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INTRODUCTION

The most commonly used oral dosage forms today
include tablets and capsules. Many patients cannot
easily swallow these products so alternate formula-
tions must be prepared, or compounded, by the
pharmacist. When a modification is made to a com-
mercial dosage form or when a new formulation is
prepared, the pharmacist must be aware of its stabili-
ty and should be able to project a reasonable
expiration date. Stability studies must be completed
for each drug product in the vehicle intended to be
used in order to assign a valid expiration date.

The purpose of this study was to determine the sta-
bility of baclofen, captopril, diltiazem hydrochloride,
dipyridamole, flecainide acetate, labetalol hydrochlo-
ride, metoprolol tartrate, verapamil hydrochloride
and spironolactone/hydrochlorothiazide in 1:1 mix-
tures of Ora-Sweet:Ora Plus and Ora-Sweet SF:Ora
Plus.

STABILITY STUDIES FOR ORAL LIQUIDS
Stability studies must follow certain guidelines to

provide valid, accurate and meaningful information.

General guidelines for a good study and for success-

ful publication include:

1. A complete description of the materials, test condi-
tions and methods must be provided for peer
review. All materials must be “in-date”, equip-
ment calibrated and in good working condition
and procedures spelled out completely in the pro-
tocol.

2. A stability-indicating analytical method must be
used. The assay method must be capable of distin-
guishing between the parent drug, degradation
products and other components of the product (the
excipients).

3. An initial determination of the actual drug concen-
tration must be made. This is necessary because
the following time point results are compared to
the time zero (t,) concentration.

4. A sufficient number of test samples must be run.
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At minimum, duplicate analysis of three separate
samples should be performed; more if feasible.

5. Conclusions must fit the obtained data. It is
improper to expand the results into areas not cov-
ered by the project. For example, stability studies
done in glass containers cannot be extrapolated or
applied to plastic containers.

STABILITY STUDY DESIGN

This study resulted from a survey mailed to com-
munity and hospital pharmacies to determine the
active drugs and concentrations most frequently
requested for extemporaneous compounding. Thirty
different drugs were selected and studied in 1:1 mix-
tures of Ora Sweet:Ora Plus and Ora Sweet SF:Ora
Plus over a 60 day time period. Ten of these are pre-
sented in this issue of Secundum Artem.

For each drug and each vehicle, approximately 800
mL of product was prepared. Sufficient powder was
weighed, or a sufficient number of tablets/capsules
was obtained to provide the active ingredient. The
tablets were pulverized, or capsules emptied, and the
powder comminuted in a mortar with a pestle. A por-
tion of the vehicle was used to levigate the powder
and a uniform paste prepared. Additional vehicle
was added to the mortar in small portions and the
product poured into a 1000 mL graduated container.
The mortar was rinsed repeatedly with additional
vehicle and added to the graduated container to make
800 mL. The product was placed in a 1000 mL beaker,
covered and mixed for at least 30 minutes until uni-
form using a magnetic stirrer.

Six 120-mL amber clear plastic (polyethylene
terephthalate) prescription ovals were filled. These
containers were fitted with caps lined with low-den-
sity polyethylene foam. Three bottles were stored at
5°C and three bottles at 25° in the absence of light. An
initial 5 mL sample was removed from the bulk prod-
uct and samples were removed from each individual
bottle after 1, 2, 7, 10, 14, 28, 35 and 60 days. Prior to
sample removal, the bottles were agitated on a rotat-
ing mixer for 30 minutes. The pH was determined
initially and after 30 and 60 days’ storage at each tem-
perature. The oral liquids were examined at each
sample time for any change in appearance or odor.
After the samples were obtained, they were stored at
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-70°C until analyzed by a validated, stability-indicating, high perfor-
mance liquid chromatographic method.

Table 1: The concentrations of the various drugs used in this study
were as follows:

Drug Concentration (mg/mL)
Baclofen 10
Captopril 0.75
Diltiazem Hydrochloride 12
Dipyridamole 10
Flecainide Acetate 20
Labetalol Hydrochloride 40
Metoprolol Tartrate 10
Verapamil Hydrochloride 50
Spironolactone and

Hydrochlorothiazide 5/5

STABILITY OF EXTEMPORANEOUS FORMULATIONS

Physical observations did not reveal any significant changes during
the study period, including visual and olfactory observations. pH
determinations are provided with each table; there was less than 0.5
pH unit change throughout the entire study period for all the prepara-
tions.

Baclofen'*
Baclofen 10 mg/mL Oral Liquid
Rx  Baclofen 10 mg Tablets #120
Vehicle gs 120 mL

Baclofen is a skeletal muscle relaxant that occurs as white to off-
white crystals and is slightly soluble in water, with pK, values of 5.4
and 9.5. It is available in injection form (0.5 mg/mL and 2 mg/mL),
with a pH in the range of 5-7, indicative of a reasonably stable drug. In
this study, baclofen appears to be stable over 60 days in both vehicles
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studied with only 4% loss of potency at room temperatures. These
results agree with a study of 5 mg/mL baclofen in simple syrup, where
95.9% in suspension and 94.5% in solution remained after 35 days. At
pH 4 and 25°C, baclofen in solution has a projected stability based on
pseudo first order rate constants of 5.7 years.

Table 2: Percent of the initial concentration of baclofen (10 mg/mL)
remaining after packaging in plastic prescription containers and stor-
age at 5°C or 25°C for up to 60 days.

Time Ora-Sweet:Ora Plus Ora-Sweet SF:Ora Plus
(Days) 5 25° 5° 25°

1 105.2 102.7 103.0 101.4
14 99.2 98.4 99.7 102.0
28 101.3 98.2 98.9 100.0
60 98.7 96.0 98.8 101.6

The initial pH of the Ora Sweet:Ora Plus mixture was 4.7.
The initial pH of the Ora Sweet SF:Ora Plus mixture was 4.7.
There was less than 0.5 pH unit change throughout the study.

Captopril*12
Captopril 0.75 mg/mL Oral Liquid
Rx  Captopril 100 mg Tablet #1
Vehicle gs 134 mL

Captopril is an angiotensin-converting enzyme inhibitor occurring
as a white to off-white, crystalline powder with a slight acid-sulfhydryl
odor and is freely soluble in water and in alcohol. It has two pK, val-

ues of 3.7 and 9.8. Commercially, captopril is available only as oral
tablets of captopril and captopril in combination with hydrochloroth-
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iazide.

Captopril has limited stability at the 0.75 mg/mL concentration.
Several studies in the literature report on the stability of captopril in
various vehicles. The stability of captopril is evidently concentration,
vehicle- and temperature-dependent. Longer storage times than
those presented here have been reported; however, the vehicles
(water and water with sodium ascorbate added) generally are not
acceptable for routine oral administration to patients. If a patient or
caregiver needs to store captopril solution for a long time, it would
be best to dispense the tablets with instructions to crush and mix the
tablets with water immediately prior to administration. If unusual
dosages are required, capsules can be filled with the proper quantity
of captopril and dispensed to the patient with instructions to empty
the contents into a liquid and administer.

Label the prescription with an expiration date of 7 days at 25°C or
14 days at 5°C for the Ora-Sweet:Ora-Plus vehicle and 5 days at 25°C
or 10 days at 5°C if Ora-Sweet SF and Ora-Plus were used.

Table 3: Percent of the initial concentration of captopril (0.75 mg/mL)
remaining after packaging in plastic prescription containers and stor-
age at 5°C or 25°C for up to 60 days.

Time Ora-Sweet:Ora Plus Ora-Sweet SF:Ora Plus
(Days)  5° 25° 5° 25°

1 98.7 97.4 99.3 98.0
14 93.2 87.2 90.2 81.9
28 86.4 78.8 82.4 63.4
60 727 55.3 62.3 304

The initial pH of the Ora Sweet:Ora Plus mixture was 4.1.
The initial pH of the Ora Sweet SF:Ora Plus mixture was 4.1.
There was less than 0.5 pH unit change throughout the study.

Diltiazem Hydrochloride>16
Diltiazem Hydrochloride 12 mg/mL Oral Liquid
Rx  Diltiazem Hydrochloride 90 mg Tablets#16
Vehicle gs 120 mL

Diltiazem hydrochloride is a benzothiazepine-derivative calcium-

channel blocking agent occurring as a bitter-tasting, white to
off-white crystalline powder that is soluble in water and alcohol.
Diltiazem is available commercially only as various tablets and cap-
sules, both immediate and extended release.
Diltiazem appears to be stable for at least 60 days in both vehicles at
both 5°C and 25°C. Different stability profiles have been reported
using different vehicles containing different sugars, i.e., dextrose,
sucrose, fructose, sorbitol, mannitol, lactose. The most stable prepa-
rations appear to be prepared at pH 5.

Table 4: Percent of the initial concentration of diltiazem hydrochlo-
ride (12 mg/mL) remaining after packaging in plastic prescription
containers and storage at 5°C or 25°C for up to 60 days.

Time Ora-Sweet:Ora Plus Ora-Sweet SF:Ora Plus
(Days)  5° 25° 5° 25°

1 101.3 100.4 100.8 99.9

14 98.3 97.1 97.2 98.1

28 97.5 97.3 98.3 96.4

60 94.3 95.1 96.3 94.2

The initial pH of the Ora Sweet:Ora Plus mixture was 4.2.
The initial pH of the Ora Sweet SF:Ora Plus mixture was 4.2.
There was less than 0.5 pH unit change throughout the study.

Dipyridamole!”
Dipyridamole 10 mg/mL Oral Liquid

Rx Dipyridamole 50 mg Tablets #24
Vehicle gs 120 mL

Dipyridamole is a non-nitrate coronary vasodilator occurring as an
intensely yellow, bitter tasting, crystalline powder or needles. It is
slightly soluble in water and very soluble in alcohol. Its commercial
availability is limited to oral tablets.

Dipyridamole is stable for at least 60 days in both vehicles and at both
temperatures. A 10 mg/mL suspension containing 0.5% citric acid in
methylcellulose has been reported to be stable for 30 days in the refrig-
erator.

Table 5: Percent of the initial concentration of dipyridamole (10 mg/mL)
remaining after packaging in plastic prescription containers and storage
at 5°C or 25°C for up to 60 days.

Time Ora-Sweet:Ora Plus Ora-Sweet SF:Ora Plus
(Days)  5° 25° 5° 25°

1 100.6 99.3 99.8 102.1
14 97.8 96.9 98.1 97.1
28 96.3 95.4 96.7 96.2
60 93.6 92.1 94.1 92.5

The initial pH of the Ora Sweet:Ora Plus mixture was 4.2.
The initial pH of the Ora Sweet SF:Ora Plus mixture was 4.3.
There was less than 0.5 pH unit change throughout the study.

Flecainide Acetate’®1
Flecainide Acetate 20 mg/mL Oral Liquid
Rx  Flecainide Acetate 100 mg Tablets #24
Vehicle gs 120 mL

Flecainide acetate is a local anesthetic-type antiarrhythmic agent
structurally related to procainamide. It occurs as a white crystalline
powder with a solubility of 48.4 mg/mL in water and 300 mg/mL in
alcohol at 37°C, and has a pK, of 9.3. It is available as oral tablets.

Flecainide is stable, with less than 2% loss at any of the conditions,
when formulated with these vehicles. One report lists a 45 day stability
under refrigerated and room temperature storage conditions.

Table 6: Percent of the initial concentration of flecainide acetate (20
mg/mL) remaining after packaging in plastic prescription containers
and storage at 5°C or 25°C for up to 60 days.

Time Ora-Sweet:Ora Plus Ora-Sweet SF:Ora Plus
(Days) 5 25° 5° 25°
1 100.5 101.3 100.8 99.8
14 98.3 99.1 99.0 99.7
28 98.5 98.7 9.1 99.3
60 98.5 99.0 98.7 98.6

The initial pH of the Ora Sweet:Ora Plus mixture was 4.3.
The initial pH of the Ora Sweet SF:Ora Plus mixture was 4.3.
There was less than 0.5 pH unit change throughout the study.

Labetalol Hydrochloride??
Labetalol Hydrochloride 40 mg/mL Oral Liquid
Rx  Labetalol Hydrochloride 300 mg Tablets#16
Vehicle gs 120 mL

Labetalol hydrochloride is an alpha- and beta- adrenergic blocking
agent, commercially available as a racemic mixture of its 4 stereoiso-



mers. It occurs as a white or off-white crystalline powder and is
sparingly soluble in water (about 20 mg/mL) and freely soluble
to soluble in alcohol. It has a pK, of 9.3. Labetalol is available as

an aqueous solution for injection with a long expiration date (2
years). It is most stable in solutions having a pH of 2-4.

Labetalol demonstrated less than a 4% loss of potency in the
formulations and conditions used in this study. One report of
labetalol hydrochloride 7-10 mg/mL in distilled water, simple
syrup, apple juice, grape juice and orange juice were stable for at
least four weeks at both room and refrigerator temperatures.
Labetalol hydrochloride is most stable in solutions with a pH of
3-4.

Table 7: Percent of the initial concentration of labetalol hydrochlor-
ide (40 mg/mL) remaining after packaging in plastic prescription
containers and storage at 5°C or 25°C for up to 60 days.

Time Ora-Sweet:Ora Plus Ora-Sweet SF:Ora Plus
(Days) 5° 25° 5° 25°

1 100.6 101.3 98.9 99.3
14 99.0 99.3 100.7 100.1
28 99.3 99.9 100.1 99.7
60 97.8 98.4 98.2 96.9

The initial pH of the Ora Sweet:Ora Plus mixture was 4.5.
The initial pH of the Ora Sweet SF:Ora Plus mixture was 4.4.
There was less than 0.5 pH unit change throughout the study.

Metoprolol Tartrate?-26
Metoprolol tartrate 10 mg/mL Oral Liquid
Rx  Metoprolol Tartrate 100 mg Tablets ~ #12
Vehicle gs 120 mL

Metoprolol is a 1-selective adrenergic blocking agent, com-
mercially available as oral tablets and an injection. It is
commercially available as a racemic mixture and occurs as a
white, crystalline powder with a bitter taste and is very soluble in
water and freely soluble in alcohol. It has a pK, of 9.68.

Metoprolol exhibits less than 3% loss in potency under the con-
ditions used in this study. Several reports support the stability of
metoprolol in various vehicles and at various pH levels, including
one study at pH 4,7 and 9.

Table 8: Percent of the initial concentration of metoprolol tartrate
(10 mg/mL) remaining after packaging in plastic prescription
containers and storage at 5°C or 25°C for up to 60 days.

Time Ora-Sweet:Ora Plus Ora-Sweet SF:Ora Plus
(Days) 5 25° 5° 25°

1 101.3 100.8 99.8 101.3
14 100.2 99.2 98.0 97.5
28 101.0 98.3 98.8 97.8
60 99.6 97.8 98.3 98.0

The initial pH of the Ora Sweet:Ora Plus mixture was 4.3.
The initial pH of the Ora Sweet SF:Ora Plus mixture was 4.2.
There was less than 0.5 pH unit change throughout the study.

Verapamil Hydrochloride?-8
Verapamil Hydrochloride 50mg/mL Oral Liquid
Rx  Verapamil Hydrochloride 80 mg Tablets#75
Vehicle gs 120 mL
Verapamil hydrochloride is a phenylalkylamine-derivative cal-

cium-channel blocking agent commercially available as a racemic
mixture. It occurs as a white or practically white, crystalline pow-
der with a bitter taste and is soluble in water and sparingly
soluble in alcohol. In the commercially available injection dosage
form (2.5 mg/mL), it has a pH of 4-6.5.

Verapamil shows less than 4% loss in both formulations in this
study. The optimum pH range of verapamil has been reported to
be from pH 3.2-5.6.

Table 9: Percent of the initial concentration of verapamil
hydrochloride (50 mg/mL) remaining after packaging in plastic
prescription containers and storage at 5°C or 25°C for up to 60
days.

Time Ora-Sweet:Ora Plus Ora-Sweet SF:Ora Plus
(Days)  5° 25° 5° 25°

1 99.7 100.4 100.1 99.0
14 98.4 98.4 99.7 98.6
28 99.0 97.0 99.5 97.9
60 98.0 96.5 98.4 97.9

The initial pH of the Ora Sweet:Ora Plus mixture was 4.4.
The initial pH of the Ora Sweet SF:Ora Plus mixture was 4.2.
There was less than 0.5 pH unit change throughout the study.

Spironolactone/Hydrochlorothiazide?-33 34-35
Spironolactone/Hydrochlorothiazide 5/5 mg/mL Oral Liquid
Rx  Spironolactone-Hydrochlorothiazide 25mg/25mg #24
Vehicle gs 120 mL

Spironolactone is an aldosterone antagonist occurring as a light
cream-colored to light tan, crystalline powder with a faint to mild
mercaptan-like odor. It is practically insoluble in water and solu-
ble in alcohol. Hydrochlorothiazide is a thiazide diuretic
occurring as a white or practically white, practically odorless,
crystalline powder and has a slightly bitter taste. It is slightly sol-
uble in water and soluble in alcohol, with pK, values of 7.9 and
9.2. Hydrochlorothiazide oral solution is commercially available
in a strength of 50 mg/5 mL, indicative of a reasonably stable oral
liquid product.

In the spironolactone/hydrochlorothiazide formulations, there
was less than 3% loss of hydrochlorothiazide and less than 4%
loss of spironolactone in these vehicles. Numerous reports are
available concerning spironolactone which shows an optimum
pH for stability of approximately 4.5. Hydrochlorothiazide
exhibits very poor water solubility and in these preparations is
present primarily in a suspended form, which enhances its stabil-

ity.

Table 10: Percent of the initial concentration of spironolactone in
spironolactone/hydrochlorothiazide (5/5 mg/mL) remaining
after packaging in plastic prescription containers and storage at
5°C or 25°C for up to 60 days.

Time Ora-Sweet:Ora Plus Ora-Sweet SF:Ora Plus
(Days)  5° 25° 5° 25°

1 98.9 97.3 101.3 100.2
14 96.5 96.9 98.1 97.1
28 97.8 96.2 97.9 96.4
60 96.5 97.5 98.9 97.4

The initial pH of the Ora Sweet:Ora Plus mixture was 4.4.



The initial pH of the Ora Sweet SF:Ora Plus mixture was 4.2.
There was less than 0.5 pH unit change throughout the study.

Table 11: Percent of the initial concentration of hydrochlorothi-
azide in spironolactone/hydrochlorothiazide (5/5 mg/mL)
remaining after packaging in plastic prescription containers and
storage at 5°C or 25°C for up to 60 days.

Time Ora-Sweet:Ora Plus Ora-Sweet SF:Ora Plus
(Days) 5 25° 5° 25°
1 100.5 101.3 99.7 99.9
14 99.5 100.1 98.9 99.8

28 98.6 98.5 99.6 98.4

60 99.0 98.1 98.4 97.5
SUMMARY

It appears that baclofen, diltiazem hydrochloride, dipyri-
damole, flecainide acetate, labetalol hydrochloride, metoprolol
tartrate, verapamil hydrochloride and spironolactone/
hydrochlorothiazide can be mixed with Ora-Sweet:Ora-Plus (1:1)
or Ora-Sweet SF:Ora-Plus (1:1) and used over a 60 day period,
since at least 90% of the original concentration is retained.
Pharmacists should be able to compound formulations extempo-
raneously at the concentrations presented here in 1:1 mixtures of
Ora-Sweet:Ora-Plus or Ora-Sweet SF:Ora-Plus and be assured of
physical and chemical stability of at least 60 days when packaged
in light-resistant containers of the materials used in this study. For
captopril, however, an expiration date of 7 days at 25°C or 14 days
at 5°C for the Ora-Sweet:Ora-Plus vehicle and 5 days at 25°C or 10
days at 5°C if Ora-Sweet SF and Ora-Plus would be appropriate.
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