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The Second International Standard for Bacitracin
J. W. LIGHTBOWN,'1 M. KOGUT 1 & K. UEMURA 2

The National Institute for Medical Research, London, was requested by the WHO
Expert Committee on Biological Standardization to establish a second International
Standard for Bacitracin since stocks of the first International Standard were running low.
A batch of500 g of zinc bacitracin was obtained in 1962 and was distributed into ampoules
in 100-mg amounts and dried in vacuum; the ampoules were then filled with dry nitrogen
and sealed. This proposed replacement material has been assayed biologically in terms
of the first International Standard in seven laboratories in five countries by means of
plate diffusion assays.

In spite of a large difference in purity between the first and proposed second standards,
the variation in the potencies obtained for the proposed second standard were small,
although significant. This material has been established as the second International
Standard for Bacitracin with a defined potency of 74 mg. The International Unit of
Bacitracin is defined as the activity of 0.01351 mg of the second International Standard
for Bacitracin.

In 1959 the Department of Biological Standards,
National Institute for Medical Research, London,
was requested by the WHO Expert Committee on
Biological Standardization (1960) to obtain suitable
material to replace the International Standard for
Bacitracin, stocks of which were becoming low,
and to arrange a collaborative assay. In a later
report (1963) the Committee noted that an inter-
national collaborative assay was taking place and
authorized the National Institute for Medical
Research to establish the material as the second
International Standard for Bacitracin on the basis
of the results of the collaborative assay and to
define the international unit with the agreement of
the participants in the collaborative assay.

THE FIRST INTERNATIONAL STANDARD FOR BACITRACIN

This was established in 1953 and the International
Unit was defined as the activity contained in
0.0182 mg of the International Standard. Its
preparation and properties have been described by
Humphrey et al. (1953).

1 Department of Biological Standards, National Institute
for Medical Research, London, England.

I Health Statistical Methodology, World Health Organi-
zation, Geneva, Switzerland.

PROPOSED REPLACEMENT MATERIAL FOR

THE INTERNATIONAL STANDARD

Because of its greater stability zinc bacitracin was
chosen as the most appropriate material to use as
the replacement standard. A suitable sample
consisting of 500 g of a single batch, Lu Lot 34 II,
of zinc bacitracin was obtained through the gener-
osity of H. Lundbeck & Co. A/S., Ottiliavej 7,
Copenhagen-Valby, Denmark. The following data
were supplied by the manufacturer:

Loss of weight on drying at 60°C and a pressure of
less than 5 mm Hg for three hours: 2.8 %.

Zinc content: 4.36% (on dry weight basis).
Heavy metals: 30-40 p.p.m.
pH of a solution containing 10 000 units/ml: 6.0.
Toxicity: complies with safety test of the United States
Pharmacopeia XVI (1960).

Potency: January 1960: 76.3+2.1 units/mg on dry
basis

August 1961: 75.0+ 1.2 units/mg on dry
basis.

The sample was kept in its original sealed con-
tainer at -10°C until March 1962, when it was
distributed into approximately 4000 ampoules, each
containing approximately 100 mg. The relative
humidity during the distribution was 30%. The
ampoules were stored over P205 in vacuo at room
temperature for seven days, after which the ampoules
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were constricted and dried for a further period of
four weeks (i.e., to constant weight) under the same
conditions. The ampoules were then filled with
pure dry nitrogen, sealed by fusion of the glass,
tested for leaks and stored at -10°C.
The moisture content of the material was measured

by heating at 56°C over P205 at a pressure of less
than 0.05 mm Hg for five hours. Before distribution
into ampoules it was found to be 3.1 % w/w. After
distribution, 10 ampoules picked at random gave
values ranging from 0.21 % w/w to 0.420% w/w with
a mean value of 0.33 % w/w. Material in the
ampoules when exposed to an atmosphere of
relative humidity of 49% picked up moisture,
0.130% w/w in the first five minutes and then at a
decreased rate giving 0.88% increase after 45 minutes.

Preparation of solutions for assay

Since zinc bacitracin has a very low solubility in
water at normal pH values, care has to be taken
to ensure complete solution. The following method,
which had been recommended by the manufacturer
and found satisfactory in our own laboratory was
suggested for use.
The zinc bacitracin is dissolved at 1000 units/ml in

a solution which is 0.5 N with respect to H2SO4
and 0.375 N with respect to NaOH, i.e., three-
quarters neutralized; the temperature is maintained
at 10-15°C (running tap-water); under these condi-
tions the zinc bacitracin dissolves within 15 minutes.
The 1000 units/ml solution is diluted immediately to
100 units/ml using 1% phosphate buffer pH 6.0 (pH
of solution containing zinc bacitracin at this stage
found to be approximately 2.8). Further dilutions
may be made using 10% phosphate buffer pH 6.0 to
give solutions of zinc bacitracin of a concentration
appropriate to the particular assay conditions. At a
concentration of 10 units/ml the pH is approximately
6.0. Laboratories taking part in the collaborative
assay were told that other methods could be used
if these were known to be satisfactory.

THE COLLABORATIVE ASSAY

The two preparations (six ampoules each of the
first International Standard and of the proposed
second international standard for bacitracin) were
sent to seven laboratories in five different countries
which had agreed to participate in the collaborative
study. Throughout this report these laboratories
are referred to by arbitrary number only; these
numbers do not necessarily correspond to the order
in which the laboratories are listed in the annex.

In the memorandum which accompanied the
preparations no particular assay method was
specified but participants were asked if possible to
perform assays with two different test organisms.
It was hoped that each laboratory would provide
results of at least eight assays, including assays
based on at least two independent sets of weighings
and dilutions for each test organism.

Since the potency of the proposed second inter-
national standard was appreciably higher than that
of the first International Standard it was considered
likely that difficulties in assay might arise-e.g.,
non-parallelism of log-dose / response curves and
variation of estimated potency with change in
assay conditions. Participants were therefore asked
to describe in detail the assay procedures which
they used. Each assay was to contain sufficient
information to provide from its own internal
evidence an estimate of potency and fiducial limits
to that estimate, and also evidence of linearity and
parallelism of the log-dose/response lines.

STATISTICAL ANALYSIS OF DATA OBTAINED

A total of 246 assays were received from six
laboratories; Laboratory 4 was unable to complete
its assays because of technical difficulties. All the
assays were performed using diffusion methods;
each laboratory used two different test organisms.
The number and type of assays performed in each
laboratory are shown in Table 1.
The results of each assay were analysed by the

standard method for parallel-line assays using the
analysis of variance appropriate to each assay
design. The diameter of the zone of inhibition of
growth was used as the response metameter and the
regression lines were fitted against the logarithm
of the antibiotic concentration. Potencies of the
proposed second international standard in terms of
the International Standard and their precision were
estimated, and linearity and parallelism of dose-
response regression lines were tested in each
case.
Of the 246 assays as many as 56 showed a

statistically significant curvature (31 at 5% and
25 at 1% probability levels), and 25 showed a
significant departure from parallelism (17 at 5% and
8 at 1% levels). A closer examination of these
cases revealed that in most instances the error
variance was smaller than in those assays showing
no departures from linearity or parallelism. The
anomalies were not associated particularly with any
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one assay design or test organism. In one assay
performed at Laboratory 3 the deviations were
exceptionally large and the data were incomplete.
The results of this assay were therefore excluded
from the final statistical evaluation. When signifi-
cant curvature of the regression lines was observed
this was not consistently concave or convex, both
types of curvature occurring with almost equal
frequencies. Similarly, one preparation did not
consistently give a steeper regression line than the
other. A slight degree of curvature and non-
parallelism is frequently observed in bio-assay of
antibiotics. In this instance there was nothing to
be gained by using a transformed value as the
response metameter, and since the potency values
found in the assays showing these anomalous
values did not differ at all from those found in the
other assays the results of these assays were used in
the final statistical analysis.
When all the individual assays were analysed and

the potency estimates and their statistical weights
computed, the homogeneity test (Humphrey, Mussett
& Perry, 1953) by means of X2 was applied to study
whether the potency estimates obtained in the same
laboratory with the same test organism were
homogeneous, i.e., whether the differences among
the estimates were of the same order as expected
from the internal evidence of individual assays.
The X2 test revealed the existence of heterogeneity in
the results of five out of the 13 assay series (see
Table 2, column 4).
For an assay series in which no heterogeneity was

found, the average logarithmic potency was com-
puted by weighting each potency value with the
reciprocal variance based on the internal evidence
of the assay. The variance of the average potency
was then simply the reciprocal of the total individual
weight. When a series was heterogeneous, the
between-assay variance was computed and the
weight of each logarithmic potency value was
redetermined by taking the reciprocal of the total
variance, i.e., including both within- and between-
assay variances, according to the method described
by Bliss (1952). The average logarithmic potency
was then computed by applying the new weights to
individual potencies and its variance was estimated
by taking the reciprocal of the total of the new
weights. The average potency and the variance thus
determined for each assay series are shown in
columns 5, 6 and 7 in Table 2.
The results of individual assays performed in

each laboratory were further studied, by the analysis

of variance method, in relation to experimental
conditions. The factors studied were the test
organism, date of assay, weighing, dilution set and
operator, although not all of them could be studied
for each laboratory owing to the different arrange-
ment of assays made in each laboratory. The test
organism was found to be a significant source of
variation in the potency estimation in three labora-
tories. In another laboratory (Laboratory 7) also,
the test organism probably caused significant
differences in the results. However, in this laboratory
each of the two organisms was tested on a different
day and therefore the effect of the organism and
that of other uncontrollable conditions varying from
day to day could not be separated. Other factors
which contributed significantly to the variation in
the potency were the date of assay and either the
operator or the dilution set of the proposed second
standard, both found in the results reported from
Laboratory 3. The factors studied for each labora-
tory are shown in column 10 in Table 2, those
which were found to be a source of statistically
significant variation of the potency estimate being
indicated.
The average potency of each assay series was

determined with high precision, the statistical weight
being of the order of 105. However, among the
13 such values obtained there was considerable
variation. The x2 test for homogeneity revealed a
X2 value of 647.3 for 12 degrees of freedom, which
is highly significant (P<<0.001).
The average potencies obtained from different

assay series were combined in the same way as
were the heterogeneous individual assay results
within an assay series. The between-series variance
was estimated and the statistical weight of each
average potency redetermined, on the basis of which
the over-all weighted mean was computed. The
computations are shown in columns 7, 8 and 9
in Table 2. The over-all average potency was found
to be 74.4 lU/mg with the 950% confidence limits
of 72.8-76.0 IU/mg, the statistical weight of this
estimate being 42.4 x 103.
For comparison, the simple geometric average

for the potencies of 245 assays, from all laboratories
but without weighting, was calculated and found
to be 74.4 IU/mg, i.e., identical to the weighted
average, with the 95% confidence limits of 73.9-
74.9 IU/mg. The weight of this average was
452x 103.
The frequency distribution of the 245 potency

values is shown in the figure.
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FREQUENCY DISTRIBUTION OF LOG POTENCIES OF THE PROPOSED SECOND INTERNATIONAL STANDARD
FOR BACITRACIN OBTAINED IN DIFFERENT LABORATORIES
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COMPOSITION OF THE PROPOSED SECOND

INTERNATIONAL STANDARD FOR BAC1TRACIN

The composition of the first International
Standard for Bacitracin was determined by
Dr L. C. Craig of the Rockefeller Institute for
Medical Research, New York, and he kindly agreed
to examine the proposed second international
standard in a similar way.
A 5-g sample was distributed to 1029 transfers

in the phosphate system described by Craig &
Konigsberg (1957). The distribution was made in
a 1020-cell, 3/3 automatic train. Analysis of the
upper and lower phases was made by absorbance
at 255 m,. The examination showed the following
composition: B complex 18%, A complex 65%,
unknown complex 6%, F complex 11%. Dr Craig
reported that the unknown complex was of particular
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interest since he had not observed a significant
amount of biologically active bacitracin to occur in
this position (between complex A and complex F)
in a counter-current distribution run. The unknown
material showed good antibiotic activity and an

4mino-acid analysis identical with that of baci-
tracin A; the rotatory dispersion of the unknown
material was similar to that of bacitracin A.

Except for the rather small unknown component
the proposed second international standard was

similar to the first International Standard and
contained about the same amount of the B and the
inactive F complex.

DISCUSSION

Because of the large difference in potency between
the first and proposed second international standards
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a certain amount of heterogeneity was to be expected
in the relative potencies obtained in different
laboratories. The heterogeneity which has emerged
is not, however, very great; all mean potencies for
13 series of assays involving seven laboratories and
five different test organisms fall within the range
70.1-79.6 IU/mg. Five out of the six laboratories
used Micrococcusflavus as test organism and with it
obtained potencies ranging only from 70.1 IU/mg
to 74.8 IU/mg in spite of a wide variation in assay
techniques used; this variation in potency was,
however, highly significant (P< <0.001) on the basis
of a x2 value of 53.0 for 5 degrees of freedom.
Assays performed with Sarcina subflava gave
potencies within the same range as those obtained
with M. flavus. On the other hand, the potency
estimates using Corynebacterium xerosis, S. lutea
and M. pyogenes were higher, falling within 76.4-
79.6 IU/mg. Since each micro-organism was not
used in every laboratory it was difficult to determine
statistically the importance of the test organism in
producing heterogeneity of potencies. However,
Laboratory 3, which obtained a potency with
M. flavus in close agreement with the other four
laboratories using this organism, obtained a high
potency when using C. xerosis. In this instance,
apart from the difference in test organism, exactly
the same technique and the same solutions were

used for both series of assays which were performed
in parallel. It does appear, therefore, that the use

of C. xerosis was the cause of the higher potency.
Laboratory 7, when using C. xerosis, also obtained
a high potency. A similar comparison can be made
for the two series of assays performed by Labora-
tory 2, although different concentrations of anti-
biotic and different temperatures of incubation were

employed with the two test organisms, M. flavus
and M. pyogenes. These differences in technique
may possibly have contributed to the higher potency
obtained with M. pyogenes, but the small variation
between laboratories using M. flavus would suggest
that such variations in technique were relatively
unimportant.
When zinc bacitracin was chosen to replace the

first International Standard (which was bacitracin),
the possibility was considered that the zinc might
interfere in biological assays of ordinary bacitracin.
Enhancement of biological activity of bacitracin
by zinc had been reported by Weinberg (1959), but
the amount of zinc introduced in the standard
compared with the concentration of zinc normally
present in nutrient medium used in assay was small

and seemed unlikely to be important; practical
experience at that time confirmed this.

Since the completion of the collaborative assay
Laboratory 6 has shown that when zinc was added
to a bacitracin sample, in the proportion present in
the proposed second international standard, an
enhancement of activity of approximately 10% was
obtained with M. pyogenes var. aureus 6538-P as
test organism. With S. subflava an increase in
activity of 1.7% was found, and with M. flavus a
decrease in activity of 0.42%.

Since in the collaborative study Laboratory 2,
using this strain of M. pyogenes, obtained a potency
for the proposed standard appreciably higher than
the value obtained with M. flavus, it seemed desir-
able to see if the high potencies obtained by Labo-
ratories 7 and 3 using C. xerosis and S. lutea
might be due to potentiation by zinc. Using
these identical strains comparisons have been
made of the first International Standard with and
without addition of zinc against the proposed
second international standard under conditions
nominally the same as those used by Laboratory 7
in the collaborative study. The results obtained are
shown in Table 3. With these two test organisms a
concentration of zinc equivalent to that present
in the proposed second standard did not materially
increase the activity of the first International
Standard.

TABLE 3
EFFECT OF ZINC ON ACTIVITY OF FIRST INTERNATIONAL

STANDARD FOR BACITRACIN

Standard Substance Test Potency
preparation assayed organism (lU/mg)

1stInt.Standard lstInt.Standard C. xerosis 55.7
(55 lU/mg) +Zn S04 a NCTC 9755

S. Iutea 54.1
NCTC 8340

lstInt. Standard Prop. 2nd Int. C. xerosis 77.2 (76.36 b)
(55 lU/mg) Standard NCTC 9755

S. Iutea 77.7 (79.56 b)
NCTC 8340

lstInt. Standard Prop. 2nd Int. C. xerosis 76.8
+Zn S04 a Standard NCTC 9755

S. Iutea 80.6
NCTC 8340

a Zn S04 7 H20 was added in the proportion of 0.58 pg of
Zn++ to 1 IU of bacitracin.

b Values obtained for this comparison in the collaborative
study.
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It is possible that the heterogeneity introduced
by the zinc might have affected the potency obtained
by Laboratory 2 when using M. aureus if the amount
of zinc present in the assay medium was low. It
is unlikely, however, that this factor was important
in the assays using other test organisms.

In calculating the final over-all potency, results
obtained using all test organisms have been combined
since the heterogeneity in the potency estimate
probably reflects the chemical heterogeneity of
bacitracins in the two preparations and it is impos-
sibleto predict which micro-organism yields potency
estimates representing most closely the therapeu-
tically desirable activity.
The over-all average potency obtained by both

methods ofcalculation described is 74.4IU/mg, avalue
some 30 %-40% higher than the potency of the first
International Standard. The reason for this higher
potency is not revealed by the counter-current distri-
bution studies, which suggest in fact that both samples
contain essentially similar ratios of the different
bacitracins. It seems possible, however, that the pro-
posed second international standard might contain
less biologically inactive non-bacitracin material.
A possible explanation for the higher potency of

the proposed second international standard for
bacitracin might be that the first International
Standard had lost potency during its eleven years of
storage. However, the behaviour of samples of
the International Standard stored at high tempera-

tures suggests that such loss of activity has been
negligible. The data obtained from such experiments
are: Storage Durage of Loss in

temperature storage (days) potency
200C 2 190 14.3
370C 395 15.7

Following the method described by Jerne &
Perry (1956), assuming the rate of loss of activity
to be first-order, the Arrhenius equation gave a
rate constant for degradation at -10°C (temperature
of storage of the International Standard). On the
basis of this rate constant for - I0'C the Inter-
national Standard would have lost 1% of its original
activity since it was set up. Adjustment of the
potency of the proposed second international
standard for bacitracin on the basis of this loss of
activity of the first International Standard yields a
value of 73.66 IU/mg.

ESTABLISHMENT OF THE NEW STANDARD AND

DEFINITION OF THE INTERNATIONAL UNIT

In accordance with the authorization given by
the WHO Expert Committee on Biological Standard-
ization (1963) the above material was established
as the second International Standard for Bacitracin,
and, with the agreement of the participants in the
collaborative assay, the potency defined as 74 IU/mg.
The International Unit of Bacitracin is defined as
the activity contained in 0.01351 mg of the second
International Standard for Bacitracin.

RtSUMt

En 1959, le Comit6 d'Experts de la Standardisation
biologique de l'OMS autorisait le Service des Etalons
biologiques du National Institute for Medical Research
de Londres A constituer le Deuxieme Etalon international
de Bacitracine, le stock du premier etalon etant
epuise.
Un lot de 500 gr de bacitracine-zinc, obtenu en 1962,

fut reparti en ampoules d'une contenance de 100 mg qui,
apres dessiccation sous vide, furent remplies d'azote pur
et scellees. Cette preparation, proposee comme deuxieme
6talon international, fut alors soumise dans sept labora-
toires de cinq pays A des epreuves biologiques destinees A

la comparer au premier etalon. On etudia les resultats
obtenus au cours d'une serie de 246 essais effectues par la
methode de diffusion sur plaque.
Malgre le degre de purete tres different des deux prepa-

rations, on n'a releve dans l'activite de l'etalon propose
que des variations peu importantes - bien que significa-
tives - et ce dernier a ete constitue en Deuxieme Etalon
international de Bacitracine. En accord avec les labora-
toires qui participerent aux etudes collectives, sa valeur a
ete fixee it 74 UI par mg et la nouvelle unite internationale
de bacitracine a ete definie comme l'activite de 0,01351 mg
du deuxieme etalon international.
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