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ORIGINAL ARTICLE

ABSTRACT

Objective: The aim of this study was to evaluate the toxicity of different doses of intravitreal injection 
of inflixamab in rabbits.
Materials and Methods: Twenty New Zeland albino rabbits were used for this study and divided into 
five groups (n=4 each). The rabbits were injected intravitreally with, 0.125mg 0.250mg, 0.500mg, 
1.25mg or 2.5mg Infliximab in 0.1 ml in one eye and 0.1 ml saline solution was used in the contralateral 
eye. All the animals were examined using indirect ophthalmoscopy and slit-lamp biomicroscopic 
examination before intravitreal injection and on days 1,7 and 14. ERG was performed before the 
experiment and on the 14th day after the experiment. On day 14 the animals were euthanized. 
Histological preparations of the enucleated eyes were examined for retinal toxicity.
Results: In our study we found no retinal toxicity up to 1.25mg groups according to ERG results and 
Histological signs. In our study, we did not find any ERG or histological toxicity in the group up to 
1.25 mg. We concluded a significant decrease in ERG and histological toxicity signs in 1 of 4 eyes 
of the 2.5 mg group.
Conclusion: Infliximab injection up to 1.25 mg is nontoxic to the rabbit’s retina. Intravitreal injection 
of infliximab may be a useful treatment for Uveitis especially Behcet’s disease, diabetic retinopathy, 
age related macular degeneration and proliferative vitreoretinopathy.
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ÖZ

Amaç: Bu çalışmada tavşanlarda farklı dozlardaki intravitreal inflixamab injeksiyonun toksitesinin 
değerlendirilmesi amaçlanmıştır.
Materyal ve Metod: Çalışmada kullanılan 20 beyaz Yeni Zelanda tavşanı 5 gruba (n=4) ayrılmıştır. 
Tavşanların bir gözüne intravitreal olarak 0,125 mg, 0,250 mg, 0,500 mg, 1,25 mg ve 2,5 mg inflixmab 
0,1 tuzlu solüsyon içinde enjekte edilmiştir. Kontrol gözüne 0,1 tuzlu solüsyon olarak uygulanmıştır. 
Tüm hayvanların deneyden önce ve deneyden sonraki 1., 7., ve 14. günde indirek oftalmoskopi 
ve yarık lamba biyomikroskopi muayeneleri yapılmıştır. ERG deneyden önce ve deney sonrası 14. 
günde yapılmıştır. Hayvanlara 14. günde ötonazi uygulanmıştır. Enükleasyon edilen gözlerin histolojik 
örnekleri retina toksidi açısından incelenmiştir.
Bulgular: Çalışmamızda 1,25 mg doza kadar olan grupta ERG ve histolojik olarak bir toksite bulmadık. 
2,5 mg grubun 4 gözünden birinde ERG’sinde anlamlı azalma ve histoojik toksite bulguları saptadık.
Sonuç:1,5 mg doza kadar olan inflixmab injeksiyonu tavşan retinasında non toksiktir. İntravitreal 
inflixmab injeksiyonu üveitlerde özellikle behçet hastalığında diyabetik retinopatide, yaşa bağlı 
makula dejenerasyonunda ve proliratif vitreo retinopatide yararlı bir tedavi olabilir.

Anahtar Kelimeler: infliximab, retinal toksite, üveit, behçet hastalığı, diyabetik retinopati

Introduction

Diabetic retinopathy and Uveitis are major causes 
of vision loss and other ocular complications 
(1,2). Corticosteroids and immunosuppressive 
treatment is the primary therapy for uveitis (3). Laser 
photocoagulation treatment is the main therapy 
for diabetic retinopathy (2,4). However, all these 
treatments have serious side effects and sometimes 
are not effective (5-7). Current research focuses on the 
most beneficial treatments with fewer side effects for 
uveitis and diabetic retinopathy. Intra vitreal infliximab 
maybe good adjuvant treatment for these diseases.

Infliximab is monoclonal antibody with a molecular 
weight of 149K Daltons. It contains both human 
constant and murine variable regions. It is made up of 
human and mouse antibodies. Infliximab is an artificial 
antibody which is originally developed from mouse. 
Due to human immune reaction against mouse 
proteins, mouse common domains are replaced by 
human antibody domains.

TNF-alpha is a pro-inflammatory cytokine shown in high 
levels in the vitreous in proliferative vitreoretinopathy 
and proliferative diabetic retinopathy (8). Diabetic 
retinopathy has been associated TNF-alpha gene 
polymorphism and expression of HLA-DR3 and HLA-
DR4 phenotypes (9). Petros Sficakis et al. published 
intravenous infliximab using after two sessions argon 
laser treatment in refractory diabetic macular edema 
cases increased visual acuity more than placebo 
laser groups (10). Therefore, anti-TNF-alpha drugs may 
be adjunct therapy for the diabetic retinopathy and 
proliferative vitreoretinopathy (PVR).

Clinically many cases have shown that infliximab has 
been beneficial in treating uveitis especially Behcet’s 
disease (9-12). Also many experimental studies have 
reported that anti TNF-alpha treatment prevents 
endotoxin induced uveitis (EIU) in animal models (13).

Some experimental studies of intravitreal infliximab have 
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been shown to reduce the development of PVR (14) 
and inhibition of choroidal neovascularization (15).

Also, it was determined the combination of intravitreal 
Avastin and infliximab prevented the leakage of 
choroidal effusion and decreased macular thickness 
in age-related macular degeneration (ARMD) patients 
(16).

Recently, intravitreal injection is commonly used in 
ophthalmology for retinal and choroidal diseases. 
There are many advantages of intravitreal injection. 
However, retinal toxicity is a primary concern when 
using intravitreal injection. Our purpose is to determine 
what intravitreal doses of infliximab are nontoxic for 
the retina.

Material and Methods

Animals

Twenty New Zealand albino rabbits weighing between 
2-3 kg were used for this study. Rabbits were treated 
in accordance with principles of the Association 
for Research in Vision and Ophthalmology (ARVO) 
for humane treatment of animals. Principles of 
laboratory animal care (NIH publication No. 85-23, 
revised 1985), the OPRR Public Health Service Policy 
on the Humane Care and Use of Laboratory Animals 
(revised 1986), and the U.S. Animal Welfare Act were 
followed. The study was conducted in the research 
laboratory of Tulane University, Faculty of Medicine. 
Only one eye was used for experimental purposes, 
with the fellow eye serving as a control. Slit lamp and 
indirect fundoscopic examination was performed on 
all eyes prior to the study and on days 1,7, and 14 
after intravitreal injection. Any animals demonstrating 
corneal, lens opacity or retinal damage prior to the 
study were excluded. Similarly, the animals were 
examined after intravitreal injection and before they 
were euthanized. The animals were anesthetized prior 
to all procedures using approximately 1 ml of a mixture 
of ketamine hydrochloride (50mg/kg, Ketalar; Yuhan 
Co., Seoul, South Korea) and xylazine hydrochloride 
(5mg/kg,Indian immunological Ltd., India). The eyes 
were dilated by topical application of phenylephrine 
(2.5%) and tropicamide (0.5%). Topical anesthesia 
was applied using proparacaine (0.5%). The animals 
were sacrificed 2 weeks after intravitreal injection 
by an intravenous injection of 100mg/kg sodium 
pentobarbital.

Intravitreal Injections

All procedures were performed under sterile conditions 
using an operating microscope for visualization. Both 
eyes were used on each animal with one eye receiving 
the treatment and the other receiving sterile BSS, serving 
as a control. Anterior chamber tap was performed 
with a 25 G needle withdrawing 0.1 cc of aqueous 
fluid to reduce intraocular pressure and to minimize 
drug reflux following injection. Intravitreal injection 
was performed using a 30 G needle attached to a 
tuberculin syringe inserted bevel up approximately 2 

mm posterior to limbus. Five different doses of infliximab 
(Remicade;Centocor Ortho Biotech Inc, Horsham, PA) 
were prepared in 0.1 ml: 0.125mg, 0.250mg, 0.500mg, 
1.25mg and 2.5 mg. Each concentration was injected 
in one eye of the four rabbits, and 0.1 ml volume of 
sterile BSS was injected into the contralateral eye. A slit 
lamp and fundoscopic examination was performed 
and the animals were observed for two weeks for signs 
of infection, inflammation and toxicity.

Electrophysiological Tests

Electroretinogram (ERG) using the UTAS-2000 system 
(LKC technology) was performed prior to intravitreal 
injection and 14 days after injection. The rabbits were  
adapted to the dark for at least 30 minutes after 
pupillary dilation. Unipolar contact lenses (ERG jet 
electrodes) were put on both corneas with goniosol 
(IOLab Corporation); the negative electrode was 
placed in the subcutaneous space of the forehead, 
and the ground electrode was clipped to the earlobe 
with some electric gel. The dark-adapted scotopic 
response (step 1, Rod response), scotopic flash 
response (step 2, Maximal response, cone+ rod) and 
(after waiting for 3 minutes) light adapted photopic 
response (step 4, Cone response) was recorded. The 
average of 5 sweeps was determined for each step. 
The difference of a and b waves was calculated 
for each step. The baseline was compared to the 
response two weeks after injection. A decrease in 
the post injection response over 30 % was considered 
significant.

Histological Examination

Following the final ERG session, all the rabbits were 
euthanized with intravenous injection of sodium 
pentobarbital. The eyes were enucleated and fixed 
in karnovsky fixative for 48 hours and then processed, 
sectioned, and stained with hematoxylin and eosin for 
light microscopy.

Results

Clinical Examination

Fundus examination was performed on all the eyes 
immediately after intravitreal injection and prior to 
euthanasia. No corneal opacity, cataract, vitreous 
hemorrhage, retinal detachment or optic atrophy was 
seen in any of the eyes.

Electrophysiological Tests

ERG changes were considered significant if the follow-
up differences in (a and b) amplitude were decreased 
more than 30 %. The follow up ERGs in 1out of the 4 eyes 
in the 2.5 mg infliximab group showed approximately 
30% decrease in scotopic response (step1 and step2) 
but photopic response(step4) did not show significant 
decrease. (Fig.1) The other eyes showed no significant 
decreases (Table 1). 
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Fig1: Baseline Step 1 ERG(a), Endpoint (14 days after injection) Step1 
ERG in the highest dose group. b) There is a significant decrease 
(approximately 25%) between baseline and endpoint ERG.

Table 1� The evaluation retinal toxicity of intravitreal infliximab injection.

Group ERG Step 1 Rod 
Response

ERG Step 2 Cone + 
Rod Response

ERG Step 
3 Cone     
Response

Control No significant 
decrease

No significant 
decrease

No significant 
decrease

0.125 mg No significant 
decrease

No significant 
decrease

No significant 
decrease

0.250 mg No significant 
decrease

No significant 
decrease

No significant 
decrease

0.500 mg No significant 
decrease

No significant 
decrease

No significant 
decrease

1.25 mg No significant 
decrease

No significant 
decrease

No significant 
decrease

2.5 mg

Decrease in one 
eye  (minimal 
retinal toxicity in 
same eye histology 
)

Decrease in one eye 

(same eye showed 
decrease in Step 1 
ERG)

No significant 
decrease

Histological Examination

Light microscopy was performed on all eyes. Toxic 
findings were not seen in up to 1.25 mg groups of 
infliximab.

However, 1 of the 4 eyes at 2.5 mg group showed 
minimal toxicity. The minimal toxicity that was found 
in this eye was due to many inflammatory cells in the 
ora serrata and around apex of the ciliary body. (Fig.2) 
The rest of the retina in this eye was not damaged. 
This eye also showed significant decrease in scotopic 
response.

In this article, statistical analysis is not mentioned 
because of its content and methodology.

Fig 2: Many inflammatory cells are in the ora serrata and around apex 
of corpus ciliare in the highest dose group.

Discussion

Intercellular adhesion molecule-1 (ICAM-1) and 
Leukocyte integrin CD18 are very important molecules 
in animals with diabetic retinopathy (18-20) and 
uveitis model (21-23). Antibody against ICAM-1 and 
CD18 in the rat model prevents diabetic retinopathy 
by reducing leukocyte adhesion which induce a 
breakdown in the blood retinal barrier resulting in the 
endothelial injury (19,20).  Clinical trials performed with 
or without laser photocoagulation treatment showed  
that aspirin (650 mg daily) had no effect on diabetic 
retinopathy (24).

Intravitreal use of infliximab may be the main or 
adjuvant therapy in diabetic macular edema. 
Clinically many reports have stated that infliximab 
has some beneficial effects in uveitis (7,11-14) Few 
publications has been made on the use of intravitreal 
infliximab especially in uveitis (26), diabetic macular 
edema (26) and ARMD (17).

We found that 1.25mg/ml of intravitreal infliximab had 
no retinal toxicity and one eye in 2.5mg/ml group had 
histological toxicity and significant decrease in ERG 

Fig.1-a)

Fig.1.b)
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in rabbit eyes. Another study showed that 2 mg of 
infliximab had no retinal toxicity while 3.3mg infliximab 
had retinal toxicity in rabbit eyes (27). It was reported 
that two and three monthly intravitreous injections 
of 2 mg infliximab to rabbits showed no change in 
histological and electroretinographic tests and clinical 
evaluations (28).

Another study concluded that intravitreal infliximab at 
doses up to 1.25 mg was not toxic to the retina (29).

While intravitreal injection of a dose of 1.5 mg/0.1 ml 
of infliximab has no toxic effect on retinal integrity in 
rabbits, it has been stated that a higher dose of 7.5 
mg/0.1 ml might be slightly toxic (30).

In  different studies no statistically significant retinal 
abnormalities were observed as a result of serial 
intravitreal injections of 2.0 mg infliximab (31) and 
little or no damage was found in the eyes of rabbits 
injected with infliximab (32).  Also it was reported that 
intravitreal infliximab could  inhibit the growth of CNV 
in a rat model of age-related macular degeneration 
(33).

Clinically using 2 mg dose of infliximab intravitreally 
had some uveitic reaction treated by corticosteroid 
(26,27), on the other hand, 1mg dose of infliximab 
use did not show any uveitic reactions (26).  Similarly, 
in our study one eye of 2.5 mg group had significant 
inflammatory reaction on ora serrata area. We thought 
that the cause of inflammation was not infection 
during intravitreal procedure or needling etc. It was 
probably related to intravitreal injection, and this focal 
area could have received highest drug concentration 
than other place.

Currently intravitreal injections of corticosteroid 
and others are successfully used for treatment of 
uveitis (27), and diabetic retinopathy (34).  The use 
of steroids for retinal diseases is gaining widespread 
acceptance(35). Moreover, the effectiveness of 
steroids againist complications of retinal diseases 
such as vitritis(3) or macular edema(36) has been well 
documented. A recent study proved that intravitreal 
injection of steroids or steroid implants might be useful 
in controlling postoperative inflammation for uveitis 
cataract (37). It was reported that intraoperative 
intravitreal injection of triamcinolone might be safe 
and beneficial for patients with chronic idiopathic 
anterior uveitis or intermediate uveitis (38). In another 
study, successful results were obtained with intravitreal 
injections for diabetic retinopathy, age-related 
macular degeneration, and retinal vein occlusion (39). 

Anti TNF-alpha drugs have few but serious side 
effects when used systemically such as heart failure, 
lymphoma. Intravitreal injection of up to 1.25 mg of 
infliximab may be a beneficial way to treat uveitis, 
PVR, ARMD and diabetic retinopathy without inducing 
serious systemic side effects.

The rabbit model is widely used to find non-toxic 

doses of intravitreal drugs in the human eye. There 
are similarities and differences between the human 
eye and the rabbit eye. For example, the average 
rabbit vitreous volume is 1.5 ml, but it is 4.5 ml in the 
human eye (40), which may cause differences in 
drug concentration in the vitreous. These differences 
should be taken into consideration when evaluating 
the results.

Conclusion

Up to 1.25 mg of intravitreal injected Infliximab appears 
to be nontoxic to the retina in the rabbit eyes. It can 
be an adjunct drug for treatment of uveitis, ARMD, 
PVR and diabetic retinopathy.
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