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PART I

INTRODUCTION
The biological assay of digitalis and related cardiotonics 

by the 0*3•?•’** intravenous pigeon method is very time consuming* 
Attempts to shorten the time of assay by increasing the rate of 
Injection have been opposed because the value of the mean lethal 
dose apparently increases as the rate of injection is increased. 
The first part of this Investigation was undertaken to determine 
whether a non-uniform rata of Injection, which shortens appre
ciably the time of assay, would change the value for the mean 
lethal dose as determined by the U *S *P ♦ assay. The relation
ship between the rate of injection and the mean lethal dose of 
cardiotonic for pigeons comprises the second part of the work. 
Different rates of injection are produced by varying the con
centration of injection fluid; a uniform, periodic Injection 
procedure is maintained in each case.

The methods for standardisation of digitalis and allied 
cardiotonic drugs, after a half century, still remain In a 
state of flux. The application of statistical methods and the 
introduction -of reference standards are improvements, but the 
universally accepted method has yet to be designed. The ideal 
method of standardization would be a chemical one which tests 
the full therapeutic activity of the drug. However such a

^Pharmacopoeia of the United States



method Is still wanting, and consequently one finds that only 
biological assay procedures have been used In official compen
dia with the exception, of chemical assays for dig!toxin and dig- 
oxln, which are now outlined in the U.S.?. XI? (88). The U.S.P. 
IX, X and XI made use of the one hour frog method (85), U.S.?*
XII and XIII th© intravenous cat method (86), and in fch© U.S .P •
XIII Supplement and the U.S.P. XIV (87) the pigeon intravenous 
method became official. The B.P has used the overnight rather 
than the one hour frog method, the former being official In The 
United Kingdom. In addition to the above, many chemical, animal 
and plant assays have been proposed for the standardisation of 
this group of drugs• In the following paragraphs these pro
cedures will be briefly reviewed, and the reasons leading to the 

adoption of th© intravenous pigeon assay as the official method 
in the United States Pharmacopoeia will be discussed*

Before a method for the standardisation of a drug Is de
vised, a need for such standardisation Is expressed. In th© 
case of digitalis, where different samples of leaves often 
differ greatly in potency, numerous clinicians have appealed 
for a uniform product * There are of course a few, who even 
today, deny the need of a digitalis assay. A well known cardi
ologist, Thomas Lewis, has expressed the view that digitalis 
standardisation Is unnecessary (15)• However the majority of 
clinicians believe as does Gold (16), that since pure principles 
of the drug are not available and since most of the medical 
practice Is confined to the use of the crude material, a method

iBritish Pliarmacopo©ia



of assay is necessary* except for the ciiemical assay of ciigi- 
toxin and digoxln, biological assay procedures must be employed 
for the cardiotonics and their glycosides* The accurate deter
mination of their potency is a necessity today, just as it was 
in 1906 when W • Dixon (20) said: f,Many hundreds of patients
die annually from digitalis and its allies not possessing the 
virtues which are required of th©inw •

A method of assay for a drug is of little value unless a 
standard preparation of the drug, accurately defined, is used 
as a basis of comparison in determining the potency of other 
samples of tho drug* The use of such terms as cat, frog and 
pigeon units should he discouraged as they have little absolute 
meaning, the unit varying vvith the individual animal used. 
International standard preparations of the cardiotonics were 
prepared under th© auspices of The League of Nations and 
individual countries have prepared, their own standards, several 
of them conforming to the international standards.

In 1916 ouabain was proposed by the U.S.P. as a reference 
standard, for Tincture of st rophanthus (15)* It was adopted by 
The League of rations in 1923 and an internat1onal standard 
ouabain was prepared In 1928* Magnus In 1923 at the Edinburgh 
conference proposed ail internet I oi iG.1L S o G.X iCtciX* d for dIgitalis, 
which was adopted by the Geneva conference In 1935 and prepared 
by Magnus in 1126 (15). This International Standard Digitalis 
Pov/der, a sample of -powdered digitalis leaves, was exhausted 
and a new one authorised by The League of Nations in 1936. It

™ 3 d®clded at a conference in Fran’efort (1928) that the inter



national unit of activity should be that activity contained, in 
0*1 gram of the Int©mation&l Standard Digitalis Powder* As a 
standard .of reference for unknovm samples of dig!toxin, the
U.3.P* has adopted a Reference Standard Digitoxin Powder.

A great deal of effort has gone into the development of 
a chemical assay for the cardiotonics with primary emphasis 
upon the isolated glycosides, such as digitoxin* Gravimetric 
and colorimetric methods (75) have been employed for digitalis 
standardisation, but an element of success has been achieved 
only In the case of a colorimetric procedure* Slow pro.gress 
in the development of a chemical assay has finally culminated 
in the adoption by the tuS*P • XIV of a colorimetric procedure 
for the standardisation of digitoxin (88). It should be noted 
however, that the G.S.P. retains a bioassay method for an 
identification test (87)• Three pigeons used in the test, are 
injected by way of the alar vein with 0.6 mg. of the digitoxin 
sample* The sample is identified as digitoxin if each pigeon 
shows retching or ernesis during the ensuing hour, and at least 
two out of three die from cardiac arrest within four hours.

The chemical assay for digitoxin had its beginning In 
1918, when Baljot (2) developed the color reaction between 
picric acid and the digitalis glycosides. Latex* Knudson and 
Dresbach. (51) (52) proposed, the use of this procedure as a 
quantitative method for cardiotonic standardisation. Finally 
Bell and Krants (4) (5) developed a complete quantitative 
method for tlx© estimation of digitoxin potency based on the 

work of Ballet arid Knud son and Dresbach; and as a direct



result of their efforts the present official assay was adopted* 
After Knud.son and Drosback introduced their method in 

1921, many workers attempted to compare choraloal with bio
logical. assays. Smith and KcGlosky (76) in 1925 found a lack 
of agreement between colorimetric results and results obtained 
by the Intravenous cat method. Bible (97) in 1926 reported 
that colorimetric results did not parallel those obtained by 
the use of the one hour frog method• Allmark and Bachinski (1) 
as recently as 1946 stated that, though th© chemical method is 
simple and practical, the presence of interfering substances 
gives results which differ greatly from those obtained by 
biological moans, and occasional differences of as much as 50y. 
However Bell and Krants (4) (5) have found fairly good agree
ment between their chemical and the intravenous cat method, 
especially lias this been true in th© case of digitoxin* There
for® since most of the disagreement between chemical and bio
logical methods has resulted v/hen crude preparations of the 
cardiotonics were used, it seems logical to assume that the 
colorimetric assay of Bell and hrants may serve a very useful 
purpose in the standardisation of pure glycosides*

The proposed method of Maeht and Brants, (56) (57) for 
the standardisation of digitalis using the seedlings of 
hupinus albus L. has been the only suggested plant assay cited in 
the literature* It was not well received and has been abandoned 
as a practical method for the determination of potency. This 
piiytoph&nnacological procedure depends upon th® retardation c€ 
growth by solutions of digitalis. 11 The growth of th© seedlings



is inversely proportional to the concentration making possible 
a phytotoxlo curve which ce.n be calibrated in terms of cat 
units” (75) ♦ Munch (62) reported that the results he obtained 
with the seedling method did not coincide with the results 
obtained by bioassay procedures• In addition to the above the
specificity of digitalis for the plant must be questioned* Is
it not true that other toxic substances nay retard the growth 
of the seedlings In the same manner as digitalis? The pro
posed method does not tost any specific action of digitalis 
upon the heart•

There have been a .multitude of procedures employing 
animals proposed for the standardisation of the cardiotonics« 
These animals include a protozoan, an arthropod and several 
classes of chordates— ►fish, amphibians, birds and mammals♦
A discussion of these methods has been given by Munch (G2) 
and also by 3ciiwars (75)*

A method employing baramecium caudaturn L* was devised 
by Schneider in 1925 (74). Vielioefor (91) (92) (95) using 
Daph.nla magna, a water flea, observed and measured the action 
of the drug upon the rate of the heart beat* Considerable 
investigation was carried out by fittenger and V&nderkleed 
(67) (69) upon th© Carrassius auratua L* (goldfish) and the 
authors maintained that constant and comparative results 
could, be obtained. In regard to the above' methods It can be 
said that as in the ease of the plant seedling method of 
Macht and Krants (56) (57), the tests are not specific for 

digitalis action with the possible single exception of the



daphnia method* Here, though the drug is tested upon the 
heart, it is unlikely that such action upon the heart of an 
Insect runs parallel to the effect of the drug upon the heart 
of the cat, pigeon, human or even the frog* Lack of appli
cation of statistics! methods to the above procedures is 
another reason v/hy they have received little attention*

numerous bioassays have been performed on amphibians and 
©specially on the frog* The literature pertaining to such 
assays is voluminous, with particular emphasis on the one hour 
and overnight frog methods* A toad method has been described 
by Gunn and Upstein (30) employing the South African clawed 
toad (Xenopus). Zeigler (39) has. reported a bioassay method 
using the turtle*

Since Houghton (49) introduced the frog method in 1898, 
many procedures, using frogs as the test animal have been 
devised* These include those performed on th© intact animal 
as well as on the isolated frog heart* Famulener and Lyons 
(28) and Fraenkel (50) in 1902 described one hour frog methods• 
Both of the above assays in addition to the Focke (£9) method 
and th© 50-45 minute method of Gottlieb (55) used the stoppage 
of the heart in ventricular systole as the endpoint* In the 
United States It was the one hour method which was adopted as 
the official procedure for the standardisation of the cardio
tonics *

The overnight frog method, also called 12-hour, 18-hour
and li.L,D. method had many advocates after its introduction 
by Houghton (49). It was not until Trevan (81) (82) in 1926



and 1927 Introduced statistical analysis for interpretation 
of results and constructed the characteristic S shaped curves 
that the method became generally accepted. Burn (14) , who 
has also taken an especial interest in the statistical evalu
ation of results of bioassay procedures, inclines toward the 
h.L.D* frog method. Chapman and I!orroll (18) in 1931 deter
mined the characteristic curve for ouabain by th© overnight 
method and obtained a curve similar to but even steeper than 
that of Trevan. It must be pointed out, however, that Chapman, 
while favoring the M.L.D* method, has reported close agreement 
between It and the one hour method (17).

Other methods using frogs include the intramuscular 
method of Dooley and HIgley (21) (22) and the Intravenous 
method of Uhlmann (83) (84). Injection is made into the thigh 

in the former and into the abdominal vein in the latter method, 
flie isolated fro s als-o be on used as a means of
standardisation. Hunch (32) reports several attempts of 
investigators to develop a suitable assay by a heart perfusion 
procedure. In addition.isolated strips of the frog heart have 
been used in the frog heart sinus method of llansfeld and 
Horn (58).

It may be said that the one and eighteen hour frog assay 
methods have been improved to a high degree of accuracy by the 
use of a standard px»e:oaratIon and statistical analysis. The 
one hour method has been defended by Haskell (42), wiio stated 
that the procedure Is both a .good qualitative and quantitative 
test for the heart tonics. Trevan (81) found that two tincture



of strophanthus gave almost identical results with both, the
12-hour frog and cat methods. The M.L.D. frog assay has been 
further defended by Pittenger (68), who prefers it and the 
guinea pig method to the one hour frog or intravenous cat 
methods, and Rowe (72), who believes that the absorption 
factor, where the injection is made Into the ventral lymph 
sac of the frog, increases the accuracy and value of the assay. 
Chapman (17) (18) has al?/ays expressed a preference for the 
M.L.D. frog method. Bhatia and I..&1 (0) have stated that the 
frog procedure of Trovan was superior to the cat method because 
It was more economical, simple to perform and capable of 
detecting deterioration.

The use of the frog for tli© assay of cardiotonics has been 
subject to considerable criticism. ilyirl and DuBois (63) 
believe that only warm blooded animals should be used, and 
that the best way of administering heart tonics in an assay 
Is by Intravenous Injection. Wokea (98) and Miller, Bliss and 
Braun (60) report, that whereas deterioration of Tincture of 
Digitalis is noted by the overnight frog method, such deteriora
tion Is not observed in the cat method- Finally Eggleston (26) 
and Bliss (9) state that the results of frog assays are not 
comparable to results obtained by the use of the intravenous 
cat assay and therefore cannot be transferred to man.

On the strength of this criticism and also because of the 
preference expressed by Gold and others for the use of the cat 
In the assay of cardiotonics, the U.S.P. XII Kevlsion Committee 
saw fit to abandon the one hour frog method as the official



assay for digitalis products in th© United States. In its 
stead a modified Katcher-Brody Cat liethod v/as mad© official, 
Evidence supporting the cat in preference to the frog as the 
test animal ¥#111 be presented (pages 11 and 12) in a discussion 

of the cat method*
The pigeon and chick embryo have also boon used for cardio

tonic standardisation* The pigeon ernesis and fatal dose methods 
will bo discussed in considerable detail below, A method for 
the assay of digitalis using the embryonic chick has been 
proposed by hall (58), the endpoint being the arrest of the 
heart• faff (51)'made use of isolated, hearts from 48-hour 
chick embryos in the determination of digitalis potency*
The method has been subjected to little investigation, and 
statistical evaluation of it is noticeably absent from the 
literature*

Mice, rats, rabbits, guinea pigs, cats and dogs have all 

been used as test animals in attempts to devise a suitable 
assay for the heart tonics. Subcutaneous procedures using 
mice have been developed by Heins (46) and Krogh (53). dents (96) 
and Beddow (3) used the rat in assaying tinctures of digitalis 
and strophanthus* An intravenous procedure was employed with 
injection being made into the saphenous vein* Methods with the 
rabbit as the test animal have boon used by Hyiri and BuBois (do), 
Heinz (46) and So?/ton (77)* The latter employed a heart perfusion 
technique; whereas llyiri and DuBois and Heinz used intravenous 
methods• The most important procedures using the guinea pig
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include the subcutaneous method of Reed and V&nderkleed (70) 
and the intravenous method, of Knaffl-Lenz {oO) • The B.F* 
recognizes th© latter as acceptable for cardiotonic standardi
zation*

As a substitute for the frog methods, an intravenous type 
of assay is generally accepted in preference to subcutaneous 
or oral procedures* Although the guinea pig intravenous 
method was a fairly good on©, the cat has bean more often 
employed as the test animal*

Hatcher (14) suggested the .use of a cat emetic assay in 
1907 and the intravenous eat method of Hatcher and Brody (45) 
was described in 1910* Injection, into the femoral vein, was 
begun with the unknown drug and continued until toxic symptoms 
became manifest* Ouabain was then substituted and used until 
the death of the cat* Calculations were based upon cat units” 
defined In terms of the amount of ouabain necessary to kill a 
kilogram of cat. This procedure consumed approximately GO

OD minutes* modifications of the above method have included 
variations in type of anesthetic, changes In rate and method 
of injection, discontinuation of the us© of ouabain to complete 
the assay, and the Introduction of a reference standard in the 
calculation of relative potency.

The use of ouabain, In every cardiotonic assay performed 
by the Hatcher-Brody cat method, increased the difficulty of 

the procedure• In order to simplify the method and because 
there apneared to be no real necessity for its use, the 
injection of ouabain to culminate an assay was abandoned and



tlie sample was administered until the death of the animal*
This modified procedure was employed by Smith and MeClosky (76), 
Rowntree and Maeht (73) and van dijngaarden (90)» Many different 
rates of injection of the drug have been proposed and reported 
as suitable (13) (71) (73) (76) (90)*

Beklor (23) suggested, that the intravenous cat method was
difficult, time consuming and not practical as a method of 
assay, Rowntree and Maeht (73) stated that the cat method was 
more reliable than the frog method. Many other workers have 
argued as to the merits of different assay procedures* Arguments 
which have the most support are: (1) there exists a great
similarity between the heart of the cat and the heart of man,
(2) the best method of administration of a cardiotonic in an 
assay is intravenous and (3) an assay need not necessarily 
predict the clinical dosage for man*

The intravenous type of assay is preferred by many, among
whom are Hyiri and DuBois (63), Eggleston (26) in 1913
expressed a preference for the cat because of the similarity 
of its heart to the heart of man* This view was restated by 
Gold et al ♦ (32), who found that th© results obtained with the 
cat assay could be transferred to humans* Eggleston (27) et al* 
(33) reported that reliable results as to the relative potency 
of cardiotonics could be obtained with the intravenous cat 
method and that the dosage for man could be based upon the 
determined potency. It is true that this procedure tests th© 
toxic rather than the therapeutic action of the drug but 
therapeutic endpoints are difficult to obtain and toxic effects
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are due to the aam© action (GO),
Edmunds (24) believed that regardless of any animal 

standardisation the physician must ascertain the dose for the 
Individual patient* The results of an animal assay can be 
applied to man within certain limits, but a final evaluation 
of potency of a digitalis preparation must be based on deter
minations on man (54) (60)* According to Gold et al# (32) 

the intravenous cat assay is satisfactory because the most 
that any method of bioassay can accomplish as regards the 
clinical problem of dosage is to supply suitable data concerning 
the relative potency of different specimens *

Berardl, Canan and McGuigan (7) devised a therapeutic 
method of assay employing the dog as the test animal. The 
therapeutic effect of digitalis upon the heart rate was noted 
after intravenous injection of the drug. Berardl (6) also 
made use of the Katcher-Bro&y Gat Method, substituting the 
dog* There appears to be no reason to believe that the dog 
is more suitable for an intravenous cardiotonic assay than 
the cat, especially sine© dogs mould be more expensive and 
more difficult to obtain.

Kanzlik (39) in 1928 reported the pigeon erne sis method 
for the estimation of digitalis potency. Ernesis methods had 
been suggested for assay previously but this mas the first 
instance in vfhich the pigeon was used as the tost animal.
Ifanzlik and Shoemaker (40) had observed the emetic reaction 
to digitalis in pigeons and they believed that it might serve 
as an index of therapeutic dosage for man. The method was



used for approxim&tely a decade but never replaced th© one 
hour frog or the intravenous cat assay as an official pro
cedure* The Introduction of the intravenous pigeon assay 
and its adoption by the TJ*3*P* XIV (88) makes the emesis 
method obsolete and should lead to its abandonment«

iiansiIk (39) said: “The principle of the pigeon method
is directed towards the evaluation of the probable therapeutic 
dosage, by determination of the minimum (or average) emetic 
dose of digit alls’1 • He devised the method believing that a 
fatal dose method of assay was unsatisfactory because it did 
not predict the therapeutic dosage for nan, admitting at the 
same tine that a pigeon fatal dose procedure could be used, 
but with the same Qualification (39), Pigeons were preferred 
to cats because they were cheaper and easier to obtain. The 
amesis method was desirable because of its simplicity*

Kanzlik used pigeons, previously starved, weighing 
between 300 and 400 grains. The emetic dose of digitalis was 
injected into a wing vein with a number 23 hypodermic needle* 
After Injection, the pigeon was placed In a cage and symptoms 
of vomiting observed* The vomiting had to occur In from 
three to ton minutes, depending on the dosage used, and was 
not a positive result If It were delayed longer. The minimum 
emetic dose was determined by injecting a series of pigeons 

and noting the minimum effective dose causing en.esis in two 
out of three pigeons. The pigeons recovered after one or two 
weeks and could be used again If the veins were still in 
usable condition*
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Differences in body weight only slightly affected the 
results. The M.Dn.D. was higher in adult males than females, 
hut close enough to permit the use of both sexes. Tlx©
M.lim.D. was higher for immature and also for sick birds» 
Hanslik (39) therefore stated that, if only mature, healthy 
pigeons in a given weight group were employed, a consistent 
value of the minimum emetic doa© for a given drug could b© 
obtained* This M.Em.D. of digitalis caused changes in the 
pigeon heart typical of digitalis action and was a measure of 
the therapeutic dosage in man*

Ilanslik and Stockton (41) tested tinctures of digitalis, 
assayed by the pigeon ©nesls method, on several patients with 
normal hearts. The doses administered, causing advanced 
digitalis action, agreed closely with the probable doses 
estimated from the pigeon M.Em.D. They observed in these 
patients nausea, eraesis, slowing of the pulse, a fall of blood 
pressure and a reduced pulse pressure* Stockton (78) in a 
later w ox* k confirmed this agreement between clinically effec
tive doses of digitalis and results by the pigeon ©mesis 
method* he cautions however, that because of the great varia
bility of clinical dosage, close observation of the patient 
should be maintained, even though a standardised preparation 
Is employed* This is of course In direct contradiction to 
the previous statements of kamslik and Stockton that the 
assay Is a therapeutic one; that is, the M.Em.D. serves only 
to determine the relative potency and cannot accurately 
predict therapeutic dosage for man.



Burn (13) severely criticized tiie terminology and pro
cedures used by hanzllk and lias suggested several improve
ments for trie assay. Such terms as minimum emetic dose and 
pigeon units,, he states, are not accurate expressions and 
have no place in bioassay procedures. He points out that 
several groups of three pigeons given the same dose of a 
sample will give varying results. In some cases none or all 
of the three pigeons will vomit and the number of groups In 
which two out of three respond will usually be In the 
minority. "The reaction of pigeons to digitalis by vomiting 
Is another example of 1 continuous variation* In a biological 
property11 (15). If in each group three birds are used the 
error will be about 500^ and only oOp if each group contains 
25 birds. Burn believes that the method could be used if 25 
animals are used in eacn group and. a characteristic curve 
constructed relating percentage of eraesis to th© potency of 
the preparation* Ke states further that a standard prepara
tion should be used making the assay comparative. In this 
way results might be obtained which resembled those obtained 
by the cat or frog methods.

Vshereas Burn (13) attempted, to improve the pigeon emesis 
method of Ilanzlik, others denied that it could be used to 
standardise cardiotonics. Gold, G-e If and and Hltsig (31) 
stated that th© pigeon ernesis method of assay was inferior 
to the intravenous cat assay and did not predict the thera
peutic dosage for man. They neither believed the method 
gave more consistent results than the cat assay, nor that the



emetic response paralleled tlie therapeutic response* They 
stated further that there were many inconsistencies and 
contradictions in Ilanzlik* s work and that much of it was 
based upon false assumptions* The use of a toxic, rather 
than a therapeutic method of assay, they said, did not 
account for the lack of correlation between the results of 
bioassay and the therapeutic potency of digitalis prepara

tions in man* Indeed preparations found to be. toxic for 
man were confirmed by the cat method*

During the course of his studies, Hanzlik (39) noted 
that the pigeon mean lethal dose for digitalis preparations 
compared favorably with that of the cat* This fact v/as to 
become of the utmost consequence for the future standardi
zation of the cardiotonics* In 1934 Haag and Woodley (37), 
attempting to confirm Ilanslik1s work by comparison of pigeon 
ernesis and intravenous eat methods, proposed an intravenous 
pigeon fatal dose procedure• They observed the effect of 
rate of injection, state of health of pigeons and th© 
administration of alcohol and saline solutions upon the 
M.L.D* They failed to suggest the use of a standard 
pr ep ar s. 11 on but bell e v e d tiiat a comparison of pigeon and 
cat units should be made*

Haag and Woodley used adult pigeons of either sox, 
starved for about 12 hours, and weighing 'between 300 and 
425 grams* Htiier was employed as the anesthetic and injection 
was made into the alar vein* The cannula used was a blunted 
hypodermic needle of gauge 20 to 23. Injection was made at



the rate of 0.5 cc, every ten minutes until death, regardless 
of th© weight of the pigeon used. The M.L.D* however, was 
calculated by dividing the amount of digitalis in cc. or gm. 
by the weight of th© pigeon in kg.

These authors were able to obtain some significant 
results. They found the K.L.D. for pigeons about 2&:}S greater 
than for cats. That is pigeons were, on the basis of weight, 
nor© resistant to the drug. If they had been using a standard 
preparation, they would have been more able to appreciate 
this fact. Curiously enough pigeons appeared to be twice as 
tolerant to ouabain as cats. Increasing the rat© of Injection 
so that the pigeon died in less than SO minutes, resulted in 
an increase in M.L.D. Sick pigeons gave high results, a fact 
previously noted by Hanzlik (39). Alcohol or normal saline 
solutions had little effect upon the M.L.D. Haag and 
Woodley observed that results were very consistent and aa 
few as three pigeons would give an approximate value for the

T Th
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The success of Haag and Woodley with the K.L.D. pigeon 
method and the difficulty of obtaining sufficient cats for 
assay purposes induced Braun and husky (11) to propose the 
substitution of pigeons for oats in the official procedure 
of the U.S.P. They patterned their procedure after that of 
th© U.S.P. intravenous cat assay and compared, results of 
intravenous cat and pigeon assays. They used adult pigeons 
of either sex weighing between 275 and 150 grams. Three 
breeds of pigeons were employed: White Kings, homers and
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Common Barn Pigeons* Injection was made Into the alar vein 
using a blunted 22 gauge hypodermic needle. The Injection 
solution was contained in a 10 cc* burette calibrated to 
0.1 cc. LIgilt ether anesthesia was employed during the assay. 
The sample was Injected at the rate of 1 cc. per kg. of body 
weight every five minutes until the death of the pigeon.

The results Braun and Lusky obtained were very satis
factory. They were consistent results and there was lower co
efficient of variation with pigeons than with cats. They also 
found that pigeons were more resistant to cardiotonics than 
cats. The average M.L.D. for u.d.P. Digitalis Referone© 
Standard on pigeons was 96.22 mg. per kg. and on cats 81.S3 mg. 
per kg. They also found more consistent results between 
assays, as well as within assays. Braun and Lusky (11) 
maintained that the pigeon parailed the cat assay, was cheaper 
and that pigeons were more easily procured.

L&v&llee and Allmark (55) confirmed the results of Braun 
and Lusky (11) and agreed that the method would be satisfactory. 
The cat could be replaced by the pigeon and less variable 
results could be obtained with the latter. An exception was 
noted In the case of digoxin, where differences of as much 
as 100,i In potency were found between cat and pigeon results.
The II.3.i. JCIV Revision Committee (60) began a collaborative 
study of the intravenous pigeon assay with Dr. kaag as director. 

They found the results generally satisfactory but noted vari
ation between laboratories. It was proposed to change th© 
method of calculation of potency by the use of geometric



averages. A logarithmic calculation was employed and con
fidence limits of an assay determined* Th© TJ ,3*r # XIV (87) 
official method of assay for the cardiotonics Is essentially 
the procedure of Braun and Lusky (11) with the above change 
In calculation of potency.

Many clinicians have desired a human method of assay for 
th® cardiotonics• Some believed that results obtained from 
animal bioassays were not applicable in human therapy* Others 
maintained that the potency obtained using animal procedures, 
even If a standard were used, was not correct. Is It not 
better to standardise digitalis orally on humans, than Intra
venously on cats? Of course on© must always bear in mind 
the difficulty Involved if humans are used as experimental 
subjects *

Human procedures have been proposed which involve the 
use of the electrocardiogram. Pardee (65) believed that the 
amount of drug necessary to produce a minimal change In the 
height of the T wave of an electrocardiogram could be used, 
as a measure of potency of a digitalis preparation. Doses 
were given orally to humans after a control electrocardiogram, 
had been taken* The depression of the T -nave noted, represent 

one action of the drug and occurs aImultaneous 1  y  v / i t h  the 
stimulation of the heart muscle. This method, said Pardee, 
is a practical one giving the minimum effective dose of a 
digitalis preparation, he did not use a reference standard 
preparation of digitalis, employing Instead a nT wave unit'1 
(C6). Van Dyke and Li (89) mad© use of electrocardlogr«phic
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technique in another attempt at the clinical standardisation 
of digitalis. They reported results which compared favorably 
with those obtained using mammalian procedures but which 
differed, signif1cantly from results obtained with the frog 
method*

Another the rap ©title assay method employing humans has 
been proposed by Martin (59)• The endpoint was th© thera
peutic effect , adjudged by the cardiac and respiratory improve* 
mant of th© patient* flic shortening of the auricular conduc
tion time; i.e., the f-H interval was included among the 
criteria of improvement selected. Martin stated that the 

relative potency of dried digitalis leaves could be determined 
in this way. Gold pt al# (51) used, several changes in the 
electrocardiograms of subjects with normal hearts to determine 
digitalis potency* These changes included alterations in the 
T wave and RT or ST segments * The potency of an unknown 
sample was expressed in terns of a standard preparation. This 
human .method of a, s s s.̂’ w a 3 o ©ing applied to the standardization 
of digitalis preparations of commerce, but the Food and Drug 
Administration objected to its use.

Ho methods have been proposed for shortening the duration 
of the intravenous pigeon assay# Haag and Headley (37), 
observing the effect of rate of injection upon the H.L.D. for 
pigeons, concluded that there was an increase in H.i.D. at 
the faster rates, probably due to Hovershooting"• By main
taining an injection period of 60-90 minutes a lower value 
could be obtained; this they assumed to be the correct H.L.D.



Many different rates and types of injection .have been
:d for the cat assay, and the findings of Haag and foodley 

{37) are also applicable here, Hatcher and Brody (Id), when 
devising the intravenous cat assay, injected 7d,j of the 
expected lethal dose of digitalis in fifteen nlnutes and the 
remainder in the following hour• Whether or not the assay 
was completed with ouabain, it consumed approximately ninety 
minutes• The duration of the assay; i.e., one to one and one- 
half hours was the same as that employed in present day cat 
methods, but the initial injection of 75f of the drug in 
fifteen minutes was unique.

Bowntree and Liaclit (73) injected 10 cc. in five minutes 
and then I cc. per minute until the death of the cat. Smith 
and McClosky (76) injected continuously. Haskell, Daniel 
and Terry {3) injected at the rate of 1 cc, every two and 
one-half minutes regardless of the weight of the cat. Howe (71) 
believed uniform results could be obtained if the endpoint 
were reached in an average time of thirty minutes, the injections 

being made at a uniform rate. nov/over, lie thought that in
jecting rapidly at first and then giving 1 cc. every two minutes 
until the death of the animal was a better procedure. HIble 
(97) injected at a constant rate of 0.6 cc. per minute*

Many workers have attempted to shorten the intravenous 
cat assay using a uniform rate of injection. These include:
H owe (71) , hdimnds, Moyer and Skaw (25), who administered
the drug so as to kill the cat in forty minutes; waslcky, Las ch.
and 30110X10vski (95), who calculated dosage necessary to produce



death In thirty to sixty minutes and van Aijngaarden (90), 
who used an assay period of thirty to fifty-five minutes# This 
reduction of the duration of the assay was been supported by 
Burn (15) , who recommended shortening the time of the assay to 
thirty to sixty minutes #

Bliss (0) , a proponent of the longer assay time adopted 
by the U.S.P* XII, believed that 1 cc* of the diluted material 
per kg* of eat should bo injected* An injection is made with
in a few seconds and then repeated at five minute intervals 
with a dilution so prepared that the cat died within 13-19 
doses; I.e., sixty to ninety minutes# He, like Haag and 
Woodley (37), observed that the H.l.D* was modified by the 
rate of injection* Myiri and DuBois (63) stated that with 
fast as well as with slow administration, part of the drug was 
lost to the heart; therefore, it Is best to set an arbitrary 
tine as to drug administration as well as duration of the 
entire assay* They further stated that results of assays are 
only comparable mien approximately the same amount of drug 
acts upon the heart within the same period of time#

The purpose of the work reported in this thesis is to 
determine the effect of rate of Injection upon the mean lethal 
dose of cardiotonics administered intravenously to pigeons.
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Apparatus: The solution to be injected was contained in a
straight, glass stoppered, Kimble (Sxax) 10 co* burette
graduated in 0.05 cc. The tip was fitted with soft rubber 
tubing of 6 mm. outside diameter, a bore of 3 urn. and a
length of 81-69 cm. As cannulae, Luer slip syringe needles
22-24 gauge, modified by shortening to approximately If- cm. 
and blunting and grinding the hub to a cylindrical form to 
fit the rubber tubing, were used. Infusion or slip on hub 
needles and Luer slip needles fitted with adapters could be 
used. The burette with tubing and needle attached was 
mounted on a burette stand.

To measure five minute intervals a Hawkeye Measure Time 
(Fisher Scientific Co.) clock and Interval timer with a 
spring mechanism was used. The pigeons were weighed on a 
felouse Dietetic Scale of 500 gram capacity. To anesthetize 
the pigeons raw absorbent cotton saturated with ether (diethyl 
ether) was contained in the bottom of a desiccator having a 
diameter of 22 cm. and a. depth of 20 cm.

The maceration, when necessary, was carried out in 125 cc 
or 250 cc* Krlenraeyer flasks. The maceration was centrifuged 
at about 1800 RPM In a 110 volts AG or DC International 
Clinical Centrifuge fitted, with 50 cc. tubes* Dilutions were 

prepared in 50 cc. and 100 cc. volumetric flasks, 1 cc., 5 cc* 
and 10 cc. Mohr pipettes being employed for measuring the
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amount of sample used.
A Frlden automatic calculator was used for calculating 

J.HQ.1V1 dual aosag© on m ©  oasIs of one cc. ner kc» of body 
weight of pigeon, and for the calculation of all results.

The pigeons were securely fastened on pigeon boards (see 
figure 1) , each v/ing being tied down with an ordinary 40 Inch 
shoe lac© and each leg with a 15 inch string tie. The verti
cal piece contained two nails at the lower end of each side 
to anchor the leg ties.
Animals; Adult pigeons (Homers or Co: mion Barn Pigeons) of 
either sex weighing between 250 and 500 grams were used; one 
pigeon (table XXII) weighed 235 grams. The birds, neither 
sick nor emaciated, were starved 16-20 hours previous to use, 
except those In tables no. V, VI, VII, XVIII, XIX, and XX 
which were fed. The pigeons were obtained from Central Feed 
Company, Baltimore, Maryland. They were fed scratch feed 
containing cracked corn, whole oats and wheat and g4 pigeon 
feed, which consisted of whole corn, wheat and buckwheat, 
cracked rice, kafir corn, red millet end maple peas, both 
obtained from the Central Feed Company. Fresh water was 
supplied ad lib. A maximum of seven birds -was kept In a 
cage 22 Inches wide, 20g Indies deep aid lid Inches high. 
Material: 3amplea used included digitalis tincture, tablets
and leaves, digitoxin tablets and U.S. I• Reference Standard 
Digitalis, Digitoxin and Ouabain Powders. The U.S.if • digi
talis and digitoxin menstruuias were used to make ma aerations 
of the powders and tablets. II.S.P. Physiologieal Salt
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Solution was employed In the preparation of dilutions* hther
(diethyl ether) was used as the anesthetic.
Procedure: On the day of the experiment a pigeon was accu
rately weighed to the nearest gram, anesthetized with ether
In the desiccator and tied to the pigeon hoard. Son© of the 
feathers covering the undersurface of one wing were removed 
to allow observation of the alar vain. This vein was then 
exposed and carmadated. The modified syringe noodle was 
inserted into the vein after the distal end had been tied off.
The cannula was then securely fastened In place with thread 
(Clark yiO).

All macerations were prepared at least one day previous 
to the experiment. Liquid samples were used undiluted or
were diluted on the day of the experiment. Samples macerated 
were centrifuged before use. !i 10 solution to be tested was 
diluted in such a way that the estimated fatal dose per kilo
gram of body weight was diluted to 15 cc. with normal saline 
solution. If 1 cc. per kg. of body weight were administered, 
tli© average lethal time was sixty to ninety minutes; I.e.,
13-19 doses. An initial injection was given within a few 
seconds and additional injections every fivo minutes thereafter, 
Intervals determined by interval tinier, until death. If more 
than X cc. per kg. of body weight were administered Initially,
5, ?, or 10 cc. per kg. were given at one© and then additional 
injections at regular five minute intervals until the pigeon 
died. This shortened the time of Injection by forty-five minutes 
if 10 cc. per kg. were given initially; the pigeons dying between
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fifteen and forty-five minutes.
Death in the pigeon is due to failure of the circulation. 

The heart stops, the respir&ti Oil 3_ S ©i l.D3.PP8. ssgcI and convulsions 
and death ensue• The endpoint is sharp with digitalis, much 
less so with dig!toxin and ouabain. The endpoint used was the 
death of the animal, observations of toxic symptoms being made 
only to help determine the exact endpoint.
Sex: It is well known that it is impossible to determine the
sex of pigeons because of the absence of external genitalia 
and any other external anatomical differences» In this work 
the sex, as recorded in the tables, was determined after death 
by dissection and observation of either a single ovary or 
testes. Since Haag and woodley (37) 3 ..ad previously reported 
the absence of sex differences in lotl.al doses to cardiotonics, 
and since no differences wore observed during the experiment 
no correlation of sex and lethal dose was made*
Body height; Haag and Woodley (37) found that the lethal dose 
increased with a decrease In body weit :ht of pigeon. In the 
present experiments pigeons were selected on the basis of 
weight so that the mean body weight for groups tested by 
different methods on any individual sample was not slgnifieantly 
different. In this manner any effect upon the lethal dos© 
due to differences in body weight was eliminated.



Tiie results of tiie experiments are summarized in tables 
I-XXII• Two samples of Digitalis Reference Standard, three 
digitalis tinctures, one sample of digitalis tablets and one 
sample of digitalis leaves v/er© tested by tlie IT. 3. P. and 10 
initial close methods« One of the. digitalis tinctures (%able 
¥1} was also tested by a 5 initial close method, Digitoxin 
Reference Standard was tested by the U.S.-? • and 10 initial 
dose methods and digitoxin tablets by the b.S.F«, 10 and 7 
initial dose methods• Quab-ain Reference Standard was tested 
by the 1,5.1, and 10 initial dose methods•

In some instances, where small numbers of animals were 
involved, both procedures were performed on the same day. If 
a drug were tested by three methods or if a large number of 
animals were used, the period was often extended to a week 
and in a few cases to one to four months. Pigeons were selected 
on the basis of live body weight so that the arithmetic mean 
weights of the groups used for individual samples by different 
methods were approximately the same.

Dilutions of the drugs (column 5) were so prepared that 
the average lethal dose, if on© cc./kg. were administered per 
dose, fell between 15 and 19 doses (mean of column 6). A 

few of the experiments contain pilot tests, ; unformed to 

ascertain the dilution necessary to secure the desired time In
terval. In tables I-XXII, column 6 is headed no. of doses. In



the ease of the TJ.S.P. method this number represents the
actual number of doses of drug administered and is a direct 
indication of the tine of the injection. In the Initial 
dos© methods, the number of doses was calculated by adding 
the number of initial doses to the remainder administered 
until the experiment was terminated; i.e., even if 10 ec./kg. 
were administered initially, this initial dose was Indicated 
as ten. The number of doses in the latter Instance is not 
a direct indication of injection time. This procedure was 
followed because the number of doses was proportional to the 
lethal dose and could serve as a comparison between the 
XJ, S . P * and modified methods *

The time In minutes is recorded in the last column. For 
assays performed by the official method it is equal to 5 (no. 
of doses - 1} because the initial dos© was given immediately 
and the remainder at five minute intervals. Trie time in 
minutes for the modified methods is 5(no. of doses - Initial 
no. of doses). Hean times for both methods were calculated 
and are given In table XXIIX•

The lethal dose for each pigeon In terms of quantity of 
original sample has been included in tables I-XXXI, column 7, 
as well as the mean lethal dose for each method. All of the 
mean lethal doses have been summarised in table XXIII for 
ready reference and comparison. Th© lethal dose was calcu
lated by the short method; i.e., L.D. - no. of doses x % di
lution because each dose was equivalent to one cc*/kg.

All means Included in the tables are arithmetic - means



(averages)♦ The standard deviation {(T ) 13 equal to 
j 3(x - x) ‘V ( n - 1); where x s mean, x s an Individual obser
vation and n - number of animals* The standard error {£ ) is 
equal to / s (x - x)2/n(n - 1) or (P/jTal The value of 
S(x - x) 5.3 determined by squaring each deviation from the 
mean and summing them or by employing the short cut method 
expressed by the equation, S(x - x)® - - xSx (100)* The
statistic Mstandard error11 Is the standard error of the mean 
of samples and should not be confused with the standard deviation*



DISC ION
When comparing the N*S*P • and initial dose methods to 

determine if the mean lethal doses az*e the same, one must 
recognise that there are In fact two basic differences be
tween the methods* The first Is the difference in total 
time of Injection and the second is the existence of a non- 
uniform rate of Injection in the case of the Initial dose 
method* If a quantity of drug is administered Initially 
which is equivalent to ten doses of 1 cc*/kg* escn, tn..e time 
of injection will be ale. ,:r-.aalou by forty-five o provided

that the lethal dose v/ere the s-. a- In both Inst, ..os* Simi
larly th© time of injection thirty eiLr less for a
seven dose and twenty minutes less for a £: a '.;lal
method. The latter two methods have been inc.m,. ;& ot,i7 to)
aid in the comparison of U • S • P • and 10 dose-.inll hh. methods•

V  v
A perusal of t able iCXill will snow that the d i f o f  
mean time of the two methods was not exactly fopty-five 
minutes but varied in small measure sit I ••••" positively or 
negatively because of the difference of the e-rue of the mean 
lethal dose. The mean difference of time for the ten com
parisons is, however, 4G*7 minutes* The use of the 10 initial 
dose method In place of th© present U.3.P. method will reduce 

the injection time for. an Individual pigeon by at least bOp* 
The non-uniform rat© of injection Is the result of the 

administration of a rather large sub-lethal dose initially



and subsequent small increments equal to 10/j of this dose#
This procedure has been used previously by hatcher and Brody 
(45) who injected 75y of the expected lethal dose to a cat 
within fifteen minutes. The total tine of their assays, how
ever, was at least on© hour and fifteen minutes# Howntree 
and Maeiit (73) injected 10 cc# in five minutes and then 1 cc. 
per minute thereafter# The latter did not base their rate of 
injection upon the weight of th© cat and the amount per kg. 
was thus considerably less* Therefore the mean injection time 
by the 10 dose initial method (table XXIII) was less than that 
of Howntree and Maebt, In most cases equal to less than half 
of the moan times of the assays performed by them#

An inspection of table XXIII reveals only small differences 
between the mean lethal doses as determined by each method* In 
many cases on© could easily decide without stati 1 .analysis
that there exists no difference between them, however because 
tix© standard error of each mean is not considered in this 
comparison and also because of border line instances In which 
significance may exist, use of "Students'* t test lias been made 
to facilitate comparison. There are of course other statistical 
procedure 3 tu a t could be used. The fact that the t test Is 
well known and is essentially an analysis of variance, if only 
two means are considered; such analysis of variance being 
widely applied to biological data, has resulted in Its use.

Table XXIV lists th© calculated and theoretical (table) 
values of t* Degrees of freedom (d.f.) is an essential part 
of the tabid, ©specially where small numbers of animals were
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used# The degrees of freedom are the number of independent 
comparisons vrhich exist within a group and. are usually equal 
to a - 1, where n - no* of animals or independent observations. 
Where the means of two groups are being compared, d*f. r 

(n^ - 1} * (ng - 1) or 2n - 2 if n-|_ - ng*
The equation for the calculation of t is t s (x*̂  - xg)/ 

j/^ 1^ * where and xg are two means and ]_ and. /C,

are the respective standard errors of each* The theoretical 
value of t is the value for P s 0.05 (th© probability of a 
deviation equal to or greater than tj at this level of signifi
cance) • If we assume this level of significance, we will be 
wrong not more than once in 20 trials in the long run*

The following example will help to explain the use of the 
terms and equations in a t test analysis. Let us consider a 
comparison of the mean lethal doses of digitoxin tablets, 
9H-27C, obtained by the u.S.f. and 10 dose initial methods• 
hirst a 51 null" hypothesis that there Is no difference between 
the two means Is formulated* Then the t test Is applied to 
prove or disprove tiais hypothesis • The respective means for 
the U.S.P. and 10 dose initial methods are 0.40 and 0.58 and 
the standard errors are both 0.02. The above data are found
in tables XVI11 and XIX. The value of t Is (x^ - xg)/ £  2'
or (0.40 - 0*38)/ j/chOOOl * 0.0004 and is equal to 0.67. This 
calculated value of t is found in table XXIV together with its 
theoretical value. The latter can be found in a table of t (101) 
for ? - 0.05 and degrees of freedom s 36, since (tables XVIII 
and XIX) nq » 18 and no « 20. After 30 degrees of freedom most



tables give the value for d.f. s 10* The value 2.029 is thus 
an interpolated number. For n, the number of degrees of 
freedom, infinite, t r 1*900 for P s 0 .05.

Th© hypothesis that there exists no difference between 
the two means must be accepted for a significance level cf 
f m 0.05, since 0*67 is smaller than 2.029• That is, if it 
is said that the difference between the two means Is not 
significant the statement will be wrong once out of 20 times•
A level of slgnificance equal to once in twenty is usually 
accepted. A word of caution must be interjected here lest a 
false conclusion be assumed that the two means are equal•
The only conclusion that can be made is that under the conditions 
of the experiment no slgnifleant difference between the means 
is demonstrated• Table XXIV shows an absence of significant 
difference in all comparisons•

The belief (10) (37) ti:at there is an increase in tiie value 
of the lethal dose with a decrease in time of injection is 
certainly not demonstrated, by the results of these experiments* 
Such an increase in th© lethal dose could coexist with a 
decrease due to the injection of a moribund dose resulting in 
an insignificant difference of the means• The injection of 
approximately 75p of the lethal dos© within five minutes may 
conceivably cause a state of morbidity sufficient to decrease 
the lethal dos© of the drug as determined by the U.S.P. method. 
The heart sounds of the pigeon were compared, using a stetho
scope, after ten doses of 1 co./kg. each and after a single 

dose of 10 cc./kg* bo discernible difference in the con-
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dltioa of the heart was noted. An electro ear dl ©graphic 
recording alight be more revealing# The emetic reflex and 
struggling were usually absent after the initial 10 be*/kg* 
dose but also after ten single 1 cc./kg* doses*



CONCLUSIONS
1. A significant difference could not be demonstrated between 

the mean lethal doses of:
a. digitalis preparations, determined by the U.S.P* and 

5 or 10 initial dose intravenous pigeon methods*
b. digitoxin preparations, determined by the b ,s.p # and 

7 or 10 initial dose intravenous pigeon methods,
e. a ouabain preparation, determined by the '0.3,1• and 

10 initial dose intravenous pigeon methods.
2. flier© ?eas no observable Increase in lethal dose with. a 

decrease in injection time*
5* The Initial multiple dose method can bo used for the bio

logical standardization of digitalis and its allies.
4, The 10 dose Initial method, Involving a non-uniform rate

of injection, decreases the injection time for an individual 
pigeon by 45 minutes*

«



FAHT II

Tills in v©3tilat 1 on was undertaken primarily to develop 
a procedure to shorten the time of the U.S.a. biological 
assay for cardiotonics* However it is important to note, 
even if this modified method (Iart I ) gives results not 
siqnlf1cantly different from results obtained by the official 
method, whether there is within a given range of concentration 
an increase in the value of the mean lethal dose, with an 
increase in the amount of drug administered per dose. This 
increase in concentration of drug per dose shortens the 
injection time but the amount of dilution administered Is 
uniform throughout; i.e., one co./kg. of pigeon.

A certain amount of drug can produce a desired effect, 
such as death In an experimental animal, useful in the bio
logical assay for the determination of the relative potency 
of the drug• However, as in th© case of the intravenous 
pigeon assay for cardiotonic preparations, it is impossible 
to ascertain the portion of drug which has contributed to the 
death of the animal (19)♦ Thus one cannot state that the 
lethal dose is actually the amount of drug that has been 
administered, and that within certain finite limits the death 
of the pigeon Is dependent upon the time of administration of 
this quantity of cardiotonic; i.e., dependent upon the concen
tration per unit time. If the lethal dose were actually the



amount of drug administered, there would still exist an 
”overshooting’1 factor In any periodic Injection method and 
it would, of course, be greater at the higher concent.--ation.

Clark (19) has stated that a theoretical formula in which 
concentration is dependent upon time Is Impossible In bio
logical phenomena* If this postulate were true, the lethal 
dose would be independent of time and therefore of concen
tration for all tines and all concentrations * But as is 
stated by Clark (19) concentration x time - constant (CT - K) 
Implies that an infinite dilution produces an action In 
Infinite time and that a sufficiently shrong concentration 
will produce instantaneous action* These are both untruths 
because there is a minimum threshold active concentration 
and also a minimum time needed for the production of a 
response*

The problem Is then, to determine whether in an intra
venous type of injection in which all animals die, th© mean 
lethal dose varies with the concentration of drug administered 
per unit time* This problem has been Investigated In guinea 
pigs, cats, and In at least one Instance in pigeons* Results 
have been inconclusive and contradictory*

The most contradictory results have been obtained with 
the Kn&ffl-Lenz method employing guinea pigs* Braun and 
Siegfried (12) state that Ku&affl-Lenz showed that the quantity 
of aigitall3 leaf required to cause death was greater for a 
0 * op solution than for a 1*.0 to 2 * dp solution; that Goldberg 
found an increase in lethal dose with an increase in the



quantity of drug Injected per minute* Straub erfe al* (79) 
showed that toxicity decreased with dilution only up to a 
certain, point# They used dilutions of gitalin, digilanide 
and k-strophanthin* Chapman, as quoted by Allmark (10), 
using guinea pigs found an increase In the lethal dose of 
tincture of digitalis with an Increase in the concentration 
of the Inject! 021 fluid*

Braun and Siegfried (12) were unable to observe an in
crease in th© lethal dose of digitalis with an increase in 
concentration per Injection, when the drug was administered 
Intravenously to guinea pigs. They also state that Otterstrom, 
levy and Otterstrom and Brun made the same conclusion* Ifuja 
and Hoick (61) actually observed a decrease of lethal dose 
with increased concentration*

Hilaebrandt (47) Investigated the effect of an increase 
in concentration upon the lethal dose in cats* G-strophanthin 
shewed maximum toxicity when Injected at a rat© of 0.05 
m g */kg./hr* At higher or lower rates of Injection the toxicity 
was appreciably less. For digitoxin, the lethal dose increased 
as the rate of Injection was increased. Vos and Dawson (94) 

found that In cats at shorter injection.times, produced by 
increasing the rates of Injection, the mean lethal closes of 
digitalis, ouabain and digitoxin sigrilfIcantly increase*
Hoick orfc al* (43) observed a similar relationship between rata 
o f in j © o 11 oi2 and •/d. -i> 0 U •&- i DA v.1 jg) <3 '•-/ t./ A1 C 4/ *—1"!- (£3 O JL h ligitails *

uj.i,iis  ̂*.■'/) iias s La c*©u ui.itc L' only our t of the amount of 
cardiac glycosides Injected into cats contributes to the death



of the animal• The lethal dose measured experimentally tends 
to increase as the concentration of digitalis in the injection 
fluid Is increased because the contribution of th© last 
injections is especially small. Thus Bliss was aware of the 
difficulty of 'measuring th© lethal dose in a periodic in
jection assay and recognized the flovershooting” phenomenon, 
previously noted by Haag and Woodley (37). Bliss and Allmark 
(10) found a statistically significant increase in lethal 
dose with an increase in rate of injection in two out of three 
samples of digitalis powder♦

Haag and Woodley (37) found that th© lethal dose for 
pigeons varied with the rate of injection. They state that 
the very rapid injections gave a higher mean lethal dose than 
slower injections* This they believe is due to ffovershootingn, 
more apparent of course at th© higher concentrations•



hXPi IK i l l  tliT A L

Apparatus and Animals; The apparatus and pigeons used were 

the sario as In Tart I*
Material: Samples used included a digitalis leal, and ’U*3*P*
Eeference Standard Digitoxin and Ouabain Powders « liens truums, 
diluents, and anesthetic were the same as in Part I *
Procedure; The method of eannulatlon and the preparation of 
macerations and dilutions were performed as in Part I • 
Injection was Intermittent, one cc* of diluted sample per 
kg* of body weight of pigeon being a drain! stored at five 
minute intervals• hacli of the six dilutions of the digitalis 
leaf sample were tested upon sixteen pigeons, twelve tests 
being performed in a single day upon two samples of each 
dilution* Experiments were carried out upon four dilutions 
of U.S.P. Reference Standard Digitoxin Powder, Fifteen 
pigeons were used for each experiment and twelve dally tests 
Included three of each dilution, except on each of two days 
(so© page 43). The experiment on U.3.P* Reference Standard 
Ouabain was performed in the same manner as digitoxin, except 
that eighteen animals were used for each dilution* Thus 96 
(digitalis), 60 (digitoxin) and 72 (ouabain) animals used 
respectively totaled 228, a sufficient number for statistical 
evaluation and analysis*
Sex and Body height: The sex was determined and the pirgons
selected on the basis of body weight as in Part I (wage



Tables XXV to XXX contain tiie results of experiments 
on a digitalis leaf sample using six different concentrations 
of drug# Two tests were performed on each concentration on 
an individual day; the experiment was completed within 52 
days# The tests performed with four concentrations of TJ.S.f• 
Digitoxin Reference Standard are summarised in tables XXXI 
to XXXIV# Three tests wore performed on the 0*02 and 0,05 

mg*/cc* concentrations on each of five days (tables XXXI 
and XXXIX)• Three tests were performed on the 0.05 and 
0.08 irtg./cc. concentrations on each of three days and six 
tests on a fourth day (tables XXXIII and XXXIV); all of 
tlxes© were completed within 15 .days* The results of the 
tests of four concentrations of U .3•P . Ouabain Reference 
Standard are contained in tables XXXV to XXXVIII• Three 
samples of each concentration were tested on a single day 
and the experiment, completed within 43 days.

An increase In the concentration decreased the time of 

injection and vice versa. This variation in rat© of 
Injection resulted in a variable number of doses necessary 

to produce th© lethal effect• The concentrations were so 
selected that the mean number of doses was equal to, less 
than or more than the number specified in the U.3.P. XIV (87). 
The mean no* of doses and mean time In minutes are summarised



in table XL* All tests wane performed with a uniform rate 
of injection (1 ec./kg. svery five minutes); thus the number 
of doses was a direct indication of Injection time. The time
in minutes was calculated, as in fart I; i.e., number of
minutes s 5(no. of doses - 1).

The lethal doses were calculated as in Fart I (page 30) •
Table XXXIX has been included for a rapid comparison of the 
mean lethal doses for the different concentrations. The value 
of the mean, standard deviation and standard error (tables 
XXV to XXXVIII) were calculated as in Fart I (pages 30 and 31)
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In order to determine whether there was an increase in
the value of the mean lethal dose with an Increased rate of 

Injection; I.e., an increase in concentration of drug per 
Injection, the results were subjected to an analysis of 
variance (100)# T&e data for this analysis are contained in 
tables XL! to XLIII* The "null11 hypothesis that there was no 
difference between the means was formulated# The analysis of 
variance necessary to prove or disprove this hypothesis Is 
contained in table XLIV for the results of the digitalis 
experiments, in table XLV for the digitoxin experiments and 
In table XLVI for the ouabain experiments. The sources of 
variation considered were (a) the variation between groups, 
representing the variations between the mean"lethal doses 
obtained with each concentration, and. (b) the variation with

in groups, the errors of the Individual assays. The following 
example will Illustrate the calculation of the variance ratio 
in table XLIV and its use In determining whether the difference 
between the means is significant for P s 0.05.

The sum of squares between groups is calculated by sub- 
tracting the correction term, (3T ) V n ,  from the sum of the 
squares of the individual group totals divided by the number 
of pigeons in each group, S(T^/n) • The correction term for 
the data in table XI.I is the summation of trie totals squared 
divided by the total number of pigeons in the six groups or



(5103*5)~/90 - 279882.00• S(T^/n) r 280839• 70 , where n m 16,
and the sum of squares between groups a 280859*70 - 279882*00 s 
957.70* There are six groups of observation, five degrees of 
freedom, and the mean square (variance) is equal to 957.70/d - 
191.54* Th© total sum of squares is calculated by subtracting 
the correction tern from the summation of the squares of the 
ninety-six observations, Sx2. This is expressed algebraically 
by Sxh - (3T)^/n, and is equal to 283711.75 - 279882*00 -

The sum of the squares within groups (error) is equal to 
the summation of the sum. of the squares of the deviations 
from the mean, 33(x - x)2 and is equal to 2872*05. This is 
of course also equal to the total sum of squares minus th© 
sum of squares between groups, since T/n * x and S(x - x)2 »
Sx^ - xSx. Th© total number of degrees of freedom is 95, 
five of which have been used in the calculation of the mean 
square between groups; the remainder representing the degrees 
of freedom within groups. Th© mean square within groups is 
2872.05/90 s 51.51*

The variance ratio (?) is the quotient of the sum of 
squares between groups divided by the sum of squares within 
groups or 191.51/31.91 - 6.00. The theoretical value of P (102) 
is obtained from a table of variance ratios. A significance 
level of P a 0.05 is used to determine 'whether a signifleant 

dif ference exists between the mean lethal doses obtained by 
testing the various concentrations of the digitalis sample.
The table value of P for this 5/ point is 2.33, and sine©



the calculated P is greater than tills nwdber* it is concluded 

that there is a significant difference be tv/e en the values of 
the means* This conclusion will be wrong once in twenty 
times because this is the probability of its occurring by 
chance•

The analysis of variance for the data of digitalis and 
dig!toxin (table XL-IV and XL?) show that there is a difference 
between the means. The analysis of variance for the data of 
ouabain (table XLVI) shows no such difference between the 
means. The value of P in the latter case is 0*77 and a value 
of F less than 1.00 cannot be assumed significant for any 
level of probability.

Prom the results of the above statistical analysis 
there appears to be a difference between digitalis and digl- 
toxln on the one hand and ouabain on the other In regard to 
the effect of the rate of injection upon the mean lethal 
dose* Pven In the case of digitalis and digitoxin, however, 
there appears to be no difference in the mean lethal doses 
within a range of 15.2 * 35.4 doses for the former and
16.8 - 23.9 for the latter (tables XXXIX and XL)• The dif
ference which exists may be due to the difference In the 
rate of absorption or fixation of the drug In the heart 
tissue or to the 11 over shooting11 phenomenon, present in any 
periodic injection procedure, or both.

The rapid Injection of the cardiotonic may result in 
the loss of a portion of the drug because of its fixation 
In organs other than the heart or as seems more likely, there



may exist a difference in the time of fixation CW.U- X VX. WO ction of 
the drug upon the heart itself; this period is greatest with 
digitoxin and least with ouabain* Further studies should be 
made to determine the time-action curves for the cardiotonics 
using isolated mammalian hearts. The action upon the vagus 
nerve in the intact an5mal should not, however* be overlooked*

The results obtained in Part 1 indicate that 11 over-* 
shooting*1 is the most significant factor responsible for the 
increase in lethal dose with an increased rate of injection. 
Even though the time of assay was considerably reduced using 
the 10 dos© Initial method* the value of the mean lethal dose 
remained unaltered* Here M overshooting** was of the same 
approximate magnitude as in the o'*3.f. assay, since the last 
Sbp of the lethal dose was administered with, the same rat© 
of injection. It Is apparent, however, that an increase in 
lethal dose with an Increased rate of injection may in small 
part be the result of the inability of the drug to be fixed 
and thus exert its action upon the heart.

The results of Part 1 and Part II a near to be contra
dictory. In the case of the former there was no increase 
of mean lethal dose with a decrease In injection time. In 
Part II there was a significant increase at the more rapid 
rates of injection for digitoxin and digitalis but not for 
ouabain. Thus even within the results of Part 11 there Is 
a contradiction. This contradlction has been observed before 
with methods In which rate of injection is varied by the



concentration oX* drug injected per unit time (pages 39 - 41) 
and la probably caused by the poor design of tire experiment.
T!ia experimental design in Fart 1 and Part 11 both appreciably 
reduce the time of injection but in two very dissimilar ways. 
However, the results of the method in Part I, where a non- 
uniform rate of injection is used, are comparable to results 
obtained by the U.S.?. method; whereas the results of the 
method, in Part II, wlxere a uniform rate of injection was 
employed, do not*

An examination of table JOOC1H reveals that there is a 
significant difference between the mean lethal dose as deter
mined at the slowest and fastest rates of injection for digi
talis and digitoxin. fable XL shows that at the largest 
concentration of digitalis (10.0 mg./cc.) the total injection 
time was 24.4 minutes and at the largest concentration of 
digitoxin (0.08 mg./cc.) th© total Injection time was 36.3 
minutes. The largest concentration, of course, produced th© 
most rapid rate of injection. Table XXIV reveals no signi
ficant differences between the results of the U.3.P. and the 
initial 10 dose method3. Table XXIII shows that the same 
digitalis sample (30-C), also tested by the procedure of 
Part II, was injected within 31.4 minutes by the 10 dose 
method and other digitalis samples In 23*8, 22.5, 22.(3,
47.5 and 25.8 minutes• Table XXIII also shows that the same 
digitoxin sample (Digitoxin Reference Standard), tested by 
the procedure of Part II, was Injected in 35.3 minutes. The 
time of Injection was only 23.3 minutes for digitoxin tablets,
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Decreasing tiie injection tine does not C 8. ‘.--i 3 O an increase 
in the mean letiial dose of cardiotonic Dor pigeons• Dven 
though the shorter methods of injection map be influenced 
br the ability of tie pigeon heart to absorb end fix th© 
drug, this influence does not cause an increase in mean 
lethal dose as measured by the U.S.P. method.

The method of determining the lethal dose in Part II is 
similar to the U.S.P. method in that a constant rate of 
Injection (1 cc./kg.) is maintained throughout the experi
ment. The method employed in Part I Is unlike the U.S.P. 
method because a non-uniform rate of injection was used. The 
reason for the contradictory results appears to lie elsewhere. 
Using a 10 dose Initial method, little precision is lost, 
because the last injections are e,dninistored in the same 
manner as trio official method and n over shoot in,g;f is of the 

some magnitude in both instances.
It is certainly apparent that the design of the experi

ments in Part I and Part II differ. This difference In 
design accounts for the discrepancy between the values of the 
mean lethal doses at the shorter injection times. A constant 
rate of Injection is not the essential factor in comparing 
mean lethal doses obtained with different Injection periods•
In this case the rate of Injection is varied by varying the 
concentration injected per unit time with a definite loss 
in precision because of the Intermittent injection procedure.

That the design of the experiment in fart 11 Is a noor
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one is borne out in two ways. First the mean lethal closes
^obtained are not comparable because of the great variation 
in the amount of novershooting" $nd secondly there are 
oontradictions between experiments performed in the same 
manner# In regard to the latter a contradiction exists in 
XJart JLI OX Clii 3 %i O rk, whex*eln re stilts with digitalis and 
digitoxin differ from those of ouabain. Discrepancies found 
by other workers using this method are noted in pages 39 -
41. The first reason explains why th© results of this method 
should not be compared with those of the official XJ.8.P. 
method; I.e., results which are not obtained with an equal 
loss in precision cannot b© compared.

The use of the periodic Injection method of th© U.S.P. 
is certainly not without Its failings. A continuous injection 
method to Increase th© accuracy of the experiment would 
certainly be an improvement» The purpose of this work Is, 
howover, to shorten the time of the official assay and the 
non~uniform rate of injection method does this without a loss 
in precision. This fact has been demonstrated by th© values 
of the mean lethal doses obtained*



A significant difference was demonstrated between the 
mean lethal doses, determined by the intravenous -pigeon 
method* of:
a* six concentrations of a sample of digitalis loaf* 
b* four concentrations of a digitoxin sample*
A significant, difference was not demonstrated between 
th© mean lethal doses of four concentrations of a 
ouabain sample tested intravenously in pigeons.
There was an increase in mean lethal dose with an in
crease in th© rate of injection of digitalis and digi- 
toxin but not of ouabain*
There was no apparent increase in the mean lethal dose 
of digitalis within a range of 13.2 - 35.4 dosesj i*e*,
60,9 - 172,2 minutes*
Th© **overshooting11 factor, present in a periodic in
jection procedure, is the efolof cause of the increase 
of mean lethal dose with an increase in the rate of 
injection*



A method has been described to shorten the time of 
til© U.3.P. intravenous pigeon assay for cardiotonics. fills 
method Involves the use of a non-uniform rate of injection,
In that an initial dose Is administered equivalent to ton 
doses of one ee./kg. oach. The remainder of the drug is 
given in increments of one cc* per kg* of pigeon* Compari
sons have been made between this and the U.D.f* method with 
samples of digitalis, digitoxin and ouabain. Dilutions 
were so prepared that the mean lethal dose fell between 13 
and 19 doses if tested by the U.f.r. method* Ho significant 
difference between the mean values obtained by the two 
procedures could be ascertained by a t test.

The relationship between lethal dose and rate of 
Injection has been observed with a sample of digitalis leaf, 
Digitoxin deference Standard and Ouabain Reference Standard. 
Six concentrations of digitalis and four concentrations of 
digitoxin and ouabain were used to vary the rate of injection. 
An analysis of variance showed a significant increase In mean 
lethal dose at the higher concentrations of digitalis and 
digitoxin. This Increase was not demonstrated with ouabain. 
The lack of precision associated with a periodic Injection 
procedure, resulting In considerable uovershooting11, 'is 
proposed as the chief cause of the increase in mean lethal 
cios e •
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TABL8 I
SuEimary of Pigeon Data

Sample: 
Prepare

IT. S * P . 
Dion of

1)10]
samp]

* ,a. i JL iV -./.i. . :‘Wv f-j
»e: One gin. In 10 cc.

ADD, DA
5 . »"J . X. .

A "?»t> ;r. ~r i \ r y  ’ta o Wtiiiii i X uh a * \J  9 &+

mens truum•
Injection; One 

(u.
cc./q p 01 # i •

'leg. every five minute 
m@th.od) .

s until aeath

Pigeon
number

Date Sex Body wt. Dilution 
in leg* co./lOO cc*

iTbT of
closes

-O. x).
(lag . /kg

Tima In 
?;,) minutes

i 2/23/50 p 0.347 6.0 13 78 ,0 60
#3# tf P 0*394 11 15 90.0 70
rrt-
O . 1* M 0.430 M 15 90.0 70
4 * U M 0.438 « 11 G6.0 50
n;« it » rfcfi 0.59b 11 13 78.0 60
r-> • 2/25/50 M 0.118 15 80,G 70
7. 3/11/50 mx. « 0 .370 ” 15 90 .0 70
8 • it 0.552 rt 17 10 >■j . K-X 80
o *./ * it F 0. ooO ’* 12 72,0 55

10. it M 0.530 w 17 102 • 0 80
11. n p 0.312 51 16 96.0 75
12. tt P 0 .33G r! 13 78.0 i50
13. 3/18/50 F 0.316 11 15 78.0 60
14. tl Pi 0 .380 ” 14 84.0 65
i c--4- • it M 0,400 fr 13 78.0 oQ

Mean 0.373 14.1 84,8 65.7
Standard 
Deviation (CJ ) 0.044 1.8 10.6
Standard 
Irror { } 0,011 0.5 2.7

mailto:m@th.od


Summary of Pigeon jJii ta
Samples U.S.P. DIGITALIS PUFBRUPCa STAhPAEQ MACERATION NO. 2 
Preparation of samples One gm. in 10 cc. U.S.?. menstruum*

Pen cc./kg. at once; then 1 cc./kg. every five 
minutes thereafter until death (10 dose initial method)

P ip;© on
number

Date o O 2C Body wt . 
in kg •

Dilution 
ee./lOG cc.

!Jo. of 
doses

i"shj # xJ *
(ss&j/k&J

T ime in
minutes

n- • 1/15/50 ?• ” 0*495 .  0 14 84 . 0 20
c h- # Tf P 0.342 tl 15 90 .0 25
r-p<J * tl F 0 • u 13 78.0 15

5/8/50 M 0 •  4 X 6 tt 15 90.0 25

6# K p 0.100 it 15 90.G .-;D r;

6 # ft M 0.404 tt 15 90.0 25
7. n M 0.468 n 14 81.0 20
8 • tt p f  \  '~.A OV 5*#'" '■»>'

ft 13 73 .0 15
9. ff M 0.556 ft 12 72.0 10

10. d/16/50 i#A 0 • 308 rt 15 90.0 o srtCr%̂

11 • ft F 0.3S4 t? 17 102.0 w> v-‘
1 o*3 «

n ? ‘Trh 0.362 ri 15 90.0 O
f  j

I d *
tr T,ra

jp 0 .  ■: J Oh rt 15 90.0
14. tt

F 0 . 3hi » 17 102.0 O  O

15. ft F 0.400 it 15 90.0 O  R

Kean 0.383 14.7 88 .0 « 3

Standard 
Deviation ((T) 0  . D o  o ~i -v: JL * 8 . 1

Standard 
Error (  f  ) O . O l i 0.3 o  . 1£6 •  <JL



Summary of Pigeon Data
Sample; U.S.P. DIGITALIS FIDPSREKCE STANDARD, MAC DRAT I. QMS 1-1 
P r ep ar a t i on of sample: One grru in 10 cc. U.S.?. menstruum.
In^eotTonl On© eeV/kg. every five minutes until death 

(U.S. P • m e tii o cl} .
P ig e o n
n u m b er

D a t e S e x Body w t *
. . i n  k g .  .

D i l u t i o n  
c c / 1 0 0  c c .

Ii 0  . o f
dos 03

L . 'D .
1

T im e i n  
m in u t e s

1 .  4 / 1 1 / 5 0 F 0 . 2 6 0 6 . 0 1 6 9 6 0 7 5

oH-+ • *? F 0 . 2 7 2 H 18 1 0 8 . 0 8 5

3 . « F *r\ .* r? C'i A/ * "t uO rt 15 9 0 . 0 7 0

A 0 ii P 0 . 3 9 8 a 14 8 4 . 0 o o

0 u ftA. . v_> J tt l b 96  . 0 75

o * n 14 0 • A o 8 rt 1 6 3 6 . 0 7 5

M ean c\ '-Ka, r,# <■> w 1 £> • 8 9 5 , 0 7 4 . 2
S t a n d a r d  
D e v i  a t !  on ( <T) 0  . 0 9 0 1 . 0 B *0
S t a n d a r d
E r r o r ( 6 ) 0 . 0 3 7 0 * o 3 . 3



Summary of Pigeon Data
Samples If.3.P. DIGITALIS HLFPHLIICD 3TAUDARD, MAO EH AT I OHS HO. 3 L 4 
Preparation of samples One gun in 10 cc* U.3.F* menstruum. 
Infection's Ten ccTTkg* at once; then 1 cc*/kg. every fiveminutes thereafter until death {10 dose initial method)
FTgeon DaUe Sex Body wt* Dilution XfoT^oT ITTdT* H i e  in
number in kg* co*/lQO cc* doses minutes

1* l/ld/cQ F 0*294 6.0 17 102.0 35
2. n M Oto*o ” 10 90.0 25
3. n M 0.416 " 14 81.0 20
A * SI F a **. i *vj • -i- •;£ " 18 108 • 0 40
5. it F 0*350 " 14 64 *0 20
* tf 0 .390 " 15 76.0 15

Mean 0*36? 15.2 S1.0 25.8
Standard
Deviation <<n 0.057 1.9 11*6
Standard
Error <C) 0.023 0.8 4*7



TABLE V
Summary of Pigeon Data

Sample: TIUGTUEK OF DIGITALIS, 911-123.
P r e p a r a t i o n  o f  s a m p l e : 11 o n e  •
I n j e c t i o n ; ~ One cT.'/icg• ©ir e r j  f i r e  minutes until d e a t h  

(TJ. 3. P * me thod) *
Pigeon
number

i Date Sexi Body wt.
in kg.

dilution 
cc./lOO cc.

Ho. ~f
doses

i7.iv.---
.loes/ksO .

Time in
minutes

1. 9/o/49 0.413 5.0 13 0.65 60

2. <1 0.288 n 16 0.80 75
3. H 0.378 ft 13 0.65 60
4. 9/7/49 0.332 M 16 0.80 75
5# tt 0.410 » 13 0*65 60
6 . fl 0.418 ff 15 0.75 70
7. rt 0.370 II 12 0.60 55
8. 10/5/49 P 0.306 ff 14 0.70 65
9. " M 0.438 t! 16 0 .80 75

10. 10/a/49 0.324 It 18 0 .90 85

11* 81 0.368 1* 15 0.75 70
12. fl 0.100 tt 14 0.70 65

13. 10/12/49 0.404 H 14 0.70 65
14. It 0.390 tt 14 0.70 65
1 L';Av*. ft 0.440 ff 12 0.60 55

Mean 0.379 14. 3 0.72 66*7
Standard 
Deviation ((T) 0.047 1. 7 0.08
Stan3arcf 
Error (£ ) 0.012 0. 4 0.02



Summary of rigeon Data
Sample: TINCTURE OF DIGITALIS, 9M-129.
Preparation of sample: Hone•
Injeotxorrr' M v e  cc*/kg. rat once; then 1 cc./l:g. every Dive

minutes thereafter until death {5 dose initial method)
Pigeon
number

Date ' S e x Body wt.
121 zxQ »

Dilution 
c c . / l O O  c c .

Ho. 0 ? 
doses

■Lj » J-J .
( c c . / ' : ; . )

Time t i  
minute i

1 . l O / l o/49 0 • cKc4- b . 0 15 0,75 50
iCS « w 0 * 310 SI 16 O•O 55
O # ft 0 * 500 n 16 0 .  oO 0 0

« tt 0 * 5ci0 tt 17 0 .  a  d GO

t;kJ • rt 0.410 it 12 0.60 35
6 * ti 0.412 tt 14 0.70 a riJQ
7 » 10/29/49 F 0.418 n 13 0.65 40
o • tt 0 .307 ?r 13 0 .65 40
9. rt ? ,r 0 « 'ri tj-£i tt 12 0 • 60 5 0

10. if F /*\ I? i" '? U?w * C)0 0 ri 13 0.65 40
11 •*» • 11/2/49 JPh 0.460 it 15 0.75 50
J. * T-T 0 . A 4 tt 14 0.70 4 0

. 11 ill 0 * 0  0 0 ft 13 <). 6 5 40

14. n jn 0.473 a 15 0.75 SO

1 F„ -A. 'V « ti F 0 .  0  0  2 it 1 0 0.60 'K *•*.„ •kj

Mean 0 .  Ocj 3 14.0 0 . 7 0 4 o • 0
Standard 
Deviation CO ) 0.058 1.6 0.08



TABLE VII
Summary of Pigeon Data

Sample: TINCTURE OF DIGITALIS, QM-129,
Preparation of sample: Pone .
XnjT^tlon;~ Ten ccT/kg. at once; then 1 cc./kg. ©very .five

minutes thereafter until death (10 dose initial method)*
P Igeon 
number

D ate -j © *k Body wt* 
in kg.

Dilution 
cc./lOQ cc.

Ho * of 
doses

JLJ m D *
(cc,/kg,)

Time in
minutes

1. 10/l/49 0 * Ol is/ 5.0 13 0 »65 15
•£0 * tt 0,426 it 1 e;_L 0,75 O ̂(■m* *.J
O m tt 0,452 if 0.70 20
• ?t 0.416 it 14 0 .70 20

5. 0 » % 6 B ti 14 0.70 20
6 • tt 0,362 S'! 14 0.70 20
7 m 10/ 5/4a 0.476 II 14 0.70 2 0

8, n 0 • ol 3 tt 15 0,75 25
9  m tt 0 * 446 ft 15 0.75 25

1 0  m 1 0 /8 / 4 9 0.408 ft ll 0.70 20
1 1 m tt 0.456 n 13 0 • 65 15
1 m ti Q . 370 n x 0 0.75 25
1 5 m 1 0 /1 2 / 4 9 0,400 H 15 0.75 0 r
11 • tt 0 ,122 fl 17 0 . 0 0 0 0

3L 6̂ m tt 0,404 II 15 0.75 0 SI/. J' #w>
Mean 0,43.1 14.5 0.72 O O "S
Standard 
Deviation ((T) 0.051 1.0 0.05
Standard ^ 
Error (c ) 0,013 0*3 0.01



TABLE ¥111
Summary of Pigeon Data

Sample; TIKCTLd < OF DIGITALIS, M-113,
Preparation of sâ iiple : IIone.
Injection: One cc./Icg. every five minutes until death.

(U.S.P. method).
Pigeon
number

Date Sax Body v/t. 
in kg.

Mlutlon 
cc,/l00 cc.

Ho. of 
doses

r r\
J*J « x/ ,

(cc,/kc
Time In

-.) minutes

1. 9/B/bO M 0 . 394 5,0 15 0.75 70
o fi M 0,342 ti 15 0,75 70
3. ii F 0 . 250 H 16 0.80 75
4 • it M 0.260 fi 14 0 .70 65
5 * SI M 0.420 n 15 0.75 70
6* fl F 0.312 n 18 0.90 85

Mean 0.330 15,5 0.78 72.5
Standard
Deviation i(T) 0,069 1.4 0.07
Standard
Error . <<f) 0.028 0.6 0.03



m f. Vi" r;i -r tf inOiJli J.A

Summary of Pi a© on Data
S a m p l e : •CTUKE OP DIC-XTAL X ■ XI o .
reparation of sample: Hone.

Injection: Ten cc./
minutes

Meg. at 
tiiereaf

one e; then 1 
ter until ciea

CC m / k g .
tn (10

©very five 
lose initia1 metiiOi

pigeon Date 
number

Sex Body wt 
in kp.

Dilution 
CC./100 cc.

Ho/ of 
doses

.0 . D . 
i.9e_./kg.).

T ime in
minut es

1. ti/u/ do 0 * 094 5.0 15 0.75 25
O it • F 0.510 f? 14 0.70 20

si# i.' 0.284 ?! 0.80 30
4 . ” P 0.250 ff 14 0.70 20
5 . H F 0.418 It 15 0.75 25
6 . £T i* 0 # uOo *1 13 0.55 15

Mean 0.527 1 a • o 0.73 O r > -a
Standard
Deviation « r > 0 • 0 ti 6 1.0 0.05
Standard
Error < £ ) 0.027 0.4 0 . 0 2



Summary of Pigeon Data
Sample: TINCTURE OF DIGITALIS, 69-C.
Preparation of sample: Hone.
Injection: On©

(U.
CC ty

7- 'I:‘i ■-9 ♦ i •
'Beg. every 
method) .

five minute s until death

Pigeon Da 
number

te lex Body wt#
■j*. •

filiution 
GCft/lOO cc,

!!o • ot
doses

' t.I).
{cc./kg.)

Tim© In 
minutes

i .  9 / 2 2 / 5 0 p 0.447 4 . 5 17 0,77 80
* 11 F 0.290 n p f~\ 1.17 125

3. rt F 0.410 i» 18 0.81 85
4. if mr 0 • old a &  Dv 0,99 105

0 * rt M 0*4X2 rr 19 0.86 90
6 • ft F 0.386 ti 18 0.81 85

Bean 0,377 20.0 0.90 96,0
Standard
Deviation ( ( T ) 0.061 0 « 4 0.15
Standard
'Srror 1 . 0 0.. 025 1.4 0  # G o



TABLE XI
Summary or Pigeon Data

Sanrol©; TIITCIuHS OF DIGITALIS, 69-C 
Preparation of samples Done,
I n J ^ c ir ro n T '"'Tfe n ' ‘ c c T / ls g . at o n c e ; then 1 c c . / k g *  e v e ry  f i v e

Minutes thereafter until death (10 dose initial method)
Pigeon
number

Date Sex ' B o d y  wt *  

in kg.
UilLition 

c c . /lOO cc,
llo.  of 
doses

l . i  •  0 ,
(cc•/&&* )

T  X 3 n e  in 
minutes

1 * 9/22/50 M 0 , 4 3 0 i ,  *  D P P 0  * 9 9 60

A3 •
it

F 0 , 3 5 2
M 16 0 . 7 2 3 0

5  *
f l

F 0  *  3 8 0
fl 21 A O\ /  « w1 55

4 .
n F 0 , 2 9 7

I I
2 0 0 . 9 0 5 0

5 • « lUf;
0 . 4  3 4

If 19 0 . 8 6 45
r1*u , n M 0 , 4 0 0 19 0  *  c u 4 3

Mean 0 , 3 8 2 19,5 0 . 8 8 4 7 . 6

Standard 
Deviation ((J* ) 0 . 0 5 2 O  1<•.* • 0 . 0 9

Standard 
Srroi* (c ) 0 . 0 2 1 0 . 9 0 . 0 4



TABLS XII 
Siimmary of Pigeon Data 

Sample; DIGIT ALI3 TAB'! /SIS (0,1 Gnu), 2G-C.
Preparation of sample; fifty tablets in 50 cc. U.S.P. menstruum

(1 tab./cc,}.
Injection; One cc./kg. every five minutes until death.

(U.S.P. method).

Pigeon
number

Date Sex Body wt• 
In I:g.

Dilution 
cc./lOO cc.

No. of 
doses

L . D •
(tab,/kg.)

Time Ij
minute!

1. 3/30/50 M 0.408 6.0 16 0.96 75
2, « m 0.455 it 15 0.90 70
5 • it U 0.262 ti 16 0.96 75
4. ir M 0.446 ft 15 0.90 70
5. 4/1/50 M 0.348 u 16 0,96 75
0 . ft F 0.370 it 16 0.96 75

Dean 0.382 15.7 0.94 73.3
Standard 
Deviation ((T ) 0.072 0,5 0.03
Standard 
lirror (£ ) 0,029 0.2 0 .01



TABLE? XIII
Surama ry of Pi aeon Data 

Sample; DIGITALIS TABLETS (0.1 G-ia.} , 26-C.
Preparation of sample: Fifty tablets in 50 cc. U .S.P♦ menstruum

(1 t&b./cc.).
Injection: Ten cc./icg, at once; then 1 cc*/kg* every five

minutes thereafter until, death (10 dose initial method).
Pigeon Date 3ex 
number

Body wt.
in 'kg.

Dilution 
ce./XOO cc.

Bo • of 
doses

L.D.
(tab./kg.)

Time In 
minutes

1. 4/6/50 F 0 • 350 6.0 16 0.96 30
Ofcrf • Mt 0 • 298 a 18 1.08
S. H K 0 • 360 ft 13 0.78 1 e
4. " F 0.392 ii 16 0.96 30
5. " F 0 • 4 A i> fi 14 0.84 80

« i?+ -i. 0 • Oo(J ff 14 0.84 20
Mean 0 * 31j 5 1 p oS* # A*/ 0.91 O r
Standard 
Deviation ((J ) 0.051 1.8 0.11
Standard 
Error (C ) 0.021 0.7 0.04



T/liILiS XI V

Summary or Pigeon Data 
Sample: DIGITALIS LEAVES# SQ-C.
Preparation of sample; Five grans of powdered leaves in 50 cc*

U . S . menstruum.
Injection: On© cc./lcg. ©very five minutes until death

(U.3.P. method)*
Pigeon il)ate 
number

Sex Sody wt» 
in kg.

Dilution 
cc./lOO cc.

Ho. of 
doses

L.D.
(mg./kg.5

Time in 
minutes

1 * 3/18/50 M 0.405 4 . 5 10 45.0 45
o w M 0.354 3.0 15 45.0 70
3 . 3/21/50 rr*i 0.302 t* 19 57.0 90
4: '• u 0.446 a 15 45.0 70
rz uuJ * T* T id 0 . ̂ -£i 4 II 15 45.0 70
G. " F 0 • 4u8 H 17 51.0 80
7. 3/25/50 F 0.368 ft 15 4 5.0 70

Mean 0.375 1S.0* ‘■■h 8«0 75.0*
Standard' 
Deviation (d~ ) O*o 1.7 1.7
Standard -
Error (c ) ---------.... 0.018 0.7 1.8
•* Mean of no* 2-7*



Summary of Pigeon Data
Sample; DIGITALIS LEAVES, 30-C#
Preparation of sample: Five grams of powdered leaves in SO cc.

U . 3 * f . mens trmim.
Injection: Ten cc, A s .  at once; then 1 ee*/kg. every five

minutes ther©after until death. (10 dose initial method) .
Pigeon Date 
number

Sex Body’ wi. 
in kg*

M T u t  i on
CQ./lOO C C *

if6* of 
dosoo

L.D. ! ime In 
minutes

1. 4/13/50 F 0 «394 3*0 19 57.0 A &*X
2. f? M 0 * 110 ft 14 ‘Ik w * 0 20
3 • n iu. 0*o ' * n 16 C 3 * 0 30
4. n M 0 .340 ri 17 51*0 m r—<JO
5 • a

M 0 * ::t 0 AJ: « 15 4 o • 0 25
6 • r? l*x 0 • 3 ij 2 17 51.0 o? r,

7. ri M 0*146 tt 16 iti * 0 30
Mean 0*392 16.3 49.0 31 *4
Standard
Deviation « r > 0 .035 1*6 1 *  8
Standard
Error . < £  ) 0.013 0.6 1*8



TABLk XVI 
Summary of Pigeon Data

Sample: U.S.P. DIGITOXIH RTSFSRHNCE STANDARD, SOLUTION MO* 1*
Preparation of sample; One-half rasu dissolved in 1 cc, U.S.P.

M .n  i* « — ..1—1* ■>lpniiiin>mii>n ...     ianinnnHffiiw.imi.mt ■ ;  .

Injection: One 
(O',

ccq p• -A*
monatruism (1-2,00C

./kg* every five minutes 

. method)•
) solution) » 
i until death

Pigeon Date 
riLiiiib e r

Sex Body wt* 
in .

Dilution 1 
oc./lOO cc*

To * of 
doses

L * D *
(mg./kg.)

I line in 
mlnute s

1 * 2/14/50 P 0 • o54 5.0 16 0.40 75
2. P f *** i**s ft 19 0.48 90
3. fl T.:T1W 0.352 n 13 0.48 00
4. ” M 0.374 n 21 0.53 100
5* n F 0.406 ft 23 0.58 110
6. " M 0.372 ft 19 0.48 90
7* 2/15/50 F 0 * 4(54 o . 0 15 0 .45 70
8* M F 0.292 tt 1 o 0.67 90
9. rt M 0.340 it 17 0.61 80

10* " M 0 . 350 it 17 0.51 80
11 * ” F 0.286 it 1 Vj- 0.57 90
1 o M 0*4 9 u ft 16 0.48 75
13. 2/10/50 M 0.355 »t 19 0.57 SO
14. ” M 0.322 ft 20 0.6 0 95
15. ” K 0.276 tt 20 0 . GO 95

Mean 0.353 18. Ou 0.52 85.0*
Standard 
Deviation ((T ) 0.063 0.6 0 .06
Standard 
Error ( £  ) 0 . 016 0.2 0.02
■» Mean of no# 7-15.



TAELU XVII
Summary of Pigeon 'Data

Sample: TJ. 3 • P . D1GIT0XIH R-PhRhHGE STANDARD, SOLUTIOH KG, 1. 
Preparation of sample: One-iaalf mg* dissolved in 1 cc, U.S.f.

menstruum (1-2,000 solution)«
Injection: fen ee./kg, at once; then 1 ec./kg. every five

minutes thereafter until death (10 dose Initial method)
Pigeon
number

Date Sex Body wt. 
in kg*

Dilution 
e e . / l O O  cc.

1-10 . o f  
doses

L.D.
v).

I1 ixa in
minutes

1. 2/10/50 p 0,283 6,0 18 0.54 40
o *• ?i F 0 0 o34 *i 14 0.12 20
3* ?t M 0.430 ft 15 0.15 25
4, 2/18/50 F 0.312 tt 17 0.51 35
5. M F 0.300 ft 16 0.48 30
6 , n F 0 .33 3 tt 20 0 .60 50
7* n F 0 .202 ?t 17 O .51 35
a  . n P 0 . 514 ti 14 0.42 20
9 . ti P 0,262 n 18 0.54 40

10. 2/21/50 F 0,390 tt 19 0.57 45
11. tf M 0.396 tt 15 0.45 25
12. rt M 0.464 if 18 0.54 40
13. n M 0,380 ij 18 0.54 40
14. Tt M 0.447 ti 15 0.15 25
15. ft F 0.370 it 16 0.48 30

Mean 0.356 16. 7 0.50 33 • 3
Standard 
Deviation ((T ) 0.062 1. 8 0.05
Standard 
Error (C  ) 0.016 0. 5 0.01



TABLE XVI1I 
Summary or Fir;eon Data 

Sarmle: DIDITOXIL TABLETS (0.1 rag.), 9U-27C.
F?eparation of sample: One tablet in 10 cc. U.S.P. menstruum.-
Injection: One cc./kg. every five minutes until death

(U.S. ? • me tlio d )
Pigeon Date 
number

Sex Body wt. 
in kg •

Diiution 
cc./lOO cc.

Ho. of 
doses

L.D.
(tab./kg.)

I ime 1:
minute

1. 9/5/49 0. 350 10«0 11 0.22 50
0 tt 0.370 It 15 0 . 30 70
3 . n / 5 / 4 9 M 0.462 j9 . 0 16 0.32 75
4 . " M. 0.4 38 tt 0  0tCtz, 0.44 105
a n 0  * F 0.380 ti 24 0.48 115
6. " M 0 .415 if 0.46 110
7. 11/12/49 F 0 . 4 4 5 26.0 18 0.47 85
C> M a,* * M 0.424 «i 12 0 . 31 55
9 . " M 0.376 tt 16 0 .4 2 75

1 0 . » F 0.382 ft 17 0.41 80
1 1 . " M 0.390. ff 17 0.14 80
1 0  ttJU • F 0.380 ff JL 6 0.39 70
13. II/8 0 / 4 9 F 0.392 it 16 0.42 75
14. M . F 0 . 320 ft 19 0.49 90
15. « M 0.490 n 15 0.39 70

16. « F 0.402 fi 15 0.39 70
~i ry ,'t -L i « F 0 . Oci ■ TJ 1G 0.42 75
18. 51 M Si 16 0.42 75

Moan 0.397 IS.OiH: 0 .40 75.0*
Standard™’
Deviation ((P ) 0.04 2 1.8 0.07
Standard 
Error ( £  )C? IT**, "**1 •T4* V** ~~ * 0.010 - — - .".mr 0.5 0.02 8 ~ 4-

in 5 cc. U.S.1 * menstruum {1 - 5 ,000 solution}•
Mean of no. 7-18.



TABLE XIX
Summary of Flyeon Data 

Sample: DIGITOXIN TABLETS (0*1 mg*), 9M-27C.
Preparation of sample: One tablet In 10 cc* U.S *? • menstruum*
Injection; fen ccV'/SKg* at once; then 1 cc• /kg• every five

minutes thereafter until death (10 dose initial method)•
P i g e o n
n u m b e r

1►ate S e x Body w t * 
i n  k g *

D i l u t T o n  
cc./lOO cc.

& o . O f  
d o s e s

JLi # X? m
( t a b • / k g  * )

T im e  : 
m i n u t f

1 • 1 1 / 2 6 / 4 9 M 0 . 3 9 4 2 6 . 0 1 7 0 . 44 5 5

p ft M 0 . 4 2 8 tr 1 2 0 . 3 1 1 0

3» f* M 0 * 4 o> 2 tt 1 2 0 . 3 1 1 0

4 • ti P 0 . 3 7 5 ti 1 3 0 . 3 4 1 5

5 . if M 0 . 4 1 4 tt 11 0 . 2 9 5
6 . u P 0 , 3 0 1 if 19 0 * 4 9 4 8

7 . 1 2 , / i M 0 * 3 4 7 if 18 0 . 4 7 1 0

o • SI II 0 * o  o 3 N *1 >7?JL t 0 . 4 4 5 5

9 . if M 0 . 3 8 3 if 1 4 0 • 56 2 0

1 0  • n Pi 0 . 4 1 0 ft 1 8 0 . 4 7 4 0

1 1 . if Ivl 0 . 4 1 0 H 1 0 0 * 2 6 0

1 2 * if p 0 . 3 4 6 ii 10 0 . 2 6 0

1 3 . it M 0 * 3 4 4 it 1 7 0 . 4 4

1 4 , 1 2 / 1 7 / 4 9 p 0 * 1 6 0 if 1 0 0 . 2 6 0

1 5 . if M 0 . 3 1 6 ft 1 9 0 * 9 4 a

1 6 . If M 0 . 3 5 6 if 1 6 O * 4 8 30

1 7 * ff F 0 . 3 1 8 it 17 0 * 4 4 5 5

IB • tt P 0 . 4 0 8 St 1 5 0.39 25

19. H F 0 . 3 9 0 ft 1 6 0.42 30
20, P 0.370 if 12 0.31 10

Kean 0.879 1 4 . 7 0 • 38 23.i
Standard
Deviation «T ) 0.010 3.2 0*08
Standard
E r r o r JJil 0.009 - - 0 . 7 _ . 0 . 0 2



TABL'3 XX 
Suxnmary of Pigeon Data 

DIGIT0XIX TABLhfTS (0*1 mg.}, 9M-27C.a  a n .;

Preparation of 3 ample: One tablet in 10 cc. 'U.S.P. aenstruun*
niar.tl nn; Seven cc./kg. at once; then 1 cc./lcg. every five

minutes thereafter until death (7 dose initial meth
Pigeon
number

Bat© Sex Body vrt, 
in kg.

Dilution 
cc./lOO cc.

Mo. of 
closes

L *  1) »
(tab./kg,}

T xme : 
ralnutf

1. 1 2 / 2 3 / 4 9 J? f\ '5*ry,rfKj . O' # v.> 1-2 O . 0 16 0,42 45

m ft r? 0.360 ff 16 0,42 45
3. 11 F 0 « oOO it 16 0.42 4 0
4 .

n x‘ 0.322 tt 18 0.47 tZ R

5. fi F 0.440 ft 17 0.44 50
6 * ft F 0.413 rt 1 0.31 25
7. 1/7/50 F 0.300 ft 15 0.39 40
8. ft ~ptid 0 • 0 8  0 ?t 13 0.34 30
0\J * ft F 0.321 it 17 0.44 50

10. ft M 0.440 ti 15 0.39 40
11. ft F CJ« 4  bS ff 16 0,42 45
1 eJL i s m ft %?X‘-l 0 * 330 ft 16 Ml A O• \t £> a  n  O
10 • 1/ll/bO F 0.340 ft 18 0.47 v,-: <5
14. ft

Xii
{■\ S  I 
W  *  j£ _L. ?f 1 Q 0.4 2 45

JL. *
tl F 0.400 rr 14 0 •  36 r~

o i >

16 * ft M 0.120 ti 12 0 , 51 25
1 nJ w  »■ •

It **At .1 0.464 rt 13 0 *  54 30

H CO « ft p 0.272 ii 18 0.47 55
Mean 0.3 BO I O  .  ‘i* 0 * 4 0 4£.l
Standard 
Deviation (ff~) 0,057 1.9 0.05
Standard
Error __________l£) 0,013 0 • 4 0 •  01



TABLE XXI
Summary of Pigeon Bata

Sample: U.S.P. QUA BA IB BSFSIRSLCS STANDARD, SOLUTION TO. 1.
Preparation of sample; One mg. dissolved in 1 cc. U.S.P.

menstruum (1-1,000 solution). 
Injection; One cc./kg. every five minutes until death.

(U.S.P. method)•
Pigeon
number

15a te Sex Body ut . 
in kg.

IJiTutiori 
cc./lOO cc.

No.'of
doses

L.D.
(mg./kg.)

Time in 
minutes

1. 2/2/50 U y5*. P.niS m i O ri Q 14 0 .18 0 65

w * n 11 0«0 0 O ft 15 0.X35 70
o • M  F 0.266 n 14 0.126 65

4. M p 0.310 it 17 0.153 80
5. " IS 0.292 it 1 0 .144 75
S. H M 0.359 tt 18 0 • 162 ’«D O

7. 2/4/50 M 0.290 ft r-*1 0 0 .144 75
8. " M 0.384 ft 10 0.14 4 75
9. « p 0 .335 ft 15 0.144 75

10. ?J Tqjj* • 0.340 « 15 0.135 70
11. ft |/ 0.386 « 18 0 .162 85
12. ?r F 0 »314 it 17 0.153 80
13. 2/7/50 F 0.369 ft £0 0 . 180 95
14. IT F 0.400 tt "I•JL. **3 0.117 0  0
15. ft F 0.254 ft 20 0.180 95

Mean 0 •  335 1 0 . 0 0.147 76.7
Standard. 
Deviation {(J ) 0.044 A w  * 1 0.019
Standard 
Error (c  ) 0 . 0 1 1 0.5 0.005



TABLE XXII
Summary of Pigeon Data

Sample: U.S.P. 0UA3AIIJ RENEREUCE STANDARD, SOLUTION NO. 1.
P repar at 1 on of g-arapl e : One mg. dissolved in 1 cc« U.S.r.

m e n s tru u m  (1-1,000 solution).
Injection; Ten ee./kg. at once; then 1 cc./kg. every five

minutes thereafter until death (10 dose initial metiiod)
Pigeon
number

Bate Sex Body v/t. 
in kg.

Dilution 
c c . / lO O  c c .

"¥o7 o f  
doses

L.D. Time in 
minutes

1. 2/7/50 M 0 * 536 0.9 16 0.144 50
2 • it M <3 .336 n 17 0.153 55
3. ii F 0.340 if 17 0.153 65
4 * 2/8/50 F 0.300 ff 17 0.153 5 h
5 » ti F 0.235 It 19 0.171 45
O m it P 0.254 It 22 0.198 50
7. St M 0 .280 tt 20 0.180 50
8. n M 0.270 II 19 0.171 45
9 . n m 0.376 31 17 0.163 35

10. it M 0.276 It 16 0.144 30
11. tt M Q.3S0 ft 18 0.162 40
12. 2 / 1 1 / 5 0 P 0.384 It 14 0.126 20
13. tt M 0.344 it 17 0.153 35
14. II M 0.306 If 15 0.135 25
15. tt M 0.286 « 16 0.144 30

Mean 0.312 17.3 0.156 36.7
Standard
Davi at i on ((T ) 0.015 2.0 0.018
Standard 
Error (£ ) 0.012 0 . 5 0.005



A Comparison of the Mean Lethal Dose 
and Mean Injection Tim©

Drug iilethod V.s « j~j . D *
Mean time 
in minute,

Digitalis Kef* 3td*, Maceration No. 2 XI* o * j? * 84*8 65.7
rt n ti n rt rr 10 dose 88*0 23.3
it it rt ri

No * O eC 4: u c* i"»• V.) • Z • i. . 0 74.2
If ft « ft

Ho* 3 & 4 10 do s © 91*0 o AtJ • CD
Tot. Digitalis, 9M-129 u • S . P * 0.78 66.7
H « II 5 dose 0.70 45.0
II It II 10 dos© 0.72 22.3
M M M-115 u m ̂  • * • 0.78 72.5
it 11 « 10 dose 0.73 22.5

Cl <D 1 O u * 3 • » 0 .90 iio »U
ft it ti 10 dose 0 • ciB 47.5

Digitalis Tablets, 25-C TT* S • P * 0 .94 73.3
rt it it 10 dose 0*91 O Q • v

Digitalis Leaves, 30-C u T! p • .O • 1 • 48.0 75.0
it it n 10 dose 49.0 81.4

Digitoxin Ref* Std., Solution Ho. 1 u ip«  ̂** A • JT • 0.52 8 o . 0
H fl II if II 10 dose 0 .50 33.3

Dig!toxin Tablets, 9M-27C XI• 0.1' * 0.40 75.0
it tt « 10 close 0.38 *i5 . 5
n rt fl 7 dose 0 • 40 4 2 • O'

Ouabain Ref. Std*, Solution Ho. 1 u n f:;» £> • A * 0.147 76.7
If if if if It

'ti ̂  .̂*1 JŜ „ ̂ _ ___ ___ — _ .3 ' 7l_ 10/ti dose 0 .150 36.7
■oM©sn lethal dose expressed as sag. A  eg. f orpov/der or" TeaFJ 
cc./kg, for tincture and tablets per kg* for tablets*



TABLE, XXIV
A Comparison erf Means of U.S.P. and n Dose Initial 

Methods by t Test (i - 0*05)
  "' tT TealcT)  t "(theoret; »T

Digitalis Ref, Std., 10 28 0.94 2.048
Maceration Ho. 2

Digitalis Ref. Std., 10 10 0,70 2.228
Macerations Ho. 3 cc 4

Tot. Digitalis, 9M-129 5 28 0.67 2,048
Tet. Digitalis, 9M-129 10 28 0.00 £.048
Tot* Digitalis, M-113 10 10 1,25 2.228
Tct• Digitalis, 69-C 10 10 0.29 2.228
Digitalis Tab., 28-C 10 10 0.75 2.228
Digitalis Leaves, 30-C 10 12 0.40 2.179
Digitoxin Ref. Std., 10 28 1.00 2,048

Solution Mo, 1

Digitoxin Tab,, 9M-27C 10 36 0,67 2,029
Digitoxin Tab., 9M-27G 7 34 0.00 2.034
Ouabain Ref. Std., 10 28 1.29 2.048

Solution Ho. 1 ......... ...................................
# Initial number of dtcses in uodlfled method.
wvDogrees of freedom.



JL J - L - O x -  j ’w i .  V

Summary of Pigeon Data
Sample: DIGITALIS LEAVES, 30-G.
Concentration of injection fluid: 1.5 mg./cc,
Pigeon
number

Date Sex Body wt•
in Ttjet ... -"0 • r .

l*b» of 
doses

i J . ]D •
L.

fTsie in 
minutes

1. 4 / 2  0 /O0 M 0 • 352 *8:’ ̂ # O 190
o tl F 0.340 37 55.5 180
3 • 4/29/50 M 0.312 37 r n; tzkj m 180
4 * fl M 0.310 38 57.0 133

5/3/50 M 0.376 38 57 .0 165
6 • rt M 0.394 31 4o . D 150
7 . 5/10/50 M 0 , ' ± 0 0 37 t— tr-0 0 . 0 180
8. ff £ii 0 .500 oy 40.5 130
9 • 5/13/50 P 0. a o4 53 0  8 . 0 170

10. ft P, 0 . 350 55 0 • 5 170
11. 5 / 1 7 / 5 0 F 0.370 52 48.0 *3 r  ^

i i . ) o

12. ff F 0.384 35 52.5 170
13. 5/20/50 F O . ol3 O O c-\o K- *_-• . *_/ 170
14. t? F 0.338 40 50.0 195
18 • 5/27/50 F 0.390 ’~AO 48.0 155
16. it F 0 . 330 39 58.5 190

Mean . *-J) 58 .4 VD ‘DK O OV * £* 172.2
Standard 
Deviation ((T  ) 0 • 034 ■'X c, \~J f w 5.2
Standard
Error 0.009 0 • 9 1.3



TABLE XXVI
Stosarj of Pigeon Data

Sample: Dl G-ITA1 13 LEAVHIS , 30-G *
Conc entration of injection :Cluid % 2 . 0 * /e o •
Pigeon
number

Date Sex Body wt.
in kg *

Ho. ox 
doses

x. ) . L ' 0
(mg./kg.)

Time in 
minutes

1 • 4 / o o / oO F 0.378 O iC/ 44 .0 10 0
o tt p 0.331 23 46 .0 110

3. 4/29/50 M 0.298 28 00 *0 JL %J%J

4 * M 0.272 nr; 50.0 1 2 0

cr(VJ * 5/3/50 M 0.572 25 50.0 120
o + if M 0.410 27 54.0 130

7. 5 /1 0 / 5 0 F 0.398 26 a 0 n 125

8. if F 0.590 O 50.0 120
o * o/l of t?0 m 0.302 OO 4 4 .0 105

10. 51 M 0.318 25 50.0 120

n . 5/17/50 M 0.38G 24 48 .0 115

l .. n fsi O «00 0 f N r*
d u 50.0 mL* 1

13 * o/‘20/oO M O • Ci c 0 30 60.0 145

14. if M 0.302 34 68«0 165

15.: 5/87/50 M 0.360 QO r»4 "i .  O 105

16 • ft M 0.580 26 52.0 125

Mean c * Oi CO 25.6 51.1 122.8
Standard 
Deviation ((T) 0 . 044 3.1 6.8
Standard.
Error (£ ) 0.011 o.s 1.6



TABLE XXVII
Summary of Pigeon Data

Sample: DIGITALIS LEAVES, 5Q~C*
Concentration of injection, fluid: 3*0 mg./ec.
Pigeon
number

Date Sex Body wt* 
In kg*

Mo. or 
doses

L *D.
A m  •/*&')..

Time in 
minutes

1* 4/26/50 M 0.370 15 4 5 . 0 70
o £* , « F 0.350 17 51.0 80
3 • 4/29/50 a 0*316 17 51.0 80
'A • a F 0.260 16 48 .0 75
O • 0 / 0 /50 F 0 • oo4 16 48.0 75
8. n F 0,372 16 48,0 75
7* 5/10/50 M 0 *405 14 42.0 65
8 . n ifi 0.378 16 48*0 75
9. S/lo/50 F 0.292 18 54 * 0 85

10* n F 0.330 18 54 .0 85
11. 5/17/50 F 0.350 20 60.0 95
12 * M 0 . 386 15 45.0 70
»!> o * 5/20/50 Mid 0.312 IS 57.0 90
1 4i: . ft « «■iYi 0, 308 19 57.0 90
15* 5/27/50 I! 0.378 17 51*0 B0
16* 11 ?.TJL>f~k 0 • 368 16 48.0 75

Mean 0 . / 16 * 8 50.4 7 9 * 1
Standard 
Deviation ((T) 0 • 040 1.6 4*9
Standard
Error 0*010 0*4 1.2



TABLE XXVIII
Summary of Pigeon Data

Sample: DIGITALIS LEAVES, 30-C.
Concentration of Injection, fluid; 4*0 mg#/ee •
Pigeon
number

Date 3 ex Body wt. 
In leg.

Do. of 
doses

L.D.
(mg./lcg.)

Time in 
minutes

3.* 4/26/50 M 0 . 334 1 4«jr 56.0 65
Ow * n M 0 . 6o4 15 52.0 60

o * 4 / a 'o /aO xar 0 . 240 15 60.0 70
4. ■« F 0.270 15 60,0 70
5* 5/3/50 M 0*380 12 48.0 55
C. n F 0.360 14 56.0 65
7 . 5/10/50 M 0.420 11 44.0 50
B. if II 0 • 3ol 12 * ± 0 .0 5 b
9. 5/13/50 F 0.290 14 56.0 65

10. rs p 0.340 13 52.0 60
11. 5/17/50 M 0.400 12 48.0 55
12. ii F 0,370 15 60.0 70
13* 5 / 2 0 / 5 0 M 0.328 11 44.0 50
14. i t F 0.31S 12 48.0 55
15. 5/27/50 M 0.408 13 52.0 60
XG . ti Ivj 0.406 15 60.0 70

Mean 0 . 350 13*2 52.8 GO. 9
Standard 
Devi at i on {(T ) 0,053 1.4 5.7
.Standard
Error i £ > 0,0X3 0 ,4 l.i



TABLE XXIX
Summary or Pigeon Data

Sample: DIGITALIS LEAVES, 30-C*
Goncentration of Injection fluid; 7.0 rag ./cc.
Pigeon ' Date 
number-

Sex Body wt. 
in kg*

Ho* of" 
doses

' L.B. .. Time In 
minutes

1 * 4/26/50 M 0.576 9 63.0 40
& « it M 0 * 340 8 v) *v . vJ 0 6

O • 4/29/50 r 0  . 258 9 63.0 40
4: a if F 0.330 8 56,0 35
5a 5/3/50 T 5JH 0.396 0 on « 0 3 5
6  a fl TT*F 0  a i~) 58 8 5 6 a 0
7 a 5/XO/OO li 0 .446 7 4 •> a 0 30
C5 # ff F 0.432 8 56.0 3 3
n  
^  * 5/13/GO F 0.318 q 63*0 40

1 0 . SI M Q a 0  54 8 56.0 33
n * 5/17/50 M 0.390 8 56.0 35
*! o.jar * M F 0.370 8 56 .0 35
n  ^it/ • 5/20/50 M 0 a 318 9 63.0 40
14 ♦ TI F 0.324 9 0  3.0 40
lo. 5/27/50 Ifi 0 . 37 2 8 56 * 0 35
IS a fl F 0  .368 0 56 .0 35

Kean 0.359 8.3 57.8 56 • 3
3tanda 
Deviat

rd
Ion {(P } 0 .046 0 . 6 4 a 0

Stands
Error

rd
— l£...1 ..

f ^ •'} *1 OV  4  V  H/ 0 . 2 t \i  f w



•"* A T3T 'Ed V  W  .1 A A A

Summary of Pigeon Data 
Sample : DIGITALIS I.LAVES , 30-C.
Concentration of injection fluid; 10.0 rag»/cc.
Pigeon
number

Date Sex Body wt.
in kg.

do» of* 
doses

L • 0.
(mp:./kg.)

T line in 
minutes

1. 4/26/50 F 0 .546 6 60.0 O  IkC* f , V
d . ts F 0.388 5 50.0 20
*'4 4/29/50 M 0 * 2 o 4 6 60 • 0 26
4. rt F V.3 ♦ vV 7 70.0 30
G • <■-•/ •-.’•/ 50 P 0.410 5 50.0 20
6 • « J.<riL 0.394 6 oQ • 0 25
7. 5/10/50 Tv*{ j . ~h i5c3 6 60.0 25
c3 • rt ivi 0 .40 D O tjCj * 0 * > Lt Lb 8
9 . 5 /1 3 / 5 0 M 0 • 362 5 bo. 0 20

O # tr F 0.340 6 6 0 . 0 id
11. 5 /1 7 / 5 0 la 0.372 5 50 .0 20
12# n ? TJ&. 0 • 604 5 50.0 20
13. 5/20/50 F 0 • 61A 6 60*0 25
14. tt p 0.300 Ff 70.0 30
15. 5 / 2 7 / 5 0 M 0 . 590 7 70.0 30
1 o . rt M 0.400 60 • 0 G U

Mean 0.358 5 • 9 58 • 8 O 4 A iCt-'x . *3:
Standard 
Deviation ((T) 0.052 0.5 ri OI . £*
Standard
Error (£■) 0.013 0.1



m  * e >t  i t * y v y t  

Summary of Pigeon Data
*.> •- O #• # UA.Saiiipl e :

Concentration of Injectio ii, Jtf -<U «•!<» 84- V,d d 0*02 mg./ce.
Pigeon
number

Uate ~ Sex Body wt• 
,in kg*

Bo. of
doses

L.D.
(mg./kg.)

Time in 
minutes

1. 7/28/50 1** 0.390 0.46 110
O *1* « tt M 0 * 316 idr O 01,60 120
3 * ii m 0 • 345 21 0.42 100
4  * 8/1/50 p 0.370 27 0*54 130
5* it lil 0 * 316 26 0.52 125
6. tt M u • o3o 0 .46 j* 1* 0
7* 8/2/50 7.7* 0,402 20 0.40 95
c3 * n iVi 0.475 25 0* 50 120
o •> • ft 0 . 0 0 0 24 0 . 48 115

10. 0 /4 / 5 0 p 0 . 320 0 0 0*46 110
11* It F 0 * 284 0*x O . ;± ti 115
12 . n M 0.260 O C. 0.50 120
13. 6/9/50 M 0 * O 00 84 0 • irti 115
14. tt F 0.365 23 0,16 110
1 r.JL ty . ft 71 j 0.375 26 0 . 52 185

Mean 0*353 23.9 0 .48 114.7
Standard 
Deviation {(J ) 0 • 052 1.9 0 * 04
Standard 
Krror (£. } 0 , 010 0.5 0 .01



TABLE XXXII 
Summary of Pigeon Data

TT.3.P. DIGITOXIN HIj-i. a /.rt auU  'i 0  A  j T A J
Concentration of injection fluid: O *03

IDA HD. 
m g , / c c .

Pigeon
number

Date S ex Body wt. 
in kg.

Ho. of 
doses

X ;■ . f )  .

(mg./kg.)
lime in 
minutes

iUU 0 7/28/50 VTM 0.372 18 0 . 8 0
r'*i0 n ir>X* rs ~\ ci \J * xj J_0 17 0.51 00
?-sO • n X* O « OOv.' 17 0 .51 80
4 * 8/1/50 p / 'a . 0  W . O C,J 16 0 . 4 £3 75
* » r* F 0.377 15 0.43 70
£> • it F 0 . 3‘;.t 2 17 0 * cl 80
7. a/2/50 M 0 *4:00 15 0  0 4 5 70
0 • frf F 0 * % 14 14 0.42 65
9 * ti M 0 *414 18 0.54 8 D

10. a/4/50 M 0. 290 19 0.57 90
11. it te 0.270 20 0.60 q c

. ti M n 90 c» 16 0 .48 75

•tor*l 8/9/50 F 0 .350 17 0.51 80
14 • ?! t; « 0.370 18 \J # t̂ stz 85
15 • II ?,?' A *>■» 0.376 15 . '-2Z V-*’ 70

Mean 0.354 16.8 0.50 79.0
Standard 
Deviation ((T*) 0 . 044 1.7 0 • 0 5
Standard
Error _  i£.J - 0.011 0.4 0.01



'TABLE XXXIII
Summary of Pigeon Data

Sample: U.S.?. PIGITOXIM BEPSRBJIOB STANDARD.
Concentration of injection fluid; 0.05 mg./cc.
Pigeon
number

Date Sex Body wt• 
in kg*

Do. of 
doses

i-j * D *
(fflgAe-L

Time in 
minutes

1. 7/28/50 M 0 . 370 12 0.60 55
2. It P 0.338 11 0 .55 50
3 . If M 0 « 336 11 0 . 55 50
4. 8/1/50 M 0.360 14 0.70 65
O * If M 0.356 14 0.70 65
6 • n s»•A* 0.350 11 0 .55 50
7. ri T.3 0.350 11 0 . 55 50
8. ti P 0.376 11 0.55 50
9. si M 0.342 13 0 .65 60

10 . 8/2/50 P 0.458 10 0.50 45
11. ft K 0.420 10 0 * 50 45
12. ?! P 0.434 11 0.55 50
13. 8/9/50 P 0 . 300 11 0.55 50
14. « F 0.270 11 0.55 50
15. n M 0.352 11 0.55 50

Mean 0.361 11.5 0.57 52.3
Standard 
Deviation ((T ) 0.048 1.2 0.06
Standard 
Error { C ) 0.012 0.3 0.02



T A 31/E XXXIV
Summary of Pigeon Data

3 a m p l e : U . S . ? .  D I G - J E O X I U  I P / D G G I G E C ' E  3 T G G D A R D .  
Concentration of Injection fluid: 0.08 mg ./cc,

r Ig ao rx
number

&j ato Sex i-jOCig w t.
.. in./£•..

Ho • of
doses

L.D. flme In 
minutes

1. 7 / 2 8 / 5 0 M 0.372 9 0.72 40
2 * t» F 0.324 9 0.72 40
3. SI F 0.342 9 0.72 40

4 . 8 / 2 / 5 0 K 0.415 8 0.64 35
5. 51 M 0.410 7 0.56 30
6 . H M 0.404 9 0.72 4 0

7 , B / 4 / 5 0 M 0.340 8 0.64 35
B. it M 0.298 10 0 . 8 0 4 5

9. fi
F 0.290 9 0.72 40

10. Sf P 0.298 8 0 . 0 4 35

11. H F 0 • 822 9 0,72 40
12. ff M 0 • 804 6 0 . i 8 25
1 8 . 8/9/50 tt 0. 3<j 3 8 0.64 35

14. it F 0 .8 9 4 8 0 • 64 55

15. if F 0.398 7 0.56 30
M ean 0.352 8.3 0 » 66 36 .3
Standard 
Deviation ((P ) 0 . 0 4 0 1.0 0 , 0 8
Standard
Error _ i £ j 0 . 0 1 2 0 . 8 0 . 0 2



TABLE XXXV

Summary of Pigeon Bata
Sample: U.S.?. 0UABA1H BEFBHSMCE STANDARD.
Concentration of injection fluid.: 0. 006 mg,/ec.
pigeon
number

Bate Sex Body wt • 
in kg.

Bo. of 
doses

L.D.
(mg./kg.}

Time in 
minutes

1. 6/14/50 F 0. 3x0 26 0,156 125
As # tf iii \) m sJO-J 27 0 .10 2 130
o  • ti £.**■ L* . nr 0 • 150 120
'X « 5/17/50 i:-d \j • *±0u £0 0,150 1 2 0

0 * -to vJ . 4tOO 0 ,15 8 110
6 • rt ?-T 0.596 24 0,144 115
7. 6/20/50 F 0.322 5>9 0,174 140
8 * ri F 0.298 25 0.150 120
9 « it F 0 . 870 26 0 • 156 125

10. 0/23/50 M 0 . 384 84 0 * 14 4 115
11. it F 0.318 26 0.156 125
12. tt JBl 0.338 O  v“ 0.150 120
lb # 7/22/50 ig*jp 0.357 oqtfef 0.174 140
14 • ft F 0.408 OQi**jt W 0.174 140
15. ff ivi 0.452 O 0.156 125
xt>. 7/bo / 50 lii 0«406 wO 0 «138 110
17. tt M 0.430 26 0 *156 125
18. ir M 0 . . j 20 0*120 95

Moan 0.362 2 b * 4 0 .loo n 0 0  0
3L w  ■* As

Standard 
Deviation ((F~) 0.051 X * O 0.014
Standard 
Error (£ ) 0.012 0.5 0.003



■JL’ A- 13i j L A a A  / X
Suraanary of Pigeon Data

Sample : U.S.P . OUABAIN R i m m m W B  STANDARD.
Concentration of injection fluid: 0.010 mg./cc.
Pigeon
number

Date Sex gotij wt. 
in kg.

Me .  of 
doses

'L.D.
.............

fline in 
minutes

1. 6/14/50 M 0.326 17 0.170 80
2. F 0.334 18 0.180 85
3. M 0.322 19 0.190 90
4. 6/17/50 M 0.390 14 0.140
tt,*-* • F 0.412 13 0.130 60
c. -1 M C . 380 18 0.160 75
7. 6/20/50 F 0.274 25 0.250 120
B. .1 M 0.276 17 0.170 80
9. <* F 0.304 16 0.160 75

10. 6/23/50 M 0.102 13 0.130 60
11. .1 M 0.342 15 0.150 70
12. iJ M 0 . 318 13 0.130 60
13. 7/2../50 M 0.380 14 0.140 65
14. K 0.386 17 0.170 80
15. it M 0.424 15 0.150 70
16. 7/26/50 F 0.392 16 0.160 75
17. .t F 0 • 380 16 0.160 75
IB. II 0.390 14 0.110 65

Mean 0.357 16 • 0 0 *160 75.0
Standard 
Deviation (CT ) 0.046 3.0 0.029
Standard
Error . < L l 0.011 0 . 7 0.007



Summary of Pigeon Data
w KSU.U+J ̂  T& m w  +  « JL * li ;jp :-D 1- / I  r, ?. 1 X J  #

Concentration of injection fluid; 0.015 mg./cc.
Pigeon
number

Dal;® *2 ©x Body ¥/t* 
in kg.

/id. dr
doses

JLe # D . 
(mg./kg*}

iii
minutes

1 * C/14/S0 F 0  . 348 9 0.155 40
2  * fl M 0  . Cj 2  8 9 0  *135 40
o « if F 0.322 9 0.135 40
4 • 6/17/50 M 0.380 1 1 0.165 50
r'1'o • fl M /'•v gy ryo K>-) * O cĵcO 8 0 . 1 2 0 0  0
o * ff M U * di 1 1 0  . 1 0  0 50
7. 6/20/50 F c.~* 1 2 0.180 55
8 . fi iVi 0  • kJ*7H 14 0 . 2 1 0

9 * » M PE 0 0  ‘X O . r_>( ...f O 1 2 0.180 55
1 0 . 6/23/50 M 0  . 344 15 0 .225 70
11. H T,r 0 • 0 0  4 1 1 0  • 16 0 50
1 O X £* ♦ ff T-J?iff 0 •316 16 0.240 75
13. 7/22/50 M 0.392 1 1 O . 16 0 50
14. ff B 0.430 8 0  . 1 2 0 35
15. ff M r\ n 0V/ * V* ♦ iO 1 1 0,165 50
1 G. 7/26/50 M O . 0 8  8 9 0  • 135 40
17. n ? i?iE 0.415 1 0 0.150 4 5
18. fi K 0.580 1 1 0,165 50

Moan O id 10.9 0*164 49.7
Standard 
Deviation {(T } 0  * 0  4 0 0 r\if/ * W 0 .0  34
Standard
Error ___ L£) . 0 . 0 1 1 0.5 0.008



TABLE XXXVIII
Summary of* PI :eon Data

Sanrole: OUABAIFi RBFEi . 0 3 STANDARD.
0,025 mg./cc,

Pigeon
number

Date Sex Body w t . 
in kg.

Mo. of 
doses

i-< . * 
(nig./kg.)

Tim© in 
minutes

1 , 6/14/50 M 0  « c.i vD 0 . 2 0 0 55
fbw * ?? 0.530 r// 0.175 30
O * ii F 0 .552 5 0  • 125 2 0

4 . 6/17/50 F 0.380 6 0.150 0  c:

5 • rt F 0  • 3 9 2 7 0.175 30
6  • it M■*Si 0 . 410 5 0  ,123 2 0

7. 6/20/50 M 0.314 7 0.175 30
8 , tf F 0.280 8 0 . 2 0 0 35
9. II p 0.288 A 0,150 25

10. 6/25/50 M 0.406 rjf 0.175 30
11. II F O ^ 7 0V # C/ 1 rfw O 0,150 O Cl

1 2 . f* M O • 0 0 O 7 0.175 30
13. 7/22/50 H 0 . 402 0.125 2 0

•Hi it LI 0.440 7 0.175 30
15. M LI. 0.350 6 0.13 kj 25
16. 7/26/50 M 0  .395 7 0.175 50
17. H F O • tjiit) 7 *| r i  sr.

‘:J , JL / V 30
1 0 . if 0,330 7 0 « 17 3 30

Mean 0 . 366 6 . 6 0.164 27.8
Standard 
Deviation ((T ) 0.043 0.9 0.023
Standard
Error (C.). 0 . 0 1 0 A O 0,005



T A BLIT; XXXIX
A Comparison of the Mean Lethal Doses 

for Different Concentrations
Drug Cone, of injection 

(mg »/c c♦)
fluid Mean lethal dose 
........  1... .

Digitalis Leaves,f oO ** C 1.5 oi? « fC»
tf if tt 2.0 31 • 1
ti ft ft 3,0 50 • 4
w it ft 4.0 52.8
It ?t it 7.0 57.8
n tt rt 10.0 58.8

U • 3 .P • Digitoxin Ref. Std. 0.02 0.48
if t» it 0.03 0.50
fl 0 .05 0.57
tl ?r n 0,08 0.66

U.3*P. Ouabain Kef. Std. 0,006 0*153



TABLE XL.
A Comparison of the Mean Injection Times 

for Different Concentrations
Drug Cone." of injection 

flui& (mg,/ce.)
Mean no. 
of doses

Mean time 
in minute:

.Digitalis Leaves, 30-0 1.5 35,4 172.2
If II w 2,0 25.6 122.8
It It ft 3.0 16.8 79,1
ft It ft 4.0 13.2 60,9
ft it if 7.0 8,3 36 .  3

It It ft 10.0 5.9 84 . 4
U.S.?, Dig!toxin Ref .  Std. 0.02 23.9 114.7

H  ft If 0.03 16 ,8 79.0
ft ft ft 0 .05 11,5 Ofw ,  0
ft M It 0*08 8.3 36 « 3

U.S.P. Ouabain Ref. Std. 0,006 25,4 r\ r*v r-t

it it it 0 ,010 16,0 75.0
ft i t  ft 0.015 10.9 49..7
ft It It 0,025 6*6 27.8



.A* JL J  £  w»5—

Lethal Doses (mg./kg.) of Six Concentrations of Digitalis
0 one entr ation ’ of 'inject I  o n "  Flul d  (m g  . /  cc.)
1.5 2.0 3 .0 4.0

1 
o 

! 
*

i 
fc-

1I[

10.0
1 . 58.5 44 a 0 45.0 56.0 3 3.0 60.0
2 , 55.5 4 6 . 0 51.0 52.0 SX ?! »,JV . 50.0
o » 55.5 5C.0 51.0 (30.0 •_> 5 . 0 60.0
4 a c;>7 r\O f  m '*J 50*0 48 * 0 6 0 • 0 56.0 70.0
s 57.0 50 .O 46 *0 46 * 0 oo . 0 50.0
O • 46.5 54 .0 4 c .5 . 0 36 .0 56,0 60 .0
7a 55 a 5 58.0 42.0 44.0 49 ,0 oO . 0
B a 40.5 50.0 4 H  a 0 48.0 56.0 60.0
9. 52.5 44 * 0 54.0 56 *0 - 63.0 50,0

10 a 52 • 5 50.0 54 • 0 52 .0 56 .0 60.0
11. 48.0 48.0 60.0 43 . 0 56.0 50.0
1 Oju «C» • 52 • 5 50.0 45.0 60.0 56 *0 50.0
13. c; o  ft~j . <./? 60.0 57.0 44 » 0 ■>_< 5.3 60.0
14. 60.0 68 * 0 57.0 4 6 • 0 6 o  * 0 70.0
15. 4 6 • 0 14.0 51.0 52.0 5G .0 70.0
i ft oo • 3 32.0 48.0 60.0 56 .0 60.0
Total (?) 850.5 818.0 807.0 344.0 9 24 . 0 940.0
Mean <X) 53.16 51.13 50 • 44 52.75 57.75 58.75



Lethal Dos*
t a b l

?s (mg./kg,) or
i-* XI.1I 
Four Concentrations of Digitoxin

0oneantration of Injection Fluid (mg.,  ̂e c . 1

0,02 0 ,05 0 .05 0.08
1. Q .46 0 , 54 0.60 0.72
2, 0.60 0 ♦ 51 0.55 0.72
3 * 0,42 0,51 0,55 0.72
4 • 0,54 0.48 0.70 0 . 64
O . 0.52 0,45 0.70 0«56
6. 0 ,40 0.51 0.55 0.72
7. 0.40 0.45 0.55 0 .64
B. 0.50 0.42 0.55 0.80
9. 0 • 48 0.54 0.65 0.72

J-vy . 0.46 0.57 0,50 0,64
-3- 0 0,48 0.60 0.50 0.72

n O «JL ifO* • 0.50 0 . 48 0,55 0 .48
15. 0.48 0.51 0 » 0 » 64
14. 0,46 0.54 0 • o o O • 64
15, 0:, 52 0*48 0 • 55 0 * 56
Total (T) 7,18 7.56 8,60 9.92
Mean (x) 0.479 0.504 0.573 0.661



X ili-jlj XCZjJLXX

Lethal Doses {iag./kg.) of Four Concentrations of Ouabain
Concentration of Injection Fluid (rm;./cc.)

0.006 0.010 0.015 0.025
1. 0 • 1 o O' 0.170 0.135 0.200
*C* • 0 • 1 o x 0.180 0 .185 0.175
& * 0.150 0,190 0.185 0.125
4 • 0,150 0*140 0 .1 o 5 0.1 ou

'o • 0 «1 no 0.130 0 ,180 0.175
o * r* i / /KJ •  Oat jL 0.160 0.165 C .125
7. 0,174 k) . O oQ 0 . IcO 0.175
8, 0.150 0.170 0.210 0 , 200
9 * 0 .156 0 .160 0 ,180 0.150

10. 0.144 0.130 0.225 0.175

11. 0.156 0.150 0.166 0.150
1 oJL x  • 0.150 0,130 0.210 0,175
13 * 0.174 0,140 0.165 0.125
14 » 0.174 0.170 0.120 0.175
15 . 0.156 0.150 0 .165 0,150
1 o  . 0 , 158 0.1 oO 0.185 0.175
17. U ,  x 5 o 0.160 0.150 0.175
18 • 0 .1x0 o .  lio 0.165 0.175
Total (T) 2.748 2.080 2.955 2.950
Mean (x) 0.1527 0.1600 0 • 1648 0 .1639



TABLI3 XI,IV
Analysis of Variance for the Data of TableXLI 

Correction term, (3T}^/n s (5183.5)2/96 s 379883*00
Total Siam of squares, Sx® - (ST)^/n ~  283711.75 - 279882.00

s 3829.75
Sum of squares between groups, 8(T2/n) - (ST)*V» «

280839.70 - 279882*00 - 957.70
Sum of squares within groups, S S ( x  - x)^ - 2872.06

Sum of Mean
Source of variation d»f.<* squares square F( calc. )■&# F (tlaeoret
Between groups 6 957*70 191*54 6.00 2.33
Within n 9 0  2872*05 31*91
Total______________   95 5829.75  _ ___
^ ’’DegrVe 3" o~f~'Yreeclom. ' ' ' ' ' ~~~ ’™
•iHi-Var lance ratio .



TA3LH XLV: .
Analysis of 'Variance for the Data of Table XLII 

Correction terra, (ST)^/n - (33. 2 8 ) CO - 18.4571
Total Siam of squares, Sx^ - (3T)^/n a 18.9422 - 18.4571 ~ 0.5051
Sum of squares between groups, S(T^/n) - (ST)%/n r

18.7581 - 18.4371 s 0.3010
Sum of squares within groups, SS(x - x)s - 0.2011

Sum of Mean
Source of variation' d.f.-a- squares square F( calc*)-she P(th©oret.) 
Between groups 3 0.3010 0.1003 27.88 2.78
Within tf 56 0.2041 0.0036
Total 59 0.5051iwe5¥gree^'ofr̂ FeeHoE7 

ari anc © ratio.



Analysis of Variance for the Data of fable XL!XI 
Gorrect i on tera, {3T)^/n r 1*84736
Total sum of squares, 8x^ - (ST) s/n r 1*89449 - 1*84736 «- 0*04713
Sum of squares between groups, B(T^/n) - (Sf)2/n -

1*84891 - 1*84736 = 0.00155
Sum of squares within groups, SS{x * ~ 0*04558

Sum of Mean
Source of variation d.f*^ squares square F( sale.)-she- F (theoret ♦.)̂  
Between groups 3 0*00155 0*00052 ,0.77 2*75
Within w 68 0*04558 0*00067
Total 71 0.04713
# Degrees of freedom* 
^Variance ratio*


