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A Fibrinolytic System in Human Milk.*+ (20727) 

TAGE ASTRUP AND IDA STERNDORFF. 
From the Biological Institute, Carlsberg Foundation, Copenhagen, Denmark. 

The presence of an activator of plasminogen 
in urine suggested a search for fibrinolytic 
activity in other fluids secreted or excreted 
through narrow channels ( 1 ) . Milk and 
casein are known to contain small amounts 
of a proteolytic enzyme ( 2  ) . The experiments 
to be presented here show that there exists in 
human milk a fibrinolytic system restembling 
that demonstrated in human blood (3).  This 
result is in accordance with the independent 
observation by Geiger (4), that streptokinase 
increases the proteolytic activity of mixtures 
of milk with rabbit plasma. 

Materials and methods. Enzymic activity 
was estimated by the following 3 methods: 
I .  Fibrinolytic effect was estimated on bovine 
fibrin containing plasminogen by the standard 
fibrin plate method(5) and recorded as the 
product (in mm2) of 2 diameters of the 
lysed zones (average of 3 determinations). 
11. Effect on bovine fibrin, where plasminogen 
had been destroyed by heating, was estimated 
similarly on fibrin plates heated for 45 min. 
a t  85 “C(  6).  111. Proteolytic activity was 
estimated on casein (3% in borate or phos- 
phate buffer) after precipitation with per- 
chloric acid (final concentration 6%) by de- 
termination of the optical density of the 
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*This investigation was aided by a grant from 
the Josiah Macy, Jr. Foundation, New York. 

t Preliminary communication at  4th European 
Haematological Congress, Amsterdam, Sept. 8, 1953. 

supernatant a t  270 mp using a Hilger Uvispek 
spec tropho tome ter . 

Human milk was obtained fresh from The 
Children’s Hospital, Fuglebakken , Copen- 
hagen. The samples were centrifuged. and 
the skimmed milk was used. Bovine plas- 
minogen was prepared from ammonium sul- 
fate precipitated fibrinogen( 5 ) ,  using 0.9% 
NaCl instead of the usual barbital buffer) by  
heating for 10 minutes at  54°C followed by 
dialysis of the supernatant against saturated 
ammonium sulfate. The precipitate was re- 
dissolved, dialysed against borate buffer: and 
lyophilized. Streptokinase (“Varidas~”) was 
obtained from the Lederle Laboratories 
Buffers: Barbital: 0.1 M ;  pH 7.75; NaCl to 
,U 1 0.15. Borate: 0.05 M ;  pH 7.75; NaCl 
to p = 0.15. Phosphate: 0.06 RI; pH 7.35; 

Fibrinolytic activity of human milk. A 
wide range of fibrinolytic activity was en- 
countered when samples of human milk were 
applied to standard fibrin plates. Activity 
measurements of about 400 mm2 were ob- 
tained maximally and a considerable number 
of samples showed no or only a slight 
activity. In all samples of mills. the addition 
of streptokinase produced a high fibrinolytic 
activity. The streptokinase solution alone 
had only a very slight effect on the standard 
fibrin plates (Fig. 1) .  However, no or only 
a trace of activity was found when the effect 

p = 0.15. 
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F I G .  1. Action of streptokinase on  liuiiian milk. 
Abscissa : Find concentrations in % of stock solu- 
tions. Ordi l la te  : Fibriiiolytic activity on standard 
fibrin plates. Czcrce A :  Serial dilutions of milk 
with barbital buffer. Carve B :  Serial dilutions of 
streptokinase (stock solution: 1 mg in 64 in1 bar- 
bital buff er ) .  C‘ur.ce C : Serial dilutions of llunian 
inilk containing eqiinl niiiouiits of streptolrinase (in 

colic. 50% of stock sol.). 
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F I G .  2. Effect of ~ilnsniiiiogcn on the fibriiiolytic 
activity of  streptokinase activated liuniaii milk. 
Abscissa : E ’ i x i l  coi~eciitration of I~lasmiiiogeii in 
7 0  of stock solution (20  mg/ml in barbital buffer). 
Ordinate : Fibrinolytic activity on heatpd fibrin 
plates. Czrrce A : Serial dilutions (1 ml) of plas- 
ininogen with diluted (50%) streptokinase solution 
(1 ml; stock solution: 1 mg in 50 ml barbital buf- 
fer) .  Curve B :  Serial dilutions (1 ml) of plas 
ininogen with diluted (50%) human milk (1 ml). 
Czirve C :  Serial dilutions (1 nil) of plasminogen 
with 1 ml mixture prepared by heating human milk 
with equal vol of streptokinase stock solution for 
30 min. at 37°C. Cont ro l s :  IIuinan milk, streptok- 
iiiase or plasminogen alone : No activity. Mixturo 
of milk and streptokinase: Trace of activity 

( 2 5  mm’). 

of the milk on heated fibrin plates was studied. 
This was true before as well as after the 
addition of streptokinase to the samples. 
Though a denaturation occurs during the 

heat treatment of the fibrin this does not 
significantly interfere with the lytic effect of 
a number of proteolytic enzymes (6).  Bovine 
fibrin normally contains large amounts of 
plasminogen, but in the heated fibrin plates 
the plasminogen is destroyed. The fibrino- 
lytic activity observed on standard fibrin 
plates is therefore probably caused by an 
activation of the plasminogen contained in 
the fibrin. This means that the fibrinolytic 
agent present in milk acts as an activator of 
plasminogen, and that the action of strepto- 
kinase might consist in the transformation of 
a proactivator into an activator of plasmino- 
gen. This is similar to the system found in 
human blood ( 3  ) . 

If a plasminogen 
activator is involved, the addition of plas- 
minogen should result in the formation of 
plasmin. Appropriate mixtures of human 
milk, plasminogen and streptokinase were 
therefore prepared and the resulting activities 
measured on heated fibrin plates (Fig. 2 ) .  
I t  is seen that streptokinase alone produced 
a very low activity in the bovine plasminogen. 
The effect produced by a mixture of human 
milk and bovine plasminogen was small in 
this experiment. This effect was found in 
other experiments to depend upon the fibrino- 
lytic activity of the sample of human milk. 
Very large activities were always found when 
a mixture of human milk and streptokinase 
was added to plasminogen. The effects in- 
creased with increasing concentrations of plas- 
minogen. These results therefore prove the 
assumption made above concerning a plas- 
minogen activator and proactivator. 

.-l d r y  preparation. An effort to control 
these results by estimating the proteolytic 
activity on casein was complicated by high 
blank values in the estimation of proteolytic 
activity by light absorption at 270 mp. This 
difficulty was overcome by treating with 
chloroform (1 ml per 10 ml milk; 45 minutes 
slow shaking a t  room temperature), followed 
by isoelectric precipitation a t  pH 4.5 of the 
resulting (undiluted) solution, resolution of 
the precipitate in borate buffer, and lyophil- 
ization. Less than half the activity remained 
after these procedures. 

EBec t s  of plasminogen. 
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3. Dimxtion of casein with nlasminopen in 
presence ofv streptokinase activate2 human- milk. 
Stock solutions : Eovine plasminogen: 30 mg/ml 
H,O. Milk preparation: 25 mg/ml H,O. Streptok- 
inase: 1 mg in 25 in1 phosphate buffer. Dilutions 
of plasminogen prepared in phosphate buffer : 100,  
70, 50, 30, 20, 10, 5, O % ,  respectively. A :  Dilution 
of milk preparation: 16.5 nil stock sol. -+ 5.5 ml 
phosphate buffer. B : Dilution of streptokinase : 
5.5 nil stock solution + 16.5 m1 phosphate buffer. 
C :  Mixture of milk preparation (16.5 ml) with 
streptokinase solution (5.5 ml) . Samples (2.5) of 
plasminogen solutions mixed with 2.5 ml of A, B, 
and C. After 30 min. at 37" 4.5 ml were added to 
4.5 ml casein solution. Samples of 2 ml removed 
after 0, 30 and 120  min. and added t o  3 ml 1 0 %  
perchloric acid. Samples were left overnight, cen- 
trifuged, and optical density a t  270 mp estimated. 
Absoissa : Final concentration of plasminogen in 
'% of stock sol. Ordinate: Optical density a t  270 
mp. Curves for casein digestion a t  zero time, after 
30 and 120 min. (Series C). Controls (optical 
density) : Casein alone (max 0.060). Streptokinase + plasminogen + casein (max after 2 hr:  0.092) 
(Series S )  . Milk preparation + plasminogen + 

casein (inax after 2 hr:  0.116) (Series A).  

Casein digestion. By means of this par- 
tially purified dry preparation it was possible 
now to confirm on a casein substrate the ex- 
istence of the plasminogen proactivator dem- 
onstrated in the fibrin plate experiments. 
Appropriate mixtures of the partially purified 
milk agent with streptokinase were incubated 
with plasminogen for 30 minutes and the solu- 
tions then added to the casein solution. After 
digestion a t  37°C for either 30 minutes or 
2 hours, samples were precipitated with per- 
chloric acid solution; and the optical density 
of the supernatant was read at  270 mp. For 
details 3ee Fig. 3. The results compare ex- 
actly with those obtained with streptokinase 
on the heated fibrin plates. 

Discussion. The results presented here 
show that human milk contains: 1. An agent 
which acts as an activator of plasminogen, and 
which is present in varying and usually slight 
amounts. This agent was also recently found 
in bovine milk. 2.  An agent which in the 
presence of streptokinase is transformed into 
an activator of plasminogen. This agent is 
present in all samples in considerable 
amounts. 

The existence of a fibrinolytic system in 
milk is of interest because it supports the 
idea( 1) that fluids occurring in narrow chan- 
nels in the organism are provided with mech- 
anisms by which the obstruction of the chan- 
nels with clotted fibrin can be counteracted. 
The similarity of this system with that found 
in blood(3) suggests that the origin of these 
substances in milk is probably to be found in 
the blood. The observations are therefore 
also of significance in the discussion of the 
blood proteins as a source of some of the 
proteins contained in milk. However, a sim- 
ple nonselective contamination of the milk 
with blood proteins appears less probable 
because other experiments showed, that hu- 
man milk contains very small amounts of the 
trypsin inhibitor which is present in high con- 
centration in blood. In  this respect it is of 
less significance that the amount of plasmino- 
gen in human milk was found to be so small 
that it could hardly be observed by the 
methods applied. Since the pIasminogen con- 
tent of human blood is low ( 3 ) ,  dilution might 
make it difficult to detect the small amounts 
present. 

I t  is worth noticing that the chloroform 
treatment which is used in producing fibrino- 
lytic activity in blood( 7 ) ,  does not produce 
fibrinolytic activity in milk. However, the 
development of activity in blood after short 
treatments was very slow (8). 

The relation between the activities ob- 
served here and the slight proteolytic activity 
found in milk and casein by previous authors 
( 2 )  is not known. 

1.  Human milk contains vary- 
ing amounts of an agent, which activates plas- 
minogen to plasmin. 2. Human milk contains 
considerable amounts of a proactivator, which 

Summary. 
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Observations on the Nature of Radioactive Contaminants in Biosynthetic 
Cho1esterol-Cl4.* (20728) 

SEYMOUR DAYTON,+ ERWIN H. NOSBACH,: AND FORREST E. KENDALL. 
Froni t h e  Research Service, Goldwater  Meniovial Hospital, and the Depart tizents of Medicine and 

Biocheniistrg,  College of Physicians and Surgeons, Coiuinbia L'niversity, ,Yew E'ork City. 

Schwenk and co-workers have reported that 
the digitonide of biosynthetic cholesterol-C14 
is contaminated in certain instances by un- 
identified compounds of high specific radio- 
activity( 1-3). This phenomenon has been of 
particular interest because of the possibility 
that the contaminating substances might repre- 
sent biological precursors of cholesterol. 

It has been found in this laboratory that up 
to 80% of the radioactivity of the sterol digi- 
tonide obtained from the livers of rats sacri- 
ficed 3 minutes after injection of sodium ace- 
tate- 1 -C14 was due to non-cholesterol con- 
taminants. A number of substances related 
either chemically or biologically to cholesterol 
have been examined as possible sources of 
radioactive contamination. 

Experimental. Each experiment employed 
cholesterol digitonide obtained from the pooled 
livers of several animals. Normal adult male 
Wistar rats were anesthetized by intraperi- 
toneal injection of sodium pentobarbital, 6 mg 
per 100 g body weight. After exposure of the 
femoral vein, each animal was given 4.0-6.7 
mg of sodium acetate-l-C14 intravenously 
(total radioactivity 5.8-13.4 x 10'; counts/ 

* Supported in part by research grant from the 
National Heart Institute of the Sational Institutes 
of Health, Public Health Service. 

Postdoctoral Fellow of the Life Insurance Medi- 
cal Research Fund. 
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min). Three minutes later the liver was 
rapidly excised and immersed into 10 volumes 
of hot 95% ethanol containing 12% KOH. 
The mixture was boiled for 3 hours under re- 
flux and filtered through sintered glass. Suffi- 
cient water was added to the filtrate to reduce 
the ethanol concentration to SO%, and the 
non-saponifiable material was obtained by 3 
extract ions with one- half volume of petroleum 
ether (R.P. 60-68"). The petroleum ether ex- 
tracts were combined, washed once with 5% 
sodium acetate and twice with water, then 
dried over Na2S04 and evaporated to dryness 
under N2. The residue was taken up in 1 : 1 
ace tone-e t hanol, and cholesterol digitonide was 
precipitated by the addition of a 1% solution 
of digitonin in 80% ethanol. The digitonide 
was washed twice with 80% ethanol and once 
with ether. 

In  a preliminary experiment sodium acetate- 
l-C1* containing 2.5 x counts/min was 
added to the liver of a normal rat, and choles- 
terol digitonide isolated as described above, 
The digitonide was free of radioactivity. 
Radioactivity assay was carried out with a 
windowless flow gas counter. Cholesterol, 3p-  
cholestanol and 7-ketocholesterol were counted 
as the digitonides, mounted on sintered alun- 
durn discs. Other compounds were subjected 
to wet combustion by a modification of the 
method of Lindenbaum et aZ.(4) and counted 

Z Fellow of the Public Health Research Institute as BaCOs mounted on alundum discs. 
of the City of New York, Inc. Exp. I. The digitonide obtained in one ex- 


