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SYNOPSIS

In 1950, the Department of Biological Standards, National
Institute for Medical Research, London, was authorized by the
WHO Expert Committee on Biological Standardization to proceed
with the establishment of an International Standard for Aureomycin.
A 100-g batch of aureomycin was obtained and was compared with
the Standard Preparation of Aureomycin of the United States Food
and Drug Administration (FDA) in a collaborative assay in which
six laboratories in five countries participated.

In all, 30 assays were carried out; 26 of these were done by
biological methods, using Sarcina lutea, Bacillus pumilus, Staphylo-
coccus aureus, or Bacillus cereus, and the remaining four by
physicochemical methods. The results were subjected to standard
methods of analysis, and the overall weighted mean potency (calcu-
lated from the biological assays only) was 1.0139, with limits of
error of 99.5% to 100.5%.

Since the International Standard is 1.39% more potent than
the FDA Standard Preparation, it is probable that the latter contains
a small amount of inert material; it is also possible that the Inter-
national Standard itself is not 100% pure. For most practical
purposes, however, both preparations may be regarded as substan-
tially pure, and it is considered that to alter the present practice
of quoting aureomycin dosage in metric units of weight would be
inadvisable. Nevertheless, since the International Standard may not
be a pure substance, a unit notation-for use where required in bio-
assays-is desirable, and the International Unit of Aureomycin
has therefore been defined as the activity contained in one micro-
gram of the International Standard.
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At the fourth session of the WHO Expert Committee on Biological
Standardization in Geneva in 1950,6 the Department of Biological Standards,
National Institute for Medical Research, London, was authorized to
proceed with the establishment of an International Standard for Aureo-
mycin, and obtained, through the generosity of the Lederle Laboratories
Division, American Cyanamid Company, USA, 100 g of a single batch
of aureomycin hydrochloride for this purpose.

This material was examined chemically and dispensed in ampoules,
and a description of the results of the tests and of the distribution into
ampoules is given in Annex I (see page 858).

Since a reference preparation of aureomycin was held by the United
States Food and Drug Administration (FDA), it was accordingly decided
that the proposed international standard should be compared with this
reference preparation by an international collaborative assay. This assay
was carried out by six laboratories in five different countries, and the
names and addresses of participants are given in Annex 2 to this report
(see page 859). Throughout the report, participating laboratories are referred
to by a number only.

The proposed international standard and the FDA reference preparation
were sent to all participants with a circular (see Annex 1) giving details
of the preparations and proposals for the collaborative assay.
A total of 30 assays was carried out by a variety of methods, and the

results were sent to the Department of Biological Standards, National
Institute for Medical Research, London, where a statistical analysis was
made. This report summarizes the results obtained and defines the Inter-
national Unit for the new Standard.

Methods

Of the 30 assays carried out, 26 were biological assays and 4 were
physicochemical assays. The biological assays were mainly plate assays
of various kinds, using as test organisms Sarcina lutea, Bacillus pumilus,
Staphylococcus aureus, or B. cereus, but three were turbidimetric assays
using Staph. aureus. The four physico-chemical assays included two
by colorimetric methods and two by the Hiscox method. No attempt
is made in this report to give details of the methods of assay, and no
attempt has been made to compare the estimates of potency obtained by
the different methods.

All the results have been treated by analysis of variance in the usual
way, potencies and limits of error being calculated by the methods described
by Emmens,1 and the results have been combined by the approximate
method previously described for the international collaborative assays of
sulfarsphenamine,2 digitalis,5 insulin,4 and penicillin.3
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Results

The types and numbers of assays done in the different participating
labbratories are shown in table I, and the mean estimates of potency
obtained by all biological methods in individual laboratories are shown
in table II. It will be seen that in no case was there any significant hetero-
geneity between repeat assays by the same method carried out in any one

TABLE I. NUMBER AND TYPES OF ASSAYS CARRIED OUT BY PARTICIPATING
LABORATORIES

Organism

Sarcina lutea

Staphylococcus aureus

Bacillus cereus

Staphylococcus aureus

Bacillus cereus

Sarcina lutea

Bacillus pumilus

Staphylococcus aureus

Staphylococcus aureus

Bacillus pumilus

Laboratory Type of
Number of

No. assay assays

Plate

Hiscox

Disc

Disc

Cylinder

Cylinder

Plate

Plate

Turbidimetric

Hiscox

Turbidimetric

Colorimetric

Plate

Colorimetric

1

1

5

5

2

8

1

2

3

4

5

6

TABLE II. WEIGHTED MEAN POTENCIES OBTAINED BY DIFFERENT BIOLOGICAL
METHODS IN DIFFERENT LABORATORIES

Laboratory Number of Weighted Limits of error Total X for
No. assays potency (%) weight homogeneity

1 1 1.0105 98.7 - 101.3 126,422 _

2 4 0.9819 91.6 -109.1 2,837 3.38

3 10 1.0182 99.1 -101.0 228,570 4.73

4 2 1.0217 99.0 - 101.1 208,881 2.16

5 1 1.0111 98.3 -101.7 71,638 _

6 8 1.0075 99.2 - 100.8 301,747 6.70

Total 26 -_ 940,095 |
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laboratory. There are, however, two points to comment on. The first
concerns one assay carried out by a plate method, using B. pumilus, in
Laboratory 6, where the dosage-response lines for standard and test sub-
stances were not parallel. The non-parallelism variance ratio was just
significant at the P = 0.05 level. Secondly, in the plate assay, using Sarcina
lutea, carried out by Laboratory 1, there was a highly significant curvature
term for the common regression line.

Both of these assays should properly be omitted from the calculation
of the final weighted mean potency, since they are formally invalid. How-
ever, both were included for reasons which are discussed later.

The four physicochemical methods of assay were not included in
calculating the overall weighted mean potency for two reasons. First,
no error is calculable, and secondly, it remains to be proved that these
methods necessarily measure the biologically active groupings of the
molecules. Table III, however, lists the potencies obtained in the physico-
chemical assays and it is obvious that the results agree closely with those
obtained by bio-assay, the arithmetical mean of the four being 101.28%
compared with the overall weighted mean potency for the bio-assays of
101.39%. The physicochemical assays can thus be taken as collateral
evidence of the precision of the bio-assay results; or, alternatively, the close
agreement between the two sets of estimates can be taken as evidence of
the validity of the physicochemical methods.

TABLE III. POTENCIES OBTAINED BY
PHYSICOCHEMICAL METHODS

Laboratory Number of PotencyNo. assays

1 1 1.032

4 1 1.014

5 1 1.005

6 1 1.000

4 Mean 1.0128

Thus, the overall weighted mean potency has been calculated from a
total of 26 assays. There was no significant heterogeneity between the six
mean estimates of potency obtained in the six participating laboratories.
It is therefore valid to combine these assays and to use the weighted mean
potency as the best estimate of the real potency of the proposed Inter-
national Standard in terms of the FDA Standard. The final weighted
mean potency is 1.0139, with limits of error of 99.5% to 100.5%, and the
details of this calculation are shown in the following tabulation:
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Overall weighted mean potency

Weighted mean potency 1.0139
Total weight ... 94Q,C95
Approximate limits of error - M ± ts M (where sM \t )

= 1.0092 - 1.0186
i.e., 99.5% - 100.5%

2 for homogeneity = 6.42 with 5 degrees of freedom (P = 0.2-0.3)

Discussion

The single assay carried out by Laboratory 1 was a very large one,
having in all 371 degrees of freedom for error. It was a (3+3) dose design on
8 trays with 8 replicates of each dose on each tray, i.e., a total of 384 re-
sponses. The analysis of variance of this assay is reproduced in table IV.
This assay illustrates a point which has occurred several times in large-scale
assays of antibiotics in the last few years. It will be seen that the variance
ratio, for linearity for the dosage-response line, over three doses, is 1,713,
while the variance ratio for curvature is 41. Both these terms are highly
significant in comparison with the error variance. In fig. 1, the dosage-
response line is reproduced. It will be seen that the deviations from linearity
visible to the naked eye are extremely small, and it is only the extreme
precision of the assay and the consequent reduction of the error variance
which has brought out the fact that the dosage-response relationship is
not in fact a perfectly linear one. Moreover, since the assays carried out

TABLE IV. ANALYSIS OF VARIANCE FOR PLATE ASSAY CARRIED OUT BY
LABORATORY I

Sum of Degrees Mean
squares ofreo square F P

Between substances 0.14 1 0.14 2.5 >0.10

Between doses 1,715.24 2

Linearity 1,712.93 1 1,712.93 i 30,553.4 <0.001

Combined curvature 2.32| 1 2.32 41.4 <0.001

S x D interaction 0.03 2

Departures from
parallelism 0.01 1 0.01 <1

Opposed curvature 0.02 1 0.02 <1

Between trays 42.91 7 6.13 109.3 <0.001

Residual 20.80 371 0.06

Total 1,779.12 383 -

9
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in the other participating laboratories are mainly (2+2) dose assays, no
determination of a curvature component is possible, and it might well have
been that had they been designed at more than two dose-levels, the curvature
component in these assays also would have been significant.

FIG. 1. LOG-DOSE-RESPONSE LINES FOR ASSAY CARRIED OUT BY
LABORATORY No. I

24 24

23 23

22 22

l21 21*

C~~~~~~~~~~~~~~~~~~~~~~~~~

20-7 20

// ~~~~~~~X-XFDA Workeing Stadar

fS ~~~~~~~~~o_oProposed lInterainl Stndcw
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- w~~~~~~~~~~~~O3515

It seems logically inconsistent to discard as formally invalid, because of
non-linearity, only those assays which are in fact so precise that this non-
linearity becomes significant; it is probable that only assays of the highly
precise type, carried out to characterize a standard preparation, will ever
be of a precision sufficient to detect the relatively small component of
curvature. It would of course be possible to arrive at an estimate of potency
based on curvilinear dosage-response lines, but it has been felt wiser in the
circumstances to increase the error variance of such assays to the point
at which the component for curvature becomes non-significant. In the
case of the assay carried out by Laboratory 1, it is necessary to reduce the
weight of the assay from 126,422 to 11,921, and this reduction in weight
will obviously considerably increase the limits of error of the estimate.

On the other hand, to increase the error of this particular assay and to
ignore the possibility of similar curvature in the equally accurate deter-
minations carried out by Laboratories 3 and 6 simply because the latter were
designed in such a way that such curvature is impossible to detect, seems
unfair. Two courses were therefore open, namely, either to reduce the weight
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of the assays carried out by Laboratories 3 and 6 by a smaller amount, or
to ignore the significant curvature in the assay by Laboratory 1. The latter
course has in fact been followed but in so doing it must be borne in mind
that the overall estimate of potency is probably overweighted. The total
weight of the overall estimate of potency is 940,095 and this gives limits of
error of plus or minus 0.5%. If this weight is reduced tenfold, however, the
limits of error are increased to plus or minus 1.5%, a precision which is
sufficient for most purposes.

The final weighted mean potency of the proposed International Standard
is 101.39% of the FDA reference preparation. The two preparations are
therefore very closely similar in strength, but the difference of 1.39% is
in fact significant because of the very small error attaching to the final
weighted mean potency. The FDA reference preparation was originally
defined as containing 1,000 micrograms of aureomycin hydrochloride per
milligram-a definition which is equivalent to saying that the FDA refer-
ence preparation is 100% pure aureomycin hydrochloride. At the time that
the FDA reference preparation was established, it was no doubt considered
that the material used was 100% pure, but the fact that the material which
it is now proposed to establish as the International Standard is actually
more potent can only be interpreted as an indication that the FDA reference
preparation does contain a small amount of inert material. It is equally
possible that the proposed International Standard itself is not 100% pure
but also contains a small amount of inert material. In so far as chemical
tests of purity can be relied upon, however, the indications are that both
materials may be regarded as substantially pure.

It is recognized that, since the FDA reference preparation was originally
defined in terms of its content of aureomycin hydrochloride and since, to
date, all preparations of aureomycin have been referred in potency to the
FDA reference preparation, all users of aureomycin, both clinical and
otherwise, have become accustomed to dosage of aureomycin being quoted
in metric units of weight. Thus, any attempt to alter this system of dosage
would probably be ill-advised. At the same time, however, it is also ill-
advised to define the new International Standard as a pure substance when
in fact it is not certain that this definition is correct; it is therefore proposed
that a compromise solution should be sought.

The difference between the proposed International Standard and the
FDA reference preparation, although significant, is small, and may for most
practical purposes be neglected. Users of the International Standard for
Aureomycin may therefore, if they so wish, regard it as a pure preparation
of aureomycin and, having assayed their preparation in terms of the Inter-
national Standard, may quote the content of aureomycin in their prepara-
tion in terms of weight of pure substance. On the other hand, since it
may be wrong to define the International Standard as a pure substance, it is
desirable to use a unit notation and it is proposed to define one Inter-
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national Unit ofaureomycin as the activity contained in one microgram of the
International Standard. The definition of an international unit in this way
is not intended to lead to a universal labelling of aureomycin preparations
in international units, but is only intended for use where desired in bio-
assays. It has also the merit of avoiding the labelling of an international
standard as a pure substance when in fact this may not be so.

Conclusion

The sample of aureomycin hydrochloride is therefore established as the
International Standard for Aureomycin, and the International Unit is
defined as the activity contained in one microgram of the International
Standard. For practical purposes, the International Standard may be
regarded as substantially pure aureomycin.

Annex 1

MEMORANDUM SENT TO PARTICIPANTS IN THE INTERNATIONAL
COLLABORATIVE ASSAYS OF THE PROPOSED INTERNATIONAL STANDARD

FOR AUREOMYCIN

The proposed International Standard

100 g of a single batch of aureomycin hydrochloride has been obtained through the
generosity of the Lederle Laboratories Division, American Cyanamid Company, USA.
The preparation is substantially pure, and has the following physical characteristics

Specific rotation
(0.5% solution in water, pH 2-8) - 240.50

1 cm 460 mp 0.148
E 500 mjL 0.010

1% 540 mj& 0.006
After a preliminary assay for potency at the National Institute for Medical Research,

London, it was distributed into ampoules containing approximately 60 or 120 mg. The
contents of the ampoules were dried in vacuo for one week at approximately 200C over
P205 and the ampoules were filled with pure dry nitrogen before sealing. After distribution
the loss in weight on drying over P205 for three hours at 560C and at a pressure of 10 j Hg
was measured on a separate sample and found to be 0.1%.

The reference preparation

The reference preparation is part of a sample of aureomycin hydrochloride which
forms the Standard Preparation of Aureomycin of the United States Food and Drug
Administration (FDA). Ampoules containing approximately 20 mg of this preparation
were treated in a similar way to the proposed Intemational Standard. After distribution
the loss in weight of this preparation on drying over P205 for three hours at 560C and at
a pressure of 10 t Hg was 0.25%.
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The collaborative assay

It is suggested that each participant should carry out at least four assays; preferably
two by one method and two by an alternative method. At least one of the methods
should be a biological method. Any recognized method of assay is suitable, provided that
the following criteria are satisfied in any biological method:

(1) The dosage-response relationship is linear. In cases where this is known, only
two dose-levels of standard and unknown need be tested. Where such evidence is not
available, the design of the assay itself should be such as to provide evidence of linearity
-namely, at least three dose-levels of standard and unknown should be tested.

(2) In all cases, the assay should be designed so as to provide, from its own internal
evidence, an estimate of the potency of the unknown in terms of the standard, and fiducial
litnits to that estimate. This entails testing at a minimum of two dose-levels of both
standard and unknown.

(3) The design should ensure that factors known to cause variation are eliminated,
when such factors cannot otherwise be adequately controlled. The modifications will be
different for each type of assay, but attention is directed to factors such as

(a) variation between operators;
(b) weighing and dilution errors (duplicate weighings are desirable);
(c) time taken in filling beads or cups.
No statistical analysis need be undertaken by participants. The results should be sent

to the Departmnent of Biological Standards, National Institute for Medical Research,
Mill Hill, London, N.W.7, in their original form, when the overall analysis will be
carried out.

Details of preparations

Three ampoules containing approximately 60 mg and two ampoules containing
approximately 120 mg of the proposed International Standard for Aureomycin, together
with five ampoules containing approximately 20 mg of the FDA Standard P.reparation,
are available for each participant.

The potency should be expressed in terms of the weight of material in the ampoules,
without further drying.

Annex 2

LABORATORIES CONCERNED IN COLLABORATIVE ASSAY

CANADA Dr. J. Gibbard
Laboratory of Hygiene
Department of National Health and Welfare
35 John Street
.Ottawa, Ontario

DENMARK Dr. Erna Lund
Department of Biological Standards
Statens Seruminstitut
Amager Boulevard 80
Copenhagen
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ITALY Dr. L. Silvestri & Dr. M. F. Cancellieri
Centro Internazionale di Chimica Microbiologica
Istituto Superiore di Sanita
Viale Regina Margherita 299
Rome

UNITED KINGDOM Dr. J. H. Humphrey & Mr. J. W. Lightbown
OF GREAT BRITAIN Department of Biological Standards
AND National Institute for Medical Research
NORTHERN IRELAND Mill Hill, London, N.W.7
USA Dr. D. C. Grove

Division of Antibiotics
Federal Security Agency Food and Drug Administration
Washington 25, D.C.
Miss F. L. Clapp, Mrs. D. Arietta & Dr. F. Wilcoxon
Lederle Laboratories Division, American Cyanamid Company
Pearl River, New York

RISUMI

En 1950, le Comite d'experts de 1'OMS pour la Standardisation biologique a autoris6
le National Institute for Medical Research, a Londres, a 6tablir un Etalon international
d'Aureomycine. Un lot de 100 g d'aur6omycine fut compar6 a la Preparation Etalon
de la Food and Drug Administration (FDA) des Etats-Unis d'Am6rique, dans six
laboratoires de cinq pays.

Au total, 30 essais furent effectues: 26 selon des methodes biologiques utilisant
Sarcina lutea, Bacillus pumilus, Staphylococcus aureus ou Bacillus cereus, les quatre
autres par des methodes physico-chimiques. Les resultats des essais biologiques soumis
a l'analyse statistique standard ont donne comme moyenne ponderee generale d'activit6
le chiffre de 1,0139, les limites d'erreur etant de 99,5% a 100,5%.

L'activite de l'Etalon international est ainsi 1,39 fois celle de l'Etalon FDA; on
peut en inferer que ce dernier contient une petite quantit6 de matiere inactive. Il est
possible aussi que l'Etalon international n'ait pas une puret6 de 100%. Pratiquement
toutefois, les deux preparations peuvent etre considerees comme pures et il semble
inopportun de modifier l'usage courant, qui consiste a exprimer ies quantites d'aureo-
mnycine en unit6s ponderales du systeme metrique. Cependant, comme il se peut que
l'Etalon international ne soit pas une substance tout 'a fait pure, il est necessaire de
disposer d'une notation en unites, que l'on utilisera, si besoin est, dans les essais bio-
logiques. Dans ce but, l'Unite internationale d'Aureomycine a ete definie comme
correspondant I l'activite exercee par un microgramme de l'Etalon international.
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