
INTRODUCTION

Glaucoma, a disease affecting more than 50 million
people worldwide, has become one of the most com-
mon causes of blindness. After more than a century
with hardly any changes in treatment methods, sev-
eral revolutionary therapies that act upon some of the

factors involved in the genesis and development of
glaucoma have recently been marketed for reducing
intraocular pressure (IOP).

These new therapies, which are more efficient and
safer for the patient, together with less traumatic and
better surgical procedures, have helped to overcome
the apparent lack of progress in glaucoma studies.
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PURPOSE. To study nongoblet and goblet epithelial conjunctival cells after several treatment
periods with latanoprost, a prostaglandin analogue.
METHODS. Twelve patients (20 eyes) were studied before the onset of treatment and after 1,
3, and 6 months of latanoprost use. Impression cytology was carried out to analyze cellu-
lar density and morphologic parameters such as minimum and maximum diameter and area.
RESULTS. Nongoblet epithelium cell density did not change over the treatment period. The
density of goblet cells increased after 1 month of use, but returned to initial cell density af-
ter longer treatment periods. Nongoblet epithelial cells underwent a significant reduction
in size after 1, 3, and 6 months of treatment. In addition, the minimum/maximum diameter
ratio suggested that after 1 month there were some changes in shape (a slight elongation)
when compared to cells of untreated patients. Nevertheless, after longer treatment peri-
ods, the cells regained their original shape. No changes in size were observed in goblet
cells, except for a slight decrease in maximum diameter after 6 months of treatment, which
suggests that the cells became more rounded. 
CONCLUSIONS. The density of nongoblet epithelial cells does not change after different treat-
ment periods with latanoprost. However, their size decreases and after short treatment pe-
riods their shape also undergoes changes. The density of goblet cells increases after 1
month of treatment, but decreases again after longer periods. Their size does not undergo
any modification, although there is a variation in shape after 6 months of treatment. (Eur J
Ophthalmol 2003; 13: 553-9)
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Among these new therapies, hypotensive drugs (non-
selective beta-blockers, alpha-2 adrenergic ago-
nists, and prostaglandins) are the first choice (1-3).
Prostaglandins in particular are able to decrease IOP
very efficiently in 20 to 30% of patients (4, 5), but
there is little research regarding their effect over long
treatment periods (6, 7). Latanoprost (a prostaglandin
F2α analogue) is an important drug in the treatment
of glaucoma (8). Many patients respond very well to
this therapy, but as it has only recently been intro-
duced into the market, information regarding side ef-
fects is limited and its long-term effects are unknown
(9). Latanoprost presents very good systemic toler-
ance, although it has been associated with uveitis and
cystoid macular edema, and thus is not indicated for
postoperative use (10, 11).

In order to determine the effect of topical treatment
on the conjunctiva, we carried out impression cytol-
ogy on the conjunctiva. This is a safe, relatively sim-
ple, and painless method of obtaining specimens from
the conjunctival surface. It is a valuable diagnostic
tool for the early stages of the disease because it is
noninvasive and can be used over longer periods (12,
13). In addition, it allows us to analyze the morphol-
ogy of the conjunctival–corneal surface and the char-
acteristics and density of nongoblet and goblet epi-
thelial cells (14, 15). On the other hand, the compar-
ison between conjunctival biopsy findings and impression
cytology confirms that the latter provides the same
information as a biopsy (16).

METHODS

Subjects

Our study involved 12 patients (20 eyes) who re-
ceived antiglaucomatous treatment by instillation of
one drop of latanoprost (50 µg/ml, Xalatan; Pharma-
cia & Upjohn, Uppsala, Sweden) every 24 hours. These
patients were not receiving any other topical ocular
treatment.

Procedure

A first impression cytology was carried out in each
patient before starting the treatment (untreated pa-
tients). In the same patients, another sample was tak-

en after 1, 3, and 6 months of treatment. The sam-
ples were collected on Millipore HAWP 304 filter pa-
per (Bedford, MA), which was cut into small rectan-
gles (5 x 3 mm) and marked in a corner in order to
guarantee correct orientation. One drop of 0.5% propara-
caine was instilled at the bottom of the conjunctival
sac of the patients as topical anesthetic. Next, the
filter paper was applied on the lower bulbar conjunctiva
(6 hours) exerting light pressure for at least 3 sec-
onds. The Millipore paper was then pressed onto a
microscope slide for the sample to adhere to its sur-
face, and subsequently the paper was removed. One
drop of 96% ethanol was placed on the sample for
10 minutes to act as fixative and then the sample was
stained using periodic acid–Schiff–hematoxylin. The
samples were first hydrated in decreasing concen-
trations of ethanol, then oxidized in 0.5% periodic
acid (10 min.), rinsed in distilled water, stained with
Schiff reagent (20 min.), soaked in 0.5% sodium bisul-
fite (two or three rinses), and then counterstained with
Carazzi hematoxylin (5 min.). The specimens were then
dehydrated (96º to 100º ethanol) and immersed in xy-
lene. Finally, they were mounted with Entellan (Mer-
ck, Darmstadt, Germany) and coverslipped. This
staining technique has the advantage of clearly
showing the nuclei and the cytoplasm of the nongoblet
epithelial cells, thus easily differentiating them from
goblet cells. This facilitates cell counting and cell size
measurement (Fig. 1).

The parameters under study were evaluated by im-
age analysis, using a RCK black and white camera
fitted to a Nikon Labophot optical microscope and a
computer with dedicated image analysis software (Visilog
5.2). This analysis allowed us to count both cell pop-
ulations in the conjunctival epithelium located within
our reference area (in our case 0.0052 mm2), thus ob-
taining cell density (n/mm2), and also to obtain some
morphometric parameters such as area and maximum
and minimum diameter, which provided us with data
regarding the morphology of both types of cells.

Statistical analysis

Data are expressed as mean ± SEM. We used the
SPSS software package to perform a Student’s t-test
for cell density and a nonparametric Kruskal-Wallis
test for the remaining parameters. Similarly, a multi-
ple comparison test was carried out with the mean
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ranges obtained with the nonparametric Kruskal-Wal-
lis test. A p value less than 0.05 was considered sta-
tistically significant.

RESULTS

Nongoblet epithelial cells

Regarding the density of nongoblet epithelial cells,
we found 25,673 ± 1,288 cells/mm2 in untreated pa-
tients. After 1, 3, and 6 months of therapy, the num-
ber increased, but the differences are not statistical-
ly significant (Fig. 2).

Regarding the morphometric parameters under
study, the surface in untreated patients was 101.5 ±
1.47 µm2. After 1, 3, and 6 months of latanoprost ther-
apy, there was a significant decrease compared to un-
treated patients (p<0.0001; Tab. I, Fig. 2). In untreat-
ed patients, maximum and minimum cell diameter analy-
sis yielded values of 15.8 ± 0.10 µm and 9.9 ± 0.09
µm, respectively. A significant reduction was observed
in both values (p<0.0001) after the different treatment
periods, which in the case of maximum diameter took

place after the third month (Tab. I, Fig. 2).
From the maximum and minimum diameter values

we obtained the shape of the cells, given by the quo-
tient. The adimensional values obtained ranged from
0 to 1, where 1 represented a sphere. Thus, in un-
treated patients, we obtained a value of 0.62 for non-
goblet epithelial cells, which underwent a slight elon-
gation after the first month of treatment (0.52). After
3 and 6 months of therapy, no differences were found
in shape when compared to untreated patients.

Goblet epithelial cells

In untreated patients, we observed a cell density of
942 ± 61 cells/mm2 (Tab. II, Fig. 3). After 1 month of
treatment with latanoprost, this value increased sig-
nificantly to 1,340 ± 119 (p<0.0005; Tab. II, Fig. 3),
and although it dropped after 3 and 6 months of treat-
ment, no significant differences were found.

Regarding morphometric parameters, the cell sur-
face in untreated patients was 193.4 ± 3.34 µm2, with
a nonsignificant decline after the three treatment pe-
riods (Tab. II, Fig. 3). The maximum diameter dropped
significantly (p<0.01) after 6 months of treatment, but

Fig. 1 - Conjunctival impression
cytology (periodic acid–Schiff–
hematoxylin staining; original
magnification x200). Normal
conjunctival epithelium where
highly grouped nongoblet cells
can be observed, in greater
quantities than goblet cells
(arrowhead). These cells appear
highly stained and larger.



Fig. 2 - Nongoblet cells. Differ-
ent parameters corresponding
to untreated patients (black-
filled box), and after 1, 3, and 6
months of treatment with
latanoprost (noncontinuous
line, wide line, and dot-filled
boxes, respectively). Statistical
significance *between 1 month
of treatment and untreated
patients; **between 3 months
of treatment and untreated
patients; and ***between 6
months of treatment and
untreated patients.
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the minimum diameter did not undergo any change
(Tab. II, Fig. 3).

The shape of the goblet cells in untreated patients
was given by a ratio of 0.77, and no changes were
found until 6 months of therapy, when the cells be-
came slightly rounder (0.81).

DISCUSSION

We investigated the degree of squamous metapla-
sia occurring in patients treated with latanoprost for
glaucoma after different treatment periods. The de-
gree of squamous metaplasia provides us with infor-

TABLE I - DATA CORRESPONDING TO NONGOBLET EPITHELIAL CONJUNCTIVAL CELLS

Group Number/mm2 Surface, µµm2 Maximum Minimum
diameter, µµm2 diameter, µµm2

Untreated 25,673 ± 1,288 101.5 ± 1.47 15.8 ± 0.10 9.9 ± 0.09

After 1 month 26,634 ± 480 82.6 ± 1.88 15.6 ± 0.16 8.4 ± 0.13
of treatment

After 3 months 26,980 ± 442 77.7 ± 3.05 13.9 ± 0.19 8.6 ± 0.23
of treatment

After 6 months 27,903 ± 692 81.2 ± 1.37 14.8 ± 0.10 9.5 ± 0.13
of treatment
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mation about the state of the ocular surface, as this
is directly related to the severity of the metaplasia
(17, 18). In more specific terms, the study of goblet
epithelial cells is highly relevant because a loss or a
decrease in their density is an early sign of squamous
metaplasia (15, 19). We analyzed the two cell popu-

lations present in the conjunctival epithelium—i.e., gob-
let and nongoblet epithelial cells—and calculated their
numbers per surface unit (cell density) as well as sev-
eral morphometric parameters that provided us with
data on cellular morphology. The alterations in these
cells following the instillation of antiglaucomatous drugs

Fig. 3 - Goblet cells. Different
parameters corresponding to
untreated patients (black-filled
box), and after 1, 3, and 6
months of treatment with
latanoprost (noncontinuous
line, wide line, and dot-filled
boxes, respectively). Statistical
significance *between 1 month
of treatment and untreated
patients, and ***between 6
months of treatment and
untreated patients.

TABLE II - DATA CORRESPONDING TO GOBLET EPITHELIAL CONJUNCTIVAL CELLS

Group Number/mm2 Surface, µµm2 Maximum Minimum
diameter, µµm2 diameter, µµm2

Untreated 942 ± 61 193.4 ± 3.34 18.9 ± 0.15 14.6 ± 0.16

After 1 month 1,340 ± 119 177.8 ± 4.10 18.1 ± 0.22 14.3 ± 0.2
of treatment

After 3 months 975 ± 44 174.4 ± 4.6 18.3 ± 0.15 14.5 ± 0.18
of treatment

After 6 months 917 ± 34 178.6 ± 3.25 17.9 ± 0.25 14.1 ± 0.14
of treatment
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is a controversial issue and we therefore aimed to pro-
vide further data that could help us better understand
this ocular pathology as well as its treatment.

Regarding cellular density, untreated patients pre-
sented values of 25,673 ± 1,288 nongoblet cells/mm2

and 942 ± 61 goblet cells/mm2, thus revealing that
almost 95% of the cell population corresponds to non-
goblet epithelial cells. The density ratio between non-
goblet and goblet cells did not change after the dif-
ferent therapy periods, although there was a signif-
icant increase in goblet cell density after 1 month of
treatment. Nevertheless, the ratio between both
populations remained at 95 to 96%/4 to 5% through-
out the treatment period, suggesting that latanoprost
therapy does not modify the ratio found in untreat-
ed patients.

Most clinical data found in the literature regarding
the use of latanoprost deal with IOP measurements
(20-22), and the only study providing data that can
be compared to our own is that of Mietz et al (23),
who reported that the number of goblet cells in albi-
no rabbits treated with latanoprost and timolol de-
creased after 18 months of treatment. However, our
study did not cover such a long period.

The analysis of the area in both cell populations showed
a significant decrease in the size of nongoblet epi-
thelial cells after 1, 3, and 6 months of treatment (18.62%,
23%, and 20%, respectively, compared to untreated
patients). In other words, the decline is stronger af-
ter the longer treatment periods (3 and 6 months).
These findings confirm that latanoprost has an iatro-
genic effect on the nongoblet epithelial cells of the
conjunctiva and that there is a decrease in their size
after the first month of treatment that persists 6 months
after treatment. However, these changes in size do
not initially correlate with a loss of nongoblet epithelial
cells. According to our data, the size of goblet epi-
thelial cells declined nonsignificantly after the three
periods of treatment under study (8%, 9.82%, and
7.65%). When the cellular area of both cell popula-
tions in untreated patients was compared, we found
that the goblet cells were larger than the nongoblet
epithelial cells (+47.5%). This difference increased in
treated patients, where goblet cells were around 54%
larger than nongoblet epithelial cells, probably owing
to the significant reduction in size of the latter.

The diameter study yielded a similar pattern to the
one described for nongoblet epithelial cells. Howev-

er, the fact that the maximum diameter did not change
after 1 month of therapy might suggest that cells be-
came slightly elongated, but returned to their initial
shape after 3 and 6 months of treatment. In goblet
cells, the maximum diameter declined only after 6 months
of therapy, whereas the minimum diameter did not
present significant differences between treated and
untreated patients. This suggests that, as confirmed
by the shape factor, after 6 months of treatment gob-
let cells adopt a rounded shape, although their size
is not altered.

The mechanisms involved in this chain of events
during the use of latanoprost are unknown. The ia-
trogenic effect of the preservatives used in eyedrops
on the nongoblet and goblet epithelial cells of the con-
junctiva is well known. Latanoprost could give rise to
a certain degree of histotoxicity and a decrease in
cellular size, which could lead to atrophy, and ulti-
mately to cellular death with the consequent decrease
in the number of cells. However, the absence of im-
portant modifications in goblet epithelial cells of the
conjunctiva leads us to think that in patients treated
with latanoprost these types of cells are less vulner-
able than nongoblet epithelial cells. The persistence
of the values obtained for goblet cells suggests a nor-
mal secretory conjunctival mucosa and, therefore, no
squamous metaplasia should be expected in the pe-
riods under study. Further studies on the clinical ef-
fects of latanoprost involving longer treatment peri-
ods would be useful, given that short-term changes
appear to be insignificant.
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