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PREFACE

This research was undertaken in an attempt to
of the deteriorative changes which occur during the
of digitalis. These changes lend to a reduction of

tinctures to frog, but do not affect the potency to

Results of work on tinctures of digitalis and

of the digitalis glycoside, digitoxin, are recorded

presented.

explain the nature
storage of tinctures
the potency of such

catb.

ebhanolic solutions

in this thesis and

an explanation for the above anomaly between frog and cet results is

Since, ab present, there is no sultable chemical asssy for all
digitalis preparations, these are svalunated by determining their effect
on animals. However, all exisbting biological assays are based on toxic
reactions with a lethal end point and therefore an attempt was made %o
find a cardiotonic end point in the hope that a better indicstion of
therapeutic efficacy would be obtained. HResulbs of a preliminary study,
involving electrocardiography of rabbit and frog, are disappointing bub

\ a brief descripbion of the methods used is given in this thesis.
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INTRODUCT ION

The leaf of Digitalis purpurea (Limm.) is the best known member of e

group of crude drugs which have a characteristic aotign on cardiac muscle.
Many plant families are represented in the group, chiefly the Scrophulariaceae
which includes the genus Digitalis, and the Apocynacese which provides

8 1afge number of these drugs from the genera Acocanthera, Adenium, Apocynum,
Cerbera, Neriunm, ?achypodiﬁm, Strophanthus; and Tanghinia. Other genera
yielding such drugs are Adonis, Anbiaris, Caloptris, Chgirauthus, Convallaria,
Coronilla, Erythrophleum, Helleborus, Rébelaisia, 80111a and Thevetia.,
Extracts of some of the plants have been used as arrow poisons snd their
classification into one pharmacological group has been rendered possible by
systematic study of their action on animels.

It is inferesting to note that similer substances are found in the
Animal Kingdom, the secretions of the ‘*parotid' and other glands of the toad
containing compounds which resemble, in their pharmacological action and %o
some extent their chemical sbructure, the glycosides of digitalis.

The first mention of the medicinal use of digitalis occurred in a
treatise by the Welsh physicians of Myddvai in 1250%. A'botanical
description of the plant was first given in 1542 by Fuchs?: it was
described by Book in a Germaﬁ herbal of 1546 and in medicel textbooks by
Monardes in 16568, Clausius in 1601 and ﬂnrnung in 1625,

Some early ¥anglish physicisns used the drug both internslly and

\

externally for the treatment of many unconnected conditions such as epilepsy,

ulcers and wounds. Gerarde, in 1597, and Perkinson, in 1640, mentioned it

as an expectorant or emetic, Holler as a purgative.




The drug was introduced into the TLondon Phanmacopoeia of 1850 and
the Edinburgh Pharmacopoeia of 1783 bub it had largely fallen into disuse
until it wes revived as a result of the trestise "An Account of Foxglove
and some of its Medicinal Uses:  with Practical Remearks on Dropsy and
Other Diseases" by William Withering, published in 1785. Withering
employed the drug as a diuretic but noted the cardiac action of the drug
and even warned against overwdigitalisation, saying that the drug should
be stopped if any nausea was caused5’4' However he failed to relafe
the cardiac action to the diuretic éffect. In 1789 Cullen speculated
whether or mot the diuretic effect arose from a general systematic action
but it was Ferriar® who, in 1799, first emphasisgd the action of digitelis
on the heart saying that the slowing of the pulse was "its true
characteristic". Two years later Kinglake reported that the férce of the
pulse was increased by bthe drug thus indicating increased stroke-volume
of digibalised hearts. Despite these accurate observations, a large amount
of literature on the use of digitalis in phthisis accumulsted during the

carly part of the 18th century.

The really effective use of digitalis began in the'early part
of the present century when Sir Jemes Mackenzie® laid down definite rules

for its use and established it as an indispensable btherapeutic agent.

Despite the tremendouslprogress which has been made in the field
of synthetic organic chemistry during the past two decades, this natural

product still meintains its pre-eminent position in cardiac therapy.

fav]




Preparations of digitalis which have been used medicinally
include capsules, extracts, infusions, injections, Jjulces, pills, powders,
tablets, tinobtures, vinegars, mixbures of glycosides and single
purified glycosides in the form of tablets or solubions for injection.
or these,Atablets of the dried leaf and preparations of purified
glycosides are being extensively used for the treatment of 21l forms
of cardiac insufficiency sgch as congestive heart failure and suricular

fibrillation, although some cardiologists still prefer to use tincture

. because of its more rapid and certain absorption. The action is

partly vagal and partly direct on the heart muscle, the tone of which
is increased. The heart rate is slowed and the wvenbricles caused to

empby more completely and thus the cardisc output is increased.

Because of the complexity of the mixbture of cardio~active
principles and the great variations in pharmacological activity of
different samples of dried leaf, preparations of digitalls are
standardised by biolégical assays based on the toxicity of digitalis
to certain animals. MNMany chemical methods of assay have been deseribed
but none gives an accurate measure of the therapeutic effeot of

digitalis on man.
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CHEMICAT. CONSTITUENTS OF DIGITALIS

The active constituents of digitalis leaf are a mixture of cardisc
glycosidess Also present in the drug are ssponins, oxidase and hydrolytic

enzymes, and colouring mabtere.

Intensive research into the chemical nature of the digitalis
principles has been pursued since the early part of the 19th century, but
it was ouly within comparatively recent years that their constitubion
became clear and to date they have not been synthesised completely. The
greatest barrier to progress was the similarity in physical and chemical
properties not only bebtween the various cardiac glycosides butlalso between
them and the pharmacologically inert saponins whose presence retarded the

erystallisation of the active fractions.

The earliest work proved so unfruibful that, in order to stimulate
inbterest, the Societé de Pharmacie do Paris offered, in 1835, a prize of
500 francs for the isolation of "the active principles of digitelis'.
Five years laber the sum was increased to 1000 francs and +the award was

7

made to Homolle and Quevenne’ who isolated from the leaves of Digitalis

purpurea a yellowish, partly crystalline cardio-active powder which they

named "digitaline" and which probably contained digitoxin.  Since then

contributions to the chemistry of digitalis have been numerous.

Walzd isolated a series of fairly well defined substances which




he named digitalacrine, digitaline and digitalosine.

In 1869, Netivelle? succeéded in isolating a fairly pure, crystalline,
highly potent substance which he called digitaline and which is now known
to be identical with digitoxin. He described two other principles, the
water-soluble digitalein and the chloroform-soluble digitine. Arnau%lo
- prepared Nativelle's digitaline in a high state of purity and attributed to

it the formula Csleoolo.

In 1891,'both Houdas11 and Kilianilz stated that almost the whole
of the weter-soluble fraction consisted of a glycoside with the properties
of & saponin. Houdas retained Nativelle's name of digitalelin for this
saponin but Kiliani called it digitonin, the name by which it is still

knowne -

In this early work much confusion srose by failure bto recognise that
the cardiac glycosides and the saponins from the seeds of Digitalis

purpures differed from those of the leaf. Schmiedebergl3

had, in 1875,
isolated from bthe seeds four glycosides which he named digitonin,  digitaleine,
digitaline and digitoxin. Kilianl was of the opinion that Sochmiedeberg's
digitaleine was a mixbture and thet the three glycosides present were digitonin,
digitalinum veruvm and digitoxin. In 1898, Cloettal4 reported the isolabion

of digalen, of the same elementary composition as digitoxin but differing

from the latter in being water-soluble. Krafrsld realising the difference
between the seed and leaf glycosides, isolated from the leaves digitsaponin

and a glycoside, having the properties of Schmiedeberg's digitaleine, which

he called gibtalin.

AY




Results of careful. chemical and pharmacological investigations on
digitoxin were published by Cloettal® in 1920. The work of Windhaus
started in 1915, but published much laterl?s18 gave the first real
insight into the structural charaéter of the glycosides and he assigned
an empirical formula to digitoxin then showed that on acid hydrolysis
it yielded one molecule of the aglycone digitoxigenin and three molecules

of the sugar digitoxose.

0411{640113 -+ 5H20 = 0251'15404 + 506H1204

digitoxin digitoxigenin digitoxose

Gitoxin was isolated in a pure state by Krafftt® ang later by

Gloettazo. Windhauszl established its formula and its behaviocur on

hydrolysis.
Cé.‘iLHS 401 4 + Sﬂzo = 025H5 405 -+ 506H1204
gitoxin gitoxigenin digitoxose

Another glycoside isolated from the same material by Cloetta and
investigated chemically by Windhaus is gitelin, which on hydrolysis
yields only two molecules of digitoxose and one molecule of gitaligenin

which is the hydrate of .gitoxigenin, to which it reverts on dehydration,
gitelin gitoxigenin-hydrate  digitoxose

Digitalinum verum obtained from the seeds of D. purpures and first

described by Schmiedeberng, vas examined by Windhaﬁ522925 who showed




its behaviocur on hydrolysis:

Czelisglia +  2HpO = Oosflzals  +  Opiye05  +  Cgllyalg
digitalinum verum primary sglycone digitalose glucose
02515[5405 = C23H5005 + EHEO

digitaligenin (dienhydrogitoxigenin)

24,25

This glycoside has recently been obtained from the leaves of

D. purpurea, together with a new gitoxigenin-glycoside called gitorin,

In 1930, Smith®® igoleted from the leaves of Digitalis lanata a new
glycoside named digoxin, from the hitherto unkngwn aglycone digéxigenin.

Hydrolysis of the glycoside is represented as follows:

CarllgqPyg + 8HO = Cozlzs05 +  30gH;004

digoxin digoxigenin digitoxose

It was not realised until comparatively recently that the glycosides
digitoxin, gitoxin and digoxin were themselves hydrolytic products of
higher glycosides., Attention was first drawn to this possibility by

27

Perrot and Goris®’ and it was proved experimentally by Stoll and Kreis?S

who isolated and described the primaery glycosides,

The initial work was done on leaves of Digitalis lansts following
the successful isolation of cardio-active glycosides from the bulbs of

Scilla maritima (Linn,). The fresh leaves were ground at low temperature

with ammonium sulphate to inactivste the enzymes which were present,




The mash was oxhaustively oxtracted with ethyl scetate and from the
solution chlorophyll otce wore removed by shaking with ethor in which
the glycosides, originally piesent as tannoids, are speringly soluble.
The tennins were suﬁsequently removed by precipitation with lead hydroxidee.
On evaporation of the glycoside solubtion, éolids separated and these
were recerystallised from aqueous methanol. The substance, at first
thought to be chomically pure and nemed digilanid, was found on hydro=-
lysis to yileld three aglycones nemely, digitoxigenin, gitoxigenin and
digoxigonine.  Afbter painstaking fractional crystallisations, using
aqueous methanol and chloroform, ‘tho mixture was separatéd into ‘the
throe primary lanata gljcosides, the crystalline digilﬂnids A, By and C,
Thoso sre the netural glycosides which exist in the living leaf and
Stoll and Kroeis have demonstrated the action of the onzyme digilenidsse,

also prosont in the leaf, on the digilanids as follows:

IH

Cpolyg0yg +  HgO Cyzllgelrqa +  CgHyplg

digilanid A ) ae&byl«digitoxin glucose
CogflzgOap +  Hp0 3 CazMgeOis +  GgHyplg
‘digilanid B ascctyl~gitoxin glucose
Cagfizglzo +  HoO = CasllgeO15  +  CgHip0g
digilanid C acotyl-~digoxin glucose




The acetyl derivatives are largely decomposed during drying, so that in

dried leaf, digitoxin, gitoxin and digoxin predominate.

It was found possible to remove the acetyl group from the genuine

glycosides by using caloium hydroxide under mild oonditions, when

deacetylw-digilanids A, B and C were formedzg.

30

Stoll and Kreis next turned their attention to the natural

glycosides of Digitalis purpurea, but this investigetion proved more

diffioult because of the relatively lower glycosidal content and the
higher rate of enzyme activity in these leavess In addition, all
attempts to erystallise the plycosides failed and it was extremely
difficult to obtain a separation from large quantities of inactive
inpurities. Evenbually, after a tedious process: of fractlonation
between immiscible solvents '(chlorof'om, methanol, water) involving
considerable loss of material, two amorphous substances, purpurea |
glycosides A and B were obtained. From s study of theizf physical,

chemical and pharmacologiocal properties, these substances were shown

to be identical with deacetyl=digilanids A and B respectively. Hydrolysis

of these compounds, under the influence of the enzyme digipurpidase which

is present in the leaves of D. purpurea, is similar to the hydrolysis

of the lanata glycosides.

Cor 7@ 18 + HO = CpqHgaOrz  + cs-Hmo6
(E‘e‘iﬁﬁ.iiﬁﬁﬁﬁ i) |  digitoxin glucose
Carllga® 19 + H20 = CarllgaOyy  +  OgHyp0q
(oasotyi-gisilanta 3) gitoin -~ glucose
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TABIE I

Inter-relationship of cardiac glycosides from the leaves of Digitalis lanata and Digitalis purpurea

DIGILANID 4 ——=———erew-- enzymatic hydrolysis
(= glucose)

alkeline
hydrolysis
(= acetyl)

‘———ui—-—vw--_uu

DEACETYIDIGILANID A --~- enzymatic hydrolysis
(PURPUREA GLYGOSIDE 4) (= glucose)

)

DIGILANID B wemwmwece-ww—= enzymatic hydrolysis
(= glucose)

i

]

i

! alkaline

! hydrolysis

I (- acetyl)

v
DEACETYIDIGILANID B «w-- enzymatic hydrolysis
(PURPUREA GLYCOSIDE B) (« glucose)
DIGILANID C ——— enzymatic & alkaline
. hydrolysis

(- glucose, = acetyl)

P bQMHWH DIGITOXIN

alkaline
hydrolysis
- acebyl)

AT Gt G S W T W S B e

=~p DIGITOXIN awewace= 8¢id hydrolysis —e--p DIGITOXIGENIN
(= 3 digitoxose)

<

--p ACETYL GITOXIN .

alkeline
hydrolysis
- acetyl)

e o 1t et e o e

= pGITOXIN wceacocm-m 80id hydrolysis —-—.--p GITOXIGENIN
(- 3 digitoxose)

~=p DIGOXIN cceccucaaw acid hydrolysis wwemeap DIGOXIGENIN
- 3 digitoxose)

GITALIN mmemwews=e 8¢id hydrolysis ew----p GITALIGENIN
: - 2 digitoxose) (GITOXIGENIN
EYDRATE)




A higher glycoside related to gitalin, or corresponding to digilanid C,

could not be found in the leaves of D. purpurecne

Qualitatively the hydrolytic enzymes digilanidase and digipurpidase
are mutually interchangeable, but guantitatively each shows a specificity

for its own subsbtrate.

The inter-relationship between the D. lanata and D. purpures

leaf pglycosides is shown diagrammatically in Table Ie

’

81 claimed to have isolated

In 1948, a teem of Japanese workers
a new glycoside, digicorin, from the leaves of specially cultivated

plants of D, purpurea and D. lanata, but they have been unable to repeat

this work and have therefore withdrawn the name digicorin from the

1iteraturesz“

Also in 1948, Ulrixsz, using adsorption chromatography on alumina,

claimed to have found four new glycosidal substances in digitalis, while

34

in 19535 Jensen”” claimed to have separated five mew glycosidal substances
from stabilised leaf by means of paper partition chromatography. However,
Jensen steted that two of the substences appeared to correspond to

digicorin and its aglycone digicorigenine Brindle et 21.3% could find no

new glycoside-like substances in tinetures of digitalis examined by paper

chromatography.

Digitalis Saponins

The presence of saponin glycosides along with the cardiac glycosides
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in commercial preparations of digitalis was first recognised in 1875
by Schmiedebergl5 who nemed the principle saponin, digitomin. Purer
preparetions of the substance were later described by Kilianilz, but in
1913 Windhaus and Schneokanburger36 discovered, in a supposedly pure
sample of digitonin, a second glycoside which they nemed gitonin.
On hydrolysiss:
digitonin = digitogenin ¢ 2 glucose ¢+ 2 galactose + xylose
gitonin = gitogenin + 3 galactose ¢ a pentose
Windhaus, working on the saponins obtained from digitalis seeds,
obtained degradabtion préduots other than the above and he suspected the
presence of still other saponins. Although no othey saponins have been
isolated from this source, Jacobs and Fleck37 isolated a new aglycono,
tigogenin, from hydrolysed extracts of digitalis leaves. Tsohesche®o
discovered the corresponding glycoside, tigonin, in extracts of Digitelis
lanate leaves in which it appears to be the only saponin. On hydrolysis:

tigonin = ‘btigogenin + 2 glucose 4 2 galactose + rhamnose

Structure of the Csrdiac Glycosidgé

The digitalis glycosides consist of a parent skeletal structure,

the aglycone or genin, to which three or four sugar molecules are abtached.

Digltoxin, gitoxin and gitalin contain the sugar digitoxose which has not

been found elsewhere in mnature. This rare sugar was deseribed by Kiliani
in 1922 as a 226 de-oxy hexosesg, its configuration was osbeblished in
1930%0 and its synthesis first deseribed in 1944%Y,  Jecobs?? stated that

the glycosides which contain the 2-deoxy sugars are readily hydrolysed under
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mild conditions, contrasting with glycosides which contain 2-hydroxy

sugars and are hydrolysed only under conditions so drastic as to cause
changes in the aglycone. Digitalinum verum conbeins the 2-hydroxy sugar
digitalose and on hydrolysis the aglycone loses two molecules of wabter with

the formation of dlanhydrogitoxigenine.

Also present in the leaves of D, purpurea is the pharmacologically

inactive glycoside diginin which on hydrolysis yields digigenin and

digindseég.

Fign 1.

CHO CHO : CHO

1 ! ' 1 .
H-~C-H H- C = OH H~C ~H

! ! /
H~C =~ 0H CHz0 =C= I CHz0 - ? - H

[ |
H-C-0H HO - C « H HO~-C - H

I ] ]
H~C-0H H-C «~ OH H~C =~ CH

{ I !

CHg CH3 CHg

digitoxose digitelose diginose

The elucidation of the structure of the aglycones proesented great
difficulties. The digitalis aglycones, in common with those of other
cardiac aglycones, contain 23 carbon atoms. It was assumed that all
these aglycones, of closely related empirical formulae, would possess
the same general skeletal structure. This proved to be the case and
the transformetion of several pairs of these into identicel substances

was accomplished.
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The field of investigation of the cardiac glycosides, previously
restricted by lack of reference compounds , was opened up by jaoobs and
Elderfielc‘i44 in 1934 when they demonstrated the selenium dehydrogenation
of the Strophanthus gljcoside strophanthidin (Fig. 2a.) to Diel's hydro-
carbon (Y -methyl-l-2-cyciopentenophenanthrene) (Fig. £b.). This
discovery linked the chemistry of the cardiac glycosiaes with the rapidly
developing chemistry of the sterols and bile acids, from both of which
Diel's hydrocarbon had been prepared. Further evidence was obtained

45 successfully degraded digitoxigenin (Fig. R2c.) to the bile

when Jacobs
acid,-etiocholanic acid (Fig. 24.). The attachment of the unsaturated

lactone ring, already known to exist, was thus shown to be at Cyy.

After studying the reactions of several of these related aglycones,
Tschesche4® and Jacobs?? proposed formulae which werevlater supported by
the theoretical deductions of Kon?d and also by evaluations of X-ray

photographs of suitable derivatives prepared by Bernal and Crawfoot?,

Gitoxigenin and digoxigenin each differs from digitoxigenin only by
the presence of one additional hydroxy group in the molecule; in gitoxi-

genin at C1g and in digoxigenin at Croe

Excellent reviews of the extensive literature on the chemistry of

digitalis and other cardiac glycosides have been published by Sto1150
and Turnersl,
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Fig. 2.
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Relationship between chemical structure and pharmacological activity

The sugar moieties of the cardiac glycosides, while themselves
inert pharmacologically, greatly enhance the activity of the aglycones
‘to which they are attachgd, being apparently responsible for water
solubility, cell penetrability and persistence of cardiac action®®.
In &1l the cardiac glycosides so far examined, the sugar residue oceupies

the 3-position, where the aglycone is usually united with a deoxy sugar.

Relative potency does not seem to depend on the type of suger
present and consequent ease of. hydrolytic fission of the sugar residue,
but specific structure of the sugar seems to be ﬁmportantsg. It has been
stated that the potency of~the glycosides is in an inverse rafio to the
number of sugar molecules attached to the aglycone., Thus digitoxin, a trio-
side, is more potent (examined on cat) thahn the tetroside, purpurea
glycoside A, derived from the.ssme aélycon954. However, this does not
appear Lo be true when the materisls are tested on frog in which purpurea

glycoside A is reported to be more potent than digitox@nBO’ssa

The specific cardiotonic activity resides in the aglycone and it
has been shown that for high activity the A and B rings must be cis fused.
Uzorin, in which the A/ﬁ fusion is trans, has greatly reduced activity.
The C and D rings are also cis fused and thus the cardiac genins are
unique in this respect, differing from other naturally occurring steroids.

The 14 hydroxyl group and the my@ﬁnsaturated butenolide ring, both common

to all cardiac glycosides, aref "orientated. That the lactone ring is




xpg “unsaturated, has been established by Flderfield et a1°8 conbrary to
the earlier views of Jacobs, who considered the double bond to be
in’ﬁuyéxmposition to the carbonyl group. This unsaturated lactone ring

is intimately associated with cardio-activibty. Jacobs57, who

with his co=-workers, did much to solve the major problems of the

structure of cardisc glycosides, has shown thet if the ethylene linkage

is saburated the toxicity is greatly reduced. If the lactone ring is
opened without hydrogenation the activity falls to about one five~hundredth
of the original. Fieser®® regards the ring system merely as a support

for the lactone riang and the solubilising SUEArs.

Is is worth noting that the saponins also conbtain the cyclopenteno=

phenanthrene nucleus but are devoid of any cardiac action.

Attempted synthesés of cardiac glycosides

It was inevitable that once the main structure of the cardisc
glycosides had been elucidated, atbempts to synthesise these compounds
would follow. One approach has been the addition of sugars to natural
geninsEgsGOaGln Elderfield prepared varilous glycosides by condensation
of known genins with acebo=bromo=glucose and the compounds were reportedGz
to be more potent than corresponding natural glycosides. Other workers
have attempted to synthesise genins and methods for the construction
of some of the characteristic groupings have been deseribed®3,6%,65,66,67,

68,6970 although the resulting compounds have had little or no%

cardiotonic activity.
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STANDARDISATION OF DIGITALIS PREPARATIONS

It has been shown that loaves of Dipgitalis purpurea may contain

up to ten known cardio-active principles. In addition to variations in
total glycoside content, there are differences in the proportions of the
various active principles present and while these all show similar
gqualitative pharmecological effects, there are marked differences in

quantitative activity. Further, in.addition to D. purpurea there ars

numerous other species of Digitalis which contain cardiac glycosides and

which show potencies differing from that of D, purpurea71.

For these reasons, digitalis has been largely evaluated by measuring
the effect on animals, bubt many chemical methods of assay have also been

describeds

BIOLOGICAL ASSAY METHODS

Review of methods used

The first biological method applied to digitalis was that deseribed
in 1898 by Houghton72 who measured the smallest dose of an extract required
to kill a fixed weight of frog in a given time, regardless ;f specifiec
action. Since that btime numerous assays have been deseribed employing a

.wide renge of test animals inéluding Daphnia, ?aramacium, Goldfish, Frog,
Toad (heart), Tartle (heart), Tortoise (heart), embryonic Chick, embryonic
Duck, Pigeon, Guinea Pig, Mouse, Rat, Rabbit, Cat, Dog and Man. A

phytophermacological method, using lupin seedlings, has been describéd but
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in this case, as with goldfish, the observed effect was due to the

saponins and not to the cardiac glycosidess

Before the inbroduction of comparative assays, the potency
of preparations was oxpressed in enimal units, one unit being the
smount to cause death, or other effect, in the btest animel. It was not
appreciated that there were many verisble factors which tended to make
this unit a very inconsbtant quentity. An indication of this variation
was shown by Burn?® who quoted for the seame sample of digitalis leaf,
examined‘at different times of the year, values which ranged from 1310
to 3300 frog'units per ge. If, however, two preparations with the seme
specific effeoct were assayed simulbaneously, under the same comnditions,
the‘ratio of ‘their poltencies was reasonably constant. The introduction
of an International Standard Digitalis Powder in 1926, which was in 1928
defined as containing one unit of 'activity por ge, made comparstive assays
pvossible, and all samples or preparations of digitelis are now determined
by oamparison with stendard powder. Because the supply of original powder
was almosﬁ exhausted, the Permeanent Commission on Biological
Standardisation decided, in 1935, to adopt the British Standard, to be
known as bthe International Standard 1936 and which, possessing 125 per
cent of the activity of the previous International Sbandard, contained
one unit of activity in 0.08 ge In 1952, a third International Standard
became necessary and this has been stated to contain one unit of activity

in 00076 ge
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Of the numerous assay methods mentioned, many are of historical
interest only and these are adequately dealt with by Munch 4 and
Schwartz75 who review all methods used prior to 1930. Methods which

heve been widely applied since that time will be deseribed.

The 18-hour frog method

In 1927 Trevan'6 reported the results of toxicity tests on frogs

(Rana, temporaria) in whieh only the death or-survival of the animal

could be recorded. He injected groups of thirty frogs with graded
~doses of a digitalis preperation and plotted the percentage mortelity
in each group against theo dose injected. The resultant graph was a

sigmoid curve (Figs 3.)

Fig. 3o
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A dose represented by OA failed to kill any animal and was termed
the'L'DOw The dose represcnted by OB killed all the animals and was
called the LDlOO' Trevan found the ratio LDlOO/LDo to be 4.8, which
emphasised the big gap between the biggest dose failing to kill any
animal and the smallest dose required to kill all the animals. He
proposed that the lethal dose determined in tests of this kind, be that

which causes a fifty per cenbt.mortality in the group, this dose being

referred to as the LDSO,

In the British Pharmecopoeias of 1932 and 1948 an assay method
based on Treven's observations was described. A dose of the standard
preparation calaﬁlated to kill £ifty per cent.of the frogs injected,
and sultably diluted with 0.6 per cen®.sodium chloride solution, was
injected into a group of not less than twelve healthy frogs, all of the
same sex and preferably males, the dose being proportionsl to body weight.
A dose of the preparation under test, similarly caleulated and diluted,
was injécted into another group of not less than twelve frogs as near in
weight and o%her respects to the first group as possible. The
injectiénS'were made into the ventrsl lymph sac and tha frogs left over-
night. After twelve to eighteen hours the number of dead frogs in each
proup was counted. The percentsge mortality observod in each group was
referred to a table based on Trevan's curve and the poteoneies of the
standard gnd test solutions obbtained. The potency of the test preparation
in terms of the standard preparstion could then be oaiculated, The
procedure was repeated on the second day, adjusting the doses, if necessary,
to obtain £ifty per cenb.mortalities. The potency of the test

preparation was taken as the average of the two estimations. This
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This method involved the assumption that the standard dose/response curve

77,78,79

was consfam_ﬁ{ but it has been shown that the slope may vary, not

only in different laboratories but even from time totime in the same

- laboratorye Gaddum’ | observed that by plotting the logarithm of the

dose against the deviation on the frequency distributiqniourve to which
the percentage mortality corresponds (the normal equivalent deviation),
the sigmoid dosage/response curve was converted to a straight line,

This is the basis of the frog method of the 1953 British Pharmacopoeia and
waé desoribed as an altez;native method in the 1948editions The test
solution is estimeted in terms of the standard solution without reference
to s pre-determined curve, the slope of the line being determined in each
experiment by using two dose levels of both standard and test solutions
and injecting into four groups each of not less than twenty frogses The
Pharmacopoeia recommends the use of doses estimated to produce twenty and .
eighty per cent. mortalities. Tt is more convenient to use a system of
probits (robability units) obtained from a table by Blisse'o in place of

the normal equivalent deviatione

The l-hour frog method

This method was 'at one time widely used and it was offieial in
editions IX, X and XI of the United States Phamnﬁoopoeia, being replacel

in the following edition by the intravenous cat method,

Dilutions of the test and standard preparations were administered
to groups of frogs, as in the 1l8=hour method, the injections being mede

into the ventral lymph sace At the end of one hour the dead frogs in each




3

group were counted, each animel being dissected to check the end point
which is stoppage of the heart in ventricular systole, the auricles
being widely dilated. Results were calculated as stated for the previous

method.

The guinea pig method

This method was first introduced for testing digitalis by Vanderkleedsl’
82 51 1908 and 1910, bubt the mebhod was established in 1926 by Knaffle
Lenz®° and it is his method which forms the basis of the method in the

British Pharmacopocias of 1932 and 1948.

Suitably diluted preparations of digitelis are injected intravenously,
at a slow uniform rate, inbto ansesthebised guinesa pigs in which respiration
is maintained artificially. 4The injection is continued until the heart
stops; the doss being determined in fourteen animels for the standard
preparation and in six animals for the estimation of the preparation under
test. The sversge lethal dose for the sbandard preparation is not
required to be calculated at each examination of an unknown preparation.
Jacobsen and Larsen®® report veriations in the sensitiﬁity of the
animals and recommend that standard and test preparations be tested
simultanecously. This recommendation is adopted in the 19563 British
Pharmaecopoeia in which equal numbers of animals, not less than six, are

used for the estimation.of each preparastion.

85,86 both have an effect on

Animal'weight79 and rate of injection
the lethal dose, therefore weight range and durastion of injection are both

specified in the official assay.
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Bther was the anaesthetic originally used, but it is said to give

87

variable results and both urethane”’ and sodium phenobarbitonea5 have been

cecommended.

The disadvantage of the method is that respiration becomes irregular
a. considerable time before the heart finally stops beating and thercfore
the end point tends to be indistinet.  However, because of the diffioulty
in obbaining suitable cats in sufficient numbers, the pguinea pig method

is widely used in this country.

The cat method.

88

This method was introduced by Hatcher and Brody™~ in 1910, modifiecd

in the laboratory of Magnus and described in debail by Lind van WijngasrdenS$9.

The method as desceribed in the British Pharmacopoeias of 1932 and
1948 was similar to the guines pig method. Changes in the 1953 edition
include the introduction of a weight factor since, on a body weight basis,
heavier cats are relatively more sensitive to digitalis than lighter ones79.
In place of the continuous injection, doses are given intravenously at five
minube intervals to allcw fixation of the slower acting glycosideng, and
the duration of the injsction is specified. Again standard end test
preparations are estimated concurrently on at lcast six cats for each
extract ond as far es possible the same numbor of cats should be given
standard and test preparabtions during anyv one day. The test should be

completed within filteen days since Blissgo has shown that sensibivity

3

of cats in any oae laboratory will remein constant only for this period.




The pigeon inbravenous method

In 1934 Haag and’Woodleygl used pigeons instoad of cats in the
Hatcher snd Brody mebhod, and comparing their results with those
obtainod on cabs they found differences of up to twenty five per cont

in the resulits. However, in 1948, Braun and Luskygg

compareod tho cat
and the pigeon intravenous meothods end found the latter satisfactory
and it was adoptod as an official mebthod of assay for digitalis prep-
arations in the l4th. odition of the United States Fharmecoposia and
the 1953 British Pharmacopoeia. Details of the method are very similer
to those in the cat assay oxcept that ether is the one anacsthetic

reoconmended, a number of injections are given into the alar vein and

the asssy is to bo completoed within thirty days.

This dintravenous method is not to be confused with the pigoon

omosis method of Henzlik93 who mistakenly regarded the amount of digibali
to cause vomiting in pigeons as a better therapeutic index than the

lethal dose to animals.

Comparison of mothods and relationship of results to clinical efficacy

Wasicky* has pointod out thet difforont animal mobhods of assay
give different indications of pobency for the same digitalis proparations
and it will be shown in the scebion dealing with doterioration of digit-
alis tincbures that thore is marked difference in potency cstimaboes of
0ld tinctures by the intravenous cat method compared with the frog lymph

sac method. Lack of agreement has also boeen reported botween cat ani
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guinea pig rosultst®, although- fair agroomont has been roported by
somo workers 2s9% between pigeon and cat assayss The guestion arises
as to which method gives tho best indication of thorapeutic efficacy
in man. Gold ot al.?% stated that animal methods may give results
which are misloading when applied to humens. This is ospocially true
of frog results and the cat method is said to give better indications
of strength although here again the results may be misleading when

°7,

esbimating pure substances Results of pigeon assays are also said

to give a poor moasurc of oral potency to manga.

Although the methods using cats, guinoe pigs and pigoons are now
moroe widely used than the frog lymph sac method, the effect on meaxwma lion
. hearts being preforred to the effect on the emphibian heart, ell intm -
venous technigues sulfer o serious defect in not distinguishing between
absorbable and non-absorbable materials since most digitalis prepareti ons
aro administered @raikyto mane The seme criticism applies to some
oxtent to the l-hour frog method in which some workors99,100 havo saild
that sufficient time is not allowed for the absorption of some of the

less soluble glycosides.

Human bioassay

Because of the limitations of the animal assay processcs, Gold and
his co~workers Ol introduced a biocassay on ﬁumans based on the degreo
of T-wave and RT-T segment changos of bthe electrocardiogram after treat-
mont with digitalis. They claimed to be able to distinguish 22 por

cent. differences in dosage.




102
Pardee had previously suggested the method while Dieuaids,

Tung and BienlOa

had been able to detect a 25 per cenbt. difference in
dosage by measuring the degree of shortening of ‘the Q~T interval of

the electrocardiogram.

Blectrocardiographic methods on animals

The characteristic effect of digitalis on the electrocardiogram

of the cat has been demonstrated by several'workersloé’los’lﬁs’lo7’

108:1093110, 104 showad that there was an

Robinson and Wilson
inversion of the T-wave with about -25 per cent. of the lethal dose,
definite prolongation of the P-R interval with about 5O per cent.,

and consbant A-V dissociation with about 75 per cent. of the lethal

dose. Krueger and Unng 108

reported agreement with previous workers
in finding the omset of bradycerdia with about 30 per cent. of the
lethal dose and they noted that the dose of digitoxin which caused
the appearance of the first ectopic beet had a definite relationship

107,108,109,

to the fatal doses. Rothlin could find no eriteria for

distinguishing between therapeutic and toxie sympboms.

Boyd111 demonstrated the effect of microdoses of digitalis and
other cerdio-sctive drugs on the electrocardiogram of the frog, using

a cathode ray osoillloscope as the recording instrument.
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CHRKICAL ASSAY NruoDS

Grovimetric methods

Many of the earlier workers decolourised agueous extract; with
1lead subscebtate, removed excess lead, then extracted with chloroform.
The glycosidal material was oblained by evaporation of the solvent,
dried and weighed. Auemmuller prewexbtracted digitalis leaves with
ether to remove chlorophyll, fat etc. before chloroform extraction.
Tschirch and Wolber weighed an acetone extract and determined its
physiological metivity on frogs. These methods are of historical

-
interest only and are adequately reviewed by Schwartz7os

Colorimetric methods

One of the first methods of this type to be used was described by

112

Martindale in 1912, He estimated the combined “active water-

soluble" glycosides dissolved in glacial acetic acid by the density of
the blue colour produced on the addition of sulphuric ammoniuvm

molybdate reagent, matched against a number of standard colours.

The current methods can be classified accpbrding to whether the
reegent reacts with the butenolide side chain or with the sugar molety
of the glycosides, to give coloured productss These methods have been
113,114,115,116,117, and

well reviewed in a number of recent articles

therefore only a brief sccount of each followse
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(a) Methods dependent on the butenolide side chain

In the legal reaction a red colour is formed when sodium nitro~
prusside'is added to alkaiine solution of a substance ocontaining the
butenolide group and it is specific for all the aglycones of the
digitalis groupe However the reagent has been shown to give a

similar colour with related synthetic productsna. The qualitative

119, 120, in research work. on

test has been used extensively by Jacobs
cardiasc glycosides, but it has been criticised by Blderfie1d?® who

suggested replacing the sodium nitroprusside with potassium ferricyanide.

The test hes been adapbed by Kedde ! for the quantitabive

estimation of cardiac glycosides by measuring the absorption photo-

metrically in buffered solution(pHI1) atb wavelength 470mp.

The Baljet ree.ct:‘zonlza was first used by Knudson-Dresba.chlBs for

the estimation of cardiac glycosides which give an orange-red colour

with alksline piorate solntions The method was used by Newnann124 and

has more recently been modified and extensively used by Bell and K:c'ta.i'):l;zl25

end numerous other workersns’ 126,127,128,129,130,131,132

s for the
spectrophotometric estimation of gaienﬁ.cal preparations and pure
glycosides of digitalise Cho:i.oé of wavelength in this, as in other
spectrophotometric methods, is extremely important and ﬁmch of the work
of Bell and Krantz has been invalidated by the unfortunate choice of

a wrong We.velengthlls. Rowson1® was unable to confirm the elaim of

Bell and Krantz that bebtter results were obtained -using tetraethyl=-

gmmonium hydroxide as the alkall in place of sodium hydroxides

29
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133
Raymond developed a quantitative method based on a reaction

deseribed by Marthoudlgé'who reported that ethanolic solutions of
cardiac glycosides with m-dinitrobenzene developed a blue colour
on the addition of alkali. The method has been used for the

5 R . 136
estimation of digitoxin115’lgo’ and digitalis leaf™ + Rowson

reports that this method, as described by Canbhelkt1S”

is satisfactory
but demands great precision in observation and is subject to
ingocuraeies due to the low colour developeds The absorption
maximum is at wavelength 620 mp and thus yeilOW'ooloufs from
impurities have less effect than in the Knudson-Dresbach method where
the maximum absorption for leaf extracts is at wavelength 480 mjre
Hassall and Lippman187 have used the red colour (max. 560 mp)
given when dilute solufions of cardiac glycosides or aglycones are
mixed with m~dinitrobenzene in the presence of dilube sodiuvm hydroxide

solution or alkeline buffer at pH 1l - 13, The blue colour mentioned

sbove is obbtained with more concentrated alkali.

1%
The Kedde method"°8 utilises the purplish-brown colour obtained

when dipgitoxin or clarified tinctures of digitalils are treated with

ebhanolic solubion of 3:5 dinitrobenzolc acid and then made alkaline
: 139

with sodium hydroxide.  Pratt proposed replacing this allkall wit

benzyl~trimethyl-ammonium hydroxide.

Rowson regards the 3:5 dinitrobenzoic acid method as the most
efficient and accurate way of estimating cardisc glycosides on their

aglycone conbtent.
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140 141
1:3: 5 trinitrobenzene * 2:5 dinitrobenzoic acid ’
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and sodium naphthaguinone- éwsulphonat9143

1:3 dinitronaphthalene

all give colours with cardiac genins and have been used as quantitative

reagents.

(b) Methods based on the sugar molety of the glycosides

Keller-Kiliani method.

The gqualitative chemical test which is specific for digitoxose
was first described in 18961‘Mc and consists of dissolving the sugér,
or glycoside containing the sugar, in glaclal acetic acid containing
a trace of ferric chloride and superimposing this solution on a layer
of concentrated sulphuric acid, " The upper part of the sulphuric acid
layer becomess brown while the lower part of the acebic acid layer
changes to an indigo blue colour which is stable for some hours. If

the layers are mixed a green colour results.

145
As early as 1908, Cloetta and Fischer attempted to use this

method for the estimation of cardiac glycosides. Move recently,

146
Jamos et al. described a photomelric method based on this reasction

for the estimation of digitoxin in tablets. 8003147 has avplied the
method to the assay of digitalis leaf using the resagent recommended
by Lindewa16148 end the method has been critically examined by

Rowson115 and Ta&ﬂelégo

The method, as described by Rowson, has been used in this present




work for the estimation of the chloroform=soluble glycosides in

tinetures of digitalis.

The Pesez reaction.

This has been applied by Bellet}SO'who described the yellow colomr
given by digitoxinuwiﬁh syrupy phosphoric acide This colour has beam
used by Dequeker151 for the photdmeﬁric determinotion of leaf extracts
but Brindle et a1.55 could not obtain reproducible results with this

reagent applied to digitalis tincbtures.

Bial's reacltion.

This consists of the interactiom of the sugar with orcine in the
152
presence of hydrochloric acid. Langejan has applied this reaction
to the estimation of pure glycosides, but it does noébt give reproducible

-
results with tinetures of digitalisa5.

33 per cemb. hydrochloric scid.

This gives a stable yellow colour when heated with cardiac
|2
glycosides and it has been stated°5 that reproducible results can

be obtained with this resgent.

Physical methods

Adsorption chromatography.

It is possible to éeparate various glycosidal constituents of

32




digitalis by chromatographing on columns of aluminium oxide>0s152s

or silica gellss. Kaern separated digitoxin from digitoxigenin

and determined each colorimetrically by the Knudson-Dresbach method,

Colouring matter which interferes with the spectrophotometric
deberminations of digltalis by the 3:5 dinitrobenzoic acid prosess can

be removed on columns of aluming39s15%

Partition chroma.toéraghy.

An extensive litersture is acoumilating on the separation of
cardiac glycosides and aglycones by means of paper ohrdma.tographyss,
565,155,156,157,158,159,160,161,162,165,164,165,166,167,168,  poin
ascending and dessending mebhods of development have been used and the

solvents employed are: chloroform/methanol/water, chloroform/benzene/

33

formamide, chlorofomy’formmnide, chlorofonq/ethyi acetate/water, chloroform/

ethyl acetate/benzene/fwater, ethyl acetate/benzene/water, toluene/

propylene glycols

The developed papers are dried and then sprayed with one of
the following reagents: medinitrobenszene or m-fdinitrobenzoie acid in
alkaline ethanol, hydrochloric acid vapour, trichlorscetic acid in
chloroform or antimony trichloride in c}ilorofo_rm. Jensen'®® 145 also
modified the Legal and Ba.lje*b. reagents for use as shromatographic
sprayse The trichloracetic acid spray, which gives well defined

-fluorescent spots with cardiame glycosides, is improved by the addition

of chloreminel®d op hydrogen peroxidem?.
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Silberman and Thorpls6 report a quantitative method of

estimating cardiac glycosides after separation on papere The
chiamatogram, spraye&'wifh the trichloracatic'acid reagent and
heated fof eight o ten minutes at 105-110°c., is photographad.
in ultra~violet light end a negetive is prepared from the fluorescence
photographs Corresponding to the glycoside "spots" on the original
ohromatogram, a number of variable ¢lear areas appeér. Measurements
of the size and density of these areas are made using a simple photoelectric
photometere. Knawn quantities §f pure glycosides are run on the same mper

for comparative purposes.

Other physical methods.

In 1953 Jensen'®® deseribed a quantitative detefmination of
purpurea glycoside A, digitoxin and digitoxigenin based on the
fluoresoence obtained with the genin in a solution of hydrochloriec
aoid and methanol containing ascorbic acid, on the addition of
hydrégen.peroxide. In.1954, Fruytier end van Pinxterenl70 desceribed
a fluorimetric method for the determination of gitoxin in s mixture

of' hydrochlorio acid, glyoerol and ethanols.

116,171 172,173

Ultra~violet spectroscopy and-poiarography

- have been applied to pure glycosides and geninse




€A

Comparison of chemival methods

In the gravimetrié methods, no account was taken of the
waber~soluble glycosldes and the material extracted and weighed
consisted of a variable mixbture of glycosides and genins all
with different pharmacological activitiess This criticism also

applies to the other chemical assay processes.

The colorimetric methods hased ou the sugar moiety suffer the
defect that they measure the pharmecologically inactive part of

the moleculess  The method does not estimate free genins,

The methods based on the aglycone portion of the molecule
are open to the criticism that no distinetion is made between
glycosides and the much less active genins. For this reason,
the valuss obbtained are often higher than the values obbained
with biological assay methodse. The aglycone methods are considered
to give a bebter estimate of potency than the methods based on the

suger moioty.

Because of the presence in digitalis leaf of primary glycosides,
secondary glycosides and possibly aglycones, all with different
potencies, the ideal chemical method should give complete separation
and estimation of the various components present, Some progress
has been mede in this direction, the KeddelSS process being capable

of distinguishing between glycosides and genins, while the method of




Tattje and van 03174, employing a process of eunzymatic degradation
of the glycosides and utilising methodsbased on both the aglycone
(picrate method) and sugar part of the molecule (Keller-Kiliani'

method) can estimate separately the primery glycosides, secondary

glycosides and the aglycones.

A method of Tattj9175 based on the colour given with a reagent
consisting of sulphuric asid, syrupy phosphoric acid snd ferrio
chloride, and used to estimate gitoxigenin as distinet from digitoxiw
genin, has been used® o assay the relative proportions of glycosides

related to these genins, in samples of digibalis leaf.

Use of chromafographic separation followed by estimabtion has
definite possibilities, as shown by Silberman amd Thorp166’167 and

)

Jensen .

Without more preclise ianformation on the relative pharmacological
activities of the various coustituents of digitalis leafl and, more
especially, informebtion on the relabionship betwoen pharmacological
effects on animals end the therapoubtic effects on man, dstailed
assessment of pglycoside content by chemical assay doss not provide
the complete answer to this still outsbanding problem of the

evaluation of digibalis.

Comperison of chemical and biological asssy methods

Hany attempts have been made to correlate the results of




chemical assays with the results of biological assays but conflicting

reports have appeared.

Of the earlier workers, Kuudscanresbachlzs, Ockaloen and Timmers 170

and Carratulal’? found agreement between o chemical assay based on the

alkaline picrate (Baljet) reaction and biological assays, wherdas
80 and Dyeris1

. 1 . -
Wasicky et ale” could find no such agreement. More

reaenﬂly Vos and Welsch!®® peiterated this lack of agreement. In 1945,
Bell and Krantzlzs‘reporting results obtained by thirty collaborabtors

" in the comparison of the alkaline picrate and cat methods of assay
on digitalis powders, btinctures, tablebs and capsules sbated thatb
while some samples showed good agreement by both mebthods, excipients
present in tablets and capsules caused wide errors. Further, ‘they

188

confirmed Hagemelxr's earlier observation that the inactive

glycoside diginin reacbed with the reagont and rendered the results
s . . o1 YY) .
of this chemical assay unreliable. 4011n@r’9t ala s assaying leaf
samples, found agreement between the modified Knudson-lresbach method
and both cat and gulnea pig methodspfﬂﬁt the bioassay results differa
-from the results of Tthe Neuwaldlebfﬁethod in which all the glycosides
were hydrolysed to free genin before_estimation'witﬁ alkaline
picrate. Brindle et al, 1?8 oﬁﬁained sgreement bebtween the plorats
mebhod and the l8=hour {rog method on tinetures prepared from one
sample of digitalis leaf but resulbs differed in the estimation of
tinctures obbtained from different sources. Hastland ot al.Ll86

observed widely divergent results in the estimabtion of chloroform=

goluble glycosides of digitalis tinectures by the plerate and guines
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pig methods. - Braun and Luslcylsv, compering two commercial samples

of digitoxin by the intravenous plgeon assey end the alkaline plcrete
assay, Tound the latter to give results 26 to 30 per cent. higher than
the former, presumably due bo the presence of the less pharmacologically

active gitoxin in the samples.

The general consensus of opinion indicates non~-agreement between

the alkaline plerate and bioassay resulis.

Brindle ot ale also stabed that there was no agreément betweon
results obtained by the Kedde 3:5 dinitrobemzoic acid process and the
18~houyr frog method in the estimation of pure glyeosides55 or
commercial tincturesgs. However, Rowson and DyerlBB vsing guinea
pigs and Langejan and van Pinxtéren154 using cats, ¢laimed that the
bloassay and 3:5 dinitrobenzoic acid results agreed in»the ostimation

of dried leaves, and Rowsonll{ also found agreement in the estimation

of the majority of commercial tinctures.

Chemieal o stimations based on the sugar part of the molecule
. e R4 .11 ST . 55 . .
using either Bialls reagent or hydrochloric acid™ yielded results

which differed from bioassay r esulbts using the cab or frog.

In an extensive examinatlon of several species of Digitalis,
using several different chemical and biological assay methods,
Machs et a1.114 found that while there was some agreement amongst
the results of different genin methods, these did not agree with the
rosulbs based on sugar estimsbions and that the 4~hour frog method

geve different results than the guinea pig methode There was some




agreement between the results of Keller«Kiliani method and the

11‘«7 points out that the findings

biological methods.  Rowson
of these workers can be criticised because of errors in the

extractbion process usede

Summerising it can be stated that although comparable results
may be obtained in some cases by chemical and biological assay
procedures, no one chemical method gives a true indication of the
pobenoy for all digitalis samples and that, at present, it is still
necaessary to standardise this crude drug and its preparations by

blological assaye.
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STABILITY OF DIGITALIS TFREPARATIONS

Dried Digitalis Leaf

191

L

Gathercoallsg, Haskell and Millerlgo, Rowe and Pfeifle

and Edmunds et al;lgg

2 all employing a frog method of assay, could
detect no loss of vobency in samples of digitalis leaf which had
been stored for periods between one and twenby-five years. Gold

£193 and Hoaog and Hatoherlgé, using cats, reported similarly

and DeGraf
on leaf which had been s tored for five and fifteen years respectively.
However, Schmidb and.Hey1195, exomining only one sample of digitalis

leaf on frogs, reported that it appeared to have lost about one~third
of its activiby after one year, while Christensen and Smith 198 sfated

that loaves containing 4.8 t0o 11l.9 per osnb., moisturs deteriorated on

stending.

The phermecopoeial directions for drying the lesf as quickly as
possible after collection ot a bemperature of 55° to 60%ensures that
onzymetic breokdown of the cardiac glycosides is kept to a minimum
during drying although the enzymes are not destroyed. During
storage the mdsture content must be kept low, preferably by use of
a dessicating agent such as silica g61197 « The limit of moisture in
the British Pharmacopoeia is 8 per cent., in the United States
Pharmaoopoéia 6 per conts., #nd in the International Pharmacoposeis.

5 per cent.
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The general view is that digitalis leaf of low moisture content

is stable on long storage.

Infusion of Digitalis

A very guick deterioration of agueous exbtracts of digibalis
is indicated by potency tests on frogs whereas these preparations
appear to be relatively stable when tested on catse Poﬁeroylg8
found o 33 per cont. pobtency loss to ffogs affter three weeks while

199

Nuki et al. s by intravenous infusion into frogs, found no loss

after two days, a 20 per cent. loss on the third day and a 40 per ceumt.
loss in four weeks. Wokes and Elphickgoo found that infusion of
Digitalis preserved with chloroform or thymol, to prevent growth of
micro=organisms, showed no appreciable loss of activity to eat for ab

o

lonst three weeks. Hebcher and Egglestonez similarly showed that
there was no change in potemncy to cats during three weeks or even after
two and a half years, but there was a fifty per cent. loss of activiby
after eleven years. Haag and Hatcher194 reported a loss of 75 per

cenbe potency in catb assays afber eight years storage, but pointed

out that the sample was still effective c¢linicelly, in appropriate doses.

Hinbzelmann and Joachimoglugoz stated that deterioration was more
rapid in alkaline than in neutral or ascid solution. Tainterzos
found a tendency for the infusioans to inorease in aclidity during
storage. It had been thought that deterioration was due to the action

of micro-organisms but Tainber reported that loss of activity was not




provented by the addition of preservatives, that the deterioration
as tested by the one-hour frog method was as rapid in sterile as in
conbamivated infusions, and that deteriorabion seemed to be due to

hydrolytic cleavage of the glycosides.

These observations on the infusion are interesting inasmuch as
many of the comments apply equally to the tincture, in which the

vehicle is seventy per cent. ethanol.

Tincture of Dipgitalis

In 1914 Symes 0% reported testing fifty-five tinctures which
maintained thelr original potency for one month to one year then began
to deterilorate, some of them 1oéing as much as sevenbty per cenb. of
their potency in one year. Haskell et al.zo5 examined four tinocbures
which had been stored for five years and found the pobensy to cats

unchanged. Similarly Van.derhoofgo6

s examining an aged tincture which
was giving poor clinical results, found the potency to cats unchanged
but the frog=potency greatly feduced. This was the first of several

papers to emphasise the disorepancy between the results obtained with

the eat intravenous method and the frog lymph sac method in the

ostimation of aged binctures of digitalis.

Wokeg?07 #2808

found that during the first month of storage tinctures
gave the same resulbs when assayed by either the cat or the frog method

but thereafter the pobency to cats remoined constant while the frog

g
fav]




potency decreased at an average rate of three per cent. of tho
initial pobency per month for about nine monthse. The rate of
deterioration then decreased until about one third to one holf of
the original pobency was lost, at which point the potency remained

209

constant for several years. BEmig also reported that after a

period of deberioration, a state of equilibriuvm was reached. Gunn21o
found no loss of potency to frogs after one year, a ten Lo fifteen
per conte. loss during two years and a twonby per cent. loss in eleven

yearse Stasiak21l

» examining a three year old tincture, found a
diminution in frog potency of 58.2 per cent. compared with a loss of
only 10.3 per cent. in cate Ichnlowski ond ‘l‘hcxmpsonzl2 deteoted no
loss by the cat method but a definite loss by the one~hour frog method ;
on further storage, some of the pobtency lost to frogs appeared to be
regained. Foster and wvan Dykezls found that a frog intravenous assoy

indicated a greater degree of deberiorstion than a cat inbravenous

assaye.

3 5
Some of the earlier wnrkarszOG’ZJQ’ZIO found old binchbures-to be

weak c¢linically, which supported the frog assay resulbs and they viewsd
cat assay rosults with suspicion since no account was taken of differencss

Go1q96+216 o \ . . ‘
old » however, stated that specimens found weak

in absorpbtion.
by the frog method were full strength when administered to man, the

intensity of action corresponding to the number of cabt units.

Hughes and L0dd?l7 advenced the thoory thet the difference betwesn




the cat and frog assay results could be explained by assuming the
degradation of the solubilising saponins, with conseguent change in
rate of glycoéida absorption from the frog lymph sac. This theory
hes been shown $0 be untenable because Brindle and Rigbylze showed
that removal of saponin from fresh tinctures of digitalis caused no
alteration of frog potency and the writer has shown?18 that addition

of the digitalis saponin, digitonin, to aged tinctures does not restore
lost potency when administered to frogs by the lymph sac route. It
was alsd shown that a definite loss of potengy'wns indicated by an

intravenous frog assay in which the absorption factor is eliminated.

Haag®l® stated that deterioration probably rested on hydrolysis
of digitoxin, gitoxin and gitalin to their respective genins. If
this was true then loss of potency would certainly be more evident
in frog where the glycoside/genin potency ratio is much higher than
in cat55:62,220, theory of hydrolysis is supported by the findings
that tinetures prepared with absolute ethanol are more stable then
those prepared with 70 per cent. ethano1?11s221l ana both are much

more stable than agueous infusions.

While Foster and van Dyke®ld stated that digitoxin in absolute
ethanol was unsfable, the writer has found this glycoside to be stable
in 70 per cent. ethanol, this confirming earlier reports on the
stability of digitoxin194’304.

On hydrolysis of the secondary glycosides, free digitoxose would

be liberated and while its presence in tinctures of digitalis has been
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reported®® though not confirmed3® by Brindle et al., the author has been

unable to detect this sugar in aged tinctures.

Bvidence is provided in this present work to show that deterioration
of digitelis preparations is, to some extent at least, due to hydrolysis
of the primary glycosides to the corresponding secondary glycosides

without further breaskdown to genins.

There have been conflioting reports on the effect of pH wvalues
on the stability of tinotures. Some workers®08s209 pove shbated that
alkelis are more detrimental then acids; others212:213 found no
correlation between pH value and potency. Addition of 2cid?22 op of
anhydrous sodium acetate?2® has been reported to inorease stebility
but this view was contiadicted by Carr and Krantz224 who stated that
there was no evidence to show that stability could be increased by
the sddition of acids or by buffering. In tinetures examined by the
writer the pH velues ranged from 5.58 to 5.98 and these showed

considerable loss of potency to frog during storage.

Mgoht and Krantzgzs, using their phytophanmacologiéal method ,
found that polarized light had s deleterious effect on tinotures of
digitalis, but Bond and Grnyzzs, using the cat method found the potency
of digitalis preparations unaltered after exposure to ordinary or
polarized light. However, it has been pointed out earlier in this
work that neither method of assay is suitnble for the estimation of
deterioration in tinctures and in the author's experience the potency
to frogs is reduced whether tinctures abe stored inm clear or dark

coloured bottles. No comparisons were made to determine if storage

in dark coloured containers reduced the rate of deterioration.
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MATERTALS

Collection, Stabilisation, Drying snd Storage of Digitalis Leaf

The leaves used in the preparation of tinctures were colleche@
in & number of localities in the West of Scotland, from wild plants

of Digitalis purpures (Linn.). Leaves were taken from first year

rosettes and from second-year planbs in flower, collection being made
during dry weather following periods of sunshine, when the glycosidal

content is regarded to be high?27,

Each batceh, of six to eight kilogrammes, was thoroughly mixed
before dividing into two equal portions. One half was dried immediately
after collection in a drying cupboard maintained at 55 to 60°C. and
the remainder was stabilised by treatment with alcohol wvapour under
pressure in order to inactivate the enzymes. The stabilisation
method used was that of Hughes and Todd?1l .,  The leaves were placed
in thin layers, on wire trays, inside a heated, water=jacketed vacuum
oven fitted with a compound (vacuum-pressure) gauge. The air was
withdrawn from the oven by means of a mechanical pump and then the
aloohol wvapour, generated in an autoclave which was connected to the
vacuum oven by means of a flexible metal tube, was introduced into the
oven t§ neutralise the negative pressure and them build up a positive
pressure of five pounds per square inch. This pressuré was maintainkd
for five minutes and then released by withdrawing the aleohol vapour
through s condenser. Condensation of alecohol vapour on the leaves

was negligible and no leaching of the active principles occurred.




The stebilised leaves were gquickly dried in a drying cupboardAat
& temperature of 556 to 60°C..

The dried leaves were reduced to a moderately fine powder in a
disintegrator and then distributed into small glass jars with ground
glass stoppers containing silica gel; The moisture content was
about six per cent. and therefore no loss of activity during sbtorage

was expected to ocour.

Preparation of tinctures of digitalis

. Tinoctures were prepared by macerating one part by weight of
powdered leaf with ten parts by volume of 70 per cent. ethanol,
shaking oonﬁinnously for forty-éight hours11®, 228 jn o mechanical
shaker. This was more than adeguate to ensure complete extraction
of the active principles, since it has been stated reoen.tlyll7 that
this is achieved by shaking continuously for only one hour. Care
was taken to reproduce the exact extraction conditions in the prepw-
aration of subsequent batches of tincture prepared from the same leaf.
The tinctures were filtered through fast filter papers and then stored
in seourely stoppered bottles, some amber coloured, others of clear

glasse

Some commercial tinctures were also used in this work and each
was labelled with the date of manufacture and a statement that the

preparsation ocontained one unit of biological activity per ml..
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Pure glycosides

In addition to tinctures of digitalis, ethanolic (70 per cent.)
solutions of two samples of digitoxin were examined. Semple A was

stated, by the suppliers, to contain 1369 units and Ssmple B about

900 units of activity per ge..

Animels

The frogs (Rana temporaria) were kept in a specially designed

tank with a sloping floor, constructed to allow continuous changing
of the water. Any animals which were kept for several weeks were
fed with live bait from time to time in order to keep them in a
healthy condition. Subsequent to their arrival, a period of at
least 48 hours was allowed to elapse before the frogs were used for

experimental purposes and in any one experiment, frogs from the

same babtch wereo used.

Rabbits used in the electrocardiographic section of the work
were of different breeds and no attempt was made to establish if any
particular breed was more suitable than others for this type of work.

Healthy animals of both sexes and weighing between 2 and 3 kg. were

usoede.
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BIOLOGICAL SECTION

Deétails of the 18~hour frog (lymph sac) method

Twenty~four frogs were seleoted at random and weighed to the
nearest half g after drylng the skin and expressing the urine.
Each animal was placed in a separate jar containing a 1little water
and then left in an evenly illuminated part of the laboratory for
two hours before injection. The animals were arranged in two groups
so that as far as possible they were paired with regard to weight,
an equal number of frogs of a given weight being present in each

Zroupe.

The two solutions to be compared were suitably diluted with
0e6 per cente. saline solution, the dilutions being such as could be
expected to produce fifty per cent, mortality in the group of frogs
injecteds For very weak tinctures, it was found that large doses
were required and to avoid the injection of high concen’cratiqns of
ethanol in these cases, the tinoctures were evaporated to about half

volume before dilution with saline solutione.

The frogs in the first group received one of the dilutions at
the rate of 0,02 ml. per g. of frog and those in the second group
received the other dilution in the same dosage. Injection was made.
into the venbral lymph sac, the needle passing through a little of
the thigh muscle to prevent leakage of the solution after withdrawing

the needle. Care was taken to avoid penetration of the viscera.
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After a period of eighteen hours the mortality in each group
was observed, moribund enimals being counted as dead.

The test was repeated using two further groups of twelve froés
and adjusting the strength of the dilutions, if necessary, in an
offort to obtain fifty per cent. mortality in each group.

The comparative potencies of the two solutions were obtained
from the percentage mortality figures by reference to a table in the
1948 British Pharmaooyoeia, page 820, The final strengths were

calculated by taking the average of the results obtained in the two

experiments.

Assay of aged tinctures of digitalis by the 18<hour frog method

The potencies of three commercial tinctures (A. B. and C)

. were found by comparison with a tinoture prepared by maceration from

JL\ uInta‘nal:ional Standard Digitalis Powder. The potencies of tinctures
R ke

TeSel and D.l, prepared by the author, were found relative to the

i) ok .
\\\\\ potencies of corres¢gponding tinctures freshly prepared from the

same raw materials.

Results.

Detailed results appear ln Appendix I and the potency-~losses

during storage, together with the ages of the tinctures, are given
in Table II.
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Effect of added saponin on the potency of aged tinotures of digitalis

as determined by the l8-hour frog assay:

To a portion'of-each aged tincture previously shown to have lost
potency durlng storage, the digitalis saponin diglbtonin was added
in proportions ranging from O.1 to 0.8 per cent., the strongest
solutions being saturated with saponine These tinctures with
additional saponin were comparatively assayed against portions of the

same original tinctures to which no saponin had been added.

Results.

Detailed results appear in Appendix II. The comparative
potencies are shown in Table II from which it will be seen that the
addition of saponin, even to the point of saturation, does not
restore the potenoy of aged tinetures which have lost a high proportion

of their initial activity during storage.

Effect of quonin‘on the rate of absorption from the frog lymph sac

It was noted that while the overnight mortality figures were
not affected by the addition of digitonin, death appeared to ocour

more gquickly in frogs receiving extra saponin.

A series of experiments with pure digitoxin and aged tinctures
of digitalis was undertaken to compare the rates of absorption from
the lymph sac of solutions with and without added saponin. The

dilution and injeotion of solutions were done as previously described




and the number of deaths in eaoch group of frogs was noted at interwvals

after injection.

Resultse.

From the results in Table III it can be seen that

(a) digitonin has no lethal effect when injected into the lymph sac
of the frog.

(b) the presence of saponin facilitates the absorption of digitoxin
but this relatively insoluble glycoside is completely absorbed,
without added saponin, within twelve hourse.

(¢) there is suffiocient saponin present in"aged tinetures to ensure
fairly complete absorption of the toxic prinfiples within about
three hours and certainly within twelve hours. Assays of very
short duration, for example the ome=hour frog method, may give

misleanding results due to incomplete absorptione
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TABLE. II
Effeot of added saponin on the potency of aged tinobures of digitelis

as determined by the 18«hour frog method

Poteney : average of
Potency lost assay results
Age of during storage ‘|caloulated from frog
Tincture  [tincture (per cent.) mortality figures
A 8 years 393 11246
A plus :
* Qs1 pen . cente. 111.7
digitonin -
B 6 ;vears 1642 118,0
B plus .
0.1 per cent, _ 121.6
digitonin
c 7 years 296 9843
C plus
0.2 per cent. 107.4
digitonin
TeSel 7 months 4642 95.8
TeS+1 plus
0.2 per cent. 10643
digitonin
D.l 1 year 5949 9149
Dol plus
Oe8 per cent, 89.1
digitonin




TABLE IIT

Effeoct of saponin on the rate of ebsorption from the frog lymph saec
Expt. Seolution No. of |Time after injeotion -(hours)
Noe. Injeoted frogs l 15 2 25 3 12
used ~ Mortallty. fipgures
0.03 per cent. digitonin 23 O 0 0O 0 o0 O
1l 0.03 per cent. digitoxin 36 0 3 § 12 14 31
0,03 per cent. each of ~ :
digitoxin and digltonin 36 4 12 17 26 32 33
. 0,03 per cent. digitonin 8 - e m = e 0
2 0.03 per cent. digitoxin 20 - m w = o= 7
0,03 per cent. each of :
digitoxin and digitonin 20 - = = = = B
40 per cent. diluticn
z of Tineture A 34 7 11 15 18 18 27
40 per cent. dilution of
Tincture A with O.l per
cent. digitonin 34 9 14 19 21 21 27
40 per cent. dilution
4 of Tincture B 12 4 = 6 6 = 9

40 per cent. dilution of
Tincture B with 0.1 per

cent, digitonin 12 3 = 8 6 « 10
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Assey of aged tinctures of dipitalis snd ethanolic (70 per cent.)

solution of digltoxin by a frog intravenous method

In estimating the loss of potency to frogs (Rana pipiens)

during the ageing of digitalis tinctures, Foster and van Dyk6215

used an intravenous method in which diluted tinctures, with most

of the aloohol removed, were injected into groups of pithed frogs .

The state of their hearts wes examined after two hours end the percert ege
mortality recorded. A curve releting percentage mortality to reletive
dose was constructed, similar to the Trevan curve in the lymph sac

method.

It was thought desirable, in this present work, to use a
continuous infusion technique, as in the cat method, to measure
the minimum lethal dose in anasesthetised frogs and to obtain
figures for potency losses by both the intravenous and lymph saec

methods on frog.

Details of the frog intravenocus assaye.

Anpesthetic,

Urethane is a suitable ansesthetic Ffor amphibiaazg and may

be used as a two per cent. aqueous solution in which the frog is
immersed,  or a ten per ocent. solution which can be injected into
the ventral lymph sac. The injection of one ml. of this solution
per twenty-five g. of frog was found to give very satisfactory

results, ansesthesia being esteblished in from two to five minutes
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and being mainteined for st least one houre. Since this method was
quicker end less varieble than the immersion method, it was used

throughout the series of experiments.

Route of Injection.

In previously recorded work necessitating intrevenous injection

230,231 232

into frogs,the musculo-cutaneous and enterior abdominal veirs

have been used. Both routes were tried and the left muscule~cutsneous
vein was found to be the most accessible and convenient for the present

purpose.

A median incision was made in the skin covering the ventral lymph
sac and transverse incisions made in the skin covering the thorax and
upper parts of the forelimbs. By reflexing the f:!.e.ps of skin, the
prominent musculo~cuteneous veins were seen and by careful disseotion,
the one to be used was cleared of surrounding tissue up to the point
where 1t jolned the brachisl wveine. A smell portion of the eanterior

thoracic wall was removed to permit direet observetion of the heart.

The injection was not sterted until ten minutes after the
dissection was performed to allow for recovery from surgical shock
and throughout the experiment the heart was kept moist by periodie

application of frog Ringer solubion.

AEE&I‘&WSQ
For the first experiment, the technique described by Treven .. °
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and Boook255 was employed, injecting a diluted tineture at the rate of

0.002 ml. every ten seconds by means of a hand-operated micrometer
syringe. The injection was intermittent and tedious ‘to perform,
therefore an electrically operated continuous spparstus (Fig. 4.)

was constructed iay coupling the end of the miocrometer to a

synchronous motor. When in use the miorometer head was rotated once
every minute and the plunger of the syringe pushed forwerd continuously

to give a uniform injection at the rate of 0,01 ml. per minute.

The complete apparatus is shown in Fige 5 The large
insulated tank contalined 0.6 per cent. saline solution, heated by an
immersion heater and mainteined at 27°,, by means of a toluene
regulator, to avoid variations in the susceptibility of frogs to

230,254,235 11344011y an

digitalis with changes ln temperature
electric stirrer was used to c¢irculate the warm saline solution in

the bath, but since the temperature at the surface remsined constent

+ 045°C. without this fefinement, its use was discontinued. The
injection apparatus, rigidly fixed to a wooden baée board, was placed

on a box so that the syringe could pass through a hole in the side

of the tank, just above the surfece of the saline solution. The
dissected animal was supported on e ocork frog-board fitted to a

retort stend and so placed in the saline bath that the frog was partia lly
subnmerged end in e convenient position to receive the needle into the

exposed vein. Special very fine needles of 0.0l inch diameter were

required because of the small size of the vein in some frogse




Fig.

— <M”

Fig.

5.

'3TZ3

4. Continuous injection apparatus.

"’7]!

Complete apparatus for frog intravenous assay.
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Method.

Ten mle of the tincture to be assayed was eveporated on e boiling
water=bath to a volume of five ml. ‘to remove most of the ethanol, the
presence of which leads to irregular results in intravenous assayszlso
Further evaporation led to precipitation of colouring matter etce., anl
an even suspension could not then be obtained on dilution. The con-
centrate was diluted with 0;6 per cent. saline solution to give a one
in four, or in some cases a one in six, dilution of the original
tinoture. These dilutions were prepared freshly each day to obviate

any errors dwe to rapid deterioration in agueous solutionslge.

The amount of a diluted tineture required to stop the heart in
ventriculaer systole was determined on each of several mele frogs, the
mean lethal dose of original tinocture per 100 ge of frog being cal-

culeted.

By this method aged end fresh tinotures prepared from the same
raw materials were compared, alte:nating the injection of the tinotures
on successive frogs to avoid errors due to diurnal variation in the
susceptibility of frogs, trying as far as possible to use animals of

comparable weight in each groupe.

Eleven assays were conducted using one aged solution of digitoxin
(Semple B) and four different aged tinctures, three prepared from leaf

dried at 55°C. to 60°Cs and one from stabilised leaf (T.Sel)e
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Results.

The classified results appear:in Table IV and the detailed resul s,

stetistically treated for significance, appear in Appendix III.

Comparison of potency losses in aged tinctures of digitalis and

ethanolic (70 per cent.) solutiomsof digitoxin as determined by

the lymph sec and intravenous methods of assey on frogs

Some of the.tinctures and two samples of digitoxin (A and B)
in ethanolic solubion examined by the intravenous method were also
exemined by the frog lymph sac (18=hour) method and the detailed
results are given in Appendix I. Comparison of the potency losses

indicated by the two assay proocesses is given in Table V.

It is evident from these results that on storage of digitelis
tinotures there is a resal loss of po‘cehoy to the frog, a loss which
is not due to failure of the absorption mechenism but which is
nevertheless more pronounced in the lymph sac method of assay then

in the intravenous method.

It appears that digitoxin in ethanolic (70 per cent.)

solution is quite stable on long storages
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TABLE IV

IINTRAVEN()US ASSAY OF A SERIES OF AGED DIGITA

LIS TINCTURES

o

Mean
volume of Probu-
Age of tincture bility Potency
tincture, Number of | per 100 g, Standard t-test, lost,
Tincture weeks frogs used of frog error P~ per cent,
D.3 28 3 0:3301 0-006413
D.3 (a) 0 3 02504 0020310 0-02 241
D.3 36 12 01732 0-009473 0-05- 192
D.3 (L) 0 12 01399 0-010810 002
D.3 60 8 01624 0-006711 0-01- 184
D.3 () 0 8 0-1326 0-005678 0-001
D.1 38 12 0-1487 0-006290 0:01- 2043
D.! (a) 0 12 01170 0-007698 0-001 \
D.1 51 8 01564 0-012270 0-01- 29.6 /
D) 0 8 0:1101 0-003932 0-001
T.D.1 18 8 0:1766 0-006301 0-001 21§
T.D.1 (@) Q 8 01386 0-006231
T.D.1 33 7 0-1515 0-011020 01— 19-1
T.D.1 (b) 0 7 01225 ¢-009113 0:05
T.S.1 21 8 0-1417 0:011730 07— a7
T.S.1 (@) b} 8 0-1350 0-005123 06 )
T.S5.1 24 9 01897 0-015640 04— 109
T.S.1 (b) 0 9 01690 0013840 03 .
T.8.1 36 8 0-1447 0:010730 0-05- 214
T.8.1 (¢) 0 8 01137 0:005825 0-02
Digitoxin solution 145 8 01517 0-018970 07~ 59 "
" 3 Q 8 0-1427 0-008769 6

TABLE V

COMPARISON QF FROG LYMPH SAC AND INTRAVENOUS ASSAY RESULTS ON A. SERIES OF
AGED DIGITALIS PREPARATIONS

Laoss of potency,
Age of per cent,
tinctures,
Tincture weeks Lymph sac method Intravenous method
0.1 51 59-9 296
T.D.1 33 54:0 19-1
T.S.1 36 46-2 214
Digitoxin A 25 +73 —
Digitoxin B 145 132 59

"
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ANIMAL BLECTROCARDIOGRAPHY

A@Raratus.

The use of the cathode rey oscilloscope as a recording instrument
in the eleoctrocardiography of humens and frogs has been described by

Boydlll’zss'

The recording apparatus used iﬁ this present work comsisted of
a double beam Cossor DeCe osclilloscope fitted with a geared motor=
driven cemera capable of operation at three different speeds. The
output from the experimental animal was passed through a pre-smplifier
before being led to one beam of the oscilloseope. The second beam
wes used as a time marker, the sinusoidal wave of the 50 cycle A.C.
input being squared and differentiated end the pesks used to give a

separate signal every Q.02 second.

Plasced in parallel with the Cossor oseilloscope was a Furzehill
oscllloscope with a long persistence screen on which the electro~
cardiogram could be studied throughout the experiment, especially

while photographic records were being taken on the other instrument.

To eliminate electrical "piok-up" from static charges and
external A.C. interference, the test animals and the operator were
inside a seourely bonded,-fineqmesh'wire soreening cage (Fige 6.)
construocted on lines suggested in a Post Office leaflet on radio inte -

feren09257. All leads were made of screened cable,




Pig.

6.

Eleotrooardiograph
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6.4

The electrodes used on rabbits were of the light-weight, spring-
¢lip type and were made of phosphorwbronze wire with small brass
plates attachedassa Those used on frogs were pointed sllver electrodes,

ball and sécket mounted so as to allow easy manipulation.

Electrocardiography of Rabbit

This study was undertaken to determine if it would be possible
to select a group of animals whose responses to cardiac glycosides
could be calibrated, for the purpose of standardising digitalis

preparations.

Method.

Initially attempts were made to obtain tracings from

unansesthetised rabbits as described by Pizzi and Agosin<o®

animals being held in a speoially constructed ‘l:\'cuv:‘?‘%"0 » adapted to

» the

allow introduction of the eleotrodess Distortion of the tracings dwe

to animal tremors completely masked the wave form of the electrocardiogram.
To remove this interference the animal was sedated by injeoting pento~
barbitone sodium intraperitoneally in a dose of 25-30 mg. per kg. of body

241
L]

weight This dosage calmed the animals for about two hours without

producing deep anaesthesia.

To ensure good contact with the electrodes, the hair was removed

from parts of the limbs by clippings Attempts were made to shave tle
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areas but it was found that an erythema was produced and therefore
after c¢lipping, the remaining hair was completely removed by the

application of a depilatory past 8242’.’

An elestrode jelly recommended by Katzzg‘&, or soft soang‘ was

smeared on the areas in order to obtain good electrical contact
between the skin and the electrodess Equally good results were

obtained with either contact medium.

The electrodes were fitted, according to the lead reguired, as

follows 3

Lead I = both forelimbs
Lead II = right forelimb ;/ left hindlimb

Lead III w left forelimb / left hindlimb.

Normal heart tracings were resorded for each lead then a
solution of ouabain in sterile Q,9 per cent. saline solubtion was
injected into the ear vein in a dose within the range 0,01 to 0,03 mg.

per kge body weight.

Eleetrocardiegrams.were recorded at inbtervals up to two or three

hours after the injection.

For each animal, a resting period of two weeks was allowed betwesn

experiments to allow complete elimination of the toxio principles.

The results of repeated experiments on nine rabbits were not




satisfactory since in several cases, a raebbit which showed no obvious
electrocardiographic changes (Fige 7.) with a certain dose of

cuabain was killed with a very slightly increased dose on the next
occagsion. It became apparent that a group of rabbits whose responses
to cardiac glycosides could be calibrated, would not be obtained and
thus an assay process similar to thaﬁ of Go1dO! who used humans, could

not be adopted using rabbit as the experimental animal,

Electrooardiography of Frog

107,108,108 could find no

Although, as previously stated, Rothlin
electrocardiographic oriteria for distinguishing between therapeutio
and toxic symptoms on the mammalian (cat) heart, no datsa has been
published on similar work using the amphibian heart, therefore sn

attempt was made to correlate eleotrocardiographic changes in the frog

with increasing doses of digibtalis tinctures.

Methode

The animalwas prepared for intravenous injection as described on

page 55

To prevent any deviations in the tracings due to ionisation
potentials, the frog was not submerged in saline solution but the heart
was kept moist by periodic application of frog Ringer solution, care

being taken 0 allow this to drain off and not ascumulate beneath the
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hearte The experiments were conducted at room temperature.
Particular care must be paid to earthing the animal and injection

apparatus in order to avoid eleotrical interference.

One electrode tip was placed lightly on the base of the heart
and the other on the liver just below the free apex of the heart
and an electrocardiogram was recorded before the injestion was
startede During the continuous injeetion of diluted tinetures
of digltalis or dlilute solutions of pure glycosides, tra.pings were
recorded at intervals until death occurreds 1In soﬁe experiments, 0,01 ml.
of solution was injected at five minute intervals and tracings recorded

after one minute and four minutes following each injection.

The injestions caused the usual electrocardiographie changes
associated with digitalis intoxication, namely decrease in frequency,
depression or inversion of the T~wave, prolongation of the P«R inbterval
and auriculo~ventrioular disscciastione A typical recording is shown
in Fige 8¢ Because of the much slower normal heart rate of the froqg
'~ as compared with the rabbit the camera speed was reduced from 1°2 to
0*4 inches per second and at ’this slower speed the time marker was
ineffective because the signals were much too close together. However,
since the film speed was known, the time intervals were obtained by

direct measurement of the tracingse.

In some experiments kymographic tracings (Fige 9.) were made

instead of eleotrocardiograms and it was seen that while the mechanical




€8

recordings showed the slowing of the heart and eventual heart block
caused by digitalis, finer assessment of cardiac aotion could be
made from the elestrocardiograms.  However, no definite electro-
cardiographic change could be predicted with any partioular dose

of digitalis and therefore no suitable basis for quantitative

estimation could be established,




normal heart

A hour sifter
injection

1 hour after
injection

/ hours after
injection

3 hours sifter
injection

fig® 7# Rabbit Electrocardiogram®
(Lead II# 2.5 kg# rabbit injected with 0.025 mg* ouabain)
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Figs. 8. Trog electrocardiogram showing effect of continuous
injection of diluted tineture of digitalis.

(The number under each portion of the tracing indicates

the time in minutes after the beginning of the injection)
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Fig. 9. Meohanieal recording of frog heart beat
showing effect of oontinuous injection of diluted
tincture of digitalis.

(The number under each portion of the tracing

indicates the time in minutes after the beginning

of the injection)
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CHEMICAL SECTION

The resulﬁs of the biological assays on aged solutions of
digitoxin indicated that this glycoside and presumably the other
secondary glycosides, which are similar in structure, are stable
when stored in ethanolic (70 per cent.) solutiom. It was felt
however, that confirmation of their stability in tinetures was

needed and this could be obtained by chemical investigation.

If the secondary glycosides suffered hydrolysis during storage,
the unusual sugar digitoxose could be expected to be present in
aged tinctures of digitalis. Paper partition chromatography has
"been widely used for the separation and idenbification of other
sugars in vegeteble materials and this method was used to examine

for digitoxose in aged tinotures of digitalis.

Detection of digitoxose by paper ohromatography

Aggaratus.

It was found after preliminary experiments that separation of
the sugars présent in tinctures of digitalis could be achieved by
either upward or downward developmente Because of the economy in
solvents using downward development, this method was used in the "

following work.

The glass chromatography tank used was 12 inches long, 8 inches

wide and 15 Inches deep; the 1lid was of ground glass and a tight seal




was ensured by spreading a layér of silicone grease on the part of
the 1id in contact with the tanke There were two small holes in
the 1lid through whioch the solvent could be pipetted into the solvent-
conbainers inside the tank, but the holes were securely closed by
rubber stoppers during development of papers in order to maintain
the all=-important state of equilibrium of the vapours within the
tenk, Containers made from thick polythene tubimg of 1 inch
internal diameter and supported on an aluminium frame, held'the
developing solvent and each tube was slit longitudinelly on its
ugpér gside to allow introduction of one end of" the chromatographic
paper. The paper was held firmly in position by means of a strip
of glass also fitted into the slot in the polytheme tubing and the
free end of the paper passed over a clean glass rod alongside the
‘solvent-container iIn order tb prevent contact of the paper with the
polythene tubing. Petri-dishes placed on the floor of the tank
contained water or the agueous fraction from the solvent mixture

to provide a waber saturated atmosphere inside the tank.

Whetman No. 1 paper flor chromatography was used and two pieces
9 inches wide by 14 inches long could be accommodated in the tank

at one time.

The spray reagents were applied in a fine even spray using a
glass stomiser, the air pressure being applied from a rotary

compressor and vacuum pump.

Solventse.

Of the two developing solvents used, namely 80 per cent. phenol
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in watere%5,and butenol 4 parts, ethanol 1 part end water 5 parts246,
the latter was preferréd only because it was cleaner in use, although
the sugars travelled further on the paper when phenol was used.

In the butanol mixture, the components were shaken together thoroughly
for several hours to ensure complete saturation of each phase with

the other, then the aqueous fraction was separated and placed in the
petri=dishes at the bottom of the tank, the orgenic fraction being

retained for subsequent use to irrigate the papers.

Spray reagents.

Numerous reagents have been used for the detection of carbohydrate
substances on paper éhromatOgrams, each giving a characteristic colour
reaction with some or all sug;rs. Mahy of the reagents are phenoliec
and react with the furfurals produced when the sugars on the paﬁer

chromatograms are heated.
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In this work, 0.2 per cent. solutions of guaiacol, naphthoresorcinol,

O* ~naphthol, orcinol, phlorogluciﬁdl, resorcinol and xanthydrol in
absolute ethanol were prepared and nine mle. of the solution to be used
wes mixed with one ml. of syrupy ortho-phosphoric acid immedistely
before use, as suggested by Bryson and Mitchell§47 After spraying
with any of these reagents the papers were dried at 100° to 1059C. for
2 to b minutes. Other spray resgents used were :

(a) aniline hydrogen phthelate in waber-saturated butanol?48 with

which papers were heated at 1059C, for five minutes.

(b) 0.5 per cent. benzidine in a mixture of 20 parts glacial acetic




acid and 80 parts.absolute ethanolzég.

The papers were heated at
90°C, for 10 minutes.
(¢) the -nephthylemine reagent of Novellie®90, 4 higher tempersture
was required in this case, the papers being heated at 160° to 170°C,
for 10 minutese.

To test the suitability of these resgents for the detection of
digitoxose, a small drop of an'aqueous solution of this suger was

epplied to filter paper and dried. As a check on the efficiency

of the reagent for the detection of sugars in general, several other

sugars were applied to the same paper as separate spots. After drying,

the paper was sprayed with one of the reagents and hested in a hot
air oven for the specified time. The ;olours given with the various
sugars and the colour of the paper were noteds All the reagents
used gave coloured products with digitoxose, but the following gave
the most satisfactory results because of the strong colours produced
- and the colourlessness or contrasting colour of the background.

B -nephtnylemine: digitoxose gave e bright pink colour anmd other

sugars gave pale brown colours against a yellow backgrounde.

aniline hydrogen phthalete: digitoxose gave e pale browm colour

which changed to pink on standing for 24 hours. Other sugars geve
brown to dark brown colours against a pale buff coloured background.

naphthoresorcinol:s was an excellent reagent for sugars and gave with

some, including digitoxose, a blue to green colour, and with others

s deep red colour asgeinst a pink background.
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guaiscol: the background remeined colourless and digitoxose gave a
pronounced grey ocolour. Some other sugars gave faint brown colours.
xanthydrol: gave s bright pink colour with digitoxose only, the

paper becamiﬁg yellow.

Decolorisation and concentration of digitelis tinctures prior to

chromatographic examination

To prevent streaking of the ocolouring matter of tinctures when
these were applied to paper chromatograms, it was necessary to obtain
an almost colourless solution for applicstion,otherwise the colour
reactions between the reagents and the sugars present would have been

mesked.

dince only very small amounts of free digitoxose could be .
expected in tlnotures, it was also necessary to concentrete these.
Semples of dried digitalis leaf contain about 1 per cent. of cardiac
glycosides and the tincture represents a 1 in 10 dilution. On a
weight basis, digitoxose comprises spproximstely one half of each
glycoslde molecule and therefore even assuming complete hydrolysis
of the total glycosides, ome could expeot only about 50 mge. of

digitoxose in every 100 ml. of tinmctbure.

It was found that shaking with activated charcoal, or precip-

iteting with lead subacetate, or passing the original tincture

through a column of activated alumina did not remove all the colouring

matter and on concentration a very dark brown solution was obtained.

)\
r
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By using the following method, a suitable cleﬁr concentrate was
obtained. 50 ml. of tineture was evaporated to 10 ml. under reduced
pressure to avoid breskdown of the thermolsbile glycosides. The
concentrate was shaken with 4 successive 10 ml. quantities of chloro=-
form to remove green colouring matter, genins and unchanged glycosides.
Sufficient kieselguhr was added to the separated dark brown aqueous
liguid to form a stiff paste which was dried im & vecuum oven at 60°C.
The product was powdered, sifted through a No. 20 sieve and extracted
continuously for three hours with dry acetone in a Sohxlet apparatus.
Since acetone has a low boiling point, there was no risk of charring
the sugar with this solvent. The pale yellow extract cbtained was
concentrated by evaporation of the solvent, then added to a 10 g.
column of activated alumine packed to a height of about 12 oms. The
meterial was eluted with dry scetone and the eluate was collected in
10-ml. fractions. As shown by edding digitoxose to tinctures prior
to treatment, any digitoxose present could be expected in the first
two fractions of the eluate. These two fractions were mixed and conc-

entrated by evaporation of the solvent, to a volume of about 1 ml.

Exemination for digitoxese in aged tinctures of digitalis by means of

paper chromatography

A total of 0.01 ml. of a oconcentrate obtained as described above
was epplied to a single spot near one end of the chromatogrephic paper

and pure digitoxose in acetone solution was applied as a separate spot
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on the same starting line to act as a marker or reference spot.
With the slze of ﬁapei- used, several tinctures could be exemined

at the same time. When the appliecations had dried throughly, the
paper was placed inside the tank, which was then sealed and the
paper was lef't overnight to bscome saturated with wa:bef Vapours

The developing solvent was pipetted into the solvent conteiner and
the paper was slowly irrigated for seven "bo eight hours after which
it was removed from 'bhe tank and allowed to dry sponteneously. On
removal from the tank the position of the solvent front was marked.
The dried paper was sprayed evenly and ocompletely with one of the spray
reageﬁts snd heated at the temperature and for the 'b;’lane previocusly

steteds

Using the butanol solvent, the Rf velue for digitoxose (maasurald
to the front of the spot) was found to be mbout 0.59 and other
carbohydrate substances usually present in the tinctures were found
to have Rf values of approximetely 079, 0e51l, 0.24 and 0.145.

Slight veriations in Rf values are encountered with changes in
temperature but since digitoxose was used as a reference spot in all
the expe'riments, these were conducted at laboratory temperature and
conclusions were drawn by comparing the distences travelled by the
sugars with the distance travelled by the digitoxose in each individw 1

experiment.

Resultse

In five sged tinetures examined repestedly, no digitoxose was found
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even when 1 litre of starting material was usede However when
quantities of less than 2 mge of pure digitoxose were added to 50 ml.
of tincture and the sbove process carrled out, the sugar could be

detected readilye.

In order to conserve the pure digitoxose, of which only a
very small supply was aveilable, a hydrolysste of digitoxin prelﬁared
as follows was added to large volumes of tinoture when 1t was re-

quired to show that the method was capable of detecting digitoxose.

To 50 mge of digltoxin, dissolved in 3 ml. of ethanol, 3 ml.
of dilute sulphuriec acid was added and the mixture allowed to stend
at 37°C. for 2 hours. After dilutionaith 6 ml. of water the
solution was allowed to stend at 37°Ce for 18 hours then neutralised
with strong solution of sodium hydroxides The hydrolysate was shown

to contein digitoxose by ohromatographing sgainst pure digitoxose.

After the completion of this work, Brindle et a1.54 reported the
presence of digitoxose in two of six tinotures exemined, therefore
further work was oonducted on ten aged tinectures using the quantities
and decolorisetion process used by these workers: this was thé lead

subacetate method previocusly rejeoted.

Using the 50 mge level of lead per mls. of tincture, as recommended

115

by Rowson™™", and removing the excess lead with sodium sulphete instead

of hydrogen sulphide, better results were obtained than hitherto,
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although the subsequent concentrate was still coloursd. Nevertheless
when digitoxose was added to tincﬁures in quantities of 1CO pg. per

10 ml., either before or after clarification, its presence could be
doteéted'easily on paper chromatograms. No digitoxose could be

found however in any of the ten aged tinotures unless it was previously

added. ]

The absence of free digitoxose from aged tinctures was due either
to the fact that no hydrolysis of the glycosides to genin plus sugar
had ococurred during storage, or, if suger was split off, then some

further change destroying the digitoxose had ocourreds

In order to determine whether or not the glycosides had been
hydrolysed, comperison wes made of the total schleoroform=soluble
glycosides in aged and fresh tinctures of digitalise It was necessary
to use a chemical assey which differentiates between glycoside and genin,

and therefore a method based on the sugar part of the molecule was used.

Spectrophotometric determination of the chloroform-soluble glycosides

in aged and fresh tinotures of digitelis by a process based on the

Keller=Kiliani reaotion

Although this method has been criticised, partly because the
extraction with chloroform is not quantitative, this objection was owrcome

by rigidly fixing the extractlon conditions, and since the preparations




under comparison were identical in all respects other than age, a method

similar to that desoribed by Rcwsonlls was deemed to be suitable.

Method.
'The following procedure was carried out on peirs of tinectures,
aged and fresh prepared from the same raw materials, and all the

stages in the prooess were done concurrently on the two preparations.

5 mle of tincture was mixed with 5§ mle of water and one ml. of
strong sclution of lead subascetate and the mixture centrifuged until
the supernatent liquid was clear. This was separated and to exaotly
5 ml, was added 2 mle. of a 6.3vper cente solutlon of sodium sulphate
(NepS0,410H,0).  The precipitate was removed by centrifugation and
the clear supernatent liquid transferred to a separating fummel to. be
shaken with six separate 10 ml. quantities of chloroforme Initially,
some difficulty was experienced due to e xtraction of the grease from
the separating fumnel taps but this was overcome by using "Quickfit"
funnels in which the taps were so carefully ground that lubricant was |
not needed to prevent leskage of the chloroform. Afber each addition
of chloroform, the mixture was shaken for thirty minutes in s mechanical
sheker, the chloroformic layer allowed to separate and then run intoas
dry 100 ml. coniecal flask to be evaporated to complete dryness over a
boiling waber bathe To the totel dried residue was added exactly 10 ml.
of a reagent prepared as follows:

30 mle glacial acetic acid (Analar)
0e33 mle of a 15 per' cents solution of ferrie chloride

2+5 ml. concentrated sulphuric aocid (Analar)
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The reagent was prepared freshly each day and allowed to cool to room
tempera.turel before use. Rowson sta't-:ed that the co.lour densitywas
reduced and the colour-development time increased with increase in the
proportion of mbisture present in the reagent, therefore an equivalent
amount of 15 per cent. solution of ferric chloride was used in place

of the 5 per cents solution used by this workere.

Using the reagent as control, the colour densities produced by
the residues from § ml, of fresh and aged tinctures were measured in
the one-centimetre cells of a “Unicem S.P.600" spectrophotometer, at < m'----lff'g"- K
wavelengths "Qv.er & reunge from 440 mp to 630 mpe It can be seen from ‘
Pige 1O that the lhighes‘b colour density is at wavelength 470 mp
with a second peak at 590 mp. The absorption. speotrum obtained
with tinotures thus differed from .the spectra obtalned with pure
digitoxin or digitoxose in the Keller-Kilieni reagent (Fige 114 where
similar pesks were obtained but the highest was at wavelength 590 mp.

The spectrum obtained with the pure glycoside was the seme as thet
115,116

reported by other workers

Several determinations of the colour development with time were
made at wavelengths 470 mje and 590 mps and from Fige 12+ it osn be
seen that the colour develops more quisKy, but is less stable at 470 mie
The colour reaches maximum density at 590 mue within thirty minutes, is

steble for a further thirty minutes, and then begins to fade very gradually.

In all subsequent determinstions, measurements of colour demsity
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Fig. 10* Keller-Kiliani reagent and chloroform-

soluble glycosides from tinctures of digitalis.
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11. Keller-Kiliani reagent with digitoxin and with digitoxose.
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were made at wavelength 590 m, thirty minutes after mixing.

Results.

The results in Teble VI show the comparison of colour densities

obtained with a ged and fresh tinetures. Each value is the average W

of duplicate or triplicate readings which did not differ from each

other by more than 2 per cent.

The equivalent amqunts of digitoxin shown in the table, were
obtained by reference to a graph construoted from date obtained by -
measuring the maximum colour demsity at wavelength 590 mp. obtained
with pure digitoxin dissolved in the Keller-Kiliani reagente From
this graph (Fige 13.) it can be seen that digitoxin in concentrations

of 0«02 to Q.1 per cente obey the Beer~Lambert law,

The colour densities given with the chloroform-soluble glyoosides
extrected from different volumes of the same tincture and dissolved in
the reagent were also plotted graphically, and it can be seen from
Figel4 that the Beer-Lambert law is obeyed in the range shown. The

values recorded in Taeble VI all lie within this range.

TABLE VI.

COLORIMETRIC ASSAY OF AGED AND TRESH TINCTURES OF DIGITALIS AND SOLUTION
OF DIGITOXIN ;
CHLOROFORM EXTRACT FROM 5 ML. OF TINCTURE IN 10 ML. OF KELLER-KILIANI REAGENT

.
i Equivalent of . g onf”
Colour density digitoxin, louet A
1 {520 mu) mg. \,}"' .
' N e
! Tincture Aged Fresh Aged Fresh E < Ea
| g
' G.D 0562 0-507 0471 0-430 o
: M.D 0-650 0571~ 0-552 0-485 ,
T.D 0414 0-388 0-351 0-329
D 0-485 0:470 0412 0-399
G.S 0459 0-450 0-390 {-382
M.S 0600 0572 — 0-509 0-485
T.8 0-531 0-480 0-451 0-407
Digitoxin B 0-429 0-432 0:365 0:365
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' The results shown sbove indicate that the proportion of chloroform-
soluble glycosides, ocalculated as digitoxin, inoreases during the staage
of digitalis tinctures. This increase oould be accounted for only by -

assuming the breskdown of primary glycosides %0 s econdary glycosides e

»
PR
which are more soluble in chloroform and which, on a molar basis, give.~. ¢
7 A o o ) "{.\}. N
a greaber colour density with the Keller-Kiliani reagent than the (@“C‘{@{'
primary 8;15’0931‘393116'251'252. The aglyocones do not react with

this reagent and since any free suger would be left in the aqueous
fraction on shaking with chloroform, hydrolysis to genins would have
been eccompsnied by a reduction in the spectrophotometric determinations.
To further confirm this stability of secondary glycosides, aneged

solution of digitoxin wes assayed chemicallye.

Spectrophotometric determination of digitoxin in sged ethanolic

(70 per cents) sclution.

A solutiozi of digitoxin (Semple B) was stored at room temperature
for nine months and a portion of the same solution wes stored for
eight months at room temperature and then one month at 5500. The two
portions of this solution were separately assayed by comparison with

a freshly prepared solution of the same initial stremgth.

Methode.
0.5 mls of each solution, corresponding to 0s365 mge of glycoside,

wee diluted with 465 mle of distilled water and then sheken with six
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separate 5 ml. quantities of chloroforme The mixed chloroform
extracts were evaporatéd lto complete dryness over a boiling water
bath and the residue mixed with 10 mle. of freshly prepared Keller~
Kiliani reagente The colour density at wavelength 590 Ipe Was

measured thirty minutes after mixing.

Resultse

The resﬁl’cs for the two portions of sged solution were idént:ice.l
and the average value of duplicate readings taken for éa.ch portion
is given in Table. VI. Comparison with the colour demsity given
with the freshly prepared solutlon shows that no change had occurred

during storage.

This stability of digitoxin in solution and the absence of
mes.surable guantities of free digitoxose from aged tinctures of

digitalis indicate thet the loss of potency during storage of tinctures

Rl
is not due to hydrolysis of the secondary glycosidese WA

E""\’W AL \}""”L’*‘: Ve G{‘. "'\‘Sf_':_ \?"‘-Wsu}\ T PR R 'C\(,v:é\xvt':c,:,‘r\ -
w\gkhf; s .Q,r.\):L\P ln v vk‘—‘v.(;:&_,(

Comparigon of chemical assay (Keller-Kiliani method) with biological

gm\mw \\.ww~) PR Y TN § vlt'a Leven Thivees,

assay (18=hour frog method) on semples of digitoxin

Two ocommereial samples of digitoxin were available for these
determinations. Sample A was stated, by the suppliers, to contain
1369 units of biological activity per ge., while Sample B, obtained from

a different source, was reputed to contain only about 900 units per ge




Chemical assay.
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For each sample of digitoxin, a volume of ethanolic solution

equivalent to 0.4 mge of glycoside was evapbrated to dryness and

10 ml. of Xeller=~Kiliani resgent addeﬁ to the residuee The colour

densiby was messured at wavelength 590 Tijle thirty minutes after

mixinge

TABLE VII

|

Comparative assay of two commercial samples of digitoxin by the

KelleorwXilianl method

Colour densiby

Digitoxin A

Digitoxin B

0442

0445

Results.

The results in Zable VII showed that the two samples were

equipotent as determined by this chemiecal assaye

Biological assaye.

Ethanolic solutions of the two:sampleé'were assayed by the l8=~hour

frog method as desoribed earlier (page 49)e




TABLE VIIT
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Comparative assay of two commercial samples of digitoxin

by the 18«hour frog method

Solution Digitoxin A Digitoxin B
1gt, day 2nd. day 1st.day 2nd. day

Mle solution per

10 mle dilution 50 4.0 340 3e3

Overnight S

mortality 2/12 5/12 6/12 4/12

Mortality ' :

per eent. 16.66 41.66 50,0 353

Potenocy 76466 9447 100,0 89,0

Solution A contained 1 mge of Digitoxin A in 1,113 ml.

Solution B contained 1 mge of Digitoxin B in 1.369 ml.

Therefore potency of Digiboxin A in terms of Digitoxin B equals

(1) 76466 x 1.113 5 3 x 100

100.0 1.369 3 1
() 94.7 . 1113 _ 33 , 100
9.0 1.369 ~ 40 1

Average

= 62.26 per cent.

1!

668

Tle34 per cent,

per cent,

Since Digitoxin A contained 1369 units of activity per ge

" Digitoxin B contained 66.8 , 1369
100.,0 1

L]

= .915 units of
activity per ge




Results,
The results, given in Teble VIII showed that the two samples
were of quite different potency, the strengths being of the order

stated previously.

The disorepancy between the results obtained by the two
methods of assay on samples of digitoxin, serves to emphasise the

inadequacy of the Keller-Kiliani method for the standardisation

of digitalis preparations

91
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DISCUSSION

In this work it has been e¢onfirmed that tinctures of digitalis
lose a considerable proportion of their potency to.thelfrog during
storage and it hes been shown that tinctures prepared from stahilisel
leaf are not more stable than tinctures prepared from leaf which

has been dried according to pharmacopoeisl directions at 55°C,

The addition of saponin to aged tinctures of digitalis does
not restore the lost potency and since aged tinctures, even without
added saponin, are well absorbed within twelve hours the potency
loss is mnot due to poor absorption from the frog lymph saoc.

This is further demonstrated in the results of frog intravenous
assayS'which revealed a significant loss of pobency in aged
tinctures and which thus conflicted'with'published results of

similar assays on ocate

The disorepancy between frog and cat results can be accounted
for only by assuming that chemical changes occur in the tinctures
during storage and that the breskdown products are less potent then
their precursors to the frog but not to the cate The most
'1ikely change appeared to be the hydrolysis of the glycosides.

It has been shown by both biological and chemical assays
that digitoxin, which is typical of the secondary glycosides, is '
stable when stored in ethenolie (70 per cents) solution at room

temperature or even at 55°C, Further, from the results of

92
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spectrophotometric determinations on aged tinctures which showed
no reduction in the percentage of chloroform - soluble glycosides
and from the absence from aged tinctures of measureable gquantities
of free digltoxose, which would result from hydrolysis of the

- secondary glycosides, it appears that no hydrolysis of these

glycosides oceurs during the storage of tinctures of digitalis.

Aged tinctures yield a chloroform extract which gives a greater
colour density with fhe Keller-Kiliani reagent than ana9§traot
obtained from the same volume of a corresponding freshly prepared tinot-
ure. Since digitoxin gives a greater colour denéity'with this
reagent than an equimolar amount of purpurea glycoside A, <the
apparent inorease in potency as shown by the spectrophotometric
assay of aged tinctures coul& be explained by assuming the
hydrolysis of the primary glycosides to their corresponding secondary
glycosides. Such a change would result in loss of potency to frog,
to which the secondary glycosides are less potent than their
precursors, but no less would be shown by cat assays since ‘the
secondary glycosides are not less potent to cat than the primary
glyoosidess The splitting of the terminal glucose moleculs from
" the sugar chain in primary glycosides of digitalis seems probable
in such mild conditions as exist in tincture of digitalis and this
theory of hydrolysis is offered as an explanation of the potency

loss to frog during storage of the tinctures.

The decrease in potency of tinetures as shown by biological

methods compared with the inerease in potency of the same tinotures
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as shown by a chemical method and the contradictory results
obtained by these two types of assay on samples of digitoxin,
emphasise the lack of suitable oriterie for the itrue estimation
of digi'balis preparations. A biological method which could be
oorz;els.ted with therapeutic effects ﬁppears to offer the best
means of assaying orude cardioactive materials and it is possible
the.i;, a measurement of electrocardiographic effect would provide a
solution bo this difficult problem. However, preliminary work
has shown that tﬁe rabbit is not a suitable .experimental animal
for this type of estimation and much still remains to be done to

establieh the method using the frog as experimental animal.




SUMMARY
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SUMMARY

l, Tinctures prepared from either dried or stebilised diglitalis
leaf sre unstable on storage, losing up to 60 per cent. of initial

potenoy'as determined by the l8=hour method of assay on frogs.

2. The loss of potenoy is not due to breakdown of solubilising
agents with resultant loss of absorption from the frog lymph sao,
since sged tinctures are well absorbed within twelve hours and the
sddition of saponin does not increase the potency of these

tinotures.

3¢ Intravenous assays of aged tinctures of digitalis revesal a
20 to 30 per cent. loss of potency to frog during'nine to twelve

months storages

4y, The ioss of potency to frog is not due to hydrolysis of the
secondary glycosides beceuse digitoxin, in ethanoliec (70 per cent.)
solution has been shown to be stable end no free digitoxose, which
would result from hydrolysis of the secondary glycosides, could

be found in aged tincturese.

5. Spectrophotometric assays based on the Keller-~Kiliani resction
~show a slight inerease in strength of digitalis tinctures during
storagee This indicates conversion of primery glycosides to

secondary glycosides, a change which would eceount for the loss of
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potenoy to frog, but would result in no potency loss to cate

6« Semples of digitoxin found equipotent by chemical assay,
using the Keller-Kiliani reagent, were of widely different

bidlogical pobenscy measured on froge

7« No satisfactory method exists for the accureate assay of all
digitalis preparations and work is proeceeding in an effort to
establish a method based on cardiotonic effects as shown by

changes in the eleotrocardiogram of froge




~ APPENDIX I

RESULTS OF ASSAYS BY THE 18~HOUR FROG METHOD ON TINCTURES OF

DIGITALIS AND ETHANOLIC (70 PER CENT.) SOLUTIONS OF DIGITOXIN
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TABLE 1X

A}

Assay of aged commercial tincture A

Tincture Standard A
1sts day | 2nd. day lste day| 2ndeday
Ml. Tincture per 3,0 245 2.0 3.5

1O ml1, dilution

. Overnight : ' .
mortality 10/12 7/12 2/12 4/12
Mortality 8343 5843 16,6 | 3343
pexr cent.

Potenoy 12543 105.6 7646 89.0

The standard tineture contained 1 unit per ml.

Therefore Tineture A contained:

|

(1) T6«6 x 3.0 . 0,6113 unit per ml.

12543 3.0
89,0 245 "
il S e : 0.,6002 it .
(2) 5T * = N unit per ml
Average " 0.6088 unit per ml.

Since Tineture A contained 1 unlt per ml. when fresh
3932 per cent. of the original potency had been lost

during eight years storages




IABLE X

Assey of aged commercisl tineture B

Tincture Standard
lst. day{ 2nd. day lste day 2nde day
Mle Tincture per 3.0 2.5 3,0 3.0 -
10 ml. dilution
Overnight 10/12 7/12 7 12‘ 7/12
mortality : / / / /
Mortality 8343 5843 5843 5843
per cente
PO‘bency 12543 105.6 105.6 105.6
The standard tincture contained 1 unit per mle.
Therefore Tincture B contained
- 10546 3.0
(1) 155.3 '5:-6 - 0.8428 units per mle
(2) igg:g x %{% =  0.8333 units per ml.
Average = 08380 units per mle.

Since Tinoture B contained 1 unit per ml. when fresh

16+2 per cents of the original potency had been lost during

six years storagee

98
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TABLE XI

Asssy of aged commerolal tineture C

s

Tineture : Standard C

lste day] 2nd. day lst. day | 2nde day
Mle Tineture per
10 ml. dilution Reb 2¢6 340 3.0
Overnight ‘
nortality /12| 9/12 4/12 6/12
Mortality _
per cent. 5843 7540 353 5040
Potency 1056 |118.0 89.0 100,0

The standard tincture contained 1 unit per ml.

Therefore Tineture C ocontagined :

(l) 89,0 2e5 -
1 056 X """"“3.0 = 0.70256 unit per mle
(2) 100.0 , 2.5  _ ,
196.0 ~ 5.0 = 07062 unit per ml.
Aversge = 0e 7044 unit per ml.

Since tluncture C contained 1 unit per mle when fresh
29.566 per cent. of the original potency had been lost

during seven years storage.




TABIE XII

Assay of aged-tincture TeS.l

Tincture TeSel TeSel(c)

(aged) (fresh)

lste day  2nd. day lste day  2nde day

Ml. Tincture per '
10 ml, dilution Do 5.0 3eb Sed
Overnight '
mortality 8/12 2/12 10/12 6/12
Morte lity
per cente 6647 1647 83e30 5040
Potency 111.3 767 12543 10040

Potency of the aged tincture compared with that of the

fresh tincture :

(1) 1113
12543

() 76T

x 3s8 x 100
Beb 1

i

x B3 . 100

1000

Therefore Tincture TeS.l had lost

5.0 1

Average =

b6e56 per cente

51.10 per cent.

53.82 per ocente

46418 per oent,of its

original potency.during seven months storages

100
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TABLE XIII

Assay of aged tincture Del

Tinoture Dol Del (b)
(Aged) (Fresh)
1lste day 2nd. day 1ste day 2nde day

Mle Tinoture per :

10 mls dilution Se5 S0 Be5 83
Overnight 12 '

novtalisy 1/ 2/12 6/12 7/12
Mortality 8433 1647 5040 5843
per cente
- Potency 6543 7647 100.0 10546

Potency of aged tinetures compared with the potency of

the fresh tincture:

(1) 633 345 100 _
100,06 5eb x 1 4043 per cent,

() 7647 343 . 100 -
10546  Be0 = 1 599 per cente
Average = 40,1 per oente

Tincture Del had therefore lost 59.9 per cent. of its

original poteney during one year storage.




TABIE XIV

dssay of aged tincture TuD.l
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i
Tincture TeDel TeDal(b)
(aged) (fresh)
lste day 2nde day lste day 2nds dey
| | '
Ml, Tinecture per '
10 mls dilution 5.0 546 3.0 3.0
Overnight
mortality 3/12 2/12 8/12 4/12
Mortality
-per cente 25,0 1647 66a7 333
Potency 8345 . T6eT 111,3 89.0
] i

Potency of the aged tincture

the fresh tincture:

x 3s0 o 100

" 5e0 1

x 30 . 100

(1) 8345
11143

(2) 767
89.0

Therefore Tinoture T.Del had lost

55 1

Average =

potency during 33 weeks storage.

45,01 per cent.

46.98 per cente

46,00 per cente

5440 per cent. of its

compared with the potency of

original




TABLE XV

Assay of aged ethanolic (70 per cente)

solution of digitoxin (Semple A)
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Solution

Digitoxin A
(aged solution)

Digitoxin A
(fresh solution)

lste day 2nde day lste day 2nde day

Mle Solution per

10 ml.dilution 2.0 80 803 8.0
Overnight

nortality 11/12 6412 7/12 5/12
Mortality 9147 5040 5843 41.7
per cente

Potency 138.0 100.0 106.6 94.T

Potency of the aged

the fresh soluvtion:

(1) 138.0 x

: 105.6

() 100 -
T04.7

33 100
0 * T
3.0 x 100
3.0 1
Average

—
_—

solution compared with the potency of

108.9 per cent.

105,68 per cente

107.3 per cente

This apparent incresse of 7.3 per cent potency during 25 weeks

storage was less than the experimental error in this type of

assay, therefore the solutions were regarded to be of the seme

potency.
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TABIE XVI

Assey of aged ethemolic (70 per ocert.)

solution of digitoxin (Semple B)

Sélution _ Digitoxin B Digitoxin B

(aged solution) (fresh solution)
lste day | 2nd. day lste day 2nde day
| Ml. Salution per |

10 mle dilution 8+0 4.0 340 35

Overnight |

mortality | Ve 9/12 3/12 7/12

Mortality _ :

per oente Bed5 76.0 2540 5843

Potency 633 | 118.0 8345 105.6

} !

Potency of the aged solution compared with the potency of the

fresh solutions

.

(1) 6343 340 100 _
83.5 * SeC * T - 75.8 per cent,

(2) 118.0 345 100 _
10648 ~ .0 *~ "1 97.8 per cent.
Average = 8648 per cent,

This apparent loss of 13.2 per cents potency during 3 years
storage was insignificant ocompared with loss of potency in
tinctures and could be due to experimental error. The two

solutions were therefore regarded as being of the ssme potencye.




APPENDIX II

EFFECT OF ADDED SAPONIN ON THE POTENCY OF AGED TINCTURES OF DIGITALIS

RESULTS OBTAINED BY THE 18-HOUR FRQG METHOD OF ASSAY




TABLE XVII

Assey of aged commercial tineture A

with added saponin
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o

Tincture A A plus
0.1 per cent. digitonin

1ste day 2nd. day 1ste day 2nd. day
Mle Tinctwre per
10 mle. dilution BeS 40 848 4.0
Overnight 0./5
mortality 9/18 20/24 7/18 21/24
Nortality 5040 8343 39,0 8745
per cent,
Potency 100, 0 12543 9248 13045
Average potenoy 112.6 111.7




TABLE XVIII

Assey of aged commercial tincture B

with added saponin
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Tineture B B plus
Os1 per ocent. digitonin
!
1ste day 2nde. dey 1ste day 2nd. day
Ml. Tincture per
10 ml. dilution 8.0 85 8+0 B8
Overnight
mowbality 9/12 9/12 9/12 10/12
Mortality 7540 7640 7540 8543
per cents -
Potency 118.,0 118.0 118.0 12543
Average potenoy 118,0 12146
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TABLE IXX

Assay of aged commercial tinecture C

with added saponin

Tincture C C plus

: 0e2 per cent. digitonin
lste day 2nde day 1ste day 2nd. dey

Mle Tincture per

10.mls dilution 8e8 Be3 B3 B3

Overnight

mortality 4/9 6/12 5/9 8/12

Mortality 44,4 50+0 5546 6647

per cent.

Potency 9646 100.0 10345 1ll.4

Average poteney 9843 107.4




TABLE XX

Assay of aged tinecture TeS.l

with added saponin
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Tinoture TeSsl TeSel plus
0.2 per cent.digitonin

1sts day 2nde day 1ste day 2nde dey
Mls. Tineture per 5.0 6 5.0 )
10 mls. dilution *0 °
Overnight 1 11/1 5/12 9/12
mortality %/ 2 l/ 2 /' '/
Nortelity 1647 9147 41,7 7540
per cente
Potency 7646 138.,0 94,7 118, 0
Average potenoy 95.8 10845

In the calculation of average potency for Tincture T.S,1

it was estimated that a 5 mle dilution on the second day

would have resulted in a potency estimate of 115.0




TABIE XXI

Assay of aged tincture D

with added saponin
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Tincture D . D plus
0.8 per cenb. digitonin
{
lst. day 2nde dey lste day 2nd. day
Mlse. Tineture per
10 mls. dilubion 4.5 85 A5 55
Overnight
norbality 4/12 5/12 3/12 5/12
Mortallty 5343 41,7 25.0 41.7
per cent.
Potency 89.0 94,7 8345 94.7
Average potency 91.9 89.1




APPENDIX III

RESULTS OF ASSAYS ON TINCTURES OF DIGITALIS AND BTHANOLIC (70 PER CHENT.)

SOLUTIONS OF DIGITOXIN USING THE FROG INTRAVENQOUS METHOD
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APPENDIX III

RESULTS OF ASSAYS ON TINCTURES OF DIGITALIS AND ETHANOLIC (70 PER CENT.)

SOLUTIONS OF DIGITOXIN USING THE FROG INTRAVENOUS MRETHOD

The results in the following tables are sﬁ:a.ted in terms of
undilubted tineture, the mean dose required to arrest the heart in

ventricular systole being caloulated per 100 g. of froge

The standard error E for esch set of results has been calculated

from the formules

2 a* where d = the devietion of individual
E = =ttt o e 0 results from the mean M
n{n - 1) end n = the number of animels injected.

Fisher's t-test was é.pplied to determine if the two means in any

one assay were significantly different, the value t being caleulated

from the formulas

My - Mg where M1 = mean dose of aeged tincture
t T eessmues M2 = mean dose of fresh tincture
B+ By El = standard error for aged tincture

and B2 = standard error for fresh tincture

The probabilities p, corresponding to the values of t so
calculated, were obtained by reference to Fisher's statistical tables®5?,
The means were regarded as being significantly different when velues

P = 0.05, or less, were obtained.




TABLE XXII

Intravenous assay of aged tincture D.3.
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Frog Volume Volume Mean volume| Standard
weight ml. ml, mle Error
Tincture So 1=d tincture per ()
dilution per 100g. frog
injected 100g. frog (m)
De3 18.0 Qo244 0.3398
(eged 28 18.4 0,234 0.3180 0.,3301 0.006413
woeks) 2043 0.270 0.3326
De3(a) 1645 0.192 0.2910
(freshly 2245 0.208 0.2312 0.2504 0.020310
prepared) 23,8 0.218 0.2290
t = 3.744
corresponding to p = 0.02
Loss of potemcy = 100 {2’&50‘1 -—-9]

1

Os 3501

24,1 per cent.

Note: The above experiment was oconducted using the hand-operé.ted micro;-

meter syringe.

the continuous injection apparatuse

All subsequent experiments were performed with




TABLE XXTII

Intravenous assay of aged tinoture D,3.
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Frog Volume Volume |° Mean volume || Standard
weight ml, mle mle Error
Tincture Ze Twd tincture per (®)
dilution per 100gs frog
injected | 100z. frogl (1)
21.6 0e1390 0.1609
17.1 0,1568 0.2293
18,0 0. 1500 0.2084
1643 01098 0.1681
De3e 21.6 0.1418 0.1642
(aged 36 | 21.9 0.1562 ° 0.1783 0.1732 0.009473
weeks) | 1642 0.6798 0.1231
16.:2 0.1272 061963
1546 0.0812 0.1301
17.2 0.1442 - 0.2096
16.1 0.1074 0.1667
17.0 0.0772 0, 1135
207 0.0780 0.0954
21.7 0.1218 00,1403
18,5 0.1560 042000
De3(b), 1745 041482 0.2117
(freshly | 18.0 0.1070 Q.1486 0.1399 0.01081
prepared | 29.3 0.1276 0.1088
16.6 0.0694 0.1045
1647 0.0958 0.1434
15.9 0.0980 01540
15.4 0,0642 0.1042
14.4 0.0890 0.1545
t = 2.317
corresponding to p = 0.05 - 0,02
loss of potency = 100 = 0,1599 100
[0.1752 1

19.2 per cent.




TABLE XXIV

Intravenous assay of aged tinoture De3.
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Frog | Volumse i Volume | Mean volume , Standard
woight mle mlse mle Error
Tincture ge NE tincture per ()
dilution per 100ge frog ‘
injected 100g. frog ()
2348 06 1304 Q.1370
294 0.2146 0.1825
De3e 2846 0.1872 0.1636
(aged 60 | 22.8 041302 0.1428 0.1624 0.006711
weeks ) 2348 0.1682 0.1767
2042 0.1170 0.1448
20.8 0.1548 0.1861
22.9 0.1520 0.1659
2444 Q.1188 0.,1217
2543 0.1368 0.1352
De3(c). 2349 0.1466 0.1498
(freshly 2461 0.1158 041200 0.1326 0.005678
prepared) | 20.4 0.1284 0.1573
28.4 0.1618 0.1421
2345 041056 0,1123
18.0 0.0879 0,1220
t = 3.39
corresponding top = 0.01 - 0.001
Loss of potency s 100 - [0.1326 EEEq
: 0.1624 1

18.4 per cent,
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21.3 per cent

TABLE XXV
Intravenous assay of aged tincbure D.l.
Frog | Volume ™ Volume " Mean volume | Standard
wolight ml. ml, ml. Error
Tincture Be 1-4 tincture per () -
dilution per 100ge frog
injected 100g. frog ()

18.6 00,1060 0.1424
18,1 0.0830 0.1147
14.5 0. 0860 0.,1483
20,6 0.1166 0.1416
Del. 17.7 0.0790 0.1154

" (aged 38 15.6 0.0906 0.1452 001487 0.00629
weeks) 21,9 0.1272 0.1452
16.7 041240 0.1857
14,7 0.1024 0.1742
2365 0.1406 0.1496
1646 . 0.0962 001449
14.4 0.1020 0.1771
17.0 0.0640 0.0941
1444 0.0718 041247
1943 0. 1038 0. 1345
: 1747 0.1160 0.1639
Del(a) 1843 0,0626 0.0960

(fpeshly | 1846 0.0976 0.1311 0.1170 0.007698
prepared)] 19.6 0.1108 0e1410
1645 0.0756 0.1146
15.8 0.0906 0.1433
14.6 0,0474 0.0812
2045 0.0704 0. 08589
17.3 0,0644 0, 0931

t = 3.189
corresponding to p = 0.0l = 0.001
0.1170 100
Loss of potency = 100 [3:i§§7 x ==




TABLE XXV1

Intravenous assay of aged tincture D.1l.

115

Frog Volume Volume Mean volume -| Standard
weight ml. mle mle. Error
Tineture Se 1-6 tincture per (B)
dilution per - 100g. frog
injected 100z« frog (M)
21.6 02270 Q. 1752
1649 041640 0.1817
Do 1. 22.0 0,1914 041450
(aged 51 | 18.5 0.1904 0.1715 0.1564 0.01227
weeks) 2449 0.1594 0.1067
18.3 042436 0.2219
21.5 0.1716 0.1330
1546 0,1272 0.1359
2343 0.1652 0.1181
16,0 0.0966 0.,1007
B,l(b) 227 0.1508 0.1108
(freshly | 17.6 01094 0.1036 0.1101 0.003932
prepared)] 25.1 0.1894 0,1268
15,3 0.0870 0.0948
20.1 0.1254 01040
18.3 0.1350 0.1229
t = 34595

corresponding to p

Loss of potency

0. 01 - 0. 001

100 - [

0.1101 , 100
0.1664

29.6 per cent.




TABLE XXVII.

Intravenous assay of aged tincture T.Da.1l.
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g ey

Frog Volume Volume Mean volume | Standard
wel gh't mle mle ml . Brror
Tincture Ee 1=4 tincture - per (B)
1 dilution per 100gs frog
. injected 100g. frog (M)
20,0 0.1260 0.1575
18.0 0.1136 0.1578
TeDels | 1449 0,1112 0.1866 '
(aged 18] 21.2 001434 0.1690 0.1766 0.006301
woeks) | 15.5 0.1186 041913
12.4 0.1036 0.2088
1545 0.,1080 0.1742
14.8 0.0990 0.1672
19,7 0.1074 |  0.1363
16.0 00,0970 0.1516
TeDelo(a) 1447 0.0866 0.1472
(freshly| 24.8 0.1128 041137 0.1386 0,006231
prepared) 14.7 0.0984 0.1673
1346 0.0738 06 1357
12.0 0.0674 0. 1404
17.1 0. 0800 0.1169
t = 4,289
corresponding top - 0,001

0.1386 100
100 - [o'.'l"v"'ee' x =1

Loss of potency

- 2145 per cent,




TABLE XXVIII

Intravenous asssy of aged tinoture T.D.l
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l Frog Volume Volume Mean volume | Standard
weight mle mle mle Error
Tincture ge 1-6 tineture per ()

dilution per 100g. frog
injected 100ge. frog M)

25.4 0.2212 0.1452

20.8 0. 1346 0.1078
TJDole 1947 0.1582 0.1339
(aged 33 | 30.3 0.3538 041946 0.1515 0.01102
weeks ) 17.8 0.1930 0.,1807

15.3 0.1436 0.1564

2344 0.1994 041420

20.8 0.0925 0.0741

20.8 0.1714 041374
TD1 ()| 2545 0.1864 0.1218
(freshly | 22.4 0.1478 0.1100 0.1225 0.009113
prepared X 17.9 | . 0.1452 041352

17.0 0.1460 . 0.1432

2643 0.2144 0.1358

'b = 2.028
corresponding to p w 0.0l = 0,08
0.1225 100
Loss of potemecy = 100 5.iELE X “ﬁf%

191 per cent.




TABLE IXXX

Intravenous assay of aged tinocture T.8,1.

118

Mean volume

Frog Volume - vVolume Standerd
geight ml. mle ml, Error
Tincture Eeo 1-4 tincture per (&)
dilution per 100g. frog
injected 100ge frog (M)

1845 0.0684 0.0925

13497 0.0966 0.1720
TeSele 15,8 0.1120 0.,1772
(aged 21 17.2 0.,1040 0.1511 0.1417 001173
weeks ) 16.4 | 0.0844 0.1286

11.5 0,0830 0.1804

21l.4 0.0986 0,1152

12,9 0. 0600 0.1162

207 0.0856 0. 1034

16.2 0.0528 0,1432
T.Se1(a) 1545 | 0.0852 0.1374
(freshly 15.0 { 0,1108 0.1457 01350 0.005123
prepared) 20.5 0.1046 0,1276

21l.4 0.1260 01472

19.5 0.1120 0. 1435

1846 0.0984 " 0.1322

t = 0.5235 °
corresponding to p =  0s7 = Q46

Loss of potency

100 - [0.1350 ] 100]

0.1417

4,7 per cent.




TABLE XXX -

Intravenous assay of aged tincture T.S.1.
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Frog Volume Volume Mesn volume | Stenderd
woight mle mle ml. Error
Tincture Ee 1-4 tincture per (E)
dilution per 100ge frog
injected 100g. frog (M)

21.8 041362 0.1563
14.8 0.0804 0.1368
- 1743 0.1124 0.1625
TeSels 2241 0.1696 0.1919

(eged 24 23.8 0.2258 0.,2372 01897 0.01564
weeks ) 17.4 0.1444 0.2075
1649 0.1824 0.2699
1644 0.1402 0.2137
31.0 0.1644 0.1326
20.9 0.1360 0.1627
17.6 0.0968 0.1375
17.2 0.1078 0.1567

TeSe1(b) 22.9 0.1470 0.1604 :

(freshly 21.4 0. 1556 0.1818 0.1690 0.01384
prepared) 15.4 0. 1530 0.2484
13.4 0.1172 0.2186
15.2 0.0832 0.1369
3443 0.1600 0.1183

T = 0.9913
corresponding to p = Qsd =~ 0.3
Loss of potency w 100 = [ « 1690 100

0.1897 1
10.9 per cent. '




TABLE XXXI

Intravenous assay of aged tincture T.S.1

Frog Volume Volume Meen volume ; Standard
weight ml. ml. ml. Error
Tinoture Ee 1-6 tincture per (B)
dilution per 100ge frog
injected | 100g.frog (M)

2244 0.1808 0.1344

278 0.3038 0.1821
TeSel, 2244 0.1526 0.11386
(aged 36 2649 0.2074 0,1285 001447 0.01073
weeks) 29,1 0,1.902 0.1089

2340 0.2350 0.1778

2544 00,2020 0,1326

21.8 0.2354 0,1800

16,0 0.1104 00,1150

2542 0.1836 0.1214
TeSel(c) 22435 | 0.1454 0.1084
(freshly 26.2 0.1858 0.1182 041137 0.005825
prepared) 2843 042492 0,0879

278 - 0.2376 0.1424

29.5 0.2120 0.1198

217 0.1256 0.0965

t = 2,54
corresponding to p Q.06 = ?.08
01137 100
loss of potency = 100 (0. 1247 x 1‘}

21.4 per cent.
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TABLE XXXII

Intravenous assay of aged digitoxin solution

Frog Volume Volume Meen volume | Standard
weight mle ml. mle Error
Solution e 1-8 solution per (B)
dilution per 100g. frog
injected | 100g. frog . (m) '
23.0 043260 01772
24,0 042340 0,1219
Solution 23.1 03194 0.1728 0. 1517 0.,01897
(aged 145 26,0 0.2630 0.1265
weeks) 25.4 0.2248 0.1106
» 20.9 0.1864 0,11156
2047 0.2070 0.1250
21.9 0.2830 0.1615
2442 0.2528 0.1306
Digitoxin 19,75} 0.,2834 0s1794
Solution 2543 0.2432 0,1201 01427 0.008769
(freshly 3367 0.3366 0.1250
prepared) 22.8 0.3042 0.1668
21l.4 0.2528 0.1477
18.2 0.1610 0.1106
t - 0+4:306
corresponding to p = Q.7 = 0.6
0.1427 100
Apparent loss of potemcy « 100 s X T

i

5.94 per cent.
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