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[Abstract] Objective To study the pharmacodynamics and pharmacokinetics of inhaled dry powder of nanoparticles-in-
microparticles system (NiMS) loaded with wheat germ agglutinin ( WGA)-anchored salmeterol xinafoate (SalX) in mice.
Methods The asthma model was established by subcutaneous and intraperitoneal injection of ovalbumin (OVA) in mice. WGA-
SalX-NiMS powder was delivered to mice through airway dry powder inhalation. Reference method was applied in this study.
The lung tissue and airway inflammation were examined, and the pharmacokinetics of SalX in the plasma and lung tissue of mice
were studied after the administration of WGA-SalX-NiMS. The concentration-time data was analyzed using Sigma State
statistical package. Results Compared with the model group., the counts of white cells, eosinophils, lymphocytes and
macrophages in the bronchoalveolar lavage fluid (BALF) of mice in SalX-NiMS group and WGA-SalX-NiMS group showed a
descending trend. The BALF counts of lymphocytes and macrophages in WGA-SalX-NiMS group were significantly less than
those in SalX-NiMS group (P<C0. 05). The plasma pharmacokinetics parameters of mice were as follows: ty. 1. 500 h, C,.,
57.366 mg/L, tiz 69.315 hy AUC,... 2 427.205 mg « L™" « h, MRT,.. 55. 294 h for SalX-NiMS; t,. 1. 000 h, C,. 62. 581
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mg/L, ti2 69. 315 hy AUC,.. 4 071. 838 mg » L™" « h, MRTo.. 75. 094 h for WGA-SalX-NiMS. The pharmacokinetics

parameters of lung tissue of mice were as follows: tmw 0. 083 hy Cuux 0. 497 pg/mg, tizp 11.231 h, AUC,.. 3. 936 pg * mg ' .
h, MRT,.. 13. 854 h for SalX-NiMS; tuu 0. 083 hs Cuux 0. 796 pg/mg, ti2 27.294 h, AUC,.. 5.578 pg + mg '+ h, MRT,..
26.330 h for WGA-SalX-NiMS. The drug concentrations of WGA-SalX-NiMS in both plasma and lung tissue were significantly
higher than those of SalX-NiMS (P <C0. 05). Conclusion The drug release rate of SalX-NiMS is promoted and the drug
concentrations in the plasma and lung tissue are increased after the modification with WGA, which contributes to the control and

improvement of the airway inflammation during asthmatic attack.
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Fig 1 Effects of NiMS dry powder inhalation
on airway inflammation of mice
SalX: Salmeterol xinafoate; NiMS: Nanoparticles-in-microp-
articles system; WGA: Wheat germ agglutinin. ** P<Z0. 05
vs blank group; “P<C0. 05 vs model group; 4 P<C0.05 vs
SalX-NiMS group; n=9, r*s
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Fig 2 Effects of NiMS dry powder inhalation on inflammatory cell infiltration of lung tissue of mice (H-E staining)

NiMS: Nanoparticles-in-microparticles system; SalX: Salmeterol xinafoate; WGA: Wheat germ agglutinin. A: Blank group; B:

Model group; C: Blank adjuvant material group; D: SalX-NiMS group; E: WGA-SalX-NiMS group. Original magnification: X400
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Fig 3 Concentration-time curves of plasma (A) and lung tissue (B) after NiMS dry powder inhalation

SalX; Salmeterol xinafoate; NiMS: Nanoparticles-in-microparticles system; WGA: Wheat germ agglutinin. n=5, r=*s
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Tab 1 Pharmacokinetic parameters of plasma and lung tissue after NiMS dry powder inhalation

Group « 8 /e AUC, . o Con le/ThO
Plasma
SalX-NiMS 0.643 0.007 69. 315 2427.205 mg+ L' «h 1. 500 57.366 mg e+ L~} 55.294
WGA-SalX-NiMS 0.093 0.014 69. 315 4071.838 mg+ L' «h 1. 000 62.581 mg+ L' 75.094
Lung tissue
SalX-NiMS 2.039 0.062 11. 231 3.936 pg+ mg~' + h 0.083 0.497 pg + mg~" 13. 854
WGA-SalX-NiMS 4,173 0.025 27.294 5.578 pg+ mg '+ h 0.083 0.796 pg + mg ! 26.330

SalX; Salmeterol xinafoate; NiMS: Nanoparticles-in-microparticles system; WGA: Wheat germ agglutinin

3 %W it

PR 2 R ) WE 5T 45 B E 92, WGA &1 5 1)
SalX-NiMS 4B 25 4 W i 19 W fi % 47 00 7298

PRSI, 2ok B0 B B il 41 40 N- 2 T G A R e
(NAG) ¥ JE #& &0, Wt WGA & i J5 1)
SalX-NiMSZ4¥) 7 T B 24, Jili 58 A7 78 43 19 6 4l il %
W, 25 AR ZS Ty e 4 itk AT 3R . WGA-SalX-NiMS



« 1224 «

W EBERFEFR 201348 11 A VB 34

T /I BRI 2 0 i 28 20 v £ i 2 R R 2 0 v TR 4
B 13 3 SalX-NiMS, X FZ & T WGA-SalX-
NiIMS # 3| 1 NAG J5 & 25 3 B2 finple, 5t i 24 9k )32
B, U WGA B4 J5 1Y SalX-NiMS B A F] T £
A I Wi AR B RRE 1 45 1 5 3

T WGA-SalX-NiMS 8 W A 25 508 8. 3%
B JE R A LR LA . WGA-SalX-NiMS 1 #3 %
AFIH B R 70% L B BT SalX KiE
PEA 2% 7R I A AT I 9 09 SE At L FR AT IR BRI 24
YWSFB RN 1 6, X BT T WGA-SalX-
NiMS 5 W A7 48 25 2 A X IR (9 7.6 %0)
I Al 5 A ol P R K 3 A A 25 kL B ok
M2 S 8UNR e, BB AT R BEE K
s WGA-SalX-NiMS T # W A 51 v fir i FH ) SalX
JEOREZG 8 N T4 B I ELRCE A A T BE S B &
RN A, TR 2 T e & m SalX
2R R 5 S I3 FH R AT Sl S /N B /DN BRI 7
Z e A B, a3 AT R — 2P X WGA-SalX-
NiMS 83 WA 78 38K 8l 9 1k D 1) 245 3002 F 2 B
#RIFESE

4 FEEHR
JIr A VR P AR SO 88 BAE AT R 45 0 5
[Z % x #k]

[1] Bateman E D, Kornmann O, Schmidt P, Pivovarova A,
Engel M, Fabbri L. M. Tiotropium is noninferior to sal-
meterol in maintaining improved lung function in B16-
Arg/Arg patients with asthma[J]. ] Allergy Clin Im-
munol,2011,128.:315-322.

[2] Vogelmeier C,Hederer B,Glaab T,Schmidt H,Rutten-
van Molken M P, Bebe K F, et al. Tiotropium versus
salmeterol for the prevention of exacerbations of COPD
[J]. N Engl J Med,2011,364:1093-1103.

[3] Korn S,Kerwin E, Atis S, Amos C,Owen R, Lassen C,
et al. Indacaterol once-daily provides superior efficacy

to salmeterol twice-daily in COPD: a 12-week study

[4]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[J7. Respir Med,2011,105:719-726.
Li F Q,Ji R R,Chen X,You BM,Pan Y H,SuJ C. Ce-
tirizine dihydrochloride loaded microparticles design u-
sing ionotropic cross-linked chitosan nanoparticles by
spray-drying method[J]. Arch Pharm Res, 2010, 33:
1967-1973.
LiF Q,Yan C,Bi J,Lv W L,Ji R R,Chen X,et al. A
novel spray-dried nanoparticles-in-microparticles sys-
tem for formulating scopolamine hydrobromide into o-
rally disintegrating tablets [J]. Int J Nanomedicine,
2011,6.:897-904.
Li F Q,Fei Y B,Chen X,Qin X J,LiuJ Y,Zhu Q G,et
al. Anchoring of ulex europaeus agglutinin to chitosan
nanoparticles-in-microparticles and their in vitro bind-
ing activity to bovine submaxillary gland mucin[ ] ].
Chem Pharm Bull,2009,57:1045-1049.
BV OIR AL 2R, Z IR BEAE R e R
Rk RS N-ZBEH A s S E LT 25272
#i2,2012,47.131-134.
2 R L AR A BT 2R R K PR E SRR T
FREL Y KRBk R e BRI (] 25 2% IR 55 5 B
5¢.2013,13:115-118.
Li H,Dong W F,ZhouJ Y,Xu X M, Li F Q. Triggering
effect of N-acetylglucosamine on retarded drug release
from a lectin-anchored chitosan nanoparticles-in-micro-
particles system[ ] ]. Int J Pharm,2013,449:37-43.
Lehr C M. Lectin-mediated drug delivery: the second
generation of bioadhesives[]]. J Contr Rel, 2000, 65
19-29.
Smolensky M H,Peppas N A. Chronobiology,drug de-
livery,and chronotherapeutics[J]. Adv Drug Deliv Rev,
2007,59:828-851.
Sharma A, Sharma S, Khuller G K. Lectin-functional-
ized poly (lactide-co-glycolide) nanoparticles as oral/
aerosolized antitubercular drug carriers for treatment of
tuberculosis [ J]. J Antimicrob Chemother, 2004, 54
761-766.

[(AxHiE] 7+ X



