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Abstract

Purpose: The purpose of this experiment was to investigate the possible toxic effects of Nepafenac, a nonsteroidal anti-inflammatory molecule, after its intravitreal application in various concentrations.
Methods: Forty pigmented rabbits were randomly divided into 4 groups, each including 10 rabbits. The active
ingredient Nepafenac was prepared to be applied in different doses, for intravitreal use. Under topical anesthesia, following pupil dilatation, 0.3, 0.5, 0.75, and 1.5 mg doses of Nepafenac was applied intravitreally into
the right eye. In each rabbit, the right eye was considered to be the study group. Saline was injected intravitreally into the left eye of each rabbit, and these eyes were considered to be the control group. Immediately
after the injection and at the 1st, 4th, and 8th weeks, fundus examination by indirect ophthalmoscopy and
intraocular pressure measurement were conducted. Furthermore, electroretinographic (ERG) recordings were
taken at the 4th and 8th weeks. At the end of the 8th week, eyes of the surviving 26 rabbits were enucleated, and
then animals were sacrificed. Following necessary fixation procedures, histopathological investigations were
conducted by using a light and electron microscope. In the histological cross sections, differences between the
eyes with injection and the control group were evaluated, and total retinal thickness, inner nuclear layer
thickness, and outer nuclear layer thickness were measured.
Results: No pathology was found by clinical examination of either group. In the photopic and scotopic full-field
ERG, conducted before the injection and in the 4th and 8th weeks after the injection, no statistically significant
difference was determined between the study group and the control group. In the histological evaluation of the
preparations, there were no statistically significant differences in the retina thickness of control and study
groups. In the electron microscopic examinations, there were no toxicity findings in the eyes with injection.
Conclusions: Our data show that intravitreal application of 0.3, 0.5, 0.75, and 1.5 mg doses of Nepafenac active
substance is nontoxic to the rabbit retina.

enzyme provides the formation of prostaglandins, which are
the main mediators of inflammation.2–5 Nonsteroidal antiinflammatory drugs (NSAIDs) show their anti-inflammatory
effects by inhibiting the enzyme COX and prohibiting the
formation of prostaglandins.6–8
In the last 20 years, NSAIDs have been commonly used in the
treatment of postoperation pain and inflammation after cataract
and refractive surgery.9 An ideal NSAID should provide a decrease in inflammatory cells and flare in the anterior chamber
and a decline in cystoid macular edema in the posterior segment,
but it should not have a toxic effect on tissues.10–12
For this purpose, new molecules are in the process of
being developed. In August 2005, Nevenac was approved by

Introduction

A

s is the case in all inflammations, prostaglandin
production increases where ocular inflammation is triggered. In the emergence of this end product, the release of
arachidonic acid by phospholipase A2 enzyme is the triggering event.1
Leukotrienes are produced from arachidonic acid by the
enzyme lipoxygenase, whereas prostaglandins are produced
by the enzyme cyclooxygenase (COX). There are 2 isoforms
of the COX enzyme. COX-1 isoform is responsible for
structural functions such as platelet aggregation, whereas
COX-2 is responsible for inflammation increase. COX-2
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the U.S. FDA to be used in the treatment of pain and inflammation after cataract surgery. Nepafenac is an amid analogue
of amfenac.13 Nepafenac is a prodrug, and is converted to an
active molecule, amfenac, in ocular tissues.13 Amfenac inhibits both COX-1 and COX-2 enzymes, thus blocking the
formation of prostaglandin. Due to this effect, Nepafenac has
been used particularly in the treatment of ocular inflammation
and pain that occurs after cataract surgery.14–17 The fact that
Nepafenac is a prodrug, in contrast to other NSAIDs, makes it
favorable. Nepafenac, which is an inactive form that is applied on the eye in drops, is not effective on the applied tissue
and does not show any toxicity. After Nepafenac penetrates
the cornea, bioactive amfenac is formed by means of iris/
ciliary object, choroid/retina.13 Thus, its effectiveness is increased whereas side effects are minimized.
Intravitreal drug injection has become indispensable in
ophthalmology practice in recent years. This practice that
has started with triamcinolone acetonide,18–23 has found a
frequent field of practice by anti-VEGF preparations.24,25
By injecting the drug into a vitreous body, it is thus possible
to get to the retina directly, hence more effect is obtained
from topical and systemic application.
In our study, the half-life of Nepafenac, which is a molecule proven to be effective in ocular drop form, is measured
after intravitreal application, and is investigated by means of
electrophysiological, histological, and cytological methods to
determine whether it has any toxic effects on the retina.

Methods
The present study conformed to the Association for Research in Vision and Ophthalmology (ARVO) Statement on
the Use of Animals in Ophthalmic and Vision Research, and
was approved by the Animal Experimentation Ethics Committee of Ege University Committee. Forty Dutch-Belted
pigmented rabbits were included in the study.

Experimental procedures
Sterile and iso-osmolar vials were prepared containing
Nepafenac active substance in 3, 5, 7.5, and 15 mg/mL
concentrations, respectively. Suspensions were prepared by
mixing Nepafenac active ingredient with PEG 400 by
magnetic mixer, in 5 mL vials. The vials, containing the
formulations made into proper particle size, were closed by
placing a rubber lid and aluminum caps.
After the vials were closed, they were subjected to radiation sterilization of 5 kGy dose. As the liquid carrier system, sodium carboxymethyl cellulose 0.5% was prepared
containing polisorbate 80 of 0.015% and sodium chloride
0.3%. First, a colloidal dispersion of sodium carboxymethyl
cellulose was prepared in water for injection, then a formulation of the liquid career system was prepared by adding
polisorbate 80 and sodium chloride into this system and
dissolving them (pH adjusted to 7.5–8.0 with 0.1 N NaOH
and/or 0.1 N HCI). The liquid formulation was filled in 5 mL
ampoules/vials, and the vials were heat-sealed and exposed
to autoclave sterilization. Sterilization was performed at
121C temperature and 1 atm pressure for 20 min. For sterility
control, samples were taken from vials containing Nepafenac
suspension and liquid carrier, and plated onto blood agar and
Eosin Methylene Blue agar; and at the end of the 48 h incubation period, no microorganisms were detected in the cultures. In the preparation of final solution, formulations with 3,
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5, 7.5, and 15 mg/mL concentrations used in animal studies
were prepared by adding the carrier liquid into the vials
containing Nepafenac suspension, under a laminar air flow
cabinet. In the measurements by osmometer, the osmotic
pressure of the final solutions was measured to be within the
375–405 mOsmol/kg interval.
The rabbits were split into 4 equal groups, each including
10 rabbits in each group. Before injection, tropicamide
(0.5%), phenylephrin (2.5%), and atropine sulfate (1%) were
topically administered to experimental animals for pupil
dilatation. For topical anesthesia, 5% proparacaine was
used. After the application of 5% povidone-iodine, injections were performed in the right eye 2 mm behind the
limbus with a 27-gauge needle. 0.1 mL of the formulations
of 3, 5, 7.5, and 15 mg/mL concentrations of that containing
Nepafenac at 0.3, 0.5, 0.75, and 1.5 mg doses respectively,
were applied to 4 groups intravitreally. 0.1 mL saline was
injected into left eyes intravitreally, and these eyes were
considered as the control group.

Examinations and electrophysiology
Immediately after injection, and at the 1st, 4th, and 8th
weeks, anterior segment examination by biomicroscopy, and
fundus examination by indirect ophthalmology were performed, and the optical nerves, vascular structures, and
retina were evaluated, and intraocular pressure was measured by Schiötz tonometry. In the 4th and 8th weeks after
injection, xylazine hydrochloride (20 mg/mL) and ketamine
hydrochloride (100 mg/mL) intramuscular analgesia was
applied on the rabbits, and full-field electroretinographic
(ERG) data were taken under both scotopic and photopic
conditions. Experimental animals were subjected to dark
adaptation 1 h before measurements, while a monopolar
contact lense was placed on the cornea and served as the
active electrode; the grounding electrodes were placed on
the ipsilateral tragus and the rear left leg. ERG measurements were applied on both eyes simultaneously. Three
ERG data were taken for each stimulus. The Metrovision
(Vision Monitor; Metrovision Monopack 3, Perenchies,
France) system was used for ERG recordings.

Histology
At the end of the 8th week, the rabbits were sacrificed
after their eyes were enucleated. Preliminary tests were
performed to achieve the best conditions for the eye fixation.
For this purpose, 3 different fixation trials were applied:


right before enucleation 0.2 mL Karnovsky’s (1965)
fixation liquid at + 4C was injected,
 right before enucleation 0.1 mL Karnovsky’s fixation
liquid at + 4C was injected, and
 right after enucleation, the eye as a whole was taken
into Karnovsky’s fixation solution without injecting
any fixation solution.
After being preserved overnight at + 4C, the fixated eyes
were subjected to second fixation 1% OsO4 (Millonig). After
the series of ethyl alcohol (25%, 50%, 75%, 90%, absolute
alcohol), toluene, and epon resin, the eyes were embedded
in epoxy resin (epon 812) and polymerized. Cross sections
measuring 0.75 mm thick were taken from polymerized
blocks and stained with Toluidine blue, and their histological structures were investigated under a light microscope.
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Table 1.

Comparison of the Mean Retina Thickness in the Control and Application Groups

Concentration (mg)

Sample

0.3

C
A
C
A
C
A
C
A

0.5
0.75
1.5

45

Total retinal thickness (lm)
129.3
136.2
131.6
132.9
133.1
136.8
135.3
142.7

Inner nuclear layer (lm)

P = 0.406

17.6
19.1
18.1
17.9
17.8
18.2
19.3
20.7

P = 1.0
P = 0.406
P = 0.631

P = 0.085
P = 1.0
P = 0.949
P = 0.631

Outer nuclear layer (lm)
28.3
29.0
27.4
28.5
29.3
30.2
27.8
29.4

P = 0.749
P = 0.100
P = 0.655
P = 0.200

P < 0.05 was accepted as significant. No difference was observed in any concentration values between control and application eyes when
the total retinal thickness and the thickness of the inner nuclear layer and outer nuclear layer were compared.
A, application group; C, control group.

Immediately after the eyes were enucleated, they were divided into 2 in such a way that the parts having the eye lens
and the optic nerve would remain in different hemispheres,
and placed in vials with Karnovsky’s fixation solution to
render better fixation. The samples of rabbit eyes, including
the drug administered to different groups at different doses,
were numbered. The total thickness of the retina, the outer
nuclear layer, and the inner nuclear layer were specified as
probable parameters where a difference was anticipated between implementation and control groups (Table 1). For this
purpose, serial cross sections of 0.75 mm thickness were taken. The cross sections were placed so that there would be 10
on each slide/lame, and measurements were made for the
specified parameters in the 10th cross section. Ten slides were
prepared for each eye in this way, thus seperate measurements
were made for 3 segments/regions/areas on 10 cross sections
per eye. When a single cross section was taken as the basis, 10
random measurements were made (taking care not to include
the oblique parts of the cross section in the measurements) for
each segment. Thin cross sections were taken at appropriate
places and painted with Uranyl Acetate and Lead Citrate,
then investigated in a Jeol 100C transmission electron microscope, and micrographs were taken.

Statistics
The data collected were evaluated using the Mann–Whitney
U-test for the differences between control and application
groups by using the SPSS statistical software. The P value
< 0.05 was accepted for statistical significance.

The graphs obtained by taking the average values into consideration are seen in Figure 1. However, since the number
of samples was too small, statistical significance could not
be evaluated.

Histology
The results obtained at the end of preliminary trials were
compared, and according to the specified parameters, the
best results were taken with the samples treated just before
enucleation with 0.1 mL Karnovsky’s fixation solution liquid at + 4C.
In the comparative examination of application and control
samples with respect to each other by taking cross sections
from the retinal layer, no histologically apparent difference
was observed in different concentration groups (Figs. 2–4).
No significant difference was detected in the histological
cross sections of the eyes in the control and application
groups of 1.5 mg dose group where the dose was maximized. Only a minimal difference was detected in the cross
sections of the sample number 15.5. In both of the control
(C.15.5) and application (A.15.5) samples, all retinal layers
were clearly distinguished. It was understood from the rodshaped cells that the cross section of the control sample
were slightly oblique. However, in the application sample,

Table 2. Intraocular Pressure Measurements
in the Control and Application Groups
Before
injection

Results

Dose

Clinical observations

0.3 mg
R 17.02 – 1.65
L 18.52 – 2.04
0.5 mg
R 16.35 – 1.94
L 15.48 – 2.44
0.75 mg
R 19.21 – 1.22
L 18.86 – 1.95
1.5 mg
R 16.23 – 1.28
L 17.42 – 1.64

No abnormal or unusual findings were observed in any of
the rabbits, either in the anterior or posterior segment examinations. There were no significant differences with regard to the intraocular pressure in the timeline between the
eyes of the study and control groups (Table 2).

ERG findings
In ERG measurements, a and b wave amplitudes as well
as flicker response amplitudes, in both scotopic and photopic
measurements, were evaluated. Similar wave forms were
obtained from all the eyes, whether injected or not. Also, the
values obtained in amplitude measurements were similar.

1 day

1 week

1 month

18.04 – 1.42 16.63 – 1.85 18.82 – 2.01
15.22 – 1.69 19.28 – 1.64 19.02 – 1.23
18.15 – 1.32 17.36 – 1.63 15.26 – 1.62
17.64 – 1.84 18.05 – 1.86 16.34 – 2.01
18.62 – 1.48 19.65 – 2.12 20.04 – 1.35
18.52 – 1.47 17.22 – 1.14 18.04 – 1.69
15.26 – 1.65 14.79 – 1.29 15.94 – 1.27
17.58 – 1.37 16.84 – 1.51 18.17 – 1.92

1 day, 1 day after injection; 1 week, 1 week after injection; 1
month, 1 month after injection; L, left eye; R, right eye.
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FIG. 1.

Electroretinographic responses of the right and left eyes.

longitudinal sections of the rod-shaped cells could be clearly
distinguished. The obvious difference was the wide spaces
observed in the inner nuclear and ganglion cell layer of the
application sample. As for this view, it would not be wrong
to say that there was some decrease in the number of ganglion cells and inner nuclear layer cells. This is the only pair
in this group with any noticable difference (Fig. 5).
The cross sections taken during histological observations,
to determine the total thickness of outer nuclear layers, inner
nuclear layers, and retinal layers of both control and application samples, were placed in such a way that there would
be 10 in each slide, and measurements were made for the
specified parameters on the 10th cross section. This way, 10

slides were prepared for each eye and separate measurements for 3 areas out of 10 cross sections per eye. When 1
single cross section was taken as a basis, 10 random measurements were made for each area. Therefore, for each of
the 3 parameters, a total of 100 measurements were made
providing 300 measurements per eye. The data were then
statistically analyzed (Table 1).

FIG. 2. Cross sections taken from samples of (a) control
(C.3.6) and (b) 0.3 mg drug injected (A.3.6). Semi-thin
Epon 812 cross section.

FIG. 3. Cross sections taken from samples of (a) control
(C.5.3) and (b) 0.5 mg drug injected (A.5.3). Semi-thin
Epon 812 cross section.

Cytological findings
At the end of the histological investigations, electron
microscopic investigations were performed. The cross
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ities in the membrane foldings, whereas some were clear,
some not. Besides, mitochondria could be distinguished
inside the segments. The cell nucleus could be seen on the
thin cross sections taken from the inner nuclear layer of the
application sample coded A.15.5. While some nuclei appeared to be normal in terms of general structure, membrane
breakdowns and degradations were remarkable in some
others. Some of the deformed and swollen mitochondria
showed a close relationship with the nuclei. Furthermore, in
the bottom side of the image, cell waste dump drew attention (Figs. 6–8), although this finding was not associated
with any ocular deficits based on ERG.

Discussion

FIG. 4. Cross sections taken from samples of (a) control
(C.7.1) and (b) 0.75 mg drug injected (A.7.1). Semi-thin
Epon 812 cross section.
sections of the A.15.5 sample, where maximum difference
was observed at the highest dose, are presented below. A
relationship between retinal epithelial cells and photoreceptor cells was observed in the application sample of code
A.15.5. Plenty of large pigment granules could be seen in
the retinal epithelium, and right underneath them, there was
a circular structure (drusen), which resembled the cell nucleus at first sight, but it was understood that was not the
nucleus. Right outside the retinal cell membrane that follow
pigment granules, were the oblique cross sections of the
external segment extensions of photoreceptor (conical and
rod-shaped) cells. In the thin cross sections of the external
segment of the application sample coded A.15.5, horizontal
and longitudional cuts of the segments displayed irregular-

FIG. 5. Cross sections taken from samples of (a) control
(C.15.5) and (b) 1.5 mg drug injected (A.15.5). Semi-thin
Epon 812 cross section.

Corticosteroids are effective agents used in the treatment
of various inflammatory ocular pathologies. These drugs are
also for intravitreal use,18–23 but due to well-known side
effects of the intraocular steroids, these treatments cannot
be used on some patients.26–46 There is a need for alternative
treatment methods to corticosteroids. In this study, we have
investigated the intraocular reliability of Nepefenac, which
is a nonsteroidal anti-inflammatory agent that could be an
effective alternative to corticosteroids.
Topical Nepafenac 0.1% (1 mg/mL) suspension was approved in 2005, and 0.3% (3 mg/mL) suspension was approved in 2012.47 Although Nepafenac was not approved for
intravitreal use, we applied this drug intravitreally. The
lowest concentration in our study was the effective dose
(3 mg/mL = 0.3 mg). In other words, we evaluated the effective dose and higher levels than the effective dose (including 0.3, 0.5, 0.75, and 1.5 mg doses) of Nepafenac
delivered intravitreally. On the anterior and posterior segment examinations, we did not detect any pathological
findings or intraocular pressure differences in the eyes administered with the effective and higher doses of this drug.
When ERG findings were examined for each rabbit eye
where a different dose was applied, the amplitude was observed to be measured as the same, minimally less or minimally more in the application eyes compared to control
eyes, and these changes are not thought to be interpreted in
favor of toxicity.
In the comparison for control and application samples, the
histologically most significant difference was in the sample
coded A.15.5, which included spaces in the ganglion cell

FIG. 6. The relation between retinal epithelium and photoreceptor cells in 1 application sample A.15.5. p, retinal
pigment; d, drusen; *, outer segment extensions of the
photoreceptor cells. Uranyl acetate and lead citrate, scale
bar: 1 mm.
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FIG. 7. Outer segment parts of photoreceptor cells in the
application sample A.15.5. F, membrane folds on the outer
segment of photoreceptor cells; , the fields with indistinct
membranes in the outer segment parts; M, mitochondria.
Uranyl acetate and lead citrate, scale bar: 1 mm.
and inner nuclear layers, which were not present in the
control (C.15.5). It is thought that the reason for these
spaces may be due to the decrease in the number of cells.
However, this finding was not associated with any ocular
deficits based on ERG in the sample coded A.15.5; we have
not discovered such findings in any other preperations where
high dose of drugs were applied; and no significant difference was detected in the statistical measurements of the
average retina thickness in this group. No remarkable difference was detected histologically in the other samples. In
summation, from a histological point of view, a notable
difference was not observed between the application and
control samples.
In the measurement of thickness of different retinal layers
(outer nuclear, inner nuclear) and its total retinal thickness, a
statistically significant difference was not observed even in
the highest concentration group. However, it was observed
that the outer nuclear layer was thicker in the application
group in all concentration groups. The reason we were unable to determine any significance may be due to the rather
low number of samples.
The cross sections taken from the different layers of retina
for electron microscopic investigations were inspected at a
certain sequence and micrographs were taken. In the region
from inner segments of photoreceptors to ganglion cells,
no histological abnormality was detected. In the electron
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micrographs in general, no image indicating a heavy pathology was encountered. The most apparent image was in
the preparation coded 15.5, where 1.5 mg of the drug was
applied as the occurence of swollen mitochondria and deformation of the cristae. In some cases, however, local
deformations were observed in both nucleus and some
photoreceptor outer segment membrane structures. Considering that a typical indication of an imperfect fixation
would be deformations on membrane structures and swelling of mitochondria, it may be possible that such observed
findings are due to poor fixation.
In previous studies, ocular toxicity of intraocular application of other nonsteroid molecules, such as flurbiprofen,
diclofenac vs. ketorolac, was investigated in electrophysiological and histological studies.48–50 Shen et al.,48 following
intravitreal gas and vitrectomy application on 26 rabbit eyes,
applied diclofenac at various concentrations between 100
and 1,080 mg/mL and did not determine any finding of
toxicity up to 400 mg/mL. In concentrations over 400 mg/mL,
however, they had histologically specified retinal toxicity in
addition to macroscopic toxicity findings, such as cataract,
vitreous haze, and gray–white view on retina. Histological
toxicity findings were observed at optical microscopy as
retinal thinning, detached retina pigment epithelium (RPE),
and losses in photoreceptor outer segments and nuclei;
whereas this appeared at electron microscopy as large vacuoles and pigment granule accumulations in RPE and
irregularities in photoreceptor outer segments and photoreceptor nucleus necrosis.
Shimada et al.,49 used flurbiprofen active substance, applied at 4 and 40 mg/mL, on 12 macaque monkeys after
vitrectomy in various concentrations, and could not determine any toxicity below doses of 1,000 mg/mL. However,
they concluded that it was toxic above 1,000 mg/mL concentrations. Margalit et al.,50 determined electrophysiologically and histologically that an intravitreal application of
0.1 mL solution of 0.5% ve 0.25% ketorolac trimethylene
active substance on rabbit eyes was not toxic.
In our study, we have not macroscopically encountered
any toxicity by the intravitreal application of Nepafenac,
which is a new NSAID prodrug, nor have we determined
any histological irregularities. We have not specified any
change electrophysiologically with respect to control eyes.
In conclusion, our data show that intravitreal application
of 0.3, 0.5, 0.75, and 1.5 mg doses of Nepafenac active
substance is nontoxic to the rabbit retina. It is probable that
Nepafenac may be used as an agent applicable in treatment
of various retina diseases in the future.
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FIG. 8. Inner nuclear layer in the application sample
A.15.5. N, nucleus; M, mitochondria;  , cellular waste.
Uranyl acetate and lead citrate, scale bar: 1 mm.
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