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ABSTRACT

GIESECKE, W. H., KORYBUT-WORNIECKI, P. A. & KOWALSKI, Z. E., 1990. Udder
health implications of premature bovine mammary regression. I. Clinical, subclinical and reducing-sugar
changes in milk during 168 hours of suspended milking in mid-lactation. Onderstepoort Journal of
Veterinary Research, 57, 25-35 (1990)

The investigation involved 4 mastitis-free cows, exposed to 168 h of suspended milking to induce
prolonged milk stasis and premature mammary regression during mid-lactation. After 48 h the milk
stasis elicited mastitis-like changes in the clinical, somatic cell count (SCC), bovine serum albumin
(BSA) and beta-N-acetyl-D-glucosaminidase (NAG) characteristics of the udder secretions. Such
changes in secretions from non-mastitic regressive mammary glands raise doubts about the present
knowledge, definition, and diagnosis of so-called non-specific or aseptic mastitis. Determinations of
fluctuating lacteal concentrations of lactose, galactose, mannose and glucose suggest that the secretory
epithelium altered its metabolism and integrity in response to the intramammary perturbation by follow-
ing a certain pattern of regressive adjustments which: (i) were apparently triggered during the initial 24 h
of perturbation by disturbed Na-K-ATPase activities, followed by a cascade of changes in ion regula-
tion, carbohydrate metabolism and increased formation of lactic acid as a metabolic end-product; (ii)
advanced in a stepwise fashion during 0-24, 2472 and 72-168 h of perturbation from recognition
response to alarm reactions and manifestation of regression respectively; (iii) showed that markedly
decreased carbohydrate levels preceded major increases of the SCC, BSA and NAG values; (iv) indi-
cated that after 72 h of milk stasis leucocytic infiltrations sharply increased the SCC to more than
500 000 per mf and accelerated the manifestation of regression.

The results of this study imply that extensive premature regression of healthy, and especially, pre-
irritated udders could have significant implications for the development of different types of bovine
mastitis during lactation and should be further investigated.
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INTRODUCTION

Bovine udder health depends on 3 key elements,
namely intramammary epithelial integrity, somatic
cellular defence and bacterial challenge (Giesecke &
Barnard, 1986).

A range of data on the variability of subclinical
udder conditions (Giesecke & Barnard, 1986), the
composition of udder secretions during lactation and
regression (Liick, Giesecke, De Villiers & Mackie,
1976; Mackie, Giesecke, Liick & De Villiers, 1977,
Giesecke, 1978; 1985a, b), increased rates of udder
infections at the end of lactation (Natzke, 1981;
Petzer & Giesecke, 1988) and other aspects suggests
that bovine mammary regression affects each of the
3 key elements of udder health. Mammary regres-
sion, therefore, plays a significant role in the physio-
logy and health of the lactating and non-lactating
bovine udder. This is underlined by several meta-
bolic changes observed by Liick et al. (1976) and
Mackie et al. (1977) in milk during artificially in-
duced premature regression (Table 1%.

Little is known about the physiological mech-
anisms associated with normal and premature
regression of the udder. Even less is known about
the significance of premature regression in relation
to the diagnosis, development, prevention and the-
rapy of clinical and subclinical mastitis in dairy
cattle. A more complete understanding of bovine
mammary regression would be of great advantage to
research on bovine mastitis. It therefore seems desir-
able to put into perspective the most relevant avail-
able data and augment them with new work.

The physiology of the bovine mammary gland is
characterized by the 4 primary development stages
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of mammogenesis, lactogenesis, galactopoiesis and
regression.

During galactopoiesis the cow differentiates and
extends lactogenic epithelium, maximizes epithelial
organelles and optimizes epithelial energy produc-
tion from glucose (augmented with acetate and beta-
hydroxybutyrate) by means of the tricarboxylic acid
(TCA) cycle. This facilitates the energy-efficient
functioning of 2 unique mammary processes: '
biosynthesis of alpha-lactalbumin, which modifies a
general galactosyltransferase to lactose synthase so
that lactose is formed in the Golgi apparatus at rates
critical for bulk water movement into milk and for
the secretion of milk as such; (2) secretion of cal-
cium, as export-product, into the Golgi apparatus
where its association with casein is critical to the
formation of casein micelles (Baldwin & Yang, 1974;
Bauman & Davis, 1974; Davis & Bauman, 1974:
Ebner & Schanbacher, 1974; Baumrucker, 1978;
Peaker, 1978; Larson, 1985).

During regression, the cow discontinues the
manufacture of lacteal export-products by reducing
the energy production of tﬁe TCA cycle, dismantling
redundant epithelial production units and reutilizing
surplus substrates.

It is thus ap()})arent that galactopoiesis is the pro-
cess which leads to lactation and facilitates the meta-
bolic adjustments necessary to establish lactational
homeostasis. Mammary regression is the opposite
grocess, leading to involution and facilitating meta-

olic adjustments necessary to establish involutional
homeostasis (Giesecke, 1985a, b; Giesecke, Van
Staden, Barnard & Petzer, 1988). Regression occurs
during all stages of lactation. Depending on condi-
tions, it may affect focal or more extensive portions
of secretory mammary epithelium and related lacta-
tional and lacteal characteristics.
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erson, 1986). It apparently sensitizes mammary epi-
thelium to necrotic lesions provoked by noxious
agents and it further amplifies and accelerates
changes related to inflammatory leucocytic infiltra-
tions.

More subtle regressive changes during lactation
predispose udders to infection. This is obvious from
data on chronic mastitis (Heidrich & Renk, 1967;
Schalm, Carroll & Jain, 1971) where the pathogene-
sis revolves around persistent tissue irritation,
repeated inflammatory flare-ups and progressive
fibrosis. Under such conditions the udder secretion
shows, among other things (Giesecke, 1985a, b),
elevated stimulation of bacterial growth (Brown,
Baetz & McDonald, 1983; Mattila, 1985a, b; Sand-
holm & Mattila, 1986a; Mattila, Syvajarvi, Jensen &
Sandholm, 1986).

This peculiar change in lacteal secretion appa-
rently depends on the combined effects of proteoly-
tic and lipolytic cellular and secretional degrada-
tions, leucocytic phagocytosis of fat globules and
casein particles and, especially, on scavenging of
bactericidal oxygen species by catalases and peroxi-
Adases from the serous exudate (Mattila, 1985a, b;

(attila, Kaartinen & Sandholm, 1986). Inhibition of
the functions of lymphocytes and immunoglobulins
by H,0, and HOCI1 production (Becker, 1988) by
the increased numbers of phagocytic leucocytes in
mastitic milk, could further support the growth pro-
motion of bacteria reported by Mattila (1985a, b)
and Mattila et al. (19868 .

The data suggest that irrespective of their close
association with udder health, natural mammary
defence, and the pathogenesis of mastitis, the regu-
lation and related characteristics of premature mam-
mary regression are hardly known at present.
Adverse effects of this situation are for example,
ini  uate research on: (i) deterioration, regenera-
tion and therapeutic restoration of secretory mam-
mary epithelium during mastitis; (ii) differential
diagnosis of subclinical non-infectious mastitis and
regression; (iii) diagnosis, development and preven-
tion of mammary regression during lactation, and
other aspects.

Further research is required to advance the cur-
rent understanding of the triggering and related
aspects of bovine mammary regression. The aim of
this study was to investigate the changes in clinical
and subclinical udder health parameters and in con-
centrations of reducing sugars in secretions from
healthy udders during induced, premature regres-
sion.

MATERIALS AND METHODS

Experimental design

The experiment was performed in 2 consecutive

eriods: (I) Normal lactation and normal milkin
wom day —6 to 0 before suspension of milking; (II
cessation of milking of the right and continuation of
normal milking of the left udder quarters from day 1
to 7 (Table 2).

Experimental animals

Five healthy Friesian cows were used throughout
the investigation. The cows differed in age and
number of lactations, were in good condition and

ee from tuberculosis and brucellosis. Routine test-
ing at each milking by means of the milking cup as
well as laboratory examinations conducted each
month on each lactatino ndder ectahliched that

from clinical and subclinical mastitis. At the begin-
ning of the experiment, the cows had been lactating
for an average of 181 days and had a mean produc-
tion of 12,8 ¢ of milk per day. During the experi-
ment, the animals were kept and fed with the rest of
the herd. Normal milking by machine took place
twice daily at 07:00 and 15:00. Prior to milking the
teats were washed with running potable water and
dried with disposable paper towels.

Udder health examination

Clinical examination was limited to inspection of
udders at milking, routine testing of foremilk by
means of the milking cup, and inspection of each
sample collected aseptically for the laboratory exam-
inations mentioned below. Subclinical conditions
were monitored by means of the bacteriological,
cytological, BSA and NAG determinations
described below.

Sampling routine

Standard foremilk samples (10 mf each) required
for the different laboratory determinations, were
collected aseptically from the individual quarters,
according to a predetermined schedule (Table 2).

TABLE 2 Schedule of days, samplings and hours of investigation

Day | Period | Sampling | Hour Purpose of sample
—6 I 1 —144 |Pooling of all values from
-4 I 2 -9 all untreated right udder
-2 1 3 —48 quarters to determine
-1 I 4 -24 mean baseline  values
0 I 5 0 applicable to investiga-
tion
1 11 6 24 | Pooling of corresponding
2 I 7 48 values from right quart-
3 II 8 72 ers to asscs mean changes
5 II 9 120 in right udder halves
7 II 10 168 under different condi-
tions of treatment

Laboratory examination of milk

After collection the samples were transferred
without delay to the nearby laboratory for imme-
diate processing. Initially, the original samples were
subdivided to provide 2 aliquots of approximately 9
mf and 1 mf each for udder health and sugar deter-
minations, respectively.

Bacteriological cultures from each sample were
erepared by methods already described (Giesecke,

el & Van den Heever, 1968) and interpreted,
depending on similar findings in 2 and more
consecutive samples, as recommended by Griffin,
Morant & Dodd (1987).

Somatic cell counts (SCC) per m¢ of milk were
assessed by means of the recommended standard
method, using a Coulter' Model-ZM counter sup-
ported by a Coulter' channelyzer for correct calibra-
tion.

Levels of BSA were determined as described ini-
tially by Giesecke & Viljoen (1974). However, dia-
meters of precipitation zones were converted to
values of mg BSA per m¢ by means of a standard
curve, corresponding to the regression equation of x
= (y—a)/b, where x = mg BSA per mf, y = mm?® of
diameter of precipitation zone, a = 19,2971 and b =
90,2941. Under such conditions, 0,5 mg BSA per m¢



















rated increases of lactate and Na* (Table 1), more
moderate changes of pyruvate, K*, ROP (Table 1),
peaking values of alplzla-lactalbumin and immuno-
globulins (Table 1), as well as advanced histological
and ultrastructural symptoms of mammary regres-
sion (Holst et al., 1987).

From 72-120 h and from 120-168 h the SCC
increased by 49 % and 656 % respectively (Table 7),
whereas the corresponding values for lactate esca-
lated by 155 % and 201 % respectively (Table 1).
Such changes suggest that, unless SCC values
amount to approximately 500 000 and more per mf
(Table 6), lactate levels in milk (Table 1) seem to be
related mainly to changes of epithelial metabolism as
such. However, higher SCC values (Table 6) appa-
rently supplement and aggravate the epithelial lac-
tate production (Table 1) due to leucocytic metabo-
lism. Mackie et al. (1977) have shown significant
negative correlations between glucose and leucocyte
counts (r=-—0,87) and positive correlations between
lactate and leucocyte counts (r=0,84) in milk. Such
correlations imply that leucocytes in milk are meta-
bolically highly active. They could thus affect the
mammary epithelium by the release of cytotoxic
waste products (e.g. lactic acid, CO,, oxygen radi-
cals), metabolic modulators (e.g. PG-s) as well as a
range of lysosomal enzymes with hydrolytic, proteo-
Iytic and lipolytic activities. Phagocytic neutrophils
are known to be associated with several cytotoxic
actions; Becker (1988) has pointed out that H,O, at
concentrations achieved near stimulated neutrophils
leads to a sequence of biochemical and morphologi-
cal changes in nucleated cells, such as activation of
the PP cycle, inhibition of the EM pathway with
consequent loss of ATP, an increase in intracellular
Ca** and Na*, and cellular degeneration. These
changes are consistent with those observed during
this (Table 6 & 7) and other investigations (Liick et
al., 1976; Mackie et al., 1977; Holst et al., 1987).
Whatever leucocytic factors might be involved, from
the point of view of the present data, it is significant
that SCC values exceeding 500 ( ' cells per mf and
occurring at 120 and 168 h of regression (Table 6),
coincided with renewed sharp reductions of LAC
and GAL (Table 6 & 7).

The rate of regression and related side-effects
could therefore depend significantly on the SCC
level at the onset of milk stasis. This has major
implications for the effect of stress on the udder
health of lactating dairy cattle, the drying-off of
cows, and the pathogenesis of mastitis.

CONCLUSIONS

Knowledge concerning mammary regression, as
an _antigalactopoietic phenomenon, is confined
mainly to studies in rodents. Incomplete knowledge
of bovine mammary regression under normal and
abnormal lactational conditions could have serious
implications for progress on mastitis in dairy cattle
and related aspects, such as the understanding of so-
called non-snecific mactitic attarhment nf nathnasnc

ana INAU CNaracreristcs oI tne Uader SECretons tuat
may be confused with the corresponding symptoms
of so-called non-specific mastitis and which raise
doubts about the present concept, understanding,
definition and diagnosis of this condition.

Furthermore, fluctuating lacteal concentrations of
SCC, BSA, NAG, LAC, MAN, GAL and GLU
suggest that the mammary epithelium apparently
adjusts metabolically to the milk stasis perturbation
by means of an initial recognition response, interme-
diate alarm reactions and eventual manifestation of
mammary regression. Such adjustments are consis-
tent with the establishment of involutional homeos-
tasis, the ultimate purpose of mammary regression.

The process of regression apparently depends on
epithelial ion regulation, carbohydrate metabolism
and lipogenesis. It is aimed primarily at the disconti-
nuation of 2 unique mammary functions, namely,
lactose synthesis and calcium exportation. This is
achieved by a progressively developing cascade of
events, a parentlY triggered by disturbances of cel-
lular Na™ and K" regulation, extended further by
intracellular Ca* redistrubition, accelerated by shift-
ing to EM glycolysis, amplified by increased activ-
ities of the PP cycle, and eventually aggravated to
irreversible catabolic levels by changes consistent
with escalating mitochondrial O, depletion and
advancing formation of lactic acid as end-product.

Catabolic changes became apparent at 48 h of
milk stasis when lacteal GLU dropped by 86,5 %
and NAG increased by 82,3 %. gimultaneous in-
creases of BSA and SCC showed that epithelial inte-
grity had become sufficiently impaired to facilitate
elevated permeability to BSA and increasing attrac-
tion of leucocytes. This explains marked re-adjust-
ments of the parameters monitored when, at 120 h of
secretional stasis, somatic cell counts exceeded the
critical level of 500 00C =r mf. Such re-adjustments
indicate that elevatea ieucocytic activities, asso-
ciated with abnormal cell counts in milk, aggravate
the already existing epithelial responses to mi
stasis.

This aggravation supports the irreversible man-
ifestation of mammary regression. The data imply
that, under regressive conditions, the main purpose
of the elevated leucocytic infiltration may be to pro-
mote early manifestation of regression as a means of
enhancing the natural protection of the udder from
infection. This would explain the elevated suscepti-
bility of the lactating bovine udder to intramammary
infffections under stressful conditions and at drying-
off.

Consequently, SCC values and leucocytic activ-
ities, already increased in milk at the onset of milk
stasis, could have significant implications for bovine
udder health, and require further research.
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