
Ocular Distribution of Cyclosporine Following Topical
Administration of OTX-101 in New Zealand White Rabbits

Sidney L. Weiss,1,2 and William G. Kramer3

Abstract

Purpose: Evaluate the ocular distribution, tolerability, and systemic exposure of cyclosporine (CsA) in New
Zealand white rabbits following topical administration of OTX-101, a novel, clear aqueous nanomicellar
solution developed for the treatment of dry eye disease (DED).
Methods: The study design included single- and repeat-dose phases. In the single-dose phase, rabbits received a
single instillation of OTX-101 0.05% or CsA ophthalmic emulsion 0.05% (Restasis�; Allergan, Irvine, CA) as a
comparator. In the repeat-dosing phase, OTX-101 (0.01%, 0.05%, or 0.1% CsA) or comparator was instilled 4 times
per day for 7 days. Samples collected included whole blood, tears, and ocular tissues/fluids (aqueous humor,
choroid-retina, conjunctiva, cornea, superior eyelid, third eyelid, iris/ciliary body, lacrimal gland, lens, sclera, and
vitreous humor). CsA concentrations were analyzed using liquid chromatography-tandem mass spectrometry.
Results: Analysis included samples from 112 rabbits. The highest concentration of CsA following a single
OTX-101 0.05% instillation occurred in the third eyelid (Cmax = 1,200 ng/g). Concentrations of CsA in the
cornea and superior bulbar conjunctiva increased in a dose-related manner following repeated administration of
OTX-101 formulations; Cmax [Tmax (h)] for cornea was 1,543 ng/g (6.50), 5,410 ng/g (7.0), and 8,123 ng/g
(6.50), for 0.01%, 0.05%, and 0.1% CsA concentrations, respectively; for superior bulbar conjunctiva was
726 ng/g (6.50), 1,468 ng/g (6.50), and 2,080 ng/g (6.25), respectively.
Conclusions: OTX-101 topical ophthalmic instillation resulted in extensive distribution of CsA in ocular
tissues, particularly in target tissues for DED (cornea and conjunctiva), while systemic exposure was negligible.
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Introduction

Cyclosporine (CsA) is a fungal-derived peptide im-
munomodulatory agent with immunosuppressant ac-

tivities. Cyclosporine inhibits calcineurin, preventing the
activation of T lymphocytes. Anti-inflammatory effects of
CsA are associated with inhibition of cell-mediated release
of proinflammatory cytokines.1,2 Systemic administration of
CsA has been used for organ recipients and in the treatment
of autoimmune disorders, due to the immunosuppressant
properties of the molecule.3 Topical ophthalmic adminis-
tration of CsA is utilized in the United States for the treat-
ment of dry eye disease (DED), a common ocular condition
associated with alterations in the tear film and ocular surface
inflammation.4–6 Cyclosporine ophthalmic emulsion 0.05%

(Restasis�; Allergan, Irvine, CA)—which is indicated to in-
crease tear production in patients with DED7—significantly
increased tear production and reduced the signs and symp-
toms of DED following topical ocular administration.8

Poor aqueous solubility of CsA has led to the develop-
ment of alternative approaches in the formulation of the
agent for delivery to the ocular surface. OTX-101 (Cequa�;
Sun Pharmaceutical Industries, Inc., Cranbury, NJ) is a
novel, nanomicellar, clear aqueous solution of CsA. OTX-
101 was approved in August 2018 by the U.S. Food and
Drug Administration (FDA) to increase tear production in
patients with keratoconjunctivitis sicca. The safety and ef-
ficacy of OTX-101 have been evaluated through late-stage
clinical investigations. OTX-101 administration signifi-
cantly reduced ocular surface staining (both cornea and
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conjunctiva) relative to vehicle in subjects with DED. In
addition, a higher proportion of subjects in the OTX-101
treatment groups demonstrated a ‡10 mm increase in un-
anesthetized Schirmer Tear Test score over a 12-week
treatment period compared to the vehicle group. Ocular
administration of OTX-101 was well tolerated.9

The objective of this nonclinical pharmacokinetic (PK)
study was to evaluate the ocular distribution, tolerability,
and systemic exposure of CsA following topical adminis-
tration of OTX-101.

Methods

Experimental design

The study was divided into 2 phases (Table 1). The first
phase involved topical ophthalmic administration of a single
dose of study drug, followed by terminal collection of tis-
sues and fluids for up to 72 h. The second phase of the study
was a repeat-dose phase, in which each animal received
multiple topical instillations of study drug before terminal
collection of tissues and fluids for up to 18 h after the last
dosing on day 7. Both phases of the study were designed to
evaluate the ocular distribution, tolerability, and systemic
distribution of CsA.

Animals

A total of 112 New Zealand white female rabbits were
used in this study. Animals were housed under standard
conditions and allowed an acclimation period of 3–4 weeks
between receipt and starting the treatment phases of the
study. The general health and ocular condition of each an-
imal were evaluated by a veterinarian before initiation of
treatment. The study plan was reviewed and approved by the
Animal Care Committee of the laboratory where the study
was conducted. All rabbits used in this study were cared for
in accordance with the principles outlined in the current
‘‘Guide for the Care and Use of Laboratory Animals, Eighth
Edition’’ published by the National Institutes of Health. The
authors confirm that use of animals in this study adhered to
the Association for Research in Vision and Ophthalmology

statement for the Use of Animals in Ophthalmic and Vision
Research.

Study drugs

The test agent, OTX-101—an aqueous solution at concen-
trations of 0.01%, 0.05%, or 0.1%—was evaluated in this
study. These concentrations correspond to an equivalent dose
of 3.5, 17.5, and 35mg of CsA in a 35mL instillation, re-
spectively. The comparator, CsA ophthalmic emulsion 0.05%,
was obtained from commercially available supplies (Restasis;
Allergan, Irvine, CA). The CsA ophthalmic emulsion was
removed from the commercial container and placed into
sterile glass vials to facilitate dispensing using a calibrated
pipette. A new pipette tip was used for each administration of
both study drugs. The OTX-101 formulations were analyzed
by the manufacturer before shipment and a certificate of
analysis was provided for each formulation used. Samples of
the OTX-101 formulation were analyzed at the end of the
study to confirm CsA stability during the study conduct.

Drug administration

Each animal was assigned to a group using a randomized
block design based on body weight. Rabbits were randomly
assigned to treatment groups of 10 or 20, in order to provide
2 animals per sampling time point (Table 1). A control
group (2 rabbits) did not receive any treatment. In the
single-dose phase of the study, the ocular distribution and
systemic exposure of CsA were evaluated following a single
bilateral instillation of either OTX-101 (0.05%) or CsA
ophthalmic emulsion (0.05%) as a comparator. In the repeat-
dose phase of the study, rabbits received 4 bilateral instil-
lations to the ocular surface per day for up to 7 consecutive
days of either OTX-101 0.01%, 0.05%, or 0.1%, or CsA
ophthalmic emulsion 0.05%, administered at 2-h intervals
(–5 min). A calibrated pipette was used to deliver 35 mL of
study drug (OTX-101 or CsA ophthalmic emulsion) to the
ocular surface (cornea and conjunctiva) of each eye. Sam-
pling times for the single-dose and repeat-dose phases of the
study are presented in Table 2.

Tolerability assessments

Cage-side clinical observations were conducted once daily
during the animal acclimation and treatment period for rab-
bits assigned to the single-dose groups. Clinical signs were
assessed twice daily for animals in the repeat-dosing treat-
ment groups, once before the first daily dose and 30 min to 1 h
after the last administration of study drug for the day. De-
tailed clinical evaluations were performed pretreatment, once
weekly during the acclimation period and before euthanasia.

Sample collection

At the scheduled sampling time, 2 animals were randomly
selected from each treatment group for collection of ocular
tissues, ocular fluids, and whole blood. A Schirmer strip
(Alcon Laboratories, Fort Worth, TX) was used to collect
tear samples. The Schirmer tear test strip was placed in the
lower conjunctival sac and the eyelids held closed until the
strip were saturated. Tear samples were placed in a separate
labeled vial on dry ice until storage at £ -60�C before
analysis. Whole blood samples (*6 mL) were collected by

Table 1. Randomized Treatment Assignment

Study group
Cyclosporine concentration

(%)
No. of
rabbits

Untreated control — 2
Single-dose phase

OTX-101 0.05 20
Comparatora 0.05 20

Repeat-dose phase
OTX-101 low dose 0.01 10
OTX-101 mid-dose 0.05 20
OTX-101 high dose 0.1 20
Comparatora 0.05 20

Each animal was assigned to a group using a randomized block
design based on body weight. Animals in the control group did not
receive any treatment. Single-dose phase groups received 1 bilateral
instillation of study drug. Animals in the repeat-dose phase groups
received 4 bilateral instillations at *2-h intervals (–5 min) for up to
7 consecutive days.

aComparator = cyclosporine ophthalmic emulsion 0.05% (Resta-
sis; Allergan, Irvine, CA).
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cardiac puncture under anesthesia just before euthanasia.
Blood samples were divided into 2 aliquots, placed on dry
ice, and moved to storage at £ -60�C before CsA analysis.
Rabbits were euthanized by an intravenous dose of sodium
pentobarbital. Immediately after euthanasia, superior bulbar
conjunctiva, third eyelid, and superior eyelid were collected
from both eyes of each animal, followed by enucleation and
removal of the lacrimal gland. Samples were frozen imme-
diately by flash freezing in liquid nitrogen and then stored at
£ -60�C until dissection; this prevented postmortem migration
of the drug between tissues. Frozen eyes were dissected to
isolate the ocular tissues and ocular fluids, including aqueous
humor, vitreous humor, cornea, lens, iris/ciliary body, cho-
roid/retina, and sclera. Samples were placed in preweighed
vials, then reweighed, and stored at £ -60�C until analysis.

Sample analysis for CsA

Samples were shipped on dry ice to a bioanalytical lab-
oratory (Intertek Pharmaceutical Services, El Dorado Hills,
CA) for CsA quantification. Each tissue was analyzed using
a validated liquid chromatography-tandem mass spectrom-
etry (LC-MS/MS) method. The lower limit of quantitation
(LLOQ) for CsA in whole blood was 0.05 ng/mL; 0.5 ng/mL
in aqueous humor and vitreous humor; 0.01 ng in cho-
roid/retina, lens, and lacrimal gland; 0.05 ng in cornea,
iris/ciliary body, sclera, conjunctiva, and eyelids; and 0.5 ng
in tears. The analyses were performed separately for each

sample matrix. Cyclosporine was extracted from Schirmer
tear test strips by incubating the strips in 1.25 mL solvent
(50:50 acetonitrile: 5 mM ammonium acetate) and diluting
the supernatant for analysis. The amount of CsA in the test
strips was normalized to sample weights to determine the
concentration results. Concentrations of CsA and an internal
standard (cyclosporine-d4) in whole blood samples were
determined by liquid-liquid extraction and subsequent
analysis by LC-MS/MS. Concentrations of CsA in aqueous
humor and vitreous humor were evaluated by protein pre-
cipitation with methanol followed by analysis of the super-
natant by LC-MS/MS. The amount of CsA in ocular tissue
samples was determined by bead homogenization in extrac-
tion buffer (20:80 acetonitrile: 50 mM ammonium acetate, pH
3.5) and protein precipitation extraction using acetonitrile
with 0.1% formic acid. An aliquot of the supernatant was
extracted further using a phospholipid removal plate and an-
alyzed by a validated LC-MS/MS method.

PK parameters

Cyclosporine concentrations in whole blood and ocular
tissues and fluids at each nominal sampling time were av-
eraged by dose and sample collection time point to create
composite animals for PK analysis. Due to the use of
composite animals, nominal sampling times were used in all
PK analyses. Samples that were identified as <LLOQ were
taken as 0. Ocular tissue samples were obtained from both
eyes for each rabbit; therefore, each animal contributed 2
samples to the composite concentrations.

The analysis of the PK parameters was conducted using
noncompartmental methods. Maximum CsA concentrations
(Cmax) and time to the maximum concentration (Tmax) in the
whole blood or ocular samples were obtained directly from
the composite data. Area under the curve from 0 to the last
sample with a composite concentration ‡LLOQ [AUC(0-t)]
was calculated using the linear trapezoidal method, which is
the standard methodology accepted by the FDA. Statistical
analysis and PK interpretation were performed using SAS�

for Windows, version 9.1.3 (Cary, NC).

Results

A total of 2,799 samples consisting of whole blood
(n = 112) and ocular tissues or fluids (n = 2,687) were re-
ceived for analysis at the bioanalytical laboratory. All whole
blood samples were included in the analysis. Twenty-four
samples (0.9%) of ocular tissue/fluids were excluded from
the analysis due to errors in sample processing, labeling
discrepancies, or samples not being received. All time points
had at least 2 replicate samples for the analysis, allowing a
sufficient number of samples to calculate the composite
animal PK parameters.

PK analysis

Single-dose phase. Cyclosporine concentrations in all
whole blood and ocular tissue/fluid samples were below the
LLOQ for the untreated control animals. A single bilateral
topical instillation of either OTX-101 0.05% or the com-
parator, CsA ophthalmic emulsion 0.05%, resulted in ex-
tensive distribution of CsA into ocular tissues. Minimal
systemic exposure to CsA was detected in the whole blood
samples. The concentrations of CsA in the composite animal

Table 2. Sample Collection Time Points

for Pharmacokinetic Analysis

Study group Sample collection time

Untreated
control

Predose

Single-dose phase
OTX-101

0.05%
Postdose: 0.25, 0.5, 1, 2, 4, 8, 12, 24, 48,

and 72 h
Comparatora Postdose: 0.25, 0.5, 1, 2, 4, 8, 12, 24, 48,

and 72 h

Repeat-dose phase
OTX-101

0.01%
Day 7: 2 h after the third dose; 0.25, 0.5, 1,

and 2 h after the fourth dose

OTX-101
0.05%

Day 4: predose (0 h)
Day 7: predose (0 h); 2 h after the third

dose; 0.25, 0.5, 1, 2, 4, 8, and 18 h after
the fourth dose

OTX-101
0.1%

Day 4: predose (0 h)
Day 7: predose (0 h); 2 h after the third

dose; 0.25, 0.5, 1, 2, 4, 8, and 18 h after
the fourth dose

Comparatora Day 4: predose (0 h)
Day 7: predose (0 h); 2 h after the third

dose; 0.25, 0.5, 1, 2, 4, 8, and 18 h after
the fourth dose

Animals in the control group did not receive any treatment and
served as the predose samples. Rabbits in the single-dose phase
groups received 1 bilateral instillation of study drug. Animals in the
repeat-dose phase groups received 4 bilateral instillations at *2-h
intervals (–5 min) for up to 7 consecutive days. Samples were
collected from 2 animals in each treatment group at each time point.

aComparator = cyclosporine ophthalmic emulsion 0.05% (Resta-
sis; Allergan, Irvine, CA).
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superior bulbar conjunctiva, cornea, and sclera after a single
instillation of either OTX-101 0.05% or CsA ophthalmic
emulsion 0.05% are presented in Fig. 1. The PK parameters
for the distribution of CsA in ocular tissues/fluids and whole
blood after single instillation are summarized in Table 3.

The rank order of exposure as measured by AUC(0-t) in
ocular tissues and ocular fluids after a single instillation of

OTX-101 0.05% was as follows: cornea > superior eyelid >
tears > third eyelid > superior bulbar conjunctiva > sclera >
iris/ciliary body > choroid/retina and lacrimal gland >
aqueous humor > lens > whole blood (Table 3). All con-
centrations of CsA in the vitreous humor were below LLOQ
following a single administration of OTX-101 0.05%.
Concentrations of CsA were higher in all ocular tissues and

FIG. 1. Composite animal
cyclosporine concentrations
in superior bulbar conjunc-
tiva (A), cornea (B), and
sclera (C) after a single top-
ical ocular instillation of
OTX-101 0.05% (open cir-
cles) or cyclosporine ophthal-
mic emulsion 0.05% (open
triangles) to New Zealand
white rabbits. Cyclosporine
ophthalmic emulsion 0.05%
(Restasis; Allergan, Irvine,
CA) was used as a compara-
tor. Samples were collected at
the following time points after
instillation: 0.25, 0.5, 1, 2, 4,
8, 12, 24, 48, and 72 h. CsA,
cyclosporine.
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fluids after a single administration of OTX-101 0.05%
compared to CsA ophthalmic emulsion 0.05%, except for
the superior eyelid and tears, as illustrated by the AUC(0-t)

ratios presented in Table 3.

Repeat-dose phase. A similar profile in the ocular dis-
tribution of CsA was observed in the samples from the
repeat-dosing phase of the study. Cyclosporine was exten-
sively distributed in ocular tissues and fluids following re-
peated dosing (4 times per day at 2-h intervals) of either
OTX-101 (0.01%, 0.05%, or 0.1%) or the comparator, CsA
ophthalmic emulsion 0.05%. Systemic exposure to CsA
increased above the level detected in the single-dose phase,
but remained minimal. PK parameters for the distribution of

CsA in ocular tissues/fluids and whole blood following re-
peat dosing of OTX-101 (0.01%, 0.05%, and 0.1%) or CsA
ophthalmic emulsion 0.05% are summarized in Table 4.

Cyclosporine concentrations in ocular tissues/fluids and
whole blood samples collected before administration of the
first dose on day 4 were comparable to the CsA concen-
trations in samples collected before the first dose on day 7.
Concentration of CsA in ocular tissues and fluids increased
in a generally dose-related manner following instillation of
OTX-101 0.01%, 0.05%, and 0.1% (Fig. 2). The AUC(0-t)

ratio comparisons between samples from the OTX-101
0.05%- and OTX-101 0.1%-administered animals ranged
from 1.43 (superior bulbar conjunctiva) to 3.29 (lacrimal
gland), with most tissue comparisons close to a 2-fold

Table 3. Composite Animal Pharmacokinetic Parameters for Cyclosporine After a Single Topical Ocular

Administration of OTX-101 0.05% or Cyclosporine Ophthalmic Emulsion 0.05%

to New Zealand White Rabbits

Matrix Parameter OTX-101 0.05% Comparatora Ratiob

Cornea Cmax (ng/g) 807 307
Tmax (h) 8.00 8.00
AUC(0-t) (h · ng/g) 27,324 12,532 2.18

Superior bulbar conjunctiva Cmax (ng/g) 862 239
Tmax (h) 1.00 0.50
AUC(0-t) (h · ng/g) 3,890 2,210 1.76

Tears Cmax (ng/g) 1,637 3,409
Tmax (h) 0.25 0.50
AUC(0-t) (h · ng/g) 7,273 28,323 0.26

Sclera Cmax (ng/g) 102 30
Tmax (h) 1.00 1.00
AUC(0-t) (h · ng/g) 1,593 613 2.60

Lacrimal gland Cmax (ng/g) 22 17
Tmax (h) 0.25 0.50
AUC(0-t) (h · ng/g) 322 261 1.23

Aqueous humor Cmax (ng/mL) 3 7
Tmax (h) 48.00 24.00
AUC(0-t) (h · ng/mL) 288 132 2.17

Vitreous humor Cmax (ng/mL) 0 0.71
Tmax (h) 0 0.25
AUC(0-t) (h · ng/mL) 0 0.43 —

Superior eyelid Cmax (ng/g) 569 1,067
Tmax (h) 1.00 4.00
AUC(0-t) (h · ng/g) 8,300 28,034 0.30

Third eyelid Cmax (ng/g) 1,200 285
Tmax (h) 0.25 1.00
AUC(0-t) (h · ng/g) 5,935 2,917 2.03

Iris/ciliary body Cmax (ng/g) 57 10
Tmax (h) 0.25 1.00
AUC(0-t) (h · ng/g) 525 257 2.04

Lens Cmax (ng/g) 2 1
Tmax (h) 24.00 48.00
AUC(0-t) (h · ng/g) 84 44 1.92

Choroid/retina Cmax (ng/g) 31 19
Tmax (h) 0.25 1.00
AUC(0-t) (h · ng/g) 327 228 1.44

Whole blood Cmax (ng/mL) 1 0.09
Tmax (h) 1.00 2.00
AUC(0-t) (h · ng/mL) 3 0.38 9.16

Samples that were identified as below the lower limit of quantitation were imputed as 0. The lower limit of quantitation for CsA in whole
blood was 0.05 ng/mL; 0.5 ng/mL in aqueous humor and vitreous humor; 0.01 ng in choroid/retina, lens, and lacrimal gland; 0.05 ng in
cornea, iris/ciliary body, sclera, conjunctiva, and eyelids; and 0.5 ng in tears.

aCyclosporine ophthalmic emulsion 0.05% (Restasis; Allergan, Irvine, CA) was used as the comparator.
bRatio of AUC(0-t) for OTX-101 0.05% to cyclosporine ophthalmic emulsion 0.05%.
AUC(0-t), area under the concentration-time curve from 0 to the last sample; Cmax, maximum cyclosporine concentration; CsA,

cyclosporine; Tmax, time to the maximum cyclosporine concentration.
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increase in dose (Table 4). Ocular tissue, ocular fluid, and
whole blood concentrations of CsA were higher after repeated
topical administration of OTX-101 0.05% than the compara-
tor, CsA ophthalmic emulsion 0.05%, except for lacrimal
gland, superior eyelid, and tears. Concentrations of CsA were
higher after repeated topical administration of OTX-101 0.1%
versus the comparator in all ocular tissues and fluids, except
for the superior eyelid (Table 4). The rank order of exposure
based on AUC(0-t) in ocular tissues and ocular fluids after
repeated administration of OTX-101 0.05% and OTX-101
0.1% was superior eyelid and cornea > tears > third eyelid >
superior bulbar conjunctiva > sclera > iris/ciliary body > lens
> choroid/retina, lacrimal gland, and aqueous humor > vitre-
ous humor > whole blood (Table 4). An increase in CsA
exposure, as measured by AUC(0-t), was observed in all ocular
tissues following repeated administration. The ratios of the
repeat-dose AUC(0-t) to single-dose AUC(0-t) ranged from
1.40 for the lacrimal gland to 11.69 for the lens, indicating
accumulation in ocular tissues with repeat dosing (Table 5).

Safety assessments

Tolerability. No treatment-related clinical signs were
observed following administration of either OTX-101 or the
comparator, CsA ophthalmic emulsion 0.05%. No mortality
occurred during the conduct of the study. Body weights
were unaffected by treatment and were comparable to
control animals.

Discussion

The product, OTX-101, evaluated in this study is intended
for topical ocular treatment of DED. From pioneering work
by Stern et al. describing the pathogenesis of immune-
mediated DED, it is known that for the treatment of DED,
the target tissue sites of action for CsA are the conjunctiva
and cornea.10,11 Understanding PK at the site of action,
demonstrating free drug exposure in these tissues, and de-
termining if the drug achieves desired target concentrations

Table 4. Composite Animal Pharmacokinetic Parameters for Cyclosporine After Repeated Topical Ocular

Administration (4 Applications Per Day for 7 Days) of OTX-101 (0.01%, 0.05%, or 0.1%) or the Comparator,

Cyclosporine Ophthalmic Emulsion 0.05%, to New Zealand White Rabbits

Matrix Parameter OTX-101 0.01% OTX-101 0.05% OTX-101 0.1% Comparatora

Cornea Cmax (ng/g) 1,543 5,410 8,123 3,075
Tmax (h) 6.50 7.00 6.50 6.25
AUC(0-t) (h · ng/g) 2,837 72,003 105,640 36,011

Superior bulbar conjunctiva Cmax (ng/g) 726 1,468 2,080 1,462
Tmax (h) 6.50 6.50 6.25 6.25
AUC(0-t) (h · ng/g) 987 6,778 9,679 5,890

Tears Cmax (ng/g) 3,429 2,452 4,173 9,420
Tmax (h) 8.00 6.25 6.50 6.00
AUC(0-t) (h · ng/g) 3,518 15,649 28,552 28,588

Sclera Cmax (ng/g) 94 261 592 166
Tmax (h) 6.25 6.50 7.00 6.25
AUC(0-t) (h · ng/g) 164 2,579 5,010 1,398

Lacrimal gland Cmax (ng/g) 78 64 271 141
Tmax (h) 6.50 7.00 8.00 6.50
AUC(0-t) (h · ng/g) 92 450 1,483 1,002

Aqueous humor Cmax (ng/mL) 13 52 114 28
Tmax (h) 6.50 6.50 10.00 6.50
AUC(0-t) (h · ng/mL) 22 787 1,407 334

Vitreous humor Cmax (ng/mL) 0.14 1 3 0.72
Tmax (h) 6.25 7.00 6.50 6.50
AUC(0-t) (h · ng/mL) 0.02 16 26 3

Superior eyelid Cmax (ng/g) 2,450 6,458 10,518 12,795
Tmax (h) 6.50 6.50 24.00 7.00
AUC(0-t) (h · ng/g) 2,602 41,092 106,250 118,504

Third eyelid Cmax (ng/g) 727 2,003 3,460 934
Tmax (h) 6.25 6.25 6.25 6.25
AUC(0-t) (h · ng/g) 916 8,906 17,118 5,807

Iris/ciliary body Cmax (ng/g) 32 138 391 69
Tmax (h) 6.50 14.00 10.00 8.00
AUC(0-t) (h · ng/g) 51 2,070 3,799 721

Lens Cmax (ng/g) 11 61 126 22
Tmax (h) 8.00 24.00 14.00 6.25
AUC(0-t) (h · ng/g) 21 985 2,169 324

Choroid/retina Cmax (ng/g) 22 67 158 54
Tmax (h) 7.00 7.00 7.00 7.00
AUC(0-t) (h · ng/g) 39 855 1,536 431

Whole blood Cmax (ng/mL) 0.33 2 6 0.56
Tmax (h) 6.25 6.50 6.50 6.00
AUC(0-t) (h · ng/mL) 0.48 7 16 3

aCyclosporine ophthalmic emulsion 0.05% (Restasis; Allergan, Irvine, CA) was used as the comparator.
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are important factors in drug development.12 For CsA to
inhibit calcineurin in target tissues, an estimated tissue
concentration of 10–20 mg/g has to be achieved.13 However,
for topical ocular drugs administered by the patient, sub-
optimal therapy is expected due to anticipated poor patient
treatment adherence; therefore, in topical ocular drug de-
velopment, the highest practical target tissue concentrations
that can be achieved without causing acute or chronic tox-
icity are desired.14 In this nonclinical PK study, OTX-101
resulted in approximately double the CsA concentration in
the conjunctiva and cornea after a single (0.05%) or repeat
(0.05% and 0.1%) dosing compared with the commercially
available CsA ophthalmic emulsion 0.05%. There were

comparable levels of CsA in other DED-relevant tissues or
fluids, such as tear film, aqueous humor, and lacrimal gland,
following single and repeat doses of OTX-101 and CsA
ophthalmic emulsion 0.05%, with very low concentrations
in the peripheral blood (Cmax <7 ng/mL). These higher
concentrations of ocular surface CsA after OTX-101 dosing
may translate to a better clinical response after treatment
with OTX-101 in DED compared with CsA ophthalmic
emulsion 0.05%; however, additional studies are needed to
confirm this hypothesis.

Despite rapid and extensive distribution of CsA in ocular
tissues of the anterior segment following topical ocular
administration of OTX-101 in this study, there were no signs

FIG. 2. Composite animal
cyclosporine concentrations
in the cornea following re-
peat dosing for 7 consecutive
days of OTX-101 0.01%
(open diamonds), OTX-101
0.05% (open circles), OTX-
101 0.1% (open squares), or
cyclosporine ophthalmic
emulsion 0.05% (open trian-
gles) to New Zealand white
rabbits. Cyclosporine ophthal-
mic emulsion 0.05% (Restasis;
Allergan, Irvine, CA) was used
as a comparator. Samples were
collected at the following time
points after the fourth (hour 6)
dose of OTX-101 0.05%,
OTX-101 0.1%, and the com-
parator on day 7: 0.25, 0.5, 1, 2,
4, 8, and 18 h. Samples were
collected at the following time
points after the fourth dose of
OTX-101 0.01% on day 7:
0.25, 0.5, 1, and 2 h.

Table 5. Ratio of Area Under the Concentration-Time Curve from Time 0 to the Last Sample

for OTX-101 0.05% Administered as Repeated Versus Single Dose to New Zealand White Rabbits

Matrixa

Single-dose Repeat-dose

Ratio (repeat/single)OTX-101 0.05% OTX-101 0.05%

Cornea 27,324 72,003 2.64
Superior bulbar conjunctiva 3,891 6,778 1.74
Tears 7,273 15,649 2.15
Sclera 1,593 2,579 1.62
Lacrimal gland 322 450 1.40
Aqueous humor 288 787 2.73
Vitreous humor 0 16 —
Superior eyelid 8,300 41,092 4.95
Third eyelid 5,935 8,906 1.50
Iris/ciliary body 525 2,070 3.94
Lens 84 985 11.68
Choroid/retina 327 855 2.61
Whole blood 3 8 2.19

Rabbits in the single-dose phase of the study received 1 bilateral instillation of study drug. The repeat-dose phase animals received 4 bilateral
instillations at *2-h intervals (–5 min) for up to 7 consecutive days. Samples that were identified as below the lower limit of quantitation were
imputed as 0. The lower limit of quantitation for CsA in whole blood was 0.05 ng/mL; 0.5 ng/mL in aqueous humor and vitreous humor;
0.01 ng in choroid/retina, lens, and lacrimal gland; 0.05 ng in cornea, iris/ciliary body, sclera, conjunctiva, and eyelids; and 0.5 ng in tears.

aUnits for all ocular tissue AUC(0-t) are h · ng/g and h · ng/mL for aqueous humor, vitreous humor, and whole blood.
AUC(0-t), area under the concentration-time curve from 0 to the last sample; CsA, cyclosporine.
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of toxicity. The dosing was well tolerated, despite the higher
concentrations of CsA attained in most ocular tissues after
OTX-101 compared to CsA ophthalmic emulsion 0.05%.
Ocular tissues and ocular fluid concentrations of CsA were
observed to increase in a generally dose-related manner
following instillation of OTX-101 0.01%, 0.05%, and 0.1%,
suggesting that the novel aqueous formulation results in
increased target tissue concentrations of CsA compared with
the commercially available CsA suspension. In addition, a
ratio of the repeat-dose (4 times a day for 7 days) AUC(0-t)

to single-dose AUC(0-t) ranged from 1.40 for the lacrimal
gland to 11.68 for the lens for OTX-101, and 2.28 for sclera
and 7.35 for the lens for the comparator, CsA ophthalmic
emulsion 0.05% (data not shown), indicating accumulation
in ocular tissues with repeat dosing with both formulations.
Accumulation of the drug in tissue occurs if drug intake
exceeds drug elimination, especially when a drug is re-
peatedly administered.15 Although toxicity was not ob-
served with these CsA concentrations, the observed drug
accumulation suggests that 4 times a day dosing may be
excessive, may lead to accumulation, and may increase the
chance of development of toxicity.

A limitation of this study is that the in vivo methodology used
is not always predictive of the tissue penetration in a clinical
setting. However, the corresponding clinical PK studies that
would address this limitation cannot ethically be carried out as
they would involve potential damage to the subject’s eyes.

In conclusion, the results of this study indicate that OTX-
101 was well tolerated following single and repeated ad-
ministrations and produced higher concentrations of CsA in
the cornea, conjunctiva, and most other ocular tissues, than
the comparator, the currently marketed CsA ophthalmic
emulsion 0.05%. Systemic exposure was minimal following
topical ophthalmic administration of OTX-101.
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