
 



 
Iranian Journal of Veterinary Research, Shiraz University 

 

IJVR, 2019, Vol. 20, No. 3, Ser. No. 68, Pages 186-191 

186 

A histomorphometric study on age-related changes in selected 

lymphoid structures of Chukar partridge (Alectoris chukar) 
 

Amirtaghavi Arugh, P.1 and Hamedi, S.2* 
 
1Graduated from Faculty of Veterinary Medicine, Karaj Branch, Islamic Azad University, Karaj, Iran; 2Department of Basic 

Sciences, Faculty of Veterinary Medicine, Karaj Branch, Islamic Azad University, Karaj, Iran 

 
*Correspondence: S. Hamedi, Department of Basic Sciences, Faculty of Veterinary Medicine, Karaj Branch, Islamic Azad 

University, Karaj, Iran. E-mail: sahar_hamedi@yahoo.com 

 
(Received 23 Sept 2018; revised version 2 Feb 2019; accepted 25 Feb 2019) 

 

Abstract 
 

Background: Chukar partridge (Alectoris chukar) is raised for its highly nutritional and relatively expensive meat. Aims: This 

study evaluates selected lymphoid organs of juvenile and peripubertal Chukar partridges using a histomorphometric approach. 

Methods: Thirty one-day-old male and female Chukar partridges were included in the study. Samples were taken from cloacal bursa, 

thymus, spleen and the caecal tonsil (CT) as well as oesophageal and pyloric tonsils at 80, 100, and 120 days (peripuberty) of age. 

Ten transverse sections were then taken from each sample of each bird and stained with haematoxylin and eosin (H&E) in order to 

measure plicae height and follicular width as well as thickness of follicular cortex and medulla in cloacal bursa, villus height and 

nodular unit (ND) width and height in CT, lobular width as well as lobular cortex and medullar width in thymus, white pulp width in 

spleen and follicular width in oesophageal and pyloric tonsils, a linear graticule was used, the number of follicles in each plicae in 

cloacal bursa and the number of follicles in each ND in CT were determined under a light microscope. Results: Drastic changes in 

histomorphometrical parameters of lymphoid tissues were observed in peripuberty, prominently in cloacal bursa and thymus as 

demonstrated by the significant decrease in all assayed parameters. Involutionary changes were also observed in oesophageal and 

pyloric tonsils. Conclusion: Involution occurs in bursa and thymus of partridges around puberty rather than their juvenile stages. 

These changes are also appreciable in CT, oesophageal and pyloric tonsils, whereas the spleen keeps the same histological features 

before and around puberty. 
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Introduction 
 

Chukar partridge (Alectoris chukar) is a bird from the 

phasianidae family which is commonly known as a 

Eurasian upland game bird. The bird is also raised for its 

delicate, highly nutritional and relatively expensive meat 

in some areas of the world including Iran as a 

blossoming industry with a bright future and great 

outcome. 

A sound and intact immune system can protect birds 

against infectious diseases with different etiological 

factors and subsequently reduce financial damages due to 

pharmacological management of the disease and bird 

loss as well as the possibility of drug residue violations 

in meat products. 

Central (primary) and peripheral lymphoid organs 

produce lymphocytes which are highly important cells in 

the immune system. Thymus and cloacal bursa (bursa of 

Fabricius) are considered central lymphoid organs of 

birds and are involved in production, differentiation and 

maturation of T and B lymphocytes, respectively (Singh 

et al., 2010). 

Spleen is considered a “peripheral or secondary” 

lymphoid tissue. Avian spleen consists of various 

functional cells in red and white pulps. The red pulp, 

which is a highly vascularized area, consists of B cells, 

macrophages and reticular cells. The white pulp, which 

is composed of the periarterial lymphatic sheath and the 

splenic nodule, mainly consists of T cells and B cells, 

respectively (Guo et al., 2015). 

Caecal tonsils (CTs) which are lymphatic tissues in 

the caecal wall, act as an immunological surveillance 

against foreign micro organisms entering caeca. Caecal 

tonsils, which embrace nearly half of the lymph nodules 

of the avian lymphoid system, make an important 

immune structure in the avian cecum (Rezaian and 

Hamedi, 2007). 

The oesophageal tonsil, which is located at the 

transition between the thoracic part of the oesophagus 

and the proventriculus (Sağsöz and Liman, 2009), is 

divided into up to eight tonsillar units that are all located 

in the lamina propria mucosae between two folds (Oláh 

et al., 2003; Sağsöz and Liman, 2009) where each 

tonsillar unit surrounds a crypt (Oláh et al., 2003). 

Moreover, small secondary lymphoid follicles and 

inter follicular T cell regions are located in the wall of 

the proximal part of the duodenum near the pyloric 

sphincter (Arai et al., 1988; Nagy and Oláh, 2007). 

According to Nagy and Oláh (2007) this tonsil consists 

of 15 to 20 tonsillar units encapsulated by connective 

tissue. The pyloric tonsils may act as a compensatory 

mechanism for the absence of mesenteric lymph nodes in 

birds (Nagy and Oláh, 2007). 

It has been clearly demonstrated that developmental 

changes in lymphoid organs of birds can be associated 

with a drastic change in their body functions (Ciriaco et 

https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/b-cell
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/macrophages
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/cross-link
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/t-cells
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al., 2003). However, contrary to mammalian species 

where a large body of knowledge exists regarding age-

dependent changes in immune organs, data in avian 

species are relatively scarce. Recently, Zhao et al. (2016) 

showed that the structural development of cloacal bursa 

can affect the susceptibility of chickens to infectious 

bursal disease viruses. Age-related changes and the 

distribution of T cell markers and toll-like receptors in 

duck lymphoid organs have also been studied (Zhang et 

al., 2017). 

Acquiring an insight into the physiology of the 

immune system requires comprehensive knowledge of 

basic structures of the lymphoid tissue and factors which 

may affect these structures such as age and 

developmental changes of the animal. 

To the best of our knowledge, information about 

microstructural features of Chukar partridges' main 

lymphoid structures and their possible changes is very 

scarce. This study aims to evaluate selected lymphoid 

organs of these birds including the cloacal bursa, ceacal 

tonsil (CT), spleen, thymus, esophageal and pyloric 

tonsil of juvenile partridges as well as those close to 

physical puberty using a histomorphometric approach. 

 

Materials and Methods 
 

Birds 
Thirty clinically healthy one-day-old male and female 

Chukar partridges were reared in similar environmental 

and nutritional conditions. The rearing condition was as 

follows: the chicks were kept at 32°C in the first week, 

after which temperature decreased 2 to 3°C per week 

until week 5. During the first 5 weeks, chicks had free 

access to water and feed that consisted of 28% crude 

protein (CP) and 3,200 (kcal/kg) metabolisable energy 

(ME). During the following weeks, chicks were fed with 

a ration that included 22.5% CP and 3,300 kcal/kg ME 

(Özcelik et al., 1995). A 24 h/d lighting program was 

used. 

At 80, 100, and 120 days, birds were randomly 

selected and slaughtered by cervical dislocation (10 birds 

in each sampling time) and cloacal bursa, thymus, 

spleen, CT, as well as oesophageal and pyloric tonsils 

were immediately dissected. 

All methods used in the study were in compliance 

with the Institutional Ethical Guidelines for use of 

animals in research. 

 
Sampling and histological evaluation 

Samples were prepared from cloacal bursa, CT, 

spleen, thymus, esophageal and pyloric tonsils and fixed 

in 10% buffered formalin. Routine histological 

laboratory methods were used and 6 μm-thick transverse 

sections were prepared using a rotary microtome. A total 

number of 10 sections were taken from each sample of 

each bird and stained with haematoxylin and eosin 

(H&E) in order to measure the height of plicae, follicular 

width, thickness of follicular cortex and medulla in 

cloacal bursa, villus height and nodular unit (ND) width 

and height in CT, lobular width, lobular cortex and 

medullar width in thymus, white pulp width in spleen 

and follicular width in pyloric tonsil a linear graticule 

was used, and the number of follicles in each plicae in 

the cloacal bursa and the number of follicle in each ND 

in CT was determined under a light microscope. The 

arithmetic mean of 15 measurements of each parameter 

per section was calculated. 

 
Statistical analysis 

Data were expressed as mean±SD. Data comparisons 

were performed by one-way ANOVA followed by 

Tukey’s multiple comparison test and the differences 

were considered statistically significant at P<0.05. 

 

Results 
 
Cloacal bursa 

Cloacal bursa in Chukar partridge is a sac-like dorsal 

diverticulum of the proctodeal wall of the cloaca. 

Histology revealed that the bursa wall was composed of 

3 tunics, the tunica mucosa, tunica muscularis and tunica 

serosa. The surface epithelium immediately overlying 

the follicle is the follicle associated epithelium (FAE) 

while the other surface epithelium is known as the 

interfollicular epithelium (Figs. 1A-C). 

As shown in Table 1, the height of plicae, follicular 

width, thickness of follicular cortex and medulla and 

follicle numbers per pelica decreased significantly 

(P<0.001) from day 80 to 120. 

 

   
 

Fig. 1: Histological section of Chukar partridge’s bursa of fabricius at the age of 80 (A), 100 (B), and 120 (C) days. The height of 

plicae and follicle (stars) numbers per pelica decreased from day 80 to 120, (H&E, scale bar, 0.1 mm) 
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Table 1: Histological measurements (mean±SD) of bursa of Fabricius of partridges at different ages 

Ages (day) 

Parameters 

Pelica height (mm) Follicular width (mm) 
Follicular cortex 
thickness (mm) 

Follicular medulla 
thickness (mm) 

Number of follicles 
per pelica (mm) 

80 1.25 ± 0.29a 0.15 ± 0.02a 0.02 ± 0.01a 0.14 ± 0.01a 19.10 ± 1.85a 

100 0.96 ± 0.28a, b 0.13 ± 0.02b 0.01 ± 0.00b 0.09 ± 0.00b 15.70 ± 1.83b 

120 0.93 ± 0.28b 0.13 ± 0.03b 0.01 ± 0.00b 0.09 ± 0.00b 16.60 ± 1.35b 

Different superscript letters are used to denote significant difference in a column (P<0.05) 

 

   
 

Fig. 2: Histological section of Chukar partridge’s thymus at the age of 80 (A), 100 (B), and 120 (C) days. Lobular width as well as 

lobular cortex and medullar width decreased at the age of 100 and 120 days as compared to 80 day-old partridges, (H&E, scale bar, 

0.1 mm) 

 
Table 2: Histological measurements (mean±SD) of thymus of partridge at different ages 

Ages (day) 
Parameters 

Lobular width (mm) Lobular cortex width (mm) Lobular medulla width (mm) 

80 0.59 ± 0.08a 0.35 ± 0.08a 0.20 ± 0.05a 

100 0.46 ± 0.06b 0.19 ± 0.03b 0.14 ± 0.02b 

120 0.48 ± 0.03b 0.19 ± 0.03b 0.13 ± 0.01b 

Different superscript letters are used to denote significant difference in a column (P<0.05) 

 

Thymus 
A connective tissue tunica covered the surface of the 

thymus that extended into the parenchyma to divide the 

parenchyma into several incomplete lobules. The lobule 

of the thymus included a cortex and a medulla comprised 

of epithelial reticular, lymphocytes, macrophages, etc. 

The cortex was enriched with lymphocytes. The medulla, 

which was located in the middle of the thymic 

parenchyma, had more epithelial reticular cells than 

lymphocytes. The medullary region was lightly stained 

revealing several Hassall’s corpuscles (Figs. 2A-C). 

As shown in Table 2 lobular width as well as lobular 

cortex and medullar width significantly decreased at the 

age of 100 and 120 days as compared to 80-day-old 

partridges (P<0.05). 

 

Spleen 
In the present study, large arteries and veins in spleen 

hillus as well as reticular cells with euchromatin and 

prominent nucleoli were seen in 80 to 120-day-old 

partridges. The central artery was covered with a layer of 

squamous cells. Red pulp and white pulp were present in 

partridge spleen, and splenic cords were found in white 

pulp. The capsule was composed of dense irregular 

connective tissue enclosed by mesothelium cells. Billroth 

cords (splenic cords) were found in the red pulp. White 

pulp widths were 0.07 ± 0.00, 0.08 ± 0.00 and 0.07 ± 

0.00 mm from 80 to 120 days, respectively and no 

significant difference was observed (Figs. 3A-C). 

 

Caecal tonsil 
Mucosa in CT has two forms, one form which 

contains tonsils, may or may not be covered by short 

villi. The second form or the adjoining part contains no 

tonsils and resembles the small intestine. Villous 

covering epithelium contains simple columnar cells with 

striated borders (absorptive) and goblet cells. The caecal 

tonsil wall is thick and the lumen is almost completely 

closed by villi and NDs are prominent. Nodular units are 

tonsil like structures formed by a mucosal-sub mucosal 

prominence surrounded by a delicate layer of smooth 

muscle branching out of the aninner circular muscle 

layer and muscularis mucosa. Surface epithelium has 

made a deep crypt into the ND known as fossula. This 

fossula branches into several crypts that have direct 

connections with the caecal lumen. The crypts are lined 

by a lympho-epithelium that contains membranous (M) 

cells. Diffuse lymphatic tissue fills the laminapropria and 

the nodular lymphatic tissue remains deeper at lamina 

propria (Figs. 4A-D). 
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Statistical results showed that ND’ height, follicular 

width and follicular number per ND significantly 

decreased with age, however the villi became longer at 

120 days (P<0.05) (Table 3). 

 

Oesophageal and pyloric tonsils 
The esophageal tonsil is anatomically located before

the proventriculus. At this region, the tunica propria and 

the lymphoid tissue are covered by stratified squamous 

epithelium but the lymphoid tissue is associated with the 

bottom of the folds, where it forms isolated units. 

Although the lymphoid units appear circumferential in 

the wall of the esophagus, they do not form a continuous 

ring (Figs. 5A-C). 

 

   
 

Fig. 3: Histological section of Chukar partridge’s spleen at the age of 80 (A), 100 (B), and 120 (C) days. The white pulp (arrows) and 

Billroth (rectangles) showed no difference from 80 to 120 days, (H&E, scale bar, 0.1 mm) 

 

    
 

Fig. 4: Histological section of Chukar partridge’s ceacal tonsils at the age of 80 (A), 100 (B), and 120 (C) days (stars show follicles 

and arrow shows fossula). Nodular units’ height decreased at 100 and 120 days, however villi became longer at 100, (H&E, scale bar, 

0.1 mm), (D) Histological section of fossula with M cells in its epithelium (arrow), (H&E, scale bar, 0.02 mm) 

 
Table 3: Histological measurements (mean±SD) of cecal tonsil of partridge at different ages 

Ages (day) 
Parameters 

Villus height (mm) Follicular width (mm) ND width (mm) ND height (mm) Follicle number per ND 

80 0.29 ± 0.04b 0.11 ± 0.02a 0.32 ± 0.05a 0.88 ± 0.10a 5.10 ± 1.60a 

100 0.33 ± 0.05b 0.09 ± 0.03a, b 0.33 ± 0.06a 0.60 ± 0.06b 4.00 ± 0.82b 

120 0.57 ± 0.07a 0.07 ± 0.04b 0.32 ± 0.04a 0.55 ± 0.10b 3.70 ± 0.82b 

Different superscript letters are used to denote significant difference in a column (P<0.05). ND: Nodular unit 

 

   
 

Fig. 5: Histological section of Chukar partridge’s esophageal tonsil at the age of 80 (A), 100 (B), and 120 (C) days. The width of 

follicles (stars) showed decrease from day 80 to 120, (H&E, scale bar, 0.1 mm) 
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Fig. 6: Histological section of Chukar partridge’s pyloric tonsil at the age of 80 (A), 100 (B), and 120 (C) days. The width of follicles 

(stars) showed decrease from day 80 to 100, (H&E, scale bar, 0.1 mm) 

 

The follicular width of the oesophageal tonsils were 

0.14 ± 0.02, 0.08 ± 0.01, and 0.07 ± 0.02 from 80 to 100 

days, respectively. The widest follicles were observed at 

80 days and were significantly different with other ages. 

The lymphatic tissue of the pyloric region occupies 

the entire wall of the gastrointestinal tract. Crypts of 

Lieberkühn of the duodenum are transformed to tonsillar 

crypts and lined by the lymphoepithelium (LE). No 

“capsule” occurs around the aggregated follicles. The 

width of the follicles were 0.13 ± 0.00, 0.10 ± 0.00, and 

0.01 ± 0.00 mm from 80 to 120 days, respectively, 

showing a significant decrease from day 80 to 120 (Figs. 

6A-C). 

 

Discussion 
 

This study evaluates the histological features of 

selected immune organs of Chukar partridge during 

prepubertal and peripubertal periods using a 

histomorphometric approach. During the qualitative 

histological examination of the tissues, we observed 

close similarities of these immune organs to their 

counterparts in other avian species as described 

previously (Schat et al., 2014). For instance, M cells 

which are observed in the CT epithelium of chickens 

were present in the epithelia of proximal parts of the 

caecum of partridge during all sampling periods. 

On the other hand, an age-dependent drastic change 

was observed in histomorphometrical parameters of each 

lymphoid tissue, which were most prominent in cloacal 

bursa and thymus as demonstrated by significant 

decreases in all assayed parameters in peripuberty as 

compared to the prepubertal period. In the Fabricius 

bursa, the most affected parameter was follicular cortex 

thickness that showed a 50% decrease in the peripubertal 

period compared to prepuberty. Interestingly, the lobular 

cortex width was the most affected parameter in thymus 

with a 46% decrease in the peripubertal period. 

It has been demonstrated that follicular cortex has the 

highest rate of cell proliferation in juvenile bursa and 

most of the peripheral blood B cells are direct 

immigrants from the follicular cortex. However, when 

the bursa involutes, the spleen will work as a substitute 

(Schat et al., 2014). This phenomenon may explain our 

findings regarding a distinct decrease in follicular cortex 

thickness in the bursa after puberty where no appreciable 

difference was observed in the spleen white pulp width, 

for example, compared to the prepubertal period. 

In avian species, the thymic cortex is loaded with CD 

8+ cells, while CD 4+ cells are mostly found in the 

medulla. Therefore, age-dependent changes in the 

thymus of partridges may be more pronounced in CD 8+ 

cells, although we also observed a decrease in medullar 

width. Moreover, we cannot precisely differentiate 

whether the changes were due to the lower proliferation 

of cells or their higher migration. 

In CTs we observed different changes; the villus 

height increased, the ND width remained the same and 

other parameters decreased with age. 

The gut-associated lymphoid tissue (GALT) plays a 

pivotal role in confronting different pathogens. As 

important lymphoid tissues in the GALT, caecal tonsils 

are exposed to antigens from different origins and are 

able to participate in both cell-mediated and antibody-

mediated immune responses (Befus et al., 1980). 

Moreover, CTs can produce pro-inflammatory and 

regulatory cytokines (Haghighi et al., 2008; Brisbin et 

al., 2010) as well as antimicrobial peptides (Akbari et al., 

2008). Meshwork of the villi at the caecal entrance can 

exclude large particles from the colonic contents (Duke, 

1986). On the other hand, longer villi have higher 

activated cell mitosis and more absorptive potential 

(Samanya and Yamauchi, 2002; Onderci et al., 2006). It 

seems that in partridges, these capabilities become more 

pronounced with puberty as shown by longer villi in CTs 

in the peripubertal period compared to juvenile birds. In 

a study by Rezaian and Hamedi (2007), the most 

prominent changes regarding the involution process of 

CTs in 4-6 month-old white leghorn chickens were a 

significant decline in the number of lymphatic nodules of 

the mucosal wall and the nodular evacuation at 6 months 

of age. We too observed similar histological features of 

CT changes with age in partridges, whereby most 

histomorphometrical characters decreased around the 

post-pubertal period. Similar to other parts of the GALT, 

involutionary changes were observed in oesophageal and 

pyloric tonsils of the partridges in our study. Our results 

could have been more comprehensive if sophisticated 

https://www.sciencedirect.com/science/article/pii/S0165242716300459?via%3Dihub#bib0025
https://www.sciencedirect.com/science/article/pii/S0165242716300459?via%3Dihub#bib0090
https://www.sciencedirect.com/science/article/pii/S0165242716300459?via%3Dihub#bib0040
https://www.sciencedirect.com/science/article/pii/S0165242716300459?via%3Dihub#bib0040
https://www.sciencedirect.com/science/article/pii/S0165242716300459?via%3Dihub#bib0010
https://www.sciencedirect.com/science/article/pii/S0165242716300459?via%3Dihub#bib0010
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immunological evaluations and immunohistochemical 

examinations of different cell types were included. 

In conclusion, it seems that age-dependent involution 

occurs in the bursa and thymus of partridges. These 

changes are also appreciable in caecal, oesophageal and 

pyloric tonsils, whereas the spleen keeps the same 

histological features in juvenile and peripubertal 

partridges. 
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