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ABSTRACT

The purpose of this research was to evaluate a redesigned
impactor stage for the TSI Model 3306 Impactor Inlet with
nozzles adjusted to obtain a target cut-point of 4.7 μm. It
has been determined that the previous cut-point used in the
Model 3306 was nominally closer to 4.14 μm, thus po-
tentially impacting the characterization of aerosol mass.
The reassessment of the Model 3306 was performed on
4 solution and 2 suspension metered-dose inhaler (MDI)
formulations. The redesigned impactor stage resulted in a
5% to 6% increase in aerosol mass when compared with the
previous impactor stage for the products Ventolin-HFA,
Proventil-HFA, and 2 cyclosporin solution formulations with
high ethanol concentrations (15% wt/wt). For the formula-
tions with low ethanol concentrations (3% wt/wt), minimal
differences were observed between the 2 cut-points. In ad-
dition, this study reevaluated the requirement of a vertical
inlet extension length when using the TSI 3306/3321 system
with the redesigned cut-point. It was shown that the use of a
20-cm extension provides mass and aerosol size distribu-
tions that are comparable to the Andersen 8-stage Cascade
Impactor, for both solution and suspension MDIs. This
work indicates that the TSI 3306/3321 system is suitable for
preformulation studies of both suspension and solution
MDI systems.

KEYWORDS: aerosols, metered-dose inhalers, particle sizer,
size distributionR

INTRODUCTION

The aerodynamic diameter of a medicinal aerosol has a di-
rect bearing on the ability of the aerosolized drug to de-
posit in the lungs and is thus an important parameter when
developing metered-dose inhalers (MDIs). Analysis of the
particle distribution from a pressurized MDI is typically
performed using a multi-stage cascade impactor equipped
with United States Pharmacopeia/European Pharmacopeia

(USP/Ph Eur) induction port. The Andersen 8-stage Cas-
cade Impactor (ACI) (Thermo Andersen, Smyrna, GA) is a
standard compendial method for particle size assessment.
Testing with the ACI allows for the mass and particle size
distribution of the aerosolized drug to be determined di-
rectly through chemical analysis of each impaction stage.

While reliable, the ACI is a labor-intensive test method,
especially for early product development. As a result, there
is an ongoing interest in the development of more efficient
techniques for aerosol characterization.1,2 Several research-
ers have evaluated laser diffraction as a potential method
for characterizing aerosols. For continuously nebulized so-
lutions, correlations between laser diffraction and cascade
impaction can be obtained, provided environmental con-
ditions are controlled.3-6 Relationships between laser dif-
fraction and cascade impaction for MDI systems are more
challenging owing to the dynamic liquid-vapor regime sur-
rounding the aerosolized particles.7-9 Phase Doppler par-
ticle size analysis has also been evaluated for aqueous
aerosols10; however, as with laser diffraction, neither meth-
od directly quantifies the drug present in the aerosol.

Recent interest has centered on the TSI 3306/3321 system
(TSI Inc, Particle Instruments, Shoreview, MN), which repre-
sents an efficient tool for direct particle size measurement,
while affording the ability to determine drug mass.1,2,11

The TSI Model 3321 aerodynamic particle sizer (APS) aero-
sol spectrometer, is a real-time aerodynamic particle size
analyzer based on time-of-flight (TOF) analysis. This laser-
based particle sizing instrument measures the mass median
aerodynamic diameter (MMAD) of aerosol particles based
on the particle’s velocities immediately downstream of a
flow-accelerating nozzle.1 The Model 3321 can be inte-
grated with the TSI Model 3306 single-stage impactor inlet.
The use of a 4.7-μm impaction stage allows for the quan-
tification of the fine particle mass of the aerosolized drug
less than 4.7 μm (FPM4.7 μm).

In previous reports the use of different vertical inlet ex-
tension lengths (0, 20, 40 cm) were evaluated with the
TSI 3306/3321 system for solution aerosols.2,12 The pur-
pose of an extension is to allow a longer physical path for
the droplets to travel before reaching the impactor jet, thus
facilitating particle evaporation. The degree to which the
extension length affects the droplet distribution depends on
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the formulation. Formulations with minimal or no semi-
volatile constituents will likely be unaffected. Those for-
mulations containing significant semivolatile compositions
are much more likely to be affected. These past studies
demonstrated that the TSI 3306/3321 system can be used to
obtain FPM4.7 μm values similar to the ACI. However, it
has recently been determined that the original cut-point
supplied in the Model 3306 design was smaller than the
labeled 4.7 µm. As a result, the quantification of FPM4.7 μm

may have been inaccurate, most notably for MDI for-
mulations with particle size distributions approaching the
cut-point.

The objective of this investigation was to quantify the
differences between the 2 different cut-points used with the
Model 3306 and to reevaluate the utility of inlet extensions
when comparing FPF4.7 μm data to those obtained from
ACI testing. In addition to varied solution formulations,
this study demonstrates the feasibility of using the TSI
3306/3321 system for characterizing suspension MDIs.

MATERIALS AND METHODS

Formulations

Two suspension products, Proventil-HFA (containing etha-
nol and surfactant) and Ventolin-HFA (containing no co-
solvent or surfactant) were obtained from a commercial
pharmacy. Four experimental solution MDI formulations
made with varying cyclosporine (CSP) and ethanol concen-
trations were also evaluated and are displayed in Table 1.

ACI

The ACI was operated at a flow rate of 28.3 L/min. The
ACI contained stainless steel collection plates, which were
coated for the suspension formulation Ventolin-HFA. A mi-
crofiber filter was placed after the bottom impaction stage.
Each canister was shaken and then primed by actuating
3 times to waste. Each MDI was shaken prior to use and
actuated 5 times, with the mouthpiece of the inhaler coupled
on axis with the entry to the induction port (n = 3 vials).
Flow through the ACI was maintained for an additional
30 seconds following the final actuation. The impactor was

disassembled and the amount of drug (active pharmaceuti-
cal ingredient) was recovered quantitatively from the stem,
actuator, inlet, collection plates, and filter. Samples were
then assayed by high-performance liquid chromatography
(HPLC)-UV spectrophotometry at a wavelength of 276 nm
for albuterol sulfate and 210 nm for CSP. The HPLC system
consisted of a Waters 2690 separation module (Waters,
Milford, MA) coupled with a Waters 2487 dual wavelength
absorbance detector. Sample analysis was performed by a
reverse-phase HPLC assay, using a 150 × 4.6 mm, 5 μm
Apollo Silica column for albuterol sulfate, and a 150 × 3.2 mm,
5 μm Alltech C18 platinum column for CSP. The mobile
phase for CSP was 70% acetonitrile and 30% water at a flow
rate of 1.0 mL/min. The mobile phase for albuterol sulfate
was 82% acetonitrile and 18% 0.1% ammonium acetate
(pH 3.0) at a flow rate of 0.8 mL/min.

TSI Model 3306/3321 System

The Model 3306 and Model 3321 were operated together.
Aerosol presentation to the Model 3306 (Figure 1) is
through a USP/Ph Eur inlet, at a flow rate of 28.3 L/min,
and past a single-stage impactor. For this study, the target
cut-point of the impactor stage was 4.7 µm, thereby al-
lowing for the collection of a fine particle mass less than
4.7 µm (FPM4.7 μm) from the filter. The larger aerosol par-
ticles that do not flow through to the filter are collected on
the impaction plate. Vertical extensions of 20 and 40 cm,
when used, were inserted between the USP/Ph Eur inlet
and the Model 3306. A small portion of the aerosol that
penetrates through the USP/Ph Eur inlet (0.2% of the sam-
ple) is sampled isokinetically for size measurement via the
Model 3321. The Model 3321 analyzes particles as they
pass individually through the measurement zone, where
their aerodynamic size is determined by TOF. For testing,
each vial was shaken and then primed by actuating 3 times
to waste. Five actuations were delivered for each test, and
3 tests were conducted for each vial. The mass median aero-
dynamic diameter (MMAD) was calculated using the TSI
software, Aerosol Instrument Manager, Rev B (2002). The
plate and filter were assayed via HPLC-UV, as described in
the ACI section.

Filter Percentage

In order to quantify the effects that cut-point and extension
length differences have on the aerosol classification via the
Model 3306, it is necessary to evaluate the relative changes
in the plate and filter depositions. To this end the filter
percentage (Filter %) can be defined as:

Filter % ¼ Filter

Filter þ Plate

� �
� 100 ð1Þ

Table 1. The 4 Cyclosporin Measured Dose Inhaler Solution
Formulations Evaluated With the TSI 3306/3321 System and
Andersen 8-stage Cascade Impactor

Formulation
Cyclosporin
(% wt/wt)

Ethanol
(% wt/wt)

HFA-134a
(% wt/wt)

A 0.1 3 96.9
B 0.1 15 84.9
C 2 3 95
D 2 15 83
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where Filter represents the aerosol mass that passes the im-
paction plate (FPM4.7 μm) and the Plate represents the mass
that is deposited on the impaction plate. The Filter % de-
scribes the percentage FPM4.7 μm of the aerosol that is pre-
sented to the impactor jets. This quantification allows for
the performance of the impactor stage to be evaluated in
isolation from the stem, actuator, or USP/Ph Eur inlet. This
method is reasonable since the performance of the impactor
stage should be independent of deposition in the stem, ac-

tuator, and USP/Ph inlet. The plate percentage is corre-
spondingly 100% minus the Filter % and is not presented.

Fine Particle Fraction FPF4.7 μm

The FPF4.7 μm has historically been used as guidance for
the therapeutic portion of the inhaled drug mass capable of
reaching the airways of the respiratory tract. The FPF4.7 μm

is defined as the FPM4.7 μm divided by the total amount of

Figure 1. A schematic diagram of the Model 3306, where the aerosol enters through the USP throat inlet. Particles larger than 4.7 μm
are impacted on the impactor plate (nonrespirable) and particles smaller than 4.7 μm are collected on the filter (respirable). Courtesy of
TSI Inc.
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drug that exits the MDI mouthpiece. For the TSI 3306/
3321 system, FPF4.7 μm can be determined by the following
equation:

FPF TSI
4:7μm ¼ FPM 4:7μm

USP=Ph Eur þ extensionðsÞ þ plate þ FPM4:7μm

� �
� 100

ð2Þ

where the USP/Ph Eur inlet and extension(s) represent the
amount of drug deposited on each. In general, the amount
quantifiable on the extensions has been found to be very
small or negligible.12 In this study, detectable quantities of
drug were found on only 24 of the 72 experiments (solution
MDI formulations C and D) performed using the 20- or
40-cm extension on the TSI. The average was 1.75% of the
total drug delivered.

Correspondingly, for the ACI, total drug recovered on
stages 3 through 7 and filter is considered to be the FPM4.7 μm,
giving the following equation:

FPF ACI
4:7μm ¼ FPM 4:7μm

USP=Ph Eur þ stage s0�2 þ FPM 4:7μm

� �
� 100 ð3Þ

where stages 0 to 2 are stages 0, 1, and 2 of the ACI. The
FPF4.7 μm was determined for the 4 solution formulations
and 2 suspension products for both the TSI 3306/3321
system and the ACI.

Impactor Stage Cut-Point Calculations

For a given impactor stage, the particle collection efficiency
is highly dependent on the Stokes’ number (Stk50) for that
particular particle size. The collection efficiency curve for a
given impactor stage is a function of the Stokes’ number
and can be numerically or experimentally determined.13,14

The most descriptive value of an impactor stage is the
Stokes’ number at which 50% of the particles impact and
are collected, Stk50. The aerodynamic cut-point of a stage,
da50, is the aerodynamic particle diameter at which Stk =
Stk50.

14 It is possible to solve for the aerodynamic cut-point,
da50, of a stage using the following equation:

da50 ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
9Stk50ηπDj3N

4ρpQCc

s
ð4Þ

where η is the viscosity of the air; Dj is the jet diameter;
N is the total number of jets on the impactor stage; ρp is the
density of the particle; Q is the total flow rate through the
impactor stage; and Cc is the Cunningham slip correction,

which is a function of particle size. Equation 4 can be used
to estimate the cut-point of various impactor stages as a
function of nozzle diameter. In order to do this, it is first
necessary to have an estimate of the Stk50 of the stage.

15,16

The manufacturer’s reported cut-point and target hole di-
ameter (new cut-point value) were used to estimate a Stk50
value of 0.3924 for the Model 3306. Next, the “old cut-
point” aerodynamic diameter, da50, was estimated by sub-
stituting the calculated Stk50 number and the actual jet
diameter of the old design impactor stage into Equation 4.
The old cut-point for the Model 3306 was calculated to be
~4.14 μm.

RESULTS AND DISCUSSION

The Influence of Impactor Stage Cut-Point on Filter %

The impact that the erroneous Model 3306 cut-point had on
estimation of FPM4.7 μm was determined experimentally for
both solution and suspension MDIs and is described in the
following sections.

Solution Formulations

The Filter % for the various CSP solution formulations are
shown in Figures 2 and 3. Figure 2 demonstrates that for
low concentrations of drug and ethanol (A: 0.1% wt/wt
CSP, 3% wt/wt ethanol) the average increase in Filter % for
the new cut-point is a modest 0.57%, (P = .73) owing to the
relatively small aerosol distribution produced from the
formulation (MMAD = 0.93, geometric standard deviation
[GSD] = 1.68, see Table 2). The influence that the inlet

Figure 2. Percentage fine particle mass of aerosol that enters the
Model 3306 versus extension length for old and new cut-points
using formulations (A) 0.1% cyclosporin with 3.0% ethanol
(solid symbols), and (B) 0.1% cyclosporin with 15.0% ethanol
(open symbols).

AAPS PharmSciTech 2006; 7 (1) Article 20 (http://www.aapspharmscitech.org).

E4



extension length had on the Filter % will be discussed later.
However, for formulation B, (that has the same low drug
concentration, but a higher ethanol content, 15% wt/wt)
differences between cut-points are slightly more evident
(P = .07) (Figure 2). While the residual particle distribu-
tion determined from the Model 3321 for formulation B
(MMAD = 1.11μm, GSD = 1.61; see Table 2) is nearly the
same as that of formulation A, it is evident that the aerosol
passing the Model 3306 was not completely dry, resulting
in a larger intermediate particle size distribution. Corre-
spondingly, the new cut-point on the Model 3306 resulted
in a 4.2% average increase in Filter % as compared with the
old cut-point (whereas formulation A showed virtually no
difference). Formulations C and D (Figure 3) had a higher
nonvolatile concentration (2% wt/wt), which results in a
larger particle size (MMAD of 2.66 and 3.05μm, respec-
tively; see Table 2) and a lower Filter % in general, owing
to the larger particle size distribution. Formulations C and
D also show an increase in Filter % for the new cut-point
with each extension length. These formulations were more

sensitive to the exact cut-point of the Model 3306 since a
greater portion of the aerosol mass was between 4.14 μm
and 4.7 μm. The aerosol in this size range would likely
have been collected on the impactor plate for the old (er-
roneous) cut-point but would likely not have been collected
on the impactor plate when the new cut-point on the Model
3306 was used. The average increase in Filter % for the
new cut-point for formulations C and D are 2.8% and 6.0%,
respectively (P value 0.01, 0.002, respectively). Once again,
the formulation with 15% ethanol had a lower Filter % than
the 3% ethanol formulation. This result may be explained
by the slightly increased residual particle MMAD (Table 2),
along with the fact that the size of the droplets was possibly
larger owing to incomplete evaporation of the ethanol as
the droplets pass through the impactor stage.

In general, it is clear that the new cut-point consistently
resulted in a higher Filter %, which is in alignment with the
cut-point calculations. In addition, Figures 2 and 3 reveal
an increase in Filter % with an increase in extension length,
which will be discussed later.

Suspension Formulations

The effect of cut-point differences were also evaluated using
suspension MDI formulations. The Filter % for Ventolin-
HFA and Proventil-HFA are shown in Figures 4 and 5,
respectively. The average increase in Filter % for the new
cut-point using Ventolin-HFA was 5.5%, (P = .01), while
the percentage increase for Proventil-HFA averaged 6%
(P = .002). Based on the particle size distributions for both
Ventolin-HFA and Proventil-HFA (MMAD = 2.16, GSD =
1.51 and MMAD = 2.26, GSD = 1.89, respectively), this
trend is consistent with that observed for the solution
formulations C and D. The Filter % differences between
old and new cut-point for both solution and suspension
MDI formulations illustrate that the old cut-point has a
smaller diameter, which resulted in a modest underestima-
tion of the Filter % measured by the Model 3306.

Figure 3. Percentage fine particle mass of aerosol that enters the
Model 3306 versus extension length for old and new cut-points
using formulations (C) 2% cyclosporin with 3% ethanol (solid
symbols), and (D) 2% cyclosporin with 15% ethanol (open
symbols).

Table 2. A Comparison of Size Distribution Measurements for 4 Cyclosporin Measured Dose Inhaler Solutions and 2 Suspensions
Using the 20-cm Extension and New Cut-Point for the TSI 3306/3321 System Formulation*

Formulation
ACI

MMAD (µm)
ACI
GSD

APS
MMAD (µm)

APS
GSD

A 0.88 ± 0.05 2.07 ± 0.09 0.93 ± 0.02 1.68 ± 0.17
B 1.07 ± 0.02 2.21 ± 0.1 1.11 ± 0.02 1.61 ± 0.01
C 2.39 ± 0.02 1.91 ± 0.02 2.66 ± 0.01 1.76 ± 0.03
D 2.81 ± 0.06 2.24 ± 0.05 3.05 ± 0.05 1.88 ± 0.01
Proventil-HFA 2.41 ± 0.35 1.56 ± 0.02 2.16 ± 0.13 1.89 ± 0.51
Ventolin-HFA 2.36 ± 0.06 1.54 ± 0.01 2.15 ± 0.05 1.51 ± 0.04

*ACI indicates Andersen 8-stage Cascade Impactor; MMAD, mass median aerodynamic diameter; APS, aerodynamic particle sizer; and GSD,
geometric standard deviation.
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Influence of Extension Length on Filter %

Solution Formulations

In addition to investigating cut-point differences, this study
reevaluated the appropriate use of an inlet extension based
on formulation content for solution and suspension MDIs
with the new cut-point on the Model 3306. Previous pub-
lished work has shown that an extension is necessary for
solution MDIs with higher concentrations of ethanol.2,12 For
the solution MDIs in this study, as the vertical extension
length increased from 0 to 40 cm, the Filter % also increased
(Figures 2 and 3). The additional extension lengths had
minimal effect on the particle distribution for formulation A
(low drug and ethanol concentration) with an observed
Filter % increase of 2% from 0 to 20 cm and no additional
increase from 20 to 40 cm (Figure 2). Formulation C, con-
taining the same ethanol concentration as formulation A (3%)
and higher drug concentration (2%), had a slightly higher
Filter % increase (5%) when going from 0 to 40 cm (Figure 3).
The increase in extension length had the greatest effect on
formulations B and D, which both contained 15% ethanol.
These formulations had a total increase of ~8% in Filter %
as the vertical extension length increased from 0 to 40 cm.

Suspension Formulations

This work also examined commercial suspension formula-
tions with varying ethanol concentrations using the different
inlet extension lengths. The Filter % for Ventolin-HFA,
which does not contain a semivolatile cosolvent, was not sig-
nificantly affected by the use of extension lengths (Figure 4).
However Proventil-HFA, which does contain ethanol in the
formulation, had a significant increase in Filter % (10%) as
a function of extension length (Figure 5). As was the case
for solution MDIs, the degree to which the extension length
affects the Filter % for suspension MDIs depends on the
nonvolatile composition in the formulation. As the vertical

extension length increased from 0 to 40 cm, Proventil-HFA
showed a clear increase in Filter %, whereas Ventolin-HFA
did not. These trends were seen for both the old and new
cut-points.

Comparison of TSI 3306/3321 System with the ACI

The TSI 3306/3321 system, an attractive instrument for rap-
id screening in early product development, was compared
with results obtained via the ACI. The cut-point of stage 2
on the ACI was assumed to be ~4.7 μm (the nominal cut-
point as indicated by the manufacturer). The optimal way
to determine the actual cut-point of any given stage is to
determine the collection efficiency curve of the stage using
monodisperse reference particles. However, this is very
labor intensive and was not used for this investigation. The
collection efficiency curve of the ACI has been previously
described.17 The exact cut-point of any given ACI stage
has been shown to vary depending on the exact dimensions
of the nozzles on the stage.18

The redesigned cut-point, along with the 20-cm extension,
was used to analyze the utility of the TSI 3306/3321 system
compared with the ACI for both solution and suspension
MDI formulations. The FPF4.7 μm and particle size results
were analyzed in order to evaluate comparability of the
2 systems.

Fine Particle Fraction (FPF4.7 μm )

The FPF4.7 μm was determined for the 4 solution formula-
tions and 2 suspension products for both the TSI 3306/
3321 APS system and ACI. Figure 6 compares the FPF4.7 μm

determined for each formulation from the ACI to that from
the TSI 3306/3321 system using the 20-cm extension and
the new cut-point. Only 1 (Formulation C) of the 4 solution

Figure 4. Percentage fine particle mass of aerosol that enters the
Model 3306 versus extension length for old and new cut-points
using Ventolin-HFA suspension formulation.

Figure 5. Percentage fine particle mass of aerosol that enters the
Model 3306 versus extension length for old and new cut-points
using Proventil-HFA suspension formulation.
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formulations had FPF4.7 μm values that were statistically
different than the TSI 3306/3321 system and the ACI (P =
.01). However, the magnitude of difference was small for
this formulation. The other 3 solution formulations showed
no statistical difference between the TSI 3306/3321 system
and the ACI (P 9 .01). One of the 2 suspension formulations,
Proventil-HFA, showed no statistical difference between
the TSI 3306/3321 system (P = .332) and the ACI. Yet,
Ventolin-HFA showed a statistical difference (P = .006),
though this may be owing to experimental error and cannot
be explained. The data illustrate that the TSI 3306/3321 sys-
tem can be used in place of the ACI to determine FPF4.7 μm

for solution and suspension MDI formulations.

Particle Size

The MMAD and GSD, which represent the measures of cen-
tral tendency and spread, respectively, were used to compare
the size distribution data from the Model 3321 and the ACI.
When a solution MDI is actuated, the formulation is atom-
ized into fine droplets, each containing a constant ratio of
drug, propellant, and any cosolvent or excipients contained
in the formulation. On the other hand, when a suspension
MDI is atomized, not every droplet is uniform with respect
to drug ratio. In fact, some of the atomized droplets may
contain only excipient and propellant. Particle-sizing tech-
nologies, such as the TOF used with the Model 3321, which
are nonspecific to chemical composition of each particle,
are thus susceptible to misrepresentation of the drug particle
size distribution when sizing the aerosol from an MDI
suspension.19 With these physical differences in mind, it
would not have been surprising to observe differences in
MMAD between the TSI 3306/3321 system and ACI for
suspensionMDI formulations. However, Table 2 shows that,
based on the current data using 4 solution and 2 suspension
MDIs, the MMAD values from the ACI correlate well with

MMAD values from the TSI 3306/3321 system, when the
new cut-point and 20-cm extension are used.

Particle size values on the Model 3321 for Proventil-HFA
were expected to be smaller than those for Ventolin-HFA,
since Proventil-HFA contains surfactant. Yet, Table 2 shows
that the values are similar, which leads to the belief that
the mass of the droplets that contain only surfactant in
Proventil-HFA does not cause a significantly biased mea-
surement of the MMAD for the Model 3321.

Overall, the TSI 3306/3321 system shows similar patterns
of particle distribution compared to the ACI for each of the
solution and suspension formulations tested and is suffi-
ciently sensitive to detect increases in solution concentra-
tion. Therefore, the TSI 3306/3321 system shows potential
for future early development studies and may be used as a
particle-sizing tool for suspension and solution MDIs of
varying drug and ethanol concentrations.

USP/Ph Eur Inlet

The concentration of CSP and ethanol in the solution MDI
formulations appeared to have an affect on USP/Ph Eur
inlet deposition. Figure 7 shows the influence of formula-
tion on the delivery characteristics from the CSP MDIs by
comparing FPF4.7 μm and USP/Ph Eur inlet percentage,
according to Equation 5:

USP=Ph Eur Percent ¼ USP=Ph Eur

USP=Ph Eur þ plate þ filter

� �
� 100 ð5Þ

The formulations with 3% ethanol (A, C) were much more
efficient at delivering drug than the formulations with 15%
ethanol (B, D) and had lower USP/Ph Eur inlet percent-
age and higher FPF4.7 μm. This finding is consistent with

Figure 6. Characterization of fine particle fraction (FPF4.7 μm)
particle distribution using the new cut-point and 20-cm extension
for solution and suspension formulations on the TSI 3306/3321
system and ACI.

Figure 7. USP/Ph Eur inlet percentage and fine particle fraction
(FPF4.7 μm) as a function of cyclosporin concentration using the
TSI 3306/3321 system and new cut-point.
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previously published literature that shows that deposition in
the USP/Ph Eur induction port is inversely proportional to
ethanol concentration.20 The concentration of CSP also had
an influence on the delivery characteristics. The formula-
tions with 3% CSP had a lower FPF4.7 μm than the formu-
lations with 0.1% CSP. This result was seen in 2 different
situations. First, the formulations with 3.0% CSP had a
larger MMAD (Table 2) and therefore had a higher fraction
of aerosol larger than 4.7 μm. Second, the USP/Ph Eur inlet
percentage increased when CSP concentration increased
from 0.1% to 3.0%. This difference was statistically sig-
nificant, where the P = .005 for 3% ethanol (A vs C) and
P = .002 for 15% ethanol (B vs D). Additional research is
needed to further explain this trend.

CONCLUSION

This study shows, for the first time, good agreement be-
tween the TSI 3306/3321 system and ACI for both solution
and suspension MDI formulations when an adequate ex-
tension and cut-point are used. For those formulations con-
taining higher ethanol concentrations, a 20-cm extension
may be necessary on the TSI 3306/3321 system in order to
allow more time for the droplets to evaporate and to obtain
particle size and FPF4.7 μm measurements that are in close
agreement with the USP/Ph Eur standard ACI. This work
indicates that the TSI 3306/3321 system is suitable for pre-
formulation studies of both suspension and solution MDI
systems.
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