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Abstract: Background: Proparacaine hydrochloride (PH), as a a local anesthetic, is used regularly in ophthalmic surgery and
optometry. However, few pieces of research on the ocular surface toxicity of PH eye drops have so far been reported. Purpuse:
To evaluate the effect of PH on the ocular surface of mice. Methods: Male C57/BL6 mice were divided into four groups:
normal, vehicle-treated, 0.05% PH-treated and 0.5% PH treated 7 days. The clinical indications were tear production, corneal
sensitivity, and fluorescein staining. The structure and morphology of the cornea were examined by confocal microscopy; the
thickness of the corneal center was examined by anterior segment optical coherence tomography (AS-OCT); and the corneal
epithelial microvilli morphology was examined using scanning electron microscopy. Hematoxylin-eosin staining was used to
characterize the central corneal morphology. Immunofluorescence staining for cytokeratin 10 (K10) was employed to evaluate
squamous metaplasia in the corneal epithelium. Results: The results show that topical PH treatment diminished tear production
and corneal sensitivity, and increased corneal fluorescein staining scores. Moreover, PH altered the corneal epithelial microvilli
morphology, disrupted the epithelial barrier of the cornea, and promoted apoptosis of ocular surface cells. Furthermore, the
expression of K10 in the corneal epithelium was found to be increased. Conclusion: Treatment with 0.5% PH caused instability
of the tear film, and changes in corneal sensitivity and ocular surface homeostasis.
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corneal epithelial cells as a result of trauma, microbial
infections, and harmful substances can cause barrier function
destruction, irreversible keratopathy, visual impairment, and
even blindness [3].

Proparacaine hydrochloride (PH) is a local anesthetic used
regularly in ophthalmic surgery and optometry, owing to its
excellent efficacy and rare adverse effects [4]. PH appears to
bind or antagonize the function of voltage gated sodium
channels, inducing a reversible nerve conduction block. This
treatment inhibits depolarization of the cell membrane,
thereby eliminating the sensation of the pain. However,
repeated use of PH in the long-term has been indicated as
harmful to the cornea, increasing corneal thickness and
causing corneal turbidity in rabbit models [5], and damaging
endothelial cells and promoting thickening of the cornea in cat

1. Introduction

The ocular surface is composed of the cornea and
conjunctiva, which protect the eye against injury and ensure
clear vision. The corneal epithelium is regarded as the most
superficial layer of the cornea and serves as the first line of
defense against external attacks. Damage to this highly
specialized structure can result in loss of vision; hence,
understanding of its protection mechanisms is essential [1].
The corneal epithelium also helps to regulate the immune
response. If potential antigenic molecules enter deeper into the
corneal structure, epithelial cells quickly stimulate immune
reactions on the ocular surface; for instance, the production of
the cytokine interleukin-1 (IL-1) [2]. Excessive loss of human
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models [6]. The most common findings associated with
anesthesia abuse are corneal epithelial loss, inhibition of
healing of corneal epithelial defects, stromal infiltration due to
edema, and keratitis with ring infiltrates [7]. Commercial PH
eye drops exist in single- and multi-dose forms; the multi-dose
package contains benzalkonium chloride (BAC) as a
preservative, while the single-dose package contains no
preservatives. Most of the literature concerning damage to the
cornea refers to that following multiple doses of PH, while
BAC toxicity toward the ocular surface has been found in both
in vitro and in vivo models and in clinical studies [8, 9]. Thus,
the toxicity of PH toward the ocular surface and its underlying
mechanism require further exploration.

The amount and composition of tear film are critical for the
health, maintenance, and protection of the cells of the cornea
and conjunctiva. Small changes in the concentration of tear
electrolytes are correlated with dry eye, a multifactorial
syndrome that can be caused by alteration in the quality or
quantity of the tear film. Tear film stability protects the ocular
surface epithelium from desiccation and is ensured via
cooperation between the ocular surface components including
constituents of the tear film and ocular surface epithelium.
Thus, when those components are insufficient or impaired, the
tear film breakup that initiates dry eye occurs. The secretory
mechanisms of water, electrolytes, and proteins from the
lacrimal gland differ, all three are under tight neural control.
This allows for a rapid response to environmental conditions
in order to meet the needs of the ocular surface cells. The
neural response consists of activation of the afferent sensory
nerves in the cornea and conjunctiva to stimulate efferent
parasympathetic and sympathetic nerves that innervate the
lacrimal gland [10]. Local anesthetics act on any part of the
nervous system and on every type of nerve and fiber. Different
sensations are lost based on the size of the axon serving them.
Due to its moderate properties, PH is one of the most versatile
agents used in anesthesia, and is often employed by
optometrists and ophthalmologists in different clinical
procedures. The mechanism by which PH affects ocular
surface homeostasis by influencing tear secretion requires
further research.

In the present study, we developed an in vivo animal model
and applied a single daily dose of PH eyedrops without
preservatives toward the mouse cornea to investigate the
toxicity of PH on the ocular surface. We found that PH not
only damaged the structure of the mouse corneal epithelium,
but also decreased corneal sensitivity and disrupted tear film
stability. These results may have crucial implications in the
clinical treatment of dry eye.

2. Materials and Methods
2.1. Animals

The present study employed 32 SPF male C57/BL6 mice
(6—8-weeks-old) (Shanghai SLAC Experimental Animal
Center, China) that were housed in a clean environment during
the experiment, at a temperature of 24 + 1°C, a relative

humidity of 59 + 9%, and a 12-hour light/dark cycle (8 amto 8
pm). All mice were sacrificed by CO, asphyxiation followed
by cervical dislocation, and the confirmation of death is
assessed through direct palpation of either the pulse in the
carotid or femoral artery or direct cardiac palpation. The
research protocol was approved by the Experimental Animal
Ethics Committee, Xiamen University (allowance number:
XMUMC: 2019-12-10) and met the standards stated in the
ARVO Declaration on the Use of Animals in Ophthalmology
and Visual Studies.

2.2. Local PH Treatment

Single-dose 0.5% non-preserved PH eye drops (RuiNian
Best, Nanjing, China) were used in the present study and
diluted with non-preserved polyvinyl alcohol eye drops
(Ruizhu, Hubei, China) to yield a PH solution with a final
concentration of 0.05%. Mice were randomly divided into
four groups, each containing six mice. The first group was left
untreated as the normal group. The remaining three groups
received 8 puL 0.05% PH, 0.5% PH, and non-preserved
polyvinyl alcohol eye drops (vehicle group), respectively, in
both eyes, five times a day for seven days.

2.3. Measurement of Tear Production and Corneal
Sensitivity

Tear production was measured forty minutes after the
instillation of PH using phenol red cotton thread (Tianjin,
China) (6 eyes per group). The thread was placed in the lower
conjunctiva, one third of the distance from the lower eyelid,
for 15 seconds. The length of the wet red line was measured
(in millimeters) using the scale on the cotton thread. The test
was repeated three times for each eye, and the final length was
considered the average length of the red portion.

To measure the sensitivity of the central cornea in mice, a
Cochet—Bonnet esthesiometer (Luneau, France) was
employed 30 minutes after application of the eye drops. While
holding the mouse, the nylon wire was allowed to contact the
center of the cornea, and a positive response was recorded if
three reflections (induced blinking) occurred in response to
five consecutive touches. Measurements were taken from a
fully extended 60-mm wire that was applied with minimum
pressure and gradually shortened in increments of 5 mm, until
a response was observed. The corneal sensitivity threshold
was regarded as the longest filament length that caused a
positive result.

2.4. Slit-lamp Evaluation and Fluorescein Test

A slit-lamp microscope (BQY900H Haag-Streit, Bern,
Switzerland) was used to examine the eyes of the mice.
Subsequently, the cornea was observed following the
administration of 2 pulL 0.1% sodium fluorescein, and after
blinking for a while, to ensure the accuracy of the experiment,
the mice in all groups were rinsed with saline the same
number of times after blinking. The appearance of the cornea
was observed and graded using the cobalt blue filter. The
cornea was divided into four quadrants [11], which were
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graded as: no presence - 0; area stained with less than 30
spots - 1; areas stained with more than 30 spots but not
diffusely - 2; strongly diffuse staining but no positive
plaques - 3; and positive fluorescein spots - 4. The final
grade was obtained as the sum of the scores for each quadrant
(16 points in total).

2.5. In vivo Confocal Microscopy (IVCM)

The mice were administered sodium pentobarbital (50
mg/kg ip., Abbott, Northern Chicago, IL) prior to
examination of the corneal central structure by confocal laser
scanning microscopy using a Heidelberg Retina Scanner
III/Rostock Corneal Module (Heidelberg Enginecer GmbH,
Heidelberg, Germany), which employed a 60x immersion
objective (Olympus, Hamburg, Germany) and a 670-nm diode
laser. The image consisted of 384 x 384 pixels, providing an
area of 400 pum’ for scanning, with 1 mm horizontal and
vertical resolutions; the maximum magnification was 800x.
Prior to the observation, a drop of carbomer gel (Alcon
Laboratories, Fort Worth, TX) was used as a coupling medium
between the flattened lens and the cornea. By adjusting the
controller, the cap center was extended to the center of the
cornea, with a computer screen showing a digital image of the
cornea. At least 10 images were taken of each of the following
structures: the superficial epithelial layer, basal epithelial layer,
stromal layer, and endothelial layer. All measurements were
performed by a researcher who was blinded to the specific
experimental conditions.

2.6. Anterior Segment Optical Coherence Tomography
(AS-0CT)

AS-OCT has been increasingly used for non-contact
imaging of the cornea, anterior chamber angle, aqueous
outflow pathway, sclera, and structures of the ocular surface.
The AS-OCT (ZEISS, Germany) long-lens single-line
scanning mode was selected, the Axial resolution was 18mm
and lateral resolution was 50mm, and the position of the
mouse’s head was adjusted. The central cornea was aligned
using the in situ fixed spotlight, and the lens was positioned to
ensure that the corneal image was in the center of the scanning
window prior to imaging. The image was scanned
continuously three times or more times. OCT analyzed the
central corneal thickness data.

2.7. Hematoxylin—eosin Staining

After the mice were sacrificed, the eyes were removed
from each group (n = 4) and directly placed in optimal
cutting temperature (OCT) components (Catalog No. 4583;
SAKURA Tissue-Tek, Torrance, CA, USA), which were
used for embedding. Sections (7-um) were cut in the
sagittal plane at the center of the eye using a cryostat
(CM1850 UV; Leica Microsystems, Wetzlar, Germany) and
placed at -80°C. Sections were stained with
hematoxylin—eosin as previously described and examined
under a light microscope.
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2.8. Examination of Corneal Epithelial Microvilli
Morphology

The cornea was carefully dissected along the limbus and
immediately fixed in cold 2.5% glutaraldehyde for 8 h. Samples
were then prepared for SEM [12] (S-4800; Hitachi, Tokyo, Japan)
which was employed capture images for comparison.

2.9. Immunofluorescence Staining

Frozen sections were fixed in cold acetone at -20°C for 10
min, and then permeabilized in PBS containing 0.2% Triton
X-100 for 20 min. Subsequently, the sections were incubated
overnight at 4°C with a primary antibody against K10 (1:200;
Abcam, Inc.). After washing three times with PBS, the sections
were incubated with an anti-rabbit IgG secondary antibody
(1:300; Life Technologies, USA) for 1.5 h at room temperature
in the dark. Sections were then washed three times with PBS
and counterstained with 4',6-diamidino-2-phenylindole (DAPIT;
Cat. No. H-1200; Vector Laboratories, Inc., Burlingame,
California, USA). Representative digital images of the regions
were taken using a vertical microscope (DM2500; Leica
Microsystems), and the fluorescence intensity was analyzed
using the (Nikon software).

2.10. Statistical Analysis

GraphPad Prism 5 (GraphPad Software Inc., USA) was
used for statistical analysis. Images were processed using
Image] 1.48v (USA). The groups were compared using
one-way ANOVA followed by Tukey’s post-hoc test. Data are
expressed as the mean =+ standard error (SEM). P value < 0.05
was considered statistically significant.

3. Results

3.1. Corneal Fluorescence Staining

The corneal epithelial defects in mice induced by PH were
evaluated by corneal fluorescence staining. It was observed
that sodium fluorescein staining of the cornea was not obvious
after three days but gradually became apparent as the duration
of PH treatment increased (Figure 1A). In comparison with the
normal group, the fluorescein staining score was significantly
higher on day 7 of PH treatment (Figure 1B).

3.2. Tear Film and Corneal Sensitivity Changes Following
PH Treatment

Normal tear secretion maintains tear film stability and
protects the corneal epithelium. There were significant
differences in the tear production between the vehicle and 0.5%
PH-treated eyes on day 7 (Figure 2A). To determine whether
PH application had an effect on corneal sensitivity, the mean
corneal sensitivity threshold in the vehicle eyes (5.75 mm) was
compared with that obtained three days after 0.05% or 0.5% PH
application (5.32 mm and 5.31mm). These values were not
statistically different; however, significant decreases were
observed following after seven days treatment of 0.5% PH
(Figure 2B).
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Figure 1. Clinical evaluation of the acute effects of PH on the ocular surface. (4) Representative images of fluorescein staining. (B) Fluorescein staining score

on day 7. PH, proparacaine hydrochloride. Data are expressed as the mean + standard deviation (n=

A

6 Il Normal
3 [ Vehicle
.E., —* 4 W0.05%PH
E 41 0.5% PH
s T
z
3 21
£
[=]
(5]

11

D3 D7

8). ***P<0.001 vs the vehicle group.

B

B Normal
£8 [ Vehicl
E enicle
=6 —2— N 0.05%PH
s 0.5% PH
.‘ﬁ
S
&
g2
5
o

D3 D7

Figure 2. Tear film and corneal sensitivity change after PH treatment. (4) Tear production measured by the phenol red thread test on day 7. Data are expressed
as the mean =+ standard deviation (n=6).*P<0.05 vs the vehicle group. (B) Corneal sensitivity score on day 7. Data are expressed as the mean + standard

deviation (n=8). *P<0.05 vs the vehicle group.
3.3. In Vivo Confocal Microscopy

In normal and vehicle-treated mice, the superficial
epithelial cells of the cornea had a polygonal mosaic
appearance accompanied by brightly reflective nuclei.
However, the superficial epithelial cells of the cornea in the
eyes treated with PH exhibited various abnormalities, such as
partial desquamation, abnormal shape, anisocytosis and loss
of cell boundaries, irregular reflectivity patterns, and swelling.
In the eyes treated with 0.5% PH, the superficial epithelial

Normal Vehicle

cells were clearly visible and significantly larger than those in
the normal and vehicle-treated groups. These larger cells
exhibited a bright reflective round mosaic appearance with
dark nuclei (Figure 3). A regular mosaic of dark cell bodies
with light, narrow inter-cellular borders was observed in the
basal epithelial cells in the normal and vehicle-treated groups.
However, the basal epithelial cells treated with PH had an
increased cell gap, protruding nuclei, and were activated
(Figure 3).
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Figure 3. Toxic effects of PH on the morphology of mouse superficial corneal epithelial cells. Representative in vivo confocal images of the corneal epithelium in
different groups. Eyes treated with 0.5% PH show a loss of superficial epithelial cells (dark areas, arrowheads), with blurry boundaries and abnormally reflected
nuclei as compared with normal eyes. Toxic effects of PH on the morphology of the mouse corneal epithelial basal layer. Representative in vivo confocal images
of the corneal epithelium in different groups. The corneal epithelial basal cells treated with PH show increased gaps and abnormally reflected nuclei as

compared with those of normal and vehicle eyes.
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3.4. AS-OCT endothelial layer (Figure 4A). No significant differences were
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Figure 4. Toxic effects of PH on the structure of the mouse cornea. (4) Representative AS-OCT images of the cornea in different groups. (B) Corneal thickness on
day 7. Data are expressed as the mean + standard deviation (n=4). Corneal thickness was not significantly change on day 7 as compared with that in the normal

group.
3.5. Corneal Epithelial Changes Following PH Treatment

We further examined the morphological changes in the corneal epithelium using experimental animals. Hematoxylin—eosin
staining demonstrates that the corneal epithelium in the normal and vehicle-treated groups was intact and smooth. The nuclei of the
superficial corneal epithelial layers in mice treated with PH were more condensed and the surface was rougher. It was observed that
mice with obvious corneal fluorescence staining in the treatment group had a rough corneal epithelial surface (Figure 5A).
Scanning electron microscopy revealed that the eyes treated with PH exhibited less dense and shorter microvilli (Figure 5B).

A
- Vehicle 0.05%PH 0.5%PH

-

Figure 5. Histological changes in the corneal epithelium following treatment with PH. (A) Superficial layers of corneal epithelial cells treated with PH became
more compact, and the corneal epithelial surface became rough. (B) Scanning electron microscopy images of the corneal epithelium in different groups on day 7.
The superficial conrneal cells of vehicle eyes were normal in appearance with typical microvilli; however, the superficial cells were damaged in PH-treated eyes
and exhibited degenerated microvilli. Following treatment with 0.5% PH eye drops for 7 days, corneal epithelial microvilli were shorter and disordered.

HE Staining

SEM

3.6. PH-induced Phenotypic Changes

Keratin 10 is an epidermal keratinocyte-specific intermediate filament that is not expressed in normal ocular surface epithelium.
K10-positive cells in the central cornea of mice treated with PH displayed an obvious increase in K10 expression as compared with
those in the normal and vehicle-treated groups (Figure 6A). In comparison with the vehicle group, the difference in K10 expression in
the 0.5% PH-treated group was statistically significant (P< 0.05, Figure 6B).
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B Normal
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B 0.05% PH
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AOD of K10
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Figure 6. Squamous metaplasia in the cornea. (4) Representative images of K10 in the corneal epithelium on day 7. In comparison with the normal and vehicle
groups, there was a marked upregulation of K10-positive cells in the central cornea of the PH-treated groups on day 7. (B) Average optical density (AOD) in each
group. There was a significant difference between the vehicle and 0.5% PH-treated groups. Values are expressed as the mean * standard deviation (n = 3). ¥ P <

0.05 vs. vehicle group.
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4. Discussion

The cornea is located at the front of the eye, providing us
with a clear view; the integrity and function of the outermost
layer is critical to vision. Superficial keratitis, persistent
epithelial defects, interstitial/ring infiltration, corneal edema,
endothelial damage, and ocular inflammation can be caused
by local anesthetic abuse, even after dilution [13]. Topical
anesthetic drugs are most commonly used in daily ophthalmic
practice, and overuse of these drugs by patients can result in a
burning, stinging, or piercing sensation [14]. Although topical
anesthetic drugs cause the cornea to lose sensation as a
mechanism of pain reduction, they exhibit toxic effects,
especially to the corneal epithelium, following frequent and
long-term use. Pain caused by anesthetic damage may lead to
an increase in the frequency with which patients use these
drugs, thereby worsening the situation [15].

Several mechanisms have been proposed to explain the
pathogenesis of keratopathy and the adverse effects of topical
anesthetic drugs [16]. Topical anesthetic drugs have been
reported to reduce the viability of cultured human corneal
cells [17]. Microscopic observation of corneal endothelial
cells has revealed a decrease in cell number, demonstrating its
toxicity toward the endothelium [18]. The loss of endothelial
cells is also thought to be a result of severe inflammation of
the anterior chamber and the presence of keratin deposits [19].
An immunological interpretation of the toxic mechanism is
the formation of antigen—antibody complexes that cause
infiltration in the cyclic matrix. Another more likely
explanation involves the role of preservatives, which may
cause additional toxic effects. Benzalkonium chloride, the
most commonly used preservative has significant toxic effects
on ocular tissues [20]. The innovation of this study lies in the
application of preservative-free eye drops in animal models,
and it is found for the first time that anesthetics can induce
corneal epithelial squamous metaplasia.

The microvilli in normal corneal epithelial surface cells
help corneal epithelium to adhere to the various components
in the tear film, especially the membrane-bound mucin
secreted by corneal epithelial cells, such as Mucl, Muc4, and
Mucl6. Due to the destruction of microvilli in epithelial cells,
topical anesthetic drugs can cause tear film instability and a
decreased mucus adhesion by reducing the production of
water-reflective tears. The instability of the tear film,
reduction in reflex tears, and reduction in blink speed result in
the evaporation of tears at an increased rate, leading to dry eye
and epithelial damage. Innervation is crucial in the
maintenance of corneal structure and function. The
neuropeptides present in the corneal nerve may be involved in
these effects. Studies have shown that trigeminal and
sympathetic neurons regulate the proliferation and
differentiation of epithelial cells in vitro. The nerve of the
cornea delivers blink reflexes to maintain a sufficient ocular
hydration, and also secretes neuropeptides that are mitotic to
surrounding epithelial cells. In this respect, corneal epithelial
nerves and nerve endings, including the underlying layer, are

particularly crucial. The nerve endings include the whole
epithelial axon at the lower end of the basal nerve, as well as
all of its collateral and distal expansions [21]. The nerve
endings are regarded as the parts of nerve fibers that play a
role in transmitting sensory stimuli and passing on the nerve
signal; therefore, the corneal nerve ending density is closely
related to corneal sensitivity. Depletion of the corneal nerve
leads to neurotrophic keratitis, a clinical symptom
accompanied by corneal anesthesia and dehydration, with
irregular epithelial metabolism [22]. In addition, research has
revealed that certain diseases, such as diabetes, keratitis, and
dry eye, are associated with corneal nerves [23]. Erdelyi et al.
studied the sub-corneal basal nerve in rabbits with dry eye
using confocal laser scanning microscopy and found that the
sub-basal nerve density was markedly lower than that in
normal controls [24]. Corneal sensitivity is clinically related
to the density and quantity of nerve endings [23]. It is reported
that nerve terminal and sub-basal nerve loss may contribute to
the corneal sensitivity decrease. In the present study, it was
found that corneal sensitivity was significantly reduced in the
0.5% PH-treated group as compared with that in the normal
group. However, it is known that corneal nerves and nerve
endings with diameters < 0.5 mm may not be captured during
IVCM [25]. As a result, we failed to obtain clear images of the
changes in corneal nerve endings by IVCM.

Studies on the cellular and molecular mechanisms supporting
the pathogenesis of corneal epithelial diseases, such as
neurotrophic keratopathy, have clarified the critical role played
by the trigeminal nerve in maintaining corneal health and
function. The corneal nerve not only protects the ocular surface
through complex sensory and blink reflex mechanisms, but also
releases various trophic factors and regulates epithelial integrity,
proliferation, and wound healing [26, 27]. Epithelial
metabolism is also disrupted due to impairment of nutritional
function in corneal nerve fibers; thus, we propose that PH
damages the corneal epithelium by affecting epithelial nerve
fibers [19]. The results of previous studies have shown that a
single drop of PH in the eye produces a significant anesthetic
effect for up to 15 minutes, but multiple infusions can prolong
the anesthesia [28]. The blinking mechanism protects the ocular
surface from external harmful stimuli and spreads tears evenly.
Blinking is regarded as vital for maintaining the integrity of the
ocular surface by preservation of moisture, tearing, secretion of
lipids from the meibomian glands, and diffusion of tear lipids
on the pre-corneal tear film. In the eyes, during spontaneous full
blinking, the upper and lower eyelids, which are lubricated by
the tear film, can move relative to the eyeball and corneal
surface. This blinking action plays a crucial role in creating a
smooth optical surface through reformation of the tear film,
which undergoes a destabilization process at the
interconnecting interval. Blinking also removes the excess
debris that remains in the tear film and helps to clear it through
tears. Although blinking is important for optical performance,
maintenance of ocular surface health, and tear discharge, if the
tear film is insufficient, the mechanical force of the blink may
injure the wiper and/or ocular surface (the wiper is behind the
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central eye; the part of the posterior eyelid that is juxtaposed
with the ocular surface) [29]. Topical anesthesia reduces the
rate of spontaneous blinking [30]; therefore, we suspect that PH
may reduce the number of blinks, resulting in damage to the
corneal epithelial cells. Unfortunately, we failed to measure
changes in blinking following topical administration of PH.

Squamous metaplasia is considered a hallmark of various
serious ocular surface diseases, including chronic dry eye, and
often occurs in the long-term absence of tear secretion and
chronic inflammatory infiltration of the ocular surface [31].
The present study found that corneal epithelium treated with
PH specifically expressed K10, demonstrating that the
unkeratinized epithelium was disrupted by the squamous
epithelium. The corneal epithelium is the thin outer layer of
the cornea that protects the eye against the external
environment and maintains maximum optical quality by
supplying a smooth front surface. Although the cells of normal
eyes continue to flow, the corneal epithelium thickness is
extremely uniform and maintains a stable contour. Measuring
the epithelial layer thickness of the cornea and its behavioral
characteristics in response to changes in corneal structure have
attracted increasing attention in the clinic. The epithelium has
a significant remodeling ability that responds to changes in the
underlying interstitial pathology or pre-corneal curvature.
Advances in human corneal epithelial measurement
techniques have led to substantial developments in the
characterization of the pathological behavior of the cornea
(such as keratoconus), screening for refractive surgery
candidates, and understanding the normal, pathological and
postoperative epithelial remodeling processes [32]. In the
present study, no significant difference was found in the
central corneal thickness following treatment with 0.5% PH.

It was observed that treatment with 0.5% PH resulted in
pathophysiological changes in the ocular surface of mice. The
underlying mechanism of the effect for PH on corneal
epithelial nerve function requires further study. The
progressive changes described in patients with dry eye
syndrome occur in the corneal epithelium within seven days.
Furthermore, other pathological changes include significantly
reduced aqueous tear secretion, lower corneal sensitivity,
epithelial desquamation in the superficial layer, decreased
apical microvilli on the surface of the corneal epithelium,
corneal epithelial cell apoptosis, impaired tight junction
integrity in the superficial layer, and squamous metaplasia.

We observed that PH-treated eyes exhibited certain special
pathological features. But we failed to detect changes in
goblet cell density in our animal model. Further studies are
required to observe the differentiation of goblet cells during
longer periods of treatment to investigate the effect of 0.5%
PH.

5. Conclusion

We clearly demonstrate that PH can induce injury to the
ocular surface. After seven days of PH treatment, there was a
moderate decrease in the tear volume and the the number of
microvilli on corneal epithelium, the percentage of apoptotic

Effect of Proparacaine Hydrochloride Eye Drops on the Ocular Surface

or irregular epithelial cells increased, and even the squamous
metaplasia was induced. Our findings will likely contribute to
the clinical diagnosis and treatment of PH-related ocular
surface diseases.
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