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Abstract: The present study was conducted on 8 eyes of adult buffaloes. The lacrimal 

glands were collected and processed for histology and histochemistry. The gland was 

tubulo-acinar type and was surrounded by a thick capsule from which the connective 

tissue septae penetrated the parenchyma dividing the glandular tissue into lobes and 

lobules. The glandular acini had pyramidal shaped cells possessing strongly 

eosinophilic cytoplasm however; a few had lesser eosinophilic cytoplasm. The strongly 

basophilic round to oval nuclei were mainly pushed towards the base. These acini were 

predominantly mucous in nature and revealed presence of varying concentrations of 

different mucopolysaccharides. The acini were surrounded by myoepithelial cells. 

Plasma cells were generally present in small clusters in between the acini. 
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INTRODUCTION 

The lacrimal gland (LG) is a capsulated organ, situated at the dorsolateral 

quadrant of the eye orbit [1]. It is a compound tubulo-acinar or tubulo-alveolar gland 

[2], with serous secretions in cats, and sero-mucous in dogs and ungulates [3]. The LG 

is mainly responsible for the production of aqueous portion of tear film responsible for 

moistening, nourishing and lubricating the anterior surface of the eye [4]. It also 

functions in defense system of the ocular surface as part of the conjunctiva-associated 

lymphoid tissue [5]. The histomorphology of the LG has been described in dog [6], 

small ruminants [7, 8], cattle and bison [9], and the camel [10, 11]. However, in the 

buffalo, such studies are scantly found in the available literature. The present study 

aims to report investigations on the structure of LG of buffaloes by light microscopic 

approach.  

 

MATERIALS AND METHODS 

The lacrimal gland samples used in the study 

were carefully excised from the eyeball structures of 4 

heads of adult buffaloes (local mixed breed) of either 

sex obtained immediately after slaughter. The glands 

were fixed in 10% neutral buffered formalin for 48 

hours and subjected to routine paraffin embedding for 

light microscopy. The paraffin sections of 5-6 µ were 

cut and stained with routine Harris' hematoxylin and 

eosin stain for general histological examination. The 

connective tissue fibers were demonstrated by Gomori's 

method for reticulum, Weigert's method for elastic 

fibers [12] and Crossman's trichrome stain for collagen 

fibers [13]. For histochemical studies, McManus' 

method for glycogen (PAS), PAS-Alcian blue method 

for acidic and neutral mucosubstances (pH 2.5), Alcian 

blue method (pH 2.5) for mucosubstances, Meyer's 

mucicarmine method for mucin, colloidal iron method 

for acid mucopolysaccharides [12] were employed. 

Fontana-Masson method was used for demonstration of 

endocrine cells [14]. 

RESULTS AND DISCUSSION 

The lacrimal gland in the present study was 

compound tubulo-acinar type (Fig-1) as earlier reported 

in the cattle and bisson [9], roe deer [15], alpaca [16] 

and small ruminants [8]. Whereas; it was compound 

tubulo-alveolar in the camel [11], human [17] and dog 

[6]. The gland was enclosed by a thin capsule (Fig-1) 

having varying concentration of reticular, collagen and 

elastic fibers. The connective tissue septae from the 

capsule penetrated the parenchyma of the gland and 

divided it into lobes and lobules of unequal size. These 

connective tissue septae were mainly having the 

reticular fibers followed by few collagen and elastic 

fibers consistent with findings in the alpaca [16] and 

small ruminants [8]. However, the capsule was 

composed chiefly of collagen fibers in the Philippine 

water buffalo [18] and dog [19]. In the present study, 

the concentration of the collagen and reticular fibers 

was drastically increased at the interlobular area (Fig 2, 

3 & 4) and in addition a few elastic fibers were also 

observed. There was mixed distribution of the acini 
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which were purely serous or mucous or mixed type as 

reported in the sheep [7] and dog [6, 19]. The serous 

type of acini was having pyramidal shaped cells and 

their nuclei were round to oval in shape, present 

towards the basement membrane (Fig 5 & 6) as 

reported in the sheep [7]. Their basophilic nuclei 

presented smaller clumps of chromatin especially 

towards the outer nuclear membrane and thus, presented 

vacuolated areas towards the center. The nucleolus was 

generally centric in position. The cytoplasm of these 

cells was finely granular and eosinophilic especially 

towards the supranuclear portion (Fig-6). The 

maximum eosinophilia was observed towards the 

luminal surface. The mucous acini were also lined by 

the pyramidal cells and their nuclei were elongated rod 

shaped and were pushed close to the basement 

membrane. These nuclei were strongly basophilic in 

nature because of uniform distribution of deeply 

basophilic chromatin material which also masked the 

appearance of the nucleoli as reported in roe deer [15]. 

The cytoplasm of the cells was finely granular and very 

lightly eosinophilic and at places presented floccular or 

vacuolated appearance because of the washing of the 

mucous during processing of the tissues. The intra and 

inter glandular ducts were lined by simple to stratified 

cuboidal type of epithelia as reported in the roe deer 

[15], small ruminants [8] and dog [19]. However, the 

interlobular ducts were lined by pseudostratified 

epithelium in the Iranian river buffalo [20], cattle and 

bison [9]. In the Philippine buffaloes, the interlobular 

ducts were lined by tall simple to stratified columnar 

epithelium [18].  

 

The sero-mucous acini were surrounded by 

myoepithelial cells which had flat cells having densely 

or darkly basophilic elongated flattened nuclei as 

frequently observed in different species [18, 15, 6, 8]. 

The nuclei of these cells occupied majority of the 

portion of the cell and very thin eosinophilic cytoplasm 

was visible. The myoepithelial cells possessed 

characteristics of both muscle and epithelial cells and 

when stimulated plays an important role in propulsion 

of secretion [3]. Myoepithelial cells in the lacrimal 

gland (LG) as well as other exocrine glands are 

believed to synthesize the basement membrane and 

form a functional network around the acinar and ductal 

cells, separating them from the basement membrane and 

the mesenchymal stromal cell [21]. Helen and Darlene 

[22] mentioned that myoepithelial cells maintained 

glandular structural integrity and transport metabolites 

to secretory cells.  

 

In addition to these serous and mucous type of 

cells, the present study also demonstrated a few 

comparatively large sized nuclei, some of which were 

lightly stained and others were darkly stained, and these 

nuclei were pushed towards the base of the acini. In 

between the clusters of these acini, large number of 

plasma cells, a few lymphocytes and fine blood 

capillaries were also observed (Fig-5 & 6). Similarly, 

clusters of lymphocytes in the form of small aggregates 

were observed especially towards the interlobular 

regions (Fig 1, 5). These cells were usual constituents 

of the lacrimal glandular interstitium [23, 24]. The 

lymphoid cells present in LG were constituent part of 

the lacrimal drainage associated lymphoid tissue which 

provided immunity at mucosal and glandular level [5, 

25] and thus their ability to secrete immunoglobulins 

along with lacrimal fluid, conjunctival epithelium, 

lymphocytic redistribution and neural reflex 

mechanisms are strategic in protecting the mucosal 

surface [25]. The LG interstitial plasma cells produced 

secretory immunoglobulin A [26] protecting the 

sensitive mucosa and the ocular surface of the eye 

against viral infections, bacterial attachment and 

colonization, and parasite infestation [27]. The secretion 

of IgA could be regulated by hormones, immune factors 

and neural responses [28]. 

 

 
Fig-1: Photomicrograph of lacrimal gland of buffalo showing connective tissue capsule (C) glandular parenchyma 

(G) and lymphoida aggregation (L) H and E x 40 
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Fig-2: Photomicrograph of lacrimal gland of buffalo showing interlobular connective tissue (C) having 

interlobular duct (D) and nerve fibers (N). H and E x 40 

 

 
Fig-3: Photomicrograph of lacrimal gland of buffalo showing distribution of collagen fibers in the connective 

tissue of interlobular area. Crossman’ s trichrome x 100 
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Fig-4: Photomicrograph of lacrimal gland of buffalo showing distribution of reticular fibers surrounding the 

glandular acini. Gomoni’s method x 100 

 

 
Fig-5 & 6: Photomicrograph of lacrimal gland of buffalo showing pyramidal shaped serous acinar cells 

surrounded by myoepithelial cells (blue arrow) and clusters of plasma cells (red arrow). H and E x 400 

 

 
Fig-7: Photomicrograph of lacrimal gland of buffalo showing PAS positive activity of glandular acinar cells for 

both acdic and neutral mucosubstances. Notes absence of activity in clusters of fat cells (F). PAS AB x 100 
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Fig-8: Photomicrograph of lacrimal gland of buffalo showing different types of reactions of the glandular acinar 

cells for Alcianophilic activity. AB x 100 

 

 
Fig-9: Photomicrograph of lacrimal gland of buffalo showing moderate to stong activity of the acinar cells to acid 

mucopolysaccharides. Colloidal method x 100 

 

 
Fig-9: Photomicrograph of lacrimal gland of buffalo showing moderate to stong activity of the acinar cells for 

glycogen. Note the activity is absent in intralobolar ducts. McManus’ PAS AB x 100 
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Fig-11: Photomicrograph of lacrimal gland of buffalo showing mixture of lightly stained serious acinar cells, 

comparatively darker mucous cells and darkly stained plasma cells (arrow). Fontana method x 200 

 

The histochemical investigations of the LG 

revealed the different phase of secretory activities of the 

acinar cells for both acidic and neutral 

mucopolysaccharides as demonstrated by PAS-AB 

method (Fig-7) as reported in the alpaca [16]. However, 

only a few secretory cells containing slightly PAS 

positive granules (mucous cells) were observed in the 

roe deer [15]. In the present study, the neutral 

mucopolysaccharides were mainly present toward the 

apical portion of the acinar cells. The acini also showed 

strong Alcianophilic reaction indicating the presence of 

weakly sulfated mucosubstances, hyaluronic acid, 

sialomucins (Fig-8) and glycogen (Fig-9) as reported by 

Pinard et al., [9] in the cattle and bison, Maala et al., 

[18] in Philippine buffaloes and Abbasi et al., [18] in 

the sheep.  Klećkowska-Nawrot et al., [16] 

demonstrated the presence of slightly positive granules 

in mucous cells in the alpaca. Furthermore, Maala et al., 

[18] reported a weak reaction with Alcian blue (pH 1.0) 

in Philippine buffaloes. The differences observed in the 

reactivity of the granules in LG secretory cells between 

samples could be attributed to the various secretory 

phases of the same cells [29]. Similarly, moderate to 

mild activities of the acinar cells for mucin and 

colloidal iron were observed (Fig-10). In contrast, 

strong reaction for mucicarmine was reported in 

Philippine buffaloes [18]. Mucins were glycoproteins 

expressed by epithelial tissues and were classified as 

either secretory or membrane bound [30]. The lacrimal 

gland is being considered as a source of soluble and 

membrane-bound mucin [31]. It has been stated that 

ocular mucins possessed antimicrobial properties and 

play major role in dry eye syndromes [30]. The intra 

and interglandular ducts in this study revealed weak 

reactions for PAS, and Alcian blue as described in the 

sheep [7] and roe deer [15]. The presence of endocrine 

cells in the LG was not established using the Fontana-

Masson method (Fig-11). However, the stain employed 

revealed lightly stained serous and heavily stained 

mucous acini cells of the glandular parenchyma, with 

intensely dark plasma cells within the interstitium. A 

study by Wood and Warren [32] in rabbit confirmed 

that lacrimal gland acinar cells produced endogenous 

prolactin-like substance which has a modulating 

influence on acinar cell activity as well as immune 

function of the lacrimal gland. Similarly, it has been 

proposed that that lacrimal gland integrity and function 

depend significantly on the action of androgens and the 

period of insufficient androgen levels could be the 

cause for primary lacrimal deficiency [33]. Androgens 

and estrogens modulate lacrimal gland secretion and 

lack of androgens causes reversible degenerative 

changes in lacrimal tissue, a decreased total volume of 

tears, and decreased protein content of tears [30]. 

 

CONCLUSION  
The compound tubulo-acinar type of LG of the 

Indian buffalo was consisted of mixed distribution of 

acinar cells which were purely serous, mucous or mixed 

with variation in their histochemical characteristics. The 

basic histo-morphological data provided could be useful 

in comparative anatomy and clinical conditions related 

to the eye.  
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