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ABSTRACT

Aim: To study the effects of the tumor necrosis factor alpha inhibitor adalimumab on rabbit retina after injection
into the vitreous body.

Methods: Forty-eight rabbits of mixed strain (9–12 months old, weighing& 3.5 kg) were randomized into four
groups. Adalimumab was injected at one of two concentrations (1.25 mg or 2.5 mg) into the eyes of two groups,
and balanced salt solution into the eyes of the third group. The fourth group acted as controls. Full-field
electroretinography (ffERG) was performed before injection and 1 and 6 weeks post-injection. At 6 weeks
post-injection the rabbits were euthanized and the sectioned retinas were studied. Retinal histology was studied
with hematoxylin–eosin staining. Immunohistochemical analysis was performed on rods, cones, rod bipolar
cells, horizontal cells, amacrine cells and Müller cells.

Results: No significant difference in ffERG amplitudes or implicit times was observed between the four groups
at any time point. Histological and immunohistochemical findings were similar in all groups.

Conclusions: Injection of adalimumab into the vitreous body of healthy rabbits, at doses up to 2.5 mg, does not
appear to be toxic to the rabbit retina.

Keywords: Adalimumab, drug toxicity, electrophysiology, histopathology, intravitreal injection, rabbit retina,
retinal function, tumor necrosis factor-alpha inhibitor

INTRODUCTION

Adalimumab is a fully humanized monoclonal anti-
body against the cytokine tumor necrosis factor alpha
(TNFa). Tumor necrosis factors are a group of cyto-
kines that play a role in systemic inflammation
stimulating the acute phase reaction. TNFa is pro-
duced by activated macrophages, CD4+ lymphocytes
and natural killer cells. It plays a pivotal role in the
initiation and perpetuation of inflammation, it
induces apoptosis and it inhibits tumor genesis and
viral replication.1–5 However, the persistent produc-
tion of TNFa, as in autoimmune inflammatory dis-
eases, including uveitis, is associated with significant
tissue damage.2 In uveitis, activated retinal microglia,
Müller cells and retinal pigment epithelial cells

generate TNFa.4 Blocking TNFa has proven very
successful in the treatment of autoimmune conditions
such as rheumatoid arthritis, ankylosing spondylitis,
Crohn’s disease, psoriatic arthritis and juvenile idio-
pathic arthritis.2,5 In uveitis, levels of TNFa are raised
in the aqeous humor and in ocular tissues.4 Injection
of TNFa into the vitreous body results in uveitis,
leading to disruption of the blood–retina barrier and
neovascularization.6 It has been found in experimen-
tal autoimmune uveitis, that the clinical onset of
disease and histologic damage was supressed by
neutralising TNFa activity.4

Systemic treatment with TNFa inhibiting sub-
stances has been used successfully, as an off-label
alternative to traditional immunosuppressive treat-
ment in the management of severe and refractory
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forms of uveitis such as Behçet‘s disease, sarcoidosis,
juvenile uveitis and idiopathic uveitis.3,7–15

TNFa has been implicated in other ocular condi-
tions as well. It has been identified in fibrovascular
membranes in proliferative diabetic retinopathy, its
messenger RNA (mRNA) has been found in sub-
retinal fluid and in the vitreous body of patients with
rhegmatous retinal detachment in combination with
proliferative vitroretinopathy.16–18 Increased levels of
its soluble receptors have also been reported in the
vitreous body of patients with retinal detachment and
proliferative vitroretinopathy.19 It has been suggested
that TNFa is involved in the neurodegenerative
process of glaucoma and in post-ischemic condi-
tions.20–22 In addition, TNFa may play a role in the
pathogenesis of choroidal neovascularization and
neovascular age-related macular degeneration.3,23–27

Of the five TNFa inhibitors presently on the market
infliximab, etanercept and adalimumab are most
frequently used, followed by golimumab and certoli-
zumab. Infliximab and adalimumab have shown
promising results in the treatment of uveitis.28

Adalimumab, infliximab, and etanercept have
similar intrinsic binding properties for soluble TNF
and for membrane bound TNF.29

However, infliximab is more immunogenic and
anaphylactic reactions have been reported in associ-
ation with systemic treatment and retinotoxic reac-
tions after intravitreal injection.3,12,30,31 Etanercept has
been reported to be less efficient in treating uveitis
than adalimumab and infliximab and some studies
have shown that it may even induce uveitis.9,12,32,33–35

Since adalimumab seems to be well tolerated when
administered systemically, showing good clinical
effect on uveitis we consider it important to investi-
gate the safety of adalimumab when injected into the
vitreous body using a rabbit model.12,34 Retinal
toxicity was assessed using ffERG and at the end of
the study the retinas were examined histologically
and immunohistochemically.

MATERIALS AND METHODS

Animals

Forty-eight pigmented Swedish lop eared rabbits of a
mixed strain (aged 9–12 months, body weight
&3.5 kg) were included in the study. The rabbits
were randomized into four groups of 12 animals.
Groups 1 and 2 received an intravitreal injection into
the right eye of 0.05 mL adalimumab at concentrations
of 1.25 mg and 2.5 mg, respectively. The third group
was given an intravitreal injection of balanced salt
solution (BSS), and the final group, receiving no
injection served as controls. FfERG was performed
before injection and at 1 and 6 weeks post-injection.
Six weeks after the injection and after the final ffERG

measurement, the rabbits were euthanized by an
intravenous overdose of penthobarbital and the ret-
inas were sectioned and processed for hematoxylin
and eosin staining, and for immunohistochemical
analysis. Complete data could not be obtained from
five rabbits: one died after baseline ERG, belonging to
the control group, and four died after the second
ffERG measurement (two from the group given 1.25
adalimumab, one from the group given 2.5 adalimu-
mab, and one from the BSS-injected group).

The rabbits were housed in separate cages with
standard nutrition and water ad libitum. The study
was conducted following the approval of the Ethical
Committee for Animal Research at Lund University,
Sweden and all experimental procedures were per-
formed in compliance with the Association for
Research in Vision and Ophthalmology statement for
the use of animals in ophthalmic and vision research.

Intravitreal Injections

The right eye was anesthesized with 0.4% oxibupro-
cain eye drops (Chauvin, Bausch and Lomb,
Stockholm, Sweden), and a lid speculum was placed
under the eyelid. A commercial solution of adalimu-
mab, Humira� (Abbot Scandinavia AB, Solna,
Sweden) with a concentration of 50 mg/mL was
used. This was diluted with 0.09% saline to a
concentration of 2.5 mg/0.05 mL and 1.25 mg/
0.05 mL. The volume injected was 0.05 mL of 1.25 mg
adalimumab, 2.5 mg adalimumab or of BSS, 1.5 mm
behind limbus into the vitreous body using a 30-
gauge needle. Care was taken to avoid touching the
lens with the needle.

Full-Field Electroretinogram

Standardized ffERG, slightly modified for the rabbit
by placing the ground electrode on the neck and by
not using light adaptation preceding the 30-Hz flicker
stimulation, were recorded with a Nicolet analysis
system (Nicolet Biomedical Instruments, Madison,
WI) as described previously.36 All rabbits were
examined with ffERG three times: at baseline (before
injection) as well as one and 6 weeks after injection.
During the examination the rabbits were sedated
by an intramuscular injection of (0.1 mL/kg)
Hypnorm (fentanylcitrate 0.315 mg/mL and fluani-
sone 10 mg/mL). The ffERG examinations were con-
ducted according to standards of the International
Society for Clinical Electrophysiology of Vision.37 The
right eye was tested after maximal pupil dilation
using a topical application of 1% cyclopentolate
hydrochloride (Chauvin, Bausch and Lomb,
Stockholm, Sweden), and after 30 min of dark adap-
tation. A Burian–Allen bipolar ERG contact lens

Adalimumab Effects on Rabbit Retina 1107

! 2014 Informa Healthcare USA, Inc.



electrode was applied to the topically anesthetized
cornea together with a subcutaneous ground electrode
on the neck. Responses were obtained with a wide-
band filter (�3 dB at 1 Hz and 500 Hz) following
stimulation with single full-field flashes (30 ms) and
with 30-Hz flickering white light. The referred lumi-
nance of the different light stimuli has been measured
on the light reflected from a Ganzfeld sphere (350
Linear/Log Optometer, Graseby Optronics, calibrated
by UDT Instuments, Baltimore, MD). Each recording
was repeated at each stimulus intensity, to ensure
reproducibility (i.e. two consecutive identical
responses were obtained). Responses to the following
stimulations were recorded:
(1) the dark adapted response to a single flash of dim

white light, with an integrated luminance
0.81 cd s/m2, representing the isolated rod-
mediated response.

(2) the dark adapted response to a single flash of
white light, with an integrated luminance
3.93 cd s/m2, representing the combined rod-
and cone- mediated response.

(3) response to 30-Hz flickering white light, with an
integrated luminance 0.81 cd s/m2, with no back-
ground illumination, averaged over 20 sweeps,
representing the isolated cone mediated response.

(4) the light-adapted response to a single flash with
an integrated luminance 3.93 cd s/m2, with back-
ground illumination, representing the isolated
cone mediated response.

Tissue Preparation

After the final ffERG examination, the rabbits were
euthanized and the right eye was immediately
enucleated and fixed for 30 min in 0.1 M Sørensen’s
phosphate buffer, at pH 7.4, containing 4% parafor-
maldehyde (Merck, Darmstadt, Germany). The bulbs
were then transected at the ora serrata and the
anterior and posterior segments separated. The pos-
terior segment was postfixed in the same fixative for

3.5 h, at 4 �C. The tissue was rinsed and cryoprotected
by transferring it stepwise through two solutions
containing 10% and 20% sucrose in Sørensen’s buffer.
The posterior segment was divided into two by a
vertical incision from the superior to the inferior
retinal margins through the center of the optic disc.
The posterior segments were then embedded in
Yazulla medium (30% egg albumen and 3% gelatin
in water) and sectioned (12 mm) in a cryostat (�21 �C).
The sections were mounted on chrome alum coated
slides, air dried and stored at �20 �C until analyzed.

IMMUNOHISTOCHEMISTRY

Analysis of Glial Fibrillary Acidic Protein,
Protein Kinase C Alpha, Calbindin,
Parvalbumin and Rhodopsin

The sections were thawed and rinsed in 0.1 M sodium
phosphate-buffered saline (PBS), pH 7.2 with 0.25%
Triton X-100 (PBST). Bovine serum albumin (1%) was
added in PBST to dilute the primary and secondary
antibodies. The sections were then incubated with the
primary antibodies (Table 1) for 16–18 h at 4 �C.38–43

After 1 h at room temperature, the slides were rinsed
in PBST and further incubated with the appropriate
fluorescent secondary antibody (1:200), for 45 min in
darkness. After rinsing, the slides were mounted in a
custom-made anti-fading mounting medium. The
same labeling procedure without the primary anti-
body was performed to obtain negative control
samples. To confirm their efficacy, the primary
antibodies were used on sections that have previously
stained positive for glial fibrillary acidic protein
(GFAP), protein kinase C alpha (PKCa), calbindin,
parvalbumin or rhodopsin, respectively. Specimens
were also stained with hematoxylin and eosin. The
slides were examined using immunofluorescence
imaging and photographed using a digital camera
(Nikon Eclipse 800). The same exposure time and
aperture were used for all samples, and the same

TABLE 1 Antibodies used for histochemical labeling of retinal sections.

Marker Concentration Target
Poly/mono

clonal References Source

Antibody against protein
kinase alpha MC5

1:200 Rod bipolar cells mono Kostinaho et al.37

and Wood
et al.38

Nordic BioSite, Täby,
Sweden

Antibody against glial
fibrillary acidic protein

1:200 Astrocytes and
activated Müller
cells

mono Lewis P et al.39 Chemicon International,
Billerica, MA

Antibody against parvalbumin 1:1000 Amacrine cells mono Casini et al.40 Sigma, St Louis, MO
Antibody against rhodopsin 1:100 Rod photoreceptors mono Mc Kenzie et al.41 Kind gift of Prof. RS Molday,

Vancouver Canada
Antibody against calbinin D-28K 1:200 Horizontal cells mono Massey et al.42 Sigma, St Louis, MO
Biotinylated peanut agglutinin 1:500 Cone photoreceptors mono Blanks et al.43 Vector Laboratories inc.,

Burlingame, CA
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magnification (�40) was used for all photographs.
No image processing was applied to the photographs.

Analysis of Peanut Agglutinin

The sections were thawed and rinsed in 0.1 M sodium
PBS, pH 7.2. They were first incubated for 45 min in
biotinylated peanut agglutinin (PNA) (Table 1) in PBS
(1:500) and then in rhodamine-conjugated streptavi-
din in PBS (1:1000) for 30 min.44 After rinsing with
PBS, the slides were mounted in the same custom-
made anti-fading mounting medium. The same
labeling procedure without the primary antibody
was performed to obtain negative controls. PNA
staining was classified as either positive or negative
for each individual. As a positive control, PNA
labeling was performed on normal adult rabbit
retina. The slides were examined using immunofluor-
escence imaging and photographed using the digital
camera. No image processing was applied.

Statistical Analysis

SPSS Statistics 20 (IBM Corporation, Somers, NY) was
used for statistical analysis of the results obtained
with ffERG. The four groups were compared using
ANOVA Mixed Model analysis. The ffERG param-
eters at 1 and 6 weeks post-injection were compared,
using the pre-injection value as a covariate (Table 2).
An overall analysis of the treatment effect at both post
injection time points simultaneously was performed
using a mixed model analysis with repeated meas-
urements. In that model, the measurements at the two
time points were assumed to be dependent and
different covariance structures were tried out to
model the dependence. However, the different struc-
tures gave similar results and finally an AR(1) (first
order autoregressive) model was chosen.

For the statistical analysis of the histology results,
PKCa-labeled rod-bipolar cells were counted using
the method previously described by Kjellström et al.,
i.e. the number of stained perikarya and axons/
terminals per window on photographs obtained
under the microscope with the �40 objective in one
representative retinal section.45 The scores for the

perikarya and axons/terminals were compared sep-
arately. The investigator was blinded to the identity of
the retinal sections of PKCa-labeled cells.
Comparative statistical analyses were carried out
using the Kruskal–Wallis one-way analysis of vari-
ance (ANOVA), which is a non-parametric alternative
to the ANOVA. Descriptive analyses were performed
without further quantification for the other antibo-
dies. Sections of the central retina were evaluated with
regard to GFAP labeling. Sections of the central and
peripheral retina were analyzed to determine the
degree of labeling for calbindin, rhodopsin, PNA and
parvalbumin.

RESULTS

ERG Findings

Descriptive statistics are shown in a box plot in
Figure 1. The analysis of the effect of treatment, at
1 and 6 weeks post-injection combined using the
ANOVA Mixed Model analysis with repeated meas-
urements, showed no significant differences in ERG
amplitudes, or in the implicit times for the b-wave in
response to 30-Hz flicker, between the four groups, at
any time point (Table 2).

Clinical Observations

Ophthalmoscopic examination and dissection of the
right eye from all rabbits showed that the retinas were
attached and there were no cataracts.

Histological Findings

Hematoxylin- and eosin- stained slides showed
normal retinal architecture without signs of vacuoles
or edema in any of the animal groups (Figure 2).

Histochemical Findings

PKCa-labeled bipolar cells were seen in the retinal
sections of all four groups, with perikarya located in

TABLE 2 Results of the ANOVA Mixed Model analysis comparing ERG amplitudes in the 4 groups at 1 and 6 weeks post-injection.

ERG response ANOVA mixed model overall treatment effect

Response to dim white light single flash (WND2) b-wave amplitude p = 0.917
Response to Dark- adapted single white flash (W1.0) a-wave amplitude p = 0.659
Response to dark adapted single white flash (W1.0) b-wave amplitude p = 0.832
Response to 30-Hz flicker b-wave amplitude p = 0.095
Implicit time for 30-Hz flicker b-wave p = 0.450
Response to light-adapted single white flash(BOnW1.0) b-wave p = 0.418

No significant differences were found between groups.

Adalimumab Effects on Rabbit Retina 1109

! 2014 Informa Healthcare USA, Inc.



(A
)

(B
)

(C
)

(D
)

(E
)

(F
)

F
IG

U
R

E
1

D
es

cr
ip

ti
v

e
st

at
is

ti
cs

fo
r

th
e

ff
E

R
G

m
ea

su
re

m
en

ts
,

in
th

e
fo

rm
o

f
a

b
o

x
p

lo
t

g
iv

in
g

th
e

m
ed

ia
n

an
d

ra
n

g
e.

(A
)

T
h

e
is

o
la

te
d

ro
d

-m
ed

ia
te

d
re

ti
n

al
re

sp
o

n
se

to
d

im
w

h
it

e
li

g
h

t
(W

N
D

2)
,(

B
)

th
e

to
ta

l
d

ar
k

-a
d

ap
te

d
re

ti
n

al
re

sp
o

n
se

(a
-w

av
e

am
p

li
tu

d
e)

to
si

n
g

le
-f

la
sh

o
f

w
h

it
e

li
g

h
t

(W
1.

0)
,(

C
)

th
e

to
ta

l
d

ar
k

-a
d

ap
te

d
re

ti
n

al
re

sp
o

n
se

(b
-w

av
e

am
p

li
tu

d
e)

to
th

e
si

n
g

le
-

fl
as

h
o

f
w

h
it

e
li

g
h

t
(W

1.
0)

,
(D

)
th

e
is

o
la

te
d

co
n

e-
m

ed
ia

te
d

d
ar

k
-a

d
ap

te
d

re
ti

n
al

re
sp

o
n

se
(b

-w
av

e
am

p
li

tu
d

e)
to

30
H

z
fl

ic
k

er
in

g
w

h
it

e
li

g
h

t
(F

li
ck

er
),

(E
)

th
e

im
p

li
ci

t
ti

m
e

o
f

th
e

b
-w

av
e

re
sp

o
n

se
to

30
-H

z
fl

ic
k

er
in

g
w

h
it

e
li

g
h

t,
(F

)
th

e
is

o
la

te
d

co
n

e-
m

ed
ia

te
d

re
ti

n
al

re
sp

o
n

se
(b

-w
av

e
am

p
li

tu
d

e)
to

th
e

si
n

g
le

-f
la

sh
o

f
w

h
it

e
li

g
h

t.
D

at
a

fo
r

th
e

d
if

fe
re

n
t

m
ea

su
ri

n
g

o
cc

as
io

n
s

(b
as

el
in

e,
1

w
ee

k
af

te
r

an
d

6
w

ee
k

s
af

te
r

in
je

ct
io

n
)

ar
e

in
d

ic
at

ed
b

y
d

if
fe

re
n

t
co

lo
rs

.
T

h
e

o
rd

in
at

e
in

d
ic

at
es

th
e

am
p

li
tu

d
e

in
mV

,
an

d
th

e
ab

sc
is

sa
th

e
g

ro
u

p
(n

o
in

je
ct

io
n

,
in

je
ct

io
n

o
f

B
S

S
,

an
d

1.
25

m
g

o
r

2.
5

m
g

ad
al

im
u

m
ab

).
C

ir
cl

es
an

d
as

te
ri

sk
s

re
p

re
se

n
t

o
u

tl
ie

rs
an

d
ex

tr
em

e
v

al
u

es
,

v
al

u
es

th
at

ar
e

1.
5

o
r

3
ti

m
es

th
e

h
ei

g
h

t
o

f
th

e
b

o
x

o
u

ts
id

e
th

e
ei

th
er

en
d

o
f

th
e

b
o

x
,

re
sp

ec
ti

v
el

y.

1110 A. C. Myers et al.

Current Eye Research



the outer part of the inner nuclear layer and axons
terminating in the inner plexiform layer (Figure 3).The
immunolabeling was evenly distributed over the
entire cell, perikarya as well as axons and terminals.
The PKCa antibody also labeled the outer segments of
the photoreceptors in all sections. Kruskal–Wallis one-
way analysis revealed no significant difference
between the groups (p = 0.123for perikarya, and
p = 0.087 for axons). Strong immunolabeling for PNA
showed intact inner and outer segments of cone
photoreceptors in all four groups. Moderate labeling
was also seen in the cone cell perikarya in the outer
nuclear layer and their axons, terminating in the outer
plexiform layer. No difference was observed in the
number of labeled cells for any of the groups.

Retinal sections labeled for GFAP showed normal
labeling of astrocytes in the central part of the retina.
Two to four central sections from each of the four
groups showed labeling of Müller cells with the anti-
GFAP antibody (4/11 in Group 1, 2/11 in Group 2, 3/
10 in Group 3, and 2/11 in Group 4). Parvalbumin-
antibody-labeled amacrine cells were seen on both
sides of the inner plexiform layer. Intense labeling for
rhodopsin was seen in the outer segments of the rods.
The horizontal cells with perikarya in the inner

nuclear layer and axons extending horizontally in
the outer plexiform layer were well labeled by the
anti-calbindin antibody. In some cases, the anti-
calbindin antibody also labeled cone bipolar cells in
the inner nuclear layer. No differences in labeling
were seen with antibodies raised against parvalbu-
min, rhodopsin, Müller cells, or calbindin in retinal
sections from any of the four groups. Examples of the
images obtained with these antibodies are shown in
Figures 3 and 4.

DISCUSSION

The results of this study provide strong evidence that
the injection of adalimumab, into the vitreous body of
rabbit eyes, is safe in a dose up to 2.5 mg. FfERG
amplitudes were not affected, indicating no functional
disturbances as a result of the injected substance, and
normal retinal architecture was seen after staining
retinal sections with hematoxylin and eosin.
Immunohistochemical analysis of retinal sections
showed no difference in the labeling of rods, cones,
rod bipolar cells, horizontal or amacrine cells between
the groups.

(A) (B)

(D)

C

GCL

IPL 

INL
 

OPL

ONL

OS

GCL
IPL 

INL 

OPL

ONL

OS

GCL
IPL 

INL 

OPL
ONL

OS

GCL
IPL 
INL 

OPL

ONL

OS

(C)

FIGURE 2 Retinal sections, stained with hematoxylin and eosin, from one rabbit in each group, 6 weeks after injection, showing no
significant difference between the groups. (A) Controls; (B) 0.05 ml balanced salt solution; (C) 1.25 mg adalimumab; (D) 2.5 mg
adalimumab. GCL, ganglion cell layer; IPL, inner plexiform layer; INL, inner nuclear layer; OPL, outer plexiform layer; ONL, outer
nuclerar layer; OS, outer segments of photoreceptors. Scalebar = 30 mm.
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Only pigmented and no albino rabbits were used,
as the ocular response to toxic substances seem to
differ between animals with pigmented eyes and
animals without pigment in their eyes. The probable
mechanism behind this is that melanin binds sub-
stances and decreases the peak concentration. Since
patients usually have pigmented eyes, using pig-
mented rabbits is more relevant.46

As adalimumab is a fully humanized monoclonal
antibody, some of the immunogenic reactions
observed in patients treated with infliximab, a chi-
meric mouse/human anti TNFa antibody, can be
avoided and co-treatment with methotrexate is not an
obligatory part of the therapeutic regimen.11,12,32,30

Neither does it induce uveitis, as has been reported
with etanercept.11,12,33 The recommended route of
administration of adalimumab is by sub-cutaneous
injection. Injection into the vitreous body can provide
a drug reservoir, ensure that an adequate drug
concentration is delivered and avoid adverse systemic
effects. Since the introduction of anti-vascular endo-
thelial growth factor therapies for neovascular macu-
lar degeneration, injection into the vitreous body has
become a very common procedure. In a study using
tracers, Peyman et al. reported that when a substance
was injected into the vitreous body it traveled across

the retina and stopped at the junctional complexes of
the retinal pigment epithelium. Similarly a substance
injected into the systemic circulation passed through
the choriocapillaris and Bruch‘s membrane and
stopped at the junctional complexes in the retinal
epithelium. Therefore, intravitreal administration is a
very efficient route of achieving a high intraocular
concentration.47 The adverse effects associated with
intravitreal injections are similar among different
agents. The most common are infectuous endophthal-
mitis (0.019–1.6%), sterile intraocular inflammation
(1.4–2.9 %), regmatous retinal detachment (0–0.67%),
intraocular pressure elevation, ocular hemorrhage,
mostly subconjunctival.48 Cataract formation has also
been reported. None of these occured in this study.

As the blood–retina barrier is circumvented by
intravitreal injection, toxicological testing using the
same route will be necessary. The appropriate thera-
peutic dose of adalimumab for intravitreal use has not
been determined. The single dose injected in other
studies on intravitreal injection of adalimumab in
rabbits varies between 0.5 mg and 10 mg.49–51 We
wanted to inject a dose that we thought could
neutralise TNFa in the ocular tissues and fluids for
an extended period of time, and since we wanted to
exclude or detect toxicity we did not want to inject a

(A) (B)

(C) (D)

FIGURE 3 Retinal sections from one rabbit from each group, 6 weeks after injection, stained with PKC antibodies, showing rod bipolar
cells. (A) No injection; (B) balanced salt solution; (C) adalimumab 1.25 mg; (D) adalimumab 2.5 mg. Comparative statistical analysis
was carried out using Kruskal–Wallis one way analysis. No significant differences were found between the groups. Scalebar = 30 mm.
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dose a dose too low to reach toxic levels. Finally, we
reasoned as follows:

The eye constitutes about 0.012% of total body-
weight, assuming that the average weight of a human
being is 65 kg and that the eye weighs 7.5 g. The
recommended starting dose of adalimumab is 40 mg
injected sub-cutaneously every 14 d. Dosing according
to weight would give a dose into the eye of 0.5 mg
adalimumab. As the goal is to avoid repetitive intra-
vitreal injections, finally two empiric doses of

1.25/0.05 mL or 2.5/0.05 mL adalimumab were
chosen. Considering that the volume of the vitreous
cavity of the rabbit eye is smaller than that of the
human eye (1.5 versus 4.0 mL), the dose of adalimu-
mab that is safe for the human eye may be higher than
the 2.5 mg injected in this study. Our study was not
designed to determine therapeutically relevant doses,
but toxic/non-toxic doses.

Few other studies on the safety of intravitreal use of
adalimumab have been carried out. Manzano et al.

(A) (B)

(C) (D)

(E) (F)

FIGURE 4 Retinal sections showing one example of each histological staining used in this study. No significant differences were found
between the groups. In each of the four groups 2–4 rabbits showed positive staining for glial fibrillary protein (GFAP). (A) Staining for
calbindin-labeled horizontal cells in the outer plexiform layer, (B) staining for parvalbumin- labeled amacrine cells on both sides of the
inner plexiform layer, (C) staining for peanut agglutinin (PNA) labeled cone photoreceptors, (D) staining for rhodopsin- labeled rod
photoreceptors, (E) staining for glial fibrillary protein (GFAP) showing no labeling of Müller cells but labeling of microglia, (F) staining
for glial fibrillary protein (GFAP) showing positive labeling of Müller cells. Scalebar = 30 mm.
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conducted two studies on the safety of intravitreal
injection of adalimumab on rabbits: a pilot study
followed by an extended study. In both studies ffERG
was performed at baseline and 2 weeks after injection.
From the pilot study they concluded that a single dose
of 0.5 mg was safe, while 1.0 mg resulted in a
reduction in ffERG amplitudes and inflammatory
reactions in two of the three included rabbits.
Retinal necrosis was found in one rabbit. In one of
these three rabbits the lens capsule had been pierced
by the needle during injection, which in itself could
lead to an inflammatory reaction.51 The results of the
pilot study were not confirmed in the more
extensive study. There was a decrease in the ampli-
tude of the a-wave and in the implicit time of the
b-wave, in one group, however, the conclusion was
no toxicity with an intravitreal dose up to 5 mg in
any of the six rabbits included in this group.
Injection of 10 mg adalimumab led to a decrease in
a-wave amplitude in the photopic response and
a mild inflammatory reaction in the anterior
chamber. Staining with hematoxylin and eosin
indicated preserved retinal architecture. No pathology
was seen with the electron microscopy in doses up
to 5 mg adalimumab, while for the group that
received 10 mg the results were inconclusive.50

Tsilimbaris et al. injected 0.5 or 5 mg adalimumab
into the eyes of groups of eight rabbits using the
left eye as a control. FfERG was performed at baseline
and 2 weeks post-injection. The rabbits were
euthanized after 2 weeks and the retina was studied
under light and electron microscope. Injection of
adalimumab in the two chosen doses was concluded
to be safe.49

In the above studies, the time span from injection
to euthanasia were shorter, the immunohistochemical
examination less detailed and the animal groups
smaller. In this study, the histology was more
elaborate and the time span from injection to the
final ERG and histology examination longer,
6 instead of 2 weeks. This allows longer contact
between the substance and the retina and more
closely resembles a clinical situation. Two studies
do, however, provide examination with electron
microscopy.49,50

As TNFa inhibitors have been successfully used
systemically in an off-label manner for treatment of
several forms of non-infectuous uveitis treatment by
injection directly into the vitreous body is an appeal-
ing idea.1,7–15 Reflecting this, a few minor studies have
been carried out on patients, testing the safety and
efficacy of intravitreal injection of infliximab and
adalimumab. The patients included in these studies
have had long-standing, recalcitrant uveitic macular
edema and neovascular macular degeneration, sub-
optimally responsive to vascular endothelial growth
factor blocking substances.32,52,53,30,54 Infliximab, but
not adalimumab, was found to cause uveitis in one

study and both substances were found ineffective in
four of the studies.32,52,53,30 Since the safety of
intravitreal injection of adalimumab has not been
confirmed before, only longstanding cases, not
responsive to conventional treatment, have been
subjected to this novel administration route of this
agent. As evidence on the safety of this treatment
accumulates, patients with these diseases may be
treated earlier with local adalimumab, increasing the
probability for success.

Findings from some studies have indicated that
TNFa may play a role in other ophthalmological
conditions, such as glaucoma, retinal detachment and
ocular neovascularizations20,55–58 and TNFa inhibition
may offer a therapy for treating these conditions
as well.

During the study five rabbits died. One died after
the base ERG, before any injection had been made.
Four rabbits died after the second ERG. From
these one belonged to the BSS injected group, two to
the group injected with 1.25 mg/50 mL and one to the
2.5 mg/50 mL group. Since only one of the five
belonged to the group injected with the highest
concentration of adalimumab, we consider it improb-
able that this caused by adalimumab toxicity. Also,
the method of injection and the ERG procedure,
including sedation, was the same as our group has
been using in several previous studies using rabbits of
this strain.

In conclusion, the results of this study show that a
single intravitreal injection of adalimumab into the
rabbit eye at a concentration up to 2.5 mg has no
negative effects on retinal function or on retinal
histology. Intravitreal administration of adalimumab
could, therefore, be a useful therapeutic tool in
the treatment of uveitis, avoiding adverse systemic
side effects.
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