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Abstract
Background Acute allergic conjunctivitis is a constantly
challenging condition that often requires steroids for effec-
tive management. Alternative treatment options are needed
due to the potential side effects of steroids. Tacrolimus has
been used for vernal/atopic conjunctivitis. The aim of our
study was to investigate the therapeutic effect of topical
administration of 0.03 % tacrolimus (eye drops or ointment)
in comparison to 0.1 % dexamethasone in a mouse model of
acute allergic conjunctivitis.
Methods BALB/c mice were sensitized by an intraperitoneal
injection of 10 μg/0.2 ml ovalbumin (OVA) absorbed on
ALUM (2.0 mg) on days 1 and 8. They were challenged
by topical instillation of 2 μl of 15 % OVA (absorbed in
10 % glycerol) twice daily, on days 15–21. Treatment was
administered twice daily on days 17–21. Mice were ran-
domly assigned topical treatment groups: Group 1, 0.1 %
dexamethasone drops; Group 2, 0.03 % tacrolimus drops;
Group 3, 0.03 % tacrolimus ointment; Group 4 PBS drops
(control). On day 22 all mice underwent clinical evaluation,
blood sampling for IgE levels, and conjunctivas were removed
for eosinophil counting.

Results IgE and OVA-specific IgE levels were similar among
all groups, demonstrating induction of allergic reaction in all
mice. Significantly lower clinical scores were found among all
treated groups as compared to controls (P<0.001), while
no significant difference was found among the three treat-
ment groups (P>0.05). Conjunctival eosinophil counts
were significantly lower in Group 1 (P<0.05) as compared
to the other groups.
Conclusions The clinical efficacy of topical 0.03% tacrolimus
was similar to 0.1 % dexamethasone for acute allergic
conjunctivitis.
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Introduction

Allergic conjunctivitis affects up to 25 % of the general
population and is a common clinical problem for both
ophthalmology and allergy practices [1, 2]. The most char-
acteristic symptom is ocular itching, followed by burning
sensation, photophobia and tearing. The common clinical
signs are conjunctival redness, tearing, mucus discharge,
chemosis and lid edema.

The common form of allergic conjunctivitis is the
immediate type that presents as seasonal and perennial
allergic conjunctivitis [3]. This type is caused by IgE-
mediated response and typically elicited by the ocular
exposure to an allergen. The allergen must be recognized
and presented to Langerhans cells, which present the
antigen to T lymphocytes. T lymphocytes are divided
into CD4+ T-helper (Th1, Th2) and CD8+ killer T cells.
In the immediate type allergic reaction, activated Th2
cells regulate the maturation of B lymphocytes to mature
IgE antibody-producing B cells and plasma cells. The
allergen reacts with specific IgE antibodies bound to the
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surface of conjunctival mast cells. The activation of mast
cells triggers mast cell degranulation with the release of
chemotactic factors that are responsible for accumulation of
eosinophils and neutrophils at the site of allergic inflamma-
tion. Eosinophils contain granules in which preformed cyto-
kines are rapidly secreted. Hence, a cascade of allergic and
inflammatory mediators, such as histamine, cytokines and
prostaglandins is produced [2, 4, 5].

The mainstay of therapy for allergic conjunctivitis in-
cludes topical H1-histamine receptor antagonists and mast
cell stabilizers [3]. However, in severe or recalcitrant cases
the use of corticosteroids is needed. Due to the potentially
serious side effects of topical corticosteroids, such as ele-
vated intraocular pressure, cataract formation or progression
and increased risk of opportunistic infections, there is a need
for a safe and efficient alternative treatment.

Tacrolimus (FK506) is a macrolide immunosuppressive
agent isolated from the bacterium Streptomyces tsukubaensis.
It inhibits the activation of T lymphocytes by binding to the
cytosolic protein FK506-binding protein-12.[6, 7], thus
inhibiting activation of the genes of interleukin (IL)-2,
granulocyte-macrophage colony-stimulating factor, tumor ne-
crosis factor, interferon, and other ILs that are involved in the
regulation of an immune response (delayed-type hypersensi-
tivity) [8–10]. In addition, tacrolimus inhibits the release of
histamine frommast cells and impairs prostaglandin synthesis
in its de novo way [11]. These actions together may reduce the
allergic reaction.

Several clinical studies have been published on the
use of tacrolimus for various ocular allergic diseases.
Tacrolimus was found useful for severe vernal kerato-
conjunctivitis [12, 13], severe allergic conjunctivitis
[14], intractable allergic conjunctivitis [15] and atopic
blepharoconjunctivitis [16–19]. In addition, in an exper-
imental allergic conjunctivitis mouse model it was
shown that topical dexamethasone and tacrolimus treatments
were both efficacious in suppressing eosinophil and lympho-
cyte infiltration into subconjunctival tissue [20]. However, no
study examined the efficacy of tacrolimus in the treatment of
acute allergic conjunctivitis.

The aim of our study was to investigate the therapeutic
effect of topical administration of tacrolimus (eye drops or
ointment) in comparison to dexamethasone in a mouse
model of acute allergic conjunctivitis.

Materials and methods

Animals

Experiments were carried out in accordance with the ARVO
statement for the Use of Animals in Ophthalmic and Vision
Research, and were approved by the Sackler Faculty of

Medicine, Tel Aviv University Institutional Animal Care
and Use Committee.

Female BALB/c mice were housed under a 12-h light–
dark cycle (light on from 07:00 to 19:00), with room tem-
perature maintained at 18–20 °C, humidity at 40–60 % and
an allergen free environment. Food and water were given ad
libitum.

Reagents

The sensitization and challenge agents included Ovalbumin
(OVA) and Aluminium hydroxide (ALUM) (Sigma-Aldrich
Ltd, Israel).

The therapy agents included 0.03 % tacrolimus eye drops
(Vetmarket Marketing Ltd., Israel), 0.03 % tacrolimus
ointment (Protopic: Astellas Pharma Europe B.V, The
Netherlands), 0.1 % dexamethasone sodium phosphate
eye drops (Sterodex, Dr. Fisher, Israel) and PBS (phosphate
buffered saline).

Experimental allergic conjunctivitis, treatment
and assessment

Mice were actively sensitized by an intraperitoneal injection
of 0.2 mL of 10 μg ovalbumin (OVA) absorbed on ALUM
(2.0 mg) on days 1 and 8. They were challenged by topical
instillation of 2 μl of 15 % OVA (absorbed in 10 % glycerol)
twice daily, on days 15–21.

On days 17–21 all mice were treated twice daily
according to the randomly assigned treatment groups.
Group 1 received topical 0.1 % dexamethasone drops, group
2 received 0.03 % tacrolimus drops, group 3 received
0.03 % tacrolimus ointment, and group 4 (control) received
PBS drops. On day 22 all mice underwent clinical assess-
ment by slit lamp biomicroscopy. Blood was drawn for IgE
levels and the animals were sacrificed. Upper lid, lower lid
and the eyeball were removed for histolopathogical
examination.

Clinical grading

On day 22, each eye underwent slit lamp evaluation by a
masked, independent observer for lid swelling, discharge,
conjunctival injection and conjunctival chemosis. Each of
the four parameters was graded from 0 to 3 according to
severity (0- no finding, 1- mild, 2- moderate, 3 severe). The
grades of each of the four parameters were added to obtain a
total score (0–12).

IgE level measurements

Twelve hours after the last treatment dose (day 22) blood
was drawn for evaluation of IgE and OVA-specific IgE
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levels. The levels were determined by enzyme-linked im-
munosorbent assay (ELISA), using the mouse IgE ELISA
Quantitation Set (Bethyl laboratories inc., Cat no. E90-115).

Histological analysis

All upper lids, lower lids and eyeballs including the
bulbar conjunctiva were fixed in 10 % neutral buffered
formalin solution and embedded in paraffin. Vertical
sections (thickness, 4 mm) were cut. Samples were
stained with hematoxylin & eosin, Fields from each
eye including the palpebral and bulbar conjunctiva at
magnification of X400 were photographed using
photomicroscope (OLYMPUS DP71 digital cameras,
Spach Optics Inc.(. Eosinophils were counted in a
masked fashion from the pictures using ImageJ software
(http://rsbweb.nih.gov.sheba-ez.medlcp.tau.ac.il/ij/).

Statistical analysis

The means of data are presented with SEM. Data from 4
groups were statistically evaluated using One-way ANOVA.
The analysis was based on the root mean square, in order to
obtain a normal distribution. Wherever significant differ-
ences between the groups were found, the Tukey’s test for
multiple comparisons was applied. P<0.05 was considered
statistically significant.

Results

The study included 51 mice that were randomly assigned to
the four treatments groups: Group 1 (n=13) received 0.1 %
dexamethasone eye drops, Group 2 (n=13) received 0.03 %
tacrolimus eye drops, Group 3 (n=12) received 0.03 %
tacrolimus ointment, and Group 4 (control group, n=13)
received PBS.

IgE level measurements

IgE and OVA-specific IgE levels were found similar among
all groups (Table 1). These findings demonstrate the induc-
tion of similar allergic sensitization in all groups. The levels

of the OVA-specific IgE of the not-sensitized, untreated
mice were undetectable.

No correlation was found between the serum levels of
IgE or OVA-specific IgE and the clinical signs, using Pear-
son correlation test.

Clinical evaluation

The clinical evaluation at the conclusion of the study
(day 22, i.e., 12 h after the last treatment application)
showed significantly lower scores among all treated groups
(group 1: 0.15±0.28, group 2: 0.15±0.26, group 3: 0.41±0.55)
as compared to the control (2.30±0.57) (P<0.001). No
significant difference was found among the three treatment
groups (P>0.05, Fig. 1).

Histological analysis

The total conjunctival eosinophil counts were: Group 1
(24.1 ±16.4), Group 2 (78.2 ± 69.8), Group 3 (110.6 ± 85),
and Group 4 (124.3 ± 118). A statistically significant differ-
ence was found only in Group 1 (P<0.05). Figure 2 shows the
eosinophil infiltrations in the four treatment groups.

Discussion

In this study we induced an acute allergic reaction by sensi-
tizing BALB/c mice with ovalbumin (OVA). We assessed the
effect of topical tacrolimus (eye drops or ointment) and dexa-
methasone eye drops on the clinical findings and the eosino-
phil infiltration in the histological sections of the conjunctivas.
The dexamethasone treatment served as a gold standard, and
PBS served as control. We administered tacrolimus as eye
drops and as ointment in order to compare the efficacy of
different formulations of the same concentration (0.03 %).
The allergic model was achieved in all mice as supported by
the presence of similar levels of IgE and OVA-specific IgE.
We found that 0.03% tacrolimus eye drops, 0.03% tacrolimus
ointment, and 0.1 % dexamethasone eye drops - all showed a
significant effect in suppressing the clinical signs of the aller-
gic reaction as compared to PBS. Although the clinical scores
were lower in the tacrolimus eye drops group than in the

Table 1 IgE and OVA-specific IgE blood levels in the various treatment groups

Average IgEa level Group 1 Group 2 Group 3 Group 4 P value
Dexamethasone 0.1 % eye drops Tacrolimus 0.03 % eye drops Tacrolimus 0.03 %

ointment
PBSb (Control)

IgE (ng/ml) 266±100 (n=11) 197±133 (n=13) 229±143 (n=10) 247±153 (n=13) 0.63

OVAc-specific IgE (ng/ml) 27±12 (n=11) 16±7 (n=11) 20±12 (n=9) 18±12 (n=12) 0.11

a immunoglobulin E, b phosphate buffered saline, c ovalbumin
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tacrolimus ointment group, this difference did not reach a
statistical significance. The histological findings showed
smaller eosinophil counts among all treatment groups than
in the control groups, however only the dexamethasone 0.1 %
reached statistical significance.

Although acute allergic conjunctivitis is initially induced
through immediate-type responses triggered by mast cells
sensitized with IgE, a prolonged conjunctival inflammation
occurs as well via a late response, as evident from the infiltra-
tion of inflammatory cells such as eosinophils, neutrophils and
T-helper 2 into the conjunctiva [21].

In the clinical setting, the treatment of acute allergic con-
junctivitis is frequently challenging due to limited response to
currently available topical H1-histamine receptor antagonists
and mast cell stabilizers. In these cases, topical corticosteroids
are needed to suppress the allergic reaction; however this bears
potentially serious ocular adverse effects [22]. Tacrolimus

(FK506) inhibits the release of histamine from mast cells and
impairs prostaglandin synthesis which are responsible for the
acute allergic reaction, in addition to suppressing eosinophil
infiltration and regulating the delayed-type hypersensitivity
immune reaction [8–11, 20].

Our study is the first to assess the effect of tacrolimus in
the setting of an acute allergic conjunctivitis model, and
showed that topical tacrolimus was as effective as dexa-
methasone in improving the clinical signs. Despite the sig-
nificant clinical effect, the histological analysis showed less
eosinophils counts among the tacrolimus-treated eyes, how-
ever this decrease was not statistically significant. Shoji and
colleagues [20] demonstrated that both topical 0.1 % dexa-
methasone ointment and 0.1 % tacrolimus ointment were
efficacious in suppressing eosinophil and lymphocyte infil-
tration into subconjunctival tissue, as prophylaxis in a
mouse experimental allergic conjunctivitis model. We used
0.03 % topical tacrolimus, which is commercially available
both as ointment and eye drops, but is lower than the 0.1 %
tacrolimus ointment that was administered in their study.
Moreover, histological assessment of eosinophils may not
reflect the entire therapeutic response to tacrolimus, as other
inflammatory mediators are also involved in the allergic
process and altogether may influence the clinical findings.
Additional studies on inflammatory mediators in the con-
junctiva could elaborate the efficacy of topical tacrolimus in
the setting of acute allergic reaction.

In summary, this study showed that the clinical efficacy of
topical 0.03 % tacrolimus was similar to 0.1 % dexametha-
sone for acute allergic conjunctivitis. Topical tacrolimus may
be considered as an alternative treatment to dexamethasone
when topical steroids are contraindicated.

Fig. 2 Microscopic
photographs of the conjunctiva
12 h after the last treatment
application (haematoxylin and
eosin stain, magnification of
X400). The light blue arrows
indicate eosinophils. a. 0.1 %
dexamethasone eye drops,
b. 0.03 % tacrolimus eye drops,
c. 0.03 % tacrolimus ointment,
d. PBS (control). Not all
eosinophils are marked by
arrows)
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Fig. 1 The mean clinical scores at the conclusion of treatment. *A
significant difference was found between each of the 3 treatment
groups and the control group (P<0.001), and no significant differences
were found among the three treatment groups (P>0.05)
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