
PLASMINWEN ACTIVATOR IN BLOOD 291 

be noted that these findings reflect not only 
a n  adrenal defect but also an alteration in 
renal function. In  view of the above observa- 
tions on hepatic and renal function in the 
tumor host, it might be expected that decided 
changes in the dehydrogenase activity of these 
tissues would be found. While our data indi- 
cate a tendency for the dehydrogenase autiv- 
ity of the kidney slices to fall and the liver 
slices to rise in the tumor group as compared 
with the controls, these changes are of limited 
magnitude and the overlap of the absolute 
values in the 2 groups is considerable. 

The present findings are of interest from 
several aspects: (a) In  view of the importance 
of the homeostatic functions of the liver and 
kidney( 7) and clinical observations linking 
kidney and liver function; i e . ,  the hepatorenal 
syndrome, it is significant to find evidence of a 
relatively fixed relationship between the de- 
hydrogenase activity of the liver and kidney. 
(b) The fall in the K/L ratio in the tumor 
mice of the CFW and A strains is indicative 
of a systemic alteration in the tumor host. 
Since this change was found in the mice with 
small as well as large tumors, it more probably 
represents an effect of the tumor rather than 
an expression of cachexia or inanition. (c) 
The findings are of interest in regard to the 
incidence of spontaneous tumors within the 
strains. The most marked differences in the 
K/L ratios between the control and tumor 
mice were found in the CFW and A strains. 
These strains are known to have a very low 
incidence of spontaneous breast tumors in the 
virgin state. In  contrast, the R/L ratios in 

the control and tumor mice of the C3H strains 
were almost identical. This strain is charac- 
terized by a very high (90%) incidence of 
spontaneous tumors in the virgin mice. The 
dba strain has an intermediate incidence of 
breast tumors in the virgin females ( 11-50$%0 ) . 
In this strain the difference in the K/L ratios 
between the control and tumor animals was 
found to be just below the level of statistical 
significance. 

Summary. The in vitro dehydrogenase ac- 
tivity of liver and kidney slices from female 
control and tumor mice of the CFW, C3H, 
dba, and A strains was determined and the 
relative intensity of the kidney to liver values 
(K/L ratio) was calculated. The K/L ratio 
was found to be maintained within a relatively 
narrow range in the different control groups. 
In  the CFW and A mice this value was shifted 
to a lower value in the presence of a tumor. 
Such a change occurred to a lesser degree in 
the dba mice and not at all in the C3H mice. 
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A Plasminogen Activator in Spontaneously Active Human Blood.*t (20097) 

STEN MULLERTZ. (Introduced by T. Astrup.) 
From the Biological Institute of the Carlsberg Foundation, Copenhagen, Denmark. 

In  the living organism fibrinolytic activity 
of blood occurs in a number of physiological 

and pathological conditions( 1,2). The high 
autivity found after certain modes of death 
(3)  has recently been studied (4). The speci- 
fic fibrinolytic effect observed in blood is 
caused by a strong adsorption of the fibrin- 
olytic substances to fibrin(5). The experi- 
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ments also revealed the presence of a plas- 
minogen activator in the active samples. 

:l.lcthods and materials. Fibrinolytic ac- 
tivity was measured by: 1 )  The standard 
fibrin plate method(6)  tin which the substrate 
contains a large amount of plasminogen. 2 )  
The heated fibrin plate method( 7) where the 
plasminogen in the substrate was destroyed 
by heating the fibrin plates a t  85' for 45 
minutes. 

Fibrinolytically active globulin was ob- 
tained from active samples of human plasma 
by precipitation at  pH 5.3 and low ionic 
strength(8) and redissolved in buffer to the 
original volume. .Vortnal human globulin 
was prepared from serum in the same way, 
but dissolved to % of the original volume. 
Hzrman plasntinogm was precipitated from 
serum in the same way. redissolved and re- 
precipitated by dialysis against distilled water 
for 2 hours (mechanical stirring) and finally 
dissolved in buffer to 1, ' lO of the original 
volume. Bovine plasminogen. Freshly pre- 
pared bovine fibrinogen ( 6 )  was heated at  
56: for 5 minutes in a waterbath. After 
cooling and centrifugation the supernatant 
was dialyzed against saturated ammonium 
sulphate, in the cold, overnight. The pre- 
cipitate was redissolved, dialyzed against 
buffer and lyophilized. Bzifler. Sodium di- 
ethylbarbiturate buffer (llichaelis) pH 7.75, 
containing sodium chloride to an ionic strength 
of 0.15. Streptokinase. A sample was kindly 
placed at  our disposal by Dr. Frank Fletcher, 
Cheshire, England. 

Results. Blood from cases of sudden death. 
Active blood samples from cases of sudden 
anoxaemic death (4 )  contain no fibrinogen or 
fibrin. The activity of the globulins from 13 
different cases was compared by means of 
the two methods. High activities were found 
on standard fibrin plates (containing plas- 
minogen). while very low activities were 
found on heated fibrin plates (containing no 
plasminogen) . Addition of plasminogen t o  
the solution of active globulin produced a 
large increase in activity on heated fibrin 
plates. On standard fibrin plates a smaller 
increase was obtained (Fig. 1). These ex- 
periments show that the aative samples con- 
tain a plasminogen activator. Various pro- 

F I G .  1. Dilution curves of mixtures o f :  a )  active 
globulin and buffer, b )  active globulin and  human 
plasmincgen and c )  active globulin and bovine 
plasminogen. A : Standard fibrin plates (contain- 
ing plasminogen) B : Heated fibrin plates (with- 
out plasminogen) . Abscisscc : Relatil-e concentra- 
tions of mixtures in yo. Ordinate: Activity aa 
product of 2 diameters of the lysed zr~nes (mm'). 

teases produce almost identical effects on the 
standard fibrin plate and on the heated fibrin 
plate( 7 ) .  Therefore the effect obtained on 
standard fibrin plates is caused primarily by 
activation of the plasminogen contained in 
the substrate. An estimation of the content 
of activator !in aotive globulin was obtained 
on heated fibrin plates as follows: An excess 
of bovine (A.1) and human (,4.2 1 plasmin- 
ogen was added to a solution of active 
globulin and the resulting activities were com- 
pared with the enzyme activity (plasmin) of 
the active globulin ( B )  and with the activity, 
which could be produced by maximal activa- 
tion of normal human globulin by addition 
of active globulin (C.1) or of streptokinase 
(C.2) (Table I ) .  The results show that $..he 
addition of bovine plasminogen (A. 1 ) pro- 
duced an amount of plasmin which was about 
40 times larger than the lamount contained in 
the original sample of active globulin ( B )  
and about 20 times larger than the maximal 
amount which could be produced by activa- 
tion of the sample of normal human globulin. 
Identical activities were obtained by activa- 
tion of human globulin with active globulin 
(C.l)  or with streptokinase (C.2).  The rela- 
tively lower activities obtained by addition 
of human instead of bovine plasniinogen to 
the active globulin was caused by contamina- 
tion of the preparation with inhibitory sub- 
stances. 

Blood from living persons. Samples of ac- 
tive globulin were also obtained from living 
persons under strain (electrically induced 
convulsions in psychiatric therapy). Previ- 
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TABLE I. Comparison between: ( A )  The Activity Produced by Addition of Plasminogen to 
-1ctive Globulin; ( B )  the Activity Produced by Active Globulin Alone; and  (C) the  Activity 
Produced by Maximal Activation of Normal Human Globulin with Active Globulin (C. 1) and 

with Streptokinase (C. 2) .  

Activities a3 70 of mas. 
Measured activities activity 

Mixtures of dilutions Un- 
ml 1 W % ',& corrected Corrected 

A. 1 Activeglobulin 
Bovine plasminogen 
Buffer 

A. 2 Active globulin 
Human plasmdnogen 
Buffer 

B. Active globulin alone 
C. 1 Humanglobulin 

Active globulin 
Buffer 

100 400 
1." 

5 0  

1.'' ] 144 78 56 44 - 52 208 

65 49 25 19 - 11 11 

94 64 40 32 - 20 20 

196 146 97 64 49 

.50 

1 ' 1  

1 81 64 49 36 - C. 2 Humanglobulin 
Streptokinase 20 20 

- 
Substrate: Heated fibrin plates. Measured activities: Products of 2 diameters of the lyzed 

zones (mean of 3 determinationa) in mm2. Acthi t ies  calculated as v0 of maz. act iv i ty :  Uncor- 
rected values a re  obtained by interpolation on curves drawn from measured activities (compare 
Fig. 1). These percentages a re  corrected for dilution i n  order to compare the aztivities which 
corrcspond to  plasma concentrations of active globulin and  of human globulin. For wncentra- 
tions of active globulin (A. 1, A. 2, B) and liuman globulin (C. 1, (3. 2) gee: Methods and mate- 
rials. The coacentrations of bovine plasminogen ( in  -4. l), human plaeminogen (in A. 2) ,  active 
globulin (in C'. 1) and streptokinase (in C. 2)  necessary t o  yield maximal activities were esti- 
mated in  separate experiments. 

ous experiments had shown that the fibrinoly- 
tic substances in blood were strongly adsorbed 
to fibrin( 5 ) .  Thus globulins prepared from 
serum obtained from lactive blood were com- 
pletely inactive, while globulins prepared from 
the oxalated plasma were fibrinolytically ac- 
tive. Even the slightest clotting in the 
globulin solutions gave erroneous results, when 
the remaining solution was used for the 
estimation of fibrinolytic activity. The high 
lability of fibrinogen in the plasma globulin 
solutions greatly increased this difficulty and 
made the fibrin plate method a very suitable 
method. The amount of activator in plasma 
globulins from living persons under strain in 
10 different cases was determined as described 
above. A 2-3 times increase in the amount 
of plasmin could generally be produced by 
addition of bovine plasminogen to active 
globulin solutions. 

The actiz)ator-plasminogen reaction. In  
some experiments the activities of mixtures 
of plasminogen with active globulin (from 
cases of sudden death) were also measured by 
means of lysis time determinations on bovine 
fibrin, performed as described in (9) .  Solu- 

tions of active globulh containing appropriate 
concentrations of human a )  and bovine b) 
plasminogen were left for 15 min. at  37OC. 
Fibrinogen was added and clotted with throm- 
bin and the lysis times were determined 
(Fig. 2 ) .  Increasing amounts of plasmh 
were formed by addition of increasing amounts 
of plasminogen to the active globulin. Similar 
results were obtained by means of the heated 
fibrin plate method. 

These experiments indicated that the activa- 
tion was probably a stoicheiometrical reaction. 
However, the bovine fibrin used is not a suit- 
able substrate to settle this question because 
of its high plasrninogen content. Furthermore 
the experiments were complicated by the in- 
stability of the activator and by a significant 
content of inhibitory substances in the plas- 
minogen and activator preparations. 

It is generally accepted that 
plasmin is produced in blood by activation of 
a precursor, plasminogen ( 1 ) . In the human 
organism fibrinolytic activity is known to 
develop under various physiological and path- 
ological conditions ( 1,2 ), but no conclusive 
evidence has been presented concerning the 

Discussion. 
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20 40 60 80 Iw 
conc. % 

FIG. 2. Lpis  tiliics of clotted mixtures o f :  Active 
glol>uIin (1.0 nil) : thrombin solution (1.0 ml) ; 
~ilasminogen (1.0 nil), and  bovine fibrinogen 
( . 0 5 % :  1.0 nil). The niil\-turcs were incubated :it 
3T"C for 15 mill. Iwfore addition of fil)ritiogeii. 
0.- Human and 2,: bovine plasmiiiogen added in in- 
crrnsing concoitrnticms. . I  bscissa .- plasminogen 
concentrations i l l  ',C of stock solution. O r d i n c i t ~ :  

rt~c.ipiwc.:il I+s times. 

mechanism involved. Astrup and Permin( 10) 
demonstrated a physiological tissue activator, 
fibrinokinase, which later was found to aoti- 
vate plasminogen by a stoicheiometrical re- 
action( I 1  ). An interaction between this 
factor and the plasminogen in blood has been 
suggested as a possible explanation ( 10,1,3,4). 
Some authors have suggested the presence 
of an activating principle in blood. Schmitz 
( 1 2 )  obtained two fractions from dried horse 
fibrin. Each was slightly active, while an 
increase in activity was produced after mixing. 
Lewis and Ferguson( 13)  prepared two frac- 
Itions from normal dog blood serum. Each 
was inactive, while increasing activity de- 
veloped afiter a period of several weeks, when 
they were incubated together a t  5-C. 

In the present work a plasminogen activator 
is demonstrated in spontaneously active hu- 
man blood. The amounts present far exceed 
those necessary for the complete conversion 
of the plasminogen contained in blood. The 
activator is soluble and appears rather labile. 
A similar soluble and labile activator was re- 
cently isolated from urine( 14). The tissue 
activator is more Ytable and is very strongly 
attached to  structural proteins. It is known, 
furthermore, that fibrinolytic activity de- 
velops very suddenly and appears overall in 
the blood( 1). Therefore, the blood activator 
is probably not identical with the tissue adi-  

vator. There is reason to assume ithat the 
blood activator develops from a precursor, a 
proactivator, which apparently is present in 
large amounts in human blood. 

Obviously, the determination of fibrinolytic 
activity yields different results with different 
substrates. A substrate free from plasmho- 
gen reacts only with the enzyme proper 
(plasmin). In a fibrinolytic method, per- 
formed as is normally the case, the plas- 
minogen in the substrate may be activated by 
activators present in Ithe active samples. 
Therefore, the total aativity observed may be 
much larger than that corresponding to the 
content of plasmin in the sample. This 
makes a reconsideration of a large part of the 
existing literature in this field necessary. 
MQCfQrlQncl and Pilling ( 1 5 )  diluted active 
human globulin with human fibrinogen con- 
taining plasnainogen and lysis was obtained 
in high dilutions. These large activities do 
not conform with Ithe low spontaneous ac- 
tivities (plasmin) found in human blood 
with casein(8). Lewis and Ferguson have 
used bovine fibrin as a substrate( 13). This 
substrate contains plasminogen and does not 
permit a distinction between activator and 
plasmin. Our recent experiments suggest 
that it is an activator and not an enzyme, 
which is formed spontaneously in their cited 
experiment. 

Summary. 1. Fibrinolytically active blood, 
as obtained from the living and dead human 
organism, contains a plasminogen activator. 
The ,amount of this activator exceeds many 
ltimes that needed for the complete activation 
of the plasminogen present in human blood. 
2. The plasminogen activator in blood differs 
from the *tissue activator, fibrinokinase, and is 
probably formed from a precursor contained 
in the blood. 
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Effect of Chlorides and Heat on Extraction and Activity of Sheep Pituitary 
Gonadotrophin.* (200%) 

W. H. MCSHAN AND ROLAND K. MEYER. 
From the Depurtment of Zoology, University of Wisconsin, Madison. 

Aqueous solutions of organic and inorganic 
compounds, and also water have been used 
for the extraction of pituitary gonaddtro- 
phin(s) (1-5). The concentration and, par- 
ticularly, the separation in high yields of two 
biologically pure gonadotrophins from these 
extradts have been difficult to accomplish. 
Presumably this is due in part to the asso- 
ciation of the gonadotrophins (FSH and LH) 
with inert mterial  and w;ilth each other. On 
the basis of this assumption atrtempts were 
made to dissociate these hormones by extract- 
ing them with saturated solutions of inorganic 
chlorides, concentrated solutions of sucrose 
and urea, and water a t  a temperature just 
below that which would cause inactivation. 
Although separation of ithe gonadotrophins 
was not accomplished, they were concentrated 
by simple procedures and information was 
obtained relative to atheir sjtability to heat 
and their augmentation by concentrated salt 
solutions. 

Methods and materials. The solvents used 
for extracting the dry sheep pituitary tissue 
were solutions of inorganic chlorides saturated 
a t  room temperature, 0.88 M sucrose, 6.6 M 
urea and water. The amounts of pituitary 
tissue extracted ranged from 2 to 100 g. 

*This investigation was supported in part by re- 
search grant RG-Z154(.C2) from the National Insti- 
tutes of Health and by a grant from funds supplied 
by the Wisconsin Alumni Research Foundation. 

Eytractions with sodium chloride were made 
at 25, 60, 70, 80 and 9OoC. Extrackions with 
the ather solutions were done at  70OC. The 
pituitary powder was mixed in the ratio of 
1 g of dry tissue to 10 ml of solution, placed 
in a water bath regulaited to ithe desired 
temperature, stirred for one hour, centrifuged 
and the residue reextracted in the same way. 
The two extracts were combined and desig- 
nated as extraot E. A third treatment with 
NaCl solution extracted little acbivilty. On 
the basis of this, the residues that remained 
after ltwo extraotions with the ather solvents 
were not studied. The E extracts were 
dialyzed to remove the chlorides and other 
substances used for extraction. This caused 
an inactive preoipitate to form which was 
removed by centrifugation t o  give the dia- 
lyzed soluble fraction A which was adjusted to 
pH 4. The preoipitate was removed by 
centrifugation and designated as fraction C, 
and the pH 4 soluble fraction (B)  was con- 
centrated by lyopbilizing. This concentrated 
extract was dialyzed, then centrifuged to 
remove any insoluble material present and 
lyophilized to dryness to give fraction D. 
Fraction B was dso recovered by precipita- 
tion with alcohol or acetone and dried by 
lyophilization. The extracts and fractions 
were assayed for gonadotrophic hormone ac- 
ltivity by the me of 21-day-old female rats 
of the Holtzman-Rolfsmeyer strain. The 
volumes of the fractions were adjusted with 




