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Purpose: To evaluate the safety and efficacy of sublingual methazolamide in patients with open-angle glaucoma (OAG) and inform 
future trial design.
Methods: Fourteen participants (28 eyes) aged 50 to 90 years with bilateral OAG and intraocular pressure (IOP) between 18 and 
35 mmHg after medication washout were included. Participants were randomized to receive either 25 mg or 50 mg of sublingual 
methazolamide once daily for one week, followed by twice-daily administration during the second week. The primary outcome was 
change in IOP from baseline to days 7 and 14. Secondary outcomes included changes in serum methazolamide levels, serum 
electrolytes, urine pH and electrolytes, and side effects.
Results: After randomization, exclusion, and two dropouts, four patients in the 25 mg group and ten in the 50 mg group completed the 
study in full. Both doses of sublingual methazolamide resulted in significant reductions in IOP from the post-washout baseline at all 
follow-up points (all p < 0.05). Lowest mean IOPs were recorded 8 hours post-dose; after a week of daily dosing, the 25 mg and 50 mg 
groups achieved reductions of 6.6 mmHg (−26.5%) and 4.2 mmHg (−19.3%), respectively (both p < 0.001). Twice-daily dosing 
resulted in significantly lower morning IOPs compared to once-daily in each group (p = 0.05 for 25 mg; p = 0.003 for 50 mg). Serum 
methazolamide levels correlated with dose amount and frequency. Serum electrolyte levels were stable throughout, while urinary pH 
and urinary electrolytes fluctuated based on time since last dose. Side effects of mild headaches and/or fatigue were reported by 3 out 
of 14 (21.4%) participants, with no serious adverse events.
Conclusion: Sublingual methazolamide demonstrated effective IOP reduction with a favorable safety profile. Twice-daily dosing may 
offer more sustained IOP control. These findings support further investigation into sublingual methazolamide as an alternative 
glaucoma treatment.
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Introduction
Glaucoma is a leading cause of irreversible blindness, affecting millions of people worldwide.1 Current interventions 
focus on the only modifiable risk factor, intraocular pressure (IOP).2 Eye drops are the most utilized vehicle for 
delivering IOP-reducing therapy.2,3 However, patients often struggle with consistent drop usage due to factors such as 
difficulties with administration, inconvenience, forgetfulness and local reactions.4–6 Poor adherence may in turn com
promise the effectiveness of treatment. As a result, there has been significant interest in alternative methods of achieving 
pressure reduction, such as through intracameral, sustained-release implants.7,8 Concerns with such alternatives, however, 
relate to their procedural nature, duration of effectiveness, and potential for serious complications.9

A third path for glaucoma pharmacotherapy is provided by systemically absorbed carbonic anhydrase inhibitors 
(CAIs). CAIs are among the oldest medications for IOP reduction.10 CAIs accomplish ocular hypotensive effects by 
decreasing aqueous humor production. Oral acetazolamide is used sparingly for IOP lowering due to its systemic side 
effects and less favorable long-term profile compared to topical therapies.11 Methazolamide, another oral CAI, pre
cipitates fewer and less intense systemic side effects than acetazolamide with the tradeoff of more gradual IOP 
reduction.12–15 The dose of oral methazolamide used in clinical practice is typically 50–100 mg three times per day.12
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While methazolamide is FDA-approved for IOP reduction, the sublingual formulation is only available through 
compounding pharmacies and has not been extensively studied. However, the sublingual approach comes with advan
tages. Sublingual administration tends to bypass gastric absorption, leading to less first-pass metabolism by the liver.16 

Furthermore, onset of action tends to be faster with direct translocation into the venous system.16 In sum, this should 
allow for lower dosing amounts to achieve similar efficacy, which in turn may translate to fewer side effects. Also, at the 
University of Colorado, we have observed a rise in patient engagement with compounding pharmacies in order to receive 
customized therapies.

Given the potential for sublingual methazolamide to help fill a patient-centered need in glaucoma pharmaceuticals, we 
performed a pilot study of its safety and efficacy. We specifically evaluated dosages of 25 mg or 50 mg, once or twice 
daily. Efficacy was evaluated through serial IOP readings and methazolamide serum levels, while safety was assessed 
through serum electrolytes, urine studies, and subjective side effects. The ultimate goal is for our current study to provide 
preliminary information for designing future trials.

Methods
The current study was a single-site, proof-of-concept randomized controlled trial approved by the University of Colorado 
institutional review board (approval #22-0721). Written informed consent was obtained from all enrollees, and the study 
was conducted in accordance with the Declaration of Helsinki. Participants were assigned to receive either 25 mg or 
50 mg of sublingual methazolamide, administered once daily for one week and twice daily for the second week. No 
placebo group was used. The clinicaltrials.gov registration number is: NCT05498103.

The principal investigator (MYK) and collaborating research staff enrolled participants at the University of Colorado 
Eye Center’s glaucoma service from February 2023 through July 2023. Research technicians performed simple 
randomization for each eligible participant with binary random number generation for a goal of parallel 1:1 assignment. 
Assignments were unknown to technicians until enrollment, while clinical investigators were masked throughout follow- 
up and outcomes assessment. Patients were not masked; the 50 mg group took two pills per dosing, while the 25 mg 
group took one. All sublingual methazolamide was compounded by the same pharmacy, which has years of experience 
producing the sublingual formulation.

Eligible participants were between 50 and 90 years old, could read and write in English, and had open-angle 
glaucoma (OAG) bilaterally. Additionally, they were required to demonstrate an untreated IOP between 18 and 
35 mmHg after washout. Exclusion criteria encompassed non-OAG, severe or end-stage glaucoma, change in IOP- 
modifying medications within the past 30 days, renal or hepatic dysfunction, adrenocortical insufficiency, electrolyte 
imbalances, intolerance to carbonic anhydrase or sulfa medications, diabetes mellitus, active steroid therapy, history of 
intraocular injections, and pregnancy or breastfeeding. All IOP readings in the study were obtained via Goldmann 
applanation tonometry.

At the screening visit, initial data including demographics and IOP were obtained. After screening, enrollees 
underwent standardized washouts ranging from 5 to 28 days depending on the glaucoma medications they were using 
(Supplementary Table 1). At the post-washout visit (day 1), repeat IOP was obtained to confirm inclusion; randomization 
followed. An advancing enrollee next completed a standardized side effects questionnaire (Supplementary Table 2) to 
establish symptom baseline that same visit. Blood draws and urine test samples were obtained and assessed for pre-dose 
electrolytes, methazolamide levels, and urinary pH. Subsequently, the first dose of methazolamide was provided at 
approximately 8 AM in clinic. Education on technique was provided, including drinking water 10 to 15 minutes prior, 
sublingual application, avoiding food or drink for 30–45 minutes post-dose, and avoiding teeth-brushing or tobacco use 
within 2 hours of dosing. Blood and urine were drawn again in clinic at 1 hour and 3 hours post-dosing. IOP was 
repeated at 4 and 8 hours post-dosing, after which the participant returned home. Pills and instructions were provided for 
subsequent home doses.

Study participants took methazolamide for a total of two weeks. Patients were informed to record any side effects 
observed using the aforementioned question inventory both at home and at clinic follow-up. At the end of a participant’s 
first week (day 7), an early morning clinic appointment was scheduled. During that appointment the participant had their 
urine, blood, and IOP obtained prior to the morning dose. The sublingual methazolamide was then self-administered in- 
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office at 8 AM. Blood draws and urine collection were repeated at 1 and 3 hours post-dosing, and IOP at 4 and 8 hours. 
The participant was instructed to increase dosing frequency to twice daily at 8AM and 8PM, starting the night of the day 
7 visit. Repeat measurements were performed upon return to clinic at the end of week 2 (day 14). Afterwards, the 
participant discontinued methazolamide and returned to pre-enrollment therapy. The symptom questionnaire was 
presented over phone 1 week after study completion to monitor for post-therapy side effects.

The primary outcome measure was change in IOP over time, incorporating data from the intake, day 1, day 7, and day 
14 visits. IOP changes were compared both between groups (25 mg versus 50 mg) and within groups (once daily versus 
twice daily). Secondary outcomes included changes in plasma methazolamide, plasma electrolytes, urinary pH, and 
urinary electrolytes, as well as adverse events throughout the study.

Being a pilot study, the initial enrollment goal was up to 30 participants diagnosed with OAG; no a priori power 
analysis was conducted. Data were analyzed by an epidemiologist (JLP). Statistical comparisons for baseline values 
between groups were obtained via the t-test for age, Fisher’s exact tests for categorical variables, and Wilcoxon rank sum 
tests for laboratory values. IOP comparisons were performed using generalized estimating equations with an exchange
able correlation structure to account for patients having two eyes included in the study. Mean IOP and standard errors 
(SE) are presented at pre-study washout, and at three time points (pre-treatment, 4 and 8 hours post-treatment) over three 
days (baseline, day 7 and day 14). Laboratory results were evaluated with descriptive statistics and comparison to 
reference levels. Data analyses were performed only for participants who had completed the trial in full. Statistical 
significance was set at p < 0.05.

Results
A total of 17 participants contributing 34 eyes were enrolled at the time recruitment was terminated. Study termination 
was due to resource constraints within the study group staff and difficulties with enrolling patients in a timely manner due 
to the burden of several extended visits over a short period of time. Seven participants were randomized to the 25 mg 
group, and ten to the 50 mg group (Figure 1). Two participants in the 25mg group exited the study prior to receiving 
methazolamide. The first failed post-washout screening due to an IOP of 49 in the left eye, while the second voluntarily 
withdrew, citing blood pressure concerns. During follow up, one patient in the 25 mg group voluntarily withdrew 
midway through the second week of treatment because of concerns regarding a mild skin rash that was present prior to 
and stable since enrollment. All other participants received the intended treatment dosings as assigned and completed the 
study. There were no participants lost to follow-up. Enrollment started in February 2023, and the last follow-up visit was 
completed on September 2023. In total, 14 participants contributing 28 eyes completed the study in full.

Baseline data is compiled in Table 1. There were no significant demographic differences between the two study 
groups. The average age of the sample was 66 years, with a near equal distribution of males and females (Table 1). Most 
participants identified as being of white race (n = 12, 85.7%). Average serum chemistry values and urinary pH were 
similar between groups, and no participants in either group had detectable levels of methazolamide prior to initiating the 
study medication. Urinary sodium, potassium, and chloride were each numerically higher in the 25 mg group, but not to 
an extent that reached statistical significance (p = 0.13, 0.08, and 0.31 respectively).

IOP changes over the course of the study are described in Table 2. Prior to medication washout, mean IOPs were 
similar between groups (18.1 ± 2.0 mmHg vs 17.6 ± 0.9 mmHg, p = 0.81). After washout, the 25 mg group had 
a numerically higher mean IOP of 24.9 ± 2.1 mmHg compared to the 50 mg group’s 21.8 ± 0.6 mmHg, although this 
difference was not statistically significant (p = 0.16). At all timepoints after the first methazolamide dose, pressures in 
both groups were reduced compared to the post-washout baseline values (Table 2; p < 0.05 for all). On all three days of 
monitoring, pressures were lowest 8 hours after sublingual methazolamide administration, regardless of daily or twice 
daily dosing. The lowest pressures achieved were 17.7 ± 1.2 mmHg in the 25 mg group (baseline day) and 17.0 ± 
0.8 mmHg in the 50 mg group (day 14). When compared to the IOPs obtained prior to medication washout, the 25 mg 
group generally had higher follow-up pressures with exception to the values obtained at 8 hours post-dose (Table 2). The 
50 mg group, in contrast, demonstrated no follow-up IOPs that were significantly higher than the mean pre-washout 
reading (p ≥ 0.05 for all). Day 7 and day 14 IOPs obtained prior to the morning methazolamide dose were also compared 
within groups in order to examine the effects of daily versus twice daily dosing. In the 25 mg cohort, the twice daily pre- 
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treatment IOP was 1.2 mmHg less than the once daily equivalent (p = 0.05). In the 50 mg cohort, the difference was 
1.7 mmHg (p = 0.003).

Serum sodium, potassium, chloride, and bicarbonate levels at each follow-up timepoint are charted in Figure 2. 
Electrolyte values were similar between groups. Over time, including after the second week’s doubling in dose, there was 
minimal to no change compared to baseline. As for urinary electrolytes, levels of sodium, chloride, and potassium were 
generally lowest at 3 hours post-dose, and highest prior to dosing. Urinary pH curves were similar between groups, with 
peak pHs of around 7 being observed at 3 hours post-dose. Figure 3 illustrates how serum methazolamide levels 
increased in correspondence with dose amount and dose frequency. With once daily dosing of either 25 mg or 50 mg, 

Figure 1 Enrollment, Randomization, and Losses.
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Table 1 Baseline Demographics and Lab Values by Methazolamide Dosage Group

Variable 25 mg Group  
(n = 4)

50 mg Group  
(n = 10)

P valuea

Age, Mean (SD) 66.2 (8.0) 66.5 (9.0) 0.96

Female gender 2 (50%) 4 (40%) 0.99

Race/ethnicity
White race 3 (75%) 9 (90%)

Hispanic ethnicity 1 (25%) 1 (10%) 0.51

Mean (SD) Mean (SD)

Baseline serum sodium (mEq/L) 141.8 (1.7) 139.9 (1.4) 0.12

Baseline serum potassium (mEq/L) 4.48 (0.29) 4.08 (0.43) 0.30

Baseline serum chloride (mEq/L) 107.2 (3.2) 105.5 (2.5) 0.48

Baseline serum bicarbonate (mEq/L) 25.0 (2.9) 25.2 (3.3) 0.99

Baseline serum methazolamide (µg/mL) 0.0 (0.0) 0.0 (0.0) 0.99

Baseline urinary pH 5.5 (0.6) 5.6 (0.7) 0.93

Baseline urinary sodium (mEq/L) 121.0 (46.7) 85.1 (49.4) 0.13

Baseline urinary potassium (mEq/L) 77.6 (28.8) 41.1 (30.1) 0.08

Baseline urinary chloride (mEq/L) 135.0 (62.0) 92.8 (58.8) 0.31

Note: aStatistical comparisons were performed with t-test for age, Fisher’s exact test for sex and race/ 
ethnicity, and Wilcoxon rank sum test for laboratory values. 
Abbreviation: SD, Standard deviation.

Table 2 Mean Intraocular Pressures Before and After Sublingual Methazolamide

Methazolamide 
Dose

Mean Intraocular Pressure (mmHg) at Each Timepoint

Prior to 
Washout

Baseline 
Pre Txa

Baseline 
4 hr

Baseline 
8 hr

Day 7 
Pre Txb

Day 7 
4 hr

Day 7 
8 hr

Day 14 
Pre Txb

Day 14 
4 hr

Day 14 
8 hr

25 mg  
Mean (SE)

18.1  

(2.0)

24.9  

(2.1)

21.3  

(1.1)

17.7  

(1.2)

23.1  

(2.3)

20.3  

(0.9)

18.3  

(1.6)

21.9  

(2.2)

21.1  

(1.1)

18.2  

(1.1)

p-value comparing 

to Prior to 
Washout

NA <0.001 0.004 0.75 <0.001 0.16 0.87 <0.001 0.007 0.93

p-value comparing 
to Baseline Pre TX

NA NA 0.002 <0.001 <0.001 0.006 <0.001 <0.001 0.004 <0.001

50 mg  
Mean (SE)

17.6  
(0.9)

21.8  
(0.6)

18.8  
(0.5)

18.7  
(0.5)

19.8  
(0.5)

18.5  
(0.5)

17.6  
(0.5)

18.1  
(0.5)

17.5  
(0.7)

17.0  
(0.8)

p-value comparing 
to Prior to 

Washout

NA <0.001 0.29 0.26 0.05 0.46 0.96 0.53 0.93 0.62

p-value comparing 

to Baseline Pre TX

NA NA <0.001 <0.001 0.008 <0.001 <0.001 <0.001 <0.001 <0.001

p-value comparing 

25 mg to 50 mg

0.81 0.16 0.05 0.44 0.17 0.08 0.65 0.11 0.005 0.37

Notes: aRefers to baseline IOP values obtained after the washout period, prior to the first dose of methazolamide. bPre Tx = Pressure obtained prior to the morning methazolamide dose. 
Abbreviations: SE, Standard error. Tx, Treatment.
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Figure 2 Serum Electrolyte Levels Before and After Sublingual Methazolamide. (A) Serum Sodium Levels Before and After Sublingual Methazolamide. (B) Serum Potassium 
Levels Before and After Sublingual Methazolamide. (C) Serum Chloride Levels Before and After Sublingual Methazolamide. (D) Serum Bicarbonate Levels Before and After 
Sublingual Methazolamide. Pre Tx = Level obtained prior to the morning methazolamide dose.

Figure 3 Serum Methazolamide Levels throughout Follow-up. Pre Tx = Level obtained prior to the morning methazolamide dose.
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serum methazolamide levels continued to increase from 1 to 3 hours post-dose. However, with twice daily dosing, peak 
concentration was achieved before the 1-hour post-dose blood draw and remained stable at 3 hours. Twice daily dosing 
also resulted in higher pre-dose levels of methazolamide in each group. Overall, 3 out of 14 patients (21.4%) reported 
side effects that were surveyed as “uncomfortable” or “bothersome.” In the 25 mg group, one patient (25.0%) complained 
of an uncomfortable headache that occurred once when receiving twice daily dosing. In the 50 mg cohort, two patients 
(20.0%) noted side effects. Both complained of uncomfortable or bothersome fatigue present during both once daily and 
twice daily dosing, and one noted a standalone, light headache that occurred while on twice daily dosing. No patients 
reported any intolerable side effects, nor did any report serious adverse events related to the study medication.

Discussion
In our pilot trial of sublingual methazolamide, the drug demonstrated effective IOP control for glaucoma patients. Both 
the 25 mg and 50 mg groups achieved statistically significant reductions in post-washout IOPs at every follow-up 
timepoint. The lowest IOPs were recorded at 8 hours post-dose, suggesting an interval requirement for peak efficacy. 
Mean IOP after 7 days, 8 hours of daily 25 mg administration was reduced by 6.6 mmHg (26.5% decrease) compared to 
the post-washout baseline. At the same timepoint, daily 50 mg administration achieved a mean reduction of 4.2 mmHg 
(19.3% decrease) versus baseline. Clinically relevant reductions from the post-washout baseline and similarities to pre- 
washout IOPs support the use of once daily sublingual methazolamide as an ocular hypotensive. However, the main 
weakness of once daily dosing was in IOP fluctuation. Generally, the morning pre-dose IOPs on the once daily schemes 
were higher than those recorded while on previous treatment. The 25 mg group’s mean IOPs in the morning and at 
4 hours post-dose compared especially poorly to the pre-washout mean, potentially reflecting a relative advantage of 
50 mg dosing in accomplishing earlier pressure reduction. However, the transition to twice daily administration in 
the second week led to lower pre-dose IOPs in both cohorts, indicating a longer duration of therapeutic effect. For 
comparison, consider acetazolamide, the most common oral CAI used in glaucoma.17 A dose of 500 mg of acetazolamide 
achieves a quicker peak onset of action 2–4 hours after administration.18 One prospective study found that 500 mg of oral 
acetazolamide decreased IOP by 17.19% at 2 hours after administration, while other studies have reported a range of 
15–34% from varying doses.17,19–21 Per our data, sublingual methazolamide may yield similar reductions.

The safety profile of sublingual methazolamide was good. Average serum sodium, potassium, chloride, and bicarbo
nate values remained stable across two weeks and stayed within the University of Colorado’s reference lab ranges. 
Urinary pH rose temporarily after dosing in a manner consistent with known CAI renal effects and never exceeded the 
reference bounds.22 Urine electrolytes, similarly, undulated in accordance to methazolamide’s diuretic effects.22 Further 
interpretations of urine electrolytes are limited, as both the University of Colorado and other sources only list reference 
ranges for 24-hour collections, not spot measurements.23 There was no evidence of the hypokalemia or metabolic 
acidosis observed with oral CAI use.11 No patients reported uncomfortable or bothersome side effects while on 25 mg 
once daily dosing. One patient from each cohort reported mild headache while on twice daily dosing, which was transient 
and of unclear relation to the study drug. Two patients in the 50 mg group reported fatigue. The fatigue persisted from 
daily through twice daily dosing, providing evidence for causation. Fatigue is also a well-documented dose-dependent 
effect of oral CAIs.11,24 There were no reports in our sample of other bothersome or intolerable symptoms linked with 
CAIs, such as paresthesias, gastrointestinal discomfort, or urinary frequency. No patient had a serious adverse event. The 
current study’s 21.4% rate of side effects compares reasonably well to the 30–40% frequency reported in patients taking 
different classes of CAIs for various indications.25 When compared to acetazolamide dosed specifically for glaucoma, it 
has been noted that as many as 50% of patients may discontinue the agent due to side effects.11 In our brief trial, no 
patient dropped out because of a new symptom that arose while on sublingual methazolamide.

To our knowledge, our paper is the first to study the sublingual approach to methazolamide administration in 
glaucoma patients. Our review of the literature reveals no prior published studies on sublingual methazolamide for 
IOP lowering. The study’s key strengths include its prospective enrollment and effective randomization with no 
significant baseline differences between groups. No enrollee in either group was lost to follow-up. To minimize risk of 
confounding from pretrial drugs, washouts of ocular hypotensive agents were standardized and followed the recommen
dations borne from pharmacologic studies.26–28 IOP and electrolyte measurements at several timepoints captured the 
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granular effects of four dosing schemes. A comprehensive questionnaire that covered known side effects of CAIs and 
allowed for free-text entry was used; this enabled wide capture of any potential adverse events throughout follow-up, 
with the tradeoff of possible over-reporting of unrelated complaints.

Our pilot trial has additional limitations. First, the small sample size limits internal validity, and may have contributed to 
differences such as the numerically higher post-washout baseline IOP in the 25 mg group. There was differential participation; 
all three participants who either were excluded after enrollment or dropped out were in the 25 mg group. Having only four 
participants in the 25 mg group contributed to wider standard errors in IOP measurements, increased variability in urine 
electrolyte levels, lessened statistical power, and limited inferences from side effects reports. The short two-week follow-up 
may have failed to capture gradual systemic effects, such as electrolyte shifts. As part of the protocol, patients were thoroughly 
educated on correct sublingual administration. However, in a non-study setting, patients may take the drug in a manner that 
interferes with absorption. Though the washout process was comprehensive, pre-washout IOPs were not measured at specific 
times relative to eye drop administration, adding inherent variability to those measurements that impacted comparisons with 
follow-up IOPs. Another limitation is a lack of patient diversity that reduces generalizability. Most participants were of white 
race, and the remainder were Latino. Lastly, though a single pharmacy supplied the agent for our study, other compounding 
pharmacies may use differing techniques that could affect absorption.

Conclusion
Overall, if one were to design future trials of sublingual methazolamide based on the current study’s findings, the two 
most clinically useful interventions may be 25 mg twice daily and 50 mg twice daily. Twice daily demonstrated more 
sustained pressure reductions and did not substantially increase side effect frequency compared to one dose daily. The 
25 mg twice daily dose may cause less fatigue with the tradeoff of decreased early-phase pressure reduction. With the 
limitations of a small sample and brief follow-up in mind, the favorable outcomes of sublingual methazolamide across 
multiple doses make it a promising alternative to not only oral CAIs, but also topical drops. Such drops are linked with 
adherence challenges and can contribute to worsening of ocular surface disease.4,29 If safety and efficacy are confirmed 
by larger-scale trials, sublingual methazolamide may offer another tool for effectively treating glaucoma patients.
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IOP, Intraocular Pressure; OAG, Open-Angle Glaucoma; CAIs, Carbonic Anhydrase Inhibitors; FDA, Food and Drug 
Administration.
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