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Preparation of apigenin f-cyclodextrin inclusion complexe DPPC
liposomal dry powder inhalers and the effect on acute severe pneumonia
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(Department of Pharmacy, Yangpu Hospital, Tongji University School of Medicine, Shanghai 200090, China)

Abstract: To identify a new treatment strategy for acute severe pneumonia and solve the bioavailability of
apigenin in formulation, the research utilized dipalmitoylphosphatidylcholine (DPPC), as well as 2-hydroxypropyl-
p-cyclodextrin as respiratory carriers, to develop the apigenin S-cyclodextrin inclusion complexe DPPC liposomal
dry powder inhalers (ACDLDPIs). The ACDLDPIs were prepared by grinding, film-dispersion and freeze drying.
The formulation was optimized by orthogonal design, and its particle size, entrapment efficiency, electric potential,
in vitro release and lung deposition were studied. Lipopolysaccharide (LPS)-induced rat acute lung injury model
was used to evaluate acute severe pneumonia in vivo. The optimal formulation for apigenin cyclodextrin inclusion
was obtained with the mole ratio of apigenin/cyclodextrin as (2: 1), concentration of cyclodextrin as 20% and

grinding time as 90 min. The optimized prescription of the ACDLDPIs was apigenin inclusion complex/DPPC
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(1:2), 15 min hydration time and the mass ratio of mannitol/DPPC (1:1). Its encapsulation efficiency was (71.46 +
3.18)%, and the drug loading was (8.36 + 0.42)%. The particle size was 198.6 + 4.4 nm (before rehydration) and
221.6 = 5.5 nm (after rehydration). The zeta potential was 15.3 £ 2.1 mV. The aerodynamic particle size was 4.28 +

0.77 um. The pulmonary deposition rate (FPF) was 43.02%. The experiment was approved by the Experimental
Animal Ethics Committee of Tongji University Affiliated Yangpu Hospital (No: LL-2023-ZRKX-002). The

pharmacodynamic evaluation of acute severe pneumonia was evaluated in vivo. ACDLDPIs group had better

therapeutic effect than apigenin group. The ACDLDPIs had suitable particle size, uniform distribution, good

stability, high lung deposition rate and good therapeutic effect on acute severe pneumonia in vivo. The ACDLDPIs

are promising medicines for the treatment of acute severe pneumonia.
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(L1713050, iR i T AR I B IR A 7)), H 8%
fi (CM28132630) JH[H liE (CC28143003) (Jb 3 ik K
B AT BR 22 7]); DPPC (850355P-A-321, £ [H Avanti 2>
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Fi+F 535 K GraphPad Prism 8 B4 #1748
AT I RYE LA £ bREE RN . R R
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WIS RB AV T2 & 1) AT ZSH (£2).
5 D20 A3 R A S 7 N A > B > C, & R R i
7K A B,C,, BIZ54) 5 FRRRS (1 BE JR EE 20 1 3R M
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Table 1 The design of orthogonall experiment and entrapment
efficiency
Molar Cyclodextrin Grinding
. . . Entrapment
Number ratio concentration time .
efficiency/%
(GY) (B) ©
1 2:1 5% 30 min 65.75
2 201 10% 60 min 74.49
3 2:1 20% 90 min 89.56
4 11 5% 90 min 35.12
5 111 10% 30 min 58.64
6 1:1 20% 60 min 74.14
7 1:2 5% 60 min 49.85
8 1:2 10% 90 min 57.24
9 1:2 20% 30 min 46.04
K, 78.047 50.240 65.710
K, 55.967 63.457 51.883
K, 51.043 71.360 67.463
R 27.004 21.120 15.580
Table 2 Analysis results of variance
Sum of .
Degrees of . F-critical . .
Factor squares of F-ratio Significance
. freedom value
deviations
A 1 240.946 2 9.411 19 -
B 683.197 2 5.181 19 -
C 436.987 2 3.314 19 -
Error 131.86 2
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Figure 1 The X-ray diffraction of apigenin S-cyclodextrin inclu-
sion complexe. A: Apigenin; B: 2-Hydroxypropyl-f-cyclodextrin;
C: Mixture of apigenin and 2-hydroxypropyl- f -cyclodextrin; D:

Apigenin 2-hydroxypropyl-f-cyclodextrin inclusion complex

4 FREBEYDPPC A BRIAT IR 75 7k
i e A [5] Jot & e R -S4 - DPPC (1:1.1:2,
1:3) [/ 3K 35 ¥ DPPC JIf i K IR\ ¥4k T, 38
LA B RN B 24 B LR BT (R 3), BT R
£, & ¥ 5 DPPC Ji & L 1:2, 5 51 8 W\ 77 8 1
a7
Table 3  Prescription screening of ACDLDPIs. DPPC: Dipalmi-
toylphosphatidylcholine; ACDLDPIs: Apigenin f -cyclodextrin

inclusion complexe DPPC liposomal dry powder inhalers

Ratio of mass Flowability

(apigenin inclusion Appearance of sample (angle of loiiri?li/%
complex/DPPC) repose)/°
1:1 White, sparse atrophy >37.0 13.71£0.63
1:2 White, full <37.0 8.36 +0.42
1:3 White, full <37.0 6.12+0.31

5 FRZEGAEYIDPPCRERMAETHIRNTMRIFEN
F K AL G W) DPPC IR i AR A T4 N7 (B 2A)
G AN LIS R BRTE (K12B.C), N2 B 451, KL%
[, S BT . SR 3 B A DPPC JI I A4 1 ~F- 35 R
147 198.6 £ 4.4 nm, £ 5 BU4E $ (polydispersity index,
PDI) 90.3 +0.1, ZANRFAKN zeta AT 9 15.3 £ 2.1 mV
(F2D.F). F3EEMAEY DPPC g5 /& T 57 &
F 5 HIRLAR 9 221.6 + 5.5 nm (K 2E), #WEF T EA
T IR 32 2404 W) DPPC JE T4 (1 25 449, S 5 i e
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PE. DPPC i Jii 4 5 fili P9 2 & Ve o (R, B0 5 4857
2yl 2 R TE R, BAR . R Aok 2
A% A 43 B A BT e 4 R B T T 2 TR A,
P2k

Jr3E 2 A W) DPPC IR 5T -4 W FR  E Eii A
MAR (BI3A). HMHBE T, BEWIEREE, THBA
FUTEZS A K00 RORE, RIORE 2 T U1 AN, A 75 B
WUORE K AN A —, R EE — 2, RiA2 K/N2) 10 pm (K
3B). fRIEAAE22.15+2.33° (< 37.0°), sl 4F, RsL
HIEN032+0.06 gmL”, HEEFN (98.7 £ 1.4)%, %
MR N B 2%, 3X e 5T 1 B 1O S B IR iR R iE
B FH T8 TR RN GR, ad ik N = I A, E ik g
SCRVE, A G HEE o E IR AL S R b 78 R
BB R IR B Il R I E PR, R L RE, fR A E
AP USRS o[RBT, YR 9T S E

WL R L ARDRL AR | 25 FE R0 TR IR T 22 5 1 2 <30 )
SRR 2R ) )RR SR S A 2 TR S )
FERE, — BTN FRARAE 1~5 pm (KL

o

TR ABA MR WO KL A R RS
DPPC JIg 5 A& 43 W N 57 LKL AR 4 7.57 + 1.36 pm,
B EVENASR 9% N 0.32 £ 0.06 grmL", M5
A S E kLA R 4.28 £ 0.77 pm, E 1~5 um A,
STl AN Eiof 7 e

2 e A 7 AR T S 3 LA W) DPPC JIg i -8 T
AFEZGE N (836 + 0.42)%, JT38 & 1,44 DPPC JIE
JB R RN TR 43 5O 1B R (71.46 +3.18)%.
6 FhERTER AN E
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Figure 2 Characterization of apigenin f-cyclodextrin inclusion complexe DPPC liposomes. A: Appearance of apigenin f-cyclodextrin

inclusion complex DPPC liposomes; B: Morphology of apigenin f-cyclodextrin inclusion complex DPPC liposomes; C: Constructed dry

powder inhaler suspension; D: Particle size of apigenin f-cyclodextrin inclusion complexe DPPC liposomes; E: Particle size of apigenin

p-cyclodextrin inclusion complexe DPPC liposomes after hydration; F: Zeta potential of apigenin S-cyclodextrin inclusion complexe DPPC

liposomes
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Figure 3 The morphology of apigenin f-cyclodextrin inclusion complexe DPPC liposomal dry powder inhaler. A: Appearance of ACDLDPIs;
B, C: Morphology of ACDLDPIs by scanning electron microscope. Scale bar: 5 and 1 um
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