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Abstract

The effects of carriers, the drug:carrier ratialanl month storage period of a formulation in permeable polystyrene tube at
40°C/75% RH on the in vitro pulmonary deposition of model drugs from dry powder inhaler (DPI) were evaluated. Budesonide
(hydrophobic) and salbutamol sulphate (hydrophilic) were used as model drugs. Mannitol and glucose were used as the carriers.
In addition, lactose 110 M was used as the carrier for budesonide. The novel multiple dos@ Raifunsed as a DPI; Taiffin
is a breath-actuated inhaler that contains the powder formulation in a reservoir chamber. The respirable fractions (RF%) values
of the drugs were determined by the “Andersen” sampler. The RF% values of salbutamol sulphate increased with an increase
in the drug:carrier ratio before storage, whereas the drug:carrier ratio did not affect the RF% values after storage. In the case of
budesonide, the drug:carrier ratio did not affect the RF% values before storage, instead the RF% values of budesonide increased
with an increase in the drug:carrier ratio after storage. The RF% values of salbutamol sulphate decreased after storage of the
formulation, this was not dependent on the carrier and the drug:carrier ratio. However, with budesonide the effect of the storage
on its RF% values was dependent on which carrier was used and also the drug:carrier ratio. Overall, storage had less effect on
the RF% values of budesonide than those of salbutamol sulphate. The highest RF% values of budesonide were obtained when
mannitol was used as the carrier. Furthermore, the RF% values of salbutamol sulphate tended to be higher when mannitol was
used as the carrier instead of glucose.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction hand, it must be remembered that DPIs are usually
breath actuated and a high inspiratory effect may be
In comparison to metered dose inhalers (MDI) required for successful therapidifdle and Byron,
which have to be pressurised, dry powder inhalers 1995. In addition to the patient’s inspiratory effort,
(DPIs) offer several advantages, e.g. DPIs are the formulation Yanderbist et al., 1999; Tee et al.,
propellant-free, and co-ordination of actuation and 2000; Bosquillon et al., 20QJand the deviceHindle
inhalation may be easier with a DPIl. On the other and Byron, 1995; Steckel and Mduller, 1997ean
affect performance of the DPI.
"+ Corresponding author. Tekt358-17-162488: A DPI formulgtion may con_sist of a (.jru.g alone or a
fax: +358-17-162252. drug blended with some carrier materiBrime et al.,
E-mail address: kristiina.jarvinen@uku.fi (K. Jarvinen). 1997. The aerodynamic diameter of a drug particle
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needs to be between 1 anduth to be suitable for  Taifun® may be a superior form of DPI compared
deep lung deposition. Due to the poor flow and disper- to other inhalers, in terms of the amount of drug
sion properties of micronized drug particles, a coarse deposited in the lungs, the reproducibility of lung
carrier is typically used in the DPI to aid in filing  dosage, and the relative flow-independence of lung

and emptying of the devicd(aun et al., 1996; Zeng  deposition Pitcairn et al., 1995, 2000The carriers
et al., 2000; Clarke et al., 20pIThe adhesion of the  selected were lactose, glucose and mannitol.

drug particles to the carrier particles has to be strong
enough to hinder deaggregation during packing and
storage but must permit deaggregation during inhala-
tion. Recent studies have revealed that major improve-
ments may be achieveq in pulmonary drug delivery by 21 Materials
incorporating drug particles that have a low mass den-
sity and a large geometric diameter, since large, porous
particles penetrate easily into the lungs and increase
the pulmonary residence time of the drugd(vards
et al., 1998; Ben-Jebria et al., 1999

Carrier particles are typically the main component
in inhalation powders and thus, any change in the
physicochemical properties of the carrier particles may
affect lung deposition of drugStaniforth, 1996; Tee
et al., 2000; Clarke et al., 2001; lida et al., 2001; Zeng
et al., 2001 Lactose is the material most frequently
employed as a carrier in DPIs. Also glucose is used
as a carrier in commercial DPISteckel and Miller,
19973. However, other carriers are also needed, e.g.
lactose and glucose may not be the best carriers for
protein drugs, since these compounds are reducing
sugars. Promising alternative carriers are polyols, such
as mannitol Chan et al., 1997; Tee et al., 2000

The effects of carrier on pulmonary deposi-
tion of a drug have been studied typically using a
single-unit-dose DPI Rraun et al., 1996; Steckel
and Miller, 1997b; Zeng et al., 2000; Clarke et al., ] ]
2001; Zeng et al., 200} tor a multiple-unit-dose DPI ~ 2-2. Particle size measurement
(Steckel and Mdller, 19979b The aim of this work ) ) )
was to investigate how the physicochemical properties The partlcle sizes of carriers were measured by laser
of a carrier, the drug:carrier ratio and the storage of diffraction (Malvern Mastersizer S, Malvern Instru-
the formulation at a high humidity can affect in vitro  Ments Ltd., Malvern, UK) using an independent par-
lung deposition of a hydrophobic and hydrophilic ticle size model and an obscuration between 12 and
drug from a multi-dose reservoir-based DPI. Thus, 20%. A small amount of sample (about 10 mg) was
pulmonary depositions of budesonide (hydrophobic) dispersed in 10ml of 2-propanol. Each sample was
and salbutamol sulphate (hydrophilicvepthoye, ~ Measured at least three times.
1997 from Taifur® were studied. Taifufi is a novel
multi-dose reservoir-based powder inhaler. The de- 2.3. The surface areas measurement
vice has a relatively high resistance to airflow, so that
with a pressure drop of 4kPa across the device, the The Brunauer—Emmet-Teller (BET)-specific sur-
air flow is approximately 30I/min (Focus Inhalation face areas were measured with a FlowSorb 11 2300
Ltd., data on file). Earlier studies have suggested that (Micromeritics, Norcross, GA) instrument determin-

2. Materials and methods

a-Lactose monohydrate (Pharmatose 110 M, DMV,
The Netherlands), mannitol, glucose anhydrate, mi-
cronised budesonidelfye, 0.9-1.3.m), micronized
salbutamol sulphatel§gy, 1.4pm) and Taifu were
kindly supplied by Focus Inhalation Ltd., Finland.
The degree of crystallinity of the materials was deter-
mined by isothermal calorimetry and X-ray diffrac-
tion (XRD) studies. All carriers and budesonide were
ca. 100% crystalline. The initial amorphous content
of salbutamol sulphate was 10.5%, but the amor-
phous content was crystallised during formulation
(seeSection 2.8.

Absolute ethanol (Aa) was obtained from Primalco,
Finland. Hexane (HPLC grade) and methanol were
purchased from Rathburn (Scotland). Sodium dihy-
drogen phosphate was purchased from Riedel-de Haén
(Germany) and acetonitrile (HPLC grade) was pur-
chased from Merck (Germany). All other used mate-
rials were of analytical grade and used as received.
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ing the qualitative amount of Nadsorption as a (GF 52 Ref. No. 428248, Schleicher & Schuell).

single-point measurement. The budesonide inhalation powder was dried in a ro-
tary evaporator for 1.5h, rotating at 10 rpm under a
2.4. Determination of amorphous content vacuum of about 100 mbar at 40-30.

The salbutamol sulphate:carrier ratios were 1:296.6

The amorphous content of carriers and drugs was (w/w) (5 g dose) and 1:58.5 (w/w) (35g dose). Mi-
measured with an isothermal heat-conduction mi- cronized salbutamol sulphate, 0.168 gup dose) or
crocalorimeter TAM 2277 (Thermometric AB, Swe- 0.8409 (25.g dose), was mixed for 30 min at 56
den). The miniature humidity chamber technique (200-400rpm) in 4% (v/v) ethanakhexane solution
(Angberg et al. 1992a)bwas employed to detect (35ml) and after thatp-hexane (35ml) and carrier
the thermal response for the recrystallisation of the were added while mixing continued for 10 min by
amorphous material. The baseline corrected evolved ultrasound (305s). Salbutamol sulphate was mixed at
heat during recrystallisation was taken as to be di- 55°C in order to crystallise its amorphous content.
rectly proportional to the degree of the amorphicity. The suspensions were filtered through a Biichner fun-
Lactose, mannitol, glucose and budesonide were ca.nel (GF 52 Ref. No. 428248, Schleicher & Schuell).
100% crystalline, as verified with XRD measurements The salbutamol sulphate inhalation powder was dried
(Philips PW 1820, The Netherlands). The initial amor- in a rotary evaporator for 2.5h, and the powder was
phous content of salbutamol sulphate was 10.5%. The rotated a few rounds at intervals of 30 min under a
reference value for the totally amorphous salbutamol vacuum of about 100 mbar at 40-50.
sulphate was 27.6 J/g. This reference value was taken Finally the budesonide and salbutamol sulphate

from the literature Buckton et al., 1996 formulations were manually sieved (@ 1.0 mm) and
packed into tightly closed plastic bottles, then stored
2.5. Scanning electron microscopy (SEM) for 5—7 days in a desiccator (33% RH at room tem-

perature). After storage, the formulation (0.5g) was

The surface roughness and shape of single carrieraccurately measured into the two Taifurinhalers
particles were evaluated in the absence and presenceand stored for 1 day in a test chamber at28560%
of drugs by a scanning electron microscope (SEM) RH (WK 11-180/40, Weiss Tecnik GmbH) prior to
(JSM-35 scanning microscope, Joel Tokyo, Japan the studies.
or XL 30 ESEM TMP microscope, FEI/Philips, the All formulations were also placed in the stability
Czech Republic). Samples were coated with gold chamber at 40C/75% RH, in permeable polystyrene
under vacuum (Sputter Coater II-E 5100, Polaron tubes Brennanetal., 1974; Bellamy etal., 198for 1
Equipment, England), and all micrographs were taken month for later evaluation. This means that the inhala-

at an acceleration voltage of 15kV. tion powders were exposed to more moisture vapour
in the polystyrene tubes than would be the case if they
2.6. Preparation of formulations were stored inside Taifhinhalers (Focus Inhalation

Ltd., data on file). Thus, the effect of moisture on the

The budesonide:carrier ratio was 1:160.3 (w/w) performance of the inhalation powder could be evalu-
(10pg dose), 1:31.3 (w/w) (5Qg dose) and 1: 15.1  ated more rapidly via the use of the polystyrene tubes.
(w/w) (100g dose). The budesonide formulations
were prepared in suspension as described earlier2.7. HPLC analysis of drugs
(Harjunen et al., 2002 Briefly, micronized budes-
onide (0.31-3.1 g) was dispersed for 5 mimihexane Budesonide and salbutamol sulphate were analysed
(100 ml) by ultrasonication (Ultrasonic cleaner, La- by HPLC. In the case of budesonide, a mobile phase
borette 17, 170 W, Fritsch GmbH, Germany) and the of methanol, acetonitrile and 0.017 M sodium dihy-
suspension was mixed at 300—400 rpm. Subsequentlydrogen phosphate buffer (pH 3.2) (30:30:40, v/viv)
n-hexane (100 ml) and carrier were added while mix- at a flow rate of 1.0 ml/min was used. In the case
ing continued for 10min without ultrasound. The of salbutamol sulphate, a mobile phase of acetonitrile
suspensions were filtered through a Blchner funnel and 0.025 M sodium dihydrogen phosphate buffer (pH
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30) (4:96, V/V) at a flow rate of 1.0 ml/min was used. of 20 doses were released from the TaﬁuDP| to
The HPLC system consisted of a Spectra SySteler 4 cascade impactor at intervals of 1 min. The deposi-
tector, a Spectra Serfépump, a Spectra Serf@su- tion of drug from each inhaler was determined twice,
tosampler, a Spectra Seffesolvent degasser (Thermo  je. depositions of doses from 26 to 45 and from 46
Separation Products, USA). Budesonide and salbuta-to 65 were studied. The budesonide formulation was
mol sulphate were analysed by a 150 mmOmmi.d.  washed from the collection stages of the impactor, the
column packed with um Inertsil C-8 (GL Sciences  pre-separator and throat with methanol:sodium dihy-
Inc.) and by a 125 mm 4.0 mm guard column packed  drogen phosphate buffer (0.017 M, pH 3.2) mixture
with 5pum LiChrosphere 60 RP-Select B, respectively. (50:50, v/v). In the case of salbutamol sulphate, the
The retention times of budesonide and salbutamol sul- ¢collection stages of the impactor, the pre-separator and
phate were about 6 and 5 min, these being monitored throat were washed with sodium dihydrogen phos-
at wavelengths of 249 and 224 nm, respectively. The phate buffer (0.025M, pH 3.0). The drug concentra-
precision of the HPLC method was tested daily by tions in these samples were analysed by HPLC.
analysing the appropriate budesonide or salbutamol A variety of parameters were employed to charac-
sulphate standard solution five times in a row and the terise the deposition profiles of the drugs. The recov-

R.S.D. of the peak area was alway2%. ered mass (RM) was the sum of the drug from each of
_ _ _ the cascade impactor stages (plattame 0—7 and fil-
2.8. Uniformity of emitted drug dose ter), metal throat, which included the DPI adapter, and

from the pre-separator. The fine particle mass (FPM)
The uniformity of the emitted dose dosage was in- (particle size< 5.8 um) was the sum of the amount
vestigated in the test chamber (Z5/60% RH). The  of the drug recovered from stages 2—7 and the filter.
first 25 doses were individually emitted by Taiftin  The respirable fraction (RF%) was calculated as the
into the dosage unit sampling apparatus (Ph. Eur. ratio of FPM to RM. The mass median aerodynamic
3rd ed., 1997). The first five doses were omitted diameter (MMAD) was calculated with the cumula-
from the calculations (i.e. only doses from 6 to 25 tive drug percentages at each stage, from filter to stage

were included). The test was performed at a flow 0. The MMAD value was taken as the particle size at
rate of 301/min, at a flow time of 8s. Each budes- gz cumulative percentage value of 50%.

onide dosage unit sampling apparatus was carefully
washed with 10 ml of methanol:sodium dihydrogen
phosphate buffer (0.017 M, pH 3.2) mixture (50:50,
v/v). In the case of salbutamol sulphate, the dosage

unit sampling apparatus was washed with 10 ml of ; . .
Ring app to test the differences between multiple groups; sig-

sodium dihydrogen phosphate buffer (0.025M, pH " n the diff in th tested
3.0). The concentrations of the drugs were determined nificance In the difterences in the means was teste

by HPLC, as described above. The emitted drug dosesSNY the _Games—HoweII’s multiple range. test. The
were measured from two inhalers before and after a Mann-Whitney-test was used to test the differences
storage period of 1 month at 4G/75% RH between means of two independent groups. The level

of significance was taken a@ < 0.05.

2.10. Data analysis

A non-parametric Kruskal-Wallis test was used

2.9. In vitro deposition of drugs

The pulmonary deposition of drugs was evaluated 3. Results and discussion
by the “Andersen” sampler (Ph. Eur.) (the impactor
stages were not coated with a viscous liquid), using 3.1. Characterisation of the carriers
a vacuum pump and three-way valve, operated at a
flow rate of 28.31/min, at a flow time of 8s. The An- Table 1shows crystallinity, particle size distribution
dersen sampler consists of a throat, a pre-separator,and specific surface area of the carriers before storage.
eight stages and a final filter. The test was carried out All carriers were 100% crystalline. All carriers had ap-
on the same DPIs described 8ection 2.8 A total proximately the same mean particle sidggt, ranged
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Table 1

Degree of crystallinity (%), particle size distributiopr) and surface area fiy) of the carriers before storage

Carriers Degree of Particle size gm) (n = 3) Surface area

I, 2 _

crystallinity (%) o ds0%% dooss (m</g) (n=4)

Lactose 110M 100 51.6 (1.1) 133.6 (1.7) 240.1 (6.6) 0.17 (0.01)

Mannitol 100 42.6 (0.4) 116.0 (1.1) 2955 (2.3) 0.30 (0.01)

Glucose 100 29.7 (0.6) 106.2 (3.3) 207.6 (4.5) 0.16 (0.01)

Mean values £S.D.) are shown.

from 106.0 to 133.6.m), whereas specific surface area Overall, the ratio of the emitted budesonide dose
of mannitol was about two times greater than that of to the theoretical dose (10-10Q) varied from 84 to
lactose 110 M and glucos@&dble J). Fig. 1 shows the 106% before and after storage when mannitol, glu-
morphology of the carriers. The lactose 110 M exhib- cose or lactose was used as the carfiable 3. When

ited the tomahawk shape, which is typicabofactose compared to mannitol at the corresponding dose and
monohydrate Kig. 1A). Mannitol particles FFig. 1B) time, the emitted budesonide dose tended to be higher
appeared to be more elongated and showed more surwhen either glucose or lactose 110 M was used as the
face asperities than lactose 110 M and glucose. The carrier. When compared to the corresponding carrier
glucose particlesHig. 10 were more symmetricaland  before storage, the emitted budesonide dose was sig-

more spherical than lactose or mannitol particles. nificantly lower after storage at the budesonide dose
of 10g. This trend was not observed at higher budes-
3.2. The emitted drug dose onide doses.

The ratio of the emitted salbutamol sulphate dose to
The effects of carrier, the drug:carrier ratio and the the theoretical dose (5 or 24) varied from 77 to 99%
storage period on the emitted drug dose are shown inbefore and after storage when mannitol or glucose
Tables 2 and 3 was used as the carriefable 3. When compared

Table 2
Influence of carrier on the emitted dose (the theoretical dose 1Qsg)dOnass median aerodynamic diameter (MMAD) and respirable
fraction of the emitted dose (RF%) of budesonide particles initially and afte month storage period (4Q/75% RH)

Dose and carrier Dosa.rg) (n = 40) MMAD (pm) (n = 4) RF% @ =4)
Initial Storage Initial Storage Initial Storage

10pg

Mannitol 9.4 (0.5) 8.8 (0.8) 3.5 (0.1) 3.9(0.3) 44.4 (0.7) 373(3.0)

Glucose 10.8 (1.3) 9.7b (1.2) 4.0 (0.5) 5.8 (0.3) 33.7 (5.0) 15.8:0 (1.2)
S0ng

Mannitol 46.5 (4.7) 45.8 (3.7) 320.1) 3.6 (0.1) 43.9 (0.5) 51/5¢ (3.8)

Glucose 48.2 (3.1) 48%2(3.6) 3.8 (0.2) 3.724(0.0) 36.4 (2.8) 32.2-9.4 (0.6)
100ng

Mannitol 85.0 (7.2) 88.2 (11.2) 3.3(0.1) 3.3 (0.1) 52(6.4) 51.F (3.3)

Glucose 97.2 (11.0) 98.8 (5.7) 3.6:9 (0.1) 3.6+ (0.0) 37.4 (2.3) 41.2-0.9 (1.9

Lactose 110M 883%(10.0) 97.9:P (6.3) 2.9 (0.1) 2.72(0.1) 35.3 (2.2) 39.7° (3.2)

Taifun® was used as the DPI. Mean valuesS(D.) are shown.
2 Significantly different from the values of mannitol at the corresponding dose and firee((05).
b Significantly different from the values of the corresponding carrier before storage0(05).
¢ Significantly different from the values of mannitol at the dose ofujCat the corresponding timeP(< 0.05).
d Significantly different from the values of glucose at the dose ofid@t the corresponding timeP(< 0.05).
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Table 3
Influence of carrier on the emitted dose (the theoretical dose jpgR5nass median aerodynamic diameter (MMAD) and respirable fraction
of the emitted dose (RF%) of salbutamol sulphate particles initially and affe month storage period (4C/75% RH)

Dose and carrier Dosq.g) (n = 40) MMAD (pm) (n = 4) RF% g = 4)
Initial Storage Initial Storage Initial Storage

Sug

Mannitol 4.5 (0.3) 4.8(0.3) 5.7 (0.3) 8.6 (0.3) 21.9 (1.3) 1%.60.6)

Glucose 4.%(0.3) 4.2-° (0.3) 6.0 (0.3) >9 (ND) 182(0.9) 6.50 (2.7)
25pg

Mannitol 23.4 (1.3) 23.5 (1.1) 3%70.5) 7.7 (0.3) 31.6 (2.6) 12.9 (1.0)

Glucose 247 (1.4) 19.2:6 (2.1) 3.7 (0.1) 8.8:0 (0.2) 32.8 (1.2) 7.3-0 (0.4)

Taifur® was used as the DPI. Mean valuesS(D.) are shown.
2 Significantly different from the values of mannitol at the corresponding dose and firee0(05).
b Significantly different from the values of the corresponding carrier before storage((05).
¢ Significantly different from the values of mannitol at the dose pfg5at the corresponding timeP(< 0.05).
d Significantly different from the values of glucose at the dose pfj5at the corresponding timeP(< 0.05).

to mannitol at the corresponding dose before storage, salbutamol sulphate did not form any agglomerates.
the emitted salbutamol sulphate dose was higher whenThese results can be explained by the fact that glu-
glucose was used as the carrier. However, when com-cose can absorb a significant amount of moisture at
pared to mannitol at the corresponding dose after stor- 40°C and 75% RH humidity while the moisture sorp-
age, the emitted salbutamol sulphate dose was lowertion capacity of mannitol is les€@llahan et al., 1982;
when glucose was used as the carrier. When comparedibbe, 2000. The sorption of water vapour by the
to the corresponding carrier before storage, the emit- solid material increases the interparticulate forces via
ted salbutamol sulphate dose was significantly lower liquid bridging and fusion among the particledefig
after storage at both studied doses when the carrieret al., 2001x When glucose was used as the carrier,
was glucose. In contrast, storage did not decrease thethe agglomerates were formed in the presence of the
emitted salbutamol sulphate dose when mannitol was hydrophilic drug, salbutamol sulphate, whereas no ag-
the carrier. glomerates were observed in the presence of the hy-
Table 1shows that surface area of the mannitol drophobic compound, budesonide.
was higher than that of glucose and lactose 110 M.
Kawashima et al. (1998)Jemonstrated the relation- 3.3. The RF% values of the drugs
ship between the specific surface area of carrier lac-
tose and the fraction of pranlukast hydrate particles The effects of carrier, the drug:carrier ratio and the
emitted from the single-unit-dose DPI. In the present storage period on the RF% values of the drugs are
study, this correlation was not observetaljles 2 shown in Tables 2—3and in Fig. 2 The effects of
and 3. Our earlier study showed that the emitted drug lactose 110 M, mannitol and glucose on the pulmonary
dose from Taifuf® increased as a function of bulk deposition of budesonide were studied. In the case of
density of formulation ilarjunen et al., 2002 salbutamol sulphate, mannitol and glucose were used
Interestingly, when glucose was used as the carrier, as the carrier.
the emitted salbutamol sulphate dose decreased dur- Inthe case of budesonide (dose 1), the formu-
ing storage whereas the emitted budesonide dose didlation containing mannitol showed the highest RF%
not change (except at the budesonide dose @fd)0 values before and after storageable 3. When man-
Salbutamol sulphate and glucose were observed tonitol was used as the carrier at the budesonide dose
form large, tight agglomerates during the storage (data of 100ug, the RF% values remained practically un-
not shown), which probably decreased the flow prop- changed after storage. In contrast, the RF% values sig-
erties of the formulation. Budesonide and glucose did nificantly increased after storage with either lactose
not form these kinds of agglomerates. With mannitol 110 M or glucose used as the carriéalfle 9.
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100 pg/dose Lactose
100 pg/dose Glucose
100 pg/dose Mannitol

50 pg/dose Glucose W After storage
O Initial
50 pg/dose Mannitol

10 pg/dose Mannitol

Dose and Carrier

0 10 20 30 40 50 60
(A) RF %

25 pg/dose Glucose

25 pg/dose Mannitol

M After storage
O Initial

Dose and Carrier

5 pg/ dose Glucose

5 pg/dose Mannitol

0 10 20 30 40 50 60
B) RF %

Fig. 2. Respirable fraction (RF%) pattern of budesonide (A) and salbutamol sulphate (B) before and after storage (1 méttaatl 40
75% RH).

One explanation for the increased RF% values of et al., 2002. This explanation is supported by the
budesonide patrticles after storage could be that sur-fact that the MMAD values of budesonide particles
face electrostatic properties of budesonide and the car-increased during storage at the dose of.fj0
rier may have decreased due to moisture sorption on Table 3indicates that when compared to mannitol
the particle surfaces during storage. As a result, fine at the corresponding salbutamol sulphate dose, the
budesonide particles were easier to become detachedylucose containing formulations tended to have lower
from the surface of the carriers during inhalatid@eg RF% values (except for the formulation with the
et al.,, 2001 The capacity of the moisture sorption salbutamol sulphate dose of 2§ before storage).
of glucose is higher than that of mannitol and lactose The RF% values of salbutamol sulphate decreased
(Callahan et al., 1982; Kibbe, 20pMHowever, it must and the MMAD values increased strongly during stor-
be noted that effects of storage on the RF% values age irrespective of whether mannitol or glucose were
of budesonide were not straightforward but depended used as the carrier. These results indicate that interpar-
on the carrier and the drug:carrier ratitable 9. For ticulate forces increased during storage. Thus, water
example, irrespective of the carrier, storage decreasedsorption on the particle surface increased the attrac-
the RF% values of budesonide at the dose ofd0 tive forces between particles through capillary forces
suggesting that the moisture sorption increased the (Zeng et al., 2001a; Price et al., 2002; Young et al.,
interparticulate forces due to capillary force2rite 2003.
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The effects of the drug:carrier ratio on pulmonary not affect significantly the RF% values of budesonide
deposition of budesonide was evaluated using man- before storage of the formulation. The only excep-
nitol and glucose as carrier3gble 2. The ratio of tion was that the RF% values of budesonide increased
budesonide to the carrier was 1:160.3 (dose.dp when there was an increase in the ratio of budesonide
1:31.3 (dose 50.9) and 1:15.1 (dose 1) (Figs. 3 to mannitol from 1:160.3 to 1:15.1. However, the RF%
and 4. Table 2shows that the drug:carrier ratio did values of budesonide increased with an increase in the

Fig. 3. Scanning electron micrographs of formulation before storage when the budesonide:mannitol ratio was 1:160.3 (w/w) (A), 1:32.3
(w/w) (B), 1:15.1 (w/w) (C). Scale bars are 1afn.
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Fig. 4. Scanning electron micrographs of formulation before storage when the budesonide:glucose ratio was 1:160.3 (w/w) (A), 1:32.3
(w/w) (B), 1:15.1 (w/w) (C). Scale bars are 1.

drug:carrier ratio after storage with both mannitol and to 1:58.5 (dose 2pg) (Figs. 5 and & The RF%
glucose used as the carrier. values of salbutamol sulphate particles initially in-

The effects of the drug:carrier ratio on pulmonary creased and the MMAD values decreased with the in-
deposition of salbutamol sulphate were evaluated us- crease in the drug:carrier ratidgble 3. This trend
ing mannitol and glucose as carriers. The ratio of the was not obvious after the storage of the formulations
drug to the carrier varied from 1:296.6 (dose. (Table 3.
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(B)

(B)

Fig. 6. Scanning electron micrographs of formulation before stor-

Fig. 5. Scanning electron micrographs of formulation before stor- age when the salbutamol sulphate:glucose ratio was 1:296.6 (w/w)
age when the salbutamol sulphate:mannitol ratio was 1:296.6 (w/w) (A) and 1:58.5 (wiw) (B). Scale bars are 100

(A) and 1:58.5 (w/w) (B). Scale bars are 1,060.

drug from the carrier does not occur efficiently when
Tables 2 and 3show that the increase in the the amount of the drug is low in the mixture, since
drug:carrier ratio either increased or did not affect the the drug particles initially occupy the high energy
RF% values of the drug. The increases in the RF% adhesion sites on the carrier patrticles, as described
values with increases in the drug:carrier ratio may be by Staniforth (1996) As a result, the fraction of ir-
accounted for by the fact that the detachment of the reversible bonds between the drug particles and the
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carrier particles becomes higher when the drug con- dation, Foundation for Finnish Inventions and The

centration is low. At higher drug doses, more drug Finnish Cultural Foundation of Northern Savo. The

particles may be adhering to sites with less strong authors thank Ms. Hanne Kumpulainen and Mr. Pentti

binding affinities on the surface of carrieFigs. 3—6. Tikka for their skilful technical assistance.

However, the effect of the drug:carrier ratio on the
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