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" Department of Medicine, Stanford (,’uiucr,sif)) School of Medicine, San Francisco, California

T introduction of the thromboplastin-genceration test by Biggs and Douglas (1953)

provided an entirely new and sorcly necded basis for the quantitative assay of antihacmophilic
globulin (AHG). The procedure described by Biggs, Evcling and Richards (1955), modificd
by Pitncy (1956) and by the original authors (Biggs and Macfarlane, 1957; Biggs, 1957),
presents only two major impediments to adoption by the rescarch laboratory engaged in
long-term studics on AHG: the day-to-day reproducibility is insufficiently good, and there
is poor corrclation between in-vitro and in-vivo measurements of AHG. The latter difficulty
is, unfortunately, a scrious one, becausc the validity of an AHG assay can be demonstrated
only in an AHG-dcficient patient. Unless an anticoagulant is prescnit, an assay should be
able to measure the low Jevel in the haemophiliac, mecasure the level in normal plasma to

~be used for transfusion and confirm the predicted risc in the paticnt’s level following the
" transfusion.

This report describes further modifications of the reagents and procedure of Biggs, Evcling
and Richards (1955), as well as statistical studics of the modified method which demonstrate
its high level of precision and transfusion studies which demonstrate its validity.

MATERIALS AND METHOD OF ASSAY

Standard and Test Plasma (AHG Source)

A supply of standard plasma is sbtained every 2 wecks from the same donor and frozen at
~15-20° C. in 0.2-ml. volumes. Nine parts of blood are mixed with one part of 3.2 per cent
{w/v) trisodium citrate and the cells scparated by 10 minutes’ centrifugation at 3000 r.p.m.
Each new batch of plasma is checked against several previous ones; uniformity and stability
for at least 2 weeks have repeatedly beeri confirmed. ‘ :

The plasma is prepared for use as follows: 0.8.ml. of salinc is added to 0.2 ml. of the test
or standard plasma to make 1 ml. of 20 per cent plasma. A quantity of standard aluminium
hydroxide (AI(OH),) gel (Biggs and Macfarlane, 1957) is also diluted 1 in § with four parts
of distilled water, for usc as adsorbing reagent for the diluted plasma. Oneml. of dilute plasma
is placed in the 37” C. water-bath for 1 minute after which o.1.ml. of the diluted gelis added
toit. The mixture is shaken, then incubated at 37° C. for 3:minutes. The tube is then centri-
fuged at 3000 r.p.m. for 10 minutes and the supcrnatant plasma promptly decanted into a
cold test-tube. From this 20 per cent adsorbed preparation dilutions with saline are made for
determining curves such as that shown in Fig. 1. The test plasma is prepared in the same way;

b 5

the small volume required (0.2 ml.) permits studics on small animals.

Serum

Normal human serum is used as the source of Factor VIl and plasima thromboplastin com-
ponent (PTC). 1o-ml. volumes of blood ffom ten donors are incubated at 37° C. for 4 hotrs

* This project was supported by a grant from the Bank of America-Giannini Founilation,
t Postdoctoral Fellow of the Bank of Anserica-Giannini Foundation,
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and then stored at 4 C. overnight. The next morning the sera are separated from their clots,
pooled and 50 ml. of the pooled serum are lyophilized and stored at 1520 C. Theactivity
of this material remains stable for about 3 months. For use, so mg. of the lyophilized material
arc dissolved in 10 ml. of imidazole buffer, pl1 9.3 (Mertz and Owen, 1940), and stored at

4° C. for 60 hours to permit complete ‘dilution-activation’. Once activated, such a preparation:

remains stable and potent for 3 days if kept at temperatures less than 107 C.

Cephalin -
‘A preparation from human brain, as described by Bell and Alton (1954), diluted 1 in 100
with salinc before usc, is used as a platelet substitute. :

Adsarbed, Precipitated Becf Sernm (Ac=Globulin or Factor 1)

The serum is first adsorbed with barium carbonate, as described by Ware and Seegers
(1949), in order to femove prothrombin, PTC and Factor VII. Since our assay indicatced that
there is some residual AHG in beef serum, this is precipitated by 33 per cent saturation with

ammonium sulphate and discarded. The ammonium sulphate-saturation of the supernate is
then increased to 50 per cent in order to precipitate the Ac-globulin activity. This precipitate

is then dissolved in saline (in volume onc-fourth of that of the original scrum) and dialysed

overnight at 4° C. against saline. After dialysis, the preparation may be frozen and stored -

at = 15-20" C. for about a ycar. The volumes frozen need not be particularly small since
the activity of the matcrial is not affected by repeated freezing and thawing. The final
volume of the material is approximately half that of the original serum and its Ac-globulin
activity as determined by the one-stage method of Lewis and Ware (Tocantins, 1955) is
approximately 150 per cent of that of normal human plasma. As a source of Ac-globulin
in the assay this preparation is used diluted to s per cent in the imidazole buffer.

Calcinm Chloride
0.025 M-CaCl, in distilled water is used.

Stbstrate

A large quantity of fresh platclet-free citrated beef plasma (1 part of 3.2 per cent trisodium

citrate to 9 parts of beef blood), stored frozen in convenient volumes, is used as-substrate..

It remains stable for about 3 months and is diluted with an cqual volume of salinc just before
cach experiment.

METHOD OF ASSAY

From a stock kept in melting ice, 0.1 ml.-of cach of the following reagents is pipetted into

a warm test-tube in the 377 C. water-bath: 5 per cent adsorbed, precipitated beef scrum;
diluted human serum; 1 in 100 cephalin, and 0.025 M-CaCly. A stop-watch is started with
the addition of the CaCl,. When the reagents have been incubated for 6 minutes, 0.2 ml.

~ of the cold standard or test plasma is added, the tube is agitated slightly, and a pipette placed
in it. Another tube alrcady containing 0.1 ml. of CaCl, is then placed in the water-bath:
this is used in the final measurement of the amount of ‘thromboplastin’ generated. At 10
minutes 40 seconds after starting the stop-watch, 0.1 ml. of the generating mixture is added
to the tube containing the CaCly and at 11 minutes 00 ml, of the cold diluted substrate is
added. The clotting time of the mixure is determined with an extrastop=watch, By starting
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suecessive generating tubes 45 seconds apart, four staggered determinations can be con-

veniently carried on at the same time within a period of 16 minutes.  This arrangement -

requires the use of five stop-watchcs,
60
50 4 .
404 ’ , _ -
10
25 -

204 \

15 4

Clotting Time (sec.)
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T T

T T T
025 05 | 2 4
% Standard Human Plosmo -

v Relationship bevween the concentration of the source of
AHG and the clotting time of the aibstrate, .

RESULTS

Standard Curve o )

Fig. 1 shows the relationship between the concentration of the standard plasma-and the
clotting time of the substrate, when plotted on double logarithmic paper. For our standard
plasma the plot produces a straight line between 4 per cent and 0.2 per cent, with a platcau
at cach extremes the saline-control time for the systemis §5-60 scconds. The points shown in
the figure were obtained from a Youden square (latin square with one colunin omitted)
and permit a study of the precision of the method (Davies, 1954)*. Analysis of variance with

co-variance of these data confirm that the relation of log clotting time to log concentration

is lincar; the slope of the linc of best fit is 0.2844: there is no significant variability from run
torun or from order to-order within a run, and the standard deviation of duplicate determina-
tions of log. clotting time (the actual measurements made) is 0.00938, making the cocfficient
of variation of cstimate of AHG concentration 7.6 per cent. That there is no tendency for the
cocfficient of variation to depend on the level of AHG measured was demonstrated by a
plot of the standard deviation for 20 duplicate, 2 triplicate and 7 quadruplicate determinations
against the means for cach set. The index of precision, A (the ratio of the standard deviation

L . : ) 0.0106
to slope) was determined from a total of 146 measurements to be o3 ~=0.0366.

The above statistics all relate to determinations carried out within a given day. It would
be convenient if we could assay AHG by measuring the clotting time of a specimen on any
day and read the AHG value from a permancnt standard linc’, the average of many
previous determinations. The precision of ¢stimation done in this way was gauged for our
assay as follows: overa period of 6 weeks there were accumulated thirtcen determinations at

*The five dilutions (4,2, 1, 0.5 and 0.2¢ percent) were tested 1 Bve sepante s The Timitations of incobation time
Qrc\'mlcd maore thain four determinations beny mnade in anvoone ron To balanee the order of testings wathin the tun, a

ouden square design was wsed, this having the property that cach of the dilutions was omitted from one of the five rons
and that the four trials of any dilotion occupied the first, second, third and fourth positions in-four ditierent runs,
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8 : o
' cach of four known concentrations. The cocflicients of variation werc: at 4 per cent dxlutmn J; Richards {
¢ 16.1 per cent; at 2 per cent dilution, 4.4 per cent; at 1 per cent dilution, 11.4 per cent; and at i  concentrat:
P ; 0.5 per cent dilution, 14.6 per cent. i cven thoug
% In practice, since it takes on]) 16 minutes to preparca snn(hrd curve of the day’, tlns for the usc

is donc; however, no more than a 2 scconds” deviation for 2 per cent plasma from the Youden
squarc valuc is aceeptable. If theic is a larger discrepancy than this, it is assumed that one of
“the reagents is defective and should be replaced.

ERER Sahietongat

: Patient assa
1 plasma volun:
4 .

—

Studics on Transfusion of Hacewophilic Paticnts ’ ' h

To cvaluate the assay, lncmophlhc patients were transfused.  The material to be used for
tmnsfusmn and the patient’s AHG level before and after transfusion were assayed. The
paticnt’s plasma volume was estimated so that the level of circulating AHG which should have
resulted from transfusion of a given volume of plasma could be calculited and compared
~with that actually obscrved. -
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Fic. 2. IHustration of the calculation of the AHG concentration of a Samiples of the p.

ph\nn sample.

The unknown sample, tested at a concentration of 2.0-per ccm . . -
gave a clotting ulmc of 34 scconds, cquivalent on the standard curve Tablc i o
to 0.5 per cent plasma. 3
COﬂ]Pal’lSOll -

The AHG content of an unknown plasma is measured by comparing its activity with that | calculating t

" of the standard plasma. It is diluted, adsorbed and added to the system just as described for - vplumc of t!
the standard plasma except that a smg]c dilution is chosen wlnch is C)\pCCth to give a clotting shown at th
time falling on the straight-linc portion of the standard curve. It is assayed in duplicate and sample taxcer’
the results arc averaged. The stmplc calculation which gives the value of the unknown as a k ) T.Cﬂ trans{
percentage of the normal standard is given in the lcqcnd to Fig. 2. similar result
Although we have not measured an extensive scries of normal subjects,. apy noxnmtc]y consumptiot
twenty-five such determinations indicate that the AHG content of the plasma of our standard § spondence 1?4
donor is very close to the mean normal value. The AHG content of the normal subjects |, of singlc unit
ranged from §0 per cent to 200 per cent of that of our standard plasma, nppm\lnntc]y the |, [Wf(“'f-‘ trans!
same range reported by Langdell, Wagner and Brinkhous (1953), Biggs, E \'clmg, and § the higher e
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! ! !

Richards (1955), and Pitney (1956). The slope of the curve relating clotting time to plasma
concentration is the same for differentsubjects (within the limits of the error of the method)
even though the absolute level varics onsiderably; this, of course, is a necessary condition
- for the usc of a standaed curve. ' - : -

- 4 per cent dilution,
1.4 per.cent; and at

_f fticday, i
n.com the Youden

Tame
s aseumed that one of

CDALAAND CALCULATIONS FOTLOWING THE TRANSFUSION OF THREE HAEMOPHH (C PATIENTS

Patient and i { RO-AE (2900 ml.) E-GRO-A 5(3100 ml.) i(3200 ml.) :- {2900 ml.)
. plasma volume* T i um— = - "~ b !
sterial to be used for : ~
s p O . Clatting AHG Calewdated Cletting AHG Calenlated|Clotting AHG Calenlated Clotting AHG Calculated
1 were assayed. The time (95)  AHG | time (%) AHG | time (%) AHG | -time (%) AHG
~ 3 which should have U see) L78) (scc o). | (see) () (sce.) (%)
rlated and compared f
Paticnt before 8.4 34 Ve 45.0 4.3 Ji 52.8 2.3 Ui 50.3 2.9 .
transfusion : ) . s
15t unit of plasmat 27:5 460 L 294 370 ... 280 640 ... 271 480 .
Patient following 15t 112 120 7.4% 36.6 87 g 36.0 9.2 7:5 1 F P B §
unit of plasma :
and unit 240 730 Sas 29.5  36.5% e 27.3 470 v 28.3 420
. Patient following Jo.& 160 17.2§ 34.7 10.5 10.9 C e ce. 124 34.8 108 101
2nd unit
3rd unit 30.2 330 ... 21.4 108 33 208
Patient following e en vee 330 12.5  12.1 208 158 9.1 136 1.5 120
3rd unit :
qthunit - 334 240 B
Paticnt following T T D e 29.6 . 180 18.2
4th unit | .

* Based on height and frame size (i.¢., slight, medium or heavy build),
ST { Unit of plasma== 300 ml.
o } Sample calculation: 2900 (3.4)4 300 (36.0) = 3200 X
oo 98604-13.800 == 3200 X

23.660 = 3200 X

7.4% = X
§ Caleulation for the sccond unit is made starting with the observed value after the first unitand the oniginal plasma volume,

Samples of the paticnts’ plasma were assayed at 4 per cent dilutions and the units of plasma transfused at 2 per cent dilutions.

f

Table I gives the results of four transfusion studics in three hacmophilic patients and a
comparison of the obscrved and calculated post-transfusion levels. The simple equation for

1ts activity with that calculating the expected post-transfusion circulating AHG level from the AHG content and
+ just as described for volume of the plasma transfused and the AHG content and volume of the patient’s plasma is
ted to give a clotting shown at the bottom. of Table I The result is compared with the value obtained when a
ayed in duplicate and sample taken from the patient 10 minutcs after transfusior.is assayed. . .
5F the uiknowii as a Ten transfusion experiments on five different hacmophilic patients were carried out, with
8 similar rcs.u]ts. All the patients were severely affected and had no demonstrable prothrombin
jeuts, approximately consumption. They were blccdmg at the time the transfusions were begun. The corre-
I ofout standaed spondence between the observed and calculated levels was good, except after the transfusion
“the normal subjects ~of single units of plasma. Under these circumstances the AHG content of the patient’s plasma
i, approximately the bc'for.c, transﬁlsmn. is m.vollvcd in the 'cn}c'ul:\tmn; nnd_ this is necessarily ingreater doubt than
Biggs, Evcling and the higher levels since it lics on the curve's platcau. For units beyond the first one, however,
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the difference between the observed and caleulated levels was 7 per cent or considerably
fess, which is no greater than the error of the micthod. - i

DISCUSSION

The ch;x»ngés made in the reagents used by Biggs, Eveling and Richards (1955) and by .

Pitney (1956)- were dictated by the following requirements: maximal simplicity of prepara-

tion (lyophilization only when absolutely necessary): maximal stability of the activity of |

cach reagent, preferably for a period of several months; case of replacement of an exhausted
reagent with a new batch of the same activity; a concentration of cach reagent such that the
system is maximally sensitive to changes in AHG level and yet only to such changes.

The three major changes made in the procedure were empirically obscrved to improve -
reproducibility: pre-incubation of the thromboplastin components other than adsorbed plasma
before addition of the latter; immediate instead of delayed determination of the thrombo-

plastic activity generated, and storage of the working reagents in melting ice. The timing

permits the procedure to be carried out by anc technician working alone and docs not §

require special pipettes or the simultancous emptying of two pipettes.

Onc of the objectives of the modifications made in the assay was a steep assay curve, since

the precision of the assay is dircctly dependent on the slope of the curve. Two further modifi-
cations which increase the slope of the standard curve, delay the appearance-of the platcau
at low concentrations, and lengthen the ‘blank” time of the system to 100 scconds have been
adopted since this study was concluded. One is the maintenance of a constant citrate level,
as the test plasma is diluted, cquivalent to that of 4 per cent citrated plasma; the other, which

was suggested by Dr. Samucl Rapaport, is the use of aged human (outdated bank) plasmaas

substratc in place of beef plasma. The ageing permits deterioration of both AHG and Ac-

globulin, with the result that the substrate is far less likely to contribute thromboplastin to :

the system. This is only important in relation to-the long clotting times obtained with low
AHG concentrations, for in those cases thromboplastin contributed by the substrate causcs
the curve to deviate from the straight Tine, as the plasma is diluted, carlier than it otheewise
would. ' '

The precision of the assay was determined for two different situations, one using a standard

curve determined cach day, and the other using an ‘established” standard curve. The pre-
cision in the latter casce is necessarily decreased because it is affected by the particular condition
and dilution of the standard reagents made on that day. 1t would be convenient not to have
to determine the standard curve cach day, and, in fact, the day-to-day cocfficient of variation
of the assay is of the same order as Pitney's within-a-day cocfficient, suggesting that a long-
term reference curve is feasible. However, since setting up the daily curve involves making
and testing four dilutions only and requires only 16 minutes to carry out, in practice we con-
struct a fresh curve cach day. The fact that there are only small-differences between these
daily curves provides a valuable check on the standard plasma,

Since AHG has not yet been crystallized or chemically analysed, we can still define it only-
by its activity in the correction of the hacmophilic defect. It follows from this that the only’

criterion of the validity of the assay is its ability to predict the post-transfusion AHG level in
a hacmophilic patient. Biggs, Eveling and Richards (1955), using their own assay, recovered
considerably less than half the AHG transfused when the civeulating level was determined

ro minutes after transfusion. They stated that “these results suggest that both human and ox
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AHG disappear rapidly from the blood of hacmophilic patients’. We have made no studics
of the survival of ox AHG in the circulation, but human AFG, as measured by our assay,
appears to be completely recoverable 10 minutes after transfusion. The successful prediction
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of the circulating AHG level following transfusion scems to us to arguc against the theory

that there was any circulating’ AHG-mhibitor in the five cases of classical hacmophilia we

studied. A full discussion of this question. however, lics outside the scope of this report.

SUMMARY

Modifications of the reagents and procedures of the thromboplastin-generation test of Biggs
and Douglas are described which permit the plasma antihacmophilic globulin (AHG) to be
reliably assayed. The cocflicient of variation for measurements made on the same day was
approximately 7.6 per cent and A value approximately 0.0366.

The use of the assay in measuriiig the AHG level of transfused plasma and in predicting
the rise in AHG level produced in hacmmophilic paticnts by tranfusion is described.
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