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The Development of
-Adrenergic Blocking Drugs for
Management of Primary Open-
Angle Glaucoma

I n the last few years, there has been
a marked increase in the number of
drugs available for the management of
open-angle glaucoma. The development
of these newer ophthalmic drugs has been
prompted by a desire to make available,
to the public, products that display max-
imum efficacy (with respect to the glau-
coma) but minimal side effects on the
body generally or on the health of the eye
or on vision. The major development has
been in a set of drugs active on $-adren-
ergic receptors (the “g8-blockers”). While
many of these newer drugs are, as yet,
available only in Europe or Japan, in
1986, three new ophthalmic B-blockers
became available in the English-speaking
world.! It is our intent in this article to
review why there has been this major
expansion in the number of drugs avai-
lable to manage glaucoma or ocular
hypertension — an expansion that comes
from many years experience with 8 dif-
ferent drugs worldwide.® With the
increasing availability of these glaucoma
medications to the optometrist in the
USAZ?, it is recognized that the optome-
trist in Canada will have been exposed to
reports of the use of timolol, levobunolol
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and betaxolol by colleagues.® Indeed, the
optometric community in the USA is con-
tinuing to lobby to make therapeutic drugs
available to all optometrists.*

Drugs in the beta blocker classification
are also widely administered as oral
drugs to manage cardiac arrhythmia, (and
associated angina or systemic hyperten-
sion) and sometimes migraine. Orally
administered B-blockers can be expected
to exert some action on the eye. For
example, small ocular hypotensive effects
(< 10% change in IOP) can occur espe-
cially shortly after these drugs are taken.
Although extensive studies have been
conducted on the ocular hypotensive
action of systemically administered -
blockers, this mode of administration of
B-blockers has not been adopted in
general practice as a means to manage
glaucoma. These effects will therefore
not be discussed further. Our review will
concentrate on the use of B-blockers as
eyedrops in Canada, the USA, Europe
and Japan.

For those not familiar with 8-blockers,
a few words on terminology seem appro-
priate. B-blockers have been shown to
bind to B-adrenergic receptors but do not
activate them; instead these drugs deny
the normal neurotransmitter (norepineph-
rine) access to beta adrenergic recep-
tors.”. Drugs in this class may be also
referred to as sympatholytic drugs or 8-
adrenoceptor antagonists. 8, receptors
are located in the heart and in the ciliary
body particularly in the walls of blood
vessels and some on muscle cells. Stimu-
lating @, sites increases heart rate® and
indirectly increases aqueous humor pro-
duction. Blocking @, sites results in
decreased heart rate and force of cardiac
contraction,” and decreased aqueous
production while having little effect on

the pulmonary system. 3, receptors are
associated with smooth muscles in the
walls of blood vessels and the lungs.
Thus, stimulating B8, receptors causes
bronchodilatation, vasodilatation (or
vasoconstriction depending on the site in
the body) and acts on the ciliary body to
increase aqueous production. There are
many 3, sites in the iris and ciliary
body,” and in the trabecular meshwork
vasculature. Stimulating @8, sites in the
trabecular region appears to facilitate
escape of aqueous from the eye. Blocking
B, sites causes the bronchi to constrict
and causes some reduction in aqueous
production while having little effect on
heart rate.5 Thus a 8,-blocker (or a drug
with combined §;, 8,- blocking activity)
can exacerbate symptoms in asthmatics
(even precipitating an asthmatic attack
due to acute broncho-constriction). A
B;-blocker (or a drug with combined
B:,8,-blocking activity) can precipitate
bradycardia (slowing of heart rate below
normal levels), exacerbate cardiac
arrhythmias in a few patients and lower
blood pressure below normal levels.
Attention to these vital signs in a patient
constitutes one aspect of patient manage-
ment in the selection of the appropriate
ophthalmic B-blocker although the cli-
nical relevance of mean heart rate reduc-
tions of 5 to 10 bpm (4% to 8%) is
questionable.

As indicated above, these ($-blocking
drugs rarely show absolute selectivity
between 3, or 3, sites. Thus, these 8-
blockers can act by:
® blocking either 8, or B3, receptors.

Those which preferentially block 8

sites are called cardioselective

(because they will not affect the pul-

monary system at normal clinical

doses).
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® blocking both 8, and B, receptors,
these are called non-selective blockers.
¢ from an ocular perspective, two other
factors need to be considered since
some of these drugs have membrane
stabilizing activity. Repeated instilla-
tion of a drug which has this action can
result in corneal anesthesia in some
individuals and eventually punctate
keratitis or general lid irritation. Some

B-blockers have intrinsic sympathomi-

metic activity. They have some ability

to stimulate one or more types of adre-
nergic receptor (i.e. mimic the action
of norepinephrine or epinephrine).

These functions are not always rigidly
distinct, for example a drug may mostly
block ; sites but if the dose is sufficient
it will also block B, sites. At certain
doses some B-blockers (depending on
their potency) can show membrane sta-
bilizing and/or intrinsic sympathomi-
metic activity.

A large number of B-blockers have
been investigated to see if an eyedrop pre-
paration of the drug will lower intraocular
pressure.>? (Table 1).

We will review several of these -
blockers in alphabetical order. For all of
these drugs, the efficacy (i.e. the magni-
tude and time-base of the clinical effect)
of any one drug (used in the form of eye-
drops) has frequently been found to be
enhanced by the use of a second topical
ocular hypotensive drug (e.g. use of two
ophthalmic 8-blockers simultaneously or
the concurrent use of epinephrine eye-
drops or pilocarpine eyedrops). Orally-
administered anti-glaucoma drugs (e.g.
the carbonic anhydrase inhibitors such as
acetazolamide) have also been shown to
add to the ocular hypotensive action of
a topical ophthalmic 8-blocker. However,
for the most part, reports of synergistic
effects, although of academic interest,
will not be commented upon further. In
the clinical setting, such combined the-
rapy is generally used only in patients
who fail to respond adequately to single
drug use or during changeover from one
set of eyedrops to another. Two effective
“combination” drugs have enjoyed con-
siderable use for many years (epine-
phrine-pilocarpine combinations in
Canada and USA and epinephrine-
guanethidine combinations in Europe).
Other anti-glaucoma combinations which
are available in some countries in-
clude, pilocarpine + physostigmine,
pilocarpine + neostigmine, pilocarpine
+ dipivefrin, guanethidine + dipivefrin,
pilocarpine + phenylephrine, pilocarpine

Beta adrenoreceptor blocking agents

TABLE 1

Division Il
cardioselective

Division |
non-cardioselective

Group 1 have alprenolol acebutolol
MSA and ISA bunolol
carteolol
oxprenolol
pindolol ®
Group 2 have bupranolol
MSA but no ISA labetalol 2
levobunolol b
metipranolol b
propranolol
Group 3 have practolol ¢
ISA but no MSA
Group 4 have no befunolol
MSA and no ISA nadolol
sotalol atenolol ¢
timolol d betaxolol d
metoprolol d
tolamolol @
MSA = membrane stabilizing activity, a quinidine-like effect, local
anesthesia, eventually punctate keratitis
ISA = intrinsic sympathomimetic activity, may be desirable, hastens
drug action
a - also blocks «¢ adrenoreceptor sites
b - has been said to have no MSA
c - has some ability to block 8, sites as well
d - may have some MSA

+ metipranolol and pilocarpine + 3’4*
dihydroxy-2 methylaminoacetophenon.

Atenolol

Atenolol is a cardioselective §8;-blocker
which may be employed to treat high
blood pressure. It is not currently used
in glaucoma therapy in Canada or USA
although it underwent extensive trials in
the late 1970s in a variety of topical for-
mulations. It has no membrane stabilizing
activity and almost no intrinsic sympa-
thomimetic activity.® Topical atenolol
4% was found to have only small effects
on blood pressure and heart rate.!O!
Atenolol eyedrops (1% to 4%) produced
a dose-dependent fall in IOP of 1 to 4
mmHg" or 4.9 to 6.3 mmHg"-2 with a
single instillation. Single drops of ate-
nolol 4% were reported to lower IOP by

an average of 5.6 mmHg (range 3.2 to 13.2
mm)" and two drops lowered IOP by 8
to 10 mmHg. " Similar results were also
observed over one week with instillation
twice a day for patients with initial pres-
sures < 30 mmHg!". However, atenolol
4% eyedrops, twice a day, appear to be
unable to hold pressures down for more
than a week or two especially if starting
pressures are > 30 mmHg.'>1¢ A subse-
quent trial of atenolol 4% eyedrops
(single drops) on normal healthy subjects
indicated that the hypotensive effects of
atenolol would only be observed in ocular
hypertensive and/or glaucomatous eyes
since the trial showed only 1 to 1.5 mm
reduction in IOP' in normal indivi-
duals. The pressure reduction from a
single drop was reported to persist for not
over 6 hours.!" Atenolol is considered
less lipid soluble and more water soluble
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than many g-blockers so does not pene-
trate the cornea readily. While no effects
on corneal sensitivity were reported fol-
lowing short term use of atenolol eye-
drops,'© dry eyes and conjunctivitis!®
might follow longer use.

Befunolol

Befunolol, a non-selective 3-blocker, was
developed in Japan and is available in
Germany and Japan as 0.20% (or 0.25%)
and 0.5% solutions for instillation into the
eye. Befunolol eyedrops have been
reported to produce modest reductions in
systolic blood pressure (=10 mmHg)
when used over several weeks."” They
decreased the ability of the heart to re-
spond to exercise?’ but had only a small
effect on pulmonary function. Befunolol
decreases aqueous production. Befunolol
is reported to be particularly effective in
eyes with various forms of secondary
glaucoma.?">3 Single drops of befunolol
0.5% promptly reduced IOP in primary
glaucomatous or ocular hypertensive eyes
(initial IOP =< 30 mm Hg) by 5 to
15 mm Hg while the 0.25% concentra-
tion produced a slightly smaller effect.
Both effects were maintained with either
drug on a twice-daily basis.” Similar
effects have been reported by others.?*2
In a detailed study on patients with secon-
dary glaucoma, slightly smaller, but long
term effects, were produced?? — again,
with only slight effects on blood pressure.
Its recommended clinical use would be
twice-daily with the availability of two
concentrations to allow titration. Befu-
nolol is said to be comparable to pilocar-
pine for controlling the IOP.?' The
pressure lowering effect of befunolol can
be enhanced by concurrent use of pilo-
carpine or acetazolamide.”> Few un-
wanted systemic effects occur.26 Overall,
befunolol has been found to have only
small effects on blood pressure or heart
rate'®22:24 has not so far been found to
affect corneal sensitivity, outflow resis-
tance, pupil size, nor refraction.!®?*
Other potential unwanted effects include
headache, general ocular irritation and
blepharitis. 2

Betaxolol

Betaxolol is now widely available as an
ophthalmic product (Canada, USA,
Europe) as a 0.5% solution. This cardio-
selective B8; blocker, when instilled into
the eye can slow the heart (about 2 beats/

min?’) and lower the blood pressure (by
7 mmHg).?’ Betaxolol eyedrops lowered
the IOP 3.8 to 11 mmHg"?2% or 17% to
27% 3034 By itself betaxolol was not as
effective as timolol in lowering the IOP
when the pressure was 26 mmHg or
more.?* However other studies found
equal pressure reduction by these two
beta blockers.2"35 Betaxolol is usually
instilled twice a day, one drop each eye.
Decisions as to the use of betaxolol are
based on a variety of factors. Like the
other ophthalmic B-blockers, betaxolol
stings a little when first instilled.?%:29-36.37
Such irritation has been found in 22 % to
70% of patients in controlled trials but
betaxolol is said to produce fewer side
effects than timolol.?® When betaxolol
0.5% eyedrops are instilled bid over many
weeks, the maximum reduction of IOP
can be expected within 1 week and the
IOP remains relatively constant
thereafter?’3%3% in at least 50% of
patients placed on betaxolol as their sole
glaucoma medication. Betaxolol pene-
trates the cornea more readily than
timolol does,?3° and like timolol
decreases aqueous production,’?® but is
not necessarily as effective as timolol
for treating open-angle glaucoma.?*
Betaxolol is racemic mixture whereas
timolol consists of only the 1-isomer.?” If
the dose is large enough betaxolol shows
some ability to block 3, sites and there-
fore causes unwanted pulmonary effects
in a few patients.*0 Betaxolol has been
reported to have less effect on lung
function®® and exercise-induced tachy-
cardia than timolol does.* In one year
there were 56 reports of adverse reactions
apparently associated with use of topical
betaxolol on the eye. Of the nine patients
with severe reactions, seven were hospi-
talized, six for asthma, and one each for
asthma with cardia arrhythmia, respira-
tory distress, and bradycardia with
syncope.*? Cardiac beta blockade has
been reported.’® Insomnia and depres-
sion have occurred. Betaxolol can also
decrease corneal sensitivity and cause
photophobia, increased tearing and con-
junctival hyperemia®?: the so-far
reported incidence of these problems
appears to be small however.

Bupranolol

Bupranolol blocks 8, and 8, sites and
has significant membrane stabilizing acti-
vity. It is administered orally for control
of cardiac arrhythmia and is not available

in North America as an ophthalmic pro-
duct. However this potent 3, 8, blocker
is available in Germany (and Japan?) for
ophthalmic use in concentrations of
005%, 0.1%, 0.25% and 0.5% .3 Single
drops of bupranolol 0.05% (in castor oil)
reduced IOP by =5 mmHg in open angle
glaucoma patients.** Topical bupranolol
0.5% drops (in castor oil) produced subs-
tantial (often > 10 mmHg) hypotensive
effect.434-47 Topical bupranolol 1%
(vehicle not stated) provided a similar
effect in a glaucomatous eye* and
simultaneously lowered the IOP in the
untreated eye by 70% as much as in the
treated eye.*® Bupranolol decreases
aqueous production*®47 without signifi-
cant effect on aqueous outflow.*7 The
higher concentrations of bupranolol
(0.5% and 1%) have been found to be
comparable to pilocarpine 2% or 4% eye-
drops in ocular hypertensive patients*®
but without the unwanted ciliary spasm,
miosis and tearing associated with topical
pilocarpine. Bupranolol 0.5% has been
tested over a period of several weeks and
found to maintain its clinical efficacy.*
Bupranolol drops can however produce
significant ocular irritation and blepha-
ritis.*® In some patients a modest cor-
neal anesthesia has been reported. 434547
Only slight effects on tear film produc-
tion have been reported.*.

Carteolol

Carteolol is available as an ophthalmic
drug in Japan, England, Italy, France and
Germany at 1% or 2% concentrations. It
blocks both 3, and B, sites and has some
membrane stabilizing action and some
intrinsic sympathomimetic activity.30 It
lowers the IOP by reducing aqueous
secretion.” In a concentration of 1% or
2% instilled three times a day, carteolol
lowered the IOP by about 9 mmHg or by
34% .79 Carteolol was reported to main-
tain the IOP of 84% of primary open-
angle glaucoma patients below a pressure
of 24 mmHg.>? Carteolol 2% eyedrops
slowed the heart an average of 6 bpm.>3
Carteolol can however cause superficial
keratitis? to an extent that the product is
marketed with the warning that it should
not be used in dry eye patients as it can
aggravate or precipitate this condition.

Labetalol

Although generally classified as a non-
selective B,-blocker labetalol is consi-
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dered by some to also block 3, receptors
to some extent.*6 Labetalol has some
membrane stabilizing activity. It is not
currently available as an ophthalmic pro-
duct but is taken orally to treat acute high
blood pressure crises. Labetalol eyedrops
(1%, 1 drop) were found to produce small
and very variable reductions in IOP (3 to
6 mmHg) within 4 hours while a similar
pressure reduction was observed in the
contralateral eye.>* As with most of the
B-blockers, small reductions in systolic
blood pressure and pulse rate have also
been reported.> Side effects reported!8
were dry eyes and conjunctivitis.

Levobunolol

Levobunolol is a non-selective 8-blocker.
Orally administered levobunolol has been
used to treat systemic hypertension, car-
diac arrhythmia and angina. Levobunolol
0.5% is now widely available for oph-
thalmic use. When instilled, one drop
each eye (twice a day) levobunolol 0.5 %
eyedrops have been found to lower IOP
2.3 to 96 mmHg,>% or by 9% to
36%,%86364 especially in patients with
IOPs 30 mmHg. Some contralateral effect
on IOP is also observed. The plasma
level of levobunolol one hour after topical
instillation of 1% was 0.3 to 0.6 ng/ml.%3
Levobunolol has a rapid onset of action
and the IOP has not been found to drift
higher after months of treatment. Levo-
bunolol, instilled twice a day, is consi-
dered equivalent to timolol for treating
glaucoma,>>3738 and like timolol
decreases aqueous production.®* Levo-
bunolol controlled glaucoma successfully
in over 70% of one group of patients. 5!
When compared to other ophthalmic 8-
blockers levobunolol has a long duration
of action’” so there was hope that once
a day administration would prove to be
sufficient for controlling glaucoma in
some patients®! but other investigators
consider this unlikely.%> Levobunolol
can be administered concurrently with
other anti-glaucoma medications. Levo-
bunolol slowed the heart3>759 4 to 10
beats/min33-75%60 and lowered blood*
pressure 3 to 6 mmHg (systolic and dias-
tolic).3366086 QOthers have reported a
decrease in systolic pressure of 12 to 14
mmHg and in diastolic pressure of 4 to
6 mmHg.>” Topically instilled levobu-
nolol can also decrease pulmonary func-
tion by as much as 25%2° and thus, as
with timolol, contraindications include:
bronchial asthma, chronic pulmonary

disorders, heart block, sinus bradycardia
and cardia valvular disorders. Levobu-
nolol can irritate the eyes and stinging
was reported in 22% to 56% of drug-
treated patients in controlled trials with
0.5% and 1%56%6; and has caused ble-
pharitis,>’ or blepharoconjunctivitis in a
small number of patients receiving it.
Side effects occur in 1% to 4% of users
of levobunolol eyedrops and include
headache and insomnia. Unwanted effects
are apparently more frequent in patients
receiving timolol.?

Metipranolol

Metipranolol, a non-selective S-
blocker,?% is available in the United
Kingdom, Germany and France for oph-
thalmic use in three concentrations: 0.1%,
0.3% and 0.6%. The 0.1% concentration
is also available in Germany in combi-
nation with pilocarpine 2%. The drug
was developed in Germany. FDA ap-
proval for metipranolol is currently being
sought in the USA especially as the effi-
cacy of the 0.6% concentration has been
reported to be same as levobunolol
0.5%.% Metipranolol 0.5% or 0.3%
produces a modest (5 to 7 mmHg, 15%
to 30%) but sustained reduction in IOP
of eyes with open-angle glaucoma.®768
The efficacy of metipranolol 0.25% was
reported to equal that of timolol 0.25%
drops in open-angle glaucoma.® The
0.3% or 06% concentration slowed the
heart < 4 beats/min,®0%8 and lowered
diastolic pressure by 3 mmHg, while
reducing IOP by about 3 mmHg® or
about 5 mmHg.% Topical metipranolol
significantly suppressed the ability of the
heart to respond to exercise.?’ Topical
metipranolol, like levobunolol, was found
to reduce pulmonary function by 24 % .20
Because metipranolol is available in three
concentrations it may permit closer con-
trol of a patient’s IOP without the admin-
istration of enough drug to cause
unwanted effects.! Metipranolol 0.25%
in clinical use has not been reported to
produce any more corneal anesthesia than
timolol 0.25%.7 In two studies, glau-
coma or ocular hypertensive patients pre-
ferred levobunolol 0.5% to metipranolol
0.6% eyedrops when they were asked to
compare how much stinging the drops
produced on instillation.®”" In the short
term, metipranolol 0.6% has been
reported to produce about the same effect
on tear film stability (reducing TBUT) as
that produced by timolol 0.5%.72

Metoprolol

Metoprolol, another cardioselective 3,
blocker, is widely used to treat high blood
pressure and is not currently available as
an ophthalmic drug. Metoprolol has
no intrinsic sympathetic activity and
almost no membrane stabilizing acti-
vity.” Metoprolol 1% eye drops were
found to reduce IOP by 4 to 6 mmHg”
while the 3% concentration lowered IOP
about 6 mmHg or about 26%.7 It kept
the pressure down for 2 to 4 hours.”7
Metoprolol 0.5% eyedrops have small to
modest effects on heart rate with reduc-
tions of 4 bpm’™ on a bid regimen but
12 bpm on a qid regimen.” Metoprolol
lowered systolic blood pressure by
5 mmHg>® but produced no change in
diastolic pressure. Common side effects
included a burning, itching sensation in
the eye” which resulted in increased
tear production.” Tear breakup time has
also been reported to be significantly
reduced.”

Nadolol

Nadolol blocks @, sites and to some
degree $, sites as well. By blocking 8,
sites nadolol is useful to treat cardiac
arrhythmias and associated high blood
pressure. It is not available as an oph-
thalmic product. In a recent study,
nadolol 2% eyedrops instilled in the eye
produced only a small and brief reduc-
tion of the IOP — an effect attributed to
their low lipid solubility and thus poor
corneal penetration.”” However, earlier
studies using single drops of nadolol 2%
reported an average ocular hypotensive
effect of at least 10 mmHg within 2 hrs
and that reduction lasted for at least
4 hrs.578 This effect was confirmed in
a subsequent study which evaluated these
eyedrops over a period of 4 weeks™,
using a twice-a-day regimen. When pre-
pared in the form of the prodrug acetyl
nadolol 0.5%, it was found to penetrate
the cornea more readily and lowered the
IOP about 7 mmHg.”’ Like the other §-
blockers nadolol eyedrops can also slow
the heart and lower blood pressure™ but
without effects on the pupil. Serious side
effects of dry eyes and periorbital derma-
titis have been reported however.”’

Oxprenolol

Also called oxyprenolol this non-selective
B-blocker has membrane stabilizing and
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intrinsic sympathomimetic activity.’
Oxprenolol is used to treat high blood
pressure but is not currently available as
an ophthalmic product. One study
reported that instillation of oxprenolol
drops 0.5% lowered®® IOP about 3
mmHg (i.e. about 15%). Another trial
showed single drops of 0.5% or 1%
reduced IOP by an average of 6 mmHg
within 2 to 3 hours. The ocular hypoten-
sive effect was maintained for at least 3
months when oxprenolol was instilled
three times a day. Oxprenolol 1.0% (1
drop) when instilled in the eye produced
a slight fall in diastolic pressure and in
pulse rate (by 3 to 4 beats/ min)*” and
kept the IOP down for 2 to 3 hours but
tolerance tended to develop. Potential
unwanted effects however include dry
eyes, conjunctivitis and even corneal
ulceration.™

Pindolol

Pindolol is a non-selective 3-blocker with
some intrinsic sympathomimetic acti-
vity,” and very little membrane stabili-
zing activity. It is used to manage high
blood pressure. In West Germany (and
France?, Italy?) pindolol is available for
ophthalmic use in the 0.5% and 1% con-
centrations. Trials with pindolol eyedrops
have produced variable results. When
pindolol 0.5% or 1% was instilled in the
eye it was reported to lower IOP by
3 mmHg® while in another trial the
0.25% concentration was found to lower
IOP by 4 to 6 mmHg or about 18%.%
Pindolol 1% eyedrops (single instillation)
by 10 mmHg.?3 Similarly large reduc-
tions in IOP were reported in open angle
glaucoma patients in a trial using pindolol
0.5% three times a day® with no change
in corneal sensitivity, pupil or visual
acuity in most patients. Pindolol 0.5%
eyedrops, produced only small reductions
in IOP (3 mmHg) and had insignificant
effects on heart rate.3 However a pro-
portion (reported as 13% in one study3®)
of patients suffered from dry eyes, con-
junctivitis, or lid reactions. These neces-
sitated marketing the drug with a firm
warning of these effects when used for a
long term. This last study reported that
pindolol 1% tid was effective in eyes with
initial pressures of > 40 mmHg. A
recent study®’ reported that pindolol 1%
twice daily produced a sustained reduc-
tion of IOP of about 6 mmHg — giving
it the same clinical efficacy as the com-
moner B-blockers such as timolol.

Practolol

Practolol blocks @8, sites and has some
ability to block B, sites. This drug has
intrinsic sympathomimetic activity.’
Practolol has been used to treat high
blood pressure but is not now available
as an ophthalmic product. Single drops
of practolol 10% were found to lower IOP
by 4 or 5 mmHg.® Practolol eyedrops
however caused an intense immunolo-
gical reaction (the oculomucocutaneous
syndrome) with dry eyes, keratoconjunc-
tivitis, corneal ulcers and in a few cases
blindness.®? Practolol was subsequently
shown to be excessively toxic to the cor-
neal epithelium and to the lacrimal
glands. The reason for these effects
remains unknown, although an autoim-
mune response to practolol has been
suggested. %

Propranolol

Propranolol was the first oral 8-blocker
and has long been used to treat high blood
pressure, angina, arrhythmia and
migraine. It is a non-selective 8-blocker
with some membrane stabilizing acti-
vity.? Following initial investigations of
the action of systemic propranolol (oral
or iv.) on IOP% propranolol 1% eye-
drops were reported to produce substan-
tial reduction in the IOP of glaucomatous
eyes,”! but the same extent of ocular
hypotensive effect was not found in other
studies.”> One investigation using pro-
pranolol 0.5% reported a modest ocular
hypotensive action.”® Propranolol kept
the IOP down for 4 to 6 hours but its abi-
lity to control the IOP diminished in
about 2 months. It is of interest that a spe-
cial study found that intranasal adminis-
tration of propranolol produced a serum
level equal to that achieved by intravenous
administration.”* Unwanted effects
include: dry eyes, ocular discomfort and
corneal anesthesia although such effects
are concentration dependent.”3

Timolol

Timolol is a non-selective B-blocker’
which was developed to treat high blood
pressure and serendipitously found to be
an effective ‘“‘anti-glaucoma™ drug.
Within the past seven years timolol has
become a popular drug for treating open-
angle glaucoma. It has become the high-
est volume sales prescription drug for
ophthalmic use.! Timolol has very little

membrane stabilizing activity and almost
no intrinsic sympathomimetic activity.
Timolol is available for ophthalmic use
worldwide (Europe, Japan, Australia,
USA and Canada). Timolol has now
become the standard with which other
beta blockers intended for ophthalmic use
are compared. Timolol decreases
aqueous production® by about 30%. In
concentrations of 0.25% or 0.5% instilled
twice a day timolol produced clinically
useful reductions in IOP (2 to 10 mmHg,
18 to 30%).228355557.5861767782 The
pressure was kept down for at least 6
hours and in some eyes for at least 12
hours.? Clinicians almost always advise
twice a day instillation of timolol.
Timolol appears to be absorbed more
slowly and eliminated more rapidly than
other B-blockers which is an unexpected
finding in view of its long-lasting ocular
hypotensive effect.”> With prolonged use
of timolol eyedrops, the IOP in some
patients shows short term escape and
(when timolol is used for 12 months or
more) long term drift in the direction of
higher pressure. As a result a change in
medications becomes necessary. Timolol
drops instilled twice a day generally pro-
duce more reduction in IOP than topical
ocular epinephrine 1% twice a day. If a
patient on timolol is also given epineph-
rine the IOP goes down 5% to 10% more.
However if a patient is receiving epineph-
rine and is then given timolol an even
greater hypotensive effect is achieved.
(Epinephrine itself improves aqueous out-
flow probably by its agonist action on (3,
adrenergic receptors.) When the goal was
to keep the IOP below 21 mmHg timolol
was considered satisfactory in 64% to
937%,9" pilocarpine was considered
satisfactory in 76.2%,° and epinephrine
was satisfactory in 69.9%, of patients.
(Acetazolamide given orally every
6 hours will decrease aqueous production
by about 40% and lower IOP 6 mmHg.33)
Despite the proven effectiveness of timolol
it should be recognized that timolol has
cardiovascular effects, slows the heart
1 to 10 beats/min273337.59606876 and
lowers blood pressure 2 to 10
mmHg.27*29'55'5750'6&76 Topically applied
timolol may decrease the heart’s ability
to respond to exercise.2Y Timolol is con-
traindicated in patients with bradycardia,
asthma,?8 or any kind of heart block.
Lowering the blood pressure may
counteract some of the hoped-for good
results of lowering the IOP since perfu-
sion pressure in the retinal capillaries is
important in preserving the health and
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function of the retinal ganglion cells. The
instillation of timolol (or most other -
blockers) into one eye also lowers the [OP
of the contralateral, untreated eye. This
is clear evidence that systemic absorption
of the drug is a factor to be taken into
account. Timolol has CNS effects on 10%
of users and has mild pulmonary effects
(reduced forced expiratory volume) on
many, and as such it aggravates
asthma.3® Timolol causes fatigue, dizzi-
ness and headache in some patients and
about 10% of timolol-treated patients
develop depression. The external ocular
effects can include dry eyes,3* conjunc-
tivitis and mild corneal anesthesia in a
few patients®® as well as eliciting a stin-
ging sensation on instillation in about
20% of patients,27:64.69

The usual initial oral dose of timolol
for treating high blood pressure is 10 mg
twice a day. When one drop of timolol
0.5% is instilled in each eye the dose
administered is 0.3 to 0.5 mg, twice a day.
Probably at least 80 % of a topically ins-
tilled eyedrop enters the vascular system
more or less directly.?” If all of the
timolol 0.5 % eyedrops were systemically
absorbed the expected plasma concentra-
tion in a 70 kg patient would be
1.5 ng/ml. Studies have shown that the
plasma concentration one hour after
topical instillation of one drop of timolol
0.5% each eye was 1.3 ng/ml*7 in adults.
Other studies have shown more beta
blockade by timolol than by betaxolol.%®
A plasma concentration of 0.21 to 0.60
ng/ml levobunolol was reported in a
similar study using levobunolol 0.5%
eyedrops. 2

Hopefully the above review will serve
both as a summary and also a basis for
comparison of the beta-blockers. From
this comparison, it is apparent why only
some of the drugs have been approved for
ophthalmic use: the others show either
limited efficacy (compared to timolol) or
precipitate unwanted side effects at too
high a frequency to be tolerated in regular
use.

It can be anticipated that the prolifera-
tion of B-blockers for treating glaucoma
will result in lowered costs to the patient.
Possibly one of these drugs (or others
being developed) will prove to be more
selective, more effective, safer and even
longer lasting so that once a day instilla-
tion will be sufficient as is advocated for
a special pilocarpine gel (Pilopine HS)
which contains pilocarpine 4%. As yet
none of the B-blockers achieves all of
these goals.

At this time, several other 8-blockers
are being tested for possible use as topical
ocular hypotensive drugs. Such drugs
include arotinol, bunolol, falintolol and
soquinolol. As is evident from the biblio-
graphy in this article, $-blockers are stu-
died and developed often on a regional
basis. It is unknown at this time if any
of the currently marketed or investiga-
tional B-blockers will achieve the world-
wide acceptance that timolol maleate
ophthalmic solution has in less than 10
years of clinical use. That such a goal is
present in the minds of some is however
evident from the enormous effort cur-
rently being expended in trials of oph-
thalmic B-blockers. An extensive listing
of these clinical trials is provided in a
recently published article.%

References

1. Doughty M.J. The timolol alternatives in
open-angle glaucoma management. Mod
Probl Pharmacol 1987; 1: 4-7.

2. AOA news — The 20th State.

3. Tierney D. W. Betaxolol and levobunolol:
new beta-blocking antiglaucoma agents.
J Am Optom Assoc 1987; 58: 722-7.

4. Bartlett J. D. Why optometrists should
treat glaucoma. J Am Optom Assoc 1987,
58: 694-5.

5. Weiner N. Drugs that inhibit adrenergic
nerves and block adrenergic receptors. In:
Gilman A. G., Goodman L. S., Rau
T. W., Murad F., eds. The Pharmacolo-
gical Basis of Therapeutics, 7th ed. New
York: MacMillan, 1985: 181-214.

6. Weiner N. Norepinephrine, epinephrine
and the sympathetic amines. In: Gilman
A. G., Goodman L. S., Rau T. W.,
Murad F., eds. The Pharmacological
Basis of Therapeutics, 7th ed. New York:
MacMillan, 1985; 145-80.

7. Mishima A. Ocular side effects of beta-
adrenergic agents. Surv Ophthalmol 1982;
27: 187-208.

8. O’Donnell S. R. Review: the actions and
side effects of B-adrenoceptor blocking
drugs. Aust J Optom 1984; 67: 204-11.

9. Zimmerman T. J., Boger W. P. The beta-
adrenergic blocking drugs and the treat-
ment of glaucoma. Surv Ophthalmol
1979; 23: 347-62.

10. Wettrell K., Pandolfi M. Effect of topical
atenolol on intraocular pressure. Br J
Ophthalmol 1977; 61: 334-8.

1I. Ros R. E., Dake C. L., Offerhaus L.,
Greve E. L. Atenolol 4% eye drops and
glaucoma. A double-blind short-term cli-
nical trial of a new beta, — adrenergic
blocking agent. Graefes Arch Klin Oph-
thalmol 1977; 205: 61-70.

12. Wettrell K. Beta-adrenoceptor antagonism
and intraocular pressure. Acta Ophthalmol
1977; suppl. 134; 4-54.

13.

14.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

21,

Phillips C. I., Gore S. M., Macdonald
M. J., Cullen P. M. Atenolol eye drops
in glaucoma: a double-masked controlled
study. Br J Ophthalmol 1977; 61: 349-53.
Collignon-Brach J., Weekers R. Late-
nolol, ses effects tensionnels dans le glau-
come a angle ouvert. J Fr Ophtalmol
1978; 1: 205-10.

. Phillips C. 1., Gore S. M., Gunn P. M.

Atenolol versus adrenaline eyedrops and
an evaluation of these two combined. Br
J Ophthalmol 1978; 62: 296-301.

Brenkman R.F. Long-term hypotensive
effect of atenolol 4% eyedrops. Br J Oph-
thalmol 1978; 62: 287-91.

Hill S.EW., Lewis K., Stewart-Jones
J.H., Wadsworth J., Torner P. Effect of
local atenolol on intraocular pressure in
normal subjects using a non-invasive
method. Pharmatherapeutica 1979; 2:
136-9.

Banes S.B. Beta blockers — side effects.
Optician 1984; 187: 20-22.

Merte H.J., Stryz R. Erste Erfahrungen
mit dem Beta-Blocker Befunolol bei Glau-
komen mit weitem kammerwinkel in
Europa. Klin Monatsbl Augenheilkd 1984,
184: 55-8.

Cervantes R., Hernandez Y., Hernandez
H., Frati A. Pulmonary and heart rate
changes associated with nonselective beta-
blocker therapy. J Toxical-Cut Ocular
Toxicol 1986; 5: 185-93.

Makiura M., Uyama M., Sasamoto H.,
Mantni M., Hattori M. Ocular hypoten-
sive effect of an ophthalmic solution
(befunolol); compared with pilocarpine.
(In Japanese) Acta Soc Ophthalmol Jpn
1982; 86: 565-72.

Miki H., Shimizu Y., Nakatani H.,
Kinoshita A., Kosaki H. Effect of a beta-
blocking agent on secondary glaucoma.
(In Japanese) Folia Ophthalmol Jpn 1983;
34: 269-78.

Miki H. Effect of befunolol ophthalmic
solution, an alpha, beta-adrenergic block-
ing agent, on secondary glaucoma. (In
Japanese) Acta Soc Ophthalmol Jpn 1983;
87: 1-13.

Tane S., Komatsu A., Kubota S. Effect
of befunolol ophthalmic solution (a new
beta-blocking agent developed in Japan)
on the intra-ocular pressure. (In Japanese)
Folia Ophthalmol Jpn 1979; 30: 1238-40.
Takase M., Araie M., Matsuda T. A
single dose study of topical befunolol on
the intraocular pressure in man. (In Japa-
nese) Acta Soc Ophthalmol Jpn 1982; 86:
87-8.

Shimizu Y. Effects of befunolol oph-
thalmic solution, a beta-adrenergic block-
ing agent, on ocular hypertension and
primary glaucoma. (In Japanese) Acta Soc
Ophthalmol Jpn 1982; 86: 2123-34.
Berry D.P., van Buskirk E.M., Shields
M.B. Betaxolol and timolol. A compa-
rison of efficacy and side effects. Arch
Ophthalmol 1984; 102: 42-5.

Winter/Hiver 1987

200




CJO*RCO

28.

29.

30.

31

32.

33,

34.

33.

36.

3.

38.

89

40.

41.

42.

43.

Allen R.C., Epstein D.L. Additive effect
of betaxolol and epinephrine in primary
open-angle glaucoma. Arch Ophthalmol
1986; 104: 1178-84.

Feghali J.G., Kaufman P.L. Decreased
intraocular pressure in the hypertensive
human eye with betaxolol, a 8, adre-
nergic antagonist. Am J Ophthalmol 1985;
100: 777-82.

Radius R.L. The use of betaxolol in the
reduction of elevated intraocular pressure.
Arch Ophthalmol 1983; 101: 898-900.
Caldwell D.R., Salisbury C.R., Guzek
J.P. Effects of topical betaxolol in ocular
hypertensive patients. Arch Ophthalmol
1984; 102: 539-40.

Van Buskirk E.M., Weinrib R.N., Berry
D.P., Lustgarten J.S., Podos S.M., Drake
M.M. Betaxolol in patients with glau-
coma and asthma. Am J Ophthalmol
1986; 101: 531-4.

Smith J.P., Weeks R.H., Newland E.F.,
Ward R.L. Betaxolol and acetazolamide.
Combined ocular hypotensive effect. Arch
Ophthalmol 1984; 102: 1794-5.

Allen R.C., Hertzmark E., Walker A.M.,
Epstein D.L. A double-masked compa-
rison of betaxolol vs timolol in treatment
of open-angle glaucoma. Am J Oph-
thalmol 1986; 101: 535-41.

Levy N.S., Boone L., Ellis E. A con-
trolled comparison of betaxolol and
timolol with long-term evaluation of safety
and efficacy. Glaucoma 1985; 7: 54-+62.
Stewart R.H. Kimbrough R.L., Ward
R.L. Betaxolol vs timolol: a six-month
double-blind comparison. Arch Oph-
thalmol 1986: 104: 46-8.

Allen R.C., Hertzmark E., Walker A.M.,
Epstein D.L. A double-masked compa-
rison of betaxolol vs timolol in the treat-
ment of open-angle glaucoma. Am J
Ophthalmol 1986; 101: 535-41.
Schoene R.B., Abuan T., Ward R.L.,
Beasley C.H. Effects of topical betaxolol,
timolol, and placebo on pulmonary func-
tion in asthmatic bronchitis. Am J Oph-
thalmol 1984; 97: 86-92.

Ball S. Congestive heart failure from
betaxolol. Arch Ophthalmol 1987, 105:
320.

Harris L.S., Greenstein S.H., Bloom A.F.
Respiratory difficulties with betaxolol.
(Letter) Am J Ophthalmol 1986; 102: 274.
Atkins J.M., Pugh B.R., Timewell R.M.
Cardiovascular effects of topical beta-
blockers during exercise. Am J Oph-
thalmol 1985; 99: 173-5.

Nelson W.L., Kuritsky J.N. Early post-
marketing surveillance of betaxolol
hydrochloride, September 1985 - Sep-
tember 1986. Am J Ophthalmol 1987,
103-592.

Stiegler G. Bupranolol-Augentropfen
(Ophtorenin (R)) in der Glaukom-
Dauertherapie. Klin Monatsbl Augen-
heilkd 1979; 174: 267-75.

44.

45.

46.

47.

48.

49.

50.

=) B

52.

54.

55.

56.

Leydhecker W., Krieglstein G.K. The
intraocular pressure responses flow-dose
bupranolol (Ophtorenin) and methazola-
mide (Neptazine) in glaucomatous eyes.
A controlled clinical study. Albrecht von
Graefes Arch Klin Exp Ophthalmol 1979,
210: 135-40.

Krieglstein G.K., Sold-Darseff J., Ley-
dhecker W. The intraocular pressure res-
ponse of glaucomatous eyes to topically
applied bupranolol. Albrecht von Graefes
Arch klin Exp Ophthalmol 1977; 202:
81-6.

Sakimoto G., Une H., Ohba N. Effects
of topically applied bupranolol on the
intraocular pressure. Effects on the
untreated eye. Ophthalmologica 1979;
179: 214-9.

Ciarnella Cantani A., D’Antino G., Geno-
vesse S. Indagine tonografica so un nuovo
farmaco ipotensivo endoculare: il bupra-
nolo. Clin Oculista e Patologica Oculare
1983; 4: 43-8.

Totsuka H., Matsuo T., Araie M., Takase
M. Studies of bupranolol therapy for glau-
coma. 2. Dose response and comparing
to pilocarpine in intraocular pressure. (In
Japanese). Acta Soc Ophthalmol Jpn 1979;
83: 2166-2175.

Nakatani H., Sumi KY., Maeda K.,
Nakauchi M., Okabe S. Long term cli-
nical trials in the treatment of glaucoma
with topical 0.5% bupranolol, -blockade.
(In Japanese) Folia Ophthalmol Jpn 1979;
30: 1430-5.

Gorgone G., Spina F., Amantia L. Car-
teolol: Preliminary study on the ocular
pressure-reducing action. Ophthalmolo-
gica 1983; 187: 171-3.

Araie M., Takase M. Effects of S-596 and
carteolol, new beta-adrenergic blockers
and flurbiprofen on the human eye: a fluo-
rophotometric study. Albrecht von Graefes
Arch Klin Exp Ophthalmol 1985; 222:
259-62.

Negishsi C., Uesugi Y., Kanai A., Naka-
jima A., Kitazawa Y. Studies on the treat-
ment of glaucomatous eyes with carteolol
ophthalmic solution. (In Japanese) Acta
Soc Ophthalmol Jpn 1981; 85: 337-41.

. Ishikawa T., Orisaka S., Hiwatari S.,

Taketani P., Sugimachi Y. Pilocarpine,
carbachol and carteolol on open-angle
glaucoma and ocular hypertension. (In
Japanese) Acta Soc Ophthalmol Jpn 1981;
85: 837-42.

Krieglstein G.K., Kontic D. Nadolol and
labetalol: comparative efficacy of two beta
blocking agents in glaucoma. Albrecht
von Graefes Arch Klin Ophthalmol 1981,
216: 313-7.

Ober M., Scharrer A., David R., Biedner
B-Z., Novak G.D., Lue J.C., Robins D.S.,
Duzman E. Long-term ocular hypotensive
effect of levobunolol: results of a one-year
study. BrJ Ophthalmol 1985; 69: 593-9.
Bensinger R.E., Keates E.U., Gofman
J.D., Novak G.D., Duzman E. Levobu-

5%

58.

39.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

nolol a three month efficacy study in the
treatment of glaucoma and ocular hyper-
tension. Arch Ophthalmol 1985; 103:
375-8.

Geyer O., Lazar M., Novak G.D., Lue
J.C., Duzman E. Levobunolol compared
with timolol for the control of elevated
intraocular pressure. Ann Ophthalmol
1986; 18: 289-92.

The Levobunolol Study Group
(Appended). Levobunolol -a beta adreno-
receptor antagonist effective in long-term
treatment of glaucoma. Ophthalmology
1985; 92: 1271-6.

Cinotti A., Cinotti D., Grant W., Jacobs
I., Galin M., Silverstone D., Shin D.,
Esters J., Lee J., Bouchey R., Novak G.,
Duzman E., Lue J. Levobunolol vs
timolol for open-angle glaucoma and
ocular hypertension. Am J Ophthalmol
1985; 99: 11-7.

Berson F.G., Cohen H.B., Foerster R.J.,
Lass J.H., Novak G.D., Duzman E. Levo-
bunolol compared with timolol for the
long-term control of elevated intraocular
pressure. Arch Ophthalmol 1985; 103:
379-52.

Wandel T., Charap A.D., Lewis R.A.,
Partamian L., Cobb S., Lue J.C., Novak
G.D., Gaster R., Smith J., Duzman E.
Glaucoma treatment with once-daily levo-
bunolol. Am J Ophthalmol 1986; 101:
298-304.

Novak G.D., Tang-Liu D.D-S., Kelley
E.P., Liu S.S., Shen C.D., Duzman E.
Plasma levobunolol levels following
topical administration with reference to
systemic side effects. Ophthalmologica
1987; 194: 194-200.

Partamian L.G., Kass M.A., Gordon M.
A dose-response study of the effect of
levobunolol on ocular hypertension. Am
J Ophthalmol 1983; 95: 229-32.
Yablonski M.E., Novak G.D., Burke P.J.,
Cook D.J., Harmon G. The effect of levo-
bunolol on aqueous humor dynamics. Exp
Eye Res 1987; 44: 49-54.

Starita R.J., Fellman R.L. Glaucoma
treatment with once-daily levobunolol.
Am J Ophthalmol 1986; 102: 544-7.
Krieglstein G.K., Novak G.D., Voepel E.,
Schwarzbach G., Lange U., Schunck
K.P., Lue J.C., Glavinos E.P. Levobu-
nolol and metipranolol: comparative
ocular hypotensive efficacy, safety and
comfort. Br J Ophthalmol 1987, 71:
250-3.

Dienstbier E. Ruzickova E., Cepelik J.
Metipranol v 1é¢bé glaukomu. Cesk
Oftalmol 1981; 37: 5-12.

Mills K.B., Wright G. A blind, rando-
mized cross-over trial comparing metipra-
nolol 0.3% and timolol 0.25% in
open-angle glaucoma. A pilot study. Br
J Ophthalmol 1986; 70: 39-42.

Kruse W. Metipranolol-ein neuer Betare-
septoren blocker. Klin Monatsbl Augen-
heilkd 1983; 182: 582-4.

ClOe

RCO Vol. 49 No. 4

201




CJO*RCO

70.

1.

72

13

74.

1.

76.

7,

78.

79.

80.

81.

82.

83.

84.

Draeger J., Schneider B., Winter R. Die
localanasthetische Wirkung von Metipra-
nolol in Vergleich zu Timolol. Kliin
Monatsbl Augenheilkd 1983; 182: 210-3.
Ober M., Scharrer A., Novak G.D., Lue
JC. Lokale subjecktive Vertraglichkeit
von Levobunolol und Metipranolol in
einer Doppelblind Vergleichsstudie bei
Patienten mit erhohten intraokularen
Druck. Ophthalmologica 1986; 192:
159-64.

Strempel I. Immediatwirkung topischer
B-blocker auf die “Breakup time”. Oph-
thalmologica 1986; 192: 11-6.

Ros EE., Dake C.L. Negelkerke N.J.D.,
Greve E.L. Metoprolol eye drops in the
treatment of glaucoma. A double-blind
single dose trial of a beta, — adrenergic
blocking drug. Graefes Arch Klin Oph-
thalmol 1978; 206: 247-54.

Krieglstein G.K. The long-term ocular
and systemic effects of topically applied
metoprolol tartrate in glaucoma and
ocular hypertension. Acta Ophthalmol
1981; 59: 15-20.

Collignon-Brach J., Weekers R. Meto-
prolol et timolol. Etude comparative. J Fr
Ophtalmol 1981; 275-8.

Neilson N.V., Ericksen J.S. Timolol and
metoprolol in glaucoma: a comparison of
the ocular hypotensive effect, local and
systemic tolerance. Acta Ophthalmol 1981,
59: 336-46.

Duzman E., Rosen N., Lazam M. Dia-
cetyl nadolol: 3-month ocular hypotensive
effect in glaucomatous eyes. Br J Oph-
thalmol 1983; 67: 668-73.

Krieglstein G.K. Nadolol eye drops in
glaucoma and ocular hypertension. A
controlled clinical study of dose response
and duration of action. Albrecht von
Graefes Arch Klin Expth Ophthalmol
1981; 217: 309-14.

Krieglstein G.K. Mohamed J. The com-
parative multiple-dose intraocular pres-
sure responses of nadolol and timolol in
glaucoma and ocular hypertension. Acta
Ophthalmol 1982; 60: 284-92.

Bucci M.G., Prescosolido N. Valutazione
comparativa dell’efficacia della somminis-
trazione locale di oxprenololo e di pro-
pranololo nella terapia del glaucoma. Ann
Ottalmol e Clin Oculist 1979; 105: 269-76.
Thyas C., Stewart-Jones J.H., Edgar D.E,,
Turner P. The effect of 0.25% and 0.5%
pindolol on intraocular pressure in normal
human volunteers. Curr Med Res Opin
1981; 7: 550-2.

Andredsson S., Jensen K.M. Effect of
pindolol on intraocular pressure in glau-
coma: pilot study and a randomized com-
parison with timolol. Br J Ophthalmol
1983; 67: 228-30.

Ralli R., Rossi S., Rizzo P. Tito E. Riva-
lutazione del pindololo per locale come
ipotonizzante oculare. Ann Ottalmol Clin
Ocul 1983; 109: 595-601.

Szilvassy I., Takats I. Helyileg alkalmo-

85.

86.

87.

88.

89.

90.

ol

92.

93.

94.

95.

96.

97.

98.

99.

zott pindolol (Visken, LB 46) szemnyo-
mascsokkento hatasa glaukomanal.
Szemeszet Ophthalmol Hung 1978; 115:
204-8.

Smith R.J.H., Blamires T., Nagasubra-
manianss, Watkins R., Poinoosawmy D.
Addition of pindolol to routine medical
therapy: a clinical trial. BrJ Ophthalmol
1982; 66: 102-8.

Merte H-J., Stryz J.R., Mertz M.
Pindolol-Augentropfen (Glauko-Visken)
— Halbjahresergebrisse einer Glaukom
therapie. Klin Monatsbl Augenheilkd
1984; 184: 227-32.

Stryz J.R., Merte H-J. Ergebrisse einjah-
rige lokaler Pindolol-Anwendung bei
Weitwinkel-Glaukomen. Klin Monatsbl
Augenheilkd 1985; 186: 43-5.

Vale J., Phillips C.I. Practolol (Eraldin)
eye drops as an ocular hypotensive agent.
Br J Ophthalmol 1973; 57; 210-5.

Rahi A.H.S., Charman C.M., Garner A.,
Wright P. Pathology of practolol-induced
ocular toxicity. Br J Ophthalmol 1976; 60:
312-23.

Phillips C.I. Howitt G., Rowlands S.J.
Propranolol as an ocular hypotensive
agent. Br J Ophthalmol 1967, 51: 222-6.
Bucci M.G., Pecorigiraldi J., Missiroli A.
Virno M. La somminstrazione locale del
propranolo nella terapia del glaucoma.
Boll Oculist 1968; 47: 51-60.

Vale J., Gibbs A.C.C., Phillips C.J.
Topical propranolol and ocular tension in
the human. Br j Ophthalmol 1972; 56:
770-5.

Merte H-J., Merkle W. Propranolol-
augentropfen in der Glaukom-
Dauertherapie. Klin Monatsbl Augen-
heilkd 1980; 177: 437-42.

Hussain A., Foster T., Hirai S., Kashi-
hara T., Batenhorst R., Jones J. Nasal
absorption of propranolol in humans. J
Pharm Sci 1980; 69: 1240.

Schmitt C., Lotti V.J., LeDouarec J.C.
Penetration of five beta-adrenergic anta-
gonists into the rabbit eye after ocular ins-
tillation. Albrecht von Graefes Arch Klin
Exp Ophthalmol 1981; 217: 167-74.
Cyrlin M.N., Thomas J.V., Epstein D.L.
Additive effect of epinephrine to timolol
therapy in primary open angle glaucoma.
Arch Ophthalmol 1982; 100: 414-8.
Passo M.S., Palmer E.A., Van Buskirk
E.M. Plasma timolol in glaucoma
patients. Ophthalmology 1984; 91: 1361-3.
Bloom E., Richmond C., Alvarado J.,
Polansky J. Betaxolol vs timolol, plasma
radio-receptor assay to evaluate systemic
complications of beta-blocker therapy for
glaucoma. Invest Ophthalmol Vis Sci
1985; 26(Suppl): 125.

Novak G.D. Ophthalmic beta-blockers
since timolol. Surv Ophthalmol 1987, 31:
307-27.

Optometrist

Busy, well-established group
practice, interior British
Columbia requires Associate
Optometrist. Practice includes
many attractive services and
benefits. Partnership available.
Starting salary $50,000 —
$60,000 Commensurate with
experience.

Box 87-41
clo CJO * RCO
Suite 301 1785 Alta Vista Drive
Ottawa, ON
K1G 3Y6

Practice For Sale

In Vernon, in the Okanagan
Valley of British Columbia. Live
and work in a year-round resort
area in a busy, full-service prac-
tice with another optometrist.

Contact:
Brian M. Moore, O.D.
Optometrist
No. 101 — 3307-32nd Avenue
Vernon, BC
VAT 2M7
Tel: (604) 545-7501

An Associate Optometrist

is required for a general opto-
metric practice in Halifax and a
busy satellite office nearby. Part-
nership or ownership are
possibilities.

Please reply to:
Suite 301
110 Farnham Gate Road
Halifax, NS
B3M 3T7

Winter/Hiver 1987

202




