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In 1936 the original international sulfarsphenamine standard was
replaced by the second international standard preparation. The second
international sulfarsphenamine standard was manufactured by a British
firm, and preliminary tests by the firm and by the Department of Biological
Standards, National Institute for Medical Research, London, showed that
it was approximately equivalent to the original sulfarsphenamine standard
in both toxicity and therapeutic potency. Samples of the material were
then sent to other laboratories in four different countries, all of these
agreeing that the proposed new standard was suitable in all respects.

No attempt was made, in establishing the second international standard,
to obtain accurate statistical estimates of its toxicity and potency in terms
of the first international standard, and approximate equivalence of the
two preparations was the sole criterion for the final adoption of the second
international sulfarsphenamine standard. The reason for this limited
comparison is probably to be found in the nature of the prescribed tests
for commercial batches of sulfarsphenamine, which are all of the " pass
or fail" type, i.e., all are designed to prevent the sale of an unduly toxic
or a therapeutically inactive batch without in any way assigning to the
particular batch under test any numerical values for toxicity and potency.
Moreover, the therapeutic index of sulfarsphenamine is high and there
probably exists a wide margin of safety between the toxic dose for man
and the actual dose used clinically in the treatment of syphilis.

In 1949 the stock of the second international sulfarsphenamine standard
was nearly exhausted, and the Department of Biological Standards at the
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National Institute for Medical Research, London, was authorized by the
Expert Committee on Biological Standardization of the World Health
Organization, at its third meeting in London in May 1949,5 to proceed
with the establishment of the third standard. Accordingly, a large batch
of sulfarsphenamine was obtained for the proposed third international
sulfarsphenamine standard.0 Preliminary assays indicated that it satisfied
the requirements of the Pharmacopoea Internationalis (Ph.I.) 4 for commer-
cial batches before issue for sale to the public.

Arrangements for Collaborative Assay

It was considered that, in spite of the fact that routine assays of com-
mercial batches are carried out by a " pass or fail " method, the collaborative
assay should be planned so as to yield numerical values for toxicity and

TABLE I. RESULTS OF INDIVIDUAL ASSAYS OF THE TOXICITY OF THE
PROPOSED THIRD, IN TERMS OF THE SECOND, INTERNATIONAL

SULFARSPHENAMINE STANDARD

Assay Number of M W Toxicity
Laboratory number animals (log. toxicity (Weight) ratio

used ratio)

1 80 0.12423 521 1.3311

2 80 0.04794 1597 1.1167

3 80 0.04142 1242 1.1001

4 80 1.98676 397 0.9700

11 1 80 1.96610 526 0.9249

2 80 0.00299 166 1.0069

III 1 80 0.12318 316 1.3280

2 80 invalid slopes non-parallel

IV 1 80 1.96467 2541 0.9219

V 1 112 0.06757 244 1.1683

2 120 0.08075 1655 1.2044

3 109 0.07185 2143 1.1800

VI 1 120 0.03655 534 1.0878

For details of the methods of assay, see Annex 1, page 570.

a This batch, ampouled in the form of a standard preparation, was generously given to WHO by
Messrs. Boots Pure Drug Co. Ltd., Nottingham, England.
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therapeutic potency for the proposed third international standard in terms
of the second. Accordingly, a circular, drawn up by Dr. W. L. M. Perry
(see Annex 1, page 570), was sent to all participants in the assay, together
with a supply of both the second and the proposed third international
sulfarsphenamine standards. The circular explained the need for a colla-
borative assay of this type and suggested details of the methods by which
it could be carried out.

Six laboratories, in five countries, participated in the assay (see Annex 2,
page 573).

All the assays were subjected to probit analysis; 1 all analyses and the
combination of the results were carried out in the Department of Biological
Standards, National Institute for Medical Research, London.

Results
Assays for toxicity

The thirteen assays for toxicity carried out by the six participants are
listed in table I, in which each laboratory is designated by a number. Of
these, eleven were done by the (2+2) dose method suggested in the circular,
one (laboratory VI, No. 1) by a (3+3) dose design, and one (laboratory IV,
No. 1) by a method varying in several respects from that suggested in the
circular. One of the (2+2) dose assays was invalid because the slopes for
the second standard and the proposed third standard were not parallel.

The results of the individual toxicity tests were combined by simple
calculation of the weighted mean toxicity. Thus

M SWM

and limits of error may be calculated from the equation

Limits of error 4M± s_t
M

where

SM yV(M) = _

These limits of error are approximate, not fiducial, since the variance
of the toxicity ratio is approximate only and takes no account of the
variation between the slopes of the different assays. The variance calcula-
ted by this method will always tend to be underestimated,3 and the approxi-
mate limits of error will also, therefore, be underestimated.

Calculations by this method show that the combined weighted mean
toxicity is 1.0896 with approximate limits of error (P = 0.05) of 1.0401
to 1.1414.
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The agreement between the estimates of toxicity observed in the different
assays was tested by making use of the approximate relationship,

X2= SW(M-M)2

where the number of degrees of freedom (d. f.) for testing x2 iS one less than
the number of assays carried out. Calculated in this way the value for x2 is
32.5307 on 11 degrees of freedom, a value which is expected from a homo-
geneous series less than once in 1,000 times, indicating significant heterogene-
ity. The agreement between the estimates of toxicity obtained in different
assays carried out in the same laboratory showed that in no case was there
any significant heterogeneity. When, however, the single assay carried out
by laboratory IV was omitted from the results, in view of the fact that the
methods used differed considerably from those suggested in the circular,
the x2 test for agreement between the estimates of toxicity obtained in the
different laboratories then showed that there was no significant hetero-
geneity at the P = 0.01 level of probability. In this case x2 = 21.98,
d.f. = 10, P = 0.01-0.02. This level for the probability of homogeneity
was accepted for the collaborative assays of digitalis.2

Omitting the result of laboratory IV, the estimated weighted mean
toxicity is 1.1403, with limits of error (P = 0.05) of 1.0814 to 1.2040.

The total weight from all assays is 11,882, and the total number of
animals used was 1,181, so that each mouse contributes an average weight
of 10.06 to the total accuracy of the estimated toxicity. Miles & Perry 2
found that the average weight contributed by a single frog in assays of the
potency of digitalis was 12.7, which indicates that quantal response assays
of digitalis in frogs and of sulfarsphenamine in mice will, on the average,
give approximately the same amount of information per animal used.

Assays for therapeutic potency

Eleven assays for therapeutic potency were carried out by the partici-
pants. Of these ten were done according to the method suggested in the
circular; the eleventh, having been done in such a way that the results were
invalid, was not considered further. One of the remaining ten assays was
invalid because the combined slope for the second standard and the pro-
posed third standard did not differ significantly from zero.

Since this type of assay of therapeutic potency is not widely used, it was
decided to analyse the data for the number of rats cleared of trypanosomes
on both the third and the fourth days after injection of sulfarsphena-
mine. There were eight assays reported for clearances on the third day,
and nine for the fourth day-one of which was invalid because of insigni-
ficant slope. The results of the assays for the third and fourth days are
summarized in tables II and III respectively. As in table I the different
laboratories are designated by a number only.
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TABLE II. RESULTS OF INDIVIDUAL ASSAYS OF THE THERAPEUTIC POTENCY
OF THE PROPOSED THIRD, IN TERMS OF THE SECOND, INTERNATIONAL

SULFARSPHENAMINE STANDARD
(A) Assays based on results recorded on the third day after treatment

Assay N umber of M W PotencyLaboratory number animals (log, potency (Weight) rationumber uLISed ratio) (egt ai

1 80 1.95787 1478 i 0.9075

2 80 1.93489 215 0.8608

11 1 80 0.07906 70 1.1997

2 80 1.95250 1696 0.8964

3 80 1.98425 1059 0.9644

4 104 1.90303 190 0.7999

V 1 120 0.01710 2537 1.0401

VI 1 56 1.90100 346 0.7962

For details of the methods of assay, see Annex 1, page 570.

TABLE IlIl. RESULTS OF INDIVIDUAL ASSAYS OF THE THERAPEUTIC POTENCY
OF THE PROPOSED THIRD, IN TERMS OF THE SECOND, INTERNATIONAL

SULFARSPHENAMINE STANDARD
(B) Assays based on results recorded on the fourth day after treatment

Assay Number of M w PotencyLaboratory nNanimals (log, potency (Weight) ratinumber ~used ratio) (egt ai

1 80 1.92747 1017 0.8462

2 80 1.90388 148 0.8015

g II 1 80 invalid slope insignificant

2 80 1.96395 1632 0.9204

3 80 1.99008 796 0.9774

4 104 1.86259 90 0.7288

IlIl 1 83 1.97489 1199 0.9438

2 80 0.00885 839 1.0206

V 1 120 1.99732 3348 0.9938

For details of the methods of assay, see Annex 1, page 570.
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The results of the individual therapeutic potency tests were combined
in the same way as those of the toxicity tests. The combined weighted mean
therapeutic potency for the results from table II (clearance on the third
day) is 0.9476, with approximate limits of error (P = 0.05) of 0.8902 to
1.0088. The combined weighted mean potency for the results from table IH1
(clearance on the fourth day) is 0.9494, with approximate limits of error
(P = 0.05) of 0.8970 to 1.0047.

x2 tests for homogeneity of the weighted mean potencies gave the
following results:

x2 d.f. P
Clearance on third day 10.1826 7 0.10-0.20
Clearance on fourth day 6.5834 7 0.30

The results are therefore satisfactorily homogeneous in both cases ; and
since the results are so nearly equal for both the third and fourth days
the arithmetical mean of the two potencies may be considered as a
sufficiently accurate estimate of the therapeutic potency. Thus the estimated
therapeutic potency of the proposed third international sulfarsphenamine
standard is 0.9485.

The total weight was, in the first case, 7,590, and the total number
of animals used was 690, so that for clearances on the third day each mouse
contributed an average weight of 11.0 to the total accuracy of the estimated
potency. In the second case, the total weight was 8,769, the total number
of animals 784, and the average contribution of each mouse to the total
weight was 11.2. These figures are remarkably similar to those for the
toxicity tests and to those for the assay of digitalis by the quantal response
method in the frog.2 This method of assaying the therapeutic potency of
sulfarsphenamine, hitherto almost untried, is clearly at least as good as
similar quantal response methods in current use.

Toxicity and Therapeutic Potency of Third International
Sulfarsphenamine Standard

Toxicity
The estimates of toxicity obtained in the different laboratories are

homogeneous only at the probability level P = 0.01, and not at the level
P = 0.05. If there were, in fact, significant heterogeneity between the
estimates, the weighted mean toxicity would have little meaning and a
valid statistical combination would be possible. In these circumstances,
the best estimate of potency would be the arithmetical mean of the esti-
mates, which is 1.1117. No valid limits of error for this estimate are calcul-
able. Thus there is a choice between assigning this toxicity on the grounds
of heterogeneity of the estimates, and assigning a toxicity equal to the
weighted mean toxicity calculated (with the omission of results from
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laboratory IV) as 1.1403. The fact that the lower limit of error of this
estimate is greater than unity makes it reasonably certain that the two
preparations are not identical, and it would therefore be erroneous to
assume equivalence in establishing the new standard preparation.

It is our opinion that the weighted mean toxicity with the limits of
error pertaining to it (limits which easily include the arithmetical mean of
the estimates) represents the best available estimate.

The toxicity of the third international sulfarsphenamine standard in
terms of the second international sulfarsphenamine standard is therefore
114% with limits of error (P = 0.05) of 108% to 120%.

Therapeutic potency
The assignment of therapeutic potency to the new standard presents

fewer problems. All estimates are homogeneous at the P = 0.05 level of
probability, and the weighted mean potency is therefore the best available
estimate.

The therapeutic potency of the third international sulfarsphenamine
standard in terms of the second international sulfarsphenamine standard
is therefore 95 % with limits of error (P- 0.05) of 89% to 101%.

Use of Third International Sulfarsphenamine Standard

Toxicity

Having assigned a value for the toxicity of the proposed third inter-
national standard, there remains the question of applying this value to
assays of commercial batches. As has been pointed out, most routine
assays are of the " pass or fail " type. The Ph. I. recommends that the dose
of the standard preparation to be given should be 1.2 times that of the
dose of the preparation under test, and that the mortality with the latter
should not be greater than that with the former. This is intended to secure
that few batches having a toxicity of more than 120% of that of the standard
preparation should pass the test. Since the toxicity of the new standard
is 114% of that of the old standard, then if no modification is made of the
doses recommended, the limit for toxicity of a batch under test will be
increased to 120% of 114%-i.e., to 137% of the old standard. Tests
with the new standard would be equivalent to tests with the old if the
recommended dose of the new standard were changed to 1.05 times the
dose of the preparation under test. Although there is admittedly a great
difference between the therapeutic and toxic doses of sulfarsphenamine
in man, it is probably undesirable to increase the chance of passing toxic
batches in assays of the " pass or fail " type and, to avoid this, it is necessary
to adjust the doses recommended in the Ph.I. The status quo would be
maintained if the recommended dose of standard was altered to 1.05 times
that of the test preparation. It may, however, be considered that the assav
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should be made even more stringent by using equal doses of standard
and test preparations, i.e., securing that few batches having a toxicity of
more than 115 % of that of the standard preparation would pass the test.
It should, however, be pointed out that this increase in stringency of the
toxicity test will tend to penalize the manufacturer.

Therapeutic potency
In using the new standard for tests of therapeutic potency, a choice

must be made between assuming equivalence of the two standards and
correcting the dose of the new standard in the same way as for toxicity
tests, i.e., changing the dose of the standard preparation recommended
in the Ph.I. from 0.80 to 0.84 times the dose of the preparation under
test. If the weighted mean potency is in fact the true potency of the new
standard, failure to make this adjustment would lead to the passing of
batches of potency 76% instead of 80% of that of the standard. However,
the limits of error of the estimated mean potency, whether calculated on
the basis of third or fourth day readings, include unity, so that in this
case there are reasonable grounds for assuming equivalence. In fact the
difference made by any adjustment would be so small that it may well be
that alteration of the dose that is recommended in the Ph.I. is unnecessary.
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Annex 1

CIRCULAR TO PARTICIPANTS IN THE ASSAY OF THE THIRD
INTERNATIONAL SULFARSPHENAMINE STANDARD

General Considerations

It has been the custom in the past, in preparing a new international standard for
neoarsphenamine or sulfarsphenamine, to choose a batch of material of which the toxicity
and therapeutic potency are as close as possible to those of the existing standard prepara-
tion. This method has serious disadvantages. The first is obvious, namely that the
search for such a batch may be exceedingly wasteful of time, energy, and money. The
second is, in present circumstances, even more important. There is reason to believe
that the technical improvements in manufacture of the arsenicals, in the interval between
the establishment of the second international sulfarsphenamine standard and the present
day, has led to an increase in the ratio of the effective therapeutic dose to the maximum
tolerated dose: a highly desirable improvement. Since a standard preparation should
consist of a representative batch of the drug, any improvements in the average properties
of the drug as commercially produced should be reflected by similar improvements in
the standard preparation, and a search for a third international standard identical with

570



THIRD INTERNATIONAL SULFARSPHENAMINE STANDARD

the second international standard should in such circumstances be regarded as a retro-
grade step.
A batch of sulfarsphenamine has therefore been selected, which is representative of

the batches at present produced commercially in this country. No attempt has been made
to select a batch with properties similar to those of the present international standard
preparation. Preliminary trials have shown that it easily passes those tests which are
prescribed for commercial batches of sulfarsphenamine intended for sale to the public.

It is proposed that the toxicity and therapeutic potency of this preparation be
accurately determined in terms of the existing second international sulfarsphenamine
standard. Once this information has been obtained, it will be possible to decide whether
in using the new standard preparation some correction factor will be required in assay,
in order that there shall be no great divergence between batches issued in future and
those issued at present.

To minimize the statistical analysis and to make legitimate the combination of the
results from the different laboratories, participants in this assay are requested to compare
the second and third standards by a " four point" (2 + 2) assay in tests both of toxicity
and therapeutic potency. That is, in each case, to divide the batch of test mice into four
groups of equal size, and to give two groups a large and a small dose of the second
standard, and two groups a large and a small dose of the provisional standard, the doses
being chosen by preliminary tests so as to give percentage figures not higher than 90%,
or lower than 10%, for cures (" clearances ") in the therapeutic tests and for deaths in
the toxicity tests.

The tests to be used at the National Institute for Medical Research, London, are
given below as examples of meeting these requirements. Apart from the design of the
test, the important features are: (a) the use of at least 20 mice per dose (data on larger
numbers of mice will of course be even more acceptable) ; (b) the avoidance of deteriora-
tion of the sulfarsphenamine solutions by using them immediately after dissolving the
dry powder.

Participants are requested to record the details of the technical procedures they use,
if they differ from the methods suggested ; or, if the suggested methods are used, to record
any divergences from those methods. No statistical analysis of the data need be made.

Procedure for the Toxicity Tests

The technical details correspond fairly closely to those given in the British Pharma-
copoeia in 1948, with slight modifications to improve the design of the assay.

Preparation of solutions
Weigh the contents of an ampoule of the second international standard in a dry

stoppered weighing bottle. This should not be done more than 2 hours before the test.
Store the bottles in a cool, dark place. Just before using, dissolve the powder in freshly
boiled and cooled water (redistilled from glass) to make 4% (weight/volume) solutions
of the drug. Avoid any violent shaking of the container. All injections with this solution
should be completed within ten minutes of dissolving the powder.

Treat an ampoule of the proposed third international standard in the same way.

Selection of animals
The animals should be starved overnight before the test and should be weighed in

the morning. In any one assay all the animals used should weigh between 13 g and 15 g
(mice weighing between 18 g and 20 g may be used as an alternative, but not a mixture
of mice from the two weight-ranges). Assign all the mice at random to four equal groups.
The number of animals in each group should be not less than 20. All animals should
be kept at the same temperature and humidity throughout the test. After weighing,
the animals should be given food for about two hours before the injection.
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Injection of solutions
Use syringes- of the tuberculin type, of 1-ml capacity, graduated to 0.01 ml and

calibrated gravimetrically to an accuracy of 0.01 ml throughout the range. Use accurately
fitting needles of external diameter not exceeding 0.6 mm and of length at least 2 cm.
Injections are made subcutaneously on the back, sides, or abdomen of the mice. The
needle should be introduced to its full length for each injection and the skin at the puncture
wound pinched after withdrawing the needle, in order to avoid any leakage of fluid at
this site.

Doses to be given
The doses required will vary according to circumstances. It is suggested, however,

that dose levels of 0.20 ml and 0.32 ml of a 4% solution of each preparation may be
tried. These values are intended only as a guide and they should be modified when
necessary.

Reporting of results
The number of deaths in each group separately is recorded after a 3-day period.

The results of at least two assays on not less than 80 animals in which none of the four
groups show a mortality greater than 90% or less than 10% should be reported. Where
preliminary trials have been made resulting in mortalities outside these limits, the results
of these trials should also be reported.

Procedure for the Therapeutic Potency Tests

Preparation of solutions
See procedure for toxicity tests. The concentration of the drug should, however,

be 0.2% instead of the 4% used in the toxicity tests.

Selection of animals
See procedure for toxicity tests. The animals must be infected 48 hours before the

test with a suspension in saline, containing 1% sodium citrate, of blood from a rat
infected with Trypanosoma equiperdum. This suspension should be such as to give the
required degree of infection two days later (see below). Probably a suspension containing
about 7,000 trypanosomes per mm3 will be suitable. 0.5 ml of the suspension is injected
intraperitoneally into each mouse.

On the day of the test each mouse is examined for the presence of trypanosomes and
only those are selected for the test in which the blood shows from 2 to 10 trypanosomes
per high-power microscope field. The same microscope, ocular, and objective should be
used throughout the assays. The selected mice are weighed and randomized as in the
procedure for toxicity tests.

Injection of solutions
See procedure for toxicity tests.

Doses to be given
The doses will again vary with circumstances and the suggested doses of 0.025 mg

and 0.03 mg per g for each of the preparations are intended only as a guide to be modified
when necessary.

Reporting of results
The animals should be examined for trypanosomes on the third and fourth days after

injection. If a search of 20 high-power microscope fields fails to reveal the presence of
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trypanosomes the animal is recorded as " cleared ". The maximum number " cleared
on either the third or fourth days is recorded for each group separately.

The results of at least two assays on not less than 80 animals should be reported.
The remarks concerning the reporting of results in the toxicity tests apply with equal
force.

Fifteen 0.3-g ampoules of the second international standard, and fifteen 0.45-g
ampoules of the proposed third standard are available for the test. Though more
ampoules of the second standard are available, they are few in number, and participants
are requested to be as economical as possible in the use of the second standard in their
tests.

Annex 2

LABORATORIES CONCERNED IN COLLABORATIVE ASSAY

Dr. 0. Maal0e
Department of Biological Standardization
Statens Seruminstitut
Copenhagen

Professor Launoy
Faculte de Pharmacie de l'Universite de Paris
Paris

NETHERLANDS

UNiTED KINGDOM

USA

Dr. H. van Genderen
Rijks Instituut voor de Volksgezondheid
Utrecht

W. A. Broom
Boots Pure Drug Co. Ltd.
Research Department
Oakfields Road
West Bridgeford

Dr. F. Hawking &
Miss J. P. Thurston
National Institute for Medical Research
Mill Hill
London, N.W.7

Dr. W. G. Workman
Laboratory of Biologics Control
(US Public Health Service)
National Institutes of Health
Bethesda 14, Md.

SUMMARY

Biological assays of a batch of sulfars-
phenamine for the proposed third inter-
national standard were carried out by six
laboratories in five different countries. All
the assays were subjected to probit analysis

Six laboratoires, de cinq pays differents
ont procede au titrage biologique de
l'echantillon de sulfarsph6namine propose
comme troisieme etalon international
pour cette substance. Tous les essai sont

DENMARK

FRANCE

RISUMI
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and the results were combined. Twelve
valid assays for toxicity and nine for
therapeutic potency were made by the
prescribed methods, which are described
in an annex.

In terms of the second international
sulfarsphenamine standard the toxicity
of the third international sulfarsphenamine
standard is estimated to be 114%, with
limits of error (P = 0.05) of 108% to 120%,
and the therapeutic potency to be 95%,
with limits of error (P = 0.05) of 89%
to 101%.

The modification of recommended
methods of assay (Pharmacopoea Interna-
tionalis) that may prove to be necessary on
the establishment of the new standard is
discussed. If the stringency of the Ph.I
assays for toxicity and potency is to be
maintained, certain adjustments of the
recommended doses of the standard pre-
paration are necessary. The authors
recommend that the dose of standard pre-
paration should be 1.05 times that of the
test preparation for the assay of toxicity
and 0.8 times that of the test preparation
for the assay of potency.

The application of a (2 + 2) dose assay
to the assay of the therapeutic potency of
sulfarsphenamine has not hitherto had a
large-scale trial ; its use in the collaborative
assay proved successful and showed that
it is at least as accurate as similar quantal
response methods in current use.

et6 soumis A une analyse des probits et
leurs resultats ont ete combines. Douze
essais valables de toxicite et neuf d'activite
therapeutique ont ete effectues par les
methodes prescrites, qui sont decrites dans
une annexe.
La toxicite du troisieme etalon inter-

national de sulfarsphenamine a et estim6e
a 114% de celle du deuxieme etalon inter-
national, avec des limites d'erreur (P =
0,05) de 108% et de 120%. L'activite
therapeutique du troisieme etalon a et
estimee A 95% de celle du deuxieme, avec
des limites d'erreur (P = 0,05) de 89% et
de 101 %.

Les auteurs discutent les modifications
qu'il peut etre necessaire d'apporter, par
suite de l'etablissement du nouvel etalon,
aux methodes d'essai recommandees dans
la Pharmacopoea Internationalis. Si l'on
veut maintenir la rigueur des essais de
toxicite et d'activite therapeutique decrits
dans la Ph.I., il est indispensable d'appor-
ter certains ajustements aux quantites de
la preparation-etalon qui y sont recom-
mandees. Les auteurs proposent que la
quantit6 de la preparation-etalon soit
fixee A 1,05 fois celle de la substance a
titrer pour 1'essai de toxicite, et A 0.8 fois
1'essai d'activite.
On n'a pas, jusqu'ici, experimente sur

une vaste echelle I'application d'une
methode de titrage avec 2 doses et 2
groupes d'animaux A 1'essai d'activite
therapeutique de la sulfarsphenamine.
L'emploi de cette methode dans le titrage
collectif a et couronne de succes et a
montre qu'elle etait certainement aussi
precise que d'autres methodes de titrage
avec reponse ((tout ou rien )) couramment
utilisees.
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