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Abstract

 

Objective

 

To evaluate the effects on intraocular pressure (IOP), pupillary diameter (PD), 
blepharospasm score, conjunctival injection score, and aqueous humor flare score when 
either 0.03% bimatoprost solution is applied once daily or 0.15% unoprostone isopropyl 
solution is applied twice daily topically to the eyes of normal cats.

 

Materials and methods

 

The aforementioned parameters were evaluated daily in each of 
12 cats throughout the entirety of the study. During an initial 10-day treatment phase a 
single eye of six of the cats was treated with 0.03% bimatoprost solution while a single eye 
of the remaining six cats was treated with buffered saline solution (BSS) once daily. During 
a second 10-day treatment phase a single eye of six of the cats was treated with 0.15% 
unoprostone isopropyl solution while a single eye of the remaining six cats was treated 
with BSS twice daily. Contralateral eyes of all cats remained untreated at all time points.

 

Results

 

Blepharospasm score, conjunctival injection score, and aqueous humor flare score 
never rose from a value of 0, for any eye of any cat during the study. The mean 

 

±

 

 SD of 
IOP for eyes treated with 0.03% bimatoprost solution and BSS were 16.55 

 

±

 

 3.06 mmHg 
and 18.02 

 

±

 

 3.52 mmHg, respectively. The mean 

 

±

 

 of PD for eyes treated with 0.03% 
bimatoprost solution and BSS were 5.7 

 

±

 

 1.57 mm and 6.39 

 

±

 

 1.78 mm, respectively. The 
mean 

 

±

 

 SD of IOP for eyes treated with 0.15% unoprostone isopropyl solution and BSS 
were 15.7 

 

±

 

 2.91 mmHg and 17.2 

 

±

 

 2.9 mmHg, respectively. The mean 

 

±

 

 SD of PD for 
eyes treated with 0.15% unoprostone isopropyl solution and BSS were 5.8 

 

±

 

 1.43 mm 
and 6.9 

 

±

 

 1.37 mm, respectively. There was no significant difference (

 

P

 

 

 

≥

 

 0.05) in IOP or 
PD between eyes treated with 0.03% bimatoprost solution vs. eyes treated with BSS. 
Similarly, there was no significant difference (

 

P

 

 

 

≥

 

 0.05) in IOP or PD between eyes 
treated with 0.15% unoprostone isopropyl solution vs. eyes treated with BSS.

 

Conclusion

 

Neither once daily topical administration of 0.03% bimatoprost solution nor 
twice daily topical administration of 0.15% unoprostone isopropyl solution significantly 
affect the IOP of normal cats. Both 0.03% bimatoprost solution and 0.15% unoprostone 
isopropyl solution induced no significant ocular side effects in normal cats when dosed 
over a 10-day treatment period.
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INTRODUCTION

 

Glaucoma is a blanket term for a number of clinical syndromes
characterized by progressive optic nerve and retinal damage,
most commonly associated with elevation in intraocular
pressure.

 

1

 

 Glaucoma can be an insidious, blinding disease
process in the cat.

 

2

 

 Typically the underlying etiology is

pre-existent intraocular neoplasia or uveitis; however, feline
primary glaucoma has been described.

 

3–6

 

 While undiagnosed
glaucoma may be devastating to visual health, early and
appropriate pharmacologic intervention can reduce ocular
hypertension and potentially prolong functional vision in cats.

 

2

 

Recently, a number of new drugs have become available in
the United States for management of glaucoma. These
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products, such as topical carbonic anhydrase inhibitors and
the prostaglandin analogs, offer exciting potential for the
long-term control of intraocular hypertension in numerous
species.

 

7

 

 Early work with the prostaglandin analog latano-
prost (Xalatan

 

®

 

, Pfizer Inc., New York, NY, USA) has
documented significant reduction of intraocular pressure
(IOP) of normal and glaucomatous dogs.

 

8,9

 

Topical application of prostaglandins, which are members
of the prostanoid family, was originally shown to reduce the
IOP of rabbits in 1977.

 

10

 

 Since that time, extensive research
has documented that prostaglandins produce sustainable
IOP reductions in numerous mammalian species, including
the domestic cat.

 

11–20

 

 Initial documented ocular side effects
of topical prostaglandin application included transient eleva-
tions in IOP, disruption of the blood aqueous barrier, and
conjunctival irritation and hyperemia. Synthetic prostanoid
analogs were successfully developed in an attempt to
improve bioavailability while reducing these side effects.

 

21,22

 

Prostaglandins and associated analogs reduce IOP by
increasing uveoscleral and possibly trabeculoscleral outflow;
however, the exact mechanism by which this occurs is
unknown.

 

23–25

 

 Recent studies suggest that numerous path-
ways may be involved, including ciliary muscular relaxation,
alterations in cellular morphology, and extracellular matrix
remodeling.

 

26–28

 

 A majority of these mechanisms are prob-
ably activated through binding of drug to prostanoid recep-
tors with subsequent alteration of gene expression.

 

27

 

In cats, prostaglandin-induced changes in the ciliary muscle
and associated decreases in IOP appear to be mediated
thorough E and D prostanoid receptors.

 

29–31

 

 This is in con-
trast to dogs and humans in whom ciliary body alteration
and reduction in IOP are mediated by prostanoid F receptor
agonists.

 

8,9,32

 

 The difference probably explains why latano-
prost (Xalatan

 

®

 

, Pfizer Inc.) {isopropyl-(Z)-7[(1R, 2R, 3R, 5S)3,
5-dihydroxy-2-[(3R)-3-hydroxy-5-phenylpentyl] cyclopentyl]-
5-heptenoate}, a highly selective prostanoid F receptor agonist,
decreases IOP in dogs, but has no effect on IOP in cats.

 

8

 

Recently, two additional prostanoid analog drugs have
been approved in the United States for treatment of glau-
coma. Bimatoprost (Lumigan

 

®

 

; Allergan Inc., Irvine, CA, USA)
is a prostamide {(Z)-7-[(1 R,2 R,3 R,5 S)-3, 5-dihydroxy-2-
[1 E,3 (S)-3-hydroxy-5-phenyl-1-pentenyl]cyclopentyl]-5-
N-ethylheptenamide} and unoprostone isopropyl (Rescula

 

®

 

;
Novartis Ophthalmics, Duluth, GA, USA) is a docosanoid
compound {isopropyl (+)-(Z)-7-[(1R, 2R, 3R, 5S)-3,5-
dihydroxy-2-(3-oxodecyl) cyclopentyl]-5-heptenoate}.

 

33,34

 

Both of these compounds have been shown to safely
reduce IOP in both dogs and humans.

 

35–38

 

 However, clinical
effectiveness of these drugs has not been assessed in cats.

Although the molecular mechanism of reduction in IOP
has yet to be elucidated for bimatoprost and unoprostone
isopropyl, studies have demonstrated that the action may
be mediated through receptors other than the prostanoid F
receptor.

 

34,39,40

 

 Therefore, it remains possible that both of
these drugs may decrease IOP in cats. The aim of this study
was to evaluate the potential intraocular hypotensive effects

of both bimatoprost and unoprostone isopropyl in normal
cats.

 

MATERIALS AND METHODS

 

Animals

 

Twelve Domestic short- and medium-haired cats, six male
and six female, of approximately 2 years of age were used
throughout the course of the study. Cats were initially part
of experiments evaluating the efficacy of topical flea prod-
ucts prior to participation in the current study and were
adopted out to public households at the conclusion of this
project. Routine physical examination and standard ophthal-
mic examination which included neuro-ophthalmic assess-
ment, Schirmer tear testing, corneal fluorescein staining,
applanation tonometry, slit-lamp biomicroscopy, and indi-
rect ophthalmoscopy were performed on all animals prior to
and upon completion of the study. This study was conducted
in accordance with the ARVO statement on use of animals
in ophthalmic and vision research and was approved by the
institutional care and use committee.

 

Experimental protocol

 

IOP values were determined at 7 a.m. and 7 p.m., while
pupillary diameter, blepharospasm score, conjunctival hyper-
emia score, and aqueous humor flare score were determined
at 7 p.m. solely for each day of the study. Pretreatment values
were documented for the initial 5 days (days 1–5). On day 6,
six cats were randomly assigned to receive 30 

 

µ

 

L of 0.03%
bimatoprost solution (drug treatment 1) topically in a
randomly selected eye (three right eyes and three left eyes
were treated with drug solution). The additional six cats
were randomly assigned to receive 30 

 

µ

 

L of buffered saline
solution (BSS

 

®

 

, Alcon Laboratories, Inc., Fort Worth, TX,
USA) (control treatment 1) topically in a randomly selected
eye (three right eyes and three left eyes were treated with
control solution). The contralateral eye of each animal
remained untreated (untreated control 1) at all time points.
The eyes were treated at 7 a.m. for the subsequent 10 days
(days 6–15). On day 16, all treatment was discontinued for a
period of 5 days (days 16–20). On day 21, six cats were again
randomly assigned to receive 30 

 

µ

 

L of 0.15% unoprostone
isopropyl solution (drug treatment 2) topically in a ran-
domly selected eye. The remaining six cats were randomly
assigned to receive 30 

 

µ

 

L of BSS (control treatment 2)
topically in a randomly selected eye. The contralateral eye of
each animal again remained untreated (untreated control 2).
Eyes were treated at both 7 a.m. and 7 p.m. for the sub-
sequent 10 days (days 21–30). On day 31, all treatment was
discontinued for the final 5 days of the study (days 31–35).
Dosing frequency for each drug was based upon the manu-
facturer recommendations within the product inserts noted
for lowering the intraocular pressure of affected eyes in
humans afflicted with glaucoma. All investigators, with the
exception of MTH who was only responsible for recording
the primary data generated, remained blinded to treatment
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selection until the code was broken at completion of the
study.

 

IOP determination

 

A single applanation tonometer (Tono-Pen

 

®

 

 VET; Med-
tronic Solan, Jacksonville, FL, USA) was used throughout
the duration of the study. The disposable tip cover was
replaced and the instrument calibrated according to manu-
facturer’s recommendations daily. Cats were minimally
restrained without pharmacologic sedation and a single drop
of 0.5% proparacaine hydrochloride ophthalmic solution
(Bausch & Lomb Pharmaceuticals, Inc., Tampa, FL, USA)
was instilled into each eye prior to tonometry. Tonometric
values were determined and recorded if variance was < 5%.

 

Determination of pupillary diameter, blepharospasm score, 
conjunctival injection score, and aqueous humor flare score

 

Pupillary diameter (PD) was determined by measuring the
horizontal distance between the axial medial and lateral
edges of the iris using a Jameson caliper in standard room-
light. Blepharospasm and conjunctival hyperemia were
graded grossly on a scale of 0–3: 0 = none, 1 = mild, 2 =
moderate, and 3 = severe. Aqueous humor flare was evaluated
with a slit-lamp biomicroscope (Kowa SL-14; Kowa
Optimed Inc.,Torrance, CA USA) using a similar scale.

 

Statistical analysis

 

Changes in IOP and PD were analyzed using the 

 

F

 

-test in
repeated measure, three factorial design within: the bimato-
prost treatment block, the unoprostone isopropyl treatment
block and all nontreatment block periods individually. Dif-
ferences in IOP and PD values between drug treatment vs.
treatment control, drug treatment vs. nontreatment control,
and treatment control vs. nontreatment control were evaluated.
For all blocks assessed, significance was set at 

 

P

 

 

 

≤

 

 0.05.

 

RESULTS

 

Physical examination revealed all animals to be in good
general health prior to initiation and upon completion of the
study. Routine ophthalmic examination detected no signifi-
cant ocular lesions both at the start and end of the study.

At no time during the study did the mean values for IOP
and PD calculated within treatment and nontreatment
blocks for drug treated eyes, control treated eyes, and non-
treated eyes depart from published reference ranges. The
mean 

 

±

 

 SD of IOP, over the 10-day treatment period, in cats
administered 0.03% bimatoprost solution were 16.55 

 

±

 

3.06 mmHg for treated eyes and 16.41 

 

±

 

 3.36 mmHg for
untreated eyes. The mean 

 

±

 

 SD of IOP in cats administered
BSS were 18.02 

 

±

 

 3.52 mmHg for treated eyes and
17.83 

 

±

 

 3.03 mmHg for untreated eyes (Fig. 1).
The mean 

 

±

 

 SD of PD for eyes treated with 0.03% bimato-
prost solution were 5.7 

 

±

 

 1.57 mm for treated eyes and
5.75 

 

±

 

 1.61 mm for untreated eyes. The mean 

 

±

 

 SD of PD
for eyes treated with BSS were 6.39 

 

±

 

 1.28 mm for treated
eyes and 6.38 

 

±

 

 1.45 mm for untreated eyes (Fig. 2).
The mean 

 

±

 

 SD of IOP, over the 10-day treatment period,
in cats administered 0.15% unoprostone isopropyl solu-
tion were 15.7 

 

±

 

 2.91 mmHg for treated eyes and 15.48 

 

±

 

2.45 mmHg for untreated eyes. The mean 

 

±

 

 SD of IOP in
cats administered BSS were 17.20 

 

±

 

 2.9 mmHg for treated
eyes and 17.17 

 

±

 

 2.86 mmHg for untreated eyes (Fig. 3).
While the mean 

 

±

 

 SD of PD for eyes treated with 0.15%
unoprostone isopropyl solution were 5.8 

 

±

 

 1.43 mm for treated
eyes and 5.24 

 

±

 

 1.33 mm for untreated eyes. The mean 

 

±

 

 SD
of PD for eyes treated with BSS were 6.9 

 

±

 

 1.27 mm for
treated eyes and 6.87 

 

±

 

 1.46 mm for untreated eyes. (Fig. 4)
No statistically significant difference was noted in the IOP

or PD of cat eyes treated topically with 0.03% bimatoprost
solution vs. eyes treated topically with BSS. Also, no significant
difference in IOP or PD was observed between eyes treated

Figure 1. Mean intraocular pressure (IOP) in the eyes of cats treated 
with 30 µL 0.03% bimatoprost solution (BM) and the contralateral eyes 
remaining untreated (BM-0) vs. the eyes of cats treated with 30 µL 
buffered saline solution (BSS) and the contralateral eyes remaining 
untreated (BSS-0) over time.

Figure 2. Mean pupillary diameter (PD) in the eyes of cats treated with 
30 µL 0.03% bimatoprost solution (BM) and the contralateral eyes 
remaining untreated (BM-0) vs. the eyes of cats treated with 30 µL 
buffered saline solution (BSS) and the contralateral eyes remaining 
untreated (BSS-0) over time.
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with bimatoprost solution vs. the contralateral untreated eye
or eyes treated with BSS vs. the contralateral untreated eye.

Similarly, no statistically significant difference was noted
in the IOP or PD of cat eyes treated topically with 0.15%
unoprostone isopropyl solution vs. eyes treated with BSS,
unoprostone isopropyl-treated eyes vs. the contralateral
untreated eyes, and BSS-treated eyes vs. the contralateral
untreated eyes. There was no significant difference in IOP
or PD detected during any of the nontreatment blocks.

All cats commenced the study with values of 0 for blepha-
rospasm score, conjunctival hyperemia score and aqueous
humor flare score. At no time during the study was a deviation
from this base-line value of 0 detected in any of the cats. There-
fore, the individual scores were not analyzed for statistical
difference.

 

DISCUSSION

 

The prostanoid receptor group is part of a larger family
of rhodopsin-like G-protein-coupled receptors (GPCRs).
Morphology of GPCRs consists of the characteristic seven
putative transmembrane domains. The intracellular signaling
cascades initiated by ligand binding to GPCRs occurs pri-
marily through stimulation of phospholipase C or inhibition
of adenylcyclase via inhibitory guanine nucleotide-binding
regulatory protein.

 

41,42

 

The prostanoid group includes five major receptor types
with four subtypes designated: DP, FP, IP, TP, and EP

 

1

 

, EP

 

2

 

,
EP

 

3

 

, and EP

 

4

 

. Each receptor is encoded by a separate gene.
Interestingly, alternative splicing to produce messenger RNA
isoforms, allowing variation in the intracellular C-terminal
region of the receptor produced, is noted within the group.
While differential splicing does not appear to significantly
affect ligand-receptor interactions, it is thought to influence
G-protein coupling specificity, constitutive activity level,
and desensitization of the receptor.

 

41,42

 

The ligand-binding specificity of each receptor is unique,
with each preferentially recognizing a distinct type of pros-
tanoid. However, there is considerable promiscuity between
receptor classes, with each receptor binding different prosta-
noid agonists and antagonists with variable affinity.

 

41,42

 

This affinity spill-over is thought to account for the puta-
tively described side effects, such as conjunctival hyperemia,
miosis and hyperpigmentation, associated with topical ocular
application of prostaglandins.

 

22,43

 

 Extensive structural mani-
pulation of prostanoids by the pharmaceutical industry has
subsequently ensued in an attempt to improve therapeutic
indices. Countless synthetic prostaglandin analogs have been
manufactured to separate the IOP hypotensive characteristics
from the side effect-generating elements of the basic prostanoid
backbone.

 

44

 

Initial success in the United States culminated in approval
by the Food and Drug Administration for use of latanoprost
topically for the management of elevated intraocular pressure
in 1996. Latanoprost is a potent PGF

 

2

 

α

 

 analog with high
specificity for the FP receptor.

 

45

 

 This specificity is probably
what accounts for the minimal ocular and systemic side
effects noted with latanoprost application.

 

22

 

However, this momentum in the direction of creating
increased ligand-receptor selectivity is likely to significantly
influence the ability of veterinarians to utilize current and
future prostaglandin analog drugs for therapeutic intervention
in the diverse species populations that they serve. It has been
well documented that profound species differences exist both
in tissue distribution of prostanoid receptors and response of
those receptors to ligand binding.

 

41,42

For example, while both the parent compound PGF2α and
latanoprost have significant effects on the pupillary diameter
of cats, only PGF2α reduces IOP when applied topically
to cats.8,19 The presumed explanation for this observed
phenomenon is the presence of FP receptors in the iridies of
cats, to which both PGF2α and latanoprost bind and institute

Figure 3. Mean intraocular pressure (IOP) in the eyes of cats treated 
with 30 µL 0.15% unoprostone isopropyl solution (UNO) and the 
contralateral eyes remaining untreated (UNO-0) vs. the eyes of cats 
treated with 30 µL buffered saline solution (BSS) and the contralateral 
eyes remaining untreated (BSS-0) over time.

Figure 4. Mean pupillary diameter (PD) in the eyes of cats treated 
with 30 µL 0.15% unoprostone isopropyl solution (UNO) and the 
contralateral eyes remaining untreated (UNO-0) vs. the eyes of cats 
treated with 30 µL buffered saline solution (BSS) and the contralateral 
eyes remaining untreated (BSS-0) over time.
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receptor-mediated changes in intracellular levels of appro-
priate secondary messengers. However, the absence of FP
receptors in the feline ciliary body eliminates facilitation of
uveoscleral outflow by the highly selective FP agonist, latano-
prost. The cross-reactivity of PGF2α with multiple prosta-
noid receptors probably instigates increased uveoscleral out-
flow via the EP of DP receptors present in the ciliary body of
the cat.29–31

The recent addition of bimatoprost and unoprostone iso-
propyl to the armoritarium of FDA-approved antiglaucoma
drugs is exciting to veterinary medicine as it is proposed that
these drugs mediate decreases in IOP through, as of yet, un-
described intraocular receptors.39,40 This may be important for
future treatment of species in which IOP reduction by pro-
stanoid analogs does not require binding to the FP receptor.

This study failed to show a significant difference between
the IOP of cat eyes treated with bimatoprost or unoprostone
isopropyl solutions at any time point assessed. There are
multiple possible explanations for our findings. First, the novel
receptors through which bimatoprost and unoprostone
isopropyl are purported to stimulate reduction in IOP in vivo
may ultimately be isolated, cloned and described. An easy
answer would arise from the presence of these receptors in
the iridies with an absence in the ciliary body of cats, similar
to the FP receptor.

Second, while a majority of the published data seem to
support the intraocular hypotensive effects of bimatoprost
induced through binding to an unreported class of prosta-
mide receptors, this point is currently contentious. Separate
data show that bimatoprost may directly and selectively bind
the FP receptor or function as a prodrug that subsequently
produces a selective FP receptor agonist upon exposure to
biologic tissue. If either of these alternative theories were
proven true, it would explain our results in that the domestic
cat appears to lack ciliary FP receptors.

Third, as with a majority of glaucoma medications, the
drug effects may be more pronounced in the diseased state.
This obviously argues for additional controlled studies to
evaluate the efficacy of bimatoprost and unoprostone isopropyl
applied topically to cats diagnosed with glaucoma. With these
studies the effects of differing concentrations of drug applied
and increased treatment frequencies could also be investigated.

Interesting to note is the lack of grossly apparent side
effects associated with topical instillation of bimatoprost and
unoprostone isopropyl to normal cats. This suggests that
pharmaceutical manipulation of the prostanoid backbone
compounds to alleviate the side effects observed with appli-
cation of the native prostaglandins is effective across species
boundaries.
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