
Summary. The accessory organs of the eye represent
part of the protective system of the eyeball. In the
present study, an examination of the accessory organs of
the eye of three species of captive ruminants was
performed using light microscopy. In the okapi, the
superficial gland of the third eyelid and lacrimal gland
were complex branched multilobar tubular glands
formed by mucous units with tubular secretory portions
and no plasma cells. The deep gland of the third eyelid
was absent in the okapi and present in both the Père
David’s deer and the Philippine mouse-deer. In the
Philippine mouse-deer, the deep gland had a very thick
connective capsule and thick interlobar septae. It
contained fewer lobes forming the gland parenchyma
compared to Père David’s deer and other ruminants.
Organized lymphoid follicles were present within the
upper and lower eyelids only in the okapi and Père
David’s deer, while diffuse lymphocytes were observed
in the Philippine mouse-deer. The orbital glands in the
Père David’s deer had a multilobar tubuloacinar
structure with numerous plasma cells and a mucoserous
character. In contrast to the Philippine mouse-deer, these

glands had a serous character. The presence of several
macroscopic and microscopic structural differences of
the examined accessory organs of the eye in the three
captive ruminant species may be understood within an
ecological context and may be associated with different
habitat-specific environmental conditions.
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Introduction

The upper and lower eyelid, the superficial gland of
the third eyelid together with the third eyelid, the deep
gland of the third eyelid and the lacrimal gland are
accessory organs of the eye (organa oculi accessoria)
(Nomina Anatomica Veterinaria, 2017). 

The upper and lower eyelids are cutaneomuscular
folds surrounding the palpebral fissure. Both eyelids
have a characteristic histological structure and house
numerous glands (Fig. 1). The main function of the
eyelids is to protect the eyeball from trauma, maintain a
moist ocular surface, and regulate the amount of light
reaching the eye. In addition, eyelids distribute tear film
over the cornea (Yasui et al., 2006; Gasser et al., 2011;
Voight et al., 2012). 

The conjunctiva-associated lymphoid tissue (CALT),
which is part of the eye-associated lymphoid tissue
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(EALT), is closely associated with the eyelids. The
CALT and the deep gland of the third eyelid (in species
that contain this gland) form the head-associated
lymphoid tissue (HALT) (van Ginkel et al., 2012; Nasrin
et al., 2013). The CALT is part of the eye-associated
lymphoid tissue (EALT) (Knop and Knop, 2000). The
EALT appendage forms lacrimal gland-associated
lymphoid tissue that covers the conjunctiva and drains
into the lacrimal drainage-associated lymphoid tissue
(LDALT) (Knop and Knop, 2000, 2005). Histological
study of the eyelids in Japanese monkey (Kageyama et
al., 2006) and in ostrich (Bayraktaroglu et al., 2011)
showed that there were differences in the conjunctival
surface between the lymphoid conjunctiva and non-
lymphoid conjunctiva, also known as the lymphoid
region and non-lymphoid region. The lymphoid
conjunctiva was characterised by a lack of goblet cells in
the epithelium and aggregated and solitary lymphoid
follicles, while the non-lymphoid region was covered by
a stratified columnar epithelium containing goblet cells.
Immunophenotyping of lymphocytes in the canine third
eyelid showed the presence of three patterns concerning
the immunophenotype of the third eyelid tissue
(Alexandre-Pires et al., 2008). 

The orbital glands in mammals are classified into
two groups of major exocrine glands (Aldana Marcos et
al., 2002; Rehorek et al., 2010). One group includes
glands located in the inner canthus of the orbit. These
are the deep gland of the third eyelid, also known as the
Harderian gland, and the superficial gland of the third
eyelid, also called the nictitans gland (Sakai, 1992;
Payne, 1994; Aldana Marcos et al., 2002; Klećkowska-
Nawrot et al., 2015a; Klećkowska-Nawrot et al. 2016).
The second group includes the lacrimal gland, which is
located in the outer canthus of the orbit (Sakai, 1992;
Aldana Marcos et al., 2002; Klećkowska-Nawrot et al.,
2013, 2015b). 

The superficial gland of the third eyelid is generally
a compound multilobar tubuloacinar gland that produces
a mucoserous secretion. This secretion forms the mucous
fraction of the precorneal tear film, which lubricates and
protects the cornea, prevents desiccation and bacterial
contamination and anchors the aqueous tear film to the
corneal epithelium protecting it from shear forces
(McKenzie et al., 2000; Davidson and Kuonen, 2004).
The superficial gland of the third eyelid that surrounds
the third eyelid was found in Artiodactyla, Carnivora,
Insectivora, Lagomorpha, Marsupials, Perissodactyla
and Primates (Sakai, 1981; Sakai and van Lennep, 1984;
Aldana Marcos et al., 2002). The third eyelid provides
mechanical protection of the cornea and local
immunological protection by means of lymph nodules
and diffuse lymphocytes. It also distributes precorneal
tear film on the corneal surface (Lavach, 1990; Schlegel
et al., 2003; Klećkowska-Nawrot et al., 2015b).

The deep gland of the third eyelid of many mammals
is located on the anterior surface of the orbit and consists
of multilobar tubuloacinar glands, which are larger than
the lacrimal gland and the superficial gland of the third

eyelid. However, the anatomical location, size and
morphological details of the deep gland of the third
eyelid vary across mammalian species (Aldana Marcos
and Affani, 2005; Rehorek et al., 2007; Klećkowska-
Nawrot et al., 2015b). The main function of the deep
gland of the third eyelid in mammals is to produce
secretions that form the precorneal tear film, which
lubricates and protects the eyeball and the third eyelid.
In rodents, the deep gland of the third eyelid plays a
photoprotective role and forms part of a photoreceptor in
the retinal-pineal axis and light-pineal-gonadal axis. The
deep gland of the third eyelid is also reported to be a
source of pheromones, hormones, growth factors,
thermoregulatory lipids, and factors for corneal repair
and maintenance (Thiessen and Kittrell, 1980;
Djeridane, 1992).

To date, there have been several studies of the
lacrimal gland in domestic and wild mammals (Obata,
2006; Rehorek et al., 2007, 2010; Klećkowska-Nawrot
and Dzięgiel, 2008; Ding et al., 2010; Schechter et al.,
2010; Abbasi et al., 2014). The lacrimal gland is
generally a multilobar tubuloacinar gland, which
produces a serous and mucoserous secretion in
Artiodactyla, Carnivora, Insectivora, Lagomorpha,
Perissodactyla, Primates and Rodentia (Sakai, 1989;
Aldana Marcos et al., 2002; Pinard et al., 2003a; Alsafy,
2010; Klećkowska-Nawrot et al,. 2015b). 

Much research has been conducted on rodent orbital
glands (e.g. Payne, 1994), but less is known about larger
mammals, e.g. Artiodactyla (see Table 1). To date, the
macroscopic and microscopic structure of the eyelids
and orbital glands in the okapi (Okapia johnstoni,
Giraffidae), Père David's deer (Elaphurus davidianus,
Cervidae) and Philippine mouse-deer (Tragulus
nigricans, Tragulidae) has not been described in detail.
There are few studies on the morphology of these organs
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Fig. 1. Graphical structure of the eyelid based on Stewens and Lowe,
1994. Kg, Krause’s gland; otg, opening of the tarsal glands; m, muscle
fibres; sg, sebaceous gland; ss, skin surface; swg, sweat gland; t,
tarsus; tg, tarsal glands; Wg, Wolfring’s gland.



in captive ruminants, particularly of the species that are
considered endangered (EN), according to the IUCN
Red List of Threatened Species (2016), such as the okapi
and Philippine mouse-deer, or critically endangered
(CR) and listed under criterion “D” of the IUCN Red
List of Threatened Species (2016) and deemed extinct in
the wild (EW). Therefore, the aim of this study was to
perform a comparative analysis of chosen structures in
these three captive ruminant species living under natural
conditions. The conducted study complements the
current knowledge of the comparative ocular anatomy in
domesticated and wild animals. 
Materials and methods

Animals

The study was conducted on three species of captive
ruminants (five adult animals): one male okapi (Okapia
johnstoni, Sclater, 1901) (Giraffidae), one female Père
David’s deer (Elaphurus davidianus, Milne-Edwards,
1866) (Cervidae) and three female Philippine mouse-
deer (Tragulus nigricans, Thomas, 1892) (Tragulidae).
The study samples were collected from 2015 to 2017.
All the animals were obtained by the Wroclaw
Zoological Garden (Poland). The study was carried out
with the permission of the District Veterinary Officer
(Wroclaw, Poland; No. PIW Wroc. UT-45/5/16, No. PIW
Wroc. UT- 45/6/16, No. PIW Wroc. UT-45/8/16). The
animals were not killed for the purpose of this study and
were obtained post-mortem. According to Polish and

European law, studies on tissues obtained post-mortem
do not require an approval of the Ethics Committee
(Official Journal of the European Union L276/33:
Directive of the European Parliament and of the Council
2010/63/UE from 22 September 2010 concerning the
protection of animals used for experimental and other
scientific purposes, and the Journal of Laws of the
Republic of Poland Act on the Protection of Animals
Used for Scientific or Educational Purposes from
January 15th, 2015). The left and the right eyeballs and
the accessory organs of the eye together with the left and
the right upper, lower and third eyelid were collected
immediately after the natural death of the animals. They
were then fixed in 4% phosphate buffered formaldehyde
for 72 hours. 
Macroscopic study

The orbital glands and eyelids were first examined
with a Zeiss Stemi 2000-C stereoscopic microscope (Carl
Zeiss, Jena, Germany). The morphometric studies were
performed on the left and right eyelid and orbital gland
samples collected from all the animals. The
morphometric measurements of the organs were
conducted in all the collected glands using an electronic
slide caliper with an accuracy of 0.1 mm. The values of
six random measurements of length, width and thickness
each of all the collected glands were analysed statistically
and expressed as mean ± standard deviation (SD).

The terminology used in this manuscript is in
accordance with the prevailing veterinary nomenclature
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Table 1. Review of the presence of superficial gland of the third eyelid, deep gland of the third eyelid, third eyelid and lacrimal gland of the selected
Artiodactyla.

Species family SGTE DGTE TE LG Reference

European bison (Bison bonasus bonasus,
Bovidae) + + + “anchor” shape + Klećkowska-Nawrot el al., 2015b

Alpaca (Vicugna pacos, Camelidae) + - + “anchor” shape + Klećkowska-Nawrot el al., 2015a
Red deer doe (Cervus elaphus, Cervidae) N/A + N/A N/A Hraste et al., 1996
Roe deer doe (Capreolus capreolus, Cervidae) + + N/A + Hraste et al., 1996; Klećkowska-Nawrot et al., 2008b, 2013

Sheep (Ovis aries, Bovidae) + + + “T” shape +
Abbasi et al., 2014; Ceccareli et al., 1998; Dyce at al., 1996;
Gargiulo et al., 1999; Kühnel, 1968c; Schlegel et al., 2001;
Smythe, 1958

Goat (Capra hircus, Bovidae) + + + “T” shape + Das Shina and Calhoun, 1966; Dyce at al., 1996; Kühnel,
1968b; Schlegel et al., 2001; Smythe, 1958

American bison (Bison bonasus, Bovidae) + + N/A + Pinard et al., 2003b
Fallow deer (Dama dama, Cervidae) + + + N/A Rehorek et al., 2007
Chinese muntjac (Muntiacus reevesi, Cervidae) + + + N/A Rehorek et al., 2007
Dromedary or Arabian camel (Camelus
dromedaries, Camelidae) + + + “T” shape +

Abuelhassan, 1999; Al-Ramadan and Ali, 2012; Alsafy, 2010;
Fahmy et al., 1971; Ibrahim and Abdalla, 2015; Ibrahim,
1990; Mohammadpour, 2008

Buffalo (Bubalus bubalis, Bovidae) + + + “T” shape + Girgiri and Kumar, 2018; Maala et al., 2007; Salman, 2016;
Shadkhast and Bigham, 2010

Cattle (Bos taurus taurus, Bovidae) + + + “anchor” shape + Dyce et al., 1996; Kühnel, 1968a; Pinard et al., 2003b;
Schlegel et al., 2001

SGTE, superficial gland of the third eyelid; DGTE, deep gland of the third eyelid; TE, third eyelid; LG, lacrimal gland; N/A, not analysed.



188
Eyelids and orbital glands in captive ruminants

Fig. 2. Macrograph of the examined captive
ruminants. A. Okapi. B. Philippine mouse-deer.
C. Père David’s deer.



(Nomina Anatomica Veterinaria, 2017).
Light microscopy examination

Histological findings
The samples were directly fixed in 4% buffered

formaldehyde for at least 72 hours and washed in
running water for 24 hours. The study samples were
dehydrated through an ethanol series, and they were then
processed in a ETP (RVG3, INTELSINT, Italy) vacuum
tissue processor, embedded in paraffin and cut using a
Slide 2003 (Pfm A.g., Germany) sliding microtome into
3-4 µm sections. The samples were divided into two
groups: one that contained histological stainings and one
for histochemical studies. Each structure (left and right)
was cut either for histology and histochemistry. They
were then stained with hematoxylin and eosin (general
histological examination), azan trichrome (collagen and
reticular fibers, muscle), Masson-Goldner trichrome
(muscle, collagen fibers), Mallory trichrome (elastic
fibers, collagen fibers, myofibrils) and Movat
pentachrome (modified Russell Movat) (mucin, muscle,
elastic, collagen and reticular fibers). The staining
scoring system was based on a previously described
standard protocol (Mallory, 1938; Movat, 1955; Burck,
1975; Lee, 1992). 

In addition, the methyl green-pyronin Y (MGP Y)
method (Kurnick, 1955) was used to detect the presence
of plasma cells.

Histomorphometric study in hematoxylin and eosin
stained sections of the orbital glands

In order to determine the capsule thickness and the
interlobar septal thickness, the acinar outer diameters
and the tubular outer diameters were measured
according to the method described by El-Fadaly et al.,
(2014) and are presented in Table 2. The superficial and
deep gland of the third eyelid and the lacrimal gland
were measured. Histological measurements of the gland
structure were carried out using the Axio Vision 4.8
(Carl Zeiss MicroImaging GmbH, Jena, Germany)
software. Statistical analysis was performed using Prism
3.0 software (GraphPad Software, Inc. San Diego,
USA). Data were analysed statistically and expressed as
mean ± standard deviation (SD).

Histochemical analysis
The periodic acid-Schiff (PAS) method was used to

identify glycans, glycoconjugates and neutral or weakly
acidic glycoproteins (Sheehan and Hrapchak, 1980). The
Alcian blue pH 2.5 method was used to identify
sulphated and carboxylated acid mucopolysaccharides
and sulphated and carboxylated sialomucins
(glycoproteins) (Carson, 1990). Hale’s dialysed iron
staining (HDI) was carried out to determine the presence
of sulphated acid mucosubstances (SAM) and
carboxylated acid mucosubstances (CAM) (Spicer and
Henson 1967; Munakata et al., 1985). 

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

The upper and lower eyelids

Gross anatomy
As in other mammals, the upper eyelid of the

examined ruminants was more mobile and larger than
the lower eyelid. In the okapi and Philippine mouse-
deer, there were long and thin eyelashes observed on the
anterior palpebral margin of the upper eyelid (Fig.
2A,B). There were no eyelashes on the lower eyelid. In
the Père David's deer, long and thick eyelashes were also
observed on the anterior palpebral margin of the upper
eyelid, whereas short and delicate eyelashes were
present in the anterior palpebral margin of the lower
eyelid (Fig. 2C). 

Histological study
In the examined ruminants, the upper and lower

eyelids consisted of an external skin surface and an
internal conjunctival surface. The external skin surface
of the eyelids was covered by a keratinized squamous
epithelium with four to six layers of nucleated cells in
the okapi (Fig. 3A), with six to 10 layers in the Père
David’s deer and with two to five layers in the Philippine
mouse-deer. Scattered melanocytes were present in the
stratum basale. The conjunctival surface of the upper
and lower eyelids consisted of two parts known as the
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Table 2. The measurement of the capsule and interlobar thickness, the acinar and tubular diameter of the superficial gland of the third eyelid, deep
gland of the third eyelid and lacrimal gland according to the method described by El-Fadaly et al., (2014).

Measured structure Method used

Capsule thickness 60 randomly chosen parts from five animals/both sides/gland; 50x magnification
Interlobar septal thickness 60 randomly chosen parts from five animals/both sides/gland; 50x magnification
Acinar and tubular outer diameters widest diameter of the transversely cut acini and tubules from 60 randomly chosen parts from five animals 

(15 acini/animal/gland and 15 tubules/animal/gland) from both sides; 400x magnification



marginal zone and the orbital zone. The marginal zone
formed by external border of the upper and lower eyelid,
while the orbital zone included part of the conjunctiva
that contacted the eyeball. The marginal zone of the
conjunctival surface of the eyelids was covered by a
stratified columnar epithelium with 15 to 20 layers of
cells in the okapi, six to seven layers in Père David’s
deer (Fig. 3B) and five to seven layers of cells in
Philippine mouse-deer. Six to seven non-keratinized
layers of the orbital zone in the lymphoid region without
goblet cells were present in the okapi, five to seven
layers in Père David’s deer and four to five layers of
cells in the Philippine mouse-deer (Fig. 3C). The
epithelium in the non-lymphoid region consisted of a
single or double layer of squamous epithelial cells with
numerous goblet cells in the okapi and the Père David’s
deer. However, single layers were present in the
Philippine mouse-deer. 

The superior tarsus of the upper eyelid and inferior
tarsus of the lower eyelid consisted of dense fibrous
connective tissue (Fig. 3D) and the thickest tarsus was
found in the okapi (Table 3). The tarsal glands were

present inside the superior and inferior tarsus. The tarsal
glands in the examined ruminants were elongated and
alveolar with ducts that were lined by a stratified
squamous epithelium and openings in the posterior
palpebral margins of both eyelids (Fig. 3D). Numerous
sebaceous glands and sweat glands were located deep in
the follicle and appeared as aggregations of three to 14
lobules of variable sizes that secreted sebum into the hair
follicles in the okapi (Fig. 3E). Sebaceous glands were
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Fig. 3. Light micrograph of the histological study
of the upper and lower eyelids in the okapi (A,
E, G), the Père David’s deer (B, D, H) and the
Philippine mouse-deer (C, F). (B, C, F, G, H&E
stain; A, H, Masson-Goldner trichrome stain; D,
E, picro-Mallory trichrome stain). cf, collagenous
fibres; cs, conjunctival surface; ct, connective
tissue; dct, dense connective tissue; dl, diffuse
lymphocytes; e, epithelium; hf, hair follicles; lf,
lymphoid fol l icles; mc, melanocytes; mz,
marginal zone; os, ocular surface; oz, orbital
zone; sg, sebaceous gland; ss, skin surface;

swg, sweat gland; t, tarsus; tg, tarsal glands. Scale bars: A, G, 20 µm; B, C, E, H, 50 µm; D, 100 µm; F, 200 µm.

Table 3. Morphometric parameters (µm) of the superior tarsal and
inferior tarsal thickness in the okapi, the Père David's deer and the
Philippine mouse-deer.

Species Superior tarsal Inferior tarsal
thickness (µm) thickness (µm)

Okapi 635.75±89.1 407.76±36.9
Père David’s deer 382.72±29.3 264.82±12.2
Philippine mouse-deer 312.18±10.01 201.29±7.03

Values are expressed as mean ± standard deviation.



observed in okapi and Père David’s deer only in upper
eyelid. There were three to six lobules in the Père David’s
deer and three to five lobules in the Philippine mouse-deer.
In the three examined ruminants, a thick layer of muscle,
consisting of bundles of the orbicularis oculi muscle, the
levator anguli oculi medialis and the malaris muscles, was
located below the superior tarsus and inferior tarsus (Fig.
3F). Dense irregular connective tissue with a network of
collagen and elastic fibers, numerous blood vessels and
nerve fibers were found in the orbital zone.

Numerous lymphoid follicles and diffuse lymphatic
cells forming the lymphoid region were located mainly
in the lower eyelid in the okapi (Fig. 3G) and Père
David’s deer (Fig. 3H). On the other hand, single diffuse
lymphatic cells formed the lymphoid region of the upper
and lower eyelids in the Philippine mouse-deer (Fig.
3C). Additionally, no lymphoid follicles were present in
the studied samples in either eyelid of the Philippine
mouse-deer. 

The palpebral part of the lacrimal gland in Père
David’s deer and Philippine mouse-deer were observed
in the upper eyelid (Figs. 4A,B). 
The third eyelid

Gross anatomy
In the studied animals, the third eyelid was located

in the medial canthus of the eye. The marginal part of
the third eyelid was pigmented and thick. The third
eyelid in the Père David’s deer and the Philippine
mouse-deer was T-shaped. In the okapi, the third eyelid
resembled the letter “Y”, while the upper and lower
branches resembled the letter „U” and were directed
toward the temporal angle of the eye. The third eyelid in
all the examined ruminants contained cartilage, which
consisted of an upper and lower branch and a crossbar.
The crossbar was covered and surrounded by the
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Fig. 4. Light micrograph of the histological study of the palpebral part of the lacrimal gland in Père David’s deer (A) and the Philippine mouse-deer (B).
(B, H&E stain; B, Masson-Goldner trichrome stain). cs, conjunctival surface; ct, connective tissue; lg, lacrimal gland - palpebral part; m, muscle. Scale
bars: 200 µm.

Table 4. Morphometric parameters (mm) of the superficial gland of the third eyelid (SGTE), the deep gland of the third eyelid (DGTE) and lacrimal
gland (LG) in the okapi, the Père David's deer and the Philippine mouse-deer.

Examined gland Species Length (mm) Width (mm) Thickness (mm)

SGTE Okapi 23.74±1.9 26.91±1.5 8.71±0.4
Père David's deer 19.03±0.3 17.61±0.4 7.75±0.3
Philippine mouse-deer 7.77±0.1 6.62±0.3 3.72±0.2

DGTE Okapi N/A N/A N/A
Père David's deer 25.96±1.1 22.11±1.09 16.86±0.6
Philippine mouse-deer 9.36±0.3 9.63±0.2 4.87±0.1

LG Okapi 34.44±0.8 18.21±0.6 4.54±0.6
Père David’s deer 41.32±0.7 19.03±0.5 4.85±0.2

10.78±0.2
Philippine mouse deer 14.77±0.3 6.85±0.3 3.29±0.2

Values are expressed as mean ± standard deviations.



superficial gland of the third eyelid and an
intraperiorbital fat body. 

Histological study
In the examined ruminants, the free margin of the

third eyelid had a thick non-keratinized stratified
squamous epithelium with numerous melanocytes (Fig.
5A). The connective tissue parenchyma of the third
eyelid was composed of dense connective tissue with
collagen and elastic fibres and numerous blood vessels
(Fig. 5B). The ocular surface was covered by a non-
keratinized stratified columnar epithelium with four to
eight layers of cells in Père David’s deer (Fig. 5C), five
to 10 layers of epithelial cells and numerous goblet cells
in the okapi (Fig. 5D), and three to five layers of cells in
the Philippine mouse-deer. The conjunctival surface of
the third eyelid was covered by a non-keratinized
stratified squamous epithelium with five to eight layers
of nucleated cells and goblet cells in the okapi, four to
10 layers in Père David’s deer and three to five layers of
cells in the Philippine mouse-deer (Fig. 5E). 

In the okapi and Père David’s deer, the lymphoid

follicles were present in the lymphoid region of the
ocular surface without goblet cells (Fig. 5F). On the
other hand, diffuse lymphocytes were observed in the
lamina propria of the subepithelium in the okapi and
Philippine mouse-deer (Fig. 5G). 

The third eyelid cartilage in the okapi and Philippine
mouse-deer was surrounded by a thin layer of elastic and
collagen fibres and additionally contained abundant
adipose tissue in the Philippine mouse-deer (Fig. 5H).
The cartilage in the examined ruminants was composed
of hyaline tissue with single chondrocytes and abundant
intercellular substance. In the superficial layers, the
chondrocytes were small and flattened, while they were
large and oval in the deeper parts of the eyelid. In the
hyaline cartilage, isogenic groups of two to three
chondrocytes or single chondrocytes were observed (Fig.
5E,H).
The superficial gland of the third eyelid

Gross anatomy
The superficial gland of the third eyelid in all the
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Fig. 5. Light micrograph of the histological study
of the third eyelid in the okapi (A, B, D, F), the
Père David’s deer (C) and the Philippine mouse-
deer (E, G, H). (A, H&E stain; C, Masson-
Goldner trichrome stain; D, E, G, H, picro-
Mallory tr ichrome stain; B, F, Movat-
pentachrome stain). at, adipose tissue; bv, blood
vessels; cf, collagenous fibres; cs, conjunctival
surface; cte, cartilage of the third eyelid; dct,
dense connective tissue; dl, diffuse lymphocytes;
fm, free margin; gc, goblet cells; lf, lymphoid
follicles; mc, melanocytes; os, ocular surface;

sgte, superficial gland of the third eyelid. Scale bars: A, E, G, H, 50 µm; B, F, 100 µm; C, D, 20 µm.



examined ruminants was oval and light pink. It was
located between the medial rectus and ventral rectus
muscles and was partially covered by the ventral oblique
muscles. It was uniform and undivided. The largest
superficial gland of the third eyelid was present in the
okapi, while the smallest one was found in the Philippine
mouse-deer (Table 4).

Histological study
The superficial gland of the third eyelid in the okapi

and Père David’s deer was surrounded by a thick
connective tissue capsule (containing collagen and
elastic fibers, blood vessels and fibrocytes), which
penetrated the gland forming thin septa dividing the
gland into large lobes (Fig. 6A,B, Table 5). In the
Philippine mouse-deer this gland was covered by a thin
connective tissue capsule in comparison to the other two
analysed ruminants and the connective tissue septa
divided the gland into single small lobes and large lobes
contained single adipocytes (Fig. 6C, Table 5).

The superficial gland of the third eyelid in the okapi
had a multilobar tubular complex structure (Fig. 6D) and
the mucous units formed branched tubular secretory
portions (Fig. 6E), while in the Père David’s deer (Fig.
6F) and the Philippine mouse-deer, it had a multilobar
tubuloacinar structure. In the Père David’s deer, the acini
were composed of a small lumen composed of tall
conical cells with a basophilic cytoplasm, while the
tubules with a large lumen were composed of a single
layer of cubic cells. The Movat-pentachrome stain
showed the presence of numerous mucous acini in this
gland (Fig. 6G). In the Philippine mouse-deer, the
secretory units contained also a small lumen and were
composed of tall conical cells. In all three examined
species these tall cells were surrounded by basal
myoepithelial cells. Weakly stained mucous acini were
present following the Movat-pentachrome stain. Tubules
with a large lumen were composed of a single layer of
cubic cells.

The superficial gland in the okapi had numerous
characteristically short, poorly branched main ducts in
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Fig. 6. Light micrograph of the histological study of the superficial gland of the third eyelid in the okapi (A, D, E, H), the Père David’s deer (B, F, G) and
the Philippine mouse-deer (C, I). (A, F, H&E stain; B, D, picro-Mallory trichrome stain; E, G, H, Movat-pentachrome stain; C, azan trichrome stain; I,
methyl green pyronian Y stain). Scale bars: A, 200 µm; B, C, G, H, 50 µm; D, E, 100 µm; F, 20 µm; I, 10 µm.



the interlobar septa (Fig. 6H). They were composed of a
simple columnar epithelium with goblet cells (Fig. 6H).
On the other hand, a single unbranched main duct, which
consisted of a simple cuboid epithelium with single
goblet cells, was present in the Père David’s deer. There

were no main ducts in the interlobar septa in the studied
samples of Philippine mouse-deer. 

The MGP Y staining did not reveal plasma cells in
the glandular interstitium in the okapi, and showed single
plasma cells in the glandular interstitium of the Père
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Fig. 7 Light micrograph of the histological study of the deep gland of the third eyelids in the Père
David’s deer (A, C, D, F) and the Philippine mouse-deer (B, E, G). (D, G, H&E stain; B, C, E, picro-
Mallory trichrome stain; A, Masson-Goldner trichrome stain; F, methyl green pyronian Y stain). a,
acini; bv, blood vessels; c, capsule; ct, connective tissue; is, interlobar septa; l, lobes; lf, lymphoid
follicle; md, main duct; my, myoepithelial cells; pc, plasma cells; tu, tubules. Scale bars: A, 200 µm;
B, E, 50 µm; C, 100 µm; D, 10 µm; F, 5 µm; G, 20 µm.

Table 5. Morphometric parameters (µm) of the superficial gland of the third eyelid (SGTE), the deep gland of the third eyelid (DGTE) and lacrimal gland
(LG) in the okapi, the Père David's deer and the Philippine mouse-deer.

Examined gland Species Capsule Interlobar septal Serous acini - outer Mucous acini -outer Tubular 
thickness (µm) thickness (µm) diameter (µm) diameter (µm) diameter (µm)

SGTE Okapi 373.72±23.9 76.36±21.01 N/A N/A 60.12±9.2
Père David’s deer 705.47±15.96 141.33±52.8 N/A 39.11±3.1 72.65±3.7
Philippine mouse-deer 146.51±8.3 95.49±24.9 27.12±1.7 N/A 35.19±1.5

DGTE Okapi N/A N/A N/A N/A N/A
Père David’s deer 163.1±20.9 105.24±53.6 30.57±3.5 41.26±3.8 55.41±3.7

mucouserous acini
Philippine mouse-deer 523.64±41.8 221.23±19.5 21.26±0.4 N/A 55.42±1.7

LG Okapi 746.38±145.27 370.11±80.4 N/A N/A 63.81±12.9
Père David’s deer 383.55±28.2 194.73±53.6 31.37±2.1 30.25±3.3 55.88±11.2
Philippine mouse-deer 159.86±10.8 85.79±4.7 25.82±2.5 22.78±1.9 43.22±2.3

Values are expressed as mean ± standard deviations. N/A, not analysed.



David’s deer with a characteristic nucleus and cytoplasm
as well as in the Philippine mouse-deer (Fig. 6I).
The deep gland of the third eyelid

Gross anatomy
The deep gland of the third eyelid in the Père

David's deer and the Philippine mouse-deer was located
on the ventral rectus muscle in the medioventral part of
the periorbita. This gland contacted the superficial gland
of the third eyelid and the ventral oblique muscle. There
was a single duct on the medial surface of the gland,
which opened on the orbital surface of the third eyelid.
The deep gland of the third eyelid in the Père David’s
deer and Philippine mouse-deer was almost round and
slightly pink. The Père David's deer had the largest deep
gland of the third eyelid (Table 4), while the gland was
absent in the okapi.

Histological study
In Père David’s deer and the Philippine mouse-deer,

the deep gland of the third eyelid was a multilobar
tubuloacinar gland covered by a thick connective tissue
capsule consisting of collagen and elastic fibers (Fig.
7A,B, Table 5). It contained numerous adipose cells in
both species, and these were present in the interlobar
septae in the Philippine mouse-deer. The interlobar
septae divided the gland into numerous large lobes and
single smaller ones in Père David’s deer (Fig. 7C). In the
Philippine mouse-deer, the septae divided the
parenchyma into single small lobes.

In Père David’s deer, glandular lobes were formed
from dominating serous secretory cells with a small
lumen and tall conical cells with a basophilic cytoplasm
and a second, less abundant type of mucoserous cells
(Fig. 7D). The latter cells formed crescent-shaped
patches with mucous tubule cells surrounded by serous
cells, creating serous demilunes, confirmed using the
Movat-pentachrome stain. In contrast to Père David’s
deer, the secretory units in the Philippine mouse-deer
contained a small lumen composed of tall conical cells
with an eosinophilic cytoplasm (Fig. 7E). The Movat-
pentachrome stain did not reveal any mucous acini
(negative reaction). The tubules in the Père David’s deer
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Fig. 8. Light micrograph of the histological study
of the lacrimal gland in the okapi (A, D, G), the
Père David’s deer (B, E, H) and the Philippine
mouse-deer (C, F). (B, E, H&E stain; G, picro-
Mallory tr ichrome stain; H, methyl-green
pyronian Y stain; D, F, Movat-pentachrome
stain; A, Masson-Goldner trichrome stain; C,
azan trichrome stain). a, acini; at, adipose
tissue; c, capsule; ct, connective tissue; is,
interlobar septa; l, lobes; my, myoepithelial cells;
md, main duct; mucous units; mua, mucous
acini; pc, plasma cells; tu, tubules. Scale bars:

A, B, E, G, 200 µm; C, F, 50 µm; D, 100 µm; H, 10 µm.



and Philippine mouse-deer had a large lumen and were
composed of a single layer of cubic cells. 

In the Père David’s deer, single and poorly branched
main duct was visible in the connective tissue stroma,
composed of a simple cuboid epithelium with goblet
cells, while in Philippine mouse-deer this duct was
absent.

The MGP Y stain showed numerous plasma cells in
Père David’s deer (Fig. 7F) and numerous clusters of
plasma cells in the glandular interstitium of the deep
gland and a single lymph follicle in the Philippine
mouse-deer (Fig. 7G).
The lacrimal gland

Gross anatomy
All the examined lacrimal glands were light pink.

The lacrimal gland in the Père David’s deer and
Philippine mouse-deer consisted of two parts: the orbital
part and the palpebral part. The lacrimal gland (orbital
part) was flat and triangular in the Père David’s deer and
elongated in the okapi and Philippine mouse-deer. The
orbital part was located in the dorsolateral angle of the
periorbita between the dorsal rectus and lateral rectus
muscles. The palpebral part of the gland was located
within the superior palpebra. The secretion from the
gland entered the conjunctival sac through multiple
small excretory ductules, which opened into the upper

conjunctival fornix. The lacrimal gland was the longest
and widest in the Père David’s deer and the smallest in
the Philippine mouse-deer (Table 4).

Histological study
The histological examination revealed the presence

of a palpebral part of the lacrimal gland in the Père
David’s deer (Fig. 4A) and the Philippine mouse-deer
(Fig. 4B). The lacrimal gland was a branched multilobar
tubular complex gland (Fig. 8A) in the okapi, and a
multilobar tubuloacinar gland in Père David’s deer (Fig.
8B) and the Philippine mouse deer (Fig. 8C). It was
covered by a connective tissue capsule, which consisted
of collagen fibers, elastic fibres and blood vessels and
was surrounded by adipose tissue in the okapi and Père
David’s deer (Table 5). The connective tissue capsule
was the thickest in the okapi (Table 5). The absence of
adipose tissue in the connective tissue capsule seemed to
be a feature of the Philippine mouse-deer. The capsular
connective tissue penetrated into the glandular
parenchyma forming septae, which divided the gland
into big lobes in the okapi and Philippine mouse-deer
(Fig. 8C) and into numerous large and single small lobes
in Père David’s deer (Fig. 8B). In the okapi, the lobes
were composed of mucous units forming tubular
secretory portions, which were branched and folded
(Fig. 8D). The mucous units were surrounded by
myoepithelial cells. In the Père David’s deer, the serous
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Fig. 9. Light micrograph of the histochemical study of the upper and lower eyelids (A, B), the third eyelids (C), the superficial gland of the third eyelid
(D, E), the deep gland of the third eyelid and the lacrimal gland (E) in the okapi (D), the Père David’s deer (A, C, E) and the Philippine mouse-deer (F).
(A, E, PAS stain; C, alcian blue pH 2.5 stain; D, F, HDI stain). gc, goblet cells; lf, lymphoid follicle; sg, sebaceous gland; swg, sweat gland; tg, tarsal
gland; red asterisk, HDI positive reaction rated as +/++ (D) in the superficial gland of third eyelid in the okapi, PAS positive reaction rated as +/++ (E) in
the lacrimal gland in the Père David’s deer, black asterisk - middle (++) HDI positive reaction (F) in the superficial gland of third eyelid in the Philippine
mouse-deer. Scale bars: A, 200 µm; B, E, F, 20 µm; C, 50 µm; D, 100 µm.



acini containing an irregular lumen were composed of
tall conical cells with a basophilic granular cytoplasm
(Fig. 8E). The myoepithelial cells were located between
the secretory cells and the basal lamina. The Movat-
pentachrome stain revealed the presence of single
mucous acini. In contrast to Père David’s deer, the acini
in the Philippine mouse-deer were composed of tall
conical cells with an eosinophilic cytoplasm. The
Movat-pentachrome staining showed the presence of
single weakly stained acini with mucous character (Fig.
8F). In the Père David’s deer and Philippine mouse deer,
tubules that had a large lumen were composed of a
single layer of cubic cells.

Numerous long main ducts in the interlobar
connective tissue were a feature of the okapi lacrimal
gland (Fig. 8G). The main ducts were composed of a
simple columnar epithelium with goblet cells. In the
Père David’s deer, single and poorly branched main
ducts were present in the interlobar septa, while there
was no main duct in the Philippine mouse-deer.

In the okapi, no plasma cells were observed in the
glandular interstitium. On the other hand, the MGP Y
staining showed numerous plasma cells in Père David’s
deer (Fig. 8H), while the lacrimal gland of the Philippine
mouse-deer had single plasma cells located in the
interstitium of the gland. 
Histochemical study

The histochemical analysis revealed that the tarsal
glands and sebaceous glands showed a PAS and Alcian
blue pH 2.5 negative reaction, while the sweat glands
gave a weakly PAS and Alcian blue pH 2.5 positive
reaction (Fig. 9A, Table 6). The goblet cells located in
the conjunctival epithelium in both eyelids gave a
moderately PAS and Alcian blue pH 2.5 positive

reaction (Fig. 9B). In contrast, the goblet cells in the
conjunctival and ocular surface of the third eyelid gave a
strongly PAS and Alcian blue pH 2.5 positive reaction
(Fig. 9C). 

The histochemical study indicated that the
superficial gland of the third eyelid and lacrimal gland in
the okapi secreted a mucous substance (Fig. 9D, Table
6). The goblet cells of the main ducts in the orbital gland
in the okapi and Père David’s deer were strongly PAS
and Alcian blue pH 2.5 stain positive and moderately
HDI positive. The superficial gland of the third eyelid,
the deep gland of the third eyelid and the lacrimal gland
in Père David’s deer contained a mucoserous secretion
(Fig. 9E, Table 6). In the Philippine mouse-deer, these
glands contained a serous secretion (Fig. 9F, Table 6).
Discussion

In the present study, several different features of the
macroscopic and microscopic structures of the upper,
lower and third eyelids, superficial gland of the third
eyelid, deep gland of the third eyelid and lacrimal gland
were found in captive ruminants. The changes observed
in the three studied species of the Artiodactyla order
may be understood within an ecological context and may
be associated with different habitat-specific
environmental conditions. The okapi or Philippine
mouse-deer inhabit damp forest areas, while the Père
David’s deer is currently found only in captivity.
However, it used to inhabit swampy areas. A genetical
analysis of the Père David’s deer confirmed that it
descends from an ancient introgressive hybridization
event between parent species that were not closely
related (Pitra et al., 2004). Moreover, the biological
rhythm may affect the morphology of certain glands,
particularly in males that are active during the
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Table 6. Histochemical analysis of the upper, lower and third eyelids, superficial gland of the third eyelid, deep gland of the third eyelid and lacrimal
gland of the okapi, Père David’s deer and Philippine mouse-deer.

Species Region PAS Alcian blue pH 2.5 HDI

Histochemical features of selected organs in the three examined species
tarsal glands - - N/A

sebaceous glands - - N/A
sweat glands + + N/A

conjunctival surface of the upper and lower eyelids - goblet cells ++ ++ N/A
conjunctival and ocular surface of the third eyelid - goblet cells +++ +++ N/A

Okapi SGTE +++ ++ +/++
LG ++ +++ +++

main ducts of LG +++ +++ +
Père David’s deer SGTE +++ ++/+++ ++/+++

DGTE ++ ++ +/++
LG +/++ + +/++

Philippine mouse-deer SGTE -/+ -/+ ++
DGTE +/++ ++ -/+

LG ++ ++ +/++

N/A, not analysed.



reproduction season, which is evident in Cervidae (Pitra
et al., 2004). The natural habitat of the okapi, endemic to
Congo, and the Phillipine mouse-deer, endemic to
Indonesia, also significantly impacted the development
of certain morphological traits in these species. 
The upper and lower eyelids

The upper and lower eyelids in the examined
ruminants had a similar anatomical and histological
structure other mammals (Dyce et al., 1996; Nickel et
al., 2004; Gellat, 2007) although there were some
differences in the eyelid structure and the conjunctiva-
associated lymphoid tissue (CALT). 

The eyelash morphology differed between the
studied species. Long and thick eyelashes were present
on the upper eyelid of the Père David’s deer, which
suggests they serve a greater protective role in this
species than in the okapi or the Philippine mouse-deer.
In the latter two species, the lower eyelid did not contain
any eyelashes, while the eyelashes of the upper eyelid
were delicate. Hence, the folds of the upper and lower
eyelid played a major protective role in those species.
Contrary to our findings, Constanstinescu and Moore
(1998) reported that eyelashes were present in both
eyelids in small ruminants. However, the eyelashes of
the upper eyelid were more developed than those of the
lower eyelid in the ox (Diesem, 1975), which is similar
to the Père David’s deer. The eyelashes in the camel
were also reported to be well developed (Ibrahim, 1990),
which is associated with the habitat that was
significantly different to that of the Philippine mouse-
deer and the okapi. These species naturally inhabit
wetlands, and their mucous membranes are not exposed
to conditions causing dry-eyes. 

In the orbital zone of the lymphoid region, there was
no significant difference in the number of layers of cells
between the three examined species. However, a
strongly positive PAS and AB pH 2.5 reaction in this
area was similar to the findings in the dromedary camel
(Camelus dromedarius) (Al-Ramadan, 2015). The non-
lymphoid region of the orbital zone in the Philippine
mouse-deer was similar to those in cattle (Bayraktaroglu
and Asti, 2009). In contrast, there were single or double
layers of squamous epithelial cells with numerous goblet
cells in the okapi and the Père David’s deer. In mammals
and adult birds, the CALT consists of numerous
lymphoid follicles located immediately beneath the
conjunctival epithelium of the upper and lower palpebra
and numerous disseminated follicles located in the
lamina propria of the upper and lower mucous
membrane (Fix and Arp, 1991; Khan et al., 2007; Steven
et al., 2008). In the current study organized lymphoid
follicles and diffuse lymphocytes - CALT were observed
in the upper and lower eyelids in the okapi and Père
David’s deer, but the CALT was mainly located in the
lower eyelid rather than the upper eyelids, which
differed from cattle (Bayraktaroglu and Asti, 2009). In
the Philippine mouse-deer, diffuse lymphocytes were

present in both eyelids, which had previously been
reported by Al-Ramadan (2015) in the dromedary camel
and in Angora goats (Asti et al., 2000). In humans and
animals, the ocular immune system protects the eye from
different diseases which cause conjunctivitis, e.g.
bacterial, viral and toxic infections, allergy and the dry-
eye syndrome (Siebelmann et al., 2013; Oria et al.,
2014). Although the Philippine mouse-deer has poorly-
developed eyelashes, it contains CALT in both eyelids,
which suggests that the immune system plays an
important protective role against foreign bodies and
microorganisms in this species. In the three studied
species, our findings of the morphological features of the
eyelid glands were consistent with those carried out in
other animals, where the tarsal glands in both eyelids
formed large yellow columns arranged parallel to each
other and perpendicular to the posterior palpebral margin
(Fahmy et al., 1971; Hifny et al., 1985; Gilbart et al.,
1989; Hoffman et al., 1997; Sullivan et al., 1998;
Rehorek et al., 2010; Al-Ramadan, 2015). Numerous
sebaceous and sweat glands in the eyelid stroma of both
eyelids were comparable to those in other ruminants:
cattle, dromedary camels and the brown brocket deer
(Ikeda, 1953; Ibrahim et al., 1992; Ajmat et al., 2004;
Nickel et al., 2004; Al-Ramadan, 2015). Conversely,
according to Diesem (1975), the sebaceous glands in
sheep and goats are not associated with hair follicles and
the main duct is lined with a stratified squamous
epithelium. 
The superficial gland of the third eyelid

The superficial gland of the third eyelid was the
largest in the okapi and was circular in all the studied
ruminants. Its location was similar to that in other
Artiodactyla (Fahmy et al., 1971; Dyce et al., 1996;
Schlegel et al., 2001; Pinard et al., 2003b; Rehorek et al.,
2007; Mohammadpour, 2009; Al-Ramadan and Ali,
2012; Klećkowska-Nawrot et al., 2015a,b). The gland
size was directly associated with the size of the animal
as the smallest gland was found in the Philippine mouse-
deer. We did not study the relationship between body
weight and the weight of individual glands. It would also
be interesting to compare the gland size depending on
the stage of the reproductive cycle in individual species.
An oval-shaped superficial gland was reported in roe
deer (Capreolus capreolus) (Klećkowska-Nawrot et al.,
2013), in the one-humped camel (Mohammadpour,
2009; Al-Ramadan et Ali, 2012) and alpaca
(Klećkowska-Nawrot et al., 2015a), while it had a
triangular shape in the dromedary camel (Fahmy et al.,
1971; Ibrahim, 1990). The shape of this gland in our
study was different to the superficial gland in the
European bison in which this gland was bipartite with an
accessory lobe (Klećkowska-Nawrot et al., 2015b). 

In the examined species, the histological analysis
revealed that the superficial gland of the third eyelid was
similar to the same gland in the alpaca (Vicugna pacos),
Lori sheep and the European bison (Abbasi et al., 2014;
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Klećkowska-Nawrot et al., 2015a, 2015b). The
histochemical findings in the present study revealed that
the superficial gland in the okapi had a mucous character
similar to that in the one-humped camel (Al-Ramadan
and Ali, 2012). In the Père David’s deer, the glands had
a mucoserous secretion similar to that in the European
bison, alpaca and roe deer (Klećkowska-Nawrot et al.,
2013, 2015a, 2015b) but different from that in
Philippine-mouse deer. According to Rehorek et al.,
(2007), the superficial gland in the Chinese muntjac
contains typical pyramidal seromucous cells that react
PAS positively. In the fallow deer, these cells showed an
M-BPB positive reaction signifying the presence of
protein and an ORO positive reaction signifying the
presence of lipids. 
The third eyelid

Small ruminants and the one-humped camel were
reported to have a similar third eyelid shape to both Père
David’s deer and the Philippine mouse-deer, while an
anchor shape of the third eyelid was found in the alpaca
and European bison (Schlegel et al., 2001; Al-Ramadan
and Ali, 2012; Klećkowska-Nawrot et al., 2015a,
2015b). Schlegel et al. (2001) described the cartilage in
small ruminants as a thin rod that extended distally in a
slightly curved form in a crescent-like shape. 

Similar histological structure findings in the third
eyelid were observed in domestic and wild ruminants
(Fahmy et al., 1971; Smollich and Michel, 1992;
Mohammadpour, 2009; Klećkowska-Nawrot et al.,
2015a, 2015b; Salman, 2016). In contrast to our study,
the cartilage of the third eyelid in the one-humped camel
was composed of elastic tissue (Schlegel et al., 2001; Al-
Ramadan and Ali, 2012). 

Our study found numerous lymph follicles in the
lymphoid region of the ocular surface of the third eyelid
in the okapi and Père David’s deer. Al-Ramadan and Ali
(2012), Banks (1993), Ibrahim (1990), and Hifny and
Aly (2006) also reported that the third eyelid contained
many lymph follicles and diffuse lymphocytes scattered
in the subconjunctiva along the bulbar surface in the
one-humped camel, ox, sheep and buffalo. In the
Philippine mouse-deer, the bulbar surface of the third
eyelid only contained diffuse lymphocytes.
The deep gland of the third eyelid

The deep gland of the third eyelid was present in
Père David’s deer and the Philippine mouse-deer and it
is comparable to other ruminants, such as the European
bison, roe deer doe, American bison, cattle, Chinese
muntjac (Muntiacus reevesi) and fallow deer (Dama
dama) (Pinard et al., 2003b; Rehorek et al., 2007;
Klećkowska-Nawrot et al., 2008; 2015b). However this
gland had different shapes in different mammals. It was
elongated and tubular with a smooth exterior in the
American bison (Pinard et al. 2003b), more triangular in
cattle, and oval in the European bison and roe deer doe

(Klećkowska-Nawrot et al., 2008; 2015b). In our study,
the gland differed in colour between animals. The
difference was also observed between the one-humped
camel, where it was pinkish or reddish (Fahmy et al.,
1971) and the buffalo and the camel where it was brown
(Ibrahim, 1990). Diesem (1975) reported that similarly
to okapi, this gland was absent in sheep and goats,
however the superficial gland of the third eyelid in these
species was large. 

Compared to the same gland in the Père David’s
deer and other ruminants, the deep gland in Philippine
mouse-deer had a connective tissue capsule, which did
not appear as a distinct compact structure but formed
thick interlobar septae that divided the parenchyma into
single lobes. Interestingly, although the connective tissue
capsule was the smallest in the Philippine mouse deer, it
was thickest if regarded in relation to the size of the
entire organ. Salman (2016) reported that in the local
buffalo, this gland consisted of acinar serous and mucous
units lined by simple columnar epithelium tissue.
According to Klećkowska-Nawrot et al., (2015b), the
deep gland in the European bison was similar to that of
the Philippine mouse-deer. Hraste et al. (1996) reported
that the acini in the deep gland of the red deer doe
(Cervus elaphus) and the roe deer doe (Capreolus
capreolus) contained highly prismatic glandular cells,
which were arranged more densely in the roe deer doe
than in the red deer doe. Our study showed some
differences between Père David’s deer and the Philippine
mouse-deer, which were also reported in cattle (Pinard et
al., 2003b), the Chinese muntjac (Rehorek et al. 2007),
the dromedary camel (Abuelhassan, 1999) or Bubali
bubalis (Salman, 2016).

We also noted some differences based on the
histochemical analysis, which indicated the presence of
cells producing different secretions depending on the
species and natural habitat of the animals. This was also
reported in the European bison (Klećkowska-Nawrot et
al., 2015b), American bison and cattle (Pinard et al.,
2003b), Chinese muntjac and fallow deer (Rehorek et
al., 2007) and dromedary camel (Abuelhassan, 1999). 
The lacrimal gland

Our study revealed the presence of a palpebral part
of the lacrimal gland in the Père David’s deer and the
Philippine mouse-deer, which is also found in humans
(Obata, 2006). The lacrimal gland was similar in
appearance in the European bison, the alpaca, the roe
deer, the Lori sheep and the Philippine buffalo (Bubalus
bubalis), where it was undivided and distinctly
lobulated. In cattle, on the other hand, the lacrimal gland
had an accessory lobe (Pinard et al., 2003b; Maala et al.,
2007; Abbasi et al., 2014; Klećkowska-Nawrot et al.,
2013, 2015a, 2015b). Our study showed that the lacrimal
gland was the longest in the Père David’s deer and that
its length was comparable to that in the European bison
and American bison (Pinard et al., 2003b; Klećkowska-
Nawrot et al., 2015b). 
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The lacrimal gland secretion differed in the three
studied species and was mucous in okapi, mucoserous
in the Père David’s deer and serous in the Philippine
mouse-deer. The studies by Shadkhast and Bigham
(2010) on the Iranian River buffalo, by Abbasi et al.
(2014) on Lori sheep and by Kühnel (1968c) on the
bovine lacrimal gland showed it had a similar structure
to that of the Père David’s deer. The lacrimal gland in
the European bison and alpaca was similar to that of
the Philippine mouse deer (Klećkowska-Nawrot et al.,
2015a, 2015b). Ceccareli et al. (1998) and Gargiulo et
al., (1999) found that the lacrimal gland in sheep had
serous, mucous and seromucous types of cells
classified on the basis of the granule ultrastructural
features, while the lacrimal gland in camels (Camelus
dromedarius) was composed of serous and mucous
acini (Ibrahim and Abdalla, 2015), similarly to Père
David’s deer.
Conclusions

The detailed analysis of chosen structures of the
accessory organs of the eye in three captive ruminants
revealed structural differences, especially in the type of
glandular tissue. The diverse secretory content, which
was determined based on histochemical analyses, may
reflect differences in the natural habitats of these species.
Future studies are needed for identification of the
potential differences between male and female orbital
glands morphology in each species of examined
ruminants. Additionally some of the features of the
glands microstructure especially in male can be related
with the season of the year, including the reproduction
activity. 
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