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Abstract

treatment. focuses on lowering IOP. With time,

Background: Glaucoma refers to a heterogeneous

current drugs become less effective, which has

group of diseases characterized by retinal cell

motivated the search for novel drugs.The objective

degeneration and optic nerve atrophy leading to

was to establish whether modulators of ATP-

blindness. Even though about 40% of patients have

sensitive potassium channels influence IOP.

normal

intraocular

pressure

(IOP),
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Methods: The double-blind, 5-day short duration

1. Introduction

Proof-Of-Concept study was carried out at the

Glaucoma refers to a heterogeneous group of ocular

Ophthalmology Clinic, University of Cologne,

diseases that are characterized by retinal ganglion

Germany. The only inclusion criteria were a

cell (RGC) degeneration [1] and progressive optic

diagnosis of glaucoma, ability to understand that

nerve atrophy; left untreated glaucoma gradually

they would be treated with an experimental drug,

leads to visual field loss and blindness. Although

and readiness to sign a consent form.

research

Results: In rabbits, 1 h after topical application of

mechanisms involved in the onset and development

80

tolbutamide,

of glaucoma are not understood. Primary open angle

glibenclamide, and chlorpropamide suspended in

glaucoma (POAG), the most common type, is

phosphate buffered saline IOP de-creased, whereas

associated with progressive loss of RGC axons,

0.5% diazoxide increased IOP. In Cynomolgus

along with supporting glia and vasculature, resulting

monkeys tolbutamide decreased IOP. In 9 glaucoma

in degeneration of the optic nerve head and loss of

patients treated for 5 days with one drop of a 0.5%

peripheral vision [2].

µL

of

0.5%

tolazamide,

is

considerable,

the

pathological

tolbutamide solution twice daily, IOP was an
average of 17% lowered. In one patient with ocular

Elevated intraocular pressure (IOP) is considered

hypertension, tolbutamide lowered IOP by a 5-day

the main risk for the onset and progression of

average of 29% and increased aqueous humor

POAG, even though about 40% of patients present

outflow by 185%. No local adverse effects were

IOP values within the normal range [3, 4]

observed.

suggesting that elevated IOP is neither essential nor

Conclusions: The data presented show that blockers

sufficient [5, 6] to cause glaucoma; in fact, the risk

of the ATP-sensitive potassium channels lower IOP

of unilateral blindness in POAG patients treated to

whereas diazoxide, an ATP-sensitive potassium

lower IOP is estimated to be about 27% [7]

channel opener, increases IOP suggesting that

indicating that lowering IOP retards but does not

elevated IOP results from an ionic imbalance. The

prevents RGC degeneration and blindness.

data suggest that sulfonylurea drugs are useful for
the treatment of glaucoma.

Since elevated IOP, which results from impaired
drainage of aqueous humor through the trabecular

Keywords: Glaucoma; open-angle glaucoma;

meshwork-Schlemm’s canal complex [8], is the

tolbutamide; ATP-sensitive potassium channels;

only modifiable risk factor, current therapies seek to

ATP-sensitive potassium channel opener; ATP-

lower IOP even in patients with normal IOP. Even

sensitive potassium channel blocker; intraocular

though effective surgical procedures have been

pressure; aqueous humor outflow

developed to lower IOP, pharmaceutical therapy
with drugs administered topically is the accepted
management of glaucoma.
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Topical prostaglandin analogs are most frequently

however, Chowdhury et al. have reported that in

used

daily,

mice, rats, and isolated human anterior segments,

prostaglandin analogs lower IOP by 25-30% [9] and

cromakalim lowers IOP [28, 29]. Panchal and

stabilize it at a lower level by increasing uveoscleral

colleagues have reported that nicorandil and

outflow [10] without significant systemic side

pinacidil,

effects; however, they have considerable local

counteracted the IOP rise in an acute model of

adverse reactions [11-15] and in rare cases cause

glaucoma [30].

to

treat glaucoma. Used

once

ATP-sensitive

channel

openers,

cystoid macular edema [16]. Several drugs
belonging to various chemical classes is also used to

KATP channels are involved in numerous cellular

treat glaucoma; however, side effects have limited

functions from insulin secretion to natriuresis [31-

their use as first line treatment [17-21]. Current

35]. It is generally accepted that activation of KATP

pharmacological agents are generally effective at

channels leads to K+ efflux, vasodilation, membrane

lowering IOP but in up to 40% of patients,

hyperpolarization, and decreases Ca2+ entry into

monotherapy does not provide sufficient control of

cells whereas inhibition of KATP channels causes

IOP and a combination of drugs is required,

membrane depolarization, vasoconstriction, and

reducing compliance, hand increasing side effects

increases Ca2+ entry into cells [36]. In fact, KATP

[22-24].Side

effects

becoming

channel inhibitors, such as glibenclamide, reduce

unresponsive

to

while

vasogenic and other types of edema [37, 38]. In view

neurodegeneration continues, albeit at a lower rate

of the contradictory results of Chang and

[25], has instigated the search for pharmacological

Chowdhury and the role of KATP inhibitors in

agents with novel mode of action that improve

reducing edema we revisited the effect of KATP

aqueous humor outflow via the conventional

channel modulators on IOP and aqueous humor

trabecular meshwork-Schlemm’s canal pathway.

dynamics in the eye. Here, we report that KATP

Netarsudil dimesylate, which lowers IOP by

channel inhibitors lower IOP in rabbits and that

increasing outflow facility and lowering episcleral

tolbutamide lowers IOP in Cynomolgus monkeys,

venous pressure [26], was approved in 2017.

in normal and glaucoma subjects, and increases

and

patients

current

drugs

aqueous humor flow and outflow with a significant
The precise cellular defect responsible for glaucoma

net increase in outflow.

is unknown; however, since water dynamics are
linked to ion transport, it can be assumed that ion

2. Results

transport in the trabecular meshwork, ciliary body,

2.1 Effect of KATP Modulators and Timolol on

and retina are involved in water dynamics and

IOP of Rabbits

glaucoma.

that

At 1-hour post drug administration timolol

cromakalim, an ATP-sensitive potassium channel

decreased IOP by 15% (n=25), tolazamide

(KATP) opener, increased IOP in rabbits [27];

decreased IOP by 16% (n=10), tolbutamide

Chiang

and

Lin

reported
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decreased IOP by 14% (n=5), glybenclamide

2.4 Effect of 0.5%Tolbutamide in Human

decreased IOP by 8% (n=20), and diazoxide

Subjects with Elevated IOP

increased IOP by 25% (n=5) compared to control

Both eyes of a patient with pseudoexfoliative

rabbits instilled with PBS (n=25). At 2 hours IOP

glaucoma and of a patient with POAG were treated

was only 3% lower than before administration of the

with one drop of 0.5% tolbutamide solution. IOP

drug for timolol and for glibenclamide, 6% lower

was measured at the times indicated in Table 1 by a

for tolbutamide and tolazamide, and 22% higher for

nurse while the patients were hospitalized. Table 1

diazoxide. No redness, irritation, or behavioral

shows that 5 hours after administration of

changes were noted in the animals instilled with

tolbutamide, IOP was substantially lower in both

PBS or any of the drugs.

eyes

of

the

patient

with

pseudoexfoliation

glaucoma. In the POAG patient tolbutamide
2.2

Effect

of

Tolbutamide

On

IOP

Of

decreased IOP in both eyes as early as 1 hour and

Cynomolgus Monkeys

was meaningfully lower at 3- and 16-hours post-

The IOP in the two monkeys treated with

administration.

tolbutamide in suspension decreased by an average
of 7.5 mm Hg or 31% and in the two monkeys

2.5 Effect of 0.5% Tolbutamide on Human

treated with 0.5% solution the IOP decreased by an

Subjects During a 5-Day Treatment

average of 6 mm Hg or 26% from the pre-treatment

To deter-mine the longer-term effect of tolbutamide

values. In the monkeys treated with vehicle the IOP

on IOP and possible side effects, 9 patients with

decreased by 4.5 mm Hg or 19%, which was likely

diagnosed POAG were treated with one drop of

the result of the anesthesia [39]. No evidence of

0.5% tolbutamide twice daily for 5 days. Table 2

irritation, or redness were noticed in the 4 monkeys.

shows that in seven of the nine POAG patients,
treatment with one drop of 0.5% tolbutamide

2.3 Effect of Sodium Tolbutamide on the IOP of

decreased IOP in the treated eye by a 5-day average

a Normal Subject

of 4.91 mm Hg (range 9.5 to 2.3 mm Hg) compared

Figure 1 shows that tolbutamide in suspension and

to an average of 0.7 mm Hg (range 0.1 to 5.4 mm

solution, decreased IOP in a normal subject;

Hg) for the untreated eye. In patients 3 and 7, IOP

considering that in humans the highest IOP is at

decreased in both eyes suggesting that the patients

12:00 Noon 40 the IOP de-crease observed is an

may have used the drug in both eyes. Patient 3

effect of tolbutamide and not due to diurnal

showed an average 5-day decrease of 7.1 mm Hg in

variations. Sodium tolbutamide solution was chosen

the treated eye; however, the treated eye showed no

for additional studies to avoid the possible dose un-

or a small decrease on days 1, 2 and 3 and a large

certainty when administering a suspension. No

decrease on days 4 and 5 (10-12 mm Hg); the

burning, irritation, or redness were observed.

control eye showed a significant decrease on days 2,
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4 and 5 suggesting that the patient may have instilled

significantly different (p=0.0001) from the 5-day

the drug to both eyes on some days.

mean (+0.5 ± 2.1) of the vehicle-treated eye.

2.6 Effect of Tolbutamide on the IOP of a 42-

2.7 Effect Of 0.5% Tolbutamide On Aqueous

Year-Old Female Ocular Hypertensive Tension

Humor Outflow Facility

(OHT) Subject without Visual Field Loss

Table 4 shows that tolbutamide increases both

Table 3 shows that during the 5-day treatment, the

aqueous humor production and outflow. Production

IOP in the tolbutamide-treated eye ranged from a

in-creased by 158% whereas outflow increased by

high of 22 mm Hg at 9:00 AM on day 2 to a low of

342%, a net 185% increase in outflow. In the

10 mm Hg on day 9. The average 5-day IOP in the

untreated eye both flow and outflow decreased from

tolbutamide- treated eye was -6.1 ± 3.8 mm Hg

the pre-treatment values, which may be the result of

(33%) lower than the pre-treatment IOP and

diurnal fluctuations [42, 43].

Figure 1: Effect of 0.5% sodium tolbutamide on the IOP of a normal subject .
Eight hours after administration, IOP was 20% lower than 30 minutes after administration of a 0.5% suspension of
tolbutamide and 24% lower after the administration of a 0.5% solution of sodium tolbutamide.

Table 1: Effect of one drop of 0.5% sodium tolbutamide on the IOP of human subjects.

Journal of Ophthalmology and Research

118

J Ophthalmol Res 2021; 4 (2): 114-127

DOI: 10.26502/fjor.2644-00240031

Table 2: Mean 5-Day effect of 0.5% sodium tolbutamide on IOP of 9 glaucoma patients.

(a) Patient 1 was hospitalized for conditions unrelated to glaucoma; drops were administered by a nurse. The patient,
the nurse, and the doctor measuring IOP were not aware of which eye received the drug and which the vehicle.
(b) Age not recorded.

Table 3: Effect of 0.5% sodium tolbutamide on IOP of an OHT patient .
Journal of Ophthalmology and Research
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Table 4: Effect of tolbutamide on inflow and outflow of aqueous humor in an OHT patient.

3.Discussion
Glaucoma is a complex disease that presents

Here, we have shown that in rabbits blockers of KATP

significant obstacles to treatment because over time

channels, decrease IOP whereas the KATP channel

many patients require a combination of more than one

opener

drug to control IOP and even when IOP is controlled,

tolbutamide in both in solution and suspension also

optic nerve degeneration continues at a slower rate

lowered IOP.

diazoxide

elevates

IOP.

In

monkeys,

[41, 42].
Since tolbutamide has been used as a systemic drug to
When IOP can no longer be controlled with

treat diabetes for over 50 years without severe side

medications surgical intervention is required, which

effects at doses ranging from 250 mg to 3 g/day and

often is not a permanent solution [43]. It is, therefore,

since we did not observe any discomfort in animals

essential to develop novel drugs that modulate the

treated with tolbutamide, we examined the effect of

metabolic processes of trabecular meshwork, ciliary

0.5% tolbutamide on the IOP of a normal subject and

body, and retinal cells.

of glaucoma patients. One drop of tolbutamide
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administered topically to a normal subject, to a

Chowdhury et al. used mice, rats and isolated human

pseudoexfoliative glaucoma, and to a POAG patient

anterior segments. We formulated the drugs in PBS,

lowered IOP by over 20%. In seven of nine POAG

pH 7.4, or an acceptable vehicle for ophthalmic human

patients 0.5% tolbutamide applied twice daily for 5

use;

days there was a statistically significant drop in the 5-

polyethoxylated castor oil. Whether formulation

day average IOP (p ≥ 0.05). In two patients, IOP

differences or species differences account for the

decreased significantly in both eyes, suggesting that

contradictory results will require additional studies.

Chowdhury

et

al.

used

DMSO

and

tolbutamide was instilled in both eyes. Analysis of
aqueous humor dynamics showed that tolbutamide

4. Materials and Methods

increased both formation and outflow; however, the

The use of animals and all treatment protocols were

outflow increased considerably more such that there

approved by the responsible office for animal

was a net outflow increase of 200%. It is noteworthy

protection and adhered to the ARVO statement for the

that no burning, irritation, or redness were observed or

use of Animals in ophthalmic and vision research.

reported by any patient. Since sulfonylureas bind
tightly to plasma proteins when administered

4.1. Effect of KATP Modulators on IOP of Rabbits

systemically [44, 45] and may not pass the brain-blood

New Zealand White rabbits (2-3 kg), were instilled in

barrier [46], this indicates that systemic administration

the right eye with sterile PBS (n=25), 0.5% timolol

would not be useful for the treatment of glaucoma. In

(n=25), 0.5% glibenclamide (n=20), 0.5% tolazamide

the pancreas, tolbutamide inhibits the opening of

(n=10),

KATP channels resulting in membrane depolarization,

chlorpromazine (n=2), and 0.5% diazoxide (n=5). All

voltage activated calcium channels opening, Ca+2

drugs were suspended in sterile PBS, pH 7.4; 80 µl of

influx into beta cells and insulin secretion [31]. KATP

each drug were instilled in two 40 µL doses at an

channels in their various isoforms are found in most

interval of 2 minutes. IOP was measured using a

cells and tissues, where the various isoforms confer

Tonopen at 1 and 2 hours after the administration of

upon the channels specific properties that regulate the

the drug. The rabbit studies were done by Dr. Weiping

tissue metabolic activities [47-55].

Yang on awake rabbits (Aviva Research Inc., San

0.5%

tolbutamide

(n=5),

0.5%

Diego, CA, USA).
Our results showing that KATP channel inhibitors
lower IOP, increase aqueous formation and outflow

4.2. Preparation of Tolbutamide Solution for use in

are contrary to those of Chowdhury et al. who have

Cynomolgus Monkeys

reported that KATP channel openers lower IOP and

Tolbutamide, was converted into the water-soluble

increase aqueous outflow in mice and rats [28, 29].

sodium salt by dissolving it in 0.25 M NaOH; the

There are differences between our studies and those of

dissolved drug was added to 0.4% HPMC, the pH was

Chowdhury et al. specifically, we used rabbits,

adjusted to 6.7, tonicity to 300 mOsm with NaCl, and

Cynomolgus

preserved with 0.001% thimerosal. The effect of 0.5%

monkeys

and

human
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solubilized tolbutamide on IOP was compared to 0.5%

4.6 Effect of Tolbutamide on IOP of a Normal

tolbutamide suspended in PBS in Cynomolgus

Subject

monkeys.

One drop of 0.5% tolbutamide suspended in PBS was
instilled into the right eye and one drop of 0.5%

4.3. Preparation of Tolbutamide Solution for use in

tolbutamide solution was instilled into the left eye of a

Human Subjects

male, 62-year-old subject at 7:30 AM; IOP was

Sodium tolbutamide was formulated as a 0.5%

measured by applanation tonometry at 8:00 AM and at

solution in 1.5% boric acid, 3% povidone, 0.002%

2-hour intervals until 4:00 PM.

thimerosal, pH 6.5, 281 mOsm. The drug was prepared
under GMP guidelines by SK Pharmaceuticals (San

4.7 Effect of Tolbutamide on IOP of Glaucoma

Diego, CA, USA). Drug and vehicle control vials were

Patients

color coded. Control vials were prepared in like

Both eyes of a pseudoexfoliative glaucoma patient and

manner without tolbutamide.

of a POAG patient, hospitalized for conditions
unrelated to glaucoma, were treated with one drop of

4.4 Effect of Tolbutamide, a KATP Inhibitor on

0.5% tolbutamide and IOP measured at “0” time and

IOP of Cynomolgus Monkeys

at the indicated times (Fig. 1 and Table 1) by

Monkeys

were

hydrochloride

(25

anesthetized
mg/kg)

and

with

ketamine

baseline

applanation tonometry.

IOP

determined. One drop of 0.5% tolbutamide suspension

4.8 Effect of 5-Day Treatment with 0.5%

and one drop of 0.5% tolbutamide solution were each

Tolbutamide on the IOP of Glaucoma Patients

administered to the right eye of two monkeys; vehicle

To determine whether longer-term treatment with

was administered to the left eyes. IOP was determined

tolbutamide lowered IOP, nine POAG patients (58-79

one hour after drug or vehicle administration. We are

years of age; 3 females and 6 males) were treated with

grateful to Dr. Craig Crosson for performing the study

one drop of 0.5% tolbutamide twice daily. Patients

at Texas Tech University Health Sciences Center

were given and instructed to instill one drop from the

(Lubbock, Texas, USA).

vial with a red label (drug) into a specified eye and one
drop with the green label (vehicle) into the

4.5 Effect of Tolbutamide on IOP in Human

contralateral eye at 9:00 AM and 10:00 PM each day;

Subjects

patients were asked to come to the ophthalmology

The human study was done with the approval of the

clinic at 8:30 AM and 4:30 PM each day to have the

Ethics Committee of the University of Cologne

IOP measured at 9:00 AM and at 5:00 PM. Patients

(Germany) and with the informed consent of each

and study personnel were not informed which vial

patient.

contained the drug and which vial contained the
vehicle.

Journal of Ophthalmology and Research

122

J Ophthalmol Res 2021; 4 (2): 114-127

DOI: 10.26502/fjor.2644-00240031

4.9 Effect of 5-Day Treatment with 0.5%

8.0.1, GraphPad software Inc., San Diego, CA, USA).

Tolbutamide on the IOP of an OHT Patient

A p-value of ≤ 0.05 was considered significant.

A 42-year-old female with long-standing OHT
without visual field loss, who was hospitalized for a

5 Conclusion

condition unrelated to OHT, was administered 1 drop

We have shown that sulfonylureas administered

of 0.5% tolbutamide at 9:00 AM and at 10:00 PM to

topically to the eye lower IOP without any observable

the right eye and vehicle to the left eye; IOP was

local side effects at a dose 500-fold lower than the

measured before administration, at 9:00 AM, 12:00

lowest dose results from a greater increase in aqueous

noon, and 3:00 PM. Medication vials were color-

humor outflow via the trabecular meshwork than the

coded, and the patient and study personnel were not

increased

informed of which eye received the drug and which

represent a reversal of the decreased metabolic activity

eye received the vehicle.

that occurs with age. The results presented here of the

formation;

increased

formation

may

effect of sulfonylureas on IOP and aqueous dynamics
4.10 Effect of 0.5% Tolbutamide on Aqueous

are a proof-of-concept and validation on a larger

Humor Outflow Facility

number of glaucoma patients is necessary before

To define the mechanism of action of tolbutamide,

conclusions can be reached as to the mechanism of the

rate of aqueous humor flow and outflow were

IOP lowering effect of sulfonylureas.

determined by fluorophotometry in the OHT subject
after the patient was discharged from the hospital. The

6. Patents

patient was asked to apply one drop of the red-colored

Patent

US

No:

10,780,068

vial (tolbutamide) and one drop of the green vial

compositions

for

improving

(vehicle) to the left eye and the right eye at 9:15 AM

Continuation-in-part application by the same title,

and one at 10:00 PM for 3 days. On the morning of the

application

fourth day the patient was asked to come to the clinic

PCT/US2018/030988.

No.:16/938,

“Methods
eye

628

and

health”,

and

where fluorescein drops (0.25% fluorescein-0.4%
benoxinate HCl) were applied to each eye five times

Patent No: 5,965,620 and 5,629,345 “Methods and

during a 30-minute period; five hours after the last

compositions for ATP-sensitive K+ channel inhibition

drop was applied, fluorescein was measured in the

for lowering intraocular pressure”.

anterior chamber (Fluorotron Master II, Mountain
View, CA) every 30 minutes for 2 hours. IOP was
measured by applanation tonometry.
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