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Data has been obtained which indicates 
that the presence of fibrinogen may play an 
important r61e, not only in protecting ac- 
c el e r a tor -g 1 o b ul i n ( .A c -g 1 o b u 1 i n ) against v a r i - 
ous chemical and physical agents, but also, 
in inhibiting -4c-globulin activity in the con- 
version phase of the normal clotting process. 
I n  a previous s t u d y ( l ) ,  oxalated bovine 
plasma was subjected to the action of chemi- 
cal and physical agents which involved dena- 
turation, adsorption, and precipitation phe- 
nomena. I t  was observed repeatedly that the 
amount of .4c-globulin and prothrombin re- 
moved or inactivated, in large part, depended 
upon whether or not the plasma had been 
defi brinated initially. -4lmost invariably, 
agents which effected a reduction of AC- 
globulin activity and prothrombin con- 
centration in undefibrinated plasma, effected a 
decidedly greater reduction in defibrinated 
plasma. Also, when precipitated fibrinogen 
was removed from plasma which had been 
frozen and subsequently thawed, Ac-globulin 
activity was significantly greater than that 
in fresh unfrozen plasma. Preliminary quan- 
titative data suggest that there is probably 
an inverse relationship, within limits, be- 
tween Ac-globulin activity and the amount 
of fibrinogen in plasma. 

Methods. The source of prothrombin and 
an outline of the method used in the quanti- 
tative assay of -4c-globulin have been de- 
scribed elsewhere( 1).  Prothrombin concen- 
trations were determined by the modified 2 
stage technic (2,3). The thromboplastin 
and fibrinogen preparations were of the same 
type as those used previously(1). Parke- 
Davis topical thrombin was used exclusively. 
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Beef, dog. and rat blood was collected in 
1.85% potassium oxalate; human blood was 
collected in 2.857~ sodium citrate; 7 parts of 
blood to 1 part of anticoagulant were used. 

-4n example of the protec- 
tive action of fibrinogen on ,4c-globulin and 
prothrombin, and one which may be taken 
as representative of an  adsorption phenome- 
non? is the treatment of plasma with kaolin. 
(Table I )  When 5 g of kaolin was added to 
100 ml of non-defibrinated bovine plasma, 
only 30% of the prothrombin and k -g lo -  
bulin was adsorbed. In  contrast, when 100 
ml of plasma was defibrinated with thrombin, 
and then treated wilth 5 g of kaolin (NF 
Powder), approximately 40-50% of the pro- 
thrombin and Ac-globulin was adsorbed. It 
required 17  g of kaolin per 100 ml of non- 
defibrinated plasma to adsorb 40-50% of the 
prothrombin and Ac-globulin. The removal 
or inactivation of Ac-globulin and prothrorn- 
bin effeclted by the addition of protein pre- 
cipitants of the heavy metal group is another 
insltance in which the protective action of 
fibrinogen on -4c-globulin and prothrombin 
was demonstrated. ‘In one experiment, when 
native bovine plasma was treated with an 
equal volume of a 1.570 HgC12 solution, 
centrifuged, and the mercuric ions removed 
with coagulated egg albumin, the ,4c-globulin 
activity of the supernatant was approxi- 
mately lo%, and the prothrombin concentra- 
tion 35% of that in the native plasma. How- 
ever, when defibrinated plasma was sub- 
jected to similar treatmenit, no i4c-globulin 
activity or prothrombin could be detected. 
Furthermore, the presence in the plasma of 
precipiltated fibrinogen or of clumps of 
formed fibrin, which may result from freez- 
ing and subsequent thawing of the plasma, 
interferes with the removal or inactivation of 
-4c-globulin and prothrombin by HgClz solu- 
tion. When the precipitated fibrinogen and/- 
or fibrin are removed from the plasma, how- 
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TABLE I. 
Effect of Kaolin on Prothrombin Conrentra tion and Ac-Globulin Activity. 

Physical state of plasma % prothrombin conc. yo area % Ac-G activity 

1. Fresh native beef plasma 100 100 100 
2. (1) treated with kaolin 69 92 7 0 
3. (1) defibrinated with thrombin and 58 6 1  51 

treated with kaolin 

The kaolin cone. was 5 g per 100 nil of plasma. Initially kaolin was mixed with distilled 
water, the mixture centrifuged, the supernatant decanted, and the tube inverted and allowed to 
drain. Beef plasina was added to kaolin, mixed, swirled for 5 niin., centrifuged, and the clear 
supernatant plasma removed. For  each hc-globulin determination, .03 nil of plasma was used. 

TABLE T I .  
Effect of Freezing 011 Ac-Globulin Activity. 

Physical state of plasma in1 of plasma % area y6 Ac-G activity 

1. Fresh pooled human pkisma, 28°C 
la .  (I) stored at  -40"C, 5 lir, thawed a t  28°C; 

precipitated fibrinogen removed 
2. Fresh bcef plasma, 28" C 
2a. (2) same as ( l a ) ,  stored 3 days 
3. Fresh rat  plasma, 28°C 
.3a. ( 3 ) ,  28"C, spontaneous precipitation of 

4. Fresh dog plasma, 28°C 
4a. (4) same as ( l a ) ,  but stored 4 lir 
4b. Fibrinogen redissolved in dog plasma, 5°C 
5. Fresh dog plasma, 28°C 
5a. (5)  same as ( la ) ,  but stored 24 hr;  no pime- 

cipitation of fibrinogen 
6. Fresh beef plasma, 28°C 
6n. ( 6 )  defibrinated with thrombin, 28°C 
6b. ( Ra) same as (k), stored 3 hr 

fihrinogen ; precipitate removed 

ever, th2 same concentration of HgClz solu- 
tion effects complete removal or inactivation 
of both Ac-globulin and prothrombin. If 
fibrinogen does manifest some type of pro- 
tective action toward Ac-globulin, as our 
evidence would suggest, it  may, in an analo- 
gous manner, serve to inhibit Ac-globulin 
activity in the clotting process. This would 
provide a probable explanation for the ob- 
servation that -4c-globulin activity is decided- 
ly greater in plasma that has been frozen 
than in plasma that has not. The data in 
Table 11, substantiate this observation in 
4 species of animals. Ilt should be noted that 
increased Ac-globulin activity occurs only 
when fibrinogen is precipitated out of the 
solution, either by freezing and subsequent 
thawing (1, la ,  2, 2a, 4, 4a), or by spon- 
taneous precipitation (3, 3a). When, in spite 
of freezing and thawing, no fibrinogen is 
precipitated, there is some decrease of Ac- 
globulin activity (5, 5a). When the fibrino- 
gen is redissolved in the same plasma from 
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which it was precipitated, Ac-globulin ac- 
tivity is reduced almost to that of fresh un- 
frozen plasma(4). We have been unable, 
however, to reduce the Ac-globulin activity 
of frozen plasma to that of unfrozen plasma 
by the addition of Armour bovine fibrinogen. 
There is no significant difference in Ac- 
globulin activity in frozen and unfrozen de- 
fibrinated plasma, but there is a decided dif- 
ference in activity in defibrinated (with 
thrombin) and non-defibrinated plasma (6, 
6a, 6b). There is only a slight difference in 
Ac-globulin activity in plasma defibrinated 
with thrombin (6a) and that defibrinalted by 
freezing (2a), the latter, moreover, not being 
free entirely from fibrinogen. Prothrombin 
concentrations of the species tested are not 
altered detectably by the initial freezing and 
thawing of plasma. 

Discussion. These studies serve to intro- 
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duce the concept that fibrinogen apparently 
acts as a buffer or protector substance to Ac- 
globulin and to prothrombin. More sig- 
nificantly, they call attention to a probable 
r6le of fibrinogen in the conversion phase of 
the normal clotting process. Although the 
prothrombin concentration is not altered de- 
tectably by the removal of fibrinogen, Ac- 
globulin activity is. This qualitative differ- 
ence, therefore, focuses attention on the Ac- 
globulin-fibrinogen relationship particularly. 
I t  is conceivable that L4c-globulin “molecules” 
are enveloped by, or form a complex with 
fibrinogen moleculqs, in ghich state the 
former may be considered to be inactive. 
With the liberation of small amounts of 
thrombin, or by adding small amounts of 
thrombin to plasma, the fibrinogen is con- 
verted to fibrin, thereby releasing “active” 
-4c-globulin (serum type) “molecules.” Such 
an hypothesis is consistent with many ob- 
served, but hitherto unexplained phenomena 
in blood clotting, and can serve as a start- 
ing point for sound speculation and experi- 
ment. Recently, for example, Quick and 
Stefanini(4) have shown that the effect of 
rabbit labile factor on stored human plasma 
is increased over that on fresh plasma. They 
have called attention to the similarity be- 
tween this observation and that of Ware, 
Murphy, and Seegers ( 5 )  regarding the con- 
version of an inactive plasma -4c-globulin to 
an  active serum .4c-globulin. The release of 
fibrinogen from an -4c-globulin-fi brinogen 
complex incident to the storage of plasma 
could account for the increase in the sensi- 
tivity of the stored human plasma to labile 
factor. Similarly, the influence of varying 
amounts of thrombin on Ac-globulin activity 
in oxalated bovine plasma(6) could be ex- 
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plained by the removal of fibrinogen. T h e  
conversion of an inert pro-enzyme plasma 
Ac-globulin to an active serum-type Ac- 
globulin may be mediated by thrombin, by  
freezing and thawing, or, in all probability, 
by any chemical or physical agent which 
effectively removes fibrinogen without con- 
comitant removal of Ac-globulin. Quantita- 
tive studies of this problem are in progress, 
Further? it is tentatively postulated that 
with additional study of the fibrinogen-Ac- 
globulin relationship, the differences and in- 
congruities between the various accelerator 
factors described may, in part a t  least, be 
reconciled. 

The increase of Ac-globulin activity subse- 
quent to the removal of fibrinogen is of con- 
siderable practical importance in the routine 
assay of plasma Ac-globulin. From the above 
discussion, it would seem evident that the  
,i\c-globulin activity in plasma is a function 
of several variables, of which fibrinogen, and 
agents which alter it, is of appreciable sjg- 
nificance. -4s a corollary, i t  would seem 
equally evident that Ac-globulin as a quan- 
tity or entity can be measured accurately 
only in serum or in completely defibrinated 
plasma. 

Summary. Evidence is presented which 
indicates that fibrinogen serves as a buffer 
or protector substance to Ac-globulin. The 
removal of fibrinogen from plasma by the 
addition of thrombin or by freezing and subse- 
quent thawing enhances Ac-globulin activity. 
The  data provide a probable explanation for 
the conversion of an  inactive pro-enzyme 
accelerator in plasma to an active accelerator 
in defibrinated plasma and in serum. 
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