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A3SSAY OF CARDIOTONIC DRUGS
BY A CHICK EMBRYO METHOD

INTRODUCTION

Digitalis~like substances are a group of naturally ou:mrri_ng chemical
eampounds having a eardisc action. They may bs divided into four main
classes, two from the plant kingdom, glyvosides and the Erythrophlosum
alkaloids, and twe from the animal kingdom, Bufagin and Bufotoxin. To

- date, investigations have been conducted on some sixty-two compounds
from the four groups. The following discussion will be limited to the
official digitalis a.nd to the glycosides derived Irom it. The tem
glycoside may be defined as a conjugation product of sugar and aglycone
(a non-sugar parl’.).l The variocus digitalis glycosides are qualitatively
alike but quantitatively different in their pharmacological actiom.
Digitalis (foxglove, digitalis folium F.l., folk's glove, ladies®
glove, dead men's bell, purple foxglove) as defined by the United States
Pharmacopoea is "the dried leaf of digitalis pupures Limne {family
Semphnlarhu.).-“z The plant itself is a ®biennial pubescent herb whose
first years aerial growth consists of a r;ansotte of ovate oblong leaves.
Daring the second year a hoary stem shoots up which rises to the height of
1 to 1.5 meters, bearing alternate, ovate lanceclate to ovate cblong pubes—
cent leaves and terminal racemes of purple, rarely white, tubular campanulate
flowers that are spotted within. The corolla is 4L to S em. in ].mgt.h."3
The plant is naturalised im North America and grows extensively,
both wild and cultivated, in the United States.

Pirst or second year leaves are githered just before the expansion
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of the flowers and are carefully dried since they are not legally per—
aitted to contain more than 6% moisture., Storage or trangportation of
digitalis in any form must be in water-proof and air-tight containers
protected from light,

An intersating side light concerning the fresh green leaves is the
Baljet reaction, in which cells containing the glycosides are identified
by treating a mounted section with sodium pierate reagent {a mixture of
one drop of one psrcent pieric acid with one drop of ten percent sodiun
hydroxide). The glycoside containing cells are colored orangs within
one to two mimt.os.h This same reaction forms the basis for a proposed
colorimetric assay for the potency of digitalis,

The United States Pharmacoposa requires that "the potency of digitalis
shall be such that, when assayed as directed, 0.1 gm shall be equivalent to
not leas than 1.0 ¥.3.P. unit. One U,3,P. digitalis unit represents the
potency of 0.1 gm of the U.S..P. Reference Standard digitalia."s

This standard digitalls is prepared under the supervision of the
Conmittes of Revision and distributed through the Office of the Chairman
by the anthority of the Board of Trustees of the United States Pharma-
copoeal Convention. The permsnent Commlission on Biological Standardization
has adopted a standard expresasing potency in terms of unita, and the ¥,S.P.
Reference Standard is analogous to that defined by the league of MHationa
Comniasion.é Reference Standard digitalis obtained from the Comnittee of
Revision is powdered digitalis in sealed, hard, amber colored glass ampuls.
It is prepared as needed by U. S. P. direction:

' Weigh the contentz of one ampul of digitalis
Reference Standard to the nearest milligram,

either in the original ampul or in a weighing
battle, and tranafer te a dry, hard glass,
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2lass~-storpered contalner of gt least 50 co.
capacity. Complete the weighing within §
minutes after opening the ampul., Add suf-
ficient senstrwem consisting of 4 parts of
alcohol, by volume, and 1 part distillead
vater, by volume, so that the total volume
of menstruum added corresponds to 1 ec. for
sach Cr. of powder. Insert the stopper, the
upper third of which is greased lightly «ith
petrolatum. Shake the mixture for 2,%2
hours at 25°C., *5° by mechanical means which
contirmously brings the solld material inte
frosh contact with the liquld phase. Immedi-
ately thersafter, centrifuge the mixture and
decant into a dry, hard glass bottle having a
tight elosures, and preserve under refrigeration
witil) ovsed., Do not u,o for assay after a period
of more than 30 da

Powdared digitalis as definad by the U.S.P. 1s "digitalis dried
at a temperature not exceeding 60°¢. and reduced to a fine powder. The
poteancy of powdared digitalis shall be such that when assayed as directed
0.1 gn. shall de equivalent to 1, U.S.P. digitalis tmit..'a
Tincture of digitalis 12 prepared by U.S.F. directlion:
Digitalis fine powder 1CGO gms,
To make about 1000 cc.

The drug is mixed with a sulficlent quantity of

& menstyuvuns conslsting of a mixture of 4 volumsa

of slcohol and 1 voluwe of wmater to render it

svenly and distinctly damp. Allow it to stand

for 15 mlmtes, transfer it tc a suitable percolator
and pack the drug firgly. Four on snough of the
prescribed menstrumm to saturate the drug, cover

the top of ithe percelator and when the liquid is
about to drip from the percolator, elose the lower
orifice and allow the pereclation to proceed slowly,
{1 cec. of percolate per ximite), gradually adding
sufficlient menstruum Lo produce 1000 cc. of tincture
and edx thoroughly. The U.S.Fe further directs

that the potency of tincture of digitalls be such
that, when assayed as directeld, 1 eac. of the tigﬁmro
shall be equivalent to 1 U.5.P. digitalis unit,

Another official preparation of digitalis which merits econsideration
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is infusion of digitalis since it is preferred to the tincture or powdered
leaf in various parts of the world. It is prepared according to The

10
Natlional Formmlary Eighth Edition 19463

Powdered digitalis 15 gms.
dlcohol 100 cc.
Cinnamon Spi.fit S cec.

Distilled water, a
sufficient quantity to make 1000 ce.

Pour 900 ec. of bolling distilled water upon the
powdered digitalis in a sultable vessel, cover
tightly, and infuse 1 hour in a wara place. Then
add the alechol in which the Spirit of Cinnamon

has been dissolved: filter and pass enough distil-
led water through the residue on the filter to make
the product measure 1000 cc.

CAUTION: Only the U.S.P. XIII powdered digitalis
is to be used in this preparation, and the infusion
must not be dispensed unless freshly prepared.

The description of digitalis, and its preparation, was quoted directly
from ths U. S. Po X111 and Hational Formmlary Eighth Edition because these
books constitute a legal standard and the preparations are those commonly
used in medical practice,

Although digitalis was used and misused for hundreds of years for a
remarkable assortment of internal and external ailments, it was not until
1785 that a comprehensive record of its botanical identity and therapeutic
value in the treatment of dropsy was made., A treatise, published by
William Withering , a physician and botanist of Birmingham, England,
removed digitalis from the list of secret nostrums. In spite of, or

because of Withering's acute and logical recommendations, it was again
used and misused for another hundred years, but this time by a more
11

competent group of practitloners.
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PHAEMACOLOGY

As a result of investigations during the early part of the twentieth
century by Cushny and others, the major action of digitalis was properly
understood to be upon the myocardium, At that time it was considered a
specific in the treatment of auricular 1'1.I:>x':£1].a.t,1cm;.A Twonty more years
wers required to establish its unique importance in the therapy of
congestive heart fallure. Patients with this pathology are usually forced
to depsnd upon the action of digitalis for the remainder of their lives,

It may be given orally or rectally in any of the forms already
described, There is only a partial absorption of digitalis through the
gastro-intestinal tract, which varies between individuals, It may produce
a gastric irritation due to & local irritant action, On the averagse, a
therapeutic dose will be esbsorbed within two hours, and full cardiase
effects may be manifest within six lmura,l2 Rapid digitalization may be
accomplished by the intravenous injection of an isclated and purified
glycoside obtained from digitalis, This technigue is usually reserved for
emsrgencies where time 1s a vital factor, but therapeutie results are
obtained in five to fifteen minutes,

Digitalis 1s distributed rather uniformly in the body after its
absorption, Bulky organs obvicusly take up the major share -of a given
dose, There does ﬁot appear to be any umusual concentration in the heart,n

The fate of the drug in the body 1s unknown with the exception of a

small fraction that is eliminated unchanged by the bilse and urine.
Destruction or sxcretion is slow, and repeated therapeutic dosage results
in a cumilative action. Avoldance of this condition requires a competent
determination of the proper maintenance dose, based on the patient's
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response. The rete of desstruction or excretion is apparently dependent
upon the total asount of the drug present in the dbody at any given tine,
Small suounts are destroyed or eeretsd slowly, while larger amounts
themselves accslerste the spesd of Lhsir destruction. Beyond the meximum
rete, greater nsvunts of the drug extend the therapsutic effects to taxie
proportim.u & single tharupeutic doss of dialz:};ismm ite
effect on the heart $in from two days Lo two weeks,

The phsmoﬂﬁlenl action of digitalls resides prlmrily in ite
nyooardisl effect. Other acticns may be midcm segondary or
relatively wnlsportant. Digitalls acts directly on the surdiac muscle Lo
wmw«ormmmmwmtmmmmmm
capasity of the heart is still present. Evidencs for the speeificity cf
digitalis 1is wall established with reports by Cattell end Gold, Tohn and
Stewart, among the more recent investigmtors. Alterution in gardias
activity follows ths initial change in logical seguence. Increased
systollie contraction, while occupying less tims in the cyctle, ssptlies the
vantriclos more ecmpletely, increases the absolute refractory period of
the heart suwscle snd allows a more coxpletsa vonous return, foart size s
mmuqmmm,mmmmtmunwmmm
Beurogenic coatrol of ths heart becoass less Lmportard and for practical
purposes sympathetic effects cense to be demonstrated, In s noresl bheart,
the sino-aurisular node, and consequartiy its rate of discharpe, may bocooe
depressed with a full therspeutie dome of digitalis, tut slowing of cone
duction tine btwoen the auricle and wventricle, due to & depressicn of the
bundls of Iils, alwmys eee:ars.19 larked alowing of conductica tics renders
the fndividual cardlac fibres less responsive to neurcgenic atizulstion ard,
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if carried to extreme, kills them,

What influence the vagus has upon heart rate after digitalis ad=-
ministraticn is a matter for controversy. The drug may stimulate the
medullary nuclei directly, or it may stimlate the carotid body and
decreass the heart rate by reflex acl:.ion.zo Animal experimentation
shows that slowing of the digitalized heart occurs neither after bilat-
eral vagotomy nor after the administration of atropine. However, in
man atropine has no effect on the rate after digitalization, and many
authorities agree that wvagal factors are of minor importance in determin~
ing heart rate. °

Blood pressure in man is not affected by digitalis although it has
a direct constrictor action on the smooth muscle of blood vessels, in
addition to a alight central vasomotor stimulation. Laboratory animale,
in contrast, exhibit an elevation. Digitalis ecausea both constriction
and dilation in different capillary beds with the nat effect, an increase
in bleod prcaanre.a

The pharmaceloglical action of digitalis 4s utilized in the treatment
of congestive heart faillure. This pathological condition, in brief, ia
2 lessening of the systolie power of the heart. The velocity of bdlood
circulation slows, venous stasis takes place, and all the tissues of the
body including the heart suffer from anoxia, lack of food, and an ac~
cumalation of metabolic waste products. The failure of muscular power
may affect any single cavity or the whole heart. The reserve power of the

myocardium is rapidly or slowly diminishad. This reserve may be estimated

by determining the amount of exertion regquired to produce symptoms of
cardiac insufficlency, or by the relief of symptoms after digltalis
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therapy. A failing heart 1s the key factor in a viciocus cirecle., It
attempts to compensate for the deficliency by increasing its rate, but this
results in decreased eutput, increased venous pressure and venous atasil.zz

Digitalis increases the force of contraction of failing hearts. The
wventricles empty more campletely and an increased venous return can be
accommodated with a lowering of vencus pressure., The compensatory tachy-
‘cardia may be relieved although elinical improvement can occur without any
alteration in rate. Impulses, in spite of slower conduction time from the
si.no—aur:lcuhf node, still get through to the ventriecle, and a normal rate
is reestabllahed.

Secondary to the improvement in cardiac and cireculatory functions,
accompanying oedema is relieved by increased diuresis {no diuresis occurs
if oedema is not present).

An extension of the action of digitalis gives toxic and lethal results.
The mechanism by which this is accomplished is the same as that producing
beneficial effects. Any digitalis preparation that fails to produce toxie
symptoms 1s likewlse devoid of therapeutie a.ct.ion.D This is the basis for
all blological assays to determine the potency of the drug.

The first symptoms of everdosage--anorexis, nausea and vomliting-—
ordinarily occur within a day or two after reaching a toxic concentration
during therapy. Vomiting is mediated through a direct stimmlation of the
medullary center, or by reflex impulses from the heart carrisd by the
phranic nerve. This sequence of events does not always occur, however, and
may be partly or entirely lacking in some patients. Extrasystoles are the
most frequent danger signal. The source is in the suricle or ventricle
becauss of an increased irritability of the myocardium. In turn, an ac-

celeration of heart rate cccurs, followed by a progressive decrease.
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Lengthened conduction time and depression of the sino-auricular node results
in dropped beats, then in complete auriculoventricular disassociation. After
the complete block eccurs, t& auricles and ventricles may continue pulsations
until the advent of fibrillation. Ventricular fibrillation is the most
comnon cause of death due to dlgl‘balil-”

Treatment in any suspected or proved case of digitalis poisoning is
chiefly by mechanical removal of any unabsorbed drug and by the proper
maintenance of diuresis. HNothing ean be done to prevent or alleviate the
progressive heart action. Althoﬁgh digitalis can be mashed out of an ex-
cised heart with a resumption of normal activity, it is apparently not
feasible to give the enormous amounts of fluld necessary to accomplish this
in the intact body?‘
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CHEMISTRY

The chemistry of the digitalis glycosides, as well as those of related
drugs, proved to be a major stumbling block until recently, Claims and
counterclaims of the 1isclation of warious pure glyeosides confused the
issue even further, Complete synthesis of the cardiotonic principles is
still impossible but the isolation and separation of the warious ecomponents
of digitalls has been accomplished, A single glycoside with all the
pharmacological effects of digitalis is now commercially available,

An alecoholic extract of the whole leaf contains about one percent of
the glycosldes of digitalia in nearly equal propertions. Such an extraect
consists of the menstruum, the glycosides Gitalin, Digitexin, Digitalin,
Gitoxin, the saponins Digltonin, Digitsaponin, and Gitin, a volatile oil
containing Digitalosmin, tannin, an irritant resin (Digitalic acid), &
yellow ecoloring substance termed Luteolin and various enzymes. The chemical
structures of all the glycosides of digitalls are similar., It hes been
shown that glycosides vary guantitatively in pharmacological action, but
singe Digitoxin 1s the most powerful and, consequently, the only one now
commereially available, this discussion will be 1imited to that of Digitoxin.

The basic molecule consists of a methyl

cyclopentanoperhydrophenanthrene nucleus with
an attached lactone ring. Methyl groups are

present at C-10 and C-13 (see Figure l).
diqifoxose There is a hydroxy group at C~14 with oxygen
9 A
J:‘jifoxosc at C~3 to which 1s attached a side chain
diait composed of three carbohydrats groups of 2,6
lgl oxosei 25 :
Figw'e 1. desoxyhexose. Enzyms action or acid
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hydrolysis causes cleavage at this point, yielding three carbohydrate
groups (Digitoxose) and the aglycone Digitoxigenin.

Investigations to determine what portions of the entire molecule
are necossary have yielded interesting resm].tas.l26 Both the lactone ring
and the double bond in the ring are indispensable for cardiac action.
Either hydrogen saturation or saponification of this portion of ths mole-
cule results in a complets loss of activity. The hydroxyl group on C-14
and a spatlial configuration in which the cis form of rings I and IX exist
are also vital., The sugar portion of the molecule, while having no ecardiae
action in itself, i3 apparently sspable of influencing the potency of the
glycoside, It 15 believed that this is accomplished by control of water
solubility, cell penetrability, and persistence of cardiac action, The
sugay groups are not essential.

Some success has bsen moted in the preparation of synthetic compounds
by substitution on C-3 of various monosaecharides, singly or in eombination,
In the case of digitoxin, the substitution of a monocside ylelds a product

" {B=d glycoside) which is nearly twice as active as Digitoxin. Since
Digitoxin possesses one thousand times the activity of digitalis and since
it is administered in milligram dosea, it is unlikely that further reduction
in therapeutic doses would be desircabla.zs
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BIOLOGICAL ASSAY

Extreme varistion of potency in samples of digitalis grown in various
localities, as well as its extensive use in a serious condition, necessitated
the establishment of a standard by which all preparations of digitalis could
be measured and adjusted to a uniform value. In 1902 Focke, a Cerman
physician, introduced in a resume a frog method suitable for the biological
assay of digitalis uhich resulted in countless invaatigationaf; The major
efforts of early workers wers directed upon the amphiblan heart, with attention
directed toward msthods of imtroducing the drug to the heart, toward length
of time for resulis, and toward end points, By sheer foree of scoumulated
data, even though conflicting, the United States Pharmacoposal Eevislion
Committee accepted, in 1916, a ons hour frog method based on work by Cushny.
This method was finally abandoned in favor of a eat assay in 1942.

Many workers have attempted to establish assays, utilizing as test

objects, primates, amphibians, bony fish, seedlings ef lupus albus, and
even the lowly mecim.zq The chief difficulty has been in transferring
results obtained by any of the methods into a true measure of therapeutie
potency for man.

A direct approach to the problem by Cattell and fellow workers produced
the most accurate assay to datc.Bo Calibrations are made of the responseas
of suitable sensitive cardiac patients in which a twenty-five percent dif-
ference in the dosage of Reference Standard Digitalias ecan be distinguished
by changes in the T wave of an electrocardiogram. In an assay, a tracing
is taken and a dose of Reference Standard Digitalis is given; then a second
tracing is taken twenty-four hours later to determine the effect on the T
wave. A month i1s allowed to elapse for complete elimination of the digit.alia »
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and then the performance is repeated with a twenty-five percent larger
dose of the Reference Standard. The unknown 1s then tested in the same
manner on the same patient with doses that produce comparable effects.
Blind comparison of the electrocardiograms from six or more patients so
treated determines the potency of the unknown. However accurate, the
method is self-limited to institutions where patients can be selected.
It 1s very slow and expensive.

The intreduction of purified digitoxin by industry, and its acceptance
by the U, S. F. XIII 1s assuredly a step ahead. It is completely absorbed
by the gastro-intestinal tract. Although the potency is cehecked by bio-
logical assay and by colorimetriec methods, it 1s prescribed by a definite
night.BI

32 33 34

Several methods of chemical assay have been proposed. The
Baljet resction, with modificstions, is used for a colorimetric comparison
of standard and unknown preparations, but no method has been accurate enough
to varrant its use except in the potency determinstion of the purified

glycoside.

The one hour frog method depended upon the fact that digitalis in
toxiec amounts produces a systolic standstill in the ventricle of amphibians .35
This was chosen as a suitable eand point since it occurs within a reasonable
time and is unmistakable. The Reference Standard is prepared, as previously
deacribed; then evaporated to one-half the volumes on a steam bath, It is
then restored to the original volume by the addition of distilled water,

This reduces the alcoholic content of the preparation to twenty-five percent

which is suitable for injection. Healthy animals of the species Rana piplens

Schreber between fifteen and thirty-five grams in weight are stored for
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sixteen to twenty-four hours prior to the assay at a temperasturs of 20°¢C. T1°,
An hour before the assay, urine 1is c:qxroand_fm sach frog, and its weight
is determined within .5 ga. At least twenty-five frogs are used in each

of two series, one for the Reference Standard and eone for the unknown
digitalis preparation. The unknown preparation is also treated so that it
contains no more than twentyOfive percent aleohol. Digitalis, in identical
amounts to the gram weight of the frog, is injected into the ventral lymph
sac of the first frog in a series, Injection is done by means of a syrings
calibrated to ,0l1 ec. The first animal is then replaced in the constant
temperature bath, and the succeeding frogs are injected at two minute
intervals. Exmctly 58 mimutes later, the first animal of a series is pithed,
the skin of the abdomen slit to expose the heart and to determine the
presence of any unabsorbed digitalils (in which ease the animal is rejected),
and the reading is made. 4 record is made of each frog, indicating "beatn
or “systolic standstill”., The two mimute interval between animals allowa
time for the operative and reading procedure so that each animal 1s observed
exactly 60 minutes after injectlon.

In a given dose range, all or none of the frogs may show systolic stand-
still. In either esvent, the assay 1s repeated with dose modifications until
not less than twenty-five and not more than ssventy-five percent of the frogs
in a series receiving the same dose show aystolic standstill. Usually,
completion of an assay results in several series of the Reference Standard
and the unknown. The frogs in the smallest dose demonstrate systolic stand-
still. Gradations exist between the two sxtremes. Adjustment of the dose
of the unknown 1s made until it correspomis as closely as posaible to
results obtained from ths Reference Standard. ~Calculation is made by the
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following formulas:

Doas of Standard Percent strength of
Dose of Sample % 00 = the Reference Standard
Percent strength of sample Total amount Final
in relation to Reference X of batech Volume of
Standard _ = the
- 100 Batech
36

A standard error of + 20f is allowed in the assay. ‘
Therapeutic results in humans could not be predicted by the asaay.
The remarkable record of therapy by digitalis, in which vory few fatalities
from overdosage han been reported, is due to the fact that sach phyaicilan,
in effect, ran his own biological assay on sach patlient, using the units ex—
pressed by the frog method as merely a crude indication of potency.
Since the cal method, originated by Hatcher and eowrkera,” is the

present U.3.P. method of blological assay of digitalis potency, it will be
28

quoted directly. The Reference Standard is prepared as previously
described.

The cats. Select domestic cats free from gross
svidence of disease and weighing between 2.0 and
4.0 kg. Do not use c¢sts which upon gross examina-
tion are either obese, emaclated, lactating, or
pregnant. Withhold food for from 16 to 28 hours
prior to use. Assign all cals at random with the
restriction that the two groups, the one for the
standard preparation and the cne for the specimen
$0 be assayed, shall not differ by more than 50%
in the average of their weights. Lightly anesthe-
tize the cat with ether and imnobilize, preparatory
to thes injection. Insert a cannula into a femoral
velin and arrange to inject the appropriate test
solution from a buretie calibrated to .1 cec.

after insuring the absence of air bubbles from the
injectlion apparatus. Maintain the anesthesia
throughout the injection in such a state that pain
is absent, the pupillary and corneal reflexes are
present, the wvoluntary musculature 1s not relaxed

and the cat oecasionally moves its taill or makes
some other voluntary movements.
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Presaration of the Test Dilutions. Dilute the Stand-
ard preparation of Digitalis and the preparstion to
be aszayed in such a way that the estimated fatal
dose of each preparation per kg. of ecat will be
diluted to 15 cc. with isotonic solution of sodium
chloride, kake test dilutions the day they are te
be used.

Injection of the Dilutions. Inject 1 cce of the
od materisl for each kg. of the body weight
of the cat within a few seconds. Repeat this
dose at five minute intervals until the cat dies
from cessation of the heart beat. Use a total
of not less than 6 cats for the preparation to
be assayed. I1If the average number of dosss for
any given dilution required to produce death 1is
less than 13 or grsater than 19, regard these
data a3 preliminary. Use them as a guide, and
repeat with fresh, higher or lower dilution.
Complete the assay within a perlod of 15 days.

Calculation of Eesults, Express the lethal dose
for each cat in terms of ce. of Tincture per Kge
of live body weight. Find the average lethal

dose for the Standard Preparation and for the
preparation to be assayed, and compute the
standard error for each of the two preparations.
If the standard error for either of the two results
sxceeds 5.74 of the averags, repeat the assay

- of the Standard Preparation or ¢f the preparation
to be assayed as the case may be, or use add-
itional cats until the standard error falls within
this 1imit, Fxpress the potency of the preparation
to be assayed in U.3.P. Digitalis uniis per ce., by
dividing the average for the Stand.rd Freparation
by the average for the preparation to be aasayed.
To compute the standard error of the average, take
the difference between the average and the value
found for each cat. Square these differences,
take their sum, divide this sum by the number of
cats, and divide this quotient by the mumber of
cats diminished ty 1. The aquare root of the last
quotient is the standard error of the average.

The formula for the standard error (S.E.) is

Sum (e-B)<
N(N-1)
6 = fatal dose for cat.

€ = average fatal dose for the grour of cats,
K = mumber of cats in the group.
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Statlstically spacking, the method represents a considerable advance
over the omne hour frog assay; however, as a basis for predicting potency
in humans, it is as undependable as results from the frog m«hhod.39 w0 i

The human method of essay proves conclusively that digitalis ean be
blelogically assayed, but there is no suitable method for doing so.

A1l bioclogical assays must meet certain requirements, other than
trustworthiness of information. They must be inexpensive, must utilize
easily procurable test objects, and, to reduce errors to 2 minimun, must
be falrly simple to perform.

Since there is, at present, no blological method of digitalis standard-
ization which meets all ths requirements, a valid reason exlisia for further

Investigation of the problem,
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STATEMENT OF THZ PROBILEM

A review of literature reveals that the possibilities of digitalls
L2 L3 L 45 Wb

assay using chick embryos has been sxplored. Early reo-
searchers were in general agreement that the 1solated and intact
embryonic heart demonstrated digitalls effects in the same manner as
mammalian hearts. It was also felt that the smbryonioc hearts did not
demonstrate a sufficlent sensitivity to digitalis to warrant further work.

An extensive investigation was undertaken in 1938 by Paft.m' v He
proposed a n:l.em.aeopic inspection of the excised, digitalized forty-eight
hour embryonic heart for the appearance of an A-V block. Time for the
appearance of the block was recorded on a number of experiments at dif-
ferent digitalls dilutions. By comparison of unknown dilutions with an
established curve, he was able to identify the unknown dilutions with an
average standard error of *8% for all assays. The statistical results made
the method eomparable to the eat or frog assay. His next step was a
preliminary corrslation of results from his method to those obtained from
a human asssy, using the same Reference Standard and unknown. Results
were no better than those obtained from the cat method.

It seemod reasonable to assume, on the basis of Paff's results that
\with elimination of two variables and with a simplification of the method,
a chick embryo assay might bs established which would be a better measure

of potency.

One glaring omission in both the cat method and Paff's embryo method
is the problem of absorption. Any attempt to measure dlgitalis potency
must recognize the fact that variations in absorption and, consequently,

in pharmacological action do eccur in the oral administration of digitalis.
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Furthermore, a trammatic effect on the excised embryonie heart is dif-

49
floult te minimisze though Paff has done so.

The purpose of this investigation is to standardize a technique,
-

using chick embryos in situ, and to determine by means of a sufficient
mumber of data the accuracy that can be expected from a master curve

based on Reference Standard Digitalis,
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EXPERIMENTAL

The mesthod for the sstablishment of a curve, to be described in detall,
consists of uﬁilizing & chick embryo of approximately 4O somites., It 1is

~ exposed to view by chipping a window in the eggz shell. The egz is then
placed, embrye up, on & suitable stage for temperature control. An ac-
curately measured amount of de-aleoholized Reference Standard Digitalis
is then run onteo the surface of the embryo. Time necessary for digitalis
to cause complete stoppages of the auricles and ventricles is measured.

The experimental work was begun in September, 1746, end sontinued
through February, 1947, FEggs were purchased as needed in lots of four to
ten dozens from farmers in the vicinity of Hisaoula? Montana. There is no
comnercial hatchery in the immediate neighborhood to insurs deslivery of
viable eggs lald within a three day period. Difficulty was experienced in
obtaining a steady supply of eggs, arnd as a rosult; ambrycs were used from
three different breeds of chickens (Plymouth Rock, Buff Orphingten, and
White lLeghorns). After the restriction of purchases to one source, seventy-
five to eighty percent yield of embryos were obtajined. Losses dus to ab-
nersal development, overdevelopment, and underdevelopment ranged from
three to ten percent. At least 65 embryos could bs expected from incubation
of nine dozen eggs laid within a three day perlod.

Preliminary trials narrowed the optimm developmental stags of the
subryo {about five days old) from Lhirty-five to forty somites, measuring
6.8 nm, to 7.8 mm, At 4O somites the heart is well formed. Though a
double eirculation has not been established at this time and valwvular
control between the four chambers is incomplete, a frontal view of the
embryo shows a clearly exposed, and well defined heart. In addition,
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elements of the vagus and sympathetic nerves have not migrated inte the
heart; therefore the neurogenic factor is ahseut.sa

Eabryos were considered overdeveloped whea the limb buds blocked a
clear observation of the heart and its retreat into the thorax had begun.
Underdsvelopment was arbitrarily assumed if the tail was not directed
formard, or i1f the retinal layer was not well marked,

The egzs were incubated at 37°C. in & 110 volt, 5.5 ampere, 60 cycle
thermostatically controlled oven of the convectlion type commonly used in
laboratories. Though not a precise humidity contrel, a 250 ¢c. beaker,
continuously filled with distilled water, was placed in the bottom of the
oven. Eggs in groups of twenty-four were placed on three racks, one above
the other.

Unfortunately, the eggs could not be incubated for a preseribed period
of time and produced & yleld of embryoa all in the same stages of development.
A preliminary candling at the beginning of the fourth day and thersafter at
intervals of eight hours was found necessary. Selection ¢f the embryos
was hased upon the first observation of the retinal layer in the optiec cup
when the egg was viewed inudarkencdroqnthrougha:} em. circulsxr hole
admitting light from a one hundred watt globe, It was found that one
hundred eggs yielded about twenty percent of the viable embryos suitable
for the experiment by the evening of the fourth day of incubation. Sixty
percent of the smbroys were ready the following morning, and the remainder
by the evening of the fifth day. These times depend upon the time the egga
were first placed im the incubator. It is obvicus that, by planning, any
given batch can be available when the operator wants them.

Although the embryo was used in situ, it was advisable to eliminate the
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temperature factor. 4 box was devised both to hold the egzs, and to gilve
some dagres of gontrel higher than room temperature. The box, 12" x 127 x
12%, was fittod with & thirty watt incandescent lamp in the bottom, Four
oval openings were cut in the top to faciliitats the placing of different
shaped sggs over the openings parallsl to the long axis of the egg. At
least one-third of the egz was below the surface. The tip of a Centigrade
thernomeler was placed jJust below the top aurfacs of the box through a
small opening drilled for that purpose. The thermomoter was suspended by
moans of & clamp and ring stand. Two goose neciked lamps, with one hundred
watt bulba, wers focused on the top surface of ths box, both as an aid to
visual obasrvetion and as a source of heat. Aiccording to ths temperature
recorded by the thermometsr, any or all of the lights were turned on or off.
Although crude, the system psrmitted s tespsrature of 37°C. £2° to be main-
tailned during an experiment,

A Reference Standard Digitalis was prepared at thirty day intervals in
tiﬂ‘;:co-. quantitises. Just prior to use, an amount, dbased on the dose to
be used and thae mmber of embryos available, was measured. The alcoholic
solution was thon evaporated oo a steam bath to one-sixth the original
volume. This volume was restored by the addition of distilled water during
frequent agitation. This procedure was followed because embryonic hearts are
quite senaitive to alcohol which mast be remcved. Fresh solutions were
pm in this manner for sach dally run.

The Refersnce Standard Digitalis, treated as described, wes allowed to
rn over the surface of the embryo,lying ia the cup-like depression that
results when the embryc is exposed to view. Delivery of the measursd quantity

of digitalis was accomplished by means of a one ee. pipetie, calibrated to
.C1l cc. The plpetts was suspended three inches from thz top of the table
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and next to the temperature control box. Each egg was taken from the
incubator, the embryo exposed and the egg placed under the pipette. A
eaplllary nozzle, attached to the 1 cc. pipette by a short length of rub-
ber tubing, allowed tﬁe operator Lo place the digitalis on the exact
position of the embryo. A pinch clamp and serew clamp was connected to the
rubber tubing and gave excellent control over the rate of flow. The time
was recorded, the egz marked and placed in the depression on the top of the
temperature econtrol box with the exposed embryo uppermost., Succeeding
eggs were prepared in exactly the same manner. As each embryo reached the
end point, ths camplete cessation of movement of auricles and ventricles,
it was discarded and amother test embryo put in its place. By interspacing
the operation, it waas easy to watch for the end points of four embryos. As:
in other methods, this eliminates errors due ta\.mdividual interpretation,
since a heart has ceased to function or it has not. One hundred embryos
were run in a three hour period. Anoxia was observed by the ehanging of
color of the blood from a bright red to a darker hue. ¥hile anoxia hastens
cardiac arrest, it also does so in the intact mammal and therefore this is
not an essential factor for consideration.

Ths A=V block was easily observed, and closer attention was directed
to the particular embryo so affected. The suricles generally contirmed
to pulsate after the ventricles had stopped, but no definite ruls ean be
made about the impending arrival of the end point. Some hearts stopped
abruptly while others continued spasmodic beating for some time. Occasional-
1y a heart stopped for ten to forty seconds, then resumed a fairly normal
function. To circumvent this, the embryo was left on the stand for at least
a minute after a recorded stoppage. If the heart resumed beating, the
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recorded time was cancelled, and the heart was left in place until it stopped
permanently. At least one embryo from each batch of eggs was used as a
control. The hearta of all comtrols functioned well from one te four hours
after the shell was broken. One source of Irritation from this method wms
the inadvertent tearing of the blood wvessels while exposing the embryo to
view. Perhaps one egg in six had to be discarded because of hemorrhage.
Future refinements msy eliminate this factor.

All the embryonic hearts observed exhibited varying degrees of suscepti-
bility to the action of digitalis. This is best shown by the twin embryos
that were encountered. In all cases, they were lying in opposite ends of
the sgg, and a window for each was chipped in the shell. Ildentical amounts
of digitalis were applied, and each twin demonstrated a different cardiac
arrest time. An occasional embryo did not cease cardiac action after a
given amount of digitalis, bui continmued beating for hours. It was felt
that any embryo that failed to show complete stoppage by thirty minutes
also failed to damonstrate normal digitalis effectz. As a result, every
record over that arbitrary time limit was rejected. From one to three
ambryos in each series were in this sategory; therefore, it indicates that
cardiac resistance was the decisive factor.

To establish the curve, eight agi*ios of one hundred eggs each were run.
All smbryos in a serics were given the same amount of digitalis and treated
in the sams manner. Amounts, increasing by .025 cc. steps, ranged from
«025 cc. 40 .2 cc. These arbitrary limits depended upon the total volume
of fluld which the egg can accomodate without loss, and upon the least
volume which can be measured and placed upon the embryo with ease.

In all cases, after delivery of digitalis, the pinch clazp was closed
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and the tip of the nozzle touched to the embryo. This insured complete
delivery of the digitalis.

The results were treated mathematically after the entire investigation
was complete in order to avoid errors. Appendix I consists of the formmlas
used in the statistical ealculations. TFollowing immediately are tables of
statistical results, in turn followed by a discussion of the tables.
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 Tabls 1.

Statistical treatment of experimental data.
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s 200 | 175 | .0 | .15 200 | 075 | .050 | .025
i 100 100 | 200 10 | 200 | 98 | o7 | 100
§ .74 5.6 | 5.72 | 6.05 | 6.64 |72 | 7.63 | 8.7
i | 2.48 3.20 | 2.5 | 2042 | 3.98 |2.98 | 3.7 | 5.25
i 225 32 226 o2k 40 | .30 235 | .52
59,2 62.2 | 4.6 | 0.0 | 59.9 1419 | 5.5 | 64.0
Table 2.
Time Range.
Hininum Taximas
gfa:mu( cc.) (;5:::.3) (ﬁinh::eu)
.2 00 1.3 16.9
175 1, 17.
150 1.8 1.1
I ‘ <125 1.3 15.7
+100 1,5 2.3
075 1.5 18.8
.050 3. 17.5
.025 2, 28,
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DISCUSSION

The statistical data, based upon experimental results indicate that the
proposed method shows a reasonable correlation between the length of the
time for the appearance of the end-point and the potency of the digitalis,

The Standsrd Error is greatest for .100 cc. and .025 ec, It may also be
seen by Table 2 that the maximum time for the appearance of an end-point
was also greatest for these two series.

In all series, a radical departure from the Mean time can be attributed
only to an inherent susceptibility of the embryonic heart to the action eof
digitalis. This phenomenon occurs in humans, and is to be expected,

The Mean time, as plotted in Table 3, shows a relatively smooth, pro-
gressive curve with one exception: the 150 co,.series resulted in a Mean
time that is .1 minute above that vhich is expected, The error lies within
the Standard Error for that series,

A few observations in each series of the time of appearance of an A~V
block indicates that the same type of group deviations from the Mean would
have occurred if an A~V block had been chosen as an end point; however, the
data are not included since it is impossible to determine the time accurately.
Compared to results obtained by Paff, th§ Standard Error is greater in all
cases,’ However, Paff's writings indicate that he d4id not encounter the
cases of extreme veriations from the Mean which increase the Standard Er-
ror and Standerd Deviation,

Since it is an socepted procedure in analytical chemical assays to
reject resulis that vary greatly from the Mean, the question arises as to

vhether or mot this practice can be utilized in calculating the Standard
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Error and Standard Deviation of this series.

Accordingly, those results that differed markedly from the Msan were
eliminated, and the sntire series were again evalunated. Reference to
Table 5 and Table 2 shows which data were eliminated.
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Tﬂ‘dl‘ L .

Statistical treatient of ewperinmasnt:l resulls,

Vo wis i o isfemum
standnrd (cca) e, 1 . R . o Koy #C2
Tobor of 200 12 150 125 1loo 75 1 _.«C50 5
__gtﬁgmin :if*ﬂs <7 92 97 biad < 3 92 73
(mimitea 4 460 Lo T 31 A1 o7 503 11 7
TYROET) ‘ 53 5 5 o0 i 73
WL"\tyiﬁﬂ l ?3 :’-1? 2019 2.12 2. 20' 0 2.. p l‘}
— .9 749 2) 50 3elly
jlﬂ'al' ..20 .2} -1?.2 "'; 02? 02 0,3‘3 035
tefficlant
of Variztion
{Fercaat ) H 2.0 555 LU oly £,L ) 1LER 35.9 LCe7 £3.2
Zabla 5.
Tine ianiss.
eference Tixa Tine
Standard {ee,) {( iytes} (I inutes)
+200 1.3 1C.3
-175 1. 1C.
-150 1.8 ) 10-9
-125 113 1{-’.
.]m 1.:5 13'
.G?S 1._5 11.
050 3. 14.9
‘_ZL‘ 2e 1_5.";
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DISCUSSION

While greatly reducing the Stendard Deviation and Standerd Error, the
exclusion of some results destroyed the progressive continuity of the Msan
MUV,

It is interssting to nots that the arbitrary rejection of embryos in
vhicﬁ an end pbint vas not observed after thirty minutes 414 not complicate
the finzl results. Sinoce each sories demonstrated at least one resistant
exbryo, it is valid to state that the extended appezrance of an end point
does not demonstrate an average reaction to digitelis,

In comparison to all other methods for the biologzical asssy of digitalis
that have been diamcussed, this chick embryo method is the simplest to perform,
vith the added sdvantage of the operator being able to observe the intact
heart as digitalis exerts its effect upon it,

In addition to the simplioity, the method allows for the absorption of
digitalls before it can effact the heart. 48 previocusly peointed ocut, any
other method for the assay of digitalis doses not tgke this important factor
into account, and it eppears that this is a major reason for ths marked
discrepancy between potancy expressed in terms of biological aseay and the
results obtained therapeutically. '

A dafinite correlation betwean time for the appearsnoe of an end point,
and the emount of a reference standerd Jiigitelis applied to an exposad,
intact embryonic chick heart has been demonstrated by eight series of
spproximately one hundred datum each, Each series varied by ,025 cc. of
reference standard digitalis, and rangsd from 025 co. to 200 cce The Mean
has besn determined in all cases and the entire series graphed, Statistical

dsta have beon computed.
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It remains for future investigation to determine how accurately ths potency
of an unknown sample of digitalis, sssayed by this method, can be determined
vhen compared to therapeutic results obtained in humanse.

CONCLUSIONS

The chick embryo method appears to affer several advantages over ths present
United State Fharmeoopoeiasl cat method, The end-point is a messure of glycosidal
activity rather than toxicity, since the glycosides are abszorbed through tissue
by the embryo method, Another advantage is the simplicity and ezse of carrying
on the anslysies.

Adequate controcl of the quality of the chick smbryos mey be essily
maintained as opposed to the random selection of cats used in the official method.

»
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Appendix I
Statist{ical Formulae

Statistical ealouhtionc*m made sccording to the following formuilas:

anﬁw + g%'_

¥ = Xean

E = Bamber of cazes
0N = Cusssed Mean

fd's Deviation of midpoint of each group from Cuessed Mean
S = Sum of

Standard Deviation
-~ r‘-\lzra-z - Crar)?
N (

X = mr of cases
o = Standard Deviation

fd'n Deviation of midpolnt of each gronp from Gmaa.d Xsan
T = Sum of

Standard Error of Nean

4;'-'-'_5&_

i » Bumber of cases
o = Standard Deviation
o~ = Standaxrd Error of lean

Coafficient of Variation
VYw 1004
M

¥ = Kean
¥ » Coafficient of Variation
o = Standard Deviation

3
Calculstions were made by Mrs. E. BE. lUiebb of the Department of

Mathemmt $es, University of Hontans.
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