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VORWORT

Wir hielten uns fiir berechtigt, im Rahmen des IV. Internationalen Kon-
gresses fiir Biochemie ein Symposium {iber -Gerinnungsfaktoren abzu-
. halten, da die Gerinnungsforschung in den letzten Jahren aus dem Stadium-
reiner klinischer Empirie herausgewachsen und zur Anweridung exakter
biochemischer und biophysikalischer Methoden {ibergegangen ist. Einige
Ergebnisse mogen dies erldutern und die Grenzen, an denen wir angelangt
sind, aufzeigen: So ist es gelungen, Fibrinogen herzustellen, das 98%
gerinnungsfihiges Eiweiss enthilt, und Thrombin so weit zu reinigen,
dass es moglich ist, Untersuchungen iiber das aktive Zentrum des Fer-
mentes durchzufithren. Auch Prothrombin, antihimophiler Fakior und
Plasminogen sind weitgehend frei von anderen Gerinnungsfaktoren
gewonnen worden. Dank der weitgehenden Reinigung von Fibrinogen und
Thrombin ist es gelungen, erfolgreiche Untersuchungen iiber den Reak-
tionsablauf und die Kinetik der II. Gerinnungsphase durchzufiihren und
die Verinderungen, die das Fibrinogenmolekiil bei dieser Umwandlung
erfihrt, zu analysieren. Die Untersuchung der I. Phase mit exakten
Methoden diirfte bevorstehen, wihrend beziiglich des Mechanismus der
Thrombokinasebildung einstweilen nur Vermutungen gedussert werden

kénnen.

Die biochemische Gerinnungsforschung kann sich aber nicht frucht-
bringend weiterentwickeln, wenn sie nicht in engem Kontakt mit der
klinischen Forschung steht. Die Klinik bleibt die stindige Quelle, aus der
theoretische Forscher seine Anregungen und Probleme schépft. Sie zeigt
ihm in Form der—meist erblich bedingten—hamorrhagischen Diathesen
die Folgen des Fehlens des entsprechenden Gerinnungsfaktors in einer
Klarheit, die ein Experiment kaum bieten kénnte. Die Klinik liefert auch
mit dem Blut dieser Patienten dem Forscher jenes Testsystem, an dem er
die Wirkung der von ihm isolierten Faktoren am sichersten studieren kann.
Es ist bisher nicht gelungen, gleich vollstindige Systeme experimentell zu
entwickeln. Letzten Endes wird aber die Klinik Nutzniesserin der Ergeb-
nisse der theoretischen Forschungsarbeit sein: Liegt doch die praktische
Bedeutung aller dieser Beraithungen darin, durch gereinigte Gerinnungs-
faktoren eine spezifische, moglichst ungefihrliche und sichere Substitu-
tionstherapie der himorrhagischen Diathesen zu erméglichen.

Die Gewebe wurden in die Thematik dieses Symposiums ebenfalls ein-
bezogen. Erst in letzter Zeit ist der Nachweis von Gerinnungsfaktoren in
den verschiedensten Ggweben gelungen und vor allem einigermassen. -
gewiirdigt worden. Das Vorkommen von Gerinnungsfaktoren in den
Geweben scheint uns in doppelter Hinsicht von Bedeutung zu sein:

wii:
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Erstens kénnte es moglich werden, Gewebe neben dem nie in ausrei-
chender Menge vorhandenen Plasma als Ausgangsmaterial zur Isolierung
gewisser Gerinnungsfaktoren heranzuziehen ; zweitens weist diese Tatsache -
darauf hin, dass die Ausldsung von Blutgermnung und Blutstillung nicht
die einzigen Aufgaben sind, die der koniplizierte Gerinnungsmechanismus -
im Organismus zu erfiillen hat: Erst-allmihlich erkennt man die Bedeutung
des Gerinnungsvorganges fiir die Wundheilung, Bindegewebebildung,
Ablauf der Entziindungsvorginge und Infektabwehr.

Diese Gesichtspunkte waren bei der Auswahl der Themen des vor-
liegenden Symposiums massgebend. Es sollte vor allem gezeigt werden,
wo das Gesicherte aufhort und das Fragliche beginnt, an welchen Stellen
die neuesten Ergebaisse erziclt wurden und welche Probleme am bren-
nendsten einer Losung bedirfen.

Wein, Oktober 1958. E. DrutscH
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ANTIHEMOPHILIC FACTOR (AHF): SOME ASPECTS
OF ITS BIOCHEMISTRY*

K. M. BriNkHOUS dﬁd.ROBERT H. WaGNER

Department of Pathology, University of North Carolina, Chapel Hill,
North Carolina

We use the term antihemophilic factor (AHF) to designate the factor
which is lacking in the plasma of patients with severe classical hemophilia
(Factor VIII deficiency, hemophilia A). In this paper the following topics
" are considered: (1) some historical remarks on hemophilia and AHF,
(2) methods and difficulties of assay of AHF, (3) plasma fractionation and
isolation of AHF, (4) some properties of AHF in plasma and in partially
purified preparations, (5) biochemical genetics of AHF, and (6) certain
functional and metabolic studies of AHF. '

HISTORICAL ASPECTS

AHF has been an elusive clotting factor, and a word of caution may be
in order at the beginning. Much uncertainty surrounds the older literature.
This is pointed up by the discovery in 1952 of a new bleeding diathesis, a
sex-linked recessive disorder called PTC deficiency or Christmas disease.
With many of its clinical and laboratory findings identical with true
hemophilia, it became obvious that studics in the past had not discrim-
inated between AHF and PTC. Only in those older studies in which the
patients used for reference were still living or where affected members of
the same pedigree were available can one be certain whether AHF or
PTC or both were being considered. In our own work for the past 12
years, we have depended on a single strain of hemophilic dogs for defini-
tion of AHF. This strain has a clotting defect indistinguishable from true
human hemophilia. _ ‘ '

With the understanding that history eannot be precise, it is interesting
to trace the development of the main ideas current today regarding
hemophilia and AHF. The slow coaguiation of hemophilic blood was
recognized first. Sahli! showed that there was no lack of fibrinogen.

- Addis? showed that thrombin formed slowly, and after reliable methods

* Studies by the authors, cited in this paper, were aided by grants from the National
Institutes: of Health.
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2 K. M. BRINKHOUS AND R. H. WAGNER

for prothrombin became available, Brinkhous® showed that prothrombin
disappeared very slowly in clotting hemophilic blood. There gradually
emerged the idea that the delayed clotting in hemophilia is due to absence
of a specific plasma factor, genetically determined. Attempts to concentrate
and purify this factor were begun. Addis? appears to have had some
success, but he thought he was working with prothrombin. After it was
demonstrated that small amounts of normal plasma had a corrective effect
on the clotting of hemophilic blood (Govaerts and Gratia4, Patek and
Stetson®, and others), Pohle and Taylor8, Bendien and van Creveld?s8,
and others prepared crude globulin fractions of plasma which had the
same effect. We use the term, antihemophilic factor, for this activity
advisedly, since it has not been adequately characterized to be certain
that it is in fact 2 globulin. v

Another idea regarding thc plasma abnormality in hemophilia has
many advocates. It has been proposed that the procoagulant factors are
present in normal amounts, but that there is an excess of an inhibitor,
anticephalin, which is genetically determined and which results in hemo-
philia (Tocantins et al.,9-12 Seegers, Johnson ¢t al.,}3 Feissly!4, Verstraetels,
and others). An analysis of much of the data which appears to support
this view has been made in our laboratory by Graham and Barrow16:17,
They conclude that it is not necessary to invoke the inhibitor hypothesis
to explain any of this body of data. Regardless of the hypotheses as to the
basic causation of the hemophilic clotting defect, workers generally agree
that there is a factor in plasma which will temporarily correct, at least
partially, the clotting and hemostatic defect in hemophilia.

Assay or AHF

T'he problems encountered in devising an accurate assay procedure for
AHF are many. Correction of the basic clotting defect in hemophilic blood °
as well as correction of the hemostatic defect in hemophilic subjects
appear to be necessary as minimal criteria for recognition of AHF. It is
difficult to test AHF-containing preparations in this way regularly. It
appears desirable to standardize in vitro assay procedures with preparations
known to be effective when administered #z vivo to hemophilic subjects.

In vitro tests are of many types, and all appear to present problems of
specificity, sensitivity, and accuracy. Specificity: A namber of coagulant
factors are able to shorten the prolonged clotting time of hemophilic
blood without altering the fundamental defect—the block in prothrombin
utilization. This “corrective” action has been shown by Graham ef al,18.19
for plasma and serum eluates (from BaSO,), and by Deutsch and Schaden20
for certain serum fractions. Graham and Barrow!? demonstrated that
asbestos treatment of hemophilic plasma seemingly caused unmasking of
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AHF activity, since the clotting time became normal; however, such
“corrected plasmas” did not result in normalization of prothrombin
consumption, either in vitro or in vivo. Thrombin in trace amounts will
greatly shorten the partial thromboplastin time of hemophilic plasma.?l
Other examples of non-AHF coagulants affecting the assay procedures
could be cited. It was shown in 1951 that AHF is not adsorbed onto
BaSO,422 and only partially adsorbed onto Al(OH);.28 Advantage can be
taken of this fact by preliminary adsorption of plasmas or their fractions to
remove interfering coagulant factors before the assay procedures are carried
out. The possible effect of Hageman factor on AHF assays has not been
resolved. Most assays rely upon hemophilic blood or plasma as substrate.
Included in this group are the recalcified clotting time, the partial thrombo-
plastin time, the two-stage prothrombin utilization test, and the thrombo-
plastin generation test (TGT). In general, tests based on changes in the
clotting time of whoie blood or recalcified plasma appear least specific.
Substrates made artificially low in AHF are also used, as in the assay fer
thromboplastic plasma component?4 and the AHF assay of Wcif25 in which
the first supernatant of the ether fractionation process is used. Seitz
filtration alsc removes AHF.

Sensitivity. This is secondary to problems of specificity. In general,
most of the tests are sensitive to small changes in AHF within a limited
range of concentrations. Comparative studies are limited. Recently Rod-
man and Graham?@ showed that the partial thrombeplastin procedure was
more sensitive over a wider range of AHF concentrations than the TGT.

Accuracy. At best, the results of assay for AHF have an error of plus
or minus 109,.

PuriricaTiON

Two requirements for successful purification of AHF are (1) a specific
and reproducible assay procedure, as outlined above, and (2) a satisfactory
source of AHF. For starting material, only plasma has been used success-
fully. The AHF content of various plasmas thus becomes important. If
human plasma is considered as having unit activity per ml, then sheep
plasma has about 2.5 units, dog plasma 5 units, cow plasma 2-3 units,
and pig plasma 5-10 units. These values for relative potency of different
plasmas vary somewhat according to the assay procedure used. Un-
fortunately, human plasma is one of the weakest sources of AHF. On the
basis of the best purification data, in terms of activity and protein N, it
would appear that plasma AHF does not exceed 3~5 mg?,.27

The apparent lability of AHF in plasma must be recognized in any
program of purification. Both the presence of platelets and a source of
thrombin can contribute to AHF lability. Tt has been shown that with

 reduced platelet levels, AHF disappears from native plasma more slowly

X2
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~ than with a full complement of platelets.?® Penick and associates?254
have demonstrated that AHF is remarkably stable if prothrombin
and related coagulants are first adsorbed from plasma. Bidwell used
AOH)s adsorptien in her purification procedure.2? Susgenor®® has
stressed that the AHF activity of a fraction is improved if it is promptly
separated from the bulk of Fraction I. Fanti® has reported that AHF is
stable if the pH of the plasma is maintained at 6.4.

Methods of purification. (a) Dilution and acidification of plasma was one
of the carliest procedures used, but has largely been abandoned (Patek and
StetsonS, Bendien and van Crevelds, Alexander®, and others). (b) Ethanol
precipitation. Fraction I is the best known of the preparations used. As
prepared by Method 6 of the Cohn group,® it contains little AHF activity.
As methods of assays and conditions for stabilization of AHF have cqme to
be appreciated, improved preparations have been obtained. Combined
with heating and acid precipitation, bovine Fraction I has been purified
approximately 34 times.3 The contributjons of the Blombiicks$:38 have
been outstanding. They have selectively extracted the crude Fraction I -
with glycine—ethanol-buffer mixtures to obtain a human product 100
times purified, with a low fibrinogen content. Our best ethanol preparation,
obtained by selective extraction of an ethanol precipitate obtained from
fibrinogen-free canine plasma has been about 200 times purified 27.83
(c) Ether precipitation. Kekwick, Wolf and associates3839 have prepared a
potent AHF concentrate from human plasma, using the low temperature,
ether precipitation technic. This product contains fibrinogen. It appears
to be about 10-30 times purified. Van Cpeveld® and coworkers have
obtained from this material a fibrinogen-free preparation about 20 times
concentrated. (d) Salting-out procedurss. ‘These methods have been used
mainly by Bidwell?® and ourselves (1952). Bidwell, using adsorbed bovine
Plasma, salted out AHF with phosphate buffer at pH 6.8 and reprecipitated
with strong citrate solutions. Potent products, with a purification of 100-
400 times or more, were obtained. We have confirmed this work: Using
porcine plasma, and by absorbing impurities with tricalcium phosphate as
a final step, we have obtained an AHF preparation 800 times purified, with
good yields. Qur best preparations have been obtained by multiple
precipitation of dog plasma. Preparations 2000 times purified with 309,
yields have been obtained, These-preparations are 10,000 times as active,
per mg protein, as human plasma. However, solubility is limited, and
characterization of these preparations is just beginning. (¢) Adsorption and
elution procedures. These procedures have been used by a number of
investigators, including van Creveld and associates (1937), Lorand and
Lakit!, and Johnson, Seegers and associates. 24344 We have repeated the
experiments of Lorand and Laki, and found that if the starting material
is first adsorbed by BaSOy, the final eluates from kaolin were active in
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our partial thromboplastin assay procedure, but inactive in the two-stage
prothrombin utilization test, which is more specific for AHF under these
conditions. Bidwell2® obtained similar resylts, identifying the procoagulant
activity as Christmas factor. (f) Many other purification procedures
have been used, but with indifferent success. These include heavy metal
precipitation? and cryoconcentration.48

" Separation of AHF from fibrinogen. This separation has been one of the
‘most troublesome in purification of AHF. Heat denaturation of fibrinogen,
careful defibrination with thrombin, fuller’s earth adsorption of fibrinogen,
dextran sulfate precipitation of fibrinogen (Surgenor and Steele4?, using
the method of Walton and Pennell‘8), and selective precipitation of
AHF29:36 have all been used. It was demonstrated in 1951 by Graham and
associates?? that cautious heat tyeatment of plasma would precipitate the
fibrinogen, leaving AHF in solution. This principle has been used by van
Creveld and associates®® and others. It was demonstrated by Wagner and
associates?®49 that fuller’s earth would selectively aaserb fibrinogen from
canine plasma. This prelimirary fractionation procedure has proved to be
most important in obtaining the potent AHF fractions referred to above.

ProrerTIES OF AHF

Heat denaturation. The greater heat stability of AHF in comparison to

fibrinogen has been emphasized.22 However, conditions have not yet been .
~ found whereby all fibrinogen could be removed and all AHF activity
maintained. Bidwell®® has the most complete data on heat stability of AHF,
using a bovine plasma fraction. She reported that the AHF activity was
stable for 5 min at 48-49° C at pH 6.8. Wagner and Thelin37 have extended
this work, determining loss of AHF activity with periods of heating up to
3 hr. Without exception, unusual rather than typical denaturation curves
were obtained. The expected curve is a straight line, when the log AHF
activity is plotted against time. The curve instead flattens out, with no
further loss of activity after 30-90 min. T'wo possibilities for this behavior
bave occurred to us: (a) There are two types of AHT in our preparation,
one being more stable than the.other; this may be related to protein—
protein interaction. (b) The instability is not inherent lability of AHF, but
rather is caused by the presence of a relatively heat labile enzyme that can
inactivate AHF.

Ultraviolet absorption of AHF preparations. Our best porcine and
canine AHF preparations have shown a typical protein curve, with
a peak at 280u. The ratio of the reading at 280 over 260 was 1.6.

- Further, no anomalies in the visible range were observed.37

Dralysis. Plasmas adsorbed with BaSO4 or AI(OH)s can be thoroughly

dialyzed in the cold without loss of AHF activity. As might be expected,
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the range of conditions for dialysis is more limited with purified prepara-
tions. ' :

Electrophorests of AHF. Paper electrophoretic studies of AHF have been
reported from two laboratories. With a bovine preparation, only B-
globulin was found.34 Van Creveld and coworkers?0 migrated a human
preparation on paper, eluted the strips, and used the TGT to locate the
activity. They also found that AHF activity was concentrated in the B-
globulins, With highly purified preparations, we have found irreversible
adsorption on paper, demonstrated both by change in rate of migration
with concentration, and by the test of Monty et al.50 With free electro-
phoresis of barium sulfate-treated canine plasma, followed by careful
sampling, activity was found in all regions, even in the albumin fraction of
the ascending limb, thus indicating a considerable amount of protein—
protein interaction. Work on continuous curtain electrophoresis of plasma5!
demonstrated a separate globulin peak, which contained AHF activity.
This procedure, of course, surmounts largely the irreversible adsorption
troubles which one encounters with ordinary paper electrophoresis. In
discussing electrophoresis, one should perhaps recall the report by Bernfeld
and Stefanini®? that hemophilic plasma is different electrophoretically from
normal plasma. We have been unable to confirm this in a number of
studies on hemophilic dogs, and other workers have been unable to con-
firm this in hemophilic human patients. '

Ultracentrifuge studies of AHF. We have studied the behavior of AHF
in the ultracentrifuge in whole plasma by using the sampling technique of
Hogeboom and coworkers and a swinging bucket head.37 At the end of a
- 2} hr sedimentation run at 35,500 r.p.m. (average g:120,000), samples
were removed and assayed for fibrinogen and for AHF.

The entire top centimeter of the tube was almost cleared of AHF, while
fibrinogen had sedimented only slightly. The total recovery of AHF was
949 in this experiment, and no inhibitory activity was observed in any of
the fractions. On the basis of these experiments, one would conclude that
AHF activity sediments much more rapidly in plasma than does fibrinogen.
Whethér this rapid sedimentation is a reflection of a molecular weight
greater than that of fibrinogen, or of an AHF-ptotein complex, cannot be
determined. Preliminary work with Mr. Thelin with purified preparations
has not shown this rapid sedimentation.

Inactivation of AHF by enzymes. Two enzyme preparations, fibrinolysin
and thrombin, have been shown to destroy AHF. Fibrinolysin in relatively
low concentrations (0.8 Loomis units per ml) was found to inactivate a
partially purified antihemophilic preparation. In one experiment, 709, of
the AHF was lost within 1 min after adding fibrinolysin.4% Thrombin
inactivation of AHF has been studied in our laboratory, especially by
Penick3:54. As little as 0.5 Iowa units of highly purified thrombin per ml
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of plasma caused nearly complete inactivation of AHF within 5 min. This
reaction was markedly accelerated when calcium was available. The
presence of another substrate, fibrinogen, did not alter this inactivation
phenomenon, suggesting that thrombin has a higher affinity for AHF than
for fibrinogen. Recent work, indicating that thrombin acts on an arginyl-
glycyl bond in the substrate fibrinogen,55 suggests that a similar linkage
occurs in the AHF molecule.

The inactivation of antihemophilic factor by thrombin and fibrinolysin
may partially explain the instability of AHF which has been repeatedly
observed in fractions. Traces of these contaminants can ruin a preparation,
. Penick and associates’® have demonstrated that, if blood is carefully
collected, the AHF is relatively stable even after storage for as long as 3 or
more weeks. It has been suggested that incipient thrombin formation is
the cause of the instability so often seen. The recent findings of Penick54
also shed light on the old-observation of Graham and associates®? that
AHF is stabilized in adsorbed plasma. If plasma is first adsorbed by
BaSO4 or other adsorbants which remove prothrombin and related pro-

© coagulants, it is stable. Even after adding Cai+, and cephalin or other

phospholipid, the AHF remains uvnaltered. Whether other enzymes
inactivate AHF is at present undetermined.

Comparison with platelet cofactor I. In connection with AHF, the firdings
of Seegers and associates’? tegarding platelet cofactor I are pertinent.
This factor is effective, along with platelet factor 3 and Cat+, in the
conversion of isolated prothrombin. It has been obtained rot only from
normal plasma, but also from plasmas 2nd sera (ether-treated hemophilic
plasma, and normal and ether-treated serum) ordinarily believed to be
devoid of AHF activity. This cofactor has been obtained in highly purified
form. It is a protein with an isoelectric point of 6.4.:Compared to AHF, it
appears to be more heat labile. The activity of this factor can be simulated
by a number of substitutes, such as Benadryl or platelet cofactor II (PTC),
particularly if small amotunts of thrombin are present. If these differences
from AHF are fundamentai, the platelet cofactor I may be concerned with
an altcrnative pathway in the activation of prothrombin. Many examples of
alternative pathways in the coagulation process have been demonstrated by

Seegers in the past few years. -

BrocueMicalL GENETICS

- The sex-linked recessive inheritance of classical hemophilia appears
firmly established. Thus fabrication of AHF appears related to the H gene
on the X-chromosome. The varying AHF levels in pedigrees of patients
with milder and subclinical forms of hemophilia have given rise to much
speculation. All the data available indicate that in these forms the defective
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AHF formation is related to an h gene on the X-chromosome, Whether_
a series of alleles may occupy the H-h site on the X-chromogome,58 or
whether modifying genes at other loci are responsible, requires further
data. Accurate quantitative assay technics for this type of study become
important, and as our “teols” improve, it is to be anticipated that a better
insight into the biochemical genetics will develop. The finding of a partial
AHF deficiency in both male and female patients with an associated pro-
_ longed bleeding time emphasizes that an autosomal locus may also be
concerned with AHF fabrication.5? The recent report of Shanberge and
Gore®0 that an antigenic AHF-like material can be obtained from severe
hemophilic patients suggests to us that many anonmalies in the constitution
of the “AHF molecule” mmay exist, and this, rather than penetrance or
expressivity, may determine the biologic activity of AHF in different
pedigrees.

Hemophilia in the female is well documented in our hemophilic dog
colony. Here the affected animal is a homozygote. In human female hemo-
philia, without a bleeding time prolongation, it has been proposed that
some cases may be extreme variants of the heterozygotes with lowered
AHF, as described by Graham and associates.8!

FuncrioNaL anD MetaBoLic STupiss

Function of AHF. It is well known that AHF is required for a fully
effective hemostatic mechanism. AHF is needed for the elaboration in
plasma of a thromboplastic material which leads to conversion of pro-
thrombin to thrombin. This has been repeatedly confirmed since it was
clearly shown nearly two decades ago that prothrombin consumption is
impaired in clotting hemophilic blood.3 Platelets or a phoapholipid,
possibly phosphatidyl serine, as well as other plasma procoagulant factors,
are needed for this reaction. Theories abound as to the biochemical reactions
in which AHF participates to bring about prothrombin conversion, but
~ data are not yet available to determine its exact role in coagulation.

Many roles have been ascribed to thrombin.18:67.62.68 It reduces the lag
phase in the earlier phases of clotting, and it may furnish a means of form-
ing “thromboplastin” directly from AHF. In the studies of Fenick5¢ hyper-
activity was observed at times when purified thrombin was added to
stabilized plasma containing Ca** and crude cephalin, but usually only
inactive AHF resulted. It has been demonstrated that in the absence of
AHF, the organism is relatively refractory to the coagulant effects of
thromboplastin.® These findings suggest that the reciprocal relationships
between thrombin and AHF are of a negative character (negative feed-
back?): with elaboration of thrombin, AHF is reduced by enzymic action
of thrombin, and further elaboration of thrombin is impaired. Both a
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“positive”’ rlase and a “negative” phase may occur, depending upon the
quantities of thrombin and AHF awailable, as well as time relationships.

In hemostasis, platelet agglutination is known to play an important
role. The old finding that platelets and AHF are both needed for utilization
of AHF in clotting, along with the repeated observations that thrombin-
containing serum will agglutinate platelets, have suggested that AHF may
have a double role in hemostasis: (a) through the fibrin clotting mechanism,
and (b) through the platelet agglutination mechanism. It is of interest that
in both human and canine hemophilic systems, platelets agglutinate
promptly.85:66 Astrup and associates$? have suggested that the low
thromboplastic content of synovial and joint capsular tissues, combined
with the low plasma thromboplastic potency, is responsible for the
characteristic localization of hemophilic hemorrhages.

Metabolism of AHF. The site of formatfon of AHF remains undeter-
mined. A recent survey of autopsy tissues of human hemophiliacs (Brink-
hous 1958, unpublished) revealed a normal complement of plasma cells
in the lamina propria of the small intestine. This is in contrast to the
finding in patients with agammaglobulinemia. In contrast to earlier studies
from our laboratory, Penick and associates®® have shown that AHF is
moderately depressed with severe damage to the liver by hepatotoxins.
Whether this depression is due to increased utilization of AHF in the
presence of necrotic tissue, or is indicative of impaired manufacture of
AHF by the damaged liver, is still uncertain. : ,

The rapid loss of injected AHF from the circulation of both normal and
hemophilic subjects has been demonstrated. Half of the injected AHF is
lost in 4-6 hr. The rapid initial loss appears due in part, at least, to
distribution of AHF between the vascular and extravascular compart-
ments. After equilibration is approached, the half-life in the circulation is
approximately 24 hr.8? These findings are of interest when considered in
respect to fibrinogen and gamma globulin—the rate of loss during equi-
libration appears less rapid with these two proteins, and their half-
lives after equilibration are much longer. These and other data have
pointed up certain discrepancies. The ultracentrifugal findings suggest
association of AHF activity with a protein, large and easily sedimentable
in comparison with fibrinogen. However, AHF is lost from the circu-
lation more rapidly than is fibrinogen. Is this due to more rapid turn-over
of AHF? Or is AHF a smaller molecule, not even a protein, which is
usually found associated with a macromolecular protein entity?

Introduction of purified AHF into subcutaneous or intramuscular
tissues of hemophilic subjects results in rapid development of assayable
levels of this coagulant factor in the plasma.?8 These findings again empha-
size the exchange which must occur between vascular and extravascular
compartments, and again suggest that a significant tissue source of AHF
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may eXxist for purification work. All of these data encourage one to continuc
to seek a parified AHF of non-human origin, which can be administered
to AHF-deficient subjects by parenteral and extravascular routes, for both
therapy and prophylaxis. Studies on antigenicity of purified animal AHF
are needed. : . _

In summary, much has been accomplished in characterizing AHF and
its role in the biochemical dynamics of clotting. We can still only anticipate
what the exact nature of AHF may be and with what it may react to further
coagulation. With the rapid progress of the recent past, we can look
forward with confidence to the elucidation of many of the remaining thorny
problems. \
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DISCUSSION

P. FantL, Melbourne, Australia: , .
. Dr. Brinkhous has given us an up to date review of a number of aspects
of the haemophilia problem. There are a few points which I would like to
stress. . ' o
Dr. Brinkhous has briefly mentioned the opposing views on the co-

~ agulation defect in' the blood of haemophiliacs, namely deficiency versus
- anticeagtilant theories. It would appear that the view is well documented
that both a- and B-haemophilia (haemophilia A and B) are due to deficiencies
of specific plasma factors. It has often been noted that the addition of } or
less of normal blood to haemophilic blood corrected the clotting defect.
. If we accept the inhibitor theory we have to assume that normal blood
" counteracts the inhibitor and sets free the masked antihaemophilic activity.
However, experiments to isolate AHF from blood of haemophilia A
/patients with a complete deficiency have not been successful. The de-
ficiency idéa is further supported by the occasional occurrencé of a specific
inhibitor against the AHF which occurs in blood in certain pathological
conditions or following multiple blood transfusions to haemophiliacs. This

i . inhibitor cannot be readily counteracted by small volumes of normal blood.

Another point is connected with an assay specific for AHF. A number A

of materials, e.g. phospholipids, organ extracts, serum and serum fractions

- shorten the clotting time of haemophilic blood, yet are completely devoid
of antihaemophilic activity. This is illustrated by experiments which I
“have carried out recently. Thrombin destroys more than 989, of the AHF,



