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Abstract

There is a lack of information concerning analysis of terbutaline sulfate and quantification of its related substances
particularly in the liquid dosage forms. This work aimed at developing and validating an HPLC method for
determination of terbutaline sulfate and its possible degradation products, namely, 3,5-dihydroxybenzoic acid, 3,5
dihydroxybenzaldehyde and 1-(3,5-dihydroxyphenyl)-2-[(1,1-dimethylethyl) amino]-ethanone that might appear as
impurities in the starting material as well as in the solid and liquid formulations. The chromatographic system used
consisted a Hypersil 100 C18, 150×4.6 mm (5 �m) column, a mobile phase of ammonium acetate (0.15 M) and glacial
acetic acid (pH of 4.0, 96:4 v/v) with a flow rate of 2 ml min−1 and a UV detector set at 270 nm. The degree of
linearity and the characteristic statistical parameters of the calibration curves including the limit of detection (LOD)
and limit of quantitation (LOQ) were estimated for terbutaline sulfate and its degradation products. The method was
found to be specific, stability indicating, accurate, precise and robust. © 2002 Elsevier Science B.V. All rights
reserved.
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1. Introduction

Terbutaline sulfate is a synthetic �2-adrenocep-
tor that is used as a bronchodilator in the treat-
ment of bronchial asthma. It is known chemically
as � -�-[(tert-butylamino) methyl]-3,5-dihydroxy-
benzyl alcohol sulfate. It exists as a racemic mix-
ture and has the chemical structure shown below.

HPLC methods were extensively used to quan-
tify terbutaline sulfate in its dosage forms and as
anticipated, these methods differ in columns used,
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detection methods and mobile phase components.
Generally, HPLC methods using UV detectors
were the most acceptable for terbutaline sulfate
among workers in this field [1–8]. In addition,
HPLC in conjunction with electrochemical and
fluorescence detectors was also used to analyze
terbutaline sulfate in different dosage forms and in
biological fluids [9–11].

Generally, in international pharmacopoeias
USP, BP and EU and USP forum, different HPLC
assay methods are available for the official analysis
of terbutaline sulfate in its dosage forms. HPLC
method adopted by the USP was based on the C8

column kept at 40 °C with a mobile phase contain-
ing a mixture of water, methanol, tetrahydrofuran
and sodium 1-octanesulfonate as ion pair [12]. In
the BP, the HPLC system consisted C18 column and
a mobile phase made of a mixture of acetonitrile,
0.005 M sodium 1-octanesulfaonate and glacial
acetic acid (pH 3.4; 21:79, v/v) [13]. UV detection
at 280 nm was used in the two methods, however
methods of separation and quantification were
different.

The chromatographic profile of degraded terbu-
taline sulfate suggested that the degradation of
terbutaline sulfate in aqueous solutions into 3,5-di-
hydroxybenzoic acid and 3,5-dihydroxybenzalde-
hyde is enhanced by the presence of oxygen, low pH
and low levels of metals [14,15]. Recently, determi-
nation of one of the related substances in the
terbutaline sulfate drug, namely, 1-(3,5-dihydrox-
yphenyl)-2-[(1,1-dimethylethyl) amino]-ethanone,
was introduced in BP, EU and USP forum
[13,16,17]. The separation of these degradation
products was achieved on a C18 silica gel column
using a mobile phase of a mixture of methanol, 0.05
M ammonium formate solution (pH 3.0; 230:770,
v/v) and sodium 1-hexanesulfonate as an ion pair.
Also, the degradation products, 3,5-dihydroxyben-
zoic acid and 1-(3,5-dihydroxyphenyl)-2-[(1,1-
dimethylethyl) amino]-ethanone were only
identified as related substances of terbutaline sul-
fate in the BP and EUP [13,14].

A stability indicating method by which the drug
and its degradation products are determined simul-
taneously is always demanding. Although the sub-
stances related to terbutaline sulfate that appear as
oxidative degradation products have been iden-

tified, no method was reported for simultaneous
determination of all these components in the pres-
ence of the formulation excipients of the tablet or
liquid dosage forms. Consequently, validation of a
newly developed HPLC method for this mixture of
components was the main objective of this study.
Furthermore, the method has been tested for both
solid and liquid formulations.

2. Experimental

2.1. Instrumentation

An HPLC unit equipped with diode array detec-
tor module 168 and programmable pump module
125 (System Gold, Beckman, USA) in conjunction
with a Hypersil 100 ODS (5 �m) column, 15
cm×4.6 mm ID (Shandon, England) was used. A
low intensity UV light provided by ultraviolet rays
sterilizer (Ah Poong AP602) connected to Germici-
dal lamp G15T8-AN 15W (Sankyo Denki, Japan)
was used for the photochemical stability studies.

2.2. Materials

All reagents used were of analytical and HPLC
grade (Merck, Germany). Deionized water was
used for all reagent preparations. Terbutaline sul-
fate was of BP grade (Lake Chemicals and Neuland
companies, India). 3,5-Dihydroxybenzoic acid
(compound 1) and 3,5-dihydroxybenzaldehyde
(compound 2) were obtained from Aldrich, Ger-
many and 1-(3,5-dihydroxyphenyl)-2-[(1,1-
dimethylethyl) amino]-ethanone (compound 3) was
from Neuland, India. Inactive drug excipients for
tablet dosage form include: lactose monohydrate of
EP grade (DMV, Netherlands), maize starch of BP
grade (National Starch and Chemical, Germany),
and magnesium stearate of NF grade
(Mallinkcrodt, USA). Inactive ingredients for liq-
uid dosage form include: carboxymethyl cellulose
400–600 cps of USP grade (Aqualon, Nether-
lands), sodium saccharin of EP grade (Dr Hesse
and CIE, Germany), sodium benzoate of EP grade
(Merck, Germany), anhydrous citric acid of EP
grade (Jungbunzlauer, Germany), sodium citrate of
EP grade (Jungbunzlauer, Germany) and apricot
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flavor 41.077 of food grade (Flachsmann, Switzer-
land).

2.3. Optimized chromatographic conditions

Isocratic elution technique was utilized with the
column maintained at room temperature. The
mobile phase used consisted of a mixture of 0.15
M ammonium acetate and glacial acetic acid (pH
4.0; 96:4, v/v). The mobile phase was filtered and
degassed by sonication before use. The flow rate
was kept at 2.0 ml min−1, the injection loop size
was 200 �l and the UV detector was set at 270
nm.

2.4. Solutions

2.4.1. Standard solutions
An accurately weighed quantity of terbutaline

sulfate or related substances was dissolved in wa-
ter and diluted quantitatively to obtain solutions
of known concentrations (about 150 �g terbuta-
line sulfate ml−1 or 0.75 �g of related substance
ml−1).

2.4.2. Synthetic mixture solutions
7.5 mg of each of the related substances were

dissolved and the volume was adjusted to 100 ml
with water. 2.0 ml of the resulted solution were
transferred to 200 ml volumetric flask, 30 mg
terbutaline sulfate, and 800 mg of a mixture of the
tablet formulation excipients were added and the
volume was adjusted to 200 ml with water. The
suspension was shaken for 15 min, and then cen-
trifuged. The syrup synthetic mixture solutions
were prepared in the same way but a volume of
the syrup containing about 30 mg terbutaline
sulfate, and 100 ml of the liquid formulation
excipients were added instead of terbutaline sul-
fate, and the tablet formulation excipients added
above.

2.4.3. Tablet and liquid dosage form solutions
Accurately weighed quantities of powdered

tablets or accurately measured volumes of the
liquid dosage form equivalent to 15 mg terbuta-
line sulfate were shaken with 100 ml water for 15
min and centrifuged. Each of the final solutions

had a concentration of about 150 �g terbutaline
sulfate ml−1.

2.5. Chromatographic procedure

200 �l samples were injected into the chro-
matograph and the HPLC chromatograms were
recorded at a detector setting of 270 nm. The
relative standard deviation for six replicate injec-
tions of the standard preparation were not greater
than 2.0%, the resolution between terbutaline sul-
fate and its related substances was not less than
2.0 and the tailing factor was not more than 3.

3. Results and discussion

3.1. De�eloping the HPLC method

Preliminary HPLC trials have been carried out
to investigate the possibility of determining terbu-
taline sulfate in the presence of its related sub-
stances (potential oxidative products) and
formulation excipients. Table 1 shows various tri-
als that have been carried out to investigate the
optimum chromatographic conditions needed for
appropriate peak separation of terbutaline sulfate
and its related substances. During this phase, a
column of Hypersil trade name was used. Several
mobile phase blends were tried starting with a
mixture of water and methanol (8:2, v/v), fol-
lowed by introduction of ammonium acetate salt
in combination with different organic modifiers.
Various HPLC parameters (Table 1) were manip-
ulated in order to achieve reasonable peak areas
for all components and good resolution that com-
ply with HPLC system suitability. The mobile
phase components and its pH, the flow rate and
column dimensions were optimized as shown in
Table 1. A wavelength of 270 nm was found to be
suitable to detect terbutaline sulfate and its possi-
ble degradation products simultaneously. The mo-
bile phase used here is characterized by its
simplicity where organic modifiers such as
methanol or acetonitrile have not been used.

The relative retention times for terbutaline sul-
fate, compound 1, compound 2 and compound 3
were 1.0, 0.23 and 0.62 and 0.81, respectively; the
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response factors (concentration/peak area) deter-
mined for these compounds using 5 �g solute ml−1

were 2.09, 0.51, 0.15 and 0.042, respectively.
The structural formulas for the related substances
are given below.

3.2. Specificity

HPLC chromatograms for synthetic solutions
tablet (Fig. 1A) and syrup (Fig. 1B) formulations
of terbutaline sulfate mixed with its related sub-
stances show that terbutaline sulfate, the related
substances and the formulation excipients are well
separated.

To assess the suitability of the method as
a stability indicator, the specificity was demon-
strated by stimulating the degradation of terbuta-

line sulfate in solid and in syrup formulations
using 1 M HCl, 1 M NaOH and various oxidiz-
ing agents as well as the light effect under different
stress conditions as shown in Table 2. The results
indicated a decrease in the recovery of terbutaline

sulfate and detection of degradation products under
all stress conditions studied except that for hydro-
chloric acid case where a full recovery of terbutaline
sulfate was observed and degradation products were
absent. The related substances, compound 1 and
compound 2 have been detected in almost all cases
with amounts of less than 1% (Table 2). Table 2 also
shows the presence of unknown degradation prod-
ucts especially for the case of nitrous acid where a
degradation product of high UV absorptivity has
been observed at a relative retention time of 0.78.

Table 1
Preliminary trials made to determine the optimum chromatographic system

Mobile phase components pH Column Flow rate Remarks
(ml min−1)

– Hypersil 100 C18 5 �m Fast elution with bad resolution andWater:methanol (80:20, v/v) 1.0
(150×4.6 mm) no peak separation.

High tailing factor for terbutaline6.80.15 Ammonium acetate:methanol Hypersil 100 C18 5 �m 1.0
sulfate peak and bad resolution(90:10, v/v) (150×4.6 mm)
between the peaks of terbutaline
sulfate compound 2.

0.15 Ammonium acetate:methanol 4.0 Fast elution with bad resolutionHypersil 100 C18 5 �m 1.0
between the peaks of terbutaline(150×4.6 mm)(90:10, v/v)
sulfate and compound 2.

1.0Hypersil 100 C18 5 �m6.80.15 Ammonium acetate:acetonitrile Fast elution that led to peaks
(150×4.6 mm)(90:10, v/v) overlapping.

Short peak heights for the solutes.4.00.05 M ammonium acetate:glacial Hypersil 100 C18 5 �m 2.0
(150×4.6 mm) High tailing factor.acetic acid (96:4, v/v)

4.0 Hypersil 5 �m0.15 M ammonium acetate:glacial 2.0 Long retention time and high tailing
factor for the solute peaks.acetic acid (96:4, v/v) (250×4.6 mm)

Hypersil 5 �m Long retention time and high tailing1.0
(150×4.6 mm) factor for the solute peaks.

Resolution and peak characteristicsHypersil 100 C18 5 �m 2.0
(150×4.6 mm were good. Acceptable retention time

for all solute peaks.
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Fig. 1. HPLC chromatograms for (A) Synthetic solution of terbutaline sulfate in the drug-matrix of the tablet formulation dosage
form; (B) Synthetic solution of terbutaline sulfate in the drug-matrix of the liquid dosage form.

Not only the degradation products have been
observed by this HPLC method, quite few of the
drug excipients have also been separated with
good resolution when HPLC chromatograms
were recorded for samples of terbutaline sulfate in

a synthetic liquid formulation dosage form (Fig.
1B). It was also possible to detect a degradation
product when HPLC chromatograms were
recorded for a commercial sample of terbutaline
sulfate (Fig. 2). It is obvious that the method has
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successfully differentiated between the active moi-
ety, terbutaline sulfate, and the oxidative degrada-
tion product, compound 3.

Photodegradation of turbutaline sulfate was
demonstrated by exposing sample of terbutaline
sulfate in its solid form or in solution to daylight
or low intensity UV light. Table 2 shows the
appearance of noticeable percentages of the
degradation products, compound 1, compound 2
and compound 3 as a result of photodegradation
of terbutaline sulfate.

3.3. Calibration cur�es, sensiti�ity and accuracy

The calibration curves for terbutaline sulfate
and its related substances were constructed cover-

ing two concentration levels; high level (about
78–248 �g ml−1) for the purpose of terbutaline
sulfate analysis in tablets and syrups and low level
(about 0.4–1.5 �g ml−1) for the low concentra-
tions of terbutaline sulfate and its related sub-
stances (Table 3). The correlation coefficients
observed for all calibration curves constructed for
terbutaline sulfate and its related substances were
about 0.9999 in most cases but not less than
0.9952 (Table 3). The rest of linearity parameters
of the calibration curves for terbutaline sulfate
and its related substances are given in Table 3.

The limits of detection (LOD) and limits of
quantification (LOQ) have been estimated from
the calibration curves of terbutaline sulfate and its
related substances as three and ten times of the

Table 2
Degradation of terbutaline sulfate under various stress conditions

Degradation conditions Degradation productsaTerbutaline sulfate

% Recovery Relative retention %

1 M HCl/65 °C/18 h ––100.7
0.1 M NaOH/65 °C/6 h 3.390.7 0.11

4.80.17
0.50.23 (Compound 1)
0.30.62 (Compound 2)

2.31 4.7
0.10.23 (Compound 1)2.5 M H2O2/65 °C/10 h 95.4

0.62 (Compound 2) 0.1
0.9 0.2

61.90.005 M KMnO4/25 °C/1 h 0.23 (Compound 1) 0.4
0.62 (Compound 2) 0.2

0.61.29
1.63 3.9

85.10.025 M Nitrous acid/25 °C/5 min 0.23 (Compound 1) 0.5
0.30 0.6
0.78 110.4

88.5Water/sunlight/3 weeks 0.23 0.13
0.33 0.42
0.62 (Compound 2) 0.01
0.83 (Compound 3) 0.38
0.88 0.46
0.23 (Compound 1)99.9 0.05Powder/sunlight/3 weeks

0.020.62 (Compound 2)
93.9Powder/UV light/7 days 0.11 0.11

0.23 (Compound 1) 0.05
0.62 (Compound 2) 0.02
0.83 (Compound 3) 0.15
0.88 0.06

a The recovery of unknown degradation product was calculated using terbutaline sulfate as a reference standard.
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Fig. 2. HPLC chromatogram for a sample of commercial
terbutaline sulfate. Compound 3 is 1-(3,5-dihydroxyphenyl)-2-
[(1,1-dimethyl)amino]-ethanone.

were �0.5%. However, the related substances in
tablet and liquid dosage forms matrices showed
overall percent recoveries in the range of 93.9–
102.1% with relative standard deviations ranging
from 1.5 to 3.3%.

3.4. Repeatability and reproducibi1ility

Various samples containing about 150 �g ml−1

terbutaline sulfate in tablet and liquid synthetic
matrices were analyzed by two independent ana-
lysts (six samples each) over 1 day and various days.
Considering each one of the analysts, the short term
precision showed overall percent recoveries in the
range of 98.8–102.9 with RSD ranging from 0.2 to
0.7%. The long term precision for analysis of
terbutaline sulfate in all samples of the tablet and
liquid dosage forms (24 samples) showed % recov-
ery and %RSD of 100.1 and 1.7, respectively.

Another set of samples, each containing about
150 �g ml−1 terbutaline sulfate and 0.75 �g ml−1

of each of its related substances (compound 1,
compound 2 and compound 3) in tablet and liquid
synthetic matrices were analyzed as above. The
short term precision gave overall percent recover-
ies, for each analyst, in the range of 95.4–99.9 with
RSD ranging from 1.2 to 4.2%. The long term
precision for the analysis of the related substances
in samples of tablet and liquid dosage forms (24
samples of each compound) showed, respectively,
percent recoveries and %RSDs of 97.3 and 3.13 for

noise level for LOD and LOQ, respectively. The
values for LOD and LQD are given in Table 3.

The accuracy of the method was tested by
analyzing various samples of terbutaline sulfate
and all other related substances at various concen-
tration levels in either pure solutions or in solutions
comprising the drug-matrix used in solid and liquid
formulations. The results were expressed as percent
recoveries of the particular components in the
samples. Table 4 shows that the overall percent
recoveries of terbutaline sulfate from the tablet and
liquid dosage forms were �99 and the RSD values

Table 3
Linearity of calibration curves for terbutalene sulfate and its related substances

Parameters Compound

Compound 1 Compound 3Compound 2TerbutalineTerbutaline
sulfate sulfate

0.38–1.51 77.7–248.6Calibration range (�g ml−1) 0.38–1.51 0.38–1.51 0.38–1.52
0.9999 0.9976Correlation coefficient 0.99890.9952 0.9989

0.523Slope 0.433 0.579 4.84 2.13
0.423–0.443 0.527–0.63295% Confidence limits for the slope 4.54–5.140.456–0.591 1.95–2.32

Intercept 0.0220.160.00680.1580.0036
−0.12–0.45−0.044–0.058 −0.16–0.20−1.47–1.79−0.061–0.06995% Confidence limits for the

intercept
–0.11 0.07LOD (�g ml−1) 0.050.08

0.250.180.26–LOQ (�g ml−1) 0.37

Number of points on each regression line is five.
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Table 4
Accuracy for terbutaline sulfate and its related substances in tablet and liquid dosage forms (average of three replicates)

Liquid dosage formTablet dosage formCompound

Quantity found % Recovery% Recovery Quantity added Quantity foundQuantity added
(�g ml−1)(�g ml−1) (�g ml−1) (�g ml−1)

77.20Terbutaline 77.23 100.3 7.50 7.54 100.5
sulfate

152.2153 99.5 15.10 15.00 99.3
244.5 99.9 24.10244.8 24.05 99.8

Overall% 99.9 99.9
recovery

0.4%RSD 0.5

0.45 95.7Compound 1 0.380.47 0.37 97.4
0.67 93.1 0.760.72 0.76 100.0

1.21 1.13 93.4 1.15 1.11 96.5
94.1Overall% 98.0

recovery
%RSD 1.5 1.9

0.46Compound 2 102.20.45 0.38 0.38 100.0
0.68 101.5 0.750.67 0.77 102.7
1.16 99.1 1.10 1.141.17 103.6

100.9Overall% 102.1
recovery

1.6%RSD 1.8

0.35 92.1Compound 3 0.380.38 0.38 99.2
0.74 97.4 0.750.76 0.72 96.0
1.05 92.1 1.131.14 1.11 98.2

Overall% 93.9 97.8
recovery

3.3% RSD 1.7

compound 1, 99.3 and 1.53 for compound 2, and
97.1 and 3.75 for compound 3.

3.5. Robustness

Samples of the analytical solutions (standard or
synthetic solution preparations) were tested for
HPLC stability over various periods of time (24, 6
or 3 h) by analyzing them before and after the
storage period. The percent differences of terbuta-
line sulfate recoveries from standard solutions of
tablet and liquid dosage forms were in the range of
2.0 to −0.9 (Table 5), indicating the possibility of
using analytical solutions of terbutaline sulfate over
a period of 24 h without degradation. Although not
as good as the case for terbutaline sulfate, solutions
of synthetic mixtures of terbutaline sulfate and the
three related substances showed an acceptable

stability over storage periods of 3 or 6 h for
compound 1 and compound 3 (Table 5). However,
compound 2 in such mixtures showed significant
instability where its recovery after a storage time of
3 h was about 90% or even less (Table 5). Further-
more, its recovery has decreased to about 70% of
its initial value after 6 h of storage time. Meanwhile,
the recovery of compound 1 has increased to reach
up to about 110% or more after 3 h of storage time
and as high as 130% after 6 h storage time. The
increase in the recovery of compound 1 may be
ascribed to the oxidation of 3,5-dihydroxyben-
zaldehyde (compound 2) into3,5-dihydroxybenzoic
acid (compound 1). Thus, it is recommended to use
fresh solutions of compound 2 to avoid its oxida-
tion to compound 1.

The system suitability was checked by studying
the effect of various parameters on the percent
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recovery of terbutaline sulfate and its related sub-
stances. The parameters include the wavelength of
detection (265, 270 and 275 nm), flow rate (1.7,
2.0 and 2.3 ml min−1), filtration system (nylon,
centrifuge or cellulose acetate), shaking time (10,
15 and 20 min) and mobile phase ratio
(buffer:acetic acid, v/v 95:5 (pH 3.7), 96:4 (pH
4.0) or 97:3 (pH 4.3)). Percent recoveries of terbu-
taline sulfate for synthetic samples of tablet and
liquid dosage forms analyzed under various con-
ditions were in the range of 98.5–100.5 with
overall %RSDs and tailing factors of 0.1–0.7 and
1.1–1.8, respectively (Table 6). Percent recoveries
for the related substances, compound 1, com-
pound 2 and compound 3 in tablet and liquid

dosage forms under all conditions studied were in
most cases better than 95% with %RSDs in the
range of 0.2–9.1. All these results indicate that
the method is robust

4. Conclusion

An HPLC method was developed for the assay
of terbutaline sulfate and its related compounds in
tablet and liquid dosage forms using an aqueous
mobile phase mixture without organic modifier.
The method showed well separated HPLC peaks
for terbutaline sulfate, the drug excipients and the
related compounds: 3,5-dihydroxybenzoic acid,

Table 5
Stability of standard and assay solutions of terbutaline sulfate and related substances under ambient conditions

Compound Solution % Recovery

Tablet dosage form Liquid dosage form

Stored %Difference Fresh Stored %DifferenceFresh

0.699.4100.0−0.4Terbutaline sulfatea 100.4100.0Standard solutions
98.6 1.0 99.2 98.2 1.099.6

2.098.8100.80.498.899.2
99.799.4−0.9 −0.3100.599.6Synthetic solutions

100.2 −0.6 99.1 99.2 −0.199.6
99.4 99.5 −0.1 99.3 99.3 0.0

Standard solutions 96.0 105.3Compound 1b −9.7 − – –
–––−8.5105.897.5

99.6 109.0 −9.4 – – –
1.499.0Synthetic mixture solutions 100.4−18.5107.891.0

95.3 −0.4109.9 100.4100.0−15.3
116.2 −21.7 100.2 99.1 1.195.5

Compound 2b ––9.990.3100.3Standard solutions –
11.090.6101.9 – – –

– – –12.186.498.4
97.3 89.1 8.4Synthetic mixture solutions 101.4 105.0 −3.6
97.0 0.699.4100.08.688.6
96.6 7.3 −3.189.5 102.199.0

98.4 1.2Compound 3c –Standard solutions – –99.6
102.8 –2.3 – – –100.5

–––−3.3102.499.1
94.1 8.2 101.0Synthetic mixture solutions 100.4 0.6102.5

100.1 96.9 3.2 102.2100.4 −1.8
97.298.4 −0.6101.3100.71.2

Difference (%)= (quantity found in fresh solution−quantity found in stored solution)/(quantity found in fresh solution)×100.
a Storage time 24 h.
b Storage time 3 h.
c Storage time 6 h.
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3,5-dihydroxybenzaldehyde and 1-(3,5-dihydrox-
yphenyl)-2-[(1,1-dimethylethyl) amino]-ethanone.
The method is specific, stability indicating and
robust, thus it can be used for development and
quality control purposes that include, assay of the
drug substance in its solid and liquid dosage
forms. All statistical values (percent recovery,
RSD, %difference, confidence limits of the slope
and intercept, LOD and LOQ) calculated from
the calibration curves were within the acceptable
limits.
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