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A study concerning the upper (UE) and lower (LE) eyelids, lacrimal gland (LG), superficial
gland of the third eyelid (SGTE) and third eyelid (TE) was conducted on 4 sexually mature
red kangaroos (2 males and 2 females). Gross anatomical, histological, histometrical,
histochemical and ultrastructural (TEM) components were compared. Tissue sections were
stained with haematoxylin and eosin, azan-trichrome, van Gieson, Masson-Goldner
trichrome, methyl green-pyronin Y, periodic acid-Schiff, alcian blue pH 2.5, aldehyde
fuchsin and Hale’s dialysed iron. The location of the LG, SGTE, TE, UE and LE was similar
to that of other mammals. Organized lymphoid follicles were also found in the LE. The TE
resembled the letter T and was composed of cartilage (hyaline tissue). The LG was relatively
larger than the SGTE. The LG and SGTE were multilobar tubuloacinar glands. The LG had
more plasma cells than the SGTE. The SGTE and LG secretions were mucoserous in
composition. The TEM study showed that the secretory cells of the LG and SGTE have
a similar ultrastructural appearance. Two types of secretory vesicles were detected in the
cytoplasm in acini and one type of secretory vesicle was found in the tubules of these glands.
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The upper and lower eyelids (UE, LE), lacrimal
gland (LG), superficial gland of the third eyelid
(SGTE) and third eyelid (TE) constitute the acces-
sory organs of the eye (NOMINA ANATOMICA

VETERINARIA 2012, NAV).

The UE and LE are dermomuscular folds that
surround the palpebral fissure. In animals, the eye-
lids protect the eyeball and support the mainte-
nance of a moist surface (YASUI et al. 2006). The
eyelids consist of the three layers: skin with short
hairs and a few prominent tactile hairs, a middle
musculofibrous layer with tarsus and eyelid glands
(tarsal glands, ciliary and sebaceous glands) as

well as a mucous membrane, known as the palpe-
bral conjunctiva (CONSTANTINESCU & MOORE
1998; GOLLER & WEYRAUCH 1993; WEYRAUCH
1984; YASUI et al. 2006). In the palpebral conjunc-
tiva, there are also accessory lacrimal glands and
goblet cells. These glands and goblet cells secrete
components of the tear film (BLOOM & FAWCETT
1962; GASSER et al. 2011; GOLLER & WEYRAUCH
1993; VAUGHAN & ASBURY 1980;VOIGT et al.
2012; YASUI et al. 2006). Together with the orbital
glands and the conjunctiva-associated lymphoid
tissue (CALT) they moisturize the eye and supply
the cornea and conjunctival sacs with nutrients and
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antibodies to maintain their health (JOCHEMS &
PHILIPS 2015;KLEÆKOWSKA-NAWROT etal. 2016).

The morphology of LG has been described in
a variety mammals (ABBASI et al. 2014; DING et al.
2010; DRAPER et al. 1998; KLEÆKOWSKA-NAWROT
& DZIÊGIEL 2008; KLEÆKOWSKA-NAWROT et al.
2013; KLEÆKOWSKA-NAWROT et al. 2015a, 2015b;
MARTIN et al. 1988; OBATA 2006; PINARD et al.
2003; REHOREK et al. 2007; RIOS et al. 2005;
SCHECHTER et al. 2010). Among these species,
there was variability in the number of plasma cells
in the gland interstitium (ABBASI et al. 2014;
GARGIULO et al. 1999; MARTIN et al. 1988). The
LGs produce an aqueous layer of the precorneal
tear film composed of three layers. The outermost
lipid layer is produced by the tarsal glands, seba-
ceous glands and ciliary glands. The second mid-
dle aqueous layer is produced by the LG and
accessory lacrimal glands. The third innermost
mucus layer is produced by SGTE and goblet cells
of the conjunctiva and crypts of Henle (DAVIDSON
& KUONEN 2004; EL-FADALY et al. 2014; KLEÆ-
KOWSKA-NAWROT et al. 2013). The LG plays an
important role in protecting the cornea and the
conjunctiva from drying up and also nourishes and
lubricates the eye. It also contributes to metabolite
exchange, protects the cornea surface from dam-
age caused by foreign bodies and has bactericidal
and bacteriostatic properties (ABBASI et al. 2014;
DAVIDSON & KUONEN 2004; MOHAMMADPOUR
2008; SCHECHTER et al. 2010). The LG has an im-
portant function in the defense system (B cells and
T cells of the immune system as well as plasma cells)
of the eyeball and form the lacrimal gland-associated
lymphoid tissue (LGALT), (KNOP & KNOP 2000,
2001, 2002, 2003, 2005; PAULSEN et al. 2002;
KLEÆKOWSKA-NAWROT et al. 2016) forming a part
of the head-associated lymphoid tissue (HALT)
(NASRIN et al. 2013; VAN GINKEL et al. 2012).

The SGTE, also called the nictitans gland (NAV
2012), has been described in Artiodactyla, Carnivora,
Insectiovora, Lagomorpha, Marsupialia, Perisso-
dactyla and Primates (ALDANA MARCOS et al. 2002).
The SGTE secretion is part of the third mucous
layer of tear film, which lubricates and protects the
cornea, prevents desiccation and bacterial con-
tamination and anchors the aqueous tear film to the
corneal epithelium protecting it from shear forces
(DAVIDSON&KUONEN2004; MCKENZIEet al. 2000).

The TE is also described as a semilunar fold of
the conjunctiva (plica semilunaris conjuncitve)
(NAV 2012) or nictitating membrane. It is found
in some elasmobranch fish, amphibians, reptiles,
birds and mammals (except humans) and in some
primates (lemurs and the lorisoid primates). The
role of the third eyelid is mechanical protection of
the cornea. It is also responsible for local immuno-
logical protection by substances which are present

in lymph nodules and are distributed on the corneal
surface by tear film distribution (LAVACH 1990;
SCHLEGEL et al. 2003).

Morphological studies of the UE, LE, LG, SGTE
and TE in Marsupialia were carried out in the koala
(Phascolarctos cinereus) and focused on the mac-
romorphology of the accessory organs of the eye
(KEMPSTER et al. 2002). Another examination of
anterior orbital glands was performed in fat-tailed
dunnart (Sminthopsis crassicaudata) (REHOREK
et al. 2010b). Diagnostic ophthalmic tests have
been described in the red kangaroo (Macropus
rufus) and western gray kangaroo (Macropus fu-
liginosus), which aid veterinary ophthalmologists
and zoo veterinarians to diagnose ocular diseases
(LABELLE et al. 2010; TAKLE et al. 2010).

The red kangaroo is a common zoo animal.
Therefore, zoo veterinarians need to advance their
knowledge of diseases occurring in this species
and the available treatment options. Ocular dis-
eases significantly impact the condition of the ani-
mals and their breeding. It is worth noting that
there is no available data on the morphology and
morphometry of the accessory organs of the eye of
the red kangaroo. The aim of this study was to de-
scribe the location as well as the macroscopic and
microscopic features of the LE, UP, TE, LG and
SGTE of the red kangaroo. The findings will
broaden our knowledge of comparative anatomy
of wild mammals.

Material and Methods

Animals

The study was conducted on 2 male and 2 female
red kangaroos (Macropus rufus). The animals
were obtained from a private collection of the De-
partment of Morphological Sciences, Faculty of
Veterinary Medicine of the Warsaw University of
Life Sciences (GO�DZIEWSKA-HAR£AJCZUK et al.
2016). The animals were not killed for the purpose
of this study. According to Polish law, studies on
tissues obtained post-mortem do not require the
approval of the Ethics Committee, (PARLIAMENT

OF THE REPUBLIC OF POLAND 2012) (Act of Ani-
mal Protection passed on August 21, 1997 by the
Parliament of the Republic of Poland; No. 111/ 724).
Immediately after natural death of the animals,
each eyeball with glands from each male and female
were collected (n=32 organs), then the measurement
of eyelids and glands were performed. Each UE
and LE (n = 16; 8 from females and 8 from males)
and 8 glands: 4 LG (n = 4; 2 from females and 2
from males) and 4 SGTE (n = 4; 2 from females
and 2 from males) were fixed in 4% buffered for-
maldehyde (for light microscopy). Eight remaining
glands four LG (n = 4; 2 from a female and 2 from
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a male) and four remaining SGTE (n = 4; 2 from
a female and 2 from a male) were fixed in 2.5%
glutaraldehyde dissolved in 0.1 M phosphate buffer
pH 7.4 forultrastructuralstudies(electronmicroscopy).

Macroscopic study

The eyelids and glands were first examined with
the naked eye. They were then studied under the
stereoscopic Zeiss Stemi 2000-C microscope
(Carl Zeiss, Jena, Germany). A 0.5-4% solution of
acetic acid and 70% ethyl alcohol were used for
better visualization of the LG and SGTE struc-
tures. Typical topographic methods such as holo-
topy and syntopy were used to describe the
morphology of the UE, LE, LG, SGTE and TE.
The measurements of the organs were conducted
in all collected eyelids and glands using an elec-
tronic slide caliper with an accuracy of 0.1 mm.
The values of 6 measurements (length, width,
thickness) of all collected eyelids and glands were
analysed and expressed as mean ± standard devia-
tion (SD) (Table 1). The terminology used in the
manuscript is in accordance with the prevailing
veterinary nomenclature (Anatomical Veterinary
Nomenclature – latin, polish, english 2002; NO-

MINA ANATOMICA VETERINARIA 2012).

Light microscopy examination

Histological findings

The UE and LE eyelids (n = 16; 8 from females
and 8 from males) and glands (n = 8; 4 from fe-
males and 4 from males) were directly fixed in 4%
buffered formaldehyde for 72 hours and washed in
running water for 24 hours. The material was then
processed in a vacuum tissue processor – ETP
(RVG3, INTELSINT, Italy), embedded in paraffin
and cut using a Slide 2003 (Pfm A.g., Germany)
sliding microtome into 3-4 µm sections. The sam-
ples were then stained with H&E, Azan trichrome,
van Gieson and Masson-Goldner trichrome to
demonstrate their general structure. The H&E,
Azan trichrome, van Gieson and Masson-Goldner
trichrome staining scoring system was based on a
standard protocol previously described (BURCK

1975). In addition, the methyl green-pyronin Y
method (KURNICK 1955) was used to demonstrate
the presence of plasma cells.

Histomorphometric study in H&E stained sections

In order to determine the capsule thickness ac-
cording to the method described by EL-FADALY et al.
(2014), the acinar outer diameters, tubule outer di-
ameters and the thickness of the capsule and inter-
lobar septae were measured. LG and SGTE
measurements were taken. Additionally, we calcu-
lated the thickness of the tarsal plate. Histometric
examination was performed on 16 eyelids (n = 16;
8 from females and 8 from males) and 8 glands (n = 8;
4 from females and 4 from males).

T h i c k n e s s o f t h e t a r s a l p l a t e: Meas-
urement of the tarsal plate thickness was carried
out in 20 randomly chosen sections at 50x magnifi-
cation (four animals/upper eyelid and lower eyelid).

C a p s u l e t h i c k n e s s: The thickness of the
capsule was measured in 60 randomly chosen
parts from animals of each sex at 50x magnifica-
tion (four animals/glands).

I n t e r l o b a r s e p t a l t h i c k e n s s: The inter-
lobar septal thickness was measured in 60 randomly
chosen parts from animals of both sexes under
50x magnification (four animals/glands).

A c i n a r a n d t u b u l e d i a m e t e r s: The aci-
nar and tubular diameters were measured in central
fields at a 400x magnification. Measurements were
taken at the widest diameter of the transversely cut
acini and tubules from 60 randomly chosen speci-
mens of both sexes (15 acini/animal/sex/gland and
15 tubules/animal/sex/gland).

Histological measurements of the gland structure
were carried out using Axio Vision 4.8 (Carl Zeiss
MicroImaging GmbH, Jena, Germany). Statistical
analysis was performed using the Prism 3.0 program
(GraphPad Software, Inc. San Diego, USA). Data
were expressed as mean ± standard deviation (SD).

Histochemical analysis

The histochemical characterization of glycans,
glycoconjugates and neutral glycoproteins was
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Table 1

The morphometric parameters (mm) of the UE, LE, LG and SGTE in the red kangaroo. Values
are expressed as mean ± standard deviations. UE – upper eyelid, LE – lower eyelid, LG – lacrimal
gland, SGTE – superficial gland of the third eyelid

Parameters
mean ± SD UE LE LG SGTE

Length (mm) 38.02 ± 7.3 38.02 ± 7.3 33.25 ± 3.1 20.64 ± 1.4
Width (mm) 19.36 ± 3.4 25.74 ±4.3 13.12 ± 2.7 13.91 ± 1.9
Thickness (mm) 3.93 ± 1.68 3.74 ± 1.14 5.25 ± 3.6 5.13 ± 2.1



detected using the periodic acid-Schiff method
(PAS). The alcian blue pH 2.5 (AB pH 2.5) method
was used for the identification of acid sialylated
glycosaminoglycans. Hale’s dialysed iron staining
(HDI) was used to determine the presence of sul-
fated acid mucosubstances (SAM) and carboxy-
lated acid mucosubstances (CAM). Sulfated acid
mucosubstances and elastic fibers were identified
using an aldehyde fuchsin staining (AF). The PAS,
AB pH 2.5, AF and HDI staining scoring system
was based on a standard protocol previously de-
scribed (SPICER & HENSON 1967).

All the obtained slides were examined histologically
and histochemically using the Zeiss Axio Scope
A1 light microscope (Carl Zeiss, Jena, Germany).

Electron microscopy investigation

The four LG samples (n = 4; 2 glands from fe-
males and 2 glands from males) and four SGTE
samples (n = 4; 2 glands from females and 2 glands
from males) were fixed in 2.5% glutaraldehyde
dissolved in pH 7.4 0.1 M phosphate buffer for two
weeks, and rinsed in a phosphate buffer. The mate-
rial was then post-fixed in 4% OsO4 (osmium te-
troxide) for 2 hours at room temperature. After
re-rinsing in a phosphate buffer, the glands were
dehydrated in an acetone series (from 30 to 100%).
The dehydrated material was immersed in an Epon
812 epoxide resin. Blocks were cut into 70 nm sec-
tions with a diamond knife using a Leica Reichert
Ultracut E microtome (Leica Microsystem Wetzlar
GmbH, Germany). Preparations were assessed
through the Zeiss EM 900 (Carl Zeiss, Jena, Ger-
many) transmission electron microscope operat-
ing at 80 kV (KUBRAKIEWICZ et al. 2003). The
study was performed in the Electron Microscopy
Laboratory of the Wroclaw University.

Results

The histological and histochemical studies of
UE, LE, TE, LG and SGTE in red kangaroo
showed similarity between females and males.
The Harderian gland was absent in red kangaroo.

Gross anatomy and topography

The morphometric parameters of the upper and
lower eyelids, lacrimal gland and superficial gland
of the third eyelid are shown in Table 1. Mor-
phometric study showed that UE and LE were rela-
tively bigger in males than in females (we are not
able to show the significance of differences be-
tween females and males because of the small
number of animals).

U p p e r a n d l o w e r e y e l i d. The UE and
LE appeared to correspond to standard mammal-

ian eyelid macromorphology (DYCE et al. 1996;
GELLAT 1981; KEMPSTER et al. 2002). The UE
was more extensive and more mobile than the LE.
Long and thick eyelashes were found on the ante-
rior palpebral margins of both eyelids, while
shorter eyelashes were present on the lower eyelid
(Fig. 1A-D).

T h i r d e y e l i d. The TE was located in the me-
dial canthus of the eye. The TE resembled the letter
T and was composed of cartilage, which consisted
of a lower and an upper branch and a crossbar. The
crossbar part of the TE was surrounded by the
SGTE. The marginal part of the TE was thin and
strongly pigmented (Fig. 1E).

L a c r i m a l g l a n d. The LG was flat, triangu-
lar in shape and light pink in colour. In gross ap-
pearance, it was uniform and undivided. It was
positioned between the dorsal straight and the lat-
eral straight muscles of the eyeball, at a dorso-
lateral angle to the periorbita (Fig. 1F). Its secretion
was drained by small excretory ductules which
opened into the superior conjunctival fornix.

S u p e r f i c i a l g l a n d o f t h e t h i r d
e y e l i d. The SGTE was oval and light pink. Simi-
larly to the LG, it was uniform and undivided.
It was located between the medial straight and
ventral straight muscle and was partially covered
by the ventral oblique muscle of the eyeball
(Fig. 1G).

Light Microscopy Observations

Histological findings

The histomorphometric parameters of the LG and
SGTE capsule and interlobar septae thickness, aci-
nar and tubule outer diameters are shown in Table 2
and Fig. 9.

U p p e r a n d l o w e r e y e l i d s. The UE and
LE contain an anterior and posterior surface. The
anterior surface of the eyelids is made of thin and
delicate skin covered with short hairs, with a few
prominent tactile hairs (Fig. 1A,C). In our study,
the skin was covered by a keratinizing stratified
squamous epithelium (Fig. 2A). Dense irregular
connective tissue was found directly beneath the
epidermis. Numerous scattered melanocytes were
present near the stratum basale (Fig. 3B). Long
and thick eyelashes arranged in 2-3 rows grew
from the anterior palpebral margins. Sebaceous
glands and ciliary glands, which are modified
sweat glands located deep in the follicle, issued se-
cretions into the hair follicles (Figs 2A, C and 3C).
The muscle layer was situated deep in the dermis
and consisted of bundles of the orbicularis oculi
muscle, levator anguli oculi medialis and malaris
muscles (Fig. 2A). Under the muscle layer was
a layer of connective tissue with blood vessels and
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Fig. 1. Macrograph of the UE, LE, LG and SGTE with TE in red kangaroo: A, B – upper eyelid. Bar = 5 mm; C, D – lower eyelid.
Bar = 5 mm; E – third eyelid. Bar = 5 mm; F – lacrimal gland. Bar = 5 mm; G – superficial gland of the third eyelid. Bar = 5 mm.
ASE – anterior surface of eyelids, APM – anterior palpebral margins, E – eyelashes, PSE – posterior surface of eyelids, PPM –
posterior palpebral margins, TG – tarsal gland, UB – upper branch, LB – lower branch, C – crossbar, FM – free margin, Ca –
cornea, DOM – dorsal oblique muscle, LSM – lateral straight muscle, DSM – dorsal straight muscle, VOM – ventral oblique
muscle, MSM – medial straight muscle, VSM – ventral straight muscle, LG – lacrimal gland, SGTE – superficial gland of the
third eyelid.

Table 2

The histometric parameters (μm) of the LG and SGTE in the red kangaroo. Values are ex-
pressed as mean ± standard deviations. LG – lacrimal gland, SGTE – superficial gland of the
third eyelid, M – male, F – female

Parameters
mean ± SD

LG SGTE
M F M F

Thickness of the capsule (μm) 535.4 ± 48.3 558.4 ± 59.1 228.2 ± 21.7 278.1 ± 23.4
Thickness of the interlobares septae (μm) 143.6 ± 13.1 166.7 ± 12.9 150.2 ± 12.7 168.2 ± 13.3
Outer diameters of the acini (μm) 44.3 ± 2.7 50.1 ± 2.3 26.4 ± 2.5 37.5 ± 3.3
Outer diameters of the tubules (μm) 88.2 ± 9.5 95.7 ± 4.6 79.7 ± 5.1 101.2 ± 5.8
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nervous fibres (Fig. 3D). The tarsal plate and tarsal
glands were located within the connective tissue
layer. The tarsal plate consisted of dense fibrous
connective tissue (Fig. 2B). The upper tarsal plate
was thicker (1961.19µm ± 63.4) than the lower tar-
sal plate (877.21µm ± 52.7). The tarsal glands
were elongated vesicular glands. The tarsal gland
ducts had a stratified squamous epithelium lining
and their openings were located in the posterior
palpebral margins of both eyelids (Fig. 2C). The
posterior surface of the eyelids was lined with a
non-keratinized stratified squamous epithelium
(Fig. 2B). The numerous goblet cells in the palpe-
bral and bulbar conjunctiva zones (defined as
non-lymphoid conjunctiva or non-lymphoid re-
gion) of the UE and within LE were observed
(Fig. 3A). Under the conjunctival epithelium, there
was loose connective tissue which contained several
blood vessels. Organized lymphoid follicles were
observed only in the lymphoid conjunctiva (de-
fined as lymphoid region) in the LE (Fig. 3E). Diffuse
lymphocytes were not found in either eyelid.

T h i r d e y e l i d. The TE cartilage was directly
surrounded by a thick layer of elastin and collagen
fibres, and then encircled by abundant adipose tis-
sue (Fig. 4A). The TE cartilage was composed of
hyaline tissue with numerous chondrocytes and

a smaller amount of intercellular substance than in
hyaline cartilage. Chondrocytes in deep parts of
the cartilage were oval in shape and were mostly
single. Sometimes they formed an isogenic group
composed of 2-3 cells (Fig. 4B,C). The conjuncti-
val and ocular surfaces of the TE had a non-kerati-
nized stratified squamous epithelium (Fig. 4D).
Numerous goblet cells were observed within the
non-keratinized multilayer epithelium of the TE
(Fig. 4D).

L a c r i m a l g l a n d. The LG was a multilobar
tubuloacinar gland with a predominance of acini.
It was covered by a thin connective tissue capsule,
consisting of collagen and elastic fibres (Fig. 5A).
The connective tissue of the capsule penetrated
into the glandular parenchyma and formed septa,
which divided the gland into large and smaller
lobes (Fig. 5A). The lobes were composed with
acini and tubules. The acini containing a small lu-
men were composed of tall conical cells sur-
rounded by basal myoepithelial cells (Fig. 5C).
The round acinar nuclei were located in the basal
part of the cells. These cells had basophilic cyto-
plasm (Fig. 5C). The tubules with a large lumen
were composed of a single cubic cell layer with
round nuclei, located in the basal areas of those
cells (Fig. 5C). The main ducts had a simple cuboi-

Fig. 2. Light micrograph of UE in red kangaroo: A – H&E stain. Bar = 100 μm; B – azan trichrome stain. Bar = 50 μm; C –
Masson-Goldner stain. Bar = 100 μm.
E – epithelium, HF – hair follicle, CF – collagenous fibres, SG – sebaceous glands, MF – muscle fibres, CT – connective
tissue, CE – conjunctival epithelium, TP – tarsal plate, BV – blood vessels.
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dal lining. The MGP Y staining demonstrated the
presence of numerous plasma cells with a charac-
teristic dark-pink nucleus and pink cytoplasm lo-
calized in the glandular interstitium (Fig. 5E).

S u p e r f i c i a l g l a n d o f t h e t h i r d
e y e l i d. The SGTE had a multilobar tubuloacinar
structure. The SGTE was surrounded by a thin
connective tissue capsule, which divided the gland
structure into lobes, consisting of acini and tubules
(Fig. 5B). Numerous single adipocytes and single
blood vessels were visible within the interlobar
septae (Fig. 5B). The acini with a small lumen

were made of tall conical secretory cells with an
eosinophilic cytoplasm. The rounded nuclei of the
acinar cells were located close to the base of the
cells (Fig. 5D). The tubules had a cuboidal epithe-
lium with an eosinophilic cytoplasm. The nuclei of
the tubular cells were oval in shape and located in
the central part of these cells (Fig. 5D). The main
excretory duct was lined with a stratified columnar
epithelium with single goblet cells. The MGP Y
staining in SGTE revealed the presence of numer-
ous plasma cells with a characteristic dark-pink
nucleus and pink cytoplasm (Fig. 5F).

Fig. 3. Light micrograph of LE in red kangaroo: A – azan trichrome stain. Bar = 10 μm; B – H&E stain. Bar = 10 μm; C –
Masson-Goldner stain. Bar = 20 μm; D – azan trichrome stain. Bar = 20 μm; E – H&E stain. Bar = 20 μm. E – epithelium, HF
– hair follicles, CG – ciliary glands, Mc – melanocytes, CF – collagenous fibres, GC – goblet cells, CT – connective tissue,
CE – conjunctival epithelium, NF – nervous fibres, BV – blood vessels, DCT – dense connective tissue, OLF – organized
lymphoid follicle.
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Fig. 4. Light micrograph of SGTE in red kangaroo: A – H&E stain. Bar = 100 µm; B – azan trichrome stain. Bar = 20 µm; C –
van Gieson stain. Bar = 20 µm; D – H&E stain. Bar = 20 µm.
CF – collagenous fibres, CTE - cartilage of the third eyelid, SGTE – superficial gland of the third eyelid, AT – adipose tissue,
OS – ocular surface, CS – conjunctival surface, GC – goblet cells, CT – connective tissue, PC – palpebral conjunctiva, OC –
ocular conjunctiva.

Table 3

Histochemical analysis of the LG and SGTE in red kangaroo. UE – upper eyelid, LE – lower
eyelid, LG – lacrimal gland, SGTE – superficial gland of the third eyelid, SG – sebaceus glands,
TG – tarsal glands, CG – ciliary glands, GC – goblet cells, A – acini, T – tubules, PAS – period
acid-Schiff, AB pH 2.5 – Alcian blue pH 2.5, HDI – Hale’s dialysed iron, AF – aldehyde fuchsin,
SAM – sulfated acid mucopolysaccharides, CAM – carboxylated acid mucopolysaccharides

Gland PAS
AF

CAM SAM
AB pH 2.5

HDI

CAM SAM

UE

SG
TG
CG
GC

–

–

–/+

+++

x
x
x
x

–

–

–/+

+++

x
x
x
x

LE

SG
TG
SG
GC

–

–

–/+

+++

x
x
x
x

–

–

–/+

+++

x
x
x
x

LG A
T

–/+

++

–
–

+/++

–/+

++ –

++ –

SGTE

A –/+ – +/++
+ + –

+++

T –/+ – +/++
+ + –

+++
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Histochemical findings

The histochemical characteristics of the upper
and lower eyelids, lacrimal gland and superficial
gland of the third eyelid are shown in Table 3.

U p p e r a n d l o w e r e y e l i d. The presence
of PAS negative sebaceous and tarsal glands was
found (Fig. 6A, E). The goblet cells located in the
conjunctival epithelium were strongly PAS posi-
tive (Fig. 6C) which indicated the presence of neu-
tral glycoproteins, glycolipids and phospholipids.
Sebaceous and tarsal glands did not stain with AB
pH 2.5 (Fig. 6B, F), while goblet cells of the con-
junctival epithelium stained strongly, which indi-

cated the presence of acid sialylated glycosamino-
glycans in those cells (Fig. 6D). Staining using
PAS and AB pH 2.5 gave weak positive reactions
in the ciliary glands (Fig. 6A).

L a c r i m a l g l a n d. PAS staining showed aci-
nar cells to have a weak positive reaction and tubu-
lar cells to have a mild positive reaction (Fig. 7A),
indicating that these cells had some amount of neu-
tral glycoproteins, glycolipids and phospholipids.
The AB pH 2.5 staining demonstrated the presence
of acid sialylated glycosaminoglycans. Histochemical
analysis using AB pH 2.5 showed a mild positive
reaction in the acini and tubules (Fig. 7C). The aci-
nar and tubular cells (dark blue in color) gave a mild

Fig. 5. Light micrograph of LG (A, C, E) and SGTE (B, D, F) in red kangaroo: A – H&E stain. Bar = 100 μm; B – azan trichrome
stain. Bar = 100 μm; C – H&E stain. Bar = 20 μm; D – H&E stain. Bar = 20 μm; E – MGP Y stain. Bar = 2 μm; F – MGP Y
stain. Bar = 5 μm.
C – capsule, CT – connective tissue, L – lobus, BV – blood vessels, AT – adipose tissue, T – trabeculae, A – acini, Tu – tubules,
MD – main duct, Mc – myoepithelial cells, pc – plasma cells.
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positive reaction using the HDI method, indicating
the presence of CAM (Fig. 7E). We observed a negative
acinar and tubular reaction in AF staining (Fig. 7G).
Histochemical studies using PAS, AB pH 2.5, AF
and HDI showed that the LG in the red kangaroo
produced a mucoserous secretion.

S u p e r f i c i a l g l a n d o f t h e t h i r d e y e -
l i d. The PAS staining method demonstrated the
presence of isolated (scarce) secretory cells with a
weak positive reaction (Fig. 7B). The AB pH 2.5
staining demonstrated the presence of acid sialy-
lated glycosaminoglycans. Similarly to LG, the

histochemical analysis of SGTE using AB pH 2.5

indicated a mild positive reaction in the acini and

tubules (Fig. 7D). The HDI method showed that

numerous acinar and tubular cells had a strong

positive reaction, while single secretory cells had a

mild positive reaction, revealing the presence of

CAM in these cells (Fig. 7F). AF staining showed

a negative reaction in the acini and tubules (Fig.

7H). Histochemical studies using PAS, AB pH 2.5,

AF and HDI showed that the SGTE secretion in the

red kangaroo had a mucoserous character.

Fig. 6. Light micrograph (histochemistry) of the UE (A, B, C) and LE (D, E, F) in red kangaroo: A – PAS stain. Bar = 20 μm; B –
AB pH 2.5 stain. Bar = 50 μm; C – PAS stain. Bar = 20 μm; D – AB pH 2.5 stain. Bar = 20 μm; E – PAS stain. Bar = 20 μm; F –
AB pH 2.5 stain. Bar = 20 μm.
E – epithelium, HF – hair follicle, GC – goblet cells, SG – sebaceous gland, CG – ciliary glands, CT – connective tissue, CE –
conjunctival epithelium, TP – tarsal plate.
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Fig. 7. Light micrograph (histochemistry) of the LG (A, C, E, G) and SGTE (B, D, F, H) in red kangaroo: A, B – PAS stain. Bar =
20 μm; C, D – AB pH 2.5 stain. Bar = 20 μm; E, F – HDI stain. Bar = 20 μm; G, H – AF stain. Bar = 20 μm.
A – acini, Tu – tubules, yellow asterisk – weakly reaction, red asterisk – middle reaction, black asterisk – strong reaction.
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Electron microscopy investigation

The TEM study showed that the secretory cells
of the LG and SGTE in the red kangaroo had
a similar ultrastructural appearance. The nuclei in
all the acini were large, spherical and located ba-
sally. They contained visible nucleoli and consid-
erable amounts of heterochromatin (Fig. 8A, D),
whereas the nuclei of the tubules were oval (Fig. 8D).
These gland cells were frequently mononuclear.
The rough endoplasmic reticulum (rER) surrounding
the nucleus and often showing continuity with the

nuclear envelope was present in all glands (Fig.
8A-C). In the LG, the smooth endoplasmic reticu-
lum (sER) appeared as small fenestrated cisternae
which formed concentric layers located between
the supranuclear region of the secretory cells and
the lipid droplets (Fig. 8B). The LG had numerous
small and oval mitochondria, frequently with
transverse cristae and a dense matrix (Fig. 8A, B).
Numerous large mitochondria were located be-
tween the secretory vesicles and the rER in the
SGTE (Fig. 8C). The Golgi apparatus was located

Fig. 8. Overview electron micrograph of the LG (A, B) and SGTE (C, D) cells in red kangaroo: A – Note of the secretory cells
with visible myoepithelial cells. Bar = 2.5 μm; B – Note secretory cells with the nuclei of acini and vesicles type 1 and type 2.
Bar = 1.1 μm; C – Note secretory acini with extensive membrane structures arranged in concentric lamellae. Bar = 1.1 μm; D
– Note secretory cells with the nuclei of tubules and big lipid drops. Bar = 1.1 μm.
N – nucleus of the cell, Nu – nucleolus, RER – rough endoplasmic reticulum, M – mitochondria, Mc – myoepithelial cells,
SER – smooth endoplasmic reticulum, GG – glycogen granules, LD – lipid drops, BM – basement membrane, F – filaments,
GA – Golgi apparatus, IF – intermediate filaments, PL – primary lysosomes, FR – free ribosomes, Vt1 – vesicles type 1, Vt2 –
vesicle type 2, MVBs –multivesicular bodies, * – extensive membrane structures arranged in concentric lamellae.
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near the nucleus and was composed of low and flat
cistern layers, narrow vesicles and vacuoles
(Fig. 8A). In the secretory cells, large lipid droplets
were found in close vicinity with glycogen gran-
ules and secretory vesicles (Fig. 8A, D). The lipid
droplets were more numerous in the LG than in the
SGTE. Small primary lysosomes and numerous
glycogen granules were present within the cytoplasm
in the LG and SGTE secretory cells (Fig. 8A-D).
The sparse extensive membrane structures were
arranged in concentric lamellae, and were found
only in the SGTE cells (Fig. 8C). Intermediate fila-
ments were also present within the cytoplasm in
the LG and SGTE (Fig. 8B, D). Two types of se-
cretory vesicles (Vt1 and Vt2) were detected in the
cytoplasm of these glands in the acini and tubules
(Fig. 8A, B, D). Type 1 vesicles had high electron-
density and contained varying amounts of ho-
mogenous material. Type 1 vesicles were bigger in
the LG than in the SGTE (Fig. 8A, B, D). Type 2
vesicles had lower electron-density with a fine-
grained content. Type 2 secretory vesicles were
more numerous than type 1 vesicles in both glands.
The sparse multivesicular bodies (MVBs), also re-
ferred to as late endosomes, were observed in the
cytoplasm of the LG cells (Fig. 8B).

Discussion

The structures of the LE, UP, TE, LG and
SGTE of the red kangaroo are similar to those of
other animals (ALDANA MARCOS et al. 2002;
DJERIDANE 1992; DYCE et al. 1996; GARGIULO et al.
1999; GELLAT 1981; KEMPSTER et al. 2002;
MARTIN et al. 1988; PRADIDARCHEEP et al. 2003;
WEAKER 1981), and they have not been described
to date. In the present study, some new features
were discovered in the macroscopic and micro-
scopic structures of the accessory organs of the red
kangaroo.

The UE and LE in the red kangaroo have a simi-
lar anatomical and histological structure common
to all mammals (DYCE et al. 1996; GELLAT 1981;
NICKEL et al. 2004). However, some differences
between red kangaroo and other mammals were
observed, especially in eyelid structure, connected
with conjunctiva-associated lymphoid tissue
(CALT). Eyelashes in red kangaroo are present in
both eyelids similar as in small domestic rumi-
nants and horses (NICKEL et al. 2004). On the
other hand, CONSTANTINESCU & MOORE (1998)
showed that eyelashes are present in the upper eye-
lid in the dog, while cats did not have eyelashes in

Fig. 9. Histometric parameters (μm) of the LG and SGTE in red kangaroo. Values are expressed as mean ± standard deviations.
LG – lacrimal gland, SGTE – superficial gland of the third eyelid.
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either eyelid. In the red kangaroo, numerous seba-
ceous and ciliary glands issuing secretions into the
eyelash follicles were present. These glands were
examined in humans, primates (e.g. rhesus mon-
key, Macaca mulatta) and non-primate mammals
(e.g. pig, cow, horse and carnivores) (IKEDA 1953;
STEPHENS et al. 1989; STOECKELHUBER et al.
2003, 2004; YASUI et al. 2006). The posterior pal-
pebral margins in the red kangaroo and other mam-
mals are lined with multiple tarsal glands which
appear as yellow columns positioned parallel to
one another and perpendicular to the eyelid
margins (CONSTANTINESCU & MOORE 1998;
FAHMY et al. 1971; REHOREK et al. 2010a). As re-
ported by REHOREK et al. (2010a), tarsal glands do
not occur in fetal species of bats. Based on histo-
logical findings, KAGEYAMA et al. 2006 in Japa-
nese monkeys and BAYRAKTAROGLU et al.
(2011) in the ostrich (Struthio camelus) showed
differences in conjunctival epithelium between the
non-lymphoid and lymphoid conjunctiva (defined
as non-lymphoid and lymphoid region). These
authors described that the non-lymphoid region
had numerous goblet cells, while in the lymphoid
region the epithelium does not contain goblet cells,
although aggregated and solitary lymphoid folli-
cles do occur (KLEÆKOWSKA-NAWROT et al.
2016). This study showed the presence of goblet
cells in the palpebral and bulbar conjunctiva zones
(non-lymphoid conjunctiva) of both eyelids, but
numerous goblet cells were identified in the palpe-
bral conjunctiva zone of the LE, which were ab-
sent in the lymphoid region. Diffuse lymphocytes
were absent in UE and LE, which is typical for
birds (BAYRAKTAROGLU et al. 2011; KLEÆKOW-
SKA-NAWROT et al. 2016; VAN GINKEL et al. 2012).
According to studies on chinchilla (Chinchilla
lanigera; VOIGT et al., 2012) and guinea pig
(GASSER et al., 2011), numerous goblet cells were
located in the bulbar and palpebral conjunctiva
zones and a few goblet cells were present in the
lymphoid region in the UE and LE. Our study re-
vealed the presence of numerous organized lym-
phoid follicles only within LE lymphoid conjunc-
tiva. According to KNOP and KNOP (2000) and
SIEBELMANN et al. (2013), in humans the CALT is
present as organized lymphoid follicles within
both eyelids, however in LE they are more abun-
dant. The CALT in humans is present also as dif-
fuse lymphoid tissue in the upper and lower
eyelids, which was not found in red kangaroo. In-
terestingly, the CALT in rats and mice has very lit-
tle lymphoid tissue which does not show organized
lymphoid follicles under physiological state, and
has very few diffusely interspersed lymphoid cells
(CHODOSH et al. 1998; KLEÆKOWSKA-NAWROT
et al. 2016; KNOP & KNOP 2005). CALT was also
described as solitary or aggregate lymphoid folli-

cles in Angora goats, Japanese monkeys and do-
mestic animals (ASTI et al. 2000; BAYRAKTAROGLU
& ASTI 2009; CAIN & PHILIPS 2008; CONSTAN-
TINESCU & MOORE 1998; KAGEYAMA et al.
2006; SCHLEGEL et al. 2003).

The TE is a prominent semilunar fold of the con-
junctiva. In the red kangaroo, it was located in the
medial angle of the eye similarly as in elasmo-
branch fish, amphibians, reptiles, birds and mam-
mals (except humans) lemurs and lorisoid
primates (ALDANA MARCOS et al. 2002). The TE
in the red kangaroo resembles the letter T. It has
a similar shape in carnivores, small ruminants and
one-humped camel (Camelus dromedarius) (AL-RA-

MADAN &ALI 2012;CONSTANTINESCU&MCCLURE

1990; KLEÆKOWSKA-NAWROT & DZIÊGIEL 2007;
SCHLEGEL et al. 2001; THOMPSON 1958). Accord-
ing to SCHLEGEL et al. (2001), KLEÆKOWSKA-NA-
WROT and DZIÊGIEL (2007), KLEÆKOWSKA-NAWROT
et al. (2015a) and KLEÆKOWSKA-NAWROT et al.
(2015b), the TE has an anchor shape in the pig, al-
paca and the European bison. The marginal part of
the TE in the red kangaroo was thin and very
strongly pigmented. Similar results were also re-
ported by AL-RAMADAN and ALI (2012) in the
one-humped camel and by KLEÆKOWSKA-NAWROT
et al. (2015b) in the European bison. As stated by
KEMPSTER et al. (2002), the TE is large and thick
in the koala. Histological analysis showed that the
TE cartilage in the red kangaroo is surrounded by
abundant adipose tissue with elastic and collagen
fibres. This cartilage was composed of hyaline tis-
sue in the red kangaroo. A similar structure was de-
scribed by BISARIA and BISARIA (1978), KEMPSTER
et al. (2002), KLEÆKOWSKA-NAWROT (2005),
KLEÆKOWSKA-NAWROT et al. (2015a), KLEÆ-
KOWSKA-NAWROT et al. (2015b), NICKEL et al.
(2004), and SCHLEGEL et al. (2001) in the pig,
dog, koala, rat, and domestic ruminants, respec-
tively. However, in the one-humped camel, cat and
horse the TE cartilage was composed of elastic tis-
sue (AL-RAMADAN & ALI 2012; CONSTANTINESCU
& MOORE 1998; and SCHLEGEL et al. 2001). The
conjunctival and ocular surface of the TE in the red
kangaroo, similarly to the dog and wild rumi-
nants, consisted of non-keratinized stratified squa-
mous epithelium with numerous goblet cells
(AL-RAMADAN & ALI 2012; CAZACU 2010;
KLEÆKOWSKA-NAWROT et al. 2015a; KLEÆKOW-
SKA-NAWROT et al. 2015b).

As in other mammals, the LG in the red kangaroo
is located between the dorsal straight and the lat-
eral straight muscles of the eyeball, at a dorso-
lateral angle to the periorbit (ABBASI et al. 2014;
ALDANA MARCOS et al. 2002; HENKER et al.
2013; KEMPSTER et al. 2002; KLEÆKOWSKA-
NAWROT et al. 2015a; PINARD et al. 2003;
SHADKHAST & BIGHAM 2010). The LG in the ex-

J. KLEÆKOWSKA-NAWROT et al.176



amined animals was uniform and undivided, flat,
triangular and light pink. Similar observations
were made in pigs in the prenatal period by
KLEÆKOWSKA-NAWROT and DZIÊGIEL (2008).
The LG in sheep was flattened, oval and red
(GARGIULO et al. 1999) and ovoid and light brown
in the donkey (ALSAFY 2010), while in the
one-humped camel (Camelus dromedarius) the
LG appeared to be flattened, elongated and had an
irregular structure (MOHAMMADPOUR 2008). In
the Iranian River buffalo, the LG was flattened,
oval, pale yellow and lobulated (SHADKHAST &
BIGHAM 2010). HENKER et al. (2013) reported
that the LG in pigs had a soft and pale structure. On
the other hand, this gland was triangular with
a cobble-stoned proximal part and a smooth-
appearing distal portion that appeared smooth in
the American bison and cattle (PINARD et al.
2003). KEMPSTER et al. (2002) found the LG in the
koala (Phascolarctos cinereus) had a slightly
lobulated surface and was embedded in fat. On av-
erage the LG in the red kangaroo was relatively
larger than the SGTE. Differences in the size be-
tween the LG and SGTE were also observed in the
American bison, alpaca (Vicugna pacos) and pig
(KLEÆKOWSKA-NAWROT 2005; KLEÆKOWSKA-
NAWROT et al. 2015a; PINARD et al. 2003).
Clearly visible differences in the size of the LG
were also observed among different mammalian
species (ABBASI et al. 2014; ALSAFY 2010;
HENKER et al. 2013; KEMPSTER et al. 2002;
MOHAMMADPOUR 2009; SHADKHAST & BIGHAM
2010). Due to the small study group, we did not
correlate the size of the LG with respect to sex.
However, differences in the size of the LG be-
tween males and females were reported in the dog
by CABRAL et al. (2005), in pig fetuses by
KLEÆKOWSKA-NAWROT (2005), in roe deer by
KLEÆKOWSKA-NAWROT et al. (2013), in alpaca
by KLEÆKOWSKA-NAWROT et al. (2015a), and in
rats and mice by CORNELL-BELL et al. (1985) and
EL-FADALY et al. (2014). In histological examina-
tion the LG in red kangaroo is a multilobar tubu-
loacinar gland with a predominance of acini with
numerous plasma cells, which is typical in animals
without a Harderian gland. Each lobule in the LG
of the red kangaroo is made up of several acini with
tall conical secretory cells, whereas in the dog and
Philippine Water buffalo (Bubalus bubalis) the
acini are tall pyramidal or columnar cells (MAALA
et al. 2007; MARTIN et al. 1988). The cytoplasm of
the acinar cells in the LG in the red kangaroo, al-
paca, American bison, Iranian River buffalo and
albino rats of the Wistar strain is basophilic (EL-
FADALY et al. 2014; KLEÆKOWSKA-NAWROT et al.
2015a; PINARD et al. 2003; SHADKHAST &
BIGHAM 2010). Our study showed that the LG se-
cretion in the red kangaroo had a mucoserous char-
acter. Similar results were obtained in the study on

musk shrew (Suncus murinus), domestic rumi-
nants, the alpaca and the dog (GARGIULO et al.
1999; KLEÆKOWSKA-NAWROT et al. 2015a; MARTIN
et al. 1988; SAKAI 1989).

The SGTE of the red kangaroo was located be-
tween the medial straight and ventral straight mus-
cle and was partially covered by the ventral
oblique muscle of the eye. A similar location of
this gland was demonstrated in other mammal spe-
cies (AL-RAMADAN & ALI 2012; CAZACU 2010;
CONSTANTINESCU & MCCLURE 1990; KLEÆKOW-
SKA-NAWROT & DZIÊGIEL 2007; KEMPSTER et al.
2002; KLEÆKOWSKA-NAWROT et al. 2013; KLEÆ-
KOWSKA-NAWROT et al. 2015a; MOHAMMADPOUR
2009; NUYTTENS & SIMOENS 1995; PINARD et al.
2003; SCHLEGEL et al. 2001). Similarly to the LG,
the SGTE was uniform and undivided. The gland
was light pink and oval similarly to that of wild
ruminants (AL-RAMADAN &ALI2012;KLEÆKOWSKA
-NAWROT etal. 2013;KLEÆKOWSKA-NAWROT etal.
2015a). KEMPSTER et al. (2002) showed that the
SGTE in the koala had a lobulated surface. In cat-
tle, that gland had a lobulated or cobblestoned ap-
pearance (PINARD et al. 2003). Interestingly,
REHOREK et al. (2010b) examined the anterior or-
bital glands in the fat-tailed dunnart (Sminthopsis
crassicaudata, Dasyuridae: Marsupiala), and showed
the presence of one conjunctival gland and three
non-conjunctival glandular units: two non-
conjunctival glands located superficially in the
third eyelid, while the third non-conjunctival
gland was present deeper within the connective tis-
sue. Based on the above mentioned study in the
fat-tailed dunnart two non-conjunctival glands
were superficial glands of the third eyelid, while
a third (glandular units) was a deep gland of the
third eyelid (Harderian gland) according to Ana-
tomical Veterinary Terminology (2002) and NAV
(2012) and NICKEL et al. (2004). However, in red
kangaroo the Harderian gland was absent. In the
red kangaroo, the SGTE was smaller than the LG.
This is contrary to the finding of KEMPSTER et al.
(2002) who noted that the SGTE was larger than
the LG in the koala. The SGTE tended to be
smaller in females than in males , what was also
shown in pig fetuses by KLEÆKOWSKA-NAWROT
(2005) and in roe deer by KLEÆKOWSKA-NAWROT
et al. (2013). According to REHOREK et al. (2010b)
in the fat-tailed dunnart no sexual dimorphism was
observed in the three remaining anterior orbital
glands, although some males possessed large
glands. In the histological examination, the SGTE
in the red kangaroo is a multilobar tubuloacinar
gland with numerous plasma cells. Curiously, in
contrast to the LG, the interlobar septae in SGTE
contained numerous single adipocytes. A similar
finding was made in the alpaca (KLEÆKOWSKA-
NAWROT et al. 2015a), Lori sheep (ABBASI et al.
2014) and the European bison, in which the adipo-
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cytes formed small or large aggregations (KLEÆ-
KOWSKA-NAWROT et al. 2015b). The SGTE acini
in the red kangaroo were composed of tall conical
secretory cells with an eosinophilic cytoplasm.
Similar results were also reported by KLEÆKOW-
SKA-NAWROT et al. (2013) in roe deer and
KLEÆKOWSKA-NAWROT et al. (2015a) in the al-
paca, and by PINARD et al. (2003) in cattle. Our
study found numerous goblet cells in the main ex-
cretory duct of the SGTE in the red kangaroo.
These cells were not found in the LG. Our study
showed that the secretion of SGTE in the red kan-
garoo had a mucoserous character. Similar secre-
tions were observed in the dog (CAZACU 2010),
and domestic and wild ruminants (KLEÆKOWSKA-
NAWROT et al. 2013; KLEÆKOWSKA-NAWROT et al.
2015a;KLEÆKOWSKA-NAWROT et al. 2015b; PINARD
et al. 2003), while REHOREK et al. (2010b) showed
that the cells of the three non-conjunctival glandu-
lar units in the fat-tailed dunnart had mainly serous
granules with sparse intracellular lipid droplets.

Histometrical analyses indicated there were no
significant differences in the thickness of the cap-
sule, the acinar diameters, tubule diameters and the
thickness of the interlobar septae between males
and females.

The fine structure of the LG and SGTE has been
described in many mammals (ALDANA MARCOS
et al. 2002; EL-FADALY et al. 2014; GARGIULO et al.
1999; MARTIN et al. 1988), but there are no litera-
ture reports of the ultrastructural appearance of
this gland in red kangaroo. Ultrastructure of the
non-conjunctival glandular units was described by
REHOREK et al. (2010b) in the fat-tailed dunnart.
The fine structure investigations revealed that the
LG and SGTE in red kangaroo cells contained
drop-like secretory granules of different sizes and
low electron-dense secretory granules. Numerous
round secretory granules that had moderate to high
electron density content were observed. Our study
showed that the lipid droplets were more numer-
ous in the LD than in the SGTE. Numerous lipid
droplets were also observed in the South Ameri-
can armadillo by ALDANA MARCOS et al. (2002),
in the dog by MARTIN et al. (1988), in the Euro-
pean bison by KLEÆKOWSKA-NAWROT et al.
(2015b) and in senile rats by EL-FADALY et al.
(2014). According to REHOREK et al. (2010b) the
anterior orbital gland in fat-tailed dunnart males
occasionally had lipoidal granules. In the red kan-
garoo, two types of secretory vesicles (Vt1 and
Vt2) were also found in the acinar cytoplasm of the
LG and SGTE and one type of secretory vesicle
(Vt2) was observed in the tubules. Interestingly,
type SGTE I vesicles were larger than those in the
LG. However, together they were less numerous
than the Vt2. KLEÆKOWSKA-NAWROT et al. (2015b)
found both types of secretory vesicles in the Euro-

pean bison, and they occurred in the LG and
SGTE. Similarly, EL-FADALY et al. (2014) and
ALDANA MARCOS et al. (2002) demonstrated the
presence of high electron-dense and lower
electron-dense secretory granules in acinar cells of
the LG in albino rats and South American arma-
dillo. REHOREK et al. (2010b) showed,two distinct
secretory granules in cells of the three non-
conjunctival glands in the fat-tailed dunnart. In fe-
males, in the deep glandular units numerous
electron-dense granules populated the cell, while
in males more electron-lucent granules were pres-
ent and these cells were typical serous cells with
a basal nuclear region and abundant rER. Our
study also showed the rER to be more developed
in the SGTE of the acinar cells than the LG.
Furthermore, large and numerous mitochondria
were found in the SGTE acinar cells, but they were
small in the LG mitochondria. However, accord-
ing to MARTIN et al. (1988), the rough endoplas-
mic reticulum was abundant in the LG acinar cells
and moderate numbers of rod-shaped mitochon-
dria were observed.

Conclusions

The examinations of accessory organs of the eye
in red kangaroo (Macropus rufus) revealed the ab-
sence of the deep gland of the third eyelid
(Harderian gland) in red kangaroo, while in other
marsupials from Dasyuridae family the non-
conjunctival deep glandular unit (REHOREK et al.
(2010b) was present. Morphometric study of ex-
amined accessory organs of the eye showed that
they tended to be larger in males in comparison to
females, additionally the lacrimal gland was rela-
tively larger than the superficial gland of the third
eyelid. Histological study of upper and lower eye-
lids showed the presence of organized lymphoid
follicles only in the lower eyelid. Diffuse lym-
phoid tissue in both eyelids was absent. Histo-
logical and histochemical study revealed that the
lacrimal gland and superficial gland of the third
eyelid had a multilobar tubuloacinar structure with
numerous plasma cells (especially in LG) and both
glands had were mucoserous in character.

Acknowledgement

We would like to thank two anonymous review-
ers who provided valuable comments and sugges-
tions on the manuscript.

J. KLEÆKOWSKA-NAWROT et al.178



References

ABBASI M., KARIMI H., GHARZI A. 2014. Preliminary ana-
tomical and histological study of lacrimal gland in Lori
sheep. J. Vet. Sci. Tech. 5: 1-4.

ALDANA MARCOS H., FERRARI J., CERVINO C., AFFANNI J.M.
2002. Histology, histochemistry and fine structure of the lac-
rimal and nictitans gland in the South American armadillo
Chaetophractus villosus (Xenarthra, Mammalia). Exp. Eye
Res. 75: 731-744.

AL-RAMADAN S.Y., ALI A.M. 2012. Morphological studies
on the third eyelid and its related structures in the one-
humped camel (Camelus dromedarius). Indian J. Vet. Anat.
5: 71-81.

ALSAFY M.A.M. 2010. Comparative morphological studies
on the lacrimal apparatus of one humped camel, goat, and
donkey. J. Biol. Sci. 10: 224-230.

Anatomical Veterinary Nomenclature – latin polish english.
2002. Z. Milart. Pañstwowe Wydawnictwo Rolnicze i
Leœne. Warszawa.

AªTI R.N., KURTDEDE N., ALTUNAY H., OZEN A. 2000.
Electron microscopic studies on conjunctiva associated lym-
phoid tissue (CALT) in Angora goats. Deutsche Tierärztl.
Wochensch. 107: 196-198.

BAYRAKTAROGLU A.G., ASTI R.N. 2009. Light and electron
microscopic studies on Conjunctiva Associated Lymphoid
Tissue (CALT) in cattle. Rev. Méd. Vét. 160: 252-257.

BAYRAKTAROGLU A.G., KORKMAZ D., AªTI R.N.,
KURTDEDE N., ALTUNAY H. 2011. Conjunctiva associated
lymphoid tissue in the ostrich (Struthio camelus). Kafkas
Üniver. Vet. Fakult. Derg. 17: 89-94.

BISARIA K.K., BISARIA S.D. 1978. The third eyelid in the al-
bino rats (a histological study). Indian J. Ophthalmol. 26:
25-28.

BLOOM W., FAWCETT D.W. 1962. The eye: A textbook of
Histology. 8th end. Saunders, Philadelphia: 635-666.

BURCK N.C. 1975. Histological techniques. PZWL, Warszawa.
Pp. 139-140. (In Polish).

CABRAL V.P., LAUS J.L., ZAIDAN M.L., DAGLI M.L.,
PEREIRA G.T., TALIERI I.C., MONTEIRO E.R., VILLELA
MAMEDE F. 2005. Canine lacrimal and third eyelid superfi-
cial glands’ macroscopic and morphometric characteristics.
Ciencia Rural 35: 391-397.

CAIN C.H., PHILIPS T.E. 2008. Developmental changes in
Conjunctiva-Associated Lymphoid Tissue of the rabbit.
IOVS 49: 644-649.

CAZACU P. 2010. Researches concerning the morphology of
the nictitating gland in dogs. IAªI PhD Thesis.

CHODOSH J., NORDQUIST R.E., KENNEDY R.C. 1998. Anat-
omy of mammalian conjunctival lymphoepithelium. Adv.
Exp. Med. Biol. 438: 557-565.

CONSTANTINESCU G.M., MCCLURE R.C. 1990. Anatomy of
the orbital fasciae of the third eyelid in dog. Am. J. Vet. Res.
51: 260-263.

CONSTANTINESCU G.M., MOORE C.P. 1998. Clinical anat-
omy of the eyelids for small animal practitioners. Wien.
Tierärzt. Monatssch. 85: 229-232.

CORNELL-BELL A.H., SULLIVAN D.A., ALLANSMITH M.R.
1985. Gender-related differences in the morphology of the
lacrimal gland. IOVS 26: 1170-1175.

DAVIDSON H.J., KUONEN V.J. 2004. The tear film and ocular
mucins. Vet. Ophthalmol. 7: 71-77.

DING C., PARSA L., NADOSKAR P., ZHAO P., WU K., WANG Y.
2010. Duct system of the rabbit lacrimal gland: structural
characteristics and role in lacrimal secretion. IOVS 51:
2960-2967.

DJERIDANE Y. 1992. The Harderian gland of desert rodents:
a histological and ultrastructural study. J. Anat. 180: 465-480.

DRAPER C.E., ADEGHATE E., LAWRENCE P.A. 1998. Age-
related changes in morphology and secretory responses of
male rat lacrimal gland. J. Auton. Nerv. Syst. 69: 173-183.

DYCE K.M., SACK W.O., WENSING C.J.G. 1996. Textbook of
Veterinary Anatomy. W.B. Saunders Company, Philadel-
phia London New York St. Louis Sydney Toronto. Pp.
333-335.

EL-FADALY A.B., EL-SHAARAWY E.A.A., RIZK A.A.,
NASRALLA M.M., SHUAIB D.M.A. 2014. Age-related al-
terations in the lacrimal gland of adult albino rat: A light and
electron microscopic study. Ann. Anat. 196: 336-351.

FAHMY M.F.A., ARNAUTOVIC I., ABDALLA O. 1971. The
morphology of the tarsal glands and the glands of the third
eyelid in the one-humped camel (Camelus dromedarius).
Acta Anat. 78: 40-46.

GARGIULO A.M., COLIOLO P., CECCARELL I.P., PEDINI V.
1999. Ultrastructural study of sheep lacrimal gland. Vet.
Res. 30: 345-351.

GASSER K., FUCHS-BAUMGARTINGER A., TICHY A., NELL B.
2011. Investigations on the conjunctival goblet cells and on
the characteristics of glands associated with the eye in the
guinea pig. Vet. Ophthalmol. 14: 26-40

GELLAT K.N. 1981. Textbook of Veterinary Ophthalmology.
Lea & Febiger Philadelphia.

GOLLER T., WEYRAUCH K.D. 1993. The conjunctival epithe-
lium of dogs. Light and electron microscopic investigations.
Ann. Anat. 175: 127-134

GO�DZIEWSKA-HAR£AJCZUK K., KLEÆKOWSKA-NAWROT J.,
NOWACZYK R., BARSZCZ K., PRZESPOLEWSKA H.,
KUPCZYÑSKA M. 2016. Biological aspect of the surface
structure of the tongue in the adult red kangaroo (Macropus
rufus) – light and scanning electron microscopy. Biologia
71: 701-716.

HENKER R., SCHOLZ M., GAFFLING S., ASANO N., HAMPEL U.,
GARRIES F., HORNGGER J., PAULSEN F. 2013. Morphologi-
cal features of the porcine lacrimal gland and its compatibil-
ity for human lacrimal gland Xenografting. Plos One 8:
e74046.

IKEDA M. 1953. Über die Ciliardrüsen der Säugetiere. Okaji-
mas Folia Anat. Jap. 25: 163-168.

JOCHEMS B., PHILLIPS T.E. 2015. Histological and ultrastruc-
tural studies on the conjunctiva of the barred owl (Strix
varia). PloS One 10: e0142783.

KAGEYAMA M., NAKATSUKA K., YAMAGUCHI T., OWEN R.L.,
SHIMADA T. 2006. Ocular defense mechanisms with special
reference to the demonstration and functional morphology
of the conjunctiva-associated lymphoid tissue in Japanese
monkeys. Arch. Histol. Cytol. 69: 311-322.

KEMPSTER R.C., BANCROFT B.J., HIRST L.W. 2002. Intraor-
bital anatomy of the koala (Phascolarctos cinereus). Anat.
Rec. 267: 277-287.

KLEÆKOWSKA-NAWROT J. 2005. Morphology and development
of the accessory organs of the eye in pig fetuses. Acta Scien.
Pol. 4: 121-139. (In Polish).

KLEÆKOWSKA-NAWROT J., DZIÊGIEL P. 2007. Morphology
of the third eyelid and superficial gland of the third eyelid on
pig fetuses. Anat. Histol. Embryol. 36: 428-432.

KLEÆKOWSKA-NAWROT J., DZIÊGIEL P. 2008. Morphology
of the lacrimal gland in pig fetuses. Anat. Histol. Embryol.
37: 74-77.

KLEÆKOWSKA-NAWROT J., MARYCZ K., CZOGA£A J.,
KUJAWA K., JANECZEK M., CHRÓSZCZ A., BRUDNICKI W.
2013. Morphology of the lacrimal gland and superficial
gland of the third eyelid of roe deer (Capreolus capreolus
L.). PVJ 33: 139-144.

KLEÆKOWSKA-NAWROT J., NOWACZYK R., GO�DZIEWSKA-
HAR£AJCZUK K., KRASUCKI K., JANECZEK M. 2015a. His-
tological, histochemical and fine structure studies of the lac-
rimal gland and superficial gland of the third eyelid and their

Accessory Organs of the Eye in Red Kangaroo 179



significance on the proper function of the eyeball in alpaca
(Vicugna pacos). Folia Morphol. 74: 195-205.

KLEÆKOWSKA-NAWROT J., NOWACZYK R., GO�DZIEW-
SKA-HAR£AJCZUK K., SZARA T., OLBRYCH K. 2015b. His-
tology, histochemistry and fine structure of the Harderian
gland, lacrimal gland and superficial gland of the third eyelid
of the European bison (Bison bonasus bonasus). Zoologia
32: 380-394.

KLEÆKOWSKA-NAWROT J., GO�DZIEWSKA-HAR£AJCZUK K.,
NOWACZYK R. 2016. Morphological study of the upper,
lower and third eyelids in the African black ostrich (Struthio
camelus camelus) (Aves: Struthioniformes) during the em-
bryonic and postnatal period. Italian J. Zool. 83: 312-328.

KNOP N., KNOP E. 2000. Conjunctiva-associated lymphoid
tissue in the human eye. IOVS. 41: 1270-1279.

KNOP E., KNOP N. 2001. Lacrimal drainage associated lym-
phoid tissue (LDALT): A part of the human mucosal im-
mune system. IOVS 42: 566-574.

KNOP E., KNOP N. 2002. A functional unit for ocular surface
immune defense formed by the lacrimal gland, conjunctiva
and drainage system. Adv. Exp. Med. Biol. 506: 835-844.

KNOP E., KNOP N. 2003. Dry eye disease as a complex dys-
regulation of the functional anatomy of the ocular surface.
New impulses to understanding dry eye disease. Ophthal-
mology 100: 917-942.

KNOP E., KNOP N. 2005. The role of eye-associated lymphoid
tissue in corneal immune protection. J. Anat. 206: 271-285.

KUBRAKIEWICZ J., JAB£OÑSKA A., MAZURKIEWICZ-KANIA
M., BILINSKI Sz.M. 2003. Differentiation and diversifica-
tion of the follicular cells in flies: Insight from the studies of
the lower brachycerans’ ovaries. Genesis 36: 214-224.

KURNICK N.B. 1955. Pyronin Y in the methyl-green-pyronin
histological stain. Stain Tech. 30: 213-230.

LABELLE A.L., LOW M., HAMOR R.E., BREAUX R.E.,
LANGAN J.N., ZARFOSS M.K., ZACHARIAH T.T. 2010. Oph-
thalmic examination findings in a captive colony of western
gray kangaroo (Macropus fuliginosus). J. Zoo Wild. Med.
41: 461-467.

LAVACH J.D. 1990. Large Animal Ophthalmology. The C. V.
Mosby Company. St. Louis, Baltimore, Philadelphia, To-
ronto: 67-69.

MAALA C.P., CARTAGENA R.A., DE OCAMPO G.D. 2007.
Macroscopic histological and histochemical characteriza-
tion of the lacrimal gland of the Philippine water buffalo
(Bubalus bubalus). Philippine J. Vet. Med. 44: 69-75.

MARTIN C.L., MUNNELL J., KAWSAN R. 1988. Normal ultra-
structure and histochemical characteristics of canine lacri-
mal glands. Am. J. Vet. Res. 49: 1566-1572.

MCKENZIE R.W., JUMBLATT J.E., JUMBLATT M.M. 2000.
Quantification of MUC2 and MUC5AC transcripts in hu-
man conjunctiva. IOVS 41: 703-708.

MOHAMMADPOUR A.A. 2008. Anatomical characteristics of
dorsal lacrimal gland in one humped camel (Camelus
dromedarius). J. Biol. Sci. 8: 1104-1106.

MOHAMMADPOUR A.A. 2009. Morphological and histologi-
cal study of superior lacrimal gland of the third eyelid in
camel (Camelus dromedarius). Iranian J. Vet. Res. 10:
334-338.

NASRIN M.K., KHAN M.Z.I., SIDDIQI M.N.H., MASUM M.A.
2013. Mobilization of immunoglobulin (Ig) – containing
plasma cells in Harderian gland, cecal tonsil and trachea of
broilers vaccinated with Newcastle Disease Vaccine. Tiss.
Cell. 45: 191-197.

NICKEL R., SCHUMMER A., SEIFERLE E. 2004. Lehrbuch der
Anatomie der Haustiere. Band IV. Parey Verlag, Stuttgart:
432-437.

NOMINA ANATOMICA VETERINARIA 2012. Fifth edition.
Hannover (Germany) Columbia MO (U.S.A.) Ghent (Bel-
gium) Sapporo (Japan): 149-150.

NUYTTENS J.J., SIMOENS P.J.M. 1995. Morphologic study of
the musculature of the third eyelid in the cat (Felis catus).
Lab. Anim. Sci. 45: 561-563.

OBATA H. 2006. Anatomy and histopathology of the human
lacrimal gland. Cornea 25: 82-89.

PARLIAMENT OF THE REPUBLIC OF POLAND: Act of Animal
Protection passed on August 21, 1997 by the Parliament of
the Republic of Poland; No. 111/ 724, with later changes 2012.
http://isap.sejm.gov.pl/DetailsServlet?id=WDU19971110724.

PAULSEN F.P., PAULSEN J.I., THALE A.B., SCHAUDIG U.,
TILLMANN B.N. 2002. Organized mucosa-associated lym-
phoid tissue in human naso-lacrimal ducts. Adv. Exp. Med.
Biol. 506: 873-876.

PINARD C.L., WEISS M.L., BRIGHTMAN A.H., FENWICK B.W.,
DAVIDSON H.J. 2003. Normal anatomical and histochemi-
cal characteristics of the lacrimal glands in the American bi-
son and cattle. Anat. Histol. Embryol. 32: 257-262.

PRADIDARCHEEP W., ASAVAPONGPATANA S., MINGSAKUL T.,
POONKHUM R., NILBU-NGA S., SOMANA R. 2003. Micro-
scopic anatomy of the orbital Harderian gland in the com-
mon tree shrew (Tupaia glis). J. Morphol. 255: 328-336.

REHOREK S.J., HILLENIUS W.J., SANJUR J., CHAPMAN N.G.
2007. One gland, two lobes: organogenesis of the Harderian
and “nictitans” gland of the Chinese muntjac (Muntiacus
reevesi) and fallow deer (Dama dama). Ann. Anat. 189:
434-446.

REHOREK S.J., SMITH T.D., BHATNAGAR K.P. 2010a. The or-
bitofacial glands of bats: an investigations of the potential
correlation of gland structure with social organization. Anat.
Rec. 293: 1433-1448.

REHOREK S.J., HILLENIUS W.J., LEIGH C., FIRTH B.T. 2010b.
Is it or isn’t it? A reexamination of the anterior orbital glands
of the fat-tailed dunnart Sminthopsis crassicaudata
(Dasyuridae: Marsupiala) and a reevaluation of definitions
for the Harderian gland. Anat. Rec. 298: 1449-1454.

RIOS J.D.,HORIKAWA Y.,CHEN L.L.,KUBLIN C.L.,HODGESR.R.,
DARTT D.A., ZOUKHRI D. 2005. Age-dependent alterations
in mouse exorbital lacrimal gland structure, innervation and
secretory response. Exp. Eye Res. 80: 477-491.

SAKAI T. 1989. Major ocular glands (Harderian gland and lac-
rimal gland) of the musk shrew (Suncus murinus) with a re-
view on the comparative anatomy and histology of the
mammalian lacrimal glands. J. Morphol. 201: 39-57.

SCHECHTER J.E., WARREN D.W., MIRCHEFF A.K. 2010.
A lacrimal gland is a lacrimal gland, but rodent’s and rabbit’s
are not human. Ocular Surf. J. 8: 111-134.

SCHLEGEL T., BREHM H., AMSELGRUBER W.M. 2001. The
cartilage of the third eyelid: a comparative macroscopical
and histological study in domestic animals. Ann. Anat. 183:
165-169.

SCHLEGEL T., BREHM H., AMSELGRUBER W.M. 2003. IgA
and secretory component (SC) in the third eyelid of the do-
mestic animals: a comparative study. Vet. Ophtalmol. 6:
157-161.

SHADKHAST M., BIGHAM A.S. 2010. A histo-anatomical
study of dorsal lacrimal gland in Iranian river buffalo. Vet.
Scan. 5: 1-5.

SIEBELMANN S., GEHLSEN U., HUTTMANN G., KNOP N.,
BOLKE T., GEBERT A., STERN M.E., NIEDERKOM J.Y.,
STEVEN P. 2013. Development, alteration and real time dy-
namics of conjunctiva-associated lymphoid tissue. PloS One
8: e82355.

SPICER S.C., HENSON J.G. 1967. Methods for localizing mu-
cosubstances in epithelial and connective tissue. (In: Series
on Methods and Achievements in Experimental Pathology.
Vol. 2. E. BAJUSZ & F. JAMIN eds. Basal: S Karger Press):
78-112.

STEPHENS L.C., SCHULTHEISS T.E., VARGAS K.J.,
CROMEENS G.M., GRAY K.N., ANG K.K. 1989. Glands of

J. KLEÆKOWSKA-NAWROT et al.180



the eyelids of rhesus monkeys (Macaca mulatta). J. Med.
Primatol. 18: 383-396.

STOECKELHUBER M., STOECKELHUBER B.M., WELSCH U.
2003. Human glands of Moll: histochemical and ultrastruc-
tural characterization of the glands Moll in the human eyelid.
J. Invest. Dermatol. 121: 26-28.

STOECKELHUBER M., STOECKELHUBER B.M., WELSCH U.
2004. Apocrine glands in the eyelid of primate contribute to
the ocular host defense. Cell Tiss. Org. 176: 187-194.

TAKLE G.L., SUEDMEYER W.K., HUNKELER A. 2010. Se-
lected diagnostic ophthalmic tests in the red kangaroo. J. Zoo
Wild. Med. 41: 224-233.

THOMPSON J.W. 1958. Studies oo the response of the isolated
nictitating membrane of the cat. J. Physiol. 144: 46-72.

WEAKER R.J. 1981. Light microscopic and ultrastructural
features of the Harderian gland of the nine-banded arma-
dillo. J. Anat. 133: 49-65.

WEYRAUCH K.D. 1984. The surface of the conjunctiva in do-
mestic ruminants. A scanning electron microscopic investi-
gation. Acta Anat. (Basel). 119: 27-32.

VAN GINKEL F.W., GULLEY S.L., LAMMERS A., HOER F.J.,
GURJAR R., TORO H. 2012. Conjunctiva-associated lym-
phoid tissue in avian mucosal immunity. Develop. Compar.
Immunol. 36: 289-297.

VAUGHAN D., ASBURY T. 1980. The lids. (In: general oph-
thalmology. 9th ed. Lange Medical Publications, Los Altos):
45-46.

VOIGT S., FUCHS-BAUMGARTINGER A., EGERBACHER M.,
TICHY A., NELL B. 2012. Investigations on the conjunctival
goblet cells and the characteristics of the glands associated
with the eye in chinchillas (Chinchilla Laniger). Vet. Oph-
thalmol. 15: 333-344.

YASUI T., TSUKISE A., NARA T., KUWAHARA Y., MEYER W.
2006. Morphological, histochemical and immunohisto-
chemical characterization of secretory productions of the
ciliary gland of the porcine eyelid. Europ. J. Histochem. 50:
99-108.

Accessory Organs of the Eye in Red Kangaroo 181



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


