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Summary — The secretagogue effect of prolactin (PRL) on casein release by epithelial mammary
cells has been previously related to stimulation of the phospholipase A-arachidonic acid cascade. In
order to determine whether other intracellular pathways are implicated in this secretagogue effect,
different agents acting on protein kinase C (PKC) and phospholipase C (PLC) activity have been as-
sessed in vitro in lactating rabbit mammary gland fragments. Phorbol ester (20 nM TPA) and 1-
oleoyl-2 acetyl-sn-glycerol (10 uM (OAG) stimulated newly synthesized casein secretion and poten-
tiated the PRL secretagogue effect. However, 100 uM quercetin, 100 pM H-7 and 5 and 20 nM stau-
rosporine did not inhibit the latter effect. Exogenous PLC did not stimulate casein secretion. PRL did
not affect production of inositol phosphates (IPs) during 10 or 60 min exposure. These results show
that PKC activation may increase basal levels of casein secretion, and demonstrate that PRL does
not act primarily via PKC activation or by PLC activation to stimulate casein secretion.
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Résumé — La protéine kinase C et le métabolisme des phosphates d'inositol peuvent intervenir
dans la sécrétion de base mais pas dans la sécrétion stimulée des caséines dans la cellule épi-
théliale mammaire de lapine en lactation. L'effet stimulant de la prolactine (PRL) sur la sécrétion
des caséines par la cellule épithéliale mammaire est étroitement relié & l'activation de la voie phospho-
lipase A,-acide arachidonique. Afin de vérifier si d'autres voies intracellulaires sont concemées dans la
transmission de cet effet, différents agents stimulants ou inhibiteurs de la protéine kinase C (PKC) et
de la phospholipase C (PLC) ont été ajoutés aux milieux d'incubation de fragments de glande mam-
maire de lapines en lactation. Un ester de phorbol (TPA, 20 nM) et le 1-oléoyl-2 acétyl-sn glycérol
(OAG, 10 uM) stimulaient la sécrétion des caséines néosynthétisées et amplifiaient I'effet sécrétago-
gue de la PRL. Cependant, la quercetine (100 uM), H-7 (100 uM) et la staurosporine (5 et 20 nM) n'in-
hibaient pas cet effet. La PLC exogéne ne stimulait pas la sécrétion des caséines. La PRL ne modifiait
pas la production des phosphates d'inositol pendant les incubations de 10 a 60 min. Ces résultats
monirent que la PKC peut augmenter le taux de base de la sécrétion des caséines et que la PRL n'agit
pas, dans un premier temps, par une activation de la PKC ni par une activation de la PLC pour stimu-
ler la sécrétion des caséines.
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INTRODUCTION

The anterior pituitary hormone, prolactin
(PRL) has long been implicated in growth
and differentiation of the mammary gland
(Cowie, 1970). In addition, release of PRL
by suckling in rabbits accounts for high
milk yields during early lactation and for
maintenance of lactation (Mena et al,
1974; Taylor and Peaker, 1975). More-
over, PRL exerts a direct effect (secreta-
gogue effect) on the release of caseins
by epithelial mammary cells (Ollivier-Bous-
quet, 1978).

PRL belongs to a protein family which
also includes GH, erythropoietin, and
interleukins. They have common bio-
logical properties; je they bind to recep-
tors which present high structural similari-
ties (D'Andrea et al, 990). The
transduction signal pathways by which
these factor-receptor complexes elicit ef-
fects at the cellular level are still very
poorly known. Several lines of evidence
suggest that tyrosine phosphorylation is a
component in the interleukin 2 signalling
mechanism (Mills et al, 1990). However,
phospholipases A, and C (PLA, and
PLC) are implicated in the action of eryth-
ropoietin, the activation of PLA, resulting
in a rise in lipoxygenase metabolites of
arachidonic acid (AA), and the activation
of PLC resulting in the activation of pro-
tein kinase C (PKC) (Mason-Garcia and
Beckman, 1991).

Despite the fact that most of the classi-
cal intracellular signalling molecules have
been studied, a number of aspects con-
cerning the mechanisms of the different ef-
fects of PRL remain controversial (Rillema,
1980; Bolander, 1985; Devinoy et al,
1988). Under PRL action transient and de-
layed hydrolysis of phospholipids occurs
within 60 min in mammary gland explants
of pregnant mice. But this delayed effect
does not seem compatible with the pri-

mary action of the hormone on differentia-
tion (Etindi and Rillema, 1988). An intracel-
lular action of PRL could be related to acti-
vation of PKC, as attested by the effects of
tumor promotor (2-O-tetradecanoyl-phorbol-
13-acetate) in mammary gland explants
(Waters and Rillema, 1989), in isolated nu-
clei from rat liver (Buckley et al, 1987,
1988), and by the effect of an inhibitor of
PKC activity, gossypol, on differentiation of
mouse mammary cells induced by PRL
(Etindi and Rillema, 1987).

Intracellular signalling of the secreta-
gogue effect of PRL has been studied in
lactating rabbit mammary gland. Cyclic
AMP accumulation does not participate di-
rectly in signal transmission of PRL hormo-
nal action in the mammary gland (Ollivier-
Bousquet, 1989). However, it has been
shown that PLA, activation might intervene
in this effect. PRL induces an early rise in
AA, and the integrity of the metabolic
transformation of this fatty acid by lipoxy-
genases and cyclooxygenases is neces-
sary for the secretagogue response (Ollivi-
er-Bousquet, 1984; Blachier et al, 1988). Is
this cascade of events one of the first ef-
fects after binding of PRL to its receptor; or
is it the consequence of the generation of
intracellular mediators such as diacylglyce-
rol {(an activator of PKC), and inositol phos-
phates (IPs) resulting from the activation of
PLC?

In order to determine more precisely the
possible role of intracellular signalling of
PRL secretagogue action by PLC or pro-
tein kinase C, various agents acting on
these molecules have been examined. Di-
acylglycerol (in the 1-oleoyl-2 acetyl-sn-
glycerol (OAG) form, able to penetrate the
cells) is an endogenous activator of PKC
(Kikkawa and Nishiguka, 1986; and phor-
bol esters mimic this effect (Castagna et
al, 1982). H-7 (Hidaka et al, 1984), querce-
tin (Caufield and Bolander, 1986), stauros-
porine (Tamaoki et al, 1986) have been re-
ported to inhibit PKC activity. Neomycin



Intraceliular signals, casein secretion 443

exerts an inhibitory action on phosphoino-
sitide metabolism (Schacht, 1978). Al
these agents were added to the incubation
medium of mammary gland fragments and
their effects on basal or stimulated casein
secretion measured. Moreover, PRL and
carbamylcholine were compared as poten-
tial elicitors of intracellular IPs accumula-
tion.

MATERIALS AND METHODS

Fragments from New Zealand rabbit doe mam-
mary gland were used at the 15th d of lactation.
Litters were standardized to 8 animals and the
last suckling was allowed to take place 2 h prior
to the experiment. Each experiment was per-
formed with mammary tissue fragments from 1
animal.

Incubation

Tissue fragments (each weighing 0.1-0.2 mg;
total weight per assay: 5-10 mg) were incubat-
ed in Hanks' medium (pH 7.4; 37 °C, atm 95%
O,, 5% CO,) containing bicarbonate (2.2 g/l).

Casein labelling

After 30 min preincubation in Hanks' medium
the tissue fragments were pulse-labelled for 3
min with 1480 kBa/mi of L-(3, 4, 5-3H) leucine
(CEA Saclay, France, specific act 2.22 TBqg/
mmol), rinsed extensively with the medium and
reincubated for 60 min after start of the pulse
with or without 10 pg/ml ovine PRL (kindly pro-
vided by NIADDK, NiH, Bethesda, MD, USA),
the agent tested, or a combination of PRL + the
agent tested. The agents tested were 10 uM
OAG, 20 nM 12-O-tetradecanoyl phorbol 13-
acetate (TPA), 100 pM 1-(5-isoquinoline-
sulfonyl)-2-methylpiperazine (H-7), 100 uM
quercetin, 5-200 nM staurosporine, 0.1 and 1
mM neomycin, phospholipase C from Bacillus
cereus and phospholipase C from Bacillus thu-
ringensis. All these agents were obtained from
Sigma (St Louis, MO, USA).

Labelled casein assay

The incubations were stopped 60 min after initial
labelling and the tissues weighed and homoge-
nized in 300 u! 10 mM phosphate-buffered sa-
line (PBS) (pH 7.2), 1% Triton and 0.5% sodium
deoxycholate; tissue proteins were precipitated
with 300 pul 20% trichloroacetic acid in the pres-
ence of 50 ul 1% bovine serum albumin and
washed with 10% ftrichloroacetic acid. The la-
belled caseins secreted in the medium were pre-
cipitated at their isoelectric point with 0.5 M sodi-
um acetate buffer (pH 4.6) in the presence of
non-labelled caseins (final dilution 0.5 mg/ml).
The radioactivity of caseins secreted per mg tis-
sue and tissue proteins per mg tissue was as-
sessed by liquid scintillation counting in a Pack-
ard spectrometer. The results were expressed
as the percentage of radioactivity secreted ver-
sus the total radioactivity incorporated into the
cells.

Secreted caseins (%)
= {radioactivity of secreted caseins (cpm/mg)
x [radioactivity of tissue protein (cpm/mg)

+ radioactivity of secreted casein (cpm/mg)J-!
x 100.

Inositol phosphate labelling

After 30 min of preincubation in Hanks' medium,
the tissue fragments were labelled for 2 h with
370 kBg/ml of myo-3H-inositol (Amsersham,
Bucks UK) extensively washed with the same
medium containing 1 mM unlabelled myo-
inositol and 5 mM LiCl. Tissue fragments (30-50
mg) were incubated in 1 ml of the same medium
for 10 min and 1 h, in the presence or not of pro-
lactin (10 pg/mi) 100 uM carbamylcholine (Sig-
ma, St Louis, MO), 5 uM epinephrine (Sigma, St
Louis, MO) and 30 pM propranolol (Sigma, St
Louis, MO).

Extraction of lipids
and water-soluble compounds

At the end of the incubation period and after ad-
dition of 3 ml CH Cl;/CH; OH HCI (12 N) to the
tubes containing tissues plus medium (2/1/0.01,
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viviv) and vigorous agitation, the tubes were
centrifuged (1 min, 800 g).

Chromatography of inositol phosphate

An aliguot (0.6 ml) of the upper aqueous phase
was mixed with 2 ml H,O and neutralized with
0.17 ml of a solution of 0.3 M Tris and applied to
a AGIl- X 8 column (1 ml 200—400, formate
form).

Glycerophosphoinositol and inositol mono-,
bi-, tri- and tetrakisphosphate were eluted from
the column in a stepwise manner as described
by Berridge et al (1983). Briefly, 3H-inositol, gly-
cerophosphoinositol, and inositol mono-, bi-, tri-
and tetrakisphosphate were sequentially eluted
by 3 x 3 ml H,0, 4 x 3 ml of 60 mM ammonium
formate, 5 mM sodium tetraborate solution, 4 x
3 ml 0.1 N formic acid plus 0.2 N ammonium
formate, 3 x 3 ml 0.1 N formic acid plus 0.4 M
ammonium formate, 3 x 3 ml 0.1 N formic acid
plus 0.8 M ammonium formate then 3 x 3 ml 0.1
N formic acid plus 1.2 M ammonium formate. El-
uates were examined for their radioactive con-
tent by liquid scintitlation.

Statistical analysis

Each experiment was performed with mammary
gland fragments from 1 doe. Control and treated
assays differed only by adding the agent or in-
hibitor tested. Student's ttest on paired differ-
ences was used to statistically evaluate the dif-
ferences between the treated and the control
groups.

RESULTS

Action of TPA, OAG and PKC inhibitors
on casein secretion

Ten uM OAG and 20 nM TPA stimulated
newly synthesized casein secretion to the
same extent as PRL. Combined with PRL,
OAG and TPA potentiated PRL increase

(fig 1).
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Fig 1. Effect of 10 uM OAG and 20 nM TPA on
basal and PRL stimulated casein secretion.
Mammary tissue fragments were labelled for 3
min with L- [3H]-leucine, washed and incubated
in the presence or not (control, C) of 10 ng/ml of
PRL and the agents tested. Sixty min after the
beginning of the pulse, radioactive secreted ca-
seins were quantified as described in Materials
and Methods. Mean £ SEM from 4 animals.
* P<0.05; "™ P<0.02.

Quercetin at a concentration of 100 pM
is a specific inhibitor of PKC in mouse
mammary gland explants (Caufield and
Bolander, 1986). In the presence of 100
uM quercetin, the basal level of newly syn-
thesized casein secretion was not affected
and PRL exerted its secretagogue effect.
Another inhibitor of PKC, 100 uM H-7 had
no inhibitory effect on PRL secretagogue
action: however, this agent slightly in-
creased the basal level of secretion and
markedly potentiated the secretory re-
sponse to PRL (fig 2).

In order to determine the possible in-
volvement of PKC in the basal release of
casein, the effects of association of OAG
and quercetin on secretion were meas-
ured. The casein secretion ratios were re-
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Fig 2. Effect of 100 pM quercetin (Q) and 100
pmol.l-1 H-7 on basal and PRL stimulated ca-
sein secretion. Mammary tissue fragments were
labelled for 3 min with L-[3H]-leucine, washed
and incubated in the presence or not (control, C)
of 10 pg/ml of PRL and the agent tested. Sixty
min after the beginning of the pulse, radioactive
secreted caseins were evaluated as described
in Materials and Methods. Mean £ SEM from 4
animals; * P < 0.05.

spectively 45 = 1 and 3.0 £ 0.4 (7 ani-
mals), in the presence of 10 yM OAG and
10 uM OAG + 100 pM quercetin. This result
shows that quercetin is able to inhibit the
stimulatory effect of OAG on the release of
casein (compared to the basal level shown
in fig 1). This suggests that PKC is implied
in the stimulation induced by OAG.

Staurosporine is considered as a potent
inhibitor of protein kinase C acting at a
nanomolar concentration. Figure 3 shows
that when added at a concentration of 5
nM and 20 nM to the incubation medium
staurosporine did not significantly modify
the basal level or the stimulated level of
secretion. At a concentration of 100 nM
and 200 nM, staurosporine impaired the
PRL secretagogue effect. At a concentra-
tion of 200 nM, the drug stimulated the ba-
sal level of casein secretion. In conse-
quence, the action of staurosporine at low
concentrations described as selectively in-
hibitory of PKC were not observed. Inhibi-

Secreted caseins (%)
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Fig 3. Effect of staurosporine on basal andPRL
stimulated casein secretion. Mammary tissue
fragments were labelled for 3 min with t-[3H]-
leucine, washed and incubated in the presence
or not (control, C) of 10 pg/ml of PRL and va-
rious concentrations of staurosporine (St). Sixty
min after the beginning of the pulse, radioactive
secreted caseins were evaluated as described in
Materials and Methods. Mean + SEM from 4 ani-
mals; * P< 0.05.

tion was evident only at higher concentra-
tions.

The above results are compatible with a
possible action of PKC on the secretory
mechanism itself, but suggest that inhibi-
tion of PKC activity does not directly inter-
fere with the PRL secretagogue effect.

Action of PLC on casein secretion

In order to determine a possible role of PLC
on casein secretion by hydrolysis of phos-
phatidylinositol in cellular membranes, PLC
from Bacillus cereus and Bacillus thuringen-
sis (not shown) were added to the incuba-
tion medium. Neither of these PLC exerted
a stimulatory effect on newly synthesized
secretion within the range of concentrations
used (10—1 000 mUI) (fig 4). These results
show that exogenous PLC was not able to
mimic the PRL secretagogue effect.
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Fig 4. Effect of phospholipase C (PLC) from Ba-
cillus cereus on casein secretion. Mammary tis-
sue fragments were labelled for 3 min with L-
[®H}-leucine, washed and incubated in the pre-
sence or not (control, C) of 10 pg/ml of PRL and
10 —1 000 mU! of PLC. Sixty min after the be-
ginning of the pulse, radioactive secreted ca-
seins were evaluated as described in Materials
and Methods. Mean + SEM from 4 animals; * P
< 0.05.

Because neomycin has been described
as an inhibitor of phosphoinositide metab-
olism, this agent was added to the incuba-
tion medium of mammary gland frag-
ments. Table | shows that in the presence
of 0.1 mM or 1 mM neomycin, the basal
level of newly synthesized casein secre-
tion was not affected. After 30 min incuba-

tion, PRL exerted its secretagogue effect
in the presence of 0.1 mM or 1 mM neomy-
cin. After 60 min incubation, neomycin did
not affect PRL effect at a concentration of
0.1 mM but was inhibitory at a concentra-
tion of 1 mM. Inhibition of phosphoinositide
metabolism did not interfere markedly in
the early effect of PRL. The only effect ob-
served was a more delayed effect (60 min
at high concentration) on the metabolism
of the cell.

Since the lack of effect of PLC, when
applied externally, does not constitute de-
finitive proof that PLC is not involved in the
response to PRL, the association of this
experimental approach with the effect of
neomycin suggests that the early effect of
PRL does not imply phosphoinositide me-
tabolism.

Action of PRL on intracellular
accumulation of inositol phosphates

To evaluate a possible direct regulation by
PRL of inositol metabolism, the content of
3H-inositol phosphates was determined af-
ter labelling with 3H-myo-inositol and incu-
bating in the presence or not of PRL. Pro-
duction of 3H present in inositol
monophosphate (IP,), inositol biphosphate

Table . Effect of neomycin on basal and PRL-stimulated casein secretion.

Incubation medium 30 min (5) 60 min (10)
Control 24+04 66+14
PRL (10 ug/ml) 3.7+0.6" 94+12"
Neomycin (0.1 mM) 2909 53+13
Neomycin (0.1 mM) + PRL (10 ng/ml) 48+ 0.6" 82+13"
Neomycin 1 mM 24+05 52+1.1
Neomycin (1 mM) + PRL (10 pg/mli) 42+0.2* 6.4+1.0

Radioactive secreted caseins (%) were quantified as described in Materials and Methods. In brackets: number of

animals; * P<0.05.
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(IP,), inositol triphosphate (IP3) inositol tet-
rakisphosphate (IP,) were measured. Pro-
lactin did not affect the amount of [Py, IP5,
IP3 and IP4 production over a 10- or 60-
min exposure period (fig 5). The question
arises of whether phosphoinositide metab-
olism in lactating rabbit mammary gland is
regulated by another hormonal control. It is
well known that carbamylcholine stimu-
lates the production of IPs in endocrine
and exocrine pancreas (Blachier and Mala-
isse, 1990). One hundred pM carbamyl-
choline did not modify IPs production dur-
ing a 10-min exposure period (data not
shown). In contrast, in the same experi-
mental conditions 100 uM carbamylcholine
was able to increase the production of iPs
by incubated pancreatic fragments during
a 10 or 60 min exposure period. Five uM
epinephrine was able to slightly increase
the production of IPs. Five uM epinephrine
plus 30 uM propranolol (a p-adreno-
receptor blocker) did not modify production
of IPs during a 10-min exposure period
(fig 5). '
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Fig 5. Effect of 10 ug/mi PRL, 5 uM epinephrine
(E) and 5 uM epinephrine + 30 uM propranolol
(E + Pr) on [3H]-myo-inositol phosphate produc-
tion by mammary tissue fragments and effect of
100 pM carbamylcholine (C) on [3H]-inositol
phosphate production by pancreatic fragments.
Tissue fragments were incubated for 2 h in the
presence of [3H]-myo-inositol, washed and incu-
bated in the presence of the different agents tes-
ted. [3H]-Inositol phosphate production was
measured after 10 min of incubation; in brac-
kets: number of animals.
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DISCUSSION AND CONCLUSION

Transmission of the hormonal signal in a
cell can be effected by different mecha-
nisms. PRL secretagogue effect in the
mammary epithelial cell is largely depen-
dent on an intracellular pathway implicat-
ing PLA, activation, release and metabo-
lism of AA {Blachier et al, 1988). However,
other intracellular mechanisms of signal
transmission such as activation of PLC
and of protein kinase C could intervene as
a primary effect of PRL after fixation to its
receptor and generate intracellular mes-
sengers able to secondarily activate PLA,.
Present results clearly show that neither
PKC nor PLC seem to be involved in a pri-
mary effect of PRL, but they could be impli-
cated in the regulation of basal secretion in
the mammary cell.

Protein kinase C plays a role in many
cellular processes involved in hormone-
induced cell activation; an diacylglycerol,
produced in many cases of |P receptor-
mediated cleavage is an endogenous acti-
vator of protein kinase C (Kikkawa and
Nishizuka, 1986). Phorbol esters mimic
the stimulatory effect of diacylglycerol on
protein kinase C (Castagna et al, 1982).
These agents are able to stimulate secre-
tion (Merrit and Rubin, 1985). In lactating
rabbit mammary epithelial cells, OAG and
TPA are also able to increase newly syn-
thesized casein secretion and also poten-
tiate the PRL effect. These result suggest
that protein kinase C could be acting on
basal casein secretion. Many compounds
such as quercetin, H-7 and staurosporine
have been reported to inhibit protein ki-
nase C. One hundred pM quercetin inhib-
its protein kinase C activity in mice mam-
mary gland expiants (Caufield and
Bolander, 1986). At this concentration,
this inhibitor did not modify the basal level
of casein secretion or the stimulating ef-
fect of PRL in lactating rabbit mammary
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epithelial cells but inhibited OAG-
stimulated secretion. H-7 has been used
to inhibit the effect of phorbol esters in
several tissues (Hidaka and Hagiwara,
1987). At a concentration of 100 uM, it ex-
erted a slight stimulatory effect on the re-
lease of newly-synthesized caseins in
mammary cells and potentiated the PRL
secretagogue effect. It should be noted
that this compound, which inhibits acinar
protein kinase C activity in rabbit pan-
creatic acini, also potentiates stimulated
pancreatic amylase secretion (Pandol
and Schoeffield, 1986; Ederveen et al,
1990). The latter authors concluded that
protein kinase C could exert a negative
feedback role in receptor-mediated pan-
creatic enzyme secretion. However, as
regards pancreatic secretion (Ederveen
et al, 1990) and mammary epithelial cell
secretion, this hypothesis is not support-
ed by the results obtained with other puta-
tive protein kinase C inhibitors.

Staurosporine is inhibitory at nmol con-
centrations, acting on the catalytic do-
main of protein kinase C (Tamaoki et al,
1986). It has been shown to dose-
dependently inhibit the pancreatic secre-
tory response (Ederveen et al, 1990).
This agent when added at nmol concen-
trations to the incubation medium of lac-
tating mammary epithelial cells did not
modify basal and PRL-stimulated casein
secretion. At a concentration of 100 nM it
inhibited the PRL effect, at 200 nM it in-
creased the basal secretion level and
PRL was no longer able to increase se-
cretion. Interpretation of these results re-
mains problematic because of the poor
specificity of staurosporine which has
been shown to inhibit kinases other than
protein kinase C (Boyer et al, 1991). The
latter authors emphasize an inhibitory ef-
fect on kinases able to control internaliza-
tion processes. PRL internalization could
be important for the transmission of its se-
cretagogue effect (Seddiki and Ollivier-

Bousquet, 1991). More investigation is
therefore required on the effects of this in-
hibitor in the mammary cell. It appears
that phorbol ester or OAG-sensitive pro-
tein kinases are not strictly invoived in
PRL-induced increased secretion. Inter-
estingly, in the same manner, in anterior
pituitary cells, a phorbol ester-sensitive
protein kinase may increase PRL-
secretion; but this enzyme may not be di-
rectly involved in the stimulatory effect on
TRH on PRL secretion (Judd et al, 1989).
Lastly, the metabolic role of protein kinase
C in the mammary epithelial cells needs
further investigation. It remains to be seen
whether this enzyme has a different role
during pregnancy when protein kinase C
activity is high than during lactation when
this activity is very low (Caufield and Bo-
lander, 1986).

After activation through hormone PLC,
a ubiquitous membrane-associated trans-
ducing enzyme, leads to the breakdown
of phosphatidylinositol phosphates, gener-
ating second messengers such as IPs
and diacylglycerol (Berridge, 1984; Ber-
ridge and Irvine, 1984). A manner in
which prolactin stimulates lactogenesis
could be through receptor-linked phos-
phoinositide hydrolysis (Riliema, 1985;
Rillema and Waters, 1986). However, in
cultured pregnant mouse mammary gland
explants, a stimulatory effect of PRL on
the accumulation of 3H label in IPs does
not appear before 1 h; this excludes a pri-
mary action of prolactin on lactogenesis
that affects phosphoinositide metabolism
(Etindi and Rillema, 1988). Since PRL has
different actions on mammary epithelial
cells, depending on the physiological
stage, it was of interest to determine
whether the secretagogue effect of PRL
on lactating rabbit mammary epithelial
cells was mediated by activation of PLC
and increased IPs production. Present re-
sults clearly show that exogenous PLC
does not mimic this PRL effect. Neomy-
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cin, known for its inhibitory action on
phosphoinositide metabolism does not in-
hibit PRL effect. Finally, PRL does not in-
crease IPs production by lactating rabbit
mammary epithelial cells over a 10- or 60-
min period. An early effect of PRL was
previously detected in another pathway,
the AA cascade, as early as 1 min after
addition of the hormone. Since no effect is
detectable on the products of the PLC-
activated pathway, it seems that a primary
effect of PRL does not implicate phos-
phoinositide metabolism. It cannot be ex-
cluded that a minor change might be
masked by the basal level of IPs. Howev-
er, in the same experimental condition
carbamylcholine stimulation of IPs pro-
duction in pancreatic tissues is clearly de-
tectable as early as 10 min and IPs accu-
mulate, in agreement with the results of
Blachier and Malaisse (1990). Epineph-
rine is able to slightly increase IPs produc-
tion, likely by acting via the B-adrenergic
receptors. These receptors are present in
mammary epithelial cells (Clegg, 1987)
and after binding to these receptors the
main effect of epinephrine is to activate the
cAMP pathway. The present results sug-
gest that interactions between different
pathways in the cell must be considered.

In conclusion, we have shown that in
the lactating rabbit mammary gland,
agents activating protein kinase C positive-
ly modulate the secretion of newly synthe-
sized caseins. However, this enzyme does
not appear to be a direct mediator of the
secretagogue effect of PRL. Moreover,
PRL does not increase |IPs production and
PLC does not mimic the secretagogue ef-
fect of PRL. It is hypothesized that these
enzymatic pathways could be involved in
basal metabolic processes of secretion.
Questions remain on the possible intracel-
lular interactions between these enzymatic
pathways and the intracellular signalling of
the PRL secretagogue effect by the AA
cascade.
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