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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 Stalrdardization to proceed
with the establishment of an International Standard for Dihydro-
streptomycin. A 50-g batch of dihydrostreptomycin was obtained
and was compared with the Standard Preparation of Dihydro-
streptomycin of the Food and Drug Administration (FDA), United
States Department of Health, Education and Welfare, in a col-
laborative assay in which seven laboratories in five countries
participated.

In all, 76 assays were carried out; 62 of these were done by
biological methods, using Staphylococcus aureus, Bacillus subtilis,
or Klebsiella pneumoniae, and the remaining 14 by physicochemical
methods. The results were subjected to standard methods of
analysis, and the overall weighted mean potency (calculated from
the results of biological assays only) was 0.958, with limits of error
of 99.6% to 100.4%.

Since the FDA Standard Preparation is considered to be sub-
stantially pure dihydrostreptomycin sulfate, the content of dihydro-
streptomycin base (after allowing for known moisture content)
is assumed to be 79.2%. The potency of the International Standard
has been established as 760 International Units per mg, so that,
on the foregoing assumption, one International Unit may be
regarded as equivalent to the activity of one microgram of dihydro-
streptomycin base.

At the fourth session of the WHO Expert Committee on Biological
Standardization, held in Geneva in 1950,1 the Department of Biological

I World Health Organization, Expert Committee on Biological Standardization (1951) Wld Hlth Org.
techn. Rep. Ser. 36, 9
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Standards, National Institute for Medical Research, London, was authorized
to obtain material for an International Standard for Dihydrostreptomycin,
and to proceed with its collaborative assay.

Fifty grams of a specially recrystallized preparation of dihydrostrepto-
mycin sulfate were obtained through the generosity of Glaxo Laboratories
Ltd, England. The material was examined at the National Institute for
Medical Research, London, and dispensed in ampoules. A description of
the results of the tests and of the distribution into ampoules is given in
Annex 1 (see page 906).

It was decided that the proposed international standard should be
compared by an international collaborative assay with a reference pre-
paration, consisting of substantially pure dihydrostreptomycin sulfate,
held by the Food and Drug Administration (FDA), United States Depart-
ment of Health, Education and Welfare. This assay was carried out by
seven laboratories in five different countries ; the names and addresses of
participants are given in Annex 2 to this report (see page 908). 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.

The results were sent to the Department of Biological Standards,
National Institute for Medical Research, London, where a statistical
analysis was made.

At its sixth session (1952),2 the WHO Expert Committee on Biological
Standardization authorized the establishment of the International Standard
for Dihydrostreptomycin on the basis of the results obtained. This report
summarizes the results and defines the International Unit for the new
Standard.

Methods

In all, 76 assays were carried out. For the purpose of this report, a
single assay is defined as the information which produces one estimate of
potency with its own limits of error. Of the 62 assays which employed
biological methods, most were plate assays using Bacillus subtilis or Staphylo-
coccus aureus as the test organism, but 6 were turbidimetric assays using
Klebsiella pneumoniae. The 14 physicochemical assays were all carried
out by the Hiscox method 3 and, strictly speaking, do not fall within the
definition of an assay given above since they do not yield estimates of
limits of error. All biological methods were modifications of accepted
procedures, but the details varied considerably from laboratory to labora-
tory, even when the same test organism was used. For this reason, no

2 World Health Organization, Expert Committee on Biological Standardization (1953) Wld Hlth Org.
techn. Rep. Ser. 68, 17

'Hiscox, D. J. (1951) Analyt. Chem. 23, 923
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attempt is made to compare estimates of potency obtained by the different
methods.

All results of the biological assays have been computed and combined
in the manner described for the international collaborative assay of peni-
cillin.4

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

Laboratory No. Type of assay Organism Number of assays

1 Disc Staphylococcus aureus 1

Disc Bacillus subtilis 1

Cylinder Staphylococcus aureus 1

Cylinder Bacillus subtilis 1

2 Plate Bacillus subtilis 8

Plate Bacillus subtilis 8

3 Plate Bacillus subtilis 8

Hiscoxt 8

4 Plate Bacillus subtilis 12*

Hiscoxt _ 2

5 Turbidimetric Klebsiella pneumoniae 2

Hiscoxt 4

6 Plate Bacillus subtilis 1 **

7 Plate Bacillus subtilis 15

Turbidimetric Klebsiella pneumoniae 4

Total number of assays ........... . . 76

* Each estimate of potency represents six plates; thus there was a total of 72 plates.
** Direct estimate of potency based on nine single estimates
t Hiscox, D. J. (1951) Analyt. Chem. 23, 923

Results and Discussion

In table I are shown the types and number of assays carried out by the
different participating laboratories, and in table lI the mean estimates of
potency obtained by all methods. The following comments apply to
these tables.

4 Humphrey, J. H., Mussett, M. V. & Perry, W. L. M. (1953) Bull. Wid Hlth Org. 9, 15
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Laboratory 4 produced 72 small plate assays, and, while it was possible
to analyse each separately, it was found more convenient to combine
them in groups of six.

Laboratory 5 used a standard curve method, and the analysis was done
on three points of the standard and three points of the unknown curve,
assuming linearity. Since the curves were close and parallel, this assumption
should lead to little error in the estimate of potency but has probably
tended to overweight the result.

Laboratory 6 also used a standard curve method, but, as only a single
dose of the unknown was used on each plate, it was not possible to analyse
by the usual methods. A direct estimate of potency (and its variance)
was therefore calculated from the nine single estimates obtained.

Two assays done by Laboratory 1 proved to be invalid, one having a
marked departure from parallelism and the other showing opposed curva-
ture. The remaining two assays produced potencies which were not
homogeneous, and did not agree well with the results obtained by other
laboratories (table II). This contribution has accordingly been omitted
from the final estimate of potency.

Laboratory 7 stated that weighing errors were suspected in one set of
eight plates and that they did not consider the results of their turbidimetric

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

Laboratory Method Potency 5% limits Weight X2* p**
No. of error

1 Disc 2.106 - 493 _ _
(Staphylococcus

aureus)

Cylinder 0.776 - 180 _
(Staphylococcus

aureus)

2 Plate 0.966 99.0-101.0 185,899 12.91 0.05-0.10
Plate 0.949 99.2-100.8 291,869 4.85 0.50-0.70

3 Plate 0.927 98.8-101.3 128,337 2.83 0.90
Hiscox 1.022 _- - -

4 Plate 0.967 99.2-100.8 294,108 3.43 0.98-0.99
Hiscox 0.955 - _ - _

5 Turbidimetric 0.968 99.0-101.0 198,473 8.03 0.001-0.01
Hiscox 0.978 - _ -

6 Plate 0.914 97.2-102.8 27,037 -

7 Plate 0.962 99.3-100.7 378,946 9.56 0.10-0.20
Turbidimetric not

analysed

* X2 for homogeneity within methods within laboratories
** Probability of X2
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assays to be satisfactory. None of these suspect assays were analysed, and
the potencies quoted for Laboratory 7 are based on only seven plate assays.
Of these seven, five showed a significant curvature, as did two from
Laboratory 3, which also used a three-dose method. Laboratory 2, using
a two-dose method, had two assays with a significant departure from
parallelism.

It has been noted before (Humphrey, J. H. et al.5) that the very small
residual error in this type of assay makes even a very slight curvature or
deviation from parallelism significant. In none of the cases mentioned
is the curvature or departure from parallelism sufficient materially to
affect the potency obtained ; but it should be remembered that the limits
of error for these results have therefore all been underestimated.

Where possible a X2 test was done on the results of each method from
each laboratory (table II) and each set proved to be homogeneous within
itself with the exception of the two from Laboratory 5. Since these are
probably overweighted, and since also the individual potencies (0.983 and
0.955) agree well with those found by the other laboratories, they have
been included in the final estimate of potency.

For reasons stated earlier, assays by the Hiscox method have not been
included, although they furnish confirmatory evidence of agreement
between the bio-assay and physicochemical assay results.

Final Weighted Mean Potency

The FDA reference preparation appears, by chemical and physical
examination, to be a substantially pure sample of dihydrostreptomycin
sulfate. Since the proportion of dihydrostreptomycin base in pure dihydro-
streptomycin sulfate is 79.9%, and the reference preparation as used con-
tained 1% moisture, the proportion of dihydrostreptomnycin base in the
reference preparation has been assumed to be 79.2%. In order that the
International Unit of biological activity should be as close as possible to
the activity of one microgram of dihydrostreptomycin base, the potency
assigned to the reference preparation is 792 International Units per mg
and the potency of the International Standard is calculated on this basis.

The final potencies obtained by each laboratory, after the above-
mentioned omissions have been made, are shown in table III. A test of
homogeneity between these six estimates gives a significant value for
X2 of 48.54 with five degrees of freedom. The large contributions to X2
are made by the results of Laboratories 3 and 6, despite the fact that they
have the smallest weights.

6Humphrey, J. H., Lightbown, J. W., Mussett, M. V. & Perry, W. L. M. (1953) Bull. Wld Hlth Org.
9, 861
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TABLE I1. INDIVIDUAL POTENCIES USED IN THE CALCULATION
OF THE OVERALL POTENCY

No.bMethody Number Potency LoglNaboratory. { Method ] of assays per mg) potency Weight

2 Plate 16 757.23 2.87923 477,768

3 Plate 8 734.38 2.86593 128,337

4 Plate 12 766.08 2.88428 294,108

5 Turbidimetric 2 767.21 2.88492 198,473

6 Plate 1 723.83 2.85964 27,037

7 Plate 7 762.07 2.88199 378,946

The weighted mean of the six estimates gives a final potency of 758.90
units per mg, with 5% limits of error of 756.10 units per mg to 761.72 units
per mg, i.e., of99.6% to 100.4% of the potency. The total weight is 1,504,669.

If the results of Laboratories 3 and 6 are omitted (thereby reducing the
value of X2 to 6.88, which is below the 5% level of significance, with three
degrees of freedom) the potency is increased to 761.98 units per mg, with
limits of error of 759.02 units per mg to 764.96 units per mg. It is proposed
that a value for the potency of 760 units per mg be adopted since this
falls within the limits of both estimates.

Conclusion

The batch of dihydrostreptomycin examined in this study in comparison
with the existing FDA Working Standard is established as the International
Standard for Dihydrostreptomycin, with a potency of 760 International
Units per mg. For practical purposes, the International Unit may be
regarded as the activity of one microgram of pure dihydrostreptomycin
base.

Annex 1

PROPOSALS FOR COLLABORATIVE ASSAY
OF INTERNATIONAL STANDARD FOR DIHYDROSTREPTOMYCIN

The proposed International Standard

The proposed International Standard is a 50-g lot of a recrystallized preparation of
dihydrostreptomycin sulfate supplied through the generosity of Glaxo Laboratories
Ltd (England). On examination at the National Institute for Medical Research, London,
it was found to contain 0.42% of streptomycin in terms of the free base. No mannosido-
streptomycin was detected, but there was a small quantity of biologically inert impurity.
The preparation was stored in a desiccator at room temperature for ten weeks, and was
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then distributed into ampoules. The ampoules were left in vacuo over P205 for seven
days, and were filled with pure, dry nitrogen before sealing. Since being sealed they
have been stored at -100C. The moisture content of the preparation in the ampoules,
measured as weight lost in three hours over P205 at 560C and at a pressure of 50,u Hg,
was nil.

The reference preparation
The reference preparation is a part of the Standard Preparation of Dihydrostrepto-

mycin of the Food & Drug Administration (FDA), United States Department of Health,
Education and Welfare, and was supplied through the kindness of Dr. Henry Welch.
It is substantially pure crystalline dihydrostreptomycin sulfate, and contains about
0.2% of streptomycin, in terms of free base. The preparation after receipt at the National
Institute for Medical Research was stored in a desiccator at room temperature for ten
months before distribution into ampoules as previously described. Since then the
ampoules have been stored at -l1oC. The moisture content of the preparation in the
ampoules, measured as weight lost in three hours over P205 at 560C and at a pressure
of 50, Hg, was 1.0%. The proportion of dihydrostreptomycin base in pure dihydro-
streptomycin sulfate is 79.9%, and the potency of the reference preparation, as contained
in the ampoules, may therefore be taken as 792 units (or microgram equivalents) per
microgram.

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
limits 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 Department 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
Five ampoules containing approximately 70 mg of the proposed International Standard

for Dihydrostreptomycin, together with five ampoules containing approximately 25 mg
of the reference preparation, are available for each participant.

The potency should be expressed in terms of the weight of material in the ampoules
without further drying.
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Annex 2

LABORATORIES CONCERNED IN THE COLLABORATIVE ASSAY OF THE
PROPOSED INTERNATIONAL STANDARD FOR DIHYDROSTREPTOMYCIN

BELGIUM Dr. A. Lafontaine, Mme S. de Maeyer-Cleempoel & Miie G.
Kastrengren
Ministere de la Sante Publique et de la Famille
Laboratoire Central d'Hygiene
2 Parc du Cinquantenaire
Brussels

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

DENMARK Dr. J. Orskov & Dr. Erna Lund
Statens Seruminstitut
Amager Boulevard 80
Copenhagen

UNITED KINGDOM OF Mr. J. J. H. Hastings
GREAT BRITAIN AND The Distillers Co. (Biochemicals) Ltd
NORTHERN IRELAND Fleming Road, Speke

Liverpool 19

Mr. T. E. V. Horsley
Glaxo Laboratories Ltd
Greenford, Middlesex
Dr. J. H. Humphrey & Mr. J. W. Lightbown
National Institute for Medical Research
The Ridgeway, Mill Hill
London, N.W.7

UNITED STATES OF Dr. H. Welch & Dr. D. C. Grove
AMERICA Division of Antibiotics

Department of Health, Education and Welfare
Food and Drug Administration
Washington 25, D.C.

RtSUMPE

En 1950, le Comite d'experts de 1'OMS pour la Standardisation biologique decida
d'etablir un Etalon International de Dihydrostreptomycine et chargea le National Institute
for Medical Research, de Londres, de proceder aux essais necessaires. Un lot de 50 g de
dihydrostreptomycine fut compare a la preparation 6talon de la Food and Drug Adminis-
tration (FDA) des Etats-Unis d'Amerique. Sept laboratoires, de cinq pays, prirent part
aux essais.

Les methodes biologiques ont e appliquees dans 62 des 76 essais effectues. On a
utilise soit la methode des plaques, avec B. subtilis ou Staph. aureus, soit la mesure de
l'opacite avec Kleb. pneumoniae. Dans les 14 essais par voie physico-chimique, la methode
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Hiscox a ete adoptee, mais il n'a pas ete tenu compte de ces essais dans le calcul des
resultats generaux, la marge d'erreur n'ayant pas e indiquee.

Les resultats des essais biologiques ont e combines. La teneur en dihydrostrepto-
mycine-base de la preparation de reference de la FDA - consideree d'apres I'analyse
chimique et physico-chimique comme du sulfate de dihydrostreptomycine pur - est
de 79,9 %, et sa teneur en eau de 1 %. La teneur de cette preparation en dihydrostrep-
tomycine-base est donc evaluee it 79,2 % et son activite a e fixee a 792 unites interna-
tionales par mg, de facon qu'une unite corresponde a I g de streptomycine-base. Selon
ce meme principe, l'activite de l'Etalon International a e fixee a 760 unites internationales
par milligramme. L'Unite internationale de Dihydrostreptomycine correspond prati-
quement a 1 jig de streptomycine-base.


