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a b s t r a c t

A robust and sensitive microemulsion HPLC (MELC) method using oil-in-water microemulsion mobile
phase was developed and used for the determination of terbutaline in Bricanyl® Turbuhaler. The appli-
cability of microemulsion as an eluent for reversed phase HPLC was examined. In addition, the effect of
operating parameters on the separation behaviour was studied.

The samples were injected into C18 Spherisorb (250 mm × 4.6 mm × 5 �m) columns at 25 ◦C using a
flow rate of 1 ml/min. The mobile phase was 95.5% aqueous orthophosphate buffer (adjusted to pH 3 with
orthophosphoric acid), 0.5% ethyl acetate, 1.5% Brij35, and 2.5% 1-butanol, all w/w. The terbutaline peak
was detected by fluorescence, using excitation and emission wavelengths of 267 and 313 nm, respectively.
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The accuracy of method was >99% and the calibration curve was linear (r = 0.99). The limit of detection
(LOD) and limit of quantitation (LOQ) were 8 �g/L and 26 �g/L, respectively. The intra-day and inter-day
precisions (in term of % coefficient of variation) were < 1.46% and <0.97%, respectively. The influence of
the composition of the microemulsion system was also studied and the method was found to be robust
with respect to some changes of the microemulsion components. The microemulsion HPLC method has
been applied to determine the content of the emitted dose and the fine particle dose of terbutaline in a

Bricanyl® Turbuhaler.

. Introduction

Microemulsion is a transparent and thermodynamically sta-
le system. It contains submicron droplets that are dispersed in
n immiscible liquid. Oil-in-water microemulsions are composed
f submicrometer oil droplets that are dispersed throughout an
queous continuous phase. The droplets are covered by a shell con-
isting of a suitable surfactant and a co-surfactant. The surfactant
olecules form interface film that separates the oil phase from the

queous continues phase. This film has a low surface tension in the
il–water mixture. The addition of co-surfactant reduces the inter-
acial tension further as it locates itself at the oil-water interface
nd therefore lowers the interfacial free energy which favours the
ormation of stable microemulsion [1]. In reversed phase HPLC, the
tationary phase is non-polar, while the mobile phase is relatively
olar. Hence the high aqueous content in O/W microemulsion has

ade this mobile phase very compatible with the reversed phase
PLC [2]. Microemulsions have received much interest in differ-
nt fields of science. Microemulsions have been used for many
pplications: in drug delivery and to enhance drug solubilisation
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[3], in cosmetics as personal care formulations, and for a number
of other applications [4–6]. In recent years, microemulsion liquid
chromatography (MELC) has been increasingly used in pharma-
ceutical analysis. O/W microemulsion was used as a mobile phase
for the separation of mixtures of test solutes or pharmaceutical
compounds by isocratic HPLC system [7–10], and for the deter-
mination of drugs in their pharmaceutical preparations [11–13].
Several other studies have used gradient MELC for the separation
of different ranges of pharmaceutical compounds [14,15] and for
quantification of drugs in their pharmaceutical preparations [2].
Although gradient MELC has been reported to have superb power
to separate analytes with different polarity, McEvoy et al. [16] have
found that the peak retention times and resolution were irrepro-
ducible. The authors attributed this to the nature of the absorbed
layer on the column packing and to the possibility that gradient
elution can cause a breakdown of microemulsion system. They also
stated that reproducibility can be achieved by allowing the column
to equilibrate with the microemulsion mobile phase and a constant
adsorbed layer on the packing. Previous studies using microemul-

sions as the mobile phase for HPLC have used SDS as a surfactant
but we found (unpublished data) that this mobile phase was not
able to separate a highly hydrophilic compounds that have very
similar chemical properties. Marsh et al. [15] reported a similar
observation. Terbutaline sulphate is a selective �2-adrenoceptor

dx.doi.org/10.1016/j.jpba.2011.01.027
http://www.sciencedirect.com/science/journal/07317085
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Fig. 1. Size distribution (by intensity) of nanoemulsion mobile phase. The mobile

ther increase of Brij35 concentration has a very small effect on the
retention time of both bamethane and terbutaline.
98 M.S. Althanyan et al. / Journal of Pharmaceu

gonist that is used as a bronchodilator. Terbutaline is available as
he Bricanyl® Turbuhaler®, a multi-dose reservoir inhaler device
eleasing 500 �g of micronised terbutaline sulphate per inhalation.

In this work, non-ionic surfactant was used in the formation
f microemulsion and the potential of using microemulsion as
n eluent for HPLC for the determination of terbutaline in the
ricanyl® Turbuhaler was examined. Moreover, the effect of oper-
ting parameters on the separation performance was studied.

. Experimental

.1. Materials and chemicals

Terbutaline hemisulphate salt and bamethane sulphate were
urchased from Sigma–Aldrich (Louis, USA). Ethyl acetate (Fisher
hemical), Brij35, and 1-butanol (HPLC grade) were supplied by
igma–Aldrich (Louis, USA). All solutions were prepared with
ltra-pure Milli-Q water obtained from a Milli-Q Water Millipore
urification System (USA).

.2. Chromatographic conditions

The HPLC system consisted of a Hewlett–Packard (HP) 1050
ump and autosampler connected to an on-line membrane
egasser (Thermo Separation Products, CA, USA). The Shimadzu
uorescence detector model RF-551 (Tokyo, Japan) set at an excita-
ion wavelength of 267 nm and an emission wavelength of 313 nm,
nd the detector was linked to Prime Multi-channel Data Station
oftware Version 4.2.0. (HPLC Technology Ltd., Herts, UK).

Chromatographic separation was performed using a
50 mm × 4.6 mm i.d. (5 �m particle size) Spherisorb C18 col-
mn (Waters, UK). The mobile phase was prepared by weighting
.5%w/w of Brij35, 2.5%w/w of 1-butanol, 0.5%w/w of ethyl acetate,
hich then dissolved in 95.5%w/w of 20 mM orthophosphate buffer

adjusted to pH 3 with orthophosphoric acid). The solution was
hen sonicated for 15 min. The mobile phase was filtered under
acuum through a 0.45 �m filter (Gelman Science, Germany)
nd degassed in an ultrasonic bath under vacuum for 10 min.
erbutaline samples and bamethane (as an internal standard)
ere injected into the system and separated at 25 ◦C. The mobile
hase was delivered at a flow rate of 1.0 mL/min and the injection
olume was 20 �L.

.3. Particle size measurement of the mobile phase

The mobile phase (see Section 2.2) was filtered through 0.2 �m
lters. The reported size was the Z-average size (cumulants mean)
f five replicates determined at 25 ◦C based on PCS using a Zetasizer
ano ZS® (Malvern, UK).

.4. Preparation of standard terbutaline sulphate in mobile phase

A stock solution containing 100 �g/mL of terbutaline was pre-
ared using the internal standard solution. The internal standard
olution was prepared beforehand at concentration of 400 �g/L
n the mobile phase. Ten millilitres of stock solution were pipet-
ed into a 100 mL volumetric flask and made up to volume using
he internal standard solution to produce a terbutaline sulphate of

0 �g/mL (sub-stock). Calibration standards in the concentration
ange of 25, 50, 100, 200, 300, 400 and 500 ng/mL were prepared in
he appropriate volumetric flasks using internal standard solution.
ll standards/samples were filtered through a 0.45 �m filter prior

njection.
phase consists of 1.5:0.5:2.5: 95.5 Brij35: ethyl acetate: 1-butanol: water with (TFA
to adjust pH) (% w/w) measured by Malvern Zetasizer Nano analysis.

3. Result and discussion

3.1. Particle size of the mobile phase

The preparation of the mobile phase was repeated on five differ-
ent occasions, and five replicate measurements were performed for
each mobile phase. The particle size obtained for all mobile phases
was always less than 10 nm. Fig. 1 shows a representative measure-
ment of particle size of the mobile phase. On the other hand, the
mobile phase was stable throughout the study period.

3.2. Optimisation of mobile phase

3.2.1. Concentration of surfactant
The presence of surfactant in the mobile phase can affect the

separation selectivity. The surfactant molecules have a tendency to
adsorb on the surface of the porous stationary phase and modify
their surfaces [7]. The adsorbed surfactant molecules fill up part
of the silica pore volume; hence they reduce stationary phase sur-
face area and increase the thickness of the stationary organic layer,
and therefore change the efficiency of the ODS column [7,17]. The
adsorbed surfactant on the stationary phase could have a direct
impact on the retention of solutes and their partition with the sta-
tionary phase. Different concentrations of Brij35 were investigated
(see Fig. 2). It was found that the retention of bamethane decreased
with increasing the concentration of Brij35 from 0.5% to 1%. This
shows that Brij35 may have modified the stationary surface and
therefore reduced the retention time of bamethane. However, fur-
Fig. 2. Effect of Brij concentration; Ter: terbutaline, Bam: bamethane.
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ig. 3. Effect of cosurfactant concentration Ter: terbutaline, Bam: bamethane.

.2.2. Concentration of the co-surfactant
A co-surfactant such as alcohol is used to enhance and stabilise

he microemulsion system. The nature of the co-surfactant affects
he phase behaviour in the microemulsion system [18]. Fig. 3 shows
he effect of changing the concentration of co-surfactant butanol in
he range of 0.5–3.5%w/w. It was found that retention time of both
erbutaline and bamethane decreases with increasing the concen-
ration of butanol between 0.5 and 2.5%w/w. Nevertheless, a further
ncrease of butanol concentration has shown no marked effect on
he retention time (Fig. 3). The decreases in retention time with
ncreasing the concentration of co-surfactant could be attributed
o the increase of solubilisation capacity of the microemulsion with
he use of butanol.

.2.3. Oil concentration
The oil is dispersed into nano-droplets in the continuous water

hase to form a nanoemulsion through the assistance of the
urfactant/co-surfactant which resides on the oil–water interface
19]. In microemulsion HPLC, the type and concentration of oil
ave a marked effect on the retention time of analytes. This effect
epends on the nature of these analytes. Different concentrations
f oil were studied in the range of 0–1%w/w (Fig. 4). When the con-
entration of oil is zero, the mobile phase will contain micelles. The
icellar mobile phase gave longer retention times (5.2 and 7.3 min
or both terbutaline and bamethane, respectively) compared to
icroemulsion mobile phase. The addition of oil decreases the

etention of both analytes. This is due to the fact that microemulsion
as a stronger elution capacity than that of the micellar solution

Fig. 4. Effect of oil concentration; Ter: terbutaline, Bam: bamethane.
Fig. 5. Effect of buffer concentration; Ter: terbutaline, Bam: bamethane.

[20]. A slight decrease in retention of analytes was observed with
increasing the oil content above 0.5%. Unlike lipophilic compounds,
hydrophilic compounds such as terbutaline and bamethane have a
high affinity for the continuous phase of the microemulsion and
therefore they are not partitioned as fully in the oil droplet [21].

Other types of oil such as octane, heptanes and hexane were
assessed but none of these oils was able to form microemulsion in
the presence of Brij35.

3.2.4. Mobile phase pH
The effect of the pH of the mobile on the retention time of both

terbutaline and bamethane was assessed at low pH (pH 3) and
high pH (pH 6). It was found that there is no marked effect on the
retention of terbutaline and bamethane with changing the pH. Both
terbutaline and bamethane are weak basic drugs and they are fully
protonated in the examined pH range. Hence, they will have less
interaction with the ODS stationary phase and they have less affin-
ity to the oil droplet. Therefore, changing the pH has a minimum
effect on their retention. On the other hand, it was noticed that
peak efficiency of terbutaline was improved at pH3. Lowering the
pH of the mobile phase reduces the adsorption of the basic drugs
to the silanol group of the stationary phase. Assi et al. [22] have
used a low pH mobile phase for the determination of formoterol
and budesonide in the Symbicort Turbuhaler to avoid the adsorp-
tion problem. The author indicated that the very low pH mobile
phase eliminates the interaction between the ionised silanol group
and the NH2 groups of the solutes.

3.2.5. Buffer concentration
The effect of phosphate buffer concentration on the retention

behaviour of both terbutaline and bamethane was studied at dif-
ferent concentrations levels. Four mobile phases were prepared
with different concentrations of phosphate buffer: 5, 10, 20 and
25 mM. The optimum buffer concentration was 20 mM. Fig. 5 shows
that retention time of both terbutaline and the internal standard
decreased as the buffer concentration increased. These results cor-
roborate with the finding reported by Mao et al. [23]. However, Mao
et al. have studied the effect of buffer concentration using conven-
tional mobile phase. The consistency in both studies proves that,
in reverse phase chromatography, the retention time of positively
charged analytes decreases with increasing buffer concentrations
whether the mobile phase contains microemulsions or not. This
shows that there is an electrostatic interaction between protonated
analytes (terbutaline and bamethane) and the silanol group even

with the low pH mobile phase. The logarithm of the retention factor
of a cationic analyte has a negative relationship with the logarithm
buffer concentration in the cationic exchange column [23]. Mao
et al. also reported that even with double end capping ODS there is
still a considerable cation exchange between the positively charged
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and inter-day variations were determined by calculating the rel-
ative standard deviation. The intra-day variations (RSD %) ranged
from 0.76 to 1.46% and inter-day RSD% ranged from 0.35 to 0.97%
(Table 1).

Table 1
Intra- and inter-assay precision data for the NELC method.

Nominal concentration (ng/ml) Intra-day Inter-day
Fig. 6. Effect of temperature; Ter: terbutaline, Bam: bamethane.

nalytes and the stationary phase, which the authors referred to as
lectrostatic interactions between the charged analytes and resid-
al silanol groups.

.2.6. Column temperature
The column temperature affects the elution of basic drugs in

everse phase chromatography. Changing the temperature of the
olumn alters the dissociation constant of the basic analytes. The
queous pKa of basic analytes decreases significantly with an
ncrease in temperature, thus as temperature increases more of the
eutral form and less of the protonated form will be present [24].

n the reversed phase, the main factor that controls the retention
f analytes is their interaction with the stationary phase, and the
eutral form interacts with the ODS phase much more strongly
han does the charged form. Hence retention should increase
pon increasing the temperature on the ODS column [23]. How-
ver, the effect of temperature on retention of basic drugs in an
PLC microemulsion system can be more complicated than that
escribed above. In reversed phase microemulsion there are two
ontradictory mechanisms. On one hand, as the basic drugs become
ore neutral, they retain longer in the stationary phase. On the

ther hand, their partition with the oil droplet will increase and
herefore their retention should decrease.

The effect of temperature was examined at four different tem-
eratures: 20 ◦C, 30 ◦C, 40 ◦C and 50 ◦C (Fig. 6). It was found that

ncreasing the temperature has no marked effect on the retention
f either terbutaline or the internal standard. Peak efficiency and
esolution were improved with increasing temperature. This result
s consistent with findings reported by Marsh et al. [10]

.3. Assay validation

The developed method was validated to determine the terbu-
aline in Bricanyl® Turbuhaler, and the validation procedure was
ased on ICH (1996) guidelines [25].

.3.1. Selectivity
The method was shown to be selective for terbutaline. Fig. 7

hows a typical separation of terbutaline (200 �g/L) and the inter-
al standard bamethane (400 �g/L), all dissolved in the mobile
hase. The figure shows that terbutaline was eluted at 4.3 min. The
nalysis of mobile phase and blanks confirmed that there were no
nterfering peaks due to the blank.
.3.2. Linearity
Six different concentrations were prepared to range from 25

o 500 �g/L including the limit of quantitation (LOQ) and cover-
ng the expected range. The linearity of the calibration standards
Fig. 7. Chromatogram of terbutaline (200 �g/L), and the internal standard,
bamethane (400 �g/L). Peak identities: terbutaline 4.3 min, and bamethane 5.1 min.

was evaluated over this range. The calibration samples were
injected in duplicates and also blank samples were analysed
along with the calibration standards. The detector response was
shown to be linear over the covered range and gave a regres-
sion coefficient (r2) of 0.998. The standard deviations for the
slope and intercepts were 0.00013 and 0.00814, respectively
[Y = 0.0032(±0.00013)X − 0.002(±0.00814)]. y = 0.0032x − 0.002.

3.3.3. Sensitivity
The sensitivity was expressed as LOQ and limit of detection

(LOD). LOQ is the injected amount that results in a peak with a
height at least 10 times as high as the baseline noise level, and the
LOD as peak height to base line ratio of 3:1 [25]. Another approach
to calculate LOQ and LOD is based on the standard deviation (SD)
of y-intercept from the regression of the calibration curve [26]. In
this approach the LOQ = 10 s/m and LOD = 3.3 s/m where, s is the
standard deviation of y-intercept and m is the slope of the cali-
bration. The limit of detection (DL = 3.3 s/m) was 8 �g/L and the
limit of quantitation (QL = 10 s/m) was 25 �g/L. Three samples of
both terbutaline and bamethane were prepared at the quantitation
limits and were analysed (n = 10), the relative standard deviation
(R.S.D.) was 0.92%.

It was possible to use only one dose from Bricanyl® Turbuhaler
in the measurement of the particle size distribution (see Section
4) due to the excellent sensitivity of the assay method. Otherwise
more doses would have been required to be discharged into Ander-
sen Cascade Impactor (ACI) which could overload the ACI stages
and hence cause the particles to bounce off and re-entrain into
the air stream. As a result, the particles will be carried to down-
stream stages which will introduce error in the size distribution
measurement [27].

3.3.4. Precision
Precision was assessed by five determinations at known concen-

trations corresponding to low (25 �g/L), medium (200 �g/L) and
high (500 �g/L) levels in the calibration range. The same study was
repeated for 5 days to determine the inter-day variation. The intra-
coefficient of
variation (%)

coefficient of
variation (%)

Low = 25 1.46 0.97
Medium = 200 1.22 0.80
High = 500 0.76 0.35
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Table 2
Accuracy data for terbutaline.

Actual concentration (�g/L) Observed concentration (�g/L) % Accuracy
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Table 4
Percentage of the nominal dose of terbutaline emitted from Bricanyl Turbohaler at
a pressure drop of 4 kPa across the inhaler.

Dose no. % Nominal dose

2 65.2
3 47.3
4 63.6
49 92.2
50 76.7
51 64.7
52 67.0
98 73.5
99 84.5
100 82.1
Mean 71.7
SD 12.8
RSD 17.8
25 24.965 100.44
200 203.204 101.60
500 499.344 99.82

.3.5. Accuracy
The accuracy of the method was performed by adding the ana-

yte into blank matrices at different concentrations then it was
ssessed by comparing the calculated spike concentration with the
rue concentration of terbutaline. Three different concentrations
evels corresponding to low (25 �g/L), medium (200 �g/L) and high
500 �g/L) were used (n = 5 for each level). The accuracy of the

ethod ranged from 99.82 to 101.60% (Table 2).

.3.6. Recovery
The recovery was assessed by extracting known amounts of

erbutaline from membrane filters. The mean recoveries of terbu-
aline from the filters were > 98.04%. The details of recovery study
or terbutaline from filters are shown in Table 3.

.3.7. Stability
Reference solutions were stored in the refrigerator at +4 ◦C for 6

eeks and re-analysed in an injection sequence employing freshly
repared standard solutions. The concentration after such storage
onditions and on comparison with freshly prepared standard was
9%. Longer storage periods may be possible but were not assessed

n this study.

.3.8. Robustness
The robustness of an analytical method is a measure of its capac-

ty to resist changes due to small variations in method conditions.
he method robustness was assessed as a function of changing the
H, Brij35, 1-butanol and buffer concentration, the changes were
ver a range of ±5% of the target (experimental condition). The
ethod system suitability criteria of a resolution greater than 2.0

etween the peaks were maintained.

. Application of the method

The pharmaceutical performance of inhaled products can be
haracterised by the total emitted dose and the aerodynamic par-
icle size distribution including the fine particle dose. This MELC

ethod was used to assay the content uniformity of the emitted
ose and the fine particle dose of terbutaline in Bricanyl® Tur-
uhaler.

.1. Dose content uniformity

The method was useful to measure the emitted dose of terbu-
®
aline in Bricanyl Turbuhaler. The emitted dose uniformity was

easured using a dose sampling apparatus described in pharma-
opoeial methods (EP 2008, USP 2005) [28,29].Ten individual doses
dose number 2, 3, 4,49, 50, 51, 52, 98, 99 and 100) of the entire dose
vailable (100 doses) were collected from the Bricanyl at a pressure

able 3
ecovery of terbutaline from membrane filters (n = 5).

Nominal
concentration
(�g/L)

Mean calculated
concentration
(�g/L)

% Recovery

100 101.53 101.53
200 196.15 98.08
500 490.19 98.04
Fig. 8. Represents the cumulative drug distribution.

drop of 4 kPa across the inhaler. The flow duration was 4.5 s; this
was to allow a volume of 4 L to be drawn through the inhaler.

Each dose was collected and then was transferred to a 25 ml
volumetric flask. It was diluted up to volume with internal standard
solution (400 �g/L, bamethane), to give concentration of 500 �g/L.

The HPLC data was then compared with the label claim dose
of Bricanyl inhaler (Table 4). The R.S.D. value is high because of
the high inter-dose emission variability from a Turbuhaler inhaler
[22,30].

4.2. Particle size distribution

The particle size distribution and the fine particle mass from
the Bricanyl® Turbuhaler were measured using the Andersen MKII
Cascade Impactor. The Anderson cascade impactor was set up as
described in the pharmacopoeia methods (EP 2008, USP 2005)
[28,29]. The flow rate through the mouthpiece was set at a pres-
sure drop of 4 kPa across the inhaler. Five separate determinations
were made and for each determination one dose was discharged
into the Andersen MKII Cascade Impactor. For each dose the pump
was switched on for 4.5 s (equivalent to an inhaled volume of 4 L
drawn through the inhaler) with the inhaler in situ ready to deliver
each dose. The fine particle dose for terbutaline was 170.26 �g. The
probability of the cumulative percentage of mass less than a stated
particle size was plotted against the log of aerodynamic diameter
(�m) as shown in Fig. 8. The mass median aerodynamic diameter
(MMAD) was 2.76 and the geometric standard deviation (G.S.D.)
was 1.79.

5. Conclusions
This study has shown that microemulsion can be used as a
mobile phase for the analysis of drugs in their pharmaceutical
preparation. Oil-in-water microemulsion was applied as a mobile
phase and the method was successfully developed and validated.
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he separation was highly robust to wide range of changes in tem-
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