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Abstract: The objective of the study was to investigate the effects of nebulizers and add-on spacers on
nebulization performances of Re-Du-Ning injection. Chlorogenic acid and geniposide were taken as the chemical
markers of the injection. In vitro nebulization performances including real-time particle size distribution,
aerodynamic particle size distribution (APSD), respirable drug delivery rate (RDDR) and percentage of respirable
delivered dose (RDD%), residual rate and nebulization time were determined after nebulization of Re-Du-Ning
injection via jet or mesh nebulizers. The delivery efficiency was the ratio of delivery dose to the drug content of
the injection. The aerosol delivery efficiency of Re-Du-Ning injection for the jet nebulizer was about 30% of the
nominal dose whereas those for mesh nebulizers varied from 24% to 35% in adult breathing pattern. Upon the
inclusion of spacers, the delivery efficiencies of mesh nebulizers increased to 37%-68% whereas the presence of
a spacer decreased the delivery efficiency of the jet nebulizer. When the aerosols of mesh nebulizer exhibited
comparative fine particle fraction (FPF) and mass median aerodynamic diameter (MMAD) to those of the jet
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nebulizer, the RDD% of the former nebulizer with a spacer was more than two folds of the latter. These results
indicated that the addition of spacer was demonstrated to significantly improve the delivery efficiency of Re-Du-

Ning injection by mesh nebulizers.

Key words: Re-Du-Ning injection; nebulizer; inhalation spacer; aerodynamic particle size distribution; delivery

efficiency
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Figure 1  Four different nebulizers and two spacers. A: Jet nebu-
lizer; B, C, D: Mesh nebulizers; a: Metered-dose inhaler (MDI)
spacer; b: Spacer matched with nebulizer B
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Figure 2 Dynamic changes in droplet size and concentration over
time following the nebulization of Re-Du-Ning injection via the
mesh nebulizer D as measured with a Spraytec laser diffractometer.
DX g DX sy @nd DX, are the corresponding particle sizes when
the cumulative particle size distribution percentage of the sample

reaches 90%, 50% and 10%, respectively

Table 1  The droplet size distribution of the nebulizer generated
aerosols after nebulization of Re-Du-Ning injection via different
nebulizers and spacers. n = 3, x +'s. ‘P < 0.05, “P < 0.01 vs group
without spacer

Type of nebulizer DX /M DX . /um DX, /um
A Without spacer 7.53+0.32 2.98+0.10 1.08 £ 0.02
With spacer 6.82+0.37 2.05+0.127 0.82+0.07"
B Without spacer 10.04 £0.52  3.63+0.24 1.19+0.10
With spacer 12.27+0.177 5.10+0.07" 1.72+0.05”
C Without spacer 8.80+0.34  3.74+0.42 1.49+0.14
With spacer 12.02+0.14” 522+0.14" 1.78+0.06"
D Without spacer 6.34+0.03  3.08 £0.03 1.44 £0.02
With spacer 560+0.57 233+0.27" 1.05+0.127
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Table 2
FPF: Fine particle fraction, MMAD: Mass median aerodynamic
diameter; GSD: Geometric standard deviation. "P < 0.05, “P < 0.01

NGI results of four different nebulizers. n = 3, x # s.

Vs group without spacer

Type of nebulizer FPF/% MMAD/um GSD
Measured by chlorogenic acid
A Without spacer  75.46 £2.89  3.07+0.17 2.05+0.03
With spacer 82.97+072° 245+021° 213+0.18
B Withoutspacer 54.12+1.96 454+0.21 254+0.08
With spacer 53.00+150 4.68+0.16 2.46+0.06
C Withoutspacer 48.83+354 513+031 1.83+0.07
With spacer 38.32+0.967 6.08+0.06" 1.91+0.02
D Withoutspacer 81.26+0.79 3.03+0.06 1.76+0.01
With spacer 76.84+0.877 3.09+0.02 1.96+0.05"
Measured by geniposide
A Without spacer 7542+293 3.06+0.17 2.05%0.03
With spacer 83.82+1.08" 2.32+0.15" 2.19+0.16
B Without spacer 54.63+1.99 450+0.19 2.54+0.06
With spacer 5438+176 453+0.20 2.49+0.04
C Withoutspacer 51.53+156 4.89+0.11 1.86+0.05
With spacer 38.99+0.777 6.06+0.08" 1.92+0.02
D Without spacer 81.57+0.70 3.00+0.06 1.77+0.01
With spacer 76.92+1.36" 3.08+0.07 1.97+0.03"
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Figure 3 Aerodynamic particle size distribution of nebulizer generated aerosols of Re-Du-Ning injection assessed by next generation phar-

maceutical impactor (NGI) testing based on the determination of chlorogenic acid (a) and geniposide (b). n = 3, x + s. MOC: Micro-orifice

collector
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Table 3 Determination results of delivery rate and delivery efficiency of Re-Du-Ning injection. n = 3, x +s. "P < 0.05, “P < 0.01 vs group

without spacer

Type of nebulizer Delivery rate /ug-min™

Delivery efficiency/%

Nebulization time/min Residual rate/%

Measured by chlorogenic acid

A Without spacer 65.03 +4.32
With spacer 25.11+7.07"
B Without spacer 87.01 +10.49
With spacer 177.75+18.09"
C Without spacer 69.34 +9.12
With spacer 76.20 + 18.44
D Without spacer 62.40 £ 10.10
With spacer 112.94 +8.79™
Measured by geniposide
A Without spacer 62.60 + 6.00
With spacer 24.92 +6.51"
B Without spacer 83.58 £ 9.59
With spacer 164.05+14.70"
C Without spacer 63.40 + 8.26
With spacer 68.39 +16.21
D Without spacer 58.20 + 8.94
With spacer 105.29 +7.80"

30.61 +0.48 7.75+0.18 21.66 + 0.65
16.96 + 1.69™ 12.42 £2.31 32.37 +2.88
23.77 £1.80 5.86 + 0.45 3.76 +0.14
43.41+1.227 4.39+0.08 3.98+0.40
28.44 +1.99 8.89 +0.55 2.36+0.88
36.98 + 4.78" 8.03+0.17 2.12+0.80
35.16 + 1.03 11.08 + 0.58 3.99 + 3,57
68.61 +10.46™ 10.67 +0.36 2.00+1.22
31.81 +0.89 7.75+0.18 21.66 + 0.65
18.38 + 1.81" 12.42 +2.31 32.37+2.88
23.34+1.42 5.86 + 0.45 3.76 +0.14
4229 #1.75" 4.39 +0.08 3.98 +0.40
27.22+1.71 8.89 + 0.55 2.36+0.88
34.49 + 4.49 8.03+0.17 2.12+0.80
33.97 £0.85 11.08 +0.58 3.99 +3.57
66.28 +10.61" 10.67+0.36 2.00+1.22

50 pg-min™ fil 12.9%~28.6% (V4L R H). 525 %
A5 A7 AR LE, TR FL 25 10 35 IF AR fig o 35 £ = A0 1
fe (Kl 4).
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Figure 4 Results of respirable drug delivery rate (RDDR) and percentage of respirable delivered dose (RDD%). a: RDDR calculated by

chlorogenic acid; b: RDD% calculated by chlorogenic acid; c: RDDR calculated by geniposide; d: RDD% calculated by geniposide. The

bars filled with pure colors are groups without spacers while the bars filled with forward slash represent groups with spacers. n = 3, X £ s.

“P < 0.05, P < 0.01 vs group without spacer
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