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[Abstract] Objective: To investigate the effect of quantitative pulmonary administration of the essential

oil from Alpiniaec Zerumbet Fructus (EOAZF) on porcine pancreatic elastase (PPE)-induced emphysema in mice
and explore its action mechanism. Method: C57BL/6J mice were randomly divided into five group, namely the
control group, model group, low- (2 mg-kg') and high-dose (20 mg-kg') EOFAZ groups, and positive
control dexamethasone (DEX, 1 mg-kg') group. The mice were treated with pulmonary administration of PPE
using a microsprayer aerosolizer, once every seven days, for four times in total, for inducing emphysema.
During this period, EOFAZ were administered with a quantitative microsprayer aerosolizer once every other
day, for 14 times. The lung tissues were then sampled and stained with hematoxylin-eosin (HE) for observing
the morphological changes and calculating the pulmonary mean linear intercept (MLI). The concentrations of
tumor necrosis factor- « (TNF-a«) , interleukin-18 (IL-18) , and interleukin-6 (IL-6) in the plasma were
determined by enzyme-linked immunosorbent assay (ELISA). The activities of superoxide dismutase (SOD)
and catalase (CAT) and the content of malondialdehyde (MDA) in the lung tissues were measured using the
biochemical assay kits. The protein expression levels of nuclear factor E,-related factor 2 (Nrf2) , quinone
oxidoreductasel (NQO1), B cell lymphoma-2 (Bcl-2) -associated X protein (Bax), and Bcl-2 in lung tissues
were detected by Western blot. Result: The results of lung morphological observation and MLI detection
showed that compared with the control group, the model group showed obvious inflammatory infiltration,
alveolar enlargement and fusion, and increased MLI (P<0.05). Compared with the model group, EOFAZ
effectively alleviated the pathological changes such as alveolar dilatation, pulmonary inflammatory cell
infiltration, and lung cell apoptosis caused by PPE, and decreased the MLI (P<0.05). As revealed by ELISA,
the inflammatory level of mice in the model group increased significantly (P<0.01), while the TNF-«, IL-18,
and IL-6 levels in the plasma were decreased after quantitative administration of EOFAZ (P<0.01). Compared
with the control group, the model group exhibited significantly enhanced oxidative stress (P<0.01). After
treatment with EOFAZ by quantitative administration, the activities of SOD and CAT in the lung tissue were
increased (P<0.01) and the content of MDA was decreased (P<0.01). Western blot results demonstrated that the
apoptosis-related protein expression in the model group was increased significantly as compared with that in the
control group (P<0.01), whereas the expression levels of antioxidant stress proteins Nrf2 and NQO1 declined
(P<0.05). The relative protein expression of apoptosis-related proteins Bax/Bc¢l-2 in the EOFAZ groups was
lower than that in the model group (P<0.01), while the expression of antioxidant stress proteins Nrf2 and NQO1
was higher (P<0.05). Conclusion: Quantitative pulmonary administration of EOFAZ effectively alleviates the
inflammation and oxidative stress, reduces lung cell apoptosis, and hinders the occurrence and development of
emphysema. Its antioxidant mechanism is closely related to the up-regulation of Nrf2 and its downstream NQO1.

[ Keywords] essential oil from Alpiniae Zerumbet Fructus (EOFAZ) ; quantitative pulmonary

administration; emphysema; oxidative stress; apoptosis
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Fig. 1 Effect of pulmonary quantitative administration of EOFAZ on lung histopathology in emphysema mice (HE, x200)
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Table 1  Effect of pulmonary quantitative administration of

EOFAZ on MLI in emphysema mice (X+s,n=6)

215 F i /mg- kg MLI/pm/4>
IE# 48.42+3.43
iR 66.92+6.11"
EOFAZ 2 50.38+5.98%

20 50.51+7.01%
b FE KA 1 52.05+5.63%

5 IEH 4 R VP<0.05,2 P<0.01; 5 41 Y P<0.05,
Y Pp<0.01(F 2~417])
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TR, Hod EOFAZ i 77 5 41/ Rl 3% o TNF-a, IL-
18 R IL-6 75 it H B & 25 F [ (P<0.01) , H/N L Ifi 2%
N IR T4k R R B R B 5 EOFAZ Y5 i 5 1
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Table 2  Effect of pulmonary quantitative administration of

EOFAZ on levels of TNF-a, IL-18, IL-6 in plasma of emphysema

mice (¥£s,n=6) ng-L"
i I ¥ TNF-a IL-18 IL-6
/mg-kg
EH 62.29+2.10 9.43+0.67  11.44+0.75
iR 82.79+3.367 13.19+0.75% 15.23+1.47%
EOFAZ 2 64.91+3.99%  10.58+1.11% 12.83+1.03%

20 58.14+2.17"  9.49+0.45% 11.20+0.90"

i FE KA 1 67.02+8.79%  7.67£0.81* 10.08+0.99%
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5IE % 4t AL, PPE i S 5 B 8 4 /)N [ 4 40
AL I OB 35 ) CAT, MDA 193 M 5 3% R FR (P<
0.01),SOD iy 7 it it & J+ 55 (P<0.01) . SHIARIZ [
B, i FE R AN A1/ BU 20 20 h CAT, SOD 1 41 1
FHEE (P<0.01) , MDA & it [ 3 TR (P<0.01). 5
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Table 3  Effect of pulmonary quantitative administration of
EOFAZ on oxidative stress markers in lung tissue of emphysema

mice (X+5,n=6)

=&
21 ) il . CAT/U-mg' MDA/mmol-g’ SOD/U-mg’
/mg kg’

W 2.80+1.05 1.98+0.39 22.89+1.57
[zl 0.89+0.28% 2.88+0.10” 7.43+0.74%
EOFAZ 2 5.39+0.55" 2.27+0.48Y 24.35+0.98Y
20 3.43+0.21Y 2.51+0.09 20.28+5.48Y
i FEOKAR 1 5.57+0.62Y 2.35+0.19% 23.03+0.15%
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Fig. 2

Electrophoresis of Nrf2, NQO1, Bcl-2 and Bax protein

expression in lung tissue of emphysema mice

R4 EOFAZFGEE B4 25 %t F S B/ RAHEE Nrf2,NQO1,Bcl-2 f1 Bax E AR LK LM (+s,n=3)

Table 4

emphysema mice (Xx+s,n=3)

Effect of pulmonary quantitative administration of EOFAZ on expression of Nrf2, NQO1, Bcl-2 and Bax in lung tissue of

2151 #H/mg- kg Nrf2/B-actin NQO1/B-actin Bax/Bcl-2
HLHY 62.64+13.70% 71.69+17.54" 206.24+30.97%
EOFAZ 2 90.34+16.15 123.34+21.33 102.64425.26"
20 186.27+46.58% 153.53+46.19” 80.31+4.27%
Hiy FEOK 1 48.50+6.89 94.15+6.40 84.31+£36.93"
BB B AL HE bR A AR X Kb A 1,
4 itig MLI B4, [7) i 4 Y TNF-a, TL-18 Fl TL-6 [ 7 5 4%
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-0 G

AR BIF 5 A1 il 355 25 Y PPE 2 7 fili A< i A R 53
ok /N BRUB S 20 20 HE I R & B0l 96 ] b e 24, il vt
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W, SAE SR N S OK T 38, ik 20 2k AR R T
0, 55 22 SR P I AR A0 b A A
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