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Abstract: Four multiparous pregnant Nubian goats at late lactation were subjected to injection of a saponin preparation
from Gypsophila roots. Saponin solution was injected into one single gland of each goat after milking 8 times. At day 2 in
treatment, milk yield began to be affected, and dropped down dramatically from day 3 till dry off at day 8. The pH value
of milk was increased in udder halves treated with the saponin solution after 2 days, whereas the control halves exhibited
semi-plateau manner all over the experiment. Sodium concentration increased and potassium concentration decreased af-
ter 2 d in treatment. Calcium concentration in the treated udder declined after 8 d and the values of these ions were round-
about the plasma concentrations indicating that milk secreted from the treated udder halves with saponins was mostly

composed of interstitial fluid.
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INTRODUCTION

Mammary gland involution proceeds through several
distinct stages that involve cessation of milking, apoptosis of
epithelial cells and tissue remodeling. Unilateral cessation of
milking in goat’s [1], and teat sealing in mice [2, 3] induced
involution in the treated gland only. This specificity suggests
that mammary involution is triggered by local stimuli, but
the precise mechanism has not been defined [4, 5]. Reinitiat-
ing milk removal can reverse the first stage of involution, but
the second stage of involution is irreversible and is charac-
terized by activation of protease that destroys the lobular-
alveolar structure of the gland by degrading the extracellular
matrix and basement membrane, and causes massive loss of
alveolar cells [4, 5]. The two stages exhibit characteristic
changes in gene expression or activity in the tissue.

During lactation, when the ducts and alveoli are filled
with milk, the secretory epithelium is positioned between
two very different environments: the milk, containing high
concentration of lactose and low concentrations of sodium
and chloride, and interstitial fluid containing low concentra-
tion of lactose and high concentrations of sodium and chlo-
ride. Thus, when tight junctions (TJ) are disrupted the Na"
concentration in the milk rises, whereas that of K declines
[6]. Tight junction in the epithelial cells of the mammary
gland forms a barrier between the systemic (basolateral) and
the milk (apical sides) and prevents paracellular transport
[7]. Milk stasis causes the accumulation of local signals,
which makes the TJ leaky [7]. The serine protease plasmin is
the predominant protease in milk and is known to produce
boiling-resistant-peptides (proteose-peptones) from S-casein
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(CN) and os1- and os2-CN [8]. Maintenance of extracellular
Ca®' levels is essential for maintaining the TJ integrity of the
mammary secretory epithelium [9, 10]. Neville and Peaker
[9] and Stelwagen et al. [11] found that introducing the Ca-
chelator EGTA into the mammary gland induced transient
loss of TJ integrity and transient reduction of milk yield.
Recently it was shown that casein hydrolysate peptides dis-
rupted epithelial cell TJ integrity and block K channels, and
induced dry-up of milk secretion in goats and cows [12, 13].
It was reported that those peptides lowered the Ca>" concen-
tration in mammary secretion, and induced irreversible invo-
lution by preventing the restoration of TJ integrity for a criti-
cal period.

Hence, natural occurring substances that may affect these
orchestrated channels, TJs and other physiological events at
the level of the mammary gland might cause and initiate
apoptosis in the gland. Saponins, that are naturally occurring
surface-active glycosides, were shown to block membrane
ion channels on neurons [14] and human neutrophils [15]. In
other works, saponins enhanced sarcolemmal membrane
Ca®" permeability [16]. Fluctuating membrane channels were
suggested to explain the increase in electrical conductance
caused by saponins in planar lipid bi-layers [17]. Soyasapo-
nins | and I1I, and dehydrosoyasaponin I (isolated from Des-
modium adscendens) were shown to be able to open large
Ca-dependent K (maxi-K) conductance channels causing
membrane hyperpolarization, suppression of electrical acti-
vity and relaxation of smooth muscle [18].

A large number of the biological effects of saponins have
been ascribed to their action on membranes. In fact, their
specific ability to form pores in membranes has contributed
to their common use in physiological research [19, 20].
Saponins have long been known to have a lytic action on
erythrocyte membranes and this property is commonly used
for their detection. The haemolytic action of saponins is be-
lieved to be the result of the affinity of the aglycone moiety
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for membrane sterols, particularly cholesterol [3], with
which they form insoluble complexes [3]. The lesions that
are caused by saponins are thought to be a micelle-like ag-
gregation of saponins and cholesterol in the plane of the
membrane, possibly with saponin molecules arranged in a
ring with their hydrophobic moieties combined with choles-
terol around the outer perimeter [21, 22]. Saponins such as
ophiopogonins and ginsenosides haemagglutinated human,
rabbit, and sheep erythrocytes but were not haemolytic [23].
They were thus able to bind to the membrane lipids of eryth-
rocytes and form bridges between the cells. Conversely, the
commercial Merck saponin (E. Merck No. 7695), also
known as Saponin Pure White, is a crude saponin fraction
obtained from roots and rhizomes of Gypsophyla paniculata.
Due to its high haemolytic properties, it has been extensively
used in the past as a standard for haemolytic tests in most
saponin determinations, and its composition has been deter-
mined [7].

Hence, in this study we hypothesize that saponins ex-
tracted from the roots and rhizomes of Gypsophila panicu-
lata will cause a significant change in the apical membrane
of the epithelial cells of ruminant's udder and dry up milk
secretion.

MATERIALS AND METHODS
Animals

Multiparous pregnant (110+14 days in gestation; BW =
64 = 7 kg) Nubian goats (n=4) at late lactation (150+20 days
in milk) that were scheduled for dry-off treatment were used
in the experiment. All goats were subjected to the normal
milking and husbandry regimes in the metabolic goat house
in the Faculty of Agriculture. Goats were milked twice daily
at 7:00 and 16:00 and milk was recorded daily for each ud-
der half. Goats were fed concentrated pellets and vetch-
clover hay at 3:2 ratio. The basic milk and milk composition
were recorded for each udder half for 3 days before the onset
of the experiment.

Saponin Solution

The commercial Merck saponin (E. Merck No. 7695),
which is a crude saponin fraction obtained from roots and
rhizomes of Gypsophila paniculata, was dissolved in iso-
tonic water solution (50 mg/ml). Before injection into the
teat the solution was sterilized by passage through 22-um
sterile filter and kept in sealed glass (2 ml) containers at 4°C
till its use. The concentrations of saponin were chosen based
on a preliminary experiment (data not shown) that give
wanted effects. The control solution contained only the iso-
tonic solution and was treated as described above.

Experimental Procedure

All goats during the experimental period were hand
milked and stripped to ensure complete milk removal. A
single dose of the saponin solution (50 mg/d per udder half)
was injected with a thin, rounded stainless-steel needle,
through the teat canal, into the cistern of one single gland
(udder half) of each goat after the morning milking. The con-
tralateral half was treated with the same volume of the con-
trol saline solution. This procedure was repeated after the
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afternoon milking and similarly on the next 4 d (i.e., eight
postmilking doses over 4 d). After the last treatment, the
goats were not milked throughout the dry period (~45 d), and
milking was resumed in the next lactation cycle. Mammary
secretions (~50 ml) from each gland were collected and
sampled at each dosing. Temperature and pH were measured
in fresh samples immediately after milking. In addition, a
sample was taken from each gland daily at each milking oc-
casion, 3 d before the treatment, and during the experiment
till dry up and subjected to mineral analysis. All milk sam-
ples were kept at -20°C till analysis.

Analytical Methods

Mammary secretions were prepared for minerals (Na, K,
and Ca) analysis and were measured with an inductively
coupled plasma-atomic emission spectrometer (Spectro,
Germany). Whole milk was prepared by digestion of the
sample with 65% HNOj; in teflon vessels by microwave di-
gestion system (MLS 1200 maega, Italy).

Statistical Analysis

The data sets of this study were analyzed using repeated
measures analysis by ANOVA procedure [24]. The model
included the effect of treatment, day, and treatment x day.
Interaction effect was not significant though the effects in
the model were reduced accordingly.

RESULTS AND DISCUSSION

Milk yield of goats is presented in Fig (1). Milk yield
was affected as soon as day 1 in treatment, and consequently
dropped down dramatically (P< 0.05) from day 3 till dry off
at day 8. Differences in milk pH values between treatment
groups were significant. pH value of the milk was increased
when udder halves were treated with the saponins solution,
whereas the control halves exhibited semi-plateau manner all
over the experiment. Values were significant beginning from
day 1 in treatment (Fig. 2).
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Fig. (1). Milk yield of udder halves of goats subjected to intra-
mammary injection of Saponins; Merck saponin (E. Merck No.
7695; full circles) or control solutions (open circles). Means are
different from day 3 in treatment P<0.05.

Fig. (3) describes the effect of treatment on concentra-
tions of Ca2+, K" and Na' in milk secreted from the udder
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halves of goats. A dramatic changes (P< 0.05) in Na' (four
fold increase), K* (decrease of 82%) and Ca®’ (decline of
40%) concentrations were recorded at the last day of the ex-
periment. However, these changes were observed at day one
for Na" and K" and at day 9 for Ca®". These values were
roundabout the plasma concentrations indicating that milk
secreted from the treated udder halves with saponins was
mostly composed of interstitial fluid.
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Fig. (2). pH value in milk of udder halves of goats subjected to
intra-mammary injection of Saponins; Merck saponin (E. Merck
No. 7695; full circles) or control solutions (open circles). Means are
different from day 1 in treatment P<0.05.

The changes in Na" and K* concentrations in milk may
indicate that the TJs in the treated glands were either com-
promised or cells became leaky. The mechanism by which
disruption of TJ affects milk secretion has not been estab-
lished [6]. A change in the Na'/K" ratio in milk could alter
the intracellular Na'/K " ratio in the mammary epithelial cells
and thus affect their functioning [6].

Considering the different routes that saponins might act
on membrane structure and integrity (including channels and
other functional proteins) the observed results suggest that
the treated udder halves underwent involution process which
might be initiated by disruption of interepithelial adhesion
before the onset of complete apoptosis [25]. Furthermore, the
equilibrium of ions concentration in milk and plasma, indi-
cated that paracellular leakage of interstitial fluid into the
milk occurred during the treatment [26].

The current experiment was not designed to study the
mechanisms in which the saponins from Gypsophila panicu-
lata act on the mammary cells. However, the dramatic
changes in ionized Na, K, and Ca in milk followed by dry off
might indicate that saponins induced membrane damage, and
consequently drove the signals for involution. The disrup-
tions of blood vessels and of alveolus integrity are typical
events in either inflammation or involution and account for
the influx of lymphocytes and phagocytes into the alveolar
lumen. Thus, the precipitous dry-up of milk secretion may be
related either to necrosis caused by the inflammation or to
induction of involution. The fact that all the treated goats
kidded and their sequential milk production in both udder
halves was similar to the previous lactation (data not shown)
suggests that treatment imitated natural phenomena rather
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than inducing a necrotic response that would irreversibly
damage the secretory function of the udder.
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Fig. (3). Concentration of Ca*", K" and Na" in milk of udder halves
of goats subjected to intra-mammary injection of Saponins; Merck
saponin (E. Merck No. 7695; full circles) or control solutions (open
circles). Means are different from day 9 in treatment for Ca®* and
from day 1 for K" and Na* (P<0.05).
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