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Abstract: The presence and distribution of some biclogically active substances in nerve fibres supplying the
mammary gland in the pregnant, lactating and non-lactating guinea pig were studied using
immunohistochemical methods. The substances studied included: Calcitonon Gene Related Peptide (CGRP),
substance P (SP), Vasoactive Intestinal Polypeptide (VIP), Galanin (GAL), Cholecystokinin (CCK) and
neurotensin. Immunoreactive nerve fbres were associated with blood vessel, lactiferous ducts and alveoli.
CGRP, SP, VIP, GAL, CCK and neurctensin immunoreactive fibres appeared to be much more numerous in the
mammary gland of pregnant and lactating guinea pigs when compared to non-lactating guinea pigs. The results
demonstrate a rich distribution of different types of nerve fibres mn structures of mammary gland related to milk

ejection. These nerve fibres may be mvolved in the local control of milk ejection.

Key words: Nerve fibres, mammary gland, guinea pig, immunohistochemistry

INTRODUCTION

The secretory tissue of the mammary gland has a
tubuloalveolar arrangement. Tt is composed of numerous
alveoli each comsisting of a ball of secretory cells,
surrounded by a network of contractile myoepithelium
and blood vessels (Cowie, 1974; Mepham, 1987;
Wakerly et al., 1988).

In early years, the knowledge of the innervation of
the mammary gland was very limited and fragmentary.
There was only few papers daling with the irmervation of
the gland and most of these studies were performed using
histological (Cowie, 1974; Linzell, 1959, Michel, 1993) and
histochemical methods (Balakina and Skopichev, 1986;
Cowie, 1974; Hebb and Linzell, 1966; Franke-Radowiecka
and Wasowicz, 2002). However, during the last decades,
a lot of data have been gamed dealing with the
biologically active substances, mainly neuropeptides,
found within newons supplying the mammary gland of
different mammalian. Several neuropeptides have been
described within nerves supplying the mammary gland
m woman (Eriksson ef al, 1996), rat (Enksson et al.,
1996, Skakkeback et af., 1999; Tasker et al., 1988;
Thulesen et al., 1994, Traurig et al., 1984), pig (Franke-
Radowiecka et al., 2002), marsupial and red kangaroo
(Griffiths and Slater, 1988). Retrograde tracing in
combination with immunohistochemistry has shown that

sensory fibres of the rat mammary gland not only
originate from dorsal root ganglia, but also in the nodose
ganglia and that neurons in dorsal root ganglia contain
calcitonin gene related peptide (CGRP), whereas those in
the nodose ganglia contain vascactive intestinal
polypeptide (VIP) (Eriksson ef al., 1996). The same study
has also shown that sympathetic neuropeptide Y (NPY)
containing fibres innervating the mammary gland originate
1n the stellate ganglion.

Since, no mformation on peptidergic immervation
of mammary gland in gumnea pig exist, we decided to
investigate by immunchistochemistry, the localization
and distributon of some neuropeptides such as
CGRP, substance P, VIP, neurotensin, galanin and
cholecystokinin = (CCK)  immunoreactivity in the
mammary gland of pregnant, lactating and non-lactating
guinea pig.

MATERIALS AND METHODS

Animals and tissue samples: Eighteen female guinea
plg (pregnant, lactating and non-lactating guinea pig,
each : 6 guinea pig) were used. Guinea pigs were housed
under controlled conditions of temperature and light.
Pellet food and water were supplied ad Hibitum. After
euthanasia with ether, mammary glands were removed
and fixed in 4% formaldehyde in sodium cacodylate
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buffer (0.1 M, oH 745 for 24 b They were placed in 0.1 I
sodivm cacodylate, pH: 7.4, containing 20% sucrose for
at least 24 hat4°C hefore snap freezing and sectioning at
10-15 pmin cryostat.

Inmunohistochemisiry: PAP  (Peroxidase Anti
Peroxidase) method: [mmunohistochemical staining was
cartied out by using the Perosidasze-Antiperoxzidase (PAF)
method. Blocking of endogenous peroxdasze was carried
out with 0.008% hydrogen peroxidase (H,0;) in methanol
for 5 min (Rternberger, 19865, In order to block unspecific
hinding, an incubation with nortnal goat serurm in 0.1 W
phosphate buffered saline (FBE), pH 7.2 (Dilution 1:10
was petrformed. Sections were incabated for 16-20hat 4°C
with rabbit I antibodies against calatonin gene-related
peptide (Chernicon, ABR5920%, substance P {Chemicon,
AB1566), galanin (Chemicon, ABS909), neurotensin
(Chemicon, ABS496), cholecystoldnin  {Chemicon,
AB1973 and  vascactive  intestinal  polypeptide
(Chemicon, ABPE). Antibodies were diluted to 1:200,
1:200, 1:500, 1:1000, 1:500 and 1:500 in PB S containing
0.25% sodium azide and 2.5% bovine serwn albumin,
mections were then incubated in goat anti-rabbit IgG
(Dako, 20421, Dentnard) followed by rabbit peroxzidase
anti-peroxidase complex (Zymed Lab, 61.2003, 3an
Francisco)), both at dilution of 1:50in PR3, for 1 hour at
room temperature. Sections were washed in FBS for
30 tnin after each incubation and finally irmersed in
glucose oxidise-DADR -nickel ammonium sulphate substrate
(Shu et ., 1988) for 10 min. After washing in distilled
water and counterstaining with eosin, sections were
dehydrated and coverslips mounted with  agueous
perman ent mounting tmedinm.

Fig 2 CCE immunoreactive nerve fibres around of
lacti ferous ducts (hig arrows) in mammnary gland of
lactating guines pig. 2200

Fig 3 CCEK irrnunoreactive nerve fibres were found rare
inn the mammary gdand of nonlactating ouinea pig.
200

Fig 1 CCK immmunoreactive nerve fibres were observed
manerous around of lactiferous ducts (hig arrows)
and alweoli {small arrow) in matnmary gland of
pregnant guinea pig. 2200
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Fig 4: VIP irnunoreactive nerve fibres were found
manerous around of lactiferous ducts (hig arrows)
and alveoli (small arrow) in matomary gland of
pregnant guinea pig X200
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Fig 5 VIP immuonoreactive nerve fibres around of
lactiferous ducts (hig arrow) and alveoli (amall
arrow) in mamtrary gland of lactating guinea pig.
X200

Fig & VIF imemunoreactive nerve fibres were found rare
in the mammary dand of non-lactating guinea pig.
X200
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The specificity of each irntnunobd stochernical reaction
was determined as recommended by Sternberger (1979)
by using (including the replacemnent of) specific antiserum
preincubated wath itz corresponding antigen. Sections
were exarined with light microscope and photographs
were talen.

RESULTS

CGRP, 5P, VIP, CCE, neurotensin and galanin
irnmminoreactive netve fibres were found in the mammary
gland of the pregnant, lactating and non-lactating guinea
pigs. Mo immunoreactive nevronal cell bodies were
ohzerwed. In the pregnant and lactating guinea pigs,
CGEP, 5P, VIP, CCE, neurotensin and galanin
immunoreactive fibres appeared to be much tmore
tnerous than in the non-lactating ouinea pigs (Fig 1-6).
Positive newre fibres were seen close to blood vessels, to
alweoli and lacti ferous ductz(Fig 1,4 and 5).

The regional distribution and relative frequencies of
CGRP, SF, VIP, CCK, neurotensin and galanin positive
fibres in guine pig mammary gland is shown in Table 1

DISCUSSION

The present study has revealed a rich peptidergic
innervation of the mammary gland in pregnant and
lactating guinea pigs compared to  non-lactating
conditions. Merve endings were present around blood
vessels and in the tizsue surrounding alveoli and ducts
in the mammary gland. These nerve endings contained
CGRP, 5P, VIP, CCE, neurotensin and galanin. The
present results compared to the findings repotted by
other authors (Enlzson et af , 1996, Skaldeeback af of |
1999 Tasker ef @, 1988, Thulesen et o, 1994
Traunig et o, 1954, Franke-Radowiecka ef o, 2002,
Griffiths and Slater, 1988) suggest the exisience of
relatively small inter-species  differences in  the
innervations of thiz gland.

CGEP influences wascular smooth muscle tone and
induces a prolonged wvasodilatation of resistance and
capacitance vessels [Cathart et «f., 1948) and CGEP
and 3P have been shown to increase blood flow in
the skin (Sann et @, 1988} and they are both knowm to
affect amooth musacle cells (Brain and Williams, 1988,
Brainet @, 1985). The CGRP postive nerve fibres around
hlood wessels in the mammary gland may thus act as
vasodilatators. In fact local injections of CGEP into
the marmmary gland increase marmmary blood fow
(Erikzzonet o, 1996% The closerelation of CGRP imrmun-
oreactive fibres to lactiferous ducts may indicate that
this peptide also influences the resistance in the ductuli.
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VIP immunoreactive fibres were also present around
blood vessel and lactiferous ducts within the mammary
gland. VIP is known to relax smooth muscle in many
organs (Roussellot et al., 1994). Their presence in the
mammary gland suggests that they might be mvolved
in relaxing smooth muscle and thereby increasing blood
flow and decreasing ductal tone in the mammary gland.

Galamin immunoreactive nerve fibres have been
mentioned to be present around blood vessels and in
connection with lactiferous duct and alveoli of the
mammary gland in woman and rat (Eriksson ef al., 1996)
but in the pig these fibres were found only to surround
blood vessels (Franke-Radowiecka ef al., 2002). In the
present study, galanin positive fibres were widely
distributed around lactiferous ducts. It has been found
that GAL has a contractile effect on smooth muscle cells
in human and rat and thus, it 1s possible that this peptide
plays similar role in the guinea pig mammary gland.

CCK and neurotensin immunoreactive nerve fibres
were also found in the mammary gland of guinea pig in
pregnant, lactating and non-lactating conditions which
have not been previously described. The occurrence
of CCK and neurotensin immunoreactive nerve fibres
around of lactiferous ducts suggests that they can play
role in ductal tone.

CONCLUSION

The present study has revealed that many
biologically active substances exist in nerve fibres supp-
lying the mammary gland in guinea pig. The distribution
of these nerves strongly suggests that they can play a
role in the process of milk ejection during the lactation
periods and control of blood flow through the gland.
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