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INTRODUCTION

healthy and functioning defense mechanism allows
all species on the planet not only to survive but also
flourish in a possibly brutal territory with much less
significant endeavor. It also aids in reducing financial
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ABSTRACT

Knowledge of basic structures is prerequisite for acquiring an in-depth idea about the
physiology and immunology of the lymphoid system. The study evaluates the age related
histomorphometry of cecal tonsil of Sonali chicken at different postnatal stages in
Bangladesh as literatures regarding this are very scarce. The investigation was carried out
on 25 healthy Sonali chickens representing different stage of postnatal life: days 1, 14, 28,
42, and 56 (n=5). After ethically sacrifice (cervical subluxation method), cecal tonsil was
collected and subjected for both gross and histological studies. Haematoxylin and Eosin stain
was done for microscopic study. Morphologically, cecal tonsils were located bilaterally at
the junction of small and large intestine. It had tubular structure and yellowish white in
color. All gross parameters (weight, length, and width) found to be increased significantly
(P<0.05) throughout the whole study period. Weight was measured 0.022+0.001 g at day 1
and noticed 0.181+0.016 g at the end of study tenure. The microscopic observations
revealed that at day 28 encapsulated lymphatic nodules was present along with the diffuse
lymphocytes at the lamina propria and submucosa layer, which was absent at the previous
study groups. At day 1, only small infiltration of lymphocytes was identified and at day 14,
lymphocytes were aggregating to form lymphatic nodules. After that, age related
development was noticed in histological features. The findings would be a milestone to give
an idea about the gut health and immune status of Sonali chicken and provide a basis for
further immunization research.
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damages caused by pharmacological treatment of diseases
and birds’ loss.

In mammals, a large number of encapsulated lymphatic
nodules construct the fundamental details of the lymphoid
system; whereas only in few aquatic birds, to be more
precise, in swans, ducks and geese; distinctive lymph nodes
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exist (1). Fully developed mucosa-associated lymphoid
tissue (MALT) is found to be existing in maximum avian
families (2). Respiratory system’s- Bronchus-Associated
Lymphoid Tissue (BALT) and digestive system’s-Gut-
Associated Lymphoid Tissue (GALT), segregated follicles,
Peyer’s patches, and tonsila cecalis are parts of MALT. In
case of birds, the most common location of MALT is the
lamina propria and submucosa of digestive and respiratory
pathways (3). In the developmental process of lymphoid
tissue, either concentrated or disseminated lymphoid cells
are involved and assembled to construct primary and
secondary lymphoid follicles separated by inter-follicular
accumulated lymphocytes, lymphoblasts or plasma cells
(4).

At certain anatomical sites, the lymphoid tissue was
noticed to be organized into tonsils (5). The most common
entry point for many potentially harmful microorganisms
in avian species is the dietary tract. The delicate
equilibrium among the components of the chicken gut can
adversely affect by a number of causes related to food and
pathogenic causal factors which may further influence the
performance of production and health status of birds in
commercial poultry activities (6).

Nowadays, the avian GALT is in limelight. The need for
sound awareness regarding the avian gut health and
immunity in producing vaccines is likely to be a key reason
behind this growing concern (7). In addition, due to the
prohibition on growth-fostering antibiotics; avian GALT
based experiment is motivated by the quest for efficient pre
and probiotics that enhance the defensive function of avian
gut (8-10). These components have both local and systemic
effects as through the common mucosal immune system,
they can also stimulate natural defenses in other organs
(11).

Owing to the presence of huge amount of lymphatic
tissue in lamina propria and submucosa that ultimately
consists of cecal tonsils, thus cecum provides functions as a
protective organ. In fact, the immuno-defence mechanism
of the cecal environment continuously controls
proliferation of microflora in the cecum as well as avoids
the invasion of extra caecal microorganisms (12).
Understanding the physiology of the immune system
requires comprehensive knowledge of basic structures of
the lymphoid tissue and factors that may affect these
structures such as age and developmental changes of the
animal.  Thorough study on  morphohistology,
immunohistochemistry of the lymphatic tissues has already
been performed on different breeds of chickens (deshi and
hybrid) of Bangladesh at their different prenatal and
postnatal developmental stages (13-15). In case of Sonali
chicken, the histomorphology of thymus (16), cloacal bursa
(17) and spleen (18) have been investigated.

Therefore, in Sonali chicken, information regarding
microstructural features of cecal tonsil and their possible
age-related changes is arguably less. Present study aims to
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evaluate cecal tonsil of Sonali chicken at different after birth
representative age groups based on histomorphology and
biometric techniques.

MATERIALS AND METHODS

Ethical Approval

The study protocol for the experimental use of animals
was approved and performed according to the guidelines
established by the Animal Welfare and Experimentation
Ethics Committee, Bangladesh Agricultural University,
Mymensingh, Bangladesh [AWEEC/BAU/2019(30)].

Animals and Specimen

At Bangladesh Agricultural University (BAU) Poultry
Farm, the experimental male Sonali chickens were raised
with adequate biosecurity, food and water ad libitum. The
chicken’s management practices, feeding history and
vaccination schedule were also considered. Importantly,
experimental chickens have not been shown any detectable
diseases. Total number of experimental chicken (N=25)
was categorized into five groups based on age, starting from
hatching day to day 56 at 2 weeks interval (1st, 14th, 28th,
42nd, and 56, n=5). Cervical subluxation method was
performed to ethically sacrifice the chickens. Then, the
cecal tonsils were collected for anatomical and biometric
study. The entire research was carried out in the
Department of Anatomy and Histology, Faculty of
Veterinary Science, BAU, Mymensingh, Bangladesh.

Gross-morphometric Study

Immediately after sacrifice, the cecal tonsils were
collected and washed in normal saline. After that, samples
were weighed (g) and length, width, and thickness were
taken into consideration and calculated using slide calipers
(mm). By eye estimate, cecal tonsils’ color had been
recorded. Digital camera was wused to take the
macroanatomical images directly from the organs.

Histo-morphometeric Study

For histological observation, the cecal tonsils were
preserved in Bouin’s fluid for 24-36 hours. The samples
were then washed in phosphate-buffered saline for three
changes 20 minute in each, dehydrated by rising alcohol
grade (i.e., 70%, 80%, 90%, 100% (1), 100% (2), and 100%
(3) alcohol) for 2 hours in each, cleaned in xylene for 3
changes of 2 hours in each, and finally embedded in
paraffin. The paraffin blocks were cut at 6-um thickness
with a sliding microtome (MIC 509, Euromex, Japan).
Lukewarm water at 37 °C was used to stretch the sections
(KF-WS-100 Tissue Flotation Water Bath). To mount and
adhere the sections to the slides, glass slides were painted
with adhesive solution (egg albumin) followed by dried on
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slide warmer at 37 °C. Harris’s Hematoxylin and 1% Eosin
Y stain (H & E stain) was aided in the microscopic analysis
and finally assembled with Dibutylphthalate Polystyrene
Xylene (DPX).

Photomicrographs and Biometric Measurements

The microscopic architectures of cecal tonsils were
evaluated through light microscope using both low (10x)
and high (40x, 100x) power magnifications. For better
demonstration of the study findings, the required
photographs were taken from the selected specimens using
Carl-Zeiss Photo Microscope (Germany) connected with a
digital camera. At the next step, to measure the biometric
data of different histological parameters of the tissues,
calibrated stage micrometer in pm was used. For biometric
assessment, six sections from each age group (total of thirty
sections) were taken into consideration. The histological
parameters, (thickness of tunica muscularis, length and
breadth of lymphatic nodules, and glands of
Lieberkiihn/mmsq) were measured as part of biometric
study.

Statistical Analysis

Statistical Package for the Social Sciences (IBM SPSS;
version 22.0, IBM Corp., Armonk, NY, USA) software was
used for analyzing the data. One-way ANOVA test was done
to compare all of the biometric data collected in this study.
The post hoc Duncan’s test was performed following that to
separate significant means. In all trials, the findings were
represented as meantstandard error of mean (SEM).
Statistically, If P<0.05, the variations were deemed to be
significant (19).

RESULTS

Gross Observations

The cecal tonsils of Sonali chicken were found bilaterally
at the junction of small and large intestine laying down at
the proximal part of the two ceca. The cecal tonsils had
tubular structure, yellowish white in color. They had the
peritoneum covering and due to that its surface was smooth
(Figure 1).

Table 1: Gross-morphometric observations of cecal tonsil of Sonali chicken!

Figure 1. Gross photographs of the cecal tonsil of Sonali chicken. Cecal tonsil located
bilaterally at proximal part of paired ceca. This lymphoid organ develops according
to age and become more tubular structure

Table 1 shows the changes observed in the average
weight, length, and width of cecal tonsils of Sonali chicken
over course of the study tenure. The results showed that
with increasing age, significant numerical escalations were
noticed in all groups.

Age group Average weight (g) Organ index (%) Length (mm) Width (mm)
Day 1 0.022+0.0012 0.058+0.0042 2.930+0.3322 1.450+0.1532
Day 14 0.029+0.0022 0.032+0.0032 5.100+0.301b 2.730+£0.118b
Day 28 0.034+0.0052 0.217+0.0182 6.590+0.260¢ 3.320+0.085¢
Day 42 0.105+0.008> 0.021+0.002b 8.150+0.313d 4.450+0.0354
Day 56 0.181+0.016¢ 0.025+0.002¢ 9.250+0.7054 5.230+0.175¢
P-value <0.05 <0.001 <0.001 <0.001

1Mean+SEM, n=5. @¢eMeans within a column lacking a common superscript differ significantly (P<0.05)
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Histological Observations

At the day of hatching, cecal tonsil was composed of
tunica mucosa, submucosa, muscularis mucosa and serosa
(Figure 2 a). The lining epithelium of the tunica mucosa was
simple columnar epithelium with goblet cells (Figure 2 c).
In day old chick, only small infiltrations of lymphocytes
were found in the lamina propria of tunica mucosa and
submucosa layers along with the crypts of Lieberkiihn
(Figure 2 b). The muscular wall was thin and formed by the
smooth muscles. The outer serosa was thin (Figure 2 a).
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Figure 2. a: Four histological layers (10x); b: Lymphocytes (L) at lamina propria and
submucosa layer (40x); c: Simple columnar epithelium (E) with goblet cells (G)
(100x); d: Mucosal fold (MF) (10x); e: The villi (V) (10x); f: Tunica muscularis (T'M)
(40x); g: Distinct lymphatic nodules (*) and diffuse lymphocytes (DL) (10x); h:
Encapsulated (Ca) lymphatic nodule (*) (40x); i: Tunica muscularis (T'M) (40x); j:
Lymphatic nodules (*) (10x); k: Partially encapsulated (Ca) lymphatic nodule (*)
(40x); I: Tunica muscularis (T'M) (40x); m: Diffuse lymphocytes (DL) and lymphatic
nodules (*) (10x); n: Fully encapsulated oval shaped lymphatic nodules (*) (40x); o:
Simple columnar epithelium with goblet cell in lamina epithelia layer, H & E stain.
TM-tunica mucosa, SM-submucosa, T'M-tunica muscularis, S-serosa, CL-crypts of
Lieberkiihn, Scale bar: 5 um (10x), 1 pm (40x), 0.5 pm (100x)
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At day 14 of postnatal life, the mucous membrane was
much elevated, its bulging surface projecting long tall folds
into lumen. Mucosa in cecal tonsil has two forms, one form
which contains aggregated and diffuse lymphocytes, may or
may not be covered by short villi. The second form or the
adjoining part resembles the small intestine that is
containing villi (Figures 2 d, e). The whole thickness of
lamina propria of tonsillar part was occupied by an
accumulation of lymphocytes and was noticed to be
aggregating to form lymphatic nodules (Figure 2 d).

The microscopic study revealed that at day 28 of
postnatal stage, encapsulated lymphatic nodules was
present along with the diffuse lymphocytes at the lamina
propria and submucosa layer, which was absent at the
previous study groups (Figures 2 g, h). On all other
histological features of cecal tonsil, age related
development was noticed like the base of the mucosal folds
and tunica muscularis layer was thicker (Figure 2 i). At
experimental tenure of day 42, the length of the mucosal
folds increased. The number of encapsulated lymphatic
nodules was also found increased in the lamina propria and
submucosa layer (Figures 2 j, k). At this stage, the lymphatic
nodules start to appear throughout the whole mucosal fold
(Figure 2 j). The thickness of tunica muscularis increased
than the previous groups (Figure 2 1).

Day 56 of post hatch stage, within the fold and at the base
of the fold, abundant lymphocytes and lymphatic nodules
were present (Figure 2 m). Fully encapsulated oval shaped
lymphatic nodules were appeared (Figure 2 n). The
thickness of tunica muscularis was greatly increased
(Figure 2 o).

Biometry of Microscopic Parameters of Cecal Tonsil

Thickness of Tunica Muscularis

The changes of thickness of tunica muscularis of cecal
tonsil during the experimental period in different groups
revealed that as the age increased, the thickness of tunica
muscularis also increased which was statistically
significant (P<0.001). The thickness of tunica muscularis
was found 81.80+17.151 pm on day 1 and measured
351.94+40.030 um on day 56 (Figure 3).

Length and Breadth of Lymphatic Nodules

At day 28 of development, lymphatic nodules appeared
in the cecal tonsil, which increased in number and size
throughout time. Regarding the length of lymphatic nodule,
the microscopic results revealed that the lengths of
lymphatic nodule were 256.50+22.133 um, 331.40+28.363
um, and 509.38+33.015 pum on days 28, 42, and 56,
respectively. On days 28, 42, and 56, the breadths of
lymphatic nodule of cecal tonsil were 183.42+27.460 um,
242.44+34.840 pm, and 295.58+46.175 pm, respectively.
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These age dependent changes in the length were
statistically significant (P<0.05) while breadth of lymphatic
nodules was statistically non-significant (P>0.05) (Figure
3).

Thickness of tunica muscularis of cecal
tonsil
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Figure 3. Analysis of thickness of tunica muscularis and length and breadth of
lymphatic nodules (meanzstandard error mean). a-dValues with different letters
within the same line differ significantly (P<0.05)
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Figurer 4. Analysis of glands of Lieberkuhn/mmsq (mean#standard error mean).
P>0.05.

Glands of Lieberkuhn/mmsq

Here, some fluctuation was observed. When focused on
the intestinal glands, the number climbed up from day 1 to
day 14; however, with the appearance of lymphatic nodules
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the number went down and again found to be increasing as
developmental step up to day 56 (Figure 4).

DISCUSSION

Gross Observations

The cecal tonsils of Sonali chicken were tubular
structure and laid down at the proximal part of large
intestines. In this experiment, the shape of the cecal tonsil
was similar to that documented in the hybrid chicken (20)
and in broiler chicken (21, 22). The color of the cecal tonsil
of Sonali chicken during postnatal stages found to be
yellowish white. In deshi chicken, the color of cecal tonsil
was greenish yellow at postnatal stage (23). Breed
variation may be the reason behind this color variation. The
result helps to understand that as age increases, the cecal
tonsil increases in weight and become more prominent.
These findings were similar to the study in deshi chicken
(23). In this study, it was observed that the length of cecal
tonsil of Sonali chicken was 2.930+0.332 mm at day 1 and
itreached up to 9.250+0.705 mm at day 56; that means the
length was gradually increased. Similarly, the width of cecal
tonsils were found 1.450+0.153 mm at day 1 and reached
up to 5.230+0.175 mm at day 56. Similar result was
observed before (23) in deshi chicken. The results could not
be compared with hybrid chicken due to unavailability of
literature in this regard.

Histological Observations

The histological layers of cecal tonsils composed of
tunica mucosa, submucosa, tunica muscularis and serosa.
The lining epithelium of the tunica mucosa was simple
columnar epithelium with goblet cells. The muscular wall
was thick and formed by the smooth muscles. The outer
serosa was thin. These findings were found in agreement
with the reports in White Leghorn chickens (20), in native
chicken (15) and in broiler chicken (21, 25). But some
histological features in Sonali chicken did not agree with
the others. In newly hatched Sonali chicken, only small
infiltrations of lymphocytes were found in the lamina
propria of tunica mucosa and submucosa layers. The
lymphocytes were found aggregating at day 14 and
distinct lymphatic nodules appeared in the mucosal folds at
day 28. These nodules become more distinct as age
increases. The presence of lymphatic nodules at day 1 was
recorded in deshi chicken (23). In turkey, at 1 week of age,
the lymphoid aggregation in the lamina propria-submucosa
of cecal tonsil have been recorded (24). It was reported that
an increase of lymphocytes proceeded by 10t day and
tonsilla cecalis completed its fundamental architecture by
the beginning of third week (26). This variation in result
may be due to breed variation or exposure to the antigens
which triggers the formation of lymphatic nodules. The
histological measurements like thickness of tunica
muscularis and length and breadth of lymphatic nodules
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tends to increase during the whole period of observations
up to day 56. No literatures were available to compare
these results of Sonali chicken.

In conclusion, this work constitutes the first histo-
morphometric study of cecal tonsil at postnatal stages of
Sonali chickens of Bangladesh. It is expected that our
results will contribute to guide further studies on the
postnatal stages of cecal tonsil of Sonali chicken at
molecular level as well as their specific role against
exposure of antigen or external stimuli.
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