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In this study, the presence of haemal nodes, previously recognised espe-
cially in ruminants, was determined for the first time in piglets. The morphology
of haemal nodes located in the abdominal cavity of seven piglets was studied by
gross inspection and by histological methods. Haemal nodes reddish in colour and
oval or round in shape were observed on the thin branches originating from the
caudal and cranial mesenteric arteries. These nodes, having connection only with
blood vessels, were covered with a thin connective tissue capsule. The haemal
nodes had a hilus at the entrance of which large blood vessels were seen. These
blood vessels extended into the inside of the nodes through trabeculae. Afferent
and efferent lymph vessels were not observed in the haemal nodes. The nodes
contained many sinuses formed by reticular fibres and reticular cells and filled by
red blood cells. In the haemal nodes, lymphocytic infiltration was more com-
monly seen than lymph follicles.
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Haemal nodes are organs having connection with the blood circulation (Ezea-

sor and Singh, 1990; Cerutti et al., 1998). It has been stated that haemal nodes, which
usually exist especially in ruminants and rats, are also present in horses and primates
(Turner, 1969; Bacha and Wood, 1990; Raviola, 1994). Haemal nodes, which have
structural and functional similarities with both the spleen and the lymph nodes, have
functions related to the storage and filtration of blood, formation of thrombocytes,
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and defence of the body (Ezeasor et al., 1989; Bacha and Wood, 1990; Raviola,
1994). The colour of haemal nodes, which are lined along the blood vessels, var-
ies between brown and dark red (Getty, 1975; Dellmann and Eurell, 1998). The
haemal nodes are located along the vertebral column, near the lymph nodes, and
especially around blood vessels in the mediastinum, abdominal cavity, mesen-
tery, pelvic cavity, and in regions under the skin (Getty, 1975; Gargiulo et al.,
1987; Bacha and Wood, 1990; Thorp et al., 1991; Raviola, 1994).

The morphology, histochemistry and immunohistochemistry of haemal
nodes have been extensively studied in ruminants (Singh, 1959; Ceccarelli et al.,
1986; Gargiulo et al., 1987; Ezeasor and Singh, 1990; Thorp et al., 1991; Cerutti
et al., 1998). The haemal nodes of ruminants do not comprise afferent and effer-
ent lymph vessels. Furthermore, the cortex and the medulla cannot be differenti-
ated and sinuses are filled with red blood cells in the haemal nodes (Singh, 1959;
Getty, 1975; Gargiulo et al., 1987; Constantinescu et al., 1988). In pigs, there are
structures that represent an intermediate between lymph node and haemal node.
These structures, called haemolymph nodes, include blood and lymphatic vessels
(Getty, 1975; Leeson et al., 1985). However, until the present study there was no
information about the presence of haemal nodes in pigs. The objective of this
work was to determine whether haemal nodes were present in piglets.

Materials and methods

Seven piglets (Sus scrofa domestica) were used in the present study. These
piglets, aged between newborn and 60 days old, died immediately or at different
intervals after birth because the sow did not feed them. The abdominal cavity of
the piglets was opened immediately after death. The nodes, which were observed
to be reddish in colour in five piglets, were dissected and fixed in 10% neutral
buffered formalin solution for 24 h. In two piglets, a cannula was placed from the
aortic arch in order to better observe the capsule of the haemal node, and the tis-
sues in the abdominal cavity were washed with 0.9% NaCl solution. After the
washing process, 10% neutral buffered formalin solution was injected with the
same cannula. The nodes were fixed in 10% neutral buffered formalin solution
for 24 h. Then the nodes were excised, dehydrated and embedded in paraffin. Se-
rial 5 pum thick sections were cut from each paraffin block. Crossman’s modified
triple staining method was applied to study the general structure of the nodes
(Denk et al., 1989). On several sections reticular cells and reticular fibres were
visualised by Gordon and Sweet’s silver technique (Bancroft and Cook, 1984;
Kiernan, 1990). The blood cells were revealed by Giemsa technique (Bancroft
and Cook, 1984). For the demonstration of plasma and mast cells, the methyl
green—pyronin method (Bancroft and Cook, 1984) and toluidine blue stain (Kier-
nan, 1990) was used, respectively.
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Results

The haemal nodes of piglets were reddish in colour and their size varied
between a pinhead and a pea. There were differences between the piglets in the
location and number of oval or round nodes. The number of haemal nodes in the
abdominal cavity varied between 5 and 15.

The haemal nodes (Fig. 1A) were usually located between the lymph
nodes lined in the mesocolon along the course of the left colic artery which was
the branch of the caudal mesenteric artery, and between the lymph nodes located
in the mesojejenum along the course of the jejunal artery originating from the
cranial mesenteric artery. Haemal nodes were rarely seen along the course of the
cranial rectal artery arising from the caudal mesenteric artery. A pea-sized hae-
mal node was found among the abdominal aorta, ureter, caudal vena cava and the
caudal end of the right kidney. In one piglet, a haemal node was located in be-
tween the cranial end of right kidney and the wall of the abdominal cavity. In an-
other piglet, the node was seen at the ventral end of the adrenal gland.

It was observed that the haemal nodes, in which the cortex and the me-
dulla could not be differentiated, had a connection with the blood vessels. Each
node was covered with a thin capsule of connective tissue (Fig. 1B). The capsule
contained capillary blood vessels, smooth muscle cells, fibroblasts, reticular fi-
bres, reticular cells and occasionally mast cells (Figs 1B and 1C). Moreover,
there were trabeculae leaning towards the inner part of the organ from the cap-
sule (Fig. 1B). These trabeculae, comprising smooth muscle cells, reticular cells
and reticular fibres, were more developed in the centre of the haemal nodes (Figs
1D and 1F). The haemal nodes also had a hilus containing blood vessels (Fig.
1B). These vessels extended into the inner part of the nodes from the hilus via
the trabeculae (Fig. 1E). Typical afferent or efferent lymph vessels were not
found in the haemal nodes. Lymphocytic infiltration was observed in the paren-
chyma of many haemal nodes (Fig. 1B). Some of the haemal nodes contained
very few primary lymph follicles, but not in all parts of the nodes (Fig. 1E). In
the regions associated with lymphoid tissues many lymphocytes and eosinophilic
granulocytes were identified (Fig. 1G). Many sinuses formed by reticular fibres
and reticular cells, and filled with red blood cells, were found in the haemal
nodes (Fig. 1B). A few lymphocytes, eosinophilic and neutrophilic granulocytes
were also present inside the sinuses (Fig. 1F). Plasma cells and mast cells were
not found in the haemal nodes.
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Discussion

Observations made during this study showed that the histological structure
of haemal nodes in piglets was in some respects similar to that described in ru-
minants (Singh, 1959; Gargiulo et al., 1987; Ezeasor and Singh, 1990; Thorp et
al., 1991; Raviola, 1994; Cerutti et al., 1998; Dellmann and Eurell, 1998). To the
authors’ knowledge this is the first report about the presence of haemal nodes in
piglets.

The reason why haemal nodes were searched for in the abdominal cavity
of the piglets is that especially in ruminants the haemal nodes were found to be
located around the blood vessels and lymph nodes in the abdominal and thoracic
cavities (Gargiulo et al., 1987; Bacha and Wood, 1990; Raviola, 1994). We
found that the haemal nodes, which were close to the lymph nodes, were gener-
ally present along the branches of the cranial and caudal mesenteric arteries and
sometimes between the abdominal aorta and the caudal vena cava. The location
of haemal nodes in piglets was found to be similar to that reported for ruminants
(Singh, 1959; Gargiulo et al., 1987; Bacha and Wood, 1990; Thorp et al., 1991;
Raviola, 1994).

The haemal nodes have a connective tissue capsule and trabeculae divid-
ing the inner part of the parenchyma and extending into the inside of the haemal
node (Thorp et al., 1991; Cerutti et al., 1998). The capsule and the trabeculae of
the nodes are supported by a small number of smooth muscle cells and reticular
fibres (Gargiulo et al., 1987; Bacha and Wood, 1990). The capsule sometimes
contains mast cells in the caprine species (Ezeasor and Singh, 1988). It is stated
that there is a hilus in the organ where a large artery and a vein pass in and out
(Gargiulo et al., 1987; Raviola, 1994). In piglets, the histological features of the
capsule and the presence of a hilus were consistent with the findings of previous
studies.

«—

Fig. 1. (A) Macroscopic appearance of the haemal nodes in piglets. Haemal nodes (arrow) are seen
between lymph nodes (arrowhead); cma: caudal mesenteric artery, ta: testicular artery. (B) Histo-
logical appearance of the haemal node; c¢: capsule, h: hilus, t: trabecula, s: sinus, arrow: lymphocyte
infiltration. Triple stain, scale bar: 115 um. (C) Fibroblast and smooth muscle cells are observed in
the capsule. Arrow: smooth muscle cell, arrowhead: fibroblast. Triple stain, scale bar: 21 pum.
(D) Reticular cells and reticular fibres in the capsule and sinuses. Arrow: reticular cell, arrowhead:
reticular fibre. Gordon and Sweet’s silver staining method, scale bar: 30 um. (E) Appearance of
trabecula and lymph follicles in haemal nodes; If: lymph follicle, t: trabecula, arrow: trabecular ar-
tery. Triple stain, scale bar: 40 pm. (F) Neutrophilic granulocyte in the sinuses; n: neutrophilic
granulocyte, t: trabecula, arrow: smooth muscle cell. Triple stain, scale bar: 21 um. (G) Appear-
ance of the accumulation of lymphocytes. Arrow: eosinophilic granulocyte, arrowhead: lymphocyte;
Giemsa staining method, scale bar: 28 um
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In the literature, there are differences associated with the presence of af-
ferent and efferent lymph vessels in the haemal nodes. The lymph vessels are
present in the haemal nodes of goats (Ezeasor and Singh, 1988, 1990) and cam-
els (Zidan and Pabst, 2004) but not in those of sheep (Bacha and Wood, 1990;
Thorp et al., 1991), buffalo calves (Singh, 1959) and oxen (Constantinescu et al.,
1988). Our results showed that the haemal nodes of piglets had no lymph vessels,
in the same way as in sheep, buffalo calves and oxen.

In the haemal nodes, the interstices of the reticular meshwork are filled
with red blood cells (Constantinescu et al., 1988; Ezeasor and Singh, 1988;
Dellmann and Eurell, 1998), and they contain many macrophages, plasma cells
and lymphocytes (Gargiulo et al., 1987). Our findings are consistent with these
reports, except for the presence of plasma cells and macrophages. It has been
stated that the sinuses are absent in one-month-old goats and they are formed and
increase in size as the age progresses (Ezeasor and Singh, 1988). A study con-
ducted on the development of haemal nodes in cattle in connection with age
found that the sinuses were first seen in embryos 38-39 cm in length but they
were more clearly discernible in newborn calves (Windqvist, 1954). Our results
were similar to those obtained in cattle but different from the findings reported
for goats. Thorp et al. (1991) stated that the cortex and the medulla could be dis-
tinguished in the haemal nodes, whereas Singh (1959) and Getty (1975) reported
that this differentiation could not be made without mentioning age. Moreover,
Ezeasor and Singh (1988) also mentioned that differentiation of the cortex and
the medulla was impossible in young animals only. In the present study, cortex
and medulla could not be differentiated in the haemal nodes of piglets. The pres-
ence of primary and secondary lymph follicles in the cortex and cordon-like
lymphatic tissue in the medulla of the haemal nodes has been reported (Ezeasor
and Singh, 1988; Thorp et al., 1991; Cerutti et al., 1998). Dellmann and Eurell
(1998) stated that there was lymphocytic infiltration in the haemal nodes of
young animals, but the number of lymph follicles was lower as compared to that
found in older animals. On the other hand, Windqvist (1954) reported that a
small number of follicles were present in the peripheral parts of the node in new-
born calves. In this study, lymphocytic infiltration was observed in the haemal
nodes and primary lymph follicles were found at the centre of some haemal
nodes. These results are similar to those reported by Dellmann and Eurell (1998).

Eosinophilic and neutrophilic granulocytes in the lymphoid tissues of bo-
vine embryos and large numbers of eosinophils and mast cells in the adventitia
of the arteries have been reported (Windqvist, 1954). In this study, eosinophilic
and neutrophilic granulocytes were observed in the lymphoid tissue and within
the sinuses. However, mast cells were not detected.

Getty (1975) mentioned that not all the nodes observed in dark red colour
in pigs represent haemal nodes, because lymph nodes can also take a red appear-
ance under conditions such as application of drugs in toxic doses, as well as after
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injuries and fatal operations connected with mechanical disorders. Such condi-
tions did not exist in the piglets used in this study, which died immediately after
birth or at different intervals thereafter because the sow did not feed them for an
unknown reason. All the reddish nodes were collected from the abdominal cav-
ity; however, some of them were not haemal nodes. In the nodes identified as
haemal nodes, cortex and medulla were not distinguished, afferent and efferent
lymph vessels were absent, and the sinuses were full of red blood cells. The histo-
logical appearance of haemal nodes was similar to that described in the literature.

In conclusion, the reddish haemal nodes of the piglets examined were seen
adjacent to the lymph nodes, leaning through the branches of the cranial and caudal
mesenteric arteries in the abdominal cavity. This is the first study describing the
presence of haemal nodes in piglets and providing information on their anatomical
features and histological structure, which is similar to that reported for the haemal
nodes of ruminants.
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