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ABSTRACT 

 
Histological techniques were employed to provide detailed information on the 

histological features of haemal nodes in piglets and adult pig. Ten pigs were used for this 

study. The result demonstrated progressive changes in the structure of porcine haemal 

nodes. The capsule and trabeculae of piglet haemal nodes exhibited dense irregular 

connective tissues with reticular cells and smooth muscle cells. The cortex was more 

central while the medulla was peripheral with poorly defined boundaries. However, the 

sinusoids contained less densely packed erythrocytes. In adult pigs, haemal nodes 

demonstrated capsules composed of loose irregular connective tissue, fat cells, and 

mostly reticular cells while the trabeculae showed dense irregular connective tissues 

with reticular cells and smooth muscle cells. The atypical cortex and medulla of adult pig 

haemal nodes were distinct. The paracortex of adult pig haemal node showed high 

endothelial venules and the sinusoids contained densely packed erythrocytes. Afferent 

lymphatics, efferent lymphatics, blood vessels and veins were observed in the haemal 

nodes of piglets and adult pigs. Finally, the present study has provided essential 

information on the structural features of haemal nodes in piglets and adult pigs, 

revealing its atypical nature, and probable roles of blood storage, erythrophagocytosis 

and immune functions. 
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INTRODUCTION 

 
The immune system comprises specific cells and 
organs that are distributed throughout the 
mammalian body. The primary function of these 
organs and cells is to protect the organism 
against invasion and damages by 
microorganisms and foreign bodies. The 
functional morphology of the organs of the 
immune system has been largely elucidated, but 
one entity that has not received adequate 
attention is the haemal node. Initially, its 
existence and nature was in doubt hence the 
emergence of the nomenclature: haemal and 
haemolymph nodes, with the implication that 
haemal node, like the spleen filters blood while 

haemolymph node filters both blood and lymph. 
Pathologists initially regarded them as 
haemorrhagic lymph nodes (Meyer, 1917). 
There has been a recent upsurge of interest in 
their histological characterization (Casteleyn et 
al., 2008; Zidan and Pabst, 2010; Ozaydin et al., 
2012). 

The haemal node, an organ recently 
considered as a haematopoietic and secondary 
lymphoid structure was initially believed to be 
peculiar to ruminants (Casteleyn et al., 2008; 
Singh, 1959; Garguilo et al., 1987; Ezeasor and 
Singh, 1988). However some reports have 
shown that haemal nodes are present in non-
ruminant species (Oláh and Törö, 1970; Zidan 
and Pabst, 2004) including man (Jordan, 1934). 
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There has not been consensus among 
researchers on the occurrence of haemal nodes 
in pigs. Meyer (1918) reported the absence of 
haemal nodes in domestic pigs. Moreover, the 
histological features of haemal nodes reported 
so far in ruminants and some non-ruminant 
species have not established the exact structural 
and functional significance of the node. Rather, 
available information have raised questions on 
the structural features that make haemal node a 
peculiar organ.  

Therefore, the present study is 
designed to investigate the developmental 
features of piglet and adult pig haemal nodes 
with emphasis on their structural and functional 
significance.   
 

MATERIALS AND METHODS 

 

Animals: Ten pigs comprising of 10 weeks old 
piglets and 2 – 3 years old adult pigs were used 
for this study. They were obtained from local 
markets in Nsukka local government area, 
Enugu State, Nigeria and sacrificed for human 
consumption. Apparently healthy animals were 
used. Following slaughter, haemal node samples 
were collected for histological investigations. 
The handling and welfare of the experimental 
animals was in accordance with the ethics and 
regulations prepared by INSA, Animal Welfare 
Divisions of the Ministry of Environment and 
Forest, Council of International Organization of 
Medical Sciences (WHO/UNESCO), NIH and 
PHS. The research protocol was approved by 
the University of Nigeria, Nsukka.  
 

Histological Procedures:  Segments of 
haemal nodes were fixed by immersion in 
Bouin’s fluid for 48 hrs. These were later 
dehydrated in increasing concentrations of 
ethanol, cleared in xylene and embedded in 
paraffin wax. Following mounting on wooden 
blocks, 5µm thick sections were obtained with a 
rotary microtome. These were mounted on glass 
slides and stained with haematoxylin and eosin 
for light microscopy. Photomicrographs were 
captured using a Moticam® digital camera 
(Motic China Group Co., Ltd, Xiamen, China). 
 

 

RESULTS 

 

Histology of Piglet Haemal Node: The 
haemal nodes of piglets were composed of the 
capsule, cortex, medulla and hilum. Each 
haemal node was surrounded by a thin capsule 
of dense irregular connective tissue with evenly 
distributed smooth cells and reticular cells 
(Figure 1). Circumferential lymphatic vessels 
which were observed within the capsule 
converged and exited the capsule as a large 
lymphatic vessel. The trabeculae extended from 
the capsule through the subcapsular region and 
terminated in the periphery of the cortex. 
Similar to the capsule, the trabeculae was 
composed of dense irregular connective tissue, 
reticular cells and smooth muscle cells. The 
trabeculae contained radial lymphatic vessels 
and arterioles, and their lateral boundaries 
showed erythrocyte-filled sinusoids (Figures 1, 2 
and 3). 

Furthermore, the cortex of the piglet 
haemal node was more central and the medulla 
more peripheral (Figure 1). The cortex and 
medulla showed sinusoids which were lined by 
endothelium. These sinusoids contained 
numerous erythrocytes, isolated lymphocytes 
and macrophages that lined the sinusoids. 
Although the cortex and medulla of piglet 
haemal nodes were observed, the boundary 
between the cortex and medulla were not 
distinct (Figure 2). The cortex was less compact 
and contained diffuse infiltration of small 
lymphocytes with 3 to 15 primary lymphoid 
follicles. The primary lymphoid follicles were 
randomly distributed within the cortex while the 
paracortex was characterized by diffuse 
lymphocytic infiltration. The medulla of piglet 
haemal node was composed of medullary cords 
and medullary sinusoids. The medullary 
sinusoids showed dilated erythrocytes-filled 
spaces with isolated lymphocytes interspersed 
between the erythrocytes. The subcapsular, 
trabeculae and medullary sinusoids showed 
dark-brown pigment of haemosiderin.  
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Figure 1: The capsules of piglet (A) and adult (C) pig haemal nodes; and the trabeculae of piglets 
(B) and adult pig (D) haemal nodes showing smooth muscle cells (black arrow), reticular cells 

(white arrow), fat cells (arrow head) and lymphatic vessels (L), H&E stain, X400 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Light micrograph of piglet (A) and adult pig (C) haemal nodes demonstrating the capsule 
(arrows), lymphatic vessel (L), cortex (Cx) and medulla (M). Note the concentration of erythrocytes 

in the medullary sinusoids (asterisks) of piglets (B) and adult pig (D) haemal nodes, H&E stain, 
X400 

L 
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Figure 3: The trabeculae of piglet (A) and adult pig (C) haemal nodes containing  blood vessels (1), 
and lymphatic vessels (2). Note the hilum of piglet (B)and adult pig (D) haemal nodes 

demonstrating blood vessels (1), lymphatics (2), vein (3) and a connective tissue framework (H). H 
& E stain, X400  

Figure 4: The paracortex of adult pig haemal 
node exhibiting high endothelial venules 

(asterisks). Note the lymphocyte (black arrow) 
and erythrocyte (white arrow) within the 

lumen of high endothelial venules. H&E stain, 
X400 

The piglet haemal nodes exhibited a single 
hilum which was located in a thickened and 
indented area on the capsule. The hilum 
contained an artery, a vein and a large 
lymphatic vessel (Figure 3). 
 

Histology of Adult Pigs Haemal Nodes: The 
haemal nodes of adult pigs exhibited a 
connective tissue capsule made up of a loose 
connective tissue, reticular cells and few smooth 
muscle cells which were distributed along points 

of the circumferential lymphatic vessels. The 
loose connective tissues of the capsules were 
infiltrated by adipose cells which gave the 
capsule of adult pig a unique appearance 
(Figure 1). The capsule extended as the 
trabeculae deep into the haemal node tissues. 
The trabecula was composed of dense irregular 
connective tissue, evenly distributed reticular 
cells and smooth muscle cells (Figure 1). Radial 
lymphatic vessels, arterioles and sinusoids were 
observed within the trabeculae. In addition, 
adult pig haemal node showed the subcapsular 
sinusoid which was delimited by endothelial 
lining cells and was continuous with the 
medullary sinusoid (Figure 2). Blood capillaries 
were observed within the subcapsular sinusoid. 

Furthermore, the haemal node 
parenchyma of adult pigs was characterized by 
a central cortex and a more peripheral medulla 
(Figure 1). These two regions were well defined 
(Figure 2). The cortex was compact and 
exhibited outer and inner cortical regions. The 
outer cortex was composed of randomly 
distributed primary and secondary lymphoid 
follicles while the inner cortex showed diffuse 
infiltration of lymphocytes. Inter-follicular areas 
of the outer cortex and inner cortical regions 
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contained diffuse infiltration of small 
lymphocytes and blood-filled sinusoids. Adult pig 
haemal node also exhibited a paracortex 
characterized by intense infiltration of 
lymphocytes, isolated plasma cells and reticular 
cells. It also exhibited numerous high 
endothelial venules (HEVs). These HEVs were 
lined by simple squamous to simple cuboidal 
endothelium and each lumen contained 
occasional isolated red blood cell (Figure 4).  

The medulla of adult pig haemal nodes 
showed extensive areas of blood sinusoids, the 
medullary sinusoid. It was characterized by 
medullary cords and medullary sinusoids. Each 
cord was composed of connective tissue, 
reticular cells, lymphocytes, plasma cells and 
also exhibited arterioles and capillaries. The 
medullary sinusoids exhibited numerous red 
blood cells and isolated lymphocytes. These 
sinusoids appeared as spaces which coalesced 
establishing continuity with the subcapsular and 
trabeculae sinusosoids. The sinusoids of adult 
pig haemal node exhibited dark brown 
haemosiderin pigments (Figures 1 and 2). 

A single hilum was observed in the core 
of the organ. It contained a lymphatic vessel 
whose lumen was distended and the wall 
reinforced by the increased deposition of 
connective tissue fibres. The connective tissue 
framework was composed of dense irregular 
connective tissue, and reticular cells (Figure 3). 
 

DISCUSSION 

 
In the present study, changes in the connective 
tissue profile of the capsules of piglets and adult 
pig haemal nodes from dense irregular 
connective tissue to loose irregular connective 
tissue type were age related. It is most probable 
that at pre-pubertal age, both the capsule and 
trabeculae were composed of dense irregular 
connective tissue, reticular cells and smooth 
muscle cells, typical of the capsules and 
trabeculae of most lymphoid organs. However, 
as the animal attained adulthood, the tissues of 
the capsule may have been replaced by adipose 
tissues. This was evidence in the present study 
as the capsule of adult pig haemal node was 
composed of loose connective tissue type, 
adipose tissues, reticular cells and scanty 

smooth muscle cells (present only at points of 
the capsular lymphatic vessels) while the 
trabeculae exhibited similar histology as the 
trabeculae of the piglet haemal node. Previous 
studies have shown that the histology of organ 
could be influenced by age, nutritional and 
physiologic states of the animal (Palmer, 2011; 
Zidan et al., 2012). The smooth muscle cells 
together with the intrinsic nerves could 
modulate the contractile activity of the capsule 
and trabeculae, thus, concentrating the red 
blood cells within the blood sinusoids. Moreover, 
recent findings have shown that dense irregular 
connective tissue fibres together with reticular 
cells and fibroblast may contract and relax in a 
smooth muscle-like manner and may influence 
biomechanical behavior of the capsule and 
trabeculae (Tomasek et al., 2002; Schleip, 
2003). Therefore, apart from the role of 
providing a framework for the lymphatics and 
blood vessels (Ezeasor and Singh, 1988; Zidan 
and Pabst, 2004), the dense irregular 
connective tissue of the capsules and trabeculae 
together with their cells could play a role in the 
contraction of the capsule and trabecula. 

Furthermore, the poorly defined cortico-
medullary boundary of the parenchyma of piglet 
haemal node and the well defined boundaries of 
the cortex and medulla of adult pig haemal 
node is a function of age. It proves that the 
partitioning of the parenchyma of organs may 
be progressive, becoming clearly defined as the 
animal progresses in age. Moreover, the atypical 
parenchyma which was similar to that reported 
in the lymph nodes of pigs (Bacha and Bacha, 
2000) showed that both the lymph nodes and 
haemal nodes of pigs may be of similar 
embryonic origin and development. The 
parenchyma of the cortex of piglet haemal 
nodes had more of lymphocytic infiltration than 
lymphoid follicles. The presence of lymphoid 
follicles often suggests the animal’s exposure to 
certain degrees of pathogenic challenges (Allen 
and Cyster, 2008; Zidan and Pabst, 2012). 
According to Casteleyn et al. (2008) the number 
of lymphoid follicles in lymphoid tissues may 
increase with increasing age. Thus, the 
presence of lymphoid tissues in the cortex of 
porcine haemal nodes reveals the role of the 
organs in lymphocyte and anitibody production. 
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One characteristic feature of adult pig haemal 
node in the present study which was absent in 
the piglet haemal node was the present of HEVs 
in the paracortex. The presence of high 
endothelial venules in the paracortex of adult 
pig haemal node together with the luminal 
content of isolated lymphocyte is very 
significant, as it may play a role in lymphocyte 
recirculation (Zidan and Pabst, 2004; Cupedo et 
al., 2004). HEVs have been reported in the 
paracortex of dromedary camel haemal nodes 
and in lymph node paracortex (Zidan and Pabst, 
2012; Cupedo et al., 2004). 

According to the classification of Weller 
(1938) that there are two distinct types of 
nodes: haemal nodes and haemolymph nodes, 
the nodes observed in this study represents 
haemal node. This is true because the 
parenchyma of the studied haemal nodes 
showed erythrocyte-filled sinusoids. Whereas, 
the sinusoids of adult pig haemal node 
contained densely packed erythrocytes, the 
nascent sinusoids of piglet haemal nodes 
showed less densely packed erythrocytes. More 
so, the population of red blood cells in the 
sinusoids of porcine haemal nodes was similar 
to the concentration of red blood cells 
demonstrated in the splenic sinusoids (Suttie, 
2006), strongly suggesting that porcine haemal 
nodes may serve to store red blood cells and 
may also play a compensatory role of blood 
storage after splenectomy.  The report of 
erythrocytes in the sinusoids of porcine haemal 
node is collaborated by the reports of 
erythrocyte-filled sinusoids of haemal nodes of 
ruminants by several previous authors (Bassan 
et al., 1999; Casteleyn et al., 2008; Ozaydin et 
al., 2012), and dromedary camel (Zidan and 
Pabst, 2004). In addition, there has been 
controversy among researchers regarding the 
mechanism of by which these erythrocytes 
entered the sinusoids. Different authors 
hypothesized that erythrocytes entered haemal 
node sinusoids through afferent lymphatics 
(Job, 1918), reflux via lymphaticovenous 
communications (Andreasen and Gottlieb, 
1946), communication between cortical 
capillaries and sinusoids (Zhang et al., 2013) 
and erythropoiesis within the haemal node 
tissues (Cerutti and Guerrero, 2008). The 

capillaries, arterioles, small blood vessels, and 
the HEVs observed in the present study may be 
the source of the red blood cells. 

The occurrence of lymphatic vessels in 
haemal node is another subject of controversy 
among authors. In the present study, the 
lymphatic vessel which entered through the 
hilum and the one which exited through the 
capsule may be afferent and efferent lymphatic 
vessels respectively. The report of afferent and 
efferent lymphatics in piglet and adult pig 
haemal nodes is not strange, as the afferent 
lymphatic is necessary for selective conveyance 
of lymphocytes and antigen presenting cells into 
the cortical tissues of the haemal nodes, and 
the efferent lymphatic is also required to carry 
lymphocytes and plasma out of the haemal 
nodes (Haig et al., 1999). This observation is 
supported by the reports of both afferent and 
efferent lymphatic vessels in the haemal nodes 
of sheep (Dellman and Brown, 1987), 
dromedary carmel (Zidan and Pabst, 2004) and 
Buffalo (Zidan and Pabst, 2010). However other 
authors reported the absence of both afferent 
and efferent lymphatic vessels in the haemal 
nodes of sheep (Thorp et al., 1991; 
Dassanayake et al., 2013), hair goat (Ozaydin et 
al., 2012), while Ezeasor and Singh (1988) 
observed only efferent lymphatics in West 
African Dwarf goat haemal nodes.  

In conclusion, the present study has 
provided essential information on the structural 
features of haemal nodes in piglets and adult 
pigs, revealing its atypical nature, and probable 
roles of blood storage, erythrophagocytosis and 
immune functions. 
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