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Until about 10 years ago heparin was prepared from ox lungs and was regarded as
a homogeneous polymer (of a sulfated mucopolysaccharide) with a relatively constant
biological activity of about 100 IU/mg. The mucus and mucosa of the intestine of hog,
sheep and ox have now become the main industrial source of bulk starting material.
Preparations from this new source have much higher specific biological activity and have
been shown to consist of mixtures of components with a number of different chemical and
physical characteristics. It had been variously reported that preparations of heparins
from the 2 sources gave significantly different estimates when bioassayed by the 2 different
pharmacopoeial assay methods which are in wide use. If this is in fact the case these
discrepancies could cause trouble in commerce, national control and clinical usage.

This paper describes an international collaborative study to investigate this and other
problems in the assay of heparin. In this study preparations of heparin made from the
intestinal mucosa of each of 3 species (hog, sheep and ox) were biossayed with the Inter-
national Standard for Heparin (from ox lung) established in 1958. Two of these prepara-
tions were national standards.

The results showed differences between the estimated relative potencies of heparins of
lung and mucosal origin, but they were not so consistent as to necessitate a separate inter-
national standard for each, although the imprecision of the assays may have concealed
significant heterogeneity arising from real differences between the preparations. A further
problem brought to light in this study was that, with the 2 pharmacopoeial assay methods
in wide use, simple replicate assays using the same substrate gave estimates so precise
that an analysis of variance on them was meaningless, whereas estimates between labora-
tories or with different substrate batches could vary by as much as 40 %-509,.

It is suggested that estimates of the biological activity of heparin preparations should
be based on several independent assays using different batches of substrate.

The biological assay methods currently used were devised some 15-20 years ago and,
in the light of modern knowledge of mechanisms of blood clotting, are regarded as unsatis-
factory in a number of respects. It is hoped that research into the mechanism of action
of heparin will lead to improved methods of assay.

In 1963 the WHO Expert Committee on Biological
Standardization (1964a) requested the National Insti-
tute for Medical Research, London, to investigate
the need for additional international standards for
heparin since evidence had been obtained which sug-
gested that the current (second) International Stan-
dard for Heparin, which was prepared from bovine
lung tissue, might not be suitable to serve as a stan-
dard for the assay of heparins from the other tissues,

* From the Division of Biological Standards (WHO Inter-
national Laboratory for Biological Standards) National
Institute for Medical Research Mill Hill .London, England.
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notably intestinal mucosa, currently used as a major
commercial source. It has been reported that inde-
pendent assays of batches of heparin from various
sources have given significantly different and some-
times unreproducible potencies when assayed by the
methods described in the British Pharmacopoeia
(BP) and the United States Pharmacopeia (USP).
This paper describes an international collaborative
study in which preparations of heparin made from
the intestinal mucosa of each of 3 species (hog,
sheep, ox), and the International Standard were all
compared by different assay methods, in particular,
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by that of the United States Pharmacopeia (1965)
and that of the British Pharmacopoeia (1963).

In view of the possible need for an additional or
a new international standard, one of the preparations
of heparin of mucosal origin included in this study
consisted of a large quantity of material which was
sealed in ampoules under the conditions normally
used for the preparation of an international standard.

MATERIALS INCLUDED IN THE STUDY

The International Standard for Heparin established
in 1958

This consisted of 2000 ampoules each containing
some 20 mg of heparin made from bovine lung
tissue by a process that included precipitation as a
barium salt. On the basis of an international col-
laborative study, the potency of the heparin was
assigned as 130 IU/mg (Bangham & Mussett, 1959)
and the standard was established by the WHO
Expert Committee on Biological Standardization
(1959) to replace the existing (first) International
Standard for Heparin.

The USP reference standard for sodium heparin

In March 1965, a batch of 100 tablets, each
weighing about 20 mg, was received from the office
of the United States Pharmacopeia, New York, and
these were distributed singly into ampoules at the
National Institute for Medical Research, London.
The material is of mucosal origin and the potency
was stated to be 2.8 USP units/mg.

The British standard for heparin of mucosal origin

This consists of ampoules containing 10.6 mg
(4:19%) of freeze-dried heparin from bovine intestinal
mucosa made by a process that did not include
precipitation as a barium salt. On the basis of a
collaborative assay in terms of the International
Standard, it was assigned a potency of 1250 British
units/ampoule; this figure was approximately mid-
way between the means of estimates made by the
USP (1965) and BP (1963) assay methods (Walton,
Ricketts & Bangham, 1966).

Heparin from porcine intestinal mucosa

A single batch of 41.5 g of heparin was obtained
from the manufacturer,! who supplied the following
data:

t Through the generosity of the Evans Biological Insti-
tute, Runcorn, Cheshire, England.
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Moisture 11.6%
Total nitrogen 2.119%
Total sulfur 10.5%
Total sodium 12.6%
Sulfated ash 39.8%

Specific optical rotation (a)]2)0 +52.7
Anticoagulant activity—BP (1963)

assay 164.0 British units/mg
Anticoagulant activity—USP (1965)
assay 165.5 USP units/mg

The estimates of potency of the bulk material
are given in terms of the British standard for heparin
of mucosal origin.

In 1965 the bulk material was dissolved in 4.25 litres
of glass-distilled water, the pH of the solution be-
ing 7.7. The heparin solution was filtered through
a Millipore sterilizing membrane and distributed in
approximately 1.1-ml amounts into some 3600
ampoules. The average weight of solution per
ampoule was 1.0095 g with a maximum deviation
of +19% determined by check weighings. All the
ampoules were dried as a single batch in a shelf
freeze drier and, after being fitted with plastic plugs
to restrict gaseous diffusion, they were stored over
phosphorus pentoxide for 6 days under high vacuum
in secondary desiccation chambers.

The chambers were filled with pure dry nitrogen
and the ampoules removed and sealed. The ampoules
were subsequently checked for structural flaws and
stored at —10°C in the dark.

The mean moisture content of 6 ampoules was
1.41%; (measured as loss of weight after drying at
56°C over phosphorus pentoxide at high vacuum).
The mean oxygen content on another 6 ampoules
was 0.13%.

Heparin from sheep intestinal mucosa

This material was obtained from the manufac-
turer 2 and was freeze-dried in ampoules at the
National Institute for Medical Research under condi-
tions similar to those used for the heparin from
porcine mucosa.

THE COLLABORATIVE STUDY

A total of 13 laboratories took part in this collabo-
rative study. The names of the participants are given
in an Annex, but elsewhere in this report they are
distinguished only by a number which does not
necessarily correspond with the order of listing in
the Annex.

t Union International Ltd., London, England.
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TABLE 1
DETAILS OF ASSAYS USED BY PARTICIPANTS

Lna:. rTg.tglf Assay method aNs%e&,; N%g;n;gf_ggals
. assays in one assay

1 24 United States Pharmacopeia (1965) 24 5

2 85 United States Pharmacopeia (1965) 85 2

3 33 Clot protein 13 6

BP + coagulometer ¢ 20 3

4 26 United States Pharmacopeia (1965) 6 6

British Pharmacopoeia (1963) 20 3

5 80 United States Pharmacopeia (1965) 62 2

British Pharmacopoeia (1963) 18 2

6 36. Thrombin titration ? 36 2

7 12 USP-Pritchard ¢ 12 6

8 33 British Pharmacopoeia (1963) 33 2

9 12 British Pharmacopoeia (1963) 1 6

In vivo (clotting time) 1 _

10 68 Howell 4 51 5
In vivo (clotting time, partial thrombo-

plastin time and lipoprotein lipase) 13 3

Colorimetric—DK2 € 2 2

Colorimetric—Lovibond f 2 2

1 22 United States Pharmacopeia (1965) 10 6

British Pharmacopoeia (1963) 12 4

12 10 British Pharmacopoeia (1963) 10 3

13 ; 24 United States Pharmacopeia (1965) I 24 4

|

@ British Pharmacopoeia, 1963, using a Walton/Wright coagulometer.

b Kiems & Wagner (1948).

¢ United States Pharmacopeia, 1965, as modified by Pritchard (1956).

d Jaques & Bell (1959a).
¢ Jaques & Wollin (1967).
1 Jaques & Bell (1959b).

The 5 materials described above were sent to
participating laboratories in coded ampoules to-
gether with a second set of ampoules of the porcine
mucosal heparin bearing a different code letter. In
order to obtain the maximum number of compari-
sons from the minimum number of assays, each
participant was sent a design for his assays which
was based on the number of preparations that he
could compare together at any one time. Participants
were encouraged to use more than one assay method.

A total of 9 different biological assay methods were
used. Of these the following 5 in vitro methods were
included: the BP method (British Pharmacopoeia,
1963); Howell method (Jaques & Bell, 1959a);
a method based on the measurement of clot protein
and thrombin titration (Kjems & Wagner, 1948);
the USP (1965) method; and a modification of the

USP method (Pritchard, 1956). Two laboratories
performed in vivo assays; Laboratory 9 measured
the clotting time using unanaesthetized dogs, and
Laboratory 10 measured clotting time, partial throm-
boplastin time and lipoprotein lipase on blood
samples from the same dog (Rezansoff & Jaques,
1967). In addition, Laboratory 10 did 2 colorimetric
assays (Jaques & Bell, 1959b; Jaques & Wollin,
1967). A summary of the assays carried out by
each laboratory is given in Table 1.

STATISTICAL ANALYSIS

The results of the BP, clot protein and thrombin
titration assays were analysed according to the usual
method of analysis for parallel line assays. The clot
protein assays and all the BP assays, except those
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from Laboratory 4, were analysed by relating the log
response to log dose. The log transformation was
not sufficient to remove the correlation between the
variance of the response within dosage groups for
Laboratory 4 and so these assays were analysed by
relating the reciprocal of the response to log dose.
No transformation of the response was used for
the thrombin titration assays. The regression of the
log dose-response lines was found to be significant
at the 19 level for all these assays but significant
differences (P<<0.01) in the slopes of the lines were
observed in the analysis of a few of the assays.
Seven different comparisons between preparations
have been made. The potency of the porcine muco-
sal heparin was estimated in terms of the Internation-
al Standard, the British standard and the USP refer-
ence standard; the potencies of the duplicate set
of coded ampoules of the porcine mucosal heparin
and the sheep mucosal heparin were expressed in

D. R. BANGHAM & P. M. WOODWARD

terms of ampoules of the porcine mucosal heparin
as potency ratios. When, in a multiple assay, 2 dif-
ferently coded ampoules of the porcine mucosal
heparin were used, the responses to the doses from
these 2 ampoules were combined before calculating
estimates of potency in terms of the other 3 stan-
dards, or when estimating the potency of the sheep
mucosal heparin. In addition, where either the
British standard or the USP reference standard was
included in the same assay with the International
Standard, the potencies of ampoules of these mate-
rials have, in this report, been expressed in terms of
the International Standard. It should be appreciated
that the potencies calculated from a multiple assay
are not independent since in each instance the same
data for the common standard are used. Summaries
of these various comparisons are given in Tables 2-8.
In each of the in vivo assays submitted by Laboratory
10, measurements of the clotting time, partial throm-

TABLE 2
PORCINE MUCOSAL HEPARIN PREPARATION IN TERMS OF ITSELF

Assay method Lab. no. No. of assays Mean:a;;?otency Con(ﬁde=ncegsli)mits

3 6 1.014 0.997-1.031

4 6 0.960 0.908-1.014

5 3 0.998 0.964-1.033

British X 8 4 1.000 0.989-1.009

alaga;nacopoela 9 1 1.063 1.001-1.125

1 6 1.013 0.980-1.048

12 3 1.008 0.987-1.029

1 12 0.996 0.975-1.017

2 0.975 0.932-1.020

4 0.999 0.853-1.169

United States 5 0.992 0.957-1.028

Zgg?)'nacopela 7 12 1.040 1.031-1.048

1 10 1.008 0.973-1.043

13 13 1.014 1.004-1.025

Clot protein 3 13 0.982 0.951-1.013

Thrombin titration 6 4 0.991 0.971-1.012

Howell 10 18 1.086 1.033-1.142
Colorimetric—DK2 10 2 1.007 —
Colorimetric—Lovibond 10 2 0.994 —_
In vivo (clotting time) 10 2 1.011 —_
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TABLE 3

SHEEP MUCOSAL HEPARIN PREPARATION IN TERMS OF THE PORCINE MUCOSAL
HEPARIN PREPARATION

Assay method Lab. no. No. of assays Mear:a:z&tency ! Con(fgi:ngg;i)mits

3 6 0.492 0.469-0.517

4 6 0.486 0.474-0.498

5 6 0.476 0.466-0.487

British 8 7 0.522 0.512-0.562

Zggg)nacopoeia 9 11 0.582 0.575-0.590

1 6 0.466 0.451-0.482

12 3 0.510 0.477-0.545

1 18 0.529 0.518-0.541

2 16 0.494 0.478-0.510

4 5 0.481 0.469-0.493

United States 5 16 0.522 0.504-0.542

Pharmacopeia (1963)

7 12 0.481 0.474-0.488

1" 10 0.452 0.439-0.466

13 12 0.540 0.531-0.549

Clot protein 13 0.482 0.476-0.487

Thrombin titration 8 0.538 0.529-0.546

Howell 10 38 0.526 0.493-0.561
Colorimetric—DK2 10 2 0.452 —
Colorimetric—Lovibond 10 2 0.454 —

boplastin time and lipoprotein lipase were made for
each dose level of each preparation. However, for
any of the different response measurements, there
was only 1 response to each of the dose levels and
so it was not possible to carry out analysis of vari-
ance for these assays. The log dose-response lines
of each of 3 measurements in turn were examined
by eye and any preparation which had a response
line with either no slope at all, or a reversed one,
was omitted from computation for that assay.
Relative potencies of as many as possible of the
7 different comparisons between preparations were
calculated 3 times, for each assay, by relating each
of the response measurements in turn, to the log
dose. These potencies are given in Table 9 together
with an unweighted mean potency and confidence
limits, based on the direct estimate of variance of
the log potencies, for each set of potencies for each
type of response.

The estimates of potency using the 3 types of
response for any one comparison of 2 preparations
in an assay are not truly independent; hence, it was
possible to include only 1 of each of the potencies
when estimates from these in vivo assays were com-
pared or combined with those from the in vitro
assays in this study. As there were more estimates
of potency derived from the measurements of clotting
time, these potencies have been chosen to represent
the in vivo assays from Laboratory 10. It can be
seen from Table 9 that all 3 response variables give
similar mean potencies.

No consistent difference between the slopes of the
log dose-response lines was found when the slopes
of the lines of all the preparations were compared
within each of the assays using the in vitro and in
vivo assay methods mentioned so far. Analysis of
variance of the BP, clot-protein and thrombin-
titration assays showed that in several instances the
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TABLE 4

PORCINE MUCOSAL HEPARIN PREPARATION IN TERMS OF THE INTERNATIONAL
STANDARD FOR HEPARIN ESTABLISHED IN 1958

Assay method Lab. no. No. of assays “&%a/gn':g;mg P 2°3.2g??3ﬁmg31e)

3 9 1345 1274-1 419

4 8 1438 1.401-1 476

Br’i:};‘sahr macopoela 5 6 1277 1 164-1 402

(1963) 8 6 1336 1314-1 358

9 1 1203 1 152-1 256

1" 6 1364 1314-1 417

12 4 1376 1.309-1 447

1 18 1242 1221-1 264

2 24 1405 1 275-1 548

United States 4 5 1232 1 180-1 285

Pharmacopeia (1965) 5 16 1360 1 302-1 421

: 7 12 1160 1153-1 167

" 10 1194 1156-1 234

13 13 1245 1221-1 272

Clot protein 3 13 1374 1.304-1 449

Thrombin titration 8 1323 1 288-1 359

Howell 10 44 1665 1 580-1 753
Colorimetric—DK2 10 2 1005 —
Colorimetric—Lovibond 10 2 905 —

In vivo (clotting time) 10 1" 1379 1182-1 609

slopes of the log dose-response lines were signifi-
cantly different at the 1% level.

It became apparent in this study that in a large
number of the assays analysed, there was little or
no variation in the responses (usually clotting times)
to a given dose level for any one preparation.
No statistical inference should be attached to an
analysis of variance carried out on data where it is
believed that the responses are not normally dis-
tributed within each set. In view of this and the
fact that the slopes of the log dose-response lines
for some preparations were not consistently greater
(or less) than those for other preparations, it was
decided to examine the distribution of each of the
7 sets of log potencies from assays where the same
assay method used for each laboratory, first includ-
ing and then excluding the estimates that came from
assays where there were significant deviations

(P<<0.01) from parallelism. This showed that the
inclusions of the estimates from * non-parallel”
assays made no significant difference to the mean and
variance of most of the distributions and so all
estimates were included in further calculations.

The Howell assays carried out by Laboratory 10,
like the in vivo assays submitted by the same Labo-
ratory, consisted of 1 response for each dose level.
No numerical values were given to the responses;
a symbolic notation was used, however, to indicate
the degree of clotting as judged visually. In order
to calculate potencies, it was necessary to assign
numerical values to the degrees of clotting recorded.
An assay was rejected as invalid and no computations
were carried out if the responses to one preparation
lay beyond the range of the responses to the other
preparation.

The estimates of potency from the USP assays
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PORCINE MUCOSAL HEPARIN PREPARATION IN TERMS OF THE BRITISH STANDARD

TABLE 5

FOR MUCOSAL HEPARIN

Mean potency Confidence limits
Assay method Lab. no. No. of assays (British (P = 0.95: British
units/ampoule) units/ampoule)

3 14 1394 1337-1 454

4 14 1357 1323-1 393

British 5 6 1335 1299-1 372
Pharmacopoeia .

(1963) 8 Q 1178 1132-1 226

9 11 1018 964-1 076

11 12 1263 1245-1 278

12 7 1320 1290-1 352

1 18 1441 1368-1 518

2 16 1308 1271-1 346

United States 4 5 1243 1184-1 306

Pharmacopeia 5 16 1370 1324-1 417

(1965) 7 12 1297 12901 303

1 10 1287 1217-1 361

13 24 1331 1 322-1 339

Ciot protein 3 13 1484 1 466-1 502

Thrombin titration 6 8 1735 1 682-1 791

Howell 10 36 1935 1 816-2 061
Colorimetric—DK2 10 2 1104 —
Colorimetric—Lovibond 10 2 1085 -

In vivo (clotting time) 10 8 1577 1401-1 776

TABLE 6

PORCINE MUCOSAL HEPARIN PREPARATION IN TERMS OF THE USP
REFERENCE STANDARD FOR SODIUM HEPARIN

Mean potency f Confidence limits
Assay method i Lab. no. No. of assays P ‘ = 0.95: USP
l units/ampoule) : units/ampoule)

3 2 1192 —

4 6 1115 1069-1 163

British . 5 6 1201 1146-1 260

Z‘;gg;““”“'a 8 7 1121 1109-1 133

9 9 107 1022-1 122

11 6 1175 1131-1 221

12 3 1187 1078-1 308

1 16 1191 1170-1 213

2 21 1290 1264-1 317

United States 4 5 1280 1210-1 365

Pharmacopeia 5 6 1107 1 050-1 166

(1965) 7 9 1161 11511170

11 10 1355 1 319-1 392

13 10 1153 1124-1183

Clot protein 3 1" 1259 1212-1308

Thrombin titration 6 8 1156 1081-1 235

Howell 10 26 1027 945-1 115
Colorimetric—DK2 10 2 1298 -
Colorimetric—Lovibond 10 2 1106 —

135
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TABLE 7

THE BRITISH STANDARD FOR MUCOSAL HEPARIN IN TERMS
OF THE INTERNATIONAL STANDARD FOR HEPARIN ESTABLISHED IN 1958

Mean potency Confidence limits
Assay method Lab. no. No. of assays (IUJampoule) | (P = 0.95: IU/ampoule)
3 6 1186 1037-1 358
4 4 1313 1218-1 416
British 9 1" 1477 1383-1577
Pharmacopoeia
(1963) 1 6 1 360 1301-1 422
12 2 1327 -
1 15 1093 1033-1 156
4 5 1238 1173-1 308
United States 7 12 1117 1113-1123
Pharmacopeia
(1965) 11 10 1160 1082-1 243
13 13 1170 1148-1 196
Clot protein 3 13 1158 1092-1 227
In vivo (clotting time) 10 7 1106 821-1 489

were calculated in accordance with the recom-
mendations given in the United States Pharma-
copeia (1965).

The data for the in vivo assays carried out by
Laboratory 9 consisted of replicate responses to

only 1 dose level of each of the preparations com-
pared, thus it was not possible to do any statistical
analysis or to estimate any potencies.

The frequency distributions of the estimates of log
potency of the porcine mucosal heparin in terms

TABLE 8

USP REFERENCE STANDARD FOR SODIUM HEPARIN iN TERMS
OF THE INTERNATIONAL STANDARD FOR HEPARIN ESTABLISHED IN 1958

Assay method Lab. no. No. of assays Mearb?nc;:’e)ncy g’;ﬂgsgcfd',m's
3 1 3321 —
4 2 3.660 -
British 9 9 3.187 3.007-3.378
Pharmacopoeia
(1963) 1 2 3.329 —
12 1 3.291 -
1 14 2.928 2.885-2.972
4 6 2.708 2.592-2.829
United States 7 9 2.812 2.786-2.837
Pharmacopeia
(1965) 1" 10 2.469 2.415-2.524
13 2 3.046 —
Clot protein 3 1 3.050 2.861-3.251
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FIG. 1

FREQUENCY DISTRIBUTION OF THE LOG POTENCY RATIOS OF THE PORCINE MUCOSAL HEPARIN
PREPARATION IN TERMS OF ITSELF
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of itself and in terms of each of the 3 standards,
and the log potencies estimated for the British
standard, the USP Reference Standard and the
sheep mucosal heparin are given in Fig. 1-7. The
distribution of potencies for each assay method has
been indicated, as have the potencies from “ non-
parallel ” assays, but information on the original
source (i.e. laboratory) has not been included in
the figures.

In this collaborative study there were many assays
whose design led to the use of analysis of variance.
However, since (as already mentioned) the distribu-
tions of responses was such that a reliable estimate
of the error variance could not be made, weights

X colorimetric—DK2 (DK)

[®] colorimetric—Lovibond (L)
1 tn vivo av)
(o] Assay “ non-parallel”

(reciprocal of the variance of the log potency) could
not be computed. The design of the remaining
assays precluded the calculation of weights. Thus,
in this study, it has not been possible to carry out
homogeneity tests, as is the usual practice in colla-
borative studies (Bangham & Woodward, 1966).
Unweighted geometric mean potencies and confi-
dence limits, based on the direct estimate of variance
of the log potencies, have been computed for each
of the 7 comparisons from each of the assay methods
used by each laboratory. These results are given in
Tables 2-8.

The potencies submitted by Laboratory 10 for
their colorimetric assays have been included in the



139

A COLLABORATIVE STUDY OF HEPARINS FROM DIFFERENT SOURCES

.19iesed-uou , kessy  [0]  (wa) ewa—omaswnojen X
(H) liemon [
(1) uoneny uiquouyy [X]

(A1) ona vy [o]
(1) puoginor—auewnojod [@]

(a2); utejoud 1013 [0}

B ueaw f|e- JaAQ
:,/ Al n_o/ 1'dg
oy S
(afeas *3oy) A2uajod 0002 0091 0921
KA K KK AKKAKA KK
KKK K KK K
m oK MWO
Ld Q.0
m m N OI(®:
| S =
O
i N
i Qe N .
, G LIZIN N
N Ole )X u
D)
N
B
N

AAUHULYY

8561 NI Q3IHSINGV.LSI NI¥VdIH ¥0d QYVANVLS TVNOILVNYILNI IHL 40

02

skesse J0 "ON

SWY3L NI NOILVYVd3dd NIYVdIH TVSOONIW INIJYOd JHL 40 S3IONILOd 907 IHL 40 NOILNAIYLSIA ADNINOIUS

¢ '9ld



D. R. BANGHAM & P. M. WOODWARD

140

|
_
|

|
|

« [3leled-uou ,, Aessy [e] (¥Q) e¥a—oswuoied B (dD) utajoud Joi3 [

(A oaa up [} (H) l1emoH K} asn N
(1) puogimoi—ouewnoio) [€] (1) uoneny uiquoryy [X] da
[rome o - - S ‘_._moE I1e- 1380 o ’
, H 1 No@ : dsn d8 oo A
(ainodwe , syun ysnug) - . o -
, (9jnodwe /syun ysnug) fouajod veay _ ~ I : <
V (aleas -301) Auaiod 002 0002 0091 0921 0001
| v 5
| K K QQD@ KXXXX K/ 0@ 0
| KKK XX SO0
| R R .
. . *
® - ONOWAN S
K @
NN e
R O
N
N ot
N
N
N
N
N
.
e oz
N
N
o

NIHVdIH IVSOONW ¥04 QUVANVLS HSILiHE 3HL 40

shesse Jo "oy

SWY3L NI NOILVHYVd3Ydd NIdVdIH TVSOONW 3INIDYOd IHL 40 S3IONILOd 907 IHL 4O NOILNGIYLSIA ADNINOIYL

€914




141

A COLLABORATIVE STUDY OF HEPARINS FROM DIFFERENT SOURCES

«lolesed-uou , kessy [eo]  (M@)aa—dupwuoled B (Luopennuiquoyy X  dsn N
(1) puoqioT—ouswyo0d (@] (H) liemoH [ (d2) umaad o3 @ da 4
ey T ueaw |je- JaAQ T
Xa dd dsn 1 48 al H
.///// : . / \\ \\ \\.\\ —
(ajnodwe,'syun 4sn) ~— g ’
(anodue /spun dsn) .Aouajod veay e [
(3reas “3o1) Aoudjod 009 1 0921 0001 008
[€0] /7/ K m& @ W_ 0
35 %
OQA7077
& o N |
S O(ENY
NN
NN
N N =101 =z
N e
N &
C &
v
|
N |
-10¢

NIVdIH WNIGOS Y04 QYVANVLS 3ION3IY343Y dSN 3HL 40

SWY3L NI NOILVYVd3Ydd NIdVdIH TVSOONN INIJYOd 3HL 40 S3ION3LOd 901 3HL 40 NOILNAIYLSIA AON3INOIYL

¥ 'Old

10



D. R. BANGHAM & P. M. WOODWARD

142

« l9)jesed-uou ,, Aessy [e] (1) aa—aswo0) i (1) uonenyuiquolyl [¥] dasn

(1) puogiror—auawnojo) [e] (H) 1emoH [ (d2) utejoud 3010 [0 da (/]
vm ueaul |je-13AQ
| 1 H 49 | dsn - do 1 %o :
ones Aauajed ueayy - ,,,J//_W P |
(3jeas "3oj) ones Aausjo4 60 90 60 vo
KK K @ . KJ % 0
K KK
IONX K :
| £E % N
O N
, N
KRRIQ
KK NG
| SONNNG
_ MM & fo 01
W €2
N
N O ,
W 0
N
W
M W

NOILVYVd3Idd NIdVdIH TVSOONW 3NIOHOd 3HL 40
SWY3L NI NOILVYVdIdd NIYVdIH TVSOONW d33IHS IHL 40 S3IONILOd 907 IHL 40 NOILNGIYLSIA ADNINOIYA

S '9ld



A COLLABORATIVE STUDY OF HEPARINS FROM DIFFERENT SOURCES 143

FIG. 6

FREQUENCY DISTRIBUTION OF THE LOG POTENCIES OF THE BRITISH STANDARD FOR MUCOSAL HEPARIN IN TERMS
OF THE INTERNATIONAL STANDARD FOR HEPARIN ESTABLISHED IN 1958
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FIG. 7

FREQUENCY DISTRIBUTION OF LOG POTENCIES OF THE USP REFERENCE STANDARD FOR SODIUM HEPARIN IN TERMS
OF THE INTERNATIONAL STANDARD FOR HEPARIN ESTABLISHED IN 1958
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TABLE 10
MEAN POTENCIES AND CONFIDENCE LIMITS FOR EACH ASSAY METHOD
No. of Mean Confidence limits
Assay method assays potency (P = 0.95) Range
Porcine mucosal heparin preparation versus itself
Potency
ratio
BP 39 1.016 0.996-1.035 0.873-1.179
usP 67 1.006 0.995-1.017 0.894-1.079
Clot protein 13 0.982 0.951-1.013 0.841-1.033
Thrombin titration 4 0.991 0.971-1.012 0.976-1.006
Howell 18 1.086 1.033-1.142 0.942-1.371
Colorimetric—DK2 2 1.007 — 0.995-1.021
Colorimetric—Lovibond 2 0.994 —_ 0.993-0.995
In vivo (clotting time) 2 1.011 — 0.880-1.161

Sheep mucosal heparin

BP

[VE] 4

Clot protein

Thrombin titration
Howell
Colorimetric—DK2
Colorimetric—Lovibond

45
89
13

38

preparation versus porcine mucosal heparin preparation

Potency
ratio

0.512
0.504
0.482
0.538
0.526
0.452
0.454

0.499-0.526
0.433-0.588
0.476-0.487
0.529-0.546
0.493-0.561

0.445-0.620
0.428-0.573
0.468-0.506
0.518-0.549
0.382-0.898
0.445-0.456
0.451-0.456

Porcine mucosal heparin preparation versus International Standard

BP

usp

Clot protein

Kjems & Wagner
Howell
Colorimetric—DK2
Colorimetric—Lovibond
In vivo (clotting time)

Potency

(/U/ampoule)

1322
1283
1374
1323

1 665
1005
905
13719

1292-1 352
1248-1 319
1.304-1 449
1288-1 359
1 580-1 753

1182-1 609

1071-1 504
1063-2 011
1 040-1 456
1281-1 415
888-2 195
994-1 015
887- 905
979-2 177

Porcine mucosal heparin preparation versus British standard for mucosal heparin

BP

uUspP

Clot protein

Thrombin titration
Howeli
Colorimetric—DK2
Colorimetric—Lovibond
In vivo (clotting time)

73
101
13

© NN

Potency
(British unitslampoule)

1264
1339
1484
1735
1935
1104
1085
1577

1229-1 299
1319-1 359
1 446-1 502
1682-1 791
1816-2 061

1401-1 776

851-1 600
1179-1 810
1 424-1 520
1662-1 863
1206-2 868
1094-1 115
1072-1 099
1273-1 971
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TABLE 10 (concluded)

Assay method

No. of
assays

Mean
potency

Confidence limits
(P = 0.95)

Range

Porcine mucosal heparin preparation versus USP reference standard for sodium heparin

Potency
(USP units| ampoule)

BP 39 1137 1115-1 159 966-1 283
usp 7 1228 1207-1 248 1047-1 411
Clot protein 11 1259 1212-1 308 1 150-1 462
Thrombin titration 8 1156 1081-1 235 1047-1 284
Howell 26 1027 945-1 115 684-1 483
Colorimetric—DK2 2 1298 - 1292-1 307
Colorimetric—Lovibond 2 1106 — 1089-1 127
British standard for mucosal heparin versus International Standard
Potency
(/U/ampoule)
BP 29 1355 1296-1 417 995-1 757
usp 55 1142 1118-1 166 847-1 383
Clot protein 13 1158 1092-1 227 867-1 278
In vivo (clotting time) 7 1106 821-1 489 621-1 511

USP reference standard for sodium heparin versus International Standard

145

Potency
(/UImg)
BP | 15 3.281 | 3.148-3426 2.914-3.720
uspP ! 41 2.757 2.406-3.139
Clot protein } 1 3.050 2.861-3.251 2.510-3.260
|

r 2.693-2.823

figures and in Tables 2-8 but excluded from any
further calculations.

The estimates of log potency of the porcine
mucosal heparin in terms of itself have been com-
bined over all laboratories to give a mean potency
and confidence limits for each assay method. These
results together with the range of potencies for each
assay method are given in Table 10. These computa-
tions were also carried out for the other compari-
sons and the corresponding results are given in the
same table (Table 10).

The over-all unweighted geometric mean poten-
cies, confidence limits and range of potencies for
each comparison are given in Table 11.

DISCUSSION

This collaborative study was planned to study
the problems of comparing (1) different preparations
of heparin by (2) different bioassay methods; exami-

nation of the results, however, immediately drew
attention to the statistical problem, (3) the selection
of a suitable method to test the results for statistical
validity. Since the last is germane to the evaluation
of the first two, the problems are discussed in
reverse order.

Tests for statistical validity

In this study the BP, clot-protein and thrombin-
titration assays analysed by the standard method for
parallel line assays were all found to have a significant
(P<<0.05) regression of the log dose-response lines.
When using this form of statistical analysis it is
customary to reject as statistically invalid, assays
where the slopes of the log dose-response lines are
significantly different at the 19 level (Bangham &
Woodward, 1966). The test for non-parallelism
compares the mean sum of squares for differences
between the slopes with the mean sum of squares
for the residual error. In these assays there was
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TABLE 11
OVER-ALL MEAN POTENCIES AND CONFIDENCE LIMITS

Heparin preparations compared No. of assays ‘t Mean potency 1 Conﬁding%éi)mits Range
Potency ratio
Porcine mucosal heparin, porcine mucosal heparin 143 1.016 1.005-1.027 0.841-1.371
Sheep mucosal heparin, porcine mucosal heparin 193 i 0.510 0.502-0.518 0.382-0.898
J— : ! I
(uni't’s%?'l?sgule)
Porcine mucosal heparin, International Standard 224 1371 1U 1 342-1 401 887-2 195
Porcine mucosal heparin, British standard 239 1 418 British units 1 385-1 452 851-2 868
Porcine mucosal heparin, USP reference standard 161 1169 USP units 1150-1 189 684-1 483
British standard, International Standard 104 i 11971V 1164-1 231 621-1 757
1 o .
USP reference standard, International Standard | 67 i 2.915 IlU/mg I 2.840-2.992 2.406-3.720
- ! —

often little or no variation in the responses to any
one dose level, resulting in the error variances being
very small, so that even a slight difference in the
slopes of the lines would appear to be significant.
Since the analysis of variance carried out on such
data is meaningless for testing the statistical validity
of assays, other tests had to be applied. These con-
sisted of examining the log dose-response line for
each preparation in every assay and if all the lines had
a slope of the same sign it was concluded that there
was a regression. The slopes of the lines in each
assay were ranked and the correlation of slope
ranking with preparations was assessed over all
assays. This test, used in place of the conventional
“ deviations-from-parallelism ” test, failed to show
that one preparation tended to have a steeper or
flatter slope than any of the remaining preparations.
In addition, examination of the distributions of log
potencies with and without the estimates from
“ non-parallel ” assays showed that the inclusion of
the potencies did not alter the distributions signifi-
cantly. It can be seen from the figures that very few
of the log potencies from “ non-parallel ” assays lie
on the extremes of the distributions. In most cases
where they do, they all come from one laboratory,
and the remaining assays from that laboratory also
lie in the same part of the distribution. In this col-
laborative study it has been decided to include all
estimates of potency from the BP, clot-protein and
thrombin-titration assays.

As reliable error variances could not be estimated,
weights could not be attached to the estimated log

potencies or the homogeneity of log potencies evalu-
ated, and only unweighted geometric mean potencies
and confidence limits could be calculated.

The implication of this is that determination of
a “ best estimate ” of potency of a heparin prepara-
tion requires the combination of results from several
completely independent assays; that is to say, assays
using different batches of substrate and activator
(when one is used) as well as fresh dilutions of test
and standard heparins.

Assay methods

In Tables 10 and 11 the range of individual esti-
mated potencies has been given in addition to the
calculated confidence limits of the means, because
it is necessary to appreciate the wide scatter of
potencies that has been obtained within an assay
method for most comparisons of different prepara-
tions; this can also be observed in Fig. 1-7. The
over-all range in nearly every case was of the order
of plus and minus half the mean potency.

Table 2 shows the order of precision obtained
with the methods used when one coded preparation
was assayed against itself, but all comparisons of
different preparations gave divergent estimates. The
estimates of potency from the Howell assays cover
the widest range of values; this may be partially
accounted for however by the fact that the estimates
were derived from discontinuous (i.e., non-numerical
descriptive) data and also that each assay represents
an assay on a different substrate, since blood from
a different dog was used for each assay. There is
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at present no general agreement as to which method
of assay most closely reflects the true biological
potency of heparin.

Pharmacopoeial bioassay methods for heparin
were devised several years ago, and all have been
criticized in the light of modern knowledge of the
clotting mechanism. Thus, thrombokinase, like
thrombin, is believed to activate only at the later
stages in the “ enzyme cascade ” of the coagulation
process, whereas heparin may also act at earlier
stages. Sulfated whole ox blood (the substrate for
the BP method) tends to be unpredictably unsatis-
factory unless taken by venipuncture. The endpoint
of the USP method relies on comparative assessment
which is somewhat subjective; the “clot protein
assay ” is an attempt to make it less subjective.
In vivo assays require scrupulous technique to main-
tain the animal in a good physiological state, and
are impracticable as routine assays; moreover the
ex vivo blood samples require a more reproducible
method of activation than the contact normally
obtained with syringes and test tubes. However,
whereas in vitro assays are influenced by heparin
molecules of all sizes, in vivo assays presumably
reflect the anticoagulant activity due only to those
heparin molecules that are large enough not to be
rapidly excreted by the kidney.

Although coming from a wide range of individual
estimates, the mean potencies for the in vivo assays
(when clotting time was the response measured)
agree well with the results from the majority of the
in vitro assays. Differences in estimates of potency
can be partially explained by the fact that only 1 dog
was used for each assay; it has been shown in other
work by Laboratory 10 (personal communication)
that there is usually a significant difference between
dogs, so it is to be expected that any estimate of
potency based on 1 dog would have very wide
confidence limits. This additional work also showed
that when various heparins were assayed against
one another and the design of the assay was such
that the analysis for parallel line assays could be
carried out, the assays were statistically valid in
the sense that the regression of the log dose-response
line was significant and that the deviations from
parallelism were not significant. This justified the
crude tests for validity that were carried out for the
assays in this study.

The estimated potencies from the colorimetric
assays agree with the estimates obtained from bio-
logical assays when the porcine mucosal heparin
was compared with itself and the USP reference
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standard, but in other sets of comparisons the esti-
mates tended to be lower than the biological assay
results. There is thus no indication that colorimetric
assays can be relied upon to reflect biological potency.

Differences between heparin preparations

This study was instigated partly as a result of
observations on the heterogeneity of heparin pre-
parations from oxen, sheep and pigs (although
recent reports have shown that heparin obtained
from whales differs markedly in certain respects
from the preparations used in this study, a sample
of it was not included). As explained in the introduc-
tion, the relative potencies of some preparations
made from intestinal mucosa, when assayed against
the International Standard, were found to be con-
sistently higher by the BP method than by the USP
method. This tendency was confirmed in the assays
of the ox mucosal heparin (British standard) when
the confidence limits for the combined assays do not
overlap (Table 10, and Fig. 6) and to a lesser extent
with the other mucosal preparations (Tables 10 and
11 and Fig. 4 and 7).

The difference in the amount of protamine required
to neutralize the anticoagulant activity of different
preparations was not studied. Unfortunately the
importance of this did not come to light until after
this study had been planned and started. Several
participants have since commented on the desirability
of this aspect being investigated as there is evidence
that more than 1 mg of protamine is required to
neutralize 1 mg of the preparations with high specific
activity (150 IU/mg and above).

Possible need for replacement of the International
Standard

Of the several respects in which preparations of
heparin may vary, those due to species and tissue of
origin included in this study do not appear to give
differences in relative potencies (by two widely used
pharmacopoeial methods) that are consistently so
large as to necessitate another separate international
standard.

The Expert Committee on Biological Standardiza-
tion (1969) reported the following:

The Committee noted ... the results of the collaborative
assay, referred to in its nineteenth report, ... of prepa-
rations of heparin, extracted from lungs and from in-
testinal mucosa of sheep, swine and cattle. The results
showed that with two commonly used procedures for
assaying heparins, the need referred to in the seventeenth
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report... for a separate international standard for mucosal
heparin was not confirmed.

We suggest that the pig mucosal preparation
included in this study should in due course replace
the current International Standard when stocks are
exhausted, because it is more representative of
modern preparations than the current standard.
The preparation was ampouled in a way which

D. R. BANGHAM & P. M. WOODWARD

would make it acceptable and it has now been cali-
brated by some 224 assays using different methods
and also compared with 2 national standards. If this
preparation is accepted it is suggested that the figure
of 1370 IU/ampoule (based on the mean estimate
of 1371 IU/ampoule, Table 11, confidence limits
1342-1401, P = 0.95) would be a reasonable figure
on which to base the unitage assigned to each
ampoule.
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RESUME
ETUDE COLLECTIVE D’HEPARINES D’ORIGINES DIFFERENTES

Jusqu’il y a une dizaine d’années, I’héparine était pré-
parée a partir de tissu pulmonaire de beeuf; son activité
biologique, relativement constante, était de 1’ordre de
100 Ul/mg. Actuellement, la muqueuse intestinale du
porc, du mouton et des bovins représente la principale
source d’approvisionnement pour la fabrication indus-
trielle du produit. Ces préparations d’héparine d’origine
muqueuse, mélanges de composants aux caractéristiques
chimiques et physiques souvent différentes, font preuve
d’une activité biologique beaucoup plus spécifique. On a
signalé a plusieurs occasions une divergence des résultats
obtenus lors des essais biologiques effectués avec ces
deux types d’héparine par les méthodes courantes; s’il
en est bien ainsi, on peut redouter que ces discordances
entrainent une confusion aussi bien dans le domaine
commercial qu’en ce qui regarde le contrdle par les orga-
nismes nationaux compétents et I’utilisation clinique du
produit.

Une étude internationale a été organisée avec pour
objectif de jeter quelque lumiére sur cette question et sur
des problémes connexes. On a procédé dans 13 labora-
toires de 7 pays a un titrage comparatif portant sur 5
préparations d’héparine: I’étalon international (a base
de tissu pulmonaire de beeuf) établi en 1958; deux prépa-
rations nationales de référence; une héparine de muqueuse

intestinale de porc; une héparine de muqueuse intestinale
de mouton. Neuf méthodes différentes ont été utilisées
pour ces essais.

Les résultats ont fait apparaitre des différences d’acti-
vité relative entre héparine préparée a partir de tissu
pulmonaire et héparines de muqueuse intestinale. Ces
différences n’étaient cependant pas observées avec une
régularité justifiant la création de deux étalons interna-
tionaux distincts, bien que I'imprécision des essais ait pu
masquer une hétérogénéité fondamentale des deux types
de préparation. La reproductibilité des résultats était
trés satisfaisante lorsque les deux méthodes les plus cou-
rantes étaient appliquées & une méme préparation. Par
contre, les essais effectués par différents laboratoires ou
portant sur différents lots d’une méme préparation ont
fourni des données trés variables.

Selon les auteurs, ’activité biologique des préparations
d’héparine devrait étre évaluée au cours d’essais indé-
pendants effectués sur des lots différents. Les méthodes
présentement en usage, qui datent de 15 4 20 ans, s’avérent
peu satisfaisantes & maints égards. On suggére de rempla-
cer I’étalon international actuel, dés que le stock en sera
épuisé, par un nouvel étalon d’héparine de muqueuse
intestinale de porc, mieux adapté au titrage des prépara-
tions en usage aujourd’hui.

REFERENCES

Bangham, D. R. & Mussett, M. V. (1959) Bull. Wid Hith
Org., 20, 1201

Bangham, D. R. & Woodward, P. M. (1966) Bull. Wid
Hith Org., 35, 761

British Pharmacopoeia, 1963, p. 1136.

Jaques, L. B. & Bell, H. J. (1959a) Meth. biochem. Anal.,
7, 283

Jaques, L. B. & Bell, H. J. (1959b) Meth. biochem. Anal.s
7, 292

Jaques, L. B. & Wollin, A. (1967) Canad. J. Physiol.
Pharmacol., 45, 787

Kjems, H. & Wagner, H. (1948) Acta pharmacol. (Kbh.),
4, 155

Pritchard, J. (1956) J. Pharm. (Lond.), 8, 523



A COLLABORATIVE STUDY OF HEPARINS FROM DIFFERENT SOURCES 149

Rezansoff, W. E. & Jaques, L. B. (1967) Thrombos.

Diathes. haemorrh. (Stuttg.), 18, 150
United States Pharmacopeia XVII, 1965, p. 610

Walton, P. L., Ricketts, C. R. & Bangham, D. R. (1966)

Brit. J. Haemat., 12, 310

WHO Expert Committee on Biological Standardization

(1959) Wid Hlth Org. techn. Rep. Ser., 172, 11

WHO Expert Committee on Biological Standardization
(1964a) Wid Hith Org. techn. Rep. Ser., 274, 13

WHO Expert Committee on Biological Standardization
(1964b) Wid Hith Org. techn. Rep. Ser., 293

WHO Expert Committee on Biological Standardization
(1967) Wid Hith Org. techn. Rep. Ser., 361

WHO Expert Committee on Biological Standardization
(1969) Wid Hith Org. techn. Rep. Ser., 413, 17

Annex

PARTICIPANTS IN THE COLLABORATIVE STUDY

AUSTRALIA

Mr F. F. V. Atkinson,

National Biological Standards Laboratory,
Commonwealth Department of Health,
Canberra, ACT

CANADA

Dr W. R. Ashford,

Head, Quality Control Department,
Connaught Medical Research Laboratories,
University of Toronto, Ontario

Professor L. B. Jaques,

Head, Department of Physiology and Pharmacology,
University of Saskatchewan,

Saskatoon,

Saskatchewan

DENMARK
Dr S. B. Wolfson,

Leo Pharmaceutical Products Trading Ltd.,
Ballerup

JAPAN

Dr M. Matsuno,

Department of Pharmacology,
Faculty of Medicine,
University of Tohoku,

Sendai

Dr K. Nagasawa,

Chief, Department of Biological Chemistry and Reference

Standards,
National Institute of Hygienic Sciences,
18-1, Kamiyoga-1, Setagaya-ku,
Tokyo

SWEDEN

Mr B. Ajaxon,
Apoteksvarucentralen Vitrum AB,
Box 12170,

Stockholm 12

Dr A. Elmqpyist,
National Pharmaceutical Laboratory,
Stockholm 60

UNITED KINGDOM OF GREAT BRITAIN AND
NORTHERN IRELAND

Dr H. G. Hind,

The Evans Biological Institute,
Runcorn,

Cheshire

Mr K. L. Smith,

Bioassay Division, Standards Department,
Boots Pure Drug Company Limited,
Nottingham

UNITED STATES OF AMERICA

Dr W. B. Brownell and Mr R. T. Olsen,
Quality Control Division,

Abbott Laboratories,

North Chicago, Ill.

Dr N. W. Dunham,

Head, Product Control Bioassays,
The Upjohn International Inc.,
Kalamazoo, Mich.

Mr. S. E. Srensek,

Department of Health, Education and Welfare,
Food and Drug Administration,

Washington 25, DC



