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Mammary involution in ewes: Changes in milk plasminogen and plasmin 

D.D.S. MACKENZIE, Y.H. COTTAM, R.J. KNUTSON AND S.N. McCUTCHEON 

Department of Animal Science, Massey University, Palmerston North, New Zealand. 

ABSTRACT 

Multiparous Border Leicesterx Romney ewes were weaned early (day 35 of lactation), milked to empty the mammary gland and again 
milked 18 h later (day 0 of experiment) to establish baseline milk yields and concentrations in milk of the proteolytic enzyme plasmin and 
its zymogen plasminogen. They were then divided into 3 groups to be milked 3 (n=5), 8 (n=6) or 15 (n-5) days after the day 0 milking to 
detennine changes in concentrations and yields of plasmin and plasminogen in mammary gland secretions during involution. Yields 
(meat-&SE) on days 0 (groups 1+2+3), 3 (group 1), 8 (group 2) and 15 (group 3) were : secretion (g), 78.5&3 1.2 v. 598494.8 v. 478rts6.8 v. 
5lrt66.6;plasminogen(pg),7.8T2.2v.78.7z!_ll.l v.22.4f4.6v.3.W.l;andplasmin(~g), 11.5rt2.38~. 148.5~8.00~.51.6~7.92v.4.9&2.32. 
Corresponding concentrations in the secretions were (l&ml): plasminogen, O.OlM.002 v. 0.15zbO.027 v. 0.046ti.005 v. 0.061izO.007; and 
plasmin, 0.015iO.006 v. 0.275ti.027 v. 0.118~.011 v. 0.083ti.009. There was a linear decline in the volume of secretions from day 0 to 
day 15. In contrast there was a transient increase (15 fold) in plasminogen and plasmin yields by 3 days after milking. These data suggest 
that any role of plasmin in mammary gland involution is likely to be limited to the first week after early weaning. 
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INTRODUCTION 

Plasmin (EC3.4.21.7) is a proteolytic enzyme which 
appears to pass from blood into the mammary gland primarily 
as its zymogen, plasminogen, and is then converted to plasmin 
by specific plasminogen activators (Ossowski et al., 1979; 
Busso et&., 1989). Plasmin activity inmilk increases towards 
the end of lactation (Politis ef al., 1989a, 1989b; Benslimane 
et al., 1990; Politis et al, 1990; Bastian et al., 1991). The 
proteolytic activity of plasmin, and its increased activity in 
milk at the end of lactation, have led to the suggestion that it 
may have a role in mammary gland involution at weaning or 
the cessation of milking (Hedkvist et al., 1989; Politis et al., 

1989a). However, we have recently shown that, when cows 
are milked once daily for seven days, yields of plasmin in milk 
decrease despite a significant increase in the yields of 
plasminogen (Knutson et al., 1993). The objective of this 
study was to examine the changes in plasminogen and plasmin 
in mammary secretions during acute regression initiated by 
early weaning (as opposed to a more gradual response to a 
short period of once daily milking). 

MATERIALS AND METHODS 

The study involved 16 multiparous Border Leicester x 
Romney ewes (13 single- and 3 twin- rearing) in’ which 
mammary involution was initiated by weaning the lambs at 
day 35 of lactation. Immediately after weaning, the ewes were 
hand-milked (after injection of 1 IU oxytocin into the jugular 
vein) to completely empty each gland. Approximately 18 h 
later, the ewes were again milked to provide baseline data on 
milk volumes and plasminlplasminogen concentrations. They 
were then divided at random into three groups to be milked 3 
(group 1. ,n=5), 8 (group 2, n=6) or 15 (group 3, n=5) days after 
the milking on day 36 of lactation (day 0 of the trial). At the 

day 3, 8 or 15 milkings, the ewes were hand-milked as 
described previously, yields of secretion recorded and sam- 
ples of secretion (pooled across the glands within ewes) 
placed on ice and transferred to the laboratory for analysis. 

Samples of secretion were centrifuged at 3000 g for 20 
min at 4“C, then to 9.5 ml of defatted secretion was added 0.1 
ml of sodium azide (10% solution) and 0.4 ml of 75 mM 
e-amino-n-caproic acid. The mixture was left to stand for 2 
hours at room temperature, followed by centrifugation at 
100,000 g for one hour at 4’C. The supernatant fraction was 
transferred to autoanalyser cups and frozen at -2O’C for 
subsequent analysis of plasmin and plasminogen concentra- 
tions. Plasminogen- derived and plasmin activities were de- 
termined in the supematant samples using the assay described 
by Korycka-Dahl er al. (1983) as modified by Knutson ef al. 

(1993). Yields of secretion, plasmin and plasminogen were 
corrected to a 24 h basis for the day 0 milking and to exactly 
3,8 or 15 days for the subsequent milkings (to account for 
small differences in actual versus nominal milking times for 
each ewe). 

Data were subjected to analyses of variance in which param- 
eters (concentrations of plasminogen and plasmin, yields of 
secretion, plasminogen and plasmin and plasminogen:plasmin 
ratios) on days 3 (group I), 8 (group 2) and 15 (group 3) were 
compared with those on day 0 for groups (2 + 3), (1 + 3) and (1 
+ 2) respectively. In addition analysis of variance was used to test 
the significance of the differences for the various pammeters 
between days 3,8 and 15. 

RESULTS AND DISCUSSION 

The yields of secretion obtained from the mammary 
glands of ewes on days 3 (group I), 8 (group 2) and 15 (group 

3) are compared, in Table 1, with the production on day 0 of 
groups (2 + 3), (1 + 3) and (1 + 2 ) respectively. Secretion 
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albumin is absorbed 2-3 times more rapidly than the larger 
IgG (Mackenzie, 1968). In this context the apparently linear 
rate of fluid removal from the involuting gland is perhaps 
unexpected in that it may have been anticipated that fluid loss 
would be more rapid at the time of greatest epithelial perme- 
ability around day 3 of involution. 

The increase in the plasmin:plasminogen ratio on day 3 
probably reflects an increase in the concentration of 
plasminogen activators in the secretion at this time. In ro- 
dents, abrupt weaning of the young at parturition or during 
established lactation is accompanied by marked changes in 
the mammary gland content of plasminogen activator. Thus 
plasminogen activator content of the gland increases sharply 
(by approximately 3-fold) in the first 2-3 days after weaning 
and then declines to preweaning levels after about 8 days 
(Ossowski et al., 1979). Conversely, if the animals are per- 
mitted to lactate, plasminogen activator concentrations re- 
main at basal (late pregnancy) levels. These changes in 
plasminogen activator concentrations in the mammary glands 
of mice at weaning are remarkably similar in their temporal 
pattern to the changes in the plasmin content of secretions 
observed in the present study. Since the infusion of the 
plasminogen activator urokinase into the mammary gland 
tissue with plasminogen leads to disintegration of alveolar 
epithelial cells (Hedkvist et al, 1989), these results are 
consistent with the hypothesis that plasmin has a role in the 
initial stages of mammary gland involution. 

The 15-20 fold increases in the concentrations of 
plasminogen and plasmin following the cessation of milking are 
much greater than the 1.15 to 1.25 fold changes that occur when 
cowsamswitchedfromtwicedaily tooncedailymilking towards 
the end of lactation (Knutson etaZ., 1993; K. Stelwagen, personal 
communication). The changes in concentration on once daily 
milking are consistent with relatively minor changes in epithelial 
permeability. The smaller changes on once daily milking may 
reflect, in part, a difference in the hormonal milieu to which the 
animals are exposed. 

Ossowski etal. (1979) have shown that systemic admin- 
istration of prolactin or oxytocin to weaned mice substan- 
tially reduces the elevation of mammary gland plasminogen 
activator content which typically accompanies abrupt wean- 
ing. Since both prolactin and oxytocin concentrations in 
circulation are elevated by suckling and milking (Cowie et 

al., 1980), it may be that the daily stimulation of the mam- 
mary gland associated with once daily milking is sufficient to 
prevent a rise in plasminogen activator concentrations and so 
prevent an increased rate of conversion of plasminogen to 
plasmin. Although the routine administration of oxytocin to 
cows pre-milking has no effect on milk plasmin content, but 

causes a small increase in milk yield (Ballou eta& 1993), this 
does not exclude the possibility that oxytocin prevents a 
weaning-induced rise in milk plasmin content. The effect of 
prolactin, which is more effective than oxytocin in suppress- 
ing the weaning-induced rise in mammary gland plasminogen 
activator content in mice, does not appear to have been 
investigated in ruminants. 
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