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The Third International Standard for Corticotrophin
D. R. BANGHAM, M.B., B.S.,1 M. V. MUSSETT, B.Sc.2

& M. P. STACK-DUNNE, Ph.D.2

At its meeting in September 1957, the WHO Expert Committee on Biological Standardi-
zation agreed with the recommendation of the International Conference on Corticotrophin,
held in July 1957, that a new international standardfor corticotrophin should be set up, since
the Second International Standard was made from crude material and was unsuitable for
the assay of the purer preparations of corticotrophin now in general clinical use. In this
paper, the authors describe the steps taken to establish the Third International Standard
for Corticotrophin, from the preparation and international collaborative assay of the new
material to the choice of the " subcutaneous assay " for deriving the potency. The clinical
and pharmacological implications of this choice are discussed.

Since the preparation, characterization and exact quantitative assay of standards for
corticotrophin are so difficult, several batches of approximately 3500 ampoules were pre-
pared in a similar way from the same material to serve as an international Working Stan-
dard. Samples from two batches were included in the collaborative assay andfound to have
the same potency as the Third Standard. Sufficient ampoules of the Working Standard are
available for use as national and laboratory standards.

INTRODUCTION

Until a few years ago most commercial prepara-
tions of corticotrophin were made by a method
employing extraction with acid-acetone. This
method yielded a crude material with a potency of
some 1-2 International Units (IU) per mg. Cortico-
trophin is now, however, usually purified by adsorp-
tion on oxycellulose or by ion-exchange chromato-
graphy; material prepared from pig pituitaries in
such a way has a potency of at least 20-30 IU/mg,
when measured against the Second International
Standard by the intravenous adrenal ascorbic acid
depletion assay. In the assay method most
commonly used, however, the standard and test
samples are given subcutaneously to the test
animals (subcutaneous adrenal ascorbic acid deple-
tion assay); when purified corticotrophin is assayed
against a standard of crude material (like the Second
International Standard) by this subcutaneous
method, the potency may be quite different from the
potency obtained by the intravenous method. The
ratio of potencies obtained by the intravenous (i.v.)
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and subcutaneous (s.c.) methods may vary from
batch to batch from 1: 1 to 1: 8; most frequently it is
about 1: 3. The reason for this is not clearly under-
stood. It is affected by the method of preparation
(particularly the degree of hydrolysis), but the ratio
obtained for a particular batch may not be predict-
able. Preparations of synthetic corticotrophin also
have different and various i.v.: s.c. potency ratios.

In all bio-assays it is desirable to compare the
substance under test with a standard of roughly
equivalent potency and purity; for the assay of
corticotrophin it is essential to do so. The slope of
the log-dose/response line is steeper for purer pre-
parations than the crude material of which the
Second International Standard was made. A new
standard of high potency material, with a potency
ratio of 1: 3, was therefore needed. But it was also
necessary to decide which route of administration
was to be used in the assays determining its potency.
When a dose of corticotrophin is injected intra-

venously the adrenal is subjected to a high blood
level which rapidly declines. When the dose is
given subcutaneously the blood level is lower and
maintained for a longer period. This period is
governed by the several factors (nature of prepara-
tion, diluent, pH) which affect the rate of release
from the site of injection and absorption into the
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blood-stream. The effect measured in the adrenal
gland (the depletion of ascorbic acid) when it is
taken out at a given time (usually three hours)
depends upon the response to a single short stimulus
of high intensity in the i.v. assay and upon the
response to a prolonged stimulus of low intensity
in the s.c. assay. Because of the complexity of
factors influencing the s.c. assay (such as those
affecting extravascular destruction and absorption
from the site of s.c. injection) it is generally believed
that i.v. assays probably give a truer measure of
corticotrophic activity than s.c. assays.
At present most of the corticotrophin used in

clinical treatment is given subcutaneously or intra-
muscularly to the patient; much of it in the form of
delay preparations. Clinicians have become accus-
tomed to the clinical effect of the labelled unit. For
this reason nearly all preparations for clinical use
are assayed by the s.c. method, which also gives more
precise results than the i.v. assay. Although the i.v.
assay may give the most valid measure of cortico-
trophic activity, if the potency of the new standard
(ratio 1: 3) was based on it, then manufacturers and
clinicians would have to revalue the unit with which
they were familiar and inject one-third of the num-
ber of units to obtain the same clinical effect.
For the sake of clinical continuity of dosage,

therefore, it was decided to determine the potency
of the new standard by the s.c. assay.
For corticotrophin intended for subcutaneous or

intramuscular (i.m.) administration and assayed by
the s.c. method there will be no change in the clinical
value of the unit. The small amount of cortico-
trophin intended for intravenous administration
should be assayed by the i.v. method. In countries
where manufacturers have hitherto assayed these
preparations against a standard of low potency
material, the use of the new standard will involve a
change in the clinical value of the unit given intra-
venously such that about three times the number of
units will need to be given to produce the same clinical
response. This change in value of the unit in i.v. and
in vitro assays will also affect academic endocrino-
logists and biochemists who use these assays to
relate biological activity to a given quantity of
corticotrophin.
An arbitrary choice had to be made whether to

change the value of the unit as used by clinicians
or the value as used by scientists; it was decided to
maintain continuity for clinical practice.
At the International Conference on Cortico-

trophin, held in London in July 1957 under the

auspices of the Medical Research Council of Great
Britain, it was agreed that although the Second
International Standard, then current, was adequate
for the assay of preparations of corticotrophin
intended for i.v. use, it was not suitable for the assay
of preparations of purified corticotrophin intended
for s.c. or i.m. administration. The Conference
therefore recommended that a new standard should
be established consisting of pig corticotrophin which
had been purified by adsorption on oxycellulose.1
The findings and recommendations were submitted
to the Expert Committee on Biological Standardiza-
tion of the World Health Organization.
At its meeting in Geneva in September 1957, the

WHO Expert Committee on Biological Standardi-
zation (1958) asked the Department of Biological
Standards of the National Institute for Medical
Research, London, to replace the current (Second)
Standard with a new standard purified by adsorption
on oxycellulose and similar in purity and potency
to preparations now available for clinical use. It
further reported:

" Since most commercial preparations are administered
subcutaneously, it was agreed that the definition of the
unit should be based entirely on the results of subcuta-
neous assays, thereby ensuring clinical continuity of
dosage.

" The Committee noted that the Conference had
recommended that the new international standard should
be available for use as a working standard, but also
recognized that there were great difficulties in handling
an amount of material large enough to serve as a working
standard for international use without running the risk
of inhomogeneity. It recommended that the National
Institute for Medical Research should try to obtain a large
batch of material, part of which would be used as the
international standard; the remainder could then be
made available, in bulk, for the setting up of national
working standards about which an a priori assumption of
equivalence with the international standard could be
made."

With a substance like corticotrophin, whose
biological behaviour may notoriously vary from pre-
paration to preparation, the benefit of sharing a
single batch for national standards is considerable.
But the handling of the material would probably
differ from one national laboratory to another and
this might lead to the setting up of national stan-
dards which differed significantly in stability and
other characteristics. Moreover, since the assay of
corticotrophin is so complex and imprecise, the

1 National Institute for Medical Research, London (un-
published working document WHO/BS/386).
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accurate calibration of each of these national
standards would be enormously laborious and costly.
The possibility of distributing all the working

standard into ampoules was therefore reconsidered.
It was decided that in view of the advantages of a
single uniform working standard used throughout
the world, and the saving of material and assay time,
the Department of Biological Standards would
undertake to prepare sufficient numbers of ampoules
to provide for all national working standards. The
following procedure has been adopted. The bulk
material was dissolved, distributed in equal volume
among 46 master ampoules, and freeze-dried. The
master ampoules were used when required to prepare
batches of approximately 3500 ampoules, all of which
were filled on the same day and subsequently handled
under identical conditions. An ampoule contains
corticotrophin activity that is usually sufficient for a
routine s.c. assay, although some laboratories may
need to use more than one ampoule.

Several such batches have been prepared. The
second batch has been designated the Third Inter-
national Standard, and the first, third and sub-
sequent batches will be used as part of an inter-
national " Working Standard ". The ampoules in
each batch will be assumed on an a priori basis to
contain similar amounts of corticotrophin and after
check assays against the Third International Stan-
dard will be distributed for use as national working
standards.

This paper describes the new (Third) International
Standaid and the international collaborative assay
undertaken to calibrate it in terms of the Second
International Standard. It also describes the method
of preparation of batches of the international
Working Standard, and the results of assays of two
of these batches against the new Standard.

THE SECOND INTERNATIONAL STANDARD
FOR CORTICOTROPHIN

This consisted of ampoules each containing about
28 mg of powder prepared from pig pituitaries by
the acid-acetone extraction technique. The potency
was 1.14 IU/mg. The i.v.: s.c. potency ratio obtained
by adrenal ascorbic acid depletion assay was 1: 1 by
definition (Mussett & Perry, 1956).

THE THIRD INTERNATIONAL STANDARD
FOR CORTICOTROPHIN

The bulk material
This consisted of 4.5 g of a batch of corticotrophin

made by the Armour Laboratories, Chicago, and

generously donated by the Armour Company of
Great Britain, and a further 4.5 g of material from
the same manufacturing batch that were supplied
through the courtesy of the United States Pharma-
copeia. The material was made from pig pituitaries
and purified by glacial acetic acid extraction, ethyl
ether precipitation, oxycellulose adsorption and
elution, removal of electrolytes by ion exchange, and
freeze-drying. Mr P. J. McCall of the Armour
Laboratories, Chicago, provided the following
information:
Potency by subcutaneous Sayers' assay: 99.9± 9.99 IU/mg
Potency by intravenous Sayers' assay: 34.5± 6.3 IU/mg

31.8±8.0 IU/mg
The material has not been tested for contaminating
hormones, but in view of the method of purification
it is unlikely that it contains significant quantities.
The material arrived at the Department of Bio-

logical Standards in two screw-capped dark-glass
bottles on 28 August 1958 and 16 April 1959. On
arrival the bottles were sealed in polyethylene bags
containing anhydrous silica granules and stored at
- 100C.
Preparation of master ampoules

In July 1959 the contents of the two bottles were
dried over P205 for 14 days. A weighed amount was
dissolved in ice-cold N/20 acetic acid in distilled
water. The solution was clarified by centrifugation
at 4000 g at 2°C for 30 minutes. The supernatant
was then pipetted in 10-ml amounts into 46 ampoules
and freeze-dried. After secondary drying for 9 days
over fresh P205 in evacuated desiccators the ampoules
were constricted, and after secondary drying for a
further 10 days they were filled three times with
pure dry nitrogen and sealed. They have since been
stored at -10°C in the dark.

Preparation of the Third International Standard
The contents of one master ampoule were dis-

solved in ice-cold N/20 acetic acid in glass-distilled
water, centrifuged at 10 000 g at 2°C for 10 minutes
and diluted to 3600 ml with 0.5°o lactose. The
solution was then delivered by measured volume
into 3500 ampoules, each containing 0.993-g
amounts. The maximum filling error estimated by
weighing every 70th ampoule was ±0.3o/y. The
ampoules were then freeze-dried as one batch in a
shelf freeze-dryer at a controlled temperature and
rate of drying. They were then dried over fresh
P205 in evacuated desiccators for 10 days, during
which time they were constricted; the desiccators
were finally filled three times with pure dry nitrogen
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and the ampoules removed and sealed. They have
since been stored at -10°C in the dark.

Each ampoule thus contains similar amounts of
corticotrophin (about 50 ,ug) in 5 mg of lactose.

Preparation of batches of the international Working
Standard

Six master ampoules were used to prepare, by
exactly the same protocol, six further batches of
3500 ampoules. The volumes delivered into each
ampoule differed by less than 1 %Y in check weighings
in all of the six batches.
The usual practice in handling standards is for

the user to extract and weigh out some of the con-
tents of an ampoule. In order to do this some
20-30 mg are necessary for most laboratories to
obtain accurate weighings. The use of undiluted
corticotrophin in such quantities would be excess-
ively wasteful. Moreover, in view of the intention to
supply the large number of ampoules (some 50 000
to 100 000) which may be required for an interna-
tional Working Standard, it was decided that
corticotrophic activity for only one complete assay
should be put into each ampoule. It was calculated
that some 5 IU (s.c.) would be adequate for most
types of routine assay; this amount is contained in
50 ,ug of corticotrophin of the potency obtained for
the Standard.

Dilution of the Standard with sufficient inert
material to provide weighable quantities was con-
sidered, but the amount of diluent in relation to the
active material would have been large, and might
have been unsuitable in some methods of assay.
Some quantity of carrier was necessary to act as a
stabilizer and to provide bulk during the freeze-
drying process. A ratio of 100: 1 of diluent lactose
to corticotrophin was considered a reasonable com-
promise. Lactose was chosen because it is a simple
molecule which is known to stabilize the cortico-
trophin while freeze-drying; it is hygroscopic and
small quantities are therefore not easily weighed.

Instead, therefore, of asking users to weigh out a
quantity of diluted material extracted from an
ampoule, it was decided to distribute the material
into each ampoule in exactly similar amounts; this
eliminates variations in weighing among laboratories,
but the onus of ensuring homogeneity among
ampoules then rests with the method of distribution.
The method described provides ampoules which
contain to within ±1I% similar amounts of identical
material. The batches of international Working
Standard are prepared in precisely the same way.

It is intended therefore that users should dissolve
the entire contents of each ampoule in a measured
volume of solution; that volume then contains a
number of International Units which is defined as
a result of the international collaborative assay.

THE COLLABORATIVE ASSAY

Participants were asked to estimate the potency
of the Third International Standard in terms of the
Second International Standard by any recognized
reliable method of assay. Since, however, the
potency of the new Standard was to be assigned on
the basis of s.c. assay, it was suggested that the
greater number of assays should be by this route.

Participants were reminded that collaborative
studies on an international scale provide a unique
opportunity of comparing different assay methods.
The hope was expressed that as many data as pos-
sible would be collected using:

(a) Adrenal ascorbic acid depletion assay in rats
by s.c. injection;

(b) Adrenal ascorbic acid depletion assay in rats
by i.v. injection;

(c) Thymus involution assay;
(d) In vitro assay (Saffran test); and
(e) Saline or 16% gelatin as the vehicle used for

dilution in (a) above.

Those taking part in the collaborative assay were
further requested to compare two batches of the
international Working Standard (Batches A and C)
with the Third International Standard.

Participating laboratories are referred to by
arbitrary numbers throughout this report; but their
names and addresses are listed in the Annex.

RESULTS OF COLLABORATIVE ASSAY

A total of 90 assays of the proposed Standard in
terms of the existing International Standard were
provided by 9 laboratories in 5 different countries
(Table 1). Apart from the thymus involution assay,
all the suggested methods of comparison were
represented and, in addition, two laboratories used
a plasma corticoid method measuring the circulating
corticosteroids in the blood.

Six laboratories also made comparisons of the
international Working Standard with either the
Second or the Third International Standard for
Corticotrophin (Table 2).
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TABLE I
COMPARISONS OF THE THIRD INTERNATIONAL
STANDARD WITH THE SECOND INTERNATIONAL
STANDARD: NUMBERS AND TYPES OF ASSAYS

FROM EACH LABORATORY

Adrenal ascorbic acid
Labora- depletion (Munson-Sayers) In vitro Plasma

tNoy. s.c. (Saflran) corticoid
(saline) (gelatin)

1 4 6 6 - -

2 _ 3 1 - -

3 4 - 5 4 -

4 2 - 7 - -

5 2 - 2 - -

6 3 2 3 - -

7 - - - 1 3

8 _ 4 2 3 3

9 2 5 3 10 -

Total | 17 | 20 { 29 | 18 J 6

Each assay was analysed by standard statistical
methods, with the exception that when comparisons
with the Working Standard had been included with
the Second and Third Standards, in a multiple assay

design, each comparison was analysed as if it was a

simple assay. This method was adopted to ensure

TABLE 2

COMPARISONS OF THE INTERNATIONAL WORKING
STANDARD (BATCHES A AND C) WITH THE SECOND OR

THE THIRD INTERNATIONAL STANDARD:
NUMBERS AND TYPES OF ASSAYS FROM EACH

LABORATORY

Ascorbic acid depletion
Labora- Inter- In vitro

tory national
Lv. s.c. s.c. (Safftran)

No. Standard i.Y. (saline) (gelatin)
usedI

A C A C A CJ|A C

2 Second _ 1

3 Third - - - - - - 5 4

4 Second 1 1 _ _ _ _

4 Third I 1 - - 3 3 - -

5 Third 2 2 - - 2 2 - -

6 Third I 1 - - 1 1 - -

9 Second 3 - 3 - 2 - - -

that possible differences in the slope of the log-dose/
response lines were not masked by inclusion in the
analysis of the results of assays of the Working
Standard.

ASSAYS OF THE THIRD INTERNATIONAL STANDARD

AGAINST THE SECOND INTERNATIONAL STANDARD

Intravenous assays
This method was essentially that described in the

United States Pharmacopeia XV (1955), although
some laboratories made certain modifications (see,
for example, Rerup, 1959). Each of the 17 assays
was considered to be statistically valid since the
regression was significant at the 5% level and the
combined deviations from regression were not
significant at this level.
The weighted mean potencies for each laboratory

(expressed in IU/ampoule) were calculated from the
formula:

-7WM

where M represents the log potency obtained from a
single assay andW its weight, which is defined as the
reciprocal of the variance of the log potency (Table 3).
The homogeneity within each laboratory was

estimated by use of the formula:

x 2- W(M-M)2

TABLE 3

POTENCIES FOR THE THIRD INTERNATIONAL
STANDARD OBTAINED BY MUNSON-SAYERS METHODS

(INTRAVENOUS INJECTION)

Labora-rNumber Mean _ _ __enit
tory of potency Total Dose Hmge Y
No. assays |(lU/am- weight levels

poule) x

1 4 1.61 217 2+2 0.88 >0.80

3 4 1.56 961 3+3 9.34 0.02-0.05

4 2 1.52 224 3+3 0.02 >0.90

5 2 1.42 167 3+31 0.97 >0.30

6 3 1.23 406 3+3 2.14 >0.30

9 2 1.82 48 3+3 0.47 >0.30

The slight h#terogeneity within Laboratory 3 was ignored.
The six potency estimates obtained by different laboratories

were homogeneous (x2 = 3.79; P > 0.50).
Weighted mean potency: 1.48 lUfampoule. Total weight:

2023.
Confidence limits (P = 0.95): 1.34 - 1.64 lU/ampoule, i.e.,

90.5% - 110.6% of the estimated potency.
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As this test revealed no undue variability and the
potencies obtained by different laboratories were
also consistent, the results were combined to give a
final weighted mean potency of 1.48 IU/ampoule,
with confidence limits (P 0.95) of + 10%.

Saffran in vitro tests

Each assay by this method (Saffran & Schally,
1955) yielded only 8 measures of response-i.e.,
duplicate readings at two levels of each preparation.
In consequence the estimates of error were extremely
unreliable and led to weights which varied consider-

TABLE 4
POTENCIES FOR THE THIRD INTERNATIONAL

STANDARD OBTAINED BY THE IN VITRO (SAFFRAN) TEST

Unweighted
Laboratory Potency Statistical mean

No. poule) eili validity8a ptec

poule)

3 1.77 3 796 Valid 1.89

1.90 10 238 1%

1.94 3 527 1%

1.94 325 Valid

7 2.61 42 Valid 2.61

8 0.93 62 Valid 1.17

1.95 44 Valid

0.89 46 Valid

9 1.95 136 Valid 1.66

1.62 3 347 5%

1.77 222 Valid

2.21 4 284 Valid

1.12 122 Valid

1.93 2 386 1%

1.65 30117 1%

1.50 1 572 Valid

2.37 3 435 Valid

1.02 990 0.1%

a The only source of Invalidity Is departure from parallelism
and the percentages Indicate the level of signiflcance.

There was no systematic slope difference.
Unweighted mean potency: 1.65 lUlampoule.
Confldence limits (using direct estimate of variance):

1.41 - 1.94 IU/ampoule, I.e., 85.5% - 117.0% of the estimated
potency.

ably from one assay to the next and to tests of
statistical validity which probably have very little
meaning (Table 4). The over-all potency (of 1.65
IU/ampoule) for this group has therefore been cal-
culated from the unweighted mean of the log potency
with complete disregard for any apparent departure
from paralleism or any possible heterogeneity bet-
ween or within laboratories. The variance of the
mean log potency was calculated directly from the
distribution of 18 separate estimates of log potency
and the 95% confidence limits (+ 15%) were based
on this value.
The mean potency of 1.65 IU/ampoule obtained

by this method of assay was not significantly dif-
ferent from the estimate of 1.48 IU/ampoule ob-
tained by i.v. assay.

Subcutaneous assays

This assay method is described in the United
States Pharmacopeia XV but varied in detail from
one laboratory to another (see, for example, Rerup,
1958).

TABLE 5

SLOPES OF THE LOG-DOSE/RESPONSE LINES FOR THE
SECOND INTERNATIONAL STANDARD AND THE THIRD

INTERNATIONAL STANDARD OBTAINED
IN MUNSON-SAYERS SUBCUTANEOUS ASSAYS

Laboratory Proportion of assays Weighted mean slopes
No. In which

slope 3rd IS>slope2nd IS 2nd IS 3rd IS

Assays In gelatin

1 5/6 -123 -212

2 1/1 -121 -174

3 4/5 -120 -154

4 7/7 - 97 -152

5 2/2 - 99 -178

6 3/3 -187 -278

8 2/2 -189 -256

9 2/3 -149 -156

Assays in saline

1 2/6 -178 -144

2 0/3 -144 -122

6 2/2 -128 -255

8 4/4 -161 -219

9 4/5 -129 -161
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The two preparations under comparison are

fundamentally different in that the Second Inter-
national Standard is a crude corticotrophin and the
Third International Standard is a purified prepara-
tion. It was thought that the difference would
become most apparent when the comparison was
made by s.c. assay, and evidence of this was

found by examination of the slopes of the log-
dose/response lines for each preparation separately
(Table 5). > I

It is clear that in assays where gelatin was used
for dilution a steeper slope was always obtained with
the proposed Standard, for 26 of 29 separate assays
by this method showed a difference in slope in the
same direction. The weighted mean slopes for each
laboratory, calculated by weighting the individual
slopes by the reciprocals of their variances, showed

POTENCIES FOR THE THIRD

that a slope difference was consistently found in all
laboratories.

Laboratories 6, 8 and 9 apparently produced a

similar difference for their assays in saline, although
only that for Laboratory 6 is statistically significant.
The apparent reversal of the situation in the other
two laboratories is not significant.
The result of this effect is that all these s.c. assays

on the two unlike standard preparations are funda-
mentally, as well as statistically, invalid and any

estimate of potency will be spurious. Nevertheless,
the analyses were carried out in the usual way and
the weighted mean for each laboratory calculated
without rejection of the assays which were sufficiently
precise to show the invalidities (Tables 6 and 7).
The potencies obtained by different laboratories

were extremely variable and there was a tendency

TABLE 6
INTERNATIONAL STANDARD OBTAINED BY MUNSON-SAYERS METHODS

(SUBCUTANEOUS IN SALINE)

Laboratory Treatment Dose Potency 1 Weighted mean
No. before assay levels U/ampoule) Statistical validity potency

/a le

I Hypophysectomy 2+2 3.77 97 Valid

it 2+2 5.15 129 Pt

of 2+2 4.54 124 .. 4.68

Hydrocortisone 2+2 5.08 83 to

of 2+2 5.98 142

2+2 4.41 502

2 Prednisolone 3+3 1.92 273 Valid

to 3+3 1.67 381 of 2.17

3+3 6.63 120 Curvature 1%

6 Hypophysectomy 3+3 6.26 369 Parallelism 0.1% 5.80

of 3+3 5.52 568 1%

8 Hypophysectomy 3+3 2.91 892 Curvature 5%

to 2+2 2.98 754 Parallelism 5% 2.94

PI 3+3 2.18 311 Valid

to 3+3 3.36 676 Curvature 1%

9 Hydrocortisone 3+3 2.43 100 Valid

Hypophysectomy 3+3 1.91 82 to 2.41

of 3+3 2.72 386 It

it 3+3 1.20 50 to

ti 1 3+3 2.48 212 to
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TABLE 7
POTENCIES FOR THE THIRD INTERNATIONAL STANDARD OBTAINED BY

(SUBCUTANEOUS IN GELATIN)

I Hypophysectomy

Ho

to

Hyd rocortisone

to

to

3 Hypophysectomy
if

to

it

of

4 Hypophysectomy

of

to

to

..

..
to

MUNSON-SAYERS METHODS

Valid

..P

of

of

of

,,

Valid

Parallelism 5%

Valid

to

..

Parallelism 5%

of 1%
Valid

Pt

it

to

..

Parallelism 1%

Valid

4.89

6.82

5.00

6.26

6.02

for the assays in saline to give lower potencies than
those in gelatin (see accompanying figure). This
difference is probably due to factors other than the
obvious one of a different vehicle for dilution.

Laboratory 3 made a direct comparison between
the Third Standard dissolved in gelatin and kept at
33°C and the same preparation dissolved in saline
and kept at 33°C or 0°C. Each solution was tested
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TABLE 8
COMBINED POTENCIES FOR THE THIRD INTERNATIONAL STANDARD

OBTAINED BY MUNSON-SAYERS SUBCUTANEOUS ASSAY

Saline Gelatin

Potency Number Potency Number
(IU/ampoule) of assays (IU/ampoule) of assays

Weighted mean (all assays) 3.31 20 4.91 29

Unweighted mean (all assays) 3.28 20 5.48 29

Weighted mean (assays with
similar mean response for
both preparations) 3.91 12 4.69 20

Unweighted mean (assays with
similar mean response for
both preparations) 3.62 12 5.06 20

DISTRIBUTION OF LOG POTENCIES FOR SUBCUTANEOUS
ASSAYS

14.

12

10

1,2,3,4,5,6,8,9 Lab. No's
(Assoyed in Gel.)

1,2,6,8,9 Lab. No.s
(Assayed in Saline)

U
U
EU
E

6 2

z

L6 6F; 9

4 ~ ~4

.~~~~~~~4L81 3l31

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1
LOG POTENCY (IU/ampoule)1 236IW

at three levels by s.c. injection. The average response
for each of the three methods was very similar, but
the log-dose/response lines for the saline solutions
were flatter than the line for the solution in gelatin.
K Since all the potency estimates are invalid, any
combination of these estimates will also be invalid
and to employ the usual methods for dealing with
heterogeneity would be pointless. However, in order

to obtain some idea of the general level of activity
found by participating laboratories, the over-all
potency for each group of s.c. assays has been
computed in four different ways-namely, from the
weighted and unweighted means of all the assays
that were contributed, and from the corresponding
values when the assays that showed a significant
difference between preparations in the analysis of
variance were omitted (Table 8). This method of
selection was chosen because the slopes were diver-
gent and a greater consistency between potencies
might be expected if the only assays used were those
where there was little difference in the mean response
for the two preparations. The resulting mean
potencies for the assays in saline and gelatin were
closer than the corresponding estimates that were
made without omissions.

Plasma corticoid assays
Two laboratories each provided three (2 + 2)

assays by this method. Laboratory 7 administered
the preparations by i.v. injection (Guillemin et al.,
1958, 1959) and Laboratory 8 by s.c. injection
(Rerup & Hedner, 1961). The potencies they
obtained were comparable with those which they
estimated by other assay methods, when the dose
was administered by the same route (Table 9).

ASSAYS OF THE INTERNATIONAL WORKING STANDARD

The assays of the International Working Standard
against the Third International Standard were
fundamentally valid, since they were comparisons of
two batches of exactly the same material. The assays
were considered to be statistically valid if there was a

__
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TABLE 9
POTENCIES FOR THE THIRD INTERNATIONAL STANDARD

OBTAINED BY PLASMA CORTICOID METHOD

significant regression and the combined deviations
from regression were not significant (Tables 10
and 11). All the assays were included in the estima-
tion of weighted mean potencies, but for those

assays which failed the validity tests the error

variances were increased to the point where the
deviations would no longer be significant and the
statistical weights reduced accordingly.

TABLE 10
COMPARISON OF THE INTERNATIONAL WORKING STANDARD (BATCH A)

WITH THE THIRD INTERNATIONAL STANDARD

Assay ILaboratory[PotencyT WeMean potency Mean potency
method

|
No. rat aio Weight Validity ratio per ratio per assaymethod
___

ratio
___ ___ laboratory method and limits

In vitro 3 0.89 1 037 Valid

1.22 1005 Par. 5% 0.995
0.87 340 Valid 0.995 (0.914 -1.084)

1.06 372 Valid

0.84 431 Valid

Subcutaneous 4 1.02 443 Valid
(gelatin)

1.10 212 Valid 1.029

0.98 201 Valid
-0 .9

5 0.97 178 Valid (0.895 -1.084)
0.946

0.93 243 Valid

6 0.97 1 004 Valid 0.965

Intravenous 4 1.07 183 Valid 1.073

5 0.69 29 Par. 1% 1.112 1.188

1.35 71 Valid (0.948-1.489)

6 1.46 124 j Valid 1.456

404



THIRD INTERNATIONAL STANDARD FOR CORTICOTROPHIN

TABLE 11

COMPARISON OF THE INTERNATIONAL WORKING STANDARD (BATCH C)
WITH THE THIRD INTERNATIONAL STANDARD

Assay Laboratory Potency Wih Mean potency Mean potency
method No. ratio Weight Validity ratio per ratio per assay

laboratory method and limits

In vitro 3 0.97 1 230 Valid

0.95 2337 Valid 0.940

1.18238 Par. 1% ~~0.940 (0.877 - 1.009)

0.83 1 039 Par. 5%

Subcutaneous 4 0.98 372 Valid
(gelatin)

1.00 411 Valid 0.986

0.99 215 Valid
-1 .0

5 1.20 164 Curv. 1% (0.926 -1.143)
1.068

0.91 124 Valid

6 1.09 591 Valid 1.085

Intravenous 4 0.60 99 Valid 0.603

5 1.13 108 Valid 0.781 0.812

0.52 93 Valid (0.633 - 1.041)

6 2.51 33 Valid 2.510

The results were expressed as potency ratios, so
that if there was no difference in activity between the
two batches of Working Standard and the Third
International Standard the value of the potency
ratio would be unity.
The estimates made by the s.c. and Saffran in vitro

methods were very close to this value. The final
potencies based on i.v. assay deviated by 20%, but
were derived from extremely variable data, as shown
by the wide range of potency ratios and the low
weighting.

Assays of the international Working Standard in
terms of the Second International Standard were
comparatively few and were difficult to interpret for
the reasons given in the section on s.c. assay above
(Table 12).
There is no evidence contrary to the assumption

that the ampoules of the international Working
Standard contain to all intents and purposes the
same amount of biological activity as those of the
Third International Standard.

EFFECT OF PROCESSING AND AMPOULING ON ACTIVITY
OF THE THIRD INTERNATIONAL STANDARD

As stated earlier, the Armour Laboratories
assayed the bulk material provided for the prepara-
tion of the International and Working Standards,
and estimated its s.c. activity as 100 IU/mg and its
i.v. activity as approximately 33 IU/mg. In the
collaborative assay the same laboratory assessed the
s.c. and i.v. potencies of the corticotrophin in
the ampoules of the Third International Standard as
110 IU/mg and 25 IU/mg, respectively. These latter
values have been calculated from the potencies
which were estimated (in IU/ampoule) for the Third
International Standard on the assumption that each
ampoule contains 50 ,ug of corticotrophin. They do
not apply to the total contents of the ampoule, i.e.,
the International Standard.

Laboratory 9 also tested the bulk powder, using
the s.c. assay and gelatin as the diluent, and obtained
a potency of 114 IU/mg, with confidence limits
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TABLE 12

COMPARISON OF THE INTERNATIONAL WORKING STANDARD
WITH THE SECOND INTERNATIONAL STANDARD

Batch A
Assay Laboratory
method No. Potency

(I U/ampoule)

Subcutaneous 2 1.24
(saline)

9 3.21

2.69

1.79

Subcutaneous 9 4.33
(gelatin)

3.78

Intravenous 4 1.21

(P = 0.95) of 79-164 IU/mg. The corresponding
potency for the ampouled material, estimated by the
same laboratory, by the same assay method, and
calculated as above was 120 lU/mg.

There is thus no evidence that the bulk material
lost any of its corticotrophic activity during the pro-
cessing it underwent in preparation for the Third
International Standard.

ESTABLISHMENT OF THE THIRD

INTERNATIONAL STANDARD

5 As mentioned earlier, the WHO Expert Com-
mittee on Biological Standardization agreed that the
definition of the unit of the new standard should be
based entirely upon the results of subcutaneous
assays. The collaborative s.c. assay of the new
standard, in terms of the existing one, has shown
that there is a fundamental difference in the biological
activity of the two preparations which precludes
agreement of participating laboratories on a potency
obtained as the logical outcome of biological assay.

It has been shown that the log-dose/response line
for the Third Standard is steeper than that for the
Second Standard, so that even laboratories using
assay methods which are similar in all other respects

Batch C

Weight (lampoule) Weight

108 1.56 344

144

76

409

219

145

will obtain different potencies unless they are
working over exactly the same dose range. Other
variables which have been suggested as possible
causes of disagreement between laboratories are:
different strains of animal, variations in injection
technique, differences in the time interval between
injection and adrenalectomy, and differences in the
pH of the diluents.

In most assays animals were killed 3 hours after
injection, but Laboratory 2 performed two assays
in which the time interval was 1¼/4 hours and by this
means estimated potencies of less than 2 IU/ampoule.
Two other estimates, both exceeding 6 IU/ampoule,
were obtained by the same laboratory from assays
in which the animals were adrenalectomized at
3 hours.

Laboratory 9 considered the effects of varying the
pH of the (saline) assay solutions of the Second
International Standard and the Third International
Standard and showed that at pH 6 the mean res-
ponse was less but the slope of the log-dose/response
line was greater than at pH 3. The difference in
slope between the proposed and the existing Stand-
ard was apparent regardless of pH and a difference
in potency due to this factor is therefore to be
expected.
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With due regard to all these considerations, it was
concluded that the assignment of a potency to the
new standard must be arbitrary, in the sense of its
not preserving continuity with the activity of the
present standard in the hands of all assayists,
choosing any method of bio-assay they please.
There appeared to be no merit in assigning to the
new standard any potency other than a convenient
whole number, of the order found by the majority
of the participants in the collaborative assay.
With the agreement of all participants in the

collaborative assay, the Third International Standard
for Corticotrophin was therefore established with a
potency of 5 International Units per ampoule.

ACTIVITY OF THE INTERNATIONAL WORKING STANDARD

Ampoules of the international Working Standard
are available to anyone wishing to assay cortico-
trophin. Every effort has been made to ensure that
ampoules of the international Working Standard
contain the same amount of corticotrophic activity
(5 IU/ampoule) as the Third International Standard.
To all intents and purposes, an a priori assumption
of equivalence can be made: the results of the col-
laborative assay and continued control tests confirm
this assumption; there is no evidence to the contrary.
Nevertheless, should national control authorities
wish to confirm it the Third International Standard
itself is available for this purpose.
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RtSUMti

Le Deuxieme Etalon international de Corticotrophine
est une preparation brute, qui ne convient plus a l'essai
biologique des preparations purifiees dont on dispose
maintenant. En 1957, le Comite OMS de la Standar-
disation biologique recommanda son remplacement. On
se procura dans ce but une substance purifiee par adsorp-
tion sur oxycellulose, qui fut repartie en ampoules et
lyophilis6e. Neuf laboratoires, dans cinq pays, ont pro-
ced6 a 90 titrages comparatifs de ce materiel, par rapport
au Deuxieme Etalon. L'activite des deux preparations

- l'ancienne et la nouvelle - se revela si fondamentale-
ment differente qu'il etait difficile de deduire logiquement
de ces resultats un chiffre d'activite. L'activite du nouvel
etalon propose etait plus elevee par la methode d'essai
sous-cutanee que par la methode intraveineuse, ou in
vitro. Or, presque toute la corticotrophine utilisee en
clinique est administree par voie sous-cutanee ou intra-
musculaire; l'activite indiqu&e sur l'etiquette est etablie

1 Present address: College de France, Paris, France.
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d'apres 1'essai sous-cutane, effectu6 par le fabricant.
Afin de se conformer a cette habitude, il a et decid
que F'activite serait determinee d'apres les essais par voie
sous-cutanee.

I1 s'ensuit que la valeur pharmacologique de l'unite
d'activite de preparations, etablie en fonction d'un etalon
de faible activite, doit etre reevaluee. I1 faut donner un
nombre environ triple d'unites, par voie intraveineuse,
que par voie sous-cutanee, pour produite le meme effet.
La valeur de l'unite de corticotrophine destinee a l'ad-

ministration sous-cutanee ou intramusculaire, deriv6e
de l'essai par voie sous-cutanee, n'est pas modifiee.
Le Troisieme Etalon international de Corticotrophine
a ete reparti en ampoules de 5 unites chacune.
En raison de la difficulte et du cout de l'essai biologique

de la corticotrophine, ainsi que de la variabilite des pre-
parations, un Etalon de Travail a e prepare, contenant
aussi 5 unites par ampoule, reparti en un nombre suffi-
sant d'ampoules pour repondre aux besoins nationaux
et a ceux des laboratoires.
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