Clinical Ophthalmology

Dove

ORIGINAL RESEARCH

Preclinical Efficacy Comparison of Cyclosporine
Ophthalmic Solution 0.09% vs Cyclosporine
Ophthalmic Emulsion 0.05% vs Ciclosporin
Ophthalmic Emulsion 0.1% in a NOD Mouse Model

of Dry Eye Disease

Vinod Burade'
Rishit Zalawadia'
Alpesh Patel'
Abayomi Ogundele?

'Sun Pharmaceutical Industries Limited,
Vadodara, Gujarat, India; 2Sun
Pharmaceutical Industries, Inc, Princeton,
NJ, USA

Correspondence: Abayomi Ogundele
Sun Pharmaceutical Industries, Inc,
Princeton, NJ, USA

Tel +1 (609) 720-5389

Email Abayomi.Ogundele@sunpharma.com

This article was published in the following Dove Press journal:
Clinical Ophthalmology

Introduction: Cyclosporine ophthalmic solution 0.09% (CsA 0.09% sol) is approved to
increase tear production in patients with keratoconjunctivitis sicca. This study evaluated the
efficacy of CsA 0.09% sol vs cyclosporine ophthalmic emulsion 0.05% (CsA 0.05% eml) vs
ciclosporin ophthalmic emulsion 0.1% (CsA 0.1% eml) in a NOD mice model.

Methods: Mice were randomized and administered placebo, CsA 0.09% sol twice daily,
CsA 0.05% eml twice daily, CsA 0.09% sol once daily, or CsA 0.1% eml once daily in the
conjunctival sac of both eyes for 60 days. Tear volume was measured with phenol red threads
at baseline and 4 hours after treatment every 15 days. On day 58, the corneal surface was
observed under a slit-lamp after staining with 3% lissamine green administered into the
inferior lateral conjunctival sac. On day 61, mice were euthanized, globes excised, sliced into
4 pum sections in 3 areas per section, and stained. Total number of stained goblet cell/um was
counted, and the sum per eye was averaged. Lacrimal gland tissues were removed and
interleukin (IL) 1-B cytokine levels estimated.

Results: Groups comprised 11 mice each, including an untreated normal and untreated
diseased control group (7 groups total). CsA 0.09% sol twice daily significantly increased
tear volume on day 30, 45, and 60 vs CsA 0.05% eml (P<0.05, <0.001, <0.001, respectively)
and vs CsA 0.1% eml on day 60 (P<0.05); CsA 0.09% sol once daily significantly increased
tear volume on day 45 vs CsA 0.05% eml (P<0.05). Goblet cell density significantly
increased with CsA 0.09% sol twice daily vs placebo and NOD control (P<0.01 both).
There was no significant difference in corneal staining and IL-1f levels with CsA 0.09% sol.
Conclusion: Sixty-day treatment with CsA 0.09% sol showed comparatively improved
preclinical results vs CsA 0.05% eml and CsA 0.1% eml.

Keywords: cyclosporine A, goblet cell density, keratoconjunctivitis sicca, preclinical, tear
production

Introduction

Dry eye disease or keratoconjunctivitis sicca (KCS) is a multifactorial disease
affecting the ocular surface. It is characterized by a loss of homeostasis of the
tear film, and is accompanied by ocular symptoms in which tear film instability and
hyperosmolarity, and ocular surface inflammation and damage play etiological
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roles.! KCS is often initiated with a change in tear hyper-
osmolarity, leading to a release of inflammatory cytokines
and proteases, resulting in a vicious cycle of ocular surface
damage marked by tear film instability, and goblet cell and
epithelial cell loss and damage.”

Topical anti-inflammatory agents such as cyclosporine
A (CsA) provide a targeted approach to treat and suspend
the inflammatory cascade of KCS.? CsA inhibits calcineurin,
preventing T-cell activation and inflammatory cytokine
production.* Treatment with CsA improves objective mea-
sures of KCS including decreased corneal fluorescein stain-
ing (CFS) and improved Schirmer’s test.”’ Current CsA
formulations approved to treat KCS include cyclosporine
0.09%  (CEQUAT™,;
Pharmaceutical Industries, Inc., Princeton, NJ, USA), cyclos-
porine ophthalmic emulsion 0.05% (RESTASIS®; Allergan,
Inc., Irvine, CA, USA), and ciclosporin ophthalmic emulsion
0.1% (Ikervis®; Santen SAS, Evry, France).fHO There are
significant variations in the formulations of the approved

ophthalmic solution Sun

treatments. Cyclosporine ophthalmic emulsion 0.05% is
a preservative-free anionic oil-in-water emulsion with CsA
dissolved in castor oil and emulsified with polysorbate 80,
while ciclosporin ophthalmic emulsion 0.1% is a cationic
nanoemulsion intended to achieve ocular bioavailability
through the net positive charge of the oil nanodroplets."’
Cyclosporine ophthalmic solution 0.09% is a clear aqueous
nanomicellar formulation that encapsulates hydrophobic
CsA within its micelle core and is surrounded by a water-
soluble outer shell, allowing enhanced ocular delivery of
cyclosporine.>!?

Here we report the comparative efficacy of cyclospor-
ine ophthalmic solution 0.09% vs cyclosporine ophthalmic
emulsion 0.05% (herein referred to as reference) vs ciclos-
porin ophthalmic emulsion 0.1% (herein referred to as
ciclosporin) in a NOD.B10.H2® (NOD) mice model.
NOD mice spontaneously develop Sjogren’s syndrome—
resulting in the typical features of dry eye and secretory
dysfunction, among other manifestations—without the

occurrence of diabetes.!>!*

Materials and Methods

Experimental Design

Overall, 75 male NOD and 15 C57B16/J] mice were
obtained from Laboratory Animal Resources (LAR; Sun
Pharmaceutical Advanced Research Company Ltd.,
Vadodara, India). Mice, aged 16-19 weeks, were rando-

mized into 7 groups with 11 mice per group (C57Bl6/J

[normal control], NOD diseased control, placebo twice
daily, cyclosporine ophthalmic solution 0.09% twice
daily, cyclosporine ophthalmic solution 0.09% once daily,
reference twice daily, and ciclosporin once daily). With the
exception of the cyclosporine ophthalmic solution 0.09%
once-daily group, treatment frequency was based on the
approved dosing frequency for the cyclosporine ophthal-
mic formulations included. All treatment groups had
matched baseline (day —1) tear volume as measured by
phenol red-impregnated cotton threads. The nanomicelle
formulation vehicle was the placebo in this study. Mice
received 10 pL of assigned treatment topically in the
conjunctival sac of both eyes either once or twice daily
12-hour 60 days.
Assessments included tear production at day 15, 30, 45,

(at approximately intervals) for
and 60, corneal staining at day 58, and conjunctival goblet
cell density and interleukin (IL) 1-f estimation at day 61
(Figure 1).

The study proposal was reviewed and approved by the
Institutional Animal Ethics Committee in India, which is
overseen by the Committee for the Purpose of Control and
Supervision of Experiments on Animals (CPCSEA). The
CPCSEA is a statutory body formed by the Act of the
Indian Parliament under the Prevention of Cruelty to
Act 1960. All
Institutional Animal Ethics Committee concerning animal

Animals recommendations by the
care and handling were followed. All mice were housed
under standard conditions and allowed an acclimation
period of one week following receipt from LAR. At day
61, animals were euthanized with carbon dioxide inhala-
tion, and tissue collection was performed.

Assessments

Tear Volume

Tear volume was measured in all groups at day —1, and 4
hours after treatment at days 15, 30, 45, and 60 using
thread (FCI Ophthalmics,
Pembroke, MA). Mice were lightly anesthetized with iso-

Zone-Quick phenol red

flurane. A phenol red-impregnated thread was inserted into
the lateral canthus of each eye and held in place with
sterile jeweler forceps (without touching the ocular sur-
face) for 60 seconds. After removing the thread, the wetted
length of the thread was measured in millimeters (mm)
and recorded.

Corneal Staining
On day 58, the mice were lightly anesthetized with isoflur-
ane 4 hours after treatment, and 1 drop of 3% lissamine
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Figure | Study design.
Abbreviations: IL, interleukin; PAS, periodic acid Schiff.

green B dye was instilled into the inferior lateral conjuncti-
val sac of each eye. The corneal surface was examined with
a Zeiss slit-lamp microscope with a white filter and scored
from 0 to 3 (0 = no punctate staining, 1 = less than one-third
of the cornea stained, 2 = two-thirds or less of the cornea
stained, 3 = more than two-thirds of the cornea stained).

Conjunctival Goblet Cell Density

At day 61, all mice were euthanized and whole globes,
including the superior and inferior forniceal conjunctiva,
were excised and fixed in 4% paraformaldehyde. The
tissues were sectioned into 4 um-thick segments through
both the superior and inferior conjunctival fornices and
stained with periodic acid-Schiff (PAS) reagent (Merck
Millipore, catalog number: 1016460001). Stained sections
were examined with a Zeiss Axio Al microscope with
100> magnification, and the total number of stained con-
junctival goblet cells per 100 um were counted per 3
different areas of each section per eye. The sum for each
eye was then averaged to determine the mean number of
goblet cells per mouse. Slide numbers for tissue sections
were assigned a new randomized code prior to micro-
scopic examination.

Interleukin I-B Assay
After euthanasia, the exorbital lacrimal glands of both eyes
were dissected, snap frozen in liquid nitrogen, and stored

] i T |
45 58 60 61

at —70° C in a microcentrifuge tube. The frozen lacrimal
tissues were weighed and cocktail protease inhibitor (1 mL
0.1 M phenylmethylsulfonyl fluoride, 50 pL aprotinin
[l mg/mL], 50 pL Triton X 100 and 50 mL phosphate
buffer saline [PBS, pH 7.4] for volume) added to prepare
a 10% w/v tissue homogenate. Each lacrimal gland tissue
was homogenized for 30 to 90 seconds at 19,000 to 26,000
rotations per minute (rpm) in a 5 mL cryovial in
a homogenizer in an ice bath. Following each run, the
homogenizer probe was washed with 70% v/v isopropyl
alcohol and PBS (pH 7.4) and wiped dry. All homogenized
tissue samples were centrifuged at 10,000 rpm for 10
minutes at 4° C; the resulting supernatant was separated
in microcentrifuge tubes, snap frozen in liquid nitrogen,
and stored at —70° C. IL 1-B estimation in the supernatant
was performed using mouse enzyme-linked immunosor-
bent assay kits (R&D Systems; catalog number: MLB0OC)
according to the manufacturer’s instructions.

Statistical Analysis

All statistical analyses were performed with Prism
(GraphPad version 5.03, December 10, 2009) and
P <0.05 was statistically significant. Data were analyzed
by 2-way analysis of variance (ANOVA) followed by
Bonferroni’s multiple comparison test for tear production;
a l-way ANOVA followed by Bonferroni’s multiple
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comparison test was used for corneal staining, goblet cell
density, and IL 1-f assay assessments.

Results
Each treatment group consisted of 11 mice for a total of 77
mice in the study.

Tear Production
The baseline mean (standard deviation [SD]) wetting length
(mm) for the normal control, NOD diseased control, placebo
twice daily, ciclosporin once daily, reference twice daily,
cyclosporine ophthalmic solution 0.09% twice daily, and
cyclosporine ophthalmic solution 0.09% once daily was
4.8 (2.2),4.9 (1.6), 4.9 (1.3), 4.7 (1.0), 4.7 (1.2), 5.0 (1.3),
and 4.7 (1.0), respectively. Overall, tear production signifi-
cantly increased with cyclosporine ophthalmic solution
0.09% twice daily vs cyclosporine ophthalmic emulsion
0.05% twice daily on day 30, 45, and 60 (P <0.05,
P <0.001, and P <0.001, respectively) and on day 60 vs
ciclosporin ophthalmic emulsion 0.1% once daily (£ <0.05,
Table 1). Cyclosporine ophthalmic solution 0.09% once
daily significantly increased tear volume vs cyclosporine
ophthalmic emulsion 0.5% twice daily on day 45 (P <0.05).
Cyclosporine ophthalmic solution 0.09% twice daily sig-
nificantly improved tear volume mean change from baseline
(SD) vs cyclosporine ophthalmic emulsion 0.05% twice daily
at day 45 and 60; 6.5 (3.6) vs 2.3 (3.7), and 7.9 (4.3) vs 4.1
(2.7), respectively (P<0.01 for both; Figure 2). Cyclosporine
solution  0.09%
increased tear volume vs NOD diseased control on day 30,
45, and 60 (P<0.001) and vs placebo twice daily onday 30,
45, and 60 (P<0.01, P<0.01, P<0.001, respectively).
Similarly, cyclosporine ophthalmic solution 0.09% once

ophthalmic twice daily significantly

daily had a significant increase in tear volume vs NOD
diseased control on day 30, 45, and 60 (P<0.001 for all)

and vs placebo twice daily on day 60 (P<0.01). There was no
significant difference in tear production between cyclospor-
ine ophthalmic solution 0.09% once daily and ciclosporin
ophthalmic emulsion 0.1% once daily at any time point.

Corneal Staining

At day 58, mean corneal staining score (SD) for NOD diseased
control, placebo twice daily, ciclosporin ophthalmic emulsion
0.1% once daily, cyclosporine ophthalmic emulsion 0.05%
twice daily, cyclosporine ophthalmic solution 0.09% twice
daily, and cyclosporine ophthalmic solution 0.09% once daily
was 2.2 (0.6), 2.1 (0.5), 1.8 (0.3), 2.1 (0.5), 1.6 (0.4), and 1.8
(0.35), respectively. Corneal staining scores were not estimable
in the normal control group due to the black background in the
eye. The cyclosporine ophthalmic solution 0.09% twice-daily
and cyclosporine ophthalmic solution 0.09% once-daily
groups had numerically better corneal scores compared with
mice receiving ciclosporin ophthalmic emulsion 0.1% once
daily and cyclosporine ophthalmic emulsion 0.05% twice
daily, but the difference was not statistically significant
(Supplemental Figure 1).

Conjunctival Goblet Cell Density

At day 60, the mean (SD) number of goblet cells for normal
control, NOD diseased control, placebo twice daily, ciclosporin
ophthalmic emulsion 0.1% once daily, cyclosporine ophthalmic
emulsion 0.05% twice daily, cyclosporine ophthalmic solution
0.09% twice daily, and cyclosporine ophthalmic solution 0.09%
once daily was 277.2 (100.6), 73.2 (42.6), 72.1 (30.1), 1385
(55.9), 110.2 (41.7), 174.6 (86.1), and 138.9 (50.1), respectively.
Overall, mice in the cyclosporine ophthalmic solution 0.09%
twice-daily group had significantly higher goblet cell density
compared with mice in the placebo and NOD diseased control
groups after 60 days of treatment (P <0.01 for both, Figures 3 and
4). Similarly, the cyclosporine ophthalmic solution 0.09% twice-

Table | Phenol Red-Impregnated Thread Wetting Length (mm) in Both Eyes from Baseline to Day 60

Dose Groups Day -1 Day 15 Day 30 Day 45 Day 60
C57BIé/) normal control 48 +22 6.7 2.0 7.1 £35 83+32 133 +£23
NOD diseased control 49+ 1.6 54+ 17 5219 6.1 £2.9 7114
Placebo twice daily 49+ 13 56+ 14 6.7 +27 7.7 £36 75+23
Cyclosporine ophthalmic solution 0.09% twice daily 50+ 13 | 79+35 | 100+ 42%HS | |54 3 TS | |99 4 4 5N
Cyclosporine ophthalmic solution 0.09% once daily 4710 | 64x16 |92zx25 10.3 £ 3. 1%t 11.3 £ 2719
Cyclosporine ophthalmic emulsion 0.05% twice daily 47+ 1.2 58+ 1.0 7.1 £ 1.3 7.1 £27 88+24
Ciclosporin ophthalmic emulsion 0.1% once daily 47+12 | 70+25 | 9.1 %20 9.2 + 2.6 9.8 + 2.0

Notes: Data are shown as mean = SD (mm). N = | | mice and 22 eyes per study group. Values shown as mean for both eyes. # P<0.05, ### P<0.00| vs cyclosporine ophthalmic

emulsion 0.05%; t P<0.05, 11 P<0.01, 111 P<0.001 vs NOD diseased control; §§ P<0.01, §§§ P<0.001 vs placebo. t P<0.05 vs ciclosporin ophthalmic emulsion 0.1%.

Abbreviations: NOD, NOD.B10.H2% SD, standard deviation.
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C57BI6/] normal control
NOD diseased control

t ¢

Placebo twice daily

Cyclosporine ophthalmic
solution 0.09% twice
daily

Cyclosporine ophthalmic
emulsion 0.05% twice daily

Cyclosporine ophthalmic
-1 15 30 45 60 solution 0.09% once daily

Day Ciclosporin ophthalmic
emulsion 0.1% once daily

Mean change from baseline in phenol
red wetting length
T

Figure 2 Change from baseline in tear production through 60 days of treatment.

Notes: # P <0.05, ## P <0.01 vs cyclosporine ophthalmic emulsion 0.05%; 1 P <0.05, 11 P <0.01, +11 P <0.001 vs NOD diseased control; § P <0.05, §§ P <0.01, §§§ P <0.001
vs placebo.

Abbreviation: NOD, NOD.BI0.H2".

daily group had numerically greater number of goblet cells vs  mice receiving cyclosporine ophthalmic solution 0.09% once daily
ciclosporin ophthalmic emulsion 0.1% once daily and cyclospor-  had numerically higher mean number of goblet cells vs cyclos-
ine ophthalmic emulsion 0.05% twice daily at day 60. In addition, ~ porine ophthalmic emulsion 0.05% twice daily.

Treatment groups Right eye Left eye
C57BI6/J normal control i N
~—_Goblet
\ N/ cells
_ A e T
NOD diseased control § | -
A / Mo~ |
M 3 A &
s .
Placebo twice daily b S < 2
Cyclosporine ophthalmic & S DY
solution 0.09% twice daily 3 N
Cyclosporine ophthalmic % /7 2
solution 0.09% once daily i 2
O
Cyclosporine ophthalmic N
emulsion 0.05% twice daily AN
R\
Ciclosporin ophthalmic 3 T« - \ e \
emulsion 0.1% once daily ~ G,
Figure 3 Representative periodic acid Schiff stained conjunctival goblet cells (100x magnification) at day 60.
Abbreviation: NOD, NOD.B10.H2".
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Interleukin |- Assay

At day 60, mean (SD) IL 1-B lacrimal gland homogenate for
normal control, NOD diseased control, placebo twice daily,
ciclosporin ophthalmic emulsion 0.1% once daily, cyclospor-
ine ophthalmic emulsion 0.05% twice daily, cyclosporine
ophthalmic solution 0.09% twice daily, and cyclosporine
ophthalmic solution 0.09% once daily was 95.6 (32.2),
111.9 (68.8), 110.2 (36.3), 82.5 (27.6), 79.1 (29.7), 94.7
(33.5), and 82.5 (27.6), respectively. Although there were
no statistically significant differences between the study
groups, the cyclosporine ophthalmic solution 0.09% once-
daily group had numerically decreased levels of IL 1-B
compared to ciclosporin ophthalmic emulsion 0.1% once
daily and cyclosporine ophthalmic emulsion 0.05% twice
daily (Supplementary Figure 2).

Discussion

This preclinical study provides relevant comparative effi-
cacy data for eye care practitioners using immunosuppres-
sants (particularly cyclosporine A ophthalmic formulations)

400-
o
84 300
oL W ]
8 +
o8
5 3 _
g £ 2009 |
ES
=}
=
S 100
=

0

for the treatment of KCS. Efficacy measurements used in
this study parallel similar assessments included in previous
clinical studies.

In this study, the NOD diseased control group consis-
tently had decreased tear production and reduced goblet
cell density compared with the normal control group.
Overall, increased tear production was the most significant
change in NOD mice receiving cyclosporine ophthalmic
solution 0.09% vs mice receiving ciclosporin ophthalmic
emulsion 0.1%, cyclosporine ophthalmic emulsion 0.05%,
or placebo. Tears constantly bathe the corneal surface
creating an unbroken film to protect the eye from desiccat-
ing stress and injury. Disruptions in tear production can
lead to tear film instability, ocular inflammation, and
damage to the ocular surface.'> Tear volume is a reliable
measure of both dry eye disease and response to treatment
given that many therapeutic strategies for KCS are indi-
cated to increase tear production.®” Interestingly, the nor-
mal control group demonstrated an increase in tear
production from day 45 to day 60. Possible explanations

C57BI6/J normal
control

NOD diseased
control

A Placebo twice
daily

Figure 4 Total number of goblet cells in the conjunctiva at day 60.

Notes: {1 P <0.01 vs NOD diseased control; §§ P <0.01 vs placebo.

Abbreviations: NOD, NOD.BI0.H2”; SD, standard deviation.

Cyclosporine
ophthalmic solution
0.09% twice daily

Cyclosporine
ophthalmic solution
0.09% once daily

Cyclosporine
ophthalmic emulsion
0.05% twice daily

Ciclosporin
ophthalmic emulsion
0.1% once daily
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for this increase may be due to small sample size and
inherent genetic variability. Several studies observed simi-
lar increases in tear volume in C57BL/6 mice with
increased age and attributed it to genetic background.'®!’

Previous clinical studies demonstrate the efficacy of
cyclosporine ophthalmic solution 0.09% in improving cor-
neal staining scores and increasing tear volume in patients
with KCS.>'®2° In the phase 2b/3 study and the phase 3
study, a significantly greater number of patients receiving
cyclosporine ophthalmic solution 0.09% twice daily had
an increase of >10 mm from baseline to day 84 in
Schirmer’s test scores compared to patients receiving vehi-
cle (P <0.007 P <0.001, 5.20
Cyclosporine ophthalmic solution 0.09% twice daily sig-

and respectively).
nificantly improved corneal fluorescein staining scores vs
vehicle at day 84 of treatment in the phase 2b study
(P <0.0003) and at days 28, 56, and 84 in the phase 3
study (P <0.01 for all).>*°

Clinical studies of comparator cyclosporine
in CFS

Schirmer’s test following treatment. In the phase 4 study

A formulations show improvements and
for cyclosporine ophthalmic solution 0.05%, after 6
months of treatment, total corneal and ocular surface stain-
ing scores were significantly improved from baseline
(P <0.001%), 18.9%

a >10 mm improvement in Schirmer's score.”' Similarly,

and of patients experienced
in the phase 4 study of ciclosporin ophthalmic emulsion
0.1%, mean adjusted CFS scores significantly improved
from baseline to 6 months (P = 0.037) in patients treated
with ciclosporin ophthalmic emulsion 0.1% vs vehicle;
there was no statistical significance in Schirmer’s test for
patients receiving ciclosporin ophthalmic emulsion 0.1%
vs vehicle.”

NOD mice receiving cyclosporine ophthalmic solution
0.09% twice daily had significantly greater number of
goblet cells compared to placebo and NOD diseased con-
trol. This suggests cyclosporine ophthalmic solution
0.09% improved ocular surface hydration compared to
the groups that received placebo or no treatment. Goblet
cells secrete gel-forming mucins, which transform aqueous
tears into a mucoaqueous gel that contributes to the major-
ity of the preocular tear film and maintains hydration of
the ocular surface.'> Mucins secreted from conjunctival
goblet cells do not adhere to the epithelial surface of the
cornea—creating a soluble mucous layer that spreads over
the ocular surface through blinking and other involuntary

23,24

ocular movements. Resultantly, mucins provide

a lubricated surface allowing smooth movement of the

globe and eyelid and assisting with formation of the gly-
cocalyx—a carbohydrate-enriched coating essential for
protecting the corneal and conjunctival surface.** In addi-
tion, mucins protect ocular surface health through inhibit-
ing bacterial attachment and removing contaminants and
pollutants from the ocular surface.”* Moreover, conjuncti-
val goblet cells are essential to maintaining homeostasis
and immune tolerance of the ocular surface,25 and several
studies point to decreased goblet cells as an early sign of
KCS 2627

Although there were no significant differences in cor-
neal staining and IL 1-f levels between cyclosporine
ophthalmic solution 0.09% once and twice daily vs ciclos-
porin ophthalmic emulsion 0.1% once daily and cyclos-
0.05% twice
cyclosporine ophthalmic solution 0.09% twice daily

porine  ophthalmic  solution daily,
demonstrated numerically better corneal scores and lower
levels of IL 1-p.

Limitations of this study include the lack of baseline
scores for goblet cell density, IL 1-f estimation, and cor-
neal scoring, as well as the limited number of corneal
staining assessments performed. In addition, corneal
scores were not estimable in the normal control group
due to poor visibility against a dark iris background.
Dark iris color affects contrast appreciated with lissamine
green B dye and may influence detection of mild corneal
surface changes in the normal control group.”® Another
limitation includes extrapolation of these preclinical
results to findings in a clinical setting; further comparator
studies in patients with KCS are required to directly assess
results among current cyclosporine A formulations.

Conclusions

Overall, cyclosporine ophthalmic solution 0.09% twice
daily showed comparatively greater results for increases
in tear volume and goblet cell density in a dry eye pheno-
type mice model compared to cyclosporine ophthalmic
emulsion 0.05% and ciclosporin ophthalmic emulsion
0.1%. The improvements demonstrated in this preclinical
study support the efficacy of cyclosporine ophthalmic
solution 0.09% in treating patients with KCS.

Compliance with Ethics Guidelines

The study proposal was reviewed and approved by the
Institutional Animal Ethics Committee in India, which is
overseen by the Committee for the Purpose of Control and
Supervision of Experiments on Animals (CPCSEA). The
CPCSEA is a statutory body formed by the Act of the
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Act 1960. All recommendations by the
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