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Abstract. The aim of our research was to study the cell composition of the lymphoid
tissue of the duodenal Peyer's patch of the ducks in age-related aspects. Among the cells
of the lymphoid tissue of the duodenal Peyer's patch are immunoblasts, lymphocytes,
proplasmocytes, and plasma cells, monocytes and macrophages, epithelial cells, reticular
cells, erythrocytes, granulocytes, fibroblasts, and M-cells. The content of populations of
these cells is not the same. Lymphocytes in the preparations-imprints are found the most.
They are represented by small, medium, and large forms. Small lymphocytes were found
in the largest number, and large ones — in the smallest. The content of small lymphocytes
decreases unevenly with the age of ducks, and medium and large lymphocytes — increases
unevenly. The content of immunoblasts in the lymphoid tissue of the duodenal Peyer's patch
of ducks is less than that of lymphocytes. This index decreases unevenly from the 1st to
the 420 days of age of birds. Proplasmocytes and plasmocytes are found in the lymphoid
tissue of the duodenal Peyer's patch of ducks in small numbers from the 15th day of age.
Their content increases significantly with the increasing of the birds’ age. The content of
macrophages and monocytes in the lymphoid tissue of the duodenal Peyer's patch of ducks
is insignificant. Uneven increase of this indicator is registered from the 1st to the 420 days
of age of birds. The content of reticular cells cannot be calculated because they are covered
by lymphoid cells, and fibroblasts, erythrocytes, granulocytes, and M-cells that occur in the
imprint preparations in small quantities cannot be statistically processed.

Keywords: ducks, duodenum, Peyer's patch, lymphoid tissue, immunoblasts,
lymphocytes, proplasmocytes, plasmocytes, monocytes, macrophages

Introduction lymphocytes scattered throughout the

body, including lymphocytes circulating

It is well known that the organs of in the bloodstream and lymph (Day &
hemo- and lymphopoiesis include cen-  Schultz, 2014; Kaushansky et al., 2016).
tral (primary) and peripheral (second- A special place in this multicomponent
ary) organs, as well as focal clusters of  tissue organization is given to the so-
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called lymphoid tissue associated with
mucous membranes (mucous associat-
ed lymphoid tissue — MALT). In birds,
MALT is formed by lymphoid cells,
which are localized in their own plate
and submucosal basis of the mucous
membrane of the gastrointestinal tract
(GALT) and respiratory tract (BALT)
(Day & Schultz, 2014; Kaushansky et
al.,2016). These structures form the first
protective barrier against antigens that
enter the body with food and air. Interest
in GALT in birds is currently growing,
due to the fact that the vast majority of
antigens enter the body of these animals
through the digestive organs (Forchielli
& Walker, 2005). As a result, about 70%
of the lymphoid tissue, which forms the
parenchyma of peripheral organs of im-
munogenesis, including GALT struc-
tures that comprise Peyer’s patches, is
localized in their walls (Neutra et al.,
2001).

All functions of lymphoid tissue
provide its cellular elements from poly-
potent stem cells to effector cells (lym-
phocytes, plasma cells, macrophages),
which are in the processes of prolifera-
tion, differentiation, migration, cooper-
ation, and apoptosis (Regoli et al., 1994;
Trufakin et al., 2005). The optimal bal-
ance of immunocompetent cells pro-
vides its main function — immunity. We
did not find information on the cellular
composition of the lymphoid tissue of
the duodenal Peyer’s patch of the ducks
in the special literature. Therefore, the
study of this issue is relevant.

Materials and methods
of researches

Intestines were obtained from the
Blahovarsky cross broiler ducks of 1, 5,
10, 15, 20, 25, 30, 60, 90, 120, 150, 180,
210, 240 days old (5 ducks per group). All

interventions and slaughter of the birds
were performed in compliance with the
requirements of the European Convention
for the Protection of Vertebrate Animals
Used for Experimental and Scientific Pur-
poses (Council of Europe, 1987) and the
Decree of the First National Congress on
Bioethics (Reznikov, 2003).

Cytological examinations were per-
formed on imprint preparations stained
with commercial stains LeikoDiff 200
(Erba Lachema, Czech Republic) and
with Pappenheim’s stains Hemacolor
(Merck, Germany) (Silverman & Frable,
1990; Storc et al., 2005). The slides were
examined with a bright-field microscope
“Olympus” (Japan). In imprint prepara-
tions, cells were differentiated and their
number was counted in 5 fields of view
of the microscope (in one preparation).
50-70 cells were counted in one field of
the microscope (Avtandilov, 1990).

The arithmetic mean was deter-
mined statistically with the error of the
arithmetic mean (SD). Statistical analy-
sis was performed by StatSoft Statistica
13.1 (1998).

Results of the research and their
discussion

Immunoblasts, lymphocytes, pro-
plasmocytes and plasmocytes, mono-
cytes and macrophages, epithelial cells,
reticular cells, erythrocytes, granulo-
cytes, and M-cells were found in im-
print preparations of the lymphoid tis-
sue of the Peyer’s patch in ducks by
age-related studies. The presence of
these cells in the immune formations of
the intestines in birds has been reported
by other researchers (Burns & Maxwell,
1986; Havrylin et al., 2014; Barsukova
et al., 2015; Qu, 2018). The content of
these cell populations is not the same
(Tables 1, 2). The content of reticular
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cells cannot be calculated because they
are covered by lymphoid cells, and fi-
broblasts, erythrocytes, granulocytes,
and M-cells occur in the imprint prepa-
rations in small quantities that cannot be
statistically processed.

Lymphocytes are mostly found
among the cells (Table 1). They have a
structure similar to that in mammals and
other birds. The lymphocytes on the im-
print preparations have a predominantly
round shape and a large basophilic nucle-
us, which occupies almost the entire vol-
ume of the cell (Fig. 1). The shape of the
nuclei is different. They can be rounded
and slightly elongated. The contours of
the nuclei are uneven. A lot of heteroch-
romatin is attached to the inner mem-
brane of their cell wall. The latter, in the
form of grains and lumps, is also freely
present throughout the nucleoplasm. The
nucleolus in the nucleus is difficult to
differentiate due to the high content of
heterochromatin. The cytoplasmic vol-

ume of lymphocytes is insignificant. It
surrounds the nucleus in the form of a
thin weakly basophilic strip.

The lymphocytes content in ducks
of the studied age groups decreas-
es unevenly, which, in our opinion,
is due to their differentiation into ef-
fector cells. Thus, in one-day-old
this indicator is 65.32 = 0.39%, and
in 420-day-old — 55.97 = 0.32%. The
content of lymphocytes decreases
most intensively in ducks in age from
10 to 15 days (by 2.95%).

Among lymphocytes are small, me-
dium, and large. Their content is also
different (Table 2). Small lymphocytes
are found most in ducks of all ages.
Their diameter is up to 7 microns. Small
lymphocytes have a large nucleus. Due
to the high heterochromatin content, it
is intensely stained. The nucleus is sur-
rounded by a narrow strip of cytoplasm.
The cytoplasm of small lymphocytes
has a form of a crescent-shaped strip,

1. The content of cells in the Peyer’s patch of the duodenum in ducks (M £+ m,%)

doye | mmunoblass | Lymphoeytes | GBICRE | nerophases
32.64+£0.36 65.32+0.39 — 2.04+0.09
5 32.53+0.24 65.09 +0.25 — 2.38+0.09
10 32.52+0.09 64.76 £ 0.21 — 2.73+£0.17
15 31.49+0.26 62.86 +0.24 2.52+0.11 3.14+£0.19
20 31.63 +0.35 61.91+£0.11 2.77+0.16 3.69+0.18
25 30.28 +0.17 61.53+0.17 3.63+0.10 4.56 £0.23
30 28.04 +0.19 60.88 +0.19 6.91 +0.28* 4.17+£0.07
60 26.51 +0.49 60.89 + 1.42 9.21+£0.78 3.39+0.25
90 25.59+0.76 60.94 +0.75 10.41 £0.61 3.06 +0.59
120 25.94+0.19 60.25 +0.26 9.19+0.37 4.62+0.16
150 24.06 + 0.29 59.65 + 0.80 9.66 + 0.44 6.63 +0.26*
180 24.72 £ 0.37 58.94+0.19 9.54+0.26 6.79 +£0.25
210 25.86 +0.26 58.23+0.27 9.85+0.23 6.07+0.17
240 24.76 +0.16 56.58 +£0.26 11.24+0.23 7.42+0.13
330 24.15+0.11 56.99 +0.27 10.83 £0.12 8.02+0.24
420 24.48 +£0.08 55.97+0.32 11.13+0.35 8.42+0.28

Note: * P <0.05 compared to the previous age group.
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which does not completely surround the
nucleus (Fig. 1). The content of these
lymphocytes decreases unevenly from
age of one-day (52.27 + 0.51%) to 420-
day (48.65+0.49%). The content of
small lymphocytes decreases most in-
tensively in ducks from 60 to 90 days of
age (by 9.71 %).

Medium lymphocytes are larger
(d=7-10 pum) than small ones. They
have a larger volume of cytoplasm and
nucleus. In their nucleus, the heteroch-
romatin content is slightly lower, as a
result of which they have a less intense
colour (Fig. 1). The content of medium
lymphocytes in the lymphoid tissue of
the duodenal Peyer’s patch in ducks of
the studied age groups decreases un-
evenly (Table 2). Thus, in 1-day-old
birds, this indicator is 40.10 £ 0.82%,
while in 420-day-old — 36.96 = 0.43%.
The content of medium lymphocytes in-
creases more intensively in ducks aged
from 30 to 60 days (by 7.68%).

-t

The content of large lymphocytes on
the imprint preparations is the lowest. The
volume of their cytoplasm and nucleus is
the largest (Fig. 1). The nucleus is weakly
basophilic, contains small lumps of heter-
ochromatin. The cytoplasm is manifested
in the form of a thin weakly basophilic
strip. The content of large lymphocytes
in ducks of the studied age groups in-
creases unevenly (Table 2). In 1-day-old
birds their content is 7.63 +0.67%, and
in 420-day-old birds — 14.39 + 0.68%.
The most intensive increase in the content
of large lymphocytes (by 52.06%) is ob-
served in ducks from 30 to 60 days of age.

Immunoblasts — cells of the fifth
class of lymphocytopoiesis, precursors
of effector cells of lymphocytes (Da-
vison et al., 2008). Their size is larger
than small and medium lymphocytes.
Immunoblasts have a shape from round
to slightly elongated. The volume of
their cytoplasm is much larger than that
of lymphocytes (Fig. 2).

Fig. 1. Cells of the duodenal Peyer’s patch of in duck aged 150 days:
1 — small lymphocyte; 2 — medium lymphocyte; 3 — large lymphocyte; 4 — plasma
cell. Imprint preparation. Wright staining, < 1000
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2. The content of different groups of lymphocytes in the Peyer’s patch
of the duodenum in ducks (M + m,%)

Lymphocytes
Age, days :
Small Medium Large
1 52.26 £0.51 40.10£0.82 7.63£0.67
5 51.77+0.48 40.04 +1.03 8.19+£0.72
10 51.09 +0.44 40.59£0.79 8.32+0.41
15 53.48+0.22 39.07+£0.21 7.46 +£0.29
20 53.69£0.15 3891 +0.16 7.39+0.31
25 54.23+0.94 37.87+0.67 7.89+0.41
30 51.54+0.89 37.58 £ 0.69 9.02+0.71
60 49.75+0.92 35.12+1.58 15.13+1.05
90 44,92 +£1.27 38.53 £ 1.41 16.56 +1.18
120 46.63 +0.39 39.61+£0.73 14.76 £0.57
150 4575+ 1.11 38.41+0.78 15.84+0.77
180 46.12 +£0.27 38.21+0.17 15.67+0.21
210 47.56 +0.55 36.14+0.28 16.29+0.78
240 47.74 +£0.38 36.92 +0.35 1534+0.15
330 47.82+0.36 36.42+0.19 15.76 £ 0.44
420 48.65+0.49 36.96 +0.43 1438 £0.68

Note: * P <0.05 compared to the previous age group.

It, in the form of a narrow basophilic
strip of unequal thickness, completely or
partially delimits the nucleus. It reveals a
small number of large round mitochon-
dria with a light matrix and weakly ex-
pressed crystals, elements (tubules and
cisterns) of the endoplasmic reticulum,
elements of the Golgi complex, lyso-
somes, polyribosomes. The nucleus is
light spherical, contains mainly two nu-
cleoli, chromatin is evenly distributed in
the nucleoplasm. Part of the heterochro-
matin is fixed near the inner membrane
of the nuclear envelope.

The content of immunoblasts in the
lymphoid tissue of the duodenal Pey-
er’s patch in ducks is less than that of
lymphocytes (Table 1). In birds of all
studied age groups, the content of im-
munoblasts decreases unevenly from

one day (32.64 +0.36%) to 420 days
of age (24.48 = 0.08%). The content of
immunoblasts decreases most intensive-
ly in ducks from 25 to 30 days of age
(by 7.4%).

Plasmocytes — effector cells of
B-lymphocytes, and proplasmocytes —
precursors of plasma cells. Proplasmo-
cytes are small, irregularly shaped cells.
Their nucleus with jagged edges has an
irregular shape. The nucleus contains
one or two nucleoli, in the nucleop-
lasm, there is a lot of heterochromatin
that, fixing to the inner membrane of
the nucleolemma, forms triangular and
trapezoidal shapes. The cytoplasm is
basophilic and larger than that of lym-
phocytes. Elements of the granular en-
doplasmic reticulum and mitochondria
are localized in the cytoplasm.
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Fig. 2. Immunoblast (arrow) of the duodenal Peyer’s patch in a 90-day-old
duck. Imprint preparation. Wright staining, x 1000

Plasmocytes — cells of small size,
round, or oval shape with an eccentrical-
ly located nucleus (Fig. 1). In the latter,
well-condensed heterochromatin is pro-
nounced, forming a characteristic pattern
in the form of wheel spokes or a clock
face. In the cytoplasm near the nucleus, a
visible area of enlightenment is the Golgi
complex. The volume of the cytoplasm
exceeds the volume of the nucleus and it
is almost completely filled with the gran-
ular endoplasmic reticulum, the tubules
of which are significantly expanded. The
latter are located mainly concentrically
around the nucleus. A few large mito-
chondria of oval and round shape with
a light matrix, ribosomes, and their clus-
ters are also visible in the cytoplasm.

Plasmocytes and proplasmocytes
in the lymphoid tissue of the duodenal

Peyer’s patch in ducks are detected
from the 15th days of age in small quan-
tities (2.52 £ 0.11%) (Table 1). With the
increase in the age of birds, the content
of these cells increases significantly (by
341.66%) and in 420-day-old ducks is
11.13 £0.35%. In ducks in age from
10 to 15 days, the most intense, almost
double (by 90.36%) increase in the con-
tent of proplasmocytes and plasma cells
is registered.

Monocytes are precursors of mac-
rophages. They are large cells with
a bean-shaped or horseshoe-shaped
nucleus. In the nucleus, the lumps of
heterochromatin are evenly distributed
throughout the nucleoplasm. There are
rounded mitochondria with a light ma-
trix, lysosomes, and endoplasmic retic-
ulum in the cytoplasm.
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Fig. 3. Cells of the duodenal Peyer’s patch in a 210-day-old duck. Imprint
preparation: 1 — macrophage; 2 — pseudoeosinophil. Wright staining, x 1000

Macrophages are large, round, or
oval-shaped cells with jagged edges
(Fig. 3). The nucleus of macrophages is
small, it has a lot of heterochromatin,
which is fixed to the inner membrane of
the nuclear envelope and sprayed into
the nucleoplasm. The cytoplasm has a
significant volume and forms protrusions
of various sizes and shapes. It has many
large round lysosomes, small phago-
somes, slightly fewer mitochondria, and
tubules of the endoplasmic reticulum.

The content of macrophages and mono-
cytes in the lymphoid tissue of the duode-
nal Peyer’s patch in ducks of the studied
age groups is also insignificant. This fig-
ure increases unevenly from 2.04 £ 0.09%
in 1-day-old birds to 8.42+0.28% in
420-day-old birds. The most intensive in-
crease in the number of monocytes and
macrophages in lymphoid tissue of the du-
odenal Peyer’s patch of ducks is registered
in age from 90 to 120 days (by 50.98%).

Conclusions

1. Among the cells of the lymphoid tis-
sue of the duodenal Peyer's patch are
immunoblasts, lymphocytes, proplas-
mocytes and plasma cells, monocytes,
and macrophages. The content of pop-
ulations of these cells is not the same.

2. Lymphocytes in the imprint prepara-

tions are found the most. They are rep-
resented by small, medium, and large
forms. Small lymphocytes were found
in the largest number, and large — in the
smallest. The total content of lympho-
cytes decreases by 14.31% with the age
of ducks. The content of small and me-
dium lymphocytes decreases unequally
by 691 and 7.83%, respectively, and
large —unevenly increases by 88.47%.

3. The content of immunoblasts in the

lymphoid tissue of the duodenal
Peyer's patch is unequally reduced
by 25.0% with the age of ducks.
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4. Proplasmocytes and plasmocytes in
the lymphoid tissue of the duodenal
Peyer's patch in ducks are detected
from the 15th days of age. Their con-
tent increases by more than 4 times
(by 341.67%) with the age of birds.

5. The content of macrophages and
monocytes in the lymphoid tissue of
the duodenal Peyer's patch of ducks
unequally increases more than 4
times (by 312.75%) with the age.
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AHomauyia. Memorw Hawoz2o 00cnidxeHHA byn0 sus4umu KaimuHHUl cKaad AimgoioHoi
MKaHUHU naamku Meliepa 08aHaOUAMuUNAnoi KUWKU Ka4oK y sikosomy acriekmi. Ceped KaimuH
NiMeoiOHOI mMKaHUHU naamKu [leliepa 08aHAOUAMUNANOT KUWKU 8UABAAIOMbCA iMyHObaacmu,
nimgoyumu, nponaasMoyumMu  ma nAASMAMUYHI  KAIMUHU, MOHOUUMU ma Makpogaau,
enimenianbHi KAIMUHU, pemuKyasapHi KAimuHuU, epumpoyumu, 2paHyanoyumu, ¢ibpobaacmu ma
M-kaimuHu. Bmicm nonynayil yux kKnimuH HeooHakosud. Jlimgpoyumis y npenapamax-8iobumkax
susenaemoca Halibinbwe. BoHU npedcmasneHi mMaaumu, cepedHiMmu i 8eaukumu opmamu.
Manux nimgpoyumie peecmpyemoca Halibinowe, a senukux — HalimeHwe. Bmicm manux i cepeoHix
AiMgoyumis i3 8iKOM KA4YOK HePIBHOMIPHO 3MEHWYEMbCA, O 8E/IUKUX AiIMpoyUMie — HepieHOMIPHO
36inbwyemeocs. Bmicm imyHobnacmis y nimgoidHili mkaHuHi naamku lMeliepa dsaHaduysmunanoi
KUWKU Ka4yoK mMeHwuli makozo nimgoyumis. Lleli MOKA3HUK Hepi8BHOMIPHO 3MEHWYEMbCA 8i0
nepwoi 0o 420 dobu xcummsa nmuyi. Mponaasmoyumu i naa3moyumu 8 AiMg@oioOHIl MKAHUHI
naamku leliepa 08aHAOUAMUNANOT KUWKU 8UABAAIOMbCA 8 HeBenUKill Kinbkocmi 3 15-0o606020
8iKy KauoK. IxHili emicm 3Ha4YHO 36inbuwyemsca 3i 36inbLeHHAM 8iky nmuuyi. Bmicm makpodgazie
ma MoHouyumie y nimgoioHili mKaHuHi nasmku [leliepa 08aHAOUAMUNANOI KUWKU KAYOK
He3HayHul. Bid nepwoi do 420 dobu ¥ummsa nmuuyi peecmpyemosca HepieHOMipHe 30inbWeHHsA
Yb020 MOKA3HUKA. BoOHoYac, emicm pemuKyaapHUX KAIMUH nidpaxysamu HEMOX/UBO, OCKiflbKU
B0HU NpUKpumi aiMgoIOHUMU KaimuHamu, a @ibpobaacmu, epumpoyumu, 2paHyaoyumu i
M-KaimuHuU mpanasaomecs 8 npenapamax-8idbumxax y He3Ha4Hil KinbKocmi, AKa He niddaemocs
cmamucmuyHiti 06pobu.

Kmrovyoei cnosa: Kauku, 08aHAOUAMUNOAA KUWKGA, nAamka [lelepa, nimMmgoidHa MKAHUHG,
imyHobacmu, simghoyumu, nponaasmoyumu, naazmMoyumu, MoHOUUMU, Makpogaau

32| ISSN 2663-967X YKpaiHCbK1IN 4aconmnc BeTepMHapPHNX HayK Vol. 11, Ne 3, 2020



