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ABSTRACT

Objectives:	Avian	 lymphatic	system	plays	a	very	significant	role	 in	 immunity	as	well	as	disease	
control.	This	research	aimed	to	investigate	the	histomorphological	changes	and	involution	of	the	
thymus	of	Sonali	chicken	at	different	post-natal	stages	in	Bangladesh	as	the	age-related	changes	
of	the	thymus	of	Sonali	chicken	were	not	described	before.	
Materials and methods:	A	gross	and	microscopic	investigation	was	performed	on	the	thymus	of	
25	healthy	Sonali	chickens	representing	different	stages	of	post-natal	life:	days	1,	14,	28,	42,	and	
56.	Experimental	chickens	were	sacrificed	by	cervical	subluxation,	and	the	thymus	was	collected	
and	subjected	for	both	the	gross	and	histological	studies.	The	histological	changes	were	examined	
with	light	microscopy	after	H&E	staining.	
Results:	The	thymus	was	located	in	close	association	of	the	jugular	vein,	having	a	long	chain	of	thy-
mic	lobes,	5–8	lobes	on	each	side.	The	statistically	significant	age-related	changes	were	observed	
(p <	0.05).	All	gross	parameters	(weight,	length,	width,	and	thickness)	found	to	be	increased	up	to	
day	42.	On	day	56,	the	growth	was	found	to	decline	from	the	previous	groups.	The	microscopic	
observations	revealed	the	same	pattern	of	changes	such	as	gross	parameters,	i.e.,	continuously	
increased	till	day	42	and	then	declined	(p <	0.05).	At	day	56,	the	involutory	signs	such	as	partial	
loss	 of	 interlobular	 septa	 and	 accumulation	of	 adipose	tissue	 in	 connective	tissue	 septa	were	
found.
Conclusion:	 It	 is	well	 known	 that	 in	 chicken,	after	a	 certain	period,	 the	 thymus	got	 involuted.	
In	Sonali	 chicken	of	Bangladesh,	 the	age	of	 involution	was	notified	at	day	56/8th	week	of	 the	
post-natal	stage,	which	was	correlated	both	in	macro-	and	microscopic	observations.
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Introduction

A sound and intact defense system helps all living beings 
to endure as well as thrive in a potentially hostile envi-
ronment without seeming effort. The lymphoid system, 
a sophistically designed immune system, plays a pivotal 
role to provide the protection from infections with dif-
ferent etiological agents [1,2]. Advance knowledge of 
lymphoid system morphology is essential to understand 
the physiology and immunology of it [3]. Based on anat-
omy and physiology, the lymphoid system of chicken was 
divided into two well-defined components consisting of 
specific organs. The thymus-dependent organs provide 
an immune response mediated by different cells, whereas 

the bursa of Fabricius plays a vital role in humoral immu-
nity [4].

The avian lymphatic system acts as a precious model to 
study the fundamentals of immunology. The embryologists 
and immunobiologists consider domestic fowl as an excel-
lent research model as it possesses a unique antibody-pro-
ducing organ, the cloacal bursa [5]. Furthermore, the 
anatomical separation of lymphoid tissue such as thymic 
gland and cloacal bursa of domestic fowls, especially chick-
ens, has provided useful experimental models for studying 
the immune system [6].

The avian lymphoid system represented by a small 
group of organs and tissues consisting of thymus, spleen, 
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bursa, and cecal tonsil. The thymus gland is considered 
as immunologically the primary lymphoid organ that 
supports the differentiation of lymphoid progenitor cells 
along the T-cell pathway. T-cells are the main component of 
the adaptive immune system which is capable to respond 
to infectious agents and to increase defensive capabilities 
with each successive exposure to antigens [2,7–10]. The 
thymus of chicken is a paired lobulated organ adhering 
with each other through connective tissue isthmus. Each 
lobe is encapsulated by thin connective tissue, from which 
septa arise to divide the lobe into various sized intercon-
necting lobules [11,12]. Age-dependent structural changes 
differ the thymus from other lymphoid organs. However, 
the timetable of the involution process is different among 
species [2,7]. Understanding normal morphohistological 
features of the thymus provides a cornerstone to evaluate 
the lymphoid system function as well as the age-related 
development of the thymus, which can be used as an indi-
cator of the general health status of the birds [13].

With the increase of age, the morphohistology of thy-
mic gland gradually develops to become mature, and the 
involution process takes place after a certain period. In 
the poultry industry, the main reason to do vaccination in 
the early post-hatch life is the presence of active immune 
cells during this period which can recognize any antigenic 
stimulation and do the needful. The comparative study of 
chicken lymphoid organs in relation to age will unveil their 
histomorphogenesis as well as provide a clear understand-
ing to study the arrangement of immune cells in lymphoid 
organs. Although the elaborate work has been done on the 
lymphoid organs including the thymus of birds, informa-
tion regarding the histomorphology of the thymus gland in 
Sonali chicken is arguably less. In the present study, age-re-
lated development of the thymus of Sonali chicken was 
investigated. 

Materials and Methods

Ethical approval

The experimental birds were sacrificed humanely follow-
ing the ethical and welfare guidelines set by the Animal 
Welfare and Experimental Ethics Committee of Bangladesh 
Agricultural University [approval number: AWEEC/
BAU/2019(30)].

Sonali chicken

The experimental Sonali chickens (male chickens) were 
reared in Bangladesh Agricultural University (BAU) 
Poultry Farm, Mymensingh-2202, Bangladesh, with 
proper hygienic  conditions, food and water ad libitum 
with strict biosecurity. Feeding history, vaccination sched-
ule, and management practices of the chicken were taken 
into consideration. The collected chickens were free from 
any developmental disorder or detectable diseases. A total 

number of 25 (N = 25) chickens were used for the experi-
ment and were divided into five age groups: day old, 14th 
day, 28th day, 42nd day, and 56th day; each group con-
tained five chickens (n = 5).

Chickens from each group were sacrificed by the cer-
vical subluxation method. Then, the thymus glands were 
collected for gross morphometrical and histological evalu-
ation. The investigation was performed in the Department 
of Anatomy and Histology, Faculty of Veterinary Science, 
BAU, Mymensingh-2202, Bangladesh. 

Morphometric study

After collection, the samples were weighed (gm) and mea-
sured for length, width, and thickness of the thymus by 
slide calipers. The color of the samples was recorded by 
eye estimation. The unit of length, width, and thickness 
measurement was millimeter (mm). The gross anatomical 
images were captured directly from the organs by using a 
digital camera.

Histological study

For histological observation, the thymus was preserved in 
Bouin’s fluid for 24–36 h. Then, the samples were washed 
in phosphate-buffered saline for three changes 20 min in 
each, dehydrated through ascending grade of alcohol (i.e., 
70%, 80%, 90%, 100% (1), 100% (2), and 100% (3) alco-
hol) for 2 h in each, cleaned in xylene for 3 changes of 2 
h in each, and finally embedded in paraffin. The paraffin 
blocks were cut at 6-μm thickness with a rotatory micro-
tome. The microscopic study was facilitated by Harris’s 
Hematoxylin and 1% Eosin Y stain and finally mounted 
with Dibutylphthalate Polystyrene Xylene (DPX). Images 
of the microscopic structure of the thymus were taken by 
using a Carl-Zeiss Photo Microscope (Germany) connected 
with a digital camera. The histological parameters of thy-
mic lobule (length, breadth, and thickness of the cortex 
and breadth of the medulla) were measured using a preca-
librated ocular micrometer. 

Statistical analysis

The analysis of the collected data was performed using the 
Statistical Package for the Social Sciences (SPSS; version 
22.0) software. The post hoc Duncan’s test was performed 
following one-way analysis of variance to analyze gross 
and histological parameters of thymus. The results were 
displayed in the form of mean ± mean of the standard error. 
In case of p values ranging below 0.05, the differences were 
considered to be statistically significant [14,15].

Results

Gross observations

In the gross observation, the thymus of the Sonali chicken 
was located in close association of the jugular vein, having 
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a long chain of thymic lobes on both sides of the neck 
(Fig. 1).

The caudal end of each lobular string extended up to 
the thoracic inlet, whereas the cranial end originated 
from the level of the third cervical vertebra. On each 
side, there were 5–8 lobes of various size and shape 
which lying on the connective tissue beneath the skin 
of the neck. Up to day 14, the lobes of the thymus were 
found more elongated and flattened (Fig. 1). From day 
28, the lobes had become flattened ovoid, elongated, or 
irregular shaped (Fig. 1). The color of the gland up to day 
28 was found brownish (Fig. 1), but day 42 onward, the 
color transformed to yellowish-white from pale white 
(Fig. 1). The thymic lobes were surrounded by a consid-
erable amount of loose connective tissue and adipose 
tissue (Fig. 1).

Measurements of each thymic lobe were taken using 
slide calipers, with the following dimensions being deter-
mined: length, taking the craniocaudal axis measurement; 
thickness, using the measurement of the dorsoventral 
axis; and width, evaluating the measurement of the lat-
erolateral axis.

A significant change in the average weight of thymus 
among different age groups was observed (p < 0.05) 
(Fig. 2). The average weight of the thymus of Sonali chicken 
at day 1 was 0.023 ± 0.006 gm which increased to 0.347 ± 
0.026 gm at day 42 but at day 56, it was found to be 0.279 ± 
0.050 gm, indicating the average weight of thymus gradu-
ally increased up to day 42. However, on day 56, the weight 
begins to decrease from the previous groups.

The different morphological parameters of the thymus 
(length, width, and thickness) followed a similar pattern of 
changes such as average weight during post-hatch stages 
of development. This change was statistically significant (p 
< 0.001) (Fig. 3).

Histological observations

The thymus of Sonali chicken at day 1 was covered by a 
very fine connective tissue capsule which was nearly visi-
ble (Fig. 4A). From the capsule, fine connective tissue sep-
tum was arisen and extended into the parenchyma of the 
gland, which divided the gland into lobules (Fig. 4A and B). 
The lobules were heterogeneous; they had a different size 
and shape like pyramidal or polygonal. In some lobules, the 

Figure 1. Gross photograph of the thymus of Sonali chicken at different post-natal stages; chain of thymic lobes 
(black arrow); jugular vein (white arrow); adipose tissue (blue arrow).
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outer dark staining cortex and inner light staining medulla 
were well demarcated while within some lobules, there was 
no clear definition among the cortex and medulla filled with 
cortical lymphocytes (Fig. 4A). With high power magnifica-
tion, it was found that the medulla had developing Hassall’s 
corpuscle with no uniform size and shape (Fig. 4C). 

At day 14 of post-hatch life, the number of lobules and 
thickness of septa were increased than that of day 1 (Fig. 
4D and F). Capsule covering the thymus was visible (Fig. 
4E). Demarcation among the cortex and medulla becomes 
distinct at this stage (Fig. 4D). The number of Hassall’s cor-
puscle was increased within the medulla.

On day 28 of post-natal development, all the compo-
nents of the thymus were well developed than the previ-
ous groups. Connective tissue septa in between lobules 
became thicker (Fig. 4I). Inside the medulla, light staining 

Hassall’s corpuscle was found (Fig. 4G). Endothelial cap-
illary appeared at the corticomedullary junction at this 
stage of development, which was absent before (Fig. 4H).

At day 42, all the components were well developed and 
more distinct than those of the previous groups. The cortex 
was packed with a large number of lymphocytes that were 
deeply stained with basophilic dye. Medulla was palely 
stained due to fewer lymphocytes than the cortex (Fig. 4J). 
The cords of lymphocyte were prominent in the medullary 
area (Fig. 4K). The septa were thicker than the previous 
groups (Fig. 4L). 

At day 56 of age, the signs of involutory changes occurred. 
The involutory changes of the thymus noticed were that 
the clear distinction among cortex and medulla was lost 
(Fig. 4M), partial loss of interlobular septa, the interlobular 
septum was present at the cortical region, whereas at the 
medullary area, the septum was absent in some lobules as 
a result of that three or more lobule had a common medulla 
(Fig. 4N) and accumulation of adipose tissue in connective 
tissue septa (Fig. 4O). An increased number of Hassall’s 
corpuscles were found in the medulla (Fig. 4M).

The length of the thymic lobule was 197.80 ± 8.182; 
563.00 ± 13.015; 1,042.72 ± 19.293; 1,455.00 ± 22.186 and 
1,215.20 ± 28.408 μm, respectively, at different post-natal 
stages of development. The length of the lobule was the 
highest at day 42, whereas reduced at day 56. Similarly, 
the breadth of thymic lobule was increased up to day 42, 
and at day 56, the breadth of the lobule was decreased. The 
breadth of thymic lobule was 99.70 ± 2.743 μm at day 1; 
242.98 ± 6.755 μm at day 14; 617.22 ± 9.682 μm at day 28; 
986.72 ± 26.202 μm at day 42 and 552.50 ± 17.172 μm at 
day 56 (p < 0.001) (Fig. 5). 

The thickness of the cortex could not be measured at 
day 56 due to the involutory changes. Up to day 42, the 
thickness of the cortex was found increasing. At day 1, the 
thickness was 42.32 ± 3.435 µm, 82.42 ± 4.796 μm at day 
14; 257.36 ± 17.407 μm at day 28 and 347.32 ± 13.608 
μm at day 42. The breadth of the medulla of thymic lobule 
was 66.10 ± 5.862, 182.86 ± 16.100, 300.98 ± 22.680, and 
410.24 ± 81.861 µm at day 1, 14, 28, and 42, respectively. 
Similar to the thickness of the cortex, the breadth of the 
medulla of thymic lobule also could not be measured at 
day 56 due to involutory changes (Fig. 6).

Discussion

Gross observations

The gross observations revealed that the chain of thymic 
lobes of Sonali chicken was symmetrically present on lat-
eral aspects of the neck with the close proximity of jugular 
vein. The shape and color of the gland varied according to 
the age. These data were similar to the previously reported 
studies [5,10,13,16].

Figure 2. Analysis of average weight (mean ± mean of the stan-
dard error). **Values with different letters (a, b) within the same 
line differ significantly (p < 0.05).

Figure 3. Analysis of length, width, and thickness (mean ± mean 
of the standard error). **Values with different letters (a, b, c, d, 
and e) within the same line differ significantly (p < 0.001).
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Figure 4. Microscopic images of the thymus of Sonali chicken at different post-natal stages; (A) Connective tissue septa (S), thin 
capsule (Ca), cortex (C), medulla (M), lobule (L) (5 µm); (B) Thin connective tissue septa (S) between lobules (L) (0.5 µm); (C) 
Developing Hassall’s corpuscles (HC) (0.5 µm); (D) Distinct cortex (C) and medulla (M) (5 µm); (E) Visible capsule (Ca) (1 µm); (F) 
Connective tissue septa (S) (0.5 µm); (G) Cortex (C) and medulla (M); Hassall’s corpuscle (HC) (5 µm); (H) Endothelial capillary (EC) 
(0.5 µm); (I) Connective tissue septa (S) (0.5 µm); (J) Cortex (C) and medulla (M) (5 µm); (K) Cords of lymphocytes (CL) (1 µm); (L) 
Connective tissue septa (S) (0.5 µm); (M) Lobule (L), Hassall’s corpuscle (HC) (5 µm); (N) Three or more lobules shearing a common 
medulla (CM), septa (S) (5 µm); (O) Adipose tissue (AT) (1 µm). Scale bar: 5 µm (×10), 1 µm (×40), and 0.5 µm (×100).
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In the current investigation, the lobes of thymus on 
each side of the neck were among 5–8 in numbers in 
Sonali chicken, whereas in deshi chicken, the numbers 
were 6–7 [5] and in hybrid chicken, the number varied 
from 2 to 9 [13,16,17]. The current research showed 
that average weight, length, width, and thickness were 
increased with the increase of age up to day 42. However, 
on day 56, all these parameters were suddenly decreased 
from the previous groups. In deshi chicken, the average 
weight of thymus was increased up to 3 months [5,10]. 
Hence, the variation of the weight of thymus might be due 
to breed variation and environmental or managemental 
effects. We are aware that there was a scarce literature 

related to length, width, and thickness of thymus of deshi 
or hybrid chicken including Sonali chicken.

Histological observations

The thymus of Sonali chicken was encapsulated with a 
thin connective tissue that was nearly visible on day 1 but 
became more distinct as age increased. From the capsule, 
thin connective tissue septa arose and entered into the 
parenchyma of the gland, dividing the gland into lobules. 
The number of lobulation increased with the increase of 
age. Each thymic lobule consisted of the inner light-stained 
medulla containing Hassall’s corpuscles and outer dark-
stained cortex. The number and size of Hassall’s corpuscle 
found to be increasing as age increases. The microscopic 
architecture of thymus was found developing with the 
increase of age from day 1 to day 42. Up to this stage of 
development, the cortex, medulla, Hassall’s corpuscles, 
and septa, all these histological components were becom-
ing more developed. These findings up to day 42 found in 
agreement with the previous results [10,11,16,18–20]. 

However, on day 56, the signs of involutory changes 
found in the present study. The involutory signs that 
appeared in this study were found to be similar to the 
findings of the previous studies [9,21]. The age, at which 
the involutory changes occur, found different in Sonali 
chicken. Khenenou et al. [22] reported, in broiler chicken, 
that the morphometric and histological evolution of thy-
mus occurred during 28 weeks of post-natal life which was 
complementary to the sexual maturity. In the case of Sonali 
chicken, the involutory signs occurred earlier (at 56th days 
or 8th weeks) which may be due to breed difference or 
environmental or managemental effects. 

The report had shown for the first time that the length 
and width of thymic lobules increased up to day 42, and 
at day 56, they decreased abruptly in Sonali chicken. The 
increase in these two parameters was reported up to day 
28 in broiler chicken [15].

Conclusion

Finally, evidence showed that morphometric changes are 
well correlated with the histological modifications. During 
post-natal growth and development of the thymus of Sonali 
chicken, some structural differences have been identified. 
Moreover, the age of involution is found at day 56 or 8th 
week of post-hatch age. The involutory signs include the 
loss of a clear distinction between cortex and medulla, par-
tial loss of interlobular septa, accumulation of adipose tis-
sue in connective tissue septa, and the number of Hassall’s 
corpuscles largely increased in the medulla. Moreover, 
the further study is required for molecular detection and 
immunological activities of the thymus in Sonali chicken.

Figure 5. Analysis of length and breadth (mean ± mean of 
the standard error) of thymic lobules. **Values with different 
letters (a, b, c, d, and e) within the same line differ significantly 
(p < 0.001).

Figure 6. Analysis of thickness of cortex and breadth of the 
medulla (mean ± mean of the standard error) of thymic lobules. 
**Values with different letter (a, b, c, and d) within the same line 
differ significantly (p < 0.001).
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