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Effects of Cloricromene, a Coumarin Derivative, on Rabbit Dry Eye Model
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Abstract
The aim of the this study was to evaluate the effects of cloricrome, a new coumarin derivative, on dry eye
model. Lacrimal gland inflammation-induced dry eye was performed by Concanavalin A (ConA) injection in
rabbit, and matrix metalloproteinase-9 (MMP-9), TNFα, IL-1β and IL-8 were evaluated. Tear film integrity was
investigated by measuring tear volume and tear breakup time. Elevated levels of MMP-9 and cytokines were
detected in the lacrimal gland 72 hours after ConA injection. Cloricromene was effective in this model,
restoring tear function and inhibiting MMP-9 and cytokines formation in a dose-dependent manner. This study
provides the first evidence that the new coumarin derivative cloricromene attenuates the degree of inflammation
and tear film dysfunction in rabbits with experimental dry eye syndrome suggesting that this drug may be useful
in clinical practice.
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Introduction
Dry eye is a disorder of the tear film due to
tear deficiency or excessive evaporation,
which causes damage to the interpalpebral
ocular surface and is associated with
symptoms of ocular discomfort [1]. Dry
eye is accompanied by increased
osmolarity of the tear film and
inflammation of the ocular surface.
Epidemiological studies have estimated
that it affects between 11% and 17% of the
general population, with an increasing
prevalence in elderly people [2,3]. This
incidence significantly decreases the
quality of life and it was found that, among
people asking for ophthalmological
referral, 29% had a dry eye [4,5]. Dry eye
occurs when tears production is
insufficient to moisturize and lubricate the
ocular surface [6,7]. Dry eye is due to
straining of the eyes, reduced blinking and
is often accompanied by altered
meibomian gland secretion [8,9]. Dry eyes
are also a frequent side effect of thyroid
diseases, Parkinson disease, Sjögren
syndrome (SS), and vitamin A deficiency.
Most women experience dry eyes as they
enter menopause, due to the changes of the
hormonal status[10] Ocular discomfort and
visual impairment are the possible
consequences of the dry eye condition [5].
The mainstay for dry eye treatment is the
use of artificial tears, which is often
accompanied by the use of antiinflammatory eye drops, such as
corticosteroids. Anyway, these drugs have

a variety of side effects that limit their use
in clinical practice. Failure of tear
secretion and/or excessive evaporation
cause
tear
hyperosmolarity.
This
stimulates a cascade of inflammatory
events involving mitogen-activated protein
kinase (MAPK) and nuclear factor-kappa
B (NF-kB) signaling pathways and the
generation of inflammatory cytokines such
as interleukin (IL)-1α, IL-1β, tumor
necrosis factor (TNF)-α as well as matrix
metalloproteinases (MMP-9) [11,12]. It
has recently been shown that experimental
dry eye in mouse stimulates expression
and production of IL-1a, IL-6, TNFα,
MMP-9, MAPK, and ICAM-1, for the
predisposition
of
ocular
surface
inflammation facilitating the presentation
of potential antigens by epithelial cells
[13,14].
Cloricromene
(ethyl({8-chloro-3-[2(diethylamino) ethyl]-4-methyl-2-oxo-2H1-benzopyran-7-yl}oxy) acetate) is a semisynthetic coumarin derivative (Fig. 1) used
as an antiplatelet drug with vasodilating
and endothelium-protective activity [15].
It has been demonstrated [16] that
cloricromene
attenuates
chronic
inflammation and tissue damage associated
with collagen-induced arthritis in rats.
Results from our lab [17] showed that
cloricromene attenuates the degree of
inflammation and tissue damage associated
with endotoxin-induced uveitis in the
rabbit
eye
and
protects
against
experimental rat uveitis, reducing the
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expression of TNF-α, and adhesion
molecules such as P-selectin and ICAM-1.
Recently, we demonstrated [18] that
cloricromene attenuates the degree of
inflammation and tissue damage in rats
with experimental diabetic retinopathy.
The aim of the present study was to
evaluate the effects of topical cloricrome, a
new coumarin derivative, on dry eye
model.
Materials and Methods
Materials
Cloricromene hydrochloride were obtained
from Fidia (Abano Terme, Italy).
Concanavalin A (ConA) was purchased
from Sigma-Aldrich (Milano, Italy). In
order to obtain an ophthalmic solution at
pH comprised in the ocular tolerability
range, we formulated cloricromene at pH
6.3 with an isotonic phosphate buffer
containing 2% of glycerin and 5% of
Tween 80. The surfactant were added to
increase the solubility of the cloricromene
free base formed at pH 6.3.
Animals
Male albino rabbits of the New Zealand
strain (Charles River; Calco, Italy),
weighing 1.8–2.2 kg, and with no signs of
ocular inflammation or gross abnormality,
were used. The animals were housed in a
single cage upon arrival in the facilities
under standard conditions of temperature
(21°C) and 12:12 hours light/dark cycle
with tap water and commercial food
provided ad libitum. Animal management
procedures conformed to the ARVO
(Association for Research in Vision and
Ophthalmology) resolution on the use of
animals in research and the European
Community
Council
Directive
86/609/EEC. Efforts were made to
minimize animal suffering and to reduce
the number of animals used. After 1 week
of adaptation in the facilities, the animals
were admitted to the experimental session.
In order to exclude any disease that could
interfere with the experimental treatment,
the eyes of all animals were previously
examined with a slit lamp.

Lacrimal gland inflammation-induced
dry eye
Rabbits (n = 4-6 per group) were
randomized into treatment groups and
treated topically 3 times per day with 25
μL of either cloricromene (0.01%, 0.1%,
1% w/v) or vehicle immediately after the
ConA injection. Rabbits were anesthetized
by an intramuscular injection of 35 mg/kg
of ketamine HCl and 5 mg/kg xylazine
HCl (KN-93; Sigma-Aldrich, Milan, Italy).
Each rabbit received bilateral injections
into the lacrimal glands. Injections were
made by slightly retracting the lower
eyelid
and
inserting
the
needle
approximately 1 cm from the nasal canthus
into the suborbital space to a depth of
approximately 6 mm. A single 15μL
volume of saline or 300µg Con A was
injected into the lacrimal gland using a 30
G needle and an Hamilton syringe.
Euthanasia was quickly and painlessly
performed by a lethal injection of 0.2
ml/kg of Tanax (Intervet, Milan, Italy).
Tear breakup time (TBUT) assessment
TBUT was determined by instillation of
5μL sodium fluorescein (2% in sterile
saline) onto the eye and the lids blinked
manually to distribute the fluorescein
within the tear film. Under slit-lamp (Sbisà
4179T, Firenze, Italy) observation, the eye
was held open and the time until one or
more black spots or streaks appeared in the
precorneal tear film was recorded.
Tear volume (Schirmer test)
Schirmer strips (Alfa Intes, Casoria, Italy)
were placed in the lower eyelid of the
rabbit for 15 seconds, and the wetted
portion of the strip was measured in
millimeters as an index of tear
volume.
Measurements of cytokines
Lacrimal glands were collected 72 hours
after ConA injection and immediately
placed in 1 mL of ice-cold buffer (PBS ),
bovine serum albumin (BSA) (10 mg /
mL), (EDTA) (10 mM), and protease
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inhibitors (Complete™ Mini/Roche, 1
tablet/10 mL). The samples were
homogenized on ice and centrifuged
(2000g for 30 min at 4°C) and
supernatants were decantedand stored at 80°C and subsequently assayed for IL-1β
IL-8 and TNFα by ELISA kits (R&D
Systems Minneapolis, MN, USA). Proteins
were determined by the Coomassie blue
assay (Sigma-Aldrich, Milan, Italy).
MMP-9 assay
Lacrimal gland levels of MMP-9 were
detected by a commercial ELISA kit
(Invitrogen,
Carlsbad,
CA;
USA).
Lacrimal glands were collected and
homogenized (1.5 mL PBS, centrifuged
12,000g, 4°C) , and supernatants were
assayed for MMP-9 levels following the
manufacturer’s protocol.
Statistical analysis
All values are expressed as mean ± SD.
The results were analyzed by one-way
ANOVA followed by a Bonferroni posthoc test for multiple comparisons. A value
of p≤0.05 was pre-determined as the
criterion of significance.
Results and discussion
Ex vivo assessment of lacrimal gland
cytokine levels was conducted to provide
biochemical evidence of lacrimal gland
inflammation following the Con A
injection. Compared to control, the Con A
injection elicited statistically significant
increases in TNFα, IL-1β and IL-8 (Table
1). Cytokines levels were statistically
reduced by cloricromene treatment in a
dose-dependent
manner.
ConA
significantly
elevated
levels
of
immunoreactive MMP-9 in lacrimal gland
homogenates (Table 1). MMP-9 levels
elicited by ConA were significantly
reduced by cloricromene. Tear film
integrity was assessed by determining the
interval the tear film remained intact
without blinking. Normal TBUT was
around 50 seconds in rabbits, In contrast,
ConA injection produced a dramatic
reduction in TBUT within 72 hours. TBUT
decreased to approximately 5 seconds in

animals injected with ConA, and it is
statistically reversed by cloricromene
treatment (Table 2). The volume of tears
quantified using the Schirmer test in
rabbits injected in the lacrimal gland with
either Con A or saline is reported in Table
2. The tear volume (3.0 ± 0.5 mm) at day 3
following a Con A injection was
significantly decreased, compared to tear
volume in sham group (8.5 ± 1.0 mm).
Cloricromene
treatment
significantly
attenuated the tear volume decrease
elicited by ConA injection (Table 2). The
efficacy
of
the
anti-inflammatory
cloricromene
on
lacrimal
gland
inflammation-induced dry eye was
assessed
using
clinically
relevant
parameters such as tear breakup time and
tear volume.
Features of this rabbit lacrimal gland
inflammation model of dry eye are
consistent with the current understanding
of dry eye as a local ocular surface
inflammatory response to abnormal tear
volume and composition. It was recently
shown that inflammation is involved as
one of the main mechanisms common to
all the different forms of dry eye [19].
Therefore, the therapeutic approach to dry
eye should take into consideration this
aspect. This study demonstrated for the
first time that cloricromene treatment was
able to reduce, in a dose-dependent
manner, the inflammatory process elicited
by ConA injection and prevent the tear
film integrity. Cloricromene acts as a
potent anti-inflammatory drug avoiding the
side effects of steroids, therefore in
chronic diseases like dry eye syndrome
this compound represents an useful
pharmacological
tool.
Cloricromene
protects rats from lipopolysaccharide
(LPS)-induced endotoxemia by blocking
NF-kB activation, leading to inhibition of
NO and TNF overproduction [20],
reversing the LPS-induced vascular
hyporeactivity.
Since cloricromene
influences TNF production, the drug has
been recently evaluated in an animal
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model of inflammatory bowel disease[21],
where TNF has a key role; cloricromene
significantly reduced tissue concentrations

of TNF and myeloperoxidase activity,
whereas no effect was seen on blood

coagulation parameters [21]. Corsini and
colleagues[22] showed that cloricromene
inhibits LPS-induced transcription of
TNF and activation of NF-kB by
interfering with LPS-induced cellular
oxidative activity. These results [22]
demonstrated that cloricromene interferes
with the early signal transduction pathway
triggered by LPS. The mechanism by
which cloricromene inhibits activation of
NF-kB and subsequent neosynthesis of
TNF could be related to the scavenger
effect against ROS. We recently proposed

[17] cloricromene for ocular applications,
showing that the drug attenuates the degree
of inflammation and tissue damage
associated with endotoxin-induced uveitis
in the rabbit eye and protects against
experimental rat uveitis, reducing the
expression of adhesion molecules such as
P-selectin and ICAM-1. Furthermore, we
demonstrated [17] that cloricromene
strongly inhibited TNF production, cell
infiltration, protein exudation, and
nitrite/nitrate formation. More recently we
demonstrated [18] that cloricromene
145

Claudio Bucolo et al /J. Pharm. Sci. & Res. Vol.1(4), 2009, 142-147

attenuates the degree of inflammation
preserving the blood-retinal barrier in
diabetic rats reducing retinal TNF,
ICAM-1, VEGF and eNOS levels.
The
anti-inflammatory
activity
of
cloricromene led us to undertake the
present study about the effect of this drug
in patients with dry eye syndrome where a
chronic inflammation of the ocular surface
was demonstrated. From the results of our
study it appears that cloricromene could be
of help in controlling the evolution of
signs and symptoms of dry eye. Further,
cloricromene could contribute to obtain a
good efficacy reducing the risk of both
ocular and systemic side effects, which
often accompany the use of steroids.
Conclusions
This study showed for the first time that
cloricromene, a new coumarin derivative,
may be useful in the treatment of dry eye
syndrome, and that clinical studies to
evaluate this possibility may be warranted.
References
[1]

[2]
[3]

[4]
[5]

[6]

[7]

The definition and classification of dry eye
diseases: report of the definition and
classification
subcommittee
of
the
International Dry Eye Work Shop Ocul Surf.
2007;5:75–92.
Moss SE, Lein R, Klein BE. Prevalence and
risk factors for dry eye syndrome. Arch
Ophthalmol. 2000;118:1264–1268.
Lee AJ, Lee J, Saw SM, et al. Prevalence
and risk factors associated with dry eye
symptoms: a population based study in
Indonesia. Br J Ophthalmol. 2002;86:1347–
1351.
Moss SE, Klein R, Klein BE. Incidence of
dry eye in an older population. Arch
Ophthalmol. 2004;122:369–373.
Miljanovic B, Dana R, Sullivan DA, et al.
Impact of dry eye syndrome on visionrelated quality of life. Am J Ophthalmol.
2007;143:409–415.
Benıtez-Del-Castillo JM, Acosta MC,Wassfi
MA, et al. Relation between corneal
innervation with confocal microscopy and
corneal
sensitivity
with
noncontact
esthesiometry in patients with dry eye. Invest
Ophthalmol Vis Sci. 2007;48:173–181.
Altinors DD, Akcxa S, Akova YA, et al.
Smoking associated with damage to the lipid
layer of the ocular surface. Am J
Ophthalmol. 2006;141: 1016–1021.

[8]
[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]
[20]

Tsubota K, Nakamori K. Dry Eye and video
display terminals. N Eng J Med.
1993;328:584.
Fenga C, Aragona P, Cacciola A, et al.
Meibomian gland dysfunction and ocular
discomfort in video display terminal
workers. Eye. 2008;22:91–95.
Schaumberg DA, Sullivan DA, Buring JE, et
al. Prevalence of dry eye syndrome among
US
women.
Am
J
Ophthalmol.
2003;136:318–326.
Li DQ, Chen Z, Song XJ, et al. Stimulation
of
matrix
metalloproteinases
by
hyperosmolarity via a JNK pathway in
human corneal epithelial cells. Invest
Ophthalmol Vis Sci. 2004;45:4302–4311.
Luo L, Li DQ, Corrales RM, et al.
Hyperosmolar saline is a proinflammatory
stress on the mouse ocular surface. Eye
Contact Lens. 2005;31:186–193.
De Paiva CS, Corrales RM, Villarreal AL, et
al. Corticosteroid and doxycycline suppress
MMP-9
and
inflammatory
cytokine
expression, MAPK activation in the corneal
epithelium in experimental dry eye. Exp Eye
Res. 2006;83:526–535.
Narayanan S, Miller WL, McDermott AM.
Conjunctival cytokine expression in
symptomatic moderate dry eye subjects.
Invest Ophthalmol Vis Sci. 2006;47:2445–
2450.
Hoult JR, Payà M. Pharmacological and
biochemical actions of simple coumarins:
natural products with therapeutic potential.
Gen Pharmacol. 1996;27:713-22.
Cuzzocrea S, Mazzon E, Bevilacqua C,
Costantino G, Britti D, Mazzullo G, De
Sarro A, Caputi AP. Cloricromene, a
coumarine derivative, protects against
collagen-induced arthritis in Lewis rats. Br J
Pharmacol. 2000;131:1399–1407.
Bucolo C, Cuzzocrea S, Mazzon E, Caputi
AP. Effects of cloricromene, a coumarin
derivative, on endotoxin-induced uveitis in
Lewis rats. Invest Ophthalmol Vis Sci.
2003;44:1178-1184.
Bucolo C, Ward KW, Mazzon E, Cuzzocrea
S, Drago F.Protective effects of a coumarin
derivative in diabetic rats. Invest Ophthalmol
Vis Sci. 2009;50:3846-52.
Stern ME, Pflugfelder SC. Inflammation in
dry eye. The Ocular Surface 2004;2(2):124130
Ianaro A, Mafia P, Grassia G, Di Meglio P,
Sorrentino R, di Villa Bianca R, Di Rosa M,
Ialenti A. Cloricromene in endotoxemia: role
of NF-kappaB. Naunyn Schmiedebergs Arch
Pharmacol. 2004;370:140-145.

146

Claudio Bucolo et al /J. Pharm. Sci. & Res. Vol.1(4), 2009, 142-147

[21]

Fries W, Mazzon E, Sturiale S, Giofré MR,
Lo Presti MA, Cuzzocrea S, Campo GM,
Caputi AP, Longo G, Sturniolo GC. A
protective effect of the synthetic coumarine
derivative cloricromene against DNB-colitis
in the rat. Life Sci. 2004;4:2749-2756.

[22]

Corsini E, Lucchi L, Binaglia M, Viviani B,
Bevilacqua C, Monastra G, Marinovich M,
Galli CL: Cloricromene, a semi-synthetic
coumarin derivative, inhibits tumor necrosis
factor- production at a pre-transcriptional
level. Eur J Pharmacol. 2001;418:231–237.

147

