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PART I

I 5 QJLG \J,sz

The biolonical assey of disitaelilis and releted cardlobtonics

.

.

by the U.3.P.* intravenous plgeon method is very time conswmal
Lttempts to shiorten the time of assey by increasing the rete of
injection have been opposed because the value of the mean lethal
dose apparently increases as thie rate of Injection is Increased.
The first part of this investligation was undertaken to determine
whether a non-uniform raete of Injection, wihichh shortens appre-
cilably the time of assay, would change the value for ithe mean
lethel dose as determined by the U,3.P. assay. The relation-
ship between the rate of Injectlon and the mean lethal dose of
cardlotonic for pigeons comprises thie second part of the work.
Different rabes of injection ars produced by varylng the con-
centration of injection fluild; e uniform, »eriodic injJection

cd in each case,

J

procedure is malntalr
The methods or standsrdization of digitalis and allied
cardiotonic drurs, alter a Zall century, still remaln in a
state of flux., The appnlicetlon of statistical methods and the
introduction of reference standards are improvements, bubt the
universally asccepted metlhiod ing yet to be designeod. The ideal

method of standardization would be a chemical one which bests

thhe Tull therapeutic =activity of the drug. Lowever such a

1P1armacopeeia of the Unlted 3tates



method is etill wanting, and congseguently one [inds that only
biolosicel assey procedures have been usad in officlial compen-

-

dia with the exceptlon of chemical amssavs for digitoxin and dilpg-
oxin, which are now outlined in the U.S5.P. XIV (¢8). The U.S.F.
IX, X and XI made use of the one hour frog metnoed (85), U.3.P.
XITI and XIII the intravenous cat method (83), and in the U.S.P.
X111 Supplement and the U.3.P. XIV (87) the pigeon intravenous

method became officizl. The B,F.l has used the overnight ratuer

..g

than the one hour frog method, the former being official in The
United Hingdom. In addition to the above, many chemlieal, animal
and nlant assarys Lhave been vproposed for the standerdization of
tals group of drugs. In the followlng pararraphs tihicse pro-
cedures will be briefly reviewed, and the reagons leading to the
adoption of the intravenous wvlgeon assay as the officisl methad
in the United 3tates Pharmacopoels will be diascussed.

Before a method for the standourdlizetion of a drug iz de-
vised, a need for suchh standardizetlion is expressed. In the
case of dipltells, wiiere differsent samples of leaves often
differ greatly 1In potency, numerous clinliclans have appealed
for 2 uniform product. There are of course & few, wWho even
todey, deny the need of o dipgitelis sssay. 4 well lmown cardi-
ologist, Thomas Lewls, hag expresced the vieow that disitalls

LI

randardization 1s unnecessary (1L8). lovever the majority of

7]

cliniclans beliove as does Gold (18), that since pure principles

of thie drug sre not avallable and gince o3t ol the medical

practlice is confined to the use of the crude moterial, 2 metiiod

lBritish Pharmacopoels



of assey ls necessary, oxcept for the chemlcal assay of digl-

EA

[

texin and digoxin, bioclorlcal assay procedures must be employed

ir zlycosldes. The accurate deter-

a
o

for the cardiotonlics and
minatlion of thelir potency 1ls a necessity todsy, Just as 1t was
in 1906 when W. Dixon (20) sald: "ldany hundreds of patients

dle snnually from digitalls snd 1ts allies not possessing the

»

reod of

[

virtues whilch are reqgu
A method of assgay for & drup 1s of 1little value unless a
standard vreoparation of the drur, accurabtely defined, i1s used
a3 o basis of compariseon in determining the potency of otier
e drug.e  Thie use of sueh Yerms as ceb, {rog and

pisgeon unlits should bLe discouraned as they nave 1little absolute

m

meaning, tihe unit varying wiith the individual onlmel used

»

International standard preperotions of the cardiotonics were
prepared under the asusplices of The League of Nationsg and
indivlidual countries Iiave prepared thelr own standards, several
of them conforming to the internationsl standards.

In 1910 ouebaln wasg proposed by the U.3.P. 23 a reflerence
standard for Tlncture of strophantbus (15). It was adopted by
The Leasue of liatlons in 1925 and an internstionsl stendard
puabelin was nyrepared in 1928, Fasnus In 1925 at Llie 2dG
ceonference nropcsed s internntlional sitanderd foy digitells,
wixici, was adopted by thwe (eneva confersnce in 19205 and nrenpared
by Dagnus in 1828 (19). This Internstionsl 3tondard Digitalils
fovder, o szuple of powdered digitelis leaves, was exinausted
tzed by The Leapgue of ligtlens In 1236, It

and a new one aubhior?

2 s I At - M o gy
aas declded ot a conference in i rankfort (1928) +that the inter-~



n

nationesl unit of activity should be thot activity contained in
0,1 cram of the Internationegl Standard Digitalis Powder. Az &

standard of reference for unimown samples of dlpitoxin, the

[ 24

1.

Uedele nins adopted a lelerence Standard Digilitoxin Powder.

A preat deal of elTort has gone Iinto the development of
a chemlcal assay {or the cardiotonics with nrimary ewmphasils
upon the isolated glycosides, such as digitoxin. Gravimetric
and colorimetric methods {(75) have been employed Ior digitalis
stendardization, but an element of success has been achleved
only in the case of a colorimetric procedure, Slow progress
in the development of & chemlesl assoy heas {inally culminated
in the sdoptlon by the U.3.7. XIV of 2 colorimetric procedure
for the standardization oi dicsitoxin (88). It should be noted
e UeSePe retaing o blosgsay method for an

identification test (87). Three pipgsons used in the test, are

injectod by way ol the alaer veln with 0.5 mg. of the digitoxin

2

5 -

sample. The sample 1o identified as digitoxin 1L each pilgeon
snows retelhldng or emesis during the ensulng hour, and a2t least
two out of turee dle from cardiac arrest within four hours.

Tne chemical assay for digltoxin hed its beginning in
1918, when Baljet (2) developed the color reaction between
picric scld and the dinitalils glycosides. Later Enudson and
Dresbech (51) (52) »roposed the use of this procedure as a
quantitative method for cardiotonlc standardizatlon. Finally
Bell and ¥rantz (4) (3) developed o complete guantitative

s -

methiod for the estimaitlon of digltoxin poitency based on thie

P S e "

work of Deljet and Inudson and Dresboclhyy and as a 43

{-ia

ract



result of thelr elforts tiie oresent ol
Afber tnudson and Dresbach introduced thieir mesthiod in

1322, many workers atbempbted to compare chiemical with bio-

logical assays. Smith and ¥eClosky (76) in 1920 found a lack

of agroenmont between colorimetric rosults and results obtained

by thie lntravenous cabt method. Wible (97) 1n 1925 reported

.

tnet colorimetrlic results did not psrellel those obtained by

the use of the one hour frog method. Allmerk and Bachinskl (1)

ot

a3 recently as 1940 stabed thal, though the chemlcel method 1s
ginnle =znd practical, the presence of interfering substences
sives results uhilch differ grently from those obtalned by
blolomleal mesnz, and ocecaslonal differences of as much as D0u.

-
i

lowever Dell and Hrantz (4) (8) nave found falrly rood agrec=-
ment between thielr chemlical and tiie introvenous cat method.
nspeclelly lizs thiis been frue 1n the case of dipitoxin. There-~
fore gince most of the disarrsement between chemical and blo-
logical methods has resulited when crude preparstlions of the
cardiotonlies were used, 1t secems logical to asasume that th@
colorlimetric assny of DBell and Rrantz may serve & very useiul
purpose in the standardization of rure glyceoaides,

The propoged meihod of kacht and Xrantz (B8) (£7) for
thie gtandardization of digitelis using the scedlincs of

Luplnus albus L. hias been the only surpested plant assay cited in

the literature. It vas not well received and g been sbandoned
a3 g practieal metiod fopr the determinatlion of potency. This
vhiytophinrmacoloslcal procedure depends upon the retardstion

prowth by solutions of digitalis. "Phe growth of the seedlings



is inversely vproporitlional to tie concentration making possible
a phytotoxic curve wiiieh cen be callbrated in terms of cat

units”" (7L). Munch (82) reported tnat the resulis nhe obtained

withy the seedling method did not coinecide with the results

[V

obtained by bioassay procedures. In zaddition to the above the
specificity of dipgltalisg for the nlant must be guestioned. Ts

it not true that other toxlec substences nay retarc ithe orowth

me mnammer o8 dilpsitalis?  The pro-

e

of the scedlings in the g¢

E’

posed method does not test any svecific zetion of disitalls

‘here have Deen a rultitude of v»rocedures employing
animals proposed for the standardizeation of the cardiotonics,.
Thnese animals include a protozoan, an arthropod and several

-

classes of chordates--Iish, amphibians, blrds and mamuaels,

A discussion of tlhese methods has been given by bunch (42
and slso by Sehwarz (75

A method employlng Fersmecium caudatun L. was devised
by 3chnelder in 1825 (74). Vieliceler (9

Dearhnlia moamma, o water lea, obzerved and neasured the action

of the drug upon ithe rate of the hesrt beab. Considerszble
investigation was carried outv Ly rittenger and Vanderilced

(67) {(069) upon the Carrassius aurastua L. {(goldfish) and the

authors malintalned that constant snd comparative vesults
could be obtained. In regard to thie above mesnois it can be
said thet as in the case of the nlant seedling metihod of

Macht and Erantz (56) (D7), the tests are not speciflie for

Gigitalis actlion with thie possible single cxceptlon of ithe
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-

dapinla method., Ilere, though the drug is tested upon the
heart, it is unlikely that such action upon the heart of an
insect runs parallel to the offact of the drugz upon the eart
of the cat, pireon, human or even the frog. Leck of appli-
cation of statisticasl methods to the above procedures 1s
another reason why they have received llttle atiention.

Humerous bioassavs have besn perlormed on smphlblians and

»elally on the frog. The litersture rertaining to such

o
%
"
@

rs is woluminous, wlth pariticular emphasls on the one hour
and overnisht frog methods. A toad method nas been described
by Gunn and pstein (58) enploying the 3South Alrican clawed
toad (Kenopus). Zelgler (29) has renorted a bloassay method
using the turtle.

Since Houghton (49) introduced the frog methoed in 1888,

many procedures, using fross asg the test anixael have been

devised. These include those performed on the intact animal

as well g8 on the isolate’ fros heart. Foamulener and Liyons
(28) and Freenkel (30) in 1902 described one hour frog methods.
Both of the above azagsavys in nddition to the Foecke (29) method

and the 30«45 minute methicd of Gottlleb (4£5) usced the stoppage

of the heart In ventricular systole as this endpoint. In the
United 3totes 1t was btiie one ILiour whiich was adopled &s

e s

the officlal wvrocedure for the stondardizetion of the cardio-
tonics.
The overnlght frog method, aslso called li-hour, l&-hour

and l.L.Ds method had many advocates aflter its introduction

by lioughton (495). It was not until Trevan (1) (82) in 1926
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o

and 1927 introduced statlstical analysis for internretation
of resulits and consbtruchted thie cliaracterliastlic I shiaped curves

that the method hecame generally accepted. Durn {14), who

has olso talten an especial interest In the statistical evalu-

©A

ation of results of bloassay procedures, iaclines toward the

el oDe frog method. Chapman snd Lorrell {(18) 1n 1831 deter-
mined the characteristic curve for ouasbaln by the overnignt
method and obtalned a curve simllar to but even steeper than

=

hat of Trevan. It muast be pointed out, however, tiat Chepman,

while favoring the L.L.Ds. method, has reported close agresement
between 1t and the one nour method (17).

Othier methods using frogs include the intramusculao

method of Dooley and iigley (21) (52) and the intrasvenous

metiod of Uhlmamm (83) (84). Injectlion is made into the thxigh

- o

in the former and into thie abdominel velin in the laltiter methwod.
The isolated {rog liesrt has also been usced as a means of
standardigzation. Hunch (32) reports sevoral astitaupts of
investigators to develop o sulitable ussay by a neart perfusion
procedure, In additlon isolated strips of
been used in the iIrog heart sinus method of liansleld and
itorn (58).

It may be sald that the one and eighteen hiour frog assay
methods have been improved to a hizh degree of zccuracy by the
use ol a standerd preraration and statistical anslysis. The

- 2l

one hour method has been defended by laskell (42), wno stated

that the procedure 1s both o 7ood qualitotive and cuantitative

-

test for the neart tonics. Trovan (81) Tound thet two tinctures



be

of strophanthus pave almost identlcal results with both the
D-hour frog and cot methoda. The H.L.0, frog assay hes been
further defended by Iittenger (L&), who prelers it and the
suinea pig method to the one nour frog or intrevencus cat
“ethoﬁs, and Rowe (72), who belleves that the absorpilon
factor, where the Injectlion 1s made into the ventral lymph
sac of thne frog, increases ithe accurscy and vaslue ol the ass887.
Chrapman (17) (18) has alwavs oxpressed o prelerance for the

HeliaDe from methiod., Bratilz and 18l (8) hove stated that the

frog vrocedure of Treovan was superior to the cat metiiod becsuse
it wes more economlenl, simnle to perforn and capsble of

detecting deberloration,

The use of the frog lor the assay of cardiobtonlics has been

@

subject to considerable criticism. IHyiri and DuBois (c3)
b

delieve that only warm blooded animals should

n“

tiiat the best way of administering heart tonics in an assay

is by intravenous injJection. Wokes (28) and liller, Bliss and
Braun (60) report, that whereas deteriorstlon of Tincture of
Digitalis is noted by the overnigiit frog method, such deteriora-
tlon is not obzerved in the cat method. Finally Tzgleston (20

and Bliss (9) state that the results of irog a2ssays are not

to results obiained by the use of the Intravenous

s

cat assay and tonerelore canncet be Translferred Lo man.

Un the strennth of thiszs criticilsm and also boecause of the
preference expressed by Gold and others Lfor the use of the cat
In the assay of cardlotonics, thie U.3.Fe XIT Revision Comnmittee

A

saw it to sbandon the one bLour {rog method ss the official



assey for digitelis products in the Unlted Ztates. In 1its
stead & nodifled llatcher-Brody Cat lethod was made ofi'icial.
“vidence zupporting the cat in preference to the Irop as the
test animel will be presented (pages 11 and 12) in & discussion
of the cab method.

The pireon end chiclk embryo have also Desn used for cardlo-

L%

tonle standardization. The pigeon enesils and fatal dose methods

-

wlll be discusszsed in considerable detail below. 4L methiod for

2 -

& 2 Ayt o KIPURR o § y - ! I
£ diritalis using the enbrronic chick has been

M

0

the assay
proposed by fall {58), the endpoint being the arrest of the

wenarts

A
bt

heart. yafl (84) made use of isolated
chielr embryos in the determinetion of digitalis potoncye.
The m@iﬁoa hies been subjected Lo 1ititles investigetion, and
statisticsl evaluation of 1t is notlceably absent Trom the
literature.

lce, rats, rabbits, guinea picrs, cats and dogs have all
been used as test animals In attempts to devise z sultable
agssay Tor the Leart tonics. Subecutansous nrocedures using
mice hiave been doveloped by lelnz (48) and Zrogh (H3). JWentz (90)
and Beddow (3) used thie ret in assaying tinctures of digitalis
and strophantiius. An intravenous procedure was employed with

o thie sapheonous veln, Metnods with tle

rebblt as the test animel hove been used by Iyierl and DuBois (U3),
ileinz (40) and Sowbton (77). The latter employed a heart perfusion

tecimivue; wirereas Iliylrl and DuBoiszs gnd ileinz used intravenous

methods. The most important procedures using the puines pig
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include the subcutsneous method of Reed and Vanderkleed (70)
and the intravenous method of Knalfl-Lenz {.0)e The B.F.
recornlizes the latter @8 acceptaeble for cardiotonic standardi-
zation,.

42 a substitute for the frog methods, an intrevenous tyve

] ]

of assay i generally accepted in preflerence to subcutitaneous

{.’;

or oral procedures, Althiough the rulinea pls intravenous
method was a failrly good one, thie cat nas beesn more often
employed as the test aniosel,.

Hatcher (i4) suggested the use of a cat esmetic assay in
1907 and the intravenous azot method of lstceher and Brody (45)
was described in 1910. Injection, into the f{emoral veiln, was
begun with the uninown drug and continued until toxic symptoms
become manifegt. Ouabain was then substltuted and used until

the deatit of the cat. Cslculstions were based upon "cat units®

~y

defined in terms of the amount of cuabalin necegsary to kill a
llogram of cat. This procedure conswined approximately G0~

00 minutes, Wodlflecntlons of the zbove netiiod L:ave included
varistions 1n type of anasiihietic, changes In rate and method

of injection, discontinustion ol the use of ouavalin to complote
the assay, and the Introductlon of 2 relerence standard in the
caleulation of relative zotencye.

Thie use of ousbain, in every cardiotonic assay performed
by the ilatcher-Brody cat method, Increased the difficulty of
the procedure. In order to simpilify the method and because

there asrronred to be no real necessity for its use, iLne

injection of ousbzin to culminate an assay was abandoned and
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the sanmmle was adnministered until the deatli of the animal.

This modified procedure was employed by Smith and leClosky (76),

7 .

Rowntree snd laecht (73) and van Jijincesrden (90}. Many different
rates of injection of thie drug hwave been proposed and reported

as suiteble (4£3) (71) (73) (78) (20).

53]

-

Zekler {(23) surgested that the intravenous cot method was
difficult, time consuming ond not preceblcel asgs & meithod of
assay. Aowntrees and Maehit (73) stsbted that the cat method was
more relliable than the Trog method. Nany other workers have
arsued as to the merits of different susay procedures. Arguments
which hiave the most supsort are: (1) there exists a sreat
similerity between the ixeart of tie cat and the hesrt of men,
{2) the best nethod of administration of a cardiotonic in an
agssay 1s intravenous and (3) an sssary need not necessarily
predlct the clinical dosage for nman.

The Intravenous type of assay 1s preferred by many, among

whom are liylri and DuBols (33). ZHosleston (28) in 1913

of 1tz hesrt Lo the heart of man., This view was resis
Gold et ol. (52), who found that the results obbtalned with the

>3
£

cat assay could be transferred fo Inunansg.

sleston (27) et a2l.
(35) roeported thet rellable results ss to thie relative pol-ncy
of cardlobtonics could be obtained with thie inbtravenous cot
method and that the dosage for man could be based upon the
getermined potency. It 13 true tiat tnls procedure tests tlie
toxic rathier than the itherapeutic actlion of tne drug but

s

therapeutic endpoints are difficult to obtain and toxic eflfects



are due to the same action (S0).

Sdmunds (34) belileved that regardless of any anlmal
standardization the physicien must ascertain the dose for the
Individuel petient. The results of asn anlmel assay caen be

applied to man within ceritsin limits, but a final evalustion

of potency of a digitelis preporetion must be hesed on deter-
minatlons on man (34} (80). Lccording to Gold et al. {(32)

o

thie intravenous cabt assey 1s satisfactory hecsuse the most
~at any method of bicassay con sceouplish as reogards the
clinical vroblem of dosage is to sup:ly sultable data concerning
the relatlive wotency of dllfferent speclumens.

Berardl, Canan and lcCulgan (7) devised & therapeutic
method of asaay employing the dog as the best animal. The

therapeutic effeet of dipgitalis upon the neart rate was noted

after intravenous injection of the drug. Berardl (o) also

kol
made uge of the llatcher-Irody Cat lethiod, substituting the
doge There apnroors to be no reason to belleve that the dog
is nore suiltable {for an intravenous cardélotonlic assuy Ttian
the cat, especlally since dogs would be rmore expenslve and
wore d4ifllcult to obitaln,

anzlil (52) in 1928 reported the pireon emesis method

}«f-

Tor the estimotion of digpitslls potency. Imesis methods had

been guseested Tor asssay previously but bthils was the Tirst
instance in which the pipgeon was used sg the best animal,

lanzlile and Shoemalker {40) ad observed tiie emetic resciion

to digitalils in vigeons and ther bhelleved that 1t mipght serve

as an indsx of therapeutlic dossge for man. Tihe metinod was



b
#

uged for anproximaetely 2 decade but never replaced the one

hour frog or the intravenous cat agsay as an offleial pro-
cedure. The introduction of the intrevenous nigeon assay

and its adoptlion by the U.i.P. XIV (88) makes the emesls
method obsolete and should lead to lts cbhandonment.

flanzlile (39) said: "The principle of the pigeon method
is directed towards the evaluation of the probable therapeutic
dosage, by determinatlon of the ninimum (or averapre) emetilc

dogse of dl~italis?,., lle devised the mebthod belleving that a
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not mredlet the therapeutic dc
sane time theoet o plpeon Jotal dese procedure could be used,
but with the same quoiilicetlon (39). Pigeons were nrelerred

to cats because thwey were chisaver and easler to cbitelin., The

emesis method was desireble bLecause oi its simplicity.

Hoanzlilk used giseons, presviously starved, welghing

between 300 and 400 grsms. Yhe emebtic dose of digitalls was
injected into ¢ wing veln with o number 23 hiypodsrmic needle.
LZfter injection, the plgeon was placed in o cage and gymptoms
of vomitlng obhaserved. The vonmiting had to cccur in {rom
thwree to ten minutes, dependling on the dossapre used, end was
not a positlive result 17 1t were delayed longer. The minloum
ematic dose was deitermined by injecting a scries ol nigeons
and noting the minlinm elfective dose causing enesls in two
cut of three pigeons. The pizeons recovered aiter one or two
woels and could be used azzain i1 the velns were stilil in

usable condlitlion.
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Differences in body welpght only slightly affected the

L

results. The .2n.0. was nigher in adult meles thwan females,
but close enough Lo permit the uso of both sexes. The

-

Mo.lameDs was hilpher for lmmeture and also oy sicik birds.

-

Han ¢ (32) therefore stated that, i1l only mature, nealthy
pigeons in 2 ziven welrsht group were employed, & consistent
velue of the minimum emetlce dose for a gilven drug could be
obteined.,. Tiis H.m.D. of digitelis caused chenges in the
wigeon heart typlical of digitelis zetlion sand wags o measure of

the therspeutic dosarme in man.

Tenzllk and Stoceltton (41) tested tincitures of digltalils,

o L T N e & o - . o wn T o - " du o den , %

assayed by the pireon emesls metlhiod, on gsoversl natlents with
normel ecrits. The doses adminlstered, causing advanced

digltalis action, acreed closely wiith the probeble doses
estinated frvom the pigeon L.HEm,D. They observed 1in these

patients nausea, emesis, slowing of the pulse, a sll of blood

4

pressure and a veduced pulse pressures. Jhockton (78} in a
later work confirmed this apgreement between clinlcally effec-
tive deses of diglitelis and resulits by the pigoon emesis
method. iie cautions hiowevoer, thoat because of the great varia-
bllity of e¢linical dosape, close observatlon of the patlient
shiould be maintalned, even though a standardized preperation
ig emploryed. This 13 of course in direct contradicitlon to

the »revious statements ol anzlil and Stockibton that the
asgay 1s o tleropeutic onej thint iz, the Il.im.D. serves only
to determine thie reletive potoency and cannot accurately

predliet therapeutie dosage lor man.



Burn {13) severely criticized tie terminology and nro-
cedures used vy Lanzlik and hes suggested several luprove-
ments for the assay. Such tTerms as minimum emetic dose and
niceon units, he states, are not accurate expressions and
have neo place in bloossay procedures, ile points out that
several crouns of three pilpeons plven the same dose of a
semple will pive varylng resulits. In some cases none or all

3

of the three pipgeons will vomit and the number of groups in

winleh two out of thiree respond will usually be in ihe
minority. YThe reaction of sireons to disitelis by vomlting
is another examnle of 'continuous variation' in & blological
property” (Li). If in each rroun ftiree birds are used the
error will be about 3005 and only 305 if each group contalns
25 birds. DBurn belleves that the method could be used 1 25
animals are used in escn group and a characterliastlic curve
constructed relating percentage oi emesis to the potency of

¥

the »reparation. Ile statea further that o standard yrevara-
tion gshould be used meking the assay comperative. In this
way results might be obbalined which resembled those obtalined
by the cat or fropg mothods.

snereas Burn (13} sttermted to luprove the plreon enesis
method of lianzlili, others denled that 1t could be used Lo
standardize cardiotonlics. Gold, Telfand and hitzlyg (354)
stated that the plgeon emesis method of assay was Inferior
to the Intravenous cat assay and did not predict the thera-

peutic dosgsage for man. They neilther believed the methwod

mave more conslstent results taan the cat ossay, nor that the



enetlc response peralleled the therapeutic response. They
stated Turther that there were many inconslistencles and
contradictlons in llenzliitts work and that much of 1t was
based upon false assumptions. The use of a toxic, rather
than a therapeutic method of assay, they sald, did not
account for the lack of correlation hetween the results of
bloassay and the therapeutic potency of dipgitelis prepara-
tions in men., Indeed preparstlons found to be toxic for
man were conilirmed by the cabt method,
During thie course ol lils studles, ilanzlil (58) noted
that the pigeon mean lethial dose for digitells nreparations
compared favorably wlth thet of the cat. Tils fzmct was to
become of the utmost consequence for the future standardi-
zetlon of the cardiotonics. In 1934 faag and Woodley (37),
attempting to confirm ilenzlill's worlk by compariscn of nlgeon
emesls and intravenous cat methods, »roposed an intravenous

pimeon fatal dose procedure. They observed the elfect of

rate of injoction, state of Liealth of plmeons and the

edministration of alcohol and saline solutions upon the

h

"

HeliaDe They falled to supgest the use of a standard

vreparation but belileved tiwat a comporison of nigeon and

cat units siould Le made.

Zoag snd woodley used adult nigeons of elther sex,
starved for about 12 hours, and welrshlng bebween 300 and
425 grems, Bther wes employed as the gnesthetic and injectlon
wvas made into the alar veln. The cammulae used was a blunted

hypodermlic needle of zauge 20 to 25. Injection was made atb
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thie rate of 0.5 cc. every ten minutes until death, regardless
of the weignt of the plgeon used. The L.L.De. hovever, was
caleulated by dividing the amount of digltalis in cc. or gn.
by the welpght of the pigeon in kg,

These authors were able to obtain some sisniflicant
results. They found the ¥.L.D. for pigeons about 285 greater

than for eats, That is pigeons were, on the basis of welgnt,

e

more resistent to the drug. If they nad been using a standard

o
fé
o
had
o
ot
o

rreparation, they would nave been niore sble to appr
tihis Lfact. Curlcusly enough »ipeons sppeared to e twice as
toleraent to ocuabain as cats. Inecreasing the waote of Injection
80 that the pigeon dled in less than 30 minutes, resulited in
an increase in Lk.L.D. 35ick plgeons pgoave hilgh results, a fact
previously noted by Hanzlik (3%). Alcolol or normal salline
solutions had little effect upon the L.L.D. lilaag and
doodley observed that results were very consistent and as
few a3 three pirneons would give an approxinate value for the
HeliaDa

The suceess of Iaag and VWoodley with the i,L.D. plgeon
method and the difficulty of obtaining sufflclent cats for
assay »urposes induced Hraun and Lusky (11) to propose the

Y

substlitution of plgeons Tor cats in the ofliclal procedure
of the U.3.0s They netterned theilr procedure alter that of
the U.3.0. intravenous cat assay and compared results of
Intravenous cat and plgeon assays. They used adult piceons
of elther sex welghlng boebween 275 snd 450 grams. Three

cods of pigeons were employved: wWhite Kings, llomers and
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Common Zarn Pigeons. Injection was made 1nto the alar veln
using a blunted 22 gaupse Lypodermic needle. The Injectlon

b

solution was contained in e 10 cc. burette calibrated to
0.1 ce. Light ether anessthesla was erployed during the assay.
Tine sample was injected at the rate of 1 cc. per kg. of body
welazhit every five nminutes until thie deatlh: of the plreon.

The results Braun and Lusky obtalned were very satis-
factory. They were consistent results and ithere wgs lower coO-

efficlent of wvurlatlion withh pigeons than with cats They also

-

Eo

found that piseons were more resistant to cardiotonices than
cats. The nverage il.L.Us for U,0.Fe Digltalls HAeferonce
Stendard on plgeons was 95.202 my. per kz. and on cats 84.53 mg.

er kKg. Tney also Tound more consistent resulis between

o

sseys, as well as within assays. Braun and Lusky (11)
melntained that the plgeon paralled the cat assay, was cheaper

Lavellee and aAllmari (55) confirmed the results of Braun

s £

and Lusky (11) and agreed that the method would be subtialactory.

varishle

*3

o

o]

The cat could be replaced by the npireon and

rogults could be obltalined with thie latter. An exceptlon was

4+ 2 5‘.

noted in the cece of digoxin, where differencesz o as much

as 100,. in roitency were found between cat and pigseon results.

The Uesb.i e LIV Revislon Commlttee (80} began a collsborative

du

study of the intravenous pinson assay with Dr. iaag es direcitor.

They found the results generally sstiasfactory but noted vari-
ation between laboratories. It was proposed te change the

method of calculation of potency by the use of seometric
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averazes. A loga mic calculation was emploryed and con-
fidence limits of an assay determined. The U.3.0, XIV (87)
offlclal method of assay for the cardiotonics ls essentially
the vrocedure cf Braun and Lusky (11) with the above change
in calculation of potency.

Many cliniclans have desired a human methicd of assay for
the cardiotonics. Some belleved that results obtained Trom
aninal bloassays were not spplicable in human tlherapye. Utliers
malntelned thet the potency obialned using aninael procedures,
sven 17 o stendord vere used, was not corvect. Is 1t not
better to standardlize digltelis orelly on humans, than intra-

venously on cats? O course one must olwavys beer in mind

the difficulty involved 1f humens are used as experinental
subjects.

Humen procedures have been proposed whileh involve the
use of the electrocardiosram. Fardee (83) believed that the
smount of drug necessary to produce a minimal change in the

neisht of thie ¥ wave of an electrocardliogram could bhe used

as o measure of potency of o diplitelis preparation. Doses

were civen orelly to Tumans albter o control electrocardlosram

rgd beoen The denrezslon of the T wave noted, represents
onne gction of toe drur ond occurs zlmmilbosneously with th
stimulation of the lieart muscle. This mebliiod, said lardee,

is @ practical one glving the minimum effnactive dose of a

digitells preparzition. lie did not use a reference standard

T Hi

preparation of digitalis, employing instead a "T wave unit

(£6)s Ven Dyke ond L1 (82) made use of electrocardlogrgphic



tecimique in another attemnt at the elinlical standardlzation

of dinltalls. They reported results which comprored Tovorably

wltihi thoseobtained using mesmmellan procedures but which
differed simpnificantly from results obtalned with tie frog
mathod.

Another therapeutlic assay method emploring hawmans has

been proposed by Martin (£8). The endroint was the thera-
peutic effect, adjudired by the cardlac and respiratory ilmprove-
ment of the patlent., The shortening of the auriculsr conduc-
tion time; 1l.2., thie =R intervel was included smong the
criteria of lrmrovement sclected. liartin stoted that the
relative potency of dried digsitslis leaves could be determined
in this way. Gold et al. (51) used seversl chenses 1In the
electrocardliograms of subjects with normal henris to determine
Gipltaells potency. These changes ilneluded alteratlons in the
T wave snd HT or 57 =zegments. The potency of an unknown
sample was expressed In terms of a standard preporatvion. This
human metlhwed of azssay was belng epplied bo the standerdization

P

of disitelis preparations of commerce, but the Food and Drug
Administration objected to 1ts use.

Ho metnods have been provosed for shortzsning the duration
of the Intravenous pilreon assay. lass and Joodley (37),
observing the offect of rate of injecticn uzon the l.Le, Lfor
pireons, concluded that there was an increase in J.L.pD, at
thie faater rates, probably due to "overshooting”. By main-

2 value

50«20 minutes =z

]
Q.:
XN

o O

talning en injection ner

i

could be obtained; this ther azszumed to e the correct l.L.3.
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Liany dilfferent rates end types of injectlon he
ugsed for the cat sssary, and the Tfindings of liaag and Woodley
{(37) are also apclicable Liere. Hatcher and brody (44, when

P 2 2 P * dee . > 2 R & S Ex I N
deviging the Inbtravenous cat asssy, injected 7. of the

expoected letiial dose of dlpitalis in filteon nlnutes and the

remainder In the following hiour. Whetiner or nobt the assay
wes conplebad with ouabain, 1t consumed approxlimately ninely
minutes. The duratlion of the assay; l.2., one to one and one-
el hours was tnie same ns thet employed in present day cat
metiods, but the initisl injection of 7H. of the arus in
f1fteen minutes was unigue.

wntree and llacht (73%) injected 10 ce. in five minutes
and tnen 1 ce, per minute until the desth of thie cat. 3mith
and lcClosky (76) injected continuousliy. IHaskell, Danlel
and Yerry (-.3) injected at the rate of 1 cc. every two and

sl

one-helf ninutes remordless ol the the cate.e Howe (71

belicved unilorm resulis could e obtained i the enduoint
werae reacied in an sveragse time of thlrdy minutes, tiie injection

beling mede &b 2 uniform rete. However, he thought thiat ine-

Pk

then giving 1 cce. every two minutes

s
3
o
£
f
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Jecting rapldly ot

betitsar procedure. Wible

ZJ
foud
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untll the desth ol the anins
(¢7) injected at a constant rate of 0.5 cc. per minute.

Many workers heave attempited to shoriten the intravenous
cat assay using & uniform rate of injection, Tiese include:
Rowe (71}, sdamunds, hoyer and Shaw (25), who administersd

the drurn so as to kill the cat in fority minutes; Waslcky, Lasch

and Gchionovsizii (95), who caleulated dosape necesszary to produce



deatlhi in thirty to sizxty minutes and van wWijnzaarden (90),
who used en assay perlod of thirt:y to Tilty-Ifive minutes. This
reduction of ths duration of the assay a3 heen supported by
Purn (15}, wio racormended shortenin-g the time of the assay to
thirty to gixty minutes.

Bliss (0), a proponent of the longsr ossay tlie adopted
by thie U.5.1s ATI, believed thet 1 cc, of tine diluted moterial
per kn. of ecot gshouwld be Injected. An injection is made with-

2

in & few seconds and taen repeated at five minute Intervals
with s dilution so prepared thabt the cat died within 135-19
doses; Ll.e., sixty to ninety minutes., Iile, like Ilsag and
Wwoodley (37}, observed that the H.l.le was modlifled by the
rate of injection. UHyiri and DuBois (G38) stebed that with
fast as well as withh slow aduministration, part ol the drug was
lost to the Licarty tierefore, it is est to set an aroltrary
tirme as to drurn admdinistration as well zs durstion of the
entire assay. Thiey Jurther stated Lizet results of assays are
only comparable wiien aprroximately bthe same anount of drug
acts upon the heart witnin btie same porlod of time

The purpose ol the worik reportod in tils thesis is to
determine tiie effoct of rate of injectlon upcn the mesn lethal

dose o cardiotonics administered intravenously to plgeons,.
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Apparabtus: The solution to be injected was contained in a

stralegnt, plass stoppered, Limble (Exsx) 10 cc. burette
gradusted in 0,05 cec. The tip was fitted with soft rubber
tubing of & wmm. outslde diameter, a bore of I mm. and a
length of Gl-59 em. 48 cannulse, Luer slip syringe needles
and blunting and grinding the hub to a cylindrlecal form to
it thie rubber tubing, were used., Infusion or slin on hub
nesedles and Luer slip needles Cltted withi adapters could be
used. The burette with tubing and needle astbtached was
mounted on a burette stand,

To messure Ifive minute intervels a lawkeyve Heasurce Tinm
(Fishier Sclentific Co.) clock and Interval timer with =
gpring mechanlsm was used. The piseons were welpghed on a
Pelouze Dietetlic Scale of 500 gram capacity. To ancesthetize
the pineons raw shsorbent cotton saturated with ether {diethiyl-
ether) was contained in the bottom of a deslcecator having a
dlameter of 22 cm. and a depth of 20 cm.

The macersation, when necessary, was cerried out in 125 cc,.

or 250 cc. Brlenmeyver Ilasks,.

P

@

gt about 1800 RPE in = volts AC or D¢ International

Clinical Centrifuge fltted with 50 cec. bubaes. Dilutions were

7
3
\:B
F}

pared in 50 cc, and 100 cec, volumetric flasks, 1 cc., H cc,.

and 10 cec, Mohr pipettes velng employed for measuring the
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Fori)
arrount of sample used.
A Friden auvtometic celculator wes used for calceulating

individual dosage on the besis of one cc. ver ks, of |

Aty
¥

. oy om R . .
7elghit of pilreon, and for the calculation of all resulbts.

b

The pigeons were securely lastened on plreon boards (see
figure 1), each wing being tied down with an ordinary 40 inch
sitoe lace and eachn leg with e 15 inch atring tie. The verti-
cal pilece contained two nails at the lower end of sach side
to anchior the len tles.

Anlmels: Adult nigeons (Homers or Comon Darn il~reons) of

-
("‘.i

elther sex weighing between 250 and LOO grams wvere used; one

»

pizeon (table XXII) welghed 235 grams. The birds, neit

&

iclt nor emacinted, were starved 10-20 hours previous to use,
except those in tables no. V, VI, VII, XVIII, XIX, and AX
whilelr were fed. Thie piceong were obt: ined Trom Central Feed
Compeany, Baltimore, larylend. They were [ed scratceh feed
containing cracked corn, whole osts ard waeat and 4 plgeon
feed, which conslsted of whole corn, wiaeat and buckiheat,
cracked rice, kafilr corn, red millet rnd maple veas, OLh

obtained from the Central Feed Cowpany. I'resnh water was
suprlied ad 1ib. A mazimum of seven birds was lept in a
care 22 inehes wide, 20¢ lnches desp gid 14,
Naterial: Samples used Included dlizitalls tlincture, tablets
ves, diritoxin tablets end U.3.0. deference Standard
Digltalis, Digltoxin and Ouabain rowders. The U.5.0. digi-

talis and digitoxin menstruums were usad to nelte macerations

of the powders and tublets, U.3.r. Fhirslologlcal Salt



4

B e

&)
e

26

|
i L’

R
?
” ”mjﬁ':;i_
e
~

|

! |

{ !

1" - =
—a— " L 1

TITI.

i

i Assembled Pirceon foard

SCALZ: 1"
REBLARKS:
IFateri
ne

al - 1/2" pumber, Four Com-
mon llails, 1 1/:2" Long
cess (Both Fieces) 1/47 Dierth




Pt
Hor

Folutlon was ouployed in the preparatlon of dilutiens,., wtlier
(dlethylether) wes used as the cnesthetlc,

Procedures On the

rabely welghed to

o

n the desiccator and tled to the ploeon board. Some ol the
feathers coverinsg the undergurfoce of one wing were removed

to allow obgservaition of the elar veln. This veia was then

e . ! S | 2. ¥ Lo a0 ~ 3 Fil
sxvosed and connmulated. The modlfled

sthal cnd nind bheaen tled of'f.
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ware diluted on the day of the experiment. Samples macerated

N -

were centrifuged belore use. The solution to be tested was

gram ol body welpht was cllubed to 19 ce. withh normel saline
I

sclution.

13-19 dosesg. An initial injectlion was siven within o few

gocondas and additlonel tLnereaslte
intorvals determined I mor

than 1 cc. per kr. of
Sy, 7, 0or 10 cc. per 4g. were piven ot once and then addlitionsl

injections at regular live minute intervals unitil the pigeon

1. e -

dled. Tinls shorbtened the time of injection by forty-five minutes

»

if 10 ce. per lkg. wore glven initially; the nipeons dying between



fifteen and forty-five minutes,

Death in the »nigeon iz due to failure of the clrculation.
The neart stops, the respirstlon iz ebarrassed and convulsions
end deathh ensue. The endpolint is sherp with digitaliz, much
less so with digltoxin and ouabain. The endpoint used was the
deatlr of the animel, observations of foxlc symptoms belng made
only to help determine the exact endpoint.
Sex: It is well lnown that 1t is impossible to detoermine the
sex of pigeons because of the asbsgsence of external genitalia
and any other external anatomicael diflerences. In thils work
the sex, as recorded in the tables, wig debernined after death
by Cissection end cboservatlon of elthor 2 single ovary or
testes. Since llaapg and Joodley (37) ! ad nreviously renorted
the absgsence of sex differences in lotlal dosss Lo cardlotonics,
and since no differcnces wore cbsarved during the exuperinment
ne correlation of sex and lethel dose was nade.

Body delght: llaag and Woodley (37) found that the lethal dose

increased with a decrease in bhody wel; ht of wigeon. In the
present experimoents plgeons were selected on the basls of

welght so thwat the mean body welgiit for groups tested by

different methods on any indilviduel sexmple was not significantly

o

different. 1In this manner any eflec

&t

uponr the letiial dosze

due to differences in body welght wos elinlinated.



The results of the experiments are summarized in tables
II. Two samples of Digitslis Helerence Ztandard, three
sitalls tinctures, one sample of digitalls tablets and one
le of digitalis leaves were tested by the U.3.F. and 10
initial dose methods. Une of the diglitalls tinctures (%able

VI) was zlso tested Dy & $ inltlal dose method. Dipgitoxin

Reference wderd was tested by the V.3« . and 10 Initial
dose methods and digitoxin tablets by the UeS.rs, 10 and 7

initlal dose methods. Uuabaln leflerence Standard was tested
by thie U.3.rs and 10 initial dose methods.

In some instances, where small numbers of animals were
involved, both procedures weare periormed on the same day. If
a drup were tested Dy three methods or 1f a larrze number of
animals were used, the perlod was often extended to o weelk

LR £
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ses Lo one to four months, FPigoons were selectod

on the basla of live body welght so that the arithu

vf:

‘

welphits of

3

ize rrouns used for individual semples by different

S

mebthods were anproximntely the same.

Dilutions of the drugs (column 5) were so prepared that
the average lethal doge, if one ce./krn. were administered per
doge, Lell vetween 15 and 18 doses (mean of colwm ). 4
few ol the experiments contain pllot tests, :»formed to

. o
L

ascertain the dilution necessary to sseure th lesired btime in-
L%

o]

terval., In tables I-AXKII, coluwnn ¢ ls headed no. of doses. In



the case of the U.3.0. method this number renresents the

actual number of doses of drug administered and is s direct

indicetion of the time of the injection. In the initilal

dose methiods, the number of doses was calculoted by adding
ini

the number of t1al doges to the remainder administered

-

mbil the experiment was termincted; l.e., eveon LI 10 cc. /i

e~

were administered Initially, thizg inltlel dose was indlcoted

&

-

8 ten. The nunmber of doses in thie latlter instance 1s not
a direct Indicatlon of injection time. This nrocedure was
followed because the numper of doses was proporiionsl to the
lethial dose and could serve as & comparison btetween tihe
VeSale and modified methods.

The time in minutes 1sa recorded in the last colwm. For

-

assays performed by the official methiod it 1s egual to 5 (no.
of doses -« 1)} because the Initiel dose was given irmediately
and the remainder at five minute intervala. The time in

minutes for the modilled metiinds 1s S(no. of doses - initlal

no. of doses). lean tlmes for botlh methiods were czlculated

and osre pglven In teble LXIIT.
The lethal doge Tor eaclh: pigeon in terms of guantlty of

y

original samrle hies been included in tables I-XXIT, coluwm 7,

as well as the mean lethiel dose Tor each method., All of the
mean lethal doses have been sumarized in table XNIILI for

reody reference and comparison. The lethel dose was calcu-
lated by the short method; 1l.c., L.D. =z no. of doges x % di-

lutlon because each dose was equivalent to one cc. kg,

All means included 1in tihie tablies are aritimetic means



{(averasos). The standard devietion (G ) is egual to

-

8(x - X)%/(n - 1); where X = meoan, X = an individual obser-
vation and n = number of animsls. The standard error (éi) is
equal to /%(K - E)E/n(n - 1) or U—/V n. The value of

S(x - %)° is determined by squarlng each deviation from the

mean and summing them or by employing the short cut metnod
exprezsed by the =zquation, 3(x —'E)g = 8x° - Xox (100). The
statistic "standard error" i1s the stendard error of the mesn

of samples and should not be confused with the standerd deviation.
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DISCU33IoH
When comparing the U.8.0. and Initisl dose methrods to
determine if the mean lethal doses are the same, one nust
recognize tiiat there are in fact two basie differences be-
tween the methocds. The Tirst is the difference in total
time of Injectlon and tiie second 1ls the exlistence of & non-
uniform rate of injection in the case of the iInitlal doce

Y

method. I & guantlty of drug is

which is ecguivalent %o ten doses of 1 ce./Trr. ensi, t.e time
of injection will be wiixr.odnd B Poplor-01ve . provided
that the lethal doszeé awnm{-ﬁ¢§ g fxin hotl: dasv. ooge  Slmi-
lerly the time of injJection wi. Arty b v less for a
gseven dose and twenby minutes less lor a,% o ;iaiM
metihed., The latter two methods liave bé”“ inco:.. . oviT bo

2ld in the comparison of U.5.7. and 10 deose-inii -0 oathods
" k ~ - /
A perusal of table AXIII will sibiow that the

Y
thhe two methods was not exactly oyt ~Iive

}

minutes but veried in swmall measurs =it oo tively or

Fy

mean tinme o

negatively because of the difference of thie ~.iue of the mean
lethal dose. The mean difference of time for thie ten com-
parisons is, however, 44,7 minutes. The use of the 10 initiasl

-

dose method In place of the present U.Z.0. method will reduce
the injectlon time Tor an individual pigeon by at leszst 0.
The non-uniforn rete of injection 1a the venult of the

administration of & rather larie sub-lethal dose initially



and subseguent small inerements egual to 100 of thils dose.

This procedure hims been used nreviously by .etcher and Drody

a s B Y R R EOR P . S L T e~ L 4
(45} who injected 7L, of tlhe expeocted lethwwl dose to 2 cat
Ty X P . S . e T - ] L SN Eo T W £ - Yo T
witihin Jifteen nminutesn. Thwo totel tine of thielr asgssys, ow-

ever, was at least one hiour and fiftecn minutes. Rowntree

and acht (73) injected 10 cec. in flve minutes and then 1 cc,
por minute therealter. The latter did not bazse toelr rate of
injection upon the welght of the cat and the amount per kg.
was thus conalderebly lezss. Therefore the mean injection time
by the 10 dose initial methiod (Ltable AAIII

of HRowntree and Hacht, in most cases equel to lesg than nalfl
of the mean times of the assays perilormed by thewm,

An inspection of tabls XXITI revesls only small diflerences

bed
e
e

betwern the moan letlhal Zoses sz determined by ecclh methiod.
many cases one could easlily declde without stetisitical analysis
tiiat thiere exiates no dlfference between them. LLowever bLecause
tie standard error of each mean is not considered in this
comparligson and also because of border Lline instances in which
slgnilicance may exist, use of "Studenis™ t test Laz been made

~

to facilitate comparison. There are of course other statilstical

procedures that could be used., The Tact that the t test is

well known and is essentially an anslysis ol wveriance, if only

two meansg are considered; sueh analysis of veariance belng

widely applied to biological data, has resulted 1In its use.
Table XAIV lists the caleculsted and theoretical (table)

values of t. Degrees of frecdom (d.0L.) i an ssgsential part

£

of the table, especlally wherse smell numbers of animals were
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used. The deprees of freedom are thie number of iLndependent
comparisons winleh exist witinlin a gzrour snd are usually sgusl
ton - 1, wihere n = 1n0o. of animals or 1inderendent observotions.

Jirero btho mesns of bwo TETORE
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(n1 - 1) % (no -~ 1) or on - 9 4%
for thie caslculstion ol + i t

-
pafl“' Cgﬁ, wiere Al and A; are two means and 6.

are thie respective standerd erroras of easch. The theoretical
value ol ¢t 1s the value for ¢ = V.05 (the probabillty of a
deviation eqgual to or greater thwian t3 at thils level of sgignifi-
cance). If we assume this level of sipnificence, we will be
vrons not more than once in 20 triasls In the long run.

The following example will help to explaln the use of the
zerms and equations In & t test snalysis. et us consider a
comparison of the mson lethisl dosges of digitoxin tablets,

QL=27C, obitaolned br Lhie Usl.be and 10 dose initial methicds.

Ty

Plrst o frall? Lynotiiesis that there ls no difference between
the two means 1s formmlated. Yhen the t test is appllied to
prove or disprove tiils hiypothiesls. The respective nmeans for
feB.Fe and 10 dose Inltial methiods are U.40 and 0.58 and

“ o~

the atandard errors are botlh 0.02. The above data are [found

7 1T o - o~ . - — o 2
in tables AVIII and XIX. The wvalue of t is (xl - xg[/’ﬂ{l + éﬁﬁ*

or (D.40 = Q.ﬁ@)/‘/glﬂﬂﬁé + 0.0004 snd iz equal tce H.497. Dhis
calculated value of t is found in table AXIV tometier with its
theoretical value. The latter can he found in a table of © (101)
fTor ¥ =z 0.0B and depgrees ol Ireedom = 56, since (tables XVIII

reedon nost

)

end XIX) ny = 18 end ng = 20. Aafter 30 deprecs of
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tables olve the value For defe = 40,

o
ct
=y
o
(5]

Thne walus 2,029 1

=y

an interpolated number. For n, tire number ol degrees o

freedor:, Infinite, ¥ =z 1.9350 for P 2z 0.00.

Eal

The nypothesis that there exlists no dlfference between

3]

thie two means must be accepted for a sisnlilicance level o
7 o= 04056, since 0,07 isg smaller than 2.029. Thet 1s, if it

5

is sald that the difference between the bwo means is not

&}
i

salficant the statement wlill be wronpg once out of 20 btimes.
A level of significance egual to once in twenty is usually
accepted. A word of csutlion must be interjected here lest a

false conclusion be assumed thot the two means are egual.

The only conclusion that can be uwade 1s thst under the conditions

of'’ the experiment no signiflicant difTerence betwesn the mesans
is denonstrated. Taoble AXIV suows an absence of sirniflicant
74 o 2

iifference In 211 comparisona.

The bellel (10) (87) tiat Lhere 1g an ineressse in the valu

of tiie lebtihinl dose with o decressce Iin tinme of injectlon 1s
certeinly not denonstrated by the resulits of these sxperiments.

Suech an inerease in tihe lethal dose could coexist with a
decrease due to the Injectlion of a moribund dose resuliing In
an insignificant difference of the means. The injesctlion of
apvroxinately 75.° of the lethal dose wlthin five minutes may
concelvagbhly cause a state of morbidity suificient to decrease
the letihal dose of the drug z2s determined by thie U.S.F. method,
The heart sounds of the pligeon ware compared, using s stetho-
scope, after ten doses of 1 cc./kg. each and alter a single

doge of 10 cec./izme Mo digcernible difference in the cone
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dition of the heart was noted. An electrocardiographic
recording mig;ht be more revealing. The emetio feﬂ.sx and
struggling were usually absent after the iﬁitial 10 éc./kg.
dose but also after ten single 1 cc./kg. doses.



A slipgnificant differonce could not be demongtrated bhetwessen
the mean lethal doses of:
a. digitelis preparations, determined by the U,.3,.,¥. and

5 or 10 inlitlal dosze intravenous plgeon methods.
b. digitoxin preparations, determlined by the V.3.7. and

7 or 10 inltial dose intravenous plgeon methods,
¢. & ouabain preporation, determined by the U.3.7. and

10 initial dose intravenous pigeon msthods,.
There was no observable Increase in lethal dome with a
decrease in injection time.
The initlasl muitiple dose method can be used {or the bic-
logical standardization of digitalis and 1ts allies.
The 10 dose initial method, involving a non-unlform rate
of injection, decreeses the injection time for an individual

nirgeon by 45 minutes.



Thls dinvestication weas undertaisn primerily to develoy
g procsdure to shorten the time of the U.3.r. bDicloslcal
assay {or cardlotonlcs. However 1t is important to note,
even 1f tids wodified method (Fert I) gilves results not
siznificantly different from resulits obtained by the official
method, whether there iz within =z siven ranse of concentrations
an incresse in the value of the mean lethsl dose, with an
increase in the amount of drug adminlstered per dose., This
increase in concentration of druz per dose shortens thre
injection time but the amount of dilution administered is
uniform throushout; l.e., one cco/kg. of virseon.

A certaln amount

such 28 death 1o an experimentasl anlmsl, useful in the bio-

loriecel essay for the determinstion of the relative potency
of the druc. ilowever, as in the case of the inbtravenous

pigeon sssey for cardlotonlic preparastions, 1t 1s irpossible

to ascertain the portion of drug which has contributed to the
death of the animal (1%). Thus one cannot state that the
lethal doss is actuslly the arount of drup thet Las been
adminlstered, and that withlin certein finlte limits the death
of the piceon is dependent upon the time of sdministration of
this guenitity of cerdiotonle: i.e., dependent upon the concen-

tration per unit tine., If the lethal dose were scitually the



amount of drug =zl iilstered, there would stilill exisgt mn
"overshiooting” factor in any periocic injectlon method end

atlon.

it weonld, of course, be grocter ob the Lijlier conc:
Clarlk (13) Lias stated fhet a theoreilccl formuius in which
concentratlion is dependent upon tlme lg lwmrosszible in bilo-
logicel phenomena. I thils zostulste were true, the lethel
dose would be independent of time and therelore of concen-
tration for 231 btimes and all concentrations. But as is
stated by Clark (12) concentratlion x time = constant (CT = X)
implies tihwat an infinite dilution produces = action 1n
infinlte time and that a sulficlently sirong concentration
will wmroduce instsntaenecous section. These are both untruth
because there 1s & minimum thresihold sctive concentration

end alsc & minlmunm time needed for the production of =

Tihie provlem iz then, to determine whetier in sn intra-
venous Lype of injectlon in which &ll snimals die, the wmean

e e s e ol e troti drusr admind i
letiel dese varies wilith the concentration of drup administered

i4

per unit tlme, Thils chblem lias been investligeted in gulnea
pigs, cets, and in at lezst one instance in pigeons. Results
have been inconclusive and contradictory.

Tiie most contradictory results have been ovbtalned with
thie Inufll-Lenz method employing suinee pigs, Braun and
Slegfried (12) state that Kmafll-Lenz showed that the guantity
of ciritells leal requirved to cause desltl was grester for a
solution then for & 1.0 to .9 solublion; tuat Coldbers

found an increase in lethisl dose with an increase in the
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quantity of drug Injected per minubte. Straub et al. (79)
shiowed that toxlcilty decrsased with dilution only up to &
certazin point. They used dilutions of gitelin, digilarnide
and k-strorhanthin. Chapmen, as quoted by a4llmark (10),
using guinee plegs found en incresse in the lethel dose of
tincture of digitalls with an inecreasse in the concentration
of the injection fluld,

Braun and Siesfried (12) were unable to obsserve sn in-

crease in the lothal dose of dizitelis with an increase in

concentratlion per injection, when the drurs was zdminlstered
intravenously to gulnes nigss. They alsgso state that Otbterstron,

L.evy and Utterstrom and Brun made the ssmme conclusion. Vuje
and ilolelkr {(81) aectunlly obaerved 2 decrease of lethal dose
with increassed concentration.

H1ldebrandt (47) investipgated the offect of mn increas

t

in concentration upon the lethal dose in cats. G-strophantiin
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showed meximum toxicity when injected &t
nee ke /hr. At hisher or lower ratss of injectlon the toxicelty
was apprecliably less,. For disitoxin, the lethal dose ilncreased
as the rate of ianjection wos increased. Vos and Dawson (94)

Foundd thint in cabs abt 3
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of the animal. The lethel dose measured experimentally tends
to increase as the concentration of digitalis in the injection
fluld 1s increased because the contribution of the last
injections is especlally small, Thus Bliss was aware of the
difficulty of measuring the lethal dose in a periodle in-
Jection assay and recognized the "overshooting” phenomenon,
previously noted by Hasg and Woodley (37). Bllss and Allmerk
(10) found & astatistically signiflcant increase In lethal

ose withh an Increase Iin raete of injection In two out of three

Q.

samples of digitalls powdar.

Haag and doodley (37) found that the lethal dose for
pigeons varled with the rate of injJection. They state that
thie very rapld injectlions gave a higher mean lethal dose than
slower injections. This they believe 1g due to "overshooting”,

more epparent of course at the higher concentrations.



Heference Standard Digitoxin snd Cuebalin rowders. Lenstruums,

Ky

diluents, and anestiretle were the same as in fart L.

e

Procedure: The metiiod of cannulatlon and the preparation of

macerations and dilutions were veriormed as in Ptart L.

Injection was Iinternmittent, one cc¢. of diiuted sample per

ke off body welg of pipgson belng adninistered at Live
minute intervals. Lachh of the six dilutlcens <0 the diglbtalis
leal sample were tested vron sixteen pigecns, twelve tests
being performed in a single day upon two samples of each
dillutlon. sxXperinents were carried oub wupon Tour dilutions
of U.B.0. Heference Standerd Digitoxin fowder. Fifteen
rlgeons were uzea for each experiment and twelve daolly tests
Included tliree oi esach dilution, except on saci: of two days
(see page 43). Tihie experinent on U.3.7. Reference 3tandard

Ousbain was performed in tihe game nanner as digitoxin, excent

6

W

thiat elghiteen animals were used for each dilution. Thus
(digitalis), 00 (disitoxin) and 72 (ouabain) anlimals used

reapectively teotoled 228, a sulficient number for statistical
evaluatlon and analvasls,

Sex and Body welsht: The gex was determined and the uwleons

selected on the basis of bodvy weight as in Part I (pace 28).



AuBULTS

Tables XXV to XXX contain thie results of experinents
on & digitells leal sample using six different concentrations
of druz. Two tests were perlormed on each concentration on
an indlvidual day; the oxperiment was completed within oZ
davs. The tests performed with Tour concentraotions of U.S.r.
Digitoxin Relerence Standerd sre sumerized in tables XEXI
to LAXIV. Three tests wore perlformed on the 0.02 and G.03
el g /cc. concentrations on euciy of Iive days {(tables XAXI
and L4XIi). Three btests were periormed on the L.0L and
0.08 meo./cce concentrations on eseh of three days and six
teats on o fourth day (tables XIXIII and XOOV); all of
thess were completed within 13 days. The resulits of the
tests of four concentraitlons of U.%.P. Ouabain Relecrencse
Standerd are contelined in tables XXV to XXLWIII. Three

samples of each concentration were tested on a single day
and the experiment completed within 435 days.

An increase in the concentratlion deecresged the time of
injection and vice versa. This verlation Iin rate of
Injeetion regulted in a variable number of doscs nccessary
to produce the letliel ellfect. The concentratlions were s0
seleocted thelt tlhie meon number of doges was eqgual to, less
tlian or more tihan the number specified in the U.0.FP. XIV (87).

The mean no. of doses snd mean btime in minubtes sre swmasrized
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in table XL. All tests were performed with g uniform rate

of injection (1 cc./kxg. svery filve minutes); thus the number
of doses was e direct indication of Injection time. The time
in minutes was calculated, as in Part I; l.e., number of
minutes = 5{noc. of doses - 1l).

The lethal doses were caleulated as in Part I (page 30).
Table XXXIX has been included for a raprld comparison of the
mean lethal doses for\ﬁhe different concentrotions. The wvalues
of the mean, standard deviation and standard error (tebles

XXV to XXXVIII) were calculasted as in Part I (pszmes 30 and 31).



210
In order to determine whether there wes an incresse in
the velue o thie mesn letheal dose with an incressed rote of
injection; 1.e., on inereaose in concentration of drug per
injection, thie results were subjected to an analyslis of

variance (100). The data for ithis znalyslis are contained in

&

h
tables XLI to XLIII. The "null" hypothesis thet there was no
difference between the means was formulated. The anelysis of
variance necessary to prove or dlsprove tiila hypothesis is
contaslined 1in table XLIV for the results of the digitelis
experiments, in table XLV for the disitoxin experlments and
in table ALVI for the ousbain experiments. The sources of

variation considered were (a) the variation betwsen groups,

i

epresenting the varistions between the mean-lethial doses

&

3
]
(D

5,

obtained with each concentrailion, and (b) the veriastion withe

ol

in groups, the errors of the indlviduzl assarys. The {ollowing
exaimple will 1llustrate the caleculastlion of the variance ratio
in table XLIV and its use in determining whether the difference
between the means iz significant for ¢ =z 0.05.

Tne sum of sguares between groupns is casleulated by sub-
tracting the correction term, (ST)B/n, from the sum of the
squeres of the individuel group totals divided by tlhe number

b

Q Y
plseons in eseh croup, 3(T%/n). The correction term for

£
i
RS

o
the deata in table XLI is the summetion of the totals squared

divided by the total number of pireons in the six groups or



(5183.5)5/96 = 279882.00. S(TR/n) = 2€0839.70, where n = 18,
and the gum of squarcs between groups = 280839.70 - 270882.00 =
257.70. 'There are six groups of obsservation, five degrees of
freedom, and the mean square (varlance) is ecual to 0B7.70/5 =
191.54. The total sum of sgueres 1s calculated by subtreciing
the correction ternm from the suwmiation of the scguares of the
ninety~-six observations, 8x*. This i1s expressed alzebralcally

by Sx~ - (3T)9/n, and is ecual to 283711.75 - 272852.,00 =

he gguares within groups (error) is egual to
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the summatlion of the sum of the squares of the deviatlons
from the mean, 53(x - %)= and is equal to £872.05. This is
of course also equel to the total sum of squares minus the
sum of squeres between groups, since T/n = X and sS(x - )% =
9%X< - XSxz. The total number of degrsees of freedom is 95,
five of which hiave been used in the calculation of the mean
square between groung; tiie remsinder representing the desgrees
of freedom withln groups. The mean sguare withiln groups is

2672.05/90 = Sl.ul.

The varience roetio () is the wuotient of the sum of

squeres betweoen grounsg divided by the sum of squares wlithin
groups or 191.54/31.01 =z 0.00. The theoretical value of P (102)
i1z obtalined from & teble of verlance rotios A simmificance

level of P = 0.05 1s used to determine whether o siznificant
difference exists between the mean lethal doses obtained by
testing the wvarious concentrations of the digitalis szmple.

The table value o I for this B point 1s 2.53, and since
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the calculated I 1s pgreater than thils number 1t is concluded

of
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times becguse thils is the probabilit
chznce.

The anslvsis ol variance for the dats of dinitelis and
digitoxin (table XLIV and XLV) show that there 1s a difference
between the means. The analysis of varisnce for the data of
ouabain {(tabls X VI) shows no asuch differsnce between the
means. e value of ¥ in the latter case is 0,77 and a value
of ¥ less than 1,00 cannot be sssumed signiflicont for any
level of probability,.

Prom the results ol the above gtatistlicael analrsis
erence bebtween diritelis and digl-
toxin on the one hand and ouebein on the othar in regard to
tiie offect of the rate ol Injeciion upon the mean lethnl
dose, Hven in the casge of dipgitelis and digitoxin, however,

11 )

there apprears to be no difference in the mean lethal doses

oA

o
h

within & range of 13.2 - 3544 doses for the former and
15,8 - 23.9 for the latter (tables XXXIX and XL). The dif-
ference whici: exigts may be due to the difference in th
rate of absorption or filxastion of the drus in the heart
tigsue or to the "overshooting' phenomenon, present in any
pariodic Injection nrocadure, or both.

Tne repild injectlon of tihe cardiotonlc may result in

N .

the logs of a rortion of thwe drug because of 1ts ixetion

ore likely, there

,.mx

i1n organs other than the heart or os seems v
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t o difference in tihie time of fixation and sction of

may exis

£

Fal

the drug upon the henrt 1tsell: thils perlod 1s greatest with
dlsitoxin and least with ouabain., Hurther studies skould be
maGce to determine the time-action curves for the cardiotonics
using isclated mamunllen hearts. Tie section upon the vagus
nerve in the intact animal should not, however, be overlooked,

Thne resultes obtalned in Fart I indicate thet "over-

shootins™ is the wost significaent Tsctor responsible for the
increase in lethal dose with an inecreasged rete of injection.

Lven though tlhie tiwme of assay was considersbly reduced using
the 10 dose Initiel metiod, thie value of the mean lethal dose

remained unaltered. Ilere "overahocoting™ was of the same

gpproxiacte mesnitude 2s in the UlB.1. assay, since tie last
25. of the lethal dose waos administered wilith the same rate
of injection. It is epparent, hovever, ti:rat an inecrcase in
lethind dose with an increased rate of Injection may in smell
part be the vesult of the inabllity of the drur to be fixed
and tius exert its sction upon the hesrt.
The resultz of Part I and Yert II arpear to be contra-

dictory. In the case of the former there was no lacrease

of mean lethal dose with & docrease in injection time. In
Pert II there was a2 significant inerease at the wore rapld
rates of injection lfor digitoxin and diglteli. but not for

vabaine Thus even withiln the results of Fert IT tiiere ia

1
¥

a contradiction. This contradiction .58 been observed belore
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concentration of drus injected mer unit time (pages 39 - 41)
and ig probably caused by the poor desliesn of tihie experiment.
The experimental desipgn in Pert I ond Part II both eppreciably
reduce the btime of Injection but In two very disscimiler weys.
Lowever, the results of the metihod in Part I, where a non-
unliform rate of injection 1s used, are compareble to results
obtained by the U.3.¥. method; whereas the results of the
method in Yart IT, whevre a uniform rate of injJectlon was
eriployed, Ac nohe

An examination of table JUMIX reveals tihet thore is a
sipnilicont difference Letwsasn tihe mean lethel dose as deber-

n
mined at tihwe slowvest and fesastest rates of Injection for digl-

talls and dlgitoxine. Table XL shows that at the lavgest
concentration of digitalis (10.0 mz./ce.) the totel injection

time weas 24.4 minutes and at the larpgest concentration of
dipitoxin (0.08 mr./ee.) the total injection time was 36.9

mimites. The lergest concentratlion, of course, produced the

*

injection.

most ranld rate of Table XLIV reveals no signi-

&£

Ticaent differsnces betweon the results of the Uadere and tiie

- S SN a ) s . : ST ] N T EPEIN . 1 -
Inltisl 10 dose mothodae. Table XiIII shows thaet the sane

ki

digitalis sample (30-C), also tested by the nrocedure of

-

o 2d T - E R SERYE I Su TN JFUE S wen v re Yy A=l 3 3
tart 11, was Injected witliln Sl.4 mdinutes by the 10 dose

Y | -t PR - 13 ¥ 4 - y 1 « 2 ST [ E R Rt 5y oy
netizod and otner digitelils ssuples In 20.8, 20.5, 2C.0,

47,5 and 25.8 minutes. Table XA{ITII also shows that bhe same
dipitoxin semple (Digltoxin Heference Stvandard), tested by
.

thie procedure of Part II, was Injected in 235.5 minutes The

time of injectlion was only 23.5 minutes for digitoxin tablets,
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Li=27C.

PDecreasing thie injection time does not causn an increase

in the zmeon lethal
Jo ot I R R PR T B ) s PR . > gty . K e o ]
bi:ougin thie shwrtaer metihiods of InjJectlion may e lnlluenced
pR. K R —~ f - . P o B “ Ky SR
by thie ablility of ti.e oigeon heart to abgorb snd Lix thie

drug, tids inflluence does noit cause an inercase 1n nmean

25

lethial dose as measure neathod
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Tne method of determining the leithnal dose 1n Port II is
giniler to the U.3.FP. method in tinot o constant rate of
injection (1 cc./hb.) is maintained throughout the experi-
ment. The method employed in Part I is unlike thie US40
metlzod beecause 2 non-unlform rote of injection was used. The
reason or the contradliclory resulits appesras to lie elsewiore.
Using & 10 dose initial method, little preecision 1a lost,
because the last Injectlions ere cdminictered In tie sane
monmer as tiie of
soeme ma~snitude in botiy instances.

It is cerbtainly ooporent thset the deglirm of tihe experi-
ments in Part I and vYart II differ. This difference in
desisn accounts for the dlscrepancy between thie values ol the
mean lethal doges at tlie shoriter injectlon times. A constant
rate of injectlion ig not tihe sssential factor in comparing
mean lethal doses obtalned with different injectlon periods.

L 4

In this case the rate of Injectlon 1s varied by vearying the

]

concentration injected per unit time with o delinite loss

2

in »nrecislon because of thie Intermitient iInjection proce

Thet the desipgn of the experiment in rfart II is a noor



one is borne out in two ways. FFirst the mean lethal doses
obtained are not coﬁpavabl@ because of the great variation
in the anount of "overshooting”™ gnd secondly thiere are
contradlictions betwasen exporiments performed In the same
manmer. In resard to the latiter a conbtradictlon exists in
Part I1 of thils work, whereln resulits with diritalis and
digitoxin differ from those of ouabain. Dilsecrepancies found
by other workers using this method are nobted in pages 38 -
41, The first rcason expleins why the resulis of tnis method
should not bhe compared with those of the official U.S.FP.
method; L1.e., results which are not obtained wlth an egual
logs in vrecislion cannot be compared.

Tihie use of the Doriocdic Injection method of the U.3.P.
is certainly not without its fallings. A conbtbinuous injectlion
nethod to increase the accuracy of the experiment would
coertainly be an Improvement. The purpose of ithiis work 1s,
however, to shorten the time of the olfficiel essay and the
non-uniform rate of injesction methiod does ¥ldsg without a loss

in precision. This Tact hiss besn demonsgtrated by the velues

of thie mean lethal doses obtained,.



1.

4,

[e1]
”

COLICLUSIONS
A gignificent difforence was demonstrated between the
mean lethal doses, determinecd by the Intravenous pigeon
method, of:
a. 8lx concentrations of a sample of digitalis leafl.
. four concentrations of a digitoxin sample.
A significant difference was not demonstrated between
thie mean lethal doses cof four concentrations of a
ouabeaein sample tested Intravenously in pigeons.
There waz an increase in meen lethal dose with an ine-
crease in the rate of injectlion of digitalis and digl-
toxin but not of ousbain.
There was no apparent ineresse in the measn lethal dose
of digitalis within a range of 13.2 -~ 35.4 doses; l.c.,
80.9 - 172,.2 minutes.
The "overshooting” factor, present in a periodic in-
jection procedure, is the chiefl ceuse of the increase
of mean lethel dose with an incresse in the rate of

injection.



EXTTRERY 8T
el dsavdh L

4 method hins been describhed to shoriten thie time of

tire UudePe intravenous piseon asgsay for cardiotonics. This

bt
24
D

thwod involves the use of a non-uniform rate of Injection,

in tneat an Inltlel dose ia adnmlnlstered equlvalent to ten

Fe

a o +
o8es O

one co./ko. cuchhe The remainder of the drurs is

o o, s .o e el - » oy Tom e oy £ - 2 o ’ ™ By
siven In increments ol one cc. per kz. of Diseon. Compari-

sons nove Deen nade bebween tials and the Uleler, method with
saymles of digitallis, digitoxin and ousabain. Dilutions
were 50 prepared that the mean lethal dosge fell vetween 13
and 19 doses 1 tesnted by tlie U.S.l e method. #Ho sipgniilcant
diflference boltweon the mean values obtained by the two
procedures could be ascerialined by & t test.

Thie relationshin betwesn letiial dose and rate of

injection nas been obhserved with a gample of dlgolitallis leaf,
4%

Digitoxin elerence Standard and Ouabaln Reference Standard.

3ix concentrations of disitalis and four concentratlions of

s

iritoxin and ouabeln were used to vary the yote of injection.

ficant increase in mean

An eralysis of wvarlance showed a sic
lethal dose at thie hircher concentratlions of disitalls and
digitoxin. Thils Increase was not demonstrated with ousbain.
Tiie leclk of preclslon assoclated witi: a perliodic Injectlon
procedure, resulting in considerable "overshooting™, is

nropcsed as the chlel cause of the Increase in mean lethel
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DALY I

Summary of slceon Datsa

R Ao I e WS S ot ¢
PACHRATIOHW HO. 2

mensbruiim.

naratlon of gahp e:
ction: OUne cc./up
(oS ePe moathod) .

Figeon  Date Sex  Body wte Dilution  Ho. orf L s Tim@ in
number in kz.  0el./100 ce. doses (e /? minutes

1. 2/ 83/50 P 0347 5.0 13 Tt 0 30

2 1 P 0.3594 " 15 20 .0 70

e " M 0,4£30 " 15 90.0 70
4 " M 0408 u 11 56 .0 50
b . i }l‘vf O . : [ " 1:3 rfh&«; - ‘3(}

S 2/25/50  H (1,448 " 15 50,0 70

7 s/1L/850 W O e 570 i 15 890.0 70

oy 1 s oy rnrnen ; e o
Ge ' i U. 008 " 17 102.0 S0
£ i B e y -
o s i 141 ‘:} » ot Z,D";} it l ifJ T?"-‘x . {) 2)0{./

10. “ i U e 030 " 17 102.0 &0

S
i
ot

11. " w 2 i 16 96.0 75
12, " P 0356 " 13 7540 60
13. 3/18/50 F 04310 a 13 7840 50
14. u i 0.280 n 14 84.0 GE

15, " B 0,400 " 13 78,0 50

&
.
~3

Hean O o373 14,1 84 .8
Standard

Deviaticn () 0,044 1.8 10.6
Standard

Srror (€) 0.011 0.5 2.



mailto:m@th.od

Fang

Sample: U.3.F. DIGITALIES HEPERTH STANDARL VACERATION DO. 2
Preparation of sample: One pm. in LO cc. U.5.7. menstruum.
Injection: <~“en cC./t7. at once; then 1 ce./ ize every five

riinmtes thereaiter until death (10 dose initisl metiod).

Y

Jireon Uete Sex Body wit. uvilution Ho. of el Time in
number in keo ec,/l00 cc. doges ““d/ o4} min uﬁgﬁ
L. L/s/50  H 225 5,0 14 54,0 20
B ! P QeD4al H 15 S0 .0 25
5 " P 0. 138 # 13 7560 15

4, o/68/50 M O.%18 " 15 80 L0 25

¥ F 3.400 "

,7 - T Ni O » ‘il‘ 138 n l‘& 8i - O ::30

g, " P 0,302 M 13 78,0 18
9. " ¥ 0388 i 12 7240 10
10. 5/16/00 0 M O W 308 " 15 30.0 25
11, i w 0,554 " 17 102.0 &5
12, " i O o508 " 15 G000 s
3 " ® 4 15 G0 L0 28
%o i & " 17 10240 35
R b Fa " 15 90,0 25

Kean 0,385 1447 5840 250D

Standard

Deviation (g ) 0.083 1.5 8.1
Standerd
Brror (€) 0.014 Oed 2.1




TABLE TIT

Summary of Flgeon Data

Samples U,3.F. DIG : Rl RENCHE ST4UDARD, NAUERATI HOl. 5 &
Creparation of ser ple. une e In 10 ec. Ua3.7 mensuruum.
Injﬁbtlan: One ce./ky. every five minutes untll death
(USSP s method).,
Plgeon Lbete BSex Body wt. Dilution Lo. of el Time in

number in kp. cc/l00 ec. doses {me,/kg.) minutes

1. 4/11/50 P 0260 640 16 SE.0 75

Ze " ¥ Q.272 H 18 108.0 as

3o H P 004354 " o ¥0.0 70

4 o " i 0,308 # 14 854 .0 65

Loy i = 3w SAL " 16 BEL0 g

5. " 14 S e " 16 36,0 75
Mean 0,305 15,8 25,0 T4 .2
Standard

e

Doviation (@) _0.0%0 1.3
Standard ‘
Trror (€) 0.037 0.5




Sample:

T W
e Del s

Freparation of

s&dnﬂl

1
R
=

IR

SADLS IV

2y EIT

£
[E= LR KA

L

ALIS
.
Ld

Iinjection:

Ten cc./'ﬁ.

une
=t once;

fite AN

T foe
./ 28
AT DTy A E T
¥ t‘;.iﬁj_—'j L.i.)’

1{3 GCos U‘-S.&'t
hen 1 cc./kg. every ive
rminutes therealter until desth (10

bl b3
gu xc n"u.“* .g‘g’iii_ﬁ 1\?0 -

deose in

mensbruiym.

+ial me

o,
ool ‘?ﬂ‘o

thod}.

Plgeon Deate Sex Body wt. Dilution d0s 0f Lelle Time in
number in ke ce./1l00 cce. doses {(mo./ke.) minutes
1. 4/1z2/50 7 ). 294 540 17 102.0 35
e " 1 0.430 " 15 80,0 25
5o " 7. 0.416 " 14 84 .0 20
. " ¥ O+214 i 18 108.0 40
5. " P G350 " 14 34 .0 20
i " 34 0.508 , 15 7.0 15
lean 0567 1842 91.0 25,8

Standard
Deviation () 0057 1,9 11.6
Standard
Error (€) 0,025 0,8 4.7




T.l“‘s.:;:: l; V
Surmary of figeon Data
3 IZRI . .Ll C" U P'U\u; - _‘f - 4 .}'L o] < .‘.‘ai"' e ;JL‘: .
‘a ple URD 08 DIC LIS, 9n-12
& p&ratium of sample: Llone.

Injection: One cc./ug. every five nlnutes until death
(U-:EOAxt m@t%l@(i) »

Floeon Date Lex oody wWt. Dilution Ho. of LeDe Time in
number in kg, cc./100 cc. doses (cc./lm.) minutes

1. 9/3/45 04413 5.0 13 0.65 &0

2. " 0.288 " 15 0.80 75
3 “ 0.576 " 13 0.65 50

4, 9/7/4% 0.358 " 16 0.80 s

Oe " 0410 " 13 DeCO 50
£ ¢ o i 2 ey

oe 30‘1\«,1 3_' U- i ”?{J

7o it G570 " i2 0,50 513"

{

L]
ot
C:P

:‘

\..
-4
b
-
(
o
&
*’j
[
*
<
o
i

T u i 0438 " 16 0450 5
10, 10/8/4% 0.524 " 18 0.90 B85

11. o 0,508 " 15 Q.75 7

P

12, n 0.400 " 14 0.70 65
13. 1lo/1g/49 0.404 H 14 .70 55

14. " 0390 " 14 Q.70 55

5, " 0,240 . 12 0.60 55
Mean 0. 379 14,3 0.72 66 .7
Itanderd
Deviation () 0.047 1. 0 .08

7
Standard
rror (€ ) 0.01L& 0.4 Q.00




DABLE VI
Suranery of rlgeon Data

sawples: TIHCTURE OF fi ITALIS, UNM-120.

Preparsation of sample QUno.

Injection: Five cc./ . 2t once; then 1 cc./liz. every five

' minutes tg@reaLtcr mtill death (& dose ;nitiul metnod) .

Yigeon Date  3ex bLody wWwh. Liiubion  LC. 0L  Lieiie Time in
nuriber in %ge  ©c./100 cc.  dozes (cc./ip.) minutes

1. 10/15/49 0,544 e 15 GeTH 50

2. " U510 & 16 0.80 55
. " 0.300 “ 16 0480 b5

= " 0 e D030 b 17 Oess& w0

e " G.410 # 12 0.50 35

G " 0edl2 H 14 0.70 45
7 10/28/49 R 0,418 it 15 065 40
a3, ” B () ¢ 307 " 15 Pt 40
9. " M O.din " o 0 .60 55
10. H i O.36535 i 13 D oD 20
1l. 11/2/4% u 0450 " 15 075 50
3- i—j . i LZ ‘x.) P “‘Jz i 14 i‘} » 70 4:)
15 i T 0356 R 15 O.05 40
1. " F 0. 475 ik 15 0,75 50
15, N ¥ 04352 ! 12 Q.80 35
Mean O 385 ' 14.0 0,70 45.0
Standard
peviation ([ ) 0.058 1.6 0.08
Standard
Lrrop (6') 0,015 O.4 0.0




TABLE VII
Summary of Pigeon Date

Sauwple: TINCTURE OF DIGITALIS, 9M-12Q,
Preparation of sample: licne.
Injection: Ten cc./kg. at once; then 1 cc./lig. every {ive

minutes therealfter until death (10 dose initisl method).

Flceon  Date Sex Body wbt. Diiution  H0. 01  LeDa Time in
number in ko, cc./100 ce. doses (ce./ke.) minutes

1. 10/1/49 051D 5etd 15 0.55 15

Ze " Oe428 i 15 0.75 25
G " O.458 " 1 D70 20
4. " G.44s " 14 070 20
5. " 0.408 i 14 070 20
G " 0.502 " 14 GO.70 20

Ve 10/38/4¢ 0476 " 14 G.70 20

8. " 0.3156 " 15 O.75 25
9: " Qo".;:‘%é a 15 0.75 25

10. 10/8/49 0.408 " 4 0.70 20

il. n 0456 " 13 0.65 15

12 R 0« 370 " 15 075 25

13 10/12/49 0400 " 15 0.75 25

14. " 0,422 " 17 0.85 35
15, i 0.404 it 15 Q.75 25
Moun | 0.4 14,5 S 2,5
stendard

Deviation (( ) 0,051 1.0 0.05
Standsrd
Srror (6') Q013 0.3 0.01




TABLY VIII
Surmmary of rlmoeon Deta
S3armple: TINCTURN OF EIGT“i??S
Yrevaragtion of sample:
Injection: Une cc./lg. every five minutes
(U.8.7« methoed) .

untll death

rigeon Date Sex Body wi. Dilution  Ho. of LeD. Tinme in
number in ko. ec./l00 ce. €doses (cc./ko.) minubes
1. g/6/50 u 0.394 5e0 15 0.75 70
Ze Y i 0,342 i 15 0,75 7O
D W B 0,250 1 16 O .80 75
4, B 0.260 i 14 Q.70 65
Be i it} 0.420 " 15 Q.75 7G
{; E J " F O - 312 Vﬂ }.8 O - 90 85
Hean 04350 15,58 0.78 VoS
Stanaard
Deviation (0 ) 0.089 1,4 0.07
Atandord ' '
Brrop (€) 0.028 0.6 5.03




e T ov
Ll’ki—%’;d

mayYy ox

Sannle: CTURE
sresaration of gsamnle
tnjectlon: Ten

IR

Pireon vata

Jire every five
(

10 dogse Inltisl method).

Pilution
cc./100 ce.

e
150 o

¢

oi Liela Tir
doses (cc./iir.) wminut

¥
€

£ it

e

i 1]

L]

4. &

o tt
[

o 131

2w

eld

14

15 0,75 25
14 0.70 20

Q.80 S0

tml
5]

"
N

070 20

Y
¢n

Q.75

7]

Keoan

=l e
;,; ca

o

O

l...i

';.o:) 0.?3 2;{"}-

<

Standard
Deviation

(0

0 005

Standard
Lrror

(£)

0.087

<
»

: <
]
*
<
3]

£ ]
Y
-]
L ]
| @
Lo
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Surmary of Pigeon Data

Sample: TINCTURZ CF DIGITALIS, 09-C
Preparation of gadvﬁe. lione.

Injection: One cc./kg. every [five aninutes until death
(b.o'z . JMCWLO@.)

Fipgeon Dste  Gex body Wt. Dilutbion  HoO. oF LD Time in
munber in k¥re ¢e./100 cc, doses (ce./ko.) minutes
1. 8/22/50 ¥ 0.447 4.5 17 0,77 80
Za & F 0.260 i 26 .17 ie5
Se " F 0,410 " 18 O.81 85
4. H o 0.518 i oo 0.99 105
De " it 0412 M 18 0.806 90
G " B 04586 " 18 0.81 85
doan S Qa7 20,0 Q.80 95,0

Stendard
Deviatlon (0 ) 0.081 5.4 0.15
Stendard
Srrop (€) 0.025 1.4 .00




Samples TIUCTURE OF DIGITALIS, ©9-C
Prespratlion ol gample: lione.
Injoction: Ten ce./kp. &t once; thien 1 cc. Jin. every five

minutes theveafter untll death (10 dos ﬁnihlul nethod) .
Fipeon Dete 3sx Body wt. Dilution Ho. of Tiwils Time in
nunber in ¥r. ec./100 cc, dozes (cc./kn.) minutes

1.0 9/;3i3 o] 0« &S0 4 .5 =5 3 o 5 50
“e ! F 0.35% " 16 0.72 30

4., " w 0.297 " 2] 020 50
5. i it fs.‘:‘t;?}é’ w 19 O -L{; 4:5
£ #H "y

. i 0,200 i 19 O B0 45

Mean 0,382 19.5 O 538 47 45
Stendard
Deviction (0 ) 0.052 2., C.00

Standarad 4
BEpror (€) 0.021 0.

o |
o
L9




TABL= XIT

Summary of Pilgeon Data

9 (041 ﬁm,}, 2G=C .

S10ty tablets iIn 80 ce. U.S.F. menstruunm
(1 tob./ce. ).

. every lve minutes untll destbtl

(UsBel e metl oa)

¥igeon Date Sex Body whb. Dilution Ho. of Lolde Time in
nwiber in lin.  cc./100 cc. doses (tab./kg.) minutes
1. 3/30/50 W 0.408 6,0 16 0.95 75

2. i 5 0.455 " 1b 0.50 70
S " |4 0.262 " 16 0,96 75
4. n 2 0448 n 15 0.90 70
5. 4/1/50 ¥ 0,548 i 15 0495 75

D " ¥ J 370 " 15 G .86 75

Standard
Veviation () 0.072 0.5 0.05
Sbonoanrd
Brpor (€ ) 0.089 . G.0L




TADL Y XITIL
Suwmmary of riceon Data

Sample: IJI”RMIJ TLBLETS {(Oel Grie), E8-C.

Preparation of sanple: Pilty tablets in U0 cc. U.S.r o mensiruum

(1 teb./cc.).

Injection: Ten cc./kz. at once; then 1 cc. /e, every five

minutes thereaflter umﬁil deatlhh (10 dose initiasl method).

Pigeon Date 5ex Body wt, Dilution Koe of L.D. Time in
nunber in keo ce./100 ec.  doses (tab./kz.) minutes
1. 4/5/50 B 0«35 G W0 16 0.95 30

2 " jiil 0..238 u 18 1.08
S " i 0.360 " 13 0.78 15
4. " F G.392 " 13 0.06 30
5, i @ 0,445 f 14 004 20
3. i B 0.350 " 14 0 .84 20
wean U0 B0UD ekl Ue9l Ll eid
Stancard ‘
Deviation () (.081 1.8 0.11
Stendard

Error (€) 0.021 0.7 0.04




1 ooy v e
Chapln XIV

Swanery of figecon Date

-

Sample: DIGITALI3 LEAVES, 90-C,

Yreparatlon of sample: lve grarms of powdered leaves in 50 cc.
UeB ¥ . menatruum,.

Injection: One cc./kg. every five minutes until death

(UeSai’se method).

Pigeon Date Sex Body wt. Dilution No. of LoD, Time in
number in Xz.  ©c./100 cec. doses (meg./ke.) minutes

1. 3/18/50 W 0.405 4.5 10 45,0 45
2. " M 0.354 5.0 15 45,0 70

3 3/21/50 @ 0.308 u 18 57 .0 90

4 " 1 0.446 “ 15 45.0 70

5. " 1 0.544 " 15 45,0 70

5. N F 0,408 " 17 51.0 30

7. &f25/50 7% 0358 " 15 4540 70
llean 0.578 16.0% 48,0 5.Qu

Standard

Deviation () 0.048 1.7 4.7
Standard

Lrror (6.) 0.018 v Q.7 1.8
% Mean of no. 2-7.




Summary of Ylreon veta
Semple: DICITALIS LEAVES, 30-C.
et - | .
Ireparatlion of gample: Five grams of powdered leaves In DO cc.
U.53.¢. menstruum,
Iinjection: Ten cec./kg. at once; then 1 ce./kg. every five
minutes thereafter until desth {10 dose initial methiod).

Yireon Date 3ex Body wt, Dilution Ho. of LeDe Time 1in
aumber in kg. <¢e./100 cc. doscs (mw./h -, ) minutes
1. a/15/50 F 0.394 B¢ 19 5% .0 45
2. " M 0.410 : 14 22,0 20
S " o 3 6 30U n 15 43,0 30
4., " bl () o 4L a 17 51,0 S5
5. ‘* it 0404 i 18 4540 25
Ge i 1 DedHu2 " 17 51 .0 5B
y?. i }f}{ O' 4 " l‘.’F %ngo é()
”ean D352 18.5 43 .0 ) 31 .4

Stendard
Deviation (@) 0.035 1.6 4
Standerd

Hrror (€) 0.013 0.6 1.8




TABL™ XVI
Swrmnary of rineon Data

Soample: U.3.0. DIGITOXIN REFHRUHCE 3TAWUDARD, SOLUTION HO. l.
Prevaration of sample: One-hall mz. dlssolved in L cce UlSere
menstruum (1-2,000 solution).
Injection: One cc./kr. every [ive minutes until death

' {(U.3.P. method).

Prireon Datbe Sex DBody wt. Dilution o. of lields Time in
nwnber in kp.e ce./l00 ce. doses (mz./liz.) minubsa
1. 2/14/50 ® 0,554 540 16 0.40 5
2 " i SPRaitys " 19 040 o0
Se " M G.a52 " 3 PR 30
4. " B 0.074 " 21 Ue83 100
5 i b 0408 i 83 0 .58 110
G " ¥ 0572 " 19 0,48 80

7. 2/15/50 F Oeltd 540 15 Uedb 70

B " 7 0.292 " 19 0.7 9

9. L W 0.540 “ 17 0.21 80

10, " Js 0e350 " 17 0.51 8

¢

11. " B Q. RBEG " 1iv Q.07 G0
12, " ¥ ST H 16 el 75
15. 2/18/850 0355 " 19 oS GO
14. " i 0,322 " 20 D.G60 =1
1ia o i 0,275 ” 20 L GO 05
liean 0,305 18,05 .58 G5, O

Stondard

Standard

o
0
Deviation (0 ) 0.063 Qo6 000

Brror (&) 0.016 0.2 0

#% Kean of no. 7-15,



Surmary of Yigeon Dota

Samples Ul.d.P. DIGTTOXTH : SULUTIOH ®Ge,., 1.

freparation of sauple: Qnamualh me, dlasolved 1nn 1 cce UaSer.
menstruum (1-2,000 sclution).

./%z. at oncs; then 1 cc./kp. every five

os theresfter until death (10 dose Initisl method).

Injection: ¥

o O
DG

(X8}
minuat

Pireon Date Sex sody wt. Dilutlion o. of LieDo

numbsr in ¥r. c¢¢./100 ce, doses {(mg./kr.)
i 2/16/50 P 285 6,0 18 O.04 40
.-L . S Wi &J . s L) . 5. 3 » d
H . N e P . my ¢

:2« i }'.‘3 O .QQ‘& n }_"%: Uo‘g’:&g :C:%:’
%) . " fi O . 29658 " 15 e j. 5 25
4. 2/18/50 F 04342 H 17 .51 35
0y it i 03 B0 H 1o oA e
Ooe I3 U e MO BV QedS S0
F H o 3 it 0 { { o
D ES (C R wEwES v J el I
T L o G.232 " 17 SPES1 35

it

e B Ul.8l4 " 14 O e 20

10. 2/21/50 B 04330 “ 19 0,357 45
11, H 3 0,596 1 15 PR 25
1z, i M 0.464 " 16 0¢54 40
13, " M 0.380 " 18 0«54 40
14. " M Dedd? i 15 O.i5 25

15 ° " F 0670 & 16 () el S0

E;gan Out)}{}{; 11‘ .’? i}.SO Sk:v‘cg

Standard
Deviation (@)
Stesndard

srror (€ )

O
.

<3
[
o5
-t
»

o8
o
<

£
o
*
o
A
-t
Ly
=
S
L]
c;.
-~
Q
=t




TABLY XVIII

) o e
Surmary of rirceon vate

-
TOIT OX

> LD & y
Yreparation of gample: One tablet in 10
Jjection: Gne c&./ﬁu. every {ive minute
(UeB,.r. mathod).

A SRR

TS5 (VW1 nme), YH-27C.
CCo
zs unbll

Ty

i st}

VQE.).A; L]

dt’}i.tlz

o

rigeon Date Sex Body wbt. Dllution
nuber in kz. cc./100 cc,

oses (tab./kz.) minutes

1]
XN

LaeDe

Time

in

1.  9/5/49 0.380 10.0
= " 0.370 "
3.  11/5/49 wu 0.462 50,0
4. ! il 0.438 "
5. " F 0 4 380 "

Ge " B Uetlb i

7. 11/12/49 P 0,445 25,0
o 4] g I 4 A ]
Ly &5 Lv} 3 Mju it
> ¥ 75 v o #
i ' I O IS '
l{"} i b e .'5 o3 {t
do .7 - & - I s

i1, " M 0.390 "
iz, " ® 0.380 "
13. 11/23/49 ® 0
14, " F 0320 "
18, " Ii 0

16G. " F G.4028 "

$od
-3

17

ol
#4

et
o

19
15
15

Dot
0,30
Oe3R
Oesd
0.48
O bt
0647

~
Geid

oy 4
[ AP
) ok

70

75

80

70

vy 1 -»;-. ey 3 - c
Al Fu \}.Lx':‘ 1’»‘ O-’{::j é.:t
i 78 R TNT 1] - . 2
}- e ek (e e lU Je ‘i o ‘?f.)
an o~ e by £ N n <y
Moan O o O3 18 ¢ Ot () ¢ L7 D o L

Spandard

Deviation (@) 0o 04E 1.8 0.0
Shanderd

Lrropr (€) U.010 Uel D202

% Sample for no. 1 and & wes reparsd by macerating one tablet

in & ce, Uodeie menstruum (1-5,000 solu

% lean of no., 7-18.

rion).



Surmary of Floeon Deta

Sermle: DIGITOXTI TARLITS (0.1 mg.}, D270 .

rreparation of swmnle. Une tablelt in L0 cce. UoS,.¥e menstruum,

Injection: Ten cc./kg. at once; then 1 ce./ke. every five
(1

mimites therealter until desth 0 dose initial meihod).

Plgeon Date sex  DPody wt. Dilution n0e. OFf lella Time in
number in kg. ©¢c./100 cc. doses (tab./ks.) minutes

1. 11/26/49 M 0.394 26 .0 17 0e4d 35

2e i ot 0.428 " 12 0.351 10

3 " o Q6438 " z 031 10
4, " w 0,378 " 13 0.54 15
5. i 5 Oedl4 " 11 0.29 5
5. " P 04504 " 19 Coeds 45

7. 1e/15/40 W 0. 547 " 15 Qei? 40

£ i il O o300 a 17 O e 35
D i A 05605 i 14 U o3 20
10, i W Oeall " 18 () edt'? 20
11. § I " 10 0.26 0

1z, i ® H 10 026 0
134 " B O.544 i 17 Ooi4d 55

o

4. 1g/17/49 F 0,480 " 10 0426

15. i B 0.316 " 19 Q.42 45
1

15 it 7 0 .556 H & Uedid 30

- ¥ o - x - 3 - = o

17, ! ® 04348 H 17 O o4t 55
lf 31 T 1AL 1] [ ) o 5 31

“ e E (e 408 15 D e DY 2D

13, " r 0320 " 16 0 ekl 30
20y ¥ S ICALLS) i P 51 W,

4 Ko @t 1 e 1...; 1) ew ..L‘.)

Yean C.o73 107 i) B e

Standard

ﬁ@viation (@) O e040 Hal 0.08
3bandard v
S or (€ ) 0,009 0.7 002




i A B
TABL D XX

Summary of Yigeon Data

S&m}ﬂ_lﬁ : DIGITUATS TABLYEE (0.1 Y. } s UE-27C.
Prenarastion 0; garmle: One tablet 1n 10 cc. U.%.F. menstroui,.
Injecﬁion. aven cC./kg. ot once; then 1 cc./kg. every [ive
minat&s thereafter until death (7 dose initisl method).

Pipeon wvate dex body wt. Dilution Woe of Lielde Time in
nurber in kg. ©c./100 ce. descs (tab./ko.) minutes

1. 1z/es/4n B 0.376 26,0 18 0.2 45

Se " I 0.3560 " 14 04 5

S H = 0303 " 14 Qo2 &

4., n 7 0388 i 18 047 55

5 " ® O 440 " 17 (T o0

30 ” B O.415 n lz Q.31 25

7. l/?/ﬁu o Q590 " 15 .59 20

3. " B 043860 n 13 0 .54 30
9. " » 0,321 " 17 0,44 50

10. " 53t 04440 " 15 0459 40

11, " ® 0,458 o 18 Ced 45
iz. " I e 350 " 15 Q18 45
13. 1/11/50  F O340 " 18 0ot 55
14. " bt Oeild i 15 0.42 45
RS i & 0,400 " 14 0«36 55
16. " M 0.420 " 12 0.1 25
17. n 14 0,454 i 15 0.54 30
13, u P 0,272 . 16 N 55

¥ean O W 350 15.4 0 .40 42,2

Standard

Deviation (§) D.08B7 1.0 0,05

Standard
Srror (€ ) 0.013 0.4 LUl




Summary of P

Semple: U.3.7P. CUADATT B
frenaration of sample: One o, dlgsolved In 1 cece Ul
menstruun (1-1,000 solution).
Injection: One cc./%x. every five minutes until death
(u =-_‘> o.l" . xﬁetl.r.ot‘i) .

RULCT STANDARD, B0LUTION 0. 1.

ol

'(.i'to .)ﬁ. ui;ior’ :’,“O. Oiﬁ L D
108 (rage /s

rizeon Date Sex Body
nunmber in kze ccl./100 ce.

R

Time in
.) minutes

I

~
o

1. s/2/50  w TeE75 GeB 14 L1320

o i 1 0330 I 15 Gel3H

5. " 7 0.265 " 14 DJ 106
4. H P 0,310 i 17 0.1583

5. “ H 0.2090 H 18 O el44

3. " B 0.559 “ 18 0.162

7.  2/4/50 04290 i 15 0.144

8. " |4 04 564 i 18 Oeléd

9. " B 06350 i 1& O.l4d4
10. " 5 0+ 3540 " 15 0.135

!-«J
}d
L ]
l:‘-’i
<
»
&
o
o8
1
et
42
-
»
P
o

"

§i 11?

-
A
.
‘-{i
<
»
v
ad
i
.
frad
93l
LX)

55

13. 2f/7/50 @ 0350 f 20 0100 9o

1d. i = D400 a 13 0.11% GO

15, " IS 0254 o 20 (o130 a5
Vean O o335 1345 0,147 76 W

Stanuara
peviation () 0.044 2. 0.019

Standard
Erpor (€) 0.011 0.5 9.005




. 4

Sumary of rlgeon Data

‘ JﬁﬁaﬂLbn&lW SOLUTION 0. 1.
ne mo. dlgsolved in 1 cCe Uelar e
menstruum {(1-1,000 solution).
Injection: Ten cc./kg. at once; then 1 ce./kp. every [ive
minutes thereafter until death (10 dose initial method).

Sample: U.3.P. UUADATS
Preparation of gamnpl

Fiseon Date Sex Body Wt. Dilution  HNoe OF  Lele Time in
nurher in kr. cc./100 ce., doses {(mo./kg.) miaubes

1. 2/7/50 K 0638 0.9 16 0.144 50
2. i o5 043306 n 17 0.153 n5

4. 2/8/50 P 0.300 “ 17 0.153 55

5. | ¥ 0.235 " 19 0.171 45
5. " P 0.254 i 22 0.198 60
7 " Mo 0.200 " 2 0.180 50

8. " Ko 0.270 " 19 0.171 45

11. " o 03550 " 18 O.162 40

12, 2/11/50 F 0. 3654 a 14 D126 20
1

O e " o 0«44 " 17 0.153 S5
14. " oA 0 .3086 " 15 0.135 2b
15. i o 0,286 1 & Oel44 S0

Kaan O.512 17.5 3,158 SO e T

e - ...t.l'lc.l‘...,r(i
Deviation (T ) 0,045 2.0 0,018
Standard
Lpror (&) 0.0L2 0.5 0005




A Comparison of the Liean Lethal Dose
and lLiean Injection Tine
Mean time
Drug Hothod ilee.Dewr in minutes
Digitelis Hef. Std., bMaceration lo. 2 Ualosla 8448 6H.7
" 4 " " t i lﬂ 6039 g{i .U 533‘05
" 4 it it
E‘OO 3 C‘:: ""37 1‘:}053.1‘0 »\j r?'[j:.g
# 54 #H n
& 4 10 dose 91,0 25.8

OM-129

U-So?c

6647

n u # 5 dose 070 4540
1 It W 10 dose D72 2243
] H V113 Ve3P 0.78 T2els
o it ] 10 dose D75 2245
" g 59=C U.3.P. 0.90 95,0
W i ] 10 dose O 8 47 o« &
Digltalis Teblets, 25-C U.5.P. 0.94 75.5
z " " 10 dose 0.9 25.8
Digitells Leaves, 30-C VeI 45,0 7540
o f i 10 dose 43,0 S1l.4
Digitoxin Hef. 3td., Solution io. 1 Ve3P O e 8H.0
" " 1 " " 10 dose 0450 355
Digltoxin Tablets, 9M-27C UeSobo 0.40 75.0
" 1 u 10 dose 0438 2343
n I 1 7 dose (.40 42,8
OQuebasin Refl. 3td., Solution lio. 1 U.3.7, O.14%7 TC LT
H 1 7 i " 10 dose 0L D0 T4
whisan lethal dose expressed as nmeg./kg. for powder or leal,

ce. /g, for

tincture and taeblsts per

\

Tor

tablcets,.



TABLYE XXIV

A Comparison of Means of U.5.P. and n Dose Initisl
Methods by ¢t Test (i = 0.05)

Drug % A, 1 .53 L {ealc.) t (theoret.)
Digltalis Ref. Std., 10 28 D.94 2,048
Maceration ilo. 2
Digitalis Refl. 5td., 10 10 070 24228
Macerations Ho. & & 4
Tet. Digitalis, 2H-129 ) 26 0.87 2,048
Tet. Digitelis, 9H-189 10 28 0,00 2.048
Tets Digltalis, ¥-113 10 10 L.25 Z.228
Tete Digltelis, 69-C 10 10 0.29 2228
Digitalis Tab,, 26-C 10 10 .75 24228
Digitalis Leaves, 30-C 10 12 0.40 2.179
Digitoxin Ref. 3%td., 10 28 1.00 2.048
Solutlon io. 1
Digltoxin Tab.,, 9H~27C 10 K13 .67 2029
Digitoxin Tab., 2i-27C 7 54 0.00 2,034
Ouabaln Ref. Std., 10 28 1.29 2,048

Solution o, 1 »
# Initlial number of deses in aified method.

##Dogress of Treedonm.

(s~



Sample: DIGITALIS
Concentratlon of Injection fluid:

i,wu“s.Vf;i;, Z}L}"ct

1.5 mg./ce.

number

in ﬂ.."’

JexX Body Whe HOe OF
aoses

selle
(mee/lcry )

Time in
minutes

1. 4/28/50

"

4]
.

4/29/50

#

-3 Gy ¢ te o
. . . » -
[e3] [$1)

~. .,

fod )

o “~

. ¢

93 <

&

v
e
L]

11, 5/17/50

[ 4
ive
13. 5/20/50

14. #

Fz

04554
04350
0.570

. 584

0.318

A5

oS o
b e

190
180
180
185
185
180

1890

16, slen/s50 P 0330 32 48,0 155
15, u B 0. 5830 39 53,5 19
liean 0388 554 55 403 172.2
Standard
Deviation () 0.034 Feb et
TLancord
Hrror (€) 0.00% 0.9 1.5




Surrinry of Piscs=on Datbs

Somple: DIGITALIS 1AAY Ce
Concentration of injectlon fluid: 2.0 mr./cc.

Figoon ate Sex  DBedy wt. lLo. of Lielle Time in
number i1 1oz doses {(mr./kz.) minutes

i. 4/25/50 F 0.376 et 44,0 105

ex)

. " i 0.354 25 4640 110
Se 4/29/50 g 0.282 28 58,0 135
4, " M C.272 25 50.0 120
8 5/3/50 [ 0372 25 50.0 120
S " b 0.410 a7 54,0 130

5/10/50 F 0.338 26 52.0 125

" B 0,320 25 H50.0 120

0 3
[

%9
.
o1
.
ol
{1
~
g
O
5
. i
{’é
-
ey
2
i
59
H:
N
Q
]
[
o

10 - i 1’:: 0 . ;51‘_3 (}Ei 50 - O 120
1l. 5/17 /5 4 D o BGO 24 A5 .0 115
1. u i 0566 25 50.0 120

‘‘‘‘‘

lv...J
(x'w
-
n
o
W
C\
™~
e
<
L ]
[
[
(%]
o
&
¢}
O
»
[
|
=3
Py

G0 165

H
[1=8
Py
-
o
<
M
»
G
&
oo
[
g:'h

44.0 108

H
[#12]
L 2
e
™
&
-3
~
o
o
i
o
*
&
("’:\
o
W
)

1

16. . 1 Q. 580 S2e0

1
51l.1 122.8

ilean O.048 2040

Stendard

Deviation (O ) 0,044 3.1 503
Standard

Spror (€ ) 0.011 0.8 1.6




TABLE XXVII
Swmary of Flgeon Data

Sam@le: DIGITALIS LIAVHES, 30«0,
Concentration of injection fluid: 5.0 mg./cc.

rigeon Date Sex Body wt, lo. of L.D. Time in
numher in ke, doses {(me./ke.)  minutes

1. 4/25/50 K 0.570 15 45,0 70

D " » 0+ 5H0 17 51,0 20

5 4/z9/50 0,318 17 51,0 30
4. “ ® 04260 15 45 .0 75
5 5/5/50 ¥ 0+ 564 16 48,0 75
5. n 7 Q.372 16 46,0 75

7 . 5/10/50 I Q.405 14 42,0 55

18 54 .0 886

P_gj
C)
o
«Q
4]

9. 8/15/50

10. i 5 0330 18 54 .0 85

11, 5/17/50 B 0,350 20 50.0 95
12. i it O« 356 15 45,0 70

15. 5/20/50 u 0,312 15 57.0 90

14. " B 0.308 1@ 87..0 20

15, 5/27/50 M 0378 17 51.0 850
16. " L 0 . 3C¢ 16 48,0 75
Mean 0o 547 16.8 B0 .4 79.1

Jtandard
Deviation () D 040 1.6 4,9
Stendard

Error (€) 0.0L0 0.4 1.2




Sample:

{‘7 Ao I"l “\r‘“‘&f"’f ke "’"" e
il rzi;s_,.. 5 i W ,L A

Summary of Yigeon lData

Ux ja\.. T &&.LA.}.‘_) L u.L\ ‘f JXJ, 3‘:}“‘“6.
Concentration of injectlion fluid:

4«0 mgc

Jec.

Piceon Date Jex Body wt. ..0e OF T ele Time in
number in kg doses (mg./kp.) minutes
1. 4/26 /50 B 0.334 14 56,0 65
2o i M 0.354 13 52, &0

]

. S S .
S 5/5/50
~ 11
o
r{y. /‘_‘)/ “{}
Be a

£ A o = e
Yoo S/LE/ 50

® 4240 15

¥ 02870 15

i O.420 11
L (O RUGISNY iz
¥ 0220 14

P 0,340

{1

e
™

A 0400
B 0.3%0 5
M 0323 11

7 0.3516

o

it « 408

i
i

1. H el O 206 5 50,0 70
Hea 0« 550 13,2 52,8 GO 9
Standard
Deviation () D052 1ed 5o
Standard
oy (€ ) DL0LS Dot T ek




Sample:

DIGITALIS LiIAVES, 30-C.
Goncentration of injection fluid:

TADLE

Surmary of Figeon Datba

7.0 mpr./cc,

VYigeon
number

Date

Sex Body wt.
in kg,

(mg. /o)

Time in
minutes

1.

oy
[y ]

por

e

O
WO

-
A

st
=

15.

S
el

& /26 /50

se

&/5% /50

5/13/50

1]

5/17/50

H

5/20/80
i

5/27/80

1

&

0.376
0340
0.258

0.530

O LA4G
0.452
0. 318
0.554

0.3520

0370

o o o

-1

(:}

40

Mean

55
56 35

Standonrd

peviation ()

Standard
mrror

(£




&amgl@:
Concentration of

Sunmmary

DIGYTALIS

AKX

30-C.

LimAVES,

injection fluid:

of rigeon Data

10.0

mﬁ./cc.

rigeon
number

Dete

36X

Body wt.
in kz,

W . Of
doses

L.U‘
(me. /. )

Time in
minutes

1.

11.

[
o )

13.

I
.

it

bl

i
Jiit

I

0. 546
0.368
Q2064
0.256
0,410

). 394

-~y

6

3 O

Cy

GOW0
50.0
0.0

850 .0

14. u P 0.300 7 TU O 30
15, 5/27/50 W 0 e 380 7 7040 30
15, " i 0.400 5 50 0 45}
Standard
Deviation (@) 0,052 0.5 7.2

Stendard

arror

(€)

1,015

1.8




KXLKT

Surmary of PYilgson Data
Sample: U.3.0. b1 LI RO
Cancﬁntyanxua of Injection fluld: ¢,02
Ffigeon Date Sex  Body wt. Ho. of L. Time 1in
number in kz. doses (mr./kc.) minutes
1. 7/28/50 # 0390 25 0.486 110
2 n M 0,316 25 0 .50 120
S o B 04345 21 042 100
4. 8/1/50 » 0370 2 O.54 130
5 " ot 0,518 26 52 125
G b I . 538 23 0.48 110
7 3/2/60 F 0.402 20 0440 25
£ " ¥ 0275 25 0450 120
. H jid 0« 506 24 0445 115
10. G/4/5¢ ® 0 B350 25 Ot 110
11. " i 0 o 20% 2d O o 4i3 116
S " i 0280 25 0.50 120
1 &5/, i 5.%@0 24 Ol 115
14, " i 0365 s U4 110
5, i i 0,575 26 (.52 125

Fean

Os553

D43

114.7

Standard

Deviation

(d)

L0052

0.04

Standard
Lrror

(€)

D.0LS

2 -{.)1




TABLY XAXIT
Summery of Pigeon Data

Sample: TU.3.F. DIGITOXIN REFSAENCH STALUDARD,
Concentration of injection fluid: 0.03 mo./cc.

¥lgeon Date Sex  DBody wt. lic. of el

number 7 in k. doses (mol./ko.)

Time in
minutes

1. 7/25/50 M 0,572 15 054
2 " 7 G518 17 D651
:5 » " }f'“’ J - "i'i.“)*'ﬁ 1? {) - E._)l

4. 85/1/50 i G358 16 0.48
5 " B 0377 5 Oeds
S N F O.342 17 0.51
7. 8/2/50 K 04400 15 0.45
Ba " P 0.414 14 O
9. " I 0,414 18 0.54
10. 8/4/50 M 0290 13 0.57
11. " ¥ 0270 20 0.60
12, o 1 0.202 16 0448

15. “/9/5 iy 0,350 17 0.01

14. n i 0370 18 D S&
15 " I 0,376 5 0uib

85
B
50

g

loan 0. 3554 15,8 0,50

754U

stendard
Devietion ({0 ) 0,044 1.7 0.05

Standard
Grrom (€ ) 0,011 0.4 0.0L




TAanlE AXXIIT
Summeary of riceon Data

sample: U.3.P. DIGITOXIN REMFRHENCE 574 HDARD.
Concentration of injection fluid: 0C©.05 mgl./cc.

o

figeon Date Sex Body wt. Io. of el Time in
number in kg doses (mg./kp.) mnminutes

1. 7/28/80 W 0370 12 0.60 55
2. " P 0.336 11 0.55 50
3 u M 03356 11 055 50

4, 8/1/50 M 0360 14 0.70 65

5. " M 0.3586 14 0.70 G5
S " = 0350 11 055 50
7. i w O e 550 11 085 50
& i w 0L.5%8 11 055 50
Q. f 3 0.342 13 0.05 1)

-
]
[ 3

iES]
O
.

=
G
=8
!.—l
H
<
L ]

D’W
C}‘W
(j"
<

15. 8/9/50

g g
&
»
Y
~3
<
)
el
<
C}‘
[ea)
50
]

14, n
5 f 5] 0,352 11 0.55 50
Mean 0.381 11.5 0.57 59,5
Standard

Deviation (@) 0.048 1.2 0.06
Standard
dpror (€) 0.015 0.5 0.08




f:t.:”?.?) N & i\d . e .'i"
.—_......‘ﬁn...._-.u-

uoncentw tion

0. of ieide Time in
doses {m=./ko.) minutes

Yireon veto Sex
nunber

1. 7/23/50 W o378 3] Q.72 40

2e " w D eB24 9 0.72 A0
S " m 05452 @ U772 40

S
»
Q(
~
3
~
(8]
<
4 3‘?‘:
O
*
W
5. r
~J 44]
<
*
¢
He
[N
¢

~3 ¢
. .
e
{
o~
H
\\ -
{
<
bord =2
o <
L *
2 SN
I
(0 JE N
o1 W
- .
(A ~3
W &)
R s
1 <

&3]
.
frt
e
.
UG
w
Yy
‘....J
9]
(@]
.
~
joX
-
s
3

i»J
o~
N
.
=
rzj
N
-
.
-
WA
0w
-
L
=
S
o
.
.
Gl
o

1t
P
L ]

et
o
E ]

Ci
xS
lavs
&
<
-

~3
sy
O

13, " o 0.504 o 0. af 25
15, G/5 /50 A 0.3082 G 0.64 35
14. " B SINATY:] 8 0.64 E5
15, . P 0. 598 7 0.H6 30

&

93]
oy
L 2

i

Kean 0,352 8.5 0.86
Standard
Deviation (@) 0 .040 1.0 0,08
Standcard
srror (€ O .01 0.5 0.02




Samnle:

U’ * ‘-i . J .

Surmmery

OUADATH

vt ey
TR

SHG

Leale

PR SN

006 _ e

Concentratlion of injection lluld: O

A

'/CCQ

igeon
number

Date

1

Sex

Body wt.
in koe

ca

Lelie

(me. /L)

Tirme in

minutes

1.

G/14/50

"

2]
8/17/50
it
i

6/26/50

&

ot
=

poct
Ty

"o

F TS

et
e

¥

0.540
0 e B00
0 e H26
U e %00
2 e %08
08098

J.522

Hoe. of
doses
26

Q1586
0.16g
0.150
0.180

G.l58

}.'J

%

n’-h

<
.

i....l
~3
19

125

&, " i 0.298 25 0.150 120
9, " w 0.270 26 0.156 125
10. 6/25/50 W D524 24 0.144 118
11. " B U.518 26 0.156 125
12. i 1 0o332 25 0D.150 120
135, v/20/50 T G357 Ege 0 el 140
14, " o 0408 29 ). 174 140
15, " oA 0.458 o Ya1 55 125
16. 7/26/50 0,406 25 0,156 110
17. H 1 0.430 26 0.156 1256
15, i L O o BB 20 0,120 8b
Loan 00352 25.4 0.155 122.2
Standard
Deviation (@) 0.051 Zed 0.014
Standanrd
Lrroy (€) G OLD 0.5 0008




TABLE KAAVI
Surmery of FPlioeon Datsa

Sample:s U.0.) o« OUABATH RUPHRIE ’“ACE STANDARD .
Concentration of inis ction fluid: 0.010 mZe/cCa

Pipgeon Date Sex DBody wt. LHG. OFf L.D. Time in
number in k. doses (mo./ke.) mlnutes

1. 8/14/50 W 0,325 17 C.170 80

ﬁ. 4 B {30634 18 O 018{) 85
3. " Mo 0.322 19 0.190 90

4, S/ /50 W Q.390 14 0.140 55

S ' 2 Cedtlid 15 U.130 G
e 4 i} C.280 13 0,160 Th

0.200 120

..Q
*
C
~.
<
\\
93]
<
&
~3
H>
W
[43]

270 17 0.170 )

C
.

=
-
s

9. 1 Iy 0,304 15 0.180 75
10, 8/23/50 N 0,402 15 0.130 &0
il. 4 W 0,342 15 0.150 70
12, 1 M 0.318 13 0.130 50
15, /2. /50 M 0.380 14 0,140 65

14, 3 % 0O o 355 17 0170 80

15, 4 1 O.424 18 0150 70
16, 7/25/850 P 0308 16 0.180 7E
17. N o 0350 16 0.1560 75
18, 4 i 0 390 14 0.140Q G5
lisan 0557 1540 0.150 75,0
Standard

Deviation (0 ) 0,048 340 0.029
Standard
Lrror (€) V0L SN Q007




Sample:

Conecentration of injection flui&i

rY e Ty
U o el »

Sunmary of vicseon Lata

P
UUABATH

e LA W
;'{ PRI

Pigeon
number

Late

Sex PBody wtb.

in kg

To. of

doses

b.})‘

(mg. [z

o)

Time in
minutes

i
e

Se

o]
'}

e
S

D
10.
1l.

Ze
13.
14,
1s.

15,

5/14/50

bt}
n

&/17/50

"

5/20/50

i

0. 548

0. 528

2
=2

o
»
<o
-
03

98

(€M

e
VTR
{_} - :LBK,JL}

Q278

0.1355

0.165
0.240
0.165
04120
0.165

S
. 138

A

40}

40

17, o I 0.415 10 0150 45
13, " I 0350 11 0,.1C5 50
Koan U e DO 10.¢ PR RET 49 &7

Stancard
Deviation

@

0.054

Standard

Hrror

(€)

Q0.008




Sample: UladeF.

Concentration of injectlon fluid:

OULBATH

T & TTTY S T
STARDARD.

0.028 mr./cc.

FYilgeon Date
nunbar

S5ex Body wt.
in kg.

KO
dose

3 o
(nge/lem )

Time in
minutes

L. G/14/50

) "
e m

"z ¥
w2 . !

>
.

6/17/50

it

o o
- L2

~3
[}
~
4V]
Q
™~
o
»]

- 1
£, '
g "
- L ]

15. "
16, 7/25/50
17. "

18, "

e
Fo

0,206

0.572
0350
0.202
0.440
0.3

0.593

oy Ty
W et

7

9]

~3

3

o

W

9%

it

o

Kean

27 o83

Standera '
Deviation (0 )

>

G
L)

C
&

A

Standarad

Brror (€)

o
A
o
]

i




TABLY XKXTX

A Comparison of the Mean Lethal Doses
for Different Concentrations

brug Conc. of Injection fluid Mean lethsal dose
(moe/cc.) (e 1%
Digitalis Leaves, 50«C 1.5 03.¢
i i " 2 e 51l.1
" i i S0 50«4
" " " 1.0 52.8
" i " 7.0 57.8
" i " 10.0 58 .8
Ue3eFe Digitoxin Ref. 3td. 0.02 0.48
" " " 0,03 0.80
n " " 0.05 Q.57
" " " 0.08 D886
Us3.FYs Ousbailn Refl. Std. 0.006 0.153
" " " 0.010 0.180
" i " 0,018 O0.184

i i w 0.0825 O.104




TABLE

A Comparison of the lLiean Injectlon Times

XL .

for Different Concentrations

vrug Conec, of Injection Iean no. Hean time

fluld (mg./ce.) of doses 4in minutes
Digitalis Lieaves, 30-C 1.5 S5 ed 17z.2
) H 2] 2.0 25.8 122.8
" " " 3.0 16.8 78,1
# " n 4,0 13.2 60,9
1 " " 740 Bed 36.3
n ] " 10.0 5¢9 od e d
U.5.7, Digitoxin Ref. Std. 0.082 £3.9 114.7
u " " 0.03 16,8 79.0
m 1 1 0.05 11,5 5240
u M " 0.08 Bed 36 .38
U.3.P. Ousbain Refl. 3td. 0,006 25.4 1=z2.2
1 f " 0.010 12,0 75.0
" 1 " 0,018 10.9 49.7
ﬂ ] H 0.025 6.6 278




VAT T e
o £ hderdbid b

Lethal Doses (mg./kg.) of Six Concentrations of Digltalis

Concentration of Injection Fluld {(mp./cc.)

1.5 Ze0 3 el 4.0 740 10.0

1. 58.5 44 .0 45.0 56.0 53.0 60.0

o 55.5 46,0 51.0 52.0 58 .0 50.0

4. 57.0 50,0 43,0 G0.0 5.0 700

O o7 .0 50.0 4.0 4540 8.0 50.0
G a 4G+ 5 54 .0 4.0 DG L0 5640 5O W0
7 55.5 52.0 42.0 44 .0 49 .Q GOL.0
8. 40,5 H50.0 5.0 48 .0 56.0 60.0
. S246 44,0 54,0 00,0 cG63.0 S0L.0
10C. S52.5 50.0 54 .0 52 e ( 56.0 G0..0
11. 48,0 43,0 50.0 45 .0 56.0 50.0
lz. 52.5 50.0 4£5.0 500 500 50.0
13. 5245 50.0 57«0 4% .0 55,0 G0.0
14, 50.0 08.0 570 40540 ENINE 700
15. 46.0 44 .0 51.0 2260 00 <0 70.0

1o, Ol e O H2e0 4840 0.0 HC L0 50.0

Total (7) F50 .9 81l5.0 8507 .0 8544 .0 Yed .0 940 .0
l'?

Mean (X) 53.18 S1l.15 50.44 5275 ST.75 LEL.70




Lethal Deses (mg./lin.) of Pour Concentrations of Digltoxin

Concentratlon of InjeCLion 2iuid (Mr./CCa)

0,082 U0 .05 0.08

1. .46 054 0.60 0.72
2. 0.50 0.5 0.55 D72
3. Ge42 0.51 0.55 072
4, G.54 0.48 070 0.64
5, 0.52 0,45 0.70 0456
6. Ok 0.51 0.55 0.72
7 0 .40 045 055 D.64
8. 0.50 0.482 0.55 0 .80
9. 0.48 0.54 0.65 072
10. 0.456 0457 0450 .64
11. 0.48 0.80 0.50 0.72
1z, <50 0.48 0.55 0.48
13, 0.48 0.51 0.55 054
14. 0.46 0.54 055 0.54
15, 0.52 Q.45 0455 058
Total (T) 7.18 7.56 8460 9.92

Kean (X) 0.479  0.50% 0.573 0,561




-~y

-ﬂ 21;—).1_1.-1 J&-Ln PR

Lethael Doses {(ma./kg.) of Four Concentrations of Ouabain

Concentration Of Injection FIuid (MF./CC.)

U.006 0,010 0.015 04025

1. 0.155 0170 0.135 04200
Ze 0.1062 0.160 0.155 G175
Se 0.150 0.190 0.135 0.125

e 0138 0.130 Ue120 D175
Ge O.l4e4 0.160 0,105 G125
7 G174 a0 SRWRELH Oel75
8. 0.180 0,170 0.210 0,200
P 016 0.160 C.1l80 0.120
10. O.144 0.130 Oe225 0.175

/0~‘~’€3 Oa;b{) 00153 9015)0

E.J
}.-8
-

0.150 0.130 G240 G.175

et
4]
»

fond
(6}
.

0174 04170 C.1l20 U175

g
N
-

5. 0.155 0.150 G165 0,150
15, 0413 0,150 04155 0a175
17. 04155 0.160 0.130 0.175
13. 04120 0,140 0,165 0.1
Total (T) £.748 2,880 2.955 2.950

liean (X) 0.1527 0.1600 0.1839

o
s
[
123
£




TADL XLIV
Analysls of Variance for the Date of TableXLI
o3 -y P [aYaYy
Correction term, (57)%/n =z (5183.5)%/96 = 279882,00

Total sum of sguares, 3x° - (37)%/n 75 - R79882,00

Sum of squares between groups, 3(T%/n) - (sT)%/n =
2BOB38.,70 - 279862,00 = 287.70
Sum of squares within groups, S8{(x - f}g - 2872.05

3um of Mean
Source of veriation d.f.#% squares square F{calc.}i#s F(theoret

Between groups 5 957,70 191.54 5400 2.33
Within " 80 2872.05 31.91
Total 95 SBEY 75

¥ Deprees Of 1recdom.

wwVarliance ratio.



-

TARLD XLV .
Analysis of Variance for the Lata of Table XLII
- " ? ¥R o Y P iy s B 5 v
Correction term, (37)%/n = (35.28) /50 = 18.4371
- - el sy 2 N oo e N
Total swm of squares, 3x° - (37)%/n = 18.9422 - 18,4371 = 0.5051

o . £ - “
3um of sguares between groups, S{7%/n) - (s7)2/n =
18.7381 - 18.4371 = 0.3010

- R
Sum of sqguares within groups, S$8(x - X)° = 0.2041

Sum of Kean
Source of variation d.f.3% gsquares sguare F(calc.)#s F(theoret.)

Between groups S 0.3010 0.1003 27 .86 2,78
Within N 56 0.2041  0.0038
Total 59 00,5051

¥ Degress of lreedom.,

##Variance ratio.



TADL, XLVI-
Analysis of Variance for the Data of Table XLIII

, o o
Correction term, (3T)%/n = 1.84736

"

ot : e 2 i P oy Y

Totel sum of squares, Sx° - (ST)S/M = 1.89449 - 1.84736 = 0.04713
. e f":l; Ty ‘;)

Sum of sgueres between groups, 3(T%/n) - (57)2/n =

: ' 1.84851 - 1.8473¢6 = 0.00155

e ; o s —-— Y AL
Sum of squares within groupa, S3(x - X)¥ = 0.04558

Sum of Kean
Source of variation d.f.% squares square F(calc.)#® F(theoret.)x

Between groups 3 0.001L55 0.00082 L 0.77 2.75
Wilthin " 68 0.04558 0.00067
Total 71 0.04713

#* Degrees of Ireedom,

W Variance ratio.



