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. . Using the composit~ .fibrin pl3:tes method,. plasminogen activator (PA) activity was found in secretions from 
ch~cally . normal, .mastitic, lactatmg and dned-off udders of dairy cows. The possible involvement of the 
fibnnolyuc system m the physiology and pathology of the bovine mammary gland is discussed. 

lNTRODUCfiON Different types of bovine udder secretions were there-
~orm~l .bovine milk from healthy cows shows pro- fore_i~':estigated f~r the purpose of assessing the general 

teo lytic ~ctlVlty (Hum?ert & Alais, 1979; Visser, 1981), feasibility .o~ ~ent~tlve determinations on fibrinolysis and 
hydrolyzmg beta-casem to gamma-casein (Tomich, Ei- related activities m such secretions. 
gel & Chibber, 1976; Eigel, 1977), proteose peptone 
fragments (Anqrews, 1978; 1979) and other, non-identi
fied products. 

~ft.er initi~l suggestions that the milk protease may 
exhibit tryp~m~ (Kie~~ier & Semper, 1959/1960) and 
chymotrypsm-like activity (Kaminogawa, Yamauchi & 
Tsugo, 1969), the enzyme apparently was finally puri
fied (~hen & Ledfo.rd, 1971; Kaminogawa, Sato & Ya
m~ucht, 1?71) and tden~ified as p~asmin (Kaminogawa, 
Mtzobuchi & Yamauchi, 1972· Etgel Hofmann Chib
ber, Tomich, Keenan & Merz: 1979;' De Rahm ' & An
drews, 1982). 

!he pres~nce in milk of plasmin depends on the avail
ab.thty m rrulk of PA, which releases plasmin from plas
rrunogen. 

Plasminogen was found in milk by Tomich et al., 
(1_976), Halpaap, Reimerdes & Klostermeyer (1977) and 
Etgel et al. (1979) . 

It ha.s been shown that the type and activity of PAs 
may dtffer, dependin~ .on its tissue source (Astrup, 
1956a, b) and the condition of the tissue (Forster 1969· 
Ry~n, Nashioka &. Dawbe~, 1971; Todd, 1959,' 1979; 
Qmgley, Ossowski & Retch, 1974· Marcus Takita 
Cami<?lo Coras~nti, Evers & Hobika, i980; Ev;rs, Patel: 
MadeJa, Schneider, Hobika&Camiolo, 1982). 

Tissue PA activity has been observed in extracts and 
tissue fro~ in':oluting mammary glands of rats and mice 
(Ossowski, Btegel & Reich, 1979) and in abnormal 
breast milk (Astrup, 1953; Astrup & Sterndroff, 1956). 

By mixing urokinase with bovine milk, Tomich et al. 
( 1976) showed .that available plasminogen could be acti
v~ted to plasrrun by means of artificially added PA (uro
ki~ase). However, the presence and activity in bovine 
rrulk of natural PAs from a mammary or other tissue 
source remained undetermined until recently when 
Korycka-J?ahl, Ribadeau Dumas, Chene & 'Martel 
(198.3) cl.atmed to have found PA activity associated with 
casem rrucelles of milk from mastitis-free cows. 

The a~ove-mentioned investigations on plasminogen, 
proteolytic, plasmin, and PA activities in milk were 
~ainly aimed at assessing the significance of such activ
Ities fr.om a technological dairy point of view. However, 
a detailed knowledge of fibrinolytic activities in mam
mary secretions seems necessary of further research on 
bovine mastitis, especially work on the pathogenesis and 
the therapy of the disease. 
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MATERIALS AND METHODS 

Experimental animals 
The 47 individual quarter milk samples investigated 

were collected from 45 Friesland-type dairy cows which 
were generally healthy, in good condition and free from 
tuberculosis and brucellosis. Samples were collected 
from 27 clinically normal udder quarters of 20 lactating 
and. 7 dried-off cows kept at the Veterinary Research 
Institute, and from 20 clinically mastitic quarters of 18 
lactating cows of a large commercial dairy farm. The 
animals differed in age, number of lactations, milk pro
duction and stage of lactation. 
Clinical diagnosis of mastitis 

Clinically normal and mastitic quarters were selected 
by means of conventional veterinary techniques applica
ble to the clinical examinations of the bovine udder (Hei
drich & Renk, 1967). 

Particular attention was given to the case history and 
symptoms, such as, among others, changes in the consis
tenc~ of . udder tissue, pain reaction during palpation, 
possible mcrease in the temperature of the udder skin 
rapid decrease in milk production and changes in milk: 
The clinical cases of mastitis diagnosed varied from 
acute to subacute to chronic types . 

Sixteen of the 18 clinically mastitic cows had been 
treated by means of antibiotic remedies administered in
tracisternally for one or more days prior to sampling. 
Collection and handling of samples 

Regardless of treatments previously administered to 
mastitic quarters, aseptic foremilk samples were col
lected from the individual clinically selected quarters by 
means of a sampling technique similar to that described 
by Giesecke & Viljoen (1974), except that 3 mf samples 
were used. No samples were collected by means of cis
ternal puncture, and special sample containers (i.e. ster
ile tubes with screw caps suitable for freezing<1>) were 
used. 

Immediately after its collection, each sample was 
placed in an insulated container with dry ice where it was 
frozen and stored for transportation. After sampling in a 
herd was completed, the samples were transported to the 
laboratory, where they were kept at -85 °C for further 
processing. 

Laboratory investigation of samples 
Materials 
All reagents were of analytical grade unless otherwise 

specified. Plas~inogen-enriched fibrinogen and plasmi
nogen-free fibnnogen were from Poviet Chemicals (Lei
den, Netherlands), urokinase from Leo Laboratories 
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(Dublin, Ireland), plasminogen-free thrombin from 
Miles Laboratory, thrombin-containing plasminogen 
from Park Davis (USA), plasmin and trypsin from Sigma 
(USA). Other reagents were from Merck (West Ger
many). 

Methods 
Without exception, all the samples were investigated 

for general proteolytic activity as well as for the presence 
of PA and plasminogen by means of the composite fibrin 
plate assay (Franz, Coetzee, Anderson & Towers, 
1979). 

Plasminogen-rich as well as plasminogen-free fibrin 
plates were prepared according to Haverkate & Brakman 
(1975). 

Urokinase-enriched, plasminogen-free (U+P- ) plates 
were prepared according to Coetzee & Franz (1978). 
Processing of the sample on plates 

After defreezing and thorough mixing, 100 p,( of each 
sample was placed in triplicate on each of the 3 types of 
plates, which were then incubated for 17 hat 37 °C. The 
diameter of lytic zones at the inoculation sites was then 
determined by means of a special measuring device (Ha
verkate & Brakman, 1975). 

Evaluation of results of the composite fibrin plates 
assay 

Results were interpreted as shown in Table 1. 
TABLE 1 Diagnostic key for evaluating results obtained by means of 

the composite fibrin plate assay (Franz et al., 1979) 

Composite fibrin plates 

Diagnosis . . ....... . ... . . . .. p+plate p- plate p-u+ plate 

PA present .... .. ..... . .... +* - -
Non-specific fibrinolysis + + + 

Plasminogen present. ... . - - +** 

Inconclusive results *** ± ± ± 

Fibrinolysis present-(+) 
Fibrinolysis absent-(-) 

*-specific for P A activity 
**- specific for plasminogen 

***- inconclusive, owing to indistinct traces of fibrinolytic activity. 

Standardization of composite fibrin plates 
Positive and negative controls of the plates were per

formed as described by Coetzee & Franz (1978). 

REsULTS 

Clinically normal udders 

Milk from clinically normal udders showed neither 
plasmin nor non-specific proteolytic activity (Table 2a). 
However, the secretions differed in their PA activity, 
which was negative, inconclusive and positive in 6,8 and 
6 of the milk samples respectively. 

Clinically mastitic udders 

An evaluation similar to the former evaluation of re
sults from samples of clinically mastitic udders (Table 
2b) suggested that 17 and 3 of the secretions showed 
either no or inconclusive plasminogen incidence, respecti
vely, whereas all of them were negative for non-specific 
proteolytic activity. 

Compared with the samples from clinically normal 
udders, none of those from clinically mastitic ones were 
negative, but were less frequently inconclusive (3X) and 
mostly positive (17 x) for PA activity. 
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TABLE 2a Mean diameters (mm) oflytic zones measured in triplicate 
on each of 3 different types of composite fibrin plates used 
for assessing PA, fibrinolytic activity and plasminogen 
occurrence in milk samples from clinically healthy cows 

Sample Composite fibrin plate assay 

No. p+ p - p - u + 

1 19,0 - -
2 - - -
3 20,5 - -
4 31,0 - -

5 - - -

6 13,5 - -

7 ± - -

8 29,0 - -

9 ± - -

10 ± - -

11 ± - -

12 ± - -

13 ± - -

14 ± - -

15 ± - -

16 ± - -

17 21,0 - -

18 - - -

19 - - -

20 - - -

Mean value . .. .. .. . . . . .. . .. 22,33 - -

Stddev ........ ........ .... 6,54 - -

Dried-off udders 

Secretions from dried-off udders (Table 2c) indicated 
inconsistent patterns of negative and inconclusive plas
minogen incidence and non-specific proteolytic activity, 
but, apart from the inconclusrve result of Sample 1, all 
were positive for PA activity. 

DISCUSSION 

The composite fibrin plate assay (CFPA), normally 
used for medical work, facilitates tentative determin
ations on fibrinolysis and the occurrence of the related 
PAs, non-specific proteolytic activity and plasminogen 
(Haverkate & Brakman, 1975; Coetzee & Franz, 1978; 
Franz et al. , 1979). 

The assay shows extremely high sensitivity levels to 
trypsin, urokinase, plasmin and others at concentrations 
even as low as 0,3 ng (i.e. 10- 14 moles) per standard 
drop of 5 p,( each used for inoculation. Because of the 
relative simplicity of the CFP A and the fact that in preli
minary experiments it was not necessary to distinguish 
between urokinase type PA and tissue-bound PAs, it was 
the method of choice for work on fibrinolytic activities 
associated with mastitis. 

The results obtained using CFPA differ significantly 
from all former published data on the presence of plasmi
nogen and free plasmin in the milk. The different sam
pling techniques used, for example, the immediate freez-
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TABLE 2b Mean diameter (mm) of lytic zones, measured in triplicate 
on each of the 3 different types of composite fibrin plates 
used for a measurement of PA, fibrinolytic activity and 
plasminogen occurrence in milk from clinically mastitic 
cows 

Sample Composite fibrin plate assay 

No. p+ p- p-u+ 

1 21,0 - -

2 36,0 - -
3 ± - -

4 27,3 - -

5 17,5 - -

6 ± - -

7 28,5 - -
8 18,5 - -

9 28,5 - -

10 23,3 - -

11 37,0 - -
12 ± - -

13 31,0 - ± 

14 24,5 - -

15 12,0 - ± 

16 15,0 - -
17 16,5 - ± 

18 15,0 - -

19 19,5 - -

20 27,5 - -

Mean value .. ........ .. ... . 23,46 - -

Std dev .. ...... . . : . . ........ 7,43 - -

TABLE 2c Mean diameter (mm) of lytic zones, measured in triplicate 
on each of the 3 different types of composite fibrin plates 
used for a measurement of PA, fibrinolytic activity and. 
plasminogen occurrence in dry udder secretion 

Sample Composite fibrin plate assay 

No. p+ p- p-u + 

1 19,5 ± ± 

2 ± - -

3 25,5 - -

4 27,0 ± ± 

5 29,0 - -

6 20,5 - ± 

7 14,5 - ± 

Mean value ................ 22,67 - -

Std dev ..... .. . . . . . ... . ... . . 5,45 - -

ing of samples and storage in -85°C to prevent changes 
in the milk similar to those occurring during milk storage 
in the tanks, pasteurization and heating, most probably 
account for this. The object of our work was to investi
gate PA and non-specific proteolytic activity in physio
logical and pathological conditions of the dairy cow, not 
in milk after storage and processing. 
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Another problem is the interpretation of the results. 
The negative results on p-u+ plates do not necessarily 
mean that plasminogen and plasmin do not occur in the 
sample, but most probably that plasmin cleaved by uro
kinase from plasminogen has been inactivated by inhibi
tors. This explanation seems to be supported by the re
sults published by Honkanen-Buzalski & Sandholm 
(1981) and Honkanen-Buzalski (1981) on the occurrence 
of antiproteolytic activity in normal and mastitic milk. 
Whether plasminogen can occur in the milk samples with 
increased PA activity, as was suggested by Korycka
Dahl et al. (1983), is a matter for discussion and further 
research. Most probably the presence of plasminogen in 
the_ir samples was due to the thombin and fibrinogen 
used in the assay being contaminated by plasminogen. 

Our demonstration of PA activity in the dry udder 
secretion supports the results of Ossowski et al. (1979) 
published on the involution of the mammary gland in 
mice and rats. We likewise found PA activity in mastitic 
udder secretion, a result similar to that of Astrup & 
Stemdorff (1956), who were the frrst to discover PA 
activity in abnormal breast milk. The former data as well 
as those obtained in our work show that distinct levels of 
PA activity are common in secretions of involuted and 
abnormal mammary glands. However, exceptions from 
that finding are possible, as a few inconclusive results 
indicate. Factors affecting the latter finding may be dif
ferences in the duration and level of involution at the 
time of sampling of the dried-off cows and the determin
ation of mastitis by clinical means of acknowledged lim
ited diagnostic reliability (Giesecke & Van den Reever, 
1974). 

PA activity also occurred in 6 samples from clinically 
normal udder quarters. However, an equal number of 
samples showed no PA activity, whereas results from 8 
samples were inconclusive. From work on subclinical 
mastitis (Giesecke & Van den Reever, 1974; Giesecke & 
Viljoen, 1974), it is reasonable to suspect that the 6 
quarter samples positive for PA activity might have been 
affected by subclinical mastitis. But these results and 
similarly inconclusive ones on clinically mastitic and 
dried-off udders require further investigation. 

The above-mentioned observations make it reasonable 
to conclude that PA activity in different types of bovine 
udder secretions has been conclusively demonstrated by 
means of the CFPA. As a technique, it seems a practical 
one for further investigations on fibrinolysis associated 
with physiological and pathological states of udder 
health in dairy cows. 

CONCLUSIONS 

Plasminogen activator activity has been found in se
cretion from clinically normal and mastitic lactating and 
dried-off udders of dairy cows. The occurrence of the 
plasminogen activator in the udder secretion may suggest 
the involvement of the fibrinolytic system in the physio
logy and pathology of the bovine mammary gland. Fur
ther research on this subject will be of the greatest impor
tance because of the possible diagnostic value of PA in 
milk for mastitis, as well as for the improvement of our 
fundamental knowledge of inflammation and regression 
of the bovine udder. 

ACKNOWLEDGEMENTS 

The senior author wishes to thank Mr Morren for his 
friendly, editorial assistance with the manuscript. 



PLASMINOGEN ACfiVATOR ACTIVITY IN SECRETIONS FROM UDDERS OF DAIRY COWS 

REFERENCES 

ANDREWS, A. T., 1978. The composition, structure and origin of 
proteose-peptone component 5 of bovine milk. European Journal of 
Biochemistry, 90, 59-Q5. 

ANDREWS, A. T., 1979. The formation and structure of some prote
osepeptone components. Journal of Dairy Research, 46, 215-218. 

ASTRUP, T. A., 1953. A fibrinolytic system in human milk. Proceed
ings of the Society for Experimental Biology and Medicine, 7, 
55-58. 

ASTRUP, T . A., 1956a. Fibrinolysis in the organism. Blood, 11, 
781-800. 

ASTRUP, T. , 1956b. The biological significance of fibrinolysis. 
Lancet, 2, 565-568. 

ASTRUP, T. & STERNDORFF, 1., 1956. Fibrinolysokinase activity 
in animal and human tissue,. Acta Physiologica Scandinavica, 37, 
40-47 . 

CHEN, J & LEDFORD, R.A., 1971. Purification and characterization 
of milk protease. Journal of Dairy Science, 54, p. 763. 

COETZEE, W. J . C. & FRANZ, R. C., 1978. The plasminogen-free 
fibrin plates enriched with urokinase, a new method for the detection 
of biologically-active plasminogen. South African Journal of Surg
ery, 16, 220-223. 

DE RAHM, 0 . & ANDREWS, A. T . , 1982. The role of native milk 
proteinase and its zymogen during proteolysis in normal bovine 
milk. Journal of Dairy Research, 49, 577-585. 

EIGEL, W. N., 1977. Formation of gamma l-A2, gamma 2-A2 and 
gamma 3-A caseins by in vitro proteolysis of beta casein A2 with 
bovine plasmin. International Journal of Biochemistry, 9, 187-192. 

EIGEL, W. N., HOFMANN, C. J., ClllBBER, B.A.K., TOMICH, J. 
M., KEENAN, T . W. & MERZ, E. T. , 1979. Plasmin mediated 
proteolysis of casein in bovine milk. Proceedings of the National 
Academy of Sciences of the United States of America, 76, 2244-
2248. 

EVERS, J. L., PATEL, J., MADEJA, J. M., SCHNEIDER, S. L., 
HOBIKA, G. H. & CAMIOLO, S.M., 1982. Plasminogen activity 
ari.d composition in human breast cancer. Cancer Research, 42, 
219-226. 

FORSTER, 0 ., 1969. Proteases in inflammation, biochemistry and 
drug interaction. International Congress Series, Amsterdam, 
ExcerptaMedica, 188,53-65. 

FRANZ, R. C., COETZEE, W. J. C., ANDERSON, R. & TOWERS, 
R. D., 1979. The determination of a dual fibrinolytic pathway in 
circulating granylocytes--a comparative analysis using a composite 
fibrin plate system for the method of assay. South African Journal of 
Surgery, 17, 13-23. 

GIESECKE W. H. & VANDENHEEVER, L. W., 1974. The diagno
sis of bovine mastitis with particular reference to subclinical masti
tis: a critical review of relevant literature. Onderstepoort Journal of 
Veterinary Research, 41, 169-208. 

GIESECKE, W. H. & VILJOEN, M. H. , 1974. The diagnosis of 
subclinical mastitis in lactating cows. A comparison of cytological 
methods and a monovalent radial immunodiffusion test. Onderste
poort Journal of Veterinary Research, 41 , 51-74. 

HALPAAP, 1., REIMERDES, E. H. & KLOSTERMEYER, H., 
1977. Milchproteinasen. VI. Vergleichende Isolierung von Plasmi
nogen aus Rindblut und einer Proteinase aus Kuhrnilch. 
Milchwissensch:Jft, 32, 341-346. 

HAVERKATE, F. & BRAKMAN, P. , 1975. Fibrin plate assay. In: 
DAVIDSON J. F. , SAMA, M. M. & DESNOYERS, P. C., (eds ). 
Progress in chemical fibrinolysis and thrombosis, 1, 151-159. New 
York; Raven Press. 

HEIDRICH, H. J. & RENK, W., 1967. Disease of the mammary 
glands of domestic animals. Philadelphia, London: W. B. Saunders 
&Co. 

HONKANEN-BUZALSKI, T . , 1981. Protein transfer between blood 
and milk as a marker of bovine mastitis--with special reference to 
the serum albumin, antytrypsin and secretory immunoglobulins. 
Ph.D. thesis. College of Veterinary Medicine, Helsinki. 

HONKANEN-BUZALSKI, T. & SANDHO':-M, M., 1981. T~J?S~
inhibitor in mastitis and colostrum: correlatton between trypsm inhi
bitor capacity, bovine serum albumin and somatic cell count. 
Journal of Dairy Research, 48, 213-222. 

HUMBERT, G. & ALAIS, C., 1979. Review of the progress of dairy 
science: The milk proteinasie system. Journal of Dairy Research, 46, 
559-571. 

KAMINOGAWA, S., YAMAUCHI, K. &TSUGO, T . , 1969. Proper
ties of milk protease concentrated from acid-precipitated casein. 
Japanese Journal ofZootechnical Science, 40, 559-565 . 

KAMINOGAWA, S. , SATO, F. & YAMAUCHI, K., 1971. Purifica
tion and some properties of milk protease. Agricultural and Biologi
cal Chemistry. Tokyo, 35, 1465-1467. 

KAMINOGAWA, S. , MIZOBUCHI, H. & YAMAUCHI, K., 1972. 
Comparison of bovine milk protease with plasmin. Agricultural and 
Biological Chemistry. Tokyo, 36,2136-2167. 

KIERMEIER, F. & SEMPER, J., 1959/1960. Ober das Vorkommen 
eines proteolytischen Enzyme und eines Trypsin Inhibitor in Kuh
milch. Zeitschrift fiir Lebensmitteluntersuchung und Forschung, 3 
(2) , 282-307. 

KORYCKA-DAHL, M., RIBADEAU DUMAS, B. , CHENE, N. & 
MARTEL, J., 1983. Plasmin activity in milk. Journal of Dairy 
Science, 66,704-711. 

MARCUS, G., TAKITA, H., CAMIOLO, S. M., CORASANTI, 
J. G., EVERS, J. L. & HOBlKA, G. H. , 1980. Content and charac
terization of plasminogen activators in human lung tumors and nor
mallung tissue. Cancer Research, 40, 841-R48. 

OSSOWSKI, L., BIEGEL, D. & REICH, E. , 1979. Mammary plas
minogen activator: correlation with involution, hormonal modula
tion and comparison between normal and neoplastic tissue. Cell, 16, 
929-940. 

QUIGLEY, J. P., OSSOWSKI, L. & REICH, E., 1974. Plasminogen, 
the serum proenzyme activated by factors from cells transformed by 
oncogenic viruses. Journal of Biological Chemistry, 249, 
4 306-4 311. 

RYAN, T. J., NASHIOKA, K. & DAWBER, R . P.R., 1971. Epithe
lialendothelial interaction in the control of inflammation through 
fribrinolysis. British Journal of Dermatology, 84, 501-515. 

TODD, A. S. , 1959. The histological localisation of fibrinolysis acti
vator. Journal of Pathology and Bacteriology, 78, 281-283. 

TODD, A. S., 1979. Plasminogen activators: a morphologist view. 
Journal of the Clinical Pathology, 33, 18-23. 

TOMICH, J. M., EIGEL, W. N. & ClllBBER, B. A. K., 1976. 
Evidence for the presence of the plasminogen and plasmin in bovine 
milk. Federation Proceedings, 35, (2) p. 1487. Abstract No. 660. 

VISSER, S., 1981. Proteolytic enzymes and their action on milk pro
teins. A review. Netherlands Milk and Dairy Journal, 35, 63-88. 

Printed by the Government Printer, Private Bag X85, Pretoria, 0001 

212 


