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The pharmacokinetics of imirestat following topical ocular administration were evaluated in a series of
studies in rabbits and dogs. Following single topical doses to both albino and pigmented rabbits,
imirestat was subject to rapid uptake into the cornea followed by an initial rapid decline and then very
slow elimination, with a t,, of approximately 130 hr. Drug was rapidly absorbed into aqueous humor,
with concentrations declining to nondetectable levels by 12 hr. Imirestat was retained in the lens
following topical dosing similar to that in cornea, with an apparent elimination t;, of 140 hr. Vitreous
humor concentrations of drug were detectable for up to 72 hr after dosing. There was no apparent
difference in the disposition of the drug between albino and pigmented rabbits. Bioavailability follow-
ing topical dosing increased with dose, although not in a linear fashion. Formulation pH did not have
an appreciable effect on ocular bioavailability. There was detectable systemic absorption following
topical dosing, with plasma concentrations in rabbit being 50 to 75% of that observed following an
equivalent intravenous dose. However, drug levels in the dosed eyes were significantly higher than in
contralateral undosed eyes. Multiple dosing of imirestat for 6 weeks resulted in accumulation of drug
in rabbit lens. Concentrations were higher in lens cortex than lens nucleus, with the time course for
accumulation being different for the two. Our data suggest that imirestat penetrates into ocular tissue

following topical dosing and is retained in lens and comea, potential sites of action for the drug.
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INTRODUCTION

Imirestat [2,7-difluro-spiro(9H-fluorene-9,4'-imid-
azolidine)-2’,5'dione; AL01576; HOE843; Fig. 1] is a highly
potent aldose reductase inhibitor (ARI) that is currently be-
ing evaluated clinically as a potential systemic therapy for
some of the pathological conditions associated with diabetes
mellitus, such as neuropathy, retinopathy, and cataract (1).
In addition to its ability to prevent cataract formation in
experimental models of diabetes (2), imirestat has also been
shown to delay or prevent lens changes in nondiabetic oxi-
dative cataract models following topical ocular administra-
tion (3). The drug is therefore being evaluated clinically as a
potential anticataract therapy via the topical ocular route of
administration.

Imirestat is a weak acid with a low aqueous solubility
and a pK,, of 7.35. The drug is approximately 85% bound to
plasma proteins, with the protein binding being highly pH
dependent at physiological pH (4). Pharmacokinetic studies
in rats have shown that systemically administered imirestat
is distributed extensively into body tissues and has a low
systemic clearance and a long biologic half-life (5). A similar
pharmacokinetic pattern has been observed in preliminary
studies in rabbits. It has also been shown that the drug is
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retained by certain tissues of the rat (i.e., eye, testes, kid-
ney) which contain significant amounts of aldose reductase,
suggesting that high affinity binding of imirestat to the en-
zyme may be responsible for the persistence of drug in these
tissues (5).

It has also been demonstrated that intact imirestat is the
only component in rat plasma following iv or oral’adminis-
tration of *C-imirestat (5), suggesting that the disposition of
14C-imirestat may be representative of the disposition of the
intact drug. This, along with in vitro metabolism data which
demonstrate very slow metabolism of imirestat, suggests
that measurements of radioactivity following topical dosing
of *C-imirestat may be representative of the disposition of
the parent drug.

In order to understand better the disposition of imirestat
following topical ocular administration, five separate phar-
macokinetic studies were conducted: (1) single-dose ocular
pharmacokinetics in rabbits; (2) effect of dose and pH on
ocular bioavailability in rabbits; (3) systemic absorption fol-
lowing topical dosing to rabbits; (4) systemic absorption fol-
lowing topical dosing to dogs; and (5) multiple-dose ocular
pharmacokinetics in rabbits.

MATERIALS AND METHODS

Materials

Radiolabeled '#C-imirestat was synthesized by Path-
finder Laboratories (St. Louis, MO). The material was found
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Fig. 1. Chemical structure of imirestat.

to have >98% radiochemical purity, with a specific activity
of 42.3 mCi/mmol. Various suspension formulations were
prepared by dispersing nonradiolabeled imirestat and '*C-
imirestat in a standard phosphate-buffered formulation vehi-
cle, adjusting the pH to obtain the desired value and ball
milling overnight. Each formulation studied contained 0.01%
benzalkonium chloride and 0.01% EDTA.

Animal Treatment and Sample Collection

Study 1. Single-Dose Ocular Pharmacokinetics of '*C-
Imirestat. Sixty (60) New Zealand albino rabbits weighing
between 2 and 4 kg and 60 Dutch Belted pigmented rabbits
weighing between 1.5 and 2.5 kg were administered a single
30-pl topical ocular dose of 0.05% *C-imirestat suspension
(pH 6.5) to each eye. Four rabbits of each species were
sacrificed at each of the following times after dosing: 0.33,
0.67,1,2,4,6, 8, 12, 24, 48, 72, 96, 120, 144, and 168 hr.
Aqueous humor, cornea, lens, and vitreous humor were col-
lected separately from each eye. Aqueous humor and vitre-
ous humor were directly analyzed for total radioactivity by
liquid scintillation spectrometry. The other tissue samples
were solubilized with Soluene for 2 days, followed by decol-
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orization with 30% hydrogen peroxide prior to measurement
of total radioactivity.

Study 2. Effect of Dose and pH on Ocular Bioavailabil-
ity of 1*C-Imirestat. Forty (40) New Zealand albino rabbits
weighing between 2 and 4 kg were divided into five treatment
groups of eight animals each. Each group received a single
30-ul topical ocular dose to both eyes of one of the following
five formulations: (1) 0.1% '*C-imirestat, pH 7.5; (2) 0.1%
14C-imirestat, pH 6.5; (3) 0.1% 'C-imirestat, pH 5.5; (4)
0.05% **C-imirestat, pH 6.5; and (5) 0.01% **C-imirestat, pH
6.5. Four rabbits from each group were sacrificed at 20 and
60 min following dosing. Aqueous humor, cornea, lens, and
vitreous humor were collected from both eyes and were an-
alyzed as described in Study 1.

Study 3. Systemic Absorption of *C-Imirestat Follow-
ing Topical Dosing to Rabbits. Sixteen (16) New Zealand
albino rabbits weighing between 2 and 4 kg were divided into
two treatment groups of eight animals each. One group re-
ceived a single 50-pl topical ocular dose of 0.1% '4C-
imirestat suspension (pH 6.5) in one eye only. The other
groups received an intravenous injection of 50 ug of C-
imirestat dissolved in propylene glycol:ethanol:water (5:1:4)
into the marginal ear vein. The iv dose delivered an equiv-
alent dose to the systemic circulation as was contained in the
50-pl dose of the 0.1% imirestat suspension. Four rabbits
from each group were sacrificed at 4 and 12 hr after dosing.
Aqueous humor, cornea, lens, and vitreous humor were col-
lected from both eyes and were treated as described in Study
1. In addition, plasma samples were collected at 0, 1, 4, 8,
and 12 hr from the groups sacrificed at 12 hr.

Study 4. Systemic Absorption of *C-Imirestat Follow-
ing Topical Dosing to Dogs. Twelve (12) beagle dogs were
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Fig. 2. Mean (N = §) 14C_imirestat concentrations in cornea, aqueous humor, lens, and vitreous humor following a single topical
ocular dose of 0.05% “C-imirestat suspension in rabbits. Open circles represent data from New Zealand albino rabbits and filled

circles are data from Dutch Belted pigmented rabbits.
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Table 1. Effect of Formulation pH on the Tissue Concentrations of
4C-Imirestat Following a Single Topical Ocular Administration of a
0.1% *C-Imirestat Suspension

Imirestat concentration (ug/g)*

Time
Tissue  (min) pH 5.5 pH 6.5 pH 7.5
Cornea 20 26 =*1.0 42 =*25 39 =+ 1.8
60 076 =030 092 =061 091 =049
Aqueous 20 036 = 0.17 0.40 = 0.23 041 = 0.27
humor 60 0.12 =£0.05 0.15 =0.10 0.14 = 0.08
Lens 20 0.038 = 0.029 0.048 = 0.030 0.051 = 0.026
60 0.028 = 0.016 0.042 = 0.016 0.051 = 0.026

¢ Mean = SD (N = 8).

administered a single 50-ul topical ocular dose of 'C-
imirestat suspension (pH 6.5) into one eye only. Four dogs
each were sacrificed 4, 12, and 24 hr after the administered
dose. Aqueous humor, cornea, lens, and vitreous humor
were collected from both the dosed and the undosed eye of
each animal and were analyzed as described in Study 1. In
addition, plasma samples were collected at 0 and 4 hr from
the group sacrificed at 4 hr, at 0, 1, 4, 8, and 12 hr from the
group sacrificed at 12 hr, and at 0 and 24 hr from the dogs
sacrificed at 24 hr.

Study 5. Multiple-Dose Ocular Pharmacokinetics of
Imirestat in Rabbits. Sixty-four (64) New Zealand albino
rabbits were divided into six groups of nine animals each and
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Fig. 3. Effect of dose on '#C-imirestat bioavailability in cornea
(mean *+ SE; N = 8).
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two groups of five animals each. Each group of nine animals
received one of the following topical ocular dosing regimens
of an unlabeled imirestat suspension (pH 6.5) for 6 weeks: (1)
0.01% imirestat once daily; (2) 0.025% imirestat once daily;
(3) 0.05% imirestat once daily; (4) 0.1% imirestat once daily;
(5) 0.1% imirestat twice daily; and (6) 1% imirestat twice
daily. Additionally, the two groups of five rabbits received
the following dosing regimen for 3 weeks: (1) 0.05% imirestat
once daily and (2) 0.05% imirestat twice daily. The lens was
removed from each animal after either 3 or 6 weeks of dosing
and was separated into lens cortex and lens nucleus for assay
of imirestat concentration.

Sample Analysis

All radiometric analyses of prepared tissue samples
were conducted using a liquid scintillation spectrometer
(Packard Tri-Carb, Model 2000). Counting efficiency was
determined using an automatic external standard method.
Radioactivity measurements (dpm) were converted to imir-
estat concentration equivalents by correcting for the specific
activity of the dosed solution. Concentrations of imirestat in
the lens nucleus and cortex from Study 5 were measured by
a gas chromatographic-electron capture assay (6,7). The as-
say involved solubilization of the lens in 0.1% sodium hy-
droxide and precipitation of proteins with 1% sulfosalicylic
acid. The supernatant was then purfied with a C,g solid-
phase extraction column, derivatized with pentafluoroben-
zyl bromide, and analyzed using a Hewlett-Packard Model
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Fig. 4. Effect of dose on *C-imirestat bioavailability in aqueous
humor (mean = SE; N = 8).
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Fig. 5. Effect of dose on *C-imirestat bioavailability in lens (mean
+ SE; N = §8).

S890 gas chromatograph with a SPB-1 capillary column and
$3Ni electron capture detector. The lower limit of sensitivity
of the assay was 2.5 ng/g. Reproducibility of the assay
(%CV) ranged from 2% at 60 ng/g to 17.5% at 2.5 ng/g.
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RESULTS

The “C-imirestat concentration—time profiles in cornea,
aqueous humor, lens, and vitreous humor following a single
topical ocular dose of 0.05% imirestat suspension to both
albino and pigmented rabbits (Study 1) are presented in Fig.
2. These data demonstrate that the drug experiences rapid
initial uptake into and elimination from the cornea, followed
by a very slow terminal elimination phase beginning at ap-
proximately 6 hr and proceeding throughout the 168 hr of
sampling. The half-life for elimination of drug from the cor-
nea during this slow terminal phase was approximately 130
hr for both albino and pigmented rabbits. Imirestat was rap-
idly absorbed into the aqueous humor, with peak concentra-
tions occurring at 20 min and then declining to nondetectable
levels within 8 to 12 hr. The very slow terminal elimination
phase observed in the cornea was not apparent in the aque-
ous humor at detectable levels.

The initial rapid elimination phase observed in the cor-
nea and aqueous humor was not apparent in lens. However,
a slow terminal elimination phase similar to the cornea was
observed, with a half-life of 140 hr for both albino and pig-
mented rabbits. Concentrations of imirestat were detectable
in the vitreous humor for 48 to 72 hr after single ocular
administration of the drug. The pharmacokinetics were sim-
ilar in both the albino and the pigmented rabbit species in all
tissues examined (Fig. 2).

The effect of formulation pH on the bioavailability of
imirestat (Study 2) is presented in Table I. These data dem-
onstrate that the pH had no appreciable effect on the bio-
availability of imirestat from the suspension formulations
that were evaluated. The influence of dose on imirestat bio-
availability is shown in Figs. 3-5. Absorption of drug into all
tissues increased with increasing dose, although not in a lin-
ear manner. A 10-fold increase in dose (from 0.01 to 0.1%)
resulted in only a 3- to 5-fold increase in tissue concentra-
tions of **C-imirestat.

Table II. **C-Imirestat Concentrations in Various Tissues Following Intravenous Administration of 50 p.g of *C-Imirestat and Unilateral
Topical Ocular Dosing of 50 ul of 0.1% *C-Imirestat Suspension to the Right Eye (OD) of New Zealand Albino Rabbits

14C-Imirestat concentration (ng/g)*

Topical Intravenous
Time
Tissue (hr) oD? 08§¢ oD 0S

Cornea 4 82 =76 20 =14 0.45 = 0.18 0.31 = 0.07

12 49 =352 1.2 =1.1 0.40 = 0.21 0.46 + 0.18
Aqueous humor 4 17 = 6.6 0.42 = 0.18 0.48 = 0.12 0.37 £ 0.14

12 53 35 0.22 = 0.09 0.37 = 0.06 0.49 = 0.27
Lens 4 41 =37 0.78 = 0.13 0.80 = 0.26 0.78 = 0.23

12 13 = 2 1.7 *0.38 1.9 £0.73 1.7 +£0.96
Vitreous humor 4 26 =26 0.55 = 0.14 0.54 £ 0.14 0.70 £ 0.34

12 1.4+ 09 0.50 = 0.13 0.56 = 0.26 0.82 = 0.36
Plasma 1 2.9 £ 0.36 6.3+ 1.8

4 2.8 +=0.36 4714

8 29 £0.43 3915

12 2.7 =£0.27 44*20

“Mean = SD (N = 4).
® Dosed eye (right eye).
¢ Undosed eye (left eye).
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Systemic absorption following topical ocular dosing and
crossover into the contralateral undosed eye is presented in
Table II for rabbit (Study 3) and Table III for dog (Study 4).
Concentrations of drug in the tissues of dosed eyes were
generally greater for rabbit than dog. Drug concentrations in
the dosed eyes were considerably greater than those in the
undosed eye in both species, although measurable concen-
trations of drug were detectable in all tissues sampled. Drug
concentrations in the undosed eye of rabbits following top-
ical dosing were similar to those measured following an
equivalent intravenous dose. Plasma concentrations of *C-
imirestat following topical ocular administration to rabbits
were about 50 to 75% of those following iv dosing (Table II),
suggesting significant systemic absorption of drug following
topical administration. Following both topical and systemic
dosing, plasma drug levels declined little over the 12 hr of
sampling, suggesting very slow elimination from plasma,
similar to that observed with cornea and lens.

Concentrations of imirestat measured by the gas chro-
matographic assay from the nucleus and cortex of lenses of
rabbits dosed topically with various multiple dosing regi-
mens of imirestat (Study 5) are presented in Table IV. Drug
concentrations were consistently higher in the lens cortex
than in the nucleus. The relationship between the apparent
steady-state lens imirestat concentration and the adminis-
tered dose is shown in Fig. 6. The pattern observed is similar
to that in the single-dose studies, with lens drug concentra-
tions increasing with dose but not in a linear fashion. A
10-fold increase in dose, from 0.01 to 0.1% dosed once a day,
resulted in only a 3-fold increase in steady-state total lens
concentrations, while an increase from 0.1 to 1% dosed

Table III. *C-Imirestat Concentration in Various Tissues Following
Unilateral Topical Ocular Dosing of 50 pl of 0.1% '“C-Imirestat
Suspension to the Right Eye (OD) of Beagle Dogs

14C.Imirestat concentration (ng/g)”

Time
Tissue (hr) oD* 0S¢
Cornea 4 58 =125 0.30 = 0.28
12 20 * 6 0.30 *=0.12
24 11 =18 0.14 =+ 0.03
Aqueous humor 4 13 = 8 0.011 = 0.099
12 32 = 25 0.036 = 0.029
24 0.17 = 0.04 0.033 += 0.021
Lens 4 9.8 *= 3.0 0.38 +0.52
12 7.0 = 3.6 0.72 +0.20
24 20 = 1.6 0.12 = 0.04
Vitreous humor 4 0.85 = 0.87 0.14 =0.22
12 0.77 = 093 0.048 + 0.036
24 0.12 = 0.16 0.021 + 0.025
Plasma® 1 0.086 = 0.063
0.12 *0.59
8 0.11 = 0.07
12 0.098 + 0.075
24 0.058 + 0.051

¢ Mean = SD (N = 4).

% Data for 1, 4, 8, and 12 hr taken from dogs sacrificed at 12 hr; data
for 24 hr taken from dogs sacrificed at 24 hr.

¢ Dosed eye (right eye).

4 Undosed eye (left eye).
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Table IV. Concentrations of Imirestat in Rabbits Dosed Topically
with Various Dosing Regimens of Imirestat

Mean (+SD) imirestat concentration (g/g)

Treatment n Nucleus Cortex Total lens
1% BID,*

6 weeks 9 056 *0.18 0.78 = 0.05 0.71 = 0.07
0.1% BID,

6 weeks 9 0.18 005 043 =006 034 x0.05
0.1% QD,®

6 weeks 9 0.11 =0.03 0.29 =0.08 0.23 *=0.05
0.05 QD,

6 weeks 9 0081 £0.032 0.18 =006 0.14 =0.03
0.025% QD,

6 weeks 9 0.044 = 0011 0.16 =003 0.11 =0.02
0.01% QD,

6 weeks 9 0.024 = 0.011 0.094 = 0.021 0.072 = 0.012
0.05% QD,

3 weeks 4 0.041 £ 0.001 0.17 =0.04 0.11 = 0.02
0.05% BID,

3 weeks 5 0.077 £ 0.015 0.38 = 0.05 0.27 *0.05

¢ Twice-daily dosing.
® Once-daily dosing.

twice a day afforded only a 2-fold increase in total lens con-
centrations. Similar relationships are also noted for lens nu-
cleus and cortex drug concentrations.

The accumulation of drug in the cortex, nucleus, and
total lens during the 3 and 6 weeks of once-daily dosing of
0.05% imirestat (Study 5) is presented in Fig. 7. Whereas
drug concentrations in the cortex do not show appreciable
increases from 3 to 6 weeks, concentrations in the nucleus
do continue to accumulate during this period. This suggests
that the uptake of drug into different sections of the lens may
be driven by different kinetic mechanisms.

DISCUSSION

Topically administered aldose reductase inhibitors have
demonstrated potential in preventing cataract formation in
both diabetic and nondiabetic animal models (2,3). There is
also some thought that a topical aldose reductase inhibitor
may be beneficial in corneal healing and integrity in diabetic
patients (8-10). Clinical evaluation of a potential anticataract
agent is a difficult challenge due to the slow progression of
the disease and difficulty in measuring lens changes. There-
fore, considerable emphasis must be placed on data obtained
from animal studies in choosing an appropriate dosing regi-
men for clinical evaluation. In this respect, the pharmacoki-
netic behavior of drugs following topical dosing and the re-
lationship between this and their biochemical and pharma-
cological effects is a very important area for study. Drug
disposition in the lens and cornea is particularly important,
as these are potential sites of action for an aldose reductase
inhibitor.

The pharmacokinetics of imirestat following topical oc-
ular administration are characterized by rapid uptake of drug
into the cornea followed by initial rapid decline and then
slow elimination. Drug is rapidly absorbed into aqueous hu-
mor, with peak concentrations occurring within 20 min (the
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Fig. 6. Effect of dose on steady-state lens concentrations of imir-
estat following once daily topical dosing for 6 weeks (mean + SE; N
=9).

first sampling time) and declining to nondetectable levels by
8 to 12 hr. Concentrations in lens decline very slowly, in a
fashion similar to that seen in the cornea. Drug does reach
the vitreous humor and levels were measurable up to 72 hr
after a single topical ocular dose. The pharmacokinetics of
this compound were similar in both albino and pigmented
rabbits.

The retention of drug in the cornea and lens and its
subsequent slow elimination from these tissues are likely
related to high-affinity tissue binding. Similar retention of
drug in selected tissues of rats (i.e., eye, testes, kidney)
following systemic dosing has been previously observed (5)
and an elimination pattern similar to that seen in lens and
cornea was observed in the plasma of human subjects re-
ceiving oral doses of imirestat (11). The high affinity of imi-
restat for the aldose reductase enzyme (12), along with the
retention of drug in tissues of rats known to have high con-
centrations of the enzyme (5), has led to speculation that the
binding of imirestat to the aldose reductase enzyme may play
a role in the very slow elimination of drug from the eye and
the body as a whole.

Bioavailability of imirestat from the topical route of ad-
ministration increased with increasing dose in both single-
and multiple-dose studies, although not in a linear fashion
(Figs. 3-6). Formulation pH did not have an appreciable
effect on bioavailability (Table I).

There was detectable systemic absorption following
topical ocular administration of imirestat, with detectable
plasma concentrations being observed in both dog and rabbit
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Fig. 7. Time course for accumulation of imirestat in lens during
once daily topical dosing of 0.05% imirestat suspension (mean *+ SE;
N = 4, for 3-week data, N = 9 for 6-week data).

following topical dosing. Plasma levels in rabbits following
the topical dose were 50 to 75% that observed following an
equivalent intravenous dose. Imirestat concentrations in oc-
ular tissues were similar in the undosed eye after unilateral
topical dosing to that seen with an equivalent intravenous
dose. However, drug concentrations in the dosed eye were
considerably higher than the undosed eye in all tissues. Cor-
neal drug concentrations in dogs following topical ocular ad-
ministration were 80 times greater in the dosed eye than in
the contralateral undosed eye. In aqueous humor, vitreous
humor, and lens the ratios were 5, 10, and 20, respectively.
However, despite these differences, the data suggest that
systemic absorption may play a role in the ocular pharma-
cokinetics of imirestat.

Multiple dosing of topical imirestat results in accumu-
lation of drug in the lens, perhaps related to binding of drug
to the aldose reductase enzyme. Concentrations were higher
in the lens cortex than in the lens nucleus, with the accumu-
lation pattern being different in the two tissues (Fig. 7).
Steady-state drug concentrations in the cortex appear to be
achieved within 3 weeks of once daily dosing, whereas ac-
cumulation in the nucleus continues for at least 6 weeks, and
perhaps longer. The explanation for this difference and its
potential implications are unknown at this time, but these
data do emphasize the complex ocular pharmacokinetics of
imirestat.

The results of this study demonstrate that imirestat pen-
etrates into the tissues of the eye following topical ocular
administration and that the drug appears to be retained in
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