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Nedocromil sodium and levocabastine
reduce the symptoms of conjunctival
allergen challenge by different

mechanisms
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Background: Nedocromil sodium and levocabastine are widely
used for the treatment of ocular allergy, but their mechanisms
of action are unclear.

Objective: We sought to compare the efficacy and mechanisms
of action of nedocromil sodium and levocabastine in reducing
conjunctival symptoms after ocular allergen challenge.
Methods: We performed a double-blind, placebo-controlled
study in which 48 subjects were randomized to 3 groups to
receive nedocromil sodium (2%), levocabastine (0.05%), or
placebo eye drops twice daily for 2 weeks before ocular chal-
lenge with 10 puL of ryegrass extract. Symptoms and tear hista-
mine and PGD, concentrations were determined before chal-
lenge and at 10, 20, 30, 60, 180, and 360 minutes after
challenge. Bulbar biopsy specimens were taken at 6 and 24
hours after challenge to assess conjunctival inflammatory cell
numbers, adhesion molecule expression, and mast cell-associ-
ated IL-4, IL-5, IL-6, IL-13, and TNF-o levels.

Results: Both drugs significantly reduced total symptom scores
(P < .05) at all times after challenge compared with placebo.
Itching, hyperemia, and lacrimation were most affected.
Nedocromil sodium treatment reduced tear concentrations of
histamine (by 77 %) and PGD, (by 70%) at 30 minutes after
challenge (both P < .05). In biopsy specimens nedocromil sodi-
um reduced the number of 3H4-positive mast cells (purported-
ly the secreted form of IL-4) by 49% at 6 hours and 59% at 24
hours (both P < .05). Levocabastine reduced intercellular
adhesion molecule 1 expression by 52% at 6 hours and 45% at
24 hours (both P < .05).

Conclusion: Nedocromil sodium and levocabastine both
reduced the conjunctival symptoms after ocular allergen chal-
lenge but appeared to work by different mechanisms.
Nedocromil sodium reduced mast cell function, whereas levo-
cabastine appeared to have primarily antihistaminic actions,
although it also reduced the expression of intercellular adhe-
sion molecule 1. (J Allergy Clin Immunol 2001;108:449-54.)
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Seasonal allergic conjunctivitis (SAC) is a common,
prevalent, and clinically significant type I hypersensitiv-
ity response! in which the mast cell is considered to play
a pivotal role in causing signs and symptoms, including
ocular itching, hyperemia, lacrimation, and chemosis.?
This hypothesis is supported by the observations of
increased levels of histamine, tryptase, PGD,, and
leukotriene C, in the tears of both patients with active
SAC and of patients with SAC out of the pollen season
after conjunctival allergen challenge.3# Biopsy studies of
atopic individuals who have undergone ocular challenge
with allergen have shown that this model mimics active
SAC in that there is upregulation of the adhesion mole-
cules E-selectin and intercellular adhesion molecule
(ICAM) and a cellular infiltrate of mast cells, neu-
trophils, eosinophils, macrophages, and T cells.4-6

Both nedocromil sodium and levocabastine are effec-
tive in attenuating ocular symptoms of active SAC and
conjunctival allergen challenge.”-!! The primary mecha-
nism of action of nedocromil sodium is considered to be
mast cell stabilization, although the drug has also been
shown to possess anti-inflammatory properties’ and an
ability to modulate sensory nerve function.!2.13 Levo-
cabastine is a topically applied histamine H;—receptor
antagonist or antihistamine. Besides inhibiting the effects
of histamine, this group of drugs has also been suggest-
ed to have anti-inflammatory effects and to downregulate
adhesion protein expression. 1415

This study compares the efficacy of these 2 drugs after
ocular allergen challenge of atopic individuals and exam-
ines their mechanisms of action by assessing their effects
on mast cell mediator release and cytokine expression,
on the expression of adhesion proteins, and on the influx
into the tissue of eosinophils and neutrophils.

METHODS

Forty-eight volunteers (23 men and 25 women; age range, 21-49
years) were enrolled in this double-blind, placebo-controlled aller-
gen challenge study. Subjects were recruited if they were atopic and
had a history of SAC but were excluded if they were contact lens
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Abbreviations used
ICAM-1: Intercellular adhesion molecule 1
SAC: Seasonal allergic conjunctivitis
VCAM-1: Vascular cell adhesion molecule 1

users, had perennial allergic conjunctivitis, or had used topical or
oral antihistamines, steroids, nedocromil sodium, or sodium cromo-
glycate 4 weeks before starting the study. Ethical approval was
granted by Southampton and South West Joint Research Ethics
Committee, and the study was conducted in concordance with the
tenets of the Declaration of Helsinki.

Study design

All subjects attended the eye clinic at Southampton General
Hospital (United Kingdom) on 3 occasions out of the hay fever sea-
son between October 1, 1998, and March 31, 1999.

At visit 1, all volunteers gave written informed consent, under-
went a skin prick test to ryegrass (Lolium perenne), and provided a
blood sample for a RAST. Subjects were included in the study if
they had a positive skin prick test response (wheal diameter of at
least 3 mm larger than that produced by the diluent control) and a
positive RAST result (concentration of IgE specific for ryegrass
>0.35 kU/L).

At visit 2, the subjects were examined to confirm that they were
free of any ocular disease, including signs of perennial allergy, and
randomized to 3 groups: 12 to receive placebo eye drops; 14 to
receive nedocromil sodium; and 22 to receive levocabastine. Nonre-
sponders were excluded. One eye of each subject was then challenged
with 10 pL of ryegrass extract (500 or 1000 SU) and the other with
0.9% NaCl (saline solution control). Signs and symptoms were
assessed, and tear fluid was collected for histamine and PGD, assay,
as described below. Subjects were then given eye drops of nedocromil
sodium (2%), levocabastine (0.05%), or placebo and were requested
to instill one drop into each eye twice daily for 2 weeks before visit
3, including the morning of the visit. Two weeks of treatment was
chosen because a previous study suggested that this time was neces-
sary for nedocromil sodium to achieve maximal efficacy.16

At visit 3, allergen challenge, evaluation of the signs and symp-
toms, and tear collection was repeated. In addition, a biopsy specimen
was taken from the upper bulbar conjunctiva at 6 hours in half the
subjects and at 24 hours in the other half for histologic evaluation.

Evaluation of signs and symptoms

Ocular itching, hyperemia, lacrimation, and chemosis were
scored blind by a single individual (P. A.) before challenge and at
10, 20, 30, 60, 180, and 360 minutes after challenge using a grad-
ing system modified from Abelson et al.l7

The following scoring systems were used to quantify the signs
and symptoms. Itching was assessed by asking the patients to grade
the sensation of itching on a scale of 0 to 4, with 0 representing no
itching, 1 representing intermittent itching in the inner corner of the
eye, 2 representing mild continuous itching that did not require rub-
bing, 3 representing continuous itching that required rubbing, and 4
representing severe itching that required rubbing. Hyperemia (red-
ness) was scored on a scale of 0 to 4, with 0 representing no red-
ness, 1 representing mild dilatation of the conjunctival blood ves-
sels, 2 representing moderate and patchy areas of hyperemia, 3
representing evenly distributed marked hyperemia, and 4 represent-
ing extreme dilation of episcleral vessels. Lacrimation (tear forma-
tion) was scored on a scale of 0 to 3, with O representing no tear for-
mation, 1 representing slight tear formation, 2 representing marked
tear formation necessitating frequent wiping of the eyes, and 3 rep-
resenting tears rolling down the cheeks. Chemosis (edema) was
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assessed on a scale of 0 to 4, with 0 representing no conjunctival
swelling, 1 representing mild conjunctival elevation, 2 representing
patchy areas of elevation separating the conjunctiva from the deep-
er layers, 3 representing confluent areas of elevation separating the
conjunctiva from the deeper layers, and 4 representing gross
swelling of the conjunctiva. The maximum total symptom score for
any individual was 15.

Tear collection and mediator assay

Tear fluid was collected from the eye before challenge and at 10,
20, 30, 60, 180, and 360 minutes after challenge by using sterile glass
microcapillary pipettes (Camlab Ltd) placed in the inferior fornix of
the eye for 1 to 2 minutes. Once collected, tear fluid was aliquoted
into 10-uL volumes, placed immediately into Eppendorf tubes, and
stored at —20°C to await analysis. Histamine was measured by using
a specific RIA with a detection limit of 0.2 nmol/L (Immunotech
International). PGD, was measured as its methoxime derivative by
using a commercial immunoassay with a detection limit of 3 pmol
(Cayman Chemical Co). Both histamine and PGD, are expressed as
absolute amounts having been corrected for total tear volumes.

Conjunctival biopsy and
immunohistochemistry

Consistent with our previous studies,!8:1 bulbar conjunctival speci-
mens were taken with scissors 6 or 24 hours after challenge from
beneath the upper fornix after achievement of local anaesthesia (topical
benoxinate 0.4%). The specimens were placed in acetone containing
the enzyme inhibitors iodoacetamide (20 mmol/L) and phenylmethyl-
sulfonyl fluoride (2 mmol/L) and fixed overnight at —20°C before pro-
cessing into glycolmethacrylate (JB4 kit, Park Science Ltd).20 Sequen-
tial 2-um sections were cut and stained immunocytochemically for
mast cell tryptase (AA121) and for neutrophils (antineutrophil elastase,
Dako Ltd), eosinophils (EG2, Pharmacia & Upjohn), the stored and
secretory forms of IL-4 (antibodies 4D9 and 3H4,!9 AMS Biotechnol-
ogy), IL-5 (MABS, a gift from P. Hissey, Glaxo, United Kingdom), IL-
6 (antibody 104B11, a gift from P. Hissey, Glaxo, United Kingdom),
IL-13 (MAB213, R&D systems Europe Ltd), or TNF-o. (R&D systems
Europe Ltd). Biotinylated mouse anti-mouse F(ab)2 (Dako) was used
as the secondary antibody, followed by streptavidin biotin peroxidase
and incubation with aminoethylcarbazole as a substrate. Cell counting
was carried out as previously described.!82223 Briefly, immunocyto-
chemically positive nucleated cells were counted, and their numbers
were expressed as cells per square millimeter, with the area of con-
junctival submucosa having been measured by using semiautomated
image analysis with Colourvision 1.7.4 software (Improvision). Colo-
calization studies were performed on adjacent sections by using the
camera lucida (Leica Ltd).

Similar sequential sections were immunostained for E-selectin
(Cymbus Bioscience Ltd), ICAM-1 (a gift from Rothelin), or vas-
cular cell adhesion molecule 1 (VCAM-1; Serotech Ltd) and
expressed as a percentage of the total number of blood vessels.
Endothelial length was assessed with antibody EN4 for endotheli-
um to evaluate adhesion protein expression.24

Two negative controls, omission of the primary antibody and
addition of an isotype IgG, immunoglobulin (Sigma Chemical Co)
used at the highest concentration of primary antibody, were includ-
ed in the immunostaining regimen. All slides remained coded
throughout the counting and colocalization.

Statistical analysis

Because the data were not normally distributed, results are
expressed as medians with ranges, and comparisons between treat-
ment groups were made by using the Mann-Whitney U test. A P
value of less than .05 was considered to be statistically significant.
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RESULTS
Signs and symptoms

There were no statistically significant differences
between the groups with respect to the total symptom score
or the scores of the individual signs and symptoms before
allergen challenge (all scores = 0) or before treatment.

Administration of nedocromil sodium or levocabastine
eye drops for 2 weeks significantly (P < .05) reduced the
total symptom score in comparison with placebo at all
time points (Fig 1). At 10 and 20 minutes, the total symp-
tom score in the levocabastine group was significantly (P
< .05) lower than that in the nedocromil sodium group.

The median scores for itching, hyperemia, and tear
formation are shown in Fig 2. Itching and hyperemia
scores in the nedocromil sodium and levocabastine
groups were significantly (P < .05) lower at all times
after challenge compared with placebo. Tear formation
was significantly (P < .05) reduced by both drugs at 10,
20, and 30 minutes. Negligible chemosis was observed
within 6 hours of challenge (data not shown).

Mediators in tears

Histamine and PGD, concentrations in tears are
shown in Fig 3. Histamine levels peaked at 30 minutes
and again at 360 minutes, the first of which was reduced
by 77% (P < .05) by nedocromil sodium. Levocabastine
did not significantly inhibit either peak. In contrast, there
was only one peak of PGD, at 30 minutes, which was
inhibited by 70% (P < .05) by nedocromil sodium. Levo-
cabastine had no significant inhibitory effect on PGD,
levels. Eosinophil cationic protein levels rose later than
those of histamine and PGD,, with baseline levels and
those at 60, 180, and 360 minutes being a median of 0.01
pmol (range, 0-0.49 pmol), 0.45 pmol (range, 0-1.2
pmol), 1.08 pmol (range, 0.17-1.78 pmol), and 1.29 pmol
(range, 0.62-1.65 pmol), respectively. Drug treatment did
not reduce eosinophil cationic protein levels significant-
ly, with those at 360 minutes being a median of 1.26
pmol (range, 0.39-1.73 pmol) and 1.13 pmol (range,
0.72-1.96 pmol), respectively, in the nedocromil sodium—
and levocabastine-treated groups.

Biopsy studies

In bulbar biopsy specimens taken 6 or 24 hours after
challenge, there were no statistically significant differ-
ences in the median numbers of mast cells, neutrophils,
or eosinophils after drug treatment. The numbers of cells
present in the placebo group at 6 hours were a median of
27.4 cells/mm? (range, 17.2-37.8 cells/mm?2), 7.4
cells/mm? (range, 6.1-8.1 cells/mm?2), 2.7 cells/mm?
(range, 0-6.3 cells/mm?2), and 1.9 cells/mm? (range, 0-3.7
cells/mm?), and those in 24-hour biopsy specimens were
22.9 cells/mm?2 (range, 15.7-29.1 cells/mm?2), 7.8
cells/mm? (range, 6.4-8.5 cells/mm?2), 0 cells/mm?
(range, 0-1.4 cells/mm?2), and 0.5 cells/mm? (range, 0-1.4
cells/mm?2), respectively.

Analysis of the percentage of mast cells staining posi-
tive for cytokines (Table I) revealed a reduction in 3H4
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FIG 1. Total symptom scores after ocular allergen challenge of
atopic subjects treated with nedocromil sodium (2%; filled circles,
n = 14), levocabastine (0.05%; filled squares, n = 22), or placebo
(open circles, n = 12). The severity of ocular itching, hyperemia,
lacrimation, and chemosis were summed to give a maximum
total symptom score of 15. Data are presented as medians
(ranges have been omitted for clarity). *Statistically significant (P
< .05) from placebo; +statistically significant (P < .05) from
nedocromil sodium.

immunoreactivity in the nedocromil sodium group of 49%
at 6 hours and 59% at 24 hours (both P < .05). Antibody
3H4 has been suggested to identify the secretory form of
IL-4 associated with activated mast cells.!925 There were
no significant differences from placebo levels in the per-
centages of mast cells immunoreactive to antibody 4D9, a
marker of the stored form of IL.-4.1925 Similarly, there
were no statistically significant differences between place-
bo- and drug-treated groups for mast cell-immunoreactive
IL-5, IL-6, IL-13, and TNF-c. (Table I).

The effects of treatment on adhesion protein expres-
sion are shown in Fig 4. The percentage of blood vessels
staining for ICAM-1 was lower by 52% at 6 hours and
45% at 24 hours in subjects treated with levocabastine
compared with those given placebo (both P < .05). In
contrast, nedocromil sodium did not reduce ICAM-1
expression. Neither nedocromil sodium nor levocabas-
tine had significant effects on the expression of E-
selectin or VCAM-1.

DISCUSSION

This double-blind study showed that 14 days of topi-
cal treatment with either nedocromil sodium or levo-
cabastine was significantly effective in preventing the
development of itching, hyperemia, and lacrimation after
ocular challenge with allergen. Their mechanisms of
action, however, appeared to be different. Nedocromil
sodium reduced the concentrations of histamine and
PGD, in the tears and the percentage of 3H4-positive
mast cells. In contrast, the antihistaminic action of levo-
cabastine was presumably largely responsible for the
relief of symptoms because there was no reduction of
either histamine or PGD, concentrations in the tears.
This drug did, however, reduce the expression of [ICAM-
1 on conjunctival blood vessels.
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FIG 2. Itching, hyperemia, and lacrimation scores after ocular allergen challenge of atopic subject treated
with nedocromil sodium (2%; filled columns, n = 14), levocabastine (0.05%; hatched columns, n = 22), or
placebo (open columns, n = 12). Data are presented as medians (ranges have been omitted for clarity). *Sta-

tistically significant (P < .05) from placebo.
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FIG 3. Concentrations of histamine, PGD,, and eosinophil cationic protein in tears after ocular allergen chal-
lenge of atopic subjects treated with nedocromil sodium (2%, filled columns, n = 14), levocabastine (0.05%;
hatched columns, n = 22), or placebo (open columns, n = 12). Data are presented as medians (ranges have
been omitted for clarity). *Statistically significant (P < .05) from placebo.

The efficacy of both nedocromil sodium and levo-
cabastine in relieving the ocular symptoms after chal-
lenge confirms previous studies in both the allergen chal-
lenge model and in active SAC.7-11.26-28

Allergen challenge provoked 2 increases in the concen-
tration of histamine in the tears, with the first at 30 minutes
and the second at 6 hours, a finding that confirms previous
studies.*17:29 The first increase, being accompanied by the
generation of PGD,, is consistent with histamine being
released as a result of mast cell degranulation.30 However,
the second peak at the time of onset of the late-phase
response was not accompanied by PGD, generation. The
source of histamine at this time is likely to be basophil
influx into the site of allergic inflammation.# Treatment
with nedocromil sodium resulted in a 77% reduction in
histamine release and a 70% reduction in PGD, generation
into the tears 30 minutes after challenge. These observa-
tions are consistent with the mast cell-stabilizing effect of
the drug.3! The comparatively strong mast cell-stabilizing
effect of nedocromil sodium in the eye compared with in
the lung in asthma’ has 2 possible explanations. The first
is that the mast cells of the conjunctiva are very sensitive
to the effects of the cromone stabilizers cromolyn sodium
and nedocromil sodium. Indeed, there is a wide variability
of the sensitivity of mast cells from different tissues to

these drugs, which does not follow protease expression.32
For example, mediator release from the MCrr mast cell
subtype of the intestine is inhibited well by nedocromil
sodium, that from the MCy of the lung is inhibited less
well, and that of the skin is entirely refractory to the effects
of the drug.3! The second explanation relates to the con-
centration of the drug at its site of action. In asthma, a sin-
gle puff of nedocromil sodium delivers 1 mg of drug. Even
assuming 100% bioavailability (in reality it is closer to
15%), distribution of the drug over the entire surface of the
airways would result in extremely low concentrations at its
site of action. In contrast, a single 300-uL drop of 2%
nedocromil sodium (total dose, approximately 7 mg) onto
the relatively small surface of the conjunctiva would result
in much higher concentrations at the site of action.

The second increase in histamine, which was apparent
at 6 hours after challenge, was not inhibited by nedocromil
sodium. This is consistent with the failure of the drug to
inhibit histamine release from human basophils.33

In addition to generating mediators that cause the
symptoms of the early phase of the allergic response, they
also synthesize and store cytokines, including IL-4, IL-5,
IL-6, IL-13, and TNF-.,19:34 which are capable of initiat-
ing the late-phase response and allergic inflammation. Of
particular interest in this study was IL-4, a cytokine that
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FIG 4. Expression of E-selectin, ICAM-1, and VCAM-1 in bulbar biopsy specimens taken 6 or 24 hours after
ocular allergen challenge of atopic subjects treated with nedocromil sodium (2%; filled columns, each n =
7), levocabastine (0.05%; hatched columns, each n = 11), or placebo (open columns, each n = 6). Data are
presented as medians (with ranges). *Statistically significant (P < .05) from placebo. Horizontal line repre-
sents median expression of adhesion proteins in unchallenged atopic individuals (data from Bacon et al4).

TABLE I. Numbers of cytokine-positive mast cells per square millimeter in bulbar biopsy specimens taken 6 and 24
hours after challenge after 2 of weeks topical treatment with nedocromil sodium (2%), levocabastine (0.05%), or place-

bo
Drug treatment

Placebo Nedocromil sodium Levocabastine
Cytokine 6 h 24 h 6 h 24 h 6h 24 h
IL-4 (3H4) 34.0 (24.1-40.2) 34.7 (29.1-39.4) 17.2 (12.6-35.2)* 14.3 (10.1-19.5)* 34.9 (22.1-47.1) 37.4 (24.7-49.8)
IL-4 (4D9) 22.7 (17.2-27.1) 26.7 (18.4-31.4) 32.4 (29.6-49.7) 33.4 (23.2-37.4) 23.5 (18.3-32.1) 27.1 (19.1-32.0)
IL-5 1.6 (0-3.5) 0.9 (0-2.3) 1.6 (0-2.9) 0 (0-2.1) 0.7 (0-7.2) 1.3 (0-7.6)
IL-6 4.2 (0-7.1) 2.6 (0-6.9) 0 (0-14.7) 2.6(0-8.7) 0 (0-11) 0(0-14.3)
IL-13 2.1 (1.0-4.9) 0.5 (0-3.2) 2.9 (1.4-5.3) 1.4 (0-2.2) 3.1(1.5-3.4) 1.4 (0-1.9)
TNF-o 13.8 (9.7-15.9) 13.9 (8.0-15.8) 13.5 (5.1-17.6) 9.1 (6.4-17.6) 14.3 (7.4-20.2) 12.1 (7.4-16.3)

Values are given as median (range).
*P < .05 compared with placebo.

has numerous proallergic effects, including augmentation
of IgE synthesis by B lymphocytes,3> induction of the
expression of FceRI on mast cells and dendritic cells,36:37
and stimulation of VCAM-1 expression on endothelial
cells.38 In mast cells IL-4 may exist in 2 forms, a granule-
associated stored form detectable by antibody 4D9, which
is found in both resting and activated mast cells, and a
secretory form, detectable by antibody 3H4, which
appears as a membrane-associated ring in activated mast
cells only.19:25 That nedocromil sodium reduced the
expression only of 3H4-immunoreactive IL-4 is consis-
tent with its ability to reduce mast cell activation.
Levocabastine effectively inhibited the ocular symp-
toms after topical allergen challenge of the eye but did not
reduce the release of histamine and PGD, or 3H4
immunoreactivity, indicating that it did not have mast
cell- or basophil-stabilizing properties. This confirms a
report from an in vitro study in which levocabastine failed
to suppress histamine release from human basophils.3?
Thus the suppression of symptoms is likely to be due to
the antihistaminic action of levocabastine.%:10.27.28
Levocabastine did, however, reduce the expression of
ICAM-1 on conjunctival blood vessels. This confirms

previous findings with levocabastine and other antihista-
mines.!1.1540.41 The mechanism of the suppression of
ICAM-1 expression has been suggested to involve the
transcription factor nuclear factor xB, activation of
which through the histamine H;-receptor stimulation42:43
may be reduced by antihistamines.*+45 However, a
reduction of nuclear factor kB activation is unlikely to be
the sole effect of antihistamines in suppressing ICAM-1
expression because this transcription factor is also
involved in the expression of E-selectin and VCAM-1,46
neither of which were reduced in this study.

In conclusion, this study showed that 14 days of topical
treatment with either nedocromil sodium or levocabastine
reduced the development of itching, hyperemia, and
lacrimation after ocular challenge with allergen.
Nedocromil sodium appeared to work primarily as a mast
cell stabilizer and levocabastine as an antihistamine,
although the latter did reduce the expression of ICAM-1 on
conjunctival blood vessels. The similarity between the
actions of these 2 drugs in this study and one in active SAC
suggest that the ocular allergen challenge model is a valid
model for the evaluation of drugs for the treatment of aller-
gic ocular disease.
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