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Abstract

A new on-line reverse phase HPLC method for determining the solubility of compounds in propellant based metered dose
inhaler (MDI) formulations was compared with a conventional method. The new method employs a direct injection from a
MDI vial into the needle injector port of a manual injector. To evaluate the two methods, beclomethasone dipropionate (BDP),
5,5-diphenyl hydantoin and 3;8iindolylmethane, were used as model compounds in propellant HFA-134a. Comparison was
performed by analyzing known and unknown concentrations of BDP in various combinations of HFA-134a and ethanol. In
addition, the solubility of 5,5-diphenyl hydantoin and’3d@ndolylmethane were determined in HFA-134a using both the new
and the conventional methods. The two methods were found to be in good agreement with each other, with the new direct
injection technique offering enhanced precision and accuracy along with considerable reduction in analysis time.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction applied to the development of inhalation formulations,
can be extremely broad in scope. Inhalation delivery
For many years, inhalation delivery systems have systems, including pressurized metered dose inhalers
been used to deliver drugs to the respiratory tract in (MDIs), are compound specific, and the physicochem-
order to treat pulmonary diseases. Due to the diversity ical properties of a given compound can predispose the
of inhalation dosage forms (nebulizers, dry powder in- choice of the inhalation system. Early in the develop-
halers, and metered dose inhalers), preformulation, asment process, the solubility of a drug continues to be
a physical property that is routinely measured during
"+ Corresponding author. Tel.: +1 520 626 1297 the !dent|f|cat|on and selecthn of_ lead compound_s: Es-
fax: +1 520 626 4063. pecially for MDIs, the determination of drug solubility
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0378-5173/$ — see front matter © 2005 Elsevier B.V. All rights reserved.
doi:10.1016/j.ijpharm.2005.01.001



202 A. Gupta, P.B. Myrdal / International Journal of Pharmaceutics 292 (2005) 201-209

design. The solubility of a drug in the propellants prin-
cipally governs the type of MDI system (solution versus
suspension) chosen for development.

Dalby et al. (1991)reported the ‘conventional
method’ for determining drug solubility in volatile pro-
pellant systems. A recent modification of this method
was reported byVilliams et al. (1999) The overall
principle of the two methods is the same; with both uti-
lizing a donor vial containing excess drug in the volatile
propellant system, and a second empty receiving vial
whose weight is pre-recorded (made of glass in Dalby
et al. and made of aluminum in Williams et al.). Both
vials are crimped with continuous spray valves, which ©
enable the transfer of contents from the donor vial to
the receiving vial. The donor vial is equilibrated for a (@)
period of time in order for the drug to achieve equilib-
rium solubility in the propellant or the MDI formula-
tion. The donor vial is mounted on top of a gas tight NH
filtration apparatus. Both the donor and the receiving
vials have an adapter attached to the continuous valve. HN
Afilter (0.22pm or 0.45um) is connected between the
two adapters, to filter the excess drug from the donor
vial. The receiving vial is typically kept cold with dry
ice, in order to provide the necessary driving force for
the contents of the donor vial to flow into the receiving
vial. After transferring the contents from the donor vial
to the receiving vial, the weight of the receiving vial
is recorded. This vial is chilled, then either decrimped
or punctured, and the contents are transferred to a pre- —
chilled volumetric flask. The propellant is allowed to
evaporate and a suitable solventis used for dilution. The //N

Q

o]

diluted samples are then analyzed in order to quantitate
the drug. N
A new method for determining solubility of com-
pounds in MDIs has been reported iBupta and /
Myrdal (2004a) The method utilizes a direct injection
from a MDI vial into the needle injection portofaman- (€
ual injector for on-line HPLC analysis. The aim of the )

. . . . . Fig. 1. Structures of the compounds used for method comparison
Furr,em Inves“gat,lon was to compare the new directin- study. (a) Beclomethasone dipropionate, (b) 5,5-diphenyl hydantoin,
jection method with the conventional method for deter- (¢) 3 3_diindolyimethane.
mining solubility in MDIs. In the current investigation,
beclomethasone dipropionate (BDP), 5,5-diphenyl hy- 2. Materials and methods
dantoin and 3,3diindolylmethane Fig. la—c), were
used as the model compounds, and HFA-134awas used.1. Materials
as the model propellant. BDP was quantified in various
blends of HFA-134a and ethanol, and the solubility of Pressure resistant glass aerosol vials, continu-
5,5-diphenyl hydantoin and 3;8liindolylmethanewas  ous valves and beclomethasone dipropionate (BDP),
determined in HFA-134a, using both methods. were provided by 3M Drug Delivery Systems
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(St. Paul, MN). 5,5-Diphenyl hydantoin and 3,3 ated:thefirstsetofvials had excess BDP with 5%, 10%,
diindolylmethane were obtained from RPI Corp. 15% and 20% w/w ethanol. The second set of vials had
(Mount Prospect, IL). 1,1,1,2-Tetrafluoroethane (HFA- known concentrations of BDP (0.0057% wi/w, 0.0114%
134a; Dymé?P 134a) and ethanol (200 proof) were ob- w/w, 0.1203% w/w and 0.7510% w/w) with all formu-
tained from DuPont Chemicals (Wilmington, DE) and lations in solution. Solubilities of BDP, 5,5-diphenyl
Aaper Alcohol and Chemical Company (Shelbyville, hydantoin and 3,3diindolylmethane were also eval-
KY), respectively. HPLC grade acetonitrile was ob- uated in pure HFA-134a. Twelve determinations were
tained from Aldrich Chemical Company (Milwaukee, performed for each vial with unknown concentration of
Wi1). BDP and six determinations were performed for each
vial having known concentration of BDP. Six determi-
nations were conducted for each vial containing 5,5-

2.2. Sample preparation diphenyl hydantoin and 3@liindolylmethane.

Vials that contained excess BDP were prepared at
5, 10, 15 and 20% w/w ethanol in HFA-134a. In ad-
dition, vials were made with known concentrations
of BDP using HFA-134a and ethanol. These formu-
lations were in solution and contained BDP concentra-
tions of 0.0057% w/w, 0.0114% w/w, 0.1203% w/w
and 0.7510% w/w. The first two formulations con-
tained 5% w/w ethanol and latter two formulations
contained 15% wi/w ethanol. For all the formulations
prepared, BDP and ethanol were directly weighed
into pressure resistant glass vials. Each of these vials
was immediately crimped with continuous valves (3M
Drug Delivery Systems, St. Paul, MN) using a small-
scale bottle crimper (Model 3000B, Aerotech Labo-
ratory Equipment Company, Maryland, NY). HFA-
134a was pressure filled in these vials using a pres-
sure burette (Series 3SB Pressure Filler, Aerotech Lab-
oratory Equipment Company, Maryland, NY). Vials
that contained excess BDP, 5,5-diphenyl hydantoin and
3,3-diindolylmethane were crimped with continuous
valves using the small-scale bottle crimper. HFA-134a
was pressure filled in these vials using the pressure bu-
rette. All the vials were rotated at room temperature for
at least 48 h prior to analysis.

2.3.1. Determination of solubility of compounds
by conventional method

Fig. 2(a) shows the experimental setup for deter-
mination of the solubility of compounds in MDI vials
by the conventional method. After equilibration, the
samples were filtered through a 08 Acrodis®
PTFE syringe filter coupled to a chilled empty receiv-
ing glass vial. The receiving vials containing the filtrate
were weighed and then chilled in dry ice for at least
15 min. The chilled vials were decrimped and the con-
tents were transferred to a pre-chilled volumetric flask.
The formulation was allowed to warm up, leading to
the evaporation of the propellant. The receiving vial
and valve were then quantitatively rinsed with the mo-
bile phase, and the contents of the volumetric flask were
diluted to volume with the mobile phase. The amount
of each compound in the samples was determined by
HPLC. The solubility of 5,5-diphenyl hydantoin and
3,3-diindolylmethane in HFA-134a, and the solubil-
ity of BDP in various blends of HFA-134a and ethanol
were calculated based on the total amount of formula-
tion in the receiving vial.

2.3.2. Determination of solubility of compounds
by new direct injection method
2.3. Comparison of the conventional method to The experimental setup for the new direct injection
the new direct injection method method has been explained in previous repdispta
and Myrdal, 2004p Fig. 2b) illustrates the schematic
In order to check the precision and accuracy of the of making an injection from a MDI vial into the needle
new direct injection method for the determination of injector port of the manual injector. In order to make
solubility, a study was conducted to compare the new a direct injection from the equilibrated MDI vial into
method to the conventional method reportedatby the manual injector, the MDI vial was connected with
etal. (1991)Solubility of BDP was determined in vari-  a filtration and injection assembl¥ig. 2(b)). The in-
ous combinations of HFA-134a and ethanol using both jection from the MDI vial was performed by inserting
the methods. Two types of BDP samples were evalu- the needle of the assembly through the needle port. A
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MDI vial containing——» MDI vial containing ——
formulation formulation
Adapter # 1 Adapter
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T
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Fig. 2. (a) Conventional method for determination of drug solubility in MDlIs. (b) MDI vial assembly injection into the manual injector needle
port.

suitable adjustment of the backpressure regulator wasThe loop was then rinsed with excess 100% acetoni-
devised, such that the backpressure in the waste linetrile. In order to perform the next injection, the back-
was approximately 60 psig for each injection. The same pressure regulator was adjusted to the initial setting and
backpressure regulator setting was used for all the sub-the injector was brought to the LOAD position. A new
sequent injections. The injector was kept at the LOAD injection was performed in the same manner as the first
position, and after 3—4 s of actuation of the MDI vial, injection andthe process was repeated using a new filter
the loop was overfilled. The injector was immediately each time.
turned to the INJECT position and the excess formu-
lation was allowed to discard through one of the waste 2.4. Sensitivity of the new direct injection method
lines.

In order to make replicate injections after the first The new direct injection method was found to be
injection, the backpressure valve was opened to relieve sensitive for the quantitation of compounds in MDI
the backpressure and discard any formulation to waste. formulations. For BDPXmax. 240 nm) the upper limit
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of detection was found to be approximately 0.008%
w/w, beyond which the linear concentration-absorption
range of Beers lawMartin, 1993 was exceeded at
the Amax- In order to investigate the accuracy, re-
peatability and similarity of data analysis at multiple
wavelengths (at which the compound absorbs rela-
tively less), the data for 5,5-diphenyl hydantoinfx:
210nm) and 3, ‘3diindolylmethane Xmax. 220 nm)
were analyzed at multiple wavelengths. The results
from the direct injection method were compared with
the results of the conventional method for the three
compounds.

2.5. Dilution of the concentrated samples

Since the solubility of BDP in the cosolvent sam-
ples was higher than 0.008% w/w, a dilution step
was included in the procedure, prior to the direct in-
jection. The formulations with known concentration
of BDP (0.0114% w/w, 0.1203% w/w and 0.7510%
w/w) and the solubility samples with unknown con-
centration of BDP (containing 5%, 10% and 15%
w/w ethanol) were diluted with HFA-134a, prior to
analysis by the direct injection method. The dilution
was performed by transferring a small and known

205

at any of these selected wavelengths. This exercise was
done toillustrate that a different set of wavelengths may
be chosen depending upon the compound to be ana-
lyzed, in order to facilitate analytical detection without
the need for dilution.

2.7. HPLC assay

For BDP, the HPLC system consisted of a Wa-
ters 2695 Separations module (Waters, Milford, MA)
coupled with a Waters 2487 dual wavelength ab-
sorbance detector. 5,5-Diphenyl hydantoin and-3,3
diindolylmethane were analyzed using a Waters 2690
Separations module coupled with a Waters 996 PDA.
For analysis by the new direct injection method, the
Waters 2695 and Waters 2690 Separations module were
connected with a Rheodyne Model 7725 (Rheodyne,
L.P. Rohnert Park, CA) manual sample injector. Sample
analyses for the three compounds were performed by a
reverse phase HPLC assay, using a 150xn6 mm,
5wm Apollo C18 column, maintained at ambient tem-
perature. Quantitation was conducted based on peak
area using a five-point standard curve prepared daily.
Since the sample loop delivers formulations based on
volume, density correction was required for the dif-

guantity of the concentrated samples to a receiving ferent standards and formulations injected by the di-
MDI vial crimped with continuous valve. The initial  rect injection method. With the knowledge of the sol-

transfer of the concentrated samples to the receiving vents used for preparing the standards and formula-
vial was done by using a set of custom adapters. A tions, the density of these solutions was calculated
known quantity of HFA-134a was then pressure filled as a linear combination of the densities of the con-
in the receiving vial. The diluted samples in the re- stituent solvents. Based on the density correction, the

ceiving MDI vial were then analyzed by the new di-
rect injection method. The original concentration was
then calculated based upon the appropriate dilution
factor.

2.6. Data analysis at multiple wavelengths

formulation mass dispensed from the sample loop was
calculated.

For analysis of BDP by the conventional method,
acetonitrile:water (70:30, v/v) was used as the mobile
phase, at a flow rate of 0.8 mL/min with an injection
volume of 50uL. For analysis by the new direct injec-

tion method, acetonitrile:water (80:20, v/v) was used

The solubilities of 5,5-diphenyl hydantoin and as the mobile phase, at a flow rate of 0.9 mL/min,
3,3-diindolylmethane in HFA-134a were quantitated with an injection volume of L. Ultraviolet de-
at multiple wavelengths by both methods. Data for tection was conducted at 240 nm. 5,5-Diphenyl hy-
5,5-diphenyl hydantoin were analyzed at 210nm dantoin and 3,3diindolylmethane were analyzed us-
(Amax), 220nm and 230nm while data for 3,3 ing acetonitrile: water (90:10, v/v), at a flow rate of
diindolylmethane were analyzed at 220 nim4y), 1.0 mL/min, with an injection volume of pL, for
265 nm and 283 nm. The wavelengths were chosen asboth the conventional method and the direct injec-
representative cases in order to cover a wide range oftion method. Retention time was 2.9 min for 3,3
wavelengths at which the data can be analyzed. The lin- diindolylmethane and 2.7 min for 5,5-diphenyl hydan-
ear concentration-absorbance range was not exceededoin.
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Table 1

Comparison of the methods using known and unknown concentrations of BDP

Sample  ConcentratioN % Recovery S.D. C.V. (%)
(% wiw)

Conventional Directinjection  Conventional Directinjection Conventional Direct injection

Known concentration

1 0.0057 6 101.16 996 1083 1.68 10.7 1.68
2 0.0114 6 100.06 945 250 3.03 2.50 3.05*
3 0.1203 6 100.47 1025 7.06 3.05 7.03 2.97*
4 0.7510 6 100.10 1072 334 2.07 3.34 2.02*
Unknown concentration

1 0 12 0.0080 ®mo81 000043 0.00023 5.32 2.89*
2 5 12 0.2719 (2760 00155 0.005 5.72 1.84*
3 10 12 0.5457 ®393 00250 0.015 4.59 2.78*
4 15 12 0.8676 ®633 00380 0.017 4.43 2.01*

‘N’ is the number of samples analyzed for the conventional method and the number of injections performed for the new method. ‘% Recovery’ is
the percent drug recovered, ‘S.D. is the standard deviation and ‘C.V.%’ is the coefficient of variation. The values marked with *’ were obtained
by using a dilution step prior to direct injection by the new method.

3. Results for the method comparison lyzed by the conventional method. The coefficient of
variation (%) ranged from 4.43 t0 5.72.

Results for the comparison of the conventional Table 2lists the percentage w/w solubility of 5,5-
method with the new direct injection method are sum- diphenyl hydantoin and 3, @liindolyl methane, along
marized inTables 1 and 2 with the S.D. and C.V.%, when analyzed by the con-
ventional method. Data for 5,5-diphenyl hydantoin
were analyzed at 210 nm, 220 nm and 230 nm and the
C.V.%ranged from 5.67 t0 5.92. Data for 3¢8indolyl
methane were analyzed at 220 nm, 265 nm and 283 nm
and the C.V.% ranged from 20.00 to 22.89.

3.1. Conventional method

Table 1lists the percent recovery along with the
standard deviations (S.D.), of the four known concen-
trations of BDP, when analyzed by the conventional
method. The coefficient of variation (C.V.%) was taken 3.2. New direct injection method
as a measure of the precision and accuracy of the
method. The values of the coefficient of variation (%) Table 1 lists the percent recovery along with
ranged from 2.5 to 10.7Mable lalso lists the solubil-  the S.D. of the four known concentrations of BDP
ity (% w/w) of BDP in different blends of HFA-134a  when analyzed by the new direct injection method.
and ethanol (i.e. unknown concentration), when ana- The values of the C.V.% ranged from 1.68 to 3.05.

Table 2
Method comparison data for 3;8iindolylmethane and 5,5-diphenyl hydantoin
Compound Wavelength Solubility (% wi/w) S.D. 6=6) C.V. (%)
nm
(hm) Conventional Direct Conventional Direct Conventional Direct
injection injection injection
5,5-Diphenyl hydantoin 210 0.001212 0.000952 6.655 4.28E-05 580 4.49
220 0.001400 0.001112 7.94B5 4.67E-05 567 4.20
230 0.001404 0.001016 8.34HB5 3.93E-05 592 3.87
3,3-Diindolyl methane 220 0.004335 0.003941 9.80& 1.03E-04 2289 2.62
265 0.004202 0.004071 8.40B4 9.16E-05 2000 2.25
283 0.004153 0.004159 8.3504 1.05E-04 2Q12 2.52

‘S.D. is the standard deviation and ‘C.V.%' is the coefficient of variation.
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Table lalso lists the solubility (% w/w) of BDP in
different blends of HFA-134a and ethanol (i.e. un-
known concentration), when analyzed by the new di-
rect injection method. The C.V.% ranged from 1.84
to 2.89.

Table 2lists the percentage w/w solubility of 5,5-
diphenyl hydantoin and 3@liindolyl methane, along
with the S.D. and C.V.% when analyzed by the new di-
rect injection method. Data for 5,5-diphenyl hydantoin

were analyzed at 210 nm, 220 nm and 230 nm and the

C.V.% ranged from 3.87 to 4.49. Data for 3c8indolyl

methane were analyzed at 220 nm, 265 nm and 283 nm

and the C.V.% ranged from 2.25 to 2.62.

4. Discussion

The present study compares two methods for de-
termining the solubility of compounds in propellant
based MDI formulations. The conventional method for
determination of the solubility of compounds in pro-
pellants has been widely usdddlby et al., 1991; War-
ren and Farr, 1995; Tzou et al., 1997; Williams et al.,
1999; Dickinson et al., 2000 The new direct injec-
tion method Gupta and Myrdal, 2003as the first
direct on-line reverse phase HPLC method for deter-
mining solubility of compounds in closed MDI vials.
The method utilizes a direct injection of the MDI vial
into the needle injection port of a manual injector and
hence does not require the MDI vial to be opened (de-
crimped or punctured). Based on the solubility data
for three model compounds, it is evident that the two
methods are in agreement with each otlrég(3). The
solubility values obtained using both methods were
not significantly different, although the coefficients
of variation for the data obtained by using the new
method were found to be lower than the conventional
method.

The process of using the conventional method is
both time consuming and laborious. Although the ac-
tual process of transferring the drug from one vial to
another takes very little time, the entire process of cool-
ing the receiving vial and glassware, decrimping the re-
ceiving vial, transferring the contents for dilution, and
then sample preparation for the analysis of the drug
content, is time consuming. Thus, the generation of a
single data point involves significant analyst time and
labor, as well as relatively large compound and solvent
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Fig. 3. Comparison of solubility values (% w/w) obtained by us-
ing the conventional method with the direct injection method. The
horizontal error bars represent the standard deviations for the values
obtained by using the conventional method and the vertical error bars
represent the standard deviations for the values obtained by using the
direct injection method.

guantities. On the other hand, the new method involves
a direct injection from a MDI vial, thereby, eliminat-
ing the need for additional sample manipulations and
reducing analysis timé=ig. 4 shows a chromatogram
of BDP with six injections within 30 min by using the
new direct injection method. All six peaks are iden-
tical and offer six solubility data points with minimal
time and effort. Since the conventional method involves
transferring contents from one vial to another vial, and
a subsequent transfer for dilution (into a volumetric
flask), it is technique dependent. There is a potential to
lose formulation/drug during the quantitative transfer
of contents. Sample loss can also occur during pro-
pellant boiling/evaporation. This can lead to variable
results in replicate analysis. The new method does not
require any of these transfer steps therefore reducing
the operational errors, which directly results in consis-
tent and reproducible results.

The conventional method is sample intensive. For
generating multiple data points, contents of the donor
vial can only be transferred to a limited number of re-
ceiving vials. Once the receiving vial is decrimped, the
entire sample is lost. As a result, generation of multiple
data points with a single donor vial is limited. Since the
new method utilizes a very small sample size for sol-
ubility determination (15@.L.—200p.L) and the MDI
vial is not opened, the same vial can be used numer-
ous times to generate multiple data points. The ability
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Fig. 4. Chromatogram of BDP using the new direct injection method. Six injections were performed during a period of 30 min.

to monitor the same sample over time offers significant
advantages in terms of generating various stability pro-
files.

The direct injection method was also found to be a
sensitive analytical method. The limit of quantitation
(LOQ) of BDP was estimated as ten times the variation
in the measured respond€H Q2B, 1997 and was
calculated to be 26.75 ng/mL (0.00000219% wi/w). For
BDP (Amax: 240 nm) the upper limit of detection was
found to be approximately 0.008% w/w, beyond which

step along with the direct injection method, the per-
cent recoveries for the two methods were not differ-
ent. In addition, the data for 5,5-diphenyl hydantoin
and 3,3-diindolylmethane were analyzed at two wave-
lengths other than thignax. The wavelengths were cho-
sen such that the compounds absorbed relatively less
at these wavelengths and hence offered a means of re-
duced sensitivity for detection. For the direct injection
method, the coefficient of variation (%) for the solu-
bility values obtained by processing the data at three

the linear concentration-absorption range of Beers law different wavelengths was 7.84 for 5,5-diphenyl hydan-

(Martin, 1993 was exceeded at thgnax. Due to the
sensitivity of the new direct injection method, a similar
situation may arise for compounds that are highly sol-
uble in pure HFA-134a or have a high solubility when
a cosolvent is used along with the propellant. When
such compounds are analyzed by liquid chromatog-
raphy using a UV detector, there is the potential that
the linear concentration-absorbance limit of Beers law
(Martin, 1993 might be exceeded. The high sensitiv-
ity of the method may present a potential limitation for
the analysis of compounds having high solubility in the
propellants alone or along with other formulation ex-
cipients. Two practical solutions to this situation were
presented, including dilution of the samples prior to di-
rect injection and analysis of the data at a wavelength
other than the.hax. In order to check the feasibility of
both these options, a systematic investigation of the di-

toin, and 2.70 for 3,3diindolylmethane, respectively.
This indicates that there is no significant difference in
the solubility values when the data is analyzed at dif-
ferent wavelengths. Hence, no practical difference was
observed between the conventional method and direct
injection method, when the directinjection method was
used along with sample dilution prior to injection or by
data analysis at multiple wavelengths. Therefore, the
new direct injection method may be employed for sol-
ubility determination of compounds with both high and
low solubility.

5. Conclusions

A new method for determining the solubility of com-
pounds in pressurized MDI formulations was com-

lution method and data analysis at a wavelength other pared with a conventional method. This was accom-

thanimax were performed. From the results, it was ev-
ident that when BDP was analyzed using a dilution

plished by evaluating the solubility of BDP in different
combinations of HFA-134a and ethanol, and solubility
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of 5,5-diphenyl hydantoin and 3;8iindolylmethane surized metered dose inhalers. J. Chromatogr. A 1033, 101-
in HFA-134a. The two methods were found to be in 106

: : Gupta, A., Myrdal, P.B., 2004b. Novel method for the determination
excellent agreem M .
9 ent with each other, with the data for of solubility in aerosol propellants. J. Pharm. Sci. 93, 2411-2419.

the new d"?Ct Injection method less variable than for ICH Q2B, May 1997. Validation of Analytical Procedures: Method-
the conventional method. ology.
Martin, A., 1993. Physical Pharmacy, fourth edition. Lea & Febiger,
Philadelphia, pp. 81-82.
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