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OBJECTIVES Some drugs need to be compounded by the pharmacist before being administered to the
patient. A study was conducted to determine the stability of acetazolamide suspensions in 2 different
vehicles (Oral Mix and Oral Mix Sugar Free [SF]) from bulk drug and tablets at 2 different temperatures and
in 2 different containers (amber plastic bottles and clear plastic syringes).

METHODS Acetazolamide suspensions (25 mg/mL) were prepared from bulk drug or tablets. Each
suspension, using Oral Mix or Oral Mix SF, was split between 2 types of containers—amber plastic bottles
and clear plastic syringes—and stored either at room temperature (23°C-27°C) or under refrigeration
(3°C-7°C). Samples were drawn from the suspensions right after preparation and on days 7, 14, 30, 45, 60,
75, and 90. They were then analyzed by high-performance liquid chromatography (HPLC) using a reverse-
phase column. A validated stability-indicating HPLC with ultraviolet detection method was developed. A
visual inspection and a pH measurement were also completed at each time point. Stability was defined as
retention of at least 90% of the initial concentration of acetazolamide suspension.

RESULTS At least 91.2% of the initial acetazolamide concentration in suspensions remained throughout the
90-day study period for both vehicles, both containers, and both temperatures. Assays varied between
91.2% and 105.0% of the initial concentration for all 112 tested conditions but 2 (105.2% and 109.0%). Linear
regression was calculated for each time profile and remained above 95.0% at the end of the study in all
cases. Similarly, pH remained within 0.1 unit of the initial pH, which was 4.2 for Oral Mix and 4.3 for Oral Mix
SF. Furthermore, no changes in organoleptic properties were observed because the preparations remained
as white fluid suspensions without sedimentation.

CONCLUSIONS Acetazolamide suspensions were stable for at least 90 days in all tested conditions because

the average drug concentration was not less than 90% of the initial concentration. The beyond-use date

could be extended from 60 to 90 days.
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UV, ultraviolet
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Introduction

Pharmacists are often confronted with patients for
whom solid drug forms are not suitable, such as pedi-
atric and geriatric patients, patients unable to swallow
solid oral forms, or patients with specific dosage needs.
Pharmacists need to prepare compounded drugs to
overcome this shortcoming. To compound a liquid
dosage form, they often need to add new excipients,
which could have a chemical or a physical impact on
the drug?

Chapter 795 of the US Pharmacopeia (USP)® indicates
that if a stability study has not been conducted for a
compounded aqueous oral formulation, the beyond-use
date is 14 days. It also specifies that the drug should be
stored between 2°C and 8°C. However, these conditions

are notideal for hospital pharmacies and, in reality, they
can vary depending on the products used. Because the
number of compounded preparations is increasing, it
is beneficial to conduct studies that can establish the
stability of the drug in its compounded form.

According to the USP monograph for acetazola-
mide oral suspension, the stability for a compounded
preparation of acetazolamide at 25 mg/mL is 60 days
if stored in a light-resistant container in a controlled
temperature room.* This formulation is prepared by
mixing acetazolamide powder (from tablets or pure
bulk drug) with an oral vehicle.

In the United States, acetazolamide is available as
tablets (125 and 250 mg),® as powder for injection (500
mg)°® or as extended-release capsules (500 mg).” In Can-
ada, it is available as immediate-release tablets (250
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Figure 1. Acetazolamide concentration remaining according to time for suspension from bulk drug in Oral Mix.
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The recovery as a percentage of the initial concentration is reported as a function of time under different conditions: in bottle at 5°C (®), in syr-
inge at 5°C (A), in bottle at 25°C (M), and in syringe at 25°C (x). The initial concentration was 25.12 + 0.62 mg/mL for the suspension made from
bulk drug in Oral Mix; (—) To meet specifications, the concentration of acetazolamide should not be less than 90% of the initial concentration.

mg of acetazolamide)® or injection (acetazolamide so-
dium equivalent to 500 mg of acetazolamide per vial)®.
Acetazolamide is a carbonic anhydrase inhibitor'® that is
used to treat glaucoma," epilepsy,? mountain sickness,®
and fluid retention in adults and children. Even if it is
used by both adults and children, no equivalent com-
mercial oral liquid forms currently exist on the market.
Recently, the stability of acetazolamide oral sus-
pensions (20 mg/mL) was evaluated by Santovefia
et al"* using different suspending and wetting agents;
however, the authors were not successful in preparing
homogeneous suspensions using these vehicles. Two
decades ago, Allen and Erickson™ evaluated the sta-
bility of acetazolamide oral suspensions (25 mg/mL) in
a 1:1 mixture of Ora-Sweet and Ora-Plus (Paddock Lab-
oratories, Minneapolis, MN), a 1:1 mixture of Ora-Sweet
Sugar Free (SF) and Ora-Plus (Paddock Laboratories),
and cherry syrup. Stability was demonstrated for at least
60 days when stored at 5°C and 25°C in plastic bottles.
In 1991, Alexanders et al®® demonstrated the stability
of acetazolamide suspensions (25 mg/mL) in a 70%
sorbitol solution for at least 79 days when stored at 5°C,
22°C, and 30°Cin amber glass bottles. A preformulation
study of acetazolamide also concluded that a pH of
approximately 4 was required to maintain the chemical
stability of this compound in aqueous preparations.”
Cherry syrup is prepared from cherry juice, but even
if both products are listed in the USP-National Formu-

lary, they are rarely used nowadays because of the
variability that can be observed with products of natural
origin. Similarly, sorbitol is a known laxative. Therefore,
the only current option is to prepare acetazolamide
suspensions using Paddock vehicles. Stability is known
for 60 days in vehicles containing sugar (1:1 mixture
of Ora-Sweet and Ora-Plus) and those that are SF (1:1
mixture of Ora-Sweet SF and Ora-Plus) when stored at
5°C and 25°C in plastic bottles. Based on discussions
with the hospital community, there is a need to establish
the stability of acetazolamide suspensions in readily
available dye-free vehicles in bottles, as well as in oral
syringes because these are often used for storage
purposes as well. The need for dye-free vehicle stability
results are critical for the sensitive patient population,
particularly in pediatrics.

The aim of this study was to establish the physical
and chemical stability of extemporaneously prepared
acetazolamide formulations using Oral Mix and Oral Mix
SF (lot 185/A and lot H1136, Medisca Pharmaceutique
Inc, Montréal, QC, Canada) from commercial tablets
(MH9405, Pharma Inc) and bulk drug (lot 602553/B,
Medisca). Oral Mix and Oral Mix SF are 2 oral vehicles
with preservatives and buffering agents that help to
minimize degradation. Both have the advantage of
being alcohol and dye free.

This stability study was developed by following the
International Council for Harmonisation of Technical
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Figure 2. Acetazolamide concentration remaining according to time for suspension from tablet in Oral Mix.
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The recovery as a percentage of the initial concentration is reported as a function of time under different conditions: in bottle at 5°C (®), in
syringe at 5°C (A), in bottle at 25°C (M), and in syringe at 25°C (x). The initial concentration was 23.90 + 0.49 mg/mL for the suspension made
from tablets in Oral Mix; (—) To meet specifications, the concentration of acetazolamide should not be less than 90% of the initial concentration.

Requirements for Pharmaceuticals for Human Use
guidelines,”® Trissel principles, and several published
articles.®?” Stability studies for oral extemporaneous
solutions were performed in general during a period
of 3 months, with variance in the number of time points
at refrigerated and controlled room temperatures. The
current study design included replication of time points,
which was performed by the preparation of 1 batch of
samples divided in several containers (i.e., 6 bottles and
48 syringes [experimental replicates]) and duplicated
injections for high-performance liquid chromatography
(HPLC) analysis (technical replicates).

Materials and Methods

In this study, 4 extemporaneous formulations of ac-
etazolamide were prepared using 2 vehicles (Oral Mix
and Oral Mix SF) from either bulk drug or tablets. Each
of these preparations was conditioned in 6 bottles and
48 syringes. The bottles and syringes were incubated
at 5°C and 25°C, and samples were pulled out after 7,
14, 30, 45, 60, 75, and 90 days to be analyzed. At each
time point, for each temperature and each preparation,
a sample was analyzed from the 3 bottles; samples from
3 syringes were also pulled for analysis. This sampling
ensured that all the results were supported from data
collected from at least 3 separately aged containers.
To perform the analytic evaluation, a stability indicat-

ing HPLC with an ultraviolet (UV) detector method was
developed and validated.?®

Oral Vehicles. Two different vehicles were tested
in this study: Oral Mix and Oral Mix SF. These vehicles
have been formulated especially for the preparation of
extemporaneous forms and are both alcohol and dye
free. Their pH is slightly acidic and they contain preser-
vatives and buffering agents to prevent degradation.

Extemporaneous Preparations. Preparations were
developed based on formulation described in the Ac-
etazolamide Oral Suspension USP monograph.* Four
preparations of 230 mL were made, one from bulk drug
with Oral Mix, one from tablets with Oral Mix, one from
bulk drug with Oral Mix SF, and one from tablets with
Oral Mix SF. Each solution was divided into 6 amber
plastic bottles and 48 clear plastic syringes. Half of them
were stored at 5°C + 2°C and the other half at 25°C +
2°C at 60% + 5% RH (relative humidity).

Suspensions compounded from bulk drug were
prepared by geometric addition of acetazolamide
(5.75 g) with Oral Mix or Oral Mix SF (quantity suf-
ficient to make 230 mL). A similar procedure was
followed for suspensions prepared from tablets (23
x 250-mg tablets), which were first pulverized prior
to geometric incorporation of Oral Mix or Oral Mix SF
(quantity sufficient to make 230 mL). The final concen-
tration of the 4 solutions was 25 mg/mL. The pH was
measured with an Accumet pH meter (model AP61,
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Figure 3. Acetazolamide concentration remaining according to time for suspension from bulk drug in Oral Mix SF.
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The recovery as a percentage of the initial concentration is reported as a function of time under different conditions: in bottle at 5°C (®), in syringe
at 5°C (A), in bottle at 25°C (M), and in syringe at 25°C (x). The initial concentration was 24.62 + 0.97 mg/mL for the suspension made from bulk
drug in Oral Mix SF; ; (—) To meet specifications, the concentration of acetazolamide should not be less than 90% of the initial concentration.

Thermo Fisher Scientific, Saint-Laurent, QC, Canada).
The initial pH measurements were 4.16 + 0.01 for the
bulk drug in Oral Mix suspension and 4.17 + 0.01 for
the tablets using the same vehicle, and 4.25 + 0.02 for
the bulk drug in Oral Mix SF and 4.26 + 0.01 with the
tablets in the same vehicle. The suspensions were all
white in visual appearance.

All 4 preparations were packaged in 50-mL amber
plastic bottles (30-mL fill volume, 6 bottles per prepa-
ration) and 3-mL clear plastic syringes (i.e., 1-mL fill
volume, 48 syringes per preparation). The formulations
were incubated at 5°C + 2°C and 25°C + 2°C at 60%
+ 5% RH (relative humidity) (Form 3911 Environmental
Chamber, Thermo Scientific) for up to 90 days. Three
bottles of each preparation and 3 syringes for each time
point were stored at both conditions. At predetermined
time points (0, 7, 14, 30, 45, 60, 75, and 90 days) an
aliquot (1 mL) was retrieved from each bottle, and 3 sy-
ringes were retrieved from each temperature condition.
Bottles and syringes were shaken prior to sampling.
The organoleptic properties of each test sample were
inspected, pH was measured, and acetazolamide was
assayed using a stability-indicating HPLC-UV method.?®

Sample Analysis. Concentration of samples was
measured using a stability-indicating HPLC-UV method
previously developed and validated by our group for
this study.?® Before sampling, each suspension was
visually inspected for color change, and pH was meas-

ured. Before HPLC injection, each sample was vortexed
and prepared as specified by the HPLC-UV method.
Ten microliters of each sample was injected into the
HPLC-UV system in duplicate. To validate each day
run, a calibration curve was injected before the sample.

Statistical Analysis. Each condition was tested 3
times to obtain an SD for each result. All values are
presented as mean + SD. Results were expressed as
percentages of the initial concentration (day O assay) of
the corresponding suspension. Linear regression was
calculated for all time profiles to highlight degradation
trends.

Specifications. The stability was monitored by re-
porting the concentration of the drug at different time
points as the percentage of the initial concentration.
Stability was defined as the absence of noticeable
changes in the organoleptic properties, a pH variation
of no more than 1.0 unit of pH relative to the initial pH,
and a concentration of acetazolamide of not less than
90% of the initial concentration.

Results

After 90 days, the concentration of acetazolamide
was not less than 90.0% of the initial concentration for
all suspensions at each test condition (Figures 1-4). The
different conditions (vehicle used, storage temperature,
container, and form of the drug used) did not have a
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Figure 4. Acetazolamide concentration remaining according to time for suspension from tablet in Oral Mix SF.
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The recovery as a percentage of the initial concentration is reported as a function of time under different conditions: in bottle at 5°C (®), in syr-
inge at 5°C (A), in bottle at 25°C (M), and in syringe at 25°C (x). The initial concentration was 23.45 + 0.89 mg/mL for the suspension made from
tablets in Oral Mix SF; ; (—) To meet specifications, the concentration of acetazolamide should not be less than 90% of the initial concentration.

significant impact on the stability of acetazolamide
suspensions for 90 days.

As shown in Figures 1through 4, initial concentrations
of acetazolamide in preparations comprised between
23.45 and 25.12 mg/mL or within 93.8% to 100.5% of
the target concentration (25 mg/mL). Recoveries during
the stability study varied between 91.2% and 105.0%
for all 112 tested conditions but 2 (105.2% and 109%).

Linear regression was calculated for the 16 stability
profiles as illustrated in Figures 1through 4. The y-inter-
cepts comprised between 94.0% and 101.6%, whereas
the slopes were all negative between —0.0488%-day™
and —-0.0034%-day™, but 1 slope was slightly positive
(+0.0161%-day™", acetazolamide suspension prepared
from tablets in Oral Mix SF and stored in bottles at
5°C). The coefficients of determination (r?) comprised
between 0.0061 and 0.5666 for the negative slopes,
and the coefficient was 0.0569 for the positive slope.
Noteworthy were 13 regression slopes between 95.0%
and 100.0% after 90 days. The regression slopes for the
acetazolamide suspension prepared from bulk drug in
Oral Mix and stored in syringes at 5°C and 25°C both
passed by 94.0% after 90 days. The positive regres-
sion slope for the acetazolamide suspension prepared
from tablets in Oral Mix SF and stored in bottles at 25°C
passed by 101.6% after 90 days.

The difference between the initial pH and the pH
measured at 90 days is less than 0.10 unit of pH in all

cases. After 90 days there was no change in the or-
ganoleptic properties of the suspension. They remained
white without sedimentation.

Discussion

Based on the results, all acetazolamide suspensions
were stable at least 90 days when stored in amber plas-
tic bottles or clear syringes at 5°C and 25°C. Stability
was demonstrated because the measured concentra-
tion of acetazolamide at each time point remained
above 90.0% of the initial concentration, no changes
in organoleptic properties were observed, and pH did
not vary by more than 1.0 unit.

The stability of acetazolamide was also demon-
strated in a few other aqueous vehicles using similar
conditions " It was also known that a pH around 4 was
required to avoid degradation.” Acetazolamide in Oral
Mix and Oral Mix SF was never tested before, and this
study was required to prove its stability in these vehi-
cles. Nonetheless, the observed results were expected
based on prior reports on the stability of this drug. The
current study was exhaustive because it systematically
evaluated all of the 16 possible permutations of the
following variables: drug source (tablets vs bulk drug),
vehicle (Oral Mix vs Oral Mix SF), packaging (bottle vs
syringes), and temperature (5°C vs 25°C).

Because very limited degradation was observed
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during the time course of this study, poor coefficients
of correlation were calculated for the linear regression
analyses. The analytic method has its own variability,
and in some cases may be larger than the actual deg-
radation. It was still possible to observe the expected
negative trends. In one case, a non-expected but very
slightly positive trend was observed, which is most likely
explained by the normal analytic error.

Although no formal microbial analysis was performed
in this study, according to the information provided by
the manufacturer, Oral Mix and Oral Mix SF both contain
methylparaben as a preservative and both conform
to the USP microbial challenge test.?® The addition of
pharmaceutical-grade acetazolamide should not be
detrimental to their microbial stability as long as the
preparation conforms to good compounding practices.
Furthermore, no organoleptic evidence of microbial
contamination was observed during this study.

Conclusions

This study demonstrated the stability of acetazola-
mide suspensions (25.0 mg-mL™) prepared from bulk
drug and tablets in Oral Mix and Oral Mix SF when
stored in amber plastic bottles and clear plastic syrin-
ges at 5°C + 2°C and 25°C £ 2°C for up to 90 days. This
provides an extension to the 60-day beyond-use date
presented in the USP Acetazolamide Oral Suspension
monograph.* Acetazolamide oral suspensions using
Oral Mix and Oral Mix SF can be used for those who
are looking for a dye-free alternative.
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