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The International Standard for Oleandomycin*

J. W. LIGHTBOWN, M. KOGUT & M. V. MUSSETT

At the request of the WHO Expert Committee on Biological Standardization a batch
of oleandomycin was submitted to an international collaborative study in six laboratories
situated in four countries. In this study the material was assayed by plate diffusion methods,
which varied in details of technique and design, against the US Food and Drug Administra-
tion's reference preparation for oleandomycin. On the basis of the results obtained the
material has been established as the International Standard for Oleandomycin and the
International Unit of Oleandomycin is defined as the activity in 0.001176 mg of the Inter-
national Standard. The US Food and Drug Administration's standard and the International
Standard are each part of the same parent batch of oleandomycin and the validity of such
an assay has been compared with the more usual assay situation when there is some degree
ofdifference between the preparations under comparison.

The WHO Expert Committee on Biological
Standardization (1958) requested the National Insti-
tute for Medical Research, London, to obtain a
sample of oleandomycin which would be suitable for
use as an international standard if such a standard
became necessary. Through the generosity of Chas
Pfizer & Co. Ltd., Brooklyn, N.Y., USA, a sample of
oleandomycin was obtained in October 1957. The
WHO Expert Committee on Biological Standardiza-
tion (1959) set up this material as the International
Reference Preparation of Oleandomycin and asked
the National Institute for Medical Research to
distribute the material into suitable containers and to
arrange an international collaborative assay of this
International Reference Preparation against the
standard preparation for oleandomycin of the US
Food and Drug Administration, with a view to its
establishment as an international standard.

THE US FOOD AND DRUG ADMINISTRATION (FDA)
STANDARD FOR OLEANDOMYCIN

Approximately 2 g of the FDA Standard for
Oleandomycin was received through the courtesy of
Dr Donald C. Grove of the Division of Antibiotics,
Bureau of Biological and Physical Sciences, Food
and Drug Administration, Department of Health

* From the Department of Biological Standards, National
Institute for Medical Research, London, England.

Education, and Welfare, Washington, D.C., USA.
The potency of this material was given as 850 pLg/mg.
It was distributed, immediately on receipt, into
80 ampoules, each containing approximately 20 mg.
The ampoules were constricted and sealed without
drying or filling with N2. This procedure was
adopted as the potency was expressed on an " as
is" basis, i.e., without any drying. The loss in
weight of the material in the ampoules on heating
at 56°C over phosphorus pentoxide at a pressure
of <0.05 Torr for five hours was found to be
0.2% w/w. This material was a chloroform adduct.

INTERNATIONAL REFERENCE PREPARATION OF

OLEANDOMYCIN
(PROPOSED INTERNATIONAL STANDARD)

This consisted of 250 g (Lot 69435-76 ERA) of the
chloroform adduct of oleandomycin which was
received at the National Institute for Medical
Research, London, in a single container in Novem-
ber 1957. The following data were supplied by the
manufacturer:

Empirical formula. . C35H61NO12CHCI3
Molecular weight . 809
Melting-point . . . . 121°C-122°C
Specific rotation . . 53.9° (in CH8OH)
Bio-potency . . . . 845 ,tg/mg
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It was kept in its original sealed container at
-10°C until April 1959, when it was distributed into
approximately 2000 ampoules, each containing
approximately 80 mg. The ampoules were stored
over phosphorus pentoxide in vacuo for 13 days at
4°C; the ampoules were constricted, stored in vacuo
over phosphorus pentoxide for a further 13 days,
filled with pure dry nitrogen and sealed. After
sealing, the ampoules were tested for pinholes and
leaks and stored at - 10°C.
The loss in weight of the material in the ampoules

on heating at 56'C over phosphorus pentoxide at a
pressure of <0.05 Torr for 5 hours was found to be
0.6% w/w.
When exposed to an atmosphere of 60% relative

humidity, the material in the ampoule showed no
significant increase in weight in 24 hours.
The two samples being compared in this collabo-

rative study were in fact both part of a single batch
of oleandomycin supplied separately to the FDA
and for WHO use. Since the portions of the batch
had been treated separately, it was thought advisable
to compare them directly in a collaborative study.
Such a comparison should, in addition to defining
the potency of the international standard, also
provide useful information regarding within- and
between-laboratory variation under conditions where
it was known that the materials being compared
were of the same composition. The information
could be indirectly useful in assessing variation in
other collaborative assays of non-identical materials.

COLLABORATIVE ASSAY

Seven laboratories agreed to take part in the
international collaborative study and each laboratory
was supplied with eight ampoules of the FDA
standard together with five ampoules of the proposed
international standard. Six laboratories finally sub-
mitted the results of their assays. These laboratories
are listed in the annex, but throughout this report
they are identified by arbitrary numbers which do
not necessarily correspond to the order of listing.
No particular method of assay was specified; the

only requirements were that:
(1) Each assay should provide from its own

internal evidence an estimate of potency of the
Unknown (proposed international standard) in terms
of the Standard (FDA standard) and fiducial limits
to that estimate.

(2) The assay should provide evidence of linearity
and parallelism of the log-dose/response lines,

unless evidence of linearity had been established
previously.

(3) All the dilutions of Standard and Unknown
(with or without replication) should preferably be
tested in a single unit of the experiment.

(4) Four assays should be performed on a mini-
mum of two sets of weighings and at least two sets of
ampoules.

Assay methods
Defining an assay as a natural unit of an experi-

ment, from which it is possible to estimate a potency
with 4ssociated fiducial limits (or statistical weight),
the total results from all laboratories yielded
49 assays. These were all plate diffusion assays but
varied considerably in detail (Table 1).

Laboratories 1 and 2 both arranged dilutions of
the two preparations in an 8 x 8 Latin square design
on large plates, but in Laboratory 1 the eight posi-
tions were used for four doses of Standard and four
of Unknown, while in Laboratory 2 dilutions derived
from three separate weighings of Unknown were
compared with two dose levels of Standard. This
latter method led to three separate, but not inde-
pendent, estimates of potency from each plate. Other
details of the assay method which varied between
these two laboratories were the method by which
the dilutions were applied to the plates and the test
organisms that were used. Laboratory 1 selected a
different Latin square design for each plate but
Laboratory 2 used exclusively the design described
by Brownlee et al. (1948).
The methods used by Laboratories 3 and 6 were

very similar in all respects and are described by
Kirshbaum et al. (1956) and in the United States
Pharmacopeia XV (1955). These laboratories used
the same organisms and by means of cylinders
applied three doses of each preparation, without
replication, to a small plate. In Laboratory 3 nine
such plates (treated at the same time) constituted one
assay, while Laboratory 6 used eight plates per
assay.

Laboratory 5 also used small plates, but in this
case there were four cylinders on each plate, two
being filled with one of the Standard solutions and
the other two with the equivalent dilution of Un-
known. There were twelve plates per assay, i.e.,
eight responses per dose level.
The design used by Laboratory 4 is described in

the Pharmacopoea Belgica V (1960) and is an
extension of the standard curve method. One dilu-
tion of the Standard was chosen as a control dose
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TABLE 1
NUMBER AND TYPES OF ASSAYS USED BY PARTICIPATING LABORATORIES

Laborato Number Total Total Number of dosesNor of responses responses Test organism of MethodNo. assays per plate per assay Standard Unknown applcatIon

1 8 64 64 4 4 Bacillus pumilus Fish-spine beads

2 12 64 32 2 2 Bacillus subtills Punched holes

3 6 6 54 3 3 Staphylococcus albus Cylinders

2 6 126/252 4 3 Micrococcus pyogenes var. aureus Punched holes
4

2 6 1261252 4 3 Micrococcus pyogenes var. albus Punched holes

5 15 4 48 3 3 Bacillus subtilis Cylinders

4 6 48 3 3 Staphylococcus albus Cylinders

and this appeared in three positions on every plate.
The other three positions were occupied by replicates
of one of the other four doses of Standard or of the
three doses of Unknown There were three or six
plates for each of the seven useful doses of the two
preparations, thus giving a total of 126 or 252 res-
ponses per assay, of which one half were responses
to the control dose of Standard.
Apart from Laboratory 2 all laboratories in-

cluded three or more doses of each preparation in
each assay, making it possible to examine the
linearity of the response lines. Laboratory 2 pro-
vided separate evidence of the linearity of the dose-
response line by testing one preparation over seven
dose levels, i.e., a 64-fold range of dilution.

Statistical analysis
The results of each assay were examined by the use

of standard statistical methods for parallel line
assays relating zone diameter to the logarithm of the
dose (Finney, 1952). The diameters measured by
Laboratory 4 were adjusted by the difference
between the mean diameter of zones obtained with
the control dose on the same plate and the over-all
mean of all such zones before the usual analysis
proceeded.

Linearity and parallelism of the log dose-response
lines were assessed by analysis of variance, and the
potency ratio of Unknown in terms of Standard was
estimated. The weight assigned to each potency
was calculated as the reciprocal of the variance of
the log potency.

Potencies were tested for homogeneity within and
between laboratories by use of the formula

x2= W (M-M)2
where M is an estimate of log potency and W its
weight, and M represents the weighted mean
potency. Since the preparations under comparison
are virtually identical, the expected value of the
potency ratio is unity, and therefore a test of
significance for the deviations of the weighted mean
potency ratios from unity was included.
The results from some laboratories were re-

analysed by relating the squared diameter to log dose.

Results
Analysis of the single dose-response line from

Laboratory 2 showed curvature which was significant
at the 0.1% level (reduced to the 5% level when
squared diameter was used as response metameter).
There were no significant departures from parallel-
ism in any of the four multiple assays carried
out by this laboratory, whichever response meta-
meter was used.
The analysis of the results obtained from Labora-

tory 1 showed that either the departure from
parallelism term or one or other of the four curvature
terms was significant in almost every assay. It was
therefore decided to combine these five terms and
use a single test for "deviations from linearity".
When this was done it was found that in four of the
eight assays the deviations were significant at the
1 % level. The analysis was repeated using squared
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diameter as response, and again exactly half the
assays had significant deviations from linearity at the
1 % level. It was thought possible that if the analysis
was done on a larger section of the results some of
the curvature terms might average out, since there
was apparently no consistent curvature in any
direction. The data were therefore again re-analysed
using the results from a single set of weighings (i.e.,
a set of four plates) as an " assay ". The curvature
terms proved to be cumulative, for in each of the
two analyses the " deviations from linearity" were
significant at the 0.1 % level Neither of the
" departure from parallelism " terms was significant
at the 5% level when tested separately.
When zone diameter was used as response, all

the assays submitted by Laboratories 3, 4 and 5 were
statistically valid but it was observed that in each of
the assays from Laboratory 4 the slope of the log-
dose/response line for Standard was steeper than
that for Unknown. The F ratios for linearity,
calculated from the assays done by Laboratory 5,
fitted the theoretical distribution quite well. In one
of the assays from Laboratory 6 (No. 48) the
departure from parallelism and the combined
"deviations from linearity" terms were significant
at the 5% level.

Since the use of squared diameter made little or no
improvement to the validity of the assays done by
Laboratories 1 and 2, and differences in potency
ratios and weights were negligible when com-
parisons between the two response metameters were
made, the results of the calculations using zone dia-
meter only have been presented in Table 2. The
potencies and weights obtained for each assay are
listed in columns 3 and 4. With the exception of
Laboratory 2, where the potency for a "set"
represents the combined potencies over one large
plate, the values in column 5 represent the weighted
mean of assays in which the same set of weighings
and dilutions of test materials was used.
The over-all weighted mean potency obtained for

each laboratory, together with its confidence limits,
is given in column 6 of the table. The values in
parentheses represent the total statistical weight
divided by the total number of zone diameters
measured.
The X' test showed that potency ratios were

homogeneous within laboratories for all participants
in the assay. The XI for Laboratory 2 was exception-
ally small (X2=2.3; P>0.99).
The only laboratory which obtained a final potency

significantly,different from unity was No. 4.

The six mean log potencies (one for each labora-
tory) were a heterogeneous set (X2=20.3; 0.01>
P >0.001) and combined to an over-all potency
of 1.0054. Due to the high weighting, the difference
of this value from unity is of borderline significance
(t=2.2 ; 0.05>P>0.02).

If Laboratory 4 is excluded, the remaining five
estimates of potency are homogeneous (X2=4.2;
0.50>P>0.30) and combine to a weighted mean
of 1.0018 with 95% confidence limits of 0.996 to
1.007. This value is not significantly different from
unity (t=0.64; 0.60 >P >0.50).

DISCUSSION

Jerne & Wood (1949) have discussed the difference
between the fundamental and the statistical validity
of a biological assay. In this study, in which two
portions of the same batch of oleandomycin have
been compared, the conditions for a valid assay
exist, for it is known that the Standard and Unknown
should give similar dose-response lines and Labora-
tory 2 has demonstrated that these lines are mono-
tonic over a wide range of dilutions.
One indication of the fundamental validity of

these assays is given by the noticeable absence of
significant departures from parallelism of the log-
dose/response lines for the two preparations. The
only instances of significant non-parallelism were in
three of the plates from Laboratory 1 and in Assay 48
from Laboratory 6. The potency estimated from the
latter is such an outlying value that the possibility
exists that some error was made in weighing or
dilution. If an assay was defined as " the results
obtained from a single set of weighings" there was
no sign of non-parallelism in the assays done by
Laboratory 1. As reported above, the log-dose/
response line for Standard was steeper than that for
Unknown in each of the assays from Laboratory 4.
A similar comparison showed an even distribution
of slope differences for all the other laboratories.
Fundamental validity is also shown by the

proximity of the estimated potencies to the expected
value of unity.
The use of either of the response metameters

normally used for antibiotic assays did not eliminate
curvature from the dose-response lines produced
by Laboratory 1. Although Jerne & Wood regard
this as statistical invalidity they consider it to be of
secondary importance, and in fact inclusion of these
assays has not led to heterogeneity of potencies
within this laboratory or with other laboratories.
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TABLE 2
POTENCIES OBTAINED FROM INDIVIDUAL ASSAYS

Laboratory Assay Potency | Weighted mean Potency and95%
No. No. ratio W g potency per set per laboratory a
(1) (2) (3) (4) (5) (6)

1 1 1.047 8585
2 1.014 11 680 1.034
3 1.027 6 983 1.014
4 1.060 7 732 0.999-1.030
5 0.976 20 392 (178)
6 1.027 11 451102
7 1.034 921621002
8 0.999 14 958

2 9 1.006 19680
10 1.010 19676 1.008
11 1.007 19 677
12 0.994 24 347
13 1.004 24 347 0.996 1.000
14 0.989 24 347 0.991-1.008
15 0.998 22 483 (770)
16 1.001 22 483 0.999
17 0.998 22 483
18 0.989 32052
19 1.004 32052 0.998
20 1.001 32 052 J

3 21 1.054 3540 1.054
22 0.983 3 385 0.983 1.020
23 0.993 2 532 0.993 0.984-1.057
24 1.048 2 483 1.048 (48)
25 1.001 1 283 1.001
26 1.034 2 365 1.034

4 27 1.046 44182 1.046 1.033
28 1.024 27609 1.025 1.018-1.048
29 1.035 2 414 (134)
30 1.022 27 085 1.022

5 31 0.999 22484 0996
32 0.992 17358 J
33 0.989 15 643 099
34 1.002 15 547 k 0995
35 1.012 20 626 1.007
36 1.004 25968
37 1.006 16 767 0.999
38 0.999 17 465 | 1.003 0.992-1.7
39 0.986 21 232 0.986 (461)
40 1.002 27 483 } 0999
41 0.997 30 802
42 1.023 16999 } 1.015
43 1.012 41 139
44 0.981 30759 0\980
45 0.978 11 4130.8

6 46 0.973 1 293 0.973 0.967
47 1.032 1 220 1.032 0.914-1.023
48 0.880 1 722 0.880 (34)
49 0.991 2 235 0.991

£ Values In parentheses represent the average weight per response.
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Incidentally, the consistency of potencies within
each laboratory is another noticeable feature of this
study in contrast with collaborative assays where
non-identical preparations are compared.
The statistical weight per response gives some

measure of the relative precision of the different
assay methods. Using this measure, the assays from
Laboratory 2 appear to be the most precise. These
were, however, the only four-point assays in the
study and this design theoretically leads to maximum
precision. Despite the high weighting, the potencies
estimated by this laboratory were more consistent
that would be expected and the possibility of a bias
cannot be ignored when it is remembered that the
same concentrations of antibiotic appeared in the
same positions on every plate.
The precision of the assays from Laboratory 1, also

using a Latin square design on large plates, was
considerably less.
The lowest weights, obtained by Laboratories 3

and 6, may be due to the use of Staphylococcus albus
as test organism, for Laboratory 5, using a very
similar design on small plates, produced quite
precise assays.
The assays from Laboratory 4 were also less

precise and it would seen uneconomic that 50% of
all zones measured should be responses to a single
dilution of the Standard preparation. There was no
clear justification for correcting the zone sizes by
the responses to the control dose, for in some of

the results, notably in Assay 29, there was poor
correlation between the responses to the test doses
and control dose on the same plate, thus giving
a large between-plate variation to the corrected zone
diameters. These assays were the only set which
caused any serious concern as to the validity of the
comparison since each potency estimate was in
excess of the expected value and there was a con-
sistent slope difference.

DEFINITION OF THE INTERNATIONAL UNIT

As stated at the outset, one object of this colla-
borative study was to discuss assay validity and
potency variation when identical materials were
compared and the other was to define a potency for
the International Standard for Oleandomycin. It was
considered that no evidence had been produced
contrary to the belief that the potency of the Inter-
national Standard was the same as that for the
FDA standard, so, according to the usual practice
of relating the potency of an international standard
to that of an existing standard and with the agree-
ment of participants in the collaborative assay, the
potency was defined by the WHO Expert Com-
mittee on Biological Standardization (1964) as
850 lU/mg-i.e., the International Unit of
Oleandomycin is contained in 0.001176 mg of the
International Standard.

RESUMmt

A la demande du Comit6 OMS d'experts de la Stan-
dardisation biologique, six laboratoires de quatre pays
ont proc6de' a une 6tude collective de deux fractions
d'un lot commun d'ol6andomycine, dont la premiere
6tait proposee comme 6talon international, la seconde
constituant la pr6paration de r6f6rence de la Food and
Drug Administration, Etats-Unis d'Amerique. La
methode utilis6e a ete celle de la diffusion sur plaque,

mais les modalites techniques des essais ont ete tres
differentes suivant les laboratoires. A la suite des r6eultats
de ce titrage comparatif, et en accord avec les laboratoires
qui ont participe a 1'etude collective, la preparation
proposee a et6 constituee en etalon international d'o16-
andomycine et sa valeur a ete fixee a 850 UT/mg; l'unit6
internationale d'ol6andomycine a ete d6finie comme
I'activit6 de 0,001176 mg de 1'etalon international.
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Annex

PARTICIPANTS IN THE COLLABORATIVE ASSAY

BELGIUM

Dr A. Lafontaine and Mr. A. Vanden Bulcke,
Institut d'Hygiene et d'Epidemiologie,
14, rue Juliette Wytsman,
Brussels

CANADA
Dr L. Greenberg and Miss K. Fitzpatrick,
Biologics Control Laboratories,
Department of National Health and Welfare,
Ottawa

UNITED KINGDOM OF GREAT BRITAIN
AND NORTHERN IRELAND
Mr J. W. Lightbown and Dr M. Kogut,
National Institute for Medical Research,
Mill Hill, London

UNITED KINGDOM OF GREAT BR1TAIN
AND NORTHERN IRELAND (continued)
Mr 0. Hughes,
Pfizer Ltd.,
Richborough,
Kent

UNITED STATES OF AMERICA
Dr D. C. Grove,
Division of Antibiotics,
Bureau of Biological and Physical Sciences,
Food and Drug Administration,
US Department of Health, Education, and Welfare
Washington 25, D.C.
Mr F. Howard Hedger,
Chas Pfizer & Co., Inc.,
Brooklyn, N.Y.


