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The Second International Standard
for Dihydrostreptomycin

J. W. LIGHTBOWN,1 M. KOGUT,' B. GRAB 2 & K. UEMURA 2

The National Institute for Medical Research, London, was requested by the WHO
Expert Comnmittee on Biological Standardization to establish a second International
Standard for Dihydrostreptomycin, since stocks of the first International Standard were
depleted. A batch of 500 g of dihydrostreptomycin sulfate obtained in 1961 was distributed
into ampoules in 200-mg amounts and dried in vacuo; the ampoules were then filled with
dried nitrogen and sealed. The proposed replacement material has been assayed biologi-
cally in terms of the first International Standard in seven laboratoires in six countries by
means of both plate-diffusion and turbidimetric assays.

Significant heterogeneity of the potencies obtained by the different laboratories was
revealed by statistical analysis; this heterogeneity might be caused by slight differences in
the content of streptomycin of the two samples. The material has been established as the
SecondInternational StandardforDihydrostreptomycin with a definedpotency of820 IU/mg.
The International Unit of Dihydrostreptomycin is defined as the activity of 0.001219 mg
of the Second International Standardfor Dihydrostreptomycin.

The first International Standard for Dihydro-
streptomycin was established in 1953 (Humphrey et
al., 1954) with a potency of760 IU/mg. In the fifteenth
report of the WHO Expert Committee on Biological
Standardization (1963) it is noted that a second Inter-
national Standard for Dihydrostreptomycin was
necessary, since stocks of the first International
Standard were depleted. The Committee authorized
the National Institute for Medical Research, London,
to arrange an international collaborative assay of
suitable material against the first International
Standard.

THE PROPOSED SECOND INTERNATIONAL STANDARD
FOR DIHYDROSTREPTOMYCIN

A sample of 500 g of freeze-dried dihydrostrepto-
mycin sulfate was obtained through the generosity
of Distillers Co. (Biochemicals) Ltd, U.K. It was
received at the National Institute for Medical Re-
search in a single container in December 1961. The
following data were supplied by the manufacturer:
potency 790 units/mg; loss of weight on drying

1 Division of Biological Standards, National Institute for
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' Health Statistical Methodology, World Health Organi-
zation, Geneva, Switzerland.

3.3 % w/w; streptomycin content, non-detectable,
i.e., <0.15%. The sample was kept in its original
sealed container at -10°C until December 1962, when
it was distributed into 2300 ampoules each containing
approximately 200 mg. The ampoules were stored
over phosphorus pentoxide in vacuo for a further
three weeks, filled with pure dry nitrogen and sealed
by fusion of the glass. After sealing the ampoules
were tested for pinholes and leaks and stored at
-1GC.
The moisture content of the material in the am-

poules (mean of ten ampoules picked at random) was
measured as the loss in weight after heating at 561C
over phosphorus pentoxide at a pressure of <0.05
mm Hg for five hours; it was found to be approxi-
mately 0.05% w/w.
When exposed to an atmosphere of 56% relative

humidity, the material in the ampoules picked up
approximately 0.15% w/w in 7 minutes and 0.31 %
w/w in 37 minutes.

THE COLLABORATIVE ASSAY

Six ampoules each of the proposed second
Standard (PS) and of the first International Standard
(S) were sent to seven laboratories in six countries.
The laboratories, which are listed in the annex, are
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referred to throughout the report by code numbers,
which bear no relationship to the order in which the
laboratories are given in the annex.
As is usual in this type of collaborative study, no

particular assay method was specified but participants
were asked to provide results of at least four assays,
using at least two independent sets of weighings and
dilutions. Each assay was to contain sufficient inform-
ation to provide, from its own internal evidence,
an estimate of the potency of the unknown (PS) in
terms of the first International Standard (S) and
fiducial limits to that estimate. It was suggested that
a minimum of three dose levels of S and of PS be
tested simultaneously, unless preliminary assays had
established the linearity of the log-dose/response
lines. In this case subsequent assays could be per-
formed using only two dose levels of each pre-
paration.

Statistical analysis of results

Altogether 122 assays were performed by the col-
laborating laboratories; four were turbidimetric
assays and the remainder diffusion assays. The
number and type of assays performed in each labora-
tory are shown in Table 1.
The results of each experiment were analysed by

the standard method for parallel-line assays, using
the analysis of variance appropriate to the design of
each assay. The potency of the proposed second
Standard and the precision of its determination were
estimated, and the linearity and parallelism of dose-
response regression lines were evaluated statistically.

In general, the diameter of the zone of inhibition
of growth was used as the response metameter being
analysed in relation to the logarithmic dosage.
However, the results obtained in one laboratory
(Laboratory 2) invariably gave curved regression
lines. For this laboratory the squared diameter,
instead of the diameter itself, was used as the meta-
meter in order to obtain approximately linear re-
gression lines. Laboratory 2 differed from other
laboratories in that it used a very wide range of di-
lutions (x 27) (Table 1). Under these conditions a
linear relationship between squared diameter and
logarithm of concentration is to be expected (Hum-
phrey & Lightbown, 1952).
When all the individual assays were analysed and

the potency estimates and their statistical weights
computed, the homogeneity test (Humphrey et al.,
1953) by means of X2 was applied to study whether
the potency estimates obtained in the same laboratory
were homogeneous, i.e., whether the differences

among the estimates were of the same order as
expected from the internal evidence of individual
assays.
For laboratories whose results did not show hetero-

geneity, 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 of individual
weights. On the other hand, when results were hetero-
geneous, 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 indi-
vidual potencies and its variance was estimated by
taking the reciprocal of the total of the new weights.
When the assays showed heterogeneous results

within a laboratory, attempts were made to detect the
source of heterogeneity by the analysis of variance in
relation to experimental conditions.
The combined potency estimate computed for each

laboratory showed heterogeneous variation among
the collaborating laboratories. The between-labora-
tory variance was estimated, the statistical weight
of the potency value derived from each laboratory's
results was redetermined, and the over-all estimate of
potency was worked out by following the same pro-
cedure as for the consolidation of assay results for
each laboratory.

In a number of assays at Laboratory 5 no response
was obtained at the lowest of the three dose levels.
These assays have been included, although linearity
could not be tested. In one assay in this laboratory,
responses were obtained only at the highest dose
level of S and the two higher levels of PS. This assay
was excluded from detailed statistical analysis.
The potency values obtained for all laboratories

fell within the range 541-1164 IU/mg. The value of
541 IU/mg was obtained in assay No. 48 at Labora-
tory 5. This value was far lower than any other potency
values, the second lowest being 690 IU/mg (also from
Laboratory 5). This assay (No. 48) was one performed
at concentration levels too low to give a complete set
of responses; the responses obtained demonstrated
significant departure from parallelism of the dose-
response lines at 1 % probability level. This value was
therefore excluded from the computation of the com-
bined potency from all assays. The remaining 120
assays gave potency values that are shown in the form
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TABLE 1

DETAILS OF ASSAY METHODS PERFORMED IN DIFFERENT LABORATORIES

Labora- Dose levels of No. Temp. of
tory Test org;nism XType of assay each preparation Structure of assay of' tion Assay mediumNo. (lU/mi) assays tiCn

I Bacillus subtilis Diffusion; 20, 40, 80 3+ 3; six replicates of 16 39 SA 7.8
(NCTC 8236) large plates each concentration

arranged in a 6 x 6
Latin square design;
one plate per assay

2 Bacillus subtilis Diffusion; Highest dose 4 + 4; two replicates 6 35 Medium No. 5
(ATCC 6633) rectangular between 210 and of each concentration (Grove and

plates, paper 310; dose ratios arranged at random Randall, 1955)
discs 1 :3: 9:27 on each plate;

6 plates per assay

3 Bacillus subtilis Diffusion; 5, 20 2+ 2; one of each con- 5 37 Medium No. 5
(ATCC 6633) Petri dishes, centration on a dish; (Grove and

cylinders 32-104 dishes per Randall, 1955)
assay

4 Bacillus subtilis Diffusion; Approx. 5, 15 2 + 2; one of each 8 35 Broth agar
(ATCC 6633) Petri dishes concentration on a medium

dish; 6-15 dishes per
assay

5 Bacillus subtilis Diffusion; large Highest dose 3 + 3; six replicates 36 36-38 Oxoid Lab.
(NCTC 8236) plates, cavities between 60 and of each concentration Lemco Agar

90; dose ratios arranged in a 6 x 6 CM. 17
1:2: 4 Latin square design; (Special)

one plate per assay

Bacillus subtilis Diffusion; large Highest dose 3 + 3; six replicates 36 36-38 Difco Pen.
(ATCC 6633) plates, cavities between 60 and of each concentration Assay

90; dose ratios arranged in a 6 x 6 Broth with 1.5%
1 :2: 4 Latin square design; Davies N.Z.

one plate per assay Agar

6 Klebsiella Turbidimetric 23.9, 30, 37.6 3 + 3; three replicate 4 37 Peptone broth
pneumoniae tubes at each dose USP XVI
(PCI 601) level

Bacillus subtilis Diffusion; plates, 0.6, 1.0,1.4 3 + 3; three replicates 3 37 Medium No. 5
(ATCC 6633) cylinder of a concentration of (Grove and

S and PS on the same Randall, 1955)
plate, 3 plates for
each dose level, i.e.,
9 plates per assay

7 Bacillus subtilis Diffusion; 0.6, 0.8, 1, 1.2 and 5 + 3; three replicates 8 36-37 Difco B270
(ATCC 6633) Petri dishes, 1.4 for S; 0.8, 1 of 1.0 and three re-

punched holes and 1.2 for PS plicates of another
dose of S or a dose of
PS in the same dish;
6 replicated dishes;
42 dishes per assay

of a frequency distribution in the accompanying
figure.
Of the 120 assays, 16 showed statistically signi-

ficant curvature (7 at 5% and 9 at 1 % probability
levels) and 10 showed a significant departure from

parallelism of regression lines (7 at 5% and 3 at 1 %
probability levels). A closer examination of these
cases revealed that in these assays the error variance
was smaller than in the assays which showed no signi-
ficant departure from linearity or parallelism. Since a
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FREQUENCY DISTRIBUTION OF POTENCIES (LOG SCALE) OF SECOND INTERNATIONAL STANDARD
FOR DIHYDROSTREPTOMYCIN OBTAINED IN DIFFERENT LABORATORIES
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slight degree of curvature and non-parallelism is
often observed in antibiotic bioassays, the results of
all the assays were used in the final statistical analysis.
The results of different assays performed within the

same laboratory were homogeneous only in three
instances-Laboratories 4, 6 (diffusion method) and
7. In the other laboratories statistically significant
heterogeneity was discovered. The results within each
laboratory were combined to give weighted average
log potencies for each laboratory, as previously
described; the homogeneous results were combined
according to statistical weight, computed from in-

ternal evidence, and the heterogeneous results on the
basis of recomputed weights, taking into account
between-assay variance. The weighted average poten-
cies obtained in this way are shown in the fourth
column of Table 2, and associated variances in the
sixth column.
By means of the analysis-of-variance technique,

attempts were made to study the source of hetero-
geneity between assays in individual laboratories. In
two laboratories the operator was a source of varia-
tion; in another, the variation was associated with
either the date or the weighing process. It was not
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TABLE 2
SUMMARY OF RESULTS OF ASSAYS OF PROPOSED SECOND INTERNATIONAL STANDARD

FOR DIHYDROSTREPTOMYCIN

Within- Within- and
Factors stUdied

Weighted Weighted laboratory between- Statistical InLaboratory No.8 Homogeneity geometric average variance laboratory St vatiriana of
No. assays within average log ofM variance of wegh tvrincies oftieNo. assays laboratory potency potency of M M .1a + poensIbaie

(lUImg) (M) (S 2) (s2 +S2s')ro nivda
m m ~~~~~~~~assays

1 16 Heterogeneous 820.6 2.91411 0.00001034 0.00013944 7 172 Operator,a date,
weighing

2 6 Heterogeneous 818.4 2.91298 0.00007365 0.00020275 4 932

3 5 Heterogeneous 879.9 2.94444 0.00093110 0.00106020 943 Date/weighingb

4 8 Homogeneous 825.5 2.91674 0.00000636 0.00013546 7382 Operator, date,
weighing

5 70 Heterogeneous 798.7 2.90241 0.00001875 0.00014785 6 764 Operator,b date,
strain

6 4 Heterogeneous 846.4 2.92755 0.00008810 0.00021720 4 604
(turbidimetric)

6 3 Homogeneous 883.4 2.94617 0.00002362 0.00015272 6 548
(diffusion)

7 8 Homogeneous 805.9 2.90626 0.00000612 0.00013522 7 395

a Statistically significant at 5 % probability level.
b Statistically significant at I % probability level.

possible to examine the specific way in which these
factors introduced heterogeneous variation, since no
further information on experimental conditions had
been recorded.
The variation in the average potency values from

one laboratory to another was examined by the XI
test and was found to be significant (P <0.001), a x2
of 64.96 with 7 degrees of freedom being obtained.
The between-laboratory variance was therefore com-
puted and the statistical weight of the potency value
computed for each laboratory was revised on the
basis of both within- and between-laboratory vari-
ances. The combined potency estimate computed
from all the results by using the revised weights was
827.9 IU/mg with the 95% confidence interval of
810.3-845.9 IU/mg. The statistical weight of this
estimate was 45.7 x 103.
For comparison the simple geometric average for

the potencies of 120 assays from all laboratories but
without weighting was calculated and found to be
811.9 IU/mg, with 95% confidence limits of 801.3-

822.7. The weight of this grand average was
118.5x 103.

DISCUSSION

Significant heterogeneity in mean potency values,
obtained by different laboratories in international
collaborative assays of antibiotics, has been the rule
rather than the exception. Out of fourteen such col-
laborative studies of different antibiotics, only three
gave mean potencies that were homogeneous between
laboratories. In the present study heterogeneity
between laboratories is significant at a level of P <
0.001. A study of the figure suggests that the po-
tencies obtained by Laboratory 6 may be a main
source of the heterogeneity and Table 3 demon-
strates the effect of excluding the results for Labo-
ratory 6. It can be seen that, although the X2 value is
reduced, the results are still heterogeneous between
laboratories and there is no justification for excluding
these results.
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TABLE 3
COMBINED POTENCIES FOR DIFFERENT GROUPS OF LABORATORY RESULTS

Excluding diffusion Excluding all assays
Item All assays assays from from

Lab. 6 Lab. 6

Number of assays 120 117 113

Heterogeneity (x2) 64.96 18.04 14.90

Degrees of freedom 7 6 5

Probability P < 0.001 0.001 < P < 0.01 0.01 < P < 0.02

Weighted potency 827.9 817.0 814.6

95 % confidence interval 810.3-845.9 805.0-829.1 801.4-827.8

Total weight 45 740 97881 81118

Unweighted potency 811.9 810.1 808.9

95 % confidence interval 801.3-822.7 799.4-821.0 797.9-820.0

Total weight 118 512 116 776 111 364
.~ ~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~t_________________________________________________

The first International Standard for Dihydrostrep-
tomycin contains 0.42% w/w of streptomycin. The
proposed second Standard was reported to contain
no detectable concentration of streptomycin and this
was confirmed in our laboratory (the minimum
detectable level being 0.15 Y). The relative activi-
ties of streptomycin and dihydrostreptomycin can

vary over a twofold range according to the test
organism. Bearing in mind the large weights asso-

ciated with these assays, the difference in strepto-
mycin content might well account for the hetero-
geneity of potency values.
When the first International Standard for Dihydro-

streptomycin was set up in 1954, the International
Unit was defined in such a way that " the International
Unit of biological activity should be as close as

possible to the activity of one microgram of dihydro-
streptomycin base " (Humphrey et al., 1954). On this
basis 100% dihydrostreptomycin sulfate should have
a potency of 799 IU/mg. The proposed second Inter-
national Standard clearly has a potency greater than
799 IU/mg and this could indicate either that the
estimate of chemical purity of the standard of the
Food and Drugs Administration of the USA, which
was used to define the activity of the first Interna-
tional Standard in 1956, was incorrect or, possibly,
that the first International Standard had lost activity.
No evidence for such a loss of activity is available and

a sample of the first International Standard stored
at room temperature showed no significant loss of
activity in ten years.

CONCLUSION

In its sixteenth report, the WHO Expert Com-
mittee on Biological Standardization (1964) author-
ized the National Institute for Medical Research to
establish the proposed material as the Second Inter-
national Standard for Dihydrostreptomycin on the
basis of the collaborative assay and to define the
International Unit with the agreement of the parti-
cipants.
As it is customary, when replacing an international

standard, to retain the value of the International
Unit already defined, the potency of the Second Inter-
national Standard is now taken as 820 IU/mg, a value
which lies within the fiducial range for the over-all
mean potency for all laboratories when the results
are combined either with or without weighting. On
this basis, and in accordance with the authorization
of the WHO Expert Committee on Biological
Standardization, the International Unit of Dihydro-
streptomycin is defined, with the agreement of the
participating laboratories, as the activity contained
in 0.001219 mg of the Second International Standard
for Dihydrostreptomycin.
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RtSUMt

Dans son quinzieme rapport publi6 en 1963, le Comite
OMS d'experts de la Standardisation biologique notait
l'epuisement presque complet du stock du premier 6talon
international de dihydrostreptomycine et demandait au
National Institute for Medical Research de Londres
d'organiser une 6tude collective du materiel destin6 a
constituer le deuxieme 6talon.
Un lot de 500 g de sulfate de dihydrostreptomycine

obtenu en 1961 a ete r6parti en ampoules et envoy6 a sept
laboratoires de six pays pour titrage comparatif avec le
premier 6talon. Au total, 122 6preuves ont 6t6 effectu6es,
dont 118 par la methode de diffusion sur plaques et 4

par turbidimetrie. L'analyse statistique des resultats a
montre des differences significatives entre les valeurs
moyennes d'activit6 du produit suivant les laboratoires.
I1 est possible que ces variations soient dues a de l6geres
diff6rences dans la teneur en streptomycine des deux
echantillons.
A la suite de cette etude, la preparation proposee a 6te

constitu&e en deuxieme etalon international de dihydro-
streptomycine et sa valeur fixee a 820 Ul/mg. L'unite
internationale de dihydrostreptomycine est definie comme
l'activite de 0,001219 mg du deuxieme 6talon international
de dihydrostreptomycine.
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LIST OF PARTICIPATING LABORATORIES
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DENMARK

Dr Jorgen Bang, Dr J. Forchhammer
Department of Antibiotics
Statens Seruminstitut
Amager Boulevard 80
Copenhagen

INDIA

Dr D. Ghosh
Central Drugs Laboratory
Government of India Ministry of Health
3 Kyd Street
Calcutta

POLAND
Dr B. Wieclawek
Analytical Department
Instytut Antybiotykow
ul Staroscinska 5
Warsaw

SWEDEN
Dr N. Diding
Apotekens Kontrollaboratorium
Gardsagen, 10
Solna

UNITED KINGDOM OF GREAT BRITAIN AND NORTHERN
IRELAND
Mr J. D. Ramsbottom
The Distillers Co. (Biochemicals) Ltd
Fleming Road
Speke
Liverpool
Mr. J. W. Lightbown, Dr M. Kogut
Division of Biological Standards
National Institute for Medical Research
Mill Hill
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