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Abstract

A sensitive and rapid, on-line reversed-phase high-performance liquid chromatographic method for quantitation of compounds at low
concentrations in pressurized metered dose inhaler (MDI) systems was developed. Traditional methods for the quantitation of compounds in
MDI formulations involve the opening of the MDI vial along with sample dilution prior to quantitation. The new method, reported in this
study, involves a direct injection from the MDI vial into the needle injector port of a manual injector. Since there is no dilution step involved,
this method can be used to quantitate low concentrations of compounds in MDIs with excellent precision. In addition, since the method
requires a small injection volume of 5�l, repeated analyses can be performed in order to generate multiple data points using the same MDI
vial. Validation of the method was performed using ethanol–1,1,1,2-tetrafluoroethane (134a)-based MDIs. Beclomethasone dipropionate
(BDP), a corticosteroid used for the treatment of asthma, was used as a model compound. Phase separation studies were conducted to
investigate the miscibility of the ethanol–134a mixtures with different mobile phase solvent compositions. For the MDI systems in this study,
an acetonitrile–water (90:10, v/v) mobile phase at a flow rate of 0.9 ml/min was found to give acceptable chromatography for BDP on a Apollo
C18 5�m, 150 mm× 4.6 mm column (Alltech Associates, Deerfield, IL, USA). Ultraviolet detection was done at 240 nm and the retention
time of BDP was 2.7 min. The on-line HPLC method was characterized to be accurate, precise, sensitive, and specific.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

The incidence of asthma has steadily increased in recent
decades. In the USA alone about 15 million people suffer
from asthma[1–3]. Inhalation is the most frequent route of
drug delivery for the effective treatment of asthma while
minimizing systemic side effects. Pressurized metered dose
inhalers (MDIs) are commonly used to deliver bronchodila-
tors and corticosteroids. MDIs require a propellant such
as hydrofluoroalkane (HFA) 134a (1,1,1,2-tetrafluoroethane)
or HFA 227 (1,1,1,2,3,3,3-heptafluoropropane) to facilitate
the aerosol generation of drug particles. Since 134a (boil-
ing point,−26.1◦C) and 227 (boiling point,−16.5◦C) are
gases at room temperature, quantitation of compounds in
MDIs using these propellants presents technological chal-
lenges. Quantitation of the active ingredient, as well as other
constituents in a MDI formulation, is essential for the de-
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velopment and acceptance of a MDI product. The current
techniques available for quantitative analysis of compounds
in MDI formulations either involve opening a chilled MDI
vial and diluting the contents with a suitable mobile phase
for analysis[4,5] or by actuating the contents of a MDI vial
into a suitable diluent[6]. Compounds present in very low
concentrations, whether the active ingredient, degradation
products of the active ingredient, excipients or extractables
from MDI vial components, are often difficult to analyze due
to lack of sensitivity[7,8]. When necessary, compound lev-
els can be increased by combining several different samples
in order to achieve an amount that enables quantitation or
identification of the compound. However, even when a com-
pound can be detected from a MDI system using traditional
methods, precision is often not adequate due to analytical
variability of the methods[5]. Hence, there is a need for an
alternative analytical method that affords the sensitivity and
precision needed for MDI development.

The objective of the present study was to develop a sen-
sitive on-line reversed-phase HPLC method for quantitating
low concentrations of analytes in HFA-based MDIs. In the
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current investigation ethanol was used as the cosolvent, since
it is the most common cosolvent used for MDIs[9–12]. Be-
clomethasone dipropionate (BDP), an established cortico-
steroid used widely for the treatment of asthma[13–17], was
utilized as the analyte of interest. A reversed-phase HPLC
assay was developed to analyze the BDP MDI formulations
and was evaluated using standard analytical indices.

2. Materials and methods

2.1. Materials

The pressure resistant glass aerosol vials, continuous
valves, and beclomethasone dipropionate used in this study
were provided by 3M Drug Delivery Systems (St. Paul, MN,
USA). 1,1,1,2-Tetrafluoroethane (Dymel 134a) and ethanol
(200 proof) were obtained from DuPont (Wilmington, DE,
USA) and Aaper Alcohol and Chemical Co. (Shelbyville,
KN, USA), respectively. All other solvents were HPLC
grade and were obtained from Aldrich (Milwaukee, WI,
USA) and used as received.

2.2. Sample preparation

Three solution MDIs having BDP concentrations of
0.00250, 0.00484, and 0.00856% (w/w) and ethanol con-
centrations of 5% (w/w) were prepared, in duplicate, in
pressure resistant glass vials. The “cold fill” technique
[18,19] was used to fill the vials with 134a. Each of these
vials was immediately crimped with continuous valves (3M
Drug Delivery Systems) using a small-scale bottle crimper
Model 3000B (Aerotech Laboratory Equipment, Maryland,
NY, USA).

2.3. Instrument set-up

The instrumentation set-up consisted of a Waters 2695
separations module (Waters, Milford, MA, USA) coupled
with a Waters 2487 dual-wavelength absorbance detector.
The Waters 2695 separations module was connected with a
Rheodyne Model 7725 manual sample injector (Rheodyne,
L.P. Rohnert Park, CA, USA). In order to make a direct
injection from the MDI vial into the manual injector, the
MDI vial was connected with a filtration and injection as-

FilterMDI vial Needle Injector Port Sample LoopAdapter

Fig. 1. MDI vial assembly and manual injector.

sembly (Fig. 1). This MDI assembly consisted of the MDI
vial with a continuous valve, an adapter which was con-
nected to the stem of the continuous valve, and a 0.2 �m
Acrodisc PTFE syringe filter (Pall Gelman Lab., Ann Arbor,
MI, USA) which was connected to the stem of the adapter.
A no. 22 gauge stainless-steel blunt needle was connected
to the stem of the filter. To make a direct injection from the
pressurized MDI vial into the manual injector, the needle of
the MDI vial assembly was inserted into the needle injector
port and the MDI vial was actuated. In order to ensure that
the ethanol–134a sample remained as a compressed liquid
in the analytical loop, a pressure gauge (Amtek US Gauge
Division, Sellersville, PA, USA) and an Alltech adjustable
back-pressure regulator (Alltech, Deerfield, IL, USA) were
connected in line with the waste outlet of the manual injector.

2.4. Phase separation study

To investigate the miscibility of 134a in different mo-
bile phase compositions a ternary phase separation study
was conducted. When initial increments of 134a (less
than 10%, w/w) were added to different acetonitrile–water
compositions (greater than 50% acetonitrile), an apparent
single-phase system was observed. However, as the com-
position of 134a was increased, a biphasic system was
observed. For systems with greater than 50% aqueous com-
ponent, the addition of 134a always resulted in phase sep-
aration. Even though there are miscibility issues between
acetonitrile:water and 134a, it was found that any ratio of
acetonitrile–water may be used for the mobile phase (from
50:50 to 100:0), provided rapid dilution is achieved.

2.5. HPLC assay

The HPLC assay method used to analyze BDP by direct
injection from 134a-based MDI vials utilized an Apollo C18
5 �m, 150 mm × 4.6 mm column, maintained at 30 ± 2 ◦C.
Acetonitrile–water (90:10, v/v) was used as the mobile phase
with a flow rate of 0.9 ml/min and an injection volume of
5.0 �l. Ultraviolet detection was done at 240 nm with a to-
tal run time of 5 min and the retention time of BDP being
2.7 min. Quantitation was based on peak area, using a stan-
dard curve, which was prepared daily. In order to make an
injection from a MDI vial, the back-pressure on the sample
loop was set at approximately 70 psig (1 psi = 6894.76 Pa).
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The MDI vial was actuated and depressed for 3–4 s to fill the
sample loop and the injector port was subsequently turned
from the ‘LOAD’ position to the ‘ INJECT’ position. The ex-
cess formulation was allowed to discard through the waste
line by releasing the back-pressure regulator. The injector
port was turned to the ‘LOAD’ position and the loop was
rinsed with 100% acetonitrile. In order to perform the next
injection, the back-pressure regulator was adjusted to the ini-
tial setting and a new injection was performed in the same
manner as mentioned above. Since the sample loop deliv-
ers formulations based on volume, a density correction is
required. With knowledge of the solvents used for prepar-
ing the standards and formulations, the ‘mixture densities’
were calculated as a linear combination of the constituent
solvents and the drug mass dispensed from the sample loop
was calculated.

2.6. Preparation of standard solutions for calibration
curve and sample evaluation

Stock solutions of BDP (0.032%, w/w) were prepared in
100% acetonitrile and diluted with acetonitrile to obtain a
concentration range of 0.001–0.016% (w/w). Based on the
density for acetonitrile and a 5 �l loop volume, the corre-
sponding concentration range for the calibration curve was
0.039–0.628 �g/injection. Three standard curves were pre-
pared daily for this concentration range, in order to evaluate
the linearity. The peak area of BDP was plotted against
BDP concentration to construct the standard curve. Three

Fig. 2. Representative chromatograms of (a) the propellant system including HFA 134a–ethanol; (b) the formulation containing BDP and HFA 134a–ethanol.

different MDI formulations of BDP, having concentrations
of 0.00250, 0.00484, and 0.00856% (w/w), were evaluated.

3. Results: performance characteristics of the
analytical method

The analytical peak of BDP was well resolved from the
solvent front. Fig. 2a shows a chromatogram of a blank
formulation containing 134a and ethanol, and Fig. 2b shows
the chromatogram of a formulation containing BDP. ICH and
FDA [20,21] guidelines were taken into consideration while
evaluating the analytical method. In order to demonstrate
the satisfactory nature of the method, the following protocol
was implemented during the development and evaluation.

3.1. System suitability

For the system suitability, six consecutive injections were
made with a standard solution. Quantitation was done by
area of BDP peak. Table 1 lists the system suitability data
for six injections on five different days, along with their
standard deviations (S.D.s) and relative standard deviations
(R.S.D.s). The R.S.D. over a period of 5 days was 0.75%.

3.2. Sensitivity and limit of detection

The limit of detection and the limit of quantitation (LOD
and LOQ, respectively) of the method were determined from
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Table 1
Intra-day and inter-day system suitability data for the analytical assay

Day n AUC S.D. R.S.D. (%) P value Inter-day

1 6 131 000 1419 1.08 1190
2 6 132 321 1234 0.93 1035
3 6 133 465 1000 0.75 839 132 412.4a

4 6 133 225 2925 2.2 2454 987.7b

5 6 132 051 602 0.46 505 0.75c

n is the number of injections, AUC is the area under the curve, S.D. is
the standard deviation, and R.S.D. is the relative standard deviation.

a Mean.
b S.D.
c R.S.D. (%).

the standard deviation of response, for known concentra-
tions of BDP. The LOD is defined as the lowest drug con-
centration, which can be determined and calculated as three
times the variation in the measured response [21]. For this
method, the LOD was calculated to be 8.83 ng/ml. In the
same manner, LOQ was estimated as 10 times the varia-
tion in the measured response [21] and was calculated to be
26.75 ng/ml.

3.3. Selectivity and specificity

The selectivity of the developed RP-HPLC method for the
determination of BDP in pharmaceutical MDI formulations
was investigated at the retention times of the analyte. It is
evident from the blank (see Fig. 2) that the propellant and
excipient (cosolvent) in the formulation do not cause any in-
terference with BDP. The specificity of the method for BDP
was confirmed by library spectra matching. A library spec-
tra confirmed peak purity and the absence of any impurities
coeluting with BDP. In addition aliquots of the BDP formu-
lation samples were collected corresponding to the elution
time of the BDP peak. The eluates were then combined and
analyzed using HPLC–MS (electrospray ionization) in the
positive ion mode (LCQ HPLC–MS, Finnigan, San Jose,
CA). The analysis confirmed the identity and uniqueness of
the BDP peak.

3.4. Linearity

The calibration curve for BDP was prepared in the con-
centration range of 0.001–0.016% (w/w). This corresponded
to 0.039–0.628 �g of BDP per 5 �l injection using 100%
acetonitrile. The data for this concentration range were ana-
lyzed using least-squares regression analysis: the results are
shown in Tables 2 and 3. Linearity was determined by plot-
ting a standard curve from the area of the BDP peak versus
the corresponding drug concentration (quantity per injection
in �g) in the sample. All the calibration curves were lin-
ear on five different days, with a correlation coefficient r ≥
0.9999 and with confidence intervals less than P = 0.05.
The intercepts were not significantly different from zero;
therefore, the least-squares regression line was used with-

Table 2
Linearity data for the analytical assay

Day n Slope S.D. R.S.D.
(%)

95%
C.I.

r Inter-day

1 3 1 694 367 9 935 0.59 11 227 0.9999
2 3 1 685 067 6 806 0.4 7 691 0.9999
3 3 1 689 467 6 806 0.4 7 691 0.9999 1 690 340a

4 3 1 695 567 15 800 0.93 17 854 0.9999 4 521.02b

5 3 1 687 233 4 027 0.24 4 551 0.9999 0.27c

Calibration curve values were linear on five different days. n is the number
of injections, slope is the slope of the standard curve prepared daily, S.D.
is the standard deviation, 95% C.I. is the 95% confidence interval, r is
the coefficient of regression, and R.E is the relative error.

a Mean.
b S.D.
c R.S.D. (%).

out an intercept. In addition, the relative error (R.E.) in each
concentration was calculated from the calibration curve and
ranged from −0.27 to 1.27 (Table 3). The R.E. provides a
measure of the difference between the experimental and cal-
culated values and thus a measure of the scatter of the data
about the best fit-line.

3.5. Accuracy

Accuracy of the analytical assay was determined as the
percentage of the theoretical drug recovered (%T.R., w/w)
from the vials containing 0.00250, 0.00484, and 0.00856%
(w/w) BDP formulations. The intra-day and inter-day accu-
racy along with the R.S.D.s and R.E.s are summarized in
Table 4. Deviation of the obtained results for the BDP for-
mulations, from the theoretical concentrations were within
±1.43%, during intra-day and inter-day analysis. The P val-
ues (95% confidence interval) show that the experimental
mean was not significantly different from the true value,
during intra-day and inter-day analysis.

3.6. Precision

To calculate the precision of the method, intra-day and
inter-day tests were performed. The precision was measured
in terms of the BDP concentration recovered for the BDP

Table 3
Calibration curve

Sample
(n = 15)

Drug
added
(�g)

Druga

recovered
(�g)

S.D. R.S.D.
(%)

R.E.

1 0.0393 0.0388 0.0005 1.29 1.27
2 0.0786 0.078 0.0009 1.15 0.76
3 0.1571 0.1556 0.0043 2.76 0.95
4 0.3143 0.3119 0.0054 1.73 0.76
5 0.6286 0.6303 0.0037 0.59 −0.27

R.E. is the relative error in each concentration, S.D. is the standard
deviation, and R.S.D. is the relative standard deviation.

a Calculated using slopes from Table 2.
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Table 4
Accuracy data for the analytical assay, for three different drug concen-
trations

Day n %T.R. S.D. R.S.D. (%) P value Inter-day

0.00250% (w/w)
1 6 100.68 0.91 0.91 0.75
2 6 100.17 0.39 0.39 0.33
3 6 101.47 1.76 1.73 1.44 101.43a

4 6 102.69 2.27 2.21 1.86 1.03b

5 6 102.15 2.24 2.19 1.84 1.02c

0.00484% (w/w)
1 6 98.85 2 2.02 1.65
2 6 100.07 0.88 0.88 0.72
3 6 100.44 0.25 0.25 0.2 100.47a

4 6 102.55 0.54 0.53 0.44 1.34b

5 6 100.46 1.75 1.74 1.44 1.33c

0.00856% (w/w)
1 6 100.11 0.79 0.78 0.65
2 6 101.5 1.63 1.61 1.34
3 6 102.99 1.43 1.39 1.18 100.79a

4 6 99.69 1.03 1.03 0.85 1.44b

5 6 99.67 0.65 0.66 0.54 1.43c

n is the number of injections, %T.R. is the percentage of the theoretical
drug recovered, S.D. is the standard deviation, and R.S.D. is the relative
standard deviation.

a Mean.
b S.D.
c R.S.D. (%).

formulations and was expressed as the R.S.D. Intra-day and
inter-day variability in the assay was determined by measur-
ing six samples with three different concentrations, for five
different days. The values along with S.D.s and R.S.D.s are
summarized in Table 5. From the results it is clear that the

Table 5
Precision data for the analytical assay, for three different drug concentrations

Day n Mean S.D. R.S.D. (%) P value R.E. Inter-day

0.00250% (w/w)
1 6 0.00251 2.27 × 10−5 0.91 1.87 × 10−5 −0.4
2 6 0.00250 9.95 × 10−5 0.39 8.18 × 10−6 0 0.00253a

3 6 0.00254 4.38 × 10−5 1.73 3.60 × 10−5 −1.6 2.58E−05b

4 6 0.00257 5.65 × 10−5 2.2 4.64 × 10−5 −2.8 1.02c

5 6 0.00255 5.58 × 10−5 2.18 4.59 × 10−5 −2 −1.2d

0.00484% (w/w)
1 6 0.00478 9.68 × 10−5 2.02 7.96 × 10−5 1.24
2 6 0.00484 4.24 × 10−5 0.88 3.49 × 10−5 0 0.00486a

3 6 0.00486 1.19 × 10−5 0.25 9.78 × 10−5 −0.41 6.45E−05b

4 6 0.00496 2.61 × 10−5 0.53 2.15 × 10−5 −2.48 1.33c

5 6 0.00486 8.44 × 10−5 1.74 6.94 × 10−5 −0.41 0.41d

0.00856% (w/w)
1 6 0.00857 6.77 × 10−5 0.78 5.56 × 10−5 −0.12
2 6 0.00869 0.00013 1.61 0.000107 −1.52 0.00863a

3 6 0.00882 0.00012 1.39 9.86 × 10−5 −3.04 0.00012b

4 6 0.00853 8.79 × 10−5 1.03 7.23 × 10−5 0.35 1.43c

5 6 0.00853 5.59 × 10−5 0.66 4.59 × 10−5 0.35 −0.82d

n is the number of injections, mean is the average concentration recovered for six injections, S.D. is the standard deviation, R.S.D. is the relative standard
deviation, and R.E. is the relative error.

a Mean.
b S.D.
c R.S.D. (%).
d R.E.

method is reproducible within the same day and between
different days.

4. Discussion

The method described in this report is the first analyt-
ical HPLC procedure that enables direct injection from a
MDI vial for analyte quantitation. Traditional methods for
content determination in MDI systems either involve open-
ing (decrimping) of the MDI vial or actuation of the MDI
vial formulation into a suitable solvent [4–6]. This method
does not require the physical opening of the MDI vial and
does not necessitate the use of several analytical transfer
steps. As a result, the method presented offers considerable
advantages such as; decreased analysis time, labor and sol-
vent consumption, and increased sensitivity, precision, and
repeatability.

The robustness of the current method has been illustrated
using BDP as a model compound in ethanol–134a MDI for-
mulations. The United States Pharmacopoeia (USP) requires
that the coefficient of variation for the accuracy and precision
of the analytical assay used for analysis of the final dosage
form, be less than 2.0 [22]. It has been shown through the
BDP formulations used in this study, that the on-line HPLC
method has the ability to provide a direct analytical means
for determining MDI constituents with acceptable accuracy
and precision. In addition, the model formulations demon-
strate the potential sensitivity of the method (26.75 ng/ml or
0.00044%, w/w) which could be improved through a differ-
ent detector selection.
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The utility of this method can be extended not only to
other solution formulations of BDP but for analysis of a va-
riety of compounds in MDI formulations (and propellants),
including other active ingredients, degradation products,
excipients and possibly extractables. With the right combi-
nation of injection volume and detector sensitivity (detector
type) it may be possible to analyze low analyte concentra-
tions of compounds that are otherwise difficult to quantitate
without concentrating the samples, prior to analysis. While
for the current study a relatively high acetonitrile concen-
tration was preferred, giving a k′ of 0.633, it is also possible
to decrease the acetonitrile concentration to allow better
specificity for degradation products, without compromising
precision and accuracy. In fact, after the direct injection
from the MDI vial is performed, the initial isocratic mobile
phase composition can be changed to a gradient method. In
summary, the simplicity of the technique, the non-invasive
sampling, the minimal volume requirement, and the high
sensitivity and precision make this technique particularly
attractive for the quantification of compounds in pharma-
ceutical MDI dosage forms.
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