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Abstract

Tissues from fourteen mammary glands of eight
bitches were prepared for scanning electron microscopy
of vascular corrosion casts and for histology to study the
vasculature of the lactating and non-lactating teats. The
densely-meshed mammary dermal capillary network
formed ridges and troughs. The teat ducts were vascu-
larized by a relatively densely-meshed capillary network
which drained into veins longitudinally oriented to the
ducts. Between eight and fifteen teat duct openings were
seen on the tip of the teat, that were sometimes divided
by a septum. The inner vascularization of the teat
showed that the main papillary arteries divided into un-
dulating secondary papillary arteries which presented nu-
merous semi-constrictions and loops. Their structure
may help during erection of the teat. Arteriovenous
anastomoses found at different points may participate in
blood flow maintenance during suckling, heat regulation
and teat erection. Veins freely anastomosed and ran
longitudinally to the axis of the teat. They exhibited
numerous bicuspid valves. In non-lactating teats, vessels
showed the same main architecture and characteristics
mentioned above, although these were considerably less
marked. The structure of the vascular elements in the
teat of the bitch could favor blood flow during suckling
and suggest that vessels adapt to the physiological
situation.

Key Words: Microcirculation, corrosion casting, nip-
ples, lactation, dogs, scanning electron microscopy.
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Introduction

The mammary gland undergoes marked morphologi-
cal and functional changes during the reproductive cycle
(Griffith and Turner, 1961; Desjardins er al., 1968;
Murad, 1970; Grahame and Bertalanffy, 1972; Hollman,
1974; Knight and Peaker, 1982). The vascularization of
the mammary gland changes as well, according to the
physiological variations occurring during virgin, preg-
nancy, lactation and involution (Wahl, 1915; Soemar-
woto and Bern, 1958; Nishinakagawa, 1970; Matsumoto
et al., 1988, 1992). Moussa (1982) also noticed differ-
ences in the structure of the blood vessels that supply the
teat of the buffalo under different physiological
conditions.

The mammary gland of the bitch consists most com-
monly of five pairs of mammary complexes (Mammae)
on each body side. The usual pairs of glands are two
thoracic, two abdominal and one inguinal (Silver, 1966).
Each mammary complex has two component parts: the
glandular body (Corpus mammae) and the teat (Papilla
mammae) (Schummer ez al., 1981). The distal third of
the teat is occupied by eight to twenty-two teat ducts
(Ductus papillaris) in the dog (Turner, 1939) which
open in a roughly circular pattern on the end of the teat
(Ostium papillare). Proximally, each teat duct connects
with a teat sinus (Pars papillaris sinus lactifer) which
continues into a lobule of the gland (Silver, 1966).

The different pairs of mammary gland complexes
are not supplied by the same blood vessels and vary
considerably in number and importance (Silver, 1966;
Habel, 1978; Schummer er al., 1981; Evans, 1993).
The main arteries are as follows: (1) for the thoracic
complexes, the internal thoracic artery (A. thoracica
interna), intercostal arteries (Aa. intercostales) and the
lateral thoracic artery (A. thoracica lateralis); (2) for the
abdominal and inguinal complexes, the cranial and cau-
dal superficial epigastric arteries (A. epigastrica crania-
lis superficialis et A. epigastrica caudalis superficialis),
intercostal arteries, the caudal phrenic artery (A. phreni-
ca caudalis), the cranial abdominal artery (4. abdomina-
lis cranialis) and the deep circumflex iliac artery (A.
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Figure 1. Vascular cast of a non-lactating teat sectioned longitudinally with the teat tip oriented to top. Note some
low-density vascular areas (*) typical for the non-lactating state. The dermal capillary network is densely-meshed and
forms ridges and troughs (arrows). This network upon the teat tip is closely connected to the inner vascularization than
elsewhere. Inner vessels tend to ran longitudinally without undulations (compare Fig. 8). Bar = 0.7 mm.

Figure 2. Magnified view of the dermal capillary network around the base of a non-lactating teat, forming ridges and
troughs. Note the central arteriolar-venular system (stars) supplying the capillary network with capillary loops (arrows)
projecting towards the epidermis. Bar = 0.2 mm.

Figure 3. Histological overview of a transversal section of a non-lactating teat. Most teat ducts, with their occasional
belt of accessory glands, are collapsed (arrowheads). Inner and subdermal vessels (stars) are dilated from perfusion
fixation of the sample. Bar = 0.9 mm. Inset shows a magnified view of a teat duct with its corrugated epithelium
and some accessory glands (a) surrounded by, in part, densely aggregated capillaries (stars). L: lumen of the teat duct.
Bar = 0.1 mm. :

Figure 4. Vascular aspect of the tip of a non-lactating teat from a ventral view showing the teat duct openings (¥*).
Bar = 0.5 mm. Inset shows the magnified view of a teat duct opening divided by a septum (arrow) which consists
of a moderately-meshed, almost flat capillary network. Bar = 0.1 mm.

circumflexa ilium profunda). The venous drainage is according to the method of Hanstede and Gerrits (1982),
parallel to the arterial supply (Silver, 1966). followed by 10 to 30 ml (depending on the size and lac-
The vascularization of the teat in the bitch has not tational state of the bitch) of a mixture of Araldite CY
been studied yet, although some articles deal with that of 223, hardener HY 2967 and color DW (all from Ciba-
other species like the cow (Fiirstenberg, 1868; Riederer, Geigy, Barcelona, Spain). According to Hanstede and
1903; Rubeli, 1916; Foust, 1941; Turner, 1952; Habel, Gerrits (1982), the density of plastic was 1.11 + 0.01
1978; Schummier et al., 1981), small ruminants (Schum- g/cm3 and the viscosity of the mixture was similar to
mer et al., 1981), the buffalo (Moussa, 1982; Badawi et that of the blood at the time of injection. The flow was
al., 1985), the rabbit (Wahl, 1915), the weddell seal kept constant at 2 ml per minute, by means of a syringe
(Tedman and Bryden, 1981), and the woman (Vorherr, infusion pump (Harvard Apparatus, South Natick, MA,
1974). USA), until the complete filling of the mammary vascu-
The aim of the present work is to study the vascular lar system. This was considered to happen when the
architecture of both lactating and non-lactating teats of filling of the dermal vessels colored the skin around the
the bitch by means of scanning electron microscopy teats. The injected resin hardened in approximately 12
(SEM) of Araldite corrosion casts and light microscopy hours at room temperature.
(LM) of serial sections. The morphology of the vascu- Subsequently, the mammary complexes were cut out
lar organization is compared between the two physio- from the body and soaked overnight or longer in a cor-
logical activities, lactating and non-lactating. rosion medium of 10% KOH at room temperature. Af-
ter several rinses in running water for hours alternating
Material and Methods with corrosion and a final wash in distilled water, the
casts of the mammary complexes were clean and ready
For the SEM study of vascular corrosion casts, for dissection in water with a sharpened forceps under
eleven teats of the abdominal and inguinal gland com- a stereo microscope (SMZ-U, Nikon). Part of these dis-
plexes were obtained from five lactating and two non- sected samples were embedded in a 10% gelatine solu-
lactating bitches. tion and freeze-cut with razor blades (Leiser, 1985).
All animals, apart from one German Shepherd, were Gelatine was digested in 40% KOH and the resulting
ordinary crossbreed bitches, obtained from a Municipal smaller casts were rinsed several times in distilled water.
kennel. The age averaged 39 months ranging from one The vascular casts of mammary glands, thus prepar-
to ten years. The age of the animals was estimated by ed, were air-dried, mounted on stubs, coated with gold
Boenisch’s Table (1913), based on wear of the teeth. in a sputter coater (E-5400, Polaron), and observed with
The animals were sedated with propenyl-promazine either a Hitachi S-570 SEM or a JEOL JSM-840A SEM
(Combelen®; Bayer) and injected with heparin. Eutha- operated at an accelerating voltage of 7-10 kV.
nasia was carried out intravenously with sodium pento- For the LM study, three teats of the abdominal and
barbital at a dosage of 40 mg per kg of body weight. inguinal mammary complexes were obtained from one
The mammary glands were perfused through the caudal non-lactating female German Shepherd, shortly after
superficial epigastric artery with physiological saline euthanasia. The animal was obtained from the Royal
(30°C) and phosphate buffered 5% glutaraldehyde and, Veterinary and Agricultural University of Copenhagen.
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Figure 5. Detail of the tip of a lactating teat sectioned longitudinally. The vascular cast shows the lumen of two teat
ducts (*) surrounded by a relatively densely-meshed capillary network which continues into the dermal arteriolar-venular
system of the tip of the teat (arrows). Bar = 0.2 mm.

Figure 6. View into a longitudinally opened lactating teat duct. Folds projecting into the lumen of the duct are border-
ed by meandering capillaries. Asterisks show troughs between folds. Bar = 70 ym.

Figure 7. Vascular cast of two lactating teat ducts from the middle part of the teat. A small longitudinal artery (A)
runs along the ducts giving off arteriolar branches to the capillary network (CN), which drains into venules and a vein
(V). L: lumen. Bar = 100 pum.

Figures 8-11 on the facing page

Figure 8. Dissected vessel cast of a lactating teat viewed from the lateral side showing the inner vascularization. The
main papillary arteries (MA) form big arches (*) and divide into secondary papillary arteries (SA), which present loops
(arrowhead) and constrictions (arrows). Veins (V) converge and run longitudinally towards the base of the teat to a
collecting venous ring (VR, bottom). Tip of the teat (top). Bar = 0.6 mm.

Figure 9. Arterial constrictions in secondary papillary arteries. (a) Vessel cast of a lactating teat showing a
constriction (arrow) in a secondary papillary artery after being branched from a main papillary artery. Note that on
one side of the artery the vessel diameter diminishes to about half, creating a semi-constriction. Bar = 100 um (b)
Histological detail of a secondary papillary artery of a non-lactating teat with a luminally-oriented, wedge-shaped
constriction (arrow). Bar = 32 pum.

Figure 10. Constriction (arrow) in a small artery of a lactating teat. Note that this constriction is not related to sudden
bending of the artery. Bar = 40 um.

Figure 11. Vascular cast of a lactating teat showing an arteriovenous shunt. The short and spiral connection (*) joins
an arteriole (At) and a venule (Vn). Bar = 13 um.
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The teats were fixed by perfusion with a solution of
phosphate buffered (pH 7.2) 4% formaldehyde and 3 %
PVP (polyvinyl pyrrolidon), immersed in 4% buffered
formaldehyde, dehydrated in graded ethyl-alcohols, and
embedded in paraffin. Finally, the samples were sec-
tioned serially for light microscopy by routine methods
and stained with hematoxylin-eosin.

Nomenclature used in descriptive anatomy conforms
to Nomina Anatomica Veterinaria (NAV, 1994).

Results

The description has been based on SEM observa-
tions from lactating teats and SEM and LM observations
from non-lactating teats.

The dermal vascularization of the teat was easily
distinguished from the bulk of the inner vascular net-
work in longitudinal sections of vascular corrosion casts
of the whole teat (Fig. 1). The vascular network of the
dermis on casts was densely-meshed, forming ridges and
troughs that were deeper around the base of the teat and
were supplied by a central arteriolar-venular system
(Fig. 2). The dermal capillaries tended to form loops
towards the surface of the skin (Fig. 2). The capillary
bed of the dermis was closely related to and connected
with the underlying vessels upon the tip of the teat,
whereas towards the base of the teat, this connection
loosened (Fig. 1).

About 30 teat ducts, most of them with their lumens
almost closed, were found in the transverse histological
sections of non-lactating teats (Fig. 3). Their capillary
network was arranged beneath a highly corrugated epi-
thelium (Fig. 3, Inset). The duct openings, clearly seen
on the casts (Figs. 4 and 5), were unevenly distributed
on the tip of the teat (Fig. 4) and were fewer (8-15) than
the teat ducts. Hence, some of these openings were di-
vided by a septum that consisted of a moderately-
meshed, two-dimensional capillary network (Fig. 4, in-
set). The capillary network of the openings continued
into the dermal capillary and arteriolar-venular system of
the tip of the teat (Fig. 5). As seen better on casts of
lactating teat ducts, their capillary network was densely-
meshed (Figs. 5 and 7) and sometimes presented mean-
dering capillaries and folds projecting into the duct
lumen (Fig. 6). Longitudinal arteries ran along the
ducts giving off arteriolar branches to the capillary net-
work which, at numerous points, drained into venules
and veins arranged parallel to the ducts (Fig. 7).

The inner vascularization showed the papillary arter-
ies which supplying the teat, arose at the base of the teat
either directly from the superficial epigastric arteries or
indirectly from their branches (Fig. 8). Cutaneous
branches contributed, less importantly, to the arterial
supply of the teat.

F.J. Pérez-Aparicio et al.

The main papillary arteries (about 400-500 um in
diameter) ran internally along the teat until about a third
the distance to the tip, where they curved and formed
big arches (Fig. 8). These branches sent smaller sec-
ondary papillary arteries (about 200-300 ym in diame-
ter), which undulated and sometimes looped (Fig. 8).
The secondary papillary arteries were directed both, dis-
tally towards the teat tip, and backwards to the base of
the teat (Fig. 8). These branches divided into smaller
collateral arteries which supplied the dense capillary bed
of both the dermis and the teat ducts. Many of the sec-
ondary arteries presented semi-constrictions, usually at
points of looping and branching (Figs. 8 and 9a). In
histological sections, constrictions were seen as wedge-
shaped thickenings of the wall that protruded into the lu-
men of the artery (Fig. 9b). Similar constrictions were
found in smaller arteries (about 50-150 um in diameter),
but they did not have the sharp bendings (Fig. 10).

Connections between small arterioles and venules
were found at different points of the teat. These connec-
tions were short, spiraling or undulating, and resembled
the structure of arteriovenous anastomoses (Fig. 11).

From the dermal and ductal capillary network, ven-
ules converged to larger veins that freely anastomosed
and drained intc veins running longitudinally to the axis
of the teat (Fig. 8). These longitudinal veins (about
300-350 um in diameter) were usually larger than the
secondary papillary arteries and had bicuspid valves
along their main trunk, seen both in casts (Fig. 12a) and
in serial histological sections (Fig. 12b). Bicuspid
valves were typically near the junction of the longitudi-
nal veins and the collecting venous ring at the base of
the teat (about 500-600 um in diameter; Fig. 12c).
From the venous ring, several branches with many
valves converged to the superficial epigastric vein.
Valves were also observed in venules as small as 45-60
wum in diameter. In general, veins were found more fre-
quently than arteries.

Comparisons of lactating and non-lactating teats
showed that their vascular architecture was similar but
the density and size of the vessels were smaller in the
non-lactating teats, except for the main vessels at the
base of the teat which had a similar size (Fig. 1). The
arteries of the non-lactating teats had less undulation
than the lactating teats, and constrictions of their wall
were less frequently found. The lumen of the teat ducts
was narrow, and their capillary network was less dense-
ly-meshed and did not show meandering capillaries.
The dermal capillary network was looser and flatter than
in lactating teats. Finally, venous valves were scarcely
found in non-lactating teats, apart from the main veins
at the base of the teat.
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Figure 12. Vascular casts and histological section of venous valves encountered in the teat. The arrows show direction
of blood flow. (a) Cast of a bicuspid valve in a "longitudinal” vein of a lactating teat. Bar = 47 um. (b) Histo-
logical section of a bicuspid valve in a corresponding vein from a non-lactating teat. Note the valve leaflets (arrow-
heads) in the lumen of the vein which is dilated due to perfusion fixation. Bar = 0.1 mm. (c¢) Cast of three bicuspid
valves (white arrowheads) in each longitudinal veins joining the venous ring (VR) at the base of a lactating teat. Bar

= 0.2 mm.
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Discussion

Vascular system of the teat ducts

The number of teat ducts on LM cross-sections of
the teat was much higher than the number of teat duct
openings seen on SEM samples. This indicates that sev-
eral ducts join to empty into the same opening, which is
supported by our observations of a vascularized septum
in some openings.

The present observations of longitudinally oriented
arteries and veins giving or receiving branches from the
teat duct wall is similar to that in the rabbit (Wahl,
1915). However, we found that arterioles and venules
did not always enter the capillary network on opposite
sides of a given segment of the duct as in the rabbit.
The folds of the wall in the teat ducts and meandering
capillaries may reflect the possibility of increasing duct
area during lactation, which is supported by the differ-
ences in luminal opening size in non-lactating and lactat-
ing animals.

At the teat openings, the capillary network of the
teat ducts continued into the surrounding dermis, thus
possibly being connected to and part of the vascular
mechanism for teat erection.

Vascular phenomena influencing erection of the teat

The dermal capillary network of the teat is arranged
in ridges and troughs reflecting deep dermal papillae as
earlier described by Foust (1941) in the cow. He also
found that the dermis was attached to the underlying tis-
sue of the teat without subcutis. Our light and scanning
electron microscopic observations of the connective tis-
sue and dermal capillary network also showed them
closely connected with the underlying vessels, especially
seen at the tip of the teat. The lack of a subcutis layer
in the teat may result in a higher pumping effect on
blood flow during suckling than if a subcutis layer were
present.

The existence of thick and undulating or looped sec-
ondary papillary arteries in the teat results from the
amount of fibromuscular tissue around these vessels ac-
cording to Moussa (1982). The structure of these sec-
ondary papillary arteries may, to some extent, favor a
higher blood flow, allowing elongation of the teat and,
thus, its erection.

Arteriovenous anastomoses may also participate in
teat erection, being constricted during erection and
otherwise relaxed if not participating in other regulatory
mechanisms.

Vascular structures securing a continuous blood
circulation

The vascular supply to the teat of the bitch was not
limited to the branches arising from the superficial epi-
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gastric arteries as cutaneous branches also contributed in
order to guarantee a continuous blood supply. The teat
of the bitch had fewer arteries than veins, which is
similar to other species (Linzell, 1974; Moussa, 1982;
Badawi et al., 1985).

The veins of the teat of the bitch tended to be larger
than arteries which was also observed in different spe-
cies (Nishinakagawa, 1970; Moussa, 1982). The present
description of the venous drainage of the teat, including
the existence of a venous ring at the base of the teat,
follows the same main pattern as observed in cows
(Turner, 1952; Habel, 1978; Schummer et al., 1981),
small ruminants (Schummer et al., 1981), and buffalo
(Badawi et al., 1985). This architecture, as well as the
many anastomoses with superficial veins, may represent
alternative routes for blood drainage in order to maintain
blood flow during venous compression, as for example,
when the animal is lying down, a theory suggested by
Schummer et al. (1981).

We observed arteriovenous anastomoses in the teat
of the bitch as has been reported for other species
(Nisbet, 1956; Linzell, 1971, 1974; Vorherr, 1974;
Moussa, 1982). In the present study, they were seen
between precapillary arterioles and postcapillary venules;
this may be the reason for them being smaller in diame-
ter than those of 60-100 um diameter reported by Linzell
(1974) in the teat of several other species. Arterio-
venous anastomoses may participate in several regulatory
mechanisms: (1) Linzell (1974) and Moussa (1982) sug-
gested that they participate in maintaining blood flow in
the teat during suckling and milking when there is a
mechanical pressure on the surface of the teat, thus, reg-
ulating blood pressure and improving venous return; (2)
the same authors also proposed arteriovenous anasto-
moses as heat regulators, since they would allow warm
blood to bypass the capillary bed and enter the teat
quickly to maintain its temperature above freezing point;
and (3) it is suggested in the present study that they may
participate in teat erection.

The blood flow to the teat may, furthermore, be
regulated by the formation of constrictions in the second-
ary papillary arteries observed by SEM and LM in the
present study. These constrictions are comparable to the
polypoid or stalked structures, called valve-like arterial
bolsters, found in the teat of the buffalo (Moussa, 1982).
However, we observed them as wedge-shaped thicken-
ings of the wall protruding into the arterial lumen on
histological sections. This difference may be due to per-
fusion fixation performed in the teats of the bitch which
causes vessels to appear dilated with a smooth lumen.
The wedge-shaped thickenings in the arterial wall of the
teat of the bitch may act as arterial bolsters and partici-
pate in blood flow regulation to the capillary network of
the teat, a function also suggested for arterial bolsters in
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other organs (Nawar et al., 1975; Taher, 1976). The
preferential location of these arterial constrictions at
points of looping or branching would not interfere with
this function, but might avoid turbulence at those points.

In the veins of the lactating teat of the bitch, many
valves were encountered. Valves have been classified as
axial (placed along the main trunk of a vein) and juxta-
ostial (located on a small venous tributary where it joins
a main trunk) (Maros, 1981). In the present study, both
types of valves were observed. Axial valves were found
in veins of various diameters at different levels in the
teat, whereas juxtaostial valves were only located on
veins draining into the venous ring at the base of the teat
and on those draining into the superficial epigastric
veins. These locations would contribute to maintaining
blood drainage during suckling when the teat is subjected
to large positive and negative pressures.

Vascular changes from non-lactating to lactating teat

The non-lactating teat showed the same main archi-
tecture as that of the lactating teat, except the number of
vascular elements are less and smaller than in lactating
teats, which has also been observed in teats of buffaloes
(Moussa, 1982).

The increase in blood flow to the mammary gland
during lactation was found to be correlated to an in-
crease in vascularity and size of the vessels (Nishina-
kagawa, 1970), which is also reflected in our observa-
tions.

The differences in vasculature reflect the quiescent
state of the non-lactating teat and its lower demand for
blood flow regulatory elements. The undulating arteries
were less frequent, as well as the occurrence of arterial
constrictions or arterial bolsters, which was also noticed
in the teat of the buffalo (Moussa, 1982). The lumen of
the teat ducts was narrow with a looser capillary net-
work than in lactating teat ducts, as seen in the rabbit
(Wahl, 1915). The venous valves were less frequently
found in non-lactating teats, reflecting a reduced blood
flow in the teat during this period, as well as a non-
exposure to suckling with its oscillating pressures. Such
venous changes between non-lactating and lactating teats
are in agreement with earlier observations of the venous
system from various regions, where the number, form
and location of venous valves changed with age and with
alterations in hemodynamics occurring during maturation
(Kampmeier and Birch, 1927; Franklin, 1937; Kugelgen
and Greinemann, 1958).

It can be concluded that the vascular organization in
the teat of the bitch is comparable to that of other spe-
cies. It adapts to physiological changes during lactation
by: (1) increasing the size of its blood vessels; (2) ex-
panding the capillary network, and (3) further develop-
ing blood flow regulatory elements such as arterial bol-

sters, arteriovenous anastomoses and venous valves.
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Discussion with Reviewers

Y. Ohta: Why are there many venous valves? Usually,
venous valves are not found in such thin (45-60 um)
venous vessels.

Authors: The existence of many valves in the veins of
the teat is probably due to the large suction pressures
that are applied to the teats during suckling. Although
valves were encountered in veins of any size, the num-
ber of valves found in small venules (45-60 um) was
much lower than that found in large veins.

Y. Ohta: Is "septum" composed of a connective tissue
or is it really in the proper layer of the stratified
squamous epithelium?

Authors: Histologically, septa of the teat duct openings
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consist of stratified squamous epithelium and a lamina
propia where the vessels seen in the casts are located.

Y. Ohta: How do you think that these peculiar con-
strictions, existing on one side of the arteriolar wall, are
built? By lactating?

Authors: Constrictions of secondary papillary arteries
could be found in both lactating and non-lactating teats,
although they were less numerous in the latter. In Dis-
cussion, we compare these structures with the valve-like
arterial bolsters described by Moussa (1982) in the teat
of the buffalo and suggest that their function may be to
participate in blood flow regulation to the capillary net-
work of the teat. On the other hand, these constrictions
located at points of looping and branching would help to
maintain the configuration of these arteries under high
pressure conditions by two possible mechanisms: (1)
they may represent a reinforcement of the arterial walls
and, (2) they decrease the arterial diameter that, accord-
ing to Bernouilli’s law, increases the velocity and dimin-
ishes the pressure of the circulating blood at those
points.

A. Lametschwandtner: In Discussion, you suggest that
the perfusion fixation you have used may have led to
dilated vessels and to smoothen vessel lumina. Could
you give some data on volume, flow rate, and pressure
of rinsing solution, fixative and resin used?

Authors: The volume of both rinsing solution and fixa-
tive used in each injection was of approximately 100-150
ml, depending on the size of the bitch. Perfusion of
these solutions was performed manually until the color
of the skin switched to white due to rinsing out of the
blood. This was more evident in animals with light
skin. The volume of the mixture of resin was of 10-30
ml, depending on the size and lactational state of the
bitch. The resin was injected by means of a syringe in-
fusion pump (Harvard apparatus) and the flow was kept
at 2 ml per minute.

A. Lametschwandtner: In the text, you point out that
in the teats of the lactating bitch, beside changes in the
vessel diameters and the development of blood flow reg-
ulating elements (arterial bolsters, arteriovenous
anastomoses, venous valves), an increase of the capillary
network is also found. This increase obviously is due to
angiogenesis. Could you find signs in the vascular casts
indicating this process? If so, what kind of angiogenesis
is prevailing (sprouting, non-sprouting angiogenesis)?

Authors: Two different angiogenic structures could be
mainly found in lactating teats at both the dermal and
ductal capillary levels, thus, capillary sprouts and angio-
genic holes. Capillary sprouts have been previously
described in vascular casts of mammary glands of mice
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(Matsumoto ez al., 1988, 1992). On the other hand, an-
giogenic holes represent a model of intussusceptive mi-
crovascular growth which involves expansion of the ca-
pillary network by insertion of slender trans-capillary
tissue pillars (Caduff er al., 1986; Burri and Tarek,
1990; Patan er al., 1992, 1993). No data could be
found on angiogenic holes in vascular casts of mammary
glands. However, Patan et al. (1992) described angio-
genic holes in the capillary network of the ducts in casts
of a glandular structure, the submandibular gland in rats.

M. Nishinakagawa and M. Matsumoto: How old was
the non-lactating bitch from which sample were obtained
for LM?

Authors: Legal identification of this bitch was not
available when we collected the samples. However, us-
ing Boenisch’s table (1913), we estimate that it was an
old bitch (age ranging 8-10 years).

M. Nishinakagawa and M. Matsumoto:
only a non-lactating bitch used for LM?
Authors: The total number of teats used for SEM of
vascular casts was eleven (obtained from five lactating
and two non-lactating bitches) and that of teats used for
LM was three (obtained from one animal). The present
work was mainly focused on the morphology of the casts
of lactating and non-lactating teats in the bitch.
Therefore, histology was used only as a complementary
method in order to support some of the results found in
our vascular corrosion casts.

Why was

M. Nishinakagawa and M. Matsumoto: What method
did you use for the measurement of vascular diameters?
Authors: Measurements were made directly on the
micrographs by means of a measuring magnifier, x10
(Peak). This is an approximate method to measure vas-
cular diameters which was simply used to categorize the
vessels of the teat.

M. Nishinakagawa and M. Matsumoto: The inset of
Figure 3 showed a highly corrugated epithelium of a
non-lactating teat. Did you observe folds projecting into
the duct lumen in lactating teats?

Authors: Yes, we observed folds of the teat duct pro-
jecting into the lumen in vascular casts of lactating teats
as shown in Figure 6.

G.J. Burton: You do not make any statement regarding
the parity of the animals you studied. Do you think you
would observe differences between nulliparous and
multiparous females?

Authors: Yes, although we did not consider these
conditions, other authors have extensively studied the
variations in the vascularization of the mouse mammary




gland from virgin through pregnancy, lactation and post-
weaning (Soemarwoto and Bern, 1958; Iwamatsu ez al.,
1988; Matsumoto er al., 1988, 1992). Soemarwoto and
Bern (1958) studied the vascular pattern of the mouse
mammary gland and stated that regression of the vascu-
larity could be observed after weaning although the vas-
cular system returned to a condition intermediate be-
tween that of virgin and of early pregnant females. This
was supported by the findings of Iwamatsu ez al. (1988),
who measured the size of the large veins draining the
mouse mammary glands. Finally, from an ultrastructur-
al point of view, Matsumoto et al. (1988) measured the
changes in density of pinocytic vesicles and in number
and length of microvillous processes of endothelial cells
in the mouse mammary gland. They found that all of
these characteristics decreased after weaning, although
did not reach the same situation than in the virgin
period.

G.J. Burton: Equally, are there differences between
pre-pubertal and post-pubertal females?

Authors: We did not study these conditions. However,
Soemarwoto and Bern (1958) and Moussa (1982) found
no significant changes in the vascularity of, respectively,
the mammary gland of the mouse and the teat of the buf-
falo throughout both the pre-pubertal and the post-puber-
tal periods, except for a gradual increase in their vascu-
lature. This increase in richness of the vascularity of
the mammary gland and teat may be related to the age
according to Moussa (1982). On the other hand, it is
well known that during the oestrus (post-pubertal period)
changes in the vasculature take place in the mammary
gland. For instance, the blood flow to the gland in-
creases in the luteal phase (Vorherr, 1974).

G.J. Burton: Do you think, from their morphology,
that the venous valves ever become incompetent due to
engorgement during lactation?
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Authors: Linzell and Mount (1955) and Linzell (1960)
demonstrated that during pregnancy and lactation valves
of the mammary veins in ruminants became incompe-
tent, and that this fact implied a variation in blood flow
direction. However, Linzell (1960) also examined pigs
and horses and could not notice valvular incompetence.
No data could be found on valvular competence/incom-
petence in the mammary gland of the bitch. We think
that it is difficult to determine if venous valves ever
become incompetent in the teat of the bitch due to en-
gorgement during lactation only from a morphological
point of view. Further studies on the venous flow in the
mammary gland of the bitch during lactation have to be
done in order to increase our knowledge on this subject.
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