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During the second World War, the stocks of the second international
digitalis standard were nearly exhausted. In June 1947, the Department of
Biological Standards, National Institute for Medical Research, London,
was authorized by the Expert Committee on Biological Standardization of
the Interim Commission of the World Health Organization to undertake
the replacement of the second standard.'0

Preparation of standard material
Six (15-20)-kg. batches of digitalis powder were obtained, one from

Switzerland, two from the United Kingdom, and three from the USA.a

TABLE I. RESULTS OF PRELIMINARY ASSAYS OF BATCHES OF LEAF FOR
INCORPORATION IN THIRD INTERNATIONAL DIGITALIS STANPARD

Potency, in international units/mg., as determined
by assay in the

Sample
cat frog guinea-pig

Switzerland 12.8 13.0 -

United Kingdom 1 12.1 21.1 16.8
2 10.8 13.5 9.9

USA 1 8.1 8.7 12.0
2 10.4 18.0 14.0
3 11.4 13.0 10.4

Each batch was assayed against the second international standard, in
guinea-pigs by Dr F. J. Dyer of the School of Pharmacy, Pharmaceutical
Society, London, and in cats and frogs by Dr F. C. MacIntosh of the
National Institute for Medical Research, London (see table I). The potencies

a The authors wish to thank Messrs Burroughs Wellcome Ltd, London, United Kingdom; Messrs Eli
Lilly & Co., Indianapolis, USA; Professor E. B. Fischer, School of Pharmacy, University of Minnesota,
USA; Messrs Sharp & Dohme, Philadelphia, USA ; and B. Siegfried, S.A., Zofingen, Switzerland, for their
generous contributions.
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obtained by the three methods indicated that all six batches were suitable for
incorporation in the standard preparation. The moisture content varied
between 3.6 % and 5.2 %.

The blending of the six batches, and drying to a suitable moisture
content, were kindly undertaken by the scientific staff of the Wellcome
Chemical Works, Dartford, Kent, England.

Two batches, which were rather coarsely powdered, were ground sepa-
rately in a ball-mill for 15 hours until they passed an 80-mesh silk sieve.
Three of the batches, of high moisture content, were dried for 5 hours at
490 C. The six batches were then ground in the ball-mill for 1 hour. The
ball-mill consisted of a drum 3 feet (91.44 cm.) long and 3 feet in diameter,
and contained 158 lb. (71.73 kg.) of 1-inch (2.54-cm.) porcelain stones.
The moisture content was still high so that the whole preparation was dried
for 2 hours at 430C. The moisture content proved to be 3.07 %. The blend
was then returned to the mill and ground for 24 hours, after which it was
judged homogeneous ; 7.5 kg. of this preparation were distributed, in
approximately 2.5-g. quantities, into ampoules which were then sealed and
stored at - 100 C.

Proposed dilution of new standard digitalis powder
A proposal by Dr L. C. Miller that the standard should be adjusted,

by dilution with exhausted digitalis leaf, so that 0.1 g. of the new standard
would carry one international digitalis unit, was carefully considered. Since
it is essential that an international standard should be subjected to a mini-
mum of processing after the definitive determination of its potency, the
proposed course would mean that at least two careful and extended assays
would be required, one to determine the potency of the blend, and the other
to determine the potency of the appropriately diluted blend ; moreover,
since the errors inherent in the determination of potency are such that, in
all probability, the most careful mechanical dilution of a blend of accurately
determined potency would not yield the expected potency on dilution, more
than one final assay might be required. In these circumstances, and in view
of the need for replacing the second international standard as quickly as
possible, the detailed collaborative assay was made on the undiluted blend
and the standardized material was not subsequently diluted.

Significance of assays in different species of animals
It was not thought desirable to determine the potency of the proposed

standard preparation solely in terms of any one animal, e.g., the cat. A
knowledge of the performance of the preparation in all the usual laboratory
animals was required, because the standard is to be used in all parts of the
world, including countries where cats are obtained only with difficulty.
Nevertheless, it was agreed that a cat assay should be included wherever
possible in the comparisons made by collaborating laboratories.

656



THIRD INTERNATIONAL DIGITALIS STANDARD 657

Arrangements for collaborative assay
As with previous assays, it was decided not to recommend any one

method of assay, but to suggest that each laboratory might include a cat
method broadly based on that described in the US Pharmacopoeia, 13th
edition (USP XIII).

A memorandum (Annex 1),b suggesting methods of assay for collabo-
rators, was drawn up by Dr F. C. MacIntosh, in consultation with Dr A. A.
Miles and Dr J. 0. Irwin, and a form devised showing the data required
by the statisticians for a profitable analysis of the results. Both the memo-
randum and the form were approved by an ad hoc conference consisting of
Dr J. W. Trevan (Chairman) ; Professor J. H. Burn, Dr F. J. Dyer, Pro-
fessor J. H. Gaddum, Professor A. D. Macdonald, Dr F. C. MacIntosh,
and Dr A. A. Miles.

Sixteen laboratories in eight different countries c collaborated in the
assay of the proposed third international digitalis standard against the
existing second international digitalis standard. Each laboratory received 6
ampoules (each containing 3 g.) of the second international standard and 12
ampoules (each containing 2.5 g.) of the proposed third standard, together
with the above-mentioned memorandum giving details of the three pres-
cribed methods of assay.

Results
All participants carried out at least one assay by one of the three methods

recommended in the memorandum, and one by another method in routine
use in their own laboratory.

The three prescribed methods of assay were
(1) A (2 + 2) dose quantal-response assay on frogs, the variate being

the percentage of animals dead in each group 18 hours after injection of the
dose.

(2) A graded-dose assay on cats, the variate for each animal being the
dose required to stop the heart beating. The dose was given not as a con-
tinuous infusion, but as an interrupted series of injections at regular time-
intervals.

(3) An assay exactly similar to the cat assay but carried out on guinea-
pigs.

With regard to the other methods used by various participants, pigeons
were used in seven laboratories, and in all of these the method was suffi-
ciently standard to permit a valid combination of the results. Several
laboratories carried out. assays in guinea-pigs by methods other than that
recommended. These other guinea-pig methods also did not vary greatly
among themselves, and have been combined as one group.

b See page 666.
c For list of laboratories see Annex 2, page 670.
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Statistical Analysis of Results

General observations
The methods of analysis were standard ; the quantal-response assays in

frogs were carried out by the methods described by Gaddum 4 and Bliss 1
and the graded-response assays by a very simple method depending on the
assumption that the logarithms of the individual lethal doses are normally
distributed. Table II summarizes the results of all the individual assays. The
remainder of the analysis is devoted to the combination of the results.

Quantal-response assays on frogs

Thirteen assays were carried out, of which one was invalid owing to non-
parallelism of the slopes for the second international digitalis standard and
the third international digitalis standard. In all, 874 frogs were used. The
various methods available for the combination of the results of more than
one quantal-response assay have been discussed elsewhere.9 A maximum-
likelihood method is only available where the slopes of all assays are
parallel. A test for homogeneity of the slopes of the twelve frog assays gave
a X2 of 23.83 on 11 degrees of freedom, a value which is not consistent with
an assumption of homogeneity. Miller8 found similar discrepancies between
the slopes obtained in different laboratories with the same method of assay.
The only method of combination open is thus the simplified method of
calculating the weighted mean potency of the series of assays. By this
method we have:

SW

where W (V(M)

and limits of error L = M ± s t
M

where s =
M SW

The limits of error given by this equation are only approximate and not
fiducial, and must always be regarded as an underestimation of the true
limits. With this limitation, this method is applicable provided that there is
no significant heterogeneity of the estimates of potency obtained from the
individual assays.

Combining the results of the frog assays by this method, it was found
that the X2 for heterogeneity of estimates of potency was 7.65 on 11 degrees
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TABLE II. RESULTS OF ANALYSES OF EACH INDIVIDUAL ASSAY

Labora- Asa ehdLimits of error

tnoy no. of assay* Weight Potency (P = 0.05)

1 1 GGPS 2,048 1.0328 0.928 -1.149
2 GPS 3,639 1.0829 0.9995-1.174
3 GPN 2,633 1.0573 0.961 -1.163
4 GPN 2,201 1.1018 0.994 -1.222
5 GPN 2,140 1.0349 0.932 -1.149

2 1 cat 775 1.0993 0.873 -1.312
2 cat 580 1.0902 0.881 -1.349
3 cat 1,172 1.0703 0.921 -1.243

3 1 GPS 1,728 1.0088 0.898 -1.134
2 cat 1,678 1.0002 0.887 -1.128
3 pigeon 4,702 1.0703 0.996 -1.150

4 1 cat 2,789 1.1156 1.016 -1.225
2 pigeon 1,995 0.9732 0.868 -1.091

5 1 cat 1,210 1.1869 1.023 -1.371
2 pigeon 3,254 1.0914 0.997 -1.194

6 1 frog 1,425 0.9872 0.840 -1.150
2 cat 1,675 1.0497 0.926 -1.190
3 pigeon 3,207 1.0807 0.987 -1.183

7 1 frog no valid estimates - slopes non-parallel
2 frog 463 0.8764 0.666 -1.112
3 frog 995 1.0404 0.866 -1.250
4 cat 844 1.1064 0.929 -1.317
5 pigeon 1,063 1.1117 0.950 -1.301

8 1 cat 2,355 1.1030 0.998 -1.219
2 pigeon 2,056 1.1233 1.009 -1.251

9 1 cat 258 1.2647 0.919 -1.740
2 pigeon 262 1.1498 0.838 -1.578

10 1 cat 2,258 1.0797 0.974 -1.197
2 GPS 1,754 1.0377 0.927 -1.162

11 1 frog 1,116 1.0000 0.872 -1.147
2 cat 1,861 0.9610 0.911 -1.014

12 1 frog 350 0.9012 0.730 -1.331
2 GPS assay invalid
3 GPN 2,499 0.8658 0.786 -0.954
4 dog 1,740 0.8712 0.775 -0.978

13 1 frog 622 0.9995 0.852 -1.191
2 frog 551 0.9678 0.781 -1.217
3 cat 213 1.2148 0.784 -1.881
4 GPN 2,104 1.1084 1.000 -1.228
5 GPN 3,077 1.0619 0.976 -1.156

14 1 frog 1,116 1.0314 0.979 -1 .085
2 frog 1,556 1.0678 0.997 -1.162
3 GPS 1,896 1.0985 0.987 -1.223
4 GPS 2,862 0.9594 0.878 -1.049

15 1 frog 1,156 1.1458 1.006 -1.308
2 frog 1,508 1.0000 0.885 -1.130
3 cat 4,246 1.0200 0.942 -1.103
4 cat 613 1.2891 1.048 -1 .586

16
I 1 frog 233 1.0780 infinite

2 cat 3,289 1.2040 1.108 -1.309

* GPS = guinea-pig assay by recommended method
GPN = guinea-pig assay by some other method
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of freedom, so that no evidence of heterogeneity existed. Proceeding with
the calculations the weighted mean potency was 1.0197, with approximate
limits of error of 0.977 to 1.064. These values are the best available in the
circumstances.

Graded-response assays on cats
Sixteen assays were carried out on a total of 226 cats, of which 91 were

males and 135 females. In all individual assays the sexes were, as far as
possible, evenly distributed between the second and third international
digitalis standard groups ; to avoid the secular variations described by Bliss
& Hanson,3 the same number of cats was used as far as possible on each day
for tests on the second and third standards. The analysis depends on the
assumption that, in any one assay, the logarithms of the individual lethal
doses are normally distributed. Fig. 1 shows a histogram of the logarithms
of the individual lethal doses in mg./kg. It is evident that the distribution

FIG. 1. DISTRIBUTION OF LOGARITHMS OF INDIVIDUAL LETHAL DOSES
OF DIGITALIS FOR CATS

approximates to a normal one and, indeed, a x2 test does not indicate any

significant departure from a normal distribution. The correlation coeffi-
cients between the logarithms of the individual lethal doses, in mg./kg., and
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the weights of the animals, in kg., have been calculated for each sex sepa-
rately and are not significant, indicating that the sensitivity of the cats is
independent of the body-weight. In addition, the distribution of the weights
of the individual cats is not significantly different from normal. The results
of the assay should then, as far as can be judged, be unbiased.

On the assumption of the normality of the distribution of the logarithms
of the individual lethal doses, it is possible to analyse the results very simply;
the method needs no description. The method for combining the results is
exactly similar to that used in the frog assays, but in this case the limits of
error obtained are fiducial.

There was no heterogeneity of the individual estimates of potency, the
weighted mean potency was 1.0874 and the fiducial limits of error were 1.057
to 1.117. No corrections for secular variation 2,3 were considered necessary.

Graded-response assays in other animals
The other prescribed method of assay was almost exactly similar except

that guinea-pigs were used instead of cats. In addition many participants
carried out assays on guinea-pigs by methods other than the prescribed one,
but which were in routine use in their laboratories. In general the differences
from the prescribed method were minor. Such assays were also carried out

TABLE III. RESULTS OF COMBINATION OF ASSAYS DONE SEPARATELY FOR
EACH METHOD

Method of Nus°mabyer8 Limits of error (P = 0.05) 2 E
ofsPoencyWeight X 1assays M

actual percentage °_

Frog 12 1.0197 0.977-1.064 95.8-104.4 11,092 7.65 1 1 0.7-0.8

Cat 16 1.0874 1.057-1.117 97.2-102.8 25,816 24.99 15 0.05-0.1

GPS * 6 1.0363 0.997-1.077 96.3-103.9 13,927 6.00 5 0.3-0.5

GPN * 6 1.0330 0.995-1.072 96.3-103.8 14,654 19.12 5 0.001-0.01

Pigeon 7 1.0745 1.037-1.113 96.5-103.6 16,539 5.11 6 0.5-0.7

Dog 1 0.8712 0.775-0.978 88.9-112.3 1,740 - - _

* GPS = guinea-pig assay by recommended method
GPN = guinea-pig assay by some other method

on pigeons, the method again being very similar to that for cats and guinea-
pigs. This forms yet another group. These three series of assays were
analysed in exactly the same way as that already described for the cat
assays. The results of all methods of assay are summarized in table III. It
should be pointed out that in no case did the distribution of the logarithms
of the individual lethal doses depart significantly from normality.

One other important point emerged from the analyses. It was observed
that the coefficients of correlation between the logarithms of the individual
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lethal doses, in mg./kg., and the weights, in kg., were highly significant for
both the second and third international digitalis standard in both sexes in
the guinea-pig assays. (This was not the case for. the cat or pigeon assays.)
Table IV shows the results of these calculations. The significant correlations
for guinea-pigs were all negative, indicating that the heavier animals were
more sensitive to digitalis than the lighter. Moreover, the distribution

TABLE IV. CORRELATION BETWEEN WEIGHTS OF ANIMALS AND LOGARITHMS
OF INDIVIDUAL LETHAL DOSES

of the weights of the animals, in kg., was significantly different from the
normal, being skew to the left. Fig. 2 illustrates this, and shows also the
distribution of weights for the second and third international digitalis
standards separately. A t-test between the mean weights of the animals used
for the second international digitalis standard and those used for the third
international digitalis standard shows no significant difference between these.
There is thus no evidence that this particular assay is biased by the significant
correlation noted. Nevertheless, it is of importance that this deficiency in
respect of the assays in the guinea-pigs should be known, as this animal is
being increasingly used in practice. In this connexion also, it should be
noted that such a correlation has often been observed in cat assays but
always in cases in which the dose was given by continuous infusion as
volume per unit time. In using this method the heavier cats will not receive
a lethal dose of a rapidly-acting toxic glucoside at as early a stage of the
infusion as the lighter cats. They will thus be exposed for a longer period
to the effect of slowly-acting glucosides and the time of death may thus be
relatively earlier than in the lighter cats. Where the dose is given as
volume/kg./unit time this source of error is eliminated and the correlation
will tend to disappear; in the case of the guinea-pig assays, however,

Method of assay

International Sex of _ Cat Guinea-pig Pigeon
digitalis test co p
standard animal r 8 P r P

C
a) a) a)

d 0.11 46 >0.10 -0.51 108 <0.01 0.12 15 >0.10
Second V -0.12 58 >0.10 -0.50 34 <0.01 0.31 16 >0.10

d+ 0.02 106 >0.10 -0.55 144 <0.01 0.17 33 >0.10

d 0.21 41 >0.10 -0.45 108 <0.01 -0.39 16 >0.10
Third V -0.08 61 >0.10 -0.48 34 <0.01 -0.11 15 >0.10

d + y 0.15 104 >0.10 -0.48 144 <0.01 -0.15 33 >0.10

d0.16 89 >0.10 -0.47 218 <0.01 -0.11 33 >0.10econ and -0.08 121 >0.10 -0.48 70 <0.01 0.11 33 >0.10
t + 0.07 212 >0.10 -0.50 290 <0.01 -0.14 68 >0.10
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even this improvement in technique has not eliminated significant
correlation. It must therefore be emphasized that there is a danger in the
use of this method for routine assay, as the result may be biased unless
the weights of the guinea-pigs in each group are carefully controlled.

FIG. 2. DISTRIBUTION OF WEIGHTS OF GUINEA-PIGS USED IN ASSAYS

~~2nd international digitalis standard
--------- 3rd international digitalis standard

2nd + 3rd international digitalis standards

Combination of Assay Results

It will be seen from table II that there is no evidence of large variations
from laboratory to laboratory, with the single exception of laboratory
no. 12, in which the results by all methods are consistently low. This may
possibly be accounted for by the slightly different procedures followed in
this laboratory in making the test fluids from the dry preparations and in
subsequently diluting them.

Table III shows the results obtained for each method of assay separately
and represents the total information derived from all assays. From this
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information it is necessary to arrive at the best available estimate of the
potency of the proposed third international digitalis standard. Although it
was hoped that the potency ratios in the different animal species would not
differ significantly, it was considered quite probable that they would do
so. In fact, significant heterogeneity did exist, the x2 value for differences
between the six estimates of potency in the different species being 21.98 on
5 degrees offreedom. Of this total x2, a large proportion is attribuable to the
relatively low result of the single assay in the dog, and the x2 value between
the five remaining estimates is only 9.97 on 4 degrees of freedom. Though
this figure is evidence of heterogeneity at the 5 % level, it is non-significant
at the 1% level. It is considered that there is not, therefore, sufficient
evidence of heterogeneity to render invalid a combination of the potencies
obtained in the different species. On this basis, the best statistical estimate
of potency is the overall weighted mean of the assays in all species. However,
there is a widespread belief that the potency as determined by the cat assay
is more nearly equivalent to the potency in man, and, indeed, some experi-
mental evidence has been produced to illustrate this; 7 moreover, Gold,
Cattell, Kwit & Kramer 6 have produced evidence that the potency estimated
by frog assays is often considerably different from the potency in man.

Table V shows the values for the potency estimated in three ways. The
grand weighted mean potency is 1.0527 with limits of error (approximate
only) of 1.036 to 1.069. As has been shown, the weight associated with the
frog assays is certainly over-estimated owing to the method of combination.
Because of this, these limits are almost certainly too narrow. The total
weight associated with the single assay in the dog is relatively so small that
its inclusion or omission in the calculation of the grand weighted mean

TABLE V. OVERALL ESTIMATES OF POTENCY OF THIRD INTERNATIONAL
DIGITALIS STANDARD

Limits of error
Method of calculation Estimated (P = 0.05)

potency
actual percentage

Weighted mean of all assays 1.0527 1.036-1.069 98.4-101.5

Weighted mean of assays
excluding dog method 1.0568 1.040-1.074 98.4-101.6

Unweighted mean of assays
excluding dog method 1.0502

potency makes little difference. The unweighted mean potency, omitting the
result of the single assay in the dog, is 1.0502.

Table VI shows the average weight contributed by a single animal of each
species. It will be noticed that one frog contributes only about one-tenth
of the information contributed by the animals in which graded-response
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assays were carried out. Gaddum I has shown that, other things being equal,
a quantal-response assay may theoretically be expected to provide about
half as much weight per animal as a graded-response assay. The additional
information in this series of assays must be due to other factors in the assay

TABLE VI. AVERAGE WEIGHT CONTRIBUTED BY A SINGLE ANIMAL TO ESTIMATE
OF POTENCY

Animal ~~~~~~~~~~Number AverageAnimal Type of assay Total weight of animals weightcontributed

Frog Quantal response 11,092 874 12.7

Cat Graded response 25,816 226 114.2

Guinea-pig Graded response 13,927 152 91.6
(recommended method)

Guinea-pig Graded response 14,654 142 103.2
(other methods)

Pigeon Graded response 16,539 94 175.9

Dog Graded response 1,740 20 87.0

method producing a reduction of the error variance. From table VI it will
also be seen that, in this respect, the pigeon assay has a definite advantage
over all other methods and that the frog assay, although simple practically,
contributes relatively little information.

Potency of Third International Digitalis Standard

It was not thought advisable to base the potency of the third inter-
national standard preparation on the result of cat assays only, or to exclude
the result of the frog tests.

The most accurate and most scientific estimate of the potency is the
weighted mean of the estimates of potency obtained from all assays in all
species. This value is 1.0527 and it is significantly different from the value
1.0000 assumed for the second international standard. It is, however, so
close to unity that an arbitrary assignment of this value to the third
standard had to be considered. The adjustment of the value 1.0527 to
1.0000, so as to bring the third standard into line with the second, would
clearly be convenient, and might be justified on one of two grounds:

(1) It might be assumed that the second international standard prepa-
ration had deteriorated since its establishment, perhaps to an extent of 5 %,
and that the third standard was therefore truly equivalent to the second
standard as the latter was in 1936. However, we have no evidence of any
deterioration of the second standard and, although a slight deterioration
can neither be proved nor disproved, to assume its existence without evidence

665



A. A. MILES & W. L. M. PERRY

would be to violate the assumption of stability which is essential for the
proper use of all biological standards.

(2) The adjustment might be made quite arbitrarily, as being convenient
and unlikely to lead to any difficulty in the subsequent use of the standard.
Such a procedure, if internationally adopted, would be quite valid. However,
since it would entail deliberately ignoring the best possible estimate of
potency, it was clear that there would have to be a large majority in favour
of taking such a step.

At this stage, the participants and advisers in the collaborative assay were
asked to state their preference, either for the weighted mean potency of
1.0527 or for the arbitrary potency of 1.0000. There were nine in favour of
1.0527 and seven in favour of 1.0000 ; when majority opinions were assigned
to the eight countries represented by these 16 preferences, there were four
countries in favour of 1.0527, and four in favour of 1.0000. Moreover, a
number of those who preferred 1.0000 had no objection to 1.0527. Since
there was not an overwhelming majority for 1.0000, 1.0527 was adopted.

Definition of New International Unit

The unit of the second international standard was defined as the activity
contained in 80 mg. of the standard preparation and therefore the unit of
the third international digitalis standard (1949) accordingly is the activity
contained in 80/1.0527 = 76 mg. of the standard preparation.
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Annex 1
COLLABORATIVE COMPARISON OF SECOND

AND THIRD INTERNATIONAL DIGITALIS STANDARDS

General considerations
Experience has shown that the relative potency of two samples of digitalis leaf will

often appear to vary when different methods of assay are used to compare them. When
a uniform procedure of assay is used, the same result, within close limits, can be obtained
at different times and in different laboratories.

The various national pharmacopoeias prescribe or suggest a variety of methods for
standardizing digitalis. Some of them are more precise than others, but none has been
shown to give a reliable measure of the relative activity, in man, of individual samples of
digitalis; furthermore, the ease of obtaining different experimental animals varies from
one country to another. It is therefore certain that different methods will continue to
be used in different countries for the routine testing of the drug.
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From this it follows that the strength of the new international standard, in terms
of the old, should not be determined by a single method of assay. The unitage so obtained
would be highly appropriate in countries where that particular procedure was the only
one used, but in countries where other methods were in force, there would be, consequent
on the introduction of the new standard, a change of unknown magnitude in the average
strength of the drug. It will therefore be better to use more than one method for com-
paring the new standard with the old, and if the methods do not give the same result,
to choose an intermediate value as basis for the international unit. If this is done, it seems
likely that there will nowhere be any serious sudden change in the effective value of the
unit, and that the discontinuities will be of less practical significance than if only one
method is used. In fact, preliminary tests of the 6 samples of leaf composing the new
standard, by methods using the cat, guinea-pig, and frog, suggest that the discrepancies
to be expected between comparisons on different species will not be very great.

On the other hand it is desirable that the comparative strength of the old and new
standards, by a number of different tests, should be determined with a high degree of
accuracy. In order that the results of collaborators may legitimately be combined for
statistical analysis, it is hoped that they will agree to follow in detail one of the suggested
procedures. In addition, it is desirable that an approximate comparison of the two
standards should be made by as many as possible of the other assay methods which are
now in routine use.

It is therefore requested that each collaborator should carry out the following assays
(1) The cat assay, the guinea-pig assay, or the frog assay, as hereinafter described.
(2) An assay by the procedure which he customarily employs for the standardization

of digitalis preparations, unless this procedure is in all essentials identical with one of
the methods specified in (1).

If any participant is willing to undertake more than one of the assays specified in (1),
the further information thus provided will, of course, be welcomed.

Detailed instructions for the performance of the three specified assays are appended.
Any further precautions which may be taken by the individual worker (a) to insure that
the animals receiving the second standard are comparable in every way to those receiving
the third, and (b) to eliminate bias in the treatment of the two groups, will add to the
value of the assays.

Procedure for cat assay

The instructions given here correspond closely to those laid down in the US Pharma-
copoeia, 13th edition, but one or two minor variations in the procedure are permitted.
Preparation and storage of tinctures. Weigh the contents of an ampoule of the second
international standard to the nearest milligram, either in the original ampoule or in a
weighing-bottle, and transfer to a dry, hard-glass, stoppered container of at least 50-ml.
capacity. Complete the weighing within 5 minutes of opening the ampoule. For each
gram of powder add 10 ml. of 80% (by volume) alcohol (specific gravity (150/150 C.),
0.864). Insert the stopper, the upper third of which is lightly greased with petrolatum.
Shake the mixture for 24 hours at 200-300 C., or for 48 hours at 100-200 C., by mechanical
means which continuously brings the solid material into fresh contact with the liquid
phase. Immediately afterwards, centrifuge the mixture or filter by pressure through a
sintered-glass filter, taking all necessary precautions to avoid evaporation of the solvent.
Transfer it to a dry, hard-glass bottle with a tight closure, and keep at a temperature
between 50 C. and - 50 C. until used. Do not use for assay after a period of more than
30 days.

The contents of an ampoule of the proposed third international standard should be
treated in the same way.

(Note: The alcohol is not to be removed from the tinctures when they are diluted
for assay.)
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Selection ofanimals. Select domestic cats free from gross evidence of disease, and weighing
between 1.5 kg. and 4.0 kg. ; the weight of the heaviest cat should not be more than twice
that of the lightest. Weights should be determined to the nearest 0.05 kg. Do not use
cats which upon examination appear either obese, emaciated, lactating, or pregnant.
The cats should be starved for 16 to 24 hours before use. Assign all cats at random,
one for the second and one for the third standard, with the restriction that the ratio of
the average weights of the two groups shall not exceed 1.5.

Preparation ofanimals. The cats may be anaesthetized either with ether or with chloralose,
or they may be made spinal, but the same method of preparation must be used throughout.
If ether is used, the cat is lightly anaesthetized and immobilized, preparatory to the
injection. Insert a cannula in a femoral vein and arrange to inject the appropriately
diluted tincture from a burette, calibrated to 0.1 ml., after ensuring that the cannula is
filled with the solution to be injected and that no air-bubbles are present. Maintain the
anaesthesia throughout the injection in such a state that pain is absent, the pupillary
and corneal reflexes are present, the voluntary musculature is not relaxed, and the cat
occasionally moves its tail or makes some other voluntary movement.

If chloralose is used, the cat is first anaesthetized with ether and then 8 ml. per kg.
of body-weight of a 1 % solution of chloralose in 0.9% NaCl solution are injected intra-
venously. The ether is then removed, and the injection of the diluted tincture is begun
not less than 45, and not more than 75, minutes later.

If spinal animals are to be used, anaesthesia is first induced with ether. A tracheal
cannula is inserted and the spinal cord is cut at the level of the second cervical vertebra;
the brain is completely destroyed by a probe passed through the foramen magnum into
the cranial cavity, and artificial respiration is applied.

With any mode of preparation, it is permissible to insert a tracheal cannula, and to
register the blood pressure from a carotid artery in order that the moment of death may
be more easily detected, provided that no anticoagulant other than purified heparin is
used; however, these additions to the procedure must be made either with all animals or
with none.

Preparation of diluted tinctures. Dilute each standard tincture with 0.9% NaCl solution
in such a way that the estimated average fatal dose, per kg. of body-weight of the cat,
will be contained in 15 ml. of the final solution. The diluted tincture must be prepared on
the day of its use. It should be shaken before it is poured into the burette.
Injection of diluted tinctures. Inject 1 ml. of the diluted material for each kg. of body-
weight of the cat, within a few seconds. Repeat this dose at 5-minute intervals until the
cat's heart stops beating.
A total of not fewer than 6 cats should be used for each standard. Alternate cats

should be used for the second and for the third standard, and, on any one day, the same
number of cats should be used for each standard. If the average number of doses for any
given dilution required to produce death is less than 13 or more than 19, regard these
data as preliminary and repeat with a fresh, higher or lower, dilution. The results of
these preliminary tests should be reported in detail on the form provided. Complete
the assay within a period of 15 days.
Reporting of data. Report the data on the form provided. It is important that all the
information requested be supplied. No statistical treatment of the data need be made
by the individual worker.

Procedure for guinea-pig assay

Preparation and storage of tinctures. Follow the directions given under Procedure for
cat assay.
Selection of animals. Select healthy guinea-pigs, not albinos, weighing between 200 g.
and 6C0 g., and weigh them to the nearest 10 g. In any one test the weights of the heaviest

668



THIRD INTERNATIONAL DIGITALIS STANDARD

and lightest animals should not differ by more than 100 g. Either males or females may
be used, but in any one test the animals should be either all males or all females. Where
females are used, they should not be pregnant or lactating. Assign the animals at random
to two groups, one for the second and one for the third standard.
Preparation of animals. The anaesthetic to be used is a 25% urethane solution. Of this,
7 ml. per kg. of body-weight are injected subcutaneously between 45 and 75 minutes
before the injection of the digitalis solution is begun. Tie the anaesthetized animal on
its back and insert a cannula into one jugular vein. The trachea may be cannulated.
Preparation of diluted tinctures. Dilute the tincture prepared from each standard to. 12.5
times its volume with 0.9% NaCl solution. The diluted tinctures should be prepared
on the day when they are to be used.
Injection of diluted tinctures. Connect a burette, accurately calibrated to the nearest
0.01 ml., and infuse the diluted tincture at a constant rate of 0.65 ml./kg. of body-weight/
minute. Continue the infusion until the animal dies in heart failure. The moment of
heart failure may be observed most precisely through an aperture in the thoracic wall.
At any moment the total volume infused must correspond, with an error not exceeding
0.05 ml., to that expected on the basis of the stipulated rate of infusion.

Administer the two standards to alternate animals, using a total of not less than
8 guinea-pigs for each preparation. If the average duration of the infusion, in either group,
is less than 20 minutes or more than 40 minutes, or if the average lethal volume of one
solution exceeds that of the other solution by more than 30%, regard the data as pre-
liminary, and repeat the test with a higher or lower dilution. The results of these pre-
liminary tests should, nevertheless, be reported in detail on the form provided.
Reporting of results. Report the results on the form provided. It is important that all
the information requested be supplied. No statistical treatment of the data need be made
by the individual worker.

Procedure for frog assay

Preparation and storage of tincture. Follow the directions given under Procedure for
cat assay.
Selection and preparation of animals. Either Rana temporaria, Rana pipiens, or another
species of Rana of similar size may be used. Either males, or females not swollen with
eggs may be used, but in any one test all the animals should be of the same sex. The
frogs may weigh between 15 g. and 50 g., but in any one test the weights should be as
similar as possible, and, in any case, the weight of the heaviest animal should not be more
than twice that of the lightest. Do not use frogs which are obviously diseased, have skin
abrasions, or are extremely pale. On the morning of the test, weigh each frog to the
nearest gram, after expressing its urine, and place it in an individual glass jar containing
water to a depth of about 2 inches (5 cm.). Divide the frogs into 4 equal groups in
such a way that the distribution of weights is similar for each group ; with this restriction,
animals should be assigned to groups at random. The number of frogs in each group
should be at least 15. The jars containing the frogs should stand for at least 2 hours in
a cool place where the animals are exposed to uniform diffuse daylight only. The assay
should not be carried out in very warm weather.
Preparation of diluted tinctures. Make two dilutions of each tincture with 0.6% NaCl
solution, the weaker being two-thirds the strength of the stronger. (Thus if 1 ml. of the
tincture were made up to 20 ml. for the stronger dilution, for the weaker dilution 1 ml.
would be made up to 30 ml.) The diluted tinctures should be prepared on the day when
they are to be used.
Injection of diluted tinctures. Use 1-ml. syringes of the ttiberculin type, graduated to
0.01 ml. and calibrated gravimetrically to an accuracy of 0.01 ml. over a range 0.3 to
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1 ml. Accurately fitting needles of external diameter not exceeding 0.6 mm. and at least
2-cm. long should be used. Injections are made into the ventral abdominal lymph-sac,
the needle being inserted into the leg and its point directed through the thigh musculature
into the lymph-sac, so that the injected fluid is distributed throughout the lymph-sac
and no fluid is lost at the point of insertion of the needle. The dose of the diluted tincture
is in each case 0.02 ml. per gram of frog. A syringe is reserved for each of the four solu-
tions to be injected. A frog from each group successively is injected, and when four
have been treated the sequence is begun again, and so on until all are finished.

Observation of end-point. The frogs are examined 18 hours after the injection. Those
which are motionless, and do not respond to placing on the back or to pinching of the
toes, are considered to be dead, even if on subsequent examination their hearts are found
to be beating.

If in any one of the four groups either less than 10% or more than 900% of the frogs
are dead, the test must be repeated with higher or lower dilutions of the tincture as may be
required. The weaker dilution of each tincture should, however, still be two-thirds the
strength of the stronger. If it is found that the interval between the dilutions so prepared
is, with the particular frogs used, so great that in most tests less than 10% of the frogs
die with the weaker dilution and more than 90% die with the stronger dilution, then the
test should be repeated with a narrower interval between the two dilutions ; but in this case
the ratio of the weaker to the stronger dilution should be the same for both the standard
tinctures.

Reporting of results. Participants carrying out the frog assay are asked to report at least
one test, on 60 or more frogs, in which none of the four groups showed less than 10%
or more than 90% mortality. Data on a larger number of frogs will, of course, be even
more acceptable. Where preliminary trials have been made resulting in mortalities outside
these limits, it is requested that the results of these trials be reported also.

Data should be reported on the form provided. It is important that all the information
requested be supplied. No statistical treatment of results need be made by the participant.

Other methods of assay

Any other method of assay which is believed to measure the cardiac action of digitalis,
and of which the collaborating laboratory has had experience, may be used in addition
to those specified above. If, for technical or other reasons, none of the methods described
above can be carried out in detail, it is suggested that a method as similar as possible
to one of them be used. Whatever preparation is used, the details and result of each assay
should be reported as completely as possible, including

(a) method of preparing the tinctures;
(b) selection, weight, and preparation of test animals;
(c) time of injecting the digitalis extract;
(d) method of detecting the end-point;
(e) dose administered to each individual animal; and
(f) any other details affecting the interpretation of the results.

Annex 2

LABORATORIES CONCERNED IN COLLABORATIVE ASSAY

CANADA Dr C. A. Morrell & Mr M. G. Allmark
Department of National Health and Welfare
Food anrd Drugs Divisions
Ottawa, Ontario
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FRANCE Professeur R. Hazard
Faculte de Medecine de l'Universite de Paris
12, rue de l'Ecole de Medecine
Paris, 6e

HUNGARY Professor B. Issekutz
Department of Pharmacology
University of Budapest
UlIoi ut 26
Budapest, VIII

INDIA Dr B. Mukerji
Government of India
Central Drugs Laboratory
110, Chittaranjan Avenue
Calcutta, 12

NETHERLANDS Dr H. van Genderen
Rijks Instituut voor de Volksgezondheid
Sterrenbos 1
Utrecht

SWEDEN Professor H. Rydin
Statens Farmacevtiska Laboratorium
Lindhagensgatan 124
Stockholm

UNrrED KiNGDOM Dr F. J. Dyer
School of Pharmacy
(University of London)
Pharmaceutical Society
17, Bloomsbury Square
London, W.C. I
Professor A. D. Macdonald
Department of Pharmacology
University of Manchester
Manchester
Dr F. C. MacIntosh, Dr W. D. Paton & Dr W. L. M. Perry
National Institute for Medical Research
Hampstead, London, N.W.3 d

L. A. Stewart
The Wellcome Foundation Ltd
London, N.W.1

USA Mr H. C. Spruth & Mr D. A. Rardin
Abbott Laboratories
North Chicago, Ill.
Dr Harry Gold
Cornell University Medical College
New York, N.Y.
Dr K. K. Chen
Eli Lilly & Company
Indianapolis, Ind.

d Now at Mill Hill, London, N.W.7
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USA (continued) Dr H. A. Braun
Food and Drug Administration
Division of Pharmacology
Washington, D.C.
Mr K. D. Sprague & Dr Lloyd C. Miller
Winthrop-Stearns Inc.
Sterling Winthrop Research Institute
Rensselaer, N.Y.
Mr 0. F. Swoap & Mr R. A. Sachs
Upjohn Company
301, Henrietta Street
Kalamazoo, 99, Mich.

SUMMARY

Six batches of digitalis powder were blended in order to prepare the third international
digitalis standard which will replace the second, now nearly exhausted. One batch was
sent from Switzerland, two from the United Kingdom, and three from the USA. The
blend was assayed biologically in 16 laboratories in 8 different countries.

The article deals with the statistical analysis and combination of the results obtained
in the various laboratories. From these results it was ascertained that the value of one
unit of the third digitalis standard differed only slightly from that of the second standard;
the activity of the new unit will correspond to that contained in 76 mg. of the standard
preparation.

In an important annex, the instructions issued to the participating laboratories are
given; biological methods of assay using the cat, guinea-pig, and frog are described.
The advantages and disadvantages of each method are indicated.
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