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Abstract
·AIM: To evaluate histopathological retinal and renal
response after one single dose of intravitreous injection
of antiangiogenic drugs ranibizumab and bevacizumab in
rats.

·METHODS: Experimental study in 60d of life adults
Wistar rats. Ten animals were included. Group 1 included
5 animals that were injected with 1 滋L ranibizumab 1.25 mg
in the right eye and with 1 滋L of balanced salt solution
(BSS) in the left eye, as control; Group 2 included 5
animals that were injected with 1 滋L of bevacizumab in
the right eye and with 1 滋L of BSS in the fellow eye. All
injections were performed with Hamilton syringes. After
15d of the interventions, all animals were sacrificed in
CO2 chamber. Both eyes were enucleated and one kidney
was removed, fixed and embedded in paraffin for
histopathological analysis by optic microscopy. For
statistical purposes the initial expected abnormal
histopathological responses were defined as 0%.

·RESULTS: Atypical histopathological retinal response
was detected in 2 eyes injected with ranibizumab (40%)
as well as in 2 control eyes in group 1. Same was
detected in 1 eye injected with bevacizumab (20% ) as
well as in 1 control eye, in group 2. The noted atypical
findings were lymphocytes and eosinophils in the

vitreous posterior cavity and mild retinal inflammatory
reaction with ganglion cell layer edema but without
clinical significance. No atypical histopathological renal
response was detected.

·CONCLUSION: Unexpected atypical histopathological
retinal response without clinical significance was
observed in 3 eyes injected with antiangiogenic drugs (2
in group 1 and 1 in group 2) as well as in 3 control eyes
(2 in group 1 and 1 in group 2). No atypical renal
response was detected suggesting no extra ocular
involvement of the intravitreous injected antiangiogenic
drugs.
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INTRODUCTION

M any ocular diseases occur as a result of pathological
angiogenesis. Among them are age related macular

degeneration (ARMD), diabetic retinopathy (DR), diabetic
macular edema (DME), retinal vein occlusion (RVO), and
retinopathy of prematurity (ROP). Modern therapeutic
approach to these diseases is the use of intravitreous
anti-vascular endothelial growth factor (VEGF) drugs,
especially bevacizumab and ranibizumab [1,2]. Bevacizumab is
full length human monoclonal antibody directed against all
isoforms of VEGF approved by the Unites States Food and
Drug Administration (FDA) as a first-line treatment for
human metastatic colorectal cancer in intravenous use [3].
Many complications are related to the intravenous use of this
drug such as hypertension, congestive heart failure, bleeding,
neutropenia, proteinuria, thromboembolism, and neuropathy[4-7].
In these recent years, intravitreal injection of bevacizumab is
being used in an off-label way for the treatment of those
mentioned ophthalmological diseases related to
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angiogenesis [8-10]. However, bevacizumab escapes from the
vitreous into the general circulation and reduces systemic
VEGF concentrations for weeks to months. There are
concerns regarding systemic safety of this drug for the use
among preterm infants with very low birth weight for the
treatment of severe cases of ROP [11,12]. By the other hand,
ranibizumab is a fraction of the bevacizumab molecule and it
is an alternative anti-VEGF antibody with similar efficacy as
bevacizumab but with the supposed advantage that it does not
alter systemic VEGF concentrations in adults because this
fragment does not contain the FcRn portion of the complete
antibody [12,13]. Ranibizumab is approved by FDA for use in
intravitreous injections for the treatment of ARMD, DR,
DME, and RVO. This drug is used in an off-label way for the
treatment of premature babies in risk of blinding due to
severe ROP[14,15].
Intravitreal injections are a very common procedure and are
the most effective route of drug delivery to the retina.
Currently, there are several drugs available to treat retinal
diseases related to angiogenesis and, even, more are in
development, therefore, safety of these drugs, as well as,
safety of the procedure in it, are very important issues when
intravitreal injections are applied and the possibility of
unexpected ocular or retinal inflammatory response should
always be kept in mind. This study aims to evaluate
histopathological retinal and renal responses after one single
dose of intravitreous anti-VEGF drugs ranibizumab
(Lucentis誖 ) or bevacizumab (Avastin誖 ), controlled by an
intravitreous injection of balanced salt solution (BSS) in
laboratory rats.
MATERIALS AND METHODS
Study Design and Setting This is an experimental study
using adults Wistar laboratory rats conducted during 2012 at
the Animal Experimental Unit of the Hospital de Cl佻nicas de
Porto Alegre (HCPA), Federal University of Rio Grande do
Sul, Porto Alegre, Brazil.
Population and Methods Ten adults Wistar rats with 60d
of life were distributed in one of the 2 groups: group 1
included 5 animals that were injected with 1 滋L ranibizumab
1.25 mg in the right eye and with 1 滋L of BSS in the left eye,
as control; group 2 included 5 animals that were injected with
1 滋L of bevacizumab in the right eye and with 1 滋L of BSS
in the fellow control eye. All injections were performed with
Hamilton syringes with 32-gauge needles under direct
observation with a surgical microscope. All animals received
sedation during the procedure and proparacaine
hydrochloride 1% ophthalmic drops topically on the eyes.
Povidone iodine 5% was placed on the conjunctiva of the
eyes. Post-operatory therapy was performed with Maxitrol ®

(dexamethasone, neomycin, polymyxin B) eye drops, 3 times
per day, during 7d in both eyes.

After 15d, all animals were sacrificed in CO2 chamber. The
eyes were examined prior to enucleation. A dissecting
technique under surgical microscope was used to remove
both eyes and one of the kidneys. The enucleated eyes and
kidneys were fixed in 4% paraformaldehyde for 45min at 4℃
and embedded in paraffin and sectioned for histopathological
analysis by light microscopy after staining by hematoxylin-
eosyne (HE).
Statistical and Ethics Study approval was obtained from
the Institutional Committee of Animal Care at HCPA. The
procedures adhered to the ARVO (Association for Research
in Vision and Ophthalmology) Statement for the Use of
Animals in Ophthalmic and Vision Research. To estimate the
number of animals to be included in the study the initial
expected atypical histopathological response for statistical
purposes was defined as 0% according to the clinical
observation of the use of these drugs in humans. The absolute
margin of error was defined as 10% and the confidence level
was defined as 95% . Each group should include at least 4
animals.
RESULTS
The post-operatory ophthalmological evaluation showed 1
case of cataract among ranibizumab injected eyes (group 1)
and 1 case of cataract among controls in the group 2. There
were no signs of endophthalmitis in all eyes.
Histological changes were evaluated by light microscopy.
The inner retinal layers in all eyes were intact with no
evidence of disorganization (Figure 1). In group 1 (comprised
of 5 animals: 5 ranibizumab injected eyes, 5 control eyes) we
reported 3 injected eyes without retinal abnormalities (60%),
3 control eyes without retinal abnormalities (60%), 2 injected
eyes with abnormal histopathological response (40%) and 2
control eyes with abnormal histopathological response (40%).
In group 2 (comprised of 5 animals: 5 bevacizumab injected
eyes, 5 control eyes) we reported 4 injected eyes without
retinal abnormalities (80%), 4 control eyes without retinal
abnormalities (80%), 1 eye with abnormal response (20%)
and 1 control eye with abnormal response (20% ). In both
groups there was mild vacuolization in the ganglion cell layer
in both treated and control eyes. The histological retinal
analysis showed inflammatory cellular response and
fibroblasts were identified in both injected and control eyes in
the same rate in both groups (Figures 2, 3). All
histopathological evaluations on the sections of the kidneys
were considered normal. We did not find renal glomerular
sclerosis, renal interstitial fibrosis or renal tubular atrophy,
classics markers of renal dysfunction (Figure 4).
DISCUSSION
The vacuolization in the ganglion cell layer in both treated
and control eyes in our study were consistent with autolysis
and tissue processing artifacts. These findings were previous
related in rabbit model by Bakri [16]. The
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histopathological retinal analysis showed inflammatory
cellular response. These findings were consistent with
inflammation and fibrosis. These results were identified in
both injected and control eyes in the same rate in both
groups. That might have occurred due to retinal preparation

or ocular trauma secondary to the injection itself and,
possibly it was not dependent to the use of the anti-VEGF
drugs. Another explanation to these findings could be the
possibility of short period of time of treatment of the
postoperative inflammation with inconsistent use of
steroid-antibiotic drugs. We used topical Maxitrol ® 3 times
per day during only 7 of the 15d, in all animals. The ideal
dose for adults 60d of life Wistar rats was not established
previously. It could have been insufficient antinflammatory
therapy in our experiment which may succeed to
endophthalmitis-like or to non-specificity inflammation
reaction caused by intravitreal injection. Dexamethasone has
protective effects on the retina by improving the
inflammatory response that involves lymphocyte and
phagocyte cells [17]. Since we used in our experimental study
Maxitrol ® for 7d, a bias of experimental data could be
produced and this can be a potential limitation of our study.
On the other hand, there was no histological evidence of
toxicity of the retina in any of the histological sections in all
of the eyes injected with anti-VEGF drugs or with BSS in our
study. Similar histopathological inflammatory-like finding
was found after bevacizumab injection in rabbit's eyes despite
the authors related that the drug was nontoxic to the retina of
rabbits[18-20].
Kim [8], in 2008, and Thaler [20], in 2010, related
absence of intravitreal bevacizumab-induced neuronal
toxicity in the mouse retina. Our study did not detect specific
retinal toxicity of intravitreous anti-VEGF drugs ranibizumab
and bevacizumab, as expected according to the clinical
experience in humans, but unexpected histopathological
retinal response related to inflammation was observed. Some
possibilities for this finding were established in order to
improve quality for new experiments, as well as to

Figure 1 Adult Wistar rat eye globe section showing normal vitreous cavity and normal retina after intravitreous injection of
ranibizumab A: HE 40伊; B: HE 100伊; C: HE 200伊; D: HE 400伊.

Figure 2 Adult Wistar rat ocular globe after intravitreous injection of ranibizumab showing fibroblastic tissue and inflammation-
like response A: HE 20伊; B: HE 100伊; C: HE 200伊; D: HE 400伊.

Figure 3 The histological retinal analysis showed inflammatory
cellular response and fibroblasts were identified in
ranibizumab injected eye. HE 400伊.

Figure 4 Adult Wistar rat normal kidney sections A: HE 100伊;
B: HE 200伊; C: HE 400伊.
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demonstrate the potential inflammatory risk of intravitreal
injections as a first line option for treatment of the ocular
diseases. All histopathological evaluation on the sections of
the kidneys was considered normal suggesting no extra
ocular toxicity of the intravitreous injected anti-VEGF drugs.
Pell佴 [21], previously, in a case report, related renal
dysfunction after four times repeated ranibizumab intravitreal
injections. The authors described findings of tubular atrophy
and interstitial fibrosis. In our experimental work, we did not
find renal glomerular sclerosis, renal interstitial fibrosis or
renal tubular atrophy, maybe because only one intravitreal
injection was performed in each eye.
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