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INTRODUCTION

The ability to understand the function, pathology, and
repair of organ systems is limited without knowledge
of their normal structure. The immune defence organs
of chickens consist of central and peripheral depart-
ments that work in concert to establish protective reac-
tions against external pathogenic factors. The Harderi-
an gland - a peripheral organ of the immune defence of
chickens, which is involved in the activation and final
differentiation of B-lymphocytes, and plasma cell pro-
liferation. One of the main problems in poultry farm-
ing is infectious diseases. Vaccination is an important
method of protecting poultry on farms.

Decreased vaccination efficiency and the devel-
opment of immunodeficiency states are caused by the
adverse effects of man-made factors. In many cases,
immune disorders are caused by a defective immune
system (Song et al., 2021). In birds, a well-functioning
immune system is of vital importance, namely, protection
against pathogens, and the development of an immune
response to vaccination (Nair, 2022).J. Madej et al. (2018)
indicate that outbreaks of infectious diseases in poultry
are associated with an overload of immune defences by
virulent vaccine strains. Admittedly, any factor that re-
duces the immune response affects production param-
eters. Many factors, including infectious and non-infec-
tious, cause immunosuppression in chickens (Gimeno
& Schat, 2018).

Poultry is constantly exposed to various immune
stresses, one of which is vaccination. The latter is used
both to prevent infection and to reduce morbidity and
mortality (Feng et al., 2012). Multiple vaccinations are
associated with high stress, which suppresses immune
function (Kaab et al., 2018). In poultry farms, inactivated
vaccines are frequently used in high doses and repeat-
edly, with short intervals, which can cause stress to the
immune system (Yang et al., 2011; Feng et al., 2012).
Stress alters immune responses (Wilkinson et al., 2011;
Schat & Skinner, 2022). Immunosuppression in chick-
ens is a very important factor but, therewith, is under-
estimated in the development of pathology (Schat &
Skinner, 2022).

Combination vaccines are mostly preferred for
the prevention of chicken diseases, as using a single
dose of the drug against two or more infections reduces
labour costs and mortality of the bird itself caused by
vaccination (Yang et al., 2016; Wit et al., 2017). Mixed
infections pose significant obstacles to the organisa-
tion of specific infectious disease prevention schemes,
which is why a large number of immunisations are used,
and the timing of their implementation frequently over-
laps. However, immunisation is still the most crucial
measure for controlling infections, although the frequent
use of live vaccines has contributed to the evolution of
new strains (Dey et al., 2019).

According to the study by P. Saelao et al. (2018),
the resistance of birds to specific diseases, in particular
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Newcastle disease, is associated with the immune re-
sponse of the Harderian gland. According to Frahmand
& Mohammadpour (2015) and Klecowska-Nawrot
et al. (2015), the Harderian gland performs various
functions: moisturising, cleansing, protecting, and be-
ing a source of pheromones. In this case, the immune
response is particularly crucial (Jahan et al., 2018). The
Harderian gland, along with other peripheral immune
defences, is involved in general and local immunity (Ja-
han et al., 2018).

Microscopic examination of the Harderian gland
demonstrated that it is a multilobular gland, with each
lobe constructed of secretory acini (Beheiry et al., 2020).
The superficial cells of the glandular body produce
serous secretion, and the deep cells produce mucous
secretion (Mobini, 2012). In their studies, J. Kleckows-
ka-Nawrot et al. (2016) observed the presence of lym-
phoid cells in the glandular septa of birds and the se-
cretory lobules, in particular, in their centre. A significant
number of plasma cells were located in the glandular
part of the organ. Plasma cells are in close contact with
epithelial cells and closely envelop the glandular ducts
(Nagy et al., 2022). B. Mobini (2012) observed the pres-
ence of plasma cells in the interlobular connective tis-
sue trabeculae, under the capsule, and near the main
duct. A small number of plasma cells are located in the
interlobular connective tissue partitions of the gland. In
their studies, R. Beheiry et al. (2020) observed that glan-
dular ducts are established from a single layer of pris-
matic epithelial cells surrounded by myoepithelial cells.
Lymphoid cells, namely lymphocytes, macrophages,
and granulocytes, are located in the subepithelial layer
and the lumen of the glandular lobules (Rana et al., 2020). A
fairly large number of lymphocytes and plasma cells are
located in the central and apical parts of the secretory
lobules, the intercalated part of the gland (Klecows-
ka-Nawrot et al., 2016). Thus, the study of the morpho-
logical state of the immune system organs, including
the Harderian gland, is of great importance.

The purpose of the study is to establish the cy-
tological and histological features of the development
of the Harderian gland of chickens at different stages
of multivaccine prevention of infectious diseases. Ob-
jectives of the study: to determine the cytological and
histological features of the Harderian gland of chickens
of 1,15, 25,50,75, 100, and 120 days of age; to deter-
mine the histoarchitectonics of the glandular gland of
chickens at different vaccination periods.

MATERIALS AND METHODS

For the experiment, a group of one-day-old Haysex Brown
chickens was selected, and reared in the conditions of the
“Solotvyn Poultry Farm” branch of the “Green Val” Limited
Liability Company in the Staryi Solotvyn village, Berdychiv
district, Zhytomyr region, which were divided into two
groups of 70 chickens each: control (no vaccinations were
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performed) and experimental (chickens were vaccinated
according to the vaccination plan for repair stock). The
study was conducted in 2020-2022.

The study was conducted in the educational and
research clinical diagnostic laboratory of the Polissia
National University. The material was the Harderian
gland of chickens aged 1, 15, 25,50, 75,100, and 120 days
selected from the control and experimental groups. The
anatomical study included the slaughter and exsangui-
nation of chickens, dissection and removal of organs.
Chickens of 1,15,25,50,75,100,and 120 days of age were
slaughtered using the method of acute exsanguination
under ether anaesthesia.

After slaughter, the Harderian gland of chickens
was weighed on a Kern AC/ACS laboratory balance
with an accuracy of 0.001 g. Histological studies were
performed according to the generally accepted meth-
ods of tissue fixation and histological sections. For his-
tological examination, the Harderian gland of chickens
was selected, which was fixed in a 10-12% aqueous
solution of neutral formalin for 48 hours, then washed
with tap water for 24 hours, dehydrated with ethyl al-
cohol of increasing concentration (40%, 50%, 70%, 96 %,
100%), followed by embedding in paraffin. Histological
sections, up to 5-10 um thick, were made on a sledge
microtome. To explore the morphology of cells and tis-
sues, sections of the Harderian gland were stained with
hematoxylin and eosin by the Van Gieson method.

To obtain objective data on the structural organ-
isation of the chicken gland, morphometric methods
of study were used. The study was performed using a
Primo Star light microscope (Carl Zeiss, Germany) and
Image Scope software.

Histological specimens were examined and pho-
tographed using a digital camera mounted ina Primo Star
microscope (Carl Zeiss, Germany) and connected to a per-
sonal computer. Statistical processing of the study results
was performed on a personal computer using variational
and statistical methods using Statistica 6.0 (StatSoft

Inc., USA). The reliability of the data obtained was as-
sessed by the Fisher's F test. The difference between the
two values was considered significant at P<0.05, P<0.01.

When working with animals, the provisions
of Article 26 of the Law of Ukraine No. 3447-VI of
10/16/2012 “On the Protection of Animals from Cruelty”
(Law of Ukraine No. 3447-VI),“General Ethical Principles
for Animal Experiments” approved at the First National
Congress on Bioethics (Reznikov, 2003), the requirements
of the European Convention for the Protection of Ver-
tebrate Animals Used for Research and Other Scientific
Purposes (European Convention, 1986), and the Universal
Declaration for the Humane Treatment of Animals (Uni-
versal Declaration, 2007).

RESULTS AND DISCUSSION

The Harderian gland of the experimental and control
chickens is located medial to the eyeball, between the
orbit and periorbit. Organometric studies have estab-
lished that the absolute weight of the Harderian gland
of one-day-old chickens of the experimental and con-
trol groups practically did not vary, but in chickens of
15 days of age (after three times vaccination) this indi-
cator significantly increased in the experimental group
compared to the control and amounted to 0.049 +0.003 g
(P < 0.01), while in the control group - 0.041 + 0.002 g.
In addition, a significant increase in the absolute weight
of the organ was observed in chickens 50 days of age.
Therewith, in this age period, the maximum values of
the absolute weight of the organ were noted, which
amounted to 0.095 £ 0.003 g (P < 0.01) in the experiment
and 0.088 £ 0.001 g in the control.

The histological examination established that the
gland is covered with a connective tissue capsule, from
which the septa extend into the parenchyma of the organ.
Van Gieson staining identified collagen fibres in the in-
terlobular connective tissue (Fig. 1). The glandular capsule
contains adipose tissue, and elastic, collagen, and reticular
fibres.

Figure 1. The microscopic structure of the Harderian gland of a 15-day-old chicken of the control group:
1 - secretory lobe; 2 — lumen of the secretory lobe;3 - interlobular connective tissue

Note: Van Gieson method. x 200
Source: photo by the authors
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Partitions divide the gland parenchyma into se- the organ has a cavity containing a secretion produced
cretory lobules. It was established that each lobule of by the glandular cells (Fig. 2).

Figure 2. The microscopic structure of the Harderian gland of a 25-day-old chicken of the experimental group:
1 - secretory lobe; 2 - interlobular connective tissue; 3 — lumen of the lobe with secretion
Note: Hematoxylin and eosin. x 200
Source: photo by the authors

The histological structure of the Harderian gland  lobes. A large number of blood vessels are noted in the
of the experimental chickens 15 days of age was al- interlobular connective tissue (Fig. 3). The epithelium of
most the same as that of the control group.A histological ~ the secretory lobules has a pronounced structure and is
examination of the gland of 15-day-old chickens es-  evenly coloured, and the ducts contain a small amount
tablished that the septa divide the gland into secretory  of secretion.

Figure 3. The microscopic structure of the Harderian gland of a 15-day-old chicken of the control group:
1 - secretory lobe; 2 - blood vessels; 3 - interlobular connective tissue
Note: Hematoxylin and eosin. x 200
Source: photo by the authors

In the group of experimental chickens of 25 days of  noted, which were represented by diffuse lymphoid tissue
age (after five times of vaccination), plasma cells appeared  (Fig. 4), and clusters of lymphoid cells were noted in the
in the gland and the appearance of lymphoid clusters was  secretory lobules and the interlobular connective tissue.

Figure 4. The microscopic structure of the Harderian gland of a 25-day-old chicken of the experimental group:
1 - secretory lobe; 2 - interlobular connective tissue; 3 - diffuse lymphoid tissue
Note: Hematoxylin and eosin. x 200
Source: photo by the authors
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Usually, lymphoid cells are located on the apical
part of the glandular lobules. According to these stud-
ies, it is during this age period that the ducts of the
secretory lobules contain a significant amount of se-
cretion (Fig. 5). Therewith, it was noted that the acini

of the secretory lobules are lined with high columnar
epithelium, and their lumens are elongated and some-
what irregular in shape. In this case, the height of the
epithelium was 2.49 * 0.11 ym and the width was
1.06 £ 0.03 ym.

Figure 5. The microscopic structure of the Harderian gland of the 25-day-old chicken of the experimental group:
1 - secretory lobe; 2 - interlobular connective tissue; 3 — lumen of the lobe

Note: Hematoxylin and eosin. x 200
Source: photo by the authors

In response to antigenic stimulation, nodular
forms of lymphoid tissue appeared in the Harderian
gland of the experimental group at 50 days of age (af-
ter six vaccinations) (Fig. 6). It was during this period
that a significant increase in the thickness of lym-
phoid structures in vaccinated chickens was observed:

1.11 times (P < 0.05) compared to unvaccinated chick-
ens. Therewith, in unvaccinated chickens, this figure
was 20.5 * 4.1 microns, and in vaccinated chickens -
22.7 £ 7.4 microns.

At this age, the ducts of the secretory lobules
contain a small amount of secretion (Fig. 7).

Figure 6. The microscopic structure of the Harderian gland of a 50-day-old chicken of the experimental group:
1 - secretory lobe; 2 - interlobular connective tissue; 3 — nodular forms of lymphoid tissue

Note: Hematoxylin and eosin. x 100
Source: photo by the authors

Figure 7. The microscopic structure of the Harderian gland of a 50-day-old chicken of the control group:
1 - secretory lobe; 2 — interlobular connective tissue with diffuse lymphoid tissue; 3 - lumen of the lobe

Note: Hematoxylin and eosin. x 200
Source: photo by the authors
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With the age of the bird, the content of the secre-
tion in the lumen of the lobe decreases, and at 100 and
120 days of age, a small amount of it was determined,
or not at all. In the chickens of the experimental group
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of 75 days of age (after nine times vaccination), penetra-
tion of lymphoid tissue into the secretory lobules of the
organ was noted (Fig. 8). It is during this age period that
90% of all planned vaccinations of pullets are performed.

Figure 8. The microscopic structure of the Harderian gland of the 75-day-old chicken of the experimental group:
1 - secretory lobe; 2 — lumen of the lobe 3 — interlobular connective tissue; 4 — lymphoid tissue

Note: Hematoxylin and eosin. x 200
Source: photo by the authors

Histological examination of the Harderian gland
of 100- and 120-day-old chickens demonstrated a sig-
nificant proliferation of connective tissue and a signif-
icant amount of lymphoid tissue (Figs. 9, 10). Thus, in
vaccinated chickens of 100 days of age, the number of
nodular lymphoid tissue ranged from 2 to 4 pieces in

the microscope view (about 10, at 10), and in the con-
trol - 1-2 pieces. In addition, when exploring the loca-
tion of immune formations, their presence was noted
in the centre of the lobules, in some cases, the nodular
form of lymphoid tissue occupied up to half the area of
the secretory lobe of the gland.

Figure 9. The microscopic structure of the Harderian gland of a 100-day-old chicken of the experimental group:
1 - secretory lobe; 2 - interlobular connective tissue; 3 — a nodular form of lymphoid tissue; 4 — lumen of the lobe

Note: Hematoxylin and eosin. x 200
Source: photo by the authors

Figure 10. The microscopic structure of the Harderian gland of a 120-day-old chicken of the experimental group:
1 - secretory lobe; 2 — nodular form of lymphoid tissue; 3 — lumen of the lobe; 4 - interlobular connective tissue

Note: Hematoxylin and eosin. x 200
Source: photo by the authors
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In chickens of 75,100, and 120 days of age, an in-
crease in lymphoid tissue was observed in the postvacci-
nation period both in the interlobular connective tissue
and in the secretory lobes of the organ. The results of the
study confirm the results of R. Beheiry et al. (2020), S. Gu-
ralska et al. (2020), who established that the Harderian
gland is multilobular, and each lobe consists of secre-
tory acini. In addition, the results of studies by M. Khan
et al. (2007), according to which this organ of chickens
is branched, tubular-alveolar.

In their studies, they noted that the outer capsule
of the gland extends inward from the outer capsule of
the gland.M.Khan et al (2007) noted that the Harderian
gland of the domestic chicken contains thin interlobular
connective tissue septa. B. Mobini (2012) observed that
the capsule of the organ is constructed of adipose tissue.

The results of the study complement the previ-
ous results of S. Guralska et al. (2020), who noted that
vaccination of chickens aged 20 days divided the gland
parenchyma into secretory lobules. According to the au-
thors, in chickens aged 40 days after vaccination, the
appearance of lymphoid tumours, both diffuse and nod-
ular, was noted. According to the results of the study,
the diffuse form of lymphoid tissue in chickens in the
postvaccination period was already observed at 25 days of
age,and the nodular form —was in 50 days old chickens.
M.Khan et al. (2007) noted in their studies the presence
of individual secretory lobules with diffuse lymphoid
tissue and nodules. B. Mobini (2012) observed single
lymphoid nodules, but they were without germinal
centres. P. Bejdic et al., (2014); S. Guralska & T. Budnik,
(2020), S. Guralska et al., (2020, 2021) in the Harderian
gland of chickens up to 40 days of age, no lymph nodes
were observed. The gland is rich in densely arranged
plasma cells and lymphocytes (Reem & Khattab, 2018;
Nagy et al., 2022). According to the results of a mor-
phometric study of the Harderian gland, the number
of lymphoid structures is significantly higher in vacci-
nated chickens. S. Guralska & T. Budnik, (2020) in their
research describe that the size of this gland correlates
with the development of lymphoid tissue, since in chickens

in the post-vaccination period, the size of the secretory
lobules does not vary significantly from these indicators
of intact birds.

According to M.S. Deist & S.J. Lamont (2018), the
lymphoid tissue of the gland is understudied, although
it is important in local immunity. The Harderian gland
has aroused and still arouses interest in the scientific
community due to its morphofunctional and phyloge-
netic characterisation (Santillo et al., 2020; Tybinka et
al.,2022). Summarising the results of the studies, it can
be noted that the nature of morphological, histological,
and morphometric changes in the Harderian gland of
chickens in the postvaccination period is most pronounced
at 50 and 75 days of age. The analysis of the studies
indicates the specifics of the immune response to vac-
cination inherent in the chicken gland.

CONCLUSIONS

Postvaccination changes in the histological structure
and morphometric parameters in the organ of vaccinated
chickens are conditioned upon both the age character-
istics of the bird and the frequency of vaccination. Struc-
tural changes in the gland of vaccinated chickens indi-
cate the development of humoral and cellular immunity.

It has been established that lymphoid structures
of the chicken gland are represented by different levels
of organisation of lymphoid tissue, with accumulations
of lymphoid structures noted in the interlobular con-
nective tissue and the secretory lobules of the gland.
Vaccination stimulates the development of lymphoid
tumours, resulting in an increase in their number and
size in the glandular gland of chickens, especially at 75,
100 and 120 days of age compared to the control group.

It was established that the ducts of the secretory
lobules of the Harderian gland of 25-day-old chickens
contain the largest amount of secretion and the smallest
amount - at 100 and 120 days of age. In the future, it
is planned to conduct a comparative characterisation
of the morphological features of the chicken Harderian
gland using immunohistochemical and histochemical
methods of research.
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FicToapxiTeKTOHIKa rapaepoBoi 3a/103M Kypel B NOCTBaKUMHaNbHUM Nepioa

Terana CepriiBHa bygHik, CBitnaHa BacunisHa lN'ypanbcbka, Oner BikeHTiitoBu4 lMiHCbKMiA,
FenHagin MetpoBuu Mpuwyk, Bonoaummup BacunboBuy NoHYapeHKo

MonicbKMi HaLioOHaNbHWI YHiBEPCUTET
10008, 6-p Crapui, 7, M. Xutomup, YkpaiHa

AHoTauis. Po3yMiHHS BNIMBY BaKLUMHALIT HA OpraHi3m Kypei HemoxvBe 6e3 BUBYeHHS MOPQOIOrii OpraHis iMyHHOrO
3axucTy. MeToto pocniaxeHHs 6yno BusBneHHa MopdOoNoriYHMX 3MiH rapAepPOBOi 3a103M Kypel Kpocy xancekc bpayH
BikoMm 1,15, 25,50, 75,100 1a 120-no60Boro Biky 3a BNIMBY BakuUMHaLii. B nocnigxeHHs 6yno BUKOPUCTAHO HACTYMHI
MEeTOAM: aHAaTOMIiYHi, FiCTONOriYHI, CBITNIOONTUYHI, MOPHOMETPUYHI, CTaTUCTUYHI. Byno npoaHanizoBaHo rictonpenapatu
rapfepoBoi 3ano3u Kypen pisHoro Biky (1, 15, 25, 50, 75, 100 1a 120 ni6) BaKLMHOBAHOI Ta HEBAKLMHOBAHOI rpymnu.
byno pocnigXeHo Ha rictonoriyHMx npenaparax rapLepoBOi 3an03M Kypei ocobnamnBocTi BynoBuM opraHy, moro
niMdoigHmx yTBOpeHb Ta iX TMnNKU GOopM. 3rifHO FiCTONOFYHUX AO0CAIMKEHb ByNo BCTAHOBMEHO, WO Le CKAagHa
Tpyb4acTo-4acTOYKOBa 321033, fKa CKNALAETLCS i3 CEKPETOPHMX YaCTOYOK i3 MpOTOKaMu. MixKYacToukoBa CnonyyHa
TKaHWHA MIiCTUTb 3HAYHY KiNbKiCTb NiMMOLMTIB, NIA3MOLMTIB Ta iHWMX KNITUH. Y BaKLMHOBAHUX KypeW 25-n060Boro
BiKY BiAMi4anu HasBHICTb AUPY3HOI NiIMPOIAHOI TKAaHMHM, KO HE BigMiYanu y KOHTPONbHIM rpyni, a y 50-5o6oBoMy
BiLi — YTBOPEHHS By3nukyBaToi dopMu NiMbOIAHOT TKAHMHU, MakCUMManbHa KiNbKiCTb SKUX CMOCTEPIraeTbCs y
100-no60BoMy BiLi. Y kypeii 75, 100 Ta 120-goboBoro Biky LOCNIAHOI Fpynu B rapAepoBii 3an03i 3pocTana KinbKicTb
NiMbOIAHOT TKAHWHK, HASBHICTb SKOI BiAMIYaNU B MiXKYACTOUKOBIM CMOMYYHIN TKAHMHI Ta CEKPETOPHUX YacToukax. byno
[0BEAEHO, IO rapAepoBa 3a/103a Kype, ik nepudepuyHmii opraH iMyHHOro 3axumcTy, @opmMyeTbes B 50-1060BOMY BiLli
SIK KOHTPONbHOI, TaK | BaKUMHOBAHOI rpynu. BuBueHHs MopdonoriyHmx 3miH y rapaepoBii 3a103i NTULL Pi3HOrO BiKY €
BaXX/MBWUM iHCTPYMEHTOM (hOPMYBAHHS NPOTOKOANIB MPOdINAaKTUYHMX LWeNAeHb Y CYy4acCHOMY NTaxiBHUUTBI. OTpUMaHi
pe3ynbTaTv 4OCNIMKEHHS HEOOXiAHO BPax0oBYyBaTH NPY YA0CKOHANEHHI TEXHONOTiT BUPOLLYBaHHS, eKcnayatauii Kypen,
o6 3abe3neunTy BUCOKY XUTTELIANBHICTD | BiANOBILHO NPOAYKTUBHICTb

KntouoBi cnoBa: nTuug, ricToN0riyHi 3MiHu, NiMmboigHI yTBOPEHHS, CEKPETOPHI YaCTOYKM, BAaKLMHALLIS
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