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Abstract

Purpose: Topical, local anesthetic eye drops in conjunction with antibiotics are commonly used to reduce
ocular pain and treat patients in emergency clinics; however, their effects on corneal healing are poorly
understood. This study examined whether regular or diluted proparacaine eye drops given in combination with
common ophthalmic antibiotics affect corneal wound healing parameters using in vitro and in vivo models.
Methods: Primary human corneal fibroblasts generated from donor corneas and New Zealand white rabbits
were used. Regular (0.5%) and diluted (0.05%) proparacaine eye drops, twice daily for 3 days, were applied to
cultures and rabbit eyes, with or without ophthalmic antibiotics (polymyxin B sulfate and trimethoprim).
Trypan blue, 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide (MTT), and scratch wound assays
measured cellular viability, proliferation, and migration, respectively, in vitro. Slit lamp biomicroscopy, to-
nometry, fluorescein eye test, hematoxylin and eosin (H&E) staining, and 4¢,6-diamidino-2-phenylindole
(DAPI) immunofluorescence were used for in vivo studies.
Results: Both regular and diluted proparacaine affected wound healing response in the cornea in vitro and
in vivo in a time-dependent manner. Adjunct antibiotic treatments had additive effects characterized by reduced
corneal fibroblast viability, proliferation, and migration in vitro and corneal epithelial recovery in vivo. Regular
proparacaine with antibiotics showed most pronounced effects on corneal wound healing parameters, and
diluted proparacaine without antibiotics had minimal negative effects in vitro and in vivo.
Conclusion: Both methods of regular (0.5%) and diluted (0.05%) proparacaine topical application to the cornea
are safe, but impede corneal wound healing in vitro and in vivo. Adjunct antibiotic treatments had additive
negative effects on corneal wound repair.
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Introduction

The use of topical anesthetic eye drops for pain control
after surgery or traumatic injury remains controversial.

Numerous reports have documented the dangers of pro-

longed, and often unsupervised, use of topical anesthetics.1

Most prominently, there were many case reports of corneal
ulceration associated with delayed wound healing with
topical anesthetic use.1,2 One proposed mechanism of de-
layed wound healing includes disruption of cytoplasmic
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filaments that help heal and reepithelialize cells across
corneal wounds.3 Despite the known risks of prolonged use
and potential for abuse, diluted concentrations used for short
duration have been shown to increase patient comfort and
decrease use of narcotic medication.

The safety of prescribed short courses of topical anes-
thetics has been demonstrated in both traumatic injury and
postsurgical patients.4–6 Currently, some ophthalmology
practices have already sought to reduce postoperative laser-
assisted in situ keratomileusis (LASIK) and photoreceptive
keratectomy (PRK) pain with diluted 0.05% proparacaine
concentrations for a limited duration.7

Proparacaine is one of the most widely used topical ocular
anesthetics, therefore we used proparacaine in our study to
provide the most widespread application. In addition, we use
proparacaine due to it being less potent and having fewer
side effects than tetracaine.8 Further studies also conclude
that other topical ocular anesthetics can be toxic to the
cornea when abused, especially cocaine, which has a high
abuse potential with systemic effects.9,10 Additionally, we
used polymyxin B sulfate and trimethoprim as our antibi-
otics since they are commonly used as topical antibiotics as
well.

This study was conducted in 2 parts; in the first part, we
investigated in vitro effects of regular strength and diluted
proparacaine with and without antibiotics on the important
cellular functions of human corneal stromal fibroblast cells
that mainly facilitate wound healing response in the stroma.

In the second part, we demonstrated the in vivo response
of regular and diluted proparacaine administered with or
without common ophthalmic antibiotics on rabbit cornea
epithelial cells and stromal cell density after epithelial
abrasion. The findings of our study seek to elaborate the
impact on the safety of prescribing regular or diluted pro-
paracaine for ophthalmic pain relief using in vitro and
in vivo evidence-based data and results.

Methods

Proparacaine preparation and administration

Proparacaine hydrochloride, 0.5% (proparacaine hydro-
chloride ophthalmic solution; Alcon Fort Worth, TX), was
termed as regular proparacaine. Balanced salt solution
(BSS) (Alcon Laboratories) was used to prepare diluted
0.05% proparacaine by adding a suitable amount of it. BSS
served as a vehicle and negative control. One drop of BSS
and regular or diluted proparacaine were applied to cell
culture and rabbit eyes twice daily for 3 days. A standard
ophthalmic antibiotic, polymyxin B sulfate and trimetho-
prim ophthalmic solution, United States Pharmacopeia, was
applied to each treatment group in conjunction with pro-
paracaine, as per the experimental design.

Primary human corneal stromal fibroblast culture

Primary human corneal stromal fibroblasts (hCSFs) were
established from donor human corneas procured from an eye
bank (Saving Sight, Kansas City, MO), following the re-
ported method.11–13 Briefly, human corneal tissues were
washed twice with serum-free, sterile cell culture medium.
Epithelial and endothelial layers were gently scraped, and
the scraped corneal button was cut into small sections for
explant culture. The convex surface of the scraped corneal

sections was placed face down on a 10-cm2 tissue culture
dish and incubated in a humidified 5% CO2 incubator at
37�C.

Explants were cultured in minimum essential medium
(MEM) supplemented with 10% fetal bovine serum (FBS)
for *20 days with intermittent medium change. Corneal
stromal fibroblasts were harvested by trypsinization and
seeded at a density of 7.5 · 104 cells/well in 6-well plates.
Cultures were allowed to reach 60%–70% confluence for
further experiments. Transforming growth factor beta1
(TGF-b1; 5 ng/mL) was added to the medium 12 h before
adding any test agent/drug to represent the active stromal
wound healing state in vitro.

Trypan blue cell viability assay

Trypan blue is one of the most common stains for measuring
cell viability. In this assay, the used azo dye is membrane
impermeable in intact and live cells and therefore the dye only
enters dead cells with compromised membranes. The assay
was performed following the reported method.11–13 Briefly,
3 · 104 hCSFs were plated in a 12-well tissue culture plate
(Thermo Fisher Scientific, Waltham, MA), grown for 24 h, and
then treated with regular or diluted proparacaine with or
without antibiotics for various test time points.

After staining with trypan blue (25-900-Cl; Mediatech,
Manassas, VA), as per the vendor’s instructions, the stained
and nonstained cells were counted in a hemocytometer under
a microscope. The cellular viability percentage was calcu-
lated by dividing viable cells by total cells multiplied by 100.

3-[4,5-Dimethylthiazol-2-yl]-2,5-diphenyltetrazolium
bromide cellular proliferation assay

Cellular proliferation of hCSF cells was evaluated by
3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide
(MTT) assay at various times (6–72 h), following the reported
method.11–13 The MTT assay (G4100, Promega Corp., Madi-
son, WI) is a colorimetric assay for assessing cell viability by
using NAD(P)H-dependent cellular oxidoreductase enzymes
that (under defined conditions) can reflect the number of viable
cells present.

These enzymes are capable of reducing the tetrazolium
dye MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetra-
zolium bromide, to its insoluble formazan product, which
has a purple color and is then quantified by measuring ab-
sorbance using a multiwell spectrophotometer at 500–600
nanometers. Briefly, 5 · 103 hCSFs were plated in a 96-well
tissue culture plate (Thermo Fisher, Waltham, MA), grown
for 24 h, and then treated with regular and diluted propar-
acaine with or without antibiotics for various selected times.

After the exposure, the MTT assay was performed as per
the vendor’s instructional datasheet. Then, 15 mL of the
MTT dye solution was added and cells were incubated at
37�C in a CO2 incubator for 4 h. After 4 h, 100mL of sol-
ubilization solution (Stop Mix) was added and the plate was
incubated for 1 h. The optical density was measured at
570 nm using an Epoch BioTek plate reader (BioTek
Instruments, Winooski, VT).

Scratch wound cell migration assay

Cellular migration for each treatment was gauged by a
standard in vitro scratch wound assay.14 In brief, hCSFs
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were seeded in a 6-well plate with MEM supplemented with
10% FBS and incubated overnight. After overnight incu-
bation, cells were treated with or without TGF-b1 (5 ng/mL)
in serum-free media. A linear standardized scratch was
created with a p200 pipette tip in a monolayer of cells before
addition of BSS and diluted or regular proparacaine with or
without antibiotics in accordance with the experimental
design.

Phase-contrast microscopy equipped with a Leica
DFC290 imaging system (Leica Microsystems, Bannock-
burn, IL) was utilized to record the proliferation rate and
cellular morphology at 24 h. Comparative analyses of cel-
lular migration were performed with phase-contrast images
of different treatment groups.

In vivo corneal wounding

Eighteen New Zealand white female rabbits (2.5 to
3.0 kg) were used for the in vivo study. The Institutional
Animal Care and Use Committees of the Harry S. Truman
Memorial Veterans’ Hospital and the University of Mis-
souri, Columbia, approved the animal study. All procedures
in animals and hCSFs were conducted in accordance with
ethical considerations of the Association for Research in
Vision and Ophthalmology and tenets of the Helsinki
Declaration.

Anesthesia in rabbits was induced by an intramuscular
injection of a cocktail containing ketamine hydrochloride,
50 mg/kg (MWI, Boise, ID), and xylazine hydrochloride,
10 mg/kg (Akorn, Lake Forest, IL). A circular abrasion was
made by scraping with a #64 beaver blade. In accordance
with the 3R rule animal rule (reduce, replace, and refine),
both eyes of all rabbits were used as corneal epithelial
abrasion does not cause significant pain, discomfort, and/or
distress in rabbits and is routinely performed in humans in
ophthalmology clinics.

Thirty-six eyes were divided into 6 groups. Group 1 re-
ceived BSS without antibiotics (n = 6), Group 2 received
BSS with antibiotics (n = 6), Group 3 received regular pro-
paracaine with antibiotics (n = 6), Group 4 received regular
proparacaine without antibiotics (n = 6), Group 5 received
diluted proparacaine with antibiotics (n = 6), and Group 6
received diluted proparacaine without antibiotics (n = 6).
A complete ophthalmic examination under a slit lamp mi-
croscope (SL-15 Kowa Company, Ltd., Tokyo, Japan)
confirmed the use of healthy eyes.

Clinical evaluation of corneal health

Slit lamp clinical examination, fluorescein eye test, and
anterior segment photography were used to determine epi-
thelial wound closure, following the reported method.15–17

Corneas were stained with commercial Flu-Glo fluorescein
staining strips (Akorn, Inc., Buffalo Grove, IL) to record
levels of corneal reepithelialization. The fluorescein-stained
corneas were visualized and photographed under cobalt blue
light daily for 3 days.

Intraocular pressure assessment

Administration of drug to the eye has the potential to
induce secondary variations in aqueous humor production in
the anterior chamber, therefore variations in intraocular
pressure (IOP) were recorded with a tonometer (Tono-Pen

AVIA; Reichert Technologies, Depew, NY) at regular timed
intervals, at 6, 24, 48, and 72 h, as reported previously.15–17

To avoid the normal diurnal variation and operator
variability, all measurements were performed between 9 and
11 AM.

Rabbit corneal tissue collection

Rabbits were humanely euthanized by an intravenous in-
jection of pentobarbital, 150 mg/kg (SomnaSol, Henry Schein
Animal Health, Dublin, OH), under general anesthesia on day
3, following the reported method.15–17 Corneas were detached
from eyes and immediately placed into 24 · 24 · 5-mm molds
(Fischer Scientific, Pittsburgh, PA) containing the optimal
cutting temperature compound (Tissue Plus O.C.T., Fisher
HealthCare, Houston, TX), snap-frozen, and maintained at
-80�C until further processing.

Serial corneal sections (8mm) were made from frozen
corneal tissues using a cryostat (HM525 NX UV; Microm
GmbH, Walldorf, Germany). Corneal tissue sections were
placed on glass microscope slides (Superfrost Plus; Fisher
Scientific, Pittsburgh, PA) and stored at -80�C until staining.

Histology and immunofluorescence evaluations

Histological examinations were performed with hema-
toxylin and eosin (H&E) and immunofluorescence studies
with 4¢,6-diamidino-2-phenylindole (DAPI; Vector Labora-
tories, Inc., Burlingame, CA), following standard meth-
ods.15–17 In brief, hematoxylin stained all nuclei blue–purple
and eosin stained the cytoplasm and extracellular matrix
with varying degrees of pink.

In brief, immunofluorescence studies were performed by
incubating tissue sections at room temperature for 20 min,
followed by 3 washes with phosphate-buffered saline (5 min
each) and application of an antifade mounting medium
containing DAPI (H1200; Vector Laboratories, Inc.).

Statistical analysis

The results of all assays are presented as an average of 3
repeats at least and as mean – standard error of the mean as
applicable. Statistical analysis was conducted with com-
mercial software, GraphPad Prism 9.2 (GraphPad Software,
La Jolla, CA). Student’s t-test and one-way analysis of
variance (ANOVA) with Bonferroni post hoc test were used
for statistical tests. Values of P £ 0.05 were considered
significant.

Results

In vitro cellular viability study

The results and comparisons of the in vitro cellular via-
bility study are summarized in Table 1. The trypan blue
cellular viability assay showed 100% cell viability in the
control group without any proparacaine or antibiotics
(Fig. 1). The cellular viability assay showed that at 6 h, the
cell proliferation rate of the control group (BSS) without
proparacaine or antibiotics was at 100% (Fig. 1).

At 6, 24, and 48 h, there was no significant change in the
viability rate by regular and diluted proparacaine with or
without antibiotics (Fig. 1). At 72 h, both regular and diluted
proparacaine showed a statistically significant decrease in
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viability rate with or without antibiotics (P < 0.001 or
P < 0.01). However, loss of cellular viability was more
significant in regular (P < 0.001) than diluted (P < 0.01)
proparacaine at 72 h regardless of the presence or absence of
antibiotics.

In vitro cellular proliferation study

The results and comparisons of the in vitro cellular pro-
liferation assay are shown in Table 2. Cellular proliferation
studies with MTT assay showed that at 6 h, the cell prolif-
eration rate of the control group without proparacaine or
antibiotics was at 100% (Fig. 2). Treatment with regular
proparacaine without polymyxin B and trimethoprim anti-
biotics reduced cellular proliferation to 88.7% at 6 h, 65.7%
at 24 h, 51.3% at 48 h, and 30.1% at 72 h.

Treatment with regular proparacaine with polymyxin B
and trimethoprim antibiotics further reduced cellular pro-
liferation to 78.3% at 6 h, 58.3.7% at 24 h, 42.7% at 48 h,
and 21.3% at 72 h. Conversely, treatment with diluted pro-
paracaine without antibiotics had a much reduced effect on
cell proliferation as cellular proliferation was 92.7% at 6 h,
82.7% at 24 h, 58.3% at 48 h, and 50.1% at 72 h. The use

of antibiotics in diluted proparacaine negatively impacted
cellular proliferation and showed cellular proliferation of
85.5% at 6 h, 75.5% at 24 h, 51.1% at 48 h, and 45.7%
at 72 h.

There was a statistically significant decrease in cellular
viability of hCSFs at 72 h after adding of regular (P < 0.001)
or diluted (P < 0.01) proparacaine. Antibiotic prophylaxis
has no significant effect on cellular viability for the diluted
and regular proparacaine groups.

In vitro cellular migration study

The results and comparisons of regular or diluted pro-
paracaine treatments in the presence or absence of antibi-
otics on a cellular migration assay are presented in Fig. 3.
TGF-b1 in the scratch wound assay was used to represent an
active wound healing state. No cells were present at 0 h after
creation of a scratch wound in the migration assay (Fig. 3A, B).
Regular proparacaine treatment 24 h after scratching demon-
strated remarkably reduced cellular migration in both active
(+TGF-b1) and inactive (-TGF-b1) wound healing states
(Fig. 3E, F).

Contrary to this, the diluted proparacaine treatment did
not have such drastic reduction in cellular migration 24 h
after scratching in both active (+TGF-b1) and inactive
(-TGF-b1) wound healing states (Fig. 3C, D). The use of
antibiotics had no effect on cellular migration in vitro (data
not shown).

In vivo fluorescein staining in live rabbits

Regular proparacaine treatment on rabbit eyes with a
scraped 8-mm abrasion on the corneal epithelium notably
delayed corneal reepithelialization compared with the di-
luted proparacaine treatment on day 3 (Fig. 4). Adjunct
antibiotic treatments had an additive impact on corneal re-
epithelialization in both proparacaine treatment groups
(Fig. 4). In rabbit eyes, the abrasion on the corneal epithe-
lium was fully healed by day 3, thus this time point was
chosen for investigation in the study.

A baseline corneal epithelium abrasion on day 0 in rabbit
eyes exhibited by a green fluorescein stain on the entire cornea
has been presented in Fig. 4A and B. Treatment with regular
proparacaine with antibiotics caused the highest delay in
corneal reepithelialization (Fig. 4E), followed by diluted
proparacaine with antibiotics (Fig. 4F) and regular propar-
acaine without antibiotics (Fig. 4C). Diluted proparacaine
without antibiotics caused no delay in reepithelialization and
showed a nearly normal reepithelialization timeline (Fig. 4D).

Table 1. In Vitro Cellular Viability Assay

Treatments 6 h 24 h 48 h 72 h

BSS 100 – 8.11 100 – 3.86 100 – 5.12 100 – 8.89
Reg P. –Ab 97.6 – 7.78 93.1 – 3.72 87.6 – 4.65 26.6 – 3.11
Reg_P +Ab 90.5 – 8.18 88.7 – 4.14 83.3 – 5.17 27.6 – 3.16
Dil_P –Ab 93.5 – 6.82 88.4 – 3.76 81.4 – 5.98 69.9 – 6.13
Dil_P +Ab 93.2 – 7.98 85.9 – 4.16 84.1 – 6.61 67.7 – 7.23

Reg P., regular proparacaine (0.5%); Dil. P, diluted proparacaine (0.05%); +Ab treated with antibiotics; -Ab not treated with antibiotics.
The cellular proliferation rate was significantly affected in the Reg. P environment, P < 0.001; whereas the Dil. P environment also affected
the cellular proliferation rate, P < 0.01, at the 72-h time point.

BSS, balanced salt solution.

FIG. 1. Proparacaine impact on corneal stromal fibroblast
viability. The trypan blue cellular viability graph showing
the effects of regular (0.5%) and diluted (0.05%) propar-
acaine on hCSF viability with or without the antibiotic en-
vironment. The experiments were performed in triplicate
and error bars represent – SEM. *P < 0.001 and #P < 0.01.
hCSFs, human corneal stromal fibroblasts; SEM, standard
error of the mean. Color images are available online.
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IOP measurement in live rabbits

Neither regular nor diluted proparacaine treatments with
or without antibiotics caused any significant change in IOP
in rabbit eyes in vivo (Fig. 5).

DAPI staining in corneal tissue

The results and comparisons of DAPI immunofluores-
cence demonstrated levels of corneal reepithelialization
and stromal cell density on day 3 in rabbit corneas treated
with BSS and regular or diluted proparacaine with and
without antibiotics, which are provided in Fig. 6. All cor-
neal sections treated with BSS with or without antibiotics
demonstrated normal epithelium and stromal cell density
(Fig. 6A, B).

Regular and diluted proparacaine and antibiotic-treated
corneas showed more impeded reepithelialization (Fig. 6D,
F) compared with without antibiotic-treated corneas
(Fig. 6C, E). No significant differences in stromal cell
density were found in any groups: BSS and regular or di-
luted proparacaine treatments with and without antibiotics
(Fig. 6).

H&E histology evaluation

The results and comparisons of gross tissue morphology
for all treatment groups with H&E staining are shown in
Fig. 7. None of the treatments, BSS and regular or diluted
proparacaine with or without antibiotics, caused any clini-
cally relevant pathology except delayed corneal re-
epithelialization in tissues treated with regular proparacaine
with antibiotics (Fig. 7).

Discussion

The human cornea is a highly innervated tissue and
sensitive to various stimuli. The topical local use of anes-
thetics on the eye is frequent for almost all types of ocular
surgeries, but especially during cataract, refractive, and
other corneal surgeries, to minimize ocular pain. However,
their use has been documented to impair corneal healing.
Proparacaine eye drops are known to numb the eye by
blocking pain signals at nerve endings.

In the present study, a comparison of corneal wound
healing parameters under the influence of regular (0.5%)
proparacaine and 10-fold diluted (0.05%) proparacaine eye
drops in conjunction with ophthalmic antibiotics was per-
formed using in vitro human and in vivo rabbit models of
corneal wound healing. The results of our current study
indicate that regular as well as diluted proparacaine treat-
ments are safe for the eye, but negatively affect corneal
wound healing in vitro and in vivo to varying levels. In-
triguingly, adjunct antibiotic therapy showed additive neg-
ative effects by further delaying corneal wound healing.

Our findings further support the idea that adverse effects
of proparacaine are dose dependent and cumulative over
time8,18 as there is more damage to the cornea seen for a
higher dose of proparacaine in our studies, and some of our
studies were statistically significant only at day 3 of adding
the proparacaine drops. Our studies have shown damage to
the corneal epithelium, but other studies have shown dam-
age to corneal stromal tissues in vitro as well.19

In addition, our research reinforces the observation that
most adverse events related to anesthetics are related to
long-term use of full-strength anesthetics.9,10 Diluted pro-
paracaine (0.5%) is safer than regular proparacaine (0.5%),
as evidenced by our study; furthermore, it is strong enough
to decrease pain, but is not completely anesthetic.4

From our results, we believe a short-term therapeutic
agent in management of small corneal injuries without signs
of ulcers may be appropriate, such as in PRK patients.
Therefore, a topical anesthetic medication is given after the
PRK procedure, and diluted proparacaine is preferred for

Table 2. In Vitro Cellular Proliferation Study

Treatments 6 h 24 h 48 h 72 h

BSS 100 – 4.06 100 – 3.45 100 – 3.14 100 – 2.25
Reg P. –Ab 88.7 – 4.32 65.7 – 3.87 51.3 – 3.65 30.1 – 3.14
Reg_P +Ab 78.3 – 4.98 58.3 – 4.01 42.7 – 3.49 21.3 – 2.68
Dil_P –Ab 92.7 – 5.32 82.7 – 4.87 58.3 – 2.87 50.1 – 2.98
Dil_P +Ab 85.5 – 3.24 75.6 – 2.54 51.1 – 4.21 45.7 – 3.65

Reg P., regular proparacaine (0.5%); Dil. P, diluted proparacaine (0.05%); +Ab treated with antibiotics; -Ab not treated with antibiotics.
At 6 h, viability was significantly affected, P < 0.01 (in Reg. P); and at 24, 48, and 72 h, the cellular viability was significantly affected,
P < 0.001 (in Reg. P and Dil. P).

FIG. 2. Proparacaine impact on corneal stromal fibroblast
proliferation. The MMT proliferation graph showing the
effect of regular (0.5%) and diluted (0.05%) proparacaine on
the hCSF proliferation rate in the presence or absence of
antibiotics. The experiments were performed in triplicate
and error bars represent – SEM. *P < 0.001 and #P < 0.01.
Color images are available online.
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short-duration treatment. This can provide comfort for pa-
tients while limiting ocular anesthetic abuse since PRK
patients who are treated with diluted proparacaine have
significantly less pain, as seen in other studies.4 However,
they should be avoided in PRK patients who have dry eye
syndrome or ocular surface disease20 or any psychiatric
illness.21–23

Special attention and monitoring should be performed for
patients with risk factors for abuse, such as underlying
psychiatric illness, exposure to the medical field, and
manual laborers who specialize in welding and foundry
work.22–24

In another study, both tetracaine and proparacaine were
shown to be effective methods of topical anesthesia in
LASIK and PRK.25 Tetracaine caused significantly more
pain upon instillation in all patients, but resulted in greater
analgesia 30 min after surgery in the LASIK group.25 Pa-
tients in the LASIK group expressed a preference for tet-
racaine over proparacaine and there was no significant drop
in preference among PRK patients.25 On the other hand,
studies have shown that proparacaine is less potent and has
fewer side effects than tetracaine.8

FIG. 3. Proparacaine on corneal stromal fibroblast migration. Phase-contrast microscopy images show the effect of
regular (0.5%) and diluted (0.05%) proparacaine on the hCSF migration rate with or without an antibiotic environment
conducted through scratch assay. The experiments were performed in triplicate. Cultures showing the scratch wound at 0 h
in -TGFb1 (A), scratch wound at 0 h in +TGFb1 (B), hCSF migration in diluted proparacaine and -TGFb1 at 24 h (C),
hCSF migration in diluted proparacaine and +TGFb1 at 24 h (D), hCSF migration in regular proparacaine and -TGFb1 at
24 h (E), and hCSF migration in regular proparacaine and +TGFb1 at 24 h (F). Scale bar = 100 mm. Color images are
available online.

FIG. 4. Proparacaine effects on corneal reepithelialization
in vivo. Fluorescein staining images show the comparative
reepithelialization process in rabbit cornea after addition of
regular (0.5%) and diluted (0.05%) proparacaine at day 3.
Scale bar = 3.0 mm. Rabbit cornea showing the epithelial-
ization baseline in the groups of regular proparacaine (A),
diluted proparacaine (B), regular proparacaine without an-
tibiotics (C), diluted proparacaine without antibiotics (D),
regular proparacaine with antibiotics (E), and diluted pro-
paracaine with antibiotics (F). Scale bar = 100mm. Color
images are available online.

FIG. 5. Proparacaine effects on IOP in vivo. The IOP
graph shows that the fluid pressure of rabbit eyes in all
groups did not deviate from the baseline (BSS control)
group animals. The average of 10 readings was recorded in
each animal and error bars represent – SEM. BSS, balanced
salt solution; IOP, intraocular pressure. Color images are
available online.
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Currently, most postoperative treatments use the bandage
contact lens (BCL), and alternative treatments use cold
balanced saline solution, topical anesthesia, sumatriptan,
gabapentin, and morphine.26,27 There have been studies
showing that diluted proparacaine and bupivacaine neither
delay nor cause stromal damage.26,27 However, if one were
to add a topical ocular anesthetic, we still recommend using
only diluted proparacaine and for very short duration to
prevent complications.

A different study showed that there were no differences
regarding pain, persistent symptoms, or corneal healing
when comparing short-term use of topical anesthetics with
placebo in treatment of corneal abrasions. Data on safety are
sparse, and the generalized widespread use of topical an-
esthetics is currently not supported by evidence.1

The emergency department (ED) studies that do describe
anesthetics for corneal abrasions only involved simple
abrasions that are not visually significant, large, or in contact
lens users.5,6,28,29 These studies also have poor compliance
and follow-up with flawed methodology, and ice packs as an
alternative have been shown to be effective in corneal epi-
thelial damage.30 It is not yet clear if diluted anesthetics are
safe enough to be used for ED treatment of abrasions and
further research is needed with more subjects.

We recommend that topical anesthetics should not be
encouraged in the ED for general abrasions and should
probably only be given for home use in limited quantities
and only to those who can manage any potential compli-
cations that may arise from their use. This is because there is
a difference between a possibly contaminated traumatic
wound that is followed by an ED provider and a surgically
induced wound that is followed by an ophthalmologist and
concomitantly treated with a BCL.

We recommend being vigilant about topical anesthetic
abuse as it may be difficult to diagnose. Sometimes signs
and symptoms of topical anesthetic abuse align with those of
acanthamoeba keratitis, and the correct diagnosis is delayed
since the patient may deny topical anesthetic use at first.21,31

A delay in diagnosis can have devastating effects on the
cornea. In addition, another risk factor for acanthamoeba is
damage to the corneal surface, which may be contributed by
late corneal healing from proparacaine.32

Shortcomings of our research study include having lim-
ited time points and a large abrasion (size 8 mm) that may
not be as generalizable as a smaller abrasion. The rabbit
corneas are approximately the same size as human corneas.

Further studies in future can explore the role that preserva-
tives in proparacaine play in corneal healing. Additionally,
further studies can compare the corneal effect of topical an-
esthetic eye drop use on days 1, 2, 3, 5, and 7. The 7-day study is
performed to see if the cumulative effects are more pronounced
between days 3 and 7. Finally, a future study can assess any
damage to the corneal endothelium using photometry.

In conclusion, proparacaine does impact corneal cell vi-
ability, proliferation, and migration in vivo and in vitro re-
gardless of the strength. Our studies also show that addition
of polymyxin B/trimethoprim has a negative impact on
corneal healing. Previous studies and case reports show that
anesthetic abuse is difficult to diagnose and can have dev-
astating effects on the cornea, so it is important to be vigi-
lant when using topical anesthetics.

Acknowledgment

Authors thank Ashika Srivastava, an intern from Cham-
blee High School, Chamblee, GA, for her careful reading of
the manuscript.

Authors’ Contributions

The authors made substantial contributions to the con-
ception and design of the study (R.R.M. and E.O.); acqui-
sition, analysis, or interpretation of data (S.G., E.Z., P.R.S.,
and E.O.); and drafting (E.O. and S.G.) or revising (R.R.M.
and F.W.F.) the manuscript. All authors agree to be held
accountable for all aspects of the work.

Author Disclosure Statement

No competing financial interests exist.

FIG. 6. Proparacaine effects on corneal reepithelialization
and stromal cell density in vivo. The panoramic images of
DAPI immunofluorescence staining of whole tissue sections
of rabbit cornea show the reepithelialization pattern with
BSS without antibiotics (A), BSS with antibiotics (B), reg-
ular proparacaine without antibiotics (C), regular propar-
acaine with antibiotics (D), diluted proparacaine without
antibiotics (E), and diluted proparacaine with antibiotics
(F) in corneal tissue sections. Regular strength proparacaine
delayed the reepithelialization process compared with di-
luted strength of proparacaine at day 3. Arrows show the
cellular density. Scale bar = 100mm. DAPI, 4¢,6-diamidino-
2-phenylindole. Color images are available online.

FIG. 7. Proparacaine effects on corneal morphology in vivo.
The panoramic images of H&E staining of whole tissue sec-
tions of rabbit cornea show the gross tissue morphology, re-
epithelialization pattern, and presence of macrophages and
infiltrating cells with BSS without antibiotics (A), BSS with
antibiotics (B), regular proparacaine without antibiotics (C),
regular proparacaine with antibiotics (D), diluted proparacaine
without antibiotics (E), and diluted proparacaine with an-
tibiotics (F) in corneal tissue sections. Each image, scale
bar = 100mm, in a composite panoramic panel. H&E, hema-
toxylin and eosin. Color images are available online.
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