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a b s t r a c t

Ethnopharmacological evidence: Antrodia camphorata, a highly valued polypore mushroom native only to

Taiwan, has been traditionally used as a medicine for anti-inﬂammation.

Aim of the study: In this study, anti-inﬂammatory effects of Antrodia camphorata (AC) and its active

compound, ergostatrien-3β-ol (ST1), were investigated in a mouse skin ischemia model induced by skin

ﬂap surgery on the dorsal skin.

Materials and methods: A U-shaped ﬂap was elevated on the dorsal skin of the nine-week-old male mice.

Mice were randomly assigned to six groups for treatment (n ¼ 6) including normal skin/propylene glycol

(PG), surgical skin ﬂap/PG, solid-state-cultured AC (S/AC), wood-cultured AC (W/AC), high-dose ST1 (H-

ST1), low-dose ST1 (L-ST1). Antrodia camphorata was dissolved in 25 μL PG and smeared on the skin ﬂap

every six hours for 24 h. At the end of the experiment, each mouse was anesthetized, and skin tissues

were collected from their back for histopathological analysis, extracting RNA and protein according to our

previous reports.

Results: Skin-ﬂap-induced ischemia damage signiﬁcantly increased the expression of the iNOS, COX2,

and IL-6 proteins and decreased the expression of IκB protein. In addition, focal, moderate coagulative

necrosis with inﬂammatory cell inﬁltration was found in the epidermis, and moderate inﬂammatory cells

and necrosis with slight edema was noted in the sub-dermis at 24 h after skin ﬂap surgery. However,

treatment with solid-state-cultured or wood-cultured AC, or with its derived ST1 active compound,

signiﬁcantly reduced the necrosis and inﬂammatory cell inﬁltration in both the epidermis and sub-

dermis of the skin ﬂap. The treatments also reduced the inﬂammatory response by decreasing the

expression of inﬂammation-related genes including iNOS, IL-6, TNF-α, and NF-κB, as shown by changes

in RNA and protein expression, when compared with the surgical skin ﬂap procedure alone.

Conclusions: These results demonstrated that methanolic extracts of wood-cultured fruiting bodies and

solid-state-cultured mycelia from Antrodia camphorata have excellent anti-inﬂammatory activities and

thus have great potential as an addition for hydrocolloid dressings.
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Skin damage induced by ischemia/reperfusion is a multifactor-

ial process that is often observed in plastic and reconstructive

surgery (Wang, 2009; Tamas et al., 2010). In clinical, the general

medical treatments for early stage (the vascular level) of ischemia–

reperfusion skin injury is steroid drug, but it accompanied with a

certain side effects. Moreover, in the late stage (the tissue level) of[image: image1.jpg]
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Fig. 1. (A) HPLC proﬁling of the major compound (ergostatrien-3β-ol) of crude extract from Antrodia camphorata solid-state-cultured mycelia. (B) U-shaped ﬂap surgical

elevation of the skin (1.5 cm Â 3.5 cm) led to ischemia; (C) Animal experimental ﬂowchart.

ischemia skin damage, no available drugs efﬁciently used in the

clinical ﬂap surgery. Previous study showed that glucocorticoid

promotes a cardio-protective phenotype associated with the up-

regulation of AT1R and PKCɛ and down-regulation of AT2R in the

context of myocardial injury from ischemia/reperfusion (Xue et al.,

2014). Cyclosporine, which inhibits the opening of mitochondrial

permeability-transition pores, attenuates lethal myocardial injury

that occurs at the time of reperfusion (Piot et al., 2008). Many

medications still in the clinical trial stages now. The process of

ischemia injury includes hypoxia, inﬂammation, and oxidative

damage (Liu and McCullough, 2013). Inﬂammation is one of the

responses induced at the initial stage by hypoxia. The formation of

reactive oxygen species (ROS) during skin ischemia reperfusion

triggers lipid peroxidation, and damage to proteins and nucleic

acids (Siemionow and Arslan, 2004). Reducing the damage result-

ing from skin ischemia requires greater inhibition of the inﬂam-

matory reaction.



Antrodia camphorata is a well-known traditional Chinese medi-

cine in Taiwan. The main application of Antrodia camphorata (AC) is

for food and drug intoxication, abdominal pain, skin itching, hyper-

tension, and cancer (Peng et al., 2007). Recent studies showed that

the fruiting body of Antrodia camphorata exhibited immunomodula-

tory and antioxidative activities (Shen et al., 2004; Hsiao et al., 2003).

However, the fruiting body of Antrodia camphorata is rare and

expensive. Previous report showed that both of mycelia and fruiting

bodies of Antrodia camphorate extracts modulated inﬂammatory

mediator expression in mice with polymicrobial sepsis (Meng et al.,

2012). Our current study further demonstrated that methanolic

extracts of wood-cultured fruiting bodies and solid-state-cultured

mycelia from Antrodia camphorata have excellent anti-inﬂammatory

activities in the hyperoxia-induced systemic inﬂammatory responses

(Tung et al., 2014). A previous study showed that the fruiting

body and cultured mycelia of Antrodia camphorata have the same

lignans, fatty acids, sesquiterpenes, phenyl derivatives, steroids, and[image: image7.jpg]Expression ratle (feld)
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Fig. 2. The histopathological analysis time course in the skin tissues after skin ﬂap surgery. (A) 0 h after skin ﬂap surgery; (B) 12 h after skin ﬂap surgery; (C) 48 h after skin

ﬂap surgery; (D) 72 h after skin ﬂap surgery. The interested areas were marked by two different indicators as followed: yellow “n” for coagulative necrosis and red “arrows”

for inﬂammatory cells. Scale bar ¼ 50 μm. The insets show the partial enlarged picture with 400 Â magniﬁcation. (For interpretation of the references to color in this ﬁgure

legend, the reader is referred to the web version of this article).

triterpenoids (Geethangili and Tzeng, 2009). However, little informa-

tion is available concerning the effects of the immunomodulatory

and antioxidative activities of the fruiting body compared with

cultured mycelia of Antrodia camphorata.

The anti-inﬂammatory effect of the active compounds

extracted from Antrodia camphorata might be related to their

antioxidant properties (Hseu et al., 2010). Huang et al. showed

the anti-inﬂammatory effects of ergostatrien-3β-ol (ST1), one

major compound of Antrodia camphorata, on paw edema induced

by λ-carrageenin (Carr) in mice (Huang et al., 2010). Therefore, the

fruiting bodies and solid-state-cultured mycelia of Antrodia cam-

phorata and its active compound, ST1, may be good candidates for

further development as a remedy for skin ischemia-induced

systemic inﬂammatory responses. In this study, we focused on

the anti-inﬂammatory activity of wood-cultured fruiting bodies

and solid-state-cultured mycelia from Antrodia camphorata and

ST1 in the mouse skin ischemia model.

2. Material and methods

2.1. Extraction

Freeze-dried powder of Antrodia camphorata fruiting bodies

and solid-state-cultured mycelia was extracted 3 times with

methanol at room temperature (RT; 1 day each). The extract was

decanted, ﬁltered under vacuum, concentrated in a rotary eva-

porator, and then lyophilized. The extract was stored in an airtight

container at À 80 1C prior to further analysis.

2.2. Isolation and determination of the active compound

Freeze-dried powder (1.6 kg) of Antrodia camphorata was

extracted 3 times with methanol (16 L) at RT, 1 day each. The

methanol extract was evaporated in a vacuum to give a brown

residue, which was dissolved in H2O (1 L) and then fractionated

(3 times) with 1 L of ethyl acetate (EtOAc). The EtOAc fraction (95 g)



was chromatographed on silica gel using mixtures of hexane and

EtOAc of increasing polarity as eluents. ST1 (5.4 g) was eluted with

10% EtOAc in hexane and recrystallization with EtOH (Huang et al.,

2010). The active compound of Antrodia camphorata was determined

by high performance liquid chromatography (HPLC) using a PU-2080

pump (Tokyo, Japan) equipped with a MD-2010 multi-wavelength

detector and a 250 Â 4.6 mm2 i.d. 5 mm Luna C18 column (Phenom-

enex, Torrance, CA, USA). The mobile phase consisted of solvent A,

100% MeOH; and solvent B, ultrapure water. The elution conditions

were 0–30 min of 70–100% A and 30–40 min of 100–100% A at a ﬂow

rate of 1 mL/min, using a photodiode array detector at a wavelength

of 254 nm (Shao et al., 2008). The HPLC chemical ﬁngerprints of the

methanol extract from Antrodia camphorata solid-state-cultured

mycelia and wood-cultured fruiting bodies were also shown in our

previous report (Tung et al., 2014).

2.3. Animals trials

Eight-week-old male mice (FVB/NJNarl) were purchased from

the National Laboratory Animal Center (Taipei, Taiwan) and given

a standard laboratory diet and distilled water ad libitum. They

were kept on a 12 h light/dark cycle at 24 7 2 1C. This study was

conducted according to institutional guidelines and approved

by the Institutional Animal Care and Utilization Committee of

National Chung Hsing University, Taiwan (approval NO 102–26).

The male mice (nine-week-old) underwent skin ﬂap surgery on

their backs as previously described (Toutain et al., 2008). A U-shaped

ﬂap (3.5 cm length Â 1.5 cm width) was elevated on the dorsal skin

of the mouse, and two vascular pedicels from the lateral thoracic

arteries were sectioned (Fig. 1B). As shown in Fig. 1C, mice were

randomly assigned to six groups for treatment (n ¼ 6): (1) a normal

control group, no treatment (normal skin/propylene glycol (PG), a

commonly used medical solvent); (2) skin ﬂap surgery with placebo

treatment (surgical skin ﬂap/PG); (3) skin ﬂap surgery plus treat-

ment with 300 mg/kg body weight (B.W.) of Antrodia camphorata

(AC) solid-state-cultured mycelia (surgical skin ﬂap/S-AC); (4) skin

ﬂap surgery plus treatment with 300 mg/kg B.W. of wood-cultured[image: image8.png]Table 1

Skin lesion score in different experimental treatments.

Organ Histopathological finding Normal skin Ischemia of skin flap
Propylene glycol  Propylene glycol  S/AC W/AC H-ST1 LST1
Mean sD Mean  SD Mean SD  Mean SD  Mean SD  Mean SD
Dermis
Necrosis, coagulative, focal 0* 0 233" 0.58 2° 0 233° 058 4° 1 3t 1
Infiltration, inflammatory cell, focal ~ 0° 0 167° 153 1 1 133 058 367 152 167 058
Sub-dermis
Necrosis, coagulative, focal 0 0 22 173 22 173 133 115 133 115 167 153
Infiltration, inflammatory cell, focal ~ 0% 0 3° 1 2 0 067° 058 133° 115 233" 058
Edema, focal 0 0 4 173 167 058 1% 1 133 115 2 0
Dermis total 0* 0 4 2 3t 1 367" 058 7.68° 252 467" 153
Sub-dermis total o 0 9 436 567 153 3° 265 4° 346 6" 2








2.5. RT-PCR analysis

Total RNA from the skin tissue was extracted using TRIzol reagent

(Invitrogen, Carlsbad, CA, USA) as speciﬁed by the manufacturer.

Total RNA (2 μg) was re-suspended in 9 μL of diethylpyrocarbonate

(DEPC)-treated water, and the ﬁrst strand of cDNA was synthesized

with oligo-dT and ImProm-IITM reverse transcriptase in a total

volume of 20 μL. The reaction was carried out at 42 1C for 1 h (Tsai

et al., 2010). For further PCR ampliﬁcation, an aliquot (1:10) of the RT

product was adjusted to contain 0.1 μg of each primer, and addi-

tional buffer was added to a total volume of 20 μL. Aliquots of the

reverse transcriptase mix were used for PCR ampliﬁcation of vegf,

iNOS, IL-6, and β-actin. The primer sets and oligonucleotide

sequence information are shown in Supplementary Table S1. The

ampliﬁed RT-PCR products were subjected to electrophoresis in a

1.5% agarose gel. The ampliﬁed cDNA of β-actin was used as an

internal control. The quantiﬁcation of gene expression levels based

on RT-PCR products was performed using a densitometer (Kodak 1D

software, Japan) as described previously (Chen et al., 2012).

2.6. Western blot analysis

Protein expression levels in the skin tissue were measured by

Western blotting. Skin tissues were homogenized in 500 μL 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 homoge-

nates were centrifuged at 12,000g for 30 min at 4 1C. Protein

(40 μg) was then separated by SDS-PAGE in 10% polyacrylamide

and electrotransferred to polyvinylidene diﬂuoride (PDF) mem-

branes. The membranes were incubated in blocking solution (5%

Fig. 3. The protein expression time course in normal skin/PG and ischemia skin/PG

after skin ﬂap surgery. (A) The IκB, NF-κB, iNOS, COX2, IL-6, TNF-α, VEGF and β-

actin protein expressions in different time course were analyzed by Western blots.

(B) The quantiﬁcation data of IκB, NF-κB, iNOS, COX2, IL-6, TNF-α and VEGF protein

levels were normalized using an internal control of β-actin. Data were presented as

Mean 7 SE (n ¼ 6). Bars with the different superscript letters in the same assayed

protein represent a signiﬁcant difference (p o 0.05).

Antrodia camphorata fruiting bodies (surgical skin ﬂap/W-AC);

(5) skin ﬂap surgery plus treatment with a high-dose of 4 mg/kg

B.W. of ST1 (surgical skin ﬂap/H-ST1); and (6) skin ﬂap surgery plus

treatment with a low-dose of 2 mg/kg B.W. of ST1 (surgical skin ﬂap/

L-ST1). All of the animal trails were performed in duplicates.

Antrodia camphorata was dissolved in 25 μL PG and smeared on

the skin ﬂap every six hours for 24 h. At the end of the experiment,

each mouse was anesthetized, and skin tissues were collected from

their back for histopathological analysis, extracting RNA and protein

according to our previous reports (Tung et al., 2013b; Chang et al.,

2011; Tsai et al., 2013).

2.4. Histopathology

After 24 h of treatment, skin tissues were excised from the back

of each mouse, ﬁxed in 10% buffered formaldehyde, and examined

using hematoxylin and eosin (H&E) staining as described previously

(Tung et al., 2011; Tung et al., 2013a). The degree of the lesions was

graded from one to ﬁve depending on severity: 1 ¼ minimal ( o 1%);

2 ¼ slight (1–25%); 3 ¼ moderate (26–50%); 4 ¼ moderate/severe

(51–75%); 5 ¼ severe/high (76–100%), (Shackelford et al., 2002).


BSA) at room temperature for 1 h. The membranes were then

incubated with primary antibodies against IκB, NF-κB, iNOS, COX2,

IL-6, TNF-α, VEGF or β-actin at room temperature for 2 h. After

washing, the membranes were incubated with a goat anti-rabbit

IgG peroxidase-conjugated secondary antibody directed against

the primary antibody at room temperature for 1 h. The mem-

branes were developed by an enhanced chemiluminescence (ECL)

Western blot detection system as described previously (Wu et al.,

2007a).

2.7. Statistical analysis

Data were presented as the mean 7 standard error (SE). All data

were analyzed using the variance (ANOVA) test. Analysis was

continued with post hoc test with Duncan method to detect the

differences of parameters among control and treatment groups.

The results with p o 0.05 were considered to be statistically

signiﬁcant.

3. Results

3.1. Determination of ST1 compound in the crude extract of Antrodia

camphorata through HPLC proﬁling

A comprehensive HPLC proﬁle of the crude extract from

Antrodia camphorata solid-state-cultured mycelia exhibited many

peaks at retention times between 0 and 40 min. The ST1 com-

pound produced a secondary peak among the main chromato-

graphic peaks that was eluted at the 10 min time point (Fig. 1A).

The result showed that ST1 is one of the major compounds in

Antrodia camphorata.


Degree of lesions was graded from one to ﬁve depending on severity: 1 ¼ minimal ( o 1%); 2: slight (1–25%); 3 ¼ moderate (26–50%); 4 ¼ moderate/severe (51–75%);

5 ¼ severe/high (76–100%).Data in the same row with different superscript letters (a, b and c) differ signiﬁcantly (p o 0.05).

3.2. Effects of time course on histological changes and inﬂammation-

related factors expression in the mouse skin ischemia model

The timeline of the animal trial to test whether the smear

administration of the crude extract of Antrodia camphorata and

ST1 can down-regulate inﬂammation in the mouse skin ischemia

model is shown in Fig. 1C. In the histopathological observation,

normal architecture of the epidermis, dermis, and sub-dermis was

observed in the mice (Fig. 2). Diffuse and severe high coagulative

necrosis with slight inﬁltration was found in the epidermis at 12 h

after skin ﬂap surgery, but no inﬂammatory cell presented in the

sub-dermis (Fig. 2B). Focal and moderate coagulative necrosis with

inﬂammatory cell inﬁltration was found in the epidermis, and

moderate inﬂammatory cells and necrosis with slight edema were

noted in the sub-dermis at 24 h after skin ﬂap surgery (Fig. 2C).

Diffuse and severe high coagulative necrosis with inﬂammatory

cell inﬁltration was found in the epidermis, and slight inﬂamma-

tory cell inﬁltration and necrosis with slight edema were noted in

the sub-dermis at 72 h after skin ﬂap surgery (Fig. 2D).

IκB protein predominately decreased in ischemia skin after 6 h

to 72 h of skin ﬂap surgery (Fig. 3A). Ischemic skin expressed iNOS

at a level approximately two-fold higher than that found in normal

skin at 12 h after skin ﬂap surgery and recovered the expression at

24 h after surgery. COX2 increased two-fold in ischemia skin

compared to normal skin at 24 h and 72 h after surgery. The main

pro-inﬂammatory factor, IL-6, was expressed at a level approxi-

mately 2.5 times higher than that of normal skin at 24 h after

surgery (Fig. 3B). According to these results, we chose 24 h as the

followed experimental end point.

3.3. Histological changes in ischemia injury treated with Antrodia

camphorata after skin ﬂap surgery

A previous study showed that acute inﬂammation of wound

healing would result in inﬁltration of macrophages into the wound

site (Roy et al., 2008). We analyzed the degree of lesion resulting

from inﬂammatory cell inﬁltration into the epidermis and sub-

dermis at 24 h after skin ﬂap surgery (Table 1). A degree of

approximately 25–50% in the epidermis and 25–75% in the sub-

dermis of the skin ﬂap was treated with propylene glycol (Fig. 4B).

The skin ﬂap treated with solid-state-cultured AC and wood-

cultured AC decreased the observed inﬂammatory cell inﬁltration

compared with the placebo group (propylene glycol alone).

Lesions of approximately about 1–25% in the epidermis and 25%

in the sub-dermis were found (Fig. 4C). The skin ﬂap treated with

wood-cultured AC showed less inﬂammatory cell inﬁltration

in sub-dermis than when treated with solid-state-cultured AC



(Table 1). In the high-dose of ST1 (H-ST1) group, the epidermis

showed more severe inﬂammatory cell inﬁltration (25–100%

degree), but less inﬂammatory cell inﬁltration was seen in the

sub-dermis of this group than was seen in the propylene glycol

group (0–25% degree, Fig. 4E). In the low-dose of ST1 (L-ST1)

group, the epidermis and sub-dermis showed less inﬂammatory

cell inﬁltration (1–25%, and 25–50%, respectively, Fig. 4F) than in

the propylene glycol group. The histopathological analysis indi-

cated that wood-cultured AC, solid-state-cultured AC, and ST1

smeared on the injured skin ﬂap reduced the levels of inﬂamma-

tory cell inﬁltration and edema in sub-dermis except necrosis. The

ability of wood-cultured AC to reduce inﬂammatory cell inﬁltra-

tion and edema was greater than those of solid-state-cultured AC

and ST1. However, data supposed that wood-cultured AC, solid-

state-cultured AC and ST1 all have signiﬁcant anti-inﬂammatory

ability.

3.4. Antrodia camphorata decreased the expression of iNOS and IL-6

at the transcriptional level at 24 h after skin ﬂap surgery

The transcriptional expression of iNOS and IL-6 were obviously

increased in the ischemia skin and AC could decrease those

expression levels, especially in the wood-cultured AC group

(Fig. 5). The iNOS expression in the solid-state-cultured AC group

and wood-cultured AC group decreased approximately 61%

(p o 0.05) and 58% (p o 0.05), respectively, compared with propy-

lene glycol group. The IL-6 expression in the solid-state-cultured

AC group and wood-cultured AC group decreased approximately

44% (p o 0.05) and 82% (p o 0.01), respectively, compared with the

propylene glycol group. However, Vegf expression in S/AC, W/AC,

H-ST1, and L-ST1 groups had no signiﬁcant change compared with

P.G. group.

3.5. Antrodia camphorata decreased the expression of IκB, NF-κB, IL-

6, and TNF-α at the translational level at 24 h after skin ﬂap surgery

At the translational level, Antrodia camphorata affected the

expression of IκB, NF-κB, iNOS, IL-6, and TNF-α in the mouse skin

ischemia model (Fig. 6). Wood-cultured AC signiﬁcantly decreased

the expression of NF-κB and TNF-α by approximately 54% and 70%,

respectively, compared with the propylene glycol group (p o 0.05).

Solid-state-cultured AC obviously decreased the expression of NF-κB,

IL-6, and TNF-α by approximately 58%, 57%, and 86%, respectively,

compared with the propylene glycol group (p o 0.05). In addition, the

high dose of ST1 decreased the expression of NF-κB and IL-6 by

approximately 66% and 67%, respectively, and increased IκB expres-

sion by approximately two-fold compared with the propylene glycol

Fig. 4. The histopathological analysis of the skin tissues at 24 h after skin ﬂap surgery in different treatment groups. (A) normal skin; (B) ischemia skin treated with

propylene glycol; (C) ischemia skin treated with solid-state-cultured AC; (D) ischemia skin treated with wood-cultured AC; (E) ischemia skin treated with H-ST1; (F) ischemia

skin treated with L-ST1. The red “arrows” were marked for inﬂammatory cells. Scale bar ¼ 50 μm. (For interpretation of the references to color in this ﬁgure legend, the reader

is referred to the web version of this article).

group (p o 0.05). The low dose of ST1 decreased the expression of

NF-κB and IL-6 by approximately 47% and 49%, respectively, com-

pared with propylene glycol group (p o 0.05).

4. Discussion

In our skin ﬂap model, the histopathological results showed

that no inﬂammatory cells were present in the sub-dermis at 12 h

after skin ﬂap surgery. Moderate numbers of inﬂammatory cells

and necrosis with slight edema were noted in the sub-dermis at

24 h, whereas very small numbers of inﬂammatory cells were

noted in the sub-dermis at 72 h after skin ﬂap surgery (Fig. 2). The

protein expression levels of IκB, COX2, and IL-6 all exhibited

signiﬁcant changes in the skin ﬂap tissue at 24 h after surgery

(Fig. 3). Therefore, we considered 24 h after skin ﬂap surgery to be

the best time point for studying the alterations of the inﬂamma-

tory response in our skin ﬂap model.

Previous study showed that mycelia and fruiting bodies of

Antrodia camphorate evaluated their inﬂuences on inﬂammatory

mediator expressions in septic mice (Meng et al., 2012). Tung et al.



(2014) demonstrated that methanolic extracts of wood-cultured

fruiting bodies and solid-state-cultured mycelia from Antrodia cam-

phorata have excellent anti-inﬂammatory activities in the hyperoxia-

induced systemic inﬂammatory responses. In this study, treatment

with solid-state-cultured AC and wood-cultured AC signiﬁcantly

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

and iNOS, and decreased the protein expressions of TNF-α, NF-κB,

and IL-6 in this skin ﬂap model. These results indicate that Antrodia

camphorata affects IL-6, TNF-α, NF-κB, and iNOS, which reduce the

inﬂammatory response. The present study revealed that the extracts

of Antrodia camphorata fruiting body and mycelia have excellent anti-

inﬂammatory properties. However, the anti-inﬂammatory ability of

wood-cultured AC was greater than that of solid-state-cultured AC

and ST1.

In the initiation period of the inﬂammatory response, neutro-

phils are the host's ﬁrst line of defense, responding with rapid

generation of some cytokines, including IL-1β and TNF-α which

result in the synthesis of more distal cytokines-in a cytokine

cascade including SDF1, MCP-1, and IL-6 (Murdoch et al., 2005).

IL-6 is the major pro-inﬂammatory factor and the contribution of

IL-6 to inﬂammation in multiple cell types has been the subject of

Fig. 5. The mRNA expression of vegf, iNOS, and IL-6 at 24 h after skin ﬂap surgery in normal skin/PG, surgical skin ﬂap/PG, surgical skin ﬂap/ S-AC, surgical skin ﬂap/ W-AC,

surgical skin ﬂap/H-ST1, and surgical skin ﬂap/L-ST1. (A) The vegf, iNOS, IL-6 and β-actin mRNA expressions in different treated groups were analyzed by RT-PCR. (B) The

quantiﬁcation data of vegf, iNOS and IL-6 mRNA levels were normalized against an internal control of β-actin. Data were presented as Mean 7 SE (n ¼ 6). Bars with the

different superscript letters in the same assayed gene represent a signiﬁcant difference (p o 0.05).

many studies (Yan et al., 1995). Previous studies showed that NF-

κB is considered to play a key role in the production of inﬂam-

matory mediators, activating the transcriptions of inﬂammatory

enzymes, including iNOS (Baldwin, 1996). Shen et al. (2004)

showed that extracts of Antrodia camphorata mycelia have an

anti-inﬂammatory effect by suppressing ROS production. Rao

et al. (2007) further demonstrated that extracts of the Antrodia

camphorata fruiting body inhibit the expression of NO, TNF-α, and

IL-12.

Previous studies demonstrated that extracts from the Antrodia

camphorata fruiting body have anti-inﬂammatory effects, which

might result in the inhibition of iNOS, COX-2, TNF-α, NO, IL-12, and

IL-6 (Liu et al., 2007; Wu et al., 2007b; Park and Park, 2013). Our

study proved that Antrodia camphorata could reduce the inﬂamma-

tory reaction by inhibiting the NF-κB pathway in ischemic skin

damage. Treatment with either the solid-state-cultured AC or wood-

cultured AC signiﬁcantly reduced the inﬂammatory response by

decreasing the expression of inﬂammation-related genes such as

iNOS, IL-6, NF-κB, and TNF-α in the skin ischemia model.

ST1, an active and major phytochemical from Antrodia camphor-

ata, was evaluated regarding its analgesic and anti-inﬂammatory

effects. ST1 decreased the nitric oxide levels in paw edema and in

serum at 5 h after Carr injection and had a dose-dependent effect

from 1 to 10 mg/kg. In addition, ST1 reduced the expression of the



serum tumor necrosis factor alpha (TNF-α) at 5 h after Carr injection,

except in the 1 mg/kg ST1 group (Huang et al., 2010). In this study,

inﬂammatory factors showed lower expression in response to

Antrodia camphorata treatment, but exhibited no obvious differences

in the ST1-treated groups. The result may be due to the dose of ST1

being lower (2–4 mg/kg, which is equivalent to a dose of 0.162–

0.32 mg/kg in humans) (Reagan-Shaw et al., 2008) than solid-state-

cultured AC and wood-cultured AC (300 mg/kg; 24.4 mg/kg equiva-

lent in humans). However, ST1 still tend to decrease the expression of

vegf and iNOS at the transcriptional level. The anti-inﬂammatory

mechanisms of ST1 might be related to the decrease in the level of

MDA, iNOS, and COX-2 in the edema through the suppression of TNF-

α and NO (Wen et al., 2011).

In this study, we ﬁrmly established skin ischemia by skin ﬂap

surgery. We also proved, by reducing iNOS, IL-6, NF-κB, and TNF-α

expression, that Antrodia camphorata, as well as its active component,

ST1, has protective anti-inﬂammatory properties. Therefore, these

products from Antrodia camphorata could be proposed to protect the

skin against a skin-ﬂap-surgery-induced inﬂammatory reaction.
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