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The knowledge of the expression of several neuro-
peptides in the mammary gland is very limited. Although
there are a few papers dealing with the existence of
neuropeptides in the gland, the presence of neuropep-
tides in the milk of several species, in concentrations
that exceed those in maternal plasma, has been reported
by many studies. Gonadotropin-releasing hormone
(GnRH) was initially identified in milk (3), and since
then numerous other neuropeptides such as oxytocin
(12), neurotensin (29), vasoactive intestinal polypep-
tide (VIP) (28), somatostatin (SOM)-14 (26, 27),
growth hormone-releasing hormone (GHRH) (25, 27),
cholecystokinin (CCK) (4, 5) and melotonin (8) have
been found to be present in the milk of several
species. These findings imply that milk is not just
a nutrient source but also a carrier of substances that
can play a role in the development physiology of the
neonate.

It is still unclear whether these neuropeptides are
produced by the mammary gland or that the gland con-
centrates them from the general circulation. Recently,
the expression of GnRH gene in the mammary gland
of pregnant and lactating rats (14) and, in addition to
GnRH, the expression of SOM in the mammary gland
of lactating rats have been demonstrated (5).

Immunolocalization of relaxin in guinea pig mam-
mary glands has been demonstrated (16). Except for
this function, the identification of several neuropepti-
des in guinea pig mammary glands is not fully know.
The aim of the study was to examine the possible lo-
calization of several neuropeptides in the mammary
gland of guinea pigs at different physiological states
using immunohistochemical staining methods.

Material and methods
Six female guinea pigs at different physiological states

(2 each of pregnant, lactating and virgin guinea pigs) were
studied. After anesthesia with ether, mammary glands were
taken. Samples were fixed in 10% neutral buffered formal-
dehyde for 24 hour, and then dehydrated through graded
ethanol and embedded in paraffin. 5 µm thick sections were
obtained and processed for immunohistochemical staining.

Immunohistochemical staining was carried out by using
the peroxidase-antiperoxidase (PAP) method. Blocking of
endogenous peroxidase was carried out with 0.0025%
hydrogen peroxide in methanol for 10 minutes (22). In
order to block unspecific binding, an incubation with
(1 : 10) normal goat serum in 0.1 M phosphate buffered
saline (PBS), pH 7.2 was performed.

PAP technique. Sections were incubated for 16-20
hours at 4°C in rabbit anti-luteinizing hormone releasing
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Summary
The existence of numerous neuropeptides in milk is well established. It is still unclear whether these
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the epithelial cells that compose the secretory alveoli and in the secretory material.

Keywords: neuropeptides, mammary gland, guinea pig



Medycyna Wet. 2007, 63 (10)1194

hormone (AB1567 Chemicon), rabbit anti-somatostatin-14
IgG (AB1976 Chemicon), rabbit anti-somatostatin-28 IgG
(AB1752 Chemicon), rabbit anti-vasoactive intestinal
polypeptide IgG (AB982 Chemicon), rabbit anti-neuro-
tensin (AB5496 Chemicon), rabbit anti-growth hormone
releasing hormone (AB1751 Chemicon), rabbit anti-oxy-
tocin (AB911 Chemicon) and rabbit anti-cholecystokinin
(AB1973 Chemicon). Antibodies were diluted to 1 : 20,
1 : 20, 1 : 20, 1 : 50, 1 : 50, 1 : 50 and 1 : 50 in PBS
containing 0.25% sodium azide and 2.5% bovine serum
albumin respectively. Sections were then incubated in goat
anti-rabbit IgG (Dako, Z0421, Denmark), followed by
rabbit peroxidase anti-peroxidase complex (Zymed Lab.,
61.2003, San Francisco), both at a dilution of 1 : 50 in PBS,
for 1 hour at room temperature. Sections were washed
in PBS for 30 minutes after each incubation and finally
immersed in glucose oxidise-DAB-nickel ammonium
sulphate substrate (20) for 10 minutes. After washing in
distilled water and counterstaining with eosin, sections were
dehydrated and coverslips mounted with DPX. The speci-
ficity of each immunohistochemical reaction was determi-
ned as recommended by Sternberger (23) including the
replacement of specific antiserum preincubated with its
corresponding antigen. Sections were examined with light
microscope and photographs were taken.

Results and discussion
Gonadotropin-releasing hormone and somatostatin-

-14 immunoreactivity were found in mammary glands
of lactating guinea pigs. No immunoreactivity was
observed in mammary glands of virgin and pregnant
guinea pigs.The immunocytochemical localization of
GnRH and SOM-14 in mammary glands shows
intense staining for GnRH and SOM-14 throughout
the epithelial cells cytoplasm and in the secretory
material (fig. 1, 2, 3).

The presence of numerous neuropeptides in mam-
malian milk and the expression of GnRH gene in
pregnant and lactating rat mammary glands (14) as well
as identification of somatostatin gene in rat mammary

glands during lactation (5) raises the question con-
cerning the origin of the other neuropeptides that are
present in the milk.

The present study has demonstrated the immuno-
histochemical localization of GnRH and somato-
statin-14 in guinea pig mammary glands during the
lactation period. All other neuropeptides were not
found in mammary glands in any periods.

GnRH is the primary regulator of the reproductive
system. This neurohormone is synthesized in hypotha-
lamic neurosecretory cells and triggers the secretion
of gonadotropic hormones luteinizing hormones and
follicle-stimulating hormones from the anterior pituitary
(10). GnRH is also synthesized by many non-hypo-
thalamic tissues such as placenta, (19, 24), gonads (2,
13) and mammary glands (1) of different kinds of
mammals. GnRH that is synthesized by a lactating
mammary gland could have multiple physiological
roles and may assume biological activities that are still
unknown. GnRH that is synthesized by the mammary
gland may exert its bioactivity on the suckling pups as
well as on the mother. When suckling was prevented,
serum LH concentrations dropped to about 30.6%, and
when suckling was allowed to resume, the pup�s
serum LH concentrations were restored within 1 h (3).
These observations suggest that at least part of the milk
GnRH is absorbed from the gastrointestinal tract of
the suckling pup in a biologically active form. Indeed,
the gastrointestinal tract of the neonatal mammals is
largely permeable and allows the transport of peptides
and proteins across the intestinal epithelium (11).
Similar results were also obtained in another study that
demonstrated that milk GnRH may have a modulatory
role on the development of the infantile rat ovary (21).
GnRH synthesized by the mammary gland may func-
tion as a paracrine agent within the mammary gland or
on the anterior pituitary of the mother. It seems that
the mammary glands serve as complementary organs
in a mechanism through which the mother exercises
control over the infants development and metobolism.
Milk provides the mechanism by which regulatory

Fig. 3. Somatostatin immunoreactivity
in the secretory materials of lactating
guinea pig mammary gland (arrows)
(× 400)

Fig. 1. Immunohistochemical localization
of the gonadotropin releasing hormone
in the mammary gland (MG) of lactating
guinea pigs. The guinea pig MG shows
intense staining for gonadotropin rele-
asing hormone throughout the cytoplasm
of the epithelial cells («). Some of the
alveoli are packed with secretory mate-
rial (arrows) showing intense staining
(× 200)

Fig. 2. Immunohistochemical localization
of somatostatin-14 in the mammary gland
of lactating guinea pig. Somatostatin
immunoreactivity was seen throughout
the cytoplasm of the epithelial cells
(arrows). Some of the alveoli are packed
with secretory material («) (× 400)



Medycyna Wet. 2007, 63 (10) 1195

information is transferred from the mother to the pro-
geny.

Somatostatin is probably the most known neuro-
peptide and has been reported in neurons of the hypo-
thalamus, limbic system, brain stem, spinal cord and
throughout the cerebral cortex (17). Somatostatin is
also secreted from different parts of the gastrointestinal
tract and from the endocrine pancreas (18). Somato-
statin was first discovered in human and sheep milk
(26). In the later studies, somatostatin levels in milk
were found several fold higher than those present in
the maternal plasm (7, 9, 26).

The mammalian somatostatin precursor, prosomato-
statin, is a 92 aminoacide protein that is processed
posttranslationally by proteinases to produce somato-
statin 14 and somatostatin 28. The production of the
two somatostatins is independent of each other and
somatostatin 14 cannot be processed from somato-
statin 28 (15). We have found SOM-14 immuno-
reactivity in the mammary glands of lactating guine
pigs whereas SOM-28 is not present. These finding
are compatible with previous findings (7, 26, 27) that
have reported the existance of SOM-14, but not of
SOM-28, in milk.

SOM-28, vasoactive intestinal polypeptide, neuro-
tensin, cholecystocinin, oxytocin and growth hormone
immunoreactivity was not detected in the mammary
glands of virgin, lactating and pregnant guinea pigs.

The present study demonstrated that GnRH and
somatosatatin is produced by the mammary gland
tissue during the lactation period. Evidence for a pos-
sible physiological role for somatostatin and GnRH
were presented recently by Gama et al. (6) who repor-
ted that GnRH and SOM exert inhibitory effects on
cell proliferation of the gastric epithelium in suckling
rats. The fact that SOM and GnRH are localized in
mammary glands of lactating guinea pigs may imply
that regulatory peptides produced by the breast can play
a major role in the developmental physiology of neo-
nate and or on the growth and differentiation of the
mammary gland itself. Furthermore the fact that GnRH
and SOM, only two out of seven neuropeptides that
have been studied so far, are expressed in the mamma-
ry gland of the lactating guinea pig suggest that these
neuropeptides may have important physiological roles
that have still to be elucidated. These results also
imply that most of the peptides that are present in milk
are actively concentrated from general circulation.
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