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Abstract
In order to compare the relative efficacy of topical antihistamines with balanced saline solution (BSS) and benzalkonium chloride (BC) in the
early phase of allergic conjunctivitis in an animal model of ocular anaphylaxis, 96 male guinea pigs were sensitized with intraperitoneal egg
albumin (EA) and aluminum hydroxide. Seventy-six animals were used for determination of Evans blue (EB) extravasation and 20 for clinical
evaluation of the allergic response (redness, edema, discharge and itch-scratch response). Eighteen days after sensitization the animals were
topically challenged by conjunctival instillation of EA and treated 15 min before and 15 min after challenge with commercially available drugs
(ketotifen, ketotifen single dose units [SDU], olopatadine, azelastine, spaglumic acid and emedastine) and controls (BSS and BC). The animals
used for EB quantification were anesthetized and received an intravenous injection of EB simultaneously to the topical challenge. The ocular
extravasation of the colorant was determined by 620 nm absorbance spectrophotometry. The animals used for clinical evaluation were observed
for clinical signs of the allergic reaction. EB ocular extravasation was significantly lower in the eyes treated by spaglumic acid and emedastine.
The clinical scoring was consistent with EB extravasation, though the difference was not statistically significant. Spaglumic acid and emedastine
seem to be the most useful drugs to reduce EB extravasation and allergic signs in an animal model of early phase allergic conjunctivitis.
� 2008 Elsevier Ltd. All rights reserved.
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1. Introduction

Allergic conjunctivitis is a common condition which may
affect between 9.7 (Vazquez Nava et al., 2002) and 18.2%
(Austin et al., 1999; Hesselmar et al., 2001) of the population,
as is evidenced by the frequent purchase of over-the-counter
antiallergic drops (Bielory, 2007). Seasonal allergic
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conjunctivitis (SAC) is the most frequent form of allergic
conjunctivitis. SAC is an immediate type I hypersensitivity
reaction to environmental antigens, usually derived from
pollen from different plants. In SAC the allergen comes into
direct contact with the nasal mucosa and conjunctiva and
interacts with IgE bound to tissue mast cells resulting in the
release of mediators and clinical manifestations.

Topical antihistamines are among the most frequently used
therapies to treat SAC and presently several different drugs
have become available. However, direct comparison on the
effects of these drugs to determine their comparative efficacy
has been performed to a limited extent, and in most of the
series reported the drugs were used as provided by the manu-
facturer and not in their commercial formulation (Calonge
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et al., 1990, 1996; Merayo-Lloves et al., 1996; Bayer et al.,
2003; Calonge et al., 2003; Greiner and Udell, 2005; Shoji
et al., 2005).

The aim of this study is to compare the relative efficacy of
the commercial formulation of topical antihistamines with
balanced saline solution (BSS) and benzalkonium chloride
(BC) in the early phase of allergic conjunctivitis in an animal
model of ocular anaphylaxis.
2. Material and methods

Ninety-six male Dunkin Hartley guinea pigs weighing
350e450 g (Charles River Laboratories, Spain) were sensi-
tized by intraperitoneal injection of 100 mg egg albumin
(EA) and 20 mg aluminum hydroxide in 1 mL phosphate
buffer saline (PBS) (all from Sigma Laboratories, Spain).

Animals were used according to the EC Directive 86/609/
EEC for animal experiments and the Association of Research
in Vision and Ophthalmology guidelines for use of animals in
experimental procedures. The work was carried out according
to the Uniform Requirements for Manuscripts Submitted to
Biomedical Journals.

Seventy-six animals were used for the quantification of
Evans blue (EB) extravasation and 20 were used for clinical
evaluation of the allergic response.

The pH and osmolarity of the commercial forms of the
drugs used were determined.

A pharmacokinetic study was not performed since previous
studies have reported almost undetectable levels of circulating
drugs after topical administration (EMEA, 2007).
2.1. Allergic challenge and quantification of
Evans blue extravasation
Eighteen days after sensitization general anaesthesia was
induced by the intramuscular injection of 5 mg/kg xylacine
chlorhydrate 2% (Bayer, Barcelona, Spain), and 40 mg/kg
ketamin chlorhydrate (Merial, Spain) in 76 animals. Addition-
ally, local subcutaneous anaesthesia to the cervical area was
performed with 1% mepivacaine (B Braun Medical, Spain).

The animals were topically challenged by the instillation of
30 mL EA (100 mg/mL) in PBS pH 7.4 in the lower conjuncti-
val cul-de-sacs, and treated 15 min before and 15 min after the
challenge with 30 mL of the commercially available formula-
tion of ketotifen 0.025% (eye drops and single dose units
[SDU], Novartis, Spain), olopatadine 0.1% (Alcon Laborato-
ries, United Kingdom), azelastine 0.05% (Asta Medica,
Spain), emedastine 0.05% (Alcon Cusi, Spain) and spaglumic
acid (Thea Laboratories, Spain). BC 0.01% (Bial, Spain) and
BSS (BSS, Alcon Cusi, Spain) were used as treatment
controls. The right and the left eyes of each animal were
randomly assigned to different drugs, and the drugs were
administered by a masked investigator.

The experiment was repeated four times in small groups of
four to five eyes for each drug to prevent bias (n ¼ 18 eyes per
drug).
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Two further control groups were established. One positive
control group (two animals, four eyes) was formed by sensi-
tized animals undergoing egg albumin challenge with no
topical treatment; and one negative control group (two
animals, four eyes) formed by sensitized animals which
were not challenged and were not treated with any drug.

The right jugular vein was exposed and EB (Sigma
Laboratories, Spain) was intravenously injected (1.25 mg/
100 g body weight in a volume of 0.2 mL PBS) simulta-
neously to the topical challenge. The animals were sacrificed
120 min after the topical challenge by an intramuscular
overdose of sodium pentobarbital (Especialidades Veterina-
rias, Spain) while still under general anaesthesia, followed
by cervical dislocation. The eyelids and eyeballs were
completely removed and immersed in an extracting solution
of 10 mL acetone and sodium sulphate (70/30 v/v). The
tubes were frequently and vigorously shaken during 24 h
at room temperature. Afterwards, the tubes were centrifuged
at 3000 rpm during 15 min and the supernatant was
collected.

Vascular permeability and EB extravasation were evaluated
in terms of absorbance. The optical density of the supernatant
was measured by spectrophotometry at 620 nm, and the results
were quantified according to a standard curve.
2.2. Allergic challenge and clinical evaluation
Sixteen animals were topically challenged by the instilla-
tion of 30 mL EA (100 mg/mL) in PBS pH 7.4 in the lower
conjunctival cul-de-sacs. The animals were divided in eight
groups of two and treated 15 min before and 15 min after
the challenge with 30 mL of ketotifen SDU, ketotifen, olopata-
dine, azelastine, emedastine, spaglumic acid, BC or BSS,
respectively. Both eyes from each animal received the same
treatment, and the pair of animals receiving the same
treatment was kept in the same cage for observation and
scoring of the allergic signs.

Two further pairs of animals were used as positive (n ¼ 4
eyes) and negative (n ¼ 4 eyes) controls as described for EB
extravasation.

The itch-scratch response (ICR), conjunctival redness,
eyelid edema and discharge were evaluated as previously
described (Yanni et al., 1994) by two masked observers im-
mediately after challenge, at 30 min and at 90 min (Table 1).
Afterwards the animals were sedated by the intramuscular
injection of 5 mg/kg xylacine chlorhydrate 2% and 40 mg/
kg ketamin chlorhydrate and sacrificed by an intramuscular
overdose of sodium pentobarbital followed by cervical
dislocation.
2.3. Statistics
A descriptive statistic analysis was performed and the data
were evaluated. KruskalleWallis test was used to compare
samples with non-normal distribution. P values under 0.05
were considered significant.
efficacy of topical antihistamines in an animal model of early phase allergic



Table 1

Clinical scoring of allergic signs (adapted from Yanni et al., 1994)

Conjunctival redness

Normal conjunctiva 0

Pink conjunctiva 1

Red conjunctiva 2

Dark red conjunctiva with petechiae 3

Eyelid edema

No edema 0

Lower lid edema 1

Upper and lower lid edema, lids

partially closed

2

Swollen, everted eyelids, lids at least

half closed

3

Swelling of both lids and side of face 4

Discharge

No discharge 0

Glazed, glassy appearance 1

Moist lids and surrounding hair 2

Moist lids and surrounding hair, thicker

mucous-like

3

Itch scratch response Uninterrupted clusters of rapid hind

limb movements directed to the ocular

surface during 60 min

None or one cluster of scratching 0

Two to five clusters of scratching 1

Six to ten clusters of scratching 2

More than 11 clusters of scratching 3
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3. Results
3.1. Evans blue extravasation
Table 2 and Fig. 1 show the mean, median and interquartilic
range absorbance of extravasated EB in the treated animals
and the control groups.

A first evaluation of the absorbance of all the eyes treated
with one specific drug compared with the absorbance of all
the eyes treated with other drugs (inter animal comparison)
did not show statistically significant differences ( p ¼ 0.22,
KruskalleWallis test). However, a trend favoring the efficacy
of spaglumic acid and emedastine was found (Fig. 1).
Table 2

Absorbance of extravasated Evans blue after conjunctival challenge

n (eyes) Mean

BSSb 18 0.0766

BCc 18 0.0745

Ketotifen 18 0.0743

Ketotifen SDUd 18 0.0837

Olopatadine 18 0.0814

Azelastine 18 0.0805

Spaglumic acid 18 0.0491

Emedastine 18 0.0616

Positive Controle 4 0.0797

Negative Controlf 4 0.0469

a SD: Standard deviation.
b BSS: Balanced saline solution.
c BC: Benzalkonium chloride.
d SDU: Single Dose Unit.
e Positive control: egg albumin (EA) challenge with no drug.
f Negative control: no EA challenge, no drug (statistically significant difference
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The difference between positive and negative controls was
statistically significant ( p ¼ 0.01, KruskalleWallis test).

A second analysis comparing the data for each specific
animal, i.e. the right vs the left eye treated with different drugs
(intra animal comparison), showed statistically significant
differences for spaglumic acid vs emedastine and BSS
( p ¼ 0.017 and 0.02 respectively, KruskalleWallis test), and
emedastine vs BC ( p ¼ 0.05, KruskalleWallis test) (Fig. 2).
The differences were not statistically significant for the other
intra animal comparisons.
3.2. Clinical scoring
Table 3 shows the clinical scoring of allergic signs (ICR,
conjunctival redness, eyelid edema and discharge).

Considering all the clinical signs, the differences were statis-
tically significant comparing the positive control group vs the
negative control group and those animals treated by emedastine
and spaglumic acid ( p ¼ 0.0005, KruskalleWallis test) (Fig. 3).

The clinical score of discharge and redness in the negative
control group and the animals treated by spaglumic acid and
emedastine was significantly lower than the positive control
group ( p ¼ 0.0005, KruskalleWallis test).

The conjunctival edema score in the negative control group
was significantly lower than the positive control group
( p ¼ 0.002, KruskalleWallis test). All the treated eyes
showed less edema than the positive control group, though
the differences were not statistically significant.
3.3. pH and osmolarity
The pH and osmolarity of BSS, BC and the commercial
presentations of the drugs are described in Table 4.

4. Discussion

Animal models have been frequently used to determine in
vivo efficacy of antihistamines (Calonge et al., 1990, 1996;
SDa Median Interquartilic range (25e75%)

0.0382 0.0627 0.0513e0.0845

0.0377 0.0805 0.0435e0.0980

0.0451 0.0705 0.0340e0.1085

0.0318 0.0830 0.0635e0.1025

0.0386 0.0710 0.0545e0.1190

0.0499 0.0630 0.0365e0.0985

0.0182 0.0530 0.0285e0.0670

0.0334 0.0525 0.0322e0.0887

0.0072 0.0695 0.0745e0.0848

0.0038 0.0420 0.0442e0.0495

between positive and negative controls, p ¼ 0.01, KruskalleWallis test).

efficacy of topical antihistamines in an animal model of early phase allergic



Fig. 1. Inter-animal comparison. Mean, median and interquartilic range absor-

bance of extravasated Evans blue in the treated animals and the control groups.

The eyes were randomized to be treated by ketotifen single dose units (SDU),

azelastine, balanced saline solution (BSS), benzalkonium chloride (BC)

0.01%, olopatadine, ketotifen, spaglumic acid or emedastine.
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Merayo-Lloves et al., 1996; Bayer et al., 2003; Calonge et al.,
2003; Greiner and Udell, 2005; Shoji et al., 2005). Even
though presently murine models of allergic conjunctivitis
may be preferred for the investigation of the immunological
basis of the diseases (Groneberg et al., 2003), the guinea pig
Fig. 2. Intra-animal comparison. Comparative absorbance of extravasated Evans

conjunctival challenge with egg albumin. Only the statistically significant differenc

solution (BSS) (RE) vs spaglumic acid (LE). c: Benzalkonium chloride (BC) (RE
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model of ocular active anaphylaxis still presents several
advantages in the evaluation of topical treatment. The guinea
pig model resembles human allergic conjunctivitis and has
been validated as model of the human ocular allergic reaction
(Khosravi et al., 1995; Calonge et al., 1996, 2003) with the
additional advantage that the conjunctiva is very similar to
human, permitting the penetration of the allergen (Calonge
et al., 1990).

The rationale for the use of animal models in the evaluation
of topical antihistamines has been to avoid the high effect of
placebo in clinical trials, the variation of symptoms depending
on the presence of atmospheric allergens and the limitations
derived from scoring of symptoms (Bayer et al., 2003).
Several papers have been previously published reporting the
comparative effect of topical antihistamines in animal models,
including levocabastine, lodoxamide, cromoglycate, nedocro-
mil, ketotifen and olopatadine (Kamei et al., 1991; Yanni
et al., 1994; Khosravi et al., 1995; Calonge et al., 1996;
Goldschmidt and Luyckx, 1996; Yanni et al., 1996; Schoch,
2003, 2005), most of them with financial support from or
directly performed by interested pharmaceutical companies
(Yanni et al., 1994; Khosravi et al., 1995; Calonge et al.,
1996; Yanni et al., 1996; Schoch, 2003, 2005). Furthermore,
the drugs used in most of the previously published papers
blue in the right (RE) vs the left eye (LE) in each group of animals after

es are shown. a: Spaglumic acid (RE) vs emedastine (LE). b: Balanced saline

) vs emedastine (LE).
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Table 3

Average clinical scoring of allergic signs

Conjunctival redness Edema Discharge ISRa Total

T0b T30c T90d T0 T30 T90 T0 T30 T90

BSSe 0 1.5 1 0 1 1 0 1.5 1 1 8

BCf 0 1 1 0 1 1 0 1 2 2 9

Ketotifen 0 1 2 0 1.5 2 0 1.5 2 1 11

Ketotifen SDUg 0 1 2 0 1 2.5 0 2 2 1 11.5

Olopatadine 0 1 1 0 1.5 2 0 1.5 2 1 10

Azelastine 0 1 1 0 1 1 0 1 0 2 7

Spaglumic acid 0 1 0 0 0 0 0 0 0 0 1

Emedastine 0 1 0 0 0 0 0 0 0.5 0 1.5

Positive controlh 0 2 3 0 1.5 2 0 2.5 2.5 1 14.5

Negative controli 0 1 0 0 0 0 0 0 0 0 1

p ¼ 0.0005 for the total score, considering the positive control vs the negative control and animals treated by emedastine and spaglumic acid (KruskalleWallis

test). p ¼ 0.0005 for discharge and redness, considering the positive control vs the negative control and animals treated by spaglumic acid and emedastine

(KruskalleWallis test). p ¼ 0.002 for conjunctival edema, considering the positive control vs the negative control (KruskalleWallis test).
a ISR: Itch-scratch response.
b T0: Immediately after challenge.
c T30: 30 min after challenge.
d T90: 90 min after challenge.
e BSS: Balanced saline solution.
f BC: Benzalkonium chloride.
g SDU: Single Dose Unit.
h Positive control: egg albumin (EA) challenge with no drug.
i Negative control: no EA challenge, no drug.

Fig. 3. Mean, median and interquartilic range of clinical scoring in the treated

animals and the control groups. The score of itch-scratch response (ICR),

conjunctival redness, eyelid edema and discharge was evaluated as described

in Table 1 by two masked observers immediately after challenge, at 30 min

and at 90 min. The total score is shown in the graphic.
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were supplied by the manufacturer and were not in the com-
mercially available forms. The presence of preservatives (BC
0.01% in most of the commercial forms such as emedastine,
ketotifen, olopatadine, azelastine, spaglumic acid) except for
ketotifen SDU (preservative free, since single dose unit
presentation prevents the risk for contamination), lead us to
include two groups treated with ketotifen (eyedrops and SDU),
and two control treatment groups (one treated with BSS and
one with BC) in order to determine the possible role of BC.

BC has been reported to be a weak allergen (Fuchs et al.,
1993) which may play a role after repeated instillation of
drops as occurs in glaucoma patients (Costagliola et al.,
2001), though the damage to the ocular surface may be toxic
rather than allergic (Herreras et al., 1992). Our results suggest
that the presence or absence of BC does not seem to play any
role in the extravasation of EB or in the clinical score in this
animal model of allergic conjunctivitis. However, the small
size of the sample does not allow drawing conclusions from
this difference.

A great dispersion of the EB extravasation data was found
in our series. However, even though the differences in EB ex-
travasation were not statistically significant, there was a trend
favouring spaglumic acid and emedastine. This trend was also
seen in the clinical scores in all the clinical signs considered.

The dispersion of the extravasation data lead us to consider
that each animal might show a different level of sensitization,
even though they were inbred and the same sensitizing proce-
dure had been used in all of them. Consequently, each animal
might be considered a unique element of the experiment, and
the results achieved in one eye might only be compared with
those of the fellow eye of the same animal. Comparing the
results of one eye of each animal with the fellow eye, the
Please cite this article in press as: M. Eugenia Sanchis-Merino et al., Comparative
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results were statistically significant favouring spaglumic acid
and emedastine.

We may consider that general anesthesia may have affected
the results in the animals studied by EB extravasation.
However, all the drugs were used under the same conditions,
as has been previously reported for other studies measuring
EB extravasation, reducing the influence of anesthesia on the
results. Furthermore, performance of this procedure in
unanaesthetized animals not only would be inadmissible, but
pain would influence the results in a higher degree.
efficacy of topical antihistamines in an animal model of early phase allergic



Table 4

pH and osmolarity of the controls and the commercial antihistamines

pH Osmolarity

(mOsm/L)

BSSa 7.30 318

BCb 7.15 310

Ketotifen 6.12 250

Ketotifen SDUc 5.86 247

Olopatadine 6.99 296

Azelastine 5.67 281

Spaglumic acid 7.24 454

Emedastine 7.53 294

a BSS: Balanced saline solution.
b BC: Benzalkonium chloride.
c SDU: Single Dose Unit.

6 M.E. Sanchis-Merino et al. / Experimental Eye Research xx (2008) 1e7

+ MODEL

ARTICLE IN PRESS
EB extravasation and clinical scoring were lower among
eyes treated with drugs formulated with a more physiological
pH such as olopatadine (pH 6.99), spaglumic acid (pH 7.24)
and emedastine (pH 7.53). Azelastine (pH 5.67) was among
the drugs with higher EB extravasation, even higher than the
controls BSS and BC. Low pH in some of these drugs such
as azelastine and ketotifen may be related with the transient
stinging and burning reported on instillation of topical ocular
allergy drugs (Joseph Titi, 1996).

Osmolarity did not seem to influence the results. In our
series, the highest osmolarity (454 mOsm/L) was found in
spaglumic acid drops. Hyperosmolar solutions such as 10e
50% glucose (505e2525 mOsm/L) have been reported to
induce a non-specific immediate inflammatory response
(Bonini et al., 2007).

Previous papers have reported on the comparative effect of
topical antihistamines in experimental and clinical trials.
Purello et al. have reported on the comparative efficacy of
spaglumic acid and lodoxamide on patients with seasonal
allergic conjunctivitis (Purello D’Ambrosio et al., 1997).
These authors found a greater efficacy of lodoxamide inhibit-
ing the conjunctival response and for a longer duration than
spaglumic acid. Emedastine has been thoroughly tested in
clinical studies showing greater antihistaminic effects than
levocabastine (Netland et al., 2000; Secchi et al., 2000). Clin-
ical studies comparing ketotifen and emedastine have proved
similar antiallergic effects to treat SAC after single-dose
administration (D’Arienzo et al., 2002; Horak et al., 2003).

Animal studies on the rat and guinea pig model have shown
that ketotifen was more effective than olopatadine (Schoch,
2005). Other clinical studies agreed with these results (Ganz
et al., 2003), did not show differences between both drugs
(Avunduk et al., 2005), or favoured olopatadine (Aguilar,
2000; Artal et al., 2000; Leonardi and Abelson, 2003).
Similarly, olopatadine has been reported to be more effective
than azelastine (Spangler et al., 2001).

According to our results, most of the topical antihistamines
tested did not prove to be superior to other drugs or to BSS or
BC. EB extravasation and clinical scores were lower for BC,
BSS and all the topical drugs tested, compared with the posi-
tive controls. Only those eyes treated by spaglumic acid and
Please cite this article in press as: M. Eugenia Sanchis-Merino et al., Comparative
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emedastine had a significantly lower EB extravasation and
clinical scores than those treated with other drops.

Topical BSS seems to be useful in the early phase of the
allergic reaction. This effect may be attributed to the removal
of allergens and inflammatory mediators from the ocular
surface, which can also be attributed to any other drop.

Our results have not shown differences among the eyes
treated with drops containing BC (ketotifen, olopatadine,
azelastine, spaglumic acid, emedastine and the BC control)
and those treated with preservative free drops (BSS, ketotifen
SDU). Furthermore, most of the tested drugs did not seem to
significantly reduce EB extravasation compared with BSS or
BC. However, we have only tested the effect of these drugs
to treat the early phase of the allergic reaction. Further
experiments on animal models are needed to study the efficacy
of topical antihistamines in the late phase of the allergic
reaction and after repeated instillation of these drops.
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