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Abstract

Background

The aim of this work was to develop dry powder inhaler (DPI) fortimnla of salbutamg
sulfate (SS) by the aid of solid lipid microparticles (SLimR®mMposed of biocompatib
phospholipids or cholesterol.

Methods

The SLmPs were prepared by using two different solvent systems (ethdneater-ethano
and lipid carriers (dipalmitoylphosphatidylcholine (DPPC) and clerel§ with/without L-
leucine in the spray drying process. The spray-dried micropartizes physically-mixe
with coarse lactose monohydrate in order to make our final DfPhulations and wer
investigated in terms of physical characteristics as aglin vitro drug release profile a

le

aerosolization behavior.




Results

We observed significant differences in the sizes, morphologies, rmmitro pulmonary
depositions between the formulations. In particular, the SS-containimipSiprepared with
water-ethanol (30:70 v/v) solution of DPPC and L-leucine which had thenlbereded with
coarse lactose (1:9 w/w) exhibited the highest emitted dose (8@r@¥8)ne particle fractio
(42.7%) among the formulations. In vitro drug release study indidaatdi¢spite of having|a
significant initial burst release for both cholesterol and DPPsedanicroparticles, the
remained drug released more slowly than the pure drug.

=]

Conclusion

This study demonstrated the potential of using lipid carriersreds as L-leucine in DP)
formulations of SS to improve its aerosolization behavior and retamgeese profile of the
drug.

Keywords

Dry powder inhalation, Spray drying, Salbutamol sulfate, Solid lipid micropestiParticle
engineering, L-leucine

Background

Local administration of drugs to the lungs presents several adyemtespecially, in patients
with specific pulmonary diseases, such as asthma, pulmonaryonfecti lung cancer. The
advantages include reduction in systemic side effects, elegtatgdconcentration at the site
of action, and reduction in amount of drug administered to the patient cahtparaditional
routs [1-3]. In this regard, the area of particle engineerithg@i®ming increasingly attractive
for the development of more efficient inhaled therapeutics.

One of the attractive applications of particle engineerintp idevelop a sustained release
(SR) formulation by using suitable carriers, a kind of formulatiat has not been marketed
yet, despite active research conducted on this subject. A SR &bonuivill provide the
active drug over an extended duration of time, and therefore mpsovm therapy by
enhancing the compliance of the patients. In such formulationsxpected that the overall
amount of drug and the side effects will be reduced [4-6]. Howeverefforts for finding
suitable, non-toxic excipients, which can produce a desired drugegbeafile and improve
the respirable fraction of the inhaled particles to maximize diegosition into smaller
airways are continuous and extensive.

One approach to SR delivery to the respiratory tract utilizggsdmal formulations.
Liposomes are promising vehicles for pulmonary drug deliveryngwo their capacity to
increase drug retention time and reduce the toxicity of drugs aflministration [7,8].
Several factors such as the composition of lipids and the sizposbines can affect the
performance of the system [9-11]. Many studies have shown theaplafjcof liposomes in
lung delivery of a large variety of drugs such as cytotoxic agerts-asthma drugs,
antimicrobial agents, and drugs for systemic action like insarith other proteins [4,10].
However, there are some disadvantages about liposomal vehiclesnitatHeir application



as commercial formulations such as high production cost and instalifihg storage even
at low temperatures [12], and nebulization [13,14] that can cause prenmnalease of the
entrapped drug. The latter problem has been reported even about the dey foymulations
prepared by jet milling micronization of lyophilized liposomes, wtdeteteriously affected
their integrity [15].

Another approach for development of an inhalable SR formulation is to predliddipid
microparticles (SLmPs). It has been suggested that SLmPs hofflertolerability in the
pulmonary tract, as they are mainly made of biocompatible and bautigle materials
[16,17]. Moreover, they possess several other advantages comparedtionaidehicles
such as polymeric drug carriers, micelles or liposomes, ingudiore physiochemical
stability, incorporation of both lipophilic and hydrophilic drugs, longksscale production
cost and having no significant biotoxicity [16-19]. Phospholipids and stest# have been
previously used in inhalation formulations as solid lipid carrier§llers to improve drug
targeting to the lung. The prepared SLmPs presented spherical shapesl agdlm@eration
tendency and high fine particle fraction (FPF) [17,20].

Spray drying is an attractive solidification technique in te&lfof respiratory drug delivery,
with respect to its relative simplicity, availability ofr¢ge-scale equipment, capability to
produce homogenous particle size distribution, and ability to control varerasneters that
optimize the particulate product characteristics such as size, distribution, shape,
morphology and density [21-23]. Therefore, it can be used as a suitabieology to

produce dry powder inhaler (DPI) products, which possess severahtages over

pressurized metered dose inhalers (pMDI), such as being breiatitext and having no
requirement of any propellant [24].

Thus, the aim of this study was to design SLmPs using chakster
dipalmitoylphosphatidylcholine (DPPC) by spray drying method. The idea wargedfrom
the potential ability of these excipients to entrap both water-slabd water-insoluble
drugs, as well as providing a prolonged local drug release [6,16kdMer, the safety issue
of these SLmPs over other vehicles was a key consideration design process, since they
are mainly made from endogenous materials [25,26]. For this purposépae to work with
SS, a short acting beta2-adrenoceptor stimulant with plasmaifbadffl4—6 hours, which
requires frequent dosing for daily management of asthma. A SRratiepaof this agent is
desirable approach to improve therapy of asthma, especially in ngutant patients and
also for covering the nocturnal decline of the drug [27], when administered at thenbed ti

Aside from SR properties, an effective DPI formulation should offgiimum particle
characteristics to achieve high FPF and reduce the centralittpas pulmonary airways.
In other words, a suitable DPI formulation should have the abilitgaoh deep lung regions
and disperse adequately within the airflow of the patient. Indeetkad®eg of both particle
size and density can be achieved by spray drying technique intorgiemerate particles with
satisfactory respirable fraction [23]. However, the dispergibdit the particles is another
factor that has to be taken into consideration. The particle aggmegassociated with
cohesive forces between them can be regulated using excipiaiitsas coarse crystalline
lactose, which is currently serving as the drug carmel a@lso the bulking agent in most
available DPI products [23]. Usually, drug particles and sucipents are combined in a
physical blending process during which the microparticles aaehatl to the surface of the
carrier. Therefore, our final DPI formulations consisted of piajigi-mixed SLmPs with
large coarse lactose carrier particles. To aid dispetgibilihas been also proven that co-



spray drying of simple amino acids, especially the hydrophobic suds as L-leucine, can
improve dispersion of the powder and may enhance the fraction of resaaticles [28].
Thus, we used this amino acid in our spray drying process toagwals effects on the
aerodynamic performance of the resultant DPI formulation.

In the present study, the obtained SLmPs were further chazadtefior their physical
properties, in vitro aerosolization behavior, and their potential of being a SR deligtsns

Methods

Materials

SS was supplied as micronized powder from Darupakhsh (Iran). Cholesger purchased
from Merck (Germany), and the phospholipid, DPPC, was supplied from L{@&dnany).
Inhalation grade lactose (Pharmatose 325 M) with D50% of abowtn6@as obtained from
DMV Internationals (The Netherlands). Other chemical retsyand solvents including the
HPLC grade ones were purchased from either Merck or Sigrhautine was also supplied
from Merck (Germany).

Preparation of the lipid-based microparticles

The SLmPs were prepared, at laboratory scale, by spray dmyegtgod using a Biichi
Minispray dryer B-191-a from Buchi Laboratory-Technique (Switzerlalmdyhis study, we
decided to improve the drying efficiency of the lipid excipidmsusing a jacketed cyclone
with cold-water circulation, to cool down the cyclone separator arall thus decrease the
lipid particles’ adhesion and agglomeration.

Two different types of formulations were spray dried for treppration of SLmPs. The first
type was prepared by dispersing the SS microparticles wathiethanol solution of the
hydrophobic excipients, cholesterol or DPPC. The suspensions weretasdrfmal0 min
before spray drying to ensure the adequate dispersion of the dmagsetond type of
formulations was obtained from spray drying of water-ethanol (3@\/0solution of the
drug and the lipid materials. Details are shown in Table 1.

Table 1 Composition of different spray-dried formulations
Formulation number Drug Conc. (%)*  Excipients  Solvent Systeminlet temperature (°C)

1 125 cholesterol Ethanol 80
2 25 cholesterol Ethanol 80
3 37.5 cholesterol Ethanol 80
4 375 DPPC Ethanol 80
5 37.5 cholesterol Water/Ethanol 100
6 37.5 DPPC Water/Ethanol 100
7 37.5 DPPC + LeucinaVater/Ethanol 100

* Percentage of the total solid content (w/w).

The spray drying conditions were as following: Solid content, 5% Maézzle size, 0.5 mm;
Inlet temperature, 80/100°C (depending on the solvent system); Ouiletrgure, 54/65°C
(depending on the inlet temperature); Spraying air flow rate, 890Heed rate, 0.2 g/min;
Cold water circulation in the jacketed cyclone, 0°C.



Furthermore, as shown in Table 1, L-leucine was co-spray drithe® @mount of 10% w/w
with respect to the solid content with water-ethanol solution of@&kJ SS. Finally, all the
obtained formulations were physically blended with inhalation gracteda monohydrate
(Pharmatose® 325 M) at a ratio of 1:9 w/w in a Turbula mixer fmrsa Novin (Iran) for
60 min at a low speed (46 rpm).

Determination of SS content

Quantification of CIP was conducted by HPLC using a mobile phassisting of water,
methanol and phosphate buffer (pH 2.8) in the ratio of 60:20:20 at a flowfratenL/min.

The phosphate buffer was prepared by dissolving 2.625 g ammonium phosphate lin 50 m
purified deionized water, adding 2.8 mL of phosphoric acid (85%) and dilutia@GanL

with purified deionized water. The HPLC system consisted of mpp(@Waters 600E,
Millipore, USA), a C18 Tracer Excel column (15 x 0.46 cnu®, Spain) and a UV detector
(Waters 486, USA) at 276 nm. Bamethan sulfate (to final concemtrat 10 ung/mL) was
added as the internal standard to each sample just before anBigsisthe relative area
under the peak, linearity (R2 = 0.999) was achieved using standard aqoketioss of SS
between 0.5 and 5@y/mL.

For all the prepared DPI formulations, the content uniformity waduated by taking 10
random samples, each weighing 10 mg powder which were subjectpdltextraction by
adding 1.5 mL chloroform to each one and centrifugation at 37565 x g for 20Than.
recovered drug was diluted with mobile phase before being subjextelPLC analysis.
Mixtures with relative standard deviation values of less than 10¥gcasnmended by The
United States Pharmacopeia, were considered to be satisfactorily mixed.

Particle size measurement

The size distribution of the microparticles was determined $mr ldiffraction method using
Malvern Mastersizer X (UK) after the formulations had been dsggk in appropriate
medium (saturated solution of SS in water) and sonicated forn2 The geometrical
diameter was expressed as volume median diameter (D50%).tHds&pan values of

0fH— 0
formulations were defined as?gosgoslo A], which represents the breadth of the particle
0

distribution. Each measurement was repeated in triplicate.

Scanning electron microscopy

Particle morphology was observed by scanning electron microscdy)(8sing Philips
XL30 equipment (The Netherlands). The samples were coated with gold reldive
vacuum by means of Bal-Tec/SCDOOS sputter coater (Sveitwbrland were examined
under an accelerating voltage of 25 kv.

Determination of true density

The density was assessed with Quantachrome helium pycnomet®y. (Ut basis of this
method is on putting the sample of known mass into a cell of known voBinedly, when
helium penetrates into the cell at a vacuum, it occupies the gotume of the cell, so the



actual volume of the sample can be determined since the volumeaditieeknown. So, the
actual densities of the samples were accurately calculated. Eacle seas@nalyzed thrice.

Aerosol performance of SLmPs

The in vitro pulmonary deposition of the powders was determined by Tiage 3mpinger
(TSI) glass apparatus from Copley Scientific (UK). A dry pewdormulation device,
Novartis Cyclohaler® (Switzerland), was filled with a hard gelaapsule loaded with 10
mg of each formulation. On the other hand, the mobile phase was intiottustage 1 (7
mL) and stage 2 (30 mL) of the TSI. Once the assembly had deecked to be tight and
vertical, the Cyclohaler® had been inserted to the rubber mouthptaecbed to the throat
part of the impinger. The test was operated at 60 L/min forTées flow rate was achieved
using a rotary vein pump from Copley Scientific (UK). After therapen, the impinger
components had been washed into separate volumetrics (25 mL for the throat and stage 1, and
50 mL for the device and stage 2) with the same solution. Their contents weetldesS5,
after the lipid had been extracted with certain ratio of chloroform.

Fine particle dose (FPD) was considered as the amount of drugtddposstage 2 (dae <
6.4 um). The emitted dose (ED) was determined as a percent ofpmialer exiting the
capsule and the device. The FPF was calculated as the perttemtatio of FPD to the total
amount of drug emitted per capsule.

Determination of drug release from SLmPs

Since the volume of surface liquid in the respiratory tractlaively low, the conventional
European Pharmacopeia methods cannot be used for exact evaluatgsohitidin behavior
of inhaled drugs due to their large volumes of dissolution media (900-1002#&jLHence
we used a dispersion method to measure in vitro release of théa@mwgLmPs. Briefly, 10
mg of each formulation was suspended individually in 10 mL phosphaterduliféaline
(PBS, PH = 7.4) in test tubes and incubated in a shaker (Grantmestis) Cambridge,
England) at 37°C on 50 rpm. At certain time intervals of 0.25, 0.5, 1, 2, Ad8,2ahours,
three tubes were picked and individually assayed for SS after tilééngd. The mean value
of the tree tubes for each time interval was calculated, andglast cumulative amount of
SS released over 12 hours.

Statistical analysis

Data for all measurements were considered as the meandatadeviation (SD) of at least
three separate experiments. One-way analysis of variance (AN@est was used for
statistical comparison of the results while p < 0.05 was considered significdhtases.

Results and discussion

Different powder compositions were formulated using the sprangltechnique, with the
aim of studying the influence of lipid composition and the solvent type on the physioahem
properties and the aerosolization behavior of the powders. Table lagiveserview of all
the prepared powder formulations. It should be mentioned that the contesrimityiftest
was conducted for both spray-dried formulations and the physical blesisy a



conventional invasive sampling method. The active drug content was craamyfiHPLC,
and ranged between 95 + 2% and 103 + 3% for different formulations.

Evaluation of physiochemical properties of aerosgdarticles

The particle size characteristics of the formulationssaramarized in Table 2. The results
showed that for the same lipid and solvent composition of the formulgitbotesterol in
ethanol), the percentage of SS in the suspensions used for spray ltgimo significant
effect on the size of resultant SLmPs (p > 0.05). Additionally[X6@% of the spray dried
formulations obtained from ethanol suspension of the drug were shown t@dreddet on
the type of lipid component, which was much smaller for DPPC-basadparticles than
cholesterol (p < 0.05). Changing the solvent from ethanol to water-etladal0 v/v)
resulted in an increase in D50% values of both DPPC and cholesiseml-particles (p <
0.05). It seems that the enhancement in the inlet temperatureagf dqying process has
contributed to the particle size enlargement, as it was previguslen that adding in
temperature will lead to increase in the diameter of pastif30,31]. Furthermore, the laser
diffraction particle size analysis showed that co-spray drginL-leucine with DPPC and SS
did not significantly change the particle size distribution wikpect to the counterpart
sample without L-leucine (p > 0.05).

Table 2 Particle size measurement obtained by laser diffraction method (na@ £ SD)
Formulation number Drug Conc. (%)* Excipients Solvent Systeminlet temp. (°C) D50% Span

1 125 cholesterol Ethanol 80 3.23+0.339
2 25 cholesterol Ethanol 80 5.04 + 0.66/5
3 375 cholesterol Ethanol 80 4,16 + 0.B56
4 375 DPPC Ethanol 80 1.42 £ 0.0587
5 37.5 cholesterol Water-Ethanol 100 7.32+£0.28.26
6 375 DPPC Water-Ethanol 100 4.02 +0.18.54
7 375 DPPC + Leucin&Vater-Ethanol 100 4.04 +0.252.23
C 100 - Ethanol 80 3.70 £ 0.1347
C, 100 - Water-Ethanol 100 5.83+0.211.82

* Percentage of the total solid content (w/w).

Scanning electron microphotographs of the SLmPs are shown in Higwks shown in
Figure 1a-c, changing the solvent in the feed solution did naustyichange the spherical
shape of cholesterol-based SLmPs which is typically obtainedpvay girying technique
[32]. Processing of the drug and DPPC in ethanol produced particldarsion that of
cholesterol-based samples (Figure 1d). However, as it is iadidgatFigure le, applying a
mixed solution of water-ethanol (30:70 v/v) in formulations consisted ¢1MResulted in
production of wrinkled particles which used to be mostly sphericainwiure ethanol was
applied as the solvent. It is supposed that the solubility saturaticheoformulation
components upon former evaporation of the more volatile solvent (ethamoly ke
formation of a primary solid shell which then collapses as thescarater content evaporates
[33]. In this case, the surface-active DPPC could have contribbotdte formation of this
primary solid shell during particle formation stage. Incorporatior-tducine within this
formulation led the spherical shape back to the particles, aslé&ady shown in Figure 1f. It
seems that the more tendency of L-leucine to water than ethadolit@& subsequent
localization in the core of the primary particles inhibited thdl sh&ompletely collapse after
water evaporation. Figure 2 shows the attachment of SLmPs obfaamedvater-ethanol
(30:70 v/v) solution of DPPC and SS to the large lactose surfacetplfgysical blending of



the formulations with lactose monohydrate as the coarse cproeroted the adhesion of
SLmPs onto its surface. This process was expected to aid theetggm and dispersion of
particles within the respiratory flow [34].

Figure 1 Scanning electron micrographs of SLmPs containing salbutamol sulfate in
different formulations: a) F2, b) F3, c) F5, d) F4, e) F6, f) E7

Figure 2 Scanning electron micrographs of SLmPs blended with lactose. ajagnification
x240,b) more magnification (x5000) representing SLmPs deposited on the surface & lactos
carriers.

The true density values of the spray dried samples obtainedibgni@tcnometry are shown
in Table 3. SS powders, which were spray dried from both kinds of thensalystems, were
used as controls. The results suggested that utilizing the lipid cemizoalong with the drug
could result in reduction of the true density of the spray-drieddpwv Actually, particle’s
aerodynamic diameter {dis a function of particle’s geometric diameter (d), dengijyafid
morphology §, shape factor) according to the following equation:

d,=dv(p/x)

Table 3True density values obtained by the helium pycnometer
Drug Conc. (%)* Excipients ~ Solvent System Inlet temp. (°C) Density (g/cn)

37.5 Cholesterol Ethanol 80 1.11 £0.09
375 Cholesterol Water/Ethanol 100 1.15+0.10
37.5 DPPC Ethanol 80 1.15+0.08
37.5 DPPC Water/Ethanol 100 1.18 £ 0.07
100 - Ethanol 80 1.33+0.11
100 - Water/Ethanol 100 141 +0.12

* Percentage of the total solid content (w/w).

In other words, particles with low density have smaller aeradhyc diameter than their
geometric diameter. Thus, it can be of great value to reducelehsity and affect the
aerodynamic diameter of the particles by changing a Dhdlation composition. In this
regard, Scalia et al. had previously reported the true densitgsvaf lower than 1 g chfor
the lipid microparticles obtained by melt emulsification technique [35].

Aerosol performance of the SLmPs

Table 4 shows the ED (%), FPIxg) and FPF (%) values of the spray dried SLmPs
(formulations number 1 to 7) along with the same powders mixedlaatbse carrier in the
ratio of 1:9 w/w (formulations number 8 to 12). The aerodynamic cteistics were
measured using a TSI at the flow rate of 60 L/min after abrasion by Cyclohaler®. It
should be noted that SS recoveries from the inhaler and the diffemesitof the TSI ranged
between 90.1-95.2% of the total loaded drug.



Table 4Fine particle dose (FPD), emitted dose (ED) and fine particle fréon (FPF) of salbutamol sulfate after aerosolization from

different formulations (mean = SD)

Formulation number Lipid Excipients Solvent System** Inlet temp.(°C) Blending excipient** FPF(%) FPD(ug) ED(%)

1 Cholesterol E 80 - 16.7+08 16544 792k 2.
2 Cholesterol E 80 - 165+1.2 305+5.7 74.1%2.
3 Cholesterol E 80 - 21.1+09 575+7.3 74.8&1.
4 DPPC E 80 - 4.1+£0.3 138+3.2 89.3%x1.6
5 Cholesterol W/E 100 - 12.1+£0.7 31048 692k

6 DPPC W/E 100 - 225+13 68675 81.1%+23
7 DPPC + leucine W/E 100 - 23.7+11 712+6.9 28019

8 Cholesterol E 80 Lac. 241+14 75+3.1 8285

9 Cholesterol W/E 100 Lac. 20.3+0.8 61 +3.5 80212

10 DPPC E 80 Lac. 16.6 £0.9 50+2.8 80.1+1.6
11 DPPC W/E 100 Lac. 33.7+15 108+3.7 85.3%2.
12 DPPC + leucine W/E 100 Lac. 427+1.7 141+4.879%+23
C/ - E 80 Lac. 176+1.0 146+28 834+19
C, - W/E 100 Lac. 144+08 116+22 81121

* C, and G are control formulations of 5% (w/v) salbutamolfate in spray drying solution.
** E stands for Ethanol, W for Water, and Lac factose.



It seems that the type of solvent system and lipid excipiends ahalirect effect on
aerosolization properties of the powders. Among the formulations pcejgr cholesterol
and ethanol, increasing the drug content from 12.5% to 25% did not makaifecang
change on FPF values (P > 0.05), but the initial drug content of 37 @¥{lation No. 3)
appeared to have higher FPF (%) than the others (P < 0.05). Howevaginghtne type of
cholesterol solvent to 30:70 v/v water-ethanol (Formulation No. 5) rdsultePF reduction
which seems to be due to particle size enlargement of the¢ams@LmPs [36,37]. The
difference between FPF values associated with the type of s@lasnnore noticeable when
DPPC was used as the lipid excipient. The consequence of chahgisglvent from pure
ethanol to 30:70 v/v water-ethanol was a noticeable increase in &B&svirom 4.1% to
22.5% for DPPC-based formulations (P < 0.05). The latter resulteotire accordance with
the particle size determinations obtained by laser diffractione ghe formulation prepared
by the aid of ethanol solution of DPPC had smaller size thamotheter-ethanol solution of
it. In this case, the particle aggregation of very small pasti@®0% =1.42:m) made up of
DPPC as the lipid excipient and ethanol as the solvent, seemedthe Ipeain cause of
owning the lowest FPF value. In addition, wrinkled particles usummprove the respirable
fraction of a DPI formulation by decreasing the interparéit®ulicohesion forces as well as
enhancing the powder dispersibility [38].

The incorporation of L-leucine to the formulation number 6 which wasapeel from 30:70
viv water-ethanol solution of DPPC and SS resulted in insignifieBRt improvement (P >
0.05). As mentioned earlier, both kinds of formulations (F6 and F7) hadstlsmmilar
particle average diameters, but different shapes. Although Lakeydays a role of anti-
adherent amino acid that can improve the deagglomeration of SLmP# [@3ms that the
corrugated particles made from spray-dried SS and DPPC coulgensate the absence of
L-leucine and act as favorably as the spherical particles ah Ffie in vitro pulmonary
deposition test.

Moreover, simple blending of micron-sized SLmPs with coarseodactmonohydrate
terminated in noticeable FPF elevation, compared to the FPF \ddluesombined SLmPs.
It seems that the absorption of the SLmPs to the surface toséacand the subsequent
improvement in the dispersibility and deaggregation of them witienairflow resulted in
elevated drug deposition in stage 2 of the TSI [24,34]. Finally, we fdwatccod spray-dried
DPPC/L-leucine, which had then been blended with coarse ladtoee (ratio of 1:9 w/w),
was the most appropriate formulation for SS in term of aerosol performance.

In vitro drug release study

The release profiles of SS from SLmPs are reported in Figuit should be noted that
release of pure micronized SS was rapid as nearly alintioerat of the drug was released in
less than 30 min, which is in accordance with other studies [83his study, generating
inhalable microspheres from SS, cholesterol and ethanol provided afi& qirthe drug. In
this regard, several other studies had shown the usefulness of ShndEgeloping SR
formulations [7,17,18]. As shown in Figure 3, the release profile of@® $LmPs produced
from cholesterol and ethanol exhibited a burst release of apprexna%, followed by a
sustained SS release pattern over 12 hours, whilst in cholestezdl-Bas1Ps obtained from
water-ethanol solution of SS, no SR profile was observed. This obsercam be explained
by the fact that the drug has a hydrophilic and ionized nature and does not disstilaaoh e
so upon application of water and ethanol as the mixed solvent systendyug mainly
partitions into the water phase during the particle formatiorestagpray drying chamber,



and thus accumulates on the surface of the particle as theevaforates. However, when
the ethanol suspension of the drug is used, it is more likely foo 88 entrapped within the
core of SLmPs as it does not dissolve in ethanol and thus does matemaglipid surface of
the generating microparticles. In contrast, DPPC-based micmpartirom ethanol
suspension of SS did not show any SR profile, while changing thesdédezht from ethanol
to water-ethanol (30:70 v/v) improved the drug entrapment within thes€bBRsed SLmPs
and exhibited a SR profile over 12 hours with a burst release dy 13&&6. In fact, besides
the effect of the solvent, the affinity between the drug aid aterial is another efficient
factor, which determines the retention capacity of SLmPs [17kireDPPC tends to place
at the surface of the particles while the drug mostly nesnaithin the aqueous core of the
primary particles in the drying chamber before all the watentent is subjected to
evaporation. Thus, it is possible for DPPC to serve as a SS-netaalirier in the mentioned
inhalable formulation.

Figure 31n vitro release profile of salbutamol sulfate from different formulations.

It worth mentioning that, this kind of SR pattern should be justiGedording to the

dissolution rate of the pure drug powder as well as itsifsp@cimonary delivery rout. In

this regard, it can be an acceptable SR pattern for SS DRIl&drom since the lung retention
time of micropatrticles is dependent on the generation number ahtreyavhere the inhaled
particles are deposited, and our SLmPs showed high FPF indichihghey have the
potential to sufficiently penetrate deep into the lungs and avoid nhiacpalearance in the

conducting airways. So the prolonged duration of the effect of S8ecarpected by the aid
of these SLmPs.

Conclusions

The type of lipid, presence of L-leucine in the feed solution, anddiverg system from

which the SS-containing SLmPs were spray dried were the $agtbich greatly affected the
particle morphologies and aerosolization properties. We also obsev&drstial effects that
physical mixing of spray-dried microparticles with coarseriea can have on the aerosol
performance. Among different DPI formulations, powders spray driath fvater-ethanol

solution of the drug, DPPC and L-leucine which were also phygibéihded with coarse

lactose exhibited the best aerosolization properties. Despite hawiingable burst release
during the first hour of the study, some SS-containing SLmPs shseigaiicant release

retardation compared the pure drug. The present study suggest®B@tadd L-leucine can
be interesting additives for further developments of SS inhalable powder faomsilat
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