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Abstract
Aims—The eVects of three drugs for the
treatment of gastritis and gastric ulcer—
gefarnate, ecabet sodium, and
troxipide—on periodic acid SchiV (PAS)
positive cell density in rabbit conjunctiva
in vivo were investigated.
Methods—Eye drops containing gefarnate
(0.1%, 1%), ecabet sodium (0.1%, 1%), or
troxipide (0.1%, 1%) were instilled in both
eyes of rabbits, six times a day for 7 days.
On the eighth day, filter paper was gently
pressed on the bulbar and palpebral
conjunctiva, and impression cytology was
performed with PAS staining. Three
points in each specimen were selected
randomly, and PAS stained cells were
counted.
Results—The instillation of gefarnate in-
creased PAS positive cell density signifi-
cantly at the concentration of 1% (p
<0.05). In contrast, instillation of ecabet
sodium or troxipide failed to change PAS
positive cell density.
Conclusions—These results demonstrated
that gefarnate stimulates PAS positive cell
density in rabbit conjunctiva.
(Br J Ophthalmol 1998;82:1320–1323)

The ocular surface is covered by the tear film,
which is composed of a lipid, an aqueous, and
a mucous layer.1 2 The mucous layer is
innermost and is intimately associated with
apical cells of the ocular surface.3 4 The promi-
nent components of the mucous layer are
mucins, and the goblet cells in the conjunctiva
are classically regarded as the main source of

these ocular mucins.5 The mucins facilitate the
spread of tear film over the ocular epithelium
by providing a wettable surface for the aqueous
layer.6 7 Therefore, the ocular surface mucins
play an important role in the protection and
maintenance of the ocular surface.

Dry eye is characterised by a decrease in
aqueous tear formation and/or a change in the
proportions of tear components.1 2 Recently,
the number of patients with dry eyes has
increased dramatically, but active treatments
for dry eye have not been developed. Patients
with dry eye resulting from keratoconjunctivi-
tis sicca or Stevens–Johnson syndrome have
reduced numbers of goblet cells,8 9 and many
laboratory studies have demonstrated a corre-
lation between goblet cell density in conjunc-
tiva and tear film stability on the ocular
surface.10–12

Eye drops that could stimulate mucin secre-
tion might produce the more stable tear film
necessary for the treatment of dry eye.
Although the mechanisms of mucin secretion
from the goblet cell in conjunctiva are not yet
fully understood, some drugs used to treat gas-
tritis and gastric ulcer also stimulate mucous
secretion. One of these drugs, gefarnate, has a
very low toxicity and no autonomic, anticholin-
ergic, ganglion blocking, or antihistaminic
actions.13 14 Ecabet sodium and troxipide have
also been used as anti-ulcer agents and have
been shown to stimulate mucous secretion.15–18

In this study, we investigated the eVects of
these three drugs, gefarnate, ecabet sodium,
and troxipide, on periodic acid SchiV (PAS)
positive cell density in rabbit conjunctiva in
vivo.

Materials and methods
Thirty six albino rabbits (2.0–2.5 kg body
weight, Kitayama Labes, Kyoto, Japan) were
used. Care and treatment of animals adhered
to the Guiding Principles in the Care and Use
of Animals (DHEW Publication, NIH 86-23).
One group of four rabbits served as an
untreated control group. In experiment 1, we
investigated the eVect of gefarnate (3,7-
dimethyl-2,6-octadienyl-5,9,13-trimethyl-4,8,
12-tetradecatrienoate; see Fig 1 for structure;
Santen Pharmaceutical Co, Osaka, Japan) on
PAS positive cell density in rabbit conjunctiva.
Twelve rabbits were divided into three groups
(four rabbits, eight eyes per group). The first
group received an eye drop vehicle, which con-
tained 0.5% polysorbate 80 in saline. The sec-
ond group received 0.1% gefarnate eye drops,
and the third group received 1.0% gefarnate
eye drops. The drops were instilled in both
eyes, six times a day for 7 days.Figure 1 Chemical structures of gefarnate, ecabet sodium, and troxipide.
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In experiment 2, we investigated the eVects
of ecabet sodium and troxipide (for their struc-
tures; see Fig 1; Santen Pharmaceutical Co,
Osaka, Japan). Twenty rabbits were divided
into five groups (four rabbits, eight eyes per
group). Eye drops were instilled in both eyes,
six times a day for 7 days: The first group
received an eye drop vehicle, which was
phosphate buVered saline (PBS). The second
group received 0.1% ecabet sodium, the third
received 1.0% ecabet sodium, the fourth
received 0.1% troxipide, and the fifth received
1.0% troxipide. In both experiments, on the
eighth day, the animals were anaesthetised with
an intravenous injection of pentobarbitone and
with oxybuprocaine eye drops. Impression
cytology was performed on each eye according
to the method of Tseng.9 In brief, cellulose
acetate filter paper (precut 5 × 5 mm;
Millipore, HAWP 304 F0, Bedford, MA, USA)
was placed and gently pressed on each tempo-
ral superior bulbar and inferior central palpe-
bral conjunctiva for several seconds. The paper
was removed, and the paper with epithelial

cells adhering to it was fixed with a mixture of
37% formaldehyde, glacial acetic acid, and
70% ethanol (1:1:20). The specimens were
stained with periodic acid SchiV reagent
(PAS), and PAS positive cells in each specimen
were counted under a light microscope (Olym-
pus, BX50, Tokyo, Japan). Although rat
conjunctival goblet cells are clustered,19 20

rabbit and human conjunctival goblet cells are
single and not clustered.21 22 Therefore, three
points in each specimen were selected ran-
domly, and the number of PAS positive spots in
three 0.2 mm2 areas of each specimen was
counted and averaged, and the number of cells
per mm2 was calculated. The experiment was
carried out in a double masked fashion. Data
were expressed as the mean (SE) of eight eyes.
The Dunnett multiple comparison test was
used for statistical analysis.

Results
Figure 2 shows the eVect of gefarnate on PAS
positive cell density in the temporal superior
bulbar conjunctiva. The number of PAS
positive cells was not significantly diVerent in
the untreated control eyes, the eyes treated
with vehicle solution alone, and eyes treated
with gefarnate at 0.1%. However, eyes in the
group treated with 1.0% gefarnate had signifi-
cantly more PAS positive cells than eyes in the
vehicle group (p <0.05). Nearly identical
results were observed when we examined the
eVect of gefarnate on PAS positive cell density
in the inferior central palpebral conjunctiva.
Although 0.1% gefarnate did not aVect the
number of PAS positive cells, 1.0% gefarnate
significantly increased their number compared
with the vehicle group (p <0.01) (Fig 3).
Figure 4 shows photomicrographs of the
impression cytology results for an eye treated
with 1.0% gefarnate and one treated with vehi-
cle alone in the temporal superior bulbar con-
junctiva. Compared with the vehicle group the
group treated with 1.0% gefarnate clearly had
more PAS positive cells.

Figure 5 shows the eVects of ecabet sodium
and troxipide on PAS positive cell density in
the temporal superior bulbar conjunctiva. The
administration of 0.1% or 1.0% ecabet sodium
did not change the number of PAS positive
cells compared with the number of cells in the
PBS treated group. Similarly, neither 0.1% nor
1.0% troxipide significantly aVected the num-
bers of PAS positive cells. Nearly identical
results were observed when we examined the
eVects of ecabet sodium and troxipide on PAS
positive cell density in the inferior central
palpebral conjunctiva. Neither ecabet sodium
nor troxipide aVected the number of PAS posi-
tive cells (data not shown).

Discussion
The present results, obtained by an impression
cytology technique, demonstrate that gefarnate
eye drops stimulate the number of PAS positive
cells in rabbit conjunctiva in vivo, but that eca-
bet sodium and troxipide do not. Thus, gefar-
nate increases PAS positive cell density in con-
junctiva. However, the mechanisms of the
stimulatory eVect of gefarnate on conjunctival

Figure 2 EVect of gefarnate on PAS positive cell density in the temporal superior bulbar
conjunctiva. Eye drops (vehicle alone, vehicle with 0.1% or 1.0% gefarnate) were instilled
in both eyes, six times a day for 7 days. On the eighth day, impression cytology was
performed on each eye. There were eight eyes per treatment group. Data are expressed as
means (SE). *p value <0.05 compared with vehicle group.
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Figure 3 EVect of gefarnate on PAS positive cell density in the inferior central palpebral
conjunctiva. Eye drops (vehicle alone, vehicle with 0.1% or 1.0% gefarnate) were instilled
in both eyes, six times a day for 7 days. On the eighth day, impression cytology was
performed on each eye. There were eight eyes per treatment group. Data are expressed as
means (SE). **p <0.01 compared with vehicle group.
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PAS positive cell density are not clear. In the
present study, both eyes of each animal were
treated with gefarnate eye drops. Although we
do not know whether gefarnate is absorbed
systemically, it is rapidly metabolised in the
serum.23 Therefore, gefarnate seems to act
locally on the conjunctiva.

The size, shape, and density of PAS stained
material vary widely. In addition, the number
of goblet cells diVers among individuals, and
the distribution of goblet cells varies over the
ocular surface.5 22 To minimise these eVects, we
counted the number of PAS positive cells, and
chose the temporal superior bulbar and the
inferior central palpebral conjunctiva, the areas
easiest to study with impression cytology.
Similar results were obtained when we con-
comitantly examined the eVects of drugs on
the number of PAS positive cells in the two
areas of each eye. Gefarnate significantly
increased the number of PAS positive cells in
both areas, but ecabet sodium and troxipide

had no eVect. The number of PAS positive cells
counted in each area was in good agreement
with those reported by Kishishita and Naka-
yasu in rabbit conjunctiva.22

Studies of the mechanisms of gefarnate’s
eVect on gastritis and gastric ulcer have shown
that gefarnate stimulates mucous secretion of
hexosamine, acid and neutral mucopolysac-
charide and also stimulates the synthesis of
prostaglandins (PGs), such as PGE2, PGI2,
and PGF2 to protect the mucosal tissues.14 24 25

Instillation of the PGE2 analogue, 11-deoxy-
13,14-didehydro-16-(S)-methylester methyl
PGE2, enhanced conjunctival goblet cell mu-
cous secretion in rabbits,26 leading to specula-
tion that gefarnate might stimulate PGE2 syn-
thesis in conjunctival epithelium as well as in
gastric mucosa. We recently have found that
gefarnate stimulated secretion of mucin-like
glycoproteins from rat corneal epithelium,27

suggesting that similar mechanisms might act
on conjunctival goblet cells. However, the
increase in PAS positive cell numbers seen with
gefarnate might be due to the stimulation of
goblet cell synthesis in conjunctiva. More
active mucous secretion to the conjunctival
surface could have reduced the number of
goblet cells on cytological impressions because
of depletion of secretion product. Therefore,
gefarnate might act on both the stimulation of
mucous secretion and goblet cell synthesis in
conjunctiva. Further studies on the mecha-
nisms of this stimulatory eVect need to the car-
ried out.

Ecabet sodium and troxipide also have been
used as anti-ulcer agents, and have been shown
to stimulate mucous secretion and PG synthe-
sis to protect the mucosal tissues.15–18 28 29 In the
present studies, however, neither ecabet so-
dium nor troxipide aVected conjunctival goblet
cell density, although these agents have the
same stimulatory eVects as gefarnate on
mucous secretion and PG synthesis in gastric
mucosa. The diVerent actions of these agents
might result from their diVering capacity to
permeate tissue and/or target specific organs.

The source of ocular surface mucins is clas-
sically believed to be the conjunctival goblet
cells. However, Gipson et al 30 and Watanabe et
al 31 developed monoclonal antibodies against
mucin-like glycoproteins of the rat and human
ocular surface. Designated R339 and H185,
respectively, these monoclonal antibodies bind
to the apical cell membranes of the corneal and
conjunctival epithelia, suggesting that corneal
and non-goblet conjunctival epithelial cells
produce these mucin-like glycoproteins. Re-
cently, expression of the mucins MUC1,
MUC4, and MUC5AC were reported in
human corneal and conjunctival epithelia.32–34

MUC5AC mucin expression was limited to
conjunctival goblet cells. Few reports deal with
the regulatory mechanisms of MUC5AC
mucin expression in conjunctival goblet cells.
Further studies are needed to clarify the regu-
latory mechanisms of MUC5AC expression
and the eVect of gefarnate on this expression.

Disruption of the tear film leads to deteriora-
tion of the ocular surface. Most patients who
suVer from mucin deficient dry eye have

Figure 4 Photomicrographs showing PAS staining of filter paper that was pressed on
rabbit bulbar conjunctiva after 7 days of treatment. (a) Vehicle treated group, (b) 1.0%
gefarnate treated group. Bar shows 100 µm.

Figure 5 EVects of ecabet sodium and troxipide on PAS positive cell density in the
temporal superior bulbar conjunctiva. Eye drops (vehicle, 0.1% or 1.0% ecabet sodium,
0.1% or 1.0% troxipide) were instilled in both eyes, six times a day for 7 days. On the
eighth day, impression cytology was performed on each eye. There were eight eyes per
treatment group. Data are expressed as means (SE).
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decreased conjunctival goblet cell density, and
indeed, many laboratory studies have demon-
strated a correlation between goblet cell
density in conjunctiva and tear film stability.8–12

Furthermore, we recently demonstrated that
gefarnate prevented desiccation of the corneal
epithelium by stimulating secretion of mucin-
like glycoproteins from the corneal
epithelium.27 Our present results suggest that
gefarnate could be used in the treatment of
mucin deficient ocular surface disorders.
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