concentration and Persistence of Drug in Blood

Figure 2 shows a graphical representation of the blood level
curves of unchanged digitoxin and total C 14 for two different
doses of the labeled glycoside on the basts of the per cent of the
administered dose remammng 1n the vascular system  Figure 3
shows the blood level curves for the two doses when the con
centration 1s expressed mn terms of microgm or microgm equiva
lent per 100 m! of blood It can be seen from the curves that
within one hour after mjection of the labeled drug there 15 a
rapid mitial decline 1 the concentration of the drug followed
by a gradual Teveling off of the curve Within two minutes after
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aration were utilhzed to isolate the unchanged drug from the
buological sample All the radioactvity 1n the vartous fractions
other than that of the unchanged drug were combmed and con
sidered to represent radioactivity from metabolic products of the
parent compound

Determunattons of radiactivity of the various extracted frac
tions except the oniginal tissue residue from the homogenate frac
tion were made using an mnternal gas flow Geiger counter The tis
sue residue was combusted to carbon dioxide m a vacuum combus
tion Iine and counted 1n an 1omzation chamber using a vibrating
reed electrometer according to the method of Brownell and Luck
hardt ¥ All counting equipment was calibrated agamnst a C 14
standard obtained from the National Bureau of Standards All
radioactivity measurements were performed by counting for pe
riods long enough to give a standard error of less than plus or
minus 5% Using a known amount of radicactise digitoxin as a
control and subjecting 1t to the extraction procedure described
recoveries of nmety six plus or mmus 5% were obtamed The term
microgm equivalent 15 used to express the amount of the onginal
drug converted into metabolic products that 1s 1f one microgm
of radioactive digrtoxm has a certain number of disintegrations
per mmute then the conversion products having the same num
ber of disintegrations per minute are considered to represent
one microgm equvalent

Due to the minute amount of unchanged digitoxin recovered
from brological samples conventional phystcal identification and
characterrzation tests could not be employed on the compound
However vanous tests described m an earlter pubhcation * such
as comparison of Rf values of the 1solated drug with non radioac
tive standard digitoin by paper chromatography color reaction
tests 1nd the use of the 1sotope dilution method for determinmng
the constint specific activity of 1 compound confirmed the pres
ence of only unaltered digitoin

BLOOD LEVEL STUDIES

It has only been within the past decade that quantititive 1n
formation has been obtained on the blood level of digitoxin 1n
human subjects Recently usmg the sensitive embryome duch
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used A simlar comparison of the blood curves on the basis of
the amount of glycoside per 100 ml of blood indicates that the

tration 1s dose dependent However from the two dosage
ranges used 1t 1s not possible to determme whether this relation
ship 1s proportional

B Disappearance Rate from Blood

A semt logarithmic plot of the disappearance curve of un
changed digitoxin 1n blood 1s shown i Figure 4 If we assume that
this plot 15 the resultant of first order or quas: first order reactions
the curve can be resohved into two straight line components *# *°
Corresponding regression coefficsents (K) half times (t,) and
turnover times (t,) may be calculated from the slope of these
lines The fastest component of the curve 1s represented by a
brological half time of fifteen to thirty minutes with a turnover
tume (ty x 145) of twenty three to forty five minutes The bio
logical half ife of the second component 1s forty eight to fifty
four hours with a turnover time of approximately seventy two to

TOTAL €™ DOSE 12 70 L5MG
—— UNCHANGED DIGITOXIN — —
=-=TOTAL €' DOSE 05 MG
= UNCHANGED DIGITOXIN=— —

MO % N BLOOD

=== J

05 10 15 20 2 46 81 12 36 €5 84
HOURS AFTER ADMINISTRATION
Figure 3 Blood level curves showing microgram per cent
of unchanged dng:to'un and total C* 1 blood after single
t
of digitoxn
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Figure 2 Blood level curves showing per cent of dose remaming m
vascular system as unchanged digitoun and total C** after a single mtra
venous ad 1tion o d

admmistration of the drug approumately 42% of the imjected
dose can be detected 1 the crreulating blood as unchanged digt
toun At the end of fifteen minutes there 1s approumntely 12%
after one hour 6% six hours 3% twenty four hours 2% and after
nmety six hours less than 1% Since renal excretion studies mnd1
cate that digitoxm can be detected m the urine up to twenty three
to fifty days after its admimistration 1t 1s very likely that digitoxin
1s present m the blood =s long as 1t 1s bemng eliminated 1nto the
urine

The maximum amount of unchanged digitoxin found 1n the
blood was between 4 to 12 microgram per 100 ml of blood This
concentration was observed within two mnutes after mjection of
05 to 15mg of C** digitoin  Withm one hour after admmistra
tion the blood level fell below 2 microgram per cent

Comparison of the blood level curves on the basis of the per
cent of the mnjected dose remaining 1 the circulating blood indi
cates that there 1s no appreciable difference between the dosages
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TISSUE DISTRIBUTION OF DIGITOXIN

Considering the very specific effect of digitoxin upon the
heart many of the earlier investigators postulated that the cardiac
drug had a selectnve affimty for the myocardial tissue However
until recently there has been no direct evidence to substantiate
this assumption  In experiments with vanous laboratory animals
Getling et al ° and Fischer et al ! using the radioisotope tech
nmque nd Friedman ¢t al  using the embryome duck heart
method of assay found that digitoxn had no selective affimty for
the carchac tissue of any of the animals studied The hiver kidney
and gastromtestal tract were found to have Jugher concentra
tions of the drug than the heart In human subjects we have
found a somewhat sumlar type of distnbution using C* digt
toxin M

A A Method of Study in Human Subjects

Three termmal patients were selected for this study A sum
mary of the pertment clinical data 15 presented in Table I Dur
ing the termmal stages multiple doses of radicactnve digitoxin

TABLE 1

Crinican Data oy TeRVINAL Patient

Intratenous
C L Dyptonin Interral
Patient  Sex  Age zlexght Duagrosis and  ————————  Belueen

(Agm)  Cause of Death Days  Last Dose
Mgm  Before an
Death  Death
E W F 74 40 Severegenershzed 02 5 16 hrs
atherosclerosis 01 2
Death due to cere
bral vaseular
thrombosis
ALS M 66 8 Acutemyocardal 01 1 36 hrs
mfarction sur 01 10
cular flutter 01 6
uremia Death 0 1 5
due to uremia 01 4
01 2
Tk F 60 47 Hepatic carcmoma 0§ [ 35 brs
metastatic Death 01 5
due to careinoma 01 4
to1s 01 3
01 2
01 i




64 Dugitahs

104 ~——12 15MG M DiGTOKN
———0sme ¢ DomoxN
R Y
4 v ~me = T, [CORRECTED] FOR 12 150G
~ees Ty, [CORREETED) FoR B DO
g L h
T8, 44 somes

z
z
z
B
2
3
-3
«
e
£

& 2 % M % % 4 a8 s 6w @ wm &

HOURS AFTER ADMINISTRATION

Figure 4 Sem logarthmre plot showing du: rate of unch d

digitoxin 1 blood after ntravenous admimstration of C'* digitoun

eighty one hours Companson of the biological half Life of digt
toun between the two dosages studied suggests that the rate of
disappearance of the unchanged drug 1s not dose dependent

Although no defimtive statement can be made concerning the
significance of the two rate components 3t might be assumed that
the rapid rate of t.,, = 15 to 30 mmutes may represent the rate
at which digitotin 1n the blood 15 equilibrating with the various
body tissues The slower rate of t ., = 48 to 54 hours may represent
the rate at which the loosely bound glycoside 1s being liberated
from the body tissues It 1s believed that there 1s at least another
mnyor component representing the more “firmly  bound glyco
sides with a still slower rate which ma; be detected if the blood
concentration was followed for a longer penod  As will be men
tioned later ren excretion studies mdrete that this third com
ponent has a biological half Life of approvimately mine days wath
4 turnover time of thirteen days
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B C ation of Unel d Dagst and Its
Metaholites 1n Tissues

‘The concentration of unchanged digitoxin and 1ts metabolic
products m the organs of the three patients are summanzed m
graphical form m Figure 5 and expressed on a tissue weight
basis It can be seen from Figure 5 that s in experimental am
mals the myocardm m ll three terminal patients had no greater
selectivity for the cardiac glycoside than did the other organs
On a tissue weight basis the hidney and contents of the gall
bladder jejunum sleum and colon had 1 lugher concentratian
of the unchanged drug than did the cardiac tissue

Although there 1 no selectiye affimty of the drug for the myo
cardium one 1s mmpressed by the mmute amount of digitoin
(approximately 2 microgram or less per 100 gm of tissue) re
quired for the cardiotome achion of digttoun  Considening the
minute 1mount of drug required and the sterowd configuration
of the cardiac glycosides one 1s tempted to postulate that m car
diac falure digitalis may act as a substitute for 1 naturally occur
ring cardiotonie sterord hormone

The site with the highest concentration of unchanged digu
toxin was the colomc content which had from 4 6 to 13 0 micro
gram per cent This was followed by the gallbladder contents
the jejunal contents and the kidney wath 12 to 37 microgm
per cent and the tleal contents lung liver jejunum ventricle
aurcle adrenal and spleen with 06 to 19 microgm per cent
The high concentration noted 1n the colonic content 1s believed
to reflect the concentration of substances through reabsorption of
water by the colonic mucos: The concentration 1 the blood was
very low 1n companson with the organs mentioned while only
trace or no detectable amount was found n skeletal muscle

It 15 worthy of note that in almost all organs studied there
was a fugher concentration of metabolic products than the un
changed drug The site with the highest concentration of meta
bolic products were the gallbladder contents the jejunal con

tents and the spleen with from 100 to 21 0 microgm equivalent
per cent Moderate to lugh concentrations were noted 1 the
Iner gallbldder jejunum 1leal contents colonic contents and
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Figure 5 Tissue distribution of radioactive digitoxin 1 humn
organs Amount per 100 gm tssue

were admimstered ntravenously at varymg mtervals until a
short tune before death Multiple doses were admmustered m
preference to a smgle dose 1n order to maintam adequate tissue
concentrations of the drug Autopsies were performed within
two hours after death and uissue samples were obtamed at this
tme Whole organs were weighed and exther an aliquot or the
entire organ was immedchatelv frozen with sold carbon diowde
and stored it —17 C 1 order to prevent degradation of the
parent compound The extraction procedure employed for the
ssolation of unchanged digitoun and the fractionation of meta

bolic products from tissue samples has been deseribed m the
ongnal publication **
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tration of the drug quantitative determmations could not be
performed

With respect to the metabolic products of digitoxin the liver
also was found to have the largest quantity Fifteen to 23% of the
admimstered dose was found mn this organ  Moderate amounts
were found i the jejunum ileum kidney and blood Lower
quantities were found i the other organs

D Detoufication of Digetoxan

In order to obtamn mformation concermng the organs mmyvolied
1 the metabolic conversion of digitouin the metabohte digitoxun
ratto was calculated for each organ These results are presented
m Table Il As mdicated by its high metabolite digttoxin ratio
the Tiver 1s believed to be the mamn organ of detoufication of the
cardiac glycoside The very high ratio found i the spleen 1s diffi
cult to explun smce this tissue 1s not considered to be an impor
tant detoufymg organ  However 1t 15 possible that the high ratio
may be due to the accumulation of metabolite protem complexes
by the reticulo-endothehal cells of the spleen

The relatively low metabolite digitoxin ratio found m the
lidney ventncle auricle lung and adrenal suggests that these
organs are not important detoxifying organs and play at most a
minor role 1 the metabolic conversion of the cardiac glycoside
The comparatively high ratio observed 1n the gallbladder con

TABLE 11
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kidney Lower concentrations were found m the tissues of the
lleum colon ventricle aurncle lungs adrenal and blood

C Per Cent of the Adminsstered Dose m Organs

The amount of the drug 1n terms of the per cent of the total
admimstered dose per organ 1s presented i I'gure 6 For the
unchanged drug the liver was found to have the largest amount
(15 to 28%) followed by the colon contents hidney blood ven
tricle jejunum jejunal contents and leum  Lesser quantities were
found 1n the spleen colon 1leal contents gallbladder contents
gqllbhdder and auncle It 1s surmised that some of the glycoside
15 also stored i the skeletal muscle but due to the Jow concen
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1s mdicated by the passage of labeled products mnto the small
mtestine via the biliary tract and their reabsorption by the m
testin1l mucosa Reabsorption by the itestine 1s shown by the
lower concentration of labeled compounds i the ileum and 1leal
contents 1s compared with the jejunum and jejunal contents (see
Figure 5) Worthy of note 1s the greater rite of reabsorption of
metabolites by the small intestine as compared with the reab
sorption of unchanged digitoxn This 15 suggested by the de
crease m the metabolite digitoun ratio durnng passage of the
labeled products from the smnll to the large ntestime

The present data provide no mformation regarding the ex
cretion of unchanged digitoxm via the mtestinal wall We are
presently seeking patients with complete bilary fistulis so that
fecal assays for the labeled drug can be carned out after its mtra
venous admimstration  Studies with expenimental animals indi
cate that in the rat and the dog digitoxin 1s excreted by the in
testinal wall © 2

B Renal Excretion

The first quantitative study conducted on the renal excretion
of digitoxin 1 human subjects was reported by Friedman and
co workers 1 1949 ¢ These mvestigators found that approuimately
40% of a digitalizing dose (12 mg ) 15 excreted over a peniod of
twelve to twenty four days

Agam using the radioisotope method we have followed the
renal excretion of digitoxin and its metabolic products m the
eight cardiac patients who participated m the blood level expent
ment Sunultaneously with the blood level studies daily twenty
four hour urme samples w ere obtamed and then lyophilized by the
freeze dry method The method of extraction and assay of the
labeled compounds from the lyophihzed urine was reported
earher !

1 EXCRETION GRADIENT
The wverage daily renal excretion rates of the labeled com
pounds for the four patents who recened a 05 mg of radio
active digitoxn mtravenously 15 shown m Figure 7 Figure 8
shows a smlar plot for the four patients who recerved from 12
toe 15mg of the labeled glycoside As illustrated by the curves



70 Dugitahs

tents and m the small intestine may reflect the passage of digt
toxin and metabolites from the liver without actual degradation
of the parent compound 1n these two organs However 1t 1s not
possible to rule out metabolic conversion i the intestsnal mucosa
since 1t 1s possible that the ritio may not have risen sigmficantly
above the ver ratio due to intestinal reabsorption of metabolites
by the small intestine proceding at a more rapid rate than for
the unchanged digitoxin The moderately high rate of 35 to §
observed m the blood may represent either the final ratio after
muixing of labeled products released from organs having different
ratios or metabolic conversion of the drug by enzymes m the
blood or perhaps hoth

EXCRETION OF DIGITOXIN

A Biliary Excretion

The excretion of digitouin and 1ts metabolic products by the
Iver 1s mdicated by the presence of these compounds 1n the gall
bladder contents The amount of the unchanged drug found m
the bile ranged between 1 to 4 microgm per 100 ml Assuming
that the terminal patients secreted approvimately 500 ml of bile
per day roughly 5 to 20 microgm of digitoxin may have been
excreted by the liver via the biliary route This represents be
tween 1 to 2% of the administered dose  Although this estimate
may be low since bile samples were obtamed between sixteen
to thirty six hours after admmistrition of the drug 1t nevertheless
suggests that biliary secretion plays a mmor role in the ehimma
tion of digitoxin

St George et al ™ obtamed bile from two subjects who had
biliary fistulae and reported that they could not detect digitoxin
1 the bile flud  Since their broassay method could not detect less
than 05 microgm of digitoxin per ml of flmd they calculated
that 1f digitoxin were elimmnated by the biliary route 1t must
amount to less than 20% of the admmnstered dose

The concentrition of metabolites of digitoxin in the bile
amounted to between 10 21 microgm per 100 ml of fld This
represents approumately 10 to 177 of admimstered dose when
calculated on the same basis as for the unchanged drug

The entero hepatic eycling of digitoan and its metabolites
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approumately nine days and 1 turnover time of thirteen days for
both of the dosages employed Tlis 1s 1n good greement with
the known clincal evidence for the long cumulative action of
digitoxin

2 PERSISTENCE

It can be seen from results shown 1n Figures 7 and 8 that the
mjected radionctive digitoxn 1s excreted over a considerable
period of time Mimute amounts of the unchinged drug can be
detected up to twenty three to fifty days fter admmistration of
the glycoside depending upon the dosage used Metabolie prod
ucts of digitoxin have been assayed m the urme up to thirty one
to eighty days

3 COMPARISON BETWEEN UNCHANGED DIGITOXIN
AND ITS METABOLITES

Another sigmficant findmg was the relatnely small amount
of uncl d digitoxin el d through the renal route m

«g or
~ equiv

Dose 12-15 Mg

180

80 {1----Metabolic Products

Digitoxin

Amount Excreted Per Day

a0

Days After Administration

Figure 8 Average daily renal excretion rate of unchanged digttoxin and
1ts metabolic products for four cardiac patients receving C digrtorn
Dose—12to15mg IV
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Figure 7 Average daily renal rate of unch d d and ats
metabolic products for four cardiac patients recerving C'* digitoun Dose
—05mg IV

m Figures 7 and 8 there 1s a marked imtial excretion of both
digitoxin and 1ts metabolites duning the first two days after ad
mimstration of the radioactive drug followed by a gradunl level
mg off of the excretion gradient thereafter During the mitial
three day period 20% of the ad ¢d dose 15 el d with
about half of this amount being excreted during the first 24 hours

The average amount of unchanged digitoin excreted 1n the
urme during the first second fifth twelfth and twenty third
day after admimstration of 05 mg of the labeled drug were 13
3 2 07 and 02 mcrogm respectively Tor the corresponding
tume 1ntervals 1t the higher dose the amounts of digitoun ex
creted were 61 14 4 35 and 1 microgm respectively The data
therefore mdicate that the amount of drug excreted datly 1s de
pendent upon the amount n the body

A sem1 log plot of the disappearance curve of unchanged digt
toxin 1n urme 15 Mlustrated m Figure 9 Graphical ealeulation of
the exponential rate constant mdicates a biological half Ife of
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metbolites mAay represent water soluble hvdrolvtic wd con
jugation products of digitoin At the present time we are at
tempting to dentifv some of these mctabohe products

There 1s also evidence which suggests that at Jeast part of
the digatoxin molecule 1s broken down mto one carbon fragments
Ure wsolated from unine of patients recenng digiton and re
crystallized @ rmmmum of exght trimes was found to have a spe
afic activity of scven to ten disintegrations per second per gram
Since the carbon atom of urea 1s derived from the carbon diouide
pool * this would indicate that some of the labeled carbon atoms
of diatoxin entered the carbon dicxide pool 1t should be pomnted
out that the urea was assayed by the ronization chamber vibrating
reed electrometer method !7 since 1t could not be assayed n 2
window less gas flow gerger counter due to its extremely low
speaific actinity  The metabohe products assiyed by the gas flow
counter are not biochemical compounds resyntheszed from
labeled one carbon fragments but represent diect conversion
products of the parent compound The low lesel of C** admims
tered {less than 05 uc } and the great dilution n radioactinaty
of end 1y formed pounds wnsing from the labeled one
carbon pool prevent the detection of these substances nsing a
gas flow geiger counter

C Tecal Excretion

Daily fecal samples were also obtamned over a period of 14
days from two of the patients who participated mn the renal ex
cretion study Approximately 9% of the onginal dose was ex
creted as unchanged digitoun and 8% as metabolic products  Since
60 to 80% of an admimistered dose of digitoan 1s excreted by the
urmne 1 both the unchanged and metabolhe form the man organ
mvolved 1 the nitimate ehmmation of digitoxin plus its metabohe
products 55 the hidney Howsever af only the unchanged drug 1s
considercd the amount excreted n the urine 1 approximately the
same 15 that excreted mn the feces

PLACENTAL TRANSFER OF DIGITO\IN

Studies have also been conducted to mvestigate the passage
of labeled digstoxn across the placental barner of pregnant
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Tigure 9 Semi loganthmic plot showing disappetrance
rate of unchinged digitoxan m unmne after intravenous ad
mmstration of C* digstoxin

comparison with the larger amount of metabolic products Ap
proximately 6% of the admimstered glycoside was excreted m
the unchanged form over a period of thirty days or longer wlle
approximtely 71% was excreted as metabolic products There
fore this demonstrates that the major portion of the original drug
1s comverted mto metabolic compounds

Of the metabolic products 1t was found that 8§ to 157 of the
metabolites was excreted as choloroform soluble metabohtes
whereas the remunder was n the form of water soluble com
pounds The sigmificance of the chloroform soluble metabolites
1ics n the fact that being fat soluble thev mny be closcly relted
m structure to the parent compound while the water soluble
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its metabolites m the 1borted fetuses In the near term fetus
0 84% appeared as the unchanged drug and 349% as metabohc
products This difference may be attnbutable to the mcrease
size of the near term fetus since there was no sigmficant increase
m the ration of labeled pounds on a tissue weight
basis

When the total radwactn ity m the maternal and m the fetal
body was calculated on an equisalent body weight basis it was
found that the near term fetus had almost twice the concentra
tion of the maternal body while the eleven to twelve week fetuses
had from three to six times that amount

C Distnibution of Digitoxin and Its Metabolites in the Fetus

The concentration of labeled digitoxin and 1ts metabohe prod
ucts 1n the varwous organs of eleven to twelve week fetuses 1s
shown in Figure 10 The fetal heart and hidney had relatively
higher concentrations of the labeled drug and 1ts metabolites than
did the other organs that were studied In all organs there was a
higher concentration of the metabohe products than there was of
the parent compound The presence of metabolites 1 the fetal
tissues suggests exther a metabolic conversion of the cardiac gly
coside by the fetal tissues or passage of the metaboltes across
the placental barner or perhaps both The high metabolite to
digitoxin ratio noted 1n the fetal Iver may be an mndication that
drug detoxification 1s already occurring in the Inver by the eleventh
week of gestation The passage of digitoxm across the blood
brain barner correlates well with the known effects of digitalis
on the central nervous system

The concentration of labeled compounds in the organs of the

TABLE IIT

Awount oF C+Drcrroxts axp Its Merasourres v Husax Ferus

Approx Tune Aftes  Per Cent of Injected D

Ezperment  Dose Length  Inection, of frieced Dose
(Mg)  of Gesiation  of _
(echs)  (Hrs)  Digtton  Metabolites
1 02 1 50 0 0o 0

2 0 50 12 35 0 10 0 ég

3 0 50 12 28 008 023

i 050 31 i7 08t 34
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women nd to determine the relative concentration of labeled
compounds 1 the various fetal organs 3

Earlier studies conducted by our group on rats and gumea
pigs * mdicate that C** digitoxin crosses the placental barner
Furthermore, on a tissue werght basis the fetal heart of gunea
pigs had six times the concentration of unchanged digitoxin as
the maternal heart This then led us to wonder whether a sumlar
phenomenon oceurs in human subjects and if so whether the
concentration m the fetus has deleterious effects A speculation
also anises as to whether an increased concentration of the glyco
side n the fetal heart can have pathological effects directly on
the myocardium as demonstrated i expertmental ammals after
chronic admmstration of digitalis «7 3t

A Method of Study

Four pregnant women who were hospttalized m the Chicago
Lying in Hospital were selected for this mvestigation Three of
the women underwent therapeutic abortion of the fetus for varl
ous clinieal reasons during the eleventh and twelfth week of
gestation The fourth woman carried an anencephalic monster to
delvery Three to five hours before hysterotomy the first three
women were given carbon 14 labeled digitoun itravenously m
doses of exther 025 or 05 mg A dose of 05 mg was 1dmmistered
to the fourth woman at two to three hours before the expected
time of delivery In this case the fetal heart beat stopped durng
delivery two hours after admmstration of the drug The still
birth occurred durmg the thirty fourth week of gestation

Maternal and fetal cord blood and vanous fetal organs were
obtained  All tissue samples were removed as quickly as possible
after expulsion of the fetus rmsed thoroughly with saline frozen
at once with dry iee and stored at —17 C The extrachon pro
cedure for the labeled compounds was sumlar to those discussed
earher

B Per Cent of Injected Dose in Fetus

The data in Table III indicate that a small amount of the
cardiac glycoside crossed the pl: [ barrter as evad 1 by
its presence M the fetus Less than 0 1% of the mjected dose was
found as unchanged digitoxm and less than 033% was found as
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gm of tissue as compared with 116 and 7 1 microgm  per 100 gm
for the heart and hidney respectinedy of eleven to twelve weel
fetuses

Tt 15 worthy of note that hepntic excretion of digitoxin and ats
metabohites e be demonstrited in the near term fetus by the
presence of these compounds m the hner gallbladder and ites
tine

D Concentration of Digitoxin in Fetal Heart vs Adalt
Myocardium

Since 1t was not possible to obtun s wuples of maternal myo
cardium A direct companson could not be made on the concen
tration of digitoun m the maternal and fetal heart However mna
separate experiment a ssmple of an adult auncular appendage was
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Figure 11 Concentration of radiorctive digitoan
and 1ts metabolites 1n human fetal orgins at 34
weeks of gestatton One half mg of labeled
G digitoin admimustered intravenously 2 hours
before death that occurred duning delvery
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Figure 10 Concentration of radioactive digitoxin
and 1ts metabolites 1n human fetal organs at 11
to 12 weeks of gestation One half mg of labeled
g d d mt ly 28 to 5
hours before therapeutic abortion Fetal tissues
obtamed from the patient receving 025 mg
were corrected for 05 mg dose All figures
represent the average value from tissues of three
fetuses Figures 10 11 12 reproduced from arti
cle to be published in Cire Res by Olitr Cour
tesy Grune & Stratton Inc

near term fetus 1s shown m Figure 11 "The concentration of the
drug and 1ts metabolites in the organs that were selected for
study 1s lower 1n general than that found in the organs of the
cleven to twelve week fetuses Part of this difference may be
accounted for 1f the concentration of the drug is expressed n
terms of its distribution per cell since fetal cells are smaller 1n
size during the eleventh and twelfth week of gestation than dur
ing the terminal stages of pregnancy The organs with the high
est concentrations of the unchanged drug were the heart gall
bladder small intestine hadney and Iner The values for these
organs ranged between 08 to 20 microgm of digitoxin per 100
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may be summarized as follows  After intruvenous admimstration
of digitoun there 1s a rapid 1mtial removal of the drug from the
vascular system ns evidenced by the disappearance of approxi
mately 60% of the drug from the blood stream within fifteen
mmutes after 1ts administration Once the digitouin blood level
has equilibrated with body tissues the drug s gradually released
from ats site of deposition into the general circulation over a period
of up to twenty three to fifty days Dunng as well as after the
mitial blood tissue equilibration peniod some of the drug 1s meta

In per pheral clre Tation,
dgre ni equibelum
wthdgto inprot 1

comple

clron

ter hepot ¢

S )
P

FECALEXCRETION § RENAL EXCRETION i N
(14 doys) v {30 days of long )V
17* 4% of or g nal dose. 7127% of or g nal dose
9% 2% un honged d g o 8 2%un hong ddg o
BE2%m 1 bol tes 3* 6% m 1 bal 1

Figure 12 A diagram representing a hypothetrcal scheme of the metabolic
fate of radioactive digiton m human subjects
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TABIF IV

AMOUNT oF C'tDictroxsn AnD Its MetapoLites iv Husan FETan HEART axp
ADULT AURICULAR APPENDAGE

Dose Time After Digetorin Wetabolites

Tissue (Mgm ) In{eclxrm (Ugm Per 100 (Ugm Eq Per
_ (rs) Gm Tissue) 100 Gm Tissue)
Fetal heart
(12 weck gestation) 0 5* 28-5 116 425
Fetal heart,
(31 week gestation) 05 17 20 82
Adult aurieylar
appendage 05 3 11 25

F tal tissu obta ned from p f ent rece ing 075 mg dose was ¢ mect d for 05 mg do e

obtamed from a patient undergomg cardiac surgery One half mg
of C** digitoxin was administered mtravenously three hours be
fore removal of the myocardial tissue A companson of the con
centration of lnbeled digitoun and 1ts metabolites n the fetal
heart wath that 1n the adult auricular appendage 1s given 1 Table
IV The heart of the near term fetus has approximately twice 1s
much of the unchanged drug as the adult aunicular appendage
while the concentration n the hearts of the eleven to twelve week
fetuses 1s approximately ten times greater Here agun this dif
ference may possibly be explamed on the basts of differences m
cell size Wollenberger® has postulated that mature and mma
ture cells may have roughly the same number of drug molecules
per cell but differ on a tissue weight basis Therefore Wollen
berger believes that this may account for hus findings that the
heart of immature experimental animnls 1s able to tolerate a Jarger
dose of ouabun than that of mature mmmls

If Wollenberger s findings can be extrapolated to human be
ings 1t seems likely that the minute amount (less than 1%) of
digitoxn that crosses the human placent: may be considered to
be non toxic to the unborn child

METABOLIC FATE AND PATHWAY
OF DIGITOXIN
A dagram representing a hypothetical scheme of the possible
course of events of digitoun 1 man s shown mn Figure 12
Briefly the metabohe fate and pathw 1y of the cardiac glycoside
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Tissue distribution studics demonstrate that the myocardium
has no preferential affimty for the cardine glycoside over the other
organ tissues analyzed On a tissue weight bisis the hidney and
contents of the gallbladder, jepunum ileum and colon had a
Iugher concentration of the unchanged drug than did the cardiac
tissue It 15 worthy of not¢ that almost ll of the organs assayed
had 1 higher concentration of metabolie products than the parent
compound The majonty of the admmstered glycoside was me
tabolized 1n the body with the liver being the mun organ m
vohed i the detoxfication of the cardine drug However bihary
excretion 15 believed to play only 1 mimor role m the eltmmation
of digitoxin

Rennl excretion curves mdicate that there 1s 1 rapid imtial
decline in the amount of labeled compounds elimmnated per day
followed by a gradual leveling off of the curve During the 1nitial
three day period 20% of the admumistcred dose 1s eliminated as
total carbon 14 with about half of this amount bemng excreted
during the first twenty four hours  Biological half bife enleulation
for the unchanged drug was found to be approuimately nme days
with a turnover time of thirteen days  Minute amounts of the par
ent compound were detected up to twenty three to fifty days after
admunstration of the glycoside depending upon the dosage used
Metabolic products of digitoxin have been assaved m the urine
up to thirty one to exghtv days Approxumately 8¢ of the admin
sstered gly coside was excreted in the urine 1n the unchanged form
and approvimately 71% as its metabolic products  Fecal excretion
studies demonstrated that only 9% and 8¢ respectively of the
ongmal dose was elminated 1n the feces

Placental transfer experments with the labeled glycoside
showed that less than 17 of the unchanged drug and less than
35% of the metabolites could be detected 1 the fetus hetween
17 to 5 hours after mjection of the labeled drug to the mother

A hypothetical scheme of the possible metabolic fate and
pathway of digitoxin m human subjects has been described
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bolized by the Iiver with a portion of both the glycoside and s
metabolites entering the gastromtestinal tract via the bihary
route A lwrge percentage of the metabolites and some of the
digitowin m the gastromtestinl tract are then reabsorbed by the
small 1ntestine and enter the entero hepatic cycle From the
general circulation small amounts of the metabohe products and
lesser 1mounts of the unchanged drug are contmuously removed
from the vascular system by the lidney Eventually approu
mately 71% of the origmal dose 1s excreted m the urme s meta
bolic products and approwimately 8% as unchanged digitoxn
Fecal excretion accounts for approumately 9% of the ongmal
dose 1s the unchanged drug and 8% as metabolic products There
fore the mamn organ mvohed m the ultimate excretion of the
labeled compounds 1s the hidney However 1f only the unchinged
drug 1s considered the amount excreted in the urine 1s approv
mately the same as that excreted 1n the feces The long brological
half Iife of approumately nine days for digitowin thus confirms
the well known cumulative action of the cardiac glycoside

YSUMMARY

Using the 1sotope tracer techmique a quantitative study w1s
made of the blood level tissue distribution excretron and pla
cental transfcr of intravenously admustered radioactne digt
toxin 1 human subjects The sensitivity of the radioactive method
permits one to wolate nd detect as little as 002 microgram of
labeled digttoun provided non Iabeled digitoxin 15 added as
carrier to the biological sample to uud m the tsolation of the labeled
compound

Blood level studies indicate that within two mmutes after
admumstration of 05 or 12 to 15 mg of C'* digitovin approvi
mately 427 of the mjected dose can be detected 1n the circulating
blood 1s the unchanged drug One hour later only 6% can be
detected Chlculation for the brolagieal half Ife of the two ex
ponentil rate components show that the fast component has 2
t,, of fifteen to thirty munutes while the slower component has a
t,, of forty eight to fifty four hours It 1s believed that a third
component representing the disappearance rate of “firmly ™ bound
digatoxin w1th a longer half kme can be demonstrated if the blood
concentration was followed for a longer period
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work For any muscle to do work 1t must have a ready and spe
cific source of energy This energy source is mtially from
mgested food However within the cell thi energy m the food
must be transmitted mto work (muscle contraction) The final
source of energy withm the cell 1s beleved to be a phosphate
bond nd more specifically the termimal phosphate of adenosine
triphosphate {ATP) This 1s expressed symbobically as ~P (hugh
energy phosphate bond) 11000 to 12000 calones of energy n
thus bond become avalable as motion and work when ATP reacts
with actomysm
Food stuff ATP Acto
(energy production)  (emergy tramsmu lon)  {encrgy utilization or

‘mu cle contraction)
PC (Phosphocreatine)
(Re ervorr of ~P}

Skeletal muscle differs from heart muscle in 1its content of
ATP (and phosphocreatine} The concentrations of these two
substances m skeletal muscle 1s ten fold greater than m heart
muscle This greater concentration of ATP and PC and also of
enzymes which can operate anaerobically means that sheletal
muscle can for short pertods of time operate at an oxygen deficit
Thas system 15 obviously called into play during sudden and severe
actinity when the energy demands of the sheletal muscle for
ovwgen could not possibly be met During such an mterval the
energy for muscular contraction 1s made available through an
anaerobic cycle and an oxygen debt 1s estabhished

\ Heart muscle by 1ts very nature must have an energy source
which can provide 4 sustained energy from the foods stuffs and
oxygen Cardiac muscle 1s relatively poor in ATP and PC but
rich 1 oudative enzymes Durning oxidation the bulk of the
energy of the food stuffs 1s made available as ATP The tremen
dous vasculanty of cardiac muscle protects the heart under
normal conditions by giving 1t a constant supply of oxygen Thus
the heart muscle 1s 1deally prepared for sustamed transformation
of potential energy mto muscle contraction
\_From the medical pomt of view the best known and most
mportant effect of digitahs 15 1ts ability to mcrease the working
capacity of heart muscle

The “heart lung preparation 1s frequently used as an ex
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WE 1ave pecEp to approach this discussion from the bio
chemical viewpoint because of our belief (with some lattude)
that the cell 1s a complete and mdependent living system and as
such can be used as a model to understand the action of multt
cellular organs such as the heart

The first question one should ask i attempting to analyze
the site of action of digitalis 1s where do digitalis and the meta
bolic products of the drug accumulate m the body P Considerable
information 1n this regard has been gamed by using radractive
digitahs  Surprnisingly the Iver accumulates about three times
as much digitahs and ten himes as much digitalis metabolites as
does the heart * This work confirms earlier reports showng that
the heart possesses no great specificity for the drug 2 [

In spite of this lack of specific affimity of heart muscle for
digitahs 1t 15 the heart which 1s benefited by digitahs and 1t 1§
the heart muscle which must be studied (However before dis
cussing this pomnt 1t should be noted that we cannot as yet be
sure that 1t 15 unaltered digitalis which acts on the heart The
possibility of metabolites formed from digitalis m the hver or
other organs having a cardiac action cannot be excluded The
marked differences 1n speed of action of the vamous digitahs
products certainly suggests that these differences reflect distmet
enzymatic mechamsms of transfer transformation or degrada
tion)

The mam duference betneen skeletal and cardirc muscle 1s
1n the manner 1n which each muscle mamntans the eapacity for

From the \Mclhamn Cardiovascular Research Laboratory University of
Ransas Medical Center Ransas City Ransas
[s8}
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The supernatint friction (presumably contaiming the bulk
of the myosin) had very Little activity only 02%

Furthermore using their data 1t 1s possible to calculate
roughly using a molecular weight of 100 000 for heart myosin®
and the data of Oluita et al! for total fixed digitoun that the
mteraction of myosin with digitoun would entml a molar rela
tionship of 1 10® (assumung a sngle site of actton) Chemical
reactions of this dilution make a digitalis myosin therapetitic
relationship somewhat unlikely

Therefore the possible action of digitabs at the energy pro
duction or transfer level rather than the actomyosin level should
be considered also

As mdicated above measurements of respiration alone do
not permit a clear understandmg of biochemical events 1n fact
the literature on digitalss 15 full of contradictory evidence n this
regard

We have therefore studied the possible action of digitalis at
the site of energy production Our studies have been with the

TABLE I

Tur Errecr oF DicrtoxiN Ane Quininine Upov DAP
Uncoureine oF OXIDATIVE I HOSPHORYLATION

Each yesse] contained the following expressed m micromoles per 2ml  potassium
phosphate buffer pHl 745 30 tns-HCI buffer pH 75 100 potassium a-keto-
glutarate, 30 sowm ATP & MgS0 15 glucose 100 rabhit heart mtochondna
07mg mitrogen per ves <l added m 0 5ml of 025\ sucrose  Enough hexokina.e
1o transfer 150 micromoles of high energy pho phate per ten minutes at 38 Hex
okinase and D\ P tipped after equilibration (ten penute ) sixteen minutes mcubation
at 38 Arr NaOH in center well

Exp Condiions O Uptahe PO
1 Control 62 2 60
1 +DNP 125 10 M 56 236
1 + DNP 5 10~ M 62 1386
1 + Digitovn3 3 107 \I 66 240
1 + Dimitoxn 3 3 10~ M +DN\P1 25 10~ M 63 191
1 + Digitoxind 3 10 M +DNP  § 10~ A 68 076
1+ Digt>xm6 6 1078 \f 62 2 40
1+ Digtoxmd 6 107 31 + DMVP1 25 105 M 55 164
1 + Digitoan6 6 107 M+ D\P  § 10- A\[ 74 072
2 Control 69 2 60
2 4+ D\P125 10 M 68 240
2 + DAP_ 5 100 M 73 146
2+ Qumdines 10 M 39 2 80
2 + Qumdme5 10- M +D\P1 25 10 \{ 36 215
2 + Quinidined 1004 M4+ D\P 5 10 \1 41 0 81
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perimental tool mn the study of the effect of digitalis on the
contracting mechanism of the heart With this techmque 1t has
been noted that following digitalis there 15 mereased force of
contraction without an increase m oxygen utibization This has
been interpreted as ndicating an mcreased efficiency m the
muscle contraction (actomyosin)

However, another explanation 15 possible Cells appear to
possess an energy regulating mechanism which permuts the cell
to use 1ts energy for erther work (muscle contraction or other
energy requrng functions) or for heat production Mammahan
cells and particles from them (mitochondria) if briefly incubated
m the absence of substrate will have marked increase in heat pro
duction (ATP ase activity) A normal preparation can increase
respiration over its baseline either by making the cell do more
constructive chemical work or by increasing the energy lost by
ATP ase or ATP ase like action with heat production

Perhaps 1n the heart lung preparation the preparation acts
as a damaged cell and upon depleting the necessary substrates
and co enzymes simply tends to shift its activ ity into heat produc
tion mstead of work production Then the beneficial effect of
digitalis may not be directly on the actomyosin but by m some
manner expediting the effective utilization of the high energy
phosphate (~P)

Food stuff—, —O; y
~rate
L N

% % o 2 Heat production
(ATP ase)

1 Muscle contraction

The sum of processes 1 and 2 might be responsible for auto
matic regulition of respwation If process 2 creases at the
expense of 1 then no effect on the total respiration will occur

The site of accumulation of digitals m the heart has been
referred to carlier i this discussion  In heart perfusion expert
ments by Harvey nd Preper ® 1t was lewrned that the greatest
concentration of digitoxin was 1n the fraction of the cell repre
senting “nuclear” cellmembrane and “mitochondrial fractions
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sides affect rather profoundly the permeability of the ntact cell
but not of the mitachondria with respect to Na* and A+ while
2 4 ditrophenol affects permeability of these 10ns 1n both the
mtact cell and the mitochondria ' To obtamn further information
for the under ding of this ph we have studied a the
effect of digatouin upon the ATP ase actiity of mitochondna and
b the effect of digitoxin upon oudative phosphorlyation of mito-
chondna after aging

a ATP ase activity was measured 1 fresh preparations and
after aging with and without Mg*+ present The results shown
m Tables III and IV wndicate that the ATP ase activity 15 not
affected under these conditions by digitoxin

b The ability of aged particles of the cell to keep good o
dation with loss of phosphorylating ability have been shown by a
number of investigators We have found as mn earhier work * that
the aging effect on phosphorylation 1s very dependent upon the
concentration of the cell fraction and also on the suspending
medium The sarcosomes of the pigeon heart muscle are best pro-
tected by sucrose as shown in Table V

TABLE [I

ATP «sr Activity oF Rar Lnver \rrocrosorit Wit
Avp WitnouT Driorroxas

Aqing Time 1n Minutes

Condition Q 20 30

AR G N M oM M M

Control & 104 18 74 3 5% 58 336 — —
+ 31X 10~ M\ Digitoxin 108 210 68 3 40 60 350 — —
+156 X 10~ M Digitoun 121 222 81 361 72 3544 —
Controt B 87 138 83 282 — — 74
+ 81 X 104 3] Digiton Jz 163 88 204 — - 82 g jf
+ 156 X 104\ Dipitotin 102 183 K322 — - 96 3 .6

ATP ase actinaty tested 1n all cases using conteal 12ml tubes wcubated at 38 for

ten mmutes w.ng a final volume of 2m! contammg the following components ex

pressed m micromoles ATP 8 Tns buffer pHl 74 100 Control evpenments

e erved 0 Iml of ethanol Digitoun was adied i the same volume of ethanol

s:;;ochn?driauco?cemmuons m m‘g r‘n!mgeill per tube 035 for expenments of
mn 2 for expenments of column Inorganic ph

expressed in the tahle‘lﬁemmmmolew ® phosphate bberated 15
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TABIF I

THE FFFECT OF Sopity aND PoTassityt ConCENTRATION Uron
OxXIDATIVE_PHOSPHORYLATION AND Diciroxin PotenTiATION
or DNP UncourLiNg oN I1vER MITOCHONDRIA

Al were as described for the of Table I except that o

hetoglutarate was replwed by L-glutamate and that 0 027 micromoles of eyto-

chrome ¢ were added to each vessel In experiment 2A 90 micromoles of hC1 were

added In expertment 2B potassium was entirely replaced by sodium  Guinea pig

hver mitochondnia 1 7mg mtrogen for experiment 1 1 8 for expenments 24 and
Fifteen minutes mncubation at 33

Ezp Condutions 0 Uptake PO
1 Control 56 22
1 + DNI1 25 10\ 56 21
1 + DNP 5 10\ 61 19
1 -+ Digitoxin3 3 10~ M 62 20
1 + Digitoxin3 3 10~ M + D\P1 25 10~ M 73 15
1 + Digiton3 8 105 M +DAP 5 107 M 73 13
24 Control 79 22
2A  + DNP125 107 M 75 22
24 4+ DNP 510N\ 89 15
2A 4+ Digitoan3 3 10~ M 89 22
24 4 Digitoxin3 3 10 M 4+ D\P1} 25 10~ M 92 18
2A  + Digtonm3 3 10- M+ DNP 5 107 M 96 15
2B Control 32 08
2B+ D\P1 25 107 \f 31 08
2B 4+ D\P 5 103 M 43 04
2B 4 Digitoun3 3 10° \[ 12 06
2B+ Digtoun3 3 10~ M + D\P1 25 107 M 36 06
2B+ Diitoxun3 3 10~ M+ DNP 5 10 M 35 01

major energy producing fraction of the cell that 15 with the
mitochondria (sarcosomes) and to observe the mfluence of digt
toun on normal mitochondna and on mitochondria damaged
1 a number of ways In this manner by measuring oxygen up
take and phosphate esterification 1t 1s possible to obtan 2 good
1dea of the energy production

In our own Investigations we have found ! that although
digitoun and quimdme at fairly high levels do not affect apprec:
ably the energy production of normal mutochondrm they poten
tiate the uncoupling effect of DNP as seen in Tables I and IT

Tt 1s then apparent that the potentiating effect of digitoxn and
qumidine upon the DNP uncoupling of oudative phosphorylation
reflects an effect somewhere n the energy respratory cham
(whether or not by affecting permeabihity 1s not known) and that
this effect 1s markedly dependent upon the 1omc composition of
the medium In this regard 1t has been shown that cardiac gly co
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ily connected with the contraction of muscle it might yet be
connected to the utilization of ATP as for example m the hypo
thetical case that ATP were deamnated ® after interaction with
actomyosin and that the resulting ITP** had to be reammated
from aspartic or glutamic acid or glutamne (as in the reaction
mosiie acid + aspartic acid—adenyhie acid) at the expense of
the energy of ATP ! This hypothesis might not be entirely off
since after all the 6 «mno group of adenme 1 the nucleotide
form 1s known to be very rapidly equilibrated with 1sotopic am
monia ?

TABLL ‘I

TrE Errect oF Diciroxiy Urox OUDATIVE PHOSPIORYLATION
oF FRE 1 AND ACED SARCOSOMFS

Aging Time at 20 Molarity of Digutozin 0, Uplake P O Ratios
min u atoms

] 0 302 2 57

0 312X 10 293 278

5 0 146 228

31125 X 10 148 202

10 152 1353

10 31125 X 10 117 139

15 177 088

15 31(129 X 10°* 156 085
Each Warburg vessel (ca 7ml total volume) contamed the following components
expressed 1n micromoles m 10 ml  Potassium a Retoglutarate 165 ATP 22
Potassium pho phate buffer pH 74 11 Tns buffer pH 74,28 MgS0 55 glucose
50 Enough F to_transfer 75 les of high energy pho phate per

ten minutes at 38  Air NaOH 1 center well Incubation at 38 for twelve minutes
after eight munutes equibibration Sarco omes from 3 grams of pigeon heart prepared
according to Slater3” made up to 45 ml To each ml of sarcosomal suspension
10 lamb {as of ethanol-containing digitoxin were added 04ml of sarcosomal sus-
pension were used pir vessel The molanity of digitoxin refers to the mitial concen
tration before using tte preparations for P/O measurements The figures in paren
theses refer to the final concentration obtaed after mixing the sarcosomal suspension
with the rest of the components in the incubation ve scls

Very recently Proctor et al have shown a marked digitoun inhibition of
ATP deammation 1 premcubated and thus damaged heart homogenates These
teresting expenments should be repeated and extended

Tt bas become apparent dunng the last few years that 2 number of nucleo
tides mught be active in endergonic reactions and further that they might be ca
pable of energetic interconversion '® as has long been known for ATP ADP via
the enzyme myokmase 17 It has also become apparent that the step wise synthesis
of the punne and pynmidine nngs requure high energy phosphate 1% 1# 20 and that
1t 18 possible to achieve the of nucleotides via classical bolites and
€0 enzymes such as DPN for example 1 the formation of xanthosine 5 phosphate
from mosinic acid 2
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TABLE IV

TrF INFLUENCF OF Mg * * ov e ATP ask oF Rar Livrr
MrrocroYprIs Wit anp WrtnotT Diatrota

Molarity of Dipforin
Aging Time
0 31X 1078 156X 107t
min
0 (1) 132 108 148
25 (A) 225 222 213
0 (B) 143 145 145
2 (B) 228 223 240

Experimental condstions were as deseribed for the experiments of Table 111 e(uxt
that the tests were carried out in the presence of 0075 M Mg SOu (Experiments A)
and 01V (E ) 09mg I nitrogen for each tube

The respiration and phosphorylating 1bility of fresh and aged
sarcosomal preparations 1s not affected by digitoxun under our
expenimental conditions as shown in Table VI

The utilization of ATP during a smgle muscle twitch has been
challenged * It has been shown also that other nucleotides (for
example undine triphosphate ! ) can replace ATP and that on a
molar basts they are equal both i inducing contraction and re
laxation 1n an wn vifro model system

It 1s warranted to postulate that if a compound \ 1s primar

TABLE }

Tie Lrrect oF SEVERAL Co-FACTORS UroN OXipATILE
PHOSPHORYLATION OF MNATIVE AND \GED MITOCRONDRIA

P/0 Ratos
Suspending Medinr: 4ging Time 1n Vanutes al 20

0 10
Isotonie Sucrose 202 225
11 Isotome Sucro e kC1 217 136
11 Isotome Sucrose-NaCl 173 120
11 I otonic Sucrose Cochtul #1 238 100
11 Isotonic Sucrose Cocktail ¥2 236 155
11 Tsotonie Sucrase Cocktail %3 2 3% 157

The components and expermental conditions were as for the experiments deseribed
in Tables ITLand IV except that arcosomes w ere prepared as previously de cribed®

and wa. hed one additional ttme _Sarcosome nitrogen 0 625 mg per vessel Cocktail
¥1 contamed 01M MgSO  001MDNI 020\ \TE and 015\ Tns bufler
made 1sotome sath sucro e cocktail #2 and #3 had the same composition except
that the medium contamed half 1sotonte KCl or NaCl at the cxpense of 1sotonre

suerose
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CONCLUSION
In conclusion and 1ccordmg to the simphfied scheme
Energy Prod ATP Muscle C
ATP ae

1 Itas known that digitoxin has a marked effect on contrac
tion of damaged muscle from clinical and physiological evidence

2 The therapeutic action of digitoxin might occur at site 1
or 2 or both as indicated

3 The touc effect of digitoun mught be related to 1 when
the cell has been already damaged as for example with DNP

Although 1t 15 not necessanly true that a tovie effect and 2
therapeutic effect have the same pomt of action we should cer
tanly be aware of the necessity of evaluating biochemical effects
of digitoxin only after testing in damaged heart preparations (or
but less convincing s preventing damage) While the expen
ments reported here appear to have httle sigmficance for thera
peutic interpretation of the site and mechanism of action of digt
toxin they mught mdicate the bass for the touc effects of digt
toxin It should be emphasized at this pomt that mitochondna
forms a small portion of the cardiac muscle cell It appears then
of importance to contmue this experimental approach and to
keep 1 mind the possibility that digitoxin and related substances
might act after metabolic conversion to other compounds

It should also be hept 1n mind that the techmques thus far
used might not be adequate to prove experimentally the mechan
1sm of action of digitalis and 1n this way to clanfy the primary
cause of cardiac fallure However only by trying our best can
we expect to go ahead and thus I thiok 1t fitting to close with
the words of Withering

These remarks consist partly of matter of fact and partly of
opinion The former will be permanent the latter must vary
with the detection of error or improvement of knowledge I
hazard them with difidence and hope they will be examined with
candour not by contrast with other opimions but by an attentine
companison of the phenomens of disease ™
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Effects of Caichac Glycosides on Systolic
Contraction and Resting Length of
Ventricular Strips
Awbo A Lussapa MD
AND
CHrisT Aravanis M D

Vartous pLanTs contam substances whose action on the myocar
dmm 1s sumlar to that of digitalis  For this reason therr actve
principles re called digitalis bodies 1 spite of thew different
ongin The most mmportant are the active primecrples of digitals
purpurea digitahs lanata and strophantus hombe

The advances m the chenmstry of digitalis glycosides of the
last twenty years finally resulted 1n their 1solation

Scheme I simplifies 2 more complex detarled scheme of Stoll*
and describes the glycosides of the two main digitahs plants
Strophanthin X 1s the complex of active principles of strophanthus
Kombe

Several of the glycosides are claimed to be supplied i pure
form by various pharmaceutical houses However many commer
cal preparations represent mixtures of glycosides Those which
seem the most rehable and have a farly constant composition are
shown m Table H with the indication of the content of each
glycoside

Both aspects of ventricular function can be studied in 150-
lated papillary muscles or ventneular strips

Systolic contraction 1s better studied by using an sometric
method which submts the strip to a determined mtial tension
On the contrary duastolic length 1s better studied by using an
wsotontc method which allows the fibers to adjust at the length
set by their biochemical processes without any stretching The
first method has been extensnely used by Cattell and Gold ' * and
many others while the second has been employed by the author
and his covorhers*®

[96]
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Working on 1solated papillary muscles of the eat and using
an 1sometnic system Cattell and Gold*® studied the effect of
several solutions of cardinc glycosides They paid attention only
to the amphtude of systolic contraction determined by electric
stmulation  Solutions of Ouabamn or Digitoxin of 1 100 million
were found meffectne Solutions of 1 10 million or 1 20 milion
acted promptly and caused a marked mcrease of systolic con
traction

TECHNIQUE

Our experiments were performed on 1solated papillary muscles
or nght ventricular strips of large cats or small dogs removed
under Nembutal anesthesta

The cardinc strip was plced 1n a vessel contaming Locke s
solution at 38 C 1mmersed m a constant temperature bath and
was stimulated with 150 v shocks from an Electrodyne stimulator
The stimulator was connected to a fine plitmum wire mserted
mto the muscle strp just above the level of the flmd and to a
metal blade placed into the solution Solutions to be tested were
prewarmed through mmmersion mn the water tank Qxygen flow
was stopped just prior to tahing a record m order to avoid artifacts

The strip was attached to a fived pomt at its lower end and at
1ts upper end to a ight 1sotonic lever

The lever covered with a strip of black paper was mterposed
between a source of light and a phototube The latter was con
nected with a string galvanometer and the string calibrated at
2 cm /1 mv The polanty was so arranged that a shortening of
the muscle caused a drop of the hght beam on the film The
movements of the muscle strip were magmfied twenty five times
so that quantitative evaluation of the shortening or elongation of
the cardiac strip was possible

Stimulation was dered y m order to ascertamn
the viability of the muscle and the effect of drugs Therefore each
cardiac strip was stimulated at a rate of 60 shochs/mm  After
obtaming throughout the expermment a control record of diastolic
length and amphtude of contractions stumulation and oxy gen flow
were discontmued and a second record was taken showng only
the resting length In general a double record (w1th and without
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stimulation) was obtamed every five to ten minutes throughout
the entire experiment  As the strips presented vanations of length
during the first twenty to thirty minutes the actual study started
after such period of time

Electrograms of the muscular strip were recorded by means
of 1 second string galvanometer The silver wire stuck mto the
upper end of the strip (above the flud level) and the metal plate
withm the flud were used as electrodes  Electrograms were
recorded only during periods n which no electric sttmulation of
the strip was used

In order to avord the effect of suspension of the oxygen flow
electrical changes were also studied with the stnp immersed m
hepanmized blood

The leads were so arranged that the zero Iine was at the lower
level of the film so that the mjury current mhercnt in the prep-
aration would bring the tracing upwards toward the center of
the film

Drugs were tested by rapidly substituting the Lockes solu
tion 1 which the strip was bathed with the prewarmed solution
contaiming the drug In most experments only one drug was
tested at that concentration which hid been found effective m
preliminary tests A tracing was obtained immediately after
changing the solution then agam at five to ten minute intervals

However a comparatnve evaluation of the activity of twe
drugs was oceasionally attempted by testing them mn succession
m sumilar concentration Then the cpeniment was repeated on
another strip using the drugs m the reverse order

RESULTS

General Effect of the Drugs Adequnte concentrations gen
erally caused a shortening of the muscular stnip The effect usu
ally started ten to fifteen minutes following the change of the
solution and renched its maximum within thirty to forty five

Occ Iy, a I relaxation took plice m the
first five to eight minutes prior to the onsct of the contraction

The effect of the drugs on the resting strp w1s frequenth
resetled by small ramd contractions (Tigure 1A C) These were
sometimes regular and periodic and at times were followed by
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meomplete relwation (Figure 1A) In a few expeniments the
drug cused a rather rapid and steady shortening of the strip
(Figure 1B)

The amphtude of the ripid contractions csed by electric
stimulition was frequently inereased by crdiae glycosides How
ever no constant relationshup was found befween ncrease or
deerease i amplitude of these rapud contractions and the steady
slow contracture of the stnp except for decrease m amphtude
occurring whenever the contracture was extremely severe

Effcct of Ouabun  Ouabun was the drug tested in the great

Figure 1 (See text )
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Figure 2 (See text )

est number of experiments Solutions ranging from 1 15 million
to 1 250 millon were tried The action of the drug manifested
aself within five to eight minutes and consisted of a gradual
steady contraction revealed by a shorteming of the diastohe and
resting lengths of the stnp This contraction continued to increase
until 1t reached a maximum 1n fifty to sixty minutes The rapdity
and degree of the contriction was greater with higher concentra
tion of drugs (Figure 2) The shortening was 2 mm (about 13%)
m exceptional cases 07515 mm (5 10%) m most expeniments
m which a 1 25 million solution was used and 06 1 mm when
the concentration of the drug was 1 100 million In a few expen
ments the drug caused an mitinl mmmal relaxation followed
after five to ten minutes bv shortemng of the strip

In general 2 moderate diastohe shortening was accompamed
by temporary mcrease n the amplitude of systolic contractions
upon sttmulation  On the other band 1 marked drastolic shorten
g was alwavs accompanted by decrease m the amphtude of
systolic contractions and sometimes by 1 complete lack of systolic
response (contracture) (Figures 3 4) Once this stage was
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reached systolic contractions could still be obtamed by (a) m
creasing the mtensity of the stimulus (b) stretching the strip
{c) causmg a moderate relaxation by means of cocame (Figure
5) (d) apphing a high concentration of epincphrine Epineph
rine restored the ability of the strip to contrict even though 1t
caused further dnstolic shortemng

Relative Action of the Glycostdes In order to better evaluate
the relatnve action of the glycosides on resting length several
cross esperiments were performed (Figure 6) The results were
as follows Acetyl strophanthidin seemed more effectne than
outbain  Ouabun was more effective than k strophanthoside
While digitoxin and gitalim were equally active in higher concen
trations at lower concentrations gitalin had < more powerful ac
tion On the other hand digitoxin was more powerful than lanato
side C The relaxation due to digitoxin i Jow concentration did
not prevent the subscquent contracting effect of ouabamn  Acety!
digitoxin had a contracting effect similar to that of cuabam In
lower concentrations 1t had a relaung cffect even if the drug was
used on 1 strip prev 1ously contracted by ouabun



FPffects of Cardiic Glycosides on Systohe Contraction 103

The cnhancing effect of the glycosdes on the amphtude of
the raptd electrically induced contractions seemed independent
of the effect on resting length - Actually, 1t was possible to demon
steate this sumulating effect both with ngh concentrations of
ouaban or digitoin (which led to shortening of the strip) and
with low concentrations of acety] digatoxin (which were followed
by relaxation of the strip)

Clinical Concentrations of Cardiac Glycosides and Effect on
Resting Length The average theoretical concentrations of the
glycosides in the blood of clmical cases were calculated i order
to compnre them with those used 1n the experiments with ven
tncular strips These concentrations were calcultted on the basis
of the medium and maximum doses recewved imtravenously by
patients 1n the first twenty four hours wd on n average blood
volume of 5000 ce ®

A companison of the climcal with the experimental concentra
tions 15 presented 1 Figure 6 It 1s apparent that most cardiac
glycosides are gven to patients in doses which should cause a
steady shorteming of the myocardial fibers and therefore a de
crease 1n cardiac volume The only exception 1s represented by
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Figure 6 (See text )
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reached systolic contractions could still be obtamed by (a) m
crewsing the mtensity of the stimulus (b) stretching the strip
{e) causmg 1 moderate relaxation by means of cocame (Figure
5) (d) applymg a igh concentration of epmephrine Epineph
rine restored the ability of the strip to contract even though it
caused further diastolic shortening

Relative Action of the Glycosides In order to better evaluate
the relative action of the glycosides on resting length several
cross experiments were performed (Iigure 6) The results were
as follows Acetyl strophanthudin seemed more effectnne than
ouabun Ouibam was more effective than K strophanthoside
While digitoxn and gitalin were equally active in hugher concen
trations at lower concentrations gitalin had a more powerful ac
tion  On the other hand digitoxin was more powerful than lanato
side C The relaxation due to digitoxin in Jow concentration did
not prevent the subsequent contracting effect of ouabatn Acety]
digitoan had n contracting effect simlar to that of ouabaun In
Jower concentrations 1t had a relixung effect even if the drug was
used on 1 strip prestously contracted by ourbam
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The enhancing effect of the glycosudes on the amphtude of
the rapd electrically induced contra seemed independ.
of the effect on resting length  Actually 1t was possible to demon
strate this stimuliting effect both with high concentrations of
ouabain or digitoun (which led to shortening of the strip) and
with low concentrations of acetyl digitoxin (which were followed
by relaxation of the strp)

Chaienl Conceentrations of Cardiie Glycosides and Effect on
Resting Length The average theoretieal concentrations of the
ghvcosides m the blood of clinieal eases were enlculated m order
to compare them with those used n the experiments with ven
tucular strips These concentrations were caleulated on the basis
of the medium and maximum doses received ntravenously by
patients 1n the first twenty four hours and on an average blood
volume of 5 000 cc ®

A comparison of the chinical with the experimental concentra
tions 15 presented n Figure 6 It 1s apparent that most cardnac
glycosides are gnen to patients m doses which should cause a
steady shortening of the myocardual fibers and therefore a de
crease 1 cardiac volume The only exception 1s represented by
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Figure 6 (See text )
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acetyl digitoan which eaused relaxation of the myocardial fibers
1 clinieal concentrations A contracting effect of acety! digitoan
would be obtamed only by touc concentrations

Llectric Activity of the Strips The electrographic changes
were of various types (2) no evidence of electric compleves
while the strip was contracting either slowly or with ripid jerks
( Figure 1A B) (b) rhythmic typical compleves mmediately
followed by mechanical evidence of contraction (action currents)
(Figure 1C) (c) a slow continuous change of the baseline co
meident with the slow mechanical contraction (Figure 5)

Further iy estigations were made m regard to this slow change
of potential In the majority of cases 1t was a downuard motion
(mn the opposite direction of the injury current) simular to that
of the action currents only far slower

Sunultaneous tracings of the mechanical and electrical ac
tiities showed 2 general stmlanty ouibamn i solution 1/10
milhion caused slow mechanical contraction and electrical ev1
dence of contraction while acety] digitoxin i the same solution
caused a slow mechanical relaxation and electrical evidence of
relaxation °

TABIE I
AcTioN oF CARDIAC GLYCOSIDES

Range of Solutions Causing  Range of Solutions Causing

Glycoside Decrease of Resting Length  Inerease of Resting I ength
(Steady Contraction) (Steady Pelazation)

Ouaban 15 million to I 1 bllion
Acetyl strophanthudin 15 milion to 11 billion
Gitalin 1 1 milhon to I 560 muifion
X strophanthoside 11 mllion to 1 100 mutlion
X-strophanthn 1 1 million to 1 50 mulion
Thevetm 11 million to 1.50 milion
Acetyl cilliro 1in 1 1 oulhon to 1 75 million
Digitoun 1 1mllion to 130 milkon 1 50 mulkion to 1 7o mullion
Sallaren B 1 [ muilion fo I 30 million 1 40 milfion
Digoun 11 milion to 115 mlbon 115 mulion to I 25 million
Acetyl-digoun 1 1 milbon to 110 mulbon ! 10 mllion to 1 15 mlhon
Lanatoside C 1200000 to 1 2 million 1 25 milion
Acety | ditoun 1100000 to 1 1 mllion 12 nullion or af ove

The clectne tracings revealed a majonty of reactions similar to the me-
chanical but also a number of unchanged tricings (and even a few with displace-

ment 1n the opposite direction)
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DISCUSSION

Base line changes caused by drugs and indicating changes
resting or diastolic length were recorded by vanous observers
woﬂ\mg with either p1p11]ary muscles or 1solated hearts but were
4 d becanse unep d by current theones Moveover,
1n many cxperiments the base line was brought back to its original
level mechameally so that no accurate record of the changes was
Lept In most cases the investigators used isometric recordmg
which 15 madequate for evaluating small changes i length of a
strip

Consistent variations of the resting length of a heart muscle
preparation (between peniods of stimulation) or of its drastol
length (dunng periods of stimulation) obtamed by phystologc or
phamacologic means may be accepted as evidence that these
variations are 2 normal function of the heart muscle Experiments
by the author and coworkers proved the possibility of sigmficant
changes mn the resting and diastolic lengths which were con
sistently obtamned by changes in temperature action of certain
10ns and that of certam drugs The action of drugs was obtamed
even m concentrations similar to those which reach the human
heart under climical conditions For example ocuabamn affects
diastolic length n a dilution of 1 250 million  the maximum blood

10n ok d after mtr mjection of 025 mg 15
1 20 mallion and may drop to 1 250 million several hours later
Therefore the results are not due to towic” effects Similarly the
shortening does not appear to be a termmal phenomenon”
because a ventncular strip which fails to react to stimulation
( contracture } starts agamn to contract if mode rate relaxation 1s
mnduced by drugs or exaitability 1s nereased by means of epmeph
ne

The action of ouabain on diastohic length had been previously

observed but was not evaluated properly It 15 important to note
that the “contracting” effect of this drug can be reversed by
cocame This indicates that cocame on the one hand and ouabain
on the other have opposite actions on a basic property of the
heart muscle

Thirteen digitalis preparations were tested on ventncular
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acetyl digitoxin wlich caused relaxation of the myocardial fibers
m chnical concentrations A contracting effect of acetyl digitoun
would be obtamed only by toue concentrations

Electric Activity of the Strips The electrographic changes
were of various types (a) no evidence of electnic complexes
while the strip was contracting erther slowly or with rapid jerks
( Figure 1A B) (b) rhythmic typical compleves mmmediately
followed by mechanical evidence of contraction (action currents)
(Figure 1C) (c) a slow continuous change of the baseline co
iaident with the slow mechanical contraction (Digure 5)

Further mvestigations were made m regard to this slow change
of potential In the majonty of cases 1t was a downward motion
(in the opposite direction of the injury current) sunilar to that
of the action currents only far slower

Simultaneous tracings of the mechanical and electricnl ac-
tities showed a general sumlanity ouabain m solution 1/10
million caused slow mechanical contraction and electrical evt
dence of contraction while 1cetyl digitoxin m the same solution
caused a slow mechanical relaxation and electrical evidence of
relaxation °

TABLF I
ActioN or Carbiac GLYCOSIDES

Glyconde

Range of Solutions Causing
Decrease of Resting Length
(Steady Contraction)

Pange of Solutions Causing
Increase of Resting Length
(Steady Relazation)

Ourbain

Acetyl strophanthudin
italin

I strophanthoside

K strophanthin

Thevetin

Acetyl=aillirosidin

Digitoain

Seillaren B

Digoun,

Acety I-digoun

Lanatoside C

Acetyl dimtoxin

5 million to 1 1 billion

5 million to 1 1 bilhon

1 milhion to 1 500 mithon
1 mulion to 1 100 million
1 multion to 1 50 million
1 milhon to 1 50 million
1 million to I 75 million
1 milion to 1 30 mithon
1 mtllon to 1 30 million
1 pulbion to 1 15 miltion.
1 mllion to 1 10 million
x to 12 mifhon

1
1
1
1
1
1
1
1
1
1
1
1
1100 000 to 1 1 mullion

50 million to 1 7o mllion
40 million

15 million to 1 75 pullion
1¢ mullion to 1 15 rmllon
25 mllion

2 million or abave

* The electric tracimgs reveled a majonty of renctions similar to the me-

chanu

ment 1 the opposite direction)

cal but also a number of unchanged tracings {and even a few with displace-
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It 1s suggested that the action of cardiac glycosides on the
diastolic length of the cardiac fibers represents an important part
of their clnieal effect It 15 possible therefore that the different
effects of varous digitahs preparations on resting length consist
ing of marked shortenmng (ounbun) moderate shortening (digr
toun digoun) or even elongation (acetyl digitoin possibly
lanatoside C) may have some bearing on the reaction of differ
ent types of patients to digitalization

Various types of electrograms were observed In the first type
the muscle contracted smoothly or by small jerks there were
erther no electrical changes or a slow shift of the base hne A
second type revealed coordinated rhythmic contractions each
preceded by an electric complex apparently a pacemaler had
been activated within the stnp and governed the activity of the
latter

The above studies can be discussed m relation to the problem
of cardiac tonus Physiologically muscles can be clissified
mto® 7 multi umt muscles activated by the CNS (skeletal mus
cles blood vessels muscles) and visceral muscles having automa
ticity (heart vanous visceral organs) The term tonus has to be
applied to fluctuations of the level of tension or length on which
brief contractions may be superimposed  The )| of
tonus 15 not different from that of contraction and involves some
expenditure of energy

Studies of the last ten years revealed one type of tonus due
to the fact that certain mmpulses are non conducted because they
are too weak and cause only mmmal mechanical changes The
term tonus should be abolished and substituted by that of resting
contraction a phenomenon which may be associated with rest
g potentials ¢ 7

In striated muscles the rapidity of dilatation depends upon a
chemical process (probably the resynthesis of the ATP protem
compleves) The strength of the mtramolecular bindings varies 1

different types of muscles and 1t 1s likely that mn this respect
cardiac muscle has an mtermediate position between the skeletal
and the other visceral muscles Bings observations ® confirm that
cardiac glycosides cause a decrease m the mtial length of myo
cardial fibers Buckley s studies® show changes of + 1scosity m
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Figure 7 (See text )}

strips or papillary muscles i order to study themr action on the
resting and diastolic length of the strips  Striking differences
the results were noted

Ounbamn and acety! strophantlndin were the most powerful
causing shortening of the strip even at extreme dilutions On the
other hand Iugh concentrations of these drugs seemed to be toxic
so that their effect was less apparent

Thevetn scilliren B digitoxn  digoin  acety scillirosidin
and acety] digoxin were m 2 second group requiring higher con
centration

Lanatoside C and acety! digitoxin started causing contractions
onfy at ligh concentrations while they ciused a relaxing effect in
Iow concentrations

Companson of the climcal with the experimental concentra
tions showed that the contracting effect of most glycosides took
place m concentrations which are within the Iimts of the climcal
concentrations  On the other hand acetyl digitoxin 1n clmieal
concentrations had a relwxung effect on ventricular stups
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the ventricular wall under the affect of glycosides even though
Ius observations cannot be correlated as yet with those of the
present study

SUMMARY

Changes 1n the length of the resting muscle and m the diastolic
length of the contracting muscle were studied m ventricular
straps and papillary muscles of mammalian hearts by means of an
1sotonic lever and photoelectric recording

Spontaneous changes of resting and dhastohe length were
observed durmg the first twenty to thirty minutes In exceptional
cases pertodic undulations were noted Modifications of resting
length by effect of temperature or following the action of ons
(Ca k) were observed

The ability to change diastolic length seems to be an intrnsic
property of the heart muscle mdependent of hemodynamic 1n
fluences

Consistent effect of drugs on drastolic length can modify the
heart size and should be included among the various pharmaco
logical actions even though 1t 1s difficult to evaluate 1t n normal
conditions of the cireulation

Ouabamn 1 concentrations ranging from 1 15 rmllion to
1 250 million consistently caused decrease of resting and diastohie
lengths contraction) Tlus shortening reached a maximum of 13%

Thirteen digitalis or digitalis ike glycosides were further
compared and striking differences were noted m their effect on
resting length  Quabain and acetyl strophanthidin were the most
powerful Digitoan digoxmn and acetyl digoun were m a second
somew hat less effective group Lanatoside C and acetyl digitoxn
were m a third group because they caused relaxation in clinscal
concentrations while contraction was caused by concentrations
which would be equivalent to chmeally tovic doses

The electrical manifestaions of the ventricular strip were
studied Apart from ripid complexes revealing the establishment
of a pacemaker two nteresting phenomena were noted small
Jerhing shufts of the baselne synchronous with sumlar jerks of
the mechanical tracing or a sfow shift of the basclne usually (but

not always) m the same sense as that of the mechameal change
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of these substances were prepared by us but an overwhelming
mjority were furnished to us by Professors Reichstern and Stoll
of Basel Professor Elderfield of the Unnersity of Michigan
Professor Tschesche of Hamburg ind Professor Frerejacque of
Pins The object of our mvestigation 1s fivefold (1) The quak
tatnve venfication of the digitalis ike action of a new substance
(2) the qumtitatne determmntion of 1ts potency (3) the com
panson with its closely related products for structure activity re
lationship (4) the possibility of its bemng useful in medicine nd
(5) any other pharmacologcal effects of fund imental interest
The simplest way to detect the digitahs like effect 1s to mject
a solution of the substance nto the lymph sac of a frog nd after
an hour to mspect the condition of the ventnicle If 1t stops in
systole the result 1s positive This 15 the same principle of the
old USP hwologteal assay  Just as with digitoun the response
can be recorded graphically by perfusion with an appropriate
solution of an 1ctive substince Figure 1 shows four sample trae
mngs Dnancoside and desgluco hellebrol m 1 concentration of
1500000 promptly produced A V bloch 1nd svstolic standstill

Figure 1
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Thns puscusston 15 partly based on the studies carried out m our
laboratory It 1s widely known that digitalis 1s not the only drug
whose active principles have a specific action on the heart There
are other sources that yreld digitahs like substances and they
usually have a long and mteresting history  From time 1mmemor
1al peoples of different parts of the world have recognized that
the produets of certan plants mnd amimals are poisonous Never
theless they advocated their uses m medicme and other practices
although not for heart failure The Greeks and the Arabians were
thoroughly familiar wath squill and olewnder and Dioscorides
Hippocrates and Galen mentioned these two plants n ther
medical works as diaphoretics and diuretics The natiy es of Africa
used the sassy bark as an ordeal in trials for witcheraft They
dlso made arrow poisons out of Strophanthus extracts In China
for generations the toad venom has been advocated for the treat
ment of cancer sores smusitis local inflammation and toothache
The be still nuts have been frequently prescribed n the West
Tndies as an antipyretic emetic and cathartic The hly of the
valley had lgng been employed by the Russians in the control of
general anasarca

During the last thirty years rapid progress has been made m
chemistry Numerous active principles have been solated
crystalline form by chromatography from natural sources This
techmque also serves s an important tool i separating digitalis
Iike compounds from plants and toads The steroidal chemstry
has advanced so far that structural formulas of these cardiac sub
stances have been elucidated by competent chemsts

In our laboratory during the last twenty five years we have
studied pharmacologically some 300 pure compounds 200 of
which are natural products and 100 synthetic dervatives Forty
~From the Lilly Research Laboratories Indianapolis Indtana

[110]
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Brody The procedure molves the mtravenous mjection of a
suitable dilute solution m ethenized cats at the rate of 1 cc per
minute until death occurs withm thirty to sixty minutes In order
to be on s1fe ground we use at least ten cats for the determmnation
of each figure namely the menn lethal dose per Mlogram The
results 1ppear to be reproducible For example m 1948 we as

TABIE I

NaTURAL StBsTances Having o Diorraus-Lige AcTion

Source Actrte Constrtuent Source Actite Constituent
Dugitahs purpurea | Digitoxin Salla marstima Seillaren A
Catoun Proseillan iin A
Digiconn Saillarenin
Stro pe 1de
C italoun Helleborus nager Hellebrin
Qdoroside H
Glyeostle AL B Bownrea 10lubtlis Bovoside A D& E
D lanata Ianatosidc A B&C|[ Urginea rubella Rubethin
Desacetyl lanato-
side & C || Erythrophleum Erythrophlem
Digovin guineense assame
Digitoxan Cassaidine
Gitowin
Gitorm E couminga Coumingine
Strophanthus kombe | b h deil Chan Su (toad Cinobufagm
I» Strophanthin 8 venom) Bufaln
Cvmann Bufotahn
Cinebufotalin
S gratus Quabain Gam1tufagin
Telocwmobufagin
8 sarmentosus Sarveroside Cinobufotoxin
Sarmentoside A B
&C Bufo bufo bufo Afannobufagin
Hellet tigenin
Theetie nerufoha | Thevetmn
Nerufolm B arenarum Arenobufagm
Acety] nernfolin Arenobufotoxin
Cheranthus chewrr Cheirotoxin B regularis Regularobufagin
Cherroside A & H Pegularobufotoun
Adenium Honghel | Digtahmum verum || B quereicus Quercicobufagin
Honghelin
Honghelo 1de A& C|| B aliarius Alvarobufotoxn.
Corchorus capsularis | Corchonn B ralliceps Valhicepobufa
Corchoroside A & Bj Al nl]lcpl:)bufa%ol}(m
Cortallarsa magalis | Clonvallotoan
Convalloxide
Mansomaa altissima | \ansonin
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ADONITOXIN

% FATAL DOSE ELECTROCARDIOGRAM

o ST
LY PRSI s o)

the el d hic change 1n an etherzed
cat from the digitahs bke achon of adonitoxin

Figure 2 D

Simularly echubioside duphcated the results 1n a concentration of
1 250 000 and mulloside 1n a concentration of 1 115000

The electrocardiograplic changes of ctherized cats durmg
the continuous mjection of anv active subst ince are charactenistic
Figure 2 demonstrates the digitahs ike action of adomtovn The
changes are decrease in heart rate prolongation of P R mterval
flattening of T wave A V dissoctation secondary tachycardia ind
termunal ventricular fibrillation Table T shows an mcomplete hist
of plants and toads which elborate digitalis Iike substances

For the estimation of the potency of each compound we have
adopted the cat method ongmally designed by Hatcher nd
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may be more potent than or equal 1n actmity to its parent gly
costde

There are four indispensable portions of the molecule (1)
The disappearance of the OH group at Ci, results 1 complete
loss of actiaty (2) the hydrogenation of the double bond
abolishes the actnaty (3) rupture of the lctone ning has the
same effect (4) change of the asymmetrical center at C; C or
Cy; also makes the compound mactive even though the structure
appears the sume

When we were studying the toad venom we were confronted
with the same question that has puzzled most physiologists
namely the use of these poisonous glands to the ammal Does
1t use the venom for self protection? The answer 1s no because
the animal does not squirt the venom in time of imminent danger
Even if the venom 1s expressed nto the enemy s mouth 1t will be
too late to save its ife Then—are the poisonous glands dispens
able to the ammal? We extirpated the glands aseptically and
found these animals to behaye exactly the same as normal anumals

Another nteresting fact 15 the species difference of response
to digatalis and 1ts alhes As exemplified by ouabain in Table 1T
the mouse the rat the spadefoot toad and the nebulous toad are
resistant 1n contrast to the cat the gumea pig the rabbit the
leopard frog and the tree frog Man 1s probably the most susceptt
ble amimal At one time 1t was believed that the toad ymmunized
itself with the digitalis like prmeiples of its venom but ths 1s

TABLE II

Specirs Dirrerence oF TOXICITY BY SUBCUTANEOUS INSECTION

OUABAIN

Ratio of LD When
Anmal Cat'rs Umty

Cat 1

Rabbit 2

Gumea Pig 2

Leopard Frog 6

Trec Frog 8

Mouse 62

Spadefoot Toal 418

Nebulous Toad 412

Rat 71
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Figure 3 On the left demonstrates a medel molecule for 2 glycoside Note
that 1t 15 a dernative of the familiar steroid ning system 1€ all the sugar
groups are split off the residual structure 1s called an aglycone {see text)

sayed 1 smple of digiton every month The greatest difference
hes between July and October amounting to 18% This 1s 27 less
than the maximum allowed by USP

Using the et data as our criteria we may conduct prclmin
ary chinical studies with cinobufagm and thevetm The same
potency figures can be used for the study of structure actiity
relationship The formula on the left hand side (Figure 3) 15 2
model molecule for a glycoside It 1s a derivative of the familiar
steroid rmg system

In nature the sugars are attached to the sccondary hydroty
group at C;  If 1t 1s a single sugw the glycoside 1s known s 2
monoside 1f 1t 15 2 2 sugar conjugation 1t 1s a bioside f it1s a
3 sugar combmation 1t 1s a trioside etc  Phanmacologrealls the
monoside 15 more potent than the bioside the Iatter n turn usu
ally 1s more potent than the triostde  Among the monosides the
Luind of sugar often determines the potency Rhamnose or glt
cose frequently makes the most actve glycoside

VWhen all the sugar molecules are split off the residunl struc
ture 1s called an aglycone It 1s pharmacologically 1ctne Both
the glycosides and the aglycones have a lactone ning, If the lac
tone ring 15 5 membered the aglycone 15 always weker than the
parent gly coside If the lactone ning 15 6 membered the aglycone
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Ropert C BATTERMAN ¢

1 ant eraTeFUL for this opportunity to crystallize my thoughts on
digitalis n the treatment of heart diseases First of all many
statements that I will make will probably be controversial and
1 trust that there will be n opportumty to elucidate some of
the problems to everyones satisfaction

In my presentation there are conclusions based upon a mim
mum of dita The concepts that I shall present have been formu
lated since 1933 The bulk of the dat has never been published
In fact some of the data that I shall discuss have never been
presented before In most mstances the conclusions 1 believe are
justified and others where the data hasnt reached a level of

blication T wall ind that the 1 are tentative

Regardless of whether you believe 1n the backward or forward
fallure concepts of heart failure the most important fact to be
kept m mmnd 15 that the heart muscle has become mefficient 1t
has become mncapable of performmg 1ts work A balance eusts
between the amount of work demanded of the heart and the
capability of the heart muscle to respond dependent upon the
degree of chemical or pathologic abnormalities of the heart muscle
or other anatomic components of the heart structure

With this in mind we could then schematically present the
course of events m every patient with congestive heart fulure
as follows (Figure 1}

The functional capacity of the heart muscle or the efficiency
m terms of its abilitv to do the work that 1t 1s called upon to do
15 represented i the vertical ordmate The abscissa represents
the duration of the heart disease which 1s vanable It might be
short or telescoped mto a period of a few days or 1t might exist
for months or vewrs The usual pattent begins hus cardiac history

Assi tant Professor of Medicne New York Medical College New York
New York

[n7}
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not likely because the mouse and the rat do not elaborate venoms

Fmally no mformation 1s available about how the plants and
toads manufacture their glycosides and bufagins It seems to be
no trick for these organisms to run the biosy nthetic reactions and
come up with not only one but usually several complcated
sterordal derivatives On the other hand chemusts have made
repeated attempts to obtamn an active glvcoside by complete syn
thesis but to date they have not succeeded It apparently m
volves more mtricate procedures than commonly practiced labo
ratory methods
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ng two examples  series of climenl posstbilities that might be en
countered with your patients will be schematically diagrammed

In Figure 2 there are three possibilities dependent upon what
stage of functional eapncity the patient mamifests at the tume of
the precipitating factor The first or top dingram depicts a patient
who because of an overwhelming mfection has a temporary de
erease m cardiac function The development of signs and symp
toms of congestive heart failure classify the patient at this time
as functional IV designated by D After the mfection sub
sides the patients cardinc reserve 1s restored agam to the same

FUNCTIONAL CAPACITY

DURATION OF HEART DISEASE

Figure 2
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DURATION OF HEART DISEASE
Figure 1

with a functiona] capactty of I designated as A Although
there might be evidence of heart disease upon physical evamina
tion x ray determination and/or electrocardiographic abnormalt
ties there 15 no disturbance m cardiac reserve The heart of this
patient can do any amount of work required of 1t without the
patient manifesting symptoms or signs of congestive heart failure
Sometime along 1n this patients Ife span the muscle bicomes
gradually weakened so that the patient enters the second classifi
cation designated as B With a functional capacity of II the
patient experiences shortness of breath fatigue but no edema
when marked exertion occurs Continuation results m the patient
with a functional capacity of I noted on the graph as € The
shghtest exertion now brings forth signs and symptoms of dimn
sshed cardine reserve  Edema might appear at this stage  Fnally
the patient will enter the fourth functional capacity designated
as D wherem signs and symptoms of diminished cardiac reserve
are evident without exertion or upon bed rest This series of
events represents a non comphcated life span of 2 patent with
heart disease and 1s never actually seen 1n practice With rare
exception there 15 usually a precipitating factor which adds
further stress A heart weakened by an underlying discase pro

cess would under such circumstances be mcapable of performmng
sts work and a break m compensation would result In the follow
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av ulable tod1y to determine what the underlying cardiac reserve
15 Response to theripy 1s our sole guide for determimation of
this factor  The overall prognosis and subsequent therapy are
dependent entirely upon the ability of the paticnt s heart muscle
to perform 1its work with and without complicating precipitating
or aggravating factors

The second point 1s that practically every patient when they
are seen m heart fulure has some precipitating factor for that
heart failure The usual ones are wnfections an occurrence of
arrhy thmias such as aurieular fibrillation or atticks of piroxysmal
tachycardia excessive exertion excessne wntake of sodmm or
flud  Further damnge related to the underlying heart disease

FUNCTIONAL CAPACITY

DURATION OF HEART DISEASE
Jigure 3
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level as existed prior to the preaspitating factor  The overall
pueture of the cardiac disease then contmued with progressie
dimmution of the cardiac reserve as would be expected over a
period of years

In the second example the patients heart disease had pro
gressed to a functional capacity of II before the precipitating
factor had occurred In the third or bottom illustration the
patient was further advanced and had an underlying resenve
which climeally reflected itself by dyspnea and fatigue but no
edema In both of these cases an infection temporarily reduced
the cardiac efficiency to the pomnt where all signs and symptoms
of congestive heart fulure were present Upon recovery both
patients resumed their cardiac reserve existent prior to the acute
episode mnd became ambulatory agamn

The first illustration of Figure 3 depicts a somewhat different
course of events The precipitating factor was an acute bout of
rheumatie carditis  Following remission the cardiac reserve did
not return to the ongmal level 15 1n the previous cases The
resultant additonal cardic damage decreased the functional
capacity of the heart and thereby mfluenced the overall prognosis
of the patient Smmilar experiences 1re noted m patients with
repeated bouts of myocardial infarction or multiple areas of pro
gressive myocardial fibrosis regardless of etiology

The next patient had repeated bouts of congestive heart
failure during vanous stages of the heart discase but one 1 par
ticular warrants comment The second episode or precipitating
factor was not severe enough to result in complete decompensa
tion but was only of sufficient ntensity to aggravate an already
madequate cardiac reserve to 1 lower level of efficiency

The final patient demonstrates repeated bouts of fulure during
each stage of the heart disease

These schematic diagrams give us considerable mformation
in regard to the treatment of congestive heart faillure A patient
with a complete break in cardiac reserve as noted as D 1 the
foregoing figurcs might mamfest the same degree and type of
sign or symptom of congestive heart fulure regardless 1f this
episode occurred early or late in the hfe span of hus sllness It
1s thus mmpossible from the physical exammation or anv tests
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attain this stage as a result of progressive deterioration of heart
function In a few instances the hfe span of the patient may be
shortened because of an uncontrollable precipitating factor An
overwhelming rheumatic pancarditis or myocardial infarction for
example might telescope a stage T cardite to the terminal phase

An analysis of the course of congestive heart failure according
to the above clissification parallels the principles applicable to
every chronic diserse  The syndrome of congestive heart fulure
15 o exception Recogmtion of these principles 1s of utmost 1m
portance for the proper management of the patient with this
condition

Particular emphasis should be placed upon the ambulatory
or mamtenance group of patients These compnse the largest
number of patients with congestive heart failure and therefore
represent the greatest problem encountered n the use of digitalis
Problems of standardization with development of various methods
and unitage and techmques for imtnl digitalization with vanous
digitalis preparations and dosages have been based primanly
upon the need for proper of this group

Finally the schematic diagrams indicate that the patients re
sponse to therapy 1s dependent entirely upon the underlyng re
serve existent at the time failure 1s apparent A patient with a
functional elassification of I when the acute failure occurred can
never respond to the same degree as the patient with an ongual
functional classification of T or IT In other words digitalization
of a patient 1n class IV can only be effectve 1if there eusts a basic
underlymg reserve The degree of response 1s thus a reflection
of cardiac capacity to do work and thereby prognosis This con
cept I believe explamns some of the discrepancies found 1n the
Iiterature as to the effectiveness of digitalis for patients with
aurcular fibnllation or normal smus rhythm The majority of
patients with auricular fibnllation are usually m the first or second
stage of their heart disease The onset of the arrhythmia mght
have been the precipitating factor for the fallure However the
basic cardiac function 15 relatively good and with digitalization
the response 1s often dramatic  On the other hand most patients
with normal sinus rhythm are further advanced m their heart
disease usually n stage 1T and other precipitating factors are
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such as rheumatic carditis myocardial mfarction ete must be
assessed for each pattent In the advanced patient madequate
therapy 15 a very mmportant precipitating factor The patient
might of his own accord ful to take his digitalis preparation
regularly or might consume additional medication with resultant
toucity and further heart faillure Diuretic agents with and with
out concomitant adjuvants might be madequately admmstered
It 1s therefore important to determine what precipitating factor 1s
present m any particular patient and if possible elimmate its
eustence The treatment of an acute attack of heart fulure might
not respond to drug therapy unless the precipitating factor 1s also
elimnated Furthermore for future therapy 1ts recogmtion and
steps tahen for 1ts control might present not only recurrences of
dimmished cardiac efficiency but will also result n 1 more satis
factory management of the patient with chronie congestive heart
failure

The third point obtained from these figures 15 that congestive
heart fallure as with all chronic diseases may be classified mto
four phases or groups The first category include those patients
who are seen 1 their mitial bout of fulure They usually recover
and return to the same degree of cardiac reserve before the
occurrence of the precipitating factor and the acute decompensa
tion  Upon recovery they m1y be classified as the second group
of mamtenance or ambulatory pattents The third group repre
sents the patient in the ambulatory group who because of 1
preaipitating factor has a recurrence of acute heart failure This
1s usually a temporary classification  When the precipitating
factor has been removed the patients recovery of cardiac eff
ciency has returned the patient to the mamtenance group again
Unfortunately there are many patients who fluctuate betw cen the
mamtenance and third group because madequate measures are
taken to control the precipitating factor responsible for the chm
cal picture Fmally the fourth or termmal group of patients
represents the type of patient who was designated by D at the
extreme night of the previous figures The type of heart dise1se
and whether the pathological process itself was responsible for
the poor myocardial efficieney will determme to a great extent
the ultimate duration of this phase As 2 rule patients i group v
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toms of the fulure The use of these preparations are thus re
flective of poor prognosis

Now wdys 1t 1s very unusual for ay physielan or hospital to
treat the patients with only bed rest Many times before the
patient arrives m the hospitnl he has recewved every type of
therapy that 15 avulable so that it may be difficult 1if not m
possible to do any controlled myestigation or obtam 2 good con
trol group Bed rest alone as the mitial form of therapy was an
accepted procedure prior to 1935 In many nstitutions other
forms of therapy were held m abeyance until the effects of bed
test alone were evalusted In the studies presented here the
number of patients mvolved approuimated 60 to 100 for each
group (Figure 4) However for statistical ease the number of
subjects for the mmtial therapeutic trial was projected to 1000
These patients to be considered are all adults with the mitial bout
of heart falure Regardless of the etiology of their heart disease
thythm—whether normal sinus rhythm or auricular fibmllation
presence of heart block degree of edema or seventy of the symp
tom 60% of the patients will have a restoration of their cardiac
reserve

Figure 5 demonstrates a typical weight cunve of such patients
Spontaneous dmwresis occurs within twenty four to forty eight
hours and thereafter m a step like fashion until the patient be
comes edema free This type of curve 1s mdistingwshable from
Ppatients who recenve digitalis or diuretics

Similarly m Figure 6 a patient with auncular fibnillation
treated with bed rest alone will demonstrate spontaneous diuresss
and removal of the pulse deficit with mmprovement of cardiac
efficiency It shouldnt be implied that these patients should be
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the rule for heart faillure The response to therapy 1s therefore
not as drimatic or s satisfactory s the former group It should
be noted however that the type of rhythm does not directly play
a role m the degree of response Emphasis 1s on the underlymg
muscle effictency and capability of recovery Patients with auncu
lar fibnllation when 1 stage ITI respond the same s patients with
normal sinus rhy thm n this stage of heart disease

Dr Sodeman has brought to our attention and I wish to
emphasize the fact that digitals 1s only one part of the treatment
of heart failure Not only 1s 1t necessary to consider the patent
as a whole and determme 1if possible where he stands in relation
ship to Ins life span of his disease but also utiize all other
therapeutic measures to their maxvimum Unfortunately there s
considerable confusion 1 the utilization of these therapeutic
measures  Many of the measures have been advocated for the
removal of the edema rather than for unprovement n cardiac
efficiency Those measures which are palhative and which only
treat the peripheral mamfestations of congestive heart failure
should be recogmzed and their use hmited to the scope of ther
pharmacologic value Of the vanious theripeutic mensures avail
able only two—bed rest or imited exertion and digitalis restore
myocardu] efficiency Other measures wcluding mercunal di
uretics xanthmes carbonic anhydrise mhubitors resms or any
method to influence sodium mtake or excretion dietary restric
tions are all pallmtive In principle therr use as the only form
of therapy would be as erroneous as the use of salicylates for the
treatment of pneumomia A rational form of therapy demands
spectfic therapy which mn thes case revolves about measures to
improve the cardiac efficiency or attan the maamum restoration
of cardinc reserve

I want to demonstrate what 1s to be expected from vanous
therapeutic measures when used m turn The response of the
patient to each measure when used ccording to optimum effec
tiveness may thus give us a clue as to prognosis and where the
patient stands 1n the Iife span of huis disease A patient with 1
good cardiac reserie v 1ll respond to those mensures mflueneng
muscular efficiency  The more advanced patient will require 1n
2ddition more drastic measures to alleviate the signs and symp
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RESPONSE TO DIGITALIZATION
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Figure 7

The effectiveness as noted n Figure 7 15 immatenal of the
digitalis preparation used or method of digitalization The only
prerequsite 1s the admimstration of optimum dosage to msure
maxmum mprovement of cardiac efficiency Since an additional
80% of the patients will respond 1t 1s possible by the methods
which improve cardiac efficiency to improve approuimately 90%
of patients with therr mmtial bout of congestive heart failure

Of the ongmal group of patients eighty patients remaimn for
further therapy By means of mercunal dwretics which are the
most potent of the diuretic agents 1t 15 possible to remove the
edema and alleviate the symptom 1n 90% of this group (Figure 8)
Agam 1t 15 necessary to use optmum dosage regardless of mer
cunal preparation used or method of admmistrabion Less than
1% of the patients remam for further therapy related to sodum
Testrichion

The advocates of sodium restriction erther by dietary regu
lation or measures to Lhmit gastrointestinal absorption base therr
observations upon results performed m chronic disease nstitu
tions These patients are the terminal type of patients who have
farled to respond to the previous measures and therefore sodum

RESPONSE TO DIURETICS

NUMBER OF INCIDENCE PATIENTS | PATIENTS REQUIRING
FATIENTS TO F TMPROVED | ADDITIONAL THERAPY
BE TREATED EFFECTIVENESS

8O 90 ¥ 72 8

Figure 8
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subsequently treated with nothmg They should be digitalized
because this 1s the method best suited for improving cardiac
efficiency Nevertheless at least we know that in these patients
the prognos:s 15 good and that they have 2 good cardiac reserve
Of the ongmal group 600 patients have improved leaving 400
paents for further therapy
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pittents beyond the “edema frec” state 1s unphy stologsc and mght
result 1n electroh te imbalnce

Since this 1s 2 symy on digitahs § shall ¢ ate the
sest of my remds entirely upon diptahs

The schematie figure of the heart structures alustrated 1n
Figure 10 emphasizes the multiple foct that might be mfluenced
by diptalis  The multpherty of effects mght oceur simultane
ously or each cffect might be the only mamfestation of digitalis
action  From the clinical posnt of view certam effects overshadow
athers so that an erroncous 1y on as to thewr myg e
rught ause  Thus the effects upon the conducting system or upon
thymicity mught be marked in any particulyr patient but the
effects upon the contractihty of the ventriculyr muscle the major
site of action of digitalis might be overlooked

Figure 11 summarnzes the known effects of digitabis upon the
sarous cardiac structural sites n man Note that each site has

Fizure 10
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restriction may be essential for control However as a group
these patients make up only 1 small percentage of all patients
with duminished eardiac reserve or heart faillure It 1s therefore
unwise on the basis of a small segment of patients to advocate as
a routme procedure measures which nfluence sodmm mtake
Since the majonity of patients will have restoration of cardrc
efficiency by means of proper digitalization the need for sodim
restriction 15 superfluous  With restoration of cardiac function
the disturbances of hidney function responsible for sodium re
tention are removed Such a patient could thereafter handle the
usual mtake of sodium 1n the same manner as 1 relatively normal
indivadual A cardrac patient with restored compensation 1s for all
practical purposes phystologically normal and should not be over
treated by excessive therapeutie regimes

Figure 9 15 stmilar to the one illustrating the effects of bed
rest but in this case the results of an admimstration of 1 smgle
mercurial diretic mjection  Emphasis 1s upon an  edema free”
state and not 2 dry state Every indnidual cardiac or other
wise will hwve 2 diuresis with the admimistration of potent mer
cunl duretics  This duuresis reflects  loss of essential nterstitial
flurd and electrolvtes  The use of diwiretics therefore in cardie
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effect and the minimal dose to chieve toxic mamfestations
The larger the therapeutic range or the smaller the therapeutic
therapeutic dose
tove dose

The factors mherent n the determimation of this ratio are too
numerous to be discussed here Sufhce 1t to note that the prninct
ples involved hold true for all digitalis preparations The mtial
dose of any preparation 1s based entirely upon predictability
data It represents the largest dose that can be given to the great

est number of patients without the occurrence of uny untoward
reaction As a rule 1t 15 usually unsatisfactory by atself to produce
a therapeutic effect However since 1t 1s desired to reach this
pomnt as quickly and as safely as possible a large safe imitral dose
15 essential  Subsequent doses are admmistered at fixed mntersals
dependent upon the peal of action of each mncrement the rapidity
of cumulation and rapidity of dissipation Agan these doses are
repeated on the sole basis of reaching possibly a desired thera

peutic effect without the occurrence of toxicity Figure 12 thus
depicts the course of events noted m the average patient when
digitalis leaf 15 administered with these principles m mind  Any
other digatalis preparation utihzmg equrvalent doses may be sub

stituted A therapeutic effect 1s noted only when a sufficient

ratio ( x 100) the more desirable the preparation
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ADEQUATE DIGITALIZATION
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Figure 12
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four basic physiologic functions However dependent upon the
specialization of the particular heart muscle site certan functions
would be more mamfest than others for example conduction for
the bundle of His or contractility for the ventncular muscle
Furthermore certam functions as ndicated might be mfluenced
by vagal action 1n addition to a direct muscular effect In any
particular patient the multipheity of effects that might occur from
the action of digitalis upon any of the above sites thus results m
a complex over all response  The most important effect that upon
the contractility of the ventricle 1s often overlooked or over
shadowed by the effects upon heart rate or conductnaty  The
Intter effects are secondary and should not detract from the mam
action of digitalis—the ability to improve the efficiency of cirdiac
work by direct action upen muscular contract:hity

Digitalization of a patient 1s 1 twofold problem First there
15 the problem of mtial digitalization and second the munte
nance of the effects achieved with the imtial digitalization  Tig
ure 12 depicts the prineiples involved with mitial digitalization
The purpose 1s to achieve restoration of myocardial efficiency
as quichly and as safely as possible To accomplsh this it 15
necessary to give sufficient digitalis to achieve an adequate
therapeutic effect  As with all drugs useful in medicine there
exists 1 therapeutic range which reflects the difference between
the mmmal dose required to mstitute a desired therapeutic
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urginin mantima urgmin ndica and digilimd  The only excep
tion has been amorphous gitalin which possesses a greater range
Second 1t 15 iImmatenal what the imtinl and subsequent doses are
digitalization can never be achieved until the optimum thera
peutic dose 1s reached Larger doses mght reach this dose sooner
but overshooting of cumulative effects might result m towiaity
Cumulation of small increments to avoid thas phenomenon 1s rec
ommended Third 1t 1s impossible from the apperance of the pa
tient the physical exammation or the seventy of the subjective
complaints to predict in advance what dose of anv digitahs prep
aration will be required to produce an optimum therapeutic ef
fect Digitalization for each patient 1s a trial and error procedure
Rehance upon any fixed dose or admmistration of a single dose
will result 1n in1dequate digitalization in the majonty of patients
With a large sertes of patients 1t 1s possible to establish & distribu
tion curve which will indicate what dose will digitalize the great
est number of patents This dosage however s not applicable to
patients to the night or left of this pomt upon the distribution
curve The only rule 1s the admimstration of sufficient dosage
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amount of digitahs has accumulated If edem1 1s present this 1s
manifested 1n the patient by the onset of diresis In other
words when the optimum dosage has been reached the restora
tion of cardiac efficiency reverses the disturbances mn kidney
function and urine flow becomes normal Any other effect upon
cardiac function such as change n heart rate conduction or
electrocardiogram are secondary and mught not reflect 1mprose
ment 1n the work capacity of the heart muscle

When the desired therapeutic effect 1s achieved cumulative
repetitive doses are no longer necessiry The second problem of
digitahization—that of mamtenance of desired therapcutic effects
takes over However for purposes of research to determme the
therapeutsc range let us continue the admmistration of the digt
tahs preparation at six hour ntervals until mmor signs or sym
toms of tovicity occur  Several facts become apparent  The usual
patient with the imtial bout of congestive heart failure required
approumately 66% of the tovic dose of digitalis leaf before an ade
quate therapeutic effect 1s achteved  Tlus small therapeutic range
has also been noted for digitoxin digoxm lanatostde C ouabain
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tod h until 1t 1s abolished completely Several climeal possi
bilities for digitalization thus exist As noted m Figure 15 there
1s 2 narrower therapeutic range at the expense of 1 smaller touic
dose In this cise the therapeutic dose 15 average but toviaty 1s
noted with dosages used at the next dose admmistration

In Figure 16 the toxic dose remuns average but the thera
peutic dose 1s just short of the tovc level

In Figure 17 both therapeutic and toxic doses are elevated
but the patient manifests a narrow therapeutic range In some
patients the therapeutic range might be so narrow that over
shooting of the therapeutic level mto the touc effects occurs when
the dose mcrement might be too large This 15 seen m Figure 18

Such a patient usually reveals a therapeutic response m re
verse when the toxic mamfestations subside upon discontmua
tion of the drug

The foregomg 1llustrations are indicative for the need to ob
tain an optimum dosage for each patient

Figure 19 reveals that the method of digitahzation the size
of the mdnadual dose and the factor of dissipation are not sig
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regardless of the average or mean dose until a desired therapeutic
effect 1s aclieved or toxieity occurs  Fourth the determmation of
the theripeutic range m any idividual patient reflects to some
degree the cardiac reserve The fact that myocardal efficiency can
be restored 15 indicative that a therapeutic range exsts In the
usual patient with the first bout of failure utihzing all digitabs
preparations with exception of amorphous gitihn the therapeutic
range approxmnates one third of the tovic dose Figure 12 md1
cates this phenomenon as noted with average therapeutic and
toxic doses However 1t 1s possible for patients to possess a normal
therapeutic range with different dosage possibilities

In Figure 18 the mmnmal therapeutic dose 1s similar to the
toxic dose noted previously However, 1n spite of this the usual
therapeutic range 1s present  Such a patient emphasizes agam the
necessity for individualizing therapy  Cessation of multiple dose
adminustration when the average dose had been reached would
never have resulted in digitalization

Tigure 14 represents the reverse possibility where therapeutic
and toxic doses are smaller than average but the therapeutic range

1s mamtamed
With advancing heart disease the therapeutic range 1s found
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nuficant 1n terms of the amount of digitalis preparation required
for therapeutic or toxic effects With digitoxan the average thera
peutic and toxic doses were 1dentical if one started digitalization
with 06 mg and repeated 03 mg every six hours o1 start with
12 mg wut twenty four hours and then admimister 03 mg every
six hours The Gold method of digitalization 1n the majority of
patients was thus found to be madequate The same aveiage or
tovic therapeutic doses were also noted for digitoxn if the prep
aration was given every six hours or daily In the latter case 1t
took longer to cumulate sufficient digitoxan for a therapeutic or
toxic effect but the dosage by both methods was simlar Sur
pnsingly the same toxic dose was noted for digoxm when this was
determmed by repeated six hour dosage or daly admimstration
Apparently the factor of dissipation does not enter mto the prob
lem of mitial digitalization as long as each increment of dosage
admimistration 1s large enough to result in cumulation Expen
ences with amorphous gitahn and digilamd w ere similar

The question has been raised as to the punty of gitalim  As 1s
well known this preparation 1s a mixture of glycosides It con
sists primanly of water soluble components However in the
process of preparation two alcoholic soluble components of leaf
namely digitoxm and gitoxin are carried over m the extract In
any case the content of digitoxin 1s never higher than 10% and

METHOD OF DIGITALIZATION

MULTIPLE DOSES DAILY DAILY DOSE (UNDIVIDED)
OIGITALIS AVERAGE AVERAGE AVERAGE
THERAPEUTIC THERAPEUTIC
PREPARATION o TOXIG DOSE DOSE Texic pose
1 22 MG 41K
DIGITOXIN @ 16 MG 1746 38u6
(2° 22 M 46 MG
DIGOXIN 375 MG EOMG S9MG
GITALIN
(AMORPHOUS) SEMG 1510 60 MG
DIGILANID 66MG 1003 MG €4MG 865 MG

OOSE AOMINISTERED EVERY 6 HOURS
O INITIAL DOSE 1.2 MG FOLLOWED 24 HOURS LATER BY 03 MG EVERY € HOURS

Figure 19
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1s a tachycardia and treatment would be madequate if their
normal basic bradycardia was not restored

These remarks suppl t the basic 1 that the slow
ing of the heart rate 1n patients undergong digttalization 1s sec
ondary to increased myocardial efficiency and not per se respon
sible for improv ement of cardiic compensation  Evidence for this
conclusion takes several forms Improvement may be noted be
fore the heart rate 1s appreciably slowed This 1s noted first of
all 1n pitients with normal sinus rhythm who restore compensa
tion without sigmficant change 1n heart rate  Secondly patients
with aurcular fibrillation when given digitalis and atropine simul
taneously will present the expected compensation m the usual
time without affecting the ventricular rate until the direct mus
cular action of digitalis becomes dommant Thurdly a rare patient
with aurtcular fibnllation will have complete restoration of com
pensation without altering the tachycardia  Further evidence 1s
available m that patients with auricular fibnllation when treated
by bed rest alone will have compensation restored sumlarly to
patients with normal sinus thythm  The ventricular rate will slow
of 1ts own accord 1s compensation 1s achieved Finally rapid
auricular fibrillation 1n the absence of myocardial farlure 1s not
slowed by digitalis unless tovc doses are used

Utihization of the electrocard as the endp for digt
talizatron 15 fraught with many objections  Advoeates of this pro
cedure base their conclusions upon effects noted in a highly select
group of sensitive subjects chosen from many hundreds of pa
tients The fact that selection of these subjects has removed many
sanables exstent m clinical medicme and which are probably
more significant for the patients over all response to therapy has
been completely 1gnored The changes m the ST and T waves of
the electrocardiogram noted with certam glycosides does not
mean that this phenomenon occurs for all glycosides and therefore
applicable as a guide of therapy

Figure 20 indicates that with digoxn the electrocardiogram
might be unaltered 1n some patients even though an optunum
therapeutic effect and toxicaty occurred  Sumilar results have been
noted with lanatoside C ouabaim and have been also noted many
tunes with digitalis leaf or digitoxin The absence of electro
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gitown 1s mert by gastromtestinal admmmstration The problem
then revolves whether this amount of digitoxin contributes to
the gitalin effects There are several objections to this thesis
Furst of all the chmical effects noted with gitaln 1n terms of thera
peutic ringe ¢an not m my expertence be duplicated by digi
toxin  Second an opportumity arose to evaluate a highly punfied
water extract of digitalis leaf which was completely free of digt
toun This preparition although still a mxture of water soluble
glycostdes also possessed a greater therapeutic range The only
difference was the smaller dose required by the punified prepara
tion over the usnally available amorphous commereial gitaln In
All the respects the properties were the same

It 1s my contention that the end pomt for adequate digitaliza
tion 1s the restoration of mvocardial efficiency to the level it
existed prior to the occurrence of the congestive heart fatlure
This efficiency 1s 2 manrfestation of heart muscle contractility and
not the changes noted m heart rate In the past too much em
phasis has been placed upon the use of the heart rate for the de
termmation of the optimum dose It 1s the practice by many to
contmue digitalization until the heart rate 1s between 70 and 80
beats per mmute and then attempt to mamtamn this rate by 2
duly dose of some digitalis preparation No account 1s taken
that many patients wath tlus heart rate are still in severe heut
falure because the heart muscle 15 still mefficient  Utihzation of
the heart rate between 70 and 80 1s based upon 1 mstaken
terpretation of 1ts sigmficance for cardine patients It must be
emphasized that criteria for the normal heart rate from 60 to 100
15 based entirely upon normal relatively young adults No cognt
zance 1s taken of the fact that a rate of 60 or 70 might be a tachy
cardia for a pattent with heart disease Since there eusts some
correlation betw een the size of the heart and the optimum heart
rate for efficiency 1t 15 evident that a large heart as noted with
congestive heart failure would be more efficient with 4 rate slower
than would be anticipated for the normal entenn - Secondly many
elderly patients possess 1 relatnely bradycardin merely as 1 re
flection of slowing of bodily processes With decompensation these
patients ymght elevate their heart rate to 70 or 80 w uch ordinanly
would not be considered sigmficant  However 1n these patients it
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on a small daily dose equivalent to an accepted mamtenance
dose of any digatalis preparation and the physician assurmes that
suffictent cumulation will occur to result in digitalization  Our
studies mdicate that 1t 15 impossible to digitalize any patient with
a mamtenance dose of ny digitalis preparation If subjects who
have been well mamntuned by a small datly dose are allowed to
relipse m fulure by discontinumg therr glycoside such subjects
will never compensate by restoring the same daily dose which pre
viously was adequate for mamntenance At least two or three times
the patients subscquent mmmal daily maintenance dose 1s re
quired for mtial digitalization  The practice of advising 01 mg
of digitoxm or 01 gm (1% grams) of digitalis leaf daily as the
digitalizing procedure should be discouraged

Figure 21 schematically presents the course of events noted
with mamtenance digitalis therapy By defimtion a mamtenance
dose 1s that requred to be admmmstered at penodic mtervals
preferably daily in order to mantain the effects achieved with
mitial digitalization  Evidence will be presented later that 1t 15
not the amount of digitalis preparation required by daily ad
mumstration to restore the amount ehmmated A musinterpreta
tion of available facts has unfortunately beclouded the 1ssue and
has detracted from the fundamental concept pertammg to
achieved myocardial effect namely mamtenance of restored
cardiac muscle effictency Adequate maintenance then 1s the con
tmuation of the digatalss effect within the therapeutic range of the
mdnidual If the mamtenance dose be discontinued the desived
effect subsides 1t a rate dependent upon numerous variables The
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cardiographic effects does not mean that a therapeutic effect
or towicity has not occurred  Conversely marhed electrocardio
graphic changes might oceur with a dose of any digitalis prepira
tion far short of the therapeutic or tovic doses

Before considering the problems of mamtenance 1 would hke

to brefly
sively and which 1 believe 1s made;

discuss a method of digitalization which 1s used exten

quate A patient is oftcn started
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25% chance that satisfactory mamtenance 1s achieved and a 5%
chance that touicity might occur With 01 gm  the likelihood of
achieving mamntenance 15 65% while that of toucity nses to 10%
With higher doses 1t will be noted that when 02 gm of leaf 1s
admmistered daily the Likelihood of achieving mamtenance or
toxteity 15 equally good In other words the best choice of a
mamtenance dose when 1t 1s known that mtial digitalization 1s
satisfactorvis the 0 1 gm dose This dosage level allows the great

est range However there are certam features m choice of mamn

tenance dosage which must be emphasized Furst as mn the case
of mitral digitalization maimntenance therapy 1s also a trial and
error procedure Every patient should be considered as an nd1

vidual experrment No dosage scheme cwn predict m advance
what dosage will be satisfactory for any patient Predictability
figures are of help 1 choice of dosage but this dosage might re

qurre adjustment for maximum effectiveness Second there 15 2
rough correlation between the total dosage required for imitial
digitalization and the size of the daily dose for mamtenance

Thud failure to recognize the fact that certam patients require
large daily doses for mamtenance has resulted in unsatisfactory
therapy and continuation unnecessarily of chronic congestive
heart fmilure Patients have been observed who require as much
as 07 to 10 gm of digitahs leaf or equivalent amounts of gly
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most mportant vanables are the sevenity of the underlyng heart
disease and the type of cardiac glycoside used The more ad
vanced the heart disease the more rapid the rate of dissipation
of effect Even digitoxn or digitahs lenf might lose all therr ef
fects withm twenty four hours m the advanced cardiac patient
In the usual patient however the rapicity of dissipation of effect
of each particular glycoside will determine the duration of mamn
tenance effect As illustrated i Figure 21 digoxin was the gly
coside used When 1t was discontinued congestive heart fallure
recurred an 5 days It 1s of mterest to note that the rapidity of
dissipation of effect 15 the same whether the patient has been ob
served immediately after mitial digitalization or whether the pa
tient has been on mamntenance therapy for weeks or months
Mantenance of effect does not alter the rapidity with which the
effect might subside if therapy 1s discontinued

Figure 22 presents a predictability curve applicable for I
cardiac preparations It permits an understanding of what 1s to
be expected when any dose level 1s admimistered for maintenance
therapy  Substitution of equnalent dosages for other cardiac
glycosides m place of those designated for digitalis leaf as nated
n Figure 23 indicate the usefulness of this type of cune With
the dailh admmistration of 005 gm of digitahss Ieaf there 1s 2
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strated that the practice of dwiding the total daily dose partic
ularly of rapidly dissipated glycosides such as digoun or lana
tostde C will result m poor mamtenance or faillure An undiided
dose as a single daily dose 1s always the most satisfactory way of
admimstening these preparations The effects of each mcrement
of total dosage when given divided 1s never sufficient for cumula
tion and mamtenance

Figure 27 summarizes the pertinent mformation m regard to
four digitalis glycosides There are certam features that must be
kept m mind m the choice of anv preparation The dosage for
each glycoside has to be determined 1 its own nght  There 1snt
any correlation between therr digitalis or cat unitage and the
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cosides for wdequate maintenance Fourth as noted m Figure 24
contmuation of an iadequate daily dosage of 2 digitahs prepars
tion following satisfactory mitial digitalization will result 1 :
return of congestive heart fadure A daily dose of a digtalr
prepar ition does not mean maintenance unless with that dosage
it 15 possible to mamtan satssfactory cardac function This )
further emphasized i Figures 25 and 26 wheremn 1t 15 demon
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The possible advantages of glycosides over digitalis leaf have
been over emphasized and perhaps distorted  The glycosides can
not result n a greater myocardial efficicney than ean be produced
by digitalis leaf This observation however must be modified
to account for possible effectiveness of amorphous gitalin over
other cardiac preparations on the basis of a greater therapeutic
range This property does not mean that greater heart efficiency
occurs It merely reflects the possible restoration of an effect
which would be produced by the other glycosides if toxicity was
not a factor In other words 1n the usual patients who still main
tams a therapeutic range no matter how narrow all digstalis
preparations m equivalent dosages are equally effective

1t has been claimed that certam glycosides have less 1mtahil
1ty upon the heart and might be even safer to use Evidence to
satisfy such clamms hold true only if the digitalis preparation
possesses a greater therapeutic range The admmstration of all
preparations to the point of toxieity will result in almost 1dentical
manifestations of toviaity both qualitatively and quantitatively
The greater therapeutic range mught play a role 1n that a larger
dose may be necessary to result in toxicity but the type and sever
1ty of the toacity will be identical A patient who presents multi
ple ventncular beats with coupling to digitalis leaf will also pre
sent the same wmtabihity to any digitalis preparation with the
same narrow therapeutic range In our expertence 1t 1s not un
usual for a patient to present the same symptom complex of
toxicity to any digitalis preparation Exceptions of course occur
but 1t could be predicted that the same pattern of touic mam
festation will recur with subsequent episodes of tovicity

The importance of completeness of absorption has been exag
gerated As long as absorption 1s predictable it 1s 1mmaterial
whether 1t 15 57 or 1002 Digitalhization 1 erther case was equally

satisfactory for both imitial effects and maintenance

Rapidity of action plays a role for parenteral admimstration
but this property 1s not evident when the preparations are studied
for oral administration  Attamment of the optimum dose during
1nitial digitalization will occur m approumately the same time for
all preparations as long as equivalent dosages are used

The occurrence of gastromtestinal writation to digitahs leaf



146 Digrtahs

COMPARATIVE SUMMARY OF THE AMBULATORY USE OF DIGOXIN
DIGITOXIN LANATOSIDE G AND GITALIN (AMORPHOUS)

OIGOXIN | DIGITOXIN |LANATOSIDE G| eiTavte
BEOTURIE T | o | ome | tows | o
BTG Th Fokse MOST LIKELY toMs [0z 03w | 15 20ms 105
Boustime AL waniEnange oose | €36% | es4x | ezen | wiox
NAINTENANCE REGRROLESS oF pose | 126% | 107 | =% 126%
EASE OF AGHIEVING MAINTENANCE 6ooo 600D FAIR 6000
EASE OF PREDICTING DOSE 6000 6000 | TRIALGERROR| GoOD
DISSIPATION RAPID sLow RAPID MODERATE
DURATION OF TOXIGITY SHORT LONG SHORT SHORT

Figure 27

actual amount required for mtial digitalization m-ntenance or
touicity One umt of digitoun 1s not mterchingeable for any
other preparation for equivalent effects

The problem of standardization of digitalis preparations 1s re
Iated primanily to the treatment of the ambulant or mamtenance
patient Once an effect has been obtamed 1t 1s essential that
the patient be continued 1 this state without fluctuation of po
tency The problems mherent n the potency of digitalis prepara
tions are not of major significance for mmtinl digitalization  Ac
cording to previously discussed concepts digitalization can be
obtamed with any diygitalis preparation admimstered orally as
long s some absorption occurs Simce the desired action 1s ob
tamed by a tral and error procedure the total dose m terms of
patient to patient may vary widely What 15 important however,
1s that a particular digitalis preparation used n any specific pa
tient should possess a umform potency from lot to lot to avord
fluctuations mn degree of maintenance of digitalization Methods
of standardization have not been entirely satisfactory in assuring
umformuity from lot to lot Digitalis leaf preparations mught
s the same digitalis unt for the cat but might differ w dely
hen used m man It 1s for this reason that the gly
neved the greatest populanty Although stand
d unmiformuty from lot to lot can be as

posses
1 potency W
cosides hne ach
ardization 15 still require

sured
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The possible advantages of glycosides over digitalis leaf have
been over emphastzed and perhaps distorted  The glycostdes can
not result 1n a greater myocardinl effictency than can be produced
by digitalis leaf This observation however must be modified
to account for possible effectiveness of amorphous gitalin over
other cardiac preparations on the basis of a greater therapeutic
range This property does not mean that greater heart efficiency
occurs It merely reflects the possible restoration of an effect
which would be produced by the other glycosudes if toucity was
not a factor In other words m the usual patients who still mam
tains a therapeutic range no matter how narrow all digitalis
preparations m equivalent dosages are equally effective

It has been claimed that certam glycosides have less irritabil
1ty upon the heart and might be even safer to use Evidence to
satisfy such clamms hold true only if the digitalis preparation
possesses a greater therapeutic range The admmustration of all
preparations to the pomt of toxicity will result m almost 1dentscal
manifestations of toucity both quahtatively and quantitatively
The greater therapeutic range might play a role in that a larger
dose may be necessary to result n toxicity but the type and sever
ity of the touicsty will be :dentical A patient who presents mults
ple ventricular beats with coupling to digitalis leaf will also pre
sent the same imtability to any digitahs preparation with the
same narrow therapeutic range In our expertence 1t 1s not un
usual for a patient to present the same svmptom complex of
toxieity to any digtahs preparation  Exceptions of course occur
but it could be predicted that the same pattern of towic mant
festation will recur with subsequent episodes of toxieity

The mportance of completeness of absorption has been exag
gerated As long as absorptton 1s predictable 1t 1s immatenal
whether it 1s 5% or 100 Digitalization 1n erther case was equally
satisfactory for both mitial effects and mamtenance

Rapidity of action plays a role for parenteral admimstration
but this property 15 not evident when the preparations are studied
for oral admmistration  Attamment of the optimum dose during
mtial digitalization will occur n approumately the same time for
all preparations as long as equivalent dosages are used

The occurrence of gastromtestinal writation to digitahs leaf
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has also been exaggerated One must differentiate the gastro
ntestinal symptoms of true central tovicity to actual local imta
tion The latter 1s only a problem in mtial digitalization if the
pniming dose 1s excessive  The hikelthood of gastro intestinal ir
ritntion 15 small with the usual small doses used for this purpose
Tt 15 a rare patient who cannot tolerate digitalis leaf as 1 mamte
nance preparation The patient who presents intolerance to digt
talts leaf usually does so because of true touicity The rare patient
manifesting diarrhea to digitalis leaf right be free of this disturb-
ance with a glycoside However the admimistration of equnalent
doses of any digitalis preparation with the same therapeutic range
s digitalis leaf will also result 1n gastrointestinal mtolerance

Rapidity of dissipation howeser 1s of some significince Not
only must 1t be tiken 1nto account for proper adjustment of mun
tenance dose but this property serves a useful purpose m some
patients Towic manifestations with therr use are short lved and
n this respect these properties offer some adyantage for the ad
vanced heart patient where touieity might oceur readily

The duration of action of digitalis has been the subject of
numerous mvestigations It 1s unfortunate that chemical methods
have not been satisfactony for a1 complete analysis of the problem
It therefore becomes necessary to rely upon the effects that can
be observed after a full dose of any digitalis preparation Any
end pont might be used It 1s possible to follow the duration of
digitalis action upon (1) ventncular rate of patients with auricu
lar fibnllation (2) changes n the ST segment T wawve QT
mterval ind PR mtenal of the electrocardiogram  (8) persist
ence of improved myocardial efficiency 1n terms of control of signs
and symptoms of congestine heart fulure (4) persistence of
changes n cardio dynamies and (5) persistence of signs and
symptoms of toxic mamfestations It 15 1t once apparent that the
persistence of 1ction of any digitalis preparation upon v of the
above 1s an mdnaidual plenomenon and might have no relztion
ship to each other  Conclusions based on one type of study can
not be carried over to another Such studies might reveal me
chamsms of digitalis action but the mformation so ganed might
not reflect the clmeal ut:hization for the major problem—treatment
of congestive heart failure Every effect noted with digitalis has

1ts own rate of dissipation
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Figure 28 1llustrates the persistence of action upon the ventric
ular rate of patients with aunculir fbnlltion following a full
toxic dose of vanous digitahs preparations The number of days
required for loss of effect as illustrated for each preparation 1s an
average figure For example owabam possesses an average dura
tion of four davs However this imght vary between one day to
twelve days There 1s considerable overlapping of each prepara
tion Even digitoxin and digatahs leaf which possess the longest
duration of action mught m patients with 1dvanced heart disease
lose the effect upon the ventricular rate within twenty four hours
1t thus becomes necessary to re evaluate our concepts as to duta
tion of effect Is it the digitalis preparation or the capacity of the
heart muscle to present a specific effect? Smnce we are concerned
climcally with only one factor—the effect that 1s produced then
1t 15 immntenal what digitalis preparation 15 used Properties of
absorption dissipation and dosages required are immatenal ex
cept as they relate to production of and muntenance of desired
effect
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Figure 29 At defimte intervals following imtial
digitahzation  groups of patients are redigitalized
until the same response (mimmal signs and symp
toms of toucity) 1s attaimed The amount required
for the second digitalization ndicates the raprdity
of dissipation of a full digitahzing dose 1n terms of
tovice effect

If we for the moment ignore the dissipation of effect and
evaluate the problem m terms of actual dosage required to re
place the amount elimmated or destroyed daly m the body we
note several features of mterest Although the usual patient re
quures four days to lose the effect from ouabain that patient can
be given a full dose of ouabain twenty four hours after mitial
digitalization  Apparently the effect ontlasts the amount of drug
within the body or heart muscle

Studies with digoxin Figure 29 illustrate the same phenom
enon Within forty eight to seventy two hours the average pa
tient could tolerate a full dose of digoxm after imtinl digitaliza
tion to the pomt of toucity with digoun  and vet the cifects of
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this gly coside upon the ventricular rate of patients with auncular
fibnllation mght last for six dvys  Similar studies still uncom
pleted mndicate the same phenomenon with Innatoside G As will
be mdicated later digitalis leaf and presumably digitoun also
possess the same properties These studies are indicative of only
one mterpretation The effects produced by digitalis glycostdes
persist beyond the total elmmation dissipation or destruction
from the body or heart muscle This 15 particularly so for the
effects associated with myocardinl efficiency  Restoration of com
pensation especinlly if the precipstating factor for the failure has
been removed often persists for many weeks or months 2 period
far beyond the anticipated pharmacologic effects of digitalis

More recent studies throw light upon this problem which may
have practical significance These studies date back to 1940 at
which time Drs De Graff Rose and I described a method of digat
alization utihzing a combmation of ouabamn and digitalis leaf
The theory for this method 15 illustrated schematically m Figure
30 It consisted briefly of the mtiation of digitahization with 05

LEVEL OF WAXIMUM T ERAREUYIC EFFECT

OUABAIN GIVEN [NTRA- THERAPEUTIC RaNDE
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Figure 30 Schematic representation of absorption and
1§ Jt d therapy of
adrumistration of ouabam mtravenously and digitalis
orally Prnciple To mibate digitahization by safe dose
of rapidly acting rapidly dissipated parenteral glvcoside
and to supplement and muntam the effects produced
by the simultaneous admimstration of an oral digitalis
preparation




152 Dugstalis

mg of ouabam and by smultaneous admmistration of digitahs
leaf achieve complete digitalization within a period of six hours
We were able within twenty four hours to begin mamntenance
therapy with the usual daily dose The method ttself 1s of no
consequence What however 1s significant 1s that a small dally
dose of digitalis leaf was capable of mamntamning the improved
cardiac efficiency  Imtial digitalization was achieved with a very
rapudly dissipating glycoside and the amount of digitahs leaf
admimstered stmultaneously was below that expected to be ef
fective  According to 11l known concepts a patient digitalized m
this manner should promptly go back mto decompensation 11
spite of a subsequent small dose of digitalis This did not oceur
Several posstble explanations were considered Did the combma
ton of digitalss leaf offset the rapid dissipation of ouabam? This
was tested by admimstering digrtalis leaf to the pomt of tovcity
twenty four hours after imtial digitalization The patients took
on the average a total dose of digitalis leaf as if no previous
ouabam had been admumstered In other words ouabam had
been elminated but the difference 1 total tovic dose was the
amount of digitalis leaf admimstered mtially with the ouabain
The second possibility was that mstead of glycoside dissipation
the effect achieved was of sigmficance If full compensation was
achieved regardless of glycoside then 1t was possible to mamtain
this effect without redigitalization of the patient This was tested
as follows Patients were digitalized to tovicaty by ouabam utiliz
ng theWy coff Goldring method Twents four hours Iter mstead
of redigitalizing the patient as has been recommended the pa
tient was placed on a predicted ma dose of digital
leaf These patients mamtamed therr efficient cardie status
spite of the rapid dissipation of ouabain  Smular results were ob
tamned with lanatoside C nd digowin It thus became evident
that a patient digitahized by a rapidly dissipated glycoside need
not be re digitalized the next day  As long as the cardiac function
has been restored a daily small mamntenance dose 15 all that 15
necessary thereafter The only exception 1s the far 1dvanced
cardiac who dissipates the effects of any digitalis preparation
rapdly  Unless an optimum mtial dose was admmstered the
darly mamtenince dose mught be difficult to establish
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All evidence so far suggested that the effect 1s more important
than the glycoside or dosage Studies with digitalts leaf further
emphasized this concept Prehmmary studies upon the thera
pentic range of digitalis leaf were caried out upon ambulatory
patients Patients who were well mamtained with a duly dose
of digatalis leaf were chosen  All patients of digitalis was dis
continued Inpsed into faillure When compensation was mam
tamed the patients were grnen an additional dose of digitihs
leaf before returming to chmic  The first dose consisted of 01 gm
n addition to the muntenance dose  Three weeks Iater the dose
consisted of 0 2 mg At ntervals of three weeks the pattents were
gwven mereasmg doses of digitalis lexf When 08 gm of digitalis
was admimstered to this group of patients without the occurrence
of toicity 1t was therefore advisable to discontimue the study 1
ambulrtory patients and proceed m hospitalized patients This
study however revealed that patients on a dailv dose of digitahs
leaf nught take a large single 1dditional dose without danger of
tovicity It confirmed that patients well mamntamed possess a good
therapeutic range Further confirmation was attained 1n the hos
pitalized group of patients For this purpose any hospitalized
patient with congestive heart failure was utilized The only pre
requisite was that these patients be on a daily dose of digitahs
leaf These patients varied m the seventy of their heart disease
The majority were well mamtamned with a small daily dose while
others required frequent mnjections of mercural diretics to be
edema free Titration of the therapeutic ringe was accomplished
m each case by admimstration of a small dose of digitalis at sxx
hour mtervals until mmor signs and svmptoms of toucity oc¢
cuned This procedure was carnied out regardless of the previous
history of digitalization and the amount of digitalis taken daily
On the basis of re digitalization the patients separated themselves
easily mto several groups The first group took a dose of digitahs
as 1f no previous digitahs had been admiistered and as 1f they
Were not on a mamntenance dose Those patients were considered
early 1 their heart disease and did not require diuretics The
second group required a smaller total dose than the average for
mtial digitalization but also required no mercurial diuretics
These patients were considered to be further along n their heart
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disease but mamtenance was still possible The other patients
were all recerving frequent mercurials and grouped themselves
mto two categortes  The majonity upon redigitalization” had res
toration of cardiac reserve and lost all signs and svmptoms of
congestive heart failure Their previous duly dose of digtalis
was therefore madequate However upon re digitahization the
same daily dose or adjustment of daily dosage was adequate for
mamtenance The minority was unable to tolerate any sigmficant
further admmustration of digitahs and became tovic usually be
fore an addittonal 05 gm of digitals was admimstered These
pattents had exhausted their therapeutic range and were no longer
responsive to digitabs and therefore required supplementary
measures such as diuretics

Of greatest significance was the first group of patients Here
were patients who were well mamtamed and presumably exch
daily dose of digitahs restored the amount that was elmmated
If this was so then the daily dose should have mamntamed a hugh
level of digitahs within the body and any further digitals dosage
would have resulted m mmedrate touicity Obwiously 2 datly
dose does not restore the amount of digitalis elmmated duly
Since such patients could tolerate a full dose of digitalis upon
titration an alternate explanation would be that the daily dose
mantams the effects achieved with imbal digitalization and the
amount el ed 15 of no ficance as long as the effects are
mamntamed Emphass 1s agam upon effect and not upon digitahs
preparation or dosage

Further proof was forthcoming when one determmes at what
pomnt after mstial digitalization 1s 1t possible for the patient to
take a full dose of digitahs upon re digitalization Prelimnary
studies indrcate that if no digitalis 1s admmistered as 2 dmly dose
after imtial digitahzation then approuimately seven days must
elapse before a full re digitahzing dose 1s possible Thus 1s 1n con
trast to the classical studies of Pardee who however carried out
the experiments for only seventy two hours A patient therefore
does not ehmmate 1% grams of digrtahs leaf daily as he concluded
If the patient 15 placed upon a daly mamntenance after matial
digitalization prelimmary studies agam reveal that re digitaliza
tion to full dosage might be seen m some patients 15 euly as

three to four weeks
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Recent studies with 1sotopes are misleading  Measturements of
radio activity do not reflect total glycoside dissipation The me
tabolism of the glycoside allows the radio active component to
participate m other metabolic processes of the body Its deter
mination and final dissipation weeks after admumistration does not
mean that the glycoside 1s slowly dissipated  As noted the great
est portion of the radioactivity 1s eliminated 1n forty eight hours
evidence agam reflecting the rapidity 8f elhimmnation of the gly
coside  What could not be measured by 1sotope studies 1s the
persistence of pharmacologice effects which are longer in duration
than the presence of the glycoside within the body

These studies on re digitalization allow a schematic presenta
tion of the course of events noted 1n the usual patient m regard
to therapeutic range and mamtenance of cardiac efficiency

As noted 1n Figure 81 early m the heart disease the range 1s
large and the patient 1s mamntamed with a daly dose of any
digatalis preparation without sign or symptom of congestive heart
failure As long as a therapeutic range eusts 1t 1s not necessary
to treat the patient wath any other form of therapy than an ade
quate mamtenance dose of some digitalis preparation At some
pomt m the patient s cardiac status 1t will be noted that the daily
mamtenance dose has become a tovic dose ‘The therapeutic range
has been obliterated At this point our concepts of daily digitahs
dosage require alteration Mamtenance of improved cardiac eff
ciency 1s no longer possible since toxicity occurs with the neces
sary dose A daily dose 1s required but 1t 1s not a maintenance
dose It1s a maximum tolerated dose It 1s at this pomt of obliter
ation of the therapeutic range that diuretics are necessary to sup
plement digitalis therapy

The course of events illustrated mn Figure 31 are noted with

Toxic pose OBLITERATION OF

THERAPEUTIC RANGE

|} rrersreuTic Rance
MAINTENANCE DOSE

DURATION OF HEART DISEASE
Figure 31
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all digatalis preparations possessing the same narrow therapeutic
range discussed earlier The only exception i my experience has
been amorphous gitalm  However even with this preparation the
prmaples are the same as noted m Figure 32 but somewhat de
layed in duration Fhus many patients who have stopped e
sponding to digitoxin drgitabis leaf etc because of touicity might
respond to gitahin m equivalent dosages because of the greater
range with this preparation

These studies reseal some practical pomnts The prime action
of digitalis 15 restoration of myocardial efficiency An optimum
dosage 1s required for each patient which could only be deter
mined individually  If the patient 1s receving 2 digatalis prep
aration 1nd signs and symptoms of congestive heart fulure are
present the only possible conclusion 1s that the dosage of the
digitalss preparation 1s madequate Three possibilities eust Trst
the patient never recenved an optmum mmtial digitalization The
daily dose was therefore not a maintenince dose A patient mght
hue been adequately digitalized mtilly but the daly dose a3
noted 1 Figure 24 was msufficient for mamtenance Second the
patient might have been grien too large 1 daidy dose which be
cause of toxicity has depressed optimum eardinc efficiency Third
the patient has adv anced heart disease and a mamtenance dose
1s impossible because of obhiteration of the therapeutic rnge ]I"
the case of the second possibility discontinuation of the dxgxk'} 1s
and adjustment of dosage 15 all that 1s necessary Howeser for
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the other two possibilities only careful titration of the patient
with a digitahs preparation could disclose the facts Such a de
termmation of the therapeutic range offers a guide not only to
prognosis but also a practiea] mens of determining the optimum
effects of digitalization

These concepts emphnsize the teachngs of Withening Digy
tahs or any cardiac gly coside should be given until 1 desired effect
15 aclueved or minor signs or svmptoms of toxiaaty occur This 1s
the therapeutic rmge Every patient 15 a law unto humself It
15 immatenal which preparation or method of digitalization 1s
utthzed as long vs the patient 1s evaluated on luis own nghts and
principles mnherent 1n all therapeutie procedures followed



156 Dugitalis

THERAPEUTIC RANGE
OF GITALIN

Toxie p
THERAPEUTIC RANGE OF

MALL OTHER DIGITALIS m——a ot
PREPARATIONS -

FAWTENANCE DOSE { MAXIWUR TOLERRTED bose
A

DURATION OF HEART DISEASE

Figure 32

all digitalis preparations possessing the same narrow therapeutic
range discussed earher The only exception my experience has
been morphous gitalin However even with this preparation the
principles are the same as noted in Fi 1gure 32 but somew hat de
layed m duraton Thus many patients who have stopped re
sponding to digitoxin chgitahs leaf etc because of tovicaty might
respond to gitalin 1 equnvalent dosages because of the greater
range with this preparation

These studies reveal some practical pomts The prime 1ction
of digitalis 1s restoration of myocirdial efficiency An optimum
dosage 1s required for each ptient which could onlv be deter
mined indvidually If the patient 1s recetving a digitalis prep
arttion and signs and svmptoms of congestive heart failme are
present the only possible conclusion 1s that the dosage of the
digitalis preparation 1s madequate Three posstbilities exist  Tirst
the patient never recesved an optimum mitinl digitalization  The
daly dose was therefore not a maintenance dose A patient rught
have been adequately digitalized imtally but the duly dose as
noted m Figure 24 was msufficient for muntenance Second the
ptient mught have been gnven too large a duly dose wlich be
cause of toxieity has depressed optimum carding efficieney  Thurd
the patient has advanced heart disease and 1 mamtenance dosc
1s impossible because of obliteration of the therapeutic range In
the case of the second possibility discontinuation of the digitabs
and adustment of dosage 15 all that 15 necessary  However for
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Active therapy with digitalis represents our major problem
What happens with prophylactic use of this drug 1s a matter 1
think that 1s becoming a httle more of concern to some of us than
it has 1n the past  Generally speaking with preparations that we
have and with the watching of our patients we have not gnen
this drug to patients prophylactically before surgery and until
there 1s a definite chnieal indication for it There are times when
the drug 1s useful i a patient having recurrent disease and I sup
pose that you may call that a prophylactic use In widely spaced
episodes of fluttering for example where patients develop re
markable symptoms when they go mto paroxysms the drug can
be used to control ventricular rate when 1t 1s not or does not seem
plausible from the timing of these episodes and so on to keep a
patient on qumidine for a long period of time  However m surg
ery at the present time there are some areas where the prophy
lactic use of the drug has been used and 1s ndicated In the latest
Stanford series of patients who have been subjected to mtral
surgery there 1s 2 very high meidence of paroxysmal aunicular
fibrillation and when the frequency of those attacks becomes great
enough 1n a group 1t might be desirable to digitalize a patient
preoperatively But you see that 1s a rather specific unusual mdi
cation as far as the prophylactic use of this drug 1s concerned
In large part 1n the practices of most of us I believe prophylzctie
use has very httle place

Uncentrolled atnial fibrillation and flutter are problems that
are very important clinically The same 15 true of paroxysmal
tachycardia I will bypass these problems for I know that Dr
Lown 1s discussing them

If one encounters paroxysmal auncular tachyvcardia that he
cannot stop he becomes concerned about the use and sequence
of procedures from pressing on the eyeball or the cartoid sinus
or through the use of mecholyl emetics ind digitahs I am sure
there 15 a very great vanability m what physictans think about
the proper sequence of procedures Generally speaking my
self T favor the use of adequate vagal stmulation with a drug
that we know 1s very dramatic before we go further By that I
mean with mecholyl Some people place digitalis i front of that
drug in the sequence of procedures and that 1s a matter agam of



Problems in the Bedside Management
of Dugrtahs

Dr WiLLiant A SODEMAN *

M. part v THE pscussion has to do with some orentation
bedside problems 1 the use of digitahs

I want to bring out some 1tems n the bedside use of digitalis
that T think are of moment not because textbooks necessanly
sav they are but because they represent everyday problems we
see m the referral practice of medicine Anyone recering pttents
by referral whether 1t 1s an mdwidual consultant or a medical
center 1s frequently confronted with patients bemng sent mn m
varymg degrees of management and with varying degrees of
therapy bemg carried out presously Sometimes we know what
1s gomg on and sometimes we do not Usually we can call of 1t
1s something quite serious and find out by telephone if neces
sary Sometimes we get notes that are very complete tellwg
dates and so on when the various drugs and procedures were
carmied out sometunes we Just get 2 note Please Admit and
Oblge so that we have varymmg problems m knowing what our
patients have had Some of those problems represent some of
the things T want to discuss So what I have to say 1s gong t0
be spotty gomg to be picked out on that basts and I am gong
to make no plea for completeness

The problems m the bedside management have to do with
the when and the how of griing this drug that s with the mdica
tions for the drug and the techmques whereby we might carry
out this procedure 1f and when we decide the drug 1s indicated
The mdications are faurly well established It ts how this 1s cmed
out the kind of preparations and so on that represent some of our
mayor problems and 1t 15 some of those basic problems that I wish
to discuss
e Professor and Churman Department of Medicne University of Mussourd

edical School Columbia Mo
[158]
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of the total approach but 1t still 15 2 matter of some concern The
same 1§ true i what we huve desenibed agam as mechanical ef
fects One has to recogmze m constrictive pericarditis what he 1s
dealng with because the approach to that disturbance 1s not m
the usual treatment of congestiv e heart faulure but 1s 1n the direct
approach to the heart itself There really 1s not any fulurc of the
muscle itself and one 1s concerned whether the drug should be
guen at all In the other types I have spoken about the drug at
least 1s mdicated s far as its admunistration 1s concerned but it
may not have the effect that one might expect 1n certamn types of
heart fulure All are matters that are of importance in the evalua
tion of your program at the bedside

And remember when we are talkimg about a patient and we
are giving digitalis at the bedside we are not talking about 2 pro
gram for digitalis alone we are talhing about 1 program for a
patient and a progrim for the patient s disturbance Consequently
digitalis 15 only one of 1 number of things one has to evaluate
the light of the total problem

The problem of 1solated left ventricular fulure 15 one of con
siderable moment because I do think that there 15 some neglect
the use of the drug m this hind of patient In patients that do
have acute pulmonary edema of course you think of the drug im
mediately even though some other procedures might be more 1m
portant than the admmstration of digitalis At least digatalis 15
mportantly m your mmnd mn that kimd of a clinreal prcture  How
ever 1t 1s 1 the earlier mamfestations of 1solated left ventricular
farlure that I think most of our neglect rests In disturbances that
are early with begimming development of proto diastolic gallop
thythm when the pulmonary second sound sharpens up some
what when 1t has not been sharpened up previously 1 short the
early mamfestations of heart falure on the left side I think the
use of the drug 1s quite mmportant and 1t 1s likely to be neglected
becnuse the patient has no edema and may have no remaikable
dyspnea  As I told you previouslv I am picking out m this total
problem some of the things T think important to emphasize and
1 think this 15 one of those

The choice of the preparation 1s part of the total battle of the
digatalis problem that represents the major part of the discussion
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climcal concern dependent upon hackground dependent upon
what one his seen what one has done, where he has been and
2 number of things that have nothing really to do with the prob
lem at hand but hwe to do with your past evpenence which
varies so much from physican to physican

In atnal fibnllaition m a chronic stage where an mdivdual
has a2 slow rate and no congestive fulure I do not use digitabs
I think of the rate 1s uncontrolled or of course if there is evidence
of failure on one side of the hert or the other or both the
drug 15 mdicated

The problem of breahing flutter with digitalis and then re
conversion to normal sinus rhythm 1s one that one hears 2 great
deal of discussion about and again fits mto a pattern of what 1
described 1n the texts but does not always work out I do
think that it works out sufficiently frequenthy to be worth while
as far as attempts are concerned

To discuss the problem of congestive heart fulure which 1s
the one that 1s our major concern 1t hardly seems necessary to say
that this drug 1s mdicated m congestine heart falure for that s
the central pomt i all of our discussion There are some prob
lems 1bout congestive heart Falure suck as what we do m terms
of use of the drug and what our procedure will be The rtems
that I hne lsted here as problems of etiology and mechamsm I
do not think are problems that determine whether you use
the drug or whether you do not but I do think that they mflu
ence your evaluation of the drug m your total progrim for the
pattent  Certainly there are times and mstances when one thinks
that rest and some digitalis 1s 2l that 2 patient might need There
are other times of course when your concern rests in @ number
of other fields than digitalis  Although one gives 1t 1t 1s not the
major concern 1n the total program  Thus 1s true when we get to
matters of clectrolyte disturbances the use of mercurials and a
number of other procedures It 15 abo true for example 1n hvper
thyrowdism and m types of heart fulure winch we do not see fre
quently m this part of the world T refer to those which relate to
nutntion1] disturbances that revolte 1bout parts of the vitammn
B complex  Under these crrcumstances of course digitahis alone
1n the treatment of heart fulure 1s rather ummportant m terms
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mand that you be m 1 position to get out of trouble msofar as the
drug 15 concerned 1n 1 short period of time  Consequently you
need a pieparation that 1s short acting 2 preparation comparable
to digoxin for example or m some degree gitahn as well There
1saneed thercfore in the varying approaches to congestive heart
fulure for the use of 1 number of preparations

Fust we had a dictum that you learn one preparation well
and do not worry about any other Then came a change to the
statement that you need to know something about at least two
preparitions I do believe as I think you can see from what I
have said that vou need more than that as far s the total spec
trum of congestive heart fulure 15 concerned

I see many patients that come m on all kinds of preparations
We do not always agree with what the patient has had  When 1t
1s possible we hike to send the patient back to his physiciin on
the hind of preparation that the physician 1s accustomed to using
Therefore we have 1 tendency to use a greater number of prep
arations than we would if we were m an 1solated practice of our
own where we are not interrelated with other physicians to a
great extent But I do think you need some expenence and some
knowledge i at least three categones of preparations

The fourth item that I wish to discuss 1s optimal digitaliza
tion  That agan comes back to something one reds all the time
and 1s 1n all the current hterature on digitahs namely that one
tatlors hus therapy to the individual patient Even though that
statement occurs as a chroneally recurring quotation m all of our
Iiterature 1t has not been done to any great degree with most of
the patients I see Consequently I wish to say something about
this even though 1t 1s repetitious

Patients are commonly placed on digitalis without any at
tempt to determine whether the drug 1s bemg pushed to a pomt
where results are obtamed or a pomt to which the Limuts of the use
arereached I beheve 1t 1s very important from patient to patient
mdidually even though one mught use some hind of rule of
thumb to begm with to start his digitalization to observe the pa
tient daily mn terms of what 1s gong on and to mampulate the
drug to the point where one 1s getting results or getting the mmor
effects of mtoucation yet still 1s below the level at which it mter
feres with the efficiency of the heart We see patients quite fre



162 Digitahs

on this drug wherever climictans get together T have my pecultar
1deas about chotce of preparations that do not fit mto any school
of thought Digitalis people are pretty much like psychiatrists
you hnow thereis a Iittle sect here and a httle sect there and
so on and they have Iittle understanding of each other I like
to play the field in terms of what the patient has as far as some
of these things are concerned and that has to do with prepara
tion and preparation types

There are times m office practice when almost any type of
preparation that 1s available would be suitable In early con
gestive farlure a produet that has prolonged action 1s perfectly
satisfactory and often desirable Those products not having an
action that 1s immediate and those having prolonged action are
m common use Digitalss leaf 15 the standard preparation m this
respect and as far as I am concerned 1t 1s adequate as any other
preparation that we use today for that kind of patient I do pot
think one can talk about these preparations without talling about
the kind of patient concerned Digitoxin for example 1s perfectly
adequate and satisfactory m this kind of pahient if one deswres to
use 1t Agamn whether one uses one or another of the products 15
I feel a matter of no great concern to this hind of a patient

When the patient gets further along and when other things
start to happen to the patient or when the patient comes i with
an acute episode where immediate action 1s necessary then other
preparations are important Parenteral preparations then may
become very necessary and the choce for immediate action be
comes extremely important

When a patient with congestive failure gets along to a pomt
where the facets m the therapeutic program are multiple and
when one 1s concerned about electrolyte mampulation 1nd vana
tions 1 the patient from day to day the use of the preparation
where one can get action and still get out of trouble m a hurry 15
of considerable mportance for one 1s not concerned only with
the drug but also with the varability m the patient The }ind of
pattent I descnibed at the begmning without the compleatics of
electrolyte mampulation and so on does not change remarhably
from day to day But patients changing remrhably from dvy to
day because of disease or because of things that are happening
from the procedures and mampulations that you carry out de
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duly prrctice and m bedside management of patients with the
utihzation of this drug These hne to do with the nature of
the disease with the status of the patient with the chorce of the
preparation with the amount of drug that might be used the way
the patient may be mampulated and finally what mght happen
1n terms of the other factors that may have a bearing upon the use
of the drug
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quently too who hid too much digitahs, and also get to a pomt
where 1t 15 less effective than it wonld be if they had the optimal
amount If they have tachycardia and congestive failure con
tinues there 15 a tendency to push the drug further nd there 1
the tendency therefore to make them worse So the problem of
optimal digatalization as far as I see 1t ;n my day to day activities
rests not only 1n madequate dosage of the drug but frequenth
but not as frequently as the former m the excesstve use of the
drug as well

We have problems these days m surgery thit make us con
cerned about the use of the drug m surgical patients Tor example
patients often have been stabihized to a degree where eyverything
seems optimal and then the patient 1s submtted to surgery for
his heart or for something else  Disturbinces in fluid and water
balance oceur as the result of these surgical procedures and the
patient may on the s'me regimen get into difficulty and get into
mntoaeation

For that reason 1t 15 extremely mmportant I beheve to be more
aware of the mdividunl problems of the patient nd the kind of
surgical procedures that ire going to be carried out  These things
are becoming more mmportant to us because of the types of surg
ery that are carried out todty and because of the kind of support
that surgeons give their patients today 1 see n great number of
disturbances 1n this respect that relate to manmipulation of electro
Iytes and flmds \fost surgeons believe because they hue 1
flame photometer and they can tell the amount of sodum nd the
amount of potaissium that rests n the blood that they can toss
therr flurds and electrolvtes around with 2 great deal more east
than they have m the past and they do The determmations of
Jevels in the blood alone are not 1lw 1y s the matters of importce
1n the mampulation of the flinds For these reasons there re prob
Jems which anise in these paticats that are of recent ongn hecawuse
of deyelopments 1 that particular srea

1 have discussed a number of phases of the use of digitalts nd
you see that T have not gotten down to 1 pomnt of numing specific
drugs sperfic doses nd speerfic problems 1 hwve tred to bring
out mnot the general mndications for these drugs for they we
Inown generalls  but the prollems and difficulties n areis m
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lexvel had been lowered from 7 4 to 50 milliequivalents per liter
ventricular premature beats appeared The patient complamed
of nausea vomted and looked entically 1l Withm short order
the ectopic beats assumed a bigemmal pattem followed by a
bidirectional ventricular tachyeardia  ventncular flutter and
termmated 1 fibnllation
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Figure 1 Increasing digitalis intovication resulting in death
dunng pofassium extrachon by means of hemodialysis
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For 11e cumvician the relationship between digitalis and potas
swum has primary pertinence to the subject of digitalis powsontng
Dr Bitterman eatlier today emphasized how much digitalis can
be taken without mtovication The burden of my talk will be to
show how Iittle can provoke serous harm The frequency wd
gravity of digitalis mtoxication 1s not widely appreciated  Seldom
a day elapses that we do not encounter either minor or major evt
dence of digitahs overdosage Such expenence has led a mem
ber of the house staff of the Peter Bent Brigham Hospital to re
mark that nowadays lanatoside 1s replacmg homicide 15 a lead
mg cause of death It has been geneially recogmzed that the
mcerdence of digitalis mtoxication 1s on the mcrease The reasons
for the merease derive i large measure from the fact that the
treatment of congestive heart fallure today 15 based m large
measure upon electrols te manipulations The therapeutte arma
mentarium ncludes salt restriction mercurial diuretics 1mmon
wm chloride resins diamox and adrenal sterords All these
measures induce changes m electroly te metabolism and may 7lter
the threshold of the myocardmum to digitalis ntouication  The
extreme gravity of such changes when unrecogmzed are em
phasized 1n the followng experience

The patient a fifty four year old woman was admitted to the
Peter Bent Brigham Hospital with post sulfonamide anuria and
congestrve heart failure the result of Sind overloading Cardiac
compensation was restored after digitahization Digitalis mainte
nance was effected with 05 mg Digoxin daily To contral the
azotemia and hyperhalieria she was subjected to hemodialysis
on a holff type artificial kidney In order to extract maximal
amount of potasstum  the level of this cation n the dualy zing bath
was reduced to 20 milhequuvalents per liter The sequence of
electrocardiographic events during hemodialysis 1 ilustrated mn
Frgure 1 After five hours of dialysis when the serum potasstum

[1661
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prevent the usual sequence of digitalis intoxiention leading to
death

In patients with digitahs intoxication as m animals the ad
mnistration of one of the salts or potassium will abolish evidence
of drug overdosage Tt 1s curious that at times even the subjec
tive manufestations may be lessened or abolished outnght One
such example of potassium action 1s 1llustrated in Figure 2 Mult
form ventricular premature beats runs of bigemmny nausea and
vomting as well as mereasing decompensation was precipitated
by a substantinl mercurial diurests m a patient recenning 01 gm
digitals leaf darly Within thirty sunutes after the admimstra
tion of potassium ventricular ectopic beats were umfocal nd of
lesser frequency  wathin two hours ectopic beats were absent and
the gastrontestinal symptoms abated

It has been recogmzed that potassium exerts a nonspecific
effect i reducing myocardial excitability  Irrespective of how
provohed ventricular ectopic beats can be subdued by admm
sstration of potasstum  As demonstrated m Figure 3 an episode
of bidirectional ventricular tachycardia and multiform ventricu
lar ectopre activity was elminated by gestion of supplementary
potassium  The patient a seventy three year old woman with
coronarv artery disease was on mamntenance Digoun therapy
The arrhy thmia first ascribed to digitalis remamed unaltered after
discontinumg Digovin for one month The potissium was ad
mmistered at a time when the patient was undigitalized and

ptowms and signs of d p 101 W ere appearing

The view has been held that the action of potassium 1 elim

A Lead T

Figure 8 Bidirectional ventnicular tachyeardia not due to digitalis abolshed
within two hours after ingestion of 10 gm of potassium chlonde
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ventncular ectopic beats due to digitths

The chain of events strongly suggests that digitals ntoxiea
tion was responsible for the arrhythmia and death What then
was the cause of the enhanced action of digitalis® Was the re
moval of potassium the critical factor?

The Action of Potassium on Digitalis Induced Arrhythmias

It has been established that potasstum will abolish ventricul i
ectopic beats due to digitalis When the serum pot sstum m dogs
1s rmsed and muntamed at about 7 mEq /L the dose of digitalis
required to produce ventricular extrasystoles or ventricular tachy
cardia 1s mncreased by 240% compared to requirements durmg
control studies when the potassiim level 1s muntuned norma
In the presence of hyperhaliemia despite the lugh doses of digt
talis necessary for toucity the ectopic mechanisms are of transt
ent duration In addition the pattern of touicity 1s altered In
stead of ventricular tachycirdin there occur atrial standstill 1
regular 1dioventncular rhythm and intraventricular conduction
defect If more digitahs 15 admmustered ventricular excitabihity
15 1educed eventunting m ventricular standstill  Our present ex
perments mdicate that ammals grven large doses of digitalis m
the presence of hyperhaliemiz die from potassium rather than
from digitalis intowication  This may have 1 bearing on the ob
servations which Dr Chen reported yesterday  When aglycone

out the sugar convulsne scizures ensue  There

1s mjected withi
s dc

after upon continued admimsstration of gy cone the ammal!
ar standstill rather than fibrillation  Cons ulsions

velop ventricul
¢ muscular potassium  The hyperhalicmin ma

cause liberation o
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sensitnvity of the myoeardium to digitalis® Examination of some
of the clinical features of this phenomenon suggests an explana
tion other than digitalis mobiization  The patient who exubits
post mercurinl digitalization 1s usually i the grip of advanced
heart failure He has been mantamed on nigid salt restriction
and recened frequent mercunal njections with ammonmum
chlorrde pretreatment to augment diuretic response These air
cumstances predispose to sigmficant potassium losses following
mercurials It may therefore be that depletion of potassium 15
the cnitteal factor in the post mercurnl redhgitalization syndrome

Evidence for this supposition was provided m the following
study

Non digitrhzed patients m congestive heart failure were gnen
acetylstrophantlidin an ultra rapid acting strophanthin dernative
which 1s elimmated withm two or three hours This permitted
determmation of the myocardial sensitnity to digitalis  Such
studies were repeated after mercurial mduced druresis  Electro-
Iyte balances were carried out The dwretic therapy altered the
response to digitalis m some patients but not 1n others Patients
who exhibited enhanced sensitinity to digitalis show ed significant
urmary losses of potassum  while those without changes m
digitahs threshold did not sustamn such defieits

Figures 4 and 5 1llustrate the change 1n myocardial sensitivity
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Figure 4 Acety] strophanthudin promptlv slowed ventneulir rate dunng
atrial fibnllation This effect dissipated 1n seventy five minutes There was
10 inters ening oty
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nating some of the evidence of digitalis mtovieation 15 m the
nature of 1 nonspecific pharmacologic effect In support of thi
thess are the following facts first potassium controls ventricular
ectopic mechanisms whether mduced by digitals or not second
the amount of potasstum required for therapeutic effect may be
the same m the digitalis and non digitalis group of disorders
and third even n cases of digitalis mtoxication the action of
potassium may be transient and continue only for the durition of
the hyperkaliemin  Recent studies however mdicate that m the
case of digitalss mntovication the action of potasstum 1s not phar
macologic but rather m the nature of a physiologic restitution
of myocardial mcurred potassium deficits

Mercurtal Redigitalization

Ewvidence for a clinmcal mterrelationship betw een digitahs and
potassium was first adduced 1n studies of mercurial redigitaliza
tion  As you know some patients with advanced heart fulure
who are fully digitahized when gnen mercurnl diuretics may
develop evidence of digitalts overdosage Within twele to
twenty four hours after dwresis they mayv experience naused
vomiting diahrrea or any of the other subjective stigmata or
any of the gamut of electrocardiograplic manifestation of digt
talis mtoucation Levine and Schmther! attributed this phe
nomenon to the mobtlization of digitalis Inden edemn flud  They
found as much as 01 gm of digitalis leaf per Iter of edema
flud Their methods were cumbersome myolving complex bio
chemical extractions and crude hiological assvys  If digitalis 15
present m edema flud n the amount mdicated 1t should be
possible to induce mtoucation by giving the mixumum amount of
digitalis presumed to be present m the duretic urine  For cxample
if 2 pabient expenences a diresis of two lters and desclops
redigitalization  then at some other time when mercunials are
not gnen the admmstrition of 02 gm of digitalis leaf or 1ts
equivalent m additton to the maintenince dose should reproduce
the same symptoms and signs  This 1s not the case  Even Irger
supplements of digitahs may be wathout effect while cven Jesser
degrees of diresis may provohe redigitahzation

Tn what way then does the mercunal induced dresis enhance
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{2) Little clinienl expertence 15 wvailable with the cardiotonie
effects of acetylstrophanthndm It 15 possible that spontaneous
wide vanability to this drug on different occisions 1s a entical
factor

To overcome these objections ouabun was employed and the
pracedure was reversed The patient was digitahized first after
dhuresis mnd then redigitalized after bemg mantamed m positive
potassium balance The following expenence 1s illustrative  On
two separate occisions one month apart t twenty year old
woman with mitral stenosts and heart failure recenned onabam
Both times after recerving 07 mg of onabun mntrasenously m
fractional doses experienced nausen vomited developed Ist
degree hert bloch 1 changing atral pacemaker and occasional
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Figure 6 On two occasions after mercunal dwresis

07 mg of Ouabam imduced minor evidence ot dipitahs

overdosage In both mstances there occured first degree

heart block 1 changing atnal pacemaker wath nausea
and yomiting
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Figure 5 A dose of acetylstrophanthidin snsufficient to produce m
towication on previous occasions provoked ventnculwr ectopic beats

\3 't Fe

and ) m of d after the loss of body
potassium

to digitalis following diuretic therapy The patient 1 sicty nme
vear old man with coronary artery ind hypertensive cardros ¢y
lar disease mn faulure recerved on two occasions 12 mg of acetyl
strophanthudm mtravenously Each time the ventricular rite
slowed mavmally within fifteen minutes and the response w aned
within mnety mmutes No subjectnve or objective evidence of
digitalis ntovication occurred (Figure 4) The third digitahzition
curied out several days later followed 2 2000 cc dresis pro
duced by mercurhydrin and ammomum chlonde (Iigure 5)
Withm ten mmutes after acetylstrophanthidin mjection numerous
and multiform ventricular ectopic beats appeared with 2 run of
trigemmal rhythm  Vomutmg occurred one hour after 1wets]
stropbanthidin admmstration and toweity perststed for nmety
minutes  Of mterest 15 that cardiac slowmg was still m cvdence
four hours after digitahs admmustration  Elcctroly te studics mdt
cated that the dwretic agents produced 1 potissium deficit of 83
milliequn alents

One may question the vality of the conclusions biscd on
these studies on two grounds (1) The changed renctivaty of the
heart to digitahs may not have been due to the loss of potassim
but to the digitalizations pror to the mercurial Aadmumstration

L~
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g the ten days of potassium supplementation she retuned 210
millicquivalents The serum potassium values bore no correlation
to the balance findings  Attention needs be called to the fact that
at the tme when she required the most digitabs her weight had
decreased 9 hilograms or 1 20% reduction  Ths 15 1n accord with
chinieal experience mndicnting that the patients weight does not
permut prediction of digitalis requirements  More cntical than
the weight 15 the electrolyte balance

ANIMAL TITRATION STUDIES °

The relationship between digitalis and potassium was further
amphfied m expennmental studies 1 dogs Employing both the
artificial hidney and acety] strophanthidin biologie titration of
the digitalis threshold was carried out 1gamst a varable body
potassium content By means of the artificial kidney 1t was pos
sible to remove selectively potassium from the body while mam
tammg the esscntinl constancy of other jons  Utihzation of acetyl
strophanthidin permitted numerous discrete digitalizations to
dentical end pomts i the course of a sgle day

The study consisted of four phases Dunng the first five
digitalizations were accomphished at two hourly 1ntervals with

FIGLREF 8
Pota wum Ouatan
Date | Procedure | Baluwce | Serwm | Wewgh | imowrt | Duratior
mEq mEq /L Ry r
T maty | Tonaty
Mav3 | Thiomenn —100 51 + 07 4
2¢ce (\C)
Juned | Thiomenn - 70 36 3) ‘ a7 3
Potas um
June 13 Chlot le +210 L 3 13 1
5gm /lay
— | X 10dms |

Figure 8 Table summanzing three digitahzations with ouabam The first
two were carrted out after potassium loss and the third after a gamn of potas
sum

These studies using the artifical kidney were camed out 1 o operation
with Dr John P Mernll of the Peter Bent Bngham Hospital
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Figure 7 After posttive potassum bilince pattent able to take
nearly twice the wmount of ouabatn which on previous occisions
provoked 1ntoxic1tior

ventnicular premature beats The end points and dosage require
ments were essentially the same notwithstanding the fact that
the atrial mechanism was different prior to ench digitahzation
(Figure 6) The first tume she had 1 supriventricular tichyeardia
and the second time normal sinus rhythm Both digitahzitions
were accomplished after sizeable dwresis When otabun w1s
gnven for 4 third time but now following ten days of potassium
supplementation 2n entirely different response was observed
The same objectne end pomt of toucity required neasly twice
s much drug (Figure 7) Furthermore toucity was of much
shorter duration lasting for only one hour while previously 1t
pcms(ed for three and four hours (Figure 8)

Prior ta the first two digitalizations this patient sustuned 1
negtive potissium balnce of 100 and 70 mullicqun alents  Dur
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durng two successive digitalizations n the same ammal (Figure
10) When the serum potassiim was unaltered 048 mg of acety |
strophanthuidin mduced ventnculir tachycuwdn from 2 single
focus hwing 1 duration of eleven mmutes (Iigure 10 strip 1)

When 25 milliequiv lents of potassium w1s extracted by means of

Dog 106

Control Digitalization

Serum K Dose  Duration Tox
37mEg/l . Qd48mg _ _ limn

I i
)
1

* 25mEq of K extracted

Figure 10 Two digtall with acety: hanthidin to

an endpomt of ventricular tachyeirdia  Digstalization (1) car

ned out while the serum pottssium maiataned normal Digt

talization (2) accomplished after the removal of potasssum

with the artifical hidney The episode of hidirectional ven

tncular tachycardia was controlled by rasing the serum potas
sium concentrition
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FIGURE 9

178 DrurraLizations 1v Doas Wit AcPryr SrRopHANTHIDIN
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Figure 9 Summary of 178 digitahizations in dogs while body potassium was
mamntamed normal was mcrewsed and was depleted

out hemodilysis Durmg the second phase digitalizations were
carried out while hemodialysis was 1 process but all electrols tes
were mamtauned constant The third phase or titration dulysis
consisted of digitalizations with acety] strophanthidin wlule body
potasstum was either reduced or increased Lastly selective po
tissium changes were carned out without digitalization  Each
animal served as 1ts own control A total of 178 digitihzations
were achieved to 1 common end pomt of ventriealar tichyeardia

Overall results are deprcted n Figure 9 In 137 digitalizations
with 1cety] strophnthidin while the potassium was nommil 061
mg of drug was required to produce ventricular tachy cardn hist
ing seven minutes After the removal of potissum with the
artificia] Jadney with a lowenng of serum concentration to 21
milliequnalents per hiter 019 mg of icetyl strophwmthidin was
necessary to mduce ntovication  Though only 32% of the control
dose was admmistered ventricular arrhythmias lasted m excess
of twenty one minutes When digitilization w 1s accomphshed
with a serum potassium mamtuned 2t 70 milhequivalents per
hter, 112 mg was required for the production of ventriculir
ectapic beats w hich were m evidence for an werage duration of
only three mimnutes

Three differences were noted mn the response of the potassium
depleted amm~al to acetv] strophantindin when compared to
control digitalizations m the s1me ammal  These are illustrated
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dunng two successtve gitahizations in the same ammal (Figure
10) When the serum potassium was untltered 048 mg of acetyl
strophantlndm induced ventricular tachycardin from 1 single
focus having a duration of eleven minutes (Figure 10 stnp 1)
When 25 milliequis alents of potassium was extracted by means of

Dog 106
Control Digitalization
Serum K Dose Duration Tox
h3'(m§[g_/,l: l704_§m; __ lmen
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Figure 10 Two digtalzations with acetylatropt anthudin to

an endporrt of sertnculr tackyeard  Digitalization (1) car

ned out while the serum potasunm mamtuned normal Dige

talization (2) accomplished after the removal of potassium

witt the amtfaal kidney The eprode of budirectional ven-

tnenlar tact yeardia was contiolled by raming the serum potas-
M C meet tration
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hemodialysis 028 mg of acetyl strophantfudm resulted m 2
bidirectional ventriculr tachycardia lasting over forty four
mmutes The arrhythmin was controlled by restoring body po
tassium  Thus the removal of potassium resulted m « reduction
of the required dose for mtovicition prolonged the duration of
the wrhythmia and promoted the emergence of varyform bt
gemmal and bidirectional ventricular ectopte mechamsms  Such
arthythmias were unusual 1 animals having no electrolyte de
ringements The depleted amimal responds to digitalis mtovt
cation 1 a manner sumlar to the paticnt with advanced de
compensation

The potassium depleted ammal 15 extremely susceptible to
digitalis mtoxication  Minor stresses or loads upon the cardio
vascular apparatus suffice to produce serious disorders of rhsthm
When small amounts of blood are ripidly mfused mto a cntically
digitalized ammal toxicity 1s produced The type and duration of
the towic pattern depends upon the amount of blood gnen the
degree of digtalization and most especially upon the state of the
potassium  balance In hyperknhemic anmals even extreme
degrees of such airculatory loadmg carned out immediately after
recovery from digitahs intovication does not sigmficantly alter
cardiac rhythm or A V conduction When similar loads are m
posed upon ammals with normal potassium levels the occurrence
of arrthythmits depends upon the time mtenval elipsed smee
recovery from the episode of digitalis mtoxication If a load of
sufficient magmtude 15 imposed soon after recovery from ntou
catton the normal ammal will exhibat a very transient recurrence
of arrhythmia  When a longer time mterval has elipsed mmor
degrees of mtovication are produced In dogs depleted of potas
sium major and prolonged derangements of rhythm are the rule
even after small loads imposed long after recovery from digitahs
mtovication

Characteristic results of one loding study carned out dunng
hemodialysis 1s demonstrated 1n Tigure 11 Loads were imposed
by clamping the artenn! outflow to the artificial kadney while
muntaming venous mflow 1t the rate of 175 cc of Dlopd per
mnute  All loxds were 1mposed shortly after recovery from 1

paroxysm of ventneular tachycardia produced by acetyl stro
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phanthidin - When potassium was muntuned normal the 1m
position of a load for « penod of one and a half minutes three
munutes after recovery from ventricular tachycardin resulted m
transient first and second degree heart block  Sumilar degrees of
loading when the ammal was hyperkaliemie caused slowing of
the heart rite nd lengthening of the P R interval Finally when
the same procedure was carried out when the animal w1s depleted

DOG N5
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Serum K Time
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Figure 11 Three loading studies carned out after
recovery from ventricular arrhythmas mduced by
acetylstrophanthidin (1) When body potassium
mamntaimed normil  {2) When serum potassium
elevated (3) After potassum removal
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of potassium 4 londing for a duration of merely eight seconds
sufficed to evoke ventricular tachycardia This third loadmg
study was imtiated ten munutes after recovery from digitalis
mtoucation In the non depleted aumal after such an mtenal
of time no degree of loading produced sustamed ventricular
arrhy thmias

These observations may have clmical pertinence  Oceasionally
one sees patients m whom arrhythmias aseribable to digitalis
mtovication develop for the first tune after exercise strammg on
the bed pan emotional agitation removal of oxygen therapy ete
Is this reaction 4 counterpart of the so called loading phenome
non?

HUMAN HEMODIALYSIS STUDIES

If the relationship between digitahs and potassium desenbed
m dogs holds for human bemgs 1t should be demonstrable m
digrtalized uremic patients who are subjected to hemodnlysis for
the correction of azotemia and hyperkaliemia  Several years 1go
we had the opportumty of carrying out such 1 study m Dr Mer
nlls kboratory at the Peter Bent Bugham Hosputal The study
was based on thirty three hemodinlysis procedures i twenty five
uremic patients Half of this group of patients were digit ized
Potassium was removed for a two hour period by lowermg its con
centration 1 the dialyzing bath to 20 milliequivalents per liter
The results for the two groups are summarized i Tigure 12
Dunng sixteen hemodialysis procedures m patients on munten

ance digitalis seven developed intovication This consisted of



Potasstum and Digitahs 181

atrial or ventricular arrhy thmuts or A V conduction disturbances
Six other patients i this group exhibited shortening of the Q T
mterval ST segment scooping and imversion of the earlv portion
of the T wave In the non digitalized control group only one
patient developed an arthy thmin during dialysis The disorder was
aunculrr fibrillation which the patient experienced on a number
of occasions prior to the hemodialvsis None developed digitalis
effect i therr electrocardiograms The two groups were com
parable m all chnical respects including the degree of potassium
removal dunng hemodinlysis

Losses and Shifts 1n Bodv Potasstum Losses of potassium
from the body 1rrespectne of how these have been produced
potentiate the touic action of digitalis Intoucation has been
noted n digitalized patients after admimstration of desovy cortico
sterone acetate cortisone cation evchange resms diamox and
ammomum chlonde When patients have sustaned losses of
potassium due to gastromntestinal or renal disease sensituity to
digitalis m1y be markedly enhanced In such patients especially
when the serum potassium level 1s depressed even small mere-
ments of digitalis mny mduce serious mtoxication or death The
danger of digitalis under such circumstances 1s allustrated mn the
following case history

The patient a sixty yvear old man with coronan artery, disease
and hypertensne cardiovascular drsease was admutted to the
hospital 1n severe nght and left sided congestne heart failure
He had been vomiting for three months and for this period diga
tabs had been discontinued He was azotemic and ohgunic  Serum
Potassium was normal though the history suggested severe de

pletion Because of the p of pul v edema—digital
tion was d Acetyl hanthidin was employed After
gving 06 mg 1ntra Iy he developed multformed

ventnicular premature beats followed by ventnicular flutter (Fig
ure 13) Rapid dissipation of drug action permitted recovery from
the digitalis mtoucation Admmistration of a smaller dose of
digitals several days later again evoked serious arthythma

The myocardial threshold to digitahs may also be reduced
by shifts of from the 1lular to the Il
compartments occurring without any losses of electrolyte from the
body When the potassium 1s acutely withdrawn from the plasma
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Figurc 13 Markcd sensitivity to digitahs in potasstum depleted patient
m advanced decompensation  Small amount of acetylstrophanthidin
results 1 trinsient bout of ventricular flutter (2l stnps are part of one
continuous tracmg taken at lead ¥ over a 30 minute penod)
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during, deposition of glycogen sensitization to digitals takes place
In the enbically digitalized patient adminsstration of nsulin or
carhohydrate may precimitate ventricular premature heats or ven
tricular tachyeardia

In view of these obscrvations 1t 1s no longer adequate to regard
digtahization from the vantage pownt of dosage alone  The
patients sensitivity to drug 1s a enbical factor A biologiea] titra

Ry

tion of each patient s unpredictable re: 15 thus tial

for proper therapy

Scrum Versus Cellular Potasstum Levels The question s
frequently posed whether the myocardual threshold to digitalis
15 determmned by the serum or cellular concentrations of potas
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stum  There 1s evidence that cellular rather than estracellular
potassium concentration 15 the determming fictor (1) Patients
with digitalis mtovication have normal serum potassium values
This 1s true mrespectne whether mtoxication 15 precipitated by
an overdose of drug or mercurinl mnduecd potassium loss (2}
‘When digitalis intowication 1s treated with potassium the abolition
of evidence of overdosage bears no relation to the serum po

tassium level  (3) In digitalized patients in whom abnormal
mechamsms have been produced through the removal of potas

sium by means of hemodilysis prompt restoration of the serum
level to its imtial value does not abohsh the arrhythmias  Thas 1s
demonstrated 1n Figure 14 Second degree heart block was pro

duced m a digitahized patient by extraction of potissium rapid
restoration of the predinlysis potassium concentration by means
of dialysis agunst 1 bath potassium of 6 0 milliequns alents per liter
sumultaneous with intrivenous mfusion of 20 milliequivalents

lessened but did not <bolish the degree of heart block (4) In
expermmental 1mmnls 1t 15 possible to lower the serum potassium
level to 2 milliequivalents per liter and mamtam this value con

stant while body potasstum 15 bemg removed Such continued

AK Knfusion began BothK Emeg Serumie=3 4
1

Am e wam L

Dmlysn‘s |g0m|n 20meq K IV IZ-I2

Figore 14 Second degree heart block mduced by potassium extraction
of serum level did not promptly abolish the heart
block
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depletion of potassium 15 associated with a strihing augmentation
of myocardial sensitvity to digitals

The serum potasstum concentration bears but an mdirect
relation to the myocardial threshold for digitals mtovication
The serum level 1s an index of myocardial sepsitivity only m so
far as it 1eflects deviation m the cellular cation concentration In
the mujonty of instances therefore the serum potassium value
affords no gurde m digttalis therapy

Potassium Metaboltsm In Heart Failure Not only current
treatment regimen but the very process of heart fulure affects
the balance of body potassium and alters myocardial sensitivity
to digatalis It 15 well documented that electrolyte and water
abnormalities occur during decompensation  Metabohe studses
provide direct evidence that cellular potassium defiaits develop
m congestrve heart failure and restitution of this cation follows
recovery Muscle biopsy studies confirm the ewstence of such
deficits Heart muscle participates in these losses of potassium
As the heart mcreases m weight myocardial concentration of
potassium phosphous and creatine 15 reduced The decrease 1n
potassuim 15 most marked m the chambers that are faiing  These
deficits affect both auricles and ventricles

The unstable equibrium m the potassium concentration
gradient betw een cellular and extracellular compartments s man
tamed at the expense of the oxidative energy of the cell The
mterference with cellular oudative function resulting from con
gestive failure may alter the level of equiltbrium  In heart failure
numerous processes 1re operating which have been shown expert
mentally to mduce leakage of cellular potassium  Included are
such factors as anovia dehydration muscular 1schemir acidosis
edema and overwork  Furthermore the patient mn fatlure 1s m 2
precarious nutritional balance Loss of appetite anorexogem¢
drugs mpalatable diets d hed gastromtestinal absorption
and deranged hiver function il tend to impair the nutntronal stite
and favor the loss of mtrogen and potassium

It has already been indicated that therapy itself may pre
ispose to and promote losses of body potassium The tendency
to lose potassum after mercurial dretic admunistration 1s ac
centuated by pmlonged and ngid salt restriction In pattents
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with a good eapacity for sodinm excietion as in the carly stages of
decompensation even extensn e duresis docs not cause significnt
defiits of potasstum  Potassium 1s believed to participate i the
distal tubulir some exchinge process The renal tubular ccdls
secrete potassium 1 exchange for sodium m the tubular unnce
When sodum 1s 1 short supply this mechanism may be whs ated
for the conservation of base After long contmucd dirctic
therapy such preferential potassium losses may leid to cumula
tne and chmeally sigmficint deficits acersionally resultng m
hypochloremic and hvpokaliemic alkalosis  Potassium losses arc
further enhanced by the admmmstration of wamonum chlorde
especially when used continuously

Inview of these considerations 1t 1s not surprising that patients
with advanced heart farlure e susceptible to digitalis mtovien
tion This type of patient requires larger wmounts of digatalis
for therapeutic effect and lesser dosage for the development of
tovieity  The therapeutic toxic ratio 1s 1t times unity  Fuen small
losses of potassium may therefore suffice to tip the scale mto the
toicside Tt may very well be that the incresing dependence in
the treatment of congestive heart failure on the restriction of
sodum and the promotion of its loss 1s m large mesure responsi
ble for the observed nisc 1n the cidence of digitalis mtoxication

Effect of Digitalis on the Potassium Concentration Within
the Myocardium  So far no mention has been mrde of the fact
that digitalss itself may cause liberation of potassium hoth from
skeletal as well as heart muscle There 1s general greement that
tovie doses of digitalis deplcte myocardial potasstum  Tlis has
been recently confirmed by Hcllems and co workers? In dogs
acutely digitalized with acetyl strophanthidin winle coronary
snus arternal concentration differcnees were followed there oc
curred an abrupt outpouring of myocardiil potassum  The Joss
of potasstum was noted within one mmntc ftcr drug admmistea
tion was maximal wathin six munutes and ccrsed fter twenty five
mmnutes  Converse but larger cxchanges of sodium ocenrred
sumultaneously  Cohn* utilizing radio potsstum techniques
conjunction with coronary sinus ¢ aitheterization of the dog heart
has demonstrated that dasly admmustration of 02 to 04 mg of
digitoxin causcd mhibitson of potasssum influx into the myocardedd
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cell A new steady state developed mn potassium transport be
tween interstitial and intracellular compartments with potassium
concentration 1n the later compartment reduced by 15%

The basis for digitahs action on cellular electrolyte transport
15 1t the moment unclear In the 1solated gumea pig heart com
petttion between cardiac glycoside and acetyleholme have been
noted * The rate of metabolism of acetylcholne mfluences the
permeabihity of the myocardial cell to sodum and potassum It
has been shown that large amounts of lnatoside C sigmficantly
mhibit the activity of 1cetylcholinesterise The degree of mh
bitton was condttioned 1n part by the concentration of potassum
m the perfusing medmum Glycoside mterference with acetyl
cholinesterase activity was dimimished by mcreasing the concen
tration of either potasstum or acetyicholine while an opposite
effect followed reduction mn their respectuy e concentrations These
relationships suggest that lanatoside C competes with acetyl
choline for the active sites on the cholinesterase molecule The
action of digitahis on membrane permeability may thus be the
ndirect resultant of such competition

Conclusion Digitalis 15 one of the most widely used and at
times most abused drugs i crdine therapy  When used properly
1t 1s the most v 1luable agent presently avalable for the restoration
of compensation When used improperly 1t m1y cause serious
mtovication and even death Recogmtion of the relationship
between digitalis and potassium 15 essential for muntenance of
chronieally 1ll cardiac 1n the optimal state of well bemng
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Aurnicular Auhythnmas Due to Digitalis*

Brrvarp Lows MD

Diserravss w roxic amounts h1s been reported to produce the
entite gamut of cardiac arrhythmias The ventricle and the AV
conduction system are believed to be prmanly mvolved  To d it
abnormal aunicular mechamsms duc to digitalis are regurded 1
rare of nonspeaific appear ince and of Little if any chmeal conse
quence Recent expenience however indicates that such atral
disorders caused by digitabs overdosage arc froquent have scrous
mplications and assume highly distinctive and readily identsfiible
electrocardiographic patterns

The most important atrial reaction to digitalis intoxic iton 15
paroxysmal aunicular tachycardia with block (hereafter referred
to as PAT with block ) "This 1s an hybnid arthythmi partaking of
features of both classical aunicular tachycardin md aurculir
flutter A tvpical cxample 15 presented sn Tigure 1 F ke clissic il
auricular tachy cardra 1t has a rate ranging, from 150 to 200 be ats
per minute  Like flutter st exhibits A V conduction defcet Dis
tinctive of this disorder are the upnght diminutive P waves m
Leads 11 and 111 which arc scparated by n 1socleetnic bse hine
The type of conduction defect varics from an occasional Wenche
bach phenomenon against a predormnant background of 11
response to completc A V block  The arrhythmia miy Tt for
several minutes or persist for several weeks

Sir Thomas Lewss recorded the first (psode of PAT with
block on the poly graph 1n 1909 To datc 160 crses have been
reported  Cardiolo,ists continiee to regard PAT with block as an
electrocardio,raphic oddity of extreme rity  This 19 attested
to by the fact that mdividnal cases have been consdered suff
dently unique to ment report Inoostudy carned ont at the
Mﬂ_ﬁﬂng}mm Hospital with Dr Huold I Levine covenng

From the saedicad cliswes of the Wet 7 bert Prifban H apitsd
(171
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Figare 1 A ypical exumple of PAT with block  Atnal vate 150 Upnght
¥ waves in Jead 1 separated by an wsoelectuie bisclne

the period 1842 through ¥95¢ 112 epusodes of this disorder were
observed m 88 patients

Evidence for the Fuologe Role of Digitalis n the
Production of PAT wth Bleck

If digatals 1s mdeed a factor m the development of PAT uith
block 1t should be possible to produce this arrhythmin by digitabs
when the mtenvention of ather vanables cn be defimtely ex
cluded  Furthermore 3t should be possible to demonstrate the
opertion of the potassium digitahs relationshnp  Namely PAT
with black should be producmble in digitalized panents by de
pletion of body potasswm  Admmstration of potasstum should
promptly 2bohsh the ectopse mechamsm  Fimnally, potassim
should prove mneffectine m those examples of the nrchythmiz
where digatalts was not the causative factor

Produchon by Digialis To date we hove observed the de
velopment of PATT with block during the process of digatalization
s four pabients  In three it ocourred after the injection of acets]
strophanthidin md m onc after Jarge doses of ntryvenous &
goun Swnce wm three pients the anhythma was m full form
withun twelve munutes after the of acety] strophantfud
1t seerus Lely that cigtahs nas the speafic emse The production
of one such emsode 15 demonstrated m Iigure & The patient was
on mamtensnee digtalis therapy when acute pulmonary edem
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Figure 1 A typical example of PAT with block  Atnal rate 150 Upnght
P wavesn lead I separated by an isoelectric baselme

the period 1942 through 1934 112 episodes of this disorder were
observed m 88 patients

Evidence for the Etiologic Role of Digitalis 1n the
Production of PAT with Block

If digitals 1s indeed 1 factor 1 the dev elopment of PAT with
bloch 1t should be possible to produce this arrhythmia by digitahs
when the mterention of other vanables can be defimtely ex
cluded Furthermore 1t should be possible to demonstrate the
operation of the potassium digitalis relationship Namely PAT
with block should be productble m digitahzed patients by de
pletion of body potasstum Administration of potassium should
promptly abolish the ectopic mechamsm Finally potasstum
should prove meffectnve m those examples of the arrhythmua
where digitalis was not the causative factor

Production by Digitahis To date we have observed the de
velopment of PAT with block during the process of digitalization
mn four patients In three 1t occurred after the mjection of acetyl
strophanthidin and 1n one after Inrge doses of intravenous di
goxun  Since 1n three patients the arthythmia was in full form
withm twelse minutes after the injection of acety] strophanthidin
1t seems Likely that digtalis was the specific cause The production
of one such episode 15 demonstrated 1n Figure 2 The patient was
on marntenance digttals therapy when acute pulmonary edema



Auricular Archythmas Due (o Ditals 191

loss of body potassmum enhances digitalis 1ction on the heart It
15 equnalent to the admumstrition of additional increments of
digitalis

PAT wath black develaped i three pitients durmg the re
moval of potassium by means of hemodialisis  These patients
were on mantenance digitahs therapy Digitalis was omitted on
the day of dilysis PAT with block emerged 1fter onc to two
hours of potissium extriction The cvolution of the arrhythmia
was gradual and exhibited the same sequence as in the patients
who recenved acetyl strophantludin - Agamn the first phasc con
sisted of a change 1n atnal pacemakcr (Tigure 3) There followed
an acceleration m atrial rate with mcrcascd A V block  As the
aunicular rate reached a range from 160 to 190 second degrec
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Figure 8 Development of PAT with block dunng potassium
removal 1 digitalized wremic patient

developed The ventricular rte was 130 The possible value of
additional digatalis was resolved by means of an acetyl strophan
thidin tolerance test After the mtruvenous mjection of 06 mg
acetyl strophantlidin the following sequence tool place The
contour of the P wave changed abruptly with acceleration of rate
to 144 These alterations indicated usurpation of pace setting
function by the ectopre focus Next there ensued 1 gradual m
crease n both heart rate and A V conduction duration with left
ward migration of the P wave which eventually merged with the
termnal portion of the preceding QRS Fnally when the aurnicu
Iar rate and the A V conduction defect reached a critical level the
1 1 atrioventricular response was replaced by second degree heart
block The four patients showed essentially similar phases n the

evolution of PAT with block
Production by Potassium Depletion In the digitalized patient
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loss of body potissium enhances digitalis action on the hewrt 1t
15 equnalent to the ad ration of additional mcrements of
digitalis

PAT with block developed n three patients during the re
moval of potassium by means of hemodialysis These pitients
were on mamtenance digitahs therapy Digitalis was omtted on
the day of dalysis PAT with block emerged after one to two
hours of potassium extraction The evolution of the arrhy thmia
was gradual and extubited the same sequence as m the patients
who recened acety] strophantindin  Agam the first phase con
sisted of a change in atral pacemaker (Figure 3) There followed
an acceleration 1n atnal rate with increased A V bloch  As the
aunculr rate reached a ringe from 160 to 190 second degree

5MINS LEADII AURICULAR RATE-I90
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Figure 1 Begmnmg reversion of PAT with block following aral
potassium admunistration
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Figure 5 (cont) Process of reversion completed withm sixty
minutes after ingestion of potassium chlonde

heart block developcd When the arthythma was i full form
the serum potassium had been lowered by about one mulhequiva
lent per liter In none of the pitients however was the serum
potassium concentration less than 35 milliequivalents per Iiter
In the patent whose electrocardsogram 1s illustrated n Figure 3
the concentration was 5 6 milliequivalents per hiter at the time of

onset of PAT with block
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Effectiseness of Potasssum  When PAT with block 1s caused
by digitahs potassium  mrespectne how at 1s administered s
effcctive n restoring 1 normal mechamsm The stages mn the
reversion of Pat with block by potassium e chronologic marror
mages of the ph ises in the evolution of the arrhythmin - As shown
m Figures 4 and 5 the first change consisted 1 a shght slowing
of the rte of the ectopic focus with establishment of 1 1 atrio
ventricular response wnd sudden acceleration sn ventricular rate
Thereafter atrioventnicular block dimmished and the heart rate
decreased  An abrupt change m P wave contour heralded the re
establishment of smus rhy thm

Tneffectiveness of Potassum m PAT with Block Not Due to
Digitahs  Atrial arrhythmias not caused by digatalis are usually
unaffected by potassium  Thus 1s true even if the atnal disorder 1s
PAT wath block In mne patients with auncular mech misms not
due to digitalis potassium was withont effect In six the arhvth
mia was PAT with block n two flutter and m one nodal tachy
cardia These patients received an awverage of 88 millicquuvalents
of potassium 1n the course of several hours Four of the nine
patients developed moderate hyperkalerma  nevertheless no
alterations were noted on the auncular mechamsm (Figure 6)
By contrast twenty three of twenty five episodes of PAT with
block due to digitahs were reverted to smns rhythm with an
average dose of 58 milhequns lents of potasstum

It can therefore be concluded that an overdose of digitals
affects auncles as well 1s ventncles  The aurcular mamfestations
of dimitalis mtosication may assume the specific form of PAT with

FIGURE ¢
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Figure 7 Summary of the relitionship between digitahs and potassium m
PAT with block

block In this arrhythmin as m other cases of digitalis poisomng
the relationship between potassim and digitabis 1s 4 determining
factor in the genesis of the disorder

The electrocardiographic evidence for a causative role of digt
tals i the production of PAT with block 1s summated m Figure

Chmcal Aspects

The evidence presented mdicates that PAT with block may be
caused by digitalis but does not suggest how frequently this drug
1s mpheated as the critical factor The answer to this and to
other pertinent questions 15 to be found 1n the 112 episodes of
PAT with block studied at the Peter Bent Brigham Hospital

Frequency of Digitalis Induced PAT wrth Block Ina period
of thirteen years extending through 1954 esghty three episodes
wn 64 patients were caused by digitalis 1n sicteen episodes the
relationship to digitalis was uncertan and mn thirteen digitalts
was defimitely not a factor Thus 75% of episodes of PAT with
block are the result of digitalis intoxication  Half of all the cases
\were observed 1n the years 1952 through 1954 It need be empha
sized that the mereased mcidence may be due m put to
heightened awareness and recognition of this mechamsm



Aurienlar Arrhythnuas Due fo D atahs 195

Chmeal Features  Of the group of patients having PAT with
block due to digitalis 2l but six were n conpestuve heart fnlure
The muyonty had both nght and left ided fmlure and were
treated with ngid st restnction and frequent mercurial injec
tons There ws 2 shight preponderance of females The average
age for the group was fifty one years Seventeen of the patints
were over sixty five vears of e and i were m their exghties
Excludmg ten patients with uremia there was an equal merdence
of theumatic hypertensnve ond coronary heart discase Twehe
of the patients expenenced more than one episode of the disorder
The arhythnmin ocenrred most frequently durnng mamtenance
digrtabs therapy  All the different digitahs preparations m current
use were impheated  The elcetrolyte pattern was usually normal
I a thied of the patients however there was hyponatrerma md
associated hypochlorerma  fhe serum potassium concentration
with few exceptions was withn a normal range

The patients with the digstahs vanety of PAT with block may
be classificd on the basis of the immethate precipitating canse
of the anhythmia into one of four categories (Figure 8) In
twenty four epsodes a distet overdose of dimtahis preceded
the onset of PAT with block  In tharty one a mercunal mduced
diuresis with a weight loss rangug from 1 to 7 kilograms was
the factor mmediately antedating the onset of the arthvthmia
Nine episodes were caused by mn unesplamed mcreased sensitiaty
to digitalis  These patients developed PAT with block while re
cenmy, small mantenance do es In 2 few of these patients the
mereased responsivencss to digitahs was corroborated by n acetyl

FIGLIE 8
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strophanthudin tolerance test In the nineteen remaming episodes
muscellineous factors such s renal potassium loss, hemodualysis
vomiting the admiistration of cortisone nsulin or calcium were
temporally relted to the establishment of PAT with block In
close to 60% of the patients shifts or loss of body potassium was
the predisposing background for the archythma It appeared
that potassium loss preferentilly sensitized the aurtcles to digitalis
mntoxication

It was difficult to ascribe a specific symptom complex to the
arrhythmia  Smce PAT with block occurs m patients with con
gestive heart fulure already suffering from a multitude of com
plamnts often it adds but httle to the already senous clinical
picture  Generally the clinieal situation was altered through the
ggrvation of failure ncceleration of the ventricular rate, or the
des elopment of symptoms of digitahs mtovication In a number
of patients the first suggestion of the disorder was the redevelop
ment of decompensation This occurred 1t times without signifi
cant ventriculr acceleration  In PAT with block the ventrieular
response w s usually rapid In 57% of episodes 1t exceeded a rate
of 100 per mmute This was due to the varymg degrees of AV
block with runs of 1 1 atrioventricular response The most com
mon complunts were weahkness and loss of 1 sense of well being
Objective auscultatory signs were absent

PAT with block should be suspected when a change n rhythm
occurs after an increase m digitalis dosage or following dwrests
This suspicion 1s reinforced if the rate 1s accelerated and the
thvthm becomes wregulanized when the preceding mechamsm
was sinus rhythm or regularized when the preceding mechantsm
was atral fibnllton

Prognosis

A grave prognosis 15 associated with the digatalss mduced
vanety of PAT with block Of the group of sty four patients
thirty seven or 58% were dead shortly after the onset of the
arrhythmia  When PAT vath block was precipitated by an over
dose of drug without evident electrolyte derangements the mor
tality rate was less than 50% When potassium loss was the factor
ing the aprhythmia the mortality rate exceeded 75% A

mtiat,
tis Iatter group were m the end stages of

number of patients n t
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decompensation exhibiting evidence of dilution hyponatremia
The emergence of PAT with block was but an additional indica
tion of disturbed electrolvte composition m the cellular compart
ment portending the ympendmg denouement  In this group 2
fatal outcome was the rule even if the arrhy thma was controlled
by the admnstration of potassum

‘The serious prognosis w1s m some measure due to the failure
to recogmze the role of digitalis in the dcyvelopment of PAT with
blok This 15 wdicated by the fact that when the arthythmn
was attnbuted to digitalis ind appropriate measurcs were tahen
the mortality rate was 357 When such recognition was lacking
and diptahis was continued the mort thty rate was huice as large
or 707 In PAT with block the senous prognos:s 1s due not only
to the arthythmia but also to the measures undertaken for its
control  PAT with block 15 at times mistaken for auncular mech
amsms where digitals 15 considered the drug of chowe The
administration of additonal digitalis may provoke ventneular
fibnllation without mtervening ventnicular arrhy thra

Electrocardwgraphic Features of PAT with Block

Tne f

The sakent electrc D are 1zed mn
Tigure 9 The mean auncular rate was 182 In 76% of the episodes
it was less than 200 beats per minute  The base Iine between P
waves was soelectric P waves were usually small at tunes barely
ruffling the base line  When the aunicular complex was visible st
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Figure 10 PAT with block simulating
stnus tachycardia arrhythmia controlled

by discontinming digitals and admn
istenng potasstum

was myvanably upright in Leads II and III The P waves PAT
with block usually differed in contour from those present during
normal sinus rhythm  Unhike flutter or classical auncular tachy

cardia the P P interval n successive cycles varied 1n duration
In some mstances the variation was evident to the nahed eye
A V block was not fived The response ws usually Jess than 2 1
This accounted for the fict that m the majonty of episodes the
ventricular rate exceeded 100 per mmmute Evidence of digtahs
ntoxication was present 1n 73% of cases In half the episodes
ventricular premature beats were frequent Carotid smus stimu

lation or prostigmmn admmistration tended to increase the A v
conduction defect while leaving the atnal rate unaltered FPotas

stum admumstration induced resversion to normal sinus rhythm
The characteristic sequence of electrocardiographc es ents during
reversion descnibed earlier was noted with but mmor variations

1 all patients
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Differentiation from Other Asvhythmuns PAT with block s
frequently mussed entarely or confused with other auricular or
ventricular archy thmias

In the presence of 11 wunculoventnenlar response with an
atrial rte less than 150 the disorder may be mdist habl
from sinus tachycardin Figure 10 dllustrates one such example
The patient s imtial electrocardiogram was interpreted as evhubit
g smus tachy cardia  The presence of dsarthea and s ellow vision
as well a5 the fact that the tackycrdn followed overdigitahza
tion suggests the presence of PAT with block  Applicttion of
carotid sinus pressure resulted i a 2 1 atnoventricular response
and confirmed this impression  Discontmuttion of digetalis as well
as the ad ration of small ents of potassiam restored
normal sinus thythm

Three features help differentiate smus tachycardia from PAT
with bloch Fust m sinus tachveardia unlihe PAT with block
where the P wves are of fixed and imnutive size as the rate
accelerates the P wave tends to mercase m amphtude  Second
while the P R ntennal 1s prolonged in PAT wath block 1t tends
to be of short duration m smus tachycardia Third 1 the pres
ence of a sipus mechanism carotid sinus pressure does not usually
produce AV bloch In the final analysis 1 careful scrutiny of
climeal events mmeduately preceding the onset of the tichy
crdia will provide helpful clues m differentiating the two dis
orders

When the rate exceeds 150 per mmnute with 1 1 atrioventnien
lar response the arthyvthma s usually considered as a supra
ventneular tachycardita  When the P waves are not visible m
any of the Leads and when the ventncular rate 15 slow nodal
thythm 1s the hhely duagnosis  Confusion with atrial fibrllation
15 also frequent The diminutne P wave and the grossly srregular
ventricular rte conduce to musinterpretabon Many years of
continuous fibnllation do sot preclude the emergence of PAT
with block

PAT with block 15 most commonly confused with auncular
flutter  Differentiation on purely electrocardiographic grounds
may be difficult or wnpossible  Distinction between the two
mechanisms 1s more than an academme exeraise It 15 of utmost

i,
125
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mmportance to the patient that correct diagnosts be rendered Op
posite therapeutic measures are indicated 1n the two arrhy thimas
Digitalis 1s the drug of choice in atrial flutter and contramdicated
m PAT with bloch Potassium 15 effective mm PAT with block and
useless m flutter Generally the patient wath flutter 1s less Iikely
to be m advanced falure and require frequent mampulations of
the dose of digitalis or of the diretic regumen In the majority
of nstances the electrocardiographic pattern enables distinctions
between the two arrhythmas  In Figure 11 1s shown an electro
cardiogram that was misinterpreted as atnial flutter Based on the
criterna discussed earher this 1s a typical example of PAT with
block The atrial rate 15 190 the P waves are upright in Leads I
and IIT and separated by an 1soelectric base lme A V block 15
varable and ventricular premature beats are nterspersed through
out the tracing The arrhy thma developed while this patient was
on a constant mamtenance dose of digitalis The immediate pre
cipitating factor was 1 renal potasstum losing nephntis The
arrhythmia was controlled and its recurrence prevented by the
judicious use of oral potassium supplements

Treatment

Discontinuation of digitalis and diuretic agents suffices for the
reestablishment of sinus rhythm No additional measures are
mdicated when the ventricular rate 1s slow the patient 1s m good
condition or mn the presence of renal msufficiency with azoterma
Potassium supplementation 1s advisable when PAT with block
develops following dretic therapy or when the patient 1s critt
cally 11l and the ventricular rate 1s rapid  Potassum may be given
by the mtravenous route m a dose of 40 milliequivalents diluted
1 500 or 1000 cc of 5% glucose and water This amount may be
admumstered m the course of an hour The electrocardiogram
must be observed throughout the mfusion to make certamn that
one 1s not jumping from the frying pan of digitahs intoxication
imto the fire of potassium poisonmg  If reversion 1s partil after
this amount more potassium can be gien until the process 1s
completed This 1s demonstrated m Figure 12 The patient whose
electrocardiogram 15 shown was hospitahzed because of ght and
left sided fatlure The ventricular rate was 120 For several weeks
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Figure 11 PAT with block confused with atmal flutter i patient
with “potassium Josing nephntis ”

prior to hospitahzation he had been receving cortisone and for
a week he had been expenencing anorexia and vomiting  Rapid
digitalization resulted m gradual acceleration of the atnal rate
to 195 At this time PAT with block was clearly apparent Intra
venous tnfusion of 40 milliequivalents of potassium chloride
slowed the rate to 180 but did not abolish the arrhythmia  An
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Figure 12 Onset of PAT with block following overdose of Digown m
potassum depleted patient Arrhythmia controlled bv potassium admums
tration
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additionat dose of 40 milliequivalents of potassium restored both
normal sinus thythm s well s eardhae compensation

In most patients the oral route 1s adequate  Within two hours
after mgestion of 5 gm (68 milliequs alents) of potassium chlo-
nde slowing of the atnal rate will be evident  If reversion 1s in
complete smaller increments may be admumstered at four hourly
mtenals until simus mechanism s re established  In elderly
pitients or those with severe decompensation great caution
must be everciscd in administering potasstum  These patients
handle potassiam poorly and may develop hyperhaliemia even
after small amounts

Theoretic Considerations

The climeal datr cited indicates that potissium depletion 1s
present m the majonty of patients with PAT with blockh It was
further suggested that the loss of potassium preferentially sensi
tizes the auncles to the tovie action of digitals This view 1s
based on the following obsen ations In the first place while PAT
with block 15 rarely caused by an overdose of digitalis 1t 15 rela
tively frequently the result of mercurial induced redigitahzation
In the second place when digitalts mtouettion was produced
duning the extraction of potassium from digitalized uremic pa
tients by the artificsal ladney 1 relatively high incidence of PAT
with block was noted Tt 1s therefore pertinent to consider the
atnal effects of 1solated potasstum depletion and determme the
possible mechanisms wiich sensitizes the aurcles to digitalis

When potassium 1s removed ncutely from dogs by means of
hemodialysis while other electrolytes are mamtamed constant
stnhing changes result m the sunculir complex The earliest
consequence of such 1solated removal of potasssum 15 an ncrease
m the height and width of the P wave with accelerition m the
aunculr rate The P R mterval 1s simultaneously lengthened
with mugration of the P wate until 1t merges with the preceding
T wave These changes observed in four different ammals are
illustrated mn Figure 13 In all ammnls the alterations emerged
and receded gradually and both evolution and recession resembled
the phases 1 the onset and offset of PAT w.ith block

What 15 the mechanism underlying these changes® Impulse
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action of the vagus Potassium deficat docs not miterfere however
with the hiberation of vagus neurohumor but merely blocks its
effect on the auncles Furthermore the permeability of the ceff
membrane to eation 15 controlled 1 part by the metabolism of
acetyleholine Tt 1s therefore suggested that potassium defict may
smterfere with the action of acetylchohme at the level of the smus
pacemakher but not at the level of A V conduction * In support of
thus supposition 15 the observation that 1 anmimals with severe de
pletion of potassium vagal maneusers will alter A V conduction
but not the auncular rate

In what way does potassium deficst modufy the action of dig
tals? Digitalis has both direct museular and sdirect vagal effects
on the auricle  These effects are antagomstic on atrial muscle 1nd
additive on the A V node Usually the vagal component of digt
tahs action s dorminant  In the presence of potassiom defiert only
the direct auncular action of digitals would be mantfest The
durect solated action of digatalis results m mcreased wutomatiesty
of atnal muscle ‘The result of interference vath the vagal effect
of digatalis while Ieaving 1ts direct actson unopposed would be an
atral tachyeardia with atnioventnieular block

If this supposition 15 correct patients having PAT with block
should respond to vagal stimulation solely by alteration m A V
conduction  Thus has heen the experience  When the carotid sinus
15 shmulated or prostigmm 1s mjected the rate 15 seldom dunn
wshed but A V block 1s mvanably mereased  Conversely when
atropm s admunstered the rate 15 seldom wcreased but AV
block 15 wvarbly dimmished  During PAT wath block carotid
sinus stimulation resulted m second degree heart block without
matenal reduction 16 atrsal rate  Several hours later when sinus
rhythm was restored by adminstering potissmm the same ma
newver did not affect A V conduction but mstead caused smoatrial
standstill with nodal escape

If potassium deficit 15 a g q for the devel of
PAT with block how 1s one to explan the episodes which follow
T e a for this are fully developed 1 the h

The
Atnal Arhythauas due to Digitahs™ by Bernard Lown and Hosold D Lovs
(1n Pross)
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Figure 13  Atnal response n four dogs following selecttve removal of
potissium by means of hemodialysis  Duration of Potassium  extraction
ranged from seventy minutes to ten hours

formation n the auncles 1s under contmuous vagus control Re
moual of vagus nerve mhibition on the simus pacemaher causes
waxing m height of the P wave and acceleration 1 rate com
parable to that observed after depletion of body potassium It
1s known that vagus nerve action 1s mtimately related to the
potassium ton  Vagus stmulation causes release of potassium
from heart muscle Conversely when potassium concentrition
bathing the heart 15 increased acetylcholne 15 iberated When
potassium 15 removed from the perfusing medium of the heart
there 15 a gradual loss of atnal responsiveness to the mhibitorv
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Mederator E Grey Dniove MDD

Members of Panel  Roperr Barreraan D
Rrcrarp Brine MDD
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Santirco Guisoria M D
Bervagp Lowx M D
Arpo Luisapa M D
WiiLisv SopEntaN M D

Moosrator I have 2 Jarge number of questions which have
been submitted by our audience We will try to answer and dis
cuss them 1n a somewhat orderly scquence

Moperatorn  Where 1s digitals absorbed?

Dn Cuen I would say that the absorphion m the stomach 1s
neglmble 1t 15 absorhed pruncipally w the small mtestine

Mopgrator  Once digitoxn has been absorbed how 1s it
transferred to the heart?

Dr Bine  Itis transported bound by plasma protems particu
larly <lbumis  Quick acting glycosides such as cedilamd are
bound less than a slow acting one such as digutoun, which s
particularly bound to albumin

Dr Barrervan [ would ble to modify that shghtly Al
though digitonin 1s bound more thoroughly by plasma protems
than the short acting glycosides 1t 1s not 100% bound It evists 1n
two forms free and bound with protemn

Dr Lown  Euxrly elimcal studies have mdicated that a drug
such as cedidamd disapperrs from the blood withm about three
mmutes

NopERATOR 10U men it s cleared by the tissues s three
mimutes?

Dr Lows Apparently cleared by the tissues Digstoan will
remumn i the blood for a longer persod  An msigmficant amount
1bout one per cent will persist m the bload for about muety suc

fa0m)
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Inrge doses of digitalis 1n the nbsence of loss of body potassium
Much evidence 15 now avalable mdicating that tone doses of
digitalis promote loss of myocardal potassum  The onset and
offset of PAT with block 1s not correlated to the serum potassium
level, but to body defieits of this cation It may be that depletion
of myocardml potassium 1s 4 prerequusite for the development of
PAT with block

Summary and Conclusion

PAT with block 1s usually 2 digitahs provoked arrhythmia
that oceurs most frequentlv m patients with advanced failure
who have sustamned deficits of potassiim  The arrhythmia re
sembles the changes produced n anmals by the remosal of body
potasstum It 15 suggested that the loss of potassum inhibits
reflex vagal tone on atrial muscle but not on the A V conduction
syvstem In the absence of tomic vagal reflex digitalis enhances
auricular muscle automaticity and further promotes the loss of
potassium  Thus PAT with bloch 1s 2 digitalis induced disorder
caused by aurcular sensitization—the result of the vagaly ic effect
of potasstum depletion

Whether these speculations are validated by further obsenva
tion and experiment 1s of httle moment What 15 of utmost 1m
portance 1s that the clinicinn begm to recogmize PAT with block
as 2 distinct mechamsm  frequently the result of s own well
mtentioned but misgmded practice



Panel-Discussion
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M operazon I have 4 large number of questions which have
been submitted by our wdence We will try to answer and dis
cuss them 1 a somewhat orderly sequence

Moperator  Where 15 digitalis absorbed?

D Cuexn T would say that the absorption m the stomach 15
neghgible 1t 15 absorbed primcipally m the small intestine,

Moperator  Ounce digitoxin has been absorbed, haw 15 1
transferred to the heart?

Dr Bine It s transported bonnd by plasma protemns partiey
larhy albumin Quick acting glycosides such as cedilanid ave
bound less than 2 slow acting one such as digitoun which s
particntarly bound to albunun

Dr Barrervan I would ke to modify that shghtl, Al
thongh drgitovn 1s bound more thoroughly by plasma protems
than the short acting ghycostdes 1t v not 1007 bownd 1t exists in
two forms  free and bound with protem

Da Lown Early clmical studies have mdicated that a drug
such as cedslanid disappears from the blood within about theee
minutes

MopsraToR  You miean it 1 cleared by the tissnes m three
mmutes?

Dn Low~  Apparently cleared by the tissues Digrtovin wall
rematzt m the blood for a longer perjod An msigrificant amoynt
about one per cent will persist 1 the blood for about Tinety sy

Lao7]
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hours but 50% of the dose 1s gone withm two minutes The bind
mg of digitalis by protemns 1s not clewrly defined

Dr Luisapa Do you think there 15 any action of digitalis on
the smooth muscles of the vessels the blood vessels?

Moperator  Dr Luisada is referning to seseral questions but
particulay to McMichael s work

Dr CueN I am gomg to try to answer this questron more or
less from personal ¢yperience 1n seemg anumals and 1 evpect that
1t would be the same m human subjects When a very large dose
1s given you can demonstrate yasoconstriction as well as a stimn
lating effect on the smooth muscle organs such as the small m
testines and the uterus However m human subjects you never
gne a dose sufficient to produce these effects therefore vou
should not have any physiologieal activities other than the cardo
vascular one

MopEraTOR  This question was brought up because at one
time Mcichael mn particular postulted a venous action of
digitals  He felt that a principle action of the drug was to m
crease venous tone and thus restrict venous return

Dr Lown He w1s usimg digoxn  He based his observation
on the fact that ouabamn increased cardiac output before changg
the venous pressure while with digoin the cardiotonic action was
not immediately apparent but was preceded by changes m ven
tricular end diastolic and venous pressure the latter he thought
primary  He ascribed digitalis effect to ventncular decompression
the same as achteved by phlebotoms Pooling of blood was be
Tieved to occur m splanchme hepatic areas However Paul Wood
mjected thorum mto ammals that were bemng digitalized and
showed there 1s actul contraction of the Liver and spleen immed
ately after digttahs administration so there was so constriction of
the hepatic veins or of the splemic vems Work with catheteniza
tion techmique has defintely disproved these contentions of Mc
Michael We have observed that when rapidly acting preparations
are given mtravenously there 1s a consistent ncrease m bhmi
pressure  However I do not know whether ths 15 the result o
action on vasomotor tone or on the myocardium

Moperator  There 15 some work to show an action of digitalis
on the carotid smus Work was done to delineate the site of the
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sagal wtion of sub theripeutic doses When the cuotid smus
nenve was resected some of the vagal slowing did not occur thas
mdicating 1t least a partin] effect on the carotrd sinus

Ds Lwisaba  From studies i humans both normal and pa
ents mn farlure tntravencus digitrhs medication followed by
Buoroscopic mnd electrokymographte documentation gave us the
impresston that mn the frst few mumutes particularly from the
tenth to the thirhieth minute from the injection there was « de
crease in the amphitude of eardine contractions and we attributed
that to decreased venous return posstbly due to w extra cardiac
action Now if there 15 such 1t 1s probably of secondary impor
tance but 1t might explam some of the very early effects which
are neghgible for practical chmeal purposes

Mopematon  Let me ask the paned, do we thik there 15 any
estra-cardiac action of digitahs that 1s tmportant chnically? Da
we have vy expenimental evidence to suggest there 1s such an
action which 15 sigmficwnt?

Dr Low~ Withenngs conception was that the primary site
of digitahis action was on the hidney A contemporary of lus John
Ferriar was the first to suggest that the essential action was upon
the heart Smce then onentation of climceal attention has been
on the cirdiovaseular apparatus However Gremels m Germany
has reopened the question of the action of the digitalis on the
ladney In the United States Farher Alexander Pellegnno and
Earl ® have shown that if digoun 1s grven to human beings with
non cardrie edema there 1s a shght but defimte druretic achion
Normal persons who accumulate edema after treatment with large
doses of DCA and salt respond to digoxin with a diresis that 1s
qualitatively and quantstatively siilar to that achiered pa
tients with congestive fadure  Since 10 these peaple there. 15 no
significant change 1 renal or cardinascular hemodynammies the
guestion comes up whether there 15 a site of action within the
Judney probably on the renal tubale Prelunsnary obsen atwns
by Rudolph and Barger at Harvard ndicate that when failure
was produced in dogs and small amounts of digitals were gnen
by ctheter mto one renit artery { of digatal
to cause a positty€ motropic effect upon the heart) avery deﬁmte

Farber 5 ] etal Cioudation 4378 1951
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duwresis and sodium outpouring results by the one hidney that
had recenved the digitalis  What role this possible extra cardiac
action of digitalis has in the treatment of the patient with fulure
remauns to be evaluated

Moprrator  Dr Batterman you mentioned a moment ago
that digitoxin 1s more intimately bound to albumin particularly
than are the more rapidly acting substances Is the degree of
binding responsible for the delay in therapeutic action? Is that
why 1t 15 a slower acting form of digitalis?

Dr Barrervian It probably 1s It 1s related to the transpor
tation across cell membranes Perhaps binding with the protems
may delay its penetrating through the cell and also may have some
relationslup to the toxicity Those glycosides which have a more
profound effect on proteins may have a longer persistence of tox
ity

Mobperator Dr Grisolia what 1s the role of calcium m digt
talis metabolism?

Dr GrisoLia  Sometume ago there was a paper m a bio
chemical journal showmng that all the calcium mn the carduac cell
15 1n the mitochondria What the sigmificance of this 1s 1 do not
know

Dr Bing That would indicate that calcrum 1s of primary m
portance m energy production and n the oudative phosphoryla
tion would it not?

Dr GrisoLia I hesitate to draw that conelusion

De Lowx Dr Solomon at the Harvard Biophysical labora
tory 1s demonstrating that calerum 1s located m only one part of
the red cell and that 1s the red cell membrane none 1s present
withm the cell itself

Dr Grisorta So far as I know the red cell has no mito
chondria

Dr Barterman I would Iike to comment m regard to the
utithization of calelum salts 1n a patient that has been digitahzed
There have been many comments made regarding the dangers of
using calerum associated with digitahs because m ammal expert
ments there seems to be some synergism However one of the
classical methods of studving the circulation time 1n mag 1s the
mjection of caleum gluconate 10% and 1t has been used many
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times 1 patients who have been digitalized and there has never
been any fatahty or any mcrease m action of the digitalis or cal
um m such patients, and I think the fear m man has been grossly
evaggerated and 1s primarily based upon ammal experunents

Moperator I thought there was one report of a fatality about
fifteen years ago

Dn Barrenvan  There 1s a question whether that w1s due to
calewm

Mopenator  Is there any thing to suggest that in a person whe
1s fully digitalized and who 1s not dowg wll that gnmg caleum
by vemn or mouth will produce any augmentatian of the digitahs
effect®

Dr Bra¢  In operations on the heart when the rhythn fals
or the heart loses tone and everything else fmls one tries ealerum
chlonide and I must say that duning cardiac operations 1t has been
shown to be quite effectrve in restoring normal rhythm partrcu
larly 10 the digitalized heart

Dr Lows I have seen similar results When the heart be
comes flabby during cardiac surgery or when the heart 1s 1 ven
tricular fibrillation 1 digitahzed or non digitahized patients cal
cum admmistration may restore tone and permut defibrdlation

Moperaton  Dr Bing i your human studhes with coronan
swnus eathetenzation and 1 whom sou measured the gradient m
potassium concentration from artenal blood to coronary sinus
blood did vou study the quanutatne potassium difference be
tween therapeutic dases and tovie doses of digstahs®

Dn Bré We used cedifanid and we only went as high 1s 14
mg. of cedilamd thus we staved well within the therapeutic
range T thwk Dr Lown had some actual evperuments using
coronan sinus techmque with acetv] strophanthidin

Dn Low~  Our wosh has been with dogs and that does not
answer your question It has been found by Hellems and co-
workers * that when acetv! strophanthidin is ad 1 within
a mnnate one can detect a coronary smus tenial potassium gra
drent winch was maxmal withm six mmates and waned 1 tw enty

five mmutes  Converse but larger exchanges of sodium oceurred
symultaneously

S ems B J Cha Incestigation 34915 1925
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MobpEnaTor A nise 1 potassam?

Dr Lows Yes 1rnse mn the potassium n the coronary smus
beyond the merease that occurred n the artenal blood This was
of significant magmtude If I remember correctly 1t was of the
magnitude of one to two milliequivalents

Dn Brae It was very statistically significant

Moperator  So m the dog the admumstration of 4 rapid act
mg digitalis product did cause 1 release of the potassium from the
heart?

D Lown Yes

MopErator  Dr Bing 15 the potassium content of the ntra
cellulr hert muscle the same n 2 fatigued heart muscle as m 1
rested muscle?

Dn Bing  That I cannot imswer The only wy I could answer
1s m 2 faling muscle where 1t 15 Jow but 1n a fatigued muscle I
would not know

Dr Lown Fenn m experiments on shelctal muscle has
shown that 1f a muscle 1s exercised to fatigue cellular potassium
1s depleted  Whether that has any application to the heart has
not been determmed The fathing heart may be an example of 1
fatigued muscle

Moperator  The chemical structure of digitalis closely re
sembles that of a sterord Dr Chen do any of the steroids of the
adrenal gland closely resemble digitalis m either structure or
activity?

Dr CHEN Only the stermd nng 1s common to these sub
stances but there 1s no lactone ring m the adrenal hormones nor
1s there any coupling of OH group at C3 and none of these
adrennl sterords have a hydroxy! group at C14 and so while thev
have 1 structmial resemblance  there 1s no identity at all and
therefore none of the adrenal steroids has any digitahs hike ac
tion
Moveraror Does any product which 1s active as a digtalts
product have to have a hydroxy I radical at Cl4?

Dr Cren Enactly it must huve

Dr Bing Is the gynocomastia which you see sometimes af!e;
digatahs therapy real dircet proof of the steroid like character o
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the digitalis or 1s that 1 secondnry response to the digitalis by the
adrenal®

Dr Batterman I have not seen the gynocomastin

Dr Lowx A few years ago i an article in the Netw England
Journal of Medicine ® gynocomasia was ascnibed to digitalis It
was based on the observation that some patients m congestive
heart failure developed gynocomastia 1nd these patients had nor
mal Iner function studies The gynocomastin was ascribed to
digitalis but 1t could as readily been attributed to any number of
other factors

Mopenritor  Did they perhaps hne cardiac cirrhosis with an
mcrease n cireulating estrogens?

Dr Lowy No they did not have cardiac cirrhosis nor did
they have any apparent impairment 1n Inver function

MoberATOR  You mentioned Dr Bing 2 movement of sodium
and potassium across the cell membrane What 1s the source of
energy for this pumpmg mechamism?

Dr Brnc  That pumping mechamsm which actually occurs n
the recovery phase 15 supposed to be energized by our old friend
ATP which was supposed to be the energy source for everything
unti] it has been toppled off the throne very recently but energy
15 apparentlv not necessary because dinitrophenol and cooling and
other enzyme poisons will not mnterfere with the movement of
1ons

Moperator  Dr Chen what 1s the present US P standard
umit for digtalis? -

Dr CHEV Previously the standard test ammal was the frog
and then the cat Presently the official test ammal 1s the pigeon
Why? Smmply because the different drug firms were buymg up
the cats at such a rate that no university laboratory could com
pete  the price per cat was $4 00 upwards Besides the pigeon
method 15 just as accurate

MobEraTor  In other words 1t 1s just as good and cheaper®

Dr Cueny  Right

Dr Batrervan I would just like to add a comment here

LeWim E B Gynocoma tiz d inng dimtals theripy  Report of erght
addstional cases with liver fanctiom stidies New England | Med 248 318 1953
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Although 1t 15 desirable to have the standardization of any prep
aration especrally as to the impurities there 15 no correlation
climeally between therpeutic effect of digitahs and the USP
umt One unit of digitoun 15 equivalent i therapeutic effect to
four times the therapeutic effect of one unit of digitalis leaf There
1s no correlation between the digitabs gly cosides and standardiza
tion by any U S P method

MoperaTor  In other words that factor which 1s bemng meas
ured by the US P method 1s something quite different than the
action we are scehmg clinically ?

Dr BatTErRvan Right

MoperaTon  If that 1s true I do not believe many physicians
realize 1t

Mopenator Do you believe that a person with severe aortic
msufficiency who 1s still compensated will be kept out of fulure
longer by beng digitahized?

Dr Bartervan  That was Henry Christians pomnt of view
which he brought out some years ago Now 1t seems clear that
decompensation 1s not something static but 15 dynamic A pa
tient may be compensated for 2 certam workload but on over
evertion he may decompensate During these periods of de
compensation certamly digitahs mny be useful The decompensa
tion may occur only durmg brief periods during the day nd m
some patients may occur only at mghttime Digitalis may pro
tect such an mdividunl

Dr Luisapa  This problem apples also to practically every
patient with heart disease but who 1s not in failure For example
a pregnant woman with heart disease or a man with severe hyper
tension (but compensated ) mght benefit from digitahzation

Moperator  Does digitalis pass mto the mothers milk then
to the infant?

Paner MeaBers I do not know

MoperaTor In ammal experiments 1t has been fairly defimtely
shown that when toxe doses of digitalis are given to ammals that
myocardial necrosis may occur  Does 2 smlar esent occur 1n
human bemgs 1f they are heavily over digtahized?

Dr Barremvan  Toue doses have produced endocardil
necrosts and vasculanzation That has been repeated by Rafael
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Gold and Cattell in ammnls with large mtravenous doses but m
man I am unaw are of any pathological evidence of further dwm
age that results from digitalis tovieity and I have never seen any
detenioration of henrt disease or any change m the electrocardio
gram so I doubt 1f any dimages occur with digitalis tonaty with
the usual dosnges stopped at the onset of toxicity

Dr Lown  Thus 1s rather difficult to evaluate In the cardiac
patient we have a whole host of pathological derangements To
selectively differentiate what 1s due to digitahs 1s mn the realm of
conjecture  As to the work 1n ammnls recening large doses of
digitalis and having electrocrdiographic and eventual pathologic
studies the very expeniments are of questionable mert If you
look through the literature you will note that the ammals have
been vomiting they have lost weight etc It 1s very hard to de
termine whether vitamm or nutritional deficiency or electrolyte
derangement are responsible for the lesions I think this question
remams moot

Moberator Dr Chen 1s commercial digitoxin obtamed from
the plant or 15 1t synthetically made?

Dr CHen We obtam it from digitalis purpurea although some
yield (much less) can be obtamed from digitahs lanata I beheve
such a product has been made synthetically Actually the chem
1sts have tried to make 1t but they have not been successful in
economically synthesizing this product It 15 much cheaper to
extract it from the leaves of digitalis  You know m the early days
oh say ten years ago or so there was a fear that digitoxin would
be too expensive but I can tell you ten years ago 1t was 2 httle
better than a thousand dollars for an ounce of digitoxin today
1t 15 not even one fourth of that amount That amount 1 ounce
or 30 gm will make 300000 01 mg tablets Actually the cost
of the tablet 1s m the labor and not n the materal

MoperaTor  Were any of the digitahs glycosides from Toads
ever used climeally?

Dr Cuen Some work was done with Bufagin but 1t 1s not
suttable for clintcal use

MoveraTor  Is there any climcal sigmficance to the fact that

digitalis was once thought to shorten prothrombin tme? Is 1t
true?
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Dn Lown  Actually this has never been confirmed

Mobrrator A patient eighty three years of age with early
cardiac decompensation vomts every time she 1s given digitahs
regrdless of the form or dose

(1) Is there ever an allergy to digitahs?®

(2) Are there occasionally patients who cannot tike digitalis
no matter how small the dose because of nausen vomiting or
arrhythmia?

Dr Batrenman  The allergy of digitalis has only been seen 1
believe m two mstances In both cases the rash was due to digt
talis probably because of the impunities that were present By
changing the manufacturer s type of digitalis both of these pa
tients were able to tike digitahs without any further harm  So
there 1s not any real allergy other than these other two cases

In certan patients with advanced rheumatic heart diserse anv
dosage of digitahis preparation may produce A severe arrhythra
I have seen several patients of this type where the smallest dose
such s 025 mg of digoxmn or 4 fraction of digitonn or a whole
leaf always produced ventricular tachycardin  One patient was
1n a stage of active rheumatic cardibis ind that patient was carried
for a year and A half with mercunal diuretics alone just simply
relieving the signs and svmptoms of heart falure The carditis
finally subsided nd she then begn to respond to digitahs and
took the normal dose without any further arrhy thmias

Now turning to the vomiting one has to ascertain whether 1t
15 a psychie type of vormtmg  In that case one has to gwve the
digitalis 1n some disguised form such s enema or suppository
The fully advanced cardnac patient that cannot take any digrtabis
1s somewhat unusual m the practice of medicine

Dr Lown I have seen patients in whom very small doses of
digatalis would produce arrhythmias  We tried different prepara
tions and they still developed

A Boston phystetan recently called my attention to a patient
who reacts with mtoxication 1if he receives more than 0 25 mg of
digovin every fourth day

I have been skeptical about such reports but I have found

fhat there are patients who are truly sensitive What 1s the reason

for the sensitwity 1 do not know
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Dnr Lusapa I am verv mterested i this observation of Dr
Lowns Idid not know that it would be possible  Actually we
should emphasize that this 1s an extreme exception to the averige
case  Perhaps 2 change m the preparation or 1 change n the dose
or a chinge i the wny of admmistration would take care of the
problem

Dr Town No wehuwe tred everything 1 feel strongly that
certain patents react to very small doses of digitahs and cannot
take the drug I agree that this 1s extremely rare but should be
kept 10 mind

Moperaton  We have very recently seen such 1 patient here
She 15 20 years of age with advanced mutral msufficiency due to
rheumatic fever  One single dose of gitalin 05 mg  puts her into
ventrcular tachy cardin each time 1t 15 admmstered

Moperator  Dr Battermtn I gather from what you have said
m your formal presentation that you beheve that the USP umt
gives no mformation concermng the therapeutic effectiveness of
the drug

Dr Bartenman  That 1s evactly nght There 1s no correln
tion between the USP umt of digitalis leaf or the various gly
cosides and the effect you cin obtamn therapeutically 1n the pa
tient

I would like to gne a concrete example of that When the
Second World War began the source of American digitalis prep
aritions was cut off very drastically because most of the com
panies were importmg digitalis leaf from Englind 1t 15 the Allen
leaf This Allen leaf was more or less stidardized for many years
and every physician was accustomed to use one and a half grains
as representing the onc digitalis umt  Since the source of supply
was cut off other digitalis les es 1n this country were investigated
and an Oregon leaf was found to have a sufficient amount of ac
tive ngredients so that 100 mg was equivalent to one cat umt
when given mitravenously to 1 cat  When used chimeally how
ever this one unit of the Oregon leaf gives twice the effect that
was achieved previously with the one umt of the Enghsh leaf
There 1s no correlation between the digitalis unit for the leaf and

the U S P unit standardization of the glycosides The USP umt
refers only to the quantity necessary to il the test ammal and has
nothmng to do with the therapeutic effectiveness of the drug
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Dn Luisaps  The method of digitalis standardization was de
vised twenty or thirty yewrs 1go At that time there was no way
of producing heart fulure m ammnals This 15 why they all took
as wn end pomnt the death of the heart so that actually the cat
umts and the pigeon umts and the frog unts were all represent
mng elements of tovicity Now there have been n the last twenty
years several methods described on how to produce heart fulure
mn heart lung preparations or m anmals I thunk that 1t 15 time
for 2 revision and to introduce 1 standardized type of heart failure
and see how the digitalis preparation overcomes that failure and
from that basis establish a new umt

Moverator The US P unit of digitahs then has nothing to
do with the practice of medicine?

Dr BaTTEmuaN It 1s merely 2 gwide and help in making the
manufacturer adhere to stindardization i the manufacture of
the drug  Even the pure glvcosides have to adhere to USP
unitage to assure a certam amount of purity but in the long run
when used chnically 1t has to be 1 terms of milligrams or gram
dosages 1nd the unt has no therapeutic significance

Moperator Dr Batterman m your paper you mdicated that
gitalin has 1 wider theripeutic range compared with towc range
than other digitabis preparations In other words jyou beheve
gitahn 15 the drug of choice?

Dn Barrenman  In general all preparations hnve the sune
action upon the heart and upon all the varmbles of what can be
observed objcctively with the possible exception that some have
1 greater vagal component of action and some huve a greater
museulir action component However we use the digitals prepa
rations chmically 1 the restoration of myocardal efficiency nd
then qualitativels all the preparations act alike The only differ
ence bemg that m some glycosides or mn some preparations if
there 1s 1 greater therapeutic ringe then you may have a decrease
1n the amount of toxicity with 1 certun dose but it does not mean
that you will have a greater therapeutic effect It means for that
particular dose toue mamfestations will not occur and then you
may extend the usefulness of the preparation but there has been

no change whatsoever quahtatively i terms of therapeutic effect

Moperator Dr Batterman the margin between theripeutic
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results nd tovic effect 1s greater for gitalin than any product that
you have tested? Is thnt true?

Dn Barsesvan  So far it 1s greater sn gatalin than any pro
duct that T have ted  All the ghcosides have the same thera
peutic ringe

Dr Lown Itis very difficult to mamntam 1 constant chnieal
state and our own experiences indicated 1t 1s extremely difficult to
draw chinical impressions utihzing the control of heart failure as
the end pownt  Ideally the patient should serve 1s lus own control
but the status of the patient changes so marhedly from weel to
week and month to month that 1t 1s erroneous to assume that he
15 1 statie test object

Now 1n regard to the results with gitalin our expernience has
been Iimted  We have found no differences between 1t and any
other drug In lookang over the datn on which Dr Battermans
conclusions are based 1t 15 found that the conclusions are so far
unjustified The first report of Batterman DeGraff and co workers
15 I believe based on forty six ambulatory and 46 bedndden
patients  The vanation n dose of gitalin for toxiaity ranged from
five to 25 mg This 1s a 500% difference Within that they dis
covered a 20% reduction m the therpentic toxic index A 20%
reduction within a 500% range of vanability becomes a pea pod
m 1 large Inke espeeally when one considers that there was a
similarly large vanation m therapeutic dosage

The other pomt 1s this they confirmed therr conclusions
the following study They doubled the dose of gitalin m twenty
seven patients and fovnd that only eleven developed intowcation
Eleven out of twenty seven makes 1 thernpeutic toxic ratio of
roughly 40”7 Thus appears to be a most dubious conclusion ¥ or
if only four patients are switched to the non intovication category
you get the same therapeutic tovic ratio that has been reported
with all the digitalis preparations

1t 1s hard to comprehend why ouibain digoxin digitoxin and
All the other digitahis produets which have been carefully tested
have the same therapeutic tovic ratio as the parent drug itself
but this dersvative does not Now 1t may be that this s so
but T think the expenence represented to date does not validate
the conclusion of a different therapeutic tovic ratio
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Da Batrervian  The studies on gitaln began after 1 publia
tion on the evaluation of 1l cirdiac glycosides which had been
gomng on m our laboratory for about ten to twelie years e
were perturbed vhout the reports in the hteraturce winch mdicated
that a particular glycoside 1s one of chowe for the treatment of
anv phase of heurt fulure We had felt that before that choice
was made thit one should evaluate every preparation and after
twehe yews of eviluating the digitals leaf nd digitoan and
Ianatoside C and digoxin we¢ published the first paper on thera
peutic effectn encss and therapeutic range  We ponted out there
w1s not any difference As soon as that paper was published we
discovered that much to our chagrm we had neglected one digt
tilis preparation floating around under the name of gitalm We
decided to re do the study and see 1if we had the same results
We followed the same procedures that we used for the other
digitahs preparatrons and wathm two months we noticed a differ
ence We were not getting the same therapeutic range either
both m mtial digitalization or m mantenance We were very
much perturbed about this We went on and contmued our
studies and fter four years of eyaluating under different crrcum
stances we always came up with the same conclusion

The reports that Dr Lown mentioned were the sime tvpe of
ptient that we used for the other glvcosides and n some cises
they were the same patients Every tvpe of study which 1s used
classically for the evaluation of theripeutic range myarnbly mdi
cated that gitalin had properties which the other preparabions
did not so therefore we reported on that particular phase That
aroused constderable furor and smce then there have been other
reports mosthy confirmatory There are Wesss and Steigman who
came up with the same conclusion Herrmanns group gave
tentative conclusion of confirmation His method however of
studving the therapeutic range had no counterpart in the Am
ertcan literature because he used two variables he used the
mamtenance dose and he used the mitnil toxie dose and put them
together and obtamed a new ratio and therefore he concluded
that there w s not any difference However when done m the
classical methods Herrmanns data confirms our own The most
important thing whether you believe m the greater therapeutic



Panel Discussion 231

range or not 1s the fact that when 1 patient las a tovic mam
festation from digiton digoxan or any other digatahis preparation
you want to mention we believe that if you gave an equuinalent
dose of gitalm you have a chance of continuing the digitahization
without the recurrence of tosicity  Now 1t does not occur n every
patient but 1t does frequently enough so that it has ts practical
ponts

Moprraton  When you sav toxic you are refernng to such
things as nwser yvomting And not the ewrdine arrhy thinins?

Dr Bartervan 1 am considering every mnifestation of
digitals toviesty  whether it 1s ewrdiac archythmuas whether st 1s
cerebral tovicity or gastromtestmal toxcity or neurologie toxicity

Dr Sooestan T tlink 1t 1 perfectly obvious from the diseus
sion and from the literature as well one could drmk an awful lot
of heer n discussing this problem if you wanted to There might
be a lot of ment i that 1f you bke beer 1 do not know whether
you arc going to settle anything by discussions of this sort at all
It seems to me that there 1s a greater varabihity i the expen
mental ammal than there 15 1n the produet you are trying to denl
with and when that 1s true and that vanability gets so great that
3t 15 of major importance expenimentally as far as the product 15
concerned you are not gong to conclude anythng satisfactonly
as far as the product goes

Dr Lown The pomt that needs to be emphasized time and
time agan 1s that st does not matter which preparation 15 used
as long as common sense and experience guide 1ts usage One
can achieve the same effects with digitalis leaf as one can with
most other agents Therc 1re a few exceptional situations My
own preference has been digoxin the reason bewng 1s that 1 en
counter clectrolyte problems post surgical patients patients with
uremin  The rapid action and rapid cxeretion of digoxin makes
1t the 1deal drug under these aircumstances

What 15 important 15 to master one drug 1 think Wilham
Withening sort of foresaw this problem when he smd  The more
we multiply the forms of medicine the longer we shall be n
ascertaining their proper use and therr real dose  This 1s essen
tually the problem we have now 175 years liter The emphasis
should not be on the vanations m digatalis but rather the van
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ability between patients and m the sme patient under different
cirecumstances  Respect for the patient in his ever stable msta
bility 15 the essence of sound therapeutics

Dr Luisapa 1 would hhke to pomt out that we have made
some progress 1n a sense of removing some of the varibles Now,
the first varnble was that of the plant Even thirty years ago
when we gave an infusion of digitalis we did not know how much
of the active glycoside was m the plant We gave = varable dose
believing 1t was the correct substince

The sccond thing was the manner of preservation The drug
which rapidly deteriorated 1n the hospital now can be mamtamned
at 1 constant effect simply because 1t 1s punified

The third 1s the way of assmuilation  Some of these drugs are
fully absorbed by the stomach some have other absorption Now
we can either give 1t by mouth or we can gre 1t by njection
That 1s a third varmble which we have abolished

Dr Battemvan Dr Lwisad: mentioned something in regard
to the deterioration of digitalis which I would Iithe to comment
upon First of all the deterioration of the crude product 1s exactly
the same as the punfied glycoside If it 15 1n 2 dry state m 1
tablet there 15 no deterioration 1 the life span It 1s only when
1t 15 1 a tincture or when 1t 15 1 an ampoule or when the alkal
from the glass plays 2 role 1 the ouidation of the glycoside that
we have 2 decrease of potency It 1s immatenal whether 1t 15
pure or whether 1t 1s the crude product or whether 1t 15 dry 1t
will mamtain 1ts potency for many many years

MoberaToR Dr Lown 1f a patient 15 m heart failure and
spite of full digitalization remuns decompensated can vou 1n
crense the therapeutic range of digatalis by simultaneously guing
potassium? Smlarly can you merease the therapeutie toxic ratio
by giving potassiam?

Dr Lown Our expertence to date would imndicate and this 15
very prelmmary that potassiam may mhibit the touc effects and
that the doses of potassum with wlich toweity 1s mhibited may
not mterfere with the therapeutic action of digitalis This 15 a
very tentative conclusion However I have had one evpcrlel:lce
of n patient w 1th atnal fibrillation who was chmically  digitahize

fter recenng a veny large dose of potassium  she rapidly de
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veleped decompensation and hnd a ventricular rate of 150 per
minute whereupon we gave her more digitahs  After the potas
sium action was dissipited she exlubnted digstalis mtovication
Mopematon  When you speak of a person bemng mtoxicated
and giving them potassium to get them out of the intoucation
you are sperhing of the cwdio-toue activity®
Dr Low~ T am speaking of eardio toxie actions primarshy
Moogrator Do you give potassium for nauset and vomuting?
Dr Lowy When a patient has nausea and vomotng we
discontinue digitahs or diretic measures [ think that 15 the
simplest and most sound way of treatmg digstalis mtovication It
1« mandatory wander all cwrcumstances except perhaps when vou
are dealing with a rapid acting drug hke digonin where you can
suaply dnsde 1nd space the dosage It must be emphasized that
potassium 1tself may be a powson This 15 especually true m
patients wath advanedd chronic hewt fadure they handle po
tasswum as though they were 10 renal falure  There 1s not much
ta be gamned m jumpwg from the frymg pan of digitalis intouca
tion into the fire of potasstum poisonmg  Hecht and co workers
have shown that patients with heart falure respond to a large
oral dose of potassium with a greater rise m serum potassuun
level and require a much longer tune for wrinary excretion of
this cation compared to normal mdniduals

To summanize Patients who have digrtahs mtoveation de
monstrable by ventricular ectopic beats merely stopping digitals
or dwretic measures will suffice  For the patients who have more
serious dsorders such as ventnenlar tachycardia or adeanced
AV block or appear to be gomg downhill I think 1t 15 advisable
toutilze p The ad: 10m of po will catabyze
the change back to normahty ™

Mopgmaton  How much ss ghen® How would yon gie the
potassum and what product do you use?

Dr Lown  If the patient 15 hospstalized and there are Tespon
sihle mterns who hue time the miravenous route 35 the safest
With contimuous el d phie me g one can stop
the wiuston wmmedately upon the ewhest mamfestation of tox
seaty  When potassium 18 goven orally one 15 committed to that
partscular dose and of 1t 1s too much there s trouble
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Iow much 15 to be used by the mtravenous admimstration?
I think 40 milliequivalents m 500 ce of glucose n water 15 a
proper starting dose It can be given m an hour or two and should
be followed continually with the clectrocardiogram In some
this concentration evokes pun 1t may therefore be diluted to a
1000 cc of glucose and water and given over a shghtly longer
mtenval If one 1s utihzing the oral dosage 5 gm of potassium
chloride serves s an imtinl dose and followed with smaller
amounts at esght hourly intervals  Such therapy 15 to be stopped
after mtoxieation 15 controlled

I think an additional indication for potassium other than m
the presence of established deficit ts perhaps for the type of
patient that Dr Dimond mentioned earhier who becomes toxic
with small amounts of digitalis yet requires it The other mdi
cation 1s mn patients who evperience mercurial digitahzation”
In those paticnts 1t 1s worthwhile to give potassium on the dav
of the diretic to preclude the development of imtoxication

Moberator Do you believe in mercurial digitalization ?

Dr Lown Iwould put it in quotation marks

MoperaTor Do you believe that upon severe diuresis there
15 a mobilization of digitalis and digitalis mtoication may  there
fore result? Or do you think the symptoms are due to potassium
diuresis?

Dn Lown I thmk it s more hkely that the Iatter 1s the erttcal
factor The work of Friedman and co workers 15 pertment 1n this
regard These i estigators studied the edema fluid of exght car
diac patients In four no digitoun was detected though ther
embryonte duckh heart method 1s sensitive to 0 05 microgram per
cc In the four remaming patients they found 20 micrograms per
Iiter of edema fluid hardly enough to account for redigitahization
even after 1 sizeible dwresis Radionctive distnibution studies
reveal negligible amounts of digitalis 1n blood and presumably m
edemn flmd

Dr Battemvan  The chmcal entity of mereased signs and
symptoms which would suggest over digitalization following the
dwrests regardless of whether 1t 15 mercurial or amnophyllin or
even spontaneous has been reported many times It occurs—at
least 1n the expenence that I know—if the patient has been on
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digatabis and an the wvinced cardiace prtients  In such patients
if you stop the digtahs the day m which the diuretic s given this
will be sufficicnt to avoid the so called spontancons redigitaliza
tior  Smce the amount of potassium loss 1 esther case {when
you are gnang digitals or when you do not grve digitalis) would
be approuimately the same following a diurctic 1 behese that the
igrtalis must play an app ble role in the development of these
signs and symptoms

Followmg & diuretic the signs and sy mptoms of digitahs tox
seity can run the gamut The urology manfestations the visual
disturbances the gastromtesting! and arthy thmias can oceur s
multaneoush or indnidually Now Iam not aware—perhaps Dr
Lown will hnow—whether potassium restoration will stop the
other signs and symptoms such as wrologic mamfestations visual
and so forth

Dr Lown Yes we have seen a number of pitients in whom
not only the ectopic premature beats or PAT with bloch res
ponded favoribh to potassum but m some subjectne mam
festations of digitalis overdosage were rehered ns well A number
of patients felt stronger ter potasssum  Weakness 15 a common
sign of digitahs mtoxication as are many neurologie mamfestations
that are not well apprecated

Moberaror Do you think that the populanty a few jears back
of using potassim acid s1lts nstead of ammomum chlonde for
example might have been partually successful m s use becanse
of this potassurm protective action?

1 think Dry published 1 very mee small book on cardiology
some fifteen years ago and m that he mentined the use of potas
sium mitrate as I recll several gramns three tumes a day 15 a
dnretic

Da Low~  Iwould repeat that i patients who eshibgt g
talis mtocation the judicious use of potassim 15 advisable al
ways bemy alert to the hazard of potassiim intoxication

Du Sopeatan  Iwould like to ask Dr Lown a pomt What 1s
the average duly mtake of potassium m our normal dret?

Dr Lown  On the average dady diet there occurs an intake
of roughly 100 mslliequnslents of potassium that 1s the equvalent
of 75 gm of potassium chloride  Potassium 1s such an ubiqutous
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electrolyte that 1t 1s very hard to become deficient of 1t under
normal circumstances

Dr Sopeman What are your therapeutic doses as you usually
give 1t by mouth?

Dr Lown Our therapeutic doses are usually 5 to 10 gm
aday That 1s in addition to the usual dietary mtake

Moperator  What 1s DeCostas formula A good for? It
contuns nitroglycerm gr 1/100 tmcture of digitals 3 mimms
tincture of strophanthus 1 mmm and tincture of belladonna %
mimm

Dr BarrermanN I am fambhar with the product X thmk it 15
a gunshot preparation If a patient has a httle heart pan and he
15 2 hittle but short of breath and has a little stomach ache as many
heart patients do 1nstead of giving them three or four different
kmds of medication this product combmes everything m one and
throws i a httle extra

MoperaTor  Dr Lown you have mentioned several times
during this symposium a test utihzing acetyl strophanthidin - Tell
us the mechanical setup of this how you do 1t and have you had
any fatahties?

Dr Lown Starting with the last question first the answer 1s
yes we hue had one fatality in about thirty five tests that we
have carried out This fatality occurred at the very mception of
our experience

The reason for the test 1s that occastonally one encounters
problem patients m whom 1t 1s hard to tell whether the patient
has too hittle or too much digitalis For example the patient may
exhubit a hizarre arrhythma which may simulate PAT with block
but does not respond to potasstumt This test offers 1n effective
and rapid method for deciding the degree of digitahization  There
are additional exceptional situations which cannot be resolved
except by the biologie titration of the patients digitalis status
Of course we do this all the time by increasmg or decreasing the
digatahs dose Why not then admmuster digitahis while the patient
1s bemg continuously observed electrocardiograplucally while
minute merements are bemg given utilizing a preparation which
1s dissipated very rapidly? In addition our expertence mdicates
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that pronestyl will promptly control toxic mamfestations of acetyl
strophanthidin

Acetyl strophantindin develops ats cffect m about thirty
seconds and reaches peak action within about five to twelve
minutes  Toucity nsually does not Inst longer than thurty minutes
and the effect 15 dissipated within two or three hours We
thereby telescope the whole digitalization process while watching
the patient for the first evidence of tovierty or therapeutic effect
On the basis of this test we decide whether defimtive digitahiza
tion 15 indicated or will prove harmful This 1s roughly the phil
osophy of our approach In a number of mstances this test has
provided information which proved lfe saving to criticallv 1l
patients with 2dvanced heart failure

Dr Sopentan Dr Lown I do not know how many reports
there are on this test 1n the hterature but I know of two reports
one from the East Coast and one from the West the one from the
East Coast saying that the test 1s dangerous and the other from
the West Coast enticizing the test because they felt that you
were not using subjective symptoms enough and that vou werc
paying too much attention to the ERG effects Will you comment
on these two? I suppose you have read them

Dr Low~ Yes Thave We emphasized at the ime when we
first described the test the fact that this an undertalang not devoid
of hazard However proceedmg with small increments smaller
than we had indicated mtially we have had no difficulties in
some twenty five expenences We did encounter touaity because
that 1s one of the objectives you are seehing

1 thunk the western study Dr Sodeman refers to was carmed
out n Portland Oregon by Drs Burgner and Dawid ® and 15
reported m Chnical R h Pr dings They luded that
the test was valuable They suggested that 1if acety] strophan
thidin was admimstered to a it of subjective mamfestations
they would bave a safer test I think they carried out the test on
fourteen patients If memory serves they had one death The
one death occurred 1 a morthund patient  What has to be recog

Burgner P R and David A Acety! strophantludin as 2 test for degree
of dig talization ot 5 nsitwity to digatalis Clin Res Proc 458 1948
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mzed 1s that all digitahs preparations are potentially lethal Ina
study carried out on digown by Dr Batterman Degraff and
Rose t and reported m 1942 they had two deaths In a study
which Dr Lwisada cured out I think he mentioned one or two
deaths In nearly every report testing 2 new digitahs drug there
are some deaths Chnically death due to digitahs 15 more fre
quent than usually recogmzed Lack of recognition 1s in part due
to the absence of clearly defined and distinetive pathologic lesions
The patient who succumbs to digitahs usually 1s not deficent m
orgamie pathology to which death may be ascribed When a drug
15 given intravenously and full effect develops promptly the
ptients death s clearly due to the procedure If however a
drug 1s given whose full effect takes many hours to develop the
underlymng disease rather than the drug 1s held responsible

Dr Barrerman The problem revolves about the reason for
the test As I indicated this morning there are a group of patients
that you are not sure are fully digitalized and whether or not the
doses that the patient 1s takg have an adequate digitahs effect
Vanous schemes have been used m the past to ascertain ths fact
One of the earliest was by one 1n which an mvestigator gave a
dose of cedilanid intravenously and he claimed at that time that
cedilamd was very effective and safe because the majonity of
patients could take that dose without any serious complications

Years before that Pardee pointed out that ouabun has to be
used with extreme caution m patients who have taken digitahs
by mouth or who have had anv dose of digitahs T believe that
the rule still holds that 1if a patient has any dose of digitahs 1t 1s
extremely dangerous to give an mtravenous preparation even
though 1t 1s very rapidly elimmated because the effects that you
achieve 1 terms of an arrhythmia may be very profound and you
can never predict 1t when vou give that dose Smice this particular
test 15 based primanly to determme whether the patient 1 fully
digitalized 1t may be safer to use oral preparations which wall
give you the same endpoint much slower and safer

Now we have had I would say many deaths m using for ex
ample cedilamd 1n patients with advanced heart disease just by

{Rose O A Batterman R C and Degraf A C  Chmcal studies on

Digown a punfied digitalis glycoside Am Heart ] 24435 1942
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a single njection of 025 mg travenously The same thing was
reported with ourbun using 01 mg I think the same principle
holds we should not use an intravenous preparation when a
patient has had any digitalis no matter how madequate 1t was
before

Moperator  Dr Lown although you do carefully observe
the patient and you do watch the toxc effects and the desired
therapeutic response with your procedure you are really pamanly
digitalizing to ERG change are you not? Whether 1t 1s an
arrhythmia or something else your most common end pont 1s an
electrocardiographic alteration?

Dr Lown Both electrocardiographic and subjective mant
festations of the patient are observed Before proceeding with
your questton Dr Dmmond I would just like to touch on the
pomt raised by Dr Batterman I think it 1s a good pomt and needs
reemphasis Generally there 1s no justification for utihizing mtra
venous digitalis when you can achieve the same result by the
oral route Young and enthusiastic physicians at times lhike to
expedite the process of digitahization by giving mtravenous med1
cation there 1s expedition the patient 1s expedited out of this
world The pomt 1s that rapd digitahs admimstration ntra
venously 15 fraught with grave hazard wurespective of the type of
digitalis employed

Now to return to your question Dr Dimond It 15 mportant
to decide whether the patient 1s or 1s not intoucated 1s or 1s not
on an adequate mamtenance We utihize acetyl strophanthidmn
when other methods cannot resolse these problems For example
a patient comes m with advanced congestive heart failure and
has multt focal ventricular premature beats with nausea and
vomiting an enlarged liver and has been off and on multiple
digitalts preparations running the gamut from digitoxm to gitalin
and at the time the patient 1s seen 1t 1s uncertamn whether the
patient 1s or 1s not digitahzed At this pomt we have oc
casionally utihzed acetyl strophantludin with ver, good results
We start out with very small mcrements given at five or ten
minute mtervals In a number of instances the climecal mpression
was contradicted and the patient recovered from decompensation
by utihzing large amounts of digatalss when all judgment mmdicated
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the patient was m digitalis intovication  Comversely we have had
patients with rapid heut action with rates of 190 where the
chimcian m charge said we have got to gve digitalis I these
patients the tolerance test indicated that the patient was already
severely ntoxicated  After minute amounts of acetyl strophan
thidin bigemmy or ventncular tachycardit emerged The ar
rhy thmias were controlled with pronesty]l Thercafter potassium
was given with very good results  Unrecognized mtovication was
thus uncovered

The acety] strophanthidin tolerance test has a plice 1f utihzed
by a responsible physteian who watches continuously for the
earliest mamfestations of toxicity One of the importint mam
festations of acetyl strophanthidin mtovication 15 change in the
contour of the P wwe Such a change in the contour of the P
wave when associated even with the shightest acceleration of rate
may denote severe mntosication and proximity to serious nrrh) th
ma

Mopenrator  What are the dosage rates that you have been
working with in this product and what are these small mcrements
to which vou are referring?

Dn Lown We would start 1 patient such as I have described
who 1s having mult: foc 1l ventricular premature beats with 0075
to 015 mg of acetyl strophanthidin The digitahizing dose ranges
from 12 to 18 mg 0075 nulligrams are grven at five mmute
mtervals In a patient m whom 1t seems Iikely that he did not have
any digitahs or at least 1n msufficient amount we will start with
015t0 03 mg assummg than an ampoule contains 0 6 mg

There 15 one other mdication for the use of acetyl strophan
thidin other than the tolerance test When a patient presents
Tumself with a supras entricular tachy cardia that 1s not responding
to carotid sinus stumulation and other vagal maneuvers (and st
1s mandatory that these be tried first) one may use acety] stro
phmnthidin - The arthythmia may be controlled withm several
mmutes  If large amounts of digitahs are required the prtient
15 not Ieft with prolonged mtoucation

Di BarrenmaN  That 15 1 different problem That has
nothmg to do w 1th the previous digitalization That uses the
ogrcal effect of digitalis preparation on the auncular

harmacol
snuscle stself and 1t 1s a different ndication
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Dr Lown  Would you agree to this that acetyl strophan
thidin may be a good drug m such a situation?

Dr Barremnvan  Yes Ido

Mopgraton  What 15 the climcal usefulness of urginin?

Dr Barremvuay T have used urginm extensively both the
marttima 1nd the indica and there 1 no difference m the achon
of exther one nor n 1ts differences qualititnvely from digitabs leaf
dhgrtown or the other usunl glycosides

\loperator  Classseally st 1s said in the older hteratore that
wrgimm s one of the products which voun ¢ give when other
products cannot be tolerated by the patient

Dnr Barrervan It s not 50 these drugs have the same
problems

Moperaton  Are there not references as far back as fifteen
years ago by Dr John Sampson of S Frincisco reporting that
certain arrhythmias were amelelorated by potassium?®

Dr Lown Dr Sampson mdicated s 1832 that potassmam
can abolish ectopic premature beats wrespective of cause In
1943 Sampson$ and co workers pubbshed mmother paper m
which they specifically emphasized the eflects eness of potassium
1n abolishung ventricultr ectopie beats due to digitahs  In 1950
Enselberg and co workers agam re emphasized that potassium
as well as magnessum § will tbolish ventricular ectopic beats

MoveraTon  Dr Batterman I understand that gitahn s an
amorphous substance and 10 or 207 of st 15 diptoan  What 15
the charcter of the remamder of the residue®

Dr Bartervan  No one knows

Movenaton Do they know or 1s at that they just are not
tallang?

Sampsan J 1 and Anderson E M Treatment of certam candac arthy
thimas with potassum salts A M A 99 2257 1932

tSampsen ] } and Alberton E € and Rondo B Effect on man of

potasswm admunsstsation 10 relatson to digitalis glycosides  with specaal yeference

to blood serum potes wm electrocard agram and ectopic beats Am [t ] 26
164 1948

3 Enselberg © D Smnons H G and Mtz A A Effects of potassom
upon the heart with specua vefesence to possibility of treatment of touc arthy
thnias due W diptolis Am fleart J 39 713 1950

§Enselherg € D Sunmons H G and Mintz A A Effects of magnesura
upon cardiac arrhythmias Am Heart ] 39703 1950
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Dr Barrervan  No one knows When you take the leaf
the dried state and extract 1t by either of twa solvents alcohol or
water 1n one case you have a tincture and the other vou have an
mnfusion Even the tincture will have a carry over of an agueous
preparation because no menns of extraction 1s that exact Even
digitoun has gitalin or gitalin fractions n sts manufacture Col
umn chromotography studies of gitalin resulted n twelve fractions
being 1dentified One of them was digoxin another was gitouin
and ten were an amorphous mrxture of all types of materals

MoperaToR  What do you mean when you say an amorphous
mixture of All types of matenals ?

Dr Barrervan  No one was able to crystallize 1t no one
knows the chemical structure of 1t except that each fraction when
separated and when njected into ammals has a profound digitalis
Iike effect We have taken the ten remaming fractions and re
moved six of the most potent We know that digitoun was
removed and also gitoxin  We treated a sertes of patients with
this purified extract ind we had exactly the same results namely
of an mcreased range of therapeutic effect the same as with the
mmpure extract The only difference was mstead of 05 mg per
dose it was 03 mg but the same ratio held So whatever frac
tion 1s responsible 1 have not the shghtest 1dea No one knows
what the chemical nature 15 I understand that there are labora
tories now at work on this and recent correspondence I have seen
has indicated that they may be crystallizing a punfied form of
glycoside

MopEnATOR  Are the products of gitalm now on the market
of standard constancy® Can we be certam of ther naturc?

Dr Batrerman I had an aqueous extract prepared by four
different companies assurmng that I was then able to hme a
difference m potency but amazingly every lot regardless of
manufacture gave the same results and they are mterchangeable
1n the patient and the patient from the point of view of biological
variations 1s unable to distingwish each Iot So far as that goes

thev are equuvalent but what 15 1n the mixture nobody hnows

Moperator Dr Sodeman should digitalis be used if heart
fatlure 15 due to rcute rtheumatic carditis?

Dr SopeEvAN My answer to that 15 yes it should be used
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The problem m 1ts use I think 1s 2 Lttle more difficult than m
the usual crrcumstance  In the first place when one uses 1t under
these circumstances the benefits one gets are not as great for
reasons which I do not understand The possibility of reaching
toxicity 1s greater and one has to be more concerned about dosage
and m watchmg the patient from dny to day but I do believe
generally speaking that 1t 15 worthwhile to use digitalis m this
circumstance I know there are people who do not beheve that
1t ought to be used at all

MoperaTor  Very well let us leave the question of acute
carditis and take up some general questions

Is the total digitalizing dose related to body weight?

Dr BatrermaN No

Dr Lown No

MoberaTor This 1s a rather mmportant pomnt to make because
many rules for digatalis dosage have used body size as the basic
mdex

For mfants such weight rules are probably more applicable

Dr Barterman My expertence m pediatric patients of
course 15 hmited but 1t has been my feeling that we overempha
size the size of a child  As a matter of fact they take a much
larger dose they tolerate a much larger dose than one would
anticipate I have seen children with rheumatic carditis who
surprisingly enough took an adult dose and did very well while
1f we went on the basis of so many milligrams and so many umts
per 10 pounds body weight they would be under digitalized

1 think the problem n pediatric practice 1s the same as m the
adult that 15 you give your digitahs until you get the desired
effect regardless of size of the patient or unless tovicity oceurs

Dr Low~ Dr Alexander Davis of the Children s Hospital m
Boston has carefully worked out this problem and s results are
very mterestmg He finds that if he divides hus pediatric patients
at the age of two he notes that above the age of two the re
quirements are nearly adult i predictabihty In terms of weight
he uses weight or surface area  But under the age of two he finds
that per pound of body weight they require about nearly twice as
much of the drug
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MoberaTor Is there any relationship between the cuppmg
and RST segments and therapeutic digitalization?

Dr Barrerman  There 1s 1 very rough relationship  The dose
of digitoxin that will produce cuppmg 1s about one third the
therapeutic dose that 15 the average therapeutic dose that 1
required 1n 1 series of patients When we compare the varous
digitalis preparations that are av-ulable there 1s no correllation
between the ST and T wave changes and the dosages Some
prepuations have profound effects and others have no action
whatsoever Even with digitalis leaf or with digitoun 1 a serles
of patients the chances of getting sigmificant ST nd T wave
changes are no greater than 507 There 15 no correlation with
therapeutic mdex  There 1s nothing i the ST and T wave whirh
mdicates tovieity It 15 an entirely different action and may have
no relationship whatsoever to the chnical manifestations of tox
1city either subjectively or i the development of premature
systoles or arrhythmia

Dr Lown I agree completely with Dr Batterman about the
reltionship between digitalis ntovication and  electrocardio
graphic signmificance of ST and T wave changes There 1s too much
rehiance placed on the electrocardiogram as a determm-nt of how
much digitahs the patient has recened This 1s 1 factor m pro
moting digitalis mtoxication The patient comes mto the hospital
and the doctor s1ys  Lets take an electrocardiogram and see
whether the patient has had digitahs  Calvin Kay 1 a review
of digitalis m  recent Circulation put 1t this w1y (to paraphrase
roughly) The fallactes of chmical judgment and of the patients
memory are better avorded by means of a telephone call than by
means of an electrocardiogram I thmk this 1s 2n apt statement
ST and T wave changes do not give you amv conception of
whether the patient has or has not had digitalis  Frequently the
so called digitahs pattern 15 sunultted by left ventricular hyper
trophy ™y ocardial 1schemma  electrolyte derangements and At
times digitalis mtoxication may evist m the absence of all STT
wave changes

MoperaTor  We will close this panel discussion  You have
covered an amazng amount of material and a rest has been earned

by all
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