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Background: The aim of the present study is to describe the morphological and histological features of Harderian
gland (HG) in long-legged wadding bird (ibis) and different domestic birds (duck, goose, and pigeon). The HG of
forty adult male and female from the four avian species constituted the material of the study.

Result: The HG extended from the optic nerve to the rostral part of the eyeball presents two extremities, one
posterior and other anterior, from which the excretory duct was arisen. Between two extremities of the gland,
middle groove is present in case of duck and geese, while middle isthmus is present in case of ibis. In pigeon, the
gland appeared pointed oval in shape. Microscopically, the HG was multilobular; each lobule was composed of
secretory acini that were lined by a single layer of columnar epithelium. In all studied birds, a single duct located
centrally with an irregular lumen. In goose, there were crypts along the duct while in duck, the central lumen had
villi-like folds projected into the central canal of the tubules. In ibis, the irregular lumen was narrow and elongated
while in pigeon, the gland had a central cavity that collected the secretion from tubules arranged radially around
the cavity; also, the gland mainly contained both acidic and neutral mucopolysaccharides.

Conclusion: This work revealed that the histological structure of HG in the four avian species showed characteristic
features and thus explained the relationship between their habits and behavior on the structure of this gland.

Background
The studies on the accessory organs of the eye are essen-
tial for understanding of normal eye physiology. These
organs include the eyebrows, eyelids, eyelashes, conjunc-
tival sac, lacrimal apparatus, and extrinsic muscles of the
eye. Among the accessory organs of the eye are the eye-
lids that have great importance in understanding the
pathogenesis of eye diseases, the conjunctiva-associated
lymphoid tissue (CALT), the HG, and the lacrimal gland
(LG) (Fix & Arp, 1989).

The HG was first described by Johann Jacob Harder in
1694, identified also as paraorbital glands. The gland is
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found in most terrestrial species having nictitating mem-
brane. This gland is also present in amphibians and
avian species (fowl, duck, pheasants, turkeys, cardinal),
in rudimentary form or is absent in primates, and not
found in carnivores (Sakai, 1981).

It is known that the secretion of HG lubricates the nic-
titating membrane and or the cornea (Baccari, Minucci,
& Di Matteo, 1993; Payne, 1994; Sakai, 1981). Also, it is
a source of growth factors (Baccari et al.,, 1993) and im-
mune response (Mobini, 2012; Ohshima & Hiramatsu,
2002), but in some species, they are so modified as to be
primarily associated with nasal, vomeronasal, and saliv-
ary functions (Djaridane, Simmonneaux, & Klosen, 1999;
Payne, 1994; Rehorek, Baker, Hutchinson, Bruce, & F.,
2006; Sakai, 1981).
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The HG and LG in birds are considered as a part of
the head associated lymphatic tissue (HALT) (Shirama,
Satoh, Kitamura, & Yamada, 1996). According to Boydak
and Aydin (2009) in goose, the type of secretion in the
HG is mucous, and the mode of secretion is apocrine.

Payne (1994) mentioned that the irregularly shaped
HG covers most of the posteromedial surface of the eye
from the optic nerve to the point where the gland’s nar-
row duct passes beneath the proximal attachments of
the superior and inferior oblique muscles. The duct of
the gland passes forwards around the eye to open into
the inferomedial portion of the conjunctival sac deep to
the nictitating membrane.

The fore mentioned author added that, in bi-lobed
HG, there is a groove in which an extra-ocular muscle,
the pyramidalis oculi, is situated. It often divides the
gland into two lobes which are not distinct from each
other in some birds, such as the duck and pelican; it is
almost hemispherical with a shallow concave face abut-
ting onto the eyeball and a deeply convex surface adjoin-
ing the orbit wall.

Burns (1992) noted that, in fowl, the HGs are relatively
large and more developed than the lacrimal gland. The
latter author added that the HG is the lymph epithelial
organ.

In geese, Boydak and Aydin (2009) revealed that the
HG is multilobular tubulo-alveolar and pour its secre-
tion into a wide lumen which is lined by columnar epi-
thelial cells. In the Capercaillie, Kleckowska-Nawrot, and
Gozdziewska- Harlajczuk, K., Kowalczyk, A., I, Lukasze-
wicz, E. I, and Nowaczyk, R. I. (2016a) mentioned that
large number of lymphocytes detected in the HG may
indicate their exposure to various pathogens and indi-
cate better resistance.

The aim of the present study is to demonstrate and
compare the normal anatomical and histological struc-
ture of HG in four avian species: ducks and geese (as an
example of non-flying birds) and ibis and pigeons (as an
example of flying birds). The knowledge of normal histo-
logical structure of HG is important and required for the
diagnosis and treatment of ocular diseases.

Materials and methods

Collection of samples

The current investigations were carried out on forty
adult healthy birds of both sexes of each following spe-
cies: domestic ducks (Anas platyrhynchus), domestic
goose (Anser anser domesticus), domestic pigeon (Co-
lumba livia domestica), and long-legged wadding bird as
ibis (Bubulcus ibis) according to the ethics of AVMA
guidelines to minimize pain and was approved by the
Research Ethics Committee of the Faculty of Veterinary
Medicine, Zagazig University, Zagazig, Egypt. The birds
were taken from different farms in Sharkia Governorate,
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and an informed oral and written consents were ob-
tained from farm owners; then, the birds were kept in
our laboratory and give them tap water ad libitum. Ten
birds for each species were anesthetized with ketamine
and euthanized using of CO, gas. The birds were sacri-
ficed by decapitation, and their heads were removed as
soon as possible; then, the HGs were injected directly by
a fixative (10% formalin) solution into the orbital cavity;
then, the whole heads were preserved in the same
fixative.

Tissue preparation

For macro morphology

The HG and their associated excretory ducts within the
eyeball, the muscles were carefully dissected after re-
moving of the lower jaw, cranial bone, and brain. Each
specimen was divided into two equal parts by a sagittal
line between the orbital cavities. Then, HG was dissected
morphologically from the vicinity of the orbit ventro-
medial to the eyeball then prepared for photography and
prepared for macro morphology (during their dissection,
the position, shape, and color were noted). The nomen-
clatures used along the course of the present work were
those adopted by Nomina Anatomica Veterinaria (2012).

For morphometry

The average length, width, and thickness of the gland
were recorded. These parameters were measured by a
plastic ruler; then, the results were analyzed by SPSS
version 25 (SPSS IBM Corp, Armonk, NY). Descriptive
statistics by mean + SD were used to describe data. Sim-
ple bar graph was used to depict the results.

For light microscopy examination

The processing and staining methods were performed
according to Suvarna, Layton, and Bancroft (2018).
Briefly, the specimens were dissected out, cleaned rap-
idly of any adherent connective tissue then immediately
fixed in 10% buffered neutral formalin. Then, they were
processed and embedded in paraffin. Using rotary
microtome, paraffin sections of 5 pum were obtained and
subjected for staining with the following stains:

— Harris’s hematoxylin and eosin (H&E) stain for
studying the general structure.

— Masson trichrome stain for demonstration of
collagen and muscle fibers.

— Periodic Acid Schiff (PAS) technique to detect
neutral glycosaminoglycans.

— Alcian blue pH (2.5) for detecting acidic
glycosaminoglycans.

The stained sections were examined with standard
light microscopy, and photographs were taken at
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Department of Histology and Cytology, Faculty of Veter-
inary Medicine, Zagazig University.

Results

Macroscopic observation

The eyes in all of the different adult birds have anterior
and posterior canthus and bounded by upper and lower
eye lids (Fig. 1). The HGs of the all examined adults
birds were present in the vicinity of the orbit ventro-
medial to the eyeball (Fig. 2).

All HGs in different species were extended from the
optic nerve posteriorly to the rostral part of the eyeball.
So two extremities were present: one posterior extremity
near to the optic nerve and other anterior or rostral one
near to the rostral part of the eyeball from which the ex-
cretory duct was arisen. Between two extremities of the
gland, middle groove is present in case of duck and
goose while middle isthmus is present in case of ibis
which was covered by one of the extraocular muscle
(pyramidalis oculi) (Figs. 2 and 3).

The gland appeared oval flat with an irregular out-
line in addition in pigeon; the gland appeared pointed
oval and has two extremities: one anterior pointed ex-
tremity from which excretory duct arisen while other
broad posterior extremity directed towards the optic
nerve (Figs. 2 and 3).

All glands were dissected easily from the periorbital
fascia, covered by thin thread fibrous tissues, and may be
found in the vicinity of the orbit or loosely adherence to
the posterior part of the eyeball. The surfaces of the
glands of the all examined birds which were facing the
periorbital fascia were convex while the surfaces of the
glands which were facing the eyeball were concave. The

Fig. 1 A photomacrograph of head showing external features of the
eye, upper eye lid (a), lower eye lid (b), anterior canthus (c), and
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Fig. 2 A photomacrograph of the eye showing anatomical
dissection of the HG, eyeball (a), anterior extremity (b), posterior
extremity (c), middle groove (d), excretory duct (e), and extraocular
muscle (pyramidalis oculi) (f) in duck (A), goose (b), ibis (c), and

pigeon (d)

color of the glands was ranged from pinkish white to
reddish brown. One excretory duct of the all examined
glands arisen from anterior extremity then passed to
open in the medial part of the conjunctival membrane
(Figs. 2 and 3).

Fig. 3 A photomacrograph of isolated HG showing anterior
extremity (a), posterior extremity (b), middle groove (c), and
excretory duct (d) in duck (a) and goose (B). Isolated HG of ibis
showing anterior extremity (a), posterior extremity (b), middle
isthmus (c), and excretory duct (d) in C. Isolated HG of pigeon
showing posterior broad extremity (a), anterior pointed extremity

posterior canthus (d) in duck (A), goose (b), ibis (c), and pigeon (d)

(b), and excretory duct (c) in D
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Morphometrical studies

Descriptive statistics of different dimensions (length,
width of both extremities, and thickness) of HG in adult
duck and goose, adult ibis, and adult pigeon were re-
corded in Tables 1, 2, and 3, respectively.

The mean of the all length in duck and goose together,
ibis, and pigeon were recorded as 1.65, 1.57, and 0.71
cm, respectively. The mean of the widest part of the
gland were 0.95cm in duck and goose, 0.45 cm in ibis,
and 0.43 cm in pigeon. While the mean thickness of the
gland was 0.39 cm in duck and goose, 0.15cm in ibis
and 0.18 cm in pigeon are as shown in Figs. 4, 5, and 6.

Histological observation

In all studied birds, the HG was surrounded by thin con-
nective tissue capsule. The capsule mainly formed of col-
lagen fibers that contained blood vessels. The connective
tissue septa raised from the capsule with blood vessels
and nerves and divided the parenchyma into lobules of
different sizes, which appeared as polygonal zones in
case of duck containing a central canal. Each lobule con-
sisted of secretory acini which separated by little amount
of connective tissue. In all studied birds, a single duct lo-
cated centrally with an irregular lumen. In geese, there
were crypts along the duct, and solitary lymphoid nod-
ules were near the crypts (Fig. 7). In pigeon and ibis, the
glandular acini were at the peripheral region of the lob-
ules and continued with the tubular portions of the sec-
retary units; in addition, the pointed and broad
extremities were observed (Fig. 8).

The glands were compound tubulo-alveolar and emp-
tied into a wide central lumen. In duck, the central
lumen had villi-like folds that were branched and inter-
connected, lined with simple columnar epithelium with
vacuolated cytoplasm, and project into the central canal
of the tubules. While in geese, the central lumen was ir-
regular containing crypts, and they were lined by colum-
nar epithelium which was darkly stained. The ductal
epithelium was surrounded by myoepithelial cells. The
gland had an excretory duct (Fig. 9).

In ibis, the irregular lumen was narrow and elongated
while in pigeon, the gland had a central cavity that

Table 1 Descriptive statistics of different dimensions (cm)
(length, width of both extremities, and thickness) of HG in adult
duck and goose

Parameter Mean + SD Minimum Maximum
Length of HG 1.65 £ 0.047 1.50 1.80
Width of HG 0.95 + 0.108 0.80 1.10
(anterior extremity)

Width of HG 0.89 £ 0.074 0.80 1.00
(posterior extremity)

Thickness of HG 0.39 + 0.057 030 0.50
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Table 2 Descriptive statistics of different dimensions (cm)
(length, width, and thickness) of HG in adult ibis

Parameter Mean + SD Minimum Maximum
Whole length of HG 1.57 £ 0.1 1.50 1.80
Length of ant extremity of 0.76 £ 0.08 0.70 0.90
HG

Length of post extremity 0.51 £ 0.03 0.50 0.60
of HG

Length of isthmus of 030 + 0.000 030 03
HG

Width of ant extremity of 037 £ 0.11 030 0.60
HG

Width of post extremity of 045 + 0.07 04 06
HG

Width of isthmus of 027 £ 0.11 0.2 05
HG

Thickness of HG 0.15 £ 0.07 0.1 03

collected the secretion from tubules arranged radially
around the cavity. In the two species, a large number of
lymphocytes were densely aggregated in the lobules
underneath the lining epithelium; also, these cells were
distributed in the interstitial connective tissue that sur-
rounding the acini and tubules (Fig. 10).

In the four avian species, the secretory acini were lined
by single layer of columnar epithelium with highly vacu-
olated cytoplasm and spherical basaly located nucleus
and surrounded by flat myoepithelial cells; their nuclei
were elongated which located between the basal surface
of the epithelial cells and the basement membrane. In
duck, the peripheral secretory acini were elongated and
tortuous while in geese, the peripheral secretory acini
were lined with high columnar epithelium that were
lightly stained in contrast to the cells of central duct that
were darkly stained (Fig. 11). Histological structure of
HG and its duct in male and female was the same in the
four avian species.

In PAS-stained sections in duck, goose, ibis, and
pigeon, the positive reaction was demonstrated in the
centrally located cells of glandular epithelium of tubules
and glandular epithelium of acini. Also, the neutral
mucosubstances were detected in the connective tissue
septa between the secretory end pieces and in the

Table 3 Descriptive statistics of different dimensions (cm)
(whole length, width, and thickness) of HG in adult pigeon

Parameter Mean + SD Minimum Maximum
Whole length of HG 0.71 £ 0.057 0.60 0.80
Width of HG 043 £ 0.082 030 0.60
Thickness of HG 0.18 £ 0.078 0.10 0.30
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Fig. 4 Descriptive statistics of mean + SD of whole length of HG in adult duck, goose, ibis, and pigeon

Ibis Pigeon

excretory duct (Fig. 12). In alcian blue stained sections,
high degree of alcianophilia in the centrally located cells.
The glandular epithelium of secretory units and the epi-
thelial cells that lined ducts had positive reaction (Fig. 13).

Discussion
In this study, the HGs of the all examined adults birds
were present in the vicinity of the orbit ventromedial to
the eyeball. These findings were supported by those of
Wight, Mackenzie, Rothwell, and Burns (1971a) in do-
mestic fowl; Kozlu, Bozkurt, Altunay, and Sari (2010) in
osprey; and Mobini (2012 and 2014) in chicken, while
Kle¢kowska-Nawrot, Gozdziewska-Harlajczuk, Kowalc-
zyk, Lukaszewicz, and Nowaczyk (2016a) in Capercaillies
observed the gland was laid in the orbit, lateral to the
caudal portion of the interorbital septum and medial to
the caudal third of the eyeball.

The shape and excretory duct of HGs of the all exam-
ined pigeons were appeared oval flat with an irregular

outline; meanwhile, Kleckowska-Nawrot, Gozdziewska-
Harlajczuk, Kowalczyk, Lukaszewicz, and Nowaczyk
(2016b) recorded that the HG, in the common pheasant,
was wider in the proximal and distal part. The common
pheasant had more elongated lobes of the HG than in the
hybrid. The HG in domestic fowl was appeared irregular
in shape (Payne, 1994; Wight, Mackenzie, et al., 1971a).

The measurements of HGs of the all examined domes-
tic ducks were in a line with macromorphometry men-
tioned by Brobby Sr (1972) who observed the HG
measured 1.7 cm long, 1.5 cm broad, and 0.5 cm thick. It
has two ducts open on the deep surface of the nictitating
membrane.

Our research revealed that the HGs of the all exam-
ined adults birds have a single excretory duct arisen
from anterior extremity then passed to open in the med-
ial part of the conjunctival membrane. This is in line
with the results were given by Wight, Burns, Rothwell,
and Mackenzie (1971b) in domestic fowl, Kozlu et al.
(2010) in osprey, Burns (1974), and Boydak and Aydin

1.2 A

0.8

0.6 1

Widest part of gland

0.4 -

0.2 4

Duck and goose

Fig. 5 Descriptive statistics of mean + SD of widest part of HG in adult duck, goose, ibis, and pigeon

Ibis

Pigeon
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Fig. 6 Descriptive statistics of mean + SD of thickness of HG in adult duck, goose, ibis, and pigeon

Ibis Pigeon

Fig. 7 Light micrograph of the HG of duck (A, B, C) and goose (D, E,
F) showed the lobules (L) formed from secretory acini (Ac) and
covered by capsule (arrow) containing blood vessels (red arrow
heads), septa (S) containing blood vessel and nerve fiber (black
arrow heads), lymphatic nodule in goose (star), and irregular lumen
of duct (zigzag arrow). Stain, H&E in (A, B, D, E) and Masson
trichrome in (C, F)

(2009) in geese. That was not in agreement with the
statements of Brobby Sr (1972) in duck who stated that
the duck HG had two secretory ducts but Burns (1974),
employing careful dissection and India ink injection,
could find only one.

7

Fig. 8 Light micrograph of the HG of ibis (A, B, C) and pigeon (D, E,
F) showed the lobules (L) formed from secretory acini (Ac) and
covered by capsule (arrow), septa (S), and irregular lumen of duct
(zigzag arrow). Note the broad extremity of the gland in A and E
and pointed extremity in B and D. Stain, H&E in A, B, D, and E and
Masson trichrome in C and F
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Fig. 9 Light micrograph of the HG of duck (A, B, C) and goose (D, E,
F). The intratubular villi-like folds project into the lumen (Lu) of
centrally situated canal (A). The higher magnification to the
rectangle of A represents the lining epithelium of central duct was
simple columnar epithelium (arrow head) and surrounded by
myoepithelial cells (arrow) (B) and the excretory duct (Ed) in C. The
irregular central lumen was contained crypts (D). The higher
magnification to the rectangle of D represents the lining epithelium
of central duct was simple columnar epithelium darkly stained
(arrow head) and surrounded by myoepithelial cells (arrow) in E. The
excretory duct (Ed) in F. Stain, H&E

The surfaces of the bilobed glands of the all examined
birds which was facing the periorbital fascia were convex
while the surfaces of the glands which facing the eyeball
were concave. This observation was in accordance with
Payne (1994) in birds.

Between two extremities of the gland, middle groove is
present in case of duck and geese while middle isthmus
is present in case of ibis which was covered by one of
the extraocular muscle (pyramidalis oculi). This observa-
tion was in agreement with Payne (1994) in birds.

Burns and Maxwell (1979) in the fowl, turkey, and
duck mentioned that a single duct left the anterior tip of
the HG to open into the conjunctival sac at the base of
the nictitating membrane. In the fowl, the course of this
duct may be followed by a row of pigmented spots on ei-
ther side or its single opening located by a circle of spot.

The functions of the gland were involved in the pro-
tection of the eye against bright light and played role in

) and pigeon (D,
E, F) showed the secretory acini (Ac), lumen of collecting duct (Lu),
irregular lumina (zigzag arrows), and note the distribution of
lymphocytes in the lobule (star). Stain, H&E in A, B, D, E, and F and
Masson trichrome in C

¥

Fig. 11 Light micrograph of the HG of duck (A), goose (B), ibis (C),
and pigeon (D). Secretory acini (Ac), capsule (arrow), blood vessel
and capillaries in the capsule and in interstitial tissue (arrow heads),
and myoepithelial cell (arrow). Stain, H&E
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0

Fig. 12 Light micrograph of the HG of duck (A, B, C), goose (D, E), ibis (F, G), and pigeon (H, I). Positive reaction was observed in the centrally

located cells of glandular epithelium of tubules and glandular epithelium of acini, in the connective tissue septa between the secretory end
pieces and in the excretory duct with periodic acid Schiff reagent. Stain, PAS

.

photodynamic process (Funasaka, Yoshioka, & Fujise,
2010). The gland may have endocrine function (Pradi-
darcheep et al.,, 2003). In avian eye, the gland had great
role in response to infection and vaccination (Zakeri &
Kashefi, 2011).

The HG was a peripheral lymphoepithelial organ (sec-
ondary immune organ) which, together with the spleen,
the bursa of Fabricius and the cecal tonsils formed a sys-
tem of avian organs that determined both general and

local immunity (Fix, Arp, & H., 1991; Shirama et al,
1996). It also represents an important part of the im-
mune barrier CALT (Khan et al., 2007; Payne, 1994).

Our investigation revealed that there were no differ-
ences between male and female and that was in agree-
ment with that reported by Oliveira, Telles, Oliveira
et al. (2006) Khan et al. (2007); Ginkel, Tang, Gulley,
and Toro (2009); Boydak and Aydin (2009); and Mobini
(Mobini, 2012; Mobini, 2014).

.

Fig. 13 Light micrograph of the HG of duck (A, B), goose (C, D), ibis (E, F), and pigeon (G, H). Positive reaction in centrally located cells of ducts
and the glandular epithelium of secretory units with alcian blue. Stain, alcian blue pH 2.5
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The present work revealed that the histological exam-
ination of the HG of all studied birds as was mentioned
by Burns and Maxwell (1979), Maxwell, Rothwell, and
Burns (1986) in domestic fowl and turkey, and Boydak
and Aydin (2009) in goose. The gland was surrounded
by a connective tissue capsule that was compound
tubuloacinar and lined with simple columnar cells. In
our study, central collecting duct was lined with simple
columnar secretory epithelium in the HG of all studied
birds; these results were similar to that of Burns and
Maxwell (1979) in fowl, duck, and turkey, Altunay and
Kozlu (2004) in ostrich, Boydak and Aydin (2009) in
geese, Kozlu et al. (2010), Kozlu and Altunay (2011) in
quail, and Mobini (2012) in chicken, while Brobby Sr
(1972) mentioned that the gland was compound tubular
in domestic duck.

Myoepithelial cells with darkly stained flat nucleus
were noticed; it was surrounding the secretary cells. The
presence of these cells was mentioned by Cacho, Gal-
lego, Felices, and Bascuas (1991) and Mobini (2012) in
the HG of chicken and by Altunay and Kozlu (2004) in
ostrich.

Histochemically, the epithelial cells of the secretary
units and ducts were positively reacted by alcian blue
(pH 2.5) and thus indicating the presence of acid muco-
polysaccharides. The current histochemical finding has
been reported previously by Wight, Burns, et al. (1971b)
in domestic fowl; Boydak and Aydin (2009) in domestic
geese; Kleckowska-Nawrot, Gozdziewska-Harlajczuk,
Barszcz, and Kowalczyk (2015) in ostrich; and Kleck-
owska-Nawrot et al. (2016a) in HG of Capercaillies; they
detected acidic mucous secretions in HG of these birds.
Also, the positive reaction of PAS reagent was demon-
strated in the centrally located cells of glandular epithe-
lium of tubules and acini. Similarly, in domestic duck
and native chicken, the glandular secretions of this gland
have given positive result to alcian blue pH 2.5, and peri-
odic acid Schiff reagent means that the cells contained
both acidic and neutral mucopolysaccharides (Brobby Sr,
1972; Mobini, 2012). In osprey and quail, the HG secre-
tion found mainly neutral mucopolysaccharides (Kozlu
et al,, 2010; Kozlu & Altunay, 2011).

Our study revealed that the presence of lymphocytes
in the HG of the four avian species but was increased in
pigeon and ibis; these cells were distributed in the lob-
ules underneath the lining columnar cell epithelium and
in the interstitial connective tissue that was surrounding
the acini and tubules. This result was in agreement with
those of Schramm (1980).

Conclusion

In conclusion, the histology and histochemistry of HG
were generally similar but not identical in the four avian
species, and each species showed characteristic features.

Page 9 of 10

The gland mainly contained both acidic and neutral mu-
copolysaccharides. This finding showed that the HG has
secretory function that plays an important role in lubri-
cating nictitating membrane. Immune cells were
observed in the HG of studied birds that increased obvi-
ously in case of pigeon and ibis (flying birds), which con-
firms their role in the immunological reactions.

Abbreviations
HG: Harderian gland; LG: Lacrimal gland; CALT: Conjunctiva-associated
lymphoid tissue; H&E: Hematoxylin and eosin; PAS: Periodic acid Schiff
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