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Purpose: To compare the aqueous humor (AH) and iris-ciliary body (ICB) concentration of 

bimatoprost in rabbit eyes treated with ISV-215 (0.03% bimatoprost formulated in DuraSite) 

with the marketed product bimatoprost 0.03% ophthalmic solution.

Methods: The left eye of rabbits received a single topical instillation of either ISV-215 (n = 32 

eyes) or bimatoprost 0.03% (n = 32 eyes). At predetermined time points, levels of bimatoprost 

and bimatoprost acid in the AH and the ICB were quantified by HPLC-MS/MS.

Results: Both bimatoprost and bimatoprost acid were detected in the AH and the ICB within 

15  minutes of dosing. Bimatoprost acid concentrations in both compartments were mark-

edly higher than bimatoprost. There was a statistically significant (P , 0.01) increase in the 

concentration of the prodrug in the AH and its acid form in the ICB in animals treated with 

ISV-215 compared to bimatoprost 0.03%. In the ISV-215-treated rabbit eyes, the highest con-

centrations of bimatoprost and bimatoprost acid were in the ICB and AH, respectively, while 

in the bimatoprost 0.03%-treated eyes, no differences in the drug content of the selected ocular 

tissues were observed.

Conclusions: Bimatoprost 0.03% formulated in DuraSite has superior ocular distribution and 

area under the curve compared to bimatoprost 0.03% in rabbit eyes. This improvement in the 

pharmacokinetic parameters of ISV-215 may provide us with a better platform to optimize a 

bimatoprost formulation that offers the same degree of efficacy in lowering intraocular pressure 

and improved therapeutic index in glaucomatous patients by lessening the ocular side effects 

associated with long-term use of topical prostaglandin F
2α analogs.

Keywords: drug delivery, intraocular pressure, glaucoma, aqueous humor, prostaglandin 

(PGF
2α) analogs

Introduction
Effective intraocular pressure (IOP) lowering appears to be the most common way to 

slow retinal ganglion cell apoptosis and optic nerve atrophy in patients with primary 

open-angle glaucoma (POAG).1 IOP lowering is achieved by one or more parameters 

of aqueous humor (AH) dynamics, including reducing AH production or increasing 

AH outflow through the trabecular meshwork (TM) or through the uveoscleral pathway. 

Prostaglandin (PG)-F
2α analogs are considered the most effective agents to enhance 

uveoscleral outflow, and are more efficacious in lowering IOP compared to other classes 

of ocular hypotensive drugs.2–6 Bimatoprost, latanoprost, travoprost, and tafluprost are 

the only approved PGF
2α analogs in the US. These hypotensive agents are formulated for 
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ophthalmic use as ester or amide prodrugs in order to improve 

their ocular penetration across lipophilic corneal epithelial 

cells, and to improve the stability and side-effect profile of 

the active PGF
2α.7–9 Prodrugs are rapidly hydrolyzed into their 

free acid forms by the esterases and aminopeptidases present 

in the eye, which then allows the hydrolyzed active form to 

bind PG receptors (FP receptors) present in the iris-ciliary 

body (ICB) and TM cells to facilitate outflow.10–13

Bimatoprost is an ethyl amide prodrug of 17-phenyl-

trinor PGF
2α, and is one of the most frequently prescribed 

therapeutics for the treatment of ocular hypertension. Clinical 

trials have shown bimatoprost to be better than or equal to 

latanoprost or travoprost in lowering IOP; this may be due 

to the higher affinity of bimatoprost acid for the FP receptor 

than latanoprost acid or travoprost acid.5,14–17 However, like 

other PGF
2α analogs, bimatoprost has been associated with 

side effects, such as superficial irritation, hyperpigmentation 

of iris, periorbital tissue, and eyelashes, eyelash growth, and 

conjunctival hyperemia.18,19

Bimatoprost is marketed as Lumigan (Allergan, Irvine, 

CA, USA) at concentrations of 0.01% and 0.03% in the US. 

In a 12-month, double-masked, multicenter, randomized, 

controlled clinical trial comparing different concentrations 

of bimatoprost (0.01% vs 0.03%) for efficacy and toler-

ability, the 0.01% concentration was clinically equivalent to 

0.03% bimatoprost with significantly improved tolerability, 

including less frequent or severe conjunctival hyperemia.20 

Achieving equivalent IOP reduction for bimatoprost 0.01% 

formulation necessitated improved ocular penetration. This 

was achieved by increasing the concentrations of benzalko-

nium chloride (BAC) by fourfold compared to bimatoprost 

0.03% (0.005% vs 0.02%). In this situation, BAC is acting 

both as a preservative and as an excipient to elevate bimato-

prost transcorneal penetration.20,21 However, BAC has also 

been associated with a variety of side effects in the eye, 

including induction of inflammation, dry eye, and corneal 

epithelial changes.22 Drug-delivery systems such as DuraSite 

(InSite Vision, Alameda, CA, USA) have the potential to 

improve ocular pharmacokinetics of an active ingredient by 

prolonging the residence time on the ocular surface without 

the need to increase BAC levels in the formulation.

DuraSite is a polycarbophil-based ophthalmic delivery 

system that forms a stable mucoadhesive matrix to maintain 

contact with various ocular tissues by increasing formulation 

residence time, especially in the conjunctiva. Currently, there 

are two approved ophthalmic products marketed in the US 

with DuraSite as the bioadhesive support matrix: AzaSite (1% 

azithromycin) and Besivance (0.6% besifloxacin). In clinical 

trials, AzaSite resolved bacterial conjunctivitis within 5 days; 

the dosing regimen included drug administration twice 

daily for the first 2 days, followed by once daily for 3 days, 

providing a more convenient therapeutic course than either 

aminoglycoside or fluoroquinolone in their current ophthal-

mic formulations.23 In clinical trials in adults and children, 

Besivance was efficacious in treating bacterial conjunctivitis 

when administered twice daily for only 3 days compared to 

the vehicle.24,25

In this study, we evaluated ISV-215 ocular pharmacoki-

netics compared to the commercially available bimatoprost 

0.03%, and hypothesized the former would be superior in 

terms of drug penetration into the ocular tissues. Lower 

concentrations of active ingredients and BAC content are pos-

sible with the DuraSite technology. Taken together, the novel 

formulation of ISV-215 may have the properties necessary 

to improve both the efficacy and tolerability of bimatoprost/

bimatoprost acid in POAG patients.

Materials and methods
DuraSite formulations were prepared using polycarbophil 

USP obtained from Lubrizol (Wickliffe, OH, USA); bimato-

prost was purchased from Flavine North America (Closter, 

NJ, USA). Lumigan 0.03% was purchased as a commercial 

product.

Animals
All animals were treated according to the European 

Convention and the Association for Research in Vision 

and Ophthalmology Statement for the Use for Animals in 

Ophthalmic and Visual Research.

Male and female pigmented rabbits (HY79b), approxi-

mately 3  months old and weighing 2.33–3.61  kg, were 

obtained from Hypharm (Roussay, France). All animals 

were kept in individual cages in a room maintained at 

22°C ± 2°C, with relative humidity at 55% ± 10% and a 

12-hour light/dark cycle. The animals were fed a standard 

pellet diet and tap water ad libitum. Macroscopic exami-

nations, including the presence of conjunctival hyperemia 

of the rabbit eyes, were performed at baseline and prior to 

euthanasia. Only healthy animals with normal eyes were 

selected for the study.

Experimental design and sample 
collection
Male (n = 32) and female (n = 32) pigmented rabbits were 

randomized into two groups based on body weights, using 

the randomization function in Microsoft Excel software. 
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Utilizing a micropipette, the left eye (n = 32 eyes/group) of 

conscious rabbits received one topical instillation (35 µL) of 

either ISV-215 (0.03% bimatoprost formulated in DuraSite) 

or commercially available bimatoprost 0.03%. At predeter-

mined time points (0.25, 0.5, 1, 2, 4, 6, 12, and 24 hours 

postdose), four rabbits (two from each sex)/group were 

first anesthetized with xylazine (5  mg/kg) and ketamine 

(35 mg/kg) for blood/plasma collection (samples were not 

analyzed), and then they were euthanized by cardiac injection 

of pentobarbital. At least 50 µL of AH was aspirated using 

a 26-gauge needle attached to a 1-mL syringe, placed in a 

preweighed labeled centrifuge tube, reweighed, and immedi-

ately placed in liquid nitrogen. Eyes were enucleated, ocular 

tissues including ICB were dissected, and particular attention 

was paid to avoid tissue cross-contamination. Samples were 

weighed and processed as aforementioned and stored frozen 

until analysis.

Bioanalytical analysis
AH and ICB were assayed by HPLC-MS/MS methods. In 

brief, bimatoprost, bimatoprost acid and internal standards 

tetradeuterated bimatoprost-d
4
 (Favine), and bimatoprost 

free acid-d
4
 (USP, Rockville, MD, USA) were extracted 

from the rabbits’ ICB and AH (50  µL) with acidified 

acetonitrile. Extractions were evaporated to dryness with 

nitrogen at 40°C, and reconstituted in the mobile phase. 

Bimatoprost and bimatoprost acid were separated on a 

C-18 column in an liquid chromatography-mass spectrom-

etry (LCMS) system. The lower limits of quantification 

for ICB bimatoprost and bimatoprost acid  were 0.1 ng/

mL, and for AH bimatoprost and bimatoprost acid  were 

0.2 ng/mL and 0.5 ng/mL, respectively. Mass spectrometry 

was performed on the HPLC fractions using a Sciex API 

5000  mass spectrometer (AB/SCIEX, Concord, Ontario, 

Canada). The working ranges for bimatoprost and bimato-

prost acid were 0.2–100 ng/mL for AH and 0.05–100 ng/mL  

for ICB samples.

Data analysis
The mean AH and ICB concentrations of bimatoprost and 

bimatoprost acid were determined using data from four 

rabbits at each time point. The following pharmacokinetic 

parameters were determined for AH and ICB: maximum 

mean concentration (C
max

), time to achieve C
max

 (T
max

), and 

area under the AH/ICB concentration–time curve from time 

0.25 to 24 hours (AUC
0.25–24 h

). The mean concentration for 

all values at given time points were used for AUC
0.25–24 h

 cal-

culations using the trapezoidal method. Calculations were 

performed using Microsoft Excel.

One-way analysis of variance followed by Bonferroni 

posttest statistical analysis was performed by Prism (ver-

sion 5.0) statistical software (GraphPad Software, La Jolla, 

CA, USA). Values of P , 0.05 were considered statistically 

significant.

Results
Both bimatoprost and bimatoprost acid were detectable in 

both the AH and ICB of rabbit eyes at 0.25 hour postdosing 

of 35 µL of ISV-215 or bimatoprost 0.03%. Table 1 lists the 

ocular pharmacokinetic parameters of bimatoprost for AH 

and ICB after a single instillation; Table 2 lists the ocular 

pharmacokinetic parameters of bimatoprost acid in AH and 

ICB after a single instillation. In rabbit eyes receiving ISV-

215, bimatoprost distributed into the eye rapidly achieved 

AH concentrations of 26.57 ± 19.16 ng/mL (C
max

) at 0.5 hour 

postdose (T
max

), which was significantly (P , 0.05) higher 

than C
max

 values of bimatoprost 0.03%. Bimatoprost was 

quantifiable in all the AH samples (4/4) between the 0.25- 

and 1-hour time points, in three eyes (75%) at 2 hours and in 

one eye (25%) at 4 hours. Bimatoprost concentrations were 

below quantifiable levels between the 6- and 24-hour time 

points. In AH, bimatoprost hydrolyzed rapidly to its free acid, 

reaching concentrations fourfold higher than the parent amide 

(103.4 ± 42.36 ng/mL) at 2 hours postdose (T
max

). Bimatoprost 

acid was quantifiable in all the AH samples (4/4) up to 6 hours 

Table 1 Pharmacokinetic parameters of bimatoprost in aqueous humor (AH) and iris-ciliary body (ICB) for rabbit eyes receiving a 
single instillation of ISV-215 (0.03% bimatoprost formulated in DuraSite) or bimatoprost 0.03% ophthalmic solution

Pharmacokinetic  
parameters

AH 
ISV-215 (SD)

AH bimatoprost  
0.03% (SD)

Fold increase ICB 
ISV-215 (SD)

ICB bimatoprost  
0.03% (SD)

Fold increase

Cmax (ng/g or mL) 26.57 (19.16) 
(64.02 nM)

12.11 (21.72) 
(29.18 nM)

2.2 65.05 (26.20) 
(156.8 nM)

10.73 (9.01) 
(25.86 nM)

6.1

Tmax (hours) 0.5 1 – 0.5 0.5 –
AUC0.25–24 h (ng/g⋅h  
or ng/mL⋅h)

24.29 12.31 2.0 95.14 14.44 6.6

Notes: Values are means ± standard deviation (SD).
Abbreviations: Cmax, maximum concentration; Tmax, time to reach maximum concentration; AUC0.25–24 h, area under the concentration–time curve from 0.25 to 24 hours.
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Figure 1 Aqueous humor (AH) concentrations of bimatoprost (A) and bimatoprost acid (B) after a single topical instillation of ISV-215 or bimatoprost 0.03% in pigmented 
rabbits. Results are means ± standard deviation, n = 4 rabbits per time point. Two-way analysis of variance followed by Bonferroni multiple comparisons.
Notes: †P , 0.05; *P , 0.001; **P , 0.0001 versus bimatoprost 0.03%.

Table 2 Pharmacokinetic parameters of bimatoprost acid in aqueous humor (AH) and iris-ciliary body (ICB) for rabbit eyes receiving 
a single instillation of ISV-215 (0.03% bimatoprost formulated in DuraSite) or bimatoprost 0.03% ophthalmic solution

Pharmacokinetic 
parameters

AH 
ISV-215 (SD)

AH bimatoprost 
0.03% (SD)

Fold increase ICB 
ISV-215 (SD)

ICB bimatoprost  
0.03% (SD)

Fold increase

Cmax (ng/g or mL) 103.4 (42.36) 
(248.8 nM)

29.58 (26.37) 
(71.28 nM)

3.5 68.21 (33.00) 
(164.4 nM)

18.38 (4.05) 
(44.34 nM)

3.7

Tmax (hours) 2 1 – 0.5 0.25 –
AUC0.25–24 h (ng/g⋅h or  
ng/mL⋅h)

302.6 98.79 3.1 207.7 56.76 3.7

Notes: Values are means ± standard deviation (SD).
Abbreviations: Cmax, maximum concentration; Tmax, time to reach maximum concentration; AUC0.25–24 h, area under the concentration–time curve from 0.25 to 24 hours.

postdose, in one eye (25%) at the 12-hour time point, and 

in no eyes at the 24-hour time point. In the eyes treated 

with bimatoprost 0.03%, the AH concentrations of bimato-

prost and bimatoprost acid were significantly (P , 0.0001) 

lower than in eyes treated with ISV-215, with C
max

 values of 

12.11 ± 21.72 ng/mL and 29.58 ± 26.37 ng/mL at 1 hour 

postdose (T
max

), respectively. In bimatoprost 0.03%-treated 

eyes, bimatoprost was quantifiable in all (4/4) the AH samples 

at 0.25 and 0.5 hour, in three eyes (75%) at 1 hour postdose, 

in no eyes at 2  hours postdose, and in one eye (25%) at 

4 hours postdose, with undetectable AH levels at the 12- and 

24-hour time points. Bimatoprost acid was detected in four 

of four rabbit eyes at the 0.25- and 0.5-hour time points, in 

three eyes (75%) between the 1- and 6-hour time points and 

was undetectable at the 12- and 24-hour time points. AH 

drug exposure (AUC
0.25–24 h

) was two- and 3.1-fold higher 

for bimatoprost (24.29 ng/mL⋅h versus 12.31 ng/mL⋅h) and 

bimatoprost acid (302.6  ng/mL⋅h versus 98.79  ng/mL⋅h), 

respectively, in the ISV-215 group compared to the bimato-

prost 0.03% group (Figure 1).

The concentrations of both bimatoprost and bimato-

prost acid in ICB were higher than the concentrations of 

both bimatoprost and bimatoprost acid in AH in the ISV-

215-treated eyes. ISV-215-treated eyes had C
max

 values of 

65.05 ± 26.20 ng/mL and 68.21 ± 33.00 ng/mL for bimato-

prost and bimatoprost acid, respectively, at 0.5 hour post-

dose (T
max

). Bimatoprost concentrations were significantly 

higher at the 0.25- and 0.5-hour time points (P , 0.001) 

compared to bimatoprost 0.03%, and bimatoprost acid 

concentrations were higher at the 0.5- and 1-hour time 

points (P , 0.0001) and the 2-hour time point (P , 0.001) 

compared to bimatoprost 0.03%. Bimatoprost was quantifi-
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able in all ICB samples (4/4) between the 0.25- and 2-hour 

time points, in two eyes (50%) at the 4- and 24-hour time 

points and in three eyes (75%) at the 6- and 12-hour time 

points. Bimatoprost acid was detectable in all the ICB 

samples (4/4) between the 0.25- and 6-hour time points, in 

two eyes (50%) at the 12-hour time point, and in one eye 

(25%) at the 24-hour time point. The ICB concentrations 

of bimatoprost and bimatoprost acid were 6.1- and 3.7-fold 

lower in the bimatoprost 0.03%-treated eyes compared to 

ISV-215-treated eyes. The highest bimatoprost and bimato-

prost acid concentrations in ICB for this treatment were 

10.73 ± 9.01 ng/mL and 18.38 ± 4.05 ng/mL, respectively, 

at 0.5 hour postdose. Bimatoprost was quantifiable in all ICB 

samples (4/4) up to 0.5 hour and in three eyes (75%) at 1 hour 

postdose, in none of the eyes at the 2-, 4-, 12-, and 24-hour 

time points, and in one eye (25%) at the 6-hour time point. 

Bimatoprost acid was quantifiable in all ICB samples up to 

0.5 hour, in three samples between 1 and 6 hours postdose, 

in none of the eyes at the 12-hour time point, and in one eye 

at the 24-hour time point. ICB drug exposure (AUC
0.25–24 h

) 

was 6.6- and 3.7-fold higher for bimatoprost (95.14 ng/g·h 

versus 14.44  ng/g·h) and bimatoprost acid (207.7  ng/g·h 

versus 56.76 ng/g·h), respectively, in the ISV-215-treated 

eyes compared to bimatoprost 0.03%-treated eyes (Figure 2). 

Macroscopic examination of the treated and untreated eyes 

showed no signs of conjunctival hyperemia, ocular irritation, 

or tolerability after single instillation of test articles at any 

of the time points studied.

Discussion
PGF

2α analogs are the most effective class of pharmaceutical 

agents to date for lowering IOP and slowing retinal ganglion 

cell death. Their mechanism of action appears to be through 

the prostanoid FP receptor. FP receptors have been detected 

in normal human ocular tissues, including corneal epithelial 

cells; on TM endothelial cells in the outer portions of the 

meshwork; along Schlemm’s canal and collector channels; 

and in individual cells in the iris stroma, iris-sphincter muscle, 

and ciliary body.12,13,26 Engaging these FP receptors leads to 

a reduction in collagen synthesis,7,27 an increase in matrix 

metalloproteinases,7,27–31 and to alterations in the shape of 

ciliary muscle cells.32

The mechanism of action behind the ability of bimato-

prost to lower IOP is not completely understood; however, 

in some preclinical and clinical pharmacokinetic studies, 

bimatoprost was shown to remain mostly unchanged with 

minimal conversion to its free acid form.14,33,34 These inves-

tigators showed that unlike latanoprost (another PG analog) 

that rapidly and almost completely hydrolyzed to its free 

acid form in the AH, bimatoprost was detected in levels well 

above its half-maximal effective concentration (EC
50

) values 

in the AH and ICB, with very low levels of bimatoprost acid 

that did not reach EC
50

 values high enough to be therapeutic. 

These observations have led researchers to question whether 

the IOP-lowering properties of this particular PG are through 

a yet-to-be-identified prostamide receptor(s). Other investiga-

tors have demonstrated significant hydrolysis of bimatoprost 
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Figure 2 Iris/ciliary body (ICB) concentrations of bimatoprost (A) and bimatoprost acid (B) after a single topical instillation of ISV-215 or bimatoprost 0.03% in pigmented 
rabbits. Results are means ± standard deviation, n = 4 rabbits per time point. Two-way analysis of variance followed by Bonferroni multiple comparisons.
Notes: *P , 0.001; **P , 0.0001 versus bimatoprost 0.03%.
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to its free acid form in the eye, suggesting a typical PGF
2α 

analog prodrug IOP-lowering effect through the FP-receptor 

activation as a more plausible mechanism of action.11,35

In our study, bimatoprost rapidly hydrolyzed to bimatoprost 

acid in the AH and ICB of rabbit eyes, reaching concentra-

tions well above the EC
50

 values (103.4 ng/mL or 248.8 nM 

2 hours postdose, and 68.21 ng/g or 164.4 nM 0.5 hour post-

dose, respectively), which is consistent with other published 

preclinical and clinical data supporting the role of bimato-

prost acid for lowering IOP.11,35,36 ISV-215 formulation also 

increased bimatoprost levels in the AH and ICB (26.57 ng/

mL or 64.02 nM and 65.05 ng/mL or 156.8 nM 0.5 hour 

postdose, respectively), reaching reported EC
50

 values for 

human ciliary smooth-muscle cells, compared to results with 

just bimatoprost 0.03% alone. However, a wide range of EC
50

 

values have been reported for bimatoprost by various groups: 

140 nM in cat iris-sphincter smooth-muscle cells to 1.7 nM in 

human ciliary smooth-muscle cells.37,38 Therefore, in bimato-

prost 0.03%-treated eyes, bimatoprost concentrations in the 

AH and ICB (12.11 ng/mL or 29.18 nM 1 hour postdose, and 

10.73 ng/mL or 25.86 nM 0.5 hour postdose, respectively) may 

not be sufficient to activate the compound’s receptors based 

on the data reported by Sharif and colleagues.37 Further work 

by independent laboratories is required to investigate the 

reported discrepancies in the EC
50

 values for bimatoprost. 

The bimatoprost AH and ICB exposure was increased in 

the ISV-215 formulation by 2.2- and 6.1-fold, respectively, 

and for bimatoprost acid by 3.5- and 3.7-fold, respectively, 

compared with bimatoprost 0.03%. These data clearly dem-

onstrate the superiority of the DuraSite formulation in deliv-

ering high levels of bimatoprost to the eye. Therefore, whether 

bimatoprost is classified as an active drug or a prodrug, the 

ISV-215 formulation in DuraSite has the ability to prolong 

the residence time of bimatoprost on the ocular surface, 

which in turn leads to high levels of both bimatoprost and/

or bimatoprost acid activating their respective receptors. In 

this scenario, bimatoprost and its acid form can potentially 

have an additive or a synergistic effect in lowering IOP in 

patients with ocular hypertension.

In clinical trial studies, bimatoprost 0.03% in its current 

marketed formulations has been shown to be better or equal 

in lowering IOP compared to latanoprost.19,39 However, high 

incidences of conjunctival hyperemia (37.4%) in patients 

being treated with bimatoprost 0.03% may lead to noncompli-

ance in some cases.20 The DuraSite formulation significantly 

(P ,  0.05) improved the drug distribution of bimatoprost 

and its acid form in the AH and ICB, potentially providing 

a platform to lower the bimatoprost concentration while 

maintaining adequate efficacy paired with a lower side-effect 

profile. Indeed, in a clinical trial, lower-concentration bimato-

prost 0.01% formulation was shown to be as efficacious as 

bimatoprost 0.03%, with significantly reduced incidences of 

moderate-to-severe conjunctival hyperemia, skin hyperpig-

mentation, and eye pruritus.20,40 To achieve better ocular pen-

etration of the drug and maintain efficacy, the concentration of 

BAC in bimatoprost 0.01% (Lumigan 0.01%) was quadrupled 

from 0.005% to 0.02%. In vitro studies have shown that BAC 

improves drug penetration through the corneal epithelial layer 

by making tight junctions more porous.21,41 However, in a recent 

preclinical pharmacokinetic study comparing bimatoprost 

0.01% to bimatoprost 0.03% in rabbit eyes, no improvements 

in bimatoprost acid ocular penetration were observed with 

bimatoprost 0.01% levels 3.3- and −2.2-fold lower than bimato-

prost 0.03% at 30 and 90 minutes, respectively, following topi-

cal administration (bimatoprost levels were not reported).42 To 

date, no comparative clinical pharmacokinetic study has been 

reported with the two bimatoprost concentrations to clarify 

the role of increasing BAC in improving ocular distribution in 

healthy volunteers. ISV-215 achieved superior ocular pharma-

cokinetics with BAC concentrations of 0.001%, fivefold less 

than bimatoprost 0.03% and 20-fold less than bimatoprost 

0.01% ophthalmic solutions. Lowering BAC concentration will 

have the added advantage of reduced ocular surface findings. 

Pellinen and colleagues43 demonstrated the cytotoxicity of 

PG analogs with BAC concentrations of .0.001% in human 

corneal epithelial cells and human conjunctival cells. BAC 

also has been shown to induce dry eye in preclinical in vivo 

models and ocular inflammation in patients being treated with 

ophthalmic formulations containing the preservative, and 

therefore serious consideration must be given to its concentra-

tion in formulations in ophthalmic products.44–46

This study design allowed us to show signif icant 

(P  ,  0.05) differences in AH and ICB drug distribution 

between DuraSite and Lumigan formulations of bimatoprost 

(0.03%). However, the addition of lower concentrations of 

bimatoprost formulated in DuraSite to the study design would 

have given us a better indication on the lower limit of drug 

levels for potential clinical use. Further pharmacodynamic 

and pharmacokinetic studies are needed for a complete 

optimization of ISV-215.

In summary, ISV-215 achieves higher ocular penetration 

than bimatoprost 0.03% in AH and in ICB. Based on the EC
50

 

for bimatoprost and bimatoprost acid, the drug exposure would 

be large enough for ISV-215 to lower IOP in POAG patients. 

It is not known whether increasing the tissue concentration 

of bimatoprost and/or its free acid form would improve the 
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IOP-lowering effect of the drug, but in one phase III clinical 

study it was reported that lowering the drug concentration 

significantly reduced the most serious bimatoprost-associated 

side effects, conjunctival hyperemia, and improved patient 

tolerance and compliance.20 Clinical trials comparing differ-

ent formulations of ISV-215 versus marketed products would 

conclusively address these questions.
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