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ABSTRACT

Thymus plays an important role in the development and regulation of immune responses and other physiological
processes. The present study aimed to examamdnphologicaland immunohistochemical changestbé thymus

in Haysex Brown cross chickens with regard to their age. Tdrphofunctional studies of thymus were performed to
determine and analyze agdated changes in anatomical (absolute and relative thymus mass), histological (area of
the thymus corte and medulla, area of connective tissue base, cortex index, number of thymic corpuscles in the
lobule), and immunohistochemical (subpopulations of lymphocytes with surface markefsa@®4£€D8 and their
differentiation status) indexe$he study demonsited that maximum morphological development of thymus could

be observed in 20 and 4&yold chickens. Up to 20 days of age, thymus mass inagaeportionally with the

chicken body weight. The results indicated thatdd§-old chickenshad 1.46 times igrease in the cortex index
compared to 2@ay-old birds and 1.82 times compared tdadrold birds. An increase in the density and number of
T-lymphocytes with surface markers (Cpand was evident through aging. Regarding agisgpciated alternations,

the differentiation index (CD4 CD8' ratio) reached 1.26+0.09, 1.52+0.25, and 1.56+0.23 in 40, 90, andatdd

chickens, respectively. The histological and cell parameters of the thymus in clinically healthy chickens can be used
as indicators of nornhéunctioning and to diagnose immunodeficiency in birds.
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INTRODUCTI ON

The poultry industry is one of the promising @seof
agriculture Eharma, 1999 However, the resistance of
birds tovarious diseases depends on their immune system
status. One of the main organs of the immune system is
thymus. The thymus is the central organ of the immune
system. It is responsible for the maturation and
differentiation of Flymphocytes.T-cells are the main
providers of the cellular immunity respong&@aginan et al.,
2015; Ali, 2013. Thymus in the early stages of
ontogenesis controls and directs the structural and
functional maturationrof immunocompetent cells, and it
ensures the safety and feasibility of immunological
reactions in the later stageRezzani et al., 2008 The
thymus, in addition to its role as primary lymphoid tissue,
functions as a secondary lymphoid organ and is tjrec

Cortex Index, Thymus,

involved in the formation of immune competence in
poultry (Rieker et al., 1995; Song et al., 2012; Mullakaev
et al., 2013; Treesh et al., 2014

Among all lymphoid organs, the thymus is the most
histologically heterogeneous one. It contains both
lymphoid and epithelial components, which makes it
unique among all organs of the immune systSmn@pati
et al.,, 2013 Moreover, the thymus is rich in the number
of cells with various neuroendocrine functior3upre et
al., 2004. An investigation into the thmus functions of
productive birds can contribute to the evaluation of their
stress l evel and di et
maturation is accompanied by the increases of cytekine
like molecules responsible for the restoration of immune
homeostasis irpoststress Franchini et al., 2004 Both
the excess and the lack of certain nutrients in the chickens
may increase oxidative stress with characteristic changes
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in the expression of cytokines in the thymus cells&g medulla area of the thymus and connective tissue

et al., 2016; Li et al., 20}8 framework was calculated using an ocular grid (square
Therefore, this study investigated theorplological mesh panels) mounted in the pigze of the microscope.

changesn the thymus of Haysex Brown croshickensat The percentage of the desired indicator was determined by

different ages, which can be considered an important issue calculating the ratio of the occupied and total area.
for the reassessment of the feeding and growing methods Therefore, it was necessary to count the squares occupied

and act as the protocol of prevemtivtreatments in by the examined structures in all chickens at the same
industrial poultry farming. magnifcation. The cortex index (Cl) was defined as the
ratio of cortex and medulla areas. The number of thymic
MATERIALS AND METHODS corpuscles in the slice (at magnificet x 100) was
counted in 15 fields of viewHoralskyi et al., 2011
Ethical approval Immunohistochemical study was performed the

All  animal experiments were conducted in pathological laboratory, CSD Health Care, Kiev, Ukraine.
accordance with the Law of UherCdd (& Mm@l pteh’s(T Pytowmdtice @elbs8imo n o f
Ani mal s from Brut al T r e pataffire rsections wenme d countédh asing monoclonal
recommendations of the DirectiveO20/63/EU of the antibodies and visualization system (all reagents were of
European Parliament and of the Council of 22 September the "DAKO" firm, Denmark). Briefly,the studied tissue
2010 on the protection of animals used for scientific  specimenswere fixed in a 10% solution of buffering

purposes. neutral formalin (Fixx Shandon, USA) for 24 hours. After
dehydration, the tissue specimemsre embedded in pure

Animals and study design paraffin wax with polymer additives (Richaillan
The sample in this study was composed of 70 female Scientific, USA) ata temperature not more than 60 °C.
chickens of Haysex Brown cross, aged 1 deyey were The tissue specimensgere cut with a thickness of 5 um

selected and raised in the conditions of the chicken farm from paraffin blocks on a rotational scrotoMicrom
AiSol otvinsk Poultry Factory dHMBE (CdrlyZeissj Germany)s which wetre, modnte¢ ano my
region Ukraine The preventive vaccination was not glass slides (Menzel, Germany) and then stained with
provided for the tested birds. The bodyweight of birds was hematoxyln and eosin (Kaltek, Italy). For further
determined on thecales PS 6000/C/2. At different ages immunohistochemical studies, paraffin sections were
(i.e., 8, 20, 40, 90, and 110 days of age), the chickens (14 placed on adhesive glass (Super Frost Plus, Menzel,
chickens per each age group) were euthanized by acute Germany). The study was performed on deparaffined and
bleeding after ether anesthesia. After slaughtering, the rehydration slices.
thymus was detached and weighed on laboratales PS To visualize the tissue antigensgtthermal section
1000/C/2. processing method in Target Retrieval Solution High pH
For histological studies, each thymus was divided (DAKO, Denmark) was employed through exposing the
into the smaller tissue specimens and they were fixed in treatment in PT Modul (Dako, Denmark) for 32 min at 98
1012 % aqueous solution of ne@9t°C. aHe primary antthbdienweie appliedCadtar blatking s
fluid. After fixation, tissue specimens were washed with  nonspecific proteinbinding by protein block (Diagnostic
running tap wadr for 2448 hours. In the next step, they Biosystems, USA) and endogenous peroxidase activity by
were dehydrated in ethyl alcohol with increasing peroxidase block (Diagnostic Biosystems, USA). The
concentrations to 40, 70, 96, and 100%. Afterwards, the DAKO EnVision FLEX+ detection system (DAKO,

tissue specimensvere embedded in paraffin blocks. Denmark) was used to visualize primary antibodies. To
Histological sections with a thickness of85um were visualize thehistological structure of the studied tissues,
produced on a Luge scrotom WM& The sections were the treated tissues were addi
stained with hematoxylin and eosin and Van Gieson hematoxylin (DAKO, Denmark) foriB3 min. After that,
(Horalskyi et al., 2011 the stained sections were placed in Eukitt® medium

To further the study, morphometric methods were (Germany). To gain a better understanding, gamwere
used to obtain objective data about the structural subjected to a light microscope (Olympus AX70, Japan)

organization of the thymus in dkiens. Morpbmetric with a digital camcorder (Olympus DP50, Japan)
analysis was carried out using light microscopes MBS connected to a personal computer. This procedure aimed
( Russi a) ,-50NAustria)o Ehe ritie of cortex and to determine the content, location, and number of
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lymphocyte subpopulations (per relatiugit area with the
magnification x400). Furthermore, qualitative marker
expression was assessed in 10 randomly selected fields of
histological section view with the magnification of x400,
x600, %800, and x1000. Differentiation or
immunoregulative index (IPp was determined as the
qguantitative ratio of lymphocytes with the antigenic
determinants (CD4 CDS8"). The microphotography of
histological specimens was performed using a digital
camera embedded in a Primo Star microscope (Carl Zeiss,
Germany) and conngad to a personal computer.

Statistical analysis

For data analysis, variationsfatistical methods
were performed using the Statistic 6.0 program (StatSoft
Inc., USA) with regard to the peculiarities of statistical
methods in biomedical studiesldralsky et al., 201}). P-
value less than 0.05 was considered statistically
significant.

RESULTS

Anatomical studies

The results of organometric investigations are
indicated in Figure 1. As can be seen, the absoWeight
(AW) of the thymus of chickens progesgely increases as
the chickens grow to 40 days of age. DuringBdays of
age, the AW of the thymus increases 18.4 times (p < 0.05),
and from 20 to 40 days of age, thymus AW increases 1.32
times (p < 0.05). Beginning at the age of 40 days, there is
a rectilinear decrease in thymus AW by 3.78 times in-110
day-old chickensItigure J.

The indicator of the relative weight of the thymus
reached its maximum value in -2@y-old chickens. Over
the next 20 days, the thymus AW increased, however, the
thymus RW ndex decreased almost twice as much during
this period (p < 0.05)Therefore, the thymus acquires
maximum morphological development in ckéns by 20
and 40 days of ageBy the age of 20 days, its weight
increased in proportion to body weight. From 20 ™ 4
days of age, the rate of growth of the thymus decreases
with a further morphological involution of this organ.

Histological research

The hi stol ogi cal
thymus revealed that the thymus is divided into the lobules
of different szes and shapes. Each of its lobules is
surrounded by a thin connective tissue capsule made of
collagen fibers. The capsule gives the separation

differentiated cortex in each part of the thymus, mabgiv
filled with lymphocytes and medulla, with a much smaller
number of lymphocytes~{gure 3. The medulla contained
thymic corpuscles in the form of concentric accumulation
of thickened epithelial cells.

The lobular structure of the thymus was expressed i
8-day-old chickens. In the cortex, lymphocytes were
massively deposited, and reticuloepithelial cells were
observed in some places. Lymphocytes and epithelial
cells were observed in the medulla and thymic corpuscles
represented by unicellular forms.

According to the results of morphometric
examinations of @lay-old chickens, the corticarea of
the thymus was 35.50:31% and the medulla area was
55.584#.34%, accordingly the CI was estimated
0.65+0.02. The connective tissue base occupied a small
area ad amounted to 8.913%38%. The number of thymic
corpuscles in the lobule was 4.5 + 0.06 piedeble J).

In the thymus of 2@lay-old chickens, the cortex was
shaped by tightly located lymphocytes, which in certain
lobules formed wide layers of the cortexelcortical area
and CI in this age group were relatively small. In the
medulla of 26day-old chickens, there was the chaotic
placement of the thymic corpuscles. Their number in one
particle was 5.42 + 0.0pieces. In the medulla lobules,
the processes dpithelial cells formed the mesh in the
loops of which there were located lymphocytes and other
cells Figure 3.

At 20 days of age, t he
thymus increased to 1.16 times (p < 0.05), compared to the
previous age group. Moreoveand the medulla area
decreased to 1.09 times and the Cl was 0.81 + 0.01 (p <
0.05).

At 40 days of age, the cortical area of the thymic
lobules of clinically healthy chickens increased
significantly in comparison with the a@ay-old chickens
and reached 884 + 0.74% (p < 0.05). The cortical area
reduced to 35.36 + 0.36% (p < 0.05) and Cl was 1.18 +
0.01 (p < 0.0501). The number of thymus calves increased
and it was 69 pieces in each lobe with an average of 7.5 +
0.12 piecesTable ). The thymic corpusas differed in
size and shape. Some of them were optically dense, small,
and homogeneous, whereas others were stratified and
large fFigure 4. The microscopic structure of the thymus

e X a mi n adf 90alay-old chickens virae simitarhto tisokeeofid@ysold

chickens. Accading to microscopic resultsthe cortex
contained loose thymocytes, and there was a significant
number of thymus bodies in the medulagure 5. Their
average number in the organ lobules was 9.43 + 0.13

membranes deep into the organ parenchyma. There was a pieces (p < 0.08able .
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110-day-old chickens hve the interlobular structure
of the thymus which changed slightly compared to the
previous age groups. The cortex consisted of loosely
located thymocytes, medulla contained thymic corpuscles,
the number of which was the largest, compared to all the
other age groups, and amounted to 9.56 + Opd&ces
(Figure 6). The area of cortex decreased significantly
(42.57 £ 0.89%, p < 0.05) with the medulla area reaching
31.26 + 0.17%. The CI was measured 1.56 + 0.23 (p <
0.05,table J.

Therefore, histological stigs showed that in the
thymus of 46day-old chickens, the cortex of the lobules
forms wide layers and consists of tightly placed
lymphocytesAs a result, there is a significant increase of
Cl in 1.46 and 1.82 times in 20 aned8y-old chickers
respectivgf. Such hi stol ogi cal
thymus in this age characterize it as a morphologically
mature organ.

Immunohistochemical studies

In the thymus of an -8ayold chicken, the
subpopulations of lymphocytes with markers CDhd
CD4" are selomly located in the medulla and cortex of
the thymus lobules. The cytomorphometric analysis
revealed that the number of-hElper cells in chickens
aged 8 days was 15.28 + 1.18 pieces, and accordingly T
cytotoxic cells amounted to13.61 + 1.21 pieces. The
differentiation index (ID) was 1.13 + 0.2Tble 2.

In the medulla of 2@lay-old chickens, thymus CD8
lymphocytes are located mostly solitary around the thymic
corpuscles. In some cases, they form clusters in the form
of fweddi ng r i ng scytes Eexpressingr e
the CD4 marker are found in organ lobules both in
medulla and cortex. There are more lymphocytes with
markers CD4in medulla than in the cortex.

The number of such cells in the thymus of the
chickens of this age increased in 2.48 tinmsnpared to
the previous age group, CD8in 1.5 times. The
localization and location of -lymphocytes with CD8
markers in the thymus of 4day-old chickens was almost
at the same level as in-2fay-old chickens. These cells are
located loosely in the meda and form clusters around
thethymic corpusclesTheir loose content was observed in
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the cortex and in the interlobular connective tissue.
Lymphocytes with CD4 markers are located loosely and
diffusely in both cortex and medulla and form focal
clustes (Figure §.

According to the results of
cytoimmunohistochemical analysis, the number of
lymphocytes expressing CD4antigen markers was
increased in 4@ayold chickens, compared to the
previous age group. At the same time the number of
lymphocytes withCD8" markers (p < 0.05) increases 1.53
times (Table 3, and the ID of 4@lay chickens was 1.26 +
0.09.

The majority of lymphocytes with CD8narkers are
individually located around the lobules of the thymus in
almost all chickens aged 90 and 110 daystHemmore,

p ar atmey bfeen ferm separate hreas af found & elon@ated shape

in the medulla of the thymus lobules or they may be found
in the form of uniformly spaced single cells (Figure 9).
They were also found around ttig/mic corpuscles.

Comparing the thymusof 90- and 116day-old
chickens with those in the previous age group, no
significant difference was observed regarding the
localization of Flymphocytes with CD4 markers (Figure
10). The number of lymphocytes with markers Cvthe
thymus of 908day chckens significantly increased in 4.95
pieces, compared to 4y chickens (p < 0.05). The
number of lymphocytes with CD8markers remained
almost unchanged. The ID of chickens was 1.52 + 0.25
and 1.56 + 0.125 when chickens aged 90 and 110 days,
respective} (p < 0.05,Table 3.

Therefore, the immunohistochemical analysis
indirated thaytmege s a significant increase (1.53 times) of
T-cytotoxic cells with the surface marker CDB the
thymus of 46day chickens while comparing with the-20
day bird and 2.2%imes increase compared to thal®y
old chickens. Lymphocytes expressing CDdurface
markers also increased in 1.04 and 2.58 times,
respectively. Such an increase in the number of
lymphocytes with markers CD&nd CD4 correlates with
changes in the thyas mass and may indicate the most
pronounced functional activity of this organ at the relevant
age period.
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Tablel.Mor phometric parameters of structural

components

Chicken Area (%) Number of thymus .

. Cortex index
age (day) Cortex Medulla Connective tissue base bodies in a lobule
8 35,51 £0.31 55.58+0.34 8.91+0.38 4.5+0.06 0.65%0.02
20 41.06 +£0.18* 50.89+0.34* 8.05+0.41 5.42+0.05* 0.81+0.01*
40 48.84+0.74* 35.36+0.36* 15.8+0.82* 7.5+0.12* 1.18+0.a*
90 52.79+0.31* 30.84+0.48* 16.37+0.47 9.43+0.13* 1.43+0.02*
110 42.57+0.89* 31.26+0.17 26.17+0.96* 9.56+0.05 1.56+0.23*

* p<0.05 in relation to the previous age group; Data are presented agN¢amdard Error of Mean

Table 2. The number of lymptcyte subpopulations in the thymus of chickens at different ages

cD4* cDs*
Age (day) - differentiation index
Units area (x400), pcs.
8 15.28+1.18 13.61+1.21 1.13+0.27
20 37.94+0.69 20.44+1.03 1.86+0.29
40 39.44+1.59 31.28+1.51 1.26+0.09
90 44.3%2.02 29.11+1.07 1.52+0.25
110 45.56+1.42 29.28+1.41 1.56+0.15
"p<0.05;Data are presented as Meatandard Error of Mean
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bl
1.67
1.48
— 008

\t 0.67

=025

—&— absolute weight (AW), g —®—relative weight (R

—o— 0.061

Figurel.Dynamics of the absolute and relative
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Figure 2. Microscopic thymus tructure the Sdéyold chicken ofHaysex Brown crossl: Thymus lobule, 2: cortex, 3:
Medulla, 4: Interlobular connective tissue, H&E x 100
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Figure 3. Microscopic thymus structure of a-2@y-old chicken of Haysex Brown cross.1: Medulla, 2: Thymic corpusB8les,
Growing up epitheliocytes, H&E x400
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Figure 4. Microscopic thymus structure of a 4lay-old chickenof Haysex Brown cros¢l: thymic lobule, 2: cortex, 3:
medulla, 4: interlobular connective tissuettsmic corpusclesH&E x 100)
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Figure 5. Microscopic structure of the thymus of the-88y-old chicken of Haysex Brown cross.1: Medulla; 2: Thymic
corpuscles, H&E x400
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Figure 6. Microscopic thymus'structure of a 1—10ay-o|d chicken of Haysex Brown cross (1: Cortex, 2: Medulla, 3:

s B . - ,. - ‘
Figure 7. The CD8 lymphocytes in the thymus of a -2&yold chicken of Haysex Brown cross. Medulla; 2:
CD8'Lymphocytes. Histopreparations using monoclonal antibodies with additionaUfiimgy of Mayer's hematoxylin, x600
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