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Abstract

The effect of topical ketanserin on intraocular
pressure (IOP) in normotensive and hyper-
tensive eyes was evaluated. The study was
performed on 10 healthy volunteers and 10
glaucomatous patients. Systolic arterial blood
pressure (SBP), diastolic arterial blood pres-
sure (DBP), heart rate (HR), IOP, tonographic
outflow facility, pupil diameter, corneal thick-
ness, and tear secretion were recorded at
baseline and at 1 hour intervals for 12 hours
after topical administration of 0-5% ketanserin
or placebo, given in a randomised, double
masked, crossover fashion. The alternative
treatment was given 1 week later. In all
subjects ketanserin significantly lowered IOP,
while no variations in SBP, DBP, HR, pupil
diameter, corneal thickness, and tear secretion
were found. When subjects received placebo
no significant variations of IOP occurred.
Total outflow facility, measured by conven-
ticnal tonography, increased significantly after
drug administration in all subjects. Ketanserin
is effective up to 6 hours in control subjects
and 9 hours in glaucomatous patients. The
placebo did not induce any change in this
component of the aqueous humour dynamic in
normal or in glaucomatous eyes. The findings
indicate that topical ketanserin might be added
to the list of antiglaucomatous agents.

(Br¥ Ophthalmol 1993; 77: 344-348)

Ketanserin is an antihypertensive agent with
predominantly serotonergic blocking properties
and additional mild postsympatholytic action.'?
Comparative trials have indicated that ketan-
serin is as effective as  blockers or diuretics in
reducing blood pressure in patients suffering
from arterial hypertension.>*

Recently, we reported that orally administered
ketanserin also significantly reduced intraocular
pressure (IOP) both in healthy volunteers’® and
in glaucomatous patients’ by increasing the total
outflow facility, measured by conventional tono-
graphy, and thus by reducing the outflow resist-
ance. When topically applied, ketanserin lowers
IOP in rabbits, cats, and monkeys.*" To date,
no studies on the effect of topical ketanserin in
humans have been reported.

The aim of this clinical trial was to verify
whether ketanserin administered topically was
able to reduce IOP in normal and glaucomatous
eyes. Preliminary results have been reported
elsewhere."

Patients and methods
This study included 10 glaucomatous patients
(five men and five women, age range 4050 years)

with IOP values greater than or equal to 22 mm
Hg in each eye. All patients had visual field
glaucomatous defects (nasal step, paracentral
defects, temporal wedge, arcuate defect, and
generalised depression of light sensitivity)"” and
were being treated with § blocking agents alone
or in combination with pilocarpine. Ten healthy
age and sex-matched normotensive volunteers
were used as controls.

All subjects received a detailed physical and
ophthalmic examination. Subjects with systemic
diseases, those with aphakia or visual acuity less
than 20/200 in either eye, those wearing contact
lenses and women of childbearing potential were
excluded from the study. Informed consent to
participate in this study was obtained from all
subjects after they had been given a detailed
description of the procedures to be used and of
the aims of the study.

All other therapies were stopped before the
start of the trial as well as caffeine containing

. beverages. After a washout period (21 days for

blocking drugs or 4 days for pilocarpine) subjects
received a drop (50 ul) of 0-5% ketanserin
(Sufrexal, Janssen, Belgium) or placebo in a
randomised crossover double masked fashion.
The drug formula. was as follows: compound
(ketanserin tartrate 6-898 mg, equivalent to 5 mg
ketanserin) was suspended together with 51-80
mg propylene glycol, 50 mg anhydrous dextrose,
110 mg tartaric acid, in about 912 mg of
injection water; placebo was constituted
similarly but without the active compound.

At baseline heart rate (HR), systolic and
diastolic blood pressure (SBP and DBP, respect-
ively), pupil diameter, corneal thickness, IOP,
tonographic outflow facility, tear secretion
(Schirmer tests and breakup time test) were
recorded. Following baseline measurements,
patients received the treatment (ketanserin or
placebo) and measurements were performed at
hourly intervals for 12 hours, and repeated after
12 hours (the next morning). The alternative
treatment was administered a week later, a time
considered sufficient for a single dose ketanserin
washout," using the same protocol.

Intraocular pressure was determined with a
Goldmann tonometer mounted on a Haag-Streit
slit-lamp. Two rapid readings were taken on one
eye chosen at random and measurements
averaged. Only one eye was analysed in this
study. Arterial blood pressure was measured
twice with the patient in a supine position
and 120 seconds later with the patient standing,
using a Riva-Rocci sphygmomanometer. Pupil
diameter was measured in 0-5 mm increments
using a pupil gauge kept close to the cornea and
under constant illumination while subjects fixed
on an object about 10 feet away with the other
eye." Conventional tonography was performed
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Figure 1 Systolic and
diastolic arterial blood
pressure variations after
topical administration of
ketanserin and/or placebo.
(A) Control subjects and (B)
glaucomatous patients after
placebo. (C) Control subjects
and (D) glaucomatous
patients after ketanserin.
Bars indicate SD.
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using a Glaukon (Optikon, Rome, Italy)
computerised tonographic unit. Corneal thick-
ness was determined ultrasonically using an
Echo-Oculometer 300 (Radionics Medical
Division, Sydney, Australia). Tear secretion was
measured with the 5 minute filter paper method
before and after corneal anaesthesia (Schirmer I
and II tests). The tests were performed with
standardised filter paper (Cooper Vision Ltd,
Southampton) which was placed behind the
third temporal of the lower lid, 5 mm in contact
with the conjunctiva, the other 35 mm overhang-
ing the lid margin.”' The stability of the
precorneal tear film was assessed through the
breakup time test (BUT).”* Applying 1%
fluorescein to the temporal conjunctiva the tear
film became green; the interval, in seconds,
between the last blink and the development of
the first randomly distributed dry drops was
defined as the BUT."

Statistical analysis (Student’s ¢ test) of the
results was performed with an M24 Olivetti
(Ivrea, Italy) personal computer.

Results
Figure 1 shows the SBP and DBP changes after a
single topical administration of ketanserin and/
or placebo. Neither ketanserin nor placebo
induced significant variations of arterial pressure
in control subjects or in glaucomatous patients.
Moreover, no significant variations of HR were
appreciated in both groups secondary to the
placebo and/or ketanserin application (Table 1).
Figure 2 shows the changes in IOP after
ketanserin and/or placebo administration in
normal and glaucomatous eyes. In both groups
ketanserin was able to reduce IOP signifi-
cantly after 1 hour. At the subsequent measure-
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ments the degree of reduction was even more
evident (normotensive eyes, from baseline: after
1 hour —12-5%, after 2 hours —13-1%, after 3
hours —13-5%, after 4 hours —13-7%, after 5
hours —14-1%; hypertensive eyes from baseline:
after 1 hour —16%, after 2 hours —20%, after
3 hours —25%, after 4 hours —25-1%, and
remained statistically different for up to 5 hours
in control subjects and 9 hours in glaucomatous
patients. In both groups the peaks were reached

Table 1 Heart rate variations after ketanserin and/or
placebo administration in 10 glaucomatous patients and in 10
control subjects

Time Control Glaucomatous
(hours) subjects patients
After placebo
Baseline 82(5) 79(3)
1 81(4) 78 (5)
2 80 (3) 81(4)
3 83(8) 82(5)
4 82(5) 83(6)
5 80 (3) 82(2)
6 79(7) 81(4)
7 81(5) 79(3)
8 82(4) 80(5)
9 78(3) 81(2)
10 80(2) 82(3)
11 83(2) 79(2)
12 82(5) 81(5)
24 80 (4) 82(4)
After ketanserin
Baseline 83(6) 82(5)
1 82(5) 79(3)
2 80 (4) 81(a)
3 81(3) 80 (4)
4 82(3) 81(3)
5 79 (4) 82(2)
6 81(5) 79(4)
7 80 (4) 80(3)
8 79 (3) 81(2)
9 81(5) 79 (4)
10 82(2) 82(3)
11 81(4) 83(2)
12 82(2) 81(5)
24 80(3) 79(2)

All values (beats/min) are mean (SD).
p Not significant (Student’s ¢ test).
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Figure2 Intraocular
pressure variations in
controls after ketanserin
(@), controls after placebo
(X ), glaucomatous patients
after ketanserin (R),
glaucomatous patients after
placebo (X). *p<0-05;

**p<0-01 (Student’s t test).

Bars indicate SD.
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after 3 to 4 hours. Placebo did not induce any
significant variation of IOP in either groups.
Changes in aqueous humour outflow facility,
measured by conventional tonography, are
reported in Table 2. While placebo did not affect
this parameter, 1 hour after ketanserin adminis-
tration there was a significant increase of the
tonographic outflow facility value in glauco-
matous patients (+24-8%, p<<0-05). At the sub-
sequent measurements the increase in total out-
flow facility was even greater (+40% after 2
hours, p<0-01; +43% after 3 hours, p<0-01);
normotensive eyes also showed a significant
increase in total outflow facility. The levels
obtained slowly decreased to insignificant values

Table2 Tonographic outflow variations facility after
ketanserin and/or placebo administration in 10 control subjects
and in 10 glaucomatous patients

Time Control Glaucomatous
(hours) subjects patients
After placebo
Baseline 0-21(0-01) 0-18 (0-02)
1 0-22 (0-02) 0-17 (0-01)
2 0-23(0-02) 0-18 (0-02)
3 0-24(0-02) 0-19(0-01)
4 0-23(0-03) 0-18 (0-02)
5 0-23(0-02) 0-20(0-03)
6 0-22 (0-01) 0-19(0-02)
7 0-24 (0-03) 0-18 (0-01)
8 0-23(0-02) 0-19(0-01)
9 0-22(0-02) 0-17 (0-02)
10 0-21(0-01) 0-18 (0-02)
11 0-22(0-02) 0-20(0-03)
12 0-20 (0-02) 0-17 (0-01)
24 0-22(0-01) 0-19 (0-02)
After ketanserin
Baseline 0-20(0-01) 0-15(0-02)
1 0-25 (0-02)* 0-23(0-01)*
2 0-26 (0-01)* 0-25(0-02)t
3 0-27 (0-02)* 0-26 (0-02)t
4 0-27 (0-02)* 0-26 (0-01)t
5 0-26 (0-01)* 0-25 (0-02)t
6 0-25(0-01)* 0-24 (0-03)t
7 0-24 (0-02) 0-23 (0-02)*
8 0-23(0-01) 0-23 (0-01)*
9 0-23(0-02) 0-23 (0-02)*
10 0-22 (0-01) 0-19(0-03)
11 0-22(0-02) 0-17 (0-03)
12 0-21(0-02) 0-16 (0-02)
24 0-22 (0-01) 0-15(0-01)

All values (ul min~' mm Hg™") are mean (SD).
Student’s ¢ test was used for statistical analysis (*) p<0-05;
(1) p<0-01.
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Table3 Pupil diameter variations after ketanserin and/or
placebo administration in 10 glaucomatous patients and in 10
control subjects

Time Control Glaucomatous
(hours) subjects patients
After placebo
Baseline 4-5(0-7) 4-3(0-5)
1 4-2(0-5) 4-1(0-8)
2 3:9(04) 4:2(0:7)
3 4:2(0-8) 3:9(0-3)
4 44 (0-6) 4-2(0-4)
5 4-2(0-7) 4-5(0-6)
6 3:9(04) 4:4(0-5)
7 4-1(0-5) 4-2(0-7)
8 4:3(0-8) 46 (0-4)
9 4:5(0-3) 4:3(0-6)
10 4-1(0-5) 4:5(0-5)
11 4:3(0-1) 4:4(0-3)
12 3:9(0-7) 46(0-2)
24 4:4(0-4) 3-9(0-6)
After ketanserin
Baseline 4:4(0-5) 4-1(0-6)
1 46 (0-6) 3:9(0:7)
2 4-2(0-8) 4:5(0-5)
3 3:9(0-4) 4-3(0-2)
4 4:3(0-5) 4-1(0-3)
5 3:9(0-7) 4-2(0-2)
6 4:5(0-3) 3-9(0-4)
7 4:4(0-1) 4:5(0-3)
8 4:2(0-4) 4:3(0-2)
9 4-4(0'5) 4:5(0-4)
10 4:1(0-3) 3-8(0:3)
11 3:9(0-6) 4-3(0-2)
12 4:4(0-5) 4-5(0'5)
24 46 (0-4) 44(0-2)

All values (mm) are mean (SEM).
p Not significant (Student’s ¢ test).

after 6 hours in control subjects and 9 hours in
glaucomatous patients. In both groups the peaks
were reached after 3—4 hours.

As can be seen from Table 3 there were no
significant variations in pupil diameter after
administration of either ketanserin or placebo to
both groups.

The Schirmer and break up time tests did not
show any significant difference in either group
when patients were receiving the drug or when
placebo was administered. No significant varia-
tions of the corneal thickness were noted.
Finally, there were no adverse effects after the
application of either ketanserin or placebo (that
is, conjunctival hyperaemia, aqueous humour
flare, anterior chamber cellular response, etc).

Discussion

Our results show that topical administration of
ketanserin significantly reduces IOP in normo-
tensive and hypertensive human eyes. More-
over, the magnitude of IOP reduction was
greater than that observed using the oral route*”’
and was consistent with previous experimental
studies in animals*" and with our preliminary
findings in humans."

The mechanism by which ketanserin decreases
IOP in humans could be explained on the basis of
the increase in total outflow facility, as demon-
strated by the conventional tonography. Pre-
viously, both Chang and coworkers® and Conway
and Lewis" suggested that ketanserin exerted its
effects on IOP by suppressing aqueous humour
formation via antagonism of o adrenoreceptors.
But the absence of variations in pupil diameter,
together with the tonographic results are more
consistent with an S2-serotonergic blockade than
with o, antagonism, although our data are not
able to exclude completely a dual action mech-
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anism. Serotonin is present in mammalian iris
ciliary bodies and corneas at higher concentra-
tions than in non-mammalian species.” A trans-
mitter role for serotonin in the retina has been
well established.” In contrast, a role for sero-
tonin in the iris ciliary body has not yet been
found. When injected into the anterior chamber,
serotonin produces an increase both in IOP*
and in the protein concentration.” Ketanserin
has an inhibitory effect on the serotonin stimu-
lated accumulation of inositol phosphates in the
iris ciliary body?*; on the contrary, the serotonin
response is insensitive to atropine and prazosin,
indicating that the serotonin effect is mediated
by receptors that are distinct from a, adrenergic
and muscarinic cholinergic receptors. Thus,
both experimental and clinical evidence confirms
that the inhibitory action of ketanserin is not
mediated by an antagonism of a adreno-
receptors, rather it is due to a specific blocking
effect on the serotonin-2 receptor subtype.

The increase in tonographic outflow facility
induced by ketanserin is as effective as pilo-
carpine,” without its side effects (myosis, iris
congestion, etc).” Thus, ketanserin seems to act
where P adrenoreceptor blocking agents are
known to have little or no effect.” *

Ketanserin administration does not induce
significant variations of tear secretion and does
not alter the stability of the lacrimal film. Rather,
it is not unrealistic to hypothesise that ketanserin
is able to improve tear secretion and to preserve
the stability of the lacrimal film directly, because
of the lack of effects on (3 agonist receptors® and
indirectly, by improving the blood flow to the
lacrimal gland.* In this sense, the compound
does not exhibit the well known ocular side
effects induced by f§ blockers®' — that is, dry eye
and superficial keratitis, which frequently occur
in patients undergoing treatment.

Topical administration of ketanserin did not
result in significant variations of SBP, DBP, and
HR. B Blockers, the most effective drugs at
present in the treatment and management of
glaucoma, are reported to have systemic cardio-
vascular and pulmonary side effects — that is,
decreased cardiac rate and myocardial contract-
ility, prolongation of atrioventricular conduc-
tion, reduction of blood pressure,”>* and
bronchoconstriction.** On the contrary, ketan-
serin seems to be particularly suited for the
treatment of patients with congestive heart
failure and other low output shock conditions; it
restores depressed cardiac function and reduces
cardiac oxygen consumption,”* without effects
on atrioventricular conduction. Moreover,
it does not influence symptoms and indices
of airway resistance in patients with asthma
because it has no detrimental effects on the
bronchial tree.*

The lack of all these side effects together with
its efficacy in lowering IOP puts ketanserin in a
more favourable position when compared with B
-blocking agents in the treatment of glaucoma.
Moreover, the analysis of the response curves
suggests that two or three daily applications will
manage IOP in glaucomatous patients. Further
studies based on long term follow up are needed
to verify the real effectiveness of this novel
antiglaucomatous drug.
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