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ABSTRACT 
 

Electron microscopic studies on thymus of layer chicken were done in various age groups ranging from day-old to 
forty weeks. The thymic gland in chicken showed a thin connective tissue capsule. In thymic parenchyma, 
lymphocytes or thymocytes, retiucloepithelial cells, myoid cells and macrophages were the predominant component 
and the other cell types occasionally observed were erythrocytes, granulocytes, mast cells and plasma cells. Three 
types of reticuloepithelial cells were observed. The Hassall’s corpuscles were composed of concentrically arranged 
reticuloepithelial cells. The centre of the corpuscles appeared either solid or cystic. The myoid cells were found 
mainly in the medulla.  Intracellular and intercellular cysts were observed in association with the Hassall’s corpuscles 
in all the age groups. The onset of involution was observed in twenty week-old birds and marked involutary changes 
were noticed in forty weeks.   
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INTRODUCTION 
 

The thymus gland is a central lymphoid organ in 
which bone marrow-derived T-cell precursors undergo 
differentiation, maturation eventually leading to migration 
of positively selected thymocytes to the peripheral 
lymphoid organs such as the spleen (Savino and 
Dardenne, 2000 and Varga et al., 2009) and GALT 
including the caecal tonsil and the lymph nodes (Ciriaco 
et al., 2003 and Karen Staines et al., 2013). Education of 
T cells by self- recognition is presumed to take place in 
thymus as in mammals (Kruisbeek et al., 1984) and 
defects in this process produce autoimmunity (Karen 
Staines et al., 2013 and Van de Water et al., 1990). 

Though there is extensive work done on the light and 
electronmicroscopic microscopic details of mammalian 
lymphoid organs, a little work was done about the 
ultrastructural studies of the thymus in Chicken. Hence, 
the present study was designed to explore the 
ultrastructural details of thymus in the layer chicken of 
different age groups. 

 
MATERIALS AND METHODS 

 
Thymic gland for transmission electronmicroscopic 

studies were collected from six different age groups such 
as day-old, four, eight, twelve, twenty and forty  weeks. 

Six birds were used in each age group. Small pieces of 
thymic tissue (1-2 mm thickness) were collected and 
prefixed at 3 per cent glutaraldehyde and stored at 4oC.  
Subsequently, the tissues were washed, three changes 
(each 30 minutes) in cold sodium cacodylate buffer 
solution (pH 7.4) and post fixed in 1 per cent osmium 
tetroxide for two hours at 4oC. The tissues were then 
dehydrated in ascending grades of alcohol (50, 70, 80, 90, 
95 per cent and absolute ethyl alcohol), propylene 
oxide:epoxy resin mixture and embedded in Epon-araldite 
mixture. Semi thin (1 micron) sections were stained by 
toluidine blue (Kannan et al., 2015). Ultra thin sections 
(600 Ao to 900Ao) were prepared on Leica ultracut 
microtome, mounted on uncoated copper grids and stained 
with saturated solution of uranyl acetate and lead citrate.  
The ultra thin sections were examined under Phillips 
(Teknai-10) computer augmented transmission electron 
microscope operated at 60-kilowatt ampere (KVA). 

 
RESULTS AND DISCUSSION  

 
Capsule 

In the present study, the thymic gland was surrounded 
by a thin connective tissue capsule composed mainly of 
collagen fibres and a few elastic fibres as reported by 
Hodges (1974) in birds and Bhattacharya and Binaykumar 
(1983) in chicken. 
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Parenchyma 
The parenchyma was composed of lymphoid cells or 

thymocytes, reticuloepithelial cells, myoid cells and 
macrophages as the predominant component of the 
chicken thymus in all the age groups. The other cell types 
observed were granulocytes, mast cells and plasma cells 
which were occasionally seen (Frazier, 1973) in chick. 

Lymphocytes were more numerous in the cortex than 
in the medulla.  These cells had a thin rim of cytoplasm 
around a nucleus with clumped chromatin. Small and 
medium lymphocytes were round cells with a narrow rim 
of cytoplasm which contained a few mitochondria and 
rough endoplasmic reticulum (Fig. 1). Ribosomes were 
observed more and lysosomes were occasionally seen. 
However, the medium lymphocytes had moderately wide 
band of cytoplasm with better developed Golgi complex 
which was observed smaller in the small lymphocytes. 
Nuclear chromatin was found densely packed at the 
periphery of the nucleus which was more condensed in the 
small lymphocyte than the medium lymphocyte (Fig. 2). 

A greater proportion of large lymphocytes were seen 
in the medulla of the thymus in the present study. The 
nuclei of these cells contained one or more nucleoli and 
the chromatin was found to be less condensed. The 
cytoplasm was observed to be pale and a few strands of 
rough endoplasmic reticulum were present. The 
cytoplasmic-nuclear ratio was larger than that of small 
and medium sized lymphocytes as reported by Maxwell 
(1974), Hodges (1977) in chicken. 

Three types of reticuloepithelial cells were observed 
in the present study. The pale reticuloepithelial cells in the 
cortex were similar in morphology to those present in the 
thymus of rat (van Haelst, 1967), the mouse (Hoshino, 
1963), the guinea pig (Izard, 1966) and the monkey 
(Chapman and Allen, 1971).   The dark reticuloepithelial 
cells with a relatively pale nucleus in the cortex and 
medulla of the chick thymus are somewhat unusual and 
have rarely been observed in the mammalian thymus (Fig. 
3). A third type of epithelial cell was observed in the 
cortico-medullary junction and in the medulla. These cells 
had a pale, oval nucleus which contained one or two 
nucleoli.  Indentation of the nuclear membrane was not 
observed. The cytoplasm had mitochondria, ribosomes, a 
few rough endoplasmic reticulum and small, dark 
granules (Fig. 4). Mandel (1968a and b) observed a 
similar type of cell in guinea pig. These undifferentiated 
epithelial cells possibly represent a reserve of epithelial 
cells which are able to differentiate and replace some of 
the other, more differentiated forms. 

The myoid cells of the chicken thymus were found 
mainly in the medulla in all the age groups studied. 
Similar type of striated muscle cells or myoid cells have 
been found in thymic tissue from humans, amphibians, 
reptiles, birds and various mammals (Toro et al., 1969; 
Bridges et al., 1970 and Kendall, 1991). The cytoplasm of 
these myoid cells contained skeletal muscle fibres). The 
other organelles observed in the cytoplasm were few 
mitochondria and smooth endoplasmic reticulum. The 
myofibrils occupied greater part of the cell. The nucleus 
was found to contain dispersed chromatin with condensed 
chromatin as described in the frog thymus by Toro et al., 
(1969). 

Two main theories have been put forward to explain 
the presence of myoid cells within the thymus: (1) that 
aberrant mesodermal elements from the branchial arches 
become incorporated accidentally into the thymus during 
its embryological development (van de Velde and 
Friedman, 1966; Mandel, 1968; Frazier, 1973) and (2) 
they develop within the thymus as an intrinsic part of the 
organ (Kapa et al., 1968; Bockman and Winborn, 1969 
and Toro et al., 1969). These latter authors suggested that 
the myoid cells develop from the epithelial cells of the 
thymic cytoreticulum. The number of myoid cells 
increased as age advances in the present study does not 
support the first theory that they represent the outcome of 
an embryological accident. Hence, the present study 
supports the second theory that the cells develop as an 
integral part of the normal thymus and as such it is 
reasonable to protect thymocytes from apoptosis and 
could also modulate their differentiation process as 
suggested by Le Panse and Berrih-Aknin (2005). 

However, Raviola and Raviola (1967) and Rimer 
(1980) found that myoid cells play no physiological role 
because myofilaments are organized in random directions 
and myoid cells have no anchoring apparatus. But in the 
present study, myofilaments were shown to arrange 
regularly, and cross striations were clear. Hence, we are 
inclined to think that myoid cells push lymphatic cells to 
circulation around hatching as Toro et a1. (1969) 
suggested, though anchoring apparatus was not found in 
this study. 

Macrophages were observed both in the cortex and 
medulla of all the age groups. The cytoplasm had 
vacuoles, phagocytosed materials, granules, mitochondria 
and endoplasmic reticulum. The nucleus appeared round 
to oval in shape with little chromatin. The plasma cells 
were observed within the connective tissue septa of all the 
age groups. The cells showed a very large Golgi region 
and well developed rough endoplasmic reticulum within 
the cytoplasm. Conspicuous euchroamtin of the nucleus 
was a common feature of the plasma cell. Mast cells in the 
chicken were small cells with a few secretory granules in 
the cytoplasm as reported by Frazier (1973) in chick 
thymus. 

Small and large eosinophils, basophils and 
heterophils were found in the thymus of chicken, as in 
mallards, starlings, house sparrow and red billed queleas, 
in addition to the normal cellular constituents of the gland 
as described by Kendall (1980). Eosinophils in the 
chicken had a few small round mitochondria in the 
cytoplasm and characteristic bilobed nucleus which is 
similar to the findings of Maxwell and Siller (1972) in 
pigeon. The erythrocytes were commonly seen in the 
medulla which was found to have irregular shapes in the 
present study. This is in confirmation with the concept 
forwarded by Ward (1972) and Kendall (1975), who were 
of the opinion that haemopoiesis takes place in the thymus 
on increased demand for blood during breeding season. 

The centre of the Hassall’s corpuscle was either solid 
or cystic under electron microscope as reported by Robert 
et al. (1978). They were composed of concentric rings of 
squamous epithelial cells interconnected by many 
desmosomes. The association of dieing cells and 
macrophages with Hassall’s corpuscles in birds proved 
beyond  doubt that Hassall’s corpuscles were the repository 
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Fig.1: Transmission electron micrograph of thymus of a twenty 
week-old chicken showing the small and medium sized 
lymphocytes in the cortex  x 4200 ML - Medium sized 
lymphocyte SL - Small sized lymphocyte 
  

 
 

Fig. 2: Transmission electron micrograph of thymus of a day-old 
chick showing the lymphocyte population  x 4200 ML - Medium 
sized lymphocyte Re - Reticuloepithelial cell SL - Small sized 
lymphocyte 
 
for a great number of old cells as opined by Blau (1973) 
and Olsson and Classon (1975). This finding is contrary to 
the findings of Senelar et al. (1976) in guinea pig that were 
of the opinion that Hassall’s corpuscles are the privileged 
areas for maturation of the medullary lymphocytes. 

The presence of unicellular/intracellular and 
multicellular/intercellular cysts in association with the 
Hassall’s corpuscles in all the age groups was similar to the 
findings of Chan (1986) in chicken. The cells of the 
intercellular cysts contained dense secretory granules which 
are similar to the findings of Frazier (1973) in chicken. This 
is good evidence to support the idea that the thymus is an 
endocrine gland, and secretes a hormone that induces 
lymphoid cells to acquire immunological competence 
(Goldstein et al., 1970). Whereas, Hoshino (1963), van 
Haelst (1967) and Mandel (1968a and b) are of the opinion 
that cystic epithelial cells show cytoplasmic features 
suggestive of a secretory function.  

Marked involutary changes were noticed in forty 
weeks of age and was characterized by thickening of the 
capsule of the thymus with more collagen fibres, 
depopulation of cortical lymphocytes, pyknotic nucleus, 
increased number of Hassall’s corpuscles and cysts as 
reported by  Jacy Gameiro  et al., (2010) in human and 
Ciriaco et al. (2003) in birds. 

 
 
Fig. 3: Transmission electron micrograph of thymus of a day-old 
chick showing the reticuloepithelial cells in the cortex  x 7000; 
Re I - Type I Reticuloepithelial cell; Re II - Type II 
Reticuloepithelial cell; L - Lymphocyte 
 

 
 
Fig. 4: Transmission electron micrograph of thymus of a day-old 
chick showing the third type of reticuloepithelial cell x 7000; N - 
Nucleus of reticuloepithelial cell; Re III - Type III 
reticuloepithelial cell 
 
Conclusion 

The thymic gland in chicken showed a thin 
connective tissue capsule composed mainly of collagen 
fibres and a few elastic fibres. These septa divided the 
gland into lobules with a dark outer cortex and a pale 
inner medulla. Lymphocytes or thymocytes, 
reticuloepithelial cells, myoid cells and macrophages were 
the predominant cellular component of the chicken 
thymus in all the age groups. The other cell types 
occasionally observed were erythrocytes, granulocytes, 
mast cells and plasma cells. 

Three types of reticuloepithelial cells were observed. 
The Hassall’s corpuscles were composed of 
reticuloepithelial cells interconnected by many 
desmosomes had an abundance of cytoplasmic fibrils, a 
few mitochondria and ribosomes.  Their number increased 
as age advanced. 

The myoid cells of the chicken thymus were found 
mainly in the medulla in all the age groups studied. In the 
present study, two types of vesicles or cysts, intracellular 
and intercellular cysts were observed in association with 
the Hassall’s corpuscles in all the age groups. The onset of 
involution was observed in twenty week-old birds and 
marked involutary changes were noticed in forty weeks. 



Inter J Vet Sci, 2015, 4(4): 171-174. 
 

 174

Acknowledgement 
The authors are thankful to the Professor and Head, 

Department of Animal Biotechnology and Professor and 
Head, Centralised Instrumentation Laboratory, Madras 
Veterinary College for providing facilities to carry out this 
work. 

 
REFERENCES 

 
Bhattacharya, M and Binaykumar, 1983. Some 

histomorphological and cytochemical changes in 
chick thymus during spontaneous age involution. 
PAUO, 21: 71-85. Cited in Biol Abstr, 1986. 81: AB-
348.  

Blau JN, 1973. Hassall's corpuscles- a sight of thymocyte 
death. Br J Exp Path, 54: 634-637. 

Bockman DE and WB Winborn, 1969. The ultrastructure 
of thymic myoid cells. J Morphol, 129: 201-10. 

Bridges JB, PR Gilmore and GP Morris, 1970. The 
ultrastructure of the thymus of the cockrel. J Anat, 
107: 388-89. 

Chan AS, 1986. Ultrastructure of epithelial thymic cysts 
of the chicks. Poult Sci, 65: 177-82. 

Chapman WL and JR Allen, 1971. The fine structure of 
the thymus of the fetal and neonatal monkey (Macaca 
mulatta). Z Zellforsch, 114: 220-33. 

Ciriaco E, PP Pinera, B Diaz-Esnal and R Laura, 2003. 
Age related changes in the avian primary lymphoid 
organs (Thymus and Bursa of fabricius). Micros Res 
Tech, 62: 482-87. 

Frazier JA, 1973. Ultrastructure of the chick thymus. 
Zellgasch, 136: 191-205.  

Goldstein AL, Y Asanuma and A White, 1970. The 
thymus as an endocrine gland:  properties of 
thymosin, a new thymus hormone. Recent Progr 
Hormone Res, 26: 505-38. 

Hodges RD, 1974. The Histology of Fowl. Academic 
Press, London. 

Hodges RD, 1977. Normal avian haematology. In 
“Comparative clinical haematology”, Blackwell, 
Oxford. 

Hoshino T, 1963. Electron microscopic studies of the 
epithelial reticular cells of the mouse thymus. Z 
Zellforsch, 59: 513-29. 

Izard J, 1966. Ultrastructnre of the thymic reticulum in 
guinea-pig; cytological aspects of the problem of the 
thymic secretion. Anat Rec, 155: 117-132. 

Jacy G, N Patrícia and V Liana, 2010. The thymus 
microenvironment in regulating thymocyte 
differentiation. Cell Adhesion & Migration, 4: 382-390. 

Kapa E, I Olah and I Toro, 1968. An electron microscopic 
investigation of the thymus of the adult frog (Rana 
esculenta). Acta Biol Acad Sci Hungaricae, 19: 203-13. 

Kannan TA, G Ramesh, S Ushakumari, G Dhinakarraj  
and S Vairamuthu, 2015. Electron Microscopic 
Studies of Spleen in Chicken (Gallus domesticus).  
Inter J Adv Vet Sci Technol, 4: 160-165. 

Karen Staines, R John, Young, Colin Butter, 2013. 
Expression of Chicken DEC205 Reflects the Unique 
Structure and Function of the Avian Immune System. 
PLOS ONE, www.plosone.org, 8: 1, e51799.  

Kendall MD, 1991. Functional anatomy of the thymic 
microenvironment. J Anat, 177: 1-29. 

Kendall MD, 1975. EMMA-analysis of iron in cells of the 
thymic cortex of a weaver bird (Quelea quelea). Phil 
Trans R Soc B, 275: 79-83. 

Kendall MD, 1980. Avian thymus gland. A review. Dev 
Comp Immunol, 4: 191-210. 

Kruisbeek AM, ML Davis, Matis LA and Longo DL. 
1984. Self-recognition specificity expressed by T 
cells from nude mice. Absence of detectable Ia- 
restricted T cells in nude mice that do exhibit self-
K/D-restricted T cell responses. J Exp Med, 160: 839-
857. 

Mandel T, 1968a. Striated muscle in the cortex of foetal 
guinea pig thymus. Nature, 217: 276-77. 

Mandel T, 1968b. Ultrastructure of epithelial cells in the 
medulla of the guinea-pig thymus. Aust J Exp Biol 
Med Sci, 46: 755-67. 

Maxwell MH and WG Siller, 1972. The ultrastructural 
characteristics of the eosinophil granules in six 
species of domestic bird. J Anat, 112: 289-303. 

Maxwell MH, 1974. An ultrastructural comparison of the 
non-nuclear lymphocytes and thrombocytes in six 
species of domestic bird. J Anat, 117: 69-80. 

Olsson L and MH Classon, 1975. Studies on the 
regulation of lymphocyte production in the murine 
thymus and some effects of crude thymus extract. 
Cell Tis Res, 8: 491. 

Panse RL and Berrih-Aknin S, 2005. Thymic myoid cells 
protect thymocytes from apoptosis and modulate their 
differentiation: implication of the ERK and Akt 
signaling pathways. Cell Death Differ, 12: 463-472. 

Raviola E and G Raviola, 1967. Striated muscle cells in 
the thymus of reptiles and birds. An electron 
microscopic study. Am J Anat, 121: 623-46. 

Rimer JJ, 1980. Thymus and muscle. Develop Comp 
Immunol, 4: 385-94. 

Robert MV, KG Bensch and GD Levin, 1978. The normal 
human thymic vasculature : An ultrastructural study. 
Anat Rec, 183: 485-98. 

Savino W and M Dardenne, 2000. Neuroendocrine control 
of thymus physiology. Endoc Rev, 21: 412-43. 

Senelar R, MJ Escola, B Serron and A Seree, 1976. 
Relationship between Hassall's corpuscles and 
thymocytes in guinea pig foetus. Biomedicine, 24: 
112-122. 

Toro I, I Olah, P Rohlich and S Viragh, 1969. Electron 
microscopic observations on myoid cells of frog's 
thymus. Anat Rec, 169: 329-42. 

van de Velde RL and NB Friedman, 1966.  The thymic 
"myoidzellcn" and myasthenia gravis. J Am Med 
Ass, 198: 197-98. 

Van de Water J, TJ Wilson, LA Haapanen, RL Boyd and 
H Abplanalp. 1990.  Ontogeny of T cell development 
in avian scleroderma. Clin Immunol Immunopathol, 
56: 169-184.  

van Haelst U, 1967. Light and electronmicroscopic study 
of the normal and pathological thymus of the rat. I the 
normal thymus. Z Zellforsch Mikrosk Anat, 77: 534- 53. 

Varga I, Mikusova R, Pospisilova V, Galfiova P, 
Adamkov M, Polak S and Galbavy S, 2009. 
Morphologic heterogeneity of human thymic nonly-
mphocytic cells. Neuro Endocrinol Lett, 30: 275-83. 

Ward P, 1972. Erythropoiesis and thymus gland. Nature, 
249: 366-67.  


