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Patek and Taylor ( 1 ) demonstrated that 
sheep, rabbit, ox? and monkey plasma con- 
tained agents correcting the clotting defect 
of human hemophilic plasma. Antihemophilic 
factor (AHF, Factor VIII)  has been demon- 
strated in the plasma of other mammalian 
species (2 ,  3):  and Biggs and her colleagues 
(4, 5 )  have used heterologous AHF exten- 
sively in the treatment of hemophilic patients. 
Heterolo'gous AHF is probably most useful 
in those patients whose plasmas contain cir- 
culating anticoagulants directed against AHF, 
both because larger quantities of AHF can 
be made available from animal sources and 
because animal AHF may be less susceptible 
than human AHF to inhibition by these 
human antibodies. 

The present report deals with the relative 
susceptibility of the AHF of several animal 
species to inhibition by human circulating 
anticoagulants ; among those tested, porcine 
plasma appeared to be most resistant to in- 
hibition. Additionally, rabbit antiserum 
directed against human AHF was found to 
inhibit the AHF of all species tested except 
the rabbit. Using immuno-diffusion tech- 
niques, identity was demonstrated between 
human and primate AHF, and partial 
i,dentity between human and nonprimate 
mammalian AHF. 

Materials and Methods. Techniques for the 
purilfication of normal human AHF, by pre- 
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cipitation with ethanol at  --3", and with 
polyethylene glycol followed by filtration 
through columns of Sepharose 4B, and the 
preparation of antiserum to this -4HF in 
white New Zealand rabbits, rendered mono- 
specific by appropriate absorption, have 
been described (6).  Rabbit sera were in- 
cubated at  60" for one hour and, after cool- 
ing, adsorbed with tricalcium phosphate (10 
mg/ml plasma) to remove clot-promoting 
activity which might interfere with the clot- 
ting assays. The antigen detected by this 
antiserum is present in normal quantities in 
human hemophilic plasma and in reduced 
amounts in that of patients with von Wille- 
brand's disease (6-10). 

Human anticoagulants directed against 
AHF were obtained from seven patients. Five 
of these individuals (including patient A)  
developed the anticoagulant as a complica- 
tion of classic hemophilia. The sixth (patient 
B) acquired the anticoagulant as a compli- 
cation of an otherwise normal pregnancy. 
In the seventlh patient, a 69-year-old man with 
rheumatic heart disease, the anticoagulant 
appeared after he had received penicillin 
daily for a period of two years. 

Dlouble diffusion studies were carried out 
on 3><2-inch glass slides in 0.9% agarose 
gels in barbital buffer (0.05 M sodium 
barbital, pH 8.4). Plasma samples were 
appl'ied to the wells at  a distance of 3 mm 
from the troughs which were filled with 0.2- 
ml aliquots of rabbit antiserum. Precipitin - 
lines were allowed to (develop for 36 hr at  
4O. 

Immunoelectrophoresis was carried out on 
3 X 1-inch glass slides in 0.9% agarose gels 
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in barbital buffer. Ten h samples of ethanol 
concentrates of plasma were prepared (6) 
and placed in the wells; 225  V was applied 
to the slides for one hour, 0.2-ml volumes 
of the antiserum were placed in the troughs, 
5 mm from the wells and the precipitin 
lines allowed to develop over a period of 36 
hr a t  4O. 

Pooled normal human plasma was pre- 
pared from blood to which one-fiftieth volume 
of sodium citrate (pH 5.0, 0.5 M with respect 
to citrate) was added ( 6 ) .  Animal plasmas 
were obtained from a variety of sources, 
(Colorado Serum Co., Denver, Colorado; 
Pel-Freez Biologicals Inc., Rogers, Arkansas; 
or directly from some of the mammalian 
species studied), and had k e n  separated 
from blood to which one-tenth volume of 
0.13 M sodium citrate had been added. 

Assays of AHF clot-promoting activity 
were performed by a modification of the 
partial thromboplastin time, using plasma 
from a known hemophilic patient as sub- 
strate ( 11). One unit of -4HF clot-promoting 
activity is equivalent to that present in 1 
ml normal pooled human plasma ( 11). 

The rate of the reaction between the rabbit 
antiserum to human AHF was examined by 
incubating pooled normal human plasma a t  
37" with equal volumes of various dilutions 
of the antiserum in barbital--saline buffer 
(0.025 M sodium barbital, 0.125 M NaCl, 
pH 7.5) .  At intervals, residual AHF was mea- 
sured. The influence of the quantity of anti- 
serum on the inhibition produced was ex- 
amined in a similar manner by incubating 
pooled normal human plasma with various 
dilutions of the antiserum for a s tandad 
period of 4 hr a t  37" and measuring residual 
.4HF. In  both these experiments, control esti- 
mations were made of the actlivity of pooled 
normal human plasma incubated a t  37" with 
treated normal rabbit serum for appropriate 
times, allowing correction for the natural de- 
cline in AHF clot-promoting activity during 
the experiment. 

Results. 1. Levels of A H F  clot-promoting 
activity in the  plasmas of diflerent species. 
The plasmas of all mammalian species tested 
contained agents correcting the defect in 
human hemophilic plasma (Table I).  The 

T A B L E  I. A H F  Clot-Promoting Activity in the 
Plasmas of Various Species. 

A H F  activity 
Species (units/ml) 

Hiiman" 
Rhesus monkey 
Chimpanzee 
Baboon 
Pig" 
COW" 

Goat 
Horse" 
Sheep" 

Guinea pig" 
Rabbit" 
HamsterQ 
Porpoise 
Killer whale 
Chicken" 
Pigeon" 
Turtle" 

I h g "  

1.0 
1.3 
0.7 
1.1 
5.0 
1.7 
6.0 
0.6 
3.2 
3.2 
4.5 
4.8 
1.5 
6.5 
3.0 
0.0 
0.0 
0.0 

a Pooled plasma specimens. All other values were 
derived from studies of a single animal. 

units employed relate the activity found in 
the animal plasmas to that present in one ml 
of pooled normal human plasma as indicated 
in the Methods section. Almost no AHF-like 
material was found in the specimens of avian 
or reptilian plasma studied. 

2. Immunologic studies employing double 
diflusion. Lines of identity appeared on 
double diffusion against the rabbit antiserum 
between human and primate (monkey and 
baboon) plasmas (Fig. 1 ) . The plasmas of the 
other mammalian species tested, except for 
the rabbit, produced precipitation lines 
against the rabbit antiserum, showing partial 
identity with human AHF. Typical spurring 
occurred between the precipitation lines of 
human and mammalian nonprimate plasmas. 
No precipitation lines were obtained when 
the avian or reptilian plasmas were tested 
against the rabbit antiserum to human -4HF. 

3. Immunoelectvophoresis of human and 
mammalian plasmas. Little difference was ob- 
served between the mobility of human, 
monkey, baboon, equinle and bovine plasmas 
under the conditions employed. 

4. Kinetics of inhibition of A H F  clot-pro- 
moting activity by the rabbit antiserum to  
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FIG. 1. Double diffusion of the p1:isnias of various species (wells) against the rab'bbiit antiserum 
to AHF (itroughs). Reading from left to right the upper row of wells contained the following 
plasmas: horse, human, cow, human, killer-whale, human, turtle, human, pigeon, human and por- 
poise. The lower row of wells contained plasmas of human, pi%, human, b'aboon, human, monkey: 
human, guinea pig, humlan, human and human. Failure to demonstrate a precipitin line with the 
guinea pig plasma in tihis slide appeared to be an artifact as a precipitin line was observed between 
guinea pig plasma and ithe rabbit antiserum on other slides in which the distance between the 
wells a d  rthe boughs was greater than Ithat nonmally used. 

human A H F .  Inhibition of AHF clot-promot- coagulants studied was nonlinear (Table 11). 
ing activity by rabbit antiserum was a pro- For this reason, susceptibility of the AHF 
gressive reaction, requiring 2-4 hr to reach of different species to inhibition by the anti- 
completion (Fig. 2 ) .  Similar rates of re- serum or anticoagulants was measured by 
action were observed between normal human determining the dilution of antiserum which 
AHF and the circulating human anti- produced 50% inhibition of AHF activity in 
coagulants, as described earlier. The in- an equal volume of plasma after completion 
hibition produced in 4 hr a t  37" by the rab- of their interaction, i .e. ,  after incubation at  
bit antiserum and two of the human anti- 37" for four hours. On six occasions such 

estimations were performed on a plasma 
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FIG. 2. Influlence of the time of incubation of the 
rabbit antiserum to AHF with pooled normal humtan 
plasma on the inhibition of AHF clot-promoting ac- 
tivity. Antiserum used in this (experiment came from 
a different rabbit from that used in the experiments 
in Tables I1 land 111. The dilution of the (antiserum 
used is indicated Rt the right end of each line. All 
values tare corrected for dleteriomtion of AHF ac- 
tivity in the control plasmla during the incubation 
period. 

specimlen on two consecutive days; on each 
occasion, the amount of antiserum or anti- 
coagulant producing 50% inhibition of the 
AHF activity of the plasma differed by no 
TABLE 11. Inhibition of Human A H F  by Va8r- 
ious Dilutions of Rabbit Antiserum to Human 

A H F  and Human Anticoagulantrs to AHF. 

Dilution % A H F  in- 
Agent of agent hibited in  4 hT 

Rabbit Antiserum 1/40 
1/80 
1/160 
1/320 

Human Anticoagulant A 1/40 
1/80 
1/16,0 

1 /640 
1/1280 

Hnni:~n A 11 tic o :I gul a nt €3 

1/2'560 

80 
75 
680 
50 

60 
50 
30 

75 
50 
40 
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TABLE 111. Dilutioii of Rabbit Aiitiseruiii or Huniiin Aiiticoagulaiit to A H F  Producing 50% 
Inhibition of the A H F  Activity of Plasiiia of Different Species iii 4 Hr. 

Precipitin line 
Rabbit Human Human with rabbit 

Source of plasma antiserum plasma A plasma B antiserum 

Ma m m  a1 
Hum a 11 
Rabbit 

P ig  
cow 
Horse 
Slieep 

Guiiieii 1)ig 
Moiikcy 
Killer wliale 
Porpoise 

Dog 

Reptilo 
T u r t lc 

Bird 
P ig  eo 11 
Chic ken 

1/320 1/80 
110 iiiliibition a t  dilutions 1/10 

below 1/5 
1/10 1 / 5  
1/2'0 1/40 
1/40 1 /40 
1 /20 1/10 
1/10 
1/10 1 /40 
1/10 1 /40 
1/5 
1/10 

1/2560 
1/40 

1/20 
1/160 
1/320 
l/l60 
1/640 
1/320 
l/640 
1/640 
1/320 

Oiily trace aiiiouiits of procoagulant ax tivity present correct- 
iiig the clef cc t in  human hemophilic plwma. 

Oil1 y t r ace amouii t s of proc oagulant act ivi t.y p r eseiit correct - 
iiig the defect in  human liemophilie plasma. 

+ 
- 

+ + + + + + + + + 
- 

- 

more than one doubling dilution. 
5.  Inhibition of the AHF clot-promoting 

activity of the animal plasmas b y  rabbit anti- 
serum to  A H F  and b y  human anticoagulants 
t o  AHF.  Human anticoagulants to AHF in- 
hibited the clot-promoting activity present 
in the plasmas of all the mammalian species 
studied (Table 111). Similar results were ob- 
tained using rabbit antiserum, with the ex- 
ception of rabbit plasma. Each agent was 
a more efficient inhibitor of human plasma 
than of any of the animal plasmas tested. 
One human anticoagulant (B)  was more 
powerful than the rabbit antiserum, and the 
other (A) was slightly more active against 
human AHF, but less active against some of 
the mammalian plasmas than was the rabbit 
antiserum. Porcinle AHF was the most re- 
sistant of those tested to the inhibitory 
effect of all three agents in the test system 
used in these experiments; this observation 
was confirmed on three additional different 
specimens of swine plasma in experiments not 
included in the table. 

6 .  Relative sicsceptibility of human, bovine 
and porcine ,4HF to  inhibition. In  order to 

obtain a more valid comparison of the sus- 
ceptibility of human and animal plasmas to 
inhibition by human anticoagulants, their 
effect was tested upon plasmas diluted to 
the same AHF clot-promoting activity as nor- 
mal pooled human plasma by appropriate 
dilution in barbital-saline buffer. The in- 
hibition of these preparations by six different 
human anticoagulants to AHF was then mea- 
sured by the technique described. Porcine 
AHF was more resistant to inhibition by 
each of the human anticoagulants than was 
bovine -4HF clot-promoting activity (Table 
IV).  

Discussion. The present study confirms the 
immunologic relationship between human 
AHF and that of other mammalian species, 
through the use of a specific precipitating 
rabbit antiserum directed against human 
,AHF. Like human circulating anticoagulants, 
which do not precipitate AHF, the rabbit 
antiserum blocked the functional AHF 
activity in a wide variety of mammalian 
plasmas; rabbit AHF, as might be expected, 
was the exception. 

Previous workers have shown that human 
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TABLE 1V. Dilution of Six Different Huinaii 
ilnticoagulaiits to AIIF Producing 50% Inhibition 
of -4HF Activity of Huniaii, Porcine, and Bovine 

Yla,sriia i n  4 Hr. 

Dilution of anticoagulant plaaina in- 
ducing 50% inhibition of plfisma. 

AHF activity in  4 hr  a t  37" 

Patient Swine Bovine Hun1 an  
110. plasma plasma plasma. 

1" 1/40 1 / 810 1/640 

3" 1/4 1/20 1/40 
4" 1/40 1/160 1/2560 

6" 1/8 1/20 1/40 

9n. undiluted pla,sms l / 2  1/210 

5" 1/4 1/20 1/80 

Patients with classic hemophilia with a circu- 

I' Patient with circulating anticoagulant post 
la t ing anbicoa4gulant. 

partum. 

circulating anticoagulants directed against 
AHF vary in their capacity to inhibit human 
and animal AHF (13-25). The observations 
now reported confirm this variation and the 
similar variation of the inhibition of human 
and animal AITF by specific rabbit antiserum 
to human AHF (26). A constant propor- 
tionality of inhibition of the different animal 
plasmas did not exist between the three 
agents studied (Table 111). 

In situations in which powerful circulating 
anticoagulants have developed, administra- 
tion of AHF concentrates is often withheld 
unless life-threatening bleeding occurs or sur- 
gery becomes essential, as infusion of these 
materials may sbimulate the appearance of 
even greater amounts of anticoagulant in the 
blood. In  such cases: concentrates of animal 
AHF. more resistant than that of humans to 
inhibition by the anticoagulants, have proved 
useful in critical situations. Although the 
plasmas of the mammals we have tested, with 
the exception of primates, contained AHF 
which differed antigenically from that of hu- 
man plasma, as tested with rabbit antiserum, 
it seems likely that, AHF preparations from 
all nonprimate mammals will prove antigenic 
in humans. Evidence in support of this is 
found in the clinical studies of Biggs and her 
group (13). 

Bidwell (13) recorded that wide variability 

was observed in the ability of different hu- 
man anticoagulants to AHF to inhibit the 
,4HF activity derived from different species 
and described a patient whose anticoagulant 
inhibited bovine AHF more readily than por- 
cine AHF. Denson (16) reported experience 
with anticoagulants which had developed in 
hemophilics treated with human AHF con- 
centrates only; four had similar inhibitory 
activity against bovine and porcine AHF and 
two were more active against the bovine 
preparation; anticoagulants detectled in four 
patients who had received human, bovine and 
porcine AHF concentrates were judged to 
have no selectivity for any particular type of 
AHF. In these and other reported studies, it 
is not clear whether the concentrations of 
AHF in the different animal preparations 
were equated. Though it  is difficult to gen- 
eralize from the small number of observa- 
tions on record, the observations reported 
here would suggest that porcine preparations 
might be expected to enjoy an advantage over 
bovine in that they may prove more resis- 
tant to the inhibitory effect of human anti- 
coagulants to AHF. 

The presence of AHF, functional as a pro- 
coagulant and detectable as antigen, in mam- 
malian plasma, is in keeping with the sugges- 
tion that mammalian hemostasis is depend- 
ent in part on a system similar to the human 
intrinsic clotting mechanism ( 2  7 ) .  The fail- 
ure to demonstrate AHF-like antigen or 
AHF-like clot-promoting activity in the plas- 
mas of reptilian or avian species is similarly 
in accord with the suggestion that the intrin- 
sic clotting mechanism is poorly developed 
in these classes of animals (28, 29). 

Summary. The plasmas of 14 nonhuman 
mammalian species corrected the specific clot- 
ting defect in human hemophilic plasma. The 
antihemophilic factor (AHF, Factor VITI) 
activity in all these plasmas was inhibited by 
human circulating anticoagulants directed 
against AHF and, except for rabbit AHF, by 
rabbit antiserum to purified normal human 
AHF, but human AHF was more readily in- 
hibited than animal plasmas by both these 
agents. Porcine AHF was more resistant than 
bovine AHF to inhibition by all of 6 human 
circulating anticoagulants. 
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In  immuno-precipitation studies using rab- 
bit antiserum, primate plasmas gave reactions 
of identity with human plasma, while non- 
primate mammalian plasmas gave reactions 
of partial identity. Plasma from a reptile and 
from two avian species contained no detect- 
able antigen or clot-promoting properties re- 
lated to human AHF. 
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