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Abstract

Background: Chukar partridggAlectoris chukay is raised for its highly nutritional and relatively expensive maats: This
study evaluate selected lymphoid organs qfivenile and peripubertaChukar partridges using a histomorphometric approach.
Methods: Thirty oneday-old male and femal€hukar partridgewereincluded in the studySamplesveretakenfrom cloacal bursa,
thymus,spleenand thecaecaltonsil (CT) as well asoesophageal anglyloric tonsik at 80, 100, and 120 days (peripuberty) of.age
Tentransverse sectionserethentakenfrom each sample of each biathd stained wit haematoxylin aneosin (H&E) in orderto
measire plicae height andfollicular width as well as thickness of follicular cortex and medulla in cloacal bursa, villus height and
nodular unit(ND) width and height irCT, lobular width as well as lobular cortex and medullar width in thymus, white pulp imidt
spleen and follicular width in oesophageal and pyloric tonailsear graticulevas usedthe number of follicles in each plicae in
cloacal bursa anthe number of follicles in eachND in CT were determinedindera light microscopeResults: Drastc changsin
histomorphometrical parameters of lymphoid tissuere observedn peripuberty prominenly in cloacal bursa and thymus as
demonstrated byhe significant decrease in all assayed parametexalutionary changes were also observed in oeggaiaand
pyloric tonsils.Conclusion: Involution occurs in bursa and thymus of partridgesundpubertyrather than theijuvenile stages
These changes are alappreciablen CT, oesophageal and pyloric tonsilghereas thepleen keeps the same hisgital features

before andaroundpuberty.
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Introduction

Chukar partridgeAlectoris chukayis a bird from the

splenic nodule, mainly consists @f cells and B cells,
respectively (Guet al, 2015).
Caeal tonsils(CTs) which arelymphatic tissues in

phasianidae family which is commonly known as a the caecalwall, act as animmunological surveillance

Eurasian uplandame bird. The Iod is also raised for its
delicate highly nutritional and relatively expensiveeat
in some areas of the world including Iraas a
blossoming industry witha bright future and great
outcome.

A sound and intact immune system can protect birds

against infectious diseaseswith different etiological

against foreign micro organisms entering caétaecal
tonsils which embraceanearly half of the lymph nodules
of the avian lymphoid systemmake an impdant
immune structurein the avian cecum (Rezaiaand
Hamedj 2007).

The oesophageal tonsiwhich is located at the
transition between the thoracic part of the oesophagus

factors and subsequently reduce financial damages due tand the provenriculus (S§sdz and Liman, 2009) is
pharmacological management of the disease and birdlivided into up to eight tonsdk units that are all located
lossas well as the possibility of drug residue violations in the lamina propria mucosdetween two foldsQlah

in meat products

Central (primary) and peripheal lymphoid organs
produce lymphocytewhich arehighly important cells in
theimmune systemThymus and cloacal bursa (bursa of
Fabricius) are consideredentral lymphoid organs of
birds and are involved iproduction, differentiation and
maturation ofT and B lymphocytes, respective(gingh
et al, 2010Q.

Spleen is considerea fiperipheral or secondany

et al, 2003 Saj s° z a ,n2009) wheneaeach
tonsillar unit surroundacrypt (Olaa et al, 2003).
Moreover, snall secondary lymphoid folliclesnd
inter follicular T cell regions ardocated inthe wall of
the proximal part of the duodenum neldue pyloric
sphincter (Araiet al, 1988; Nagyand Olah, 2007).
According to Nagyand Olah (2007) this tonsil consists
of 15 to 20 tonsillar unitencapsulated by connective
tissue. The pyloric tonsilsmay act a a compensatory

lymphoid tissue. Avian spleen consists of various mechanism for thabsencef mesenteric lymph nodes in
functional cells in red and white pulps. The red pulp, birds (NagyandOléah, 2007).

which is a highly vascularized area, considt8cacells
macrophagesnd reticular cells. The white pulp, which
is composed of the periartatilymphatic sheath and the
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It has been clearly demonstrated that developmental
changes in lymphoid organs of birdan be associated
with a drasticchange intheir 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
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al., 2003) However, contrary to mammalian species with the Institutional Ethical Guidelines for use of
where alarge body of knowledgexists regardingige animals in research.
dependent changes in immune orgadata in avian
speciesarerelatively scarceRecently Zhaoet al. (2019 Sampling and histological evaluation
showed thathe structural development afloacalbursa Samples were prepared fromioacal bursa,CT,
can affect the susceptibility of chickens to infectious gpjeen thymus, esophageal and pyloric tonsasd fixed
bursal disease vires Agerelated changesand the i3 109 buffered formalin. Routine histological
distribution of T cell markers and tdlke receptors in  |aporatory methods were used ane @thick transverse
duck lymphoid organsave also ben studied(Zhanget  sections wer@repared using rotary microtome. A total
al., 2017.)-. o . ) number of 10 sections wetakenfrom eachsampleof
~Acquiring an insight into the physiology dhe  each bird and staineavith haematoxylin andeosin
immune system requires comprehensive knowledge ofHgE) in order to measure theeight of plica, follicular
basic structures dhelymphoid tissue and factors which wigth, thickness of follicular cortex and medullan
may affect these structures such as age angjoacal bursa, villus height and nodular UND) width
devebpmental changed the animal. _ and height inCT, lobular width lobular cortex and
_To the best of our knowledgenformation about  medullar width in thymus, white pulp width in spleen
microstructural features ofChukar partridges'main  anq follicular width in pyloric tonsila linear graticule
lymphoid structures and their possible changesery  \yas usegdand the number of follicles in each plicaie
scarce This study aims to evaluate selected lymphoid the cloacal bursa anthe number of follicle in eacitND
organs ofthese birdsncluding the cloacal bursa, ceacal iy CT was determinedunder a light microscope.The

tonsil (CT), spleen, thymus, esophageal and pyloric githmetic mean of 15 measurements of each paeme
tonsil of juvenile partridges as well as those close 10 per section was calculated.

physical pubertysing a histomorphometric approach.

Statistical analysis

Datawereexpressed as mean+SD. Data comparisons
) were performed by onavay ANOVA followed by
Birds Tukeys multiple comparison test artthe differences

Thirty clinically healthy oneday-old mae and female  \ereconsidered statistically significant @0.05
Chukar partridgs were reared in similar environmental

and nutritional conditionsThe reaing condition wasas
follows: the chickswere keptat 32°C in the first week,
after whichtemperaturedecreased 2 to 3°C per week
until week 5.During the first 5 weekschicks had free Cloacal bursa
access to water and fe¢dat consisted 0R8% crude Cloacal bursa in Chukarartridge is a salike dorsal
protein (CP)and 3,200(kcal/kg) metabolisable energy diverticulum of the proctodeal wall of the cloaca.
(ME). During thefollowing weeks, chicks were fed with Histology revealed that theursawall was composed of
a ration that included 22.5% CP and 3,3@@l/kg ME 3 tunics, theéunica mucosatunica muscularigndtunica
(Ozcelik et al, 1995. A 24 h/d lighting program was Serosa The surface epithelium immediately overlying
used. the folicle is the follicle associated epithelium (FAE)
At 80, 100, and 20 days, birds were randomly While the other surface epithelium is known as the
selected and slaughtered by cervical dislocation (10 birddnterfollicular epithelium(Figs. 1A-C).

Materials and Methods

Results

in each Samp"ng t|me) andloacal bursa1thymus1 As shown inTable 1, the h9|ght of plicae, follicular
Sp|een,CT, as well as Oesophagea| apyk)ric tonsils width, thickness of follicular cortex and medulla and
were immediatelylissected. follicle numbers per pelica decreased significantly

All methods used in the study were in compliance (P<0.001) from dag0to 120.

Fig.l: Hi st ol ogical section of Chukar p/A),rio0rg), dng ¢ €) dys: The heigltbf f abr i
plicae and follicle (stars) numbersrgeelica 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

Parameters
Ages (day) - - _
. . . . Follicular cortex Follicular medulla Number of follicles
Pelica height (mm) Follicular width (mm) thicknesgmm) thickness (mm) per pelica (mm)
80 1.25+0.29 0.15+0.02 0.02£0.0t 0.14 £ 0.01 19.10+1.85
100 0.96 +0.28° 0.13+0.02 0.01 £0.00 0.09 +0.00 15.70 +1.88
120 0.93 +0.28 0.13 +0.08 0.01 +0.00° 0.09 + 0.00 16.60 + 1.35

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

Fig.2:Hi st ol ogical section of ChukA)d00 B}gand 120 Q) dagsdLobularwidthasiveell ast t h e
lobular cortex and medullar width decreased at the age of 100 and 120 days as compared-tid8padiglges, (H&E, scale bar,
0.1 mm)

iy

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

Parametes
Ages (day)
Lobular width (mm) Lobular cortex width (mm) Lobular medulla width (mm)
80 0.59 £ 0.08 0.35+0.08 0.20 £ 0.08
100 0.46 + 0.08 0.19 +0.08 0.14 +0.02
120 0.48 + 0.08 0.19 + 0.08 0.13 +0.0%

Different superscriptetters are used to derasignificant difference in a column (P<0.05)

Thymus cords (splenic cordsyerefound in the red pulpWhite
A connective tissue tunica covered the surface of thepulp widths were 0.07+ 0.00, 0.08+ 0.00 and 0.0
thymus that extended into the parenchyma to dithee ~ 0.00 mm from 80 to 120 days, respectively and no
parenchyma into several incomplete lobules. The lobulesignificant differencavasobservedFigs. 3A-C).
of the thymus included a cortex andnadulla comprised
of epithelial reticular, lymphocytes, macrophages, etc.Caecal tonsil
The cortex was enriched with lymphocytes. The medulla, Mucosa in CT has two forms, one form which
which was located in the middle of the thymic contains tons#, may or may not beovered by sort
parenchyma, had more epithelial reticular cells thanvilli. The second form or the adjoiningart contains no
lymphocytes. The medullarsegion was lightly stained tonsils and resemblegshe small intestine. Villous
revealings ever al Hassal |l 6. c or paveriog epiteliumEongiss.simgleAcolumnar cells with
As shown in Table 2 lobular width as well as lobular striated bordex (absorptive) and goblet cell§he caecal
cortex and medullar width significantly decreased at thetonsil wall is thick and théumen is almost completely
age of 100 and 120 days as compared t80-day-old closed by villi and\Ds are prominentNodular units are

partridges (P<@5). tonsil like structures formed by a mucoesab mucosal
prominence surrounded by a delicate layer of smooth
Spleen muscle branching out ofhe aninner circular muscle

In the present study, largeteriesand veirsin spleen  layer and mascularis mucosa. Surface epithelium has
hillus as well asreticular cells with euchromatin and made a deep crypt into the Nfhown asfossula.This
prominent nucleal were seenin 80 to 12Gday-old fossula branches intseveral crypts that have direct
partridges. The central artery was covewgth a layer of ~ connections with the caecal lumérhe crypts are lined
squamous cells. Red lpuand white pulp wereresenin by a lympheepithelium that containsmnembranousN])
partridge spleenand splenic cords weffeund in white cells. Diffuse lymphatic tissuéills the laminapropria and
pulp. The capsulewas composed of dense irregular the nodular lymphatic tissueemainsdeeper at lamina
connective tissue enclosed by mesothelium cBlisoth propria (Figs. 4AD).
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Statistical r esul t ®llicdan o wteegroventrieulus ANtsdregibne thegtunita, propria and
width and follicular number per ND significantly the lymphoid tissue are covered by stratifisguamous
decreasedvith age, however the villi became longer at epithelium but the lymphoid tissue is associated with the

120 days (P<0.05) (Table 3). bottom of thefolds, where it forms isolated units.
Although the lymphoid units appear circumferential in
Oesophageal and pyloric tonsils the wall of the esophagus, they do not form a continuous

The esophageal tons# anatomically locate before ring (Figs. 5AC).

Fig.3:Hi st ol ogi cal secti on thedagedbBuK),d00 8p and 120¢) dagseTheswhite pulpgaerows)and
Billroth (rectangles) showed no difference from 80 to 120 days, (H&E, scale bar, 0.1 mm)

2 6% N ST
S o g“ﬁ;‘r

i A R s . - = T .
Fig. 4: Histological section of Chuka par t r i d g e 6 the ayeeo8C (A)] 100t ), arsl 120 €) days (stars show follicles
and arronshowsf o ssul a) . Nodul aratld®hand 12@aysihaevevgrivilli bedaene longen @, (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

Parameters
Ages (day)
Villus height (mm) _Follicular width (mm) ND width (mm)  ND height (mm) _Follicle number per ND
80 0.29+ 0.04 0.11+0.02 0.32+0.0% 0.88+0.1¢% 5.10+1.6¢
100 0.33+0.09 0.09+0.03*" 0.33+0.06 0.60+ 0.08 4.00+0.82
120 0.57+0.07 0.07+0.04° 0.32+0.04 0.55+0.10° 3.70+0.82

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

I 7 b

Fig.5:Hi st ol ogi cal section of ChtoekageroB0p/s),ri00(Bi), dgl 42D §) days.The Widthgoé a |
follicles (stars) showed decrease from day 80 to (2QE, scale bar, 0.1 mm)
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Fig.6:Hi st ol ogi cal section of ChukarA) 08 8)tand 180 e days.The witlthoaof follclest on s i |
(stars) showed decrease from day 80 to 8&E, scale bar, 0.1 mm)

The follicular width of the oesophageal tonsils were findings regardinga distinct decrease in follicular cortex
0.14 + 0.02, 0.08 + 0.01, and 0.07 + 0.02 from 80 to 100thickness irthe bursa after puberty where appreciable
days, respectively. The widest follicles were observed atdifference was observed in tlspleenwhite pulpwidth,
80 days andvere significantly different with other ages. for examplecompared tahe prepubertal period.

The lymphatic tissue of the pyloric region occupies  In avian specieghe thymic cortex is loaded with CD
the entire wall of the gastrointestinal tract. Crypts of 8" cells, while CD 4 cells are mostly found irthe
Lieberkiihn of the duodenum are transformed to tonsillarmedulla. Therefore agedependent changes ithe
crypts and lined by the lymphoepithelium (LENo thymus of partridges may be more pronounced in CD 8
Afcapsul ed occurs arouimhd tcéls altloggh welsp abseevdd albcoebske in enkdellgr.
width of the follicles were 0.13 + 0.00, 0.10 £ 0.00, and width. Moreover we cannot precisely differentiate
0.01 + 0.00 mm from 80 to 120 days, respectively, whether the changes were duethe lower proiferation
showing a significant decrease from day 80 to 120 (Figs.of cells ortheir higher migration.

6A-C). In CTs we observed different changese villus
height increasedthe ND width remained the samend
Discussion other parameters decreaseith age.

The gutassociated lymphoid tissue (GALT) plays a

This study ®aluaes the histological features of Pivotal role in confonting different pathogensAs
selected immune organs dthukar partridge during important lymphoid tissues in the GALT, caetausils
prepubertal and peripubertal periods using a are exposed to antigens from different origins and are
histomorphometric approachDuring the qualitative  able to participate in both cethediated and antibody
histological examination of the tissyewe observed Mediated immune responseBefus et al, 1980.
close similarities of these immune organs to their Moreover, CTs can produce primflammatory and
counterparts in other avian speciesas described regulatory cytokinesHaghighiet al, 2008 Brisbin et
previously Gchatet al, 2019. For instance, M cells al-, 201Q as well as antimicrobial peptideskbari et al,
which are observedh the CT epr[he“um of chickens 2008 Meshwork ofthe villi at the caecal entrance can
were presenin the epithelia of proximal pastof the exclude large particles from the colonic contents (Duke,
caecunof patridgeduringall sampling periods. 1986). On the other handpnger villi have higher

On the other hand,naagedependentirastic change activated cell mitds and more absorptive potential
was observeth histomorphometrical parameters of each (Samanyaand Yamauchi, 2002; Ondereit al, 2006).1t
lymphoid tissugwhich were most prominent in cloacal Seems thain partridgesthese capabilities become more
bursa and thymus as demonstrated by significantPronouncedvith pubertyas shown by longer villi il€Ts
decrease in all assayed parameters peripuberty as in the peripubertal period compared jovenile birds In
compared tothe prepubertal period. Irthe Fabricius @ study by Rezaian and Hame(2007), the most
bursa,the most affected parameter was follicular cortex Prominent changes regardirtje involution process of
thickness that showed a 50% decreagbémeripubertal ~ CTs in 46 monthold white leghorn chickensvere a
period Compared to prepuberty' |nterestind}g lobular Significant decline ithenumber of |ymphat|C nodules of
cortex width was the most affected parameter in thymusthe mucosal wall andhe nodular evacuatioat 6 months
with a46% decrease ithe peripubertal period. of age. Wetoo observed similar histological featsref

It has been demonstrated that follicular cortex has theCT changes with age in partridgesvherdoy most
highest rate of cell proliferation in juvenile bursa and histomorphometrical characters decreased arotimed
most of the peripheral blooB cells are direct POstpubertal periodSimilar toother parts othe GALT,
immigrants from the follicular cortex. However, when involutionary changes werdserved in oesophageal and
the bursa involutes, the spleen will work asubstitute  Pyloric tonsils ofthe partridges in our studyOur results
(Schatet al, 2014. This phenomenon may explain our could have beemmore comprehensive ifsophisticated
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immunological evaluations and immunohistochemical Haghighi, HR; Abdul-Careem, MF; Dara, RA; Chambers,

examinatios of different cell typesvereincluded

In conclusionjt seems thahgedependeninvolution
occurs inthe bursa and thywus of partridges. These
changes are alsappreciabldén caecal, oesophageal and
pyloric tonsils whereas thespleen keeps the same
histological featuresin juvenile and peripubertal
partridges
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