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Abstract

 

Objective

 

To evaluate changes in intraocular pressure and pupil size in glaucomatous 
dogs after instillation of 0.004% travoprost once in the morning, or once in the evening, 
or twice daily in 5-day multiple dose studies.

 

Materials and methods

 

Applanation tonometry (IOP) and pupil size (PS) measurements 
were obtained at 8 a.m., 10 a.m., 12 noon, 2 p.m. and 4 p.m. in eight glaucoma dogs. 
Methylcellulose (0.5% as placebo) was instilled in the control eye, and 0.004% travoprost 
was instilled in the opposite drug eye. Methylcellulose (0.5%) and 0.004% travoprost 
were instilled on the 2nd through to the 5th day with instillations in the morning 
(8.30 a.m.), or evening (8 p.m.), or twice daily (8.30 a.m. and 8 p.m.).

 

Results

 

The mean 

 

±

 

 SEM diurnal changes from baseline IOP in the control and placebo 
eyes in all three studies ranged from 1.2 

 

±

 

 0.3 mmHg to 3.2 

 

±

 

 0.9 mmHg. The mean 

 

±

 

 SEM diurnal changes from the baseline IOP after 0.004% travoprost at 8 a.m. once 
daily for the next 4 days were 19.0 

 

±

 

 2.7 mmHg, 24.7 

 

±

 

 2.7 mmHg, 24.9 

 

±

 

 3.1 mmHg, 
and 24.7 

 

±

 

 3.1 mmHg, respectively, and were significantly different from the control eye. 
After travoprost was instilled at 8 p.m., the mean 

 

±

 

 SEM baseline changes from the 
baseline IOP in the drug eyes were 23.5 

 

±

 

 2.2 mmHg, 24.2 

 

±

 

 2.2 mmHg, 
24.5 

 

±

 

 2.3 mmHg, and 24.2 

 

±

 

 2.3 mmHg, respectively. When 0.004% travoprost was 
instilled twice daily, the mean 

 

±

 

 SEM baseline IOP changes were 27.7 

 

±

 

 2.1 mmHg, 
28.1 

 

±

 

 2.1 mmHg, 28.4 

 

±

 

 2.2 mmHg, and 28.5 

 

±

 

 2.2 mmHg, respectively, and were 
significantly different from the control eyes. Miosis of varying duration was frequent 
during the three studies.

 

Conclusion

 

Travoprost instilled once daily (a.m. or p.m.) as well as twice daily produces 
significant decreases in IOP and PS in the glaucomatous Beagle.
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INTRODUCTION

 

With the introduction of timolol in 1978, medical therapy of
the glaucomas in humans changed from cholinergic miotics
and epinephrine compounds to mainly beta antagonists.

 

1

 

However, because of their action and systemic absorption
these beta adrenergic blockers can be contraindicated in
patients with certain cardiac and pulmonary diseases.

 

2

 

 Starting
in the 1990s, the introduction of topical prostaglandins (PGs),
i.e. latanoprost (Xalatan, Pharmacia, Kalmazoo, MI, USA),
unoprostone isopropyl (Rescula, Ciba Vision, Duluth, GA,
USA), bimatoprost (Lumigan, Allergan, Irvine, CA, USA) and
travoprost (Travatan, Alcon Laboratories, Ft Worth, TX,
USA), provided a new class of topical ocular hypotensive drugs

for clinical management of the glaucomas in humans.

 

3–8

 

These agents offer the advantage of single drop administra-
tion daily, their ocular hypotensive effects are additive to other
glaucoma drugs, and they avoid the cardiopulmonary effects
of the beta blockers.

 

1

 

 Their primary adverse effects with
chronic use in humans, nonhuman primates and rabbits are
increased iridal pigmentation, hypertrichosis and pigmentation
of the eyelashes.

 

9–11

 

PGs have been shown to reduce IOP in a number of animal
species including dogs, cats, nonhuman primates and rabbits
by mainly increasing uveoscleral aqueous humor outflow;
however, the amount of IOP reduction can vary by the indi-
vidual PG as well as the species.

 

12–19

 

 In humans reductions
in IOP occur with PGE and PGF analogs

 

3,5

 

 and similar
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IOP declines occur in the normal and glaucomatous dog
after topical PGA

 

2

 

 isopropyl ester and PGF

 

2

 

µ

 

 isopropyl ester,
but not after PGA

 

2

 

.

 

17,18

 

The IOP of normal and glaucomatous dogs has significant
reductions after several PGs. In normotensive and glauco-
matous Beagles, two drugs similar to latanoprost (PGF

 

2

 

α

 

-
17-diphenyl and PGF

 

2

 

α

 

-isopropyl ester) lowered IOP, with
the greatest decline occurring in the glaucomatous dogs.

 

13,17

 

In a study in normal dogs, 0.005% latanoprost decreased
IOP (mean: 3 mmHg or 25%),

 

18,19

 

 and in the glaucomatous
Beagle reduced IOP from 40 to 60%.

 

20

 

 Unoprostone isopropyl
(0.12%) in normal dogs lowers IOP, and the reduction is
about 5 mmHg (25%).

 

21

 

 Brimatoprost in the glaucomatous
Beagle induced marked reductions in IOP (up to 78%) that
often persisted longer that 24 h after a single instillation.

 

22

 

Travoprost, introduced in 2001, is a isopropyl ester of a
single enantiomer of the selective FP prostaglandin receptor
agonist, fluprostenol.

 

23–25

 

 Clinical reports of travoprost in
humans are limited, but the drug’s efficacy in lowering IOP
appears similar to latanoprost.

 

26–29

 

 In this study three differ-
ent dose schedules with 0.004% travoprost were evaluated in
glaucomatous Beagles. The drug was instilled once daily in the
morning, once daily in the evening, and twice daily (morning
and evening), and the effects on intraocular pressure (IOP)
and pupil size (PS) were measured.

 

MATERIALS AND METHODS

 

Eight glaucomatous Beagles were used (four males: 44 (2 dogs),
92 and 135 months old; four females: 45, and 92 (3 dogs)
months old). The three different dosing studies were evalu-
ated in random order and included: placebo (0.5% methylcellu-
lose), and 0.004% travoprost (Travatan, Alcon, Ft Worth, TX,
USA). All dogs were examined by slit-lamp biomicroscopy,
gonioscopy, and ophthalmoscopy, exhibited primary open
angle glaucoma in the moderate stage (narrow iridocorneal
angle and ciliary cleft opening), and demonstrated clinical
vision.

Recorded measurements included IOP by applanation
tonometry (Tonopen-XL, Mentor O and O, Norwell, MA,
USA), and PS measurements by Jameson calipers. The study
times for the three dose studies were one day of control and
no drug, and then four days of placebo and drug instillations,
followed by 14 days to allow for drug washout between each
study. The drug eye for each dog was selected at random, and
all measurements were at 8 a.m., 10 a.m., 12 noon, 2 p.m. and
4 p.m. For the first once-daily dose study, drug and placebo
were instilled at 8.30 a.m. on the second day; for the second
once-daily dose study, drug and placebo were instilled at
8 p.m. at the end of the first day; and for the last twice-daily
dose study, drug and placebo were instilled at 8.30 a.m. and
8 p.m. on the second day.

Drug comparisons were performed using SAS programs
utilizing Tukey’s HSD and 

 



 

 tests for repeated measure-
ments.

 

30

 

 Within each test week, the average measurements
for IOP, and PS for each day were compared with subsequent

measurements to detect significant changes (

 

P

 

 < 0.05) using
the Tukey and Duncan tests and 

 



 

 for repeated mea-
surements. Between the control and the drug (0.5% methyl-
cellulose or 0.004% travoprost) eyes, the changes in IOP and
PS were compared for each measurement between the groups.
Statistical significance was 

 

P

 

 < 0.05.

 

RESULTS

 

Single morning dose study

 

The mean 

 

±

 

 SEM changes in IOP and PS for the control and
drug eyes for the first day are summarized in Fig. 1a and b.
The baseline 8 a.m. IOP for the control eye was 42.2 

 

±

 

2.8 mmHg with a diurnal decline of 2.0 

 

±

 

 0.5 mmHg through
the day. In the drug eyes similar IOP changes occurred
(2.6 

 

±

 

 0.5 mmHg), starting with a baseline (8 a.m.) IOP of
41.7 

 

±

 

 2.8 mmHg. There were no significant differences
between the control and placebo eyes (

 

P

 

 = 0.882) throughout
the 7.5 h of observation. Mean 

 

±

 

 SEM PS changes (control:

Figure 1. (a) Mean ± SEM intraocular pressure changes after 0.004% 
travoprost instillations (⇓) at 8.30 a.m. from day 2 to day 5 in glaucomatous 
Beagles. (b) Mean ± SD changes in pupil size after 0.004% travoprost 
instillations (⇓) at 8.30 a.m. from day 2 to day 5 in glaucomatous Beagles.
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6.2 

 

±

 

 0.4 mm and placebo: 6.3 

 

±

 

 0.4 mm) were also not
significant (

 

P

 

 = 0.212) throughout the day.
For the following 4 days, IOP and PS changes (mean 

 

±

 

 SEM)
from baseline levels after 0.004% travoprost instillation in
one eye of each dog each morning are summarized. Com-
parisons of the nondrug and 0.004% travoprost eyes indi-
cated significant IOP differences with mean 

 

±

 

 SEM diurnal
changes for the drug eyes of 19.0 

 

±

 

 2.7 mmHg, 24.7 

 

±

 

 2.7
mmHg, 24.9 

 

±

 

 3.1 mmHg, and 24.7 

 

±

 

 3.1 mmHg (day 2 to
day 5, respectively) starting at the first 10 a.m. measurement
of day 2 and continuing for all measurements to the end of
day 5. Comparisons of the IOP changes between the control
eyes of the first day, and these same eyes for the following
4 days also indicated significant changes (

 

P

 

 = 0.0001).
The miosis that developed in the 0.004% travoprost

eyes was significantly different (

 

P

 

 = 0.0001) from the fellow
control eye occurring at the second hour of measurements
of the second day, and lasted throughout the remaining
4 days.

 

Single evening dose study

 

The IOP and PS changes (mean 

 

±

 

 SEM) from baseline levels
after 0.004% travoprost instillations at 8 p.m. are summarized
in Fig. 2a and b. For the first day, the mean 

 

±

 

 SEM diurnal
IOP changes in the placebo and control eyes were 1.5 

 

±

 

 1.9
mmHg and 1.2 

 

±

 

 0.3 mmHg, respectively. Comparisons of
the nondrug and drug eyes indicated that the first-day IOP
and PS changes were not significantly different (

 

P

 

 = 0.871
and 

 

P

 

 = 0.834, respectively) at all five measurement times.
For the following 4 days of 8 p.m. 0.004% travoprost

instillations, significant changes in IOP and PS occurred for
all measurement times between the control and drug eyes
starting at the first 8 a.m. measurement after drug instillation
on day 2. The baseline IOP changes of the drug eye were
23.5 

 

±

 

 2.2 mmHg, 24.2 

 

±

 

 2.2 mmHg, 24.5 

 

±

 

 2.3 mmHg, and
24.2 

 

±

 

 2.3 mmHg, respectively. Daily fluctuations in IOP
were limited or absent. The PS changes were about the same
duration as the IOP reductions.

 

Twice daily (morning and evening) dose study

 

The IOP and PS changes from baseline levels after 0.004%
travoprost instillations (8.30 a.m. and 8 p.m.) are summarized
in Fig. 3a and b. During the first day of control, the mean

 

±

 

 SEM diurnal IOP changes in the placebo and control eyes
were 3.8 

 

±

 

 1.6 mmHg and 3.2 

 

±

 

 0.9 mmHg, respectively.
Comparison of the control to the drug eyes indicated no sig-
nificant difference (

 

P

 

 = 0.833). The pupil size also remained
reasonably constant, and no significant changes occurred
throughout the first day (

 

P

 

 = 0.968).
However, with 0.004% travoprost instillations at 8 p.m. on

day 1, and the next 4 days at 8.30 a.m. and 8 p.m., the IOP
and PS changes were significantly different, starting with
first measurements (8 a.m.) between the drug and placebo eyes
on day 2 and continuing thereafter. The IOP reductions
were more uniform, and daily fluctuations or spikes were of
limited magnitude or absent, and for the drug eye were

27.7 

 

±

 

 2.1 mmHg, 28.1 

 

±

 

 2.1 mmHg, 28.4 

 

±

 

 2.2 mmHg, and
28.5 

 

±

 

 2.2 mmHg for days 2 to 5, respectively.
Significant changes also occurred in PS of the drug eyes

resulting in miosis after 8 a.m. of the second day and contin-
uing throughout the remaining measurements of the 4 days
(

 

P

 

 = 0.0001). Comparison of the IOP changes of the three
different dosing schedules indicated the twice daily schedule
produced a significantly lower IOP and the least IOP fluctu-
ations for all measurements (

 

P

 

 = 0.015). Comparison of the
once-daily morning and evening instillations did not reveal
significant differences (

 

P

 

 = 0.900).

 

DISCUSSION

 

Past prostaglandin studies in both normal and glaucomatous
dogs indicate the ocular hypertensive dogs appear more
sensitive and demonstrate greater declines in IOP than nor-
motensive dogs.

 

13,17,21

 

 Latanoprost using normal dogs pro-
duced a mean decline in IOP of 3 mmHg or about 25%,

 

19

 

but with glaucomatous dogs the average decline in IOP was

Figure 2. (a) Mean ± SEM intraocular pressure changes after 0.004% 
travoprost instillations (⇓) at 8 p.m. from day 1 to day 5 in glaucomatous 
Beagles. (b) Mean ± SD pupil size changes after 0.004% travoprost 
instillations (⇓) at 8 p.m. from day 1 to day 5 in glaucomatous Beagles.
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about 50% for 1 day of drug administration, and 50% to
78% after 4 days of twice daily latanoprost and brimatoprost
administrations.20,22

In this study 0.004% travoprost instilled in the morning, or
evening, or twice daily produced significant decreases in IOP,
and variable miosis. With the once daily 0.004% travoprost
in the morning, the daily reduction in IOP of the drug eyes
changed from 6.2% (day 1; 8 a.m.; no drug) to 59.2% (the last
of 4 days of drug). When 0.004% travoprost was instilled in
the evening of day 1, the decline in IOP for the following first
day was 3.6%, and after 4 days of drug instillations the IOP had
declined 58.8% from the baseline of day 1. When 0.004% travo-
prost was instilled in both the morning and evening of day 2,
the IOP reduction for the first day of drug administration
was 10.0%, and after 4 days of drug instillation, the reduction
in IOP was 75.2% compared to the IOP of day 1, 8 a.m.

The different dose schedules of travoprost also affected
the diurnal or circadian IOP cycle in the glaucomatous dogs,

and the daily IOP fluctuations or spikes. In both normal and
glaucomatous dogs the highest IOP occurs in the morning.31

Daily spikes in IOP occurred with the single morning instil-
lations, but were not detected when 0.004% travoprost was
instilled in the evening or twice daily. The daily spikes in
IOP may potentially cause more harm to the retinal ganglia
cells and optic nerve head,32 and ‘smoothing out’ these daily
IOP fluctuations may also be beneficial in the dog. The canine
isolated sphincter muscle appears sensitive to PGFα, which
may act directly rather than through the release of adrener-
gic or cholinergic neurotransmitters.33,34 The large decline
in IOP as well as occurrence of miosis with the marked
declines in IOP following twice-daily instillations of 0.004%
travoprost in the glaucomatous dogs suggests trabecular
outflow as well as uveoscleral outflow may be increased.

As these drugs are analogs of PGs, they produce ocular
irritation, conjunctival hyperemia, breakdown in the blood–
aqueous barrier, aqueous flare, and miosis in the dog.35 The
evening instillations of 0.004% travoprost minimize these
effects the following morning.

Based on several drug studies of the glaucomatous Beagles,
the greatest decline in IOP occurred after topical direct and
indirect cholinergic miotics, such as pilocarpine, demecar-
ium, and echothiophate.36,37 Compared to the topical beta-
adrenoreceptor antagonists and topical carbonic anhydrase
inhibitors,38,39 latanoprost, brimatoprost and travoprost offer
a greater and most prolonged reduction in IOP for the dog.

In humans, nonselective beta-blockers lower IOP by 4–
6 mmHg (12–25%); the once-daily prostaglandins ( latano-
prost, bimatoprost and travoprost) lower IOP 6–8 mmHg
(up to 50%); and the topical carbonic anhydrase inhibitors
reduce IOP about 20–30%.1 In the glaucomatous Beagle
these prostaglandins lower IOP 40–76%, and the reduction
in mmHg ranges from 24 to 40 mmHg.17,20,22 Of the cur-
rently available drugs to treat the canine glaucomas, the
topical prostaglandins can markedly lower IOP.

In summary, 0.004% travoprost significantly lowers IOP
in the glaucomatous Beagle when instilled in the evening,
morning, or twice daily. Miosis is usually present, but more
limited when travoprost was instilled only in the evening.
The evening and twice-daily instillations of travoprost result
in the least IOP fluctuations. The reduction in actual IOP
ranged from about 24.2 mmHg (58.8%) to 28.5 mmHg (76%).
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