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Summary

The decomposition of salbutamol sulphate (albuterol sulphate) was studied in the pH range 1.9-8.8 at 65°C. The decomposed
salbutamol sulphate solutions were discoloured and contained a precipitate. Depending on the pH of the solution, one to four major
and several minor decomposition products were formed. The rate of decomposition was followed by RP-HPLC with UV detection.
The decomposition of salbutamol in aqueous solution obeyed apparent first-order kinetics with respect to salbutamol sulphate. The
reaction rate increased with increasing initial drug concentration and elevated temperatures. The maximum stability of salbutamol in

aqueous solution occurred at a pH of about 3.5.

Introduction

Salbutamol sulphate (albuterol sulphate), the
hemisulphate of 1-(4-hydroxy-3-hydroxymethyl-
phenyl)-2-(zert-butylamino)ethanol, is a f,-selec-
tive adrenoreceptor agonist which is used as a
bronchodilator and in the prevention of premature
labour. Salbutamol is recommended to be kept in
a well-closed container and protected from light
(BP, 1988; Reynolds et al., 1989). As a salicyl
alcohol derivative it shows a relatively high stabil-
ity compared to that of adrenergic catecholamines.

The first report of salbutamol stability in solu-
tion was from Wall and Sunderland (1976). The
decomposition of salbutamol was studied in a
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dextrose solution at pH 2.4 and in phosphate
buffers of pH 6.9-8.3 at 40-70°C. The stability
decreased with increase in pH and temperature.
The decomposition of salbutamol appeared to
proceed faster in concentrated solutions (2%) than
in dilute solutions (0.02%). This can also be seen
from the results of Hakes et al. (1979).

In 5% dextrose and 0.9% sodium chloride solu-
tions, the common vehicles for intravenous medi-
cation, salbutamol is stable for up to 24 h at
various temperatures (4-8, 20, 30, 45°QC)
(Roberts, 1982; Bhalla et al., 1986).

The influence of some sugars (glucose, sucrose
and fructose) on the stability of salbutamol varies
with varying solution pH (Hakes et al., 1980). At
pH 7.0 (70 ° C) glucose accelerated the decomposi-
tion of salbutamol in contrast to sucrose, which
had no effect. At pH 3.5 (70°C) both sugars
accelerated the reaction to a similar extent by the
hydrolysis of sucrose in acidic solution. Fructose
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had the same effect on the stability of salbutamol
as glucose. The extent of decomposition increased
with increasing sugar concentration. Salbutamol
syrups containing saccharin remained undegraded
at 55°C for 3 months (Sequeira and Zupon, 1985).

The effect of two antioxidants, thiourea and
sodium metabisulphite, on the stability of
salbutamol has been studied in commercial pre-
parations and aqueous and buffered solutions (pH
4.5-7.0) at about 60 ° C (Valdés Santurio and Vega
Eguino, 1985) and in aerosol solutions (pH 3.5) at
25-65°C (Valdés Santurio and Vega Eguino,
1986). Thiourea proved to be a better antioxidant
than sodium metabisulphite.

Analytical techniques used in stability studies
include fluorometry (Wall and Sunderland, 1976),
colorimetry (Wall and Sunderland, 1976; Valdés
and Vega, 1985; Bhalla et al., 1986; Valdés and
Vega, 1986) and high-performance liquid chro-
matography (Hakes et al., 1979, 1980; Roberts,
1982; Iacono et al., 1987). The fluorometric and
colorimetric methods are not necessarily specific,
because the unidentified decomposition products
may react with the reagent used in the method.

The aim of the present study was to collect
qualitative and quantitative data in order to ob-
tain more detailed knowledge on the decomposi-
tion of salbutamol in aqueous solution as a func-
tion of pH, temperature and drug concentration.

Materials and Methods

Materials

Salbutamol sulphate was kindly supplied by
Leiras (Turku, Finland). The identity and purity
of the substance were verified by TLC and HPLC
and by UV, IR and '"H-NMR and “C-NMR
spectra. All chemicals used were of analytical
grade. Water was purified on an Alpha-Q Water
Purification system (Millipore).

Apparatus

The decomposition experiments were carried
out in a temperature oven (Memmert). pH values
were measured with a PHM83 Autocal pH meter
(Radiometer). Precoated 0.2 mm silica gel 60 F,;,

aluminium plates (Merck) were used in TLC stud-
ies. The HPLC system consisted of an LKB 2150
HPLC pump, an LKB 2151 variable-wavelength
monitor operating at 265 nm and a D-2000 chro-
matointegrator (Hitachi, Merck). Samples were in-
jected using a Rheodyne 7125 injector with a 20 pl
loop. The analytical column used was a LiChro-
sorb RP-18 column (250 X 4 mm i.d., particle size
10 pm).

Stability studies

Aliquots (3 ml) of the 0.018-0.072 M salbuta-
mol sulphate solutions prepared in Britton-
Robinson buffers (Brezina and Zuman, 1958) were
dispensed into 10 ml glass vials. The ionic strength
of the solutions was adjusted with potassium chlo-
ride.

The vials were tightly sealed and covered with
aluminium foil. They were placed in a preheated
temperature oven at 55, 65, 75 or 85°C (+2°C).

At appropriate time intervals at least duplicate
samples were removed from the oven and the pH
value of each sample was determined.

The rate of decomposition was followed by
HPLC. The mobile phase consisted of a mixture
of acetonitrile and 0.02 M sodium dihydrogen
phosphate buffer (pH 3.0 with phosphoric acid)
containing 750 pl triethylamine /1 1 buffer (3:97
v/v). The mobile phase was filtered and bubbled
with helium before use. The flow rate was 1.8
ml/min. For the HPLC analysis 0.25-1.0 ml of
the sample solution and 1.0 ml of the internal
standard solution (orciprenaline sulphate (meta-
proterenol sulphate) 1.3 mg/ml in water) were
diluted to exactly 10 ml. The solutions were filtered
through a 0.45 pm disposable filter (Spartan 30/B)
before injection into the liquid chromatograph. All
samples were injected in triplicate.

For the quantification of salbutamol, a calibra-
tion graph was constructed in the range 0.2-2.0
mM by plotting peak area ratios of salbutamol to
the internal standard vs salbutamol concentration.

The decomposition was also monitored by TLC
using ammonia : water : 2-propanol : ethyl acetate
4:16:30:50 (A, BP, 1988) as eluent. A mixture of
methanol : ammonia 100:1.5 (B) and an organic
layer of 1-butanol: water: acetic acid 4:5:1 (C)
were used as eluents in preliminary TLC studies.



Results and Discussion

Qualitative experiments

The stability of salbutamol sulphate solutions
was studied in light-protected glass vials in the
presence of air. The solutions were discolored
from yellow to brownish red, the development of
colour being more pronounced in alkaline solu-
tions. On prolonged storage at elevated tempera-
tures a precipitate was formed, which was insolu-
ble in water and in common organic solvents. It
dissolved in dilute sodium hydroxide solution like
the precipitate formed by the degradation of epi-
nephrine and phenylephrine (Al Taii et al., 1982).
The precipitate may be a polymer containing a
phenolic hydroxyl group.

Eluent A was used in TLC studies, since it
resulted in the clear separation of the parent drug
from its decomposition products. TLC experi-
ments revealed the product formation to depend
on the pH of the solution. In basic solution there
were three main compounds at R;=0.50, 0.56
and 0.65 and several trace compounds (R < 0.46)
with the remaining salbutamol at R;=046. In
addition, in acidic solution (pH <7) one major
compound ( R, = 0.24) was formed, which differed
from those obtained in basic solution. The decom-
position products were detected under UV light
(254 nm) and by spraying with diazotised p-
nitroaniline. Red spots formed by the reagent
indicated that the decomposition products had
retained their phenolic character. None displayed
a positive reaction with 24-dinitrophenylhydra-
zine (for aldehydes). HPLC analysis (Fig. 1) con-
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Fig. 1. Chromatograms of partly decomposed salbutamol .

sulphate solutions at (A) pH 2.2, (B) pH 8.8. Temperature,

65+2°C. Peak O, internal standard; peak S, salbutamol;
peaks 1-4, decomposition products.

firmed the results obtained in TLC. The structures
of the decomposition products remain to be
elucidated.

Analytical procedure

The decomposition of salbutamol in aqueous
solution was followed with HPLC. In previous
stability studies, reversed-phase columns were used
with the mobile phase containing the ion-pair
component in 20% acetonitrile (Hakes et al., 1979,

Day-to-day reproducibility of retention times by injections of replicate samples (n = 6) of decomposed salbutamol sulphate solutions

Compound Retention time (min), RSD (%)
Day1 Day 2 Day 3 Mean
Salbutamol 9.33(0.17) 9.54(0.16) 9.33(0.37) 9.40(1.29)
Orciprenaline 4.40(0.19) 4.43(0.12) 4.34(0.32) 4.35(1.04)
Peak 1 5.65(0.30) 5.61(0.31) 5.50(0.14) 5.59(1.39)
2 8.75(0.15) 8.48(0.41) 8.45(0.70) 8.56(1.93)
3 11.68(0.21) 11.29(0.32) 11.26(0.51) 11.41(2.05)
4 15.96(0.19) 15.47(0.51) 15.47(0.52) 15.63(1.81)
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1980) or methanol and phosphate buffer, pH 3.0
(Iacono et al., 1987) and with UV detection. The
mobile phase used in this study was a slightly
modified phase reported in the literature for
salbutamol (Agostini et al., 1982; Hutchings et al.,
1983; Miller and Greenblatt, 1986; Bannon et al.,
1988). Triethylamine was added to the mobile
phase to improve the peak shape.

The mean retention times for salbutamol,
orciprenaline and the major decomposition prod-
ucts at a flow rate of 1.8 ml/min are listed in
Table 1. The capacity factors varied between 2.38
and 11.02 (t;=13 min as determined using
sodium nitrate). The column resolutions (R,) were
greater than 1.27. The calibration graph of
salbutamol sulphate showed excellent linearity (y
= 2.0904x-0.0394, r = 1.000) in the concentration
range of interest (0.2-2.0 mM). The precision of
the HPLC method was determined by repetitive
injections (n = 6) of aqueous salbutamol sulphate
solution (0.2 and 2.0 mM) and the relative stan-
dard deviations were found to be 1.33 and 0.63%,
respectively. The mean recovery of salbutamol was
101.4% (RSD = +1.76%, n=12). The relative
standard deviations for parallel decomposed
salbutamol sulphate samples (n = 6) varied be-
tween 1.55 and 6.08%.

Degradation kinetics

The kinetics were investigated at elevated tem-
peratures (55-85°C), since the decomposition
rates of salbutamol at lower temperatures were too
slow to obtain reliable kinetic data. Under all
conditions studied, the decomposition of salbuta-
mol sulphate followed apparent first-order kinet-
ics (r > 0.981; except pH 3.5, r = 0.823). The rate
constants were determined from the slopes of the
straight lines obtained by plotting the logarithm of
the residual salbutamol concentration vs time. The
half-lives were calculated from the equation ¢, ,, =
0.693 /k ;. and shelf-lives from the equation ¢4, =
0.105 /k -

Britton-Robinson buffer solutions were used
throughout the entire pH range in order to avoid
possible effects of different buffer species. The
pH-rate profile is sigmoidal (Fig. 2). The shape of
the profile at pH > 7 can be explained by changes
in ionization states (pX, = 9.3 for the amino group
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Fig. 2. pH-rate profile for the decomposition of salbutamol
sulphate (0.036 M solution) at constant ionic strength and
65+2°C.

and pK, = 10.3 for the phenolic group; Moffat et
al., 1986). Salbutamol proved to be most stable at
a pH of about 3.5, which is in agreement with the
observation of Hakes et al. (1980). Drugs undergo-
ing oxidative degradation have maximum stabili-
ties usually in the pH range 3-4 (Lachman et al,,
1986). The half-lives varied from 7.6 to 605.3 days
for the decomposition of salbutamol sulphate
within the pH range 1.9-8.8 at 65 + 2.0°C (Table
2).

The effect of drug concentration (0.018-0.072
M) was studied at pH 8.8 and 65+ 2°C. The
decomposition rate of salbutamol increased with

TABLE 2

Decomposition rates, half-lives and shelf-lives of salbutamol
sulphate (0.036 M solution) at different pH values and a tempera-
ture of 65°C

pH kops (W) h, (d) 1o (d) r

1.9 1.18x10~* 2447 371 0.9956
22 7.74x1073 373.1 56.5 0.9818
35 477x107% 605.3 91.7 0.8230
5.9 5.82x10~*4 49.6 75 0.9817
7.1 2.60x1073 11.1 1.7 0.9948
8.8 3.82x1073 7.6 1.1 0.9942




increasing initial concentration of salbutamol (Fig.
3). Discoloration of the solution, as well as forma-
tion of the precipitate, showed an acceleration in
rate in concentrated solution, probably indicating
faster polymer formation. Also, the HPLC peaks
of the decomposition products diminished more
rapidly in concentrated as compared to dilute
solutions with the decomposition proceeding fur-
ther. The reaction order as determined by the
half-life method was 1.4, which is similar to that
reported by Hakes et al. (1979), suggesting the
possibility of variation in the reaction mechanisms
in concentrated and dilute solutions.

The influence of temperature on the decom-
position rate of salbutamol sulphate was studied
in the range 55-85°C at pH 8.8. An Arrhenius
plot of the log of the observed rate constant as a
function of the reciprocial of the absolute temper-
ature was linear with a correlation coefficient of
r=0.996 (Fig. 4). The activation energy (E,) for
the decomposition of a 1.0% salbutamol sulphate
solution at pH 8.8 over the temperature range
55-85°C was 132 kJ mol~'. The activation en-
ergy of a 0.5% solution at pH 9.0 has been re-
ported to be 101 kJ mol~! (Hakes et al., 1979). If
the reaction mechanism remains unaltered, the
rate constant and shelf-life of a 1.0% salbutamol
sulphate solution at pH 8.8 and room temperature

¥=0.04906x+0.00203,
r=0.999

kobs X 1073 (h-1)
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Fig. 3. Effect of drug concentration on the decomposition rate
of salbutamol sulphate at pH 8.8 and 65+2°C.
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Fig. 4. Arrhenius plot for the decomposition of salbutamol

sulphate (0.036 M solution) at pH 8.8 and constant ionic
strength.

(25°C) are 7.14 X 10~ ® h™! and 1.7 years, respec-
tively.
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