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ABSTRACT

The aim of the present study was to explore the potential efféaé coating material
on the aerodynamic particle size distribution (APSD) of formotémin Oxis
Turbohale? using mixing inlet with Andersen Cascade Impactor (ACI) opérate
flow rate of 60 Lmift. As the aerodynamic properties of the emitted dose from a dry
powder inhaler (DPI) are usually flows dependent but have not telérated for
low flow rates at yet. We have used novel methodology to meassee dheven low
flow of 28.3 Lmin’. The Andersen Cascade Impactor (ACI) designed for 60 £min
was adapted to include a mixing inlet (MIXINLET) which al®wnhalation flows
through the DPI from 5 to 60 Lmiin The mean (SD) Mass Median Aerodynamic
Diameter (MMAD) for no coating, silicone, 100% and 50% glycet®0% and 50%
propylene glycol was 2.17 + (0.06), 1.40 + (1.23), 2.00 = (0.42), 2.10.8)(38.20
(0.00) and 3.17 % (0.06) pm respectively. The geometric start#asidtion (GSD)
values for no coating, silicone, 100% and 50% glycerin, 100% and 50% REG w
1.70, 0.90, 2.30, 2.53, 1.80 and 1.83 respectively. The mean)fig8particle dose
(FPD) for no coating, silicone, 100% and 50% glycerin, 100% and 50% 3G
32.31 + (8.19), 21.69 + (18.83), 21.13 £ (0.06), 3.86 *+ (0.10) and 2.55 + (0.05)
respectively. The one way ANOVA with the application of Bawndni’s correction
was used to compare the aerodynamic droplet characteristioe édrmoterol. The
results indicate a significant difference between aerodim®8D when different
coating materials were used. The MMAD was highest for RR®&ing it a suitable
coating agent compared to other coating materials.

Keywords: Coating material, Particle size distribution, ACI, Turbohdi@rmoterol.

*Corresponding author: Mohammad Yousuf khan, Division of Pharmacy &
Pharmaceutical Science, School of Applied Sciences, UntivefsHuddersfield,
Huddersfield, HD1 3DH, UK E-may.khan@hud.ac.uk

Journal of Applied Pharmacy (ISSN 19204159); 34-115 V North Saskatoon SK Canada
S7L3E4 Tel.: +13062619809, www.japharmacy.com



166 |J App Pharm 2(3): 165-178 (2011) Khan et al., 2011

INTRODUCTION

In-vitro characterization of device-related parameters sasctotal emitted dose (TED), fine
particle dose (FPD), fine particle fraction (FPF), massdian aerodynamic diameter
(MMAD) and geometric standard deviation (GSD), is necesséile assessing the potential
clinical output of the dry powder inhalers (DPIs) or making compangtn other DPIs as
they are indicative of potential clinical performance. &keodynamic characterisation of the
dose emitted from DPIs is, primarily, based on the degfethe de-aggregation of the
metered dose inside the inhaler during inhalation manoeuver. Thggoegation of the
metered dose inside the inhaler occurs, predominantly, by the turlewlergy and thus,
turbulent energy is produced by the interaction of the inhalatmn #nd the inhaler’s
internal resistance [1]. Flow dependent dose emission has beetedeiaobe a property of
all passive DPIs with some more prone to this phenomenon than [#h8&rand 4]. It has
been reported that a failure to inhale deeply and forcitaynfthe start of the inhalation
manoeuvre results in insufficient de-aggregation of the drug parfiden carrier molecules
and less deposition of drug particles into the lungs leading to naatlieificacy [5].
Pharmacopoeia methodologies for the in-vitro dose emission chasticsefrom the DPIs
usually use inhalation flow corresponding to a pressure drop of 4 k€ssdbe inhaler using
inhalation volume of 4L [6, 7 and 8]. Studies have reported that petignts are not able to
achieve this high inhalation flow particularly required to achi&eeessure drop of 4 kPa [9,
10 and11]. Inhalation flows are generally reduced during an acutereaoe [12, 13] thus
the emitted dose will be reduced at a time when the patient esgektra relief from
medication.

Fig.1. The mixing inlet (Copley Scientific, UK; reproducel with permission).
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The Andersen Cascade Impactor (ACI) is considered as a methodoioke do
determine the quality of the dose emitted from inhalers. Theha€lprimarily been designed
to operate at an inhalation flow of 28.3 Lmimwith recent modifications to allow
determinations at 60 and 90 Lmin-1. As DPIs have a differerstaase depending on their
design [1] then the inhalation flows required to achieve the codiplerecommended
pressure difference of 4kPa will vary. When using non-standawes fthe ACI, the cut-off
diameters of the stages have to be recalculated [14, 6, 7 afdk®giification of the dose
emission of properties of the emitted dose at low flows wilineee clinically relevant than
identifying these properties using optimal conditions as recomrdendg the
pharmacopoeias. Patients will receive no therapeutic dose lemeghtthey have performed
the best inhalation manoeuver when de-aggregation at low flow isuffatient to deposit
drug patrticles into lungs.
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Fig.2. Schematic design of the Andersen Cascade Impactoethodology using
mixing inlet.

In order to measure the particle size distribution from a DRIvainhalation flow, we have
adapted the ACI methodology using mixing inlet. Fig.1 shows thenmixilet. The central
tube is surrounded by a sheath into which the supplementary air is itdodand has the
same internal dimension as the induction port. The thicknese ottitral tube usually tapers
towards the bottom such that it ends as a knife sharp edgetogkiker with the internal
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shallow angles ensures minimal turbulence when the two flows Weehave adapted the
ACI designed to be operated at 60 Lmin-1 with supplementary air edgpliough side arm
of the mixing inlet. The difference between these is the inbalfibw is the inhalation flow
usually drawn through the DPI. We have explored the total drug outguparticle size
distribution of formoterol fumarate from an Oxis Turbohaler (A&emeca, UK) using the
coated plates with silicone, 100% and 50% glycerine, 100% and 50% premgHeol and
no coating.

HO OCH5
CH+

. N
' H

OH

Fig.3. Chemical Structure of Formoterol

Formoterol 2 agonist, occurs as a racemic mixture, which arformotegd®, tR-enantiomer,
is the active form. It has been suggested that steredigelawetabolism and excretion may
account for the individual variation in duration of effect seen wtimbterol, although the
exact mechanism remains unclear. It is potentially used intréegment of chronic
obstructive pulmonary disease (COPD) and asthmnhaled formoterol is rapidly absorbed. It
is largely metabolized by glucuronidation a@ddemethylation, with about 10% being
excreted in the urine as unchanged drug. The mean terminal alonirhalf-life after
inhalation is estimated to be 10 hours.

MATERIALS AND METHOD
1. Andersen Cascade Impactor with the mixing inlet valve

The ACI designed to be used at 60 Lihiwas used so the stages 0 and 7 of the CI were
replaced by -1 and -0 (Copley Scientific, UK). The collectioneslatvere sprayed with
silicone lubricant (Pro-Power Silicone Lubricant, PremiemEkmlc, UK), 100% and 50%
glycerine, 100% and 50% propylene glycol and with no coating. The 100%agoats left

to dry for 1 hour prior to analysis, whereas the 50% coating efasldry for 30 min. The
ACI stages were assembled with coated plates and a @A (YWhatman plc, UK) was
placed in the final stage of the ACI. The preseparatsrfilad with 10 ml of 60% methanol
(in water). Pharmacopoeias [6, 7 and 8] recommend the use of prateepar dry powder
inhalers (DPIs) to capture the large particle usually0 pum [15]. The mixing inlet (Copley
Scientific, UK) was fixed between the induction port and the pparséor as shown in Fig.2.
The figure illustrates how a flow of 40 Lmirwas drawn through the Turbohaler with the
ACI operated at 60 and 10 Lniinof supplementary air provided into the mixing inlet
through its side arm. The ACI was connected to a CriticalvRControl Model TK2000
(Copley Scientific UK) to ensure sonic flow and provide the requingdlation flow and
volume. The vacuum flow was provided by HCP5 High Capacity VacBump (Copley
Scientific, UK).
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2. Measurement of pressure drop AP) across the DPI

The standard pharmacopoeia method was modified using an adaptatichadalegy [1] to
measure the pressure drop across the inhaler at flow rate ofi60.lFhe adaptation method
is described in Fig.3. The standard mouth piece adapter waseefigica specially made
adapter to allow an outlet to be connected to the MKS Baratqe P23B pressure
transducer (MKS Instruments, GmbH). So the Turbohaler wasetiéa a specially made
chamber which was connected to the transducer. Leak tesawasiout to ensure airtight
sealing of the ACI. The inhaler chamber was also connectde tMKS Type 1500 Mass-
Flow Meter (MKS Instruments, GmbH) in order to measure thesnflasv through the
inhaler. The flow rate through the ACI was usually set at 60 nThus the pressure drop
(AP) across the inhalatetermined was 4 kPa.
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Fig.4. Schematic design of the Andersen Cascade Impactmethodology with mixing
inlet to measure the pressure drop across the DPI.
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3. Determination of the aerodynamic characteristics of the eitied dose from DPI

The aerodynamic characteristics of formoterol fumarate faon©xis Turbohaler (nominal
labelled dose of 12 pg formoterol fumarate dose and nominaleenutise of 9 pg; Astra
Zeneca, UK) were determined using inhalation flow of 60 Lwiith an inhalation volume
of 4 L. For each determination 10 consecutive doses were attinéethe ACI and each
dose was loaded according to the manufacturer's recommended pasigactions. To
overcome the variability of the dose emission from the TurbohHleseparate doses were
used [16]. The mean of the 10 doses, hence, limit any influeooedrratic dose emission.
Three separate determinations were made for each coating.

Quantification of formoterol

All the plates and stages of the ACI, the induction port and paa®r, after each
determination, were washed with 60 % methanol (in water). aheunt of formoterol
fumarate from these washings was analysed using high perforriguidechromatography
(HPLC). The mobile phase used was acetonitrile : 5 mM disodiwroggn orthophosphate
buffer (70:30 v/v) adjusted to pH 3 with orthophosphoric acid. The mobile phas filtered
through a membrane filter (47 mm diameter, pore size 0.25 ungamchted under vacuum
for 10 min prior to use. The chromatographic studies were castiecit 25C on a C18
Sphericlon& (250 mm x 4.6 mm x 5 pm) column (Phenomenex, UK). The mobile presse
delivered at a flow of 1.0 ml min-1 using the injection volumhda@ pL. UV detection was
set out at 214 nmThe calibration curves were quite linea’=(r0.9987) for formoterol
concentrations ranging from 10 to 10@ mi* (n=5). The method showed an accuracy of 99%
and intra- and inter-day precision CV i0f1.9% and ] 1.2%. The limit of detection (LOD)
and lower limit of quantification (LLOQ) of formoterol were fourwdkte 2.5 and 10.1 pg thl
respectively.

4. Data analysis

The Copley Inhaler Testing Data Analysis Software (CITDASiea 2.0) was used to
determine the dose emission characteristics. The totaleelntibse (TED) was the amounts
deposited in the induction port (USP Throat), the mixing inletptieeseparator and all the
stages of the ACI. For each determination the software ocwedirthat the spread of each
aerodynamic particle size distribution was unimodal and also log h@uch that the
parameters can be easily calculated. TED has also been spixs a percentage of the
nominal (labelled) dose. The amount of drug deposited in the inductiomyxirig inlet and
pre-separator was calculated as emitted dose pre-impafBi)(E

A plot of the logarithm of the percentage less than stamsdasi a probability scale against
the logarithm of the effective cut-off diameter of theget& was made according to that
recommended in the Pharmacopoeias. The fine particle dose) (WB® the amount
calculated from the cumulative percentage drug mass asbeiwgth the particles! Sum.
The fine particle fraction (FPF) was FPD divided by nomired€lled) dose and expressed in
%. The mass median aerodynamic diameter (MMAD) was theceizesponding to the 50th
percentile of the cumulative mass-weighted distribution. MMv&llues were calculated by
interpolating the data points closest to 50th mass percentiltheAlsulk of the aerosol was
present in this region of the distribution, then the estimaftébe FPD and MMAD are as
precise as possible for this method. The geometric standaatide (GSD) was determined
as the square root of the ratio of 84.1 to 15.9 mass percesftithe aerodynamic particle
size distribution [17].
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5. Statistical analysis

Descriptive statistics are presented for the endpoints andcfuimparison between these end
points, their mean difference were thus calculated. The Mattez usually obtained from a
one way ANOVA that compared the six different coating conditidNs coating, silicone,
100 and 50% glycerine, 100 and 50% propylene glycol) with respectR&FRMMAD,
TED, FPD and GSD using SPSS V 19.0 (SPSS Inc., Chicago, ihy tise Bonferroni
correction test. From this difference the mean difference (8686idence interval) were
obtained for each coating compared to No Coating. The table 2 shewsetan difference
(95% confidence interval) for No Coating compared to othetirgpanaterials.

RESULTS
1. Aerodynamic characterisation of the emitted dose

Table 1 summarises the aerodynamic characteristics oérttiged dose from formoterol
Turbohlaer. The fig.5 shows the log aerodynamic size distribution efengted from Oxis
Turbohaler when the collection plates were coated with silicone, H}@¥&0% glycerine,
100% and 50% propylene glycol and no coating. The data in the Table 1 sesihe effect
of coating material on the dose emission properties of the forohogmitted from
Turbohaler. This table shows that how aerodynamic properties of theéugbr are
significantly changed when the different coating material@pptied on the collection plates
of the ACI. The 100% propylene glycol coating ensures the irededeposition of the drug
particles on the collection plates and reduced rebounce bale& bhé particles. The table 2
explains the mean difference (95% confidence interval) for No @patmpared to other
coating materials when the stages were coated with diffeeiing materials. The data in
the table 2 also shows the probability difference revealing tmparison among the
different aerodynamic characteristics of the formoterol turleshdlhe data reveals that the
coating of collection plates with 100% propylene glycol increakesfine particle dose
(FPD) thus leading to increase the fine particle fractiorF{F® the drug particles having a
diameter equal to or less than 5 pum. The mass median aerodyhaméter (MMAD) is 3.2
micron ensuring the greater deposition of drug into the alveo]ifddulting in enhanced
therapeutic effects. Fig.6 shows the TED and FPD comparisarmbferol with respect to
different coating materials. The TED for no coating, silicod®0% glycerine, 50%
glycerine, 100% propylene glycol, 50% propylene glycol and the graph sheWw<D was
very low when the collection plates were coated with 50% glyeeiThe TED was 5.93 ug
when uncoated plates were used. Pharmacopoeias specially rambriimeeuse of coating
when dry powder inhalers (DPIs) are characterised [6, 7 an@h8].potential effect of
coating is to possibly prevent the rebounce back phenomenon of theuinpadticles when
they impact with some velocity on the surface of the collacplates. Similarly the fig.7
shows the comparison between the fine particle fraction (FP&n%hthe TED (% nominal
dose). While the MMAD comparison is shown in fig.6. The smaIBAD of formoterol is
due to the increased fraction of fine particles [5] descritliagthe drug particles are striking
on the surface of the collection plates with great inertia teaglting into increased fine
particle fraction.
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Fig.5. A comparison of the log aerodynamic particle sizeibligion of the dose emitted
from a
Formoterol Turbohaler.

Tablel. The mean (S.D.) aerodynamic characteristics of dosmigted from a formoterol
Turbohaler (6 ug nominal dose per shot) using different coatg materials (n=10)

ulP 1.56 (0.4) 1.58 (0.7) 0.94 (0.3) 0.47 (0.1) 1.70 (0.1)  0.19 (0.0)

Pre-separator 0.27 (0.14) 0.49 (0.3) 0.32 (0.1) 0.17 (0.0) 0.20 (0.0) 0.22 (0.1)
-1 0.01 (0.0) 0.02 (0.3) 0.06 (0.0) 0.04(0.0) 0.55(0.0) 0.6 (0.0)

0 0.04 (0.0) 0.05 (0.1) 0.16 (0.1) 0.07 (0.1) 0.51 (0.1) 0.26 (0.1)
1 0.26 (0.1 0.17 (0.1 0.32 (0.2 0.18 (0.1 0.49 (0.1 0.24 (0.1

2 0.5 (0.2) 0.29 (0.1) 0.23 (0.1) 0.13 (0.0) 0.62 (0.1) 0.31 (0.1)

3 1.3(0.3) 1.0 (0.1) 0.63 (0.1) 0.35 (0.0) 1.70 (0.1) 0.85 (0.0)

4 1.3(0.3) 0.60 (0.2) 0.95 (0.1) 0.52 (0.1) 1.90 (0.2) 0.95 (0.1)

5 0.62 (0.2) 0.68 (0.3) 0.42 (0.2) 0.26 (0.1) 0.84 (0.0) 0.42 (0.1)

6 0.04 (0.1) 0.09 (0.1) 0.10 (0.0) 0.07 (0.0) 0.31 (0.0) 0.15 (0.1)
Filter 0.04 (0.1) 0.05 (0.1) 0.12 (0.0) 0.10 (0.0) 0.40 (0.0) 0.4 (0.1)

TED (ug) 5.93 (1.6) 4.83(2.1) 4.21 (0.4) 2.36 (0.1) 9.22 (0.6) 4.59 (0.9)

TED (% Nominal dose)  48.5 (12.0) 40.2 (12.5) 35.1 (4.1) 19.7 (10.2) 76.9 (19.2) 38.3(22.1)
FPD (15 um (ug. 3.8(1.0 2.€(1.0) 25(0.1) 1.6 (0.2 6.2(2.1) 3.2(1.6)

FPD (] 5 um (% 32.3(8.1) 21.7 (12.1) 21.13 (0.1) 26.7 (2.5) 2.55 (0.4) 55.3 (9.5)

Nominal dose)

%FPF 66.0 (0.9) 36.2 (1.5) 60.6 (7.3) 67.8 (7.8) 68.3(0.2) 71.7 (10.6)
MMAD (pm) 2.2 (0.1) 1.4(1.3) 2.0 (0.1) 2.1(0.1) 3.2 (0.0) 3.2 (0.3)
GSD (no units) 1.9 (0.1) 0.9 (0.2) 2.3(0.1) 2.5(0.2) 1.0 (0.1) 1.3(0.2)

Table2. Aerodynamic characteristics comparison of Formotsing No coating as a
comparator with other coating materials using mean differé&dd ¢onfidence interval;
p=0.05)
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Coating FPF (%) MMAD (pm) (TED) (n10) FPD (ug)

Comparison

Siliconevs No  29.7 (4.6,54.8) -4.3(-1.0,1.5) 1.1(-2.7,4.9) 1.3(0.8,3.4) -129.9(-256.6, -3.3)

coating

Glycerine 50%  16.0(-9.2,41.0) 0.03(-5.8,5.8) 5.0(1.2,8.8) 3.4(1.3,55) -0.9(-111.8,110.1)

vs No coating

Glycerine 100% 8.7 (-19.9,37.3) -8.5(-7.4,5.7) 2.0(-2.3,6.4) 15(-0.9,3.9) -13.9(-140.5, 112.7)

vs No coating

PPG £0% vs No 27.1 (2.052.2, -1.0+5.8,5.8 5.1(1.3,9.C 3.6 (1.5,5.7 -0.2-111.1, 110.€

coating

PPG 100% vs No 26.4 (1.3,51.5) -1.1(-5.8,58) 52(1.3,9.0) 3.6(1557) -0.2(-111.1,110.1)

coating
12
10 | M TED (ug)
E
S g M FPD (ug)
2
c
3
E 6
<
a -
5
o
&
00
éo

Coating materials

Fig.6 TED and FPD comparison using different coating mateals

The smaller is the MMAD and greater the FPD and FPF, tkatgr will be the lung
deposition and more likely the therapeutic effect. The abowgefigepresents the total
emitted dose (% nominal dose) that was impacted into the Amd€esscade Impactor (ACI)
at flow rate of 50 Lmift drawn through the DPI and 10 Lrfinvas supplied through mixing
inlet. The FPF was 68.4% with TED of 9.8 for 50% propylene glycol coating. The
MMAD (1.4 um) for silicone coating is too small to allow the drug depositiomp dei® the
lungs. The 100% propylene glycol coating thus producing the fine lpartiaving a MMAD
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of 3.2um more suitable to allow the drug deposition onto the targe(alieoli) because of
the abundance presencd¥freceptors in that region.

90 -

M TED (% Nominal)
80

B FPF% (Emitted dose)

70 -

60
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40

Amounts (%)

30

20
10

Coating materials

Fig.7. TED (% nominal) and FPF (% emitted dose) comparisomnsing different coating
materials.
DISCUSSION

By choosing a suitable coating agent which would be compatibleanatytical methods,
provides advantages such as prevention of bouncing back of fine gargcacing wall loss
and represents a true measurement of particle size distnboft particles. Studies have
shown that glycerine and silicone have an equal effect to atadiouncing of the particles
when using the ACI [18] while, others have recommended propylene gigcal coating
agent [19]. In this study four different types of coating ageete examined (silicone,
glycerine, propylene glycol and no coating agent) when using the B&eh method was
carried out ten times and in each run ten separated doses of dainfobm the Oxis
Turbuhaler® were used. The results showed that the mean (&&).gmitted dose (TED)
and fine particle fraction (FPF%) of formoterol emitted fronxisOTurbuhaler using
propylene glycol 100% and 50% was 9.22 (0.6) and 4.59 (0.9) and that e¥dsP$8.3 %
(0.2) and 71.7 % (10.6) respectively. A decrease in the TED BR@&lcFwas observed when
silicone was used as the coating agent where the mean [&D.}%.83 (2.1) 36.2% (1.5)
respectively. When the ACI was used without using a coating ,atfpenpercentage of TED
(ng) and FPF% was found to be higher than silicone. The reduction petbentage of TED
and FPF with silicone could be due to a difficulty in the exibacdf the drug from the non
polar coating agent (Silicone). Although formoterol is readilyewailuble and binds to
silicone, the recovery is decreased. Alternatively, polar solvents such as cyclohexane
being a non-toxic solvent could be used to achieve high recoventhBusolvent would
affect the C18 columns as well as the sensitivity of theGi8ystem. The TED of glycerine
100% and 50% was 4.21(0.4) and 2.36 (0.1) and the FPF was that of (8B%%nd 67.8%
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(7.8) respectively which was found to be significantly less thapypene glycol 100% and
50%.

MMAD & GSD

Coating materials

Fig.8. MMAD and GSD comparison using different coating mateals.

Unlike silicone or no coating agent, 100% and 50% glycerine, propglgwel gave more
consistent MMAD values. Propylene glycol therefore is aabigt coating agent for the
measurement of the particle size distribution of formotdnaugh the ACI stages. Reduced
particle bouncing and wall loss would also be achieved by using propglgea and this
could be perceived as a good advantage. All types of impactoesbean shown to exhibit
considerable wall losses, especially in the top few stafe<2[l]. The wall loss and particle
bouncing depends on the nature of the impaction surface, the typetinf@gent, the type
of particles, particle loading on the impaction surface, thmpbag conditions and the
designs of impaction substrate [22, 23]. The results highlightnththioss was minimal. The
minimization of the effect of particle bouncing and wall loss ftbmimpaction surfaces is a
critical factor to obtain reliable particle size distributioBtudies have shown that the coating
agents can reduce the particle bouncing and wall loss, leadingpi@vied collection
efficiency when using the Andersen Cascade Impactor [24. @themtages of choosing
propylene glycol as the coating agent is its lack of UV absoebtines no interfering peaks
would be noticed with the formoterol peaks. In conclusion, optimittiegefficiency of the
ACI is important in the evaluation of the particle size dsiions of the drug particles
emitted from inhaler. This study has revealed that propyleyeoigls a suitable coating
agent.

Studies have revealed that for particles to stick to inmpracurfaces, high-viscosity grease
coatings have been used. As particles accumulate on theesyrfae efficiency of grease
coatings decreases rapidly with particle loading [25]. Parbaild-up on impaction surfaces
may also affect the flow stream such that smaller pestiget collected prematurely,
resulting in a larger MMAD [26].

Journal of Applied Pharmacy (ISSN 19204159); 34-115 V North Saskatoon SK Canada
S7L3E4 Tel.: +13062619809, www.japharmacy.com



176 |J App Pharm 2(3): 165-178 (2011) Khan et al., 2011

Table 2 shows the mean difference (95% confidence intervaljolerrte at 60 L/min that

compares the coating agents with a non-coating agent with FPRIMEmitted dose and

GSD and was determined by analysis of variance. Significamtreliftes were observed for
the FPF% with coatings of PEG and silicone (P <0.05) which sweghadbetter particle size
distribution (PSD) at various stages of the ACI. There wersignificant differences seen
between coatings of glycerine with no coating.

Table 1 also represents the geometric standard deviation (@&&¥ure of the variability of
the particle diameters within the aerosol. An aerosol witBSD of <1.2 is described as
monodisperse (uniform diameter distribution); an aerosol with a GED is described as
polydisperse (heterogeneous particle distribution). The Oxis Tusdioleld a smaller

measured particle diameter distribution (GSD) for 100% propyleymolg(1.8) compared

with other coating agents indicating particles generated fremuttbohaler were more of a
uniform size.

CONCLUSION

The aerodynamic particle size distribution characteristicfoohoterol Turbohaler were
enhanced using the 100% propylene glycol considered as a suitalihgy coaterial for In-
vitro characterization of Formoterol Turbohaler using Andersen @Gaskrapactor (ACI).
The reduction in the percentage of TED and FPF with silicone dxauttle to a difficulty in
the extraction of the drug from the non-polar coating agent (Silicattepugh formoterol is
readily water soluble and binds to silicone, so the recovetgdseased. While there was no
significant result was observed in PSD of formoterol employilicpee and 100 and 50%
glycerine.
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