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Cinnamon oil-g-cyclodextrin inclusion complex dry powder inhalers
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Abstract: Bacterial pneumonia is a common clinical disease and the abuse of antibacterial leads to the produc-
tion and prevalence of resistant bacteria. Novel antibacterial active ingredients can be found from natural products
for the treatment of bacterial pneumonia. Pulmonary delivery systems can directly deliver drugs to infected lung
tissues, favoring the treatment of bacterial pneumonia. Cinnamon oil (CO) is a volatile oil extracted from cinnamon,
which has antibacterial and anti-inflammation functions. However, the preparation of its pulmonary delivery systems
is difficult because of its oil and volatile properties. Here, CO-f-cyclodextrin inclusion complex (CO-4-CD) was
prepared. Its dry powder inhalers (DPIs) were obtained by lyophilization. The DPIs had the aerodynamic diameter
of 1.34 um and the fine particle fraction (FPF) of 30.90%, which was suitable for pulmonary delivery. The minimal
bactericidal concentration of CO-$-CD was 2 mg-mL™ against Staphylococcus aureus (SA). The animal experi-
ments were approved by the Ethics Committee of Academy of Military Medical Sciences and the experiments were
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conducted in accordance with relevant guidelines and regulations. A high intratracheal (i.t.) dose (100 mg-kg™) of
CO-p-CD did not show significant toxicity to the mice. Bacterial pneumonia mice models were established after
intraperitoneal injection of dexamethasone and then i.t. administration of SA. CO-4-CD and penicillin were
separately i.t. administered to the mice. Both of them alleviated the lung injury of mice and remarkably increased the
survival rates. Compared to penicillin, CO-4-CD significantly reduced the infiltration of inflammatory cells and
the numbers of leukocytes and neutrophils in the blood, and the levels of tumor necrosis factor-a (TNF-«) and
interleukin-6 (IL-6) in the lung tissues were similar to those of the healthy mice, indicating that CO-4-CD had the
capability of anti-inflammation besides antibacterial effect in vivo. CO-£-CD dry powder inhalers are a potential
pulmonary delivery system for the treatment of bacterial pneumonia.
Key words: cinnamon oil; inclusion complex; s-cyclodextrin; bacterial pneumonia; pulmonary inhalation
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Table 1 Factors and levels for the single factor study of cinnamon
oil-B-cyclodextrin inclusion complex (CO-4-CD) formulations

Fixed factor
p-CD water 1:6, CO:p-CD 1:10
Lyophilization, CO:4-CD 1:10
Lyophilization, f-CDwater 1.4

Single factor
Air drying, lyophilization
p-CD:water 1:4,1:5,1:6
CO:p-CD1:5,1:8,1:10
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Figure 1  FTIR spectra of f-CD, CO-£-CD, CO and physical

mixture
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HPLC |43 CO-B-CD i #f %14 (98.60 + 6.00) %,
W2 RN (10.96 + 0.67) % . CO-B-CD 4 M i fa
R R . FHE 8 EoR, B-CD R AHOR, BN
kAR JLHCK (B 2A), 1 CO--CD i K N4y 1~
3 um T FE 1 ZIR BOAS BN Rk (] 2B). CO-B-CD 4
KIS 25 % 4 0.09 £ 0.00 g-cm®, #E S M 0.15 +
0.01 g-cm*, D, ¥ 3.50 £ 0.01 um, D, >4 1.34 + 0.02 um.
D,7E 1~5 pum A FRLF AT DLIE i il N\ 2155 il 41 2%
#l, CO-B-CD [1) FPF A 30.90%, £ & v [H 24 i A5 ¢
W\ B 25 5750 (¥ LR (B 3). IR, AR ST il % 1) CO--
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Table 2 Effects of formulations and processes on the powder properties of CO-4-CD. D,;: Median diameter; D,: Aerodynamic diameter.

n=3x=*s
Factor Level Bulk density/g-cm™ Tap density /g-cm™ D, /um D /um

Drying method Air drying 0.28 +0.01 0.45+0.02 6.94 +0.07 4.66 +0.10
Lyophilization 0.14 +£0.01 0.24 +£0.01 3.86 £0.00 1.90 £ 0.03

£-CD water (w/w) 1:4 0.09 +0.00 0.15+0.00 3.66 £ 0.01 1.42 +0.02
1:5 0.12+0.01 0.17 +0.01 3.73+0.01 1.56 + 0.05

1:6 0.11+0.01 0.19+0.01 3.87 +0.00 1.66 + 0.05

CO:p-CD (w/w) 1:5 0.13+0.01 0.21+0.01 3.42+0.00 1.58 £0.01
1:8 0.09 + 0.00 0.15+0.01 3.50 £0.01 1.34 £0.02

1:10 0.12+0.01 0.18 +0.00 3.45+0.01 1.45+0.02
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Figure 2 SEM images of f-CD powders (A) and CO-$-CD
powders (B)
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Figure 3 Ratio of CO-$-CD in the different compartments of
next generation impact (NGI). MOC: Micro-orifice collector
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Figure 4 In vitro anti-Staphylococcus aureus (SA) effects of
penicillin and CO-4-CD
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Figure 5 Appearance of lung tissues and H&E (100x) stained
lung tissue sections after intratracheal (i.t.) administration of CO-$-
CD to the mice. The blue arrows indicate bleeding and the red arrows
indicate inflammatory exudates. The scale bar indicates 50 pum

6 M-I HBEE S YIAEE MR SR

6.1 /NREBFERERE ESAMKIERA4KG, RAH
/NERASIRIET; i 45 25 L35 CO-B-CD AR E H R A
BET: 1 R, A 775 N 83.33%; 1E & 4 /NER AR SET (B
6). 4EiREW, CO-p-COMBFBHERLREHL Y G, Y]

U 25 A R P i % 3G B ) I AR, R TN R AR
100 T -Healthy
. | -CO-p-CD
& | '[-Poniciuin
L
z
5
o | -Model

0 1 2 3 4
Time / day

Figure 6 Survival profiles of the mice after treatment
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CO-3-CD Penicillin

- ' .

Maiid N - e eyl

Figure 7 Appearance of lung tissues and H&E (100x) stained
lung tissue sections after i.t. administration of CO- 8 -CD and
penicillin to the mice. The red arrows indicate inflammatory
exudates. The scale bar indicates 50 um
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Figure 8 Effects of different treatments on the white blood cells
(WBC, A), neutrophils (B) of tail vein blood and interleukin-6
(IL-6, C), and tumor necrosis factor-a (TNF-a, D) of lung tissue.
WBC: White blood cell. n =3, x+s. "P < 0.05, ""P < 0.001
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