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Effect of Topical Corticosteroid on Rabbit Lacrimal Gland
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Abstract: Background: Prolonged use of corticosteroids is known to cause side effects on most of the

eye tissues, but there are little reports about the changes of the lacrimal gland after topical administration

of corticosteroids. Aim: This research has been carried out to study the morphological and ultrastructural

changes of the lacrimal gland cells after topical administration of 0.1% dexamethasone sodium phosphate.

Materials and Methods: Sixteen albino rabbits were used in this study. They were divided into control and

two experimental groups. In the experimental groups 0.1% dexamethasone was instilled in both eyes three

times a day for two and four weeks respectively, while in the control group normal saline was instilled.

The animals were sacrificed after two and four weeks. In all groups, the lacrimal glands were removed

and processed for light and electron microscopy. Results: Light microscopic observation showed an

increase and diffusion of the secretory granules and the secretory vacuoles after two weeks. The number

and size of these secretory vacuoles increased after four weeks filling the cytoplasm and encroaching on

the nucleus. Ultrastructural study of these cells showed normal structural appearance of all the cytoplasmic

organelles in the first experimental group. The mitochondria and rough endoplasmic reticulum were dilated

after four weeks of treatment.  Conclusion: This study suggested that corticosteroid treatment resulted in

increased secretory activity of the lacrimal gland. The study suggests additional benefits of topical

corticosteroids for clinical treatment dry eye than those previously described. 
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INTRODUCTION

Investigations of the side effects of ocular

corticosteroids have been focused on the optic nerve

and retina , lens , intraocular pressure and[1,2] [3,4,5]

cornea  and secondary infection of the eye, but not[6,7]

the lacrimal gland. The ocular surface is covered by a

tear film composed of a superficial thin lipid layer

derived from the meibomian gland, a middle aqueous

layer secreted by the lacrimal gland and innermost

mucous layer . Decreased secretion of tear can lead to[8]

dry eye . In this study, the effect of topical 0.1%[9]

dexamethasone on the lacrimal gland was evaluated.

MATERIALS AND METHODS

Sixteen albino rabbits of both sexes were used in

this study, in the animal house of Research Institute of

Ophthalmology in Giza, Egypt. They were divided into

four as control group and twelve as experimental

groups.  In the experimental groups 0.1%

dexamethasone was instilled in both eyes three times

daily while in the control group normal saline was

used. The animals of the experimental group were

subdivided into two sub groups.  The first sub group

formed of 6 rabbits was sacrificed after two weeks

while the second formed of 6 rabbits was sacrificed

after four weeks.  In all groups, the lacrimal gland was

fixed in 0.2M sodium phosphate buffered 8%

glutraldehyde, post fixed in 2% osmium tetroxide and

embedded in epoxy resin. Semithin sections were

stained with toluidine blue and ultra-thin sections were

double stained with uranyl acetate and lead citrate.

RESULTS AND DISCUSSION

Light microscopic (LM) examination of the control

group showed the gland to have a compound tubulo-

aciner structure.  The acini consist of two layers of

cells based on a thin hyaline basement membrane and

surrounding a lumen of variable size. The basal cells

are myoepithelial in character while the aciner cells are

composed of single secretory epithelial cells. These

cells are columnar to tall cuboidal and the nucleus is

located in the basal part of the cell.  The cytoplasm

contained numerous secretory granules located apicaly.

The ducts are lined by a single layer of cuboidal cells

and surrounded by myoepithelial cells (Fig. 1).

Transmission electron microscopy (TEM) of the

control group showed the acini of the lacrimal gland
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consisting of columnar to high cuboidal cells that

contained numerous membrane bound electron lucent

small secretory granules. The aciner cells also had

prominent Golgi complex associated with the secretory

granules, well developed rough endoplasmic reticulum

and numerous mitochondria especially in the basal part

of the cell.  The nucleus is located basally had a

uniform ovoid shape and moderate amount of

peripherally marginated heterochromatin and one or two

prominent nucleoli.  Cells within the acini were

characterized by apical junctions and desmosomal

connection.

The lacrimal gland removed from animals treated

with dexamethasone sodium phosphate 0.1% for two

weeks showed by light microscopic examination

increased secretory activity inside the cell. The lumens

of the acini were dilated and the cytoplasm was filled

with secretory vacuoles of variable sizes. Nuclei were

normal and similar to those seen the control group.

The ducts showed slight dilatation (Fig. 2). After four

weeks of treatment, there were excessive increase in

the number of the secretory vacuoles which had

variable sizes and filled most of the cytoplasmic area

compressing the nucleus towards the most basal part of

the cell, the acini had also dilated lumen which

contained secretory materials (Fig. 3).  

Transmission electron microscopic examination

after two weeks showed the cytoplasmic organelles to

be more or less normal with electron lucent secretory

granules of variable sizes and coalescence of the

secretory vacuoles was also noticed (Fig.4). While after

four weeks, electron microscopic examination revealed

dilatation and swelling of the mitochondria and

endoplasmic reticulum and some mitochondria showed

loss of their cristae (Fig. 5).

Fig. 1: Light micrograph of control rabbit lacrimal

gland. X 250 Toluidine blue.

Discussion: Corticosteroids remain the mainstay

therapy as they function by suppressing the

inflammatory process.  Only in selected cases it is

justifiable to use these drugs and for controlled periods.

Fig. 2: Light micrograph of rabbit lacrimal gland after

two   weeks of 0.1% dexamethasone

application showing increased number of

secretory vacuoles (v) filling the whole cell. X

250  Toluidine blue.

Fig. 3: Light micrograph of rabbit lacrimal gland after

four weeks o f 0 .1%  de xam ethasone

application. The number of the secretory

vacuoles had increased markedly and filled the

whole cytoplasm. The lumen of the acini was

dilated and full of secretory material (S). X

250 Toluidine blue.

Fig. 4: Transmission electron micrograph of rabbit

lacrimal gland after two weeks of 0.1%
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dexamethasone application showing normal

cytoplasmic organelles. Note the increased

number and coalescence of the secretory

vacuoles (>), secretory granules were electron

lucent and of variable sizes (G). Intact

mitochondria were observed (^).  X1200.

Fig. 5: Transmission electron micrograph of rabbit

lacrimal gland after four weeks of 0.1%

dexamethasone application.  Note edema and

dilatation of the rough endoplasmic reticulum

(ER) and some of mitochondria has lost their

cristae (>). X 1200.

The prolonged use of corticosteroids in the eye can

cause elevation of intraocular pressure, cataract

formation  as well as corneal morphology changes[6,7]

. Mahmoud et al. 2004  observed edema and[8,9] [10]

epithelial cells changes as well as pyknosis of the

corneal stromal keratocytes after two weeks of

dexamethasone topical application. They, also, reported

that these changes increased and became more marked

after four weeks of use of the drug with apparent

degeneration of the endothelial cells.

To our knowledge, no histopathological or

ultrastructural study of the lacrimal gland cells

following corticosteroid administration was reported so

far. In this study, lacrimal gland cells removed from

animals treated with dexamethasone sodium phosphate

0.1% for two week showed increased secretory activity

inside the cell as the cytoplasm of these cells was full

of large number of secretory vacuoles having different

sizes. If we compare these findings with the effect of

dexamethasone on the rat salivary glands described by

Ricciardi et al. , as morphological damage was[11]

particularly evident in the submaxillary and parotid

glands and this damage is to be found up to at least 14

days after the end of treatment despite the absence of

any enzymatic modifications whereas in the current

study no substantial damage was noted in the gland

structure. Moreover, after four weeks of treatment the

present results showed marked increase in the amount

and size of the secretory granules suggesting increased

activity of the lacrimal gland with indistinguishable

structural changes limited to dilatation and swelling of

the mitochondria and endoplasmic reticulum suggesting

that topical corticosteroids can safely be used to

improve the tear production. Avunduk et al.  stated[12]

that topical corticosteroids had clearly beneficial effect

both on the subjective and objective clinical parameters

of moderate-to-severe dry eye patients. These effects

were associated with the reduction of inflammation

markers of conjunctival epithelial cells.

The majority of dry eye syndromes are due to loss

of tear film integrity and this had been postulated to[13] 

result in epithelial damage which can explain the

symptoms associated with this syndrome . Mathers[14] [15]

postulated that there is a close relationship between

corneal damage and lacrimal gland function where

decrease lacrimal gland output resulted in damage to

the ocular surface.  He also, suggested that, not only

does decreased lacrimal gland output damage the ocular

surface, but also that this damage to the corneal surface

can create a negative feedback and damage the lacrimal

gland.

Dry eye is usually attributed to increased

inflammatory reaction of the lacrimal gland as

Baudouin  stated that whatever the initial causes of[16]

dry eye is, chronic dryness of the ocular surface results

in inflammatory reactions and gradual destruction of

the lacrimal glands and conjunctival epithelium.

Corticosteroids are also known to have an anti-

inflammatory effect, thus it can be postulated that

topical corticosteroids can play a dual action in

treatment of dry eye diseases.

This goes well with the studies of Avundak et

al.  and Pflugfredler et al.  who came to the[17] [18]

conclusion that Topical corticosteroids have shown

promising results for treating dry eye. Also, Nagelhout

et al. found that dexamethasone was effective both[6] 

prophylactically and therapeutically in dry eye,

restoring tear function and inhibiting corneal injury

following topical ocular application.

In a similar study by Lekhanont et al. they[19] 

suggested that topical application of dexamethasone is

superior to artificial tears in treatment of corneal

damage. They reported significant improvement of the

corneal surface staining when topical corticosteroids

were used for the treatment of ocular surface damage

by Botulinum toxin B compared to those observed after

the use of artificial tears.  Also, it was found that the
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tear production started to return to baseline level after

two weeks of treatment with corticosteroids in cases of

dry eye due to keratoconjunctivitis sicca (KCS)[20]

where as those treated with artificial tears still

exhibited reduction of lacrimation after 4 weeks of

treatment. On the other hand, Pflugfelder  reported[21]

that clinical improvement of (KCS) has been observed

after therapy with anti-inflammatory agents including

corticosteroids, cyclosporine and concluded that

cyclosporin A emulsion is the first therapy approved by

the Food and Drug Administration (FDA) for dry eye

as it is safe for long-term use.

Further studies and investigations are advised to

compare between the effect of long term use of both

corticosteroids and cyclosporine A on the lacrimal

gland structure and function considering the other parts

of the eye.

Conclusion: This study suggested that corticosteroid

treatment resulted in increased secretory activity of the

lacrimal gland. The study suggests additional benefits

of topical corticosteroids for clinical treatment dry eye

than those previously described.
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