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SYNOPSIS

The Second International Standard for Heparin is a hygroscopic
powder which was obtained by purifying and drying a batch of
commercial beef heparin powder. In an international collaborative
assay it was compared with the First International Standard, which
it will now replace. As a result of the assay the seven participating
laboratories agreed that the potencies of the two preparations did
not differ significantly and the definition of the International Unit
for Heparin remains unchanged as the activity contained in
0.0077 mg of the Second International Standard for Heparin.

At a session held in Geneva in 1955, the Expert Committee on Biological
Standardization of the World Health Organization considered a report from
the Department of Biological Standards at the National Institute for
Medical Research, London, outlining the position with regard to the existing
(First) International Standard for Heparin, the stocks of which had run very
low. The Committee authorized the Department to obtain a suitable batch
of heparin for consideration as a replacement for the Standard, and to
proceed with its characterization and assay (World Health Organization,
1956).

At a session in 1956, the Committee noted that a suitable material for a
standard had been obtained and a collaborative assay organized; it autho-
rized the Department of Biological Standards, London, with the agreement
of the participants, to define the unitage on the basis of the results of the
assay and to establish the material as the Second International Standard for
Heparin (World Health Organization, 1957).

Proposed Second International Standard

The material for the Proposed Standard was obtained through the
generosity of the Evans Biological Institute, Runcorn, Cheshire. It con-
sisted of 75 g of a single batch of commercial beef heparin powder. The
commercial powder was redissolved, selectively precipitated with acetone,
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and the dried precipitate redissolved; the solution was then filtered and
freeze-dried.

The following information on the batchwas provided by the manufacturer:

Potency of 2 samples dried over P205
in vacuo at 60°C for 24 hours: 125.77 IU/mg and 125.71 IU/mg

Loss over P205 at 60'C in vacuo: 6.6%
Total nitrogen in dry material: 2.4%
Total sulfur in dry material: 13.5%
Protein and barium: none detected
pH of 1 % solution: 6.95
Sulfated ash: 38.5%
Calcium: 0.38%
Sodium: 12.5%
Potassium: 145 parts per million

The material was received at the Department of Biological Standards,
London, in a sealed bulk container, in August 1956, and stored in the dark
at -40C.
A sample was sent to Dr C. R. Ricketts at Birmingham, who reported

that paper electrophoresis and chromatography failed to show inhomo-
geneity of the material or any qualitative difference from the existing
Standard. The specific optical rotation [a]20 was + 460 (maximum re-
ported for heparin is + 500) and the material was found to have appro-
ximately the same potency as the existing Standard.

On 18 December 1956, the material was distributed into 2000 am-
poules, each containing approximately 20 mg, and the remainder into
ampoules each containing approximately 700 mg. These ampoules were
placed in desiccators over P205 for 10 days. They were then constricted and
placed in desiccators with fresh P205 for a further 14 days, and finally filled
three times with pure dry nitrogen and sealed. The ampoules have been
stored in the dark at -4°C. It should be stressed that the standard as
prepared is a highly hygroscopic powder; care should therefore be taken
when weighing small quantities to ensure constant dryness.

The First International Standard

The Provisional International Standard for Heparin was adopted as the
First International Standard by the Expert Committee on Biological
Standardization in 1947 (World Health Organization, 1947/48). The
Provisional Standard had been obtained by the National Institute for
Medical Research in 1942 as a wartime emergency measure and had been
assigned a potency of 130 u/mg (League of Nations, 1943/44). This potency
was calculated from empirical formulae with the intention of equating the
unit with the Toronto unit, which represented the activity of 1/100 mg of
a sample of crystalline (hydrated) barium salt of heparin stored in the
Connaught Laboratories, University of Toronto.
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The Collaborative Assay of the Proposed Second International Standard

Ten laboratories in seven different countries were originally approached
with a request to assay the proposed standard in terms of the First Interna-
tional Standard, and eight agreed to do so. A memorandum was circulated
to participants describing the nature and method of handling of the proposed
standard material. It was suggested that participants should use any

methods of assay (at least one of which should be biological) in which
individual workers had experience and confidence. Participants were asked
that each assay should provide evidence of linearity and parallelism of log-
dose response lines, and that the assay should contain sufficient information
to provide, from its own internal evidence, an estimate of the potency of the
proposed standard in terms of the existing Standard, and fiducial limits to
that estimate. A method for biological assay that was suggested is that
employing decalcified blood or plasma of various mammalian species, used
in conjunction with a solution of a calcium salt alone or in combination with
a tissue extract or a solution of thrombin. Participants were advised not to
base all their assays on a single set of weighings, and were informed that all
statistical analysis would be undertaken by the Department of Biological
Standards, London.

Assay results were received from seven laboratories in four countries, the
eighth participant having been unable to obtain satisfactory results.

In this report, laboratories are referred to by a number which is not
related to the order in which laboratories are listed in the Annex.

Table 1 shows the assay methods which were used by the different
laboratories. Only one method, that recommended by the United States
Pharmacopeia (1955) (USP) was used by more than one laboratory. Three
participants compared the activities of the First and Second Standards by
two methods.

TABLE 1. METHODS USED BY THE PARTICIPATING LABORATORIES

Method | Laboratory No. Reference

Recalcified citrated sheep plasma 1, 2, 3, 5 United StatesPharmacopeia (1955)

Sulfated whole blood (bovine) plus 1 Adams (1950)
th romboplasti n

Citrated human plasma plus thrombin 4 Marx (1956)

Citrated human plasma plus thrombo-
kinase 4 Marx (1956)

Recalcified citrated sheep plasma 6 Pritchard (1956)

Colorimetric 6 Macintosh (1941)

Citrated human plasma plus thrombo-
plastin 7 Grasset & Schwartz (1955)
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Statistical Analysis

Of the total 92 assays submitted (Table 2) a full statistical analysis with
tests for the parallelism and linearity of the log-dose response lines was
possible for 10 only. These were the six assays from Laboratory 7 and the
four from Laboratory 1 using Adams's method (1950). There were no signi-
ficant departures from parallelism, but each laboratory had one assay with
significant departures from linearity. Since the log-dose response lines for
both preparations tended to curve in the same direction, it was decided that
the estimated potencies would not be materially affected and they were
therefore included in the final calculation with reduced weight.

TABLE 2. MEAN POTENCIES OBTAINED BY DIFFERENT LABORATORIES

Laboratory bMethod T Numberof Mean Total
No. Mehdassays ptny weight

USP 10 119 733264
1 Whole blood plus thrombo-

plastin 4 126 140 866

2 USP 6 126 154 719

3 USP 5 130 24 154

I Plasma plus thrombin 3 96 -

Plasma plus thrombokinase 2 106 -

5 USP 6 135 68300

I Sheep plasma 47 130 17388171
6

Colorimetric 3 130 -

7 Plasma plus thromboplastin 6 122 277453

For these 10 assays, it was possible to weight individual potencies with
the reciprocal of the variance of the log potency and then to test for homo-
geneity within each laboratory. Since both sets were homogeneous, the
separate estimates of potency were combined to give the weighted mean
potencies for each laboratory given in Table 2.

The design of the USP assay used by Laboratories 1, 2, 3 and 5, and the
assay by Pritchard's method used by Laboratory 6, do not permit tests of
validity for individual assays or separate weighting of the potency estimates.
In these cases the geometric mean potency was calculated and weighted by
the reciprocal of the variance of the mean log potency, estimated directly
from the distributions of individual potencies.
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Attempts to analyse the five assays from Laboratory 4 were made by
relating the response, and the reciprocal of the response, to the dose and
log-dose of heparin. All these devices appeared to give curved lines, al-
though it was not possible to test for deviations from linearity, as only a
single response was measured at each dose level. The mean potencies which
have been calculated for these assays can therefore be regarded as rough
estimates only and have not been included in the final calculations of an
over-all potency.

In accordance with the usual practice of using only biological assays in
establishing the unitage of a standard, the colorimetric assays done by
Laboratory 6 have also been omitted.

Results

The estimates of potency obtained by different laboratories range from
119 to 135 IU/mg, with the exception of those for Laboratory 4, which
appear to be of the order of 100 IU/mg. Considering only the estimates with
associated weights in Table 2, a final weighted mean potency of 130 IU/mg
is obtained. Limits to this value cannot be calculated, since the seven
potencies from which it is obtained are heterogeneous.

The distribution of the 84 individual log potencies is far from normal
(see the figure). The unweighted mean of this distribution gives a potency
of 128 IU/mg and the median 130 IU/mg.

Discussion

It is a little unfortunate that this collaborative assay has produced only
10 assays for which a full statistical analysis is possible. However, examina-
tion of the log-dose response lines, where this is possible, has revealed no
significant departures from parallelism. It therefore seems reasonable to
conclude that essentially similar preparations of heparin are being
compared.

It has been claimed (Blombaick et al., 1953; Jorpes et al., 1954) that the
USP method gives lower estimates of potency than other methods. In this
study, only Laboratory 1 made a direct comparison between the USP and
another method of assay. In this case the USP assay gave an estimate of
potency about 6% lower than that obtained by the second method. The
estimates of potency obtained by all laboratories using the USP method-
i.e., 119, 126, 130 and 135 IU/mg-can be compared with the estimates
obtained by all other methods-i.e., 122, 126 and 130 IU/mg. Although
there are insufficient values to reach any firm conclusion, the indication seems
to be that the USP estimates are distributed about the same mean as the
others, but there is a tendency towards greater variability between labora-
tories. There is certainly far greater variability between potencies obtained
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in different laboratories than that within each laboratory, but this is true of
all the assay methods used, as can be clearly seen in the figure.

As most of the weights have of necessity been based on the variation
within laboratories, calculation of limits to the weighted mean potency of
130 lU/mg would be meaningless. Useful limits cannot be obtained from
consideration of the unweighted log potencies either, as these are not
normally distributed. It is, however, evident that all available estimates
of potency lie around a value of 128-130 IU/mg, and that representative
laboratories have obtained a potency within less than 10% of this value,
with the possible exception of one set of assays for which no satisfactory
method of interpretation has been found. The potency of 130 IU/mg
obtained by Laboratory 6 by use of a colorimetric method supports the con-
clusions reached from the biological assays.

Definition of International Unit

Having studied the combined results of the assay, the seven participants
were agreed that there was no reason to suppose that the Second Inter-
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national Standard differed in activity from the First International Standard
and that the definition of the International Unit for Heparin should remain
unchanged. This opinion was accepted by the World Health Organization
Expert Committee on Biological Standardization.

The Second International Standard for Heparin has therefore been
established with a potency of 130 IU/mg, and the International Unit for
Heparin is defined as the activity contained in 0.0077 mg of the Second
International Standard.

Annex

PARTICIPANTS IN THE COLLABORATIVE ASSAY
OF THE PROPOSED INTERNATIONAL STANDARD FOR HEPARIN

CANADA

GERMANY

UNITED KINGDOM OF
GREAT BRNrrAm AND
NORTHERN IRELAND

UNIrED STATES OF
AMERICA

Dr L. I. Pugsley and Mr M. G. Allmark
Department of National Health and Welfare
Food and Drug Directorate
Tunney's Pasture, Ottawa
Dozent Dr. med. R. Marx
Oberarzt der I. Med. Univ.-Klinik
Munchen
Dr K. Walton
Department of Experimental Pathology
Medical School, Hospitals Centre
Birmingham
Dr D. Riding and Mr. J. Pritchard
Evans Biological Institute
Runcom, Cheshire
Dr S. W. Hier
Wilson Laboratories
Chicago, Ill.
Dr C. N. Mangieri
South Mountain Laboratories Inc.
Maplewood, N.J.
Dr Donald A. Harvey
Department of Biological Control
Upjohn Company
Kalamazoo, Mich.

RtSUML

Pour etablir un Deuxieme IRtalon international d'H6parine, on se procura un seul
lot de 75 g d'une poudre d'h6parine commerciale d'origine bovine. Apres purification
et dessiccation on obtint une poudre fortement hygroscopique, dont l'examen fut propose
A dix laboratoires de sept pays. Chaque laboratoire utilisa des m6thodes dont il avait
l'experience et dans lesquelles il avait confiance. Les resultats regus de sept laboratoires
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de quatre pays montr6rent que le pouvoir des deux pr6parations ne diff6rait pas de fa9on
sensible. Il fut donc d6cide que 1'Unit6 internationale d'H6parine resterait inchang6e,
celle-ci correspondant a l'activite de 0,0077 mg du Deuxi6me ltalon international
d'H6parine, qui contient 130 UI par mg.
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