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Abstract

The aim of this study was to describe the gross anatomy, morphometry, histology and histochemistry of
the harderian gland in goats. A total number of six goat heads from three adult male and three adult
females with an average age ranged from (7-9) months were collected from the corporation slaughter
house, Perambur, Chennai. Right and left eyes were dissected out from six heads and harderian glands
were obtained. The harderian gland of both male and female goats was heart shaped with two lobes
(dorsal and ventral). The mean size of the gland was recorded as length 11.1 + 0.11 mm, width 12.1
+0.11 mm and thickness 5.0 = 0.08 mm on the right side and length 12.1+ 0.11 mm, width 12.5 + 0.11
mm and thickness 6.0 + 0.08 mm on the left side. Histologically, the gland was a holocrine compound
tubuloalveolar gland. A thin connective tissue capsule surrounded the gland and septa divided the gland
into lobes and lobules. The acini were lined with a single layer of columnar cells with small
intracytoplasmic eosinophilic vacuoles apically and spherical nucleus with prominent nucleolus basally
and were frequently binucleated. Fusiform shaped myoepithelial cells with elongated nucleus were found
between the basal surface of the epithelial cell and the basement membrane. Duct system started with
intralobular and interlobular duct and was drained with main excretory duct which opened into the inner
surface of the nictitating membrane. Intralobular duct was lined with columnar epithelium. They
converged into an interlobular duct to join the main collecting duct, with lining epithelium from stratified
columnar to stratified squamous near its end. Histochemical studies with PAS stain revealed weak
reaction in the capsule and septa and strong reaction in the cytoplasm of the acinar cells.
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1. Introduction

The harderian gland is a paraorbital tubulo-alveolar gland located within the orbit on the
medial aspect of the eyeball in animals which possess nictitating membrane (third eyelid). It is
a nictitating membrane which is comparable to the conjunctival fold of the human eye, but is
less prominent in mammals. Harderian gland is primarily found in terrestrial vertebrates which
support to the fact that it evolved with the lacrimal glands and lubricated the nicticating
membrane and cornea ?°1. A prominent harderian gland is present in mammals, amphibians
and birds with a well-developed nictitating membrane but the gland is absent in primates and
carnivores %8, The harderian gland is compound tubular or compound tubulo-alveolar which
indicates that the gland has branched duct system and tubular alveoli.

Functions of this gland are lubrication of the eye in mammals, thermoregulation,
photoprotection in rodents and a source of either pheromones or growth factors in rodents [,
Contrasting biochemical and physiological characteristics of the harderian gland namely
sexual dimorphism, photosensitivity, synthesis of hormones, assisting the thermoregulatory
behaviours and production of pheromones have been identified ?% 281, In addition to that it also
plays an immunological role 071,

There are many investigations of the harderian gland in camel 2, Mongolian gerbils [?],
domestic fowl Y, domestic duck, fowls, turkeys and ducks . The reports on the harderian
gland in the goats are scanty. In the present work, gross studies, histological and histochemical
observations have been performed to study the structure of the harderian gland of both male
and female goats.

2. Materials and Methods

A total number of six goats heads from three adult male and three adult females with an
average age ranged from (7-9) months were collected from the corporation slaughter house,
Perambur, Chennai.
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The harderian gland was dissected out and gross observations
were recorded. Morphometrical parameters like length, width,
thickness of the gland were measured using a scale and
thread. Then the glands was washed in normal saline, mopped
with blotting paper and fixed in 10 per cent neutral buffered
formalin, Bouin’s solution and Zenker fixatives. After 24
hours of fixation, the tissues were processed by dehydrating in
ascending grades of isopropyl alcohol (70%, 80%, 90%, 95%,
100% and 100%). For each grade of alcohol one hour was
provided. After dehydration, the tissue was transferred to
three changes of xylene for ninety minutes for clearing
purpose. Then the tissues were impregnated in the liquid
paraffin at 60°C temperature for ninety minutes and were
repeated again. Finally the tissues were embedded in paraffin
wax (melting point 58-60°C) to prepare paraffin tissue blocks.
Afterwards 3-5 um thickness tissue sections were prepared by
using Leica rotary microtome. After sectioning of paraffin
block, the slices were floated on warm water in a water bath
at 45°C for stretching. Then the sliced tissue was placed on
grease free clean glass slide using adhesive like Mayer’s egg
albumin. Then the glass slides were dried at 37°C temperature
for 24 hours in an incubator. After drying the slides, the tissue
sections were stained by using the following methods;
Haematoxylin and eosin (H&E) stain for general tissue
structure, Masson’s trichrome stain for demonstration of
collagenous fibers and smooth muscle cells, Gomori’s method
for Reticulum for demonstration of reticular fibers, Weigert’s
stain for demonstration of elastic fibers, Periodic acid- Schiff
(PAS) stain for demonstration of glycoprotein (neutral
mucosubstances), Alcian blue ph 2.5 for demonstration of
acidic mucosbstances, Unna’s method for the demonstration
of mast cells and Van Geison’s method for demonstration of
Collagen fibres B, The images were photographed by the
Leica computed image analyser and stored. The above
morphometric data were analysed statistically and presented
as Mean + Standard deviation.

3. Results and Discussion

3.1 Gross Observation

The gross observation of the harderian gland of both male and
female goats revealed that they are the second largest orbital
gland next to the lacrimal gland and was located in the medial
side of the orbital cavity (Fig. 1). The harderian gland was
observed to be bilobed with small dorsal lobe and large
ventral one and seen as the heart shaped in the medial canthus
below the nictitating membrane (Fig. 2) but the gland was
dissimilar to the present study as it was oval in the European
bison and elongated-triangular with a cobble-stoned proximal
part and a smooth distal portion in the American bison and
cattle 2, According to El-leithy [, the gland was bilobed
with small white lobe and large pink one in rabbits which was
similar to the present study. The gland was located between
medial rectus, inferior oblique muscle and third eyelid. This
finding is similar to the findings for rat and other rodents [,
The outer surface of the gland was lobulated and was pale
pink in colour.

Fig 1: Photograph showing the left harderian gland (H) of adult goat

3.2 Morphometry

The mean size of the gland in the present study was recorded
as length 11.1 £ 0.11 mm, width 12.1 £0.11 mm and thickness
5.0 £ 0.08 mm on the right side and length 12.1+ 0.11 mm,
width 12.5 + 0.11 mm and thickness 6.0 + 0.08 mm on the left
side. This is contrary to the finding for the European Bison [17]
and pigs % in which the measurements were found to be
larger when compared to the goat. These may be due to the
species difference and size of the eyeball in relation to the
size of the head.

? b 4
Fig 2: Harderian gland of right (R) and left (L) eye each showing dorsal (D) and ventral (V) lobes

3.3 Histology and histochemistry

Histologically, the gland was surrounded by a thin irregular
connective tissue capsule and septa from the capsule divided
the gland into lobes and lobules (Fig. 3). These findings
simulate the results for hamsters 2, pig [l and bison 7). In
mice, Yamashita et al. ¥ found an external endothelial layer
on the outer surface of the capsule but was not found in this
study and it was absent in the rat % and bison 71, Capsule
was composed of collagen, elastic and reticular fibres (Fig. 4,
5 and 6) with fibroblasts, melanocytes, adipose tissue, nerve

~ 1414~



Journal of Entomology and Zoology Studies

bundles (Fig. 7), lymph nodes (Fig. 8) and mast cells. This is
in agreement with results for rabbits % in which mentioned
that elastic fibers were detected in the capsule of rabbits. In
the present study, the reticular fibers were thick in the capsule
and septa and form a thin network between and around the
acini. Similar findings also have been reported in domestic
Geese 161, The interstitial tissue was sparse and had fibroblast,
collagen, blood vessels, lymphocytes and nerves. Numerous
adipocytes penetrated into the glandular tissue together with
the connective tissue and surrounded the lobules (Fig. 4).
Similar reports were observed in Alpaca [81,

Fig 6: Photomicrograph showing reticular fibres in the capsule (C)
and septa (S) and surrounding the acini (A) Gomori’s reticulin
method x 100

Fig 3: Photomicrograph showing the collagen fibres in the capsule
(Ca) and Septa (S) dividing the parenchyma into lobes (L) and
lobules (LL) C — Cartilage ID — Intralobar duct LD — Interlobar duct
Massons Trichrome x 100

Fig 7: Photomicrograph showing the presence of Nerve fibres (N)
surrounded by Adipose tissue (AT) below the capsule (C) L — Lobe
LL — Lobule S — Septa LD — Intralobar duct H X E x 100

Fig 4: Photomicrograph showing collagen fibres in the septa (S) and
adipose tissue (A) surrounding the lobes (L) Van Gieson x 100

200 Tl SERS S TG H S

Fig 8: Photomicrograph showing the presence of Lymph node (LN)

adjacent to the harderian gland and cartilage (C) CT — Capsule L —
Lobes D — Intralobar duct Massons Trichrome x 100

The harderian gland of goat was an exocrine holocrine sero-
mucoid compound tubulo-alveolar gland. This supports the
results of harderian gland in rabbit 1% domestic geese (6,
domestic chicken % alpaca [l and pigs [, Sexual
dimorphism was not observed in the harderian gland of goat
morphologically and histologically, which is in agreement
with findings for desert rodent 1. However, a clear sexual
- dimorphism has been observed in the harderian gland of
Fig 5: Photomicrograph showing elastic fibres in the capsule (c) golden hamster in the number of the cell types, ultrastructural
Weigart’s Stain x 400 features and abundance of the interstitial cells [27, €
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The acini of the harderian gland of goat were variable in
shape and size but some appeared large with relatively wide
lumen (Fig. 9). The acini were lined with a simple epithelial
layer of columnar cells, this finding is in agreement with the
study for bison [*71 and pigs [?1. But in rabbits the presence of
two epithelial cell types was found viz. one type with small
intracytoplasmic lipid vacuoles and the other with large ones
1, Harderian gland with two epithelial cell types was also
found in male golden hamster 2! and in Gerbil 1?°I, Harderian
gland with one epithelial cell type was found in female golden
hamster [21,

The acini were lined with columnar epithelial cell layer with
acidophilic cytoplasm at the apical part and small to medium
sized intracytoplasmic lipid vacuoles with round nucleus with
prominent nucleolus at the basal part (Fig. 9). Some columnar
cells were often binucleated. These results are in line with the
findings in type I cell of plains mouse 1%, bison 71 and pigs
(231 Some small intracytoplasmic lipid vacuoles were also
observed at the apical part of the cell. Goblet cells were not
seen in the acinar cells.

Gesase and Satoh 2 mentioned that when the secretory
process accompanied by the loss of the cytoplsamic fragments
into the lumen which was considered as an apocrine secretion.
The results in the present work showed that there were
numerous cytoplasmic bleb like protrusions at the luminal
surface of the epithelial cells. Some of these cytoplasmic
blebs along with the nucleus were separated into the lumen of
the secretory acini and hence was considered as a holocrine
secretion (Fig. 9). This observation agrees with the results for
bison 71 and pigs 2% and not supportive with the findings for
the plain mouse [, rodents [, rabbit ™% who reported the
secretion as apocrine.

Histochemical studies with PAS stain revealed weak reaction
in the capsule and septa and strong reaction in the cytoplasm
of the acinar cells (Fig. 10). The reaction was confined to the
apical part, basement membrane and the luminal secretory
materials and the cytoplasmic bleb like protrusion which
proved the presence of neutral or weakly acidic glycoproteins
(Fig. 11) whereas in domestic fowl B4, rabbits %, domestic
geese (1% and pigs %1, weak reaction was found.

Alcian blue staining in this study showed a negative reaction
in agreement with the findings for rabbits 1% whereas it
showed a strong reaction at ph 2.5 for domestic fowl 24,
domestic geese €1 and in ospery 4.

Fig 9: Photomicrograph showing acini in various size and shape with
intracytoplasmic budding (c) and showing spherical nucleus (N) with
apical eosonophilic granular cytoplasm with vacuoles (E) H & E x
1000

Fig 10: Photomicrograph showing mild PAS positive reaction in the
capsule (Red arrow) and Septa (Yellow arrow) PAS x 400

Fig 11: Photomicrograph showing strong PAS positive reaction in
the apical (E) part of the acini (A) B — Nucleus PAS x 1000

Fig 12: Photomicrograph showing Myoepithelial cells (Arrow)
between basal part of acinar (A) epithelial cells and basement
membrane H & E x 1000

In the present study, the alveoli were surrounded by basal
myoepithelial cells. This finding simulated the results for the
gerbils 281, mouse ?%, one humped camel 1, rabbit [% bison
17 and pigs . The nuclei of myoepithelial cell were
elongated oval, lied parallel and interposed between the basal
surface and the basement membrane (Fig. 12). The main
function of myoepithelial cells in any exocrine gland is to
expel their secretory products into the lumen of the acini by
their contraction 21,

In the present investigation, bundles of myelinated nerve
fibers were detected above the capsule (Fig. 7). Plasma cells
were detected beneath the capsule, in the interlobular septa
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and in the interstitial tissue. This agreed with the findings for
the rabbit, rat and guinea pig [, domestic geese '], osprey [19]
and sheep M. Scott et al. ] mentioned that the harderian
gland was a site of unusual plasma cell proliferation. The
plasma cells secreted different classes of immunoglobulins.
He also stated that these immunoglobulins afforded the upper
respiratory tract with protective antibodies through the tears.
In goat harderian gland, there was a distinct duct system. It
started with intralobular and then interlobular duct and was
drained with main excretory duct which opened into the inner
surface of the nictitating membrane. Similar findings were
observed in the findings for one humped camel ™ and pigs
(231, However, these findings disagreed with that for wistar rat
B and Eltony 1 in rabbit who mentioned that the duct
became distinct only when it left the gland tissue.

Fig 13: Photomicrograph showing Intralobular duct (IL) lined by
simple cuboidal epithelium and Acini (A) H & E x 1000

Fig 14: Photomicrograph showing Intralobar duct (1) lined by
Stratified cuboidal epithelium with Goblet cells (G) H & E x 1000

The intralobular duct was lined with simple cuboidal
epithelium (Fig. 13) which was similar to that found in one
humped camel 4 and in pigs 2. This duct along its course
their epithelium becomes stratified cuboidal but in one
humped camel, it was lined with simple columnar epithelium.
The interlobular duct continued with simple columnar
epithelium in one humped camel but in our investigation
appears to be lined with stratified columnar epithelium. Payne
(211 mentioned that, epithelial cells become squamous at the
distal part of the duct which was similar to our findings. In the
present investigation, the epithelial lining of the duct system
showed PAS positive granules and the excretory duct showed
goblet cells in between with the strong PAS reaction (Fig. 14).
Burns and Maxwell B! mentioned that the goblet cells in

epithelial cells of ducts were weakly PAS-positive in turkey,
duck, and aged hens. The mucous secreted from these cells
might play a role in the lubrication and protection of the eye
8]

4. Conclusion

Harderian gland was the second largest orbital gland and was
located medially in the orbit. It was bilobed with small dorsal
lobe and large ventral one and heart shaped in goats of both
sexes. The mean length, width and thickness of the gland
corresponded to the eye size. Harderian glands were exocrine
holocrine seromucoid compound tubuloalveolar gland. It was
composed of lobes and lobules with acini of different sizes
and shapes. Each acini was lined with a layer of columnar
cells and a layer of flat basal cells resting on a basement
membrane — myoepithelial cells. The duct system was
initially intralobular, and then become interlobular, and
finally empty into intralobar ducts. PAS staining revealed
weak reaction in the capsule and septa and strong reaction in
the cytoplasm of the acinar cells. The present study was
carried out to understand the gross anatomy, morphometry,
histology and histochemistry of harderian gland in goats.

5. References

1. Abd El Hafez EA, Abou-Elhamd AS, Hassan AHS.
Effects of Administration of Melatonin on the Harderian
Gland of Sheep. Journal of Interdisciplinary
Histopathology. 2014; 2(1):19-25.

2. Abou-Elmagd A. Ultrastructural observations on
myoepithelial cells and nerve terminals in the camel
Harderian gland. Anatomy and Embryology. 1992;
185:501-507.

3. Bancroft JD, Stevens A. Theory and Practice of
Histological ~Techniques. 4" Edition.  Churchill
Livingstone, New York, 1996.

4. Burns RB. Plasma cells in avian Harderian glands and the
morphology of the gland in the rook. Canadian Journal of
Zoology. 1975; 53:1258-1269.

5. Burns RB, Maxwell MH. The structure of the Harderian
and lacrimal gland ducts of the turkey, fowl and duck. A
light microscope study. Journal of Anatomy. 1979;
128:285-292.

6. Coto-Montes A, Tomas-Zapico C, Martinez-Fraga J,
Vega-Naredo |, Sierra V, Caballero B et al. Sexual
autophagic differences in the androgen-dependent flank
organ of Syrian hamsters. Journal of Andrology. 2009;
30:113-121.

7. Diesem CD. Porcine sense organs and the common
integument. The organ of vision. In Sisson and
Grossman's The Anatomy of the Domestic Animals. 5
edn (ed. Getty R), Philadelphia: W. B. Saunders, 1975,
1409-1417.

8. Dijeridane Y. The Harderian-gland and its excretory duct
in the wistar rat: A histological and ultrstructural study.
Journal of Anatomy. 1994; 184:553-566.

9. El-Leithy EMMH. Studies on the harderian gland of the
Rabbit. Ph. D. Thesis submitted to the Department of
Cytology and Histology, Faculty of Veterinary Medicine,
Cairo University, 2015.

10. Eltony SAM. A Comparative Study of the Harderian
Gland in the Female Rat and Female Rabbit (A
Histological, = Histochemical,  Scanning  Electron
Microscopic and Morphometric study). Egyptian Journal
of Histology. 2009; 32(1):46-65.

~ 1417~



Journal of Entomology and Zoology Studies

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

Fahmy MFA, Shahin YM, Kandil MHA. The harderian
gland of the one humped camel (camelus dromedaries).
Egyptian Journal of Histology. 1979; 2(2):125-128.
Gesase AP, Satoh Y. Apocrine secretory mechanism:
Recent findings and resolved problems. Histology
Histopatholology. 2003; 18:597-608.

Johnston HS, McGadey J, Thompson GG, Moore MR,
Breed WG, Payne AP. The Harderian gland, its secretory
duct and porphyrin content in the Plains mouse
(Pseudomys australis). Journal of Anatomy. 1985;
140(2):337-350.

Kozlu T, Bozkurt YA, Altunay H, Sari EK. Histological
and Histochemical Studies on the Harderian Gland of the
Ospery (Pandion haliaetus). Journal of Animal and
Veterinary Advances. 2010; 9(13):1875-1879.

Mobini B. Histological and histochemical studies on the
harderian gland in native chickens. Veterinarni Medicina.
2012; 57(8):404-409.

Murat B, Mehmet FA. Histology of the Harderian Gland
of Domestic Geese (Anser anser domesticus). Acta
Veterinaria Brno. 2009; 78:199-204.

Nawrot JK, Nowaczyk R, Harlaczuk KG, Szara T,
Olbrych K. Histology, histochemistry and fine structure
of Harderian gland, Lacrimal gland and superficial gland
of third eyelid of the European bison, Bison bonasus
bonasus (Artiodactyla: Bovidae). Zoologia. 2015;
32(5):380-394.

Nawrot JK, Nowaczyk R, Gozdziewska-Hartajczuk K,
Krasucki K, Janeczek M. Histological, histochemical and
fine structure studies of the lacrimal gland and superficial
gland of the third eyelid and their significance on the
proper function of the eyeball in alpaca (Vicugna pacos)
Folia Morphologica. 2014; 74(2):195-205.

Ortiz GG, Feria Velasco A, Falcon Franco MA, Bitzer
Quintero OK, Garcia JJ, Rosales SA et al. Different
patterns in the histology and autofluorescence of the
Harderian glands of the Syrian Hamster, rat, mouse,
Mongolian gerbil and guinea pig. Anatomia Histologia
Embryologia. 2001; 30(2):107-115.

Pansky B, Jacobs M, House E, Tassoni JP. The orbital
region as a source of blood samples in the golden
hamster. Anatomical Research. 1961; 139:409-412.
Payne AP. The Harderian gland: A tercentennial review.
Journal of Anatomy. 1994; 185:1-49.

Pinard CL, Weiss ML, Brightman AH, Fenwick BW,
Davidson HJ. Normal anatomical and histochemical
characteristics of the lacrimal glands in the American
bison and cattle. Anatomia Histologia Embryologia.
2003; 32(5):257-262.

Rajkhowa J, Sarma K, Deka A, Sinha S. Macro and
micro anatomical study of Harderian gland of pig.
Journal of Entomology and zoological studies. 2018;
6(1):166-168.

Rothwell B, Wight PAL, Burns RB, Mackenzie GM. The
Harderian glands of the domestic fowl. 111. Ultrastructure.
Journal of Anatomy. 1972; 112:233-250.

Saadi-Brenkia O, Haniche N, Bendjellol M. Light and
electron microscopic studies of the Gerbillus tarabuli
harderian gland. Zoological science. 2013; 30(1):53-59.
Sakai T, Yohro T. A histological study of the Harderian
gland of Mongolian gerbils (Meriones meridianus).
Anatomical Record. 1981; 200:259:270.

Santillo A, Monteforte R, De Lange P, Lanni A, Farina P,
Chieffi Baccari G. Dimorphic expression of uncoupling

28.

29.

30.

31

32.

33.

~ 1418~

protein-3 in golden hamster Harderian gland: effects of
castration and testosterone administration. Journal of
Cellular Physiology. 2008; 215:481-487.

Scott TR, Savage ML, Olah I. Plasma cells of the
chickens Harderian gland. Poultry Science. 1993;
72:1273-1279.

Strum JM, Shear CR. Harderian glands in mice:
fluorescence, peroxidise activity and fine structure.
Tissue Cell. 1982; 14:135-148.

Timm KI. Orbital venous anatomy of the rat. Laboratory
Animal Science. 1979; 29:636-638.

Wight PAL, Burns RB, Rothwell B, Mackenzie GM. The
Harderian gland of the domestic fowl. I. Histology with
reference to the genesis of plasma cells and Russell
bodies. Journal of Anatomy. 1971; 100:307-315.
Yamashita T, Takahashi A, Honjin R. Spatial aspect of
the mouse orbital venous sinus. Okajimas Folia
Anatomica Japonica. 1980; 56:329-336.

Yamazaki T, Seyama Y, Otsuka H, Ogawa H, Yamakawa
T. ldentification of alkyldiacylglycerols containing
saturated methyl branched chains in the Harderian gland
of guinea pig. Journal of Biochemistry. 1981; 89:683-
691. .



