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Background: Glaucoma is a group of eye diseases that can cause vision loss.
Prostaglandin analogues (PGAs) are known to be first-line treatment for patients
with glaucoma. Latanoprost is a good, efficient and well-tolerated PGA that is
currently available as latanoprost with benzalkonium chloride (BAC) (Xalatan) and
preservative-free (PF) prostaglandin analogue latanoprost (Monopost). Lately, using
PF anti-glaucoma agents has been considered an essential procedure for enhancing
glaucoma care. This study aimed to analyse the histological changes within the
corneal tissue with the use of currently available preserved prostaglandins-derived
eye drops and PF prostaglandin analogue.
Materials and methods: In this study, 40 male guinea pigs were divided into
four equal groups. Control group, Latanoprost with 0.02% BAC-treated group,
Recovery group and PF latanoprost-treated group. After 2 months, the corneal
tissues of guinea pigs were prepared for light and electron microscopic studies;
morphometric and statistical studies were performed.
Results: Our results indicated that guinea pigs treated with latanoprost with BAC
exhibited ocular surface changes: there was epithelial thinning with desquamation,
the stroma showed irregularly arranged collagen fibres and small keratocytes.
Morphometrically, there was a marked decrease in the thickness of epithelium
and number of keratocytes. Negative periodic acid Schiff (PAS) reaction was observed in some parts of the epithelial basement membrane. The epithelium gave
a strong positive immunoreactivity for Bcl-2-associated X protein (BAX). Guinea
pigs left to recover exhibited improvement, while treatment of animals with PF
latanoprost resulted in nearly normal corneal structure.
Conclusions: In conclusion, PF prostaglandin anti-glaucoma medication seems to
be better and have protective effect on cornea of male guinea pigs than prostaglandins with BAC preservative. (Folia Morphol 2022; 81, 1: 52–64)
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periodic acid Schiff (PAS), Bcl-2-associated X protein (BAX)

Address for correspondence: Dr. R.M. Salama, Department of Anatomy and Embryology, Faculty of Medicine, Menoufia University, Smouha,
Alexandria, Egypt, tel: 00201005240928, e-mail: drrashasalama@yahoo.com
This article is available in open access under Creative Common Attribution-Non-Commercial-No Derivatives 4.0 International (CC BY-NC-ND 4.0) license, allowing to download
articles and share them with others as long as they credit the authors and the publisher, but without permission to change them in any way or use them commercially.

52

A.F. Ali et al., Preservative-free and preserved PGAs on cornea of guinea pigs

INTRODUCTION

other types of preservatives-containing PGs and new
preservative-free (PF) PGs have been advanced [38].
So, this current study was designed to analyse the
histological alterations within the corneal tissue
with the use of currently available (PGs)-derived
eye drops, namely latanoprost with BAC (Xalatan) and PF PGA latanoprost (Monopost), in male
guinea pigs.

Glaucoma is an optic neuropathy that is considered the main cause of blindness in the world,
affecting approximately 67 million people worldwide
[6, 30]. Glaucoma often occurs due to elevated intraocular pressure (IOP) that leads to damage of the
optic nerve which can progress to irreversible vision
loss, when left without treatment [36].
Intraocular pressure is an essential risk factor and
is the main aim for the currently approved glaucoma
treatment through the use of topical ocular hypotensive drops [21] that should be taken through life to
inhibit or stop loss of retinal ganglion cells and visual
impairment [31].
Prostaglandin analogues (PGAs) are one of the
most important drugs utilised for ocular hypertension
and glaucoma treatment [26]. These compounds are
known to be highly effective in decreasing IOP [19].
Uzunel [39] reported that PGAs stimulated drainage of aqueous humour through the uveo-scleral outflow pathway and facilitated the trabecular outflow
resulting in reducing IOP. Five different prostaglandins
(PGs) are known to be used for treatment of glaucoma, namely, isopropyl unoprostone, latanoprost,
travoprost, bimatoprost, and tafluprost [16].
Long-term local treatment with these anti-glaucoma drugs is always associated with ocular surface
disease such eye colour change, darkening of eyelid
skin, droopy eyelids, sunken eyes, eye redness, and
itching [32].
Kim et al. [16] referred these side effects to the
components of these topical hypotensive drops such
as benzalkonium chloride (BAC) preservative. BAC is
the most commonly applied preservative in eye drops
having highly effective anti-microbial features. It is
a quaternary ammonium salt, a cationic surfactant
and tension-active compound. It breaks up the lipid
layer of tear film and cell membranes of corneal surface. BAC acts also by denaturing proteins and disrupting the cell membrane, thus improving the active
compounds penetration; so, it could be employed as
a penetration enhancer [2, 25]. It has the advantage
of being relatively well tolerated with few allergic side
effects [6]. Having very slow turnover, BAC remains
within the ocular tissues after a single drop administration about 48 hours [16].
BAC side effects seemed to be time- and dose-dependent, rising with larger amounts utilised over
prolonged periods [22, 42]. With rising attention to
the ocular surface side effects of this preservative,

MATERIALS AND METHODS
Animals and experimental protocol
The present experimental study was conducted

at Research Centre in Menoufia University, Egypt.
Study protocol was reviewed and observed via the
Animal Ethics Committee of the Research Laboratory of Experimental Animals at Faculty of Medicine,
Menoufia University, Egypt. Forty male adult guinea
pigs, weighting 400–450 g were employed in the
current work. They were kept in cages at room temperature. The water and food were available. Strict
hygiene was followed to keep a healthy medium for
the guinea pigs.
Animal groups

The animals were distributed randomly into four
groups, each included 10 guinea pigs:
—— group I (Control group): the guinea pigs were
left without treatment during the experimental
period;
—— group II (Latanoprost with BAC treated group):
they were treated topically with latanoprost preserved with 0.02% benzalkonium chloride (0.005%
Xalatan 125 µg/2.5 mL, Pfizer, New York, USA);
—— group III (Recovery group): they were treated as
group II and left for 2 weeks without treatment
for recovery;
—— group IV (PF latanoprost-treated group): the guinea pigs in this group were treated topically with
preservative free latanoprost (Monopost 50 µg/mL,
Thea Pharmaceuticals Ltd., UK).
All guinea pigs received treatment as a single
eye drop (1.5 µg latanoprost) in both eyes daily for
2 months [14].
At the assigned time of scarification for each
group, cardiac perfusion was done under anaesthesia
using sodium pentobarbital, 40 mg/kg by intraperitoneal injection [15]. From each animal, both eyeballs
were enucleated rapidly and the corneal tissues were
prepared for light and transmission electron microscopic studies.
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RESULTS

Light microscopic study

From each animal, the right eye ball was fixed
in 10% formaldehyde solution and processed for
paraffin sections of about 7 μm thick. Sections were
obtained and stained with haematoxylin and eosin (H&E) to demonstrate the histological details
and Mallory’s trichrome stain to detect the collagen fibres [3]. For histochemical study, the corneal
sections were processed to be stained by periodic acid Schiff (PAS) reaction for determination of
carbohydrate (epithelial basement membrane) [3].
For immunohistochemical study, Bcl-2-associated
X protein (BAX) immune-staining was carried out
(a marker of apoptosis), paraffin sections were put
within monoclonal BAX antibody (Ab-14 Golden,
Lab Vision Clone B-9; Santa Cruz Biotechnology Inc.,
USA). Negative control sections were processed by
replacing the primary antibody with buffer alone.
Hodgkin’s lymphoma was used as a positive control.
Brown cytoplasmic staining was scored as a positive
reaction. Counterstaining was performed by using
Meyer’s haematoxylin [29].

Effects of preservative-free and preserved
prostaglandin analogues on corneal morphology

Seven μm paraffin corneal sections stained with
H&E of the different experimental groups to analyse
the histological alterations with the use of latanoprost with BAC (Xalatan) and PF PGA latanoprost
(Monopost) in male guinea pigs was done. Group I
(Control group) showed well defined corneal layers, these were: the outer epithelium, Bowman’s
membrane, stroma, Descemet’s membrane and inner
endothelium. The corneal epithelium was stratified
squamous non-keratinised epithelium with smooth
upper surface. It consisted of basal layer of single columnar cells with basal oval nuclei, intermediate layer
consisting of polyhedral cells with central rounded
nuclei arranged in 2 to 3 rows and superficial layer
consisting of one to two rows of flattened squamous
cells with flat nuclei. Under the epithelium, an acidophilic homogenous membrane appeared, Bowman’s
membrane. The stroma constituting the most corneal
thickness was formed of bundles of collagen fibres
which were arranged regularly and keratocytes appeared as flat cells with flattened nuclei, scattered
between collagen fibres (Fig. 1A). While, the corneal
sections from group II (Latanoprost with BAC treated
group) exhibited epithelial thinning with flat nuclei
(Fig. 1B). The thickness of corneal epithelium showed
a highly significant decrease as compared with control
group (p < 0.001) (Table 1, Fig. 3A). Some surface
epithelial cells were exfoliated and desquamated and
other epithelial cells exhibited vacuolated cytoplasm
and their nuclei revealed variable degrees of degeneration, karyolysis and pyknosis (Fig. 1C). The stroma
demonstrated irregularly arranged collagen fibres
which were separated by wide spaces (Figs. 1B, C)
and small dark keratocytes were seen (Fig. 1C). The
mean number of keratocytes was highly significantly decreased in comparison with the control group
(p < 0.001) (Table 1, Fig. 3B). Cellular infiltration, neovascularisation (Fig. 2B) and congested blood vessels
(Fig. 1C) were also observed in the stroma. Group III
(Recovery group) revealed less degenerative changes
in the form of slight superficial epithelial cells desquamation and corrugated basement membrane. The
stroma consisted of collagen bundles arranged regularly and spindle-shaped keratocytes with pale nuclei
in between. Some keratocytes appeared small in size

Transmission electron microscopic study

The cornea of the left eye was dissected. Small
corneal specimens were obtained and rapidly fixed
in 3% glutaraldehyde with 0.1 M phosphate buffer at
pH 7.4, and then, processed for examination, using
a Jeol electron microscope (Seo-Russia) in Tanta E.M.
Centre at Faculty of Medicine, Tanta University [12].
Morphometric study and statistical analysis

From each animal in all groups, the cornea was
examined under light microscope using objective
lens ×40. Thickness of corneal epithelium in µm and
keratocytes number was measured in 10 high power
fields in each specimen.
The morphometric results were analysed and
compared by Student’s t-test. P-value was utilised
to estimate the significant change in each parameter
in the experimental animals in comparison with the
control group. Then, the data were tabulated as mean
± standard deviation and then, analysed utilising
statistical package for the Social Science Software
(SPSS). P value was set at 0.05; p > 0.05 was considered non-significant, p value < 0.05 was considered
significant and p value < 0.001 was considered highly
significant [28].
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Figure 1. Photomicrographs of haematoxylin and eosin (H&E) stained corneal sections of the different experimental groups; A. Control group:
illustrating non-keratinized stratified squamous epithelium (E) resting on clear basement membrane (blue arrow) and consists of basal layer of columnar cells (C) with basal oval nuclei, intermediate layers of polyhedral cells (P) with central rounded nuclei and superficial layer of flattened cells
(A) with flat nuclei. The Bowman’s membrane (black arrow) appears as an acidophilic homogenous layer under the epithelium. The stroma (SM)
consists of collagen fibres arranged regularly with spindle-shaped keratocytes with flat nuclei (red arrows) in-between; B. Group II: illustrating all
epithelial layers (E) appear with flattened nuclei (black arrow). The stroma shows irregularly arranged collagen fibres (blue arrow) and neovascularisation (red arrows). Notice, cellular infiltration (I) within the stroma; C. Group II: illustrating desquamation of the superficial epithelium (star)
is observed, the epithelial cells appear with vacuolated cytoplasm (V) and their nuclei show variable degrees of degeneration, karyolysis (red
arrows) and pyknosis (blue arrows). The stroma shows wide spaces (S) in between collagen fibres, congested blood vessels (BV) and small dark
keratocytes (arrow heads). Notice, discontinuation of basement membrane (double arrow); D. Group III: illustrating stratified squamous non-keratinised epithelium (E) resting on corrugated basement membrane (blue arrow). The superficial cells appear with slight desquamation (star). The
stroma is formed of parallel arranged collagen fibres (F) with spindle shaped keratocytes with pale nuclei in between (arrow head). Notice, some
keratocytes appear small with condensed nuclei (red nuclei); E. Group IV: illustrating preserved corneal epithelium (E). The stroma appears with
regularly arranged collagen fibres (F) with keratocytes (arrows) in between. H&E ×400.

Table 1. Comparison between control group and other studied groups
Group I

Group II

Group III

Group IV

P value

Corneal epithelial thickness

41.1 ± 1.2

38.4 ± 3.8

26.1 ± 1.2

41.2 ± 1.2

P1 = 0.000
P2 = 0.010
P3 = 0.713
P4 = 0.000

Number of keratocytes

23.7 ± 0.6

20.9 ± 5.2

16.5 ± 2.5

24.3 ± 1.7

P1 = 0.000
P2 = 0.022
P3 = 0.157
P4 = 0.000

P1 — comparison was done between group 1 (Control group) and group II (Latanoprost with BAC-treated group); P2 — comparison was done between group I (Control group) and
group III (Recovery group); P3 — comparison was done between group I (Control group) and group IV (PF latanoprost-treated group); P4 — comparison was done between group IV
(PF latanoprost group) and group II (Latanoprost with BAC-treated group); p < 0.001 was considered highly significant; p < 0.05 was considered significant; p > 0.05 was considered
non-significant

group) revealed better corneal structure that appeared almost similar to that of the control group
(Fig. 1E). There was a nonsignificant difference
(p > 0.05) in corneal epithelial thickness and the

with condensed nuclei (Fig. 1D). The corneal epithelial thickness and the mean number of keratocytes
were improved compared with group II (p < 0.05)
(Table 1, Fig. 3A, B). Group IV (PF latanoprost treated
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Figure 2. Photomicrographs of haematoxylin and eosin (H&E) stained corneal sections of the different experimental groups; A. Control group:
illustrating the posterior aspect of the cornea Descemet’s membrane (blue arrow) appears as a homogenous acellular membrane and lined
by a single layer of endothelial cells with flat nuclei (red arrow); B. Group II: illustrating apparently few endothelial cells with small pyknotic nuclei (blue arrow). The stroma appears with irregularly arranged collagen fibres (red arrows) with wide spaces in between (S). Small
keratocytes (arrow heads) with dark nuclei are observed. Note, appearance of neovascularisation (black arrows) in the stroma; C. Group III:
illustrating some endothelial cells (arrows) separated from the Descemet’s membrane. Notice, some small-sized keratocytes (arrow heads)
with condensed nuclei in the stroma; D. Group IV: illustrating Descemet’s membrane (blue arrow) which appears as a homogenous acellular
membrane and lined by a single layer of endothelial cells (red arrow). Notice, normal appearance of stroma (SM). H&E ×400.
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pect of the cornea, group I displayed flat endothelial
cells arranged in one layer and supported via a homogenous acellular Descemet’s membrane (Fig. 2A).
Group II showed apparently few endothelial cells
with small pyknotic nuclei. Stroma with irregularly
arranged collagen fibres and with wide spaces in
between was seen. The keratocytes appeared small
in size with dark nuclei (Fig. 2B). Group III revealed
few endothelial cells separated from the Descemet’s
membrane (Fig. 2C). Moreover, group IV displayed
acellular Descemet’s membrane lined by a single layer
of endothelial cells (Fig. 2D).
In order to visualise changes in collagen fibre architecture Mallory trichrome-stained corneal sections
of the different experimental groups were performed.
Group I (Control group) revealed regularly arranged
collagen fibres (Fig. 4A). However, in group II (Latanoprost with BAC treated group), there were widely
separated and irregularly arranged collagen fibres
(Fig. 4B). Group III (Recovery group) exhibited regularly
arranged collagen fibres. Wide space between collagen
fibres was observed (Fig. 4C). In group IV (PF latanoprost treated group), there was regular arrangement
of collagen fibres similar to control (Fig. 4D).
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Figure 3. A histogram showing mean values of the corneal
epithelial thickness (A) and keratocyte number (B) of the different
experimental groups.

mean number of keratocytes when compared with
control group. While at the same time, these animals showed a highly significant decrease in these
parameters in comparison with group II (p < 0.001)
(Table 1, Fig. 3A, B). Regarding to the posterior as-
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Figure 4. Photomicrographs of Mallory’s
trichrome-stained corneal sections of the
different experimental groups; A. Control
group: illustrating regularly arranged
collagen fibres (F); B. Group II: illustrating, widely separated (S) and irregularly
arranged collagen fibres (F); C. Group III:
illustrating, regularly arranged collagen
fibres (F). Notice, wide space between
collagen fibres (S); D. Group IV: illustrating, regular arrangement of collagen
fibres (F) similar to control group.
Mallory’s trichrome ×400.

Figure 5. Photomicrographs of periodic
acid Schiff (PAS) stained corneal sections
of the different experimental groups;
A. Control group: illustrating strong
positive PAS reaction in the epithelial
basement membrane (arrow); B. Group II:
illustrating, mild positive PAS reaction in
some parts (blue arrow) and negative in
other parts (red arrow) of the epithelial
basement membrane; C. Group III: illustrating, mild positive PAS reaction in the
basement membrane (arrow); D. Group IV:
illustrating, strong positive PAS reaction in
the basement membrane (arrow).
PAS ×400.

For determination of carbohydrate (epithelial
basement membrane), PAS stained corneal sections of
the different experimental groups were done. Group I
(Control group) exhibited strong positive reaction in
the epithelial basement membrane (Fig. 5A). However, mild positive PAS reaction in some parts and
negative in other parts of the basement membrane
were seen in group II (Latanoprost with BAC treated
group) (Fig. 5B). Group III (Recovery group) revealed

mild positive reaction (Fig. 5C). In group IV (PF latanoprost treated group), there was strong positive
PAS reaction in the basement membrane similar to
control group (Fig. 5D).
For detection of apoptosis immunohistochemically
in corneal tissue, BAX immune-marker expression was
determined. There was a negative BAX expression in
the corneal tissue of group I (Fig. 6A), whereas in
group II, strong positive cytoplasmic BAX reaction

57

Folia Morphol., 2022, Vol. 81, No. 1

A

B

C

D

Figure 6. Photomicrographs of Bcl-2-associated X protein (BAX) immune-stained
corneal sections of the different experimental groups; A. Control group: illustrating
negative BAX reaction in the epithelium
and stroma; B. Group II: illustrating, strong
positive cytoplasmic BAX reaction in the
epithelium (blue arrow) and mild reaction
(red arrow) in the keratocytes; C. Group III:
illustrating, moderate BAX reactivity in
the corneal epithelial cells (blue arrows)
and mild reaction in the keratocytes (red
arrow); D. Group IV: illustrating, negative
BAX reaction in the epithelium and stroma.
BAX ×1000.

in the epithelium and mild reaction in keratocytes
were observed (Fig. 6B). However, group III, exhibited
moderate BAX reactivity in the corneal epithelial cells
and mild reaction in keratocytes (Fig. 6C). In group IV,
there was negative reaction in the epithelium and
stroma similar to control animals (Fig. 6D).

rough endoplasmic reticulum cisterna and mitochondria (Fig. 7D).
Group II (Latanoprost with BAC treated group),
marked alterations including the various corneal layers
were seen. The basal and intermediate epithelial cells
appeared with cytoplasmic vacuoles, free ribosomes,
distorted mitochondria, wide perinuclear space and
shrunken nuclei (Fig. 8A, B). Moreover, the cells
were separated by wide intercellular space (Fig. 8B).
The superficial epithelial cells showed flat euchromatic nuclei with irregular contour. Wide intercellular
spaces with partial loss of desmosomal junctions
between some superficial epithelial cells were seen
(Fig. 8C). The stroma exhibited keratocytes which
were widely separated from the collagen fibres. The
keratocytes appeared with cytoplasmic processes and
their cytoplasm contained shrunken nuclei, dilated
rough endoplasmic reticulum cisterna and lysosomes
(Fig. 8D). Moreover, small areas in the stroma contained little amount of collagen fibres (Fig. 9A, B) and
appearance of blood vessel was found (Fig. 9A). The
endothelial cells had discontinued cell membrane and
distorted mitochondria (Fig. 9B).
Group III (Recovery group) exhibited superficial epithelial cells with euchromatic nuclei and desmosomal
junctions in between. Wide intercellular spaces with
loss of desmosomes between some superficial epithelial cells were observed (Fig. 9C). The stroma exhibited
regularly arranged collagen fibres. The keratocytes
appeared with indented nucleus and abundant cytoplasm containing rough endoplasmic reticulum. Wide
space between collagen fibres and keratocytes was

Effects of preservative-free and preserved
prostaglandin analogues on corneal ultrastructure

Electron microscopic examination was done to
confirm the light microscopic findings.
Group I (Control group), the corneal epithelium
had basal columnar cells with euchromatic rounded nuclei. Hemi-desmosomes appeared as electron
dense spots and were seen on the basal sides of
these cells, facing the basement membrane. The
intermediate cells had rounded euchromatic nuclei. The superficial cells were flattened with flat
nuclei. All epithelial cells were connected together by many electron dense desmosomes, allowing
narrow intercellular spaces. Under the epithelium,
there was the Bowman’s membrane which appeared as a thick collagen fibre layer (Fig. 7A, B).
The stroma had regularly arranged collagen fibres
parallel to the corneal surface. The keratocytes appeared as spindle-shaped cells with scanty cytoplasm
and moderately electron dense oval nucleus. They appeared squeezed in-between collagen fibres (Fig. 7C).
The Descemet’s membrane displayed as homogenous
acellular electron-dense layer and lined by a single
layer of endothelial cell which appeared as flat cells
having oval nuclei and their cytoplasm contained
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Figure 7. Electron micrographs of the cornea of control group illustrating: A. A basal columnar epithelial cells with euchromatic rounded
nuclei (N) resting on clear intact Bowman’s membrane (B). The epithelial cells are connected to each other by numerous desmosomes (black
arrows) with narrow intercellular spaces. Notice, hemi-desmosomes appear as electron dense spots (red arrow) fixing the basal cells to the
underlying basement membrane (blue arrow); ×4000; B. The intermediate cells have rounded euchromatic nuclei (N). The superficial cells are
flattened with flat nuclei (n). All epithelial cells are connected with each other by electron dense desmosomes (arrows); ×4000; C. A spindle-shaped
keratocyte with scanty cytoplasm and moderately electron dense oval nucleus (N) is seen squeezed between regularly arranged collagen
fibres in longitudinal (L) and transverse (T) directions; ×5000; D. A single endothelial cell layer with flat nucleus (N) and abundant cytoplasm
containing mitochondria (M) and rough endoplasmic reticulum cisterna (arrows) is observed. The endothelial cells line thick homogenous
electron-dense Descemet’s membrane (DM); ×15000.

observed (Fig. 9D). The Descemet’s endothelial cells
appeared with cytoplasmic vacuoles and distorted
mitochondria (Fig. 10A).
Group IV (PF latanoprost treated group) showed
corneal structure similar to that of the control group.
The superficial epithelial cells were well organized
with preserved desmosomal junctions (Fig. 10B). The
stroma showed regularly arranged collagen fibres.
The keratocytes with oval nucleus and rough endoplasmic reticulum in their cytoplasm were observed.
The Descemet’s endothelial cells appeared with flat
nucleus and mitochondria (Fig. 10C).

drug of prostaglandin F2-alpha, more lipophilic than
other PGAs, which means that it is better absorbed
through the cornea. Latanoprost is well tolerated. So,
patients receiving latanoprost treatment are more
persistent than other ocular prostaglandins hypotensive medications [35]. Latanoprost is the first PGA
that has an improved, recently produced formulation
without BAC [1].
In this study, the histological changes within the
corneal tissue with the use of currently available
PG-derived eye drops, namely latanoprost (Xalatan)
and PF PGA latanoprost (Monopost), in male guinea
pigs were evaluated by light and electron microscope.
In the current study, the light microscopic corneal
changes were confirmed by electron microscope. Corneal tissue from guinea pigs treated with latanoprost
with BAC showed toxic changes that were considered
to be related to the preservative, BAC, as previously
reported by Trzeciecka et al. [38].
Epstein et al. [9] demonstrated that preservatives
which exist in eye drops, such as BAC, change the
permeability of the ocular surface epithelium, even

DISCUSSION
Prostaglandin analogues are the first treatment
used for glaucoma as a monotherapy or with other
hypotensive agents. PGAs are preferable to other
ocular hypotensive agents, because during long-term
clinical use, there were no systemic side effects [16].
Among all the types of available PGAs, latanoprost
was chosen in the present study, because this drug
has good efficacy. Latanoprost is an esterified pro-
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Figure 8. Electron micrographs of the cornea of group II illustrating: A. Basal and intermediate epithelial cells. One cell appears with cytoplasmic vacuoles (V) and condensed nuclei (n). Some cells have a euchromatic nuclei (N), whereas others have shrunken nuclei (K) and wide
perinuclear space (red arrow). Notice, the cell membranes are interdigitated and connected by desmosomal junctions (black arrows); ×4000;
B. Epithelial cells with euchromatic nucleus (N) and wide perinuclear space (red arrow) are seen. The cytoplasm shows multiple vacuoles (V),
free ribosomes (arrows) and distorted mitochondria (M). The cells are separated by wide intercellular space (S); ×15000; C. The superficial
epithelial cells have flat euchromatic nuclei (N) with irregular contour, some cells show preserved desmosomal junctions (black arrows).
Notice, wide intercellular spaces with loss of junctions between some epithelial cells (red arrows); ×5000; D. The keratocyte has shrunken
nucleus (N), variable sized cytoplasmic vacuoles (red arrows), dilated rough endoplasmic reticulum cisterna (black arrows) and lysosomes
(blue arrow). The keratocyte is widely separated (S) from regularly arranged collagen fibres (F) of stroma; ×5000.

at very low doses. BAC gives rise to cell membranes
lysis at the ocular surface.
Thinning of epithelial covering with desquamation
of some surface cells was detected in the present
study; this finding was confirmed morphometrically
by showing highly significant decrease within the
corneal epithelial thickness in comparison with the
control animals. These results coincided with other
authors [10, 22, 39] who reported a decrease in
the number of corneal epithelial layers with highly
significant decrease in the central corneal thickness
following long term treatment with BAC-containing
eye drops. This might be due to degeneration of
corneal epithelial cells with dead cells loss and failure
of cellular regeneration and proliferation following
long term treatment with BAC containing eye drops.
Guo et al. [13] and Soliman et al. [37] illustrated
that the corneal epithelial cells desquamation with intracellular adenozyno-5’-trifosforan (ATP) depletion is
accelerated by BAC. Among the various effects of ATP
depletion, regulatory light chain of myosin II (MLC)
phosphorylation has been detected. It is proven that

the corneal epithelial cells exposure to BAC results
in MLC phosphorylation that leads to contraction
of the cytoskeleton of the epithelial cells leading to
distortion the corneal barrier integrity.
Latanoprost with BAC-treated guinea pigs showed
variable degrees of degeneration within the nuclei
of the epithelial cells, endothelial cells and stromal
keratocytes. This might be due to deoxyribonucleic
acid (DNA) damage occurring in corneal cells after
treatment of BAC-containing eye drops, as previously
demonstrated with Kobayashi et al. [17] and Soliman
et al. [37].
These results were also, in accordance with Barzilai and Yamamoto [4] and Baudouin et al. [5] who
stated that BAC caused oxidative stress leading to
free radicals generation, such as hydroxyl radicals
and superoxide anion, and reactive oxygen species
(ROS), such as singlet oxygen and hydrogen peroxide.
Overproduction of ROS can induce cellular damage,
particularly the DNA through the mitochondrial damage, which causes activation of endonuclease and
apoptogenic proteases resulting in apoptosis.
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Figure 9. Electron micrographs of the cornea of group II (A, B) and group III (C, D); A. Group II: illustrating small areas in the stroma containing little amount of collagen fibres (black arrows) with appearance of blood vessel (BV); ×5000; B. Group II: illustrating, discontinued
endothelial cell membrane (black arrow) with distorted mitochondria (M). The stroma displays little amount of collagen fibres (red arrow);
×5000; C. Group III: illustrating, superficial epithelial cells with flat euchromatic nuclei (N) and preserved desmosomal junctions in between
(black arrows). Wide intercellular spaces between some superficial cells with loss of desmosomes are observed (red arrows); ×15000;
D. Group III: illustrating stroma with regularly arranged collagen fibres in longitudinal (L) and transverse (T) directions. The keratocyte appears
with indented nucleus (N) and abundant cytoplasm containing rough endoplasmic reticulum cisterna (black arrow). Notice, wide space (S)
between keratocyte and collagen fibres; ×5000.
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Figure 10. Electron micrographs of the cornea of group III (A) and group IV (B, C); A. Group III: Descemet’s membrane (DM) lined by a single endothelial cell layer. The endothelial cell appears with flat nucleus (N) and abundant cytoplasm containing distorted mitochondria (M)
and vacuoles (black arrows); ×15000; B. Group IV: illustrating normal appearance of superficial epithelial cells with preserved desmosomal
junctions (black arrows); ×5000; C. Group IV: illustrating stroma with regularly arranged collagen fibres (F). The keratocyte appears with oval
nucleus (N) and rough endoplasmic reticulum (black arrow). The Descemet’s membrane (DM) is lined by endothelial cells having flat nucleus (n)
and mitochondria (M); ×5000.

Rosin and Bell [33] referred decreasing number of
keratocytes within the stroma detected within corneal
tissues from guinea pigs treated with latanoprost
with BAC to their contraction, apoptosis and death
of these cells after exposure to BAC. This finding was
supported morphometrically as showing a highly

significant decrease in the keratocytes number as
compared with that of the control animals.
Disarrangement and loss of collagen fibres in
some areas within the stroma in this study may be
due to keratocytes loss as they synthesize and preserve stromal collagen; thus, keratocytes loss leads to
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less collagen secretion [23]. Another explanation of
damaged corneal stromal cells following prolonged
BAC exposure was that PGAs are known to reduce
IOP by upregulation of matrix metalloproteinases
(MMPs), which are collagen degradation enzymes
induced by prostaglandin F2-alpha [34, 39], causing
connective tissue remodelling and degeneration of
extracellular matrix, involving collagens of the sclera
and ciliary muscle, resulting in lowering resistance
of uveo-scleral outflow, thus improving aqueous humour outflow [18].
Stromal neovascularisation and congested blood
vessels detected in the present study might be due
to corneal stromal cells activation and migration to
the site of injury following exposure to BAC. These
stromal cells express vascular endothelial growth
factor (VEGF) that induces angiogenesis with new
blood vessels formation as previously explained by
Mahmoud et al. [20].
It was also suggested by DeStafeno and Kim [8]
that stromal neovascularisation might be due to unbalancing between angiogenic factors such as VEGF,
fibroblast growth factor and anti-angiogenic ones
such as angiostatin in the cornea.
Inflammatory cellular infiltration of the stroma
detected within corneal sections from guinea pigs
treated with latanoprost with BAC may be considered
as a trial for healing and protection against infection
which become easier with disturbance of the normal
corneal epithelial barrier with prolonged treatment
of BAC containing hypotensive eye drops.
Yang et al. [41] reported that inflammatory cellular infiltration of the stroma might be due to the
expression of several inflammatory factors, such as
chemotactic factors: monocyte chemo-attractant protein 1, macrophage inflammatory protein-1 alpha and
growth-regulated protein alpha, which increased after
treatment with BAC within a week. These inflammatory
factors have chemotactic activity for eosinophils monocytes and neutrophils, either separately or together.
Negri et al. [24] referred the inflammatory cellular
infiltration of corneal stroma to the effect of BAC in
lipoxygenase activation and secretion of inﬂammatory
mediators, and multiple cytokines such as interleukin-la, tumour necrosis factor alpha, interleukin-8,
leading to irritation and allergic reaction.
In the current study, widely separated irregularly
arranged collagen fibres in Mallory’s trichrome-stained
corneal sections from guinea pigs treated with latanoprost with BAC might be due to degradation of its

collagen fibres by active MMPs which are produced
by prolonged exposure to BAC. These findings were in
agreement with Gaton et al. [11] and Park et al. [26]
who reported that PGAs cause up-regulation of MMPs
that leads to degradation of extracellular matrix,
including collagens of the ciliary muscle and sclera.
Another explanation of wide spaces in-between
collagen fibres is that prolonged treatment with
hypotensive eye drops containing BAC resulted in
intracellular and extracellular oedema, as previously
explained by Collin and Collin [7].
Histochemically, corneal sections of this group
revealed mild positive PAS reaction in some parts and
negative in other parts of the basement membrane.
These results indicated reduction or even depletion
of carbohydrates within the basement membrane of
corneal epithelium.
Immunohistochemically, a marked immune positive cytoplasmic reaction for BAX in the covering
epithelial cells and stromal keratocytes within corneal
sections from guinea pigs treated with latanoprost
with BAC was observed. This could be due to apoptosis of these cells. BAX is a nuclear-encoded protein
that can penetrate the mitochondrial membrane and,
thus, mediate cell death via apoptosis. So, increase
reactivity for BAX indicates cellular apoptosis [40].
Guinea pigs left to recover without treatment for
2 weeks after treatment with latanoprost with BAC
showed mild improvement of the histological changes
of the cornea. However, some histological alterations
were still persisting as desquamation of the superficial
epithelial cells and corrugated Bowman’s membrane.
Small keratocytes with dark nuclei were noticed. Few
endothelial cells appeared separated from the Descemet’s membrane. These findings were in harmony
with Soliman et al. [37] who demonstrated that there
was mild recovery within the corneal sections of rats
left for recovery after 0.02% BAC treatment with minimal decrease of the thickness of corneal epithelium
and stromal degeneration.
On the other hand, light and electron microscopic
studies of corneal sections from guinea pigs treated
with PF latanoprost revealed nearly normal corneal
structure. Moreover, these results were in harmony
with Pauly et al. [27] and Yang et al. [41] who reported that rat corneal tissue presented better tolerance
with PF latanoprost therapy. This improvement could
be referred to absence of the BAC preservative from
PGAs which in turn might improve the structure and
function of the corneal epithelial barrier.
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CONCLUSIONS
Prostaglandins with BAC preservative derived eye
drops result in many histological alterations in the
corneal tissue. These alterations might be improved
by withdrawal of the preservative. PF prostaglandin
medication seems to be alternative to those preserved
with BAC formulations.
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