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Purpose: Antrodia camphorata (AC), a highly valued polypore mushroom native only to Taiwan, has been


traditionally used as a medicine for the treatment of food and drug intoxication, diarrhea, abdominal pain,


hypertension, skin itching, and cancer. In this study, both of solid-state-cultured AC (S-AC) and wood-

cultured AC (W-AC) were evaluated the anti-inﬂammatory effects on hyperoxia-induced lung injury in
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NF- B-luciferase+/+ transgenic mice.

Methods: The homozygous transgenic mice (NF- B-luciferase+/+) were randomly assigned to four groups

for treatment (n = 6) including Normoxia/DMSO group, Hyperoxia/DMSO group, Hyperoxia/S-AC group,

and Hyperoxia/W-AC group. After 72 h of hyperoxia, we examined the bioluminescence images, reactive

oxygen species (ROS), the mRNA and protein expression levels of inﬂammation factors, and histopatho-

responses


logical analyses of the lung tissues.

NF- B-luciferase+/+ transgenic mice


Results: Hyperoxia-induced lung injury signiﬁcantly increased the generation of ROS, the mRNA levels of

Acute lung injury


IL-6, TNF-˛, IL-1ˇ and IL-8, and the protein expression levels of IKK / , iNOS and IL-6. Pulmonary edema

and alveolar inﬁltration of neutrophils was also observed in the hyperoxia-induced lung tissue. However,

treatment with either S-AC or W-AC obviously decreased hyperoxia-induced generation of ROS and the

expression of IL-6, TNF- , IL-1 , IL-8, IKK /  and iNOS compared to hyperoxia treatment alone. Lung

histopathology also showed that treatment with either S-AC or W-AC signiﬁcantly reduced neutrophil

inﬁltration and lung edema compared to treatment with hyperoxia treated alone. To ﬁnd out their major

compounds, eburicoic acid and dehydroeburicoic acid were both isolated and identiﬁed from S-AC and

W-AC by using HPLC, MS, and NMR spectrometry.

Conclusions: These results demonstrated that methanolic extracts both of S-AC and W-AC have excellent

anti-inﬂammatory activities and thus have great potential as a source for natural health products.

Introduction



intra-alveolar injury or indirect injury following systemic inﬂam-

Acute lung injury (ALI), a common cause of morbidity and mor-


mation (Fisher and Beers, 2008). To maintain adequate tissue

oxygenation, supplemental oxygen is often required. However,

tality in intensive care units, occurs as a result of either direct


exposure to hyperoxia results in lung injury and pathological

changes (Yen et al., 2011).

Antrodia camphorata (also called Antrodia cinnamomea) is
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diarrhea, abdominal pain, hypertension, skin itching, and cancer

(Peng et al., 2007). Recent studies demonstrated that the W-AC

exhibited immunomodulatory (Shen et al., 2004), antioxidant, and
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hepatoprotective effects (Hsiao et al., 2003). However, the fruiting

body of A. camphorata is rare and expensive. One study showed

that the fruiting body and cultured mycelia of A. camphorata

contain fatty acids, lignans, phenyl derivatives, sesquiterpenes,

steroids, and triterpenoids (Geethangili and Tzeng, 2009). Numer-

ous reports have revealed that lignans, sesquiterpenes, steroids

and triterpenoids exert anti-inﬂammatory effects, which might be

related to their antioxidant properties (Hseu et al., 2010).

Therefore, the S-AC and W-AC may be good candidates for fur-

ther development as a remedy for hyperoxia-induced systemic

inﬂammatory responses. However, to the best of our knowledge,

there is no prior report on the protective effects of the methanolic

extracts from the S-AC and W-AC on hyperoxia-induced systemic

lung injury. Thus, the aim of this study was to investigate the anti-

inﬂammatory effect both of the S-AC and W-AC.

Materials and methods

Extraction

Freeze-dried powder of A. camphorata solid-state-cultured

mycelia (provided by Well Shine Biotechnology Development,

Taipei, Taiwan) (S-AC) and wood-cultured fruiting bodies (W-AC)

(provided by Po-Zone Biotechnology Development, Taipei, Taiwan)

were extracted 3 times with methanol at room temperature (1 day

each). The extract was decanted, ﬁltered under vacuum, concen-

trated in a rotary evaporator, and lyophilized. The extracts were

stored in an airtight container at −80 ◦C prior to analysis.

Isolation and identiﬁcation of bioactive phytochemicals

The extracts of S-AC and W-AC were isolated by HPLC using

a PU-2080 pump (Tokyo, Japan) equipped with a MD-2010 mul-

tiwavelength detector, and a 250 × 4.6 mm i.d. 5 m Luna C18

column (Phenomenex, Torrance, CA). The mobile phase consisted

of solvent A, 100% MeOH; and solvent B, ultrapure water. The elu-

tion conditions of the extracts of S-AC and W-AC were 0–30 min

of 70–100% A and 30–40 min of 100% A, at a ﬂow rate of 1 ml/min,

using a Jasco MD-2010 photodiode array detector (Tokyo, Japan) at

254 nm wavelength.

Animals

The transgenic mice (aged 8 weeks) were given a standard lab-

oratory diet and distilled water ad libitum, and kept on a 12-h

light/dark cycle at 24 ± 2 ◦C. This study was conducted according to

institutional guidelines and approved by the Institutional Animal

Care and Utilization Committee of National Chung Hsing University,

Taiwan. The homozygous transgenic mice (NF- B-luciferase+/+)

were randomly assigned to ﬁve groups for treatment (n = 6): (1)

normal control group receiving no treatment (Normoxia/DMSO

group); (2) treatment with hyperoxia (Hyperoxia/DMSO group);

(3) treatment with hyperoxia plus 300 mg/kg S-AC (Hyperoxia/S-

AC group); (4) treatment with hyperoxia plus 300 mg/kg W-AC

(Hyperoxia/W-AC group); and (5) treatment with hyperoxia plus

12.5 mg/kg aspirin (Hyperoxia/aspirin group). A. camphorata was

dissolved in DMSO and intraperitoneally injected with of at

300 mg/kg per day for two weeks. Aspirin was dissolved in DMSO

and intraperitoneally injected with of at 12.5 mg/kg per day for 3

days. Aspirin is worldwide available and most frequently used drug,

safely employed by humans in many inﬂammatory conditions with

well-known side-effects (Süleyman et al., 2007). At the end of the

treatment, mice were exposed to hyperoxic conditions for 72 h.

Mice were sacriﬁced at 10 weeks of age, following 2 weeks of A.

camphorata treatment. At the end of the experiment, each mouse



was anesthetized, and pulmonary tissues were collected for bron-

choalveolar lavage, pathological histology, and RNA and protein

extraction according to previously established protocols (Yen et al.,

2009; Chen et al., 2008a,b).

Oxygen exposure

Mice were exposed to hyperoxic conditions (FiO2 > 95%) in a

36 cm × 20 cm × 20 cm. Plexiglass chamber with a hole 2 cm in

diameter to allow the continuous ﬂow of 100% oxygen (1 l/min)

into the chamber. The oxygen levels were stable (97–99%) and mon-

itored every hour during the light cycle of housing with an oxygen

analyzer (MiniOX I, MSA Canada, Inc., Canada) (Yen et al., 2011).

The imaging of luciferase activity

Imaging was performed with the IVIS Imaging System 200 Series

(Xenogen Corp., Alameda, CA, USA) with the camera set at the high-

est sensitivity. NF- B-luciferase+/+ transgenic mice were injected

intraperitoneally with 150 mg/kg of luciferin and anesthetized with

isoﬂurane. After 5 min, mice were placed supine in the chamber

and imaged for 1–3 min by the IVIS Imaging System. Photons were

quantiﬁed using Living Image® software (Xenogen Corporation)

and the intensity of the signal was expressed as photons/s/cm2.

Pathological histology

Pulmonary tissue was ﬁxed in 10% buffered formaldehyde and

examined using hematoxylin and eosin (H&E) staining as previ-

ously described (Shen et al., 2012; Tsai et al., 2010).

RT-PCR assay

Total RNA of the pulmonary tissue was extracted using Tri-

zol reagent (Invitrogen) following the protocol speciﬁed by the

manufacturer. Total RNA (2 g) was resuspended in 9 l of

diethylpyrocarbonate (DEPC)-treated water, and the ﬁrst strand

of cDNA was synthesized with random primers and ImProm-IITM

reverse transcriptase in a total volume of 20 l. The reaction was

carried out at 42 ◦C for 1 h. For further PCR ampliﬁcation, an aliquot

(1:10) of the RT product was adjusted to contain 0.1 g of each

primer, and additional buffer was added to a ﬁnal volume of

20 l. Aliquots of the reverse transcriptase mix were used for PCR

ampliﬁcation of NF-ÄB, IL-6, TNF-˛, IL-1ˇ, IL-8, and ˇ-actin. The

ampliﬁed RT-PCR products were subjected to electrophoresis in

a 1.5% agarose gel for 22 min. The cDNA of ˇ-actin was used as

an internal control. RT-PCR was performed as previously described

(Chen et al., 2012).

Western blot analysis

Expression of pulmonary tissue protein was measured by West-

ern blot. Pulmonary tissues were homogenized in 500 l of RIPA

buffer (5 mM Tris–HCl (pH 7.4), 0.15 M NaCl, 1% NP40, 0.25%

sodium deoxycholate, 5 mM EDTA, and 1 mM ethylene glycol-bis(2-

aminoethyl-ether)-N,N,N,N-tetraacetic acid). The homogenates

were centrifuged at 12,000 × g for 30 min at 4 ◦C. Protein (40 g)

was then separated by SDS-PAGE in a 10% polyacrylamide gel

and electrotransferred onto a polyvinylidene diﬂuoride membrane.

The membranes were incubated in blocking solution (5% BSA)

at room temperature for 1 h. The membranes were then incu-

bated with primary antibody (Luciferase, IKK / , NF-kB, IkB ,

iNOS, IL-6, and  -actin) at room temperature for 2 h. After wash-

ing, the membranes were incubated with either a goat anti-rabbit

or goat anti-mouse IgG peroxidase-conjugated secondary anti-

body directed against the primary antibody at room temperature

for 1 h. The membranes were developed by an enhanced chemi-



a spectroﬂuorometer at 480 nm excitation and 530 nm emissions.

luminescence detection system as previously described (Wu et al.,


Data were expressed as relative ﬂuorescence units for each cell.

2007).

Statistical analyses

Bronchoalveolar lavage ﬂuid (BALF)

The data are presented as the means ± standard error (SE). All

The trachea was exposed with a midline incision and cannu-

lated with a modiﬁed 21-gauge needle. After euthanization, BALF

was ﬂushed 3 times with 2 ml HBSS each time. An average of 80%


data were analyzed using the t-test. Statistical signiﬁcances are

presented as p < 0.05 († compared to the Normoxia/DMSO group

and * compared to the Hyperoxia/DMSO group) and p < 0.01 (††

BALF was recovered after each lavage. The BALF was combined and


compared to the Normoaxia/DMSO group and ** compared to the

centrifuged at 2000 rpm for 10 min at 4 ◦C. Cell pellets were resus-


Hyperoxia/DMSO group).

pended in 700 l HBSS (Yen et al., 2011). The total number of cells

in BALF was stained with Liu’s stain for counting the different cell

types.


Results

The inhibition of hyperoxia-induced NF-ÄB activation by A.

Measurement of reactive oxygen species (ROS) generation


camphorata

Generation of ROS in the perfused lungs was monitored



NF- B-luciferase+/+ transgenic mice carry the luciferase gene

with H2DCF-DA ﬂuorescence as previously described (Al-Mehdi


driven by the NF-ÄB promoter; thus, luciferase activity reﬂects

et al., 1994). After internalization, the acetate group from the


NF- B activity (Ho et al., 2007; Hsiang et al., 2009). After 72 h of

nonﬂuorescent molecule is cleaved by intracellular esterases to


hyperoxia, the luciferase signal from the lung tissue was quan-

form H2DCF, which serves as a substrate for intracellular ROS to


tiﬁed using the IVIS software (Fig. 1). Hyperoxia stimulated the

generate highly ﬂuorescent DCF. Fluorescence was measured with


luminescent signal in the lung tissue, but the luciferase signals in

Fig. 1. Bioluminescence imaging of lung tissue from NF-ÄB/luciferase transgenic mice after induction of hyperoxia for 72 h. (A) Representative bioluminescence images of mouse

chest portion under different treatments using the IVIS Imaging System. (B) The quantitative data are expressed as the mean ± SE (n = 6). p < 0.05 (* compared to the

Hyperoxia/DMSO group) and p < 0.01 (†† compared to the Normoxia/DMSO group and ** compared to the Hyperoxia/DMSO group).[image: image6.jpg]




Fig. 2. Histopathological analyses of lung tissue from NF-ÄB/luciferase transgenic mice. Lower magniﬁcation (100×) images of lung tissues were shown in the upper panel; Scale

bar = 400 m. Higher magniﬁcation (400×) images were shown in the down panel; Scale bar = 100 m.

the Hyperoxia/S-AC group, Hyperoxia/W-AC group, and aspirin

(positive control) were decreased approximately 61% (p < 0.01),

43% (p < 0.05), and 67% (p < 0.01), respectively, compared to the

Hyperoxia/DMSO group. Thus, treatment with 300 mg/kg body

weight of either S-AC or W-AC in NF- B-luciferase+/+ transgenic

mice signiﬁcantly protected against acute lung injury and systemic

oxidative stress caused by hyperoxia (FiO2 > 95%). Comparing

the result indicates that S-AC and W-AC would be an excel-

lent source as a natural anti-inﬂammation and merit further

investigation.

Effect of A. camphorata on histological changes of the lung in

NF-ÄB-luciferase+/+ transgenic mice

To further conﬁrm the protective effect of A. camphor-

ata on hyperoxia-induced systemic inﬂammatory responses,

a histopathological examination of the lungs was performed

after 72 h of hyperoxia. Pulmonary edema and alveolar inﬁl-

tration of neutrophils were evident in the Hyperoxia/DMSO

group (Fig. 2). However, treatment with either S-AC or W-AC

exhibited reduced amounts of neutrophil inﬁltration and lung

edema.

A. camphorata decreased the mRNA levels of IL-6, TNF-˛, IL-1ˇ,

and IL-8 in NF-ÄB-luciferase+/+ transgenic mice

The gene expression levels of NF-ÄB, IL-6, TNF-˛, IL-1ˇ, and

IL-8 were analyzed using RT-PCR (Fig. 3A). The mRNA expres-

sion levels of IL-6, TNF-˛, IL-1ˇ, and IL-8 were markedly increased

in the Hyperoxia/DMSO group compared to the Normoxia/DMSO

group (Fig. 3B). Treatment with either S-AC or W-AC signiﬁcantly

decreased the mRNA levels of pro-inﬂammatory genes, i.e. IL-6,

TNF-˛, IL-1ˇ, and IL-8. Thus, treatment with either S-AC or W-

AC could reduce the transcription of pro-inﬂammatory genes, thus

resulting in limited inﬂammation and regulating the extent of lung

injury.



A. camphorata decreased the protein expressions of IKK˛/ˇ, iNOS,

and IL-6 in NF-ÄB-luciferase+/+ transgenic mice

The expression of luciferase protein was signiﬁcantly increased

in the Hyperoxia/DMSO group compared to the Normoxia/DMSO

group, and treatment with either S-AC or W-AC signiﬁcantly

decreased the luciferase level compared to the Hyperoxia/DMSO

group (Fig. 4). In this study, we observed that treatment with

either S-AC or W-AC could reduce NF- B expression, thus decrease

luciferase expression. Because the luciferase is driven by the pro-

moter for NF- B, it is suggested that both treatments can reduce

transcription of NF- B. The I B kinase (IKK) enzyme complex is part

of the upstream NF- B signal transduction cascade. Hyperoxia acti-

vates IKK / , which phosphorylates the inhibitory I B  protein

and induces the release of NF- B. Now free, NF- B migrates into the

nucleus and activates the expression of iNOS, which plays a crucial

role in inﬂammation. Luciferase, IKK / , iNOS, and IL-6 were signif-

icantly decreased in mice treated with either the Hyperoxia/S-AC

group or Hyperoxia/W-AC group compared to the Hyperoxia/DMSO

group using Western blot analysis (Fig. 4). A. cinnamomea affects

iNOS and IL-6, which regulate the inﬂammatory response. This

result suggests that A. cinnamomea inhibits protein expression of

hyperoxia-induced IKK / , iNOS, and IL-6 in NF- B-luciferase+/+

transgenic mice.

A. camphorata decreased the number of lung phagocyte in

NF-ÄB-luciferase+/+ transgenic mice

Phagocytes i.e. macrophages, neutrophils, and monocytes play

a critical role to ﬁght inﬂammation. Both neutrophils and

macrophages are important cellular effectors of innate immune

defense, and it is clear that circulating monocytes also signif-

icantly contribute to defending the inﬂammatory reaction. The

relative cell counts of macrophages, neutrophils, lymphocytes, and

monocytes in the BALF were analyzed using Liu’s stain (Fig. 5A).

Hyperoxia increased the relative cell count of neutrophils (10.0%),

lymphocytes (19.0%), and monocytes (2.5%) compared to those in

the Normoxia/DMSO group, having values of 0.9%, 2.8%, and 0.1%,[image: image7.jpg]“
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Fig. 3. Changes in mRNA expression levels of IL-6, TNF-˛, IL-1ˇ, and IL-8 in Normoxia/DMSO, Hyperoxia/DMSO, Hyperoxia/S-AC, and Hyperoxia/W-AC conditions. (A) Representative

images of semi-quantitative RT-PCR assays. (B) The transcription levels of (a) IL-6, (b) TNF-˛, (c) IL-1ˇ, and (d) IL-8 genes were normalized by an internal control of ˇ-actin

mRNA. The data are expressed as the mean ± SE (n = 6). p < 0.05 († compared to the Normoxia/DMSO group and * compared to the Hyperoxia/DMSO group) and p < 0.01 (††

compared to the Normoxia/DMSO group and ** compared to the Hyperoxia/DMSO group).

respectively. Reduced numbers of neutrophils, lymphocytes, and



and 62%, respectively, compared to the Normoxia/DMSO group

monocytes were observed in the groups treated with either S-AC


(p < 0.01).

or W-AC compared to the group administered DMSO alone.

The major compounds of S-AC and W-AC

A. camphorata decreased the generation of reactive oxygen

species (ROS) in extracellular lung tissue in NF-ÄB-luciferase+/+

transgenic mice


Fig. 7A showed 7 compounds were isolated and identiﬁed

from S-AC using HPLC as 3-hydroxy-2,4,5-trimethoxytoluene

The generation of ROS in the BALF was analyzed using


(1), ergosta-7,9(11),22E-trien-3 -ol (2), eburicoic acid (3), dehy-

droeburicoic acid (4), 5-hydroxymethylfuran-2-carbaldehyde (5),

H2DCF-DA ﬂuorescence (Fig. 5B). A signiﬁcant increase in

the generation of extracellular ROS in the lung tissue was


(R)-methylsuccinic acid (6), and methyl 5-(hydroxymethyl)furan-

2-carboxylate (7). In addition, Fig. 7B showed 7 compounds were

observed in the Hyperoxia/DMSO group compared with the Nor-


isolated and identiﬁed from W-AC using HPLC as anctin K (1), anctin

moxia/DMSO group. However, treatment with either S-AC or W-AC


C (2), anctin H (3), sulfurenic acid (4), dehydrosulfurenic acid (5),

showed a signiﬁcant decrease in the generation of ROS, 74%


eburicoic acid (6), and dehydroeburicoic acid (7).

Fig. 4. Changes in protein expression levels of Luciferase, IKK˛/ˇ, NF-ÄB, IÄB˛, iNOS, and IL-6 in Normoxia/DMSO, Hyperoxia/DMSO, Hyperoxia/S-AC, and Hyperoxia/W-AC conditions.

(A) Representative images of protein expression levels assayed by Western blots. (B) The Luciferase, IKK / , NF- B, I B , iNOS, and IL-6 protein levels were normalized by

an internal control of -actin. The data are expressed as the mean ± SE (n = 6). († compared to the Normoxia/DMSO group and * compared to the Hyperoxia/DMSO group) and

p < 0.01 (†† compared to the Normoxia/DMSO group and ** compared to the Hyperoxia/DMSO group).

Discussion

The fruiting body of A. camphorata, a well-known traditional

Chinese medicine, has been used to treat food and drug intoxi-

cation, diarrhea, abdominal pain, hypertension, skin itching, and

cancer (Peng et al., 2007) and exhibits immunomodulatory (Shen

et al., 2004), antioxidant, and hepatoprotective effects (Hsiao et al.,

2003). In this study we induced lung damage in NF- B-luciferase+/+

transgenic mice using hyperoxic conditions (FiO2 > 95%) to estab-

lish a model that would enable us to evaluate the protective effect

of S-AC and W-AC against lung injury.

The NF- B-luciferase+/+ transgenic mice carry the luciferase

gene driven by the NF- B promoter, which is a useful animal

model to noninvasively detect the inﬂammatory levels in a liv-

ing organism. The luciferase signals in the Hyperoxia/S-AC group

and Hyperoxia/W-AC group were signiﬁcantly decreased compared

to the Hyperoxia/DMSO group. This suggests that treatment with

either the S-AC or the W-AC could reduce NF-ÄB expression, thus

demonstrating that they have an excellent protective effect against



the acute lung injury and systemic oxidative stress caused by hyper-

oxia (FiO2 > 95%) (Fig. 1). After 72 h of hyperoxia, lungs treated with

either the S-AC or the W-AC exhibited less pulmonary edema, alve-

olar inﬁltration, and lower numbers of neutrophils, lymphocytes,

and monocytes compared to the Hyperoxia/DMSO group (Fig. 2).

ROS are well known to be involved in physiological and patho-

physiological processes. High levels of ROS are considered toxic,

which results in cell damage and cell death (Valko et al., 2007).

Hyperoxia produces a large amount of ROS, and treatment with

either S-AC or W-AC signiﬁcantly reduced the production of ROS

(Fig. 5B). Previous studies have shown that antioxidant phytocom-

pounds directly inhibit the expression of the NF- B-dependent

cytokines iNOS and COX-2 and thereby reduce inﬂammation (Ma

et al., 2003; Surh et al., 2001). A. camphorata inhibited ROS pro-

duction, which may reﬂect a strong correlation with inhibition of

NF- B activation and reduced inﬂammatory levels. In this study,

treatment with either the S-AC or W-AC signiﬁcantly decreased

the mRNA levels of pro-inﬂammatory genes such as IL-6, TNF-˛, IL-

1ˇ, and IL-8 and decreased the protein expression of IKK / , iNOS,

Fig. 5. Quantiﬁcation of inﬂammation cells and ROS productions in the BALF of Luciferase, IKK˛/ˇ, NF-ÄB, IÄB˛, iNOS, and IL-6 in Normoxia/DMSO, Hyperoxia/DMSO, Hyperoxia/S-AC,

and Hyperoxia/W-AC conditions. (A) The percentage of different cell types in the BALF. (B) The extracellular reactive oxygen species (ROS) expression in lung tissue from NF-

B/luciferase transgenic mice. The data are expressed as the mean ± SE (n = 6). p < 0.01 (†† compared to the Normoxia/DMSO group and ** compared to the Hyperoxia/DMSO

group).

and IL-6 in NF- B-luciferase+/+ transgenic mice. These results indi-



acid and dehydroeburicoic acid isolated from A. camphorate have

cate that A. cinnamomea affects IL-6, TNF- , IL-1 , IL-8, IKK / ,


analgesic and anti-inﬂammatory bioactivities on the inﬂamma-

and iNOS, all of which reduce the inﬂammatory response (Fig. 6).


tory mediator expression in mice. Huang et al. (2013) pointed

Shen et al. (2004) showed that the extracts from A. camphorata


out eburicoic acid and dehydroeburicoic acid from A. camphor-

mycelia have an anti-inﬂammatory effect by suppressing ROS pro-


ata have hepatoprotective effects in a mouse model of acute

duction. Liu et al. (2007) demonstrated that the extracts from


hepatic injury. According to the previous studies (Deng et al., 2013;

the W-AC inhibit the expression of iNOS, COX-2, and TNF- . Rao


Huang et al., 2013), we suggested that the extracts from the S-

et al. (2007) demonstrated that the extracts from the W-AC have


AC and W-AC exert signiﬁcant anti-inﬂammatory effects due to

anti-inﬂammatory effects, which might result in the inhibition


the major compounds i.e. eburicoic acid and dehydroeburicoic

of NO, TNF- , and IL-12 production. The present study revealed


acid.

that the extracts from the S-AC and W-AC exert signiﬁcant anti-


In conclusion, it is well established that anti-inﬂammatoty

inﬂammatory effects.


effects have a strong correlation with antioxidant activity (Hseu

The major compounds of S-AC were 3-hydroxy-2,4,5-tri-


et al., 2010). Hseu et al. (2002) suggested that A. camphorata has

methoxytoluene, ergosta-7,9(11),22E-trien-3 -ol, eburicoic acid,


protective antioxidant properties. In this study, we observed that

dehydroeburicoic acid, 5-hydroxymethylfuran-2-carbaldehyde,


both the S-AC and W-AC could reduce hyperoxia-induced genera-

(R)-methylsuccinic acid, and methyl 5-(hydroxymethyl)furan-2-


tion of ROS and suppress IL-6, TNF- , IL-1 , IL-8, IKK / and iNOS

carboxylate. In addition, the major compounds of W-AC were


expression. Therefore, these products from AC could be proposed

anctin K, anctin C, anctin H, sulfurenic acid, dehydrosulfurenic


to protect the lung against hyperoxia-induced acute lung injury in

acid, eburicoic acid, and dehydroeburicoic acid. There were the


mice, and this protective effect might be correlated with its anti-

same compounds i.e. eburicoic acid and dehydroeburicoic acid


inﬂammatory effects.

in both S-AC and W-AC. Deng et al. (2013) showed eburicoic

Fig. 6. Scheme of the A. camphorata (AC) regulatory pathway. The effects of S-AC and W-AC on the anti-inﬂammatory response are hypothesized to occur through the NF- B

signaling pathway. The diagram shows that S-AC and W-AC might inhibit the expression of IL-6, TNF- , IL-1 , IL-8, IKK / , and iNOS.

Fig. 7. The major compounds of S-AC and W-AC. (A) Major compounds were isolated and identiﬁed from S-AC by HPLC using C18 column as follows: 3-hydroxy-2,4,5-

trimethoxytoluene (1), ergosta-7,9(11),22E-trien-3 -ol (2), eburicoic acid (3), dehydroeburicoic acid (4), 5-hydroxymethylfuran-2-carbaldehyde (5), (R)-methylsuccinic acid

(6), and methyl 5-(hydroxymethyl)furan-2-carboxylate (7). (B) Seven compounds were isolated and identiﬁed from W-AC by HPLC using C18 column as follows: anctin K

(1), anctin C (2), anctin H (3), sulfurenic acid (4), dehydrosulfurenic acid (5), eburicoic acid (6), and dehydroeburicoic acid (7).
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