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A single dose of the topical carbonic anhydrase
inhibitor MK-927 decreases IOP in patients

N Pfeiffer, R Hennekes, E A Lippa, F Grehn, H Garus, F L Brunner-Ferber

Abstract
MK-927 is a novel topical carbonic anhydrase
inhibitor (CAI). We present the first single-
dose clinical trial ofMK-927 in 24 patients with
bilateral primary open-angle glaucoma or
ocular hypertension. This investigation was
conducted as a two-centre, double-masked,
randomised, placebo controlled study.
Patients received one drop of 2% MK-927 in
one eye and placebo in the other eye. Modified
diurnal intraocular pressure (IOP) curves were
performed before the study and on one treat-
ment day. A single dose of2% MK-927 induced
a peak mean IOP decrease of 10O5 mmHg at 4*5
hours postdose. With compensation for diur-
nal variation, as determined by the prestudy
diurnal pressure curve, the net peak mean
reduction of IOP caused by MK-927 was 7-5
mmHg versus a corresponding net change of
1*4 mmHg in the contralateral placebo treated
eye. Thus a single dose of MK-927 gave a
clinically significant IOP reduction in patients.
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At present, the medical treatment of glaucoma
depends mainly on the topical application of
parasympathomimetics, sympathomimetics, and
f-blockers. Oral CAIs have been in use for the
treament of glaucoma since 1954.' Despite their
efficacy, lack of ocular side effects and little
escape phenomenon their clinical use is limited
because of systemic side effects. These include
paraesthesiae, fatigue, gastrointestinal
disturbances, and loss of libido, all resulting in
poor patient compliance. In addition serious side
effects such as renal calculi, electrolyte
imbalance, and aplastic anaemia may also occur.
From 1955 onwards2 3 attempts have been made
to use acetazolamide in a topical preparation
which it was hoped would have the advantages of
an oral CAI while avoiding its systemic side
effects. However, intraocular penetration was
insufficient to produce a substantial reduction of
IOP. Various other CAls applied topically have
been disappointing clinically despite encouraging
results in pharmacological models.4 Recently a
new gel formulation of aminozolamide (6-amino-
2-benzothiazole sulphonamide) has been shown
to reduce the IOP to some extent when applied
topically.5 Another agent, 6-hydroxybenzo[b]-
thiophene-2-sulphonamide, reduced the IOP in
rabbits6 but failed to do so in man.7
The compound MK-927 (5, 6-dihydro-4-

(2-methylpropyl) amino-4-H-thieno-(2, 3-b)
thiopyran-2-sulphonamide 7, 7-dioxide hydro-
chloride, see Fig 1 for structural formula) is a
new, highly water soluble CAI.89 When given
topically it reduces the IOP in normotensive
rabbits'0 in the ct-chymotrypsin rabbit model of
ocular hypertension" and in laser induced ocular

hypertensive cynomolgus monkeys. 2 Topical
2% MK-927 was shown to be acceptably toler-
able and to reduce the IOP in healthy, normal
volunteers. II

We now report the first single-drop study of
MK-927 in patients with primary open-angle
glaucoma or ocular hypertension.

Patients and methods
The study was reviewed and approved by the
Ethical Review Committee of Freiburg Uni-
versity. Informed consent was obtained from
each patient before entering the study.

Patients were selected from two German Uni-
versity Eye Hospitals based on a medical history
and an ophthalmological examination consistent
with the diagnosis of primary open-angle
glaucoma or ocular hypertension. Patients were
to be male or postmenopausal or sterilised
females. Exclusion criteria were: history of angle
closure or secondary glaucoma, history of intra-
ocular surgery or ocular trauma; ocular
inflammation; concomitant medication affecting
IOP; visual acuity worse than 20/100; wearing of
contact lenses; or significant risk from discon-
tinuation of the current glaucoma medication.

If patients were considered eligible all
previous hypotensive therapy was discontinued
for a minimum of 72 hours for parasympatho-
mimetics and 14 days for all other ocular hypo-
tensive medications. After that washout period
the patients returned to the clinic, and a prestudy
diurnal IOP curve was performed with IOPs
measured bilaterally at 1000, 1100, 1200, 1300,
1430, 1600, and 1800 hours. To be admitted into
the study, the IOP at 1000 had to be ¢24 mmHg
in each eye, with a difference between eyes of s:6
mmHg.

MK-927

DH3
CH3

SO2 NH2

// Om\0 0
Figure 1: Structuralformula ofMK-927: 5,6-dihydro4-
(methylpropyl)amino4-H-thieno[2,3-b]thiopyran-2-
sulphonamide 7,7-dioxide hydrochloride.
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TABLE I Schedule ofobservations

Treatment day

Time after administration ofdrug
Prestudy day,
day-14to-2 0* 0t 10min 30min I h 2h 3h 4- h 6h 8h

Pretreatment diurnal IOP
curve (day -7 to -2) Xf

Symptomatology X X X X X X X X X X
Visual acuity X X X X X X X X X X
Anterior segment examination X X X X X X X X X X
Intraocular pressure Xt X X X X X X X
Instillation of MK-927/placebo X
Ophthalmoscopy X Xs
Gonioscopy (within 6 months) X
Visual field (within 3 weeks) X

* Immediately predose.
tTo be at 1000.
Intraocular pressures taken at 1000, 1100, 1200, 1300, 1430, 1600, 1800.
§ To be done as final examination of the day.

The patients returned two to seven days after
the prestudy diurnal curve had been done.
Visual acuity was tested, and bilateral IOPs were
measured at 1000. Immediately afterwards one
eye received one drop of2% MK-927 ophthalmic
solution and the other eye received one drop
of placebo (vehicle). This was followed by
a diurnal IOP curve like that before the
study, namely, at 1, 2, 3, 455,5 6, and 8 hours
after treatment. At 10 and 30 minutes after
treatment and before all measurements of IOP,
the visual acuity was tested, an examination of
the anterior segment was performed, and the
patients were asked about symptoms (Table I).

This investigation was conducted as a two-
centre, double-masked, randomised, placebo-
controlled study. The administration ofMK-927
or placebo to the right or left eye was randomised.

STATISTICAL METHODS
Differences between prestudy day and treatment
day diurnal curves were compared at each time
point by a paired t test (2-tailed, type I error set at
0-05). The primary response variable way was
change in IOP from predose on the treatment
day minus the corresponding IOP change on the
prestudy diurnal curve. A between-eye analysis
was done by analysis of variance.

Results
Twenty-seven patients entered the study, but
two had to be excluded for inadvertent con-
comitant ocular hypotensive treatment and one
for previous exposure to atropine. Hence 24
patients completed the study in accordance with

TABLE II Effect ofa single drop of2% MK-927 versus placebo

MK-927 treated eye Placebo-treated eye

Prestudy Treatment Prestudy Treatment
Time day day p* day day p*

1000 30-5(1-2) 30-9(1-5) ns 30-6(1-3) 30-4(1-4) ns
1100 30-3 (1-4) 26-3 (1-4) 0-05 30-2 (1-5) 28-6 (1-5) 0-05
.1200 29-1(1-3) 22 9(1 3) 0-001 28-7(1-4) 27-7(1-5) ns
1300 27-8(1-1) 21-1(1-1) 0-001 27-4(1-3) 26-7(1-5) ns
1430 27-5 (1-2) 20-4 (0-9) 0-001 26-7 (1-3) 25-3 (1-3) ns
1600 26 5 (1-3) 21-3 (0-9) 0-01 26-4 (1-3) 25-5 (1-3) ns
1800 26-9(1-3) 23-6(1-3) 0-05 27-1(1-3) 26-9(1-7) ns

Mean IOP (SEM) in mmHg of 24 patients on prestudy and treatment day.
* p Indicates significance values for differences between prestudy and treatment day determined by
paired t test. NS=not significant (p>0-05).

the protocol, 8 males and 16 females (age 36 to 82
years, mean 65 years). Nineteen patients had
primary open-angle glaucoma, five had ocular
hypertension. Prior to the washout period, nine
had received j3-adrenoceptor blocking agents
alone, seven pilocarpine alone, three pilocarpine
plus an adrenergic agonist, one guanethidine
plus an adrenergic agonist, and one acetazo-
lamide alone. Three patients had no prior ocular
hypotensive therapy.
At 1000 on the prestudy diurnal curve day the

IOP ranged from 24 to 45 mmHg, the mean
being 30 5 mmHg for the eyes to be treated with
MK-927 and 30-6 mmHg for the eyes to be
treated with placebo (Table II). The mean
differences between eyes did not exceed 0-8
mmHg at any time point. As expected, diurnal
variation occurred, with the IOP being lower in
the afternoon (Fig 2).
On the treatment day the eyes treated with

MK-927 showed a sustained decrease of IOP
throughout the diurnal curve, with a peak mean
change from predose pressure of -10-5 mmHg
(peak mean percentage change -33 1%) at 4-5
hours after treatment (Table III). At eight hours
after treatment the mean IOP ofMK treated eyes
had not returned to prestudy day levels. In
contrast, placebo treated eyes showed a peak
mean change of -5-1 mmHg (-16-6%) at 4-5
hours. At 8 hours the mean IOP had returned to
prestudy day levels (Fig 2). When comparing
prestudy and treatment-day diurnal curves we
noted a significant difference in the mean IOP of
the MK-927 treated eyes at all time points after
treatment (Table II). In contrast, for the contra-
lateral eyes we noted a significant difference
between IOP on prestudy and treatment day
only at 1 hour after treatment. The mean decrease
in IOP in MK-927 treated eyes on the treatment
day was significantly greater than the mean
decrease on the prestudy day at each point after
treatment, p<0-01 (Table III).
To compensate for diurnal variation in the

IOP we calculated the net change in IOP (AA-
IOP) at each time point on the treatment day.
For each time point this was defined as the
change in IOP from immediately before treat-
ment (1000) on the treatment day minus the
corresponding change in IOP from 1000 on the
prestudy diurnal curve day. MK-927 treated
eyes showed a peak mean AA-IOP of -7 5
mmHg at 4-5 hours after treatment, while the
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A single dose ofthe topical carbonic anhydrase inhibitorMK-927 decreasesIOP in patients
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Figure 2: Mean IOP.
Diurnal curves on prestudy
day (0) and treatment day
(a). Level ofsignificance
between MK-927 and
placebo treated eyes at the
same time (paired t test); n=
24 for each point.

Figure 3: Mean net change
in IOP (AA-IOP)
determined by: Fall ofIOP
from t=0 hour on
treatment day minus fall of
IOPfrom t=0 hour on
pretreatment day with
standard error ofthe mean.
AA-IOPforMK-927
treated eyes is significantly
differentfrom placebo
treated eyes at all time
points (p<0O01).
- - Placebo
- - MK-927
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* p<0.05
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# p<0.001
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peak mean AA-IOP for placebo treats
-1-4 mmHg and occurred at 1 I
treatment (Fig 3). At each time poin
AA-IOP was significantly greater fo
treated eyes than for placebo tre
(p<O'Ol).

Pressure reduction was not analysed
to iris colour since the distribution v
(17 blue, three hazel, two green, two l
The patients were monitored for

effects. Four patients reported bilater
of vision and one patient bilateral foi
sensation at 10 minutes after treaty
patient had burning at 10 min in th
treated eye. Visual acuity remained
in most patients and dropped one to th
five MK-927 treated eyes and in s
treated eyes, usually at 10 min after
Mild bilateral corneal punctate eror
seen towards the end ofthe day in 16 p,
were considered to be induced b)
applanation tonometry. One patient h9
conjunctival hyperaemia. No syst
effects were observed.

Discussion
MK-927 is a topical CAI which has b

TABLE III Mean change and percentage change (with
SEM)from predose on treatment day

MK-927 treated eyes Placebo treated eyes

Time Change* % Change Change % Change

1100 -4-6 (0-7) -14-7% -1*8 (0-4) -6-0%
1200 -8-0 (0 9) -25-6% -2-7 (0 7) -9-2%
1300 -9-8 (0-9) -31-4% -3 7 (0 6) -12-4%
1430 -10-5 (0 9) -33 1% -5 1 (0-5) -16-6%
1600 -9-6 (1-0) -29-9% -4-8 (0-4) -16-0%
1800 -7-3 (0-6) -23-6% -3 5 (0 8) -12-5%

*IOP changes for MK-927 treated eyes are significantly
different from those for placebo treated eyes at all time
points (p<0-01).

to have IOP lowering activity after single doses in
7 8 several animal models and after three doses in

man. In this study we show that in patients with
primary open angle glaucoma or ocular hyper-
tension a single drop of 2% MK-927 induced a
sustained decrease in IOP over at least eight

-d eyes was hours. A net peak mean reduction in IOP of
hour after 7'5 mmHg above that due to diurnal variation
t the mean alone occurred at 4'5 hours after treatment (Fig
)r MK-927 3). This result is similar to that obtained in a
-ated eyes multiple dose study in which three consecutive

doses of 2% MK-927 elicited a peak mean IOP
1 according decrease of 7 7 mmHg (26 9%). 14
vas uneven A slight reduction of IOP in the contralateral
brown). placebo treated eyes might be deduced from
local side Figure 2. However, this is significant at only one

.al blurring time point and is probably due to day-to-day
reign body changes in diurnal variation. Moreover, the
nent. One amount ofdrug available for systemic absorption
Le MK-927 is so small that a contralateral effect based on a
unchanged systemic effect is unlikely.
kree lines in The patients did not complain of symptoms
;ix placebo apart from transient blurring of vision and in one
treatment. case of a transient burning sensation in an MK-
sions were 927 treated eye. This suggests good toleration of
patients and the drug. However, as the IOPs were measured
y repeated immediately before application of the drug, in
ad bilateral most cases the cornea was still anaesthetised
:emic side when the drops were instilled, obviously limiting

subjective symptoms.
The high level of activity which the drug

shows after the application of a single drop is
quite promising. It is expected that a topical

seen shown CAI might avoid side effects common to
systemic CAIs while retaining the advantage of
substantial activity and little escape phenomena.
If this proves to be true and the pressure
reduction demonstrated here persists with
chronic use of the drug, MK-927 might be
suitable for the treatment of glaucoma or ocular
hypertension. It is also likely that therapy with a
topical CAI could be combined with that of other
pressure lowering medications.
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