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Abstract: Zedoary turmeric oil dry powder inhalers (ZDPIs) and curcumol dry powder inhalers (CDPIs) were
prepared and intratracheally (i.t.) administered to the rats that suffered from acute lung injury (ALI) induced by
lipopolysaccharide (LPS), and their therapeutic efficiencies were compared. Zedoary turmeric oil nanoemulsions
and curcumol nanoemulsions were separately prepared and ZDPIs and CDPIs were obtained after the emulsions
were added with 5% mannitol and lyophilized. ZDPIs and CDPIs are loose white powders with the aerodynamic
diameters (D,) of 3.02 and 2.67 um, respectively. Both ZDPIs and CDPIs were suitable for pulmonary delivery.
Animal experiments were approved by the Ethics Committee of Beijing Institute of Radiation Medicine, Academy
of Military Medical Sciences and the experiments were conducted in accordance with relevant guidelines and
regulations. ALI rat models were established by i.t. administration of 0.2 mL of 5 mg-mL™ LPS solution and ZDPIs
(with zedoary turmeric oil 0.5 mg) or CDPIs (with curcumol 0.5 mg) were i.t. administered. Both of them remark-
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ably alleviated bleeding of injured lung tissues, and great reduced the levels of inflammatory factors tumor necrosis
factor-o, interleukin-6, total proteins in the lung tissues (P<0.001). They showed similar high effect against ALI.
The non-curcumol components in zedoary turmeric oils could also have anti-inflammatory effect. ZDPIs and
CDPIs are promising medications for the treatment of ALI and this comparative study is a paradigm of the research
on active ingredients and effective compounds in natural products.
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T BUEHE UM 0.39 g, ¥ T 5.5 mL L /K L%, 4
SN TR A B FE A EE 0.55 g PR IA MR IR T
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AR E SR S EEE.
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NEAREEZER, P<O.0LFREG IR R EEER,

FER
1 BAMMBAREDZFLSFHEIZHMKL
SI6 R R % T FUBE RN R I R RN R T AR AR, AR
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H B REE NFAEE LUK LR TR 7 o
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ey LIRS, ) % BRCFL TS S OIW 1 8 2L 571, 7L 771 I kL
1£°4205.9 + 11.4 nm, £ 7 {384 (polydispersity index,
PDI) ¥ 0.230 + 0.018, zeta L f 4-34.8 + 0.3 mV, 3
ARG K FL A E 2N (90.11 + 9.61)%, & N
5.63 +0.77 g-L%; FRA M g3 € df A, i1l 4% L A5 A
O/W il % (7L 771, FL7 AL 4% 4 275.8 + 10.3 nm, PDI
9 0.495 + 0.072, zeta L {7 4-38.0 £ 2.4 mV (& 1), 3k
AEE YK LA B RO (82.00 + 1.91)%, # & A
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BAFE R TRERR. —FRABHERNK HIEA
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0.17 um; CDPIs 4 [ g Fa R4 A, 7T L4 5 180
H 0, A% B 5 0.14 + 0.00 g-cm™®, $R 52 %5 & 9 0.22 +
0.00 g-cm?®, D, 4 2.67 + 0.49 pm (¥ 3). —H WD,
ILE 1~5 pum Z (1], Y& G il A\ 25 2584, ZDPIs il
CDPIs i /K i 23 IOE 5 i, 50 5 RiA% 43 7l 79 180.2 +
11.4 nm f1220.7 + 10.4 nm, i}t B ZDPIs fil CDPIs % A\
Ja 2B TE AR IR E L 3. A BT WL 42 ZDPIs
A1 CDPIs #y AR UKL JE 2 & B, ZDPIs A1 CDPIs 3 %2 i
IR 5 T A ) B, A Ity A0 AR I 3L T R TR B T

Table 1 Effects of different kinds of lyophilized protective agents on the properties of lyophilized powders. D,: Median geometric diameter;

D,: Aerodynamic diameter.n =3, x s

Characteristic of dry powders

Group Bulk density/g-cm™ Tapped density/g-cm™ D,/um D,/um
Zedoary turmeric oil nanoemulsion ~ Mannitol 1% Unable to get powders
5% 0.12 £ 0.00 0.22 £0.00 5.73+0.38 3.02+0.17
10% 0.18+0.01 0.33+0.01 9.47+0.74 6.07 +0.37
Lactose 1% Unable to get powders
5% 0.23+0.00 0.37 +0.00 17.01 £1.53 11.57 +0.95
10% 0.39 +0.02 0.52 +0.02 47.60 +£5.88 38.50 £+ 4.00
Curcumol nanoemulsion Mannitol 1% Unable to get powders
5% 0.14 +0.00 0.22 +0.00 5.06 + 0.94 2.67+0.49
10% 0.16 + 0.00 0.29+0.01 6.91+0.24 4.16+0.12
Lactose 1% Unable to get powders
5% 0.25 £ 0.00 0.38 £ 0.00 15.72 £1.02 10.86 £ 0.62
10% 0.16 £ 0.00 0.29 £ 0.01 21.05+1.81 12.67 +£0.80

Table 2 Characteristics of zedoary turmeric oil nanoemulsions and curcumol nanoemulsions. PDI: Polydispersity index; EE: Encapsula-

tion efficiency; LE: Loading efficiency. n = 3,x + s

Characteristic of nanoemulsions

Group

Size/nm PDI Zeta potential/mV EE/% LE/g-L*
Zedoary turmeric oil nanoemulsions 2059+11.4 0.230 £ 0.018 -34.8+0.3 90.11 £ 9.61 5.63+0.77
Curcumol nanoemulsions 275.8+10.3 0.495 + 0.072 -38.0+24 82.00 +1.91 5.72+0.15
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Figure 1  Size distribution of zedoary turmeric oil nanoemulsions (A), zeta potential of zedoary turmeric oil nanoemulsions (B), size distri-

bution of curcumol nanoemulsions (C), and zeta potential of curcumol nanoemulsions (D)

Table 3 Characteristics of zedoary turmeric oil dry powder inhalers
(ZDPIs) and curcumol dry powder inhalers (CDPIs). n = 3, xx s

Characteristic of dry powders
Group Bulk density Tapped density

Size of re-dispersed

D,/um
/g-cm® /g-cm oM powders/nm
ZDPIs 0.12+£0.00 0.22+0.00 3.02+0.17 180.2+11.4
CDPIs 0.14£0.00 0.22+0.00 2.67+0.49 220.7+10.4

SR H BB i (B2).
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B, Jo i (B 3A); 5 2 T L WY A Y (151 3B);
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W)oK LA 5 H i
3.2 FRIBYIR IR ALK R A 4 AL I I L HE B
5, BtV Js 6 B VR P R AL I I 9L ) o G B
B R, TE 48 M A R T (PR 3A); AR 2 vy AL 5 g
PEIS H R I b R 453 4% B S, i () B 14 9, 5 B
9 PR IR E (B 3B); 3ANYA YT LAt 4 245 47 i %
H LD, 15 8D, AEATY A /D B 98 P 4 R IR Ui R i v
g5t (813C~E).
4 BRXHMBEAREMEFNEEERERLAER
IL-6 F1 TNF-o /2 3 A1 58 AE 8 A3, ALL ™ ZE I,
Jifi P9 IL-6 ELA R 98 KE 1, R R MR A R SR AR LB

Figure 2 Scanning electron microscopic (SEM) images of mannitol (A), ZDPIs (B), and CDPIs (C)

Figure 3  Appearance of lung tissues and hematoxylin and eosin (H&E) (x100). A: Normal group; B: Acute lung injury (ALI) model

group; C: Dexamethasone (DXM) group; D: CDPIs group; E: ZDPIs group. Arrows represent bleeding. The scale bars indicate 100 um
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B, A R A T 1 A 240 AN T B K
TNF-a #7025 AL E B K7, [, e
Wik 200 L T ) TNIF- o0 S0 453 0 46 408 R < 14 B2 48 ik A
IR S, S U 240 B B AR AL e b R
40 f b R ERIR, R FiB @Sk N . E AT ST
LPS S 8™ A KB AL, A K 5 41 24+ TNF-a. IL-6
MEE ARS8 2% e (9 P<0.01); ZDPIs A1 CDPIs
A1 K R 4L 23 Fp TNF-a 1L-6 T R 145 B B A R0 4
Mk, H B #8372 7 (P<0.01); ZDPIs #il CDPIs £
KA LI TNF-a. IL-6 & & 5 1% 4K R EL e
S (P>0.05), 15 WA i A SRR B 4 e Jd ik
il 7% M K F TNF-a AT IL-6, 98058 5% ALK B 2H 21
E K VI IE Y N LB NS S N S (S R ERAG RN s R s S )
i, I R B R R A E R . DXM
A 52 AR AL ALK SR ZH 23 TNF-a 1L-6 LS
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FLA, A A AN FEAR B BE LR AL SR E (1
S A K R . (BRI — R T S AR E AR
B, AEAF B RE AT B8 R AR AR S KA 25 e A
N T R H AR E E, I 5% (wiv) H #& BE AT N TR
TR EE — D ] % BTN 3 & 5 4 S E T A
R0k 25701, JE IR N 25 24 4 25 W R 1R B AR, SR T 24
W B f AN A DR B, DR SR S RO AS R
JZB9, LA D, g dE AR, X HR N 25 24 (0 A L LR A H e

W HEAT 0 3, 2 H 58 S A 1 N9 K AL R T IR B
Ao BEARFEAREEGK AL T N 10% H #& % +
J5 K AR RLAR L R IA B N 1) K, ER O T b
LA, d5 22 0% 5 5% 1 H 78 BEAE N3 M AR
REPK LA TR 7

R I EAGE A LPS BT S EALL IR
¥ TR A S AL SN E RN PEIT R B R . LPSAE A
2% (YT B 2 P B PR R, o A R B TV A SRR T
R 2R, AR A A0 E AR RN G 5 EALL 1)
BN . AR LPS 58 4 RS0 253 1 il 2% i
PR HE AN R B0, 23 A< A A K A 1 S L AR
Y1, REWNG, 251U R AFIN B FIREE— R
VA5 5 1) B 9 S, Fe 44T R ALIBT, ALL A R
MU Tk B 2 42 11 98 P s I RATE 98 Bt 4% I o 2 1 oe)
IS 05 453 4 B, 15 W 4 TR TS 9% 1 BRL 1 1L-6 A TNF-at
S, T 3R PR R 2 A A B i A N L AR v A
PR MR T80 =M B AN I NGRS
2 FEUMN L4545 7K i 2 T 7 2 71) 2R AR 3 B T
FRBA, ARSI I BTN LPS i & ALLL & B ZDPIs
I CDPIs ¥ ml 4% LPS T 211K B ALL, FEiEBH ZDPIs
H1 CDPIs 2 1 fil] 1L-6 A1 TNF-a [ 2% 32 10 K 4% 51 2 1F
. A 4h, ZDPIs fl CDPIs A] PAFEAR i 4L 21 p B
& B, #EI ZDPIs F1 CDPIs B A {747 i 8 b 5 41 g 11
ER . A& e aT LR, FEAR 5 4.59%
FARRE, H 50 p 5 745 B R M A AR B ZDPIs
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Z ), A TR RN 13K Jili I T R A 25K, LR R
7K JE AT PLRSE SV, RIE LR, P LA R b mT B %
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Figure 4 Levels of interleukin-6 (IL-6, A), tumor necrosis factor-a (TNF-a, B), and total protein (C) in rat lung tissues. n = 3, X % s; *P<

0.01 vs healthy group; "P<0.01 vs the model group
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