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The second international reference preparation of
erythropoietin, human, urinary, for bioassay*
L. ANNABLE,1 P. MARY COTES,2 & MARJORIE V. MUSSETr3

A collaborative study of the second international Reference Preparation of Erythro-
poietin, Human, Urinary, for Bioassay was carried out in 10 laboratories. Combined
potency estimates obtained by comparison with the International Reference Preparation,
indicate that ampoules of the second Preparation contain 10.0 IU (weighted mean
potency) or, taking the unweighted mean potency, 9.8 IU, with fiducial limits (P= 0.95)
of 8.4-11.5 IU. The second Preparation could be used as a standard in estimating
the potency of a preparation of sheep plasma erythropoietin (68/307) although, as
with the International Reference Preparation, there was a tendency for the sheep plasma
preparation to produce log-dose-log-response regression lines that were steeper than those
produced by the second Preparation.

In accelerated degradation studies of the second Preparation stored as the dry product
in ampoules for up to 1 year, there was no consistent trend to indicate instability of the
preparation.

Following its establishment in 1971, the Second International Reference Preparation
was allocated a potency of 10 IUlampoule.

The WHO Expert Committee on Biological Stan-
dardization (1969) noted that stocks of the Inter-
national Reference Preparation (IRP) of Erythro-
poietin, Human, Urinary, for Bioassay were becoming
depleted, that material for its replacement had been
obtained, and that a collaborative study was being
organized from the Division of Biological Standards,
National Institute for Medical Research, London.
This paper describes the second International Refer-
ence Preparation and reports the results of the
collaborative study of this material. The main object
of this study was to assay the proposed replacement
by comparative bioassay against the existing Inter-
national Reference Preparation, so that a unitage
might be assigned to it that would provide continuity
of the unit in established use through the series of
preparations starting with the national preparations
called Research Standard A and Research Standard
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B (a quantity of the latter was established as the
IRP).

Subsidiary aims of the study were to examine the
stability of the material and to test whether valid
potency estimates could be obtained for a preparation
of sheep plasma erythropoietin (68/307) when com-
pared with either the IRP or the proposed replace-
ment (both derived from human urine).
The WHO Expert Committee on Biological Stan-

dardization (1971) established the second IRP for
Erythropoietin as a replacement for the first IRP
and agreed that it should be allocated a potency of
10 IU/ampoule. The International Unit for Erythro-
poietin, Human, Urinary, for Bioassay was defined as
the activity contained in 0.50 mg of the second Inter-
national Reference Preparation.

MATERIALS FOR THE STUDY

The International Reference Preparation of Erythro-
poietin

A preparation of erythropoietin derived from
human urine (initially used nationally and known as
Erythropoietin Standard B) described by Cotes &
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Bangham (1966) and available as ampoules which
each contain 10 IU of erythropoietin.

The second International Reference Preparation of
Erythropoietin

Bulk material. The bulk material comprised some
16 g of human urinary erythropoietin pool D-1,
generously given by the US National Heart Institute
Committee on Erythropoietin, obtained by the De-
partment of Physiology, University of the Northeast,
Corrientes, Argentina (from patients with anaemia
attributable to hookworm infection and iron defi-
ciency), and processed by Dr Hammond in the
Haematology Research Laboratories, Childrens Hos-
pital of Los Angeles, Calif., USA. Dr Hammond re-
ported that pool D-1 was made from 35 individual
batches of concentrates of erythropoietin prepared
by the collodion adsorption method from the urine
of anaemic patients, that it contained 720% protein
(Lowry method), and that it was estimated to con-
tain 2.4 IU/mg by bioassay in the polycythaemic
mouse.

Distribution into ampoules. In June 1968 an aque-
ous saline extract was prepared at the National Insti-
tute for Medical Research from 16.05 g of erythro-
poietin pool D-1. The erythropoietin powder was
triturated with water (93.6 ml/g); the resulting sus-
pension was heated to 80-820C, immediately cooled
on ice, and then centrifuged at 10 000 g for 15 min
at 4-6 C. The supernatant was separated and stored
at 4°C and the sediment was re-extracted twice by
the same method, using water for the first re-ex-
traction and 0.154 M sodium chloride for the second.
The combined supernatants (4 370 ml) were filtered
serially through membrane filters (Millipore grades
RA, AA, and HA with average pore diameters of
1.2,sm, 0.8jum, and 0.45[sm, respectively). The solu-
tion was distributed into ampoules (1.019 g±0.5%
per ampoule), frozen in liquid nitrogen, and freeze-
dried as a single batch. The ampoules were dried to
constant weight over phosphorus (V) oxide, filled
with nitrogen, sealed, and then stored in the dark at
-20°C. Ampoules of the preparation each contain
approximately 5 mg of material comprising 2 mg of
dried extract from approximately 4 mg of urinary
concentrate plus 3 mg of sodium chloride.

Biological activity. Ampoules of the preparation
each contain, to all intents and purposes, an identical
amount of erythropoietin. This was estimated by
preliminary bioassay to be between 7.6 and 12.4 IU,
and for purposes of the collaborative study partici-

pants were instructed to assume that each ampoule
of the proposed IRP contained 10 IU of erythro-
poietin.

Accelerated degradation test samples. Some un-
opened ampoules were stored at each of the follow-
ing temperatures for various periods: 4°C, 20°C,
370C, and 56°C. These ampoules were then returned
to storage at -20°C until they were sent with other
samples for collaborative study.

Sheep plasma erythropoietin preparation (68/307)
Bulk material. The bulk material consisted of some

2 000 IU of sheep plasma erythropoietin " AL-0336,
K147048" generously contributed by the Erythro-
poietin Committee of the US National Heart Institute
and prepared by the Armour Company in collabo-
ration with Dr E. Goldwasser. It was supplied in
8 rubber-capped vials, each containing approximately
148 mg of dry (step 3) material.

Distribution amongst ampoules. Altogether, 1.1 61 g
of erythropoietin, as supplied, was dissolved in 232 ml
of water containing 5 mg of lactose per ml. The
solution was centrifuged at 27 000 g for 30 min at
40C, distributed into ampoules (0.978 g of solution
per ampoule; range, 0.973-0.979 g), frozen in liquid
nitrogen, and then freeze-dried as a single batch.
Ampoules were subsequently dried to a constant
weight by storage at 20°C in vacuo over phosphorus
(V) oxide, filled with nitrogen, sealed, and stored in
the dark at -20°C.

Biological activity of sheep plasma erythropoietin
(68/307). Ampoules contain, to all intents and
purposes, an identical amount of erythropoietin and
a total of approximately 10 mg of material including
protein, salts, and 5 mg of lactose. Preliminary bio-
assay indicated that the biological activity was be-
tween 14 and 22 IU/ampoule. For the study, parti-
cipants were instructed to assume that each ampoule
contained 18 IU erythropoietin.

DESIGN OF THE STUIDY
Assays

All participants were asked (1) to compare the bio-
logical activity of the proposed second IRP with
that of the IRP in 2 or more assays carried out on
different occasions; each assay to include simultane-
ous tests of both preparations at a minimum of 3 di-
lutions (selected to give responses in the linear region
of the log-dose response curves); (2) to include the
preparation of sheep plasma erythropoietin (68/307)
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(subsequently referred to as 68/307 (sheep)) in at least
one of these assays; (3) to include a control, diluent-
treated group of animals in every assay. Some labo-
ratories were also asked to compare the activity of
code-labelled accelerated degradation test samples
of the proposed second IRP with the activity of
coded ampoules of the same preparation that had
been stored under routine conditions at -20°C.

Preparation of erythropoietin solutions and choice
of diluent

Solutions of all test preparations were to be
freshly prepared and derived from different ampoules
for each assay. Participants were requested to use
their usual aqueous diluent (with or without carrier
protein, according to the usual practice in the labo-
ratory) for the first two assays, and for any further
assays to use a single pool of normal plasma as
sample diluent. Details of the diluents used are listed
in Table 1. Since it is not known whether the ery-
thropoietins are evenly distributed within the freeze-
dried plugs, portions of the powders were not ex-
tracted from the ampoules and weighed; for use,
the entire contents of each ampoule were dissolved
in a known amount of solvent.

ASSAYS CONTRIBUTED TO THE STUDY

The 10 participating laboratories carried out a total
of 36 assays. Each assay was allocated a number,
the first part of which identified the laboratory and
the second part the number of the assay in that labo-
ratory. The names of participants are listed in
Annex 1 but the order in which they appear is un-
related to the code numbers allocated to the various
laboratories.

In 9 laboratories the second IRP was compared
with the existing IRP and the 68/307 (sheep) pre-
paration described above. In 5 laboratories the
second IRP was compared with the accelerated de-
gradation samples (in one laboratory these were the
only comparison made). Participants carried out
assays with the fasted rat (FR), the hypertransfused
polycythaemic mouse (HTM), or the exhypoxic
polycythaemic mouse (HXM); details of assay meth-
ods are given in Tables 1 and 2.

In Assays 5.1, 5.2, and 5.3 the second IRP was
tested as two separate preparations because, in
addition to the preparation labelled second IRP, a
code-labelled sample was included as part of the
accelerated degradation study. In assay 5.3, 59Fe
incorporation was examined in all animals (assay

5.3a) whereas reticulocyte counts (assay 5.3b) were
made on blood samples from groups treated with the
IRP, the second IRP, and 68/307 (sheep) but not on
samples from animals treated with coded prepara-
tions.
The IRP and second IRP were also examined in

laboratory 3 by a haemagglutination-inhibition sys-
tem (Lange et al., 1970).

STATISTICAL TREATMENT OF THE DATA

All assays were analysed by the parallel line method
relating log response to log dose, as in the collabora-
tive study for the establishment of the first IRP
(Cotes & Bangham, 1966). In general, this gave as
good a linear regression as that obtained by relating
the untransformed response to log dose, but had the
advantage of correcting the tendency of the variance
of response to increase with increasing dose, thus
improving the homogeneity of variances at different
dosage levels.

Responses were excluded from the analysis when
animals were reported to be sick or showed a low
packed-cell volume (pcv), according to each parti-
cipant's own criterion (Table 1), or if there was an
experimental reason for exclusion such as inaccuracy
of the 59Fe dosing. All responses at extreme dosage
levels were also omitted from the analysis of results
of assays when they were judged graphically not to
lie on the linear portion of the postulated sigmoid
response curves. Details of dosages are given in
Table 1. Statistical tests fori the rejection of outlying
values were not used (see Discussion).

Assays designed to compare simultaneously the 3
preparations of erythropoietin were analysed not as
multiple assays but as simple assays of the second
IRP, 68/307 (sheep) against the IRP, and 68/307
(sheep) against the second IRP. This was done to
avoid the assumption, suspected to be erroneous,
of a common slope for the regression lines of all
three preparations.

Potencies were estimated provided that the regres-
sions of log response on log dose were significant
(P< 0.05) and deviations from parallelism and lineari-
ty were not significant (P >0.01). The results of these
tests are shown in Table 3.

Potency estimates were combined between and
within laboratories after they had been examined for
homogeneity by means of a x2 test (described by
Finney, 1964). If the estimates were homogeneous
at the 1 % level, the combined estimate was derived
from the weighted mean of individual log potencies,
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Table 3. Slopes of log-dose - log-response lines

Slope
Assay No.

IRP Second IRP 68/307 (sheep)

1.1 0.302 0.198 0.410
1.2 1.252 1.947 2.306

2.1 0.354 0.389 -
2.2 0.379 0.299 0.399
2.3 0.274 0.296 -

3.1 1.234 1.507 0.721
3.2 0.926 1.219 0.823

4.1 0.589 0.710 1.280
4.2 0.706 0.681 0.768

5.1 0.302 0.352 0.400
5.2 0.444 0.502 0.585
5.3a 0.454 0.406 0.504
5.3b 0.457 0.203 a 0.332

6.1 0.682 0.639 0.720
6.2 0.701 0.383 0.710 b
6.3 0.611 0.463 0.474

7.1 0.543 0.421 0.619
7.2 0.539 0.537 -

7.3 0.806 0.975 -
7.4 0.576 0.503 -

8.1 0.271 0.532 0.503
8.2 0.574 0.640 0.662
8.3 0.456 0.847 0.834

9.1 0.434 0.425 0.025 a
9.2 0.699 0.436 0.585
9.3 0.546 0.659 0.205
9.4 0.418 0.643 0.639
9.5 0.169 a 0.457 0.063 a

a Slope not significantly different from 0 (P>0.05).
b Significant deviation from parallelism with the second IRP

(P <0.01).

using the reciprocals of their estimated variances as
weighting factors. Limits for the mean potency were
calculated from the variance of the weighted mean log
potency. This variance was obtained from the reci-
procal of the total weight for all assays contributing
to the mean. For heterogeneous sets of log potency
estimates the combined estimate was formed from
the unweighted mean and its variance was obtained
directly from the distribution of individual log poten-
cies.
Two sets of potencies were estimated from Assay

5.3, one based on the incorporation of 59Fe iron into
red cells (5.3a) and the other on reticulocyte counts
(5.3b). Since both responses were measured on the

same animals, only one of the potency estimates
could be used when potencies from different assays
were combined. For this purpose, 5.3a was used
in preference to 5.3b because the response was simi-
lar to that measured in other assays.

Potency estimates derived from the in vitro haemag-
glutination-inhibition system were not combined
with potencies obtained by in vivo bioassay.

RESULTS OF THE STATISTICAL ANALYSIS

Slopes of the log-dose-log-response lines
In a previous study, Cotes & Bangham (1966)

observed that in 10 out of 11 assays of Erythro-
poietin Standard B (human urinary) against a pre-
paration of sheep plasma erythropoietin (Erythro-
poietin Standard A), the slope of the log-dose-log-
response line for Standard B was less steep than that
for the sheep plasma preparation, although nonparal-
lelism was not significant in any one assay.

In the present study, examination of within-assay
slopes (Table 3) shows that there was little difference
between the slopes of the regression lines for the IRP
and the second IRP (in 14 assays the slope for the
second IRP was greater than that for the IRP, and
in 12 assays it was less than that for the IRP). The
slope of the regression line for 68/307 (sheep) ten-
ded to be greater than the corresponding slopes for
the two human urinary preparations (the slope for
the sheep preparation exceeded that for the IRP
in 15 out of 20 assays, and exceeded that for the
second IRP in 14 out of 20 assays). However, on
only 1 occasion was the slope for 68/307 (sheep)
significantly greater than that for the IRP (assay
8.3 at 0.01 < P < 0.05), and on only 2 occasions was
it significantly greater than that for the second IRP
(assay 2.2 at 0.01 < P < 0.05 and assay 6.2 at 0.001
<P <0.01). No association between slope differ-
ences and assay methods could be detected.
The same strain of rat or mouse was seldom used

in more than one laboratory and there was little
replication of strains of animals used in the earlier
study (Cotes & Bangham, 1966). Thus it was not
possible to investigate whether any particular strain
of animal was more consistent than others in showing
a slope difference between the sheep plasma and
human urinary preparations.
The numerical differences between slopes for the

sheep and human preparations within any one assay
were not large, so the parallel line method was used
to estimate relative potencies for the sheep prepara-
tion.
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Table 4. Results of assays of the second IRP against the IRP

Combined
Assay Potency Fiducial limits Precision potency Fiducial limits
No (IU/ (P=09) of assay withinN. ampoule) (P=09)(A) laboratories (P = 0.95)

(IU/ampoule)

1.1 16.0 6.8-557.7 0.45 10.7 8.3-13.9
1.2 10.3 7.8- 13.6 0.20

2.1 7.9 6.3- 9.8 0.13
2.2 15.9 11.9- 21.9 0.16 12.5 a 4.7-33.6
2.3 15.6 10.1- 25.7 0.25

3.1 10.9 8.7- 13.7 0.16
3.2 12.2 9.3- 16.9 0.20 11.4 9.6-13.5

4.1 11.0 4.9- 24.2 0.39
4.2 13.0 9.8- 17.4 0.17 12.7 9.8-16.5

5.1 5.4 2.2- 11.4 0.50
5.2 10.2 5.8- 17.9 0.36 6.9 b 5.1- 9.2
5.3a 6.0 3.9- 8.8 0.26
5.3b (4.7) (0.0- 81.1) (1.20)

6.1 5.7 3.7- 8.3 0.30
6.2 19.1 12.4- 32.6 0.33 10.3 a 2.3-46.0
6.3 10.0 6.7- 14.9 0.27

7.1 6.9 4.4- 10.6 0.30
7.2 5.3 2.5- 9.1 0.37 7.2 5.7- 9.1
7.3 7.5 4.2- 12.3 0.30
7.4 8.4 5.5- 12.5 0.25

8.1 7.0 4.0- 11.4 0.33
8.2 6.9 4.5- 10.0 0.25 6.8 5.3- 8.8
8.3 6.7 3.9- 10.5 0.30

9.1 12.0 6.3- 30.2 0.36
9.2 12.6 7.5- 23.2 0.30 13.7 10.8-17.3
9.3 13.7 9.8- 20.4 0.21
9.4 17.7 10.1- 53.5 0.36
9.5 invalid

a Reticulocyte data not included in the combined potency estimate.
b Heterogeneity x2 significant (P <0.001).

Results of the analysis of assays of the second IRP
in terms of the IRP

Table 4 shows the results of the analysis of 27
assays of the second IRP against the IRP. All, with
the exception of assay 9.5 (insignificant regression,
P>0.05), were considered to be statistically valid
for estimating the potency of the second IRP. The
combined potency is shown for each laboratory;
asterisks indicate the level of heterogeneity of esti-
mates obtained within each laboratory.

Table 5 shows potencies of the second IRP in terms
of the IRP combined for all laboratories. The esti-

Table 5. Combined potencies of the second IRP in
terms of the I RP

Combined Range of
Assay method aNsos.aof potency individual

Y (IU/ampoule) potencies

FR 8 13.6a 7.9-17.9

HTM 3 11.5 10.3-13.0

HXM 15 8.0b 5.3-19.1

all valid assays 26 9.8 b 5.3-19.1

a Heterogeneity x2 significant (P <0.01).
b Heterogeneity x2 significant (P <0.001).
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Fig. 1. Weighted frequency distribution of log potency estimates of the second IRP in terms of the IRP. The
numbers refer to the laboratory code.

mates of potency of the second IRP from all valid
assays were found to be heterogeneous (P < 0.001),
and were consequently combined by taking an un-
weighted geometric mean to give a result of 9.8 IU
per ampoule with fiducial limits (P = 0.95) of 8.4-
11.5. This heterogeneity was due to variations in
potency estimates both between laboratories (X28=
37.7, P < 0.001) and within laboratories (X217 = 42.0,
P < 0.001). The highly significant x2 within labora-
tories was largely due to variations in the estimates
made by laboratories 2 and 6 contributing 18.6 and
15.9, respectively, to the total X2. The weighted
frequency distribution of log potency estimates of
the second IRP is shown in Fig. 1. If heterogeneity
is ignored and the overall weighted mean potency is
calculated, this value is found to be only slightly
different from the unweighted value, i.e., 10 IU per
ampoule instead of 9.8. Fiducial limits to the

weighted mean are 9.31-0.8, but must be considered
to underestimate the true variability of results.

Accelerated degradation study of the second IRP
The results of the analyses of the assays made to

assess the stability of the second IRP, calculated
after the application of validity tests listed under sta-
tistical treatment of data, are shown in Table 6.
Potency ratios (estimated on an ampoule-to-ampoule
basis) were combined when several assays had been
carried out on samples after comparable times of
storage at the same temperature.
Examination of the potency estimates indicates

a high order of stability of the biological activity of
the second IRP. There was some variability of
potency estimates but no evidence of interpretable
trends in the estimates with increase in duration of
degradation storage at any one temperature or with
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Table 6. Comparison of the accelerated degradation samples of the second IRP with routinely stored samples

Storage Storage Assay Potency Fiducial limits Precision Combined Fiducial limitstemperature peid(as o ai P=09) of assay potency (P = 0.95)(IC) peid(dy) No)aio( 09)ratio

4 26-43 10.2 0.964 0.618-1.493 0.31
5.2 0.801 0.475-1.325 0.34
6.4 0.405 0.275-0.561 0.21 0.609 a 0.500-0.743
7.5 0.874 0.351 -2.145 0.50
7.6 0.504 0.292-0.791 0.30

304-318 10.3 0.795 0.490-1.366 0.28 0.798 0.553-1.150
10.1 0.801 0.411-1.432 0.29

406 1.3 0.694 0.299-1.058 0.19
5.1 0.626 0.302-1.185 0.42 0.782 0.564-1.084
6.5 1.335 0.677-3.090 0.49

20 26-43 10.2 1.441 0.877-2.620 0.37
5.2 0.836 0.475-1.445 0.37
5.3a 0.856 0.553-1.316 0.29 0.906 b 0.5661.451
6.4 0.638 0.425-0.918 0.25
7.5 1.628 0.949-3.189 0.34
7.6 0.517 0.289-0.833 0.32

277-318 10.4 1.152 0.469-3.229 0.38
10.3 0.768 0.498-1.150 0.26 0.956 0.747-1.222
10.1 1.073 0.747-1.543 0.17

406 1.3 1.137 0.698-2.183 0.20
5.1 1.206 0.647-2.307 0.40 1.062 0.837-1.346
5.3a 0.695 0.428-1.101 0.31
6.5 1.415 0.892-2.413 0.35

37 26-43 10.2 0.835 0.584-1.169 0.25
6.4 0.325 0.123-0.617 0.43 0.682 0.540-0.862
7.5 0.898 0.452-1.812 0.40
7.6 0.531 0.304-0.844 0.31

277-318 10.4 0.921 0.343-2.175 0.38
10.3 0.865 0.571-1.296 0.26 0.786 0.603-1.023
10.1 0.680 0.425-1.014 0.20

406 6.5 0.977 0.676-1.428 0.27 0.977 0.676-1.428

56 277-304 10.4 0.965 0.447-2.039 0.34 0.810 0.542-1.211
10.3 0.727 0.422-1.216 0.32

a Heterogeneity X2 significant (P <0.05).
b Heterogeneity x2 significant (P <0.01).

increase in temperature of storage during a constant
time. The combined estimate of potency was signi-
ficantly different from unity for only 2 sets of assays
-namely, those materials stored at 4°C and at 37°C
for about 1 month. Assays of samples kept at 20°C
and 37°C for about 1 year indicated that they are
equipotent with the second IRP kept at -20°C.
It is therefore concluded that the degradation studies

have shown no appreciable loss of potency for the
second IRP.

Results of the analysis of assays of 68/307 (sheep)
Analyses for 68/307 (sheep) were made in terms

of the IRP for 22 assays. Individual potency esti-
mates from 20 valid assays were significantly hetero-
geneous on account of the low values obtained
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Table 7. Results of assays of 68/307 (sheep) against the second IRP (on the basis of
an assigned potency of 10 IU/ampoule for the second IRP)

Assay Potency
No. ratio

Fiducial limits
(P = 0.95)

Precision Combined
of assay potency

(A) estimate
(IU/ampoule)

0.30
0.15

0.14

0.39
0.22

0.45
0.32
0.26

0.29 }

0.40

13.3 10.8-16.4

7.9 6.1-10.1

19.7 a

12.4

16.7-23.2

8.9-17.2

27.1 20.6-35.6

10.5 7.7-14.3

0.31 15.5 8.7-27.0

0.22 1

0.243

0.25
0.26

26.0

12.8

21.4-31.7

9.8-16.8

a Heterogeneity x2 significant (P <0.05).

by laboratory 6. The exclusion of these values re-

duces the heterogeneity X2 from X2,9 = 58.1 (P < 0.001)
to X216 = 21.9 (P>0.05).

Table 7 shows the results of the analysis for 68/307
(sheep) in terms of the second IRP for each of 22
assays. For this comparison, assays 6.2 (significant
nonparallelism, P < 0.01), 5.3b, 9.1, and 9.5 (non-
significant regression, P > 0.05) were considered
statistically invalid. For valid assays, potencies were

calculated on an ampoule-to-ampoule basis. The
weighted frequency distribution of log potency esti-
mates is shown in Fig. 2; however, these estimates
proved to be heterogeneous (X218 = 109.1, P < 0.001)
and the combined potency ratio of 1.62 was formed
as an unweighted mean (Table 8).
Although a heterogeneous set of assay results was

obtained by comparison of the sheep preparation
with either of the human urinary preparations, the
situation was similar when these preparations (the

IRP and the second IRP) were assayed against each
other.

Relative potency of the second IRP in terms of IRP
by a haemagglutination-inhibition system

The potencies of the IRP and second IRP esti-
mated in laboratory 3 by use of a haemagglutination-
inhibition system using formol-fixed cells (Lange et
al., 1970), were 14.0 and 1.36 IU/ampoule, respec-

tively, by immunoassay. These estimates were made
by comparison with a laboratory preparation of
human urinary erythropoietin (batch 1 19A2 contain-
ing 0.32 IU/mg protein by bioassay) that had been
calibrated by in vivo bioassay against the IRP using
59Fe incorporation in the exhypoxic polycythaemic
mouse. The estimate of 14.0 IU/ampoule for the
IRP by the immunoassay may be compared with its
bioassay potency of 10 IU/ampoule. The potency
of the second IRP estimated by bioassay from the

1.1
1.2

1.46
1.31

Fiducial limits
(P = 0.95)

2.2 0.79

3.1 2.31
3.2 1.51

4.1
4.2

5.1
5.2
5.3a

5.3 b

6.1
6.2
6.3

1.34
1.21

3.16
1.81
3.47

invalid

1.14
invalid
0.89

0.69-2.55
1.03-1.66

0.61-1.01

1.89-2.93
1.1 0-1 .97

0.55-2.84
0.81-1.74

1.61-6.76
1.1 2-2.91
2.34-5.33

0.79-1.68

0.48-1.57

0.87-2.70

1.74-3.43
1.93-4.04
1.91-4.03

0.49-2.09
0.57-1.58
1.00-2.52

7.1 1.55

8.1
8.2
8.3

9.1
9.2
9.3
9.4
9.5

2.41
2.73
2.71

invalid
1.17
1.04
1.60

invalid
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Fig. 2. Weighted frequency distribution of log potency estimates of 68/307 (sheep) in terms of the second IRP.
The numbers refer to the laboratory code.

results of all participants in this study was 9.8 IU/
ampoule, laboratory 3 obtaining values of 11.4 IU/
ampoule by bioassay and 1.36 IU/ampoule by the
haemagglutination-inhibition system.

After the collaborative study had been completed,
laboratory 3 carried out 9 further tests by the in

Table 8. Combined potencies of 68/307 (sheep) in
terms of the second IRP (on the hasis of an assigned

potency of 1 0/IU/ampoule for the second IRP)

Combined Range of
Assay method Number potency individualof assays estimate potency

(I U/ampoule) estimates (IU)

FR 5 12.8a 7.9-14.6

HTM 3 12.8 8.9-34.7

HXM 11 19.9 b 12.1-13.4

all valid assays 19 16.2 b 7.9-34.7

a Heterogeneity x2 significant (P <0.05).
b Heterogeneity x2 significant (P <0.001).

vitro method, obtaining potencies for the IRP rang-
ing from 7.4 to 11.4 units per ampoule, and potencies
for the second IRP of between 7.2 and 14.2 units per
ampoule. Different batches of antigen and antisera
were used in different tests and in some tests the cells
were fixed with formol while in others glutaraldehyde
was used. None of these variables had any obvious
effect on the potency estimates.

DISCUSSION

Variability ofpotency estimates
Reproducibility of estimates between laboratories.

The results reported in the present study indicate
that there are still considerable difficulties associated
with the estimation of erythropoietin activity. For
each of the three sets of comparisons (the second IRP
with the IRP, 68/307 (sheep) with the IRP, and 68/307
(sheep) with the second IRP) the range of individual
potency estimates was approximately 4-fold (Tables
5 and 8). There was some heterogeneity of within-
laboratory estimates (Tables 4 and 7) and con-
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siderable heterogeneity of between-laboratory esti-
mates in all three comparisons. Laboratories used
different species or strains of assay animal and we
should expect these to differ in their recognition
of species differences in erythropoietins (from human
urine and from sheep plasma). Differences between
preparations and treatment regimes, as well as
between species and strains of assay animal, are
likely to influence the extent to which various
contaminants and carriers (associated with each
erythropoietin preparation) affect the responses in
assay animals. These effects could not be evaluated
from the results of the present study in which no
two laboratories used identical systems of animal
species or strain, preparation, and assay regime. In-
deed, since few laboratories used more than a single
assay system, it is not possible to distinguish be-
tween-laboratory differences from between-assay-
system differences. Additionally, from the results
of the present study, differences between potency esti-
mates could be not attributed to differences between
methods of suppression of erythropoiesis in test
animals.

Reproducibility ofestimates within an assay. Labo-
ratory 5 was given three coded samples of the second
IRP for inclusion in the test schedule and a blind
test of the second IRP was thus made against itself
in each assay. The data were analysed as simple
assays of coded second IRP against labelled second
IRP, and potency ratios of 1.00, 0.91, and 0.93 were
obtained. Since none of these potencies was signi-
ficantly different from unity, all responses to the
second IRP were pooled for comparison with the
other preparations tested in each assay.

Outliers

Some laboratories participating in the study sug-
gested that outlier tests for the rejection of apparently
aberrant data should be carried out on the untrans-
formed responses that remained after any initial ex-
clusion of responses (see statistical treatment of data
section). However, after transformation to loga-
rithms, the responses at each particular dose level
followed a normal distribution more closely than
the untransformed responses, and the number of
apparently aberrant responses was considerably re-
duced. Various outlier tests were tried on sets of
transformed data, but it was found that the appli-
cation of these tests resulted in the rejection of very
few values and made little difference to the overall
results of the analysis. Since the logarithmic trans-

formation of responses was used throughout the
statistical analysis of the data (p. 101), it was decided
not to perform such a test.

Consistency of the packed cell volume in control and
treated groups
Any preparation that induced lowering of the pcv

in treated animals (possibly by its content of haemo-
lysins or haemagglutinins) might stimulate the secre-
tion of endogenous erythropoietin and would be
unsuitable for use as a standard. In none of the
assays conducted in the study was there any evidence
of a difference between the average pcv in the control
group and that in any treated group. Thus it may
be inferred that injection of the IRP, the second
IRP, or 68/307 (sheep) had no effect on the pcv
(measured at the time animals were killed).

Influence of sample diluent upon potency estimates

It is well known that the magnitude of the biologi-
cal effect induced by a dose of erythropoietin may be
influenced by carrier or diluent materials administered
with it. The sample diluent (Table 1) was changed
in the third of the series of 3 assays carried out by
laboratory 2. Heterogenous potency estimates were
obtained for the second IRP in terms of the IRP
in the first two assays in which both preparations
were administered as saline solutions (Table 4, assays
2.1 and 2.2). However, there was no evidence that
the potency estimate obtained for the second IRP
in the third assay (2.3), in which both preparations
were administered in 33 % rat plasma, had been
affected by the change of diluent. Thus there is no
evidence to suggest that the effects induced by the
second IRP and the IRP are influenced to different
extents by administration in 33 % plasma instead of
saline.

Reticulocytosis inducing activity

Assay 5.3b, based on reticulocyte counts in post-
hypoxic polycythaemic mice, was intended" to es-
tablish reticulocytosis in response to the materials
administered " and not for assay purposes. Reticulo-
cyte counts were made from samples of blood collec-
ted 48 hours after dosing and 2 days before sampling
for 59Fe counts. Tail vein samples were used and the
participant commented that these would give less
satisfactory results than counts made from cardiac
blood. With these reservations in mind, the potency
estimates obtained from assay 5.3b appear to be in
reasonable agreement with potency estimates derived
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from other assay systems and to indicate that the
ratio of reticulocytosis-inducing activity to the
59Fe iron-incorporating activity of red cells is of the
same order for the three preparations. Potencies for
the second IRP in terms of the IRP are given in
Table 4, and those for 68/307 (sheep) were also
determined. The potency of 68/307 (sheep) in terms
of the second IRP could not be determined directly
since the common regression for these two materials
was not significant (P>0.05). It may be deduced
from the two potencies in terms of the IRP that the
potency ratio of 68/307 (sheep) in terms of the second
IRP is approximately 3.3

Allocation ofpotency to the second IRP

A potency of 10 IU/ampoule was allocated to the
second IRP by a consideration of the combined
potency estimates of 9.8 IU/ampoule (unweighted)
and 10.0 IU/ampoule (weighted). Participants from
one laboratory would have preferred to allocate
a potency of 8.0 IU/ampoule (the unweighted geo-
metric mean of potency estimates obtained when the
exhypoxic polycythaemic mouse was used as test
animal), but agreed to accept the view of the majority
of participants that 10 IU/ampoule was an acceptable
interpretation of the data.
The reasons for not excluding results based on cer-

tain bioassay methods from the calculation of the
mean potency include the fact that although syste-
matic differences may occur between such widely
differing assay systems as the starved rat, the hyper-
transfused, or the exhypoxic polycythaemic mouse
(Table 5), the results of the present study did not
show statistically significant differences between esti-
mates using these methods; indeed, the study was
not designed to investigate this point. Various re-
gimes for the preparation of exhypoxic polycythae-
mic mice will produce animals with non-identical
populations of erythropoietin-sensitive cells. Thus
we might expect to see potency estimates differing as
much between assays using such animals as between
estimates using other species of animal or methods
of preparation.
For those who would have preferred the potency

allocated to the second IRP to be based on esti-

mates made in only one type of assay system,
it may be noted that if there are real variations in
potency, the overall mean potency will be biased
towards results obtained in the exhypoxic poly-
cythaemic mouse, since it is derived from the results
of 15 assays using this animal preparation, from
8 assays using the starved rat, and from 3 assays
using the hypertransfused mouse.

Immunochemical findings by haemagglutination-inhi-
bition system

A discrepancy between potency estimates based
on an in vitro immunochemical system and on an
in vivo bioassay is not very surprising but indicates
the caution with which a demonstration of activity
in one of these systems may be used as an indication
of activity in another type of system. A potency esti-
mate by bioassay dependent on the stimulation of
incorporation of 59Fe iron into red cells is directly
related to a physiological effect of the hormone
with which we are concerned, but it may be affected
by inhibitors or other non-erythropoietin constituents
in a test preparation. The specificity of the haemag-
glutination-inhibition assay is likely to depend on
the whole antibody system. The antibody might
bind to a part of the erythropoietin moiety that was
not necessary for biological activity and the assay
might thus be sensitive to precursors or degradation
derivatives of erythropoietin that had no biological
activity. The IRP (approximately 1 unit/mg of
protein) was derived from a less highly purified pre-
paration of human urinary erythropoietin than the
second IRP (approximately 1 unit/0.2 mg protein)
and might be expected to contain more degradation
products than the latter preparation. This agrees
with the finding that the ratio of immunological to
biological potency was higher for the IRP than for
the second IRP. If assays were entirely specific for
a single erythropoietin molecule, discrepancies should
not occur between the results of various assay sys-
tems. At the present stage of our understanding
of the erythropoietin system these results emphasize
the advantage to be gained from a comparison of
preparations in as many types of assay system as
possible.

10
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RI-SUMI
DEUXIEME PREPARATION INTERNATIONALE DE RtFtRENCE D'ERYTHROPOIETINE,

HUMAINE, URINAIRE, POUR TITRAGE BIOLOGIQUE

Le Comite OMS d'experts de la Standardisation biolo-
gique (1969) ayant note que les stocks de la preparation
internationale de reference d'Wrythropoiletine, humaine,
urinaire, pour titrage biologique (denommee autrefois
* etalon B d'erythropo!ltine *) etaient en voie d'6puise-
ment, on s'est procure du materiel susceptible de le
remplacer.
Le National Institute for Medical Research, de Londres,

a organise un titrage collectif, effectue dans 10 labora-
toires, au cours duquel ont et; compare'es la preparation
proposee comme deuxieme preparation internationale,
la preparation internationale existante et une preparation
d'Wrythropoldtine obtenue a partir de plasma de mouton.

Apres avoir pris connaissance des resultats du titrage
comparatif, le Comite OMS d'experts de la Standardisa-
tion biologique (1971) a constitue le materiel propose en
deuxieme preparation internationale de r6ference pour
I'erythropo-ietine humaine, urinaire, pour titrage biolo-
gique, en remplacement de la premiere preparation, et lui
a attribue une activite de 10 UI par ampoule. L'unit6
internationale d'WrythropoTltine, humaine, urinaire, pour
titrage biologique, a ete definie comme I'activite de
0,50 mg de la deuxieme preparation internationale de
reference.
La nouvelle preparation internationale s'est revelde

comme particulierement stable.
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