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Effect of carrier size and surface morphology on the aerosolization
of formulation in a capsule-based dry powder inhaler
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Abstract: The size and surface morphology of carrier lactose had influence on the aerosolization performance
of dry powder inhalers. In this article, chlorpheniramine maleate was blended with two types of commercial carrier
lactose, which were Lactohale 100® and Respitose SV003® (SV003), as formulation model. In vitro experiments
were conducted using fast screening impactor at 30 L-min" and 60 L-min™ respectively. Meanwhile, computational
fluid dynamics (CFD) coupling with discrete element modelling (DEM) was applied to discuss the movements of
those two carrier particles in Handihaler® at the flow rate mentioned above. The dispersion characteristics of two
formulations and the dispersion mechanism of Handihaler® were analyzed by establishing the relationship between
in vitro experiments and numerical simulation. The results of in vitro experiments and CFD-DEM demonstrated
that the aerosolization performance of formulation with SV003 was better. The linear correlation (R* = 0.940 1)
between fine particle dose and total energy loss by carrier collision within the wall of device was found by comparing
the in vitro experimental results with CFD-DEM results. It revealed that particle-wall collision in Handihaler® had
direct impact on the dispersion results of formulation.
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Figure 1 Schematic view of the flowfield of Handihaler®
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Table 1 The properties of carrier particles in discrete element

modelling (DEM) simulation

Variable Value
Density /kg-m? 1520
Diameter /um 60, 135
Poisson's ratio 0.3
Youngs modulus /GPa 3.45x10°
Friction coefficient 0.3
Rolling friction coefficient 0.01
Restitution coefficient 0.85
Surface energy /J-m 0.05

i T H B0 32 6T 0 AL BT & T HE 71, DEM
W TC VAL B S R ORI B 1E O, TR
Ik SR £ R 1 BB B0 IE, A PR A 1 RORL R AR
BRI BRI . MRk R K T HME )5, DEM )
TH 25 AN 1 o5 U 50 1 AR AT AR Ak, B 7T A
vt B g5 O ORI AN U Ak, AR A S5 i A
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AR SIURE P 50 22 S 1) A, X D A 56 SCHRIS Y, o LA —
IKE W B S B AR 152011 540 kg m?. B K
HE A ) 2 ST EAS U, Al RS 2 R R A LBE R =
T ECE ELZ) )9 1 (LH100): 10 (SV003). 2 HI 58 LL i
FLAELTE H 1714k 1R~ 350 3 BE R U PR B0 UE T A, 1 %
WUk & 100.200.250.500. 1 0005 000 A1 10 000
i AT R R U ME SRR . R 2 FToR, 6T 60 F1
135 wm [ 0K 23 5135 4 10 000 1 1 000 (1) 0k £ & it
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Table 2 Sensitivity analysis of different particle number. ¢ Particle sized of 60 pum; ® Particle sized of 135 um

Particle number 100 200 250 500 1000 5000 10 000
Average particle velocity?/m-s™! 23.37 23.01 22.98 22.69 22.63 22.82 22.85
Average particle velocity®/m s 14.83 14.88 14.83 14.53 14.88 14.55 14.54
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ANOVA BT 70 #T, P<0.05 N 2E 7 R A G %8 X, P<
0.01 % TG 5

R
1 {RohsEEg

AR T H CMAE S HUTR G R 2. TEH
Y R, SV003 4k 75 i FPD {4 & T LH100 &b 77, {5
PRI TG B 2 5 . X1 SV003 AL 77, il 4 AT A
30 L-min" 48 4 60 L-min"', FPD {8 & % LTI (P<0.05);
1M LH100 &b 75 (1) FPD & B 48 B 0 3 389 m B4 B 48
SR A b 2 3 2= 5 (P=0.052 1) LH100
AR AL T7 T CM TE TIUZ B 38 9 5k B B, BE A U IE A
30 L-min" 454 60 L-min"', HEL T &M R % (P<0.01);
1M SV003 Z A4 &b 77 Hh CM 76 T 43 125 45 4 5% B o=, Bl
RS A R AR A . 25 SRR, LH100 344
A 75 1 43 HLEs R SR AR IR AR . SV003 4k 77 1)
PRAN TR IAE P AP AL A T LH100 AL 77 .

509 =3 $V003-30 L-min’ REE Rl LU
IS SV003-60 L-min ' ! \‘5
£ 40 [ LH100-30 L-min’! ' ! ‘g
L}

2 SSI LH100-60 L'min’! * ' 14210 &
=] ' ' ¢
3 ' 1 o}
2 30+ ' ' a
Q ' N -
5 ' 1 =
< ' 1180 3
' Il =
= [ 1 7
O 204 ' H g,
hc ' 1 5}
> ' H 3
§ ‘ 503
7 : o
' 1 @
] 1 g

' [
0 L 120 =

Device Capsule Fine particle dose Pre-separator

Figure 2 Mass deposition of chloropheniramine maleate (CM)
formulated with two different carrier particles in each stage
following aerosolization from the Handihaler® at 30 L-min"' and

60 L-min"' respectively. n = 3, "P<0.05, " P<0.01

2 FEBRER

PR B A RO ) 2R TR 35 L 3. LH100 34 %
T E SV003 B2 iyt i 7%, SV003 2k 474 3 [ 5 kLR
PR FH DG SCEREAHR A, 075 70 B o FLBE — K & P TR
AR FER ., AL, LH100 FECIR 5 JU 3, 745 < bk
A,

EHT= 3.00kV

GEMINI 300 WD = 8.3 mm

Mag= 1.00KX 10um ZEISS,
Signal A= SE2 A

EHT= 3.00kV
WD= 8.3mm

Mag= 1.00KX 10um ZEISS
GEMINI 300 Signal A= SE2 — =

Scanning electron micrographs of LH100 (A) and

Figure 3
SV003 (B). Scale bars 10 um; magnification x1000
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Table 3 DEM statistical data of average collision energy loss and
relative velocity of carrier particle. The relative velocity refers to

the relative velocity between air and particle

SV003 LH100
Average

Flow rate Average Average Average

/L-min’! relative collision relative collision

velocity/m-s?  energy loss/J  velocity/m-s”  energy loss/J
30 11.09 3.23x107° 14.02 1.63x10*
60 22.59 9.34x10” 24.04 5.24x10%

AR08 795 o 8 SR ) 2 S 0 L L 4 T R 1 B
TET P 8 VK% R A5 5 SR (1) 4), 45 S5 3 T id
(K W FTAS R . 26 AR [0 R, SV003 Uk B 53¢
BB T [0 RE 1 A R B Ok A AN T LH100 Bk B . i
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Figure 4 Total number and energy loss by the carrier collision
with respect of the location in Handihaler®. The carrier collision
with capsule shell is not included in statistical data analysis of
DEM
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Figure 5 Comparison between the results of in-vitro experiments and simulation under four conditions
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Figure7 Carrier particles with three different surface morphologies
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