oK 7 75 Xt &E & RN\ ST 7 P S AE A AR S U AR B9 %2 M

FReR, BT, BRATT (1 i TR 5 TR, 1 200093 ; 2. UM IGERI AR L B 3111215 3. L 124
5] AIRAF, 1 201206)

WE.HE # 2K3) Zvi3leg LA F LK 3 & BN A E A (pressurized metered dose inhalers, pMDIs) 3 7 4F AE & AR 5] iR A7
Hem, FTik VAW AE Y T ReEE pMDIs ABER 25 KA 5 A RO8 E M F ik PR R B ILE LR & T A et &
S VHHEERZAI AN FRES A, R EREBFHBILREFHAERRBANLG KR ERBER ), ik E R
RRAT R AR E R FEL LR R EAMK, L ERAA RN FEL(P<0.05) . 3§ KIUE L BART R ot 1), e b 7 iR
FE B Ao B AR SRR AL A AR . BIE RER IR B ILA KA pMDIs 49 1R A B R IR kA AR
REGEEAFRERE, FRBEINRGYRBRARGXERETBEG T, ZFEEAFER AL ERHBZLAH, RGHH
EEE BB IR LK AER AN FERIF REN S
doi: 10. 11669/cpj. 2022.19.009  FRE4 S R4 THRAREHD:A

N

N

XEHS 1001 —-2494(2022)19 - 1651 -09

Effect of Actuator on Spray Plume Characteristics and in Vitro Deposition of Pressurized Metered Dose

Inhalers

YIN Xiao—qingl , CHEN Lan'? , SHAO Qi3 * (1. School of Health Science and Engineering, University of Shanghai for Science
and Technology ,Shanghai 200093, China; 2. Hangzhou Chance Pharmaceuticals Co. , Ltd. , Hangzhou 311121, China; 3. Shanghai
Sine Pharmaceutical Lab. Co. , Lid. , Shanghai 201206, China)

ABSTRACT :OBJECTIVE To investigate the effect of actuator orifice diameter and orifice length on spray plume characteristics and
the in vitro deposition of pressurized metered dose inhalers. METHODS  Salbutamol sulphate inhalationaerosol was selected as the
model drug. The two-factors and three-levels analysis of variance, and response surface analysis are adopted to analyze the plume ge-
ometry, speed and aerodynamic particle size distribution. RESULTS When the orifice length increased , the spray angle and key qual-
ity attributes associated with deposition decreased, however delivery rate, spray speed and the ratio of drug deposited at the throat de-
vice increased significantly( P <0.05). When the orifice diameter increased, the spray speed and the ratio of drug deposited at the
throat device increased, but particle distribution parameters reduced. CONCLUSION  The change of spray angle, spray speed and
plume time caused by the alteration of orifice diameter and orifice length will lead to the change of aerodynamic particle size distribu-
tion. It is recommended that actuator parameters should been given priority in order to improve product screening efficiency.

KEY WORDS : actuator; orifice diameter; orifice length; aerosol; APSD; plume geometry
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Fig. 1 Computed tomography( CT) image of sump and nozzle of

the actuator

A - actuator structure; B —section view of sump and orifice; C — three dimensional

plot of sump and orifice
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Tab.1 Dimensions of actuator

Actuator Orifice diameter/mm Orifice length/mm

Ao.3/0.5 0.3 0.5
Ao.3/1.0 0.3 1.0
Ao.3/1s 0.3 1.5
Ao.4/0.5 0.4 0.5
Ao.as1.0 0.4 1.0
Ao.a/1s 0.4 1.5
Ao.5/0.5 0.5 0.5
Ao.s/1.0 0.5 1.0
Ao.s/1s 0.5 1.5
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Fig.2 PG profile schematic illustration of pMDlIs aerosol
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Fig.3  Effect of orifice diameter and orifice length on spray
speed. n =3

A - effect of orifice length on spray speed; B — effect of orifice diameter on spray

speed

R2 pMDIs W\ A E RF LR ERIMER. n=9,x x5
Tab.2 Angle data and plume duration of pMDIs. n =9 ,x £

Actuator Angle/° Plume time/ms
Ao.300.5 32.23+1.84 207.27 +13.75
Ao.3/1.0 27.74 £0.96 280. 56 +13.05
Ao.3/1s 22.67 £1.99 339.31 £16.26
Ao.4/0.5 33.52+0.79 196. 04 +23. 07
Ao 410 26.94 +0. 42 198. 15 +11. 02
Aog.as1s 24.11 £0.93 200. 60 +7.94

Ao.s00.5 31.99 £1.95 127. 66 + 10. 15
Ao.s/1.0 27.57 0. 81 135.37 +8. 89

Ao.s/is 23.39 +0. 63 194. 82 +13.05

FRARMRAS (stage O ~ stage 7 (fajFX SO ~ S7) & J2 4L,
Filter |2 F 1253 & 50 mL &3, {fi ] HPLC 1] &
BRI T el o i AR R
%% OK B #7 UL FL & (actuator deposition dose,
ADD) M4 T (throat deposition dose, TDD ) | Ifi
& Ut 1 & ( throat deposition efficiency, TDE ) .
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Effect of orifice diameter and orifice length on spray
angle
A — effect of orifice length on spray angle; B — effect of orifice diameter on spray

angle
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TERME 3K

®3 pMDIs iy & & ADD # X R HLER. n=3,xxs
Tab.3 Total amount of drug per spray, ADD and delivery rate
data of pMDIs. n=3,x £s

Actuator Total amount of drug ADD Delivery rate
per spray/pg /g /%
Ag.3/0.5 84.45 +4.22 15.53 +1.39 81.61 +1.26
Ao.3/1.0 93.56 +4.08 10. 08 +0.75 89.23 +0. 46
Ao.3/1s 83.29 +5.87 7.09 +0.74 91.50 0. 31
Ao 4005 89.21 £1.76 16.99 +0. 21 80.95 +0. 49
Ao 41,0 87.23 +1.45 10. 14 +0.95 88.38 +0.91
Ao.as1.s 83.53 +1.50 7.52 £0.51 90.99 +0.75
Ao.s500.5 83.70 +5. 89 12.25 1. 14 85.38 +0.33
Ao s/1.0 80.78 +1.43 12.09 +0. 14 85.03 +0. 18
Aos/is 90. 45 6. 89 7.08 £0. 60 92.17 +0. 31
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Fig.5 Effect of orifice length on ADD under different orifice

diameter
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Fig. 6 Effect of orifice length on delivery rate under different

orifice diameter
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)

Orifice diameter/mm

Orifice length=1.0 mm

-53.55x+59.22 R*=0.999 3

Orifice diameter/mm

> length=1.5 mm
63.13 R=989 8

Orifice diameter/mm

B9 JLExt FPF %
Fig.9 Effect of orifice diameter on FPF

2.4.2 FOHRENT ol oAl UK B, B
AR FLAR AN LAR 3y 22 08 il 750 8 3R Bl e AN [l H02
ATTRCR ™ A MR o A DR 3o A ) Ak L, £

ett-Burman 5Z 56 5%

FH Design-Expert {77 ff) Plack

Chin Pharm J, 2022 October, Vol. 57 No. 19



fitting line

Orifice diameter=0.3 mm

y=-10.27x+56.65 R*=0.780 6

1.0
Orifice length/mm
Orifice diameter=0.4 mm
y=-14.22x+54.91 R*=0.879 0

Orifice length/mm

Orifice diameter=0.5 mm

y=-11.74x+45.89 R*=0.946 0

1.0

Orifice length/mm

10 FLKxf FPF &9 % v
Fig. 10 Effect of orifice length on FPF
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Fig. 12  Effect of orifice length on FPD
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Tab.4 Factors and levels used in design

Factors
Levels
Orifice diameter(x;)/mm Orifice length(x,)/mm
-1 0.3 0.5
0 0.4 1.0
1 0.5 1.5
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Tab.5 Experimental arrangement and results

No. X Xy TDE/ % FPF/ % FPD/ g
1 0.3 0.5 40. 36 49.13 34.91
2 0.4 0.5 45.29 47.42 34.92
3 0.5 0.5 49. 36 40.92 27.49
4 0.3 1.0 49.79 41.43 32.93
5 0.4 1.0 59. 83 31.45 27.30
6 0.5 1.0 60. 47 31.98 22.45
7 0.3 1.5 49.50 40.78 29.29
8 0.4 1.5 57.82 34. 66 26.93
9 0.5 1.5 61.27 30.07 23.61
10 0.4 1.0 53.60 39.33 30. 18
11 0.4 1.0 57.25 32.46 25.79
12 0.4 1.0 51.38 40. 63 31.59
13 0.4 1.0 58.27 32.94 25.30

RO MRIEEF MR )G oy 7R
Tab.6 Optimized fitting equation after optimizing the model

according to the significance results

Response Fitting equation R? Standard deviation
TDE  TDE =2.85 +52. 4x; +52. 8x, —20. 8x 0.887 6 2.49
FPF  FPF =67.5 -47.27x; - 10. 66x, 0.663 6 3.93
FPD  FPD =50.22 -39.31x,; -5.83x, 0.727 4 2.32

40

5
? 30

25

20

L5 03
13 0.35

1.1 I / .
0.9 Crifice diameter/mm 04 0.9

045 7 Orifice length/mm

Fig. 14 Effect of orifice diameter and orifice length on TDE, FPF and FPD
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Fig. 15 Schematic illustration of orifice and spray ( Size ; orifice
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Fig. 16 Schematic diagram of the speed of particles on the up-

per and lower boundary of spray
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Fig. 17 Schematic diagram of the friction force on particles in

the spray
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