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a b s t r a c t

Niuchangchih (Antrodia camphorata (M. Zang & C.H. Su) Sheng H. Wu, Ryvarden & T.T. Chang) is a basid-
iomycete endemic to Taiwan. It is well known as a Traditional Chinese Medicine (TCM), and Taiwanese
aborigines used this species to treat liver diseases and food and drug intoxication. The compounds
identified in Niuchangchih are predominantly polysaccharides, triterpenoids, steroids, benzenoids and
maleic/succinic acid derivatives. Recent research has revealed that Niuchangchih possesses extensive bio-
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logical activity, such as hepatoprotective, antihypertensive, anti-hyperlipidemic, immuno-modulatory,
anticancer, anti-inflammatory and antioxidant activities. The fruiting bodies and fermented products
of Niuchangchih have been reported to exhibit activity when treating liver diseases, such as prevent-
ing ethanol-, CCl4- and cytokine-induced liver injury, inhibiting the hepatitis B virus, ameliorating fatty
liver and liver fibrosis, and inhibiting liver cancer cells. This review will address the protective effects of
Niuchangchih on the pathological development of liver diseases, and the underlying mechanisms of action
iver fibrosis
iver cancer

are also discussed.
© 2008 Elsevier Ireland Ltd. All rights reserved.
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. Introduction

The liver is the most important organ in terms of biochemical
ctivity in the human body. The liver has great capacity to detoxify
nd synthesize useful substances, and therefore, damage to the liver
nflicted by hepatotoxic agents has grave consequences (Achliya
t al., 2004). Many risk factors, including hepatic viruses, alcohol
onsumption and chemical agents, have significant impact on the
tiologies of liver diseases. Environmental pollution, bad dietary
abits, and hepatic viruses have been considered to be the main fac-
ors that cause liver diseases (Day and Yeaman, 1994; Szabo, 2003).
here are several characteristic pathologies in the livers of patients
ith liver disease, including fatty liver, hepatitis, liver fibrosis, hep-

tocirrhosis and liver cancer. Liver fibrosis is the common end stage
f most chronic liver diseases regardless of the etiology (Bataller
nd Brenner, 2005), and its progression leads to liver cirrhosis and
iver cancer. Currently, it is believed that the early stage of liver
brosis can be reversed, while liver cirrhosis cannot. Therefore,
reventing and eliminating the bad factors, and ameliorating fatty

iver and liver fibrosis, are the most effective methods to prevent
he liver from ultimately deteriorating (Freidman, 1993; Brenner et
l., 2000). Much progress has been made in the understanding of
he pathogenesis of liver diseases, resulting in improved preven-
ion and therapy with promising prospects for even more effective
reatments. In view of the severe undesirable side effects of syn-
hetic agents, there is a growing focus on following systematic
esearch methodology and evaluating the scientific basis of tra-
itional herbal medicines that claim to possess hepatoprotective
ctivity (Shahani, 1999; Achliya et al., 2004).

Niuchangchih, also named Antrodia camphorata (M. Zang & C.H.
u) Sheng H. Wu, Ryvarden & T.T. Chang, is a fungus that only
rows on the brown heartwood of Cinnamomum kanehirae Hay-
ta (Lauraceae) in Taiwan (Fig. 1) (Wu et al., 1997). Niuchangchih
s also called “Niu-chang-ku”, or “Chang-chih”, in China. “Niu-
hang” is the Chinese common name for Cinnamomum kanehirae
Bull camphor tree); “ku” in Chinese means mushroom; and “chih”

eans Ganoderma-like fungus. Being a local species, Niuchangchih
as historically only used in Taiwan by the aborigines as a tradi-

ional prescription for the discomforts caused by alcohol drinking
r exhaustion. The fruiting bodies of Niuchangchih are also used as a
hinese folk medicine for the treatment of liver diseases, food and
rug intoxication, diarrhea, abdominal pain, hypertension, itchy
kin and tumorigenic diseases (Tsai and Liaw, 1985; Chen et al.,

国科技论文在线
001a). However, in 1990, Niuchangchih was first reported as a
ew species. In the years since the initial report, Niuchangchih has
eceived tremendous attention from the public. Primary investi-
ations have revealed that Niuchangchih has extensive biological

Fig. 1. Niuchangchih fruiting bodies.
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ctivities, such as hepatoprotective effects, anti-hepatitis B virus
ffects, anticancer activity, and antioxidant and anti-inflammation
ctivities (Liu et al., 2007a; Rao et al., 2007).

Niuchangchih grows at altitudes between 450 and 2000 m in the
ountain ranges, and in the counties of Taoyuan, Miaoli, Nantou,

aohsiung and Taitung. The trophophase of Niuchangchih occurs
rom June to October (Chen et al., 2001b). The fruiting bodies
f Niuchangchih assume different shapes like the plate-type, the
orse’s hoof, or the tower shape, which is morphologically simi-

ar to Antrodia salmonea (vernacularly called Shiang-Shan-Chih), a
rown heart rot basidiomata in the empty rotten trunk of Cunning-
amia konishii Hayata (Lauraceae) (Chang and Chou, 2004). The red
o light cinnamon fruiting bodies of Niuchangchih are bitter and
ave a mild camphor scent like the host woods (Chang and Chou,
995). Chemical ingredients found in Niuchangchih include polysac-
harides, triterpenoids, sesquiterpene lactones, steroids, phenol
ompounds, adenosine, cordycepin, ergosterol, etc. (Chang et al.,
005; Lu et al., 2006) The mycelia isolated from the fruiting bod-

es of Niuchangchih form orange red and orange brown to light
innamon-colored colonies (Chang and Chou, 1995).

In the wild, the fruiting bodies of Niuchangchih grow slowly
nd are hardly noticeable until the host tree falls down. In order
o harvest Niuchangchih more easily, some people illegally fall the
ost trees. This illegal felling has severely threatened Cinnamomum
anehirae (Chang et al., 2005), and the trees are currently protected
y the Taiwan government. However, the wild fruiting bodies of
iuchangchih are in great demand and have been sold for about
.S. $15,000 per kg (Wang et al., 2005) due to the efficacies of this

ungus. Thus, artificial cultivation was developed as a substitute.
urrently, Niuchangchih is commercially available in Taiwan in the

orm of fermented wine or pure cultures in powdered, tablet and
apsule form (Cheng et al., 2005b). The mycelia produced by liquid
ermentation are innocuous (Lin et al., 2001).

In Chinese folk medicine, the fruiting bodies of Niuchangchih are
onsidered to be a potent hepatoprotective remedy. The fruiting
odies and mycelia of Niuchangchih have been reported to exhibit
he activities of preventing and ameliorating liver diseases, such
s preventing ethanol- and CCl4-induced liver injury, inhibiting
he hepatitis B virus, ameliorating fatty liver and liver fibrosis, and
nhibiting liver cancer cell growth. This review will address the pro-
ective effects of Niuchangchih on the pathological development of
iver diseases. Most of the data presented here are from in vitro and
nimal studies, because the efficacy of Niuchangchih in preclinical
iver diseases is not well documented.

. Taxonomy

In past years, the taxonomy of Niuchangchih has been identi-
ed a few times, and several latin names have been suggested to
tand as the correct name for the fungus. In 1990, Niuchangchih was
rst identified as a new Ganoderma species, Ganoderma camphor-
tum, due to their similar characteristics (Zang and Su, 1990). The
eneric name, however, was based on a mistake as the type was
ontaminated by spores of a Ganoderma species. Then, Chang and
hou (1995) described the species as Antrodia cinnamomea due to

ts dimitic hyphal system with clamped generative hyphae and abil-
ty to cause brown rot. After studying the both types of Ganoderma
omphoratum and Antrodia cinnamomea, these fungi were found to
e conspecific. Thus, a new combination, Antrodia camphorata, was
hought to be more appropriate (Wu et al., 1997). However, given

http://www.paper.edu.cn
hat the host tree of this latter species is Cinnamomum kanehirae
ather than Cinnamomum camphora (L.) Presl., Antrodia cinnamo-
ea was suggested again to stand as the correct name for the

ungus associated with Cinnamomum kanehirae (Chang and Chou,
004). In 2004, a phylogenetic analysis based on sequence data
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erived from large ribosomal subunit (LSU) sequences of riboso-
al RNA genes (rDNA) indicated that Niuchangchih is distantly

elated to other species in Antrodia and, consequently, the fungus
as transferred to the new genus Taiwanofungus (Wu et al., 2004).
owever, using polymorphism analysis of internal transcribed

pacer (ITS) regions of the ribosomal RNA gene, Niuchangchih
as reconsidered as an Antrodia species (Chiu, 2007). The cur-

ent taxonomic position of Niuchangchih is as follows (Hawksworth
t al., 1995): Fungi, Basidiomycota, Homobasidiomycetes, Aphyl-
ophorales, Polyporacea. Clearly, however, the nomenclature and
xact taxonomy (genus and species) of Niuchangchih is still the sub-
ect of debate and needs further research. In this article, we have
hosen to use the traditional name, Niuchangchih, to describe this
nique Formosan fungus.

. Ethnomedicine

Niuchangchih has a long history of medicinal use in Taiwan. It
ad been popularly used as a folkloric medicine long before 1773
Su, 2002) for the treatment of twisted tendons and muscle dam-
ge, terrified mental state, influenza, cold, headache, fever and
any internally affiliated diseases (Peng et al., 2007). In 1773, a

amous doctor in the Traditional Chinese Medicine arena named
u-Sha, who re-located to Taiwan from the Fujian province of

hina, found that Taiwan aborigines had discomfort caused by
xcess alcohol or exhaustion because of lifestyle (Su, 2002). The
ocals often chewed the fruiting bodies of Niuchangchih or took
he decoction of the fruiting bodies, and noticed that this mush-
oom worked well for alcoholic hangover relief. Dr. Wu studied
he effects of Niuchangchih based on the locals’ experiences, and
egan to use it to treat diarrhea, abdominal pain, hypertension,

tchy skin, viral infection, stomachitis, diabetes mellitus, nephri-
is, proteinuria, liver cirrhosis, hepatoma, influenza, car sickness,
alenture and motion-sickness (Tsai and Liaw, 1985; Chiu and
hang, 2001; Su, 2002; Chen, 2008). After being used for years,
he mushroom is now believed to be one of the most potent liver-
rotecting herbs in Taiwan. However, little primary ethnomedical
ata describing its liver-protecting activity was recorded in the
ncient literature. Recently, many studies have indicated that its
edicinal applications go far beyond the original usage. It has

een reported that many chemical components of Niuchangchih
ave functional properties like antioxidant, anticancer, antiviral,
nd antibiotic properties. Therefore, demand for the fruiting bod-
es of Niuchangchih has far exceeded the supply, and it is now
onsidered among the most expensive herbal medicines on the
arket.

. Chemical constituents

A series of publications have appeared on the structural charac-
erization of the secondary metabolites of the fungus. Most of the
nvestigators studied the fruiting bodies, though there are a few
ublications on the constituents of the mycelia of Niuchangchih in
ubmerged cultures. The compounds identified from Niuchangchih
re predominantly polysaccharides (Chen et al., 2005; Lin and Chen,
007; Wu et al., 2007c), benzenoids, diterpenes, triterpenoids,
teroids and maleic/succinic acid derivatives. These are summa-
ized, with their structures and bioactivities, in Table 1.

. Pharmacological studies

中国科技论文在线
Several researchers have reported on the different biological
ctivities of Niuchangchih in various in vitro and in vivo test mod-
ls. As summarized in Table 2, different extracts and compounds
f this species have been found to exhibit hepatoprotective, neuro-
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rotective, antihypertensive, anti-hyperlipidemic, anti-genotoxic,
nti-angiogenic, antimicrobial, depigment, immuno-modulatory,
nticancer, anti-inflammatory, and antioxidant activities. The pro-
ective effects of Niuchangchih on the pathological development of
iver diseases will be described in greater detail in the following
ections.

.1. Hepatoprotective activity of Niuchangchih

.1.1. Effect on ethanol-induced acute liver injury
Bibulosity is one of the 10 factors leading to illness and death

n the world. In western countries, the rate of death induced by
lcohol toxicosis is similar to cancer and coronary heart disease.
he major organ which metabolizes alcohol is the liver (Domschke
t al., 1974). The liver disease induced by drinking is the alco-
ol liver diseases (ALD), which remains one of the most common
auses of chronic liver diseases in the world. Alcohol consump-
ion produces a spectrum of histologic abnormalities in the liver,
ncluding steatosis (fatty liver), steatohepatitis (alcoholic hepati-
is) and cirrhosis. The three lesions of liver may occur alone, at
he same time or sequentially (Day and Yeaman, 1994). Except
bstinence and the treatment of the illness, there is a lack of
ffective drugs to cure alcohol addiction and interrupt the course
f ALD.

There are three main pathways for the metabolism of ethanol,
ach located in a different subcellular compartment: the alco-
ol dehydrogenase (ADH) pathway in the cytosol, the microsomal
thanol-oxidizing system (MEOS) located in the endoplasmic retic-
la and catalase in the peroxisomes (Jiménéz-López et al., 2002).
mong these pathways, the alcohol dehydrogenase pathway is

he major metabolic pathway during the early stage of chronic
lcohol liver injury. In the ADH-mediated oxidation of ethanol,
ydrogen is transferred from the substrate to the cofactor nicoti-
amide adenine dinucleotide (NAD), resulting in excess conversion
o its reduced form (NADH) with the production of acetaldehyde
Cronholm, 1985; Cronholm et al., 1988; French, 2000). The excess
roduction of NADH alters the redox state in the liver and, in turn,

eads to a variety of metabolic abnormalities. The elevated ratio of
ADH to NAD increases the concentration of �-glycerophosphate
nd suppresses the citric acid cycle, which favors accumulation of
epatic triacylglycerols by trapping fatty acids.

Niuchangchih has been used to cure the discomfort caused by
xcess alcohol for many years. Recently, scientific research showed
hat both the fruiting bodies and mycelia of Niuchangchih possessed
rotective activity against liver hepatitis and fatty liver induced
y acute hepatotoxicity of alcohol (Dai et al., 2003). Using acute
thanol-intoxicated rats as an experimental model, we compared
he hepatoprotective effects of Niuchangchih and Liangjun (Armil-
ariella tabescens), a traditional Chinese fungi drug for liver diseases,
n liver injury induced by ethanol (Lu et al., 2007b). Treatment
ith Niuchangchih notably prevented the ethanol-induced eleva-

ion of levels of serum aspartate aminotransferase (AST), alanine
minotransferase (ALT), alkaline phosphatase (ALP) and bilirubin
o an extent that was comparable to the standard drug silymarin.

eanwhile, the results from histological studies also supported
he above parameters. Currently, the isolation and testing of con-
tituents likely to be responsible for the hepatoprotective activities
f Niuchangchih against alcoholic liver diseases is under investiga-
ion in our lab.

http://www.paper.edu.c
.1.2. Effect on hepatitis induced by CCl4
CCl4-treated animals are frequently used to evaluate the hep-

toprotective effect of tested samples. It is well established that
epatotoxicity by CCl4 is due to enzymatic activation that releases
Cl3 radicals in the free state, which in turn disrupts the structure
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Table 1
Compounds isolated from Niuchangchih.

No. Chemical class Compound name Compound structure Sources Bioactivity References

1 Fatty acids Methyl oleate F Wu and Chiang (1995)

2 Benzenoids Antrocamphin A F Anti-inflammatory
activity, in vitro

Chen et al. (2007b)

3 Benzenoids Antrocamphin B F Chen et al. (2007b)

4 Benzenoids 2,3,4,5-
Tetramethoxybenzoyl
chloride

F Chen et al. (2007b)

5 Benzenoids Antrodioxolanone F Chen et al. (2007b)

6 Benzenoids Isobutylphenol M Wu et al. (2007b)

7 Benzoquinone 5-Methyl-
benzo[1,3]dioxole-4,7-
dione

M Wu et al. (2007b)

8 Benzoquinone
derivative

2,3-Dimethoxy-5-
methyl[1,4]benzoquinone

M Wu et al. (2007b)

9 Benzoquinone
derivative

2-Methoxy-5-
methyl[1,4]benzoquinone

M Antioxidant, in vitro Wu et al. (2007b)

10 Phenyl
methanoids

4,7-Dimethoxy-5-
methyl-1,3-
benzodioxole

F Chiang et al. (1995), Chen et
al. (2007b)

11 Biphenyl
methanoids

2,2′ ,5,5′-Tetramethoxy-
3,4,3′ ,4′-
dimethylenedioxy-6,6′-
dimethyl
biphenyl

F Anti-HBV, in vitro Chiang et al. (1995), Shen et
al. (2003a), Chen et al.
(2007b)

12 Ubiquinone
derivatives

Antroquinonol M, F Antitumor, in vitro;
anti-HBV, in vitro

Lee et al. (2007), Liu et al.
(2008)

13 Tocopherols �-Tocospiro B F Chen et al. (2007b)

14 Maleic
anhydrides

Camphorataanhydride
A

m Nakamura et al. (2004),
Cheng et al. (2008a,b)

中国科技论文在线 http://www.paper.edu.cn
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Table 1 (Continued )

No. Chemical class Compound name Compound structure Sources Bioactivity References

15 Maleimides Camphorataimide B M, B Anti-HBV, in vitro;
cytotoxic effect, in vitro

Nakamura et al. (2004),
Shen et al. (2005), Cheng et
al. (2008a,b)

16 Maleimides Camphorataimide C M Cytotoxic effect, in
vitro

Nakamura et al. (2004),
Cheng et al. (2008a,b)

17 Succinic acid
derivatives

Camphorataimide D M Nakamura et al. (2004),
Cheng et al. (2008a,b)

18 Succinic acid
derivatives

Camphorataimide E M Nakamura et al. (2004),
Cheng et al. (2008a,b)

19 Lignans (+)-Sesamin F Wu and Chiang (1995)

20 Lignans (−)-Sesamin F Chen et al. (2007b)

21 Lignans 4-Hydroxysesamin F Wu and Chiang (1995)

22 Sesquiterpene
lactones

Antrocin F Chiang et al. (1995)

23 Diterpenes 19-Hydroxylabda-
8(17)-en-16,15-olide

F Chen et al. (2006)

24 Diterpenes 3�,19-Dihydroxylabda-
8(17),11E-dien-16,15-
olide

F Chen et al. (2006)

25 Diterpenes 13-epi-3�,19-
Dihydroxylabda-
8(17),11E-dien-16,15-
olide

F Chen et al. (2006)

26 Diterpenes 19-Hydroxylabda-
8(17),13-dien-16,15-
olide

F Chen et al. (2006)
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Table 1 (Continued )

No. Chemical class Compound name Compound structure Sources Bioactivity References

27 Diterpenes 14-Deoxy-11,12-
didehydroandrographolide

F Chen et al. (2006)

28 Diterpenes 14-
Deoxyandrographolide

F Chen et al. (2006)

29 Diterpenes Pinusolidic acid F Chen et al. (2006)

30 Triterpenoids Eburicoic acid F Shen et al. (2003a)

31 Triterpenoids Dehydroeburicoic acid F Anti-inflammatory
activity, in vitro

Cherng et al. (1995), Yang et
al. (1996), Shen et al.
(2003a), Chen et al. (2007b)

32 Triterpenoids Sulphurenic acid F Shen et al. (2003a)

33 Triterpenoids Dehydrosulphurenic
acid

F Yang et al. (1996), Shen et al.
(2003a)

34 Triterpenoids 15�-Acetyl-
dehydrosulphurenic
acid

F Yang et al. (1996), Shen et al.
(2003a)

35 Triterpenoids Versisponic acid D F Shen et al. (2003a)

36 Triterpenoids 3�,15�-
Dihydroxylanosta-
7,9(11),24-trien-21-oic
acid

F Shen et al. (2003a)
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Table 1 (Continued )

No. Chemical class Compound name Compound structure Sources Bioactivity References

37 Triterpenoids 24-Methylenedihyd-
rolanosterol

F Cherng et al. (1995)

38 Triterpenoids epi-Friedelinol F Chen et al. (2007b)

39 Steroids Antcin A F Anti-inflammatory
activity, in vitro

Cherng et al. (1995), Chen et
al. (2007b)

40 Steroids Antcin C F Cherng et al. (1995)

41 Steroids Antcin E F Cherng et al. (1996)

42 Steroids Antcin F F Cherng et al. (1996)

43 Steroids Antcin K F Shen et al. (2003a)

44 Steroids Methyl antcinate B F Shen et al. (2003a)

45 Steroids Methyl antcinate G F Cherng et al. (1996)

46 Steroids Methyl antcinate H F Cherng et al. (1996), Shen et
al. (2003a)

47 Steroids Zhankuic acid A
(Antcin B)

F Cytotoxic effect, in
vitro;
anti-inflammatory
activity, in vitro

Cherng et al. (1995), Chen et
al. (1995, 2007b), Shen et al.
(2003a)
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Table 1 (Continued )

No. Chemical class Compound name Compound structure Sources Bioactivity References

48 Steroids Zhankuic acid B F Anticholinergic and
antiserotonergic
activities, in vitro

Chen et al. (1995), Shen et
al. (2003a)

49 Steroids Zhankuic acid C
(Antcin H)

F Cytotoxic effect, in
vitro

Chen et al. (1995), Shen et
al. (2003a)

50 Steroids Zhankuic acid D F Yang et al. (1996)

51 Steroids Zhankuic acid E F Yang et al. (1996)

52 Steroids Zhankuic acid F (Antcin
D)

F Shen et al. (1997), Cherng et
al. (1996)

53 Steroids �-Sitosterol F Wu and Chiang (1995),
Chen et al. (2007b)

54 Steroids �-Sitostenone F Chen et al. (2007b)

55 Steroids Stigmasterol F Chen et al. (2007b)

56 Steroids Eburicol F Wu and Chiang (1995),
Chen et al. (2007b)

57 Steroids Ergosta-4,6,8(14),22-
tetraen-3-one

F Chen et al. (2007b)

中国科技论文在线 http://www.paper.edu.cn



202 Z.-H. Ao et al. / Journal of Ethnopharmacology 121 (2009) 194–212

Table 1 (Continued )

No. Chemical class Compound name Compound structure Sources Bioactivity References

58 Steroids Methyl-3,11-dioxo-4�-
methylergost-8,24(28)-

F Wu and Chiang (1995)
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ote: F: fruiting bodies; M: mycelia; B: culture broth; HBV: hepatic B virus

nd function of lipids and protein macromolecules in the mem-
rane of the cell organelles (Mujumdar et al., 1998).

The dry matter of fermented filtrate (DMF) from submerged
ultures of Niuchangchih and aqueous extracts from Niuchangchih
ruiting bodies have been reported to possess hepatoprotective
ctivity against liver diseases induced by CCl4 (Hsiao et al., 2003;
ong and Yen, 2003). Both of them could reduce glutathione
GSH)-dependent enzymes (glutathione peroxidase, glutathione
eductase, and glutathione S-transferase), and the GSH/GSSG ratio
as significantly improved by the oral pretreatment of rats with
MF (P < 0.01). Histopathological evaluation of the rat liver revealed

hat the DMF reduced the incidence of liver lesions, including
eutrophil infiltration, hydropic swelling and necrosis induced by
Cl4. Recently, Huang et al. (2006) reformulated the filtrate of
iuchangchih with extracts from some TCM, such as Astragalus
embranaceus, as well as Salvia miltiorrhiza and Lycimm chinense,

nd found that the new formula showed significant inhibitory activ-
ty against the elevated ALT level in CCl4-treated animals to an
xtent that was even better than when the filtrate was used alone.

.1.3. Effect on Propionibacterium acnes- and
ipopolysaccharide-induced hepatitis

The injection of Propionibacterium acnes (P. acnes) followed by a
ow dose of lipopolysaccharide (LPS) can induce fulminant hepatitis
n mice, and this model has been used for the analysis of liver injury.
an et al. (2006) have separated and purified a neutral polysac-

haride named ACN2a from the hot water extract of the mycelium
f Niuchangchih that has hepatoprotective activity. The hepatopro-
ective effect of ACN2a was evaluated using the mouse model of
iver injury that was induced by Propionibacterium acnes-LPS. The
dministration of ACN2a (0.4 or 0.8 g/(kg d)) significantly prevented
n increase of the activities of AST and ALT in the serum of mice
reated with Propionibacterium acnes-LPS, indicating hepatoprotec-
ive activity in vivo. Using the same cytokine-induced fulminant
epatitis animal model, Dr. Hattori isolated five maleic and succinic
cid derivatives (Table 1; compound 14–18), namely Hepasim®, as
he active compound(s) responsible for the anti-hepatitis activity
f mycelia of Niuchangchih (Hattori and Sheu, 2006).

.1.4. Possible mechanisms underlying the hepatoprotective effect
f Niuchangchih

Currently available data show that Niuchangchih may exert its
rotective effects on liver injury though different mechanisms, such
s scavenging free radicals responsible for cell damage, enhanc-
ng the enzymes responsible for antioxidant activity, inhibiting the
nflammatory mediators and/or induction of the regeneration of
he liver cells.

Chemical agents used in the in vivo research, including ethanol,
Cl4, and Propionibacterium acnes-LPS, not only induced liver injury,

ut also initiated oxidative stress and increased the level of reac-
ive oxygen species (ROS), as manifested by an elevated level of

DA and an altered activity of SOD. Active oxygen molecules such
s superoxide radicals (O•−

2 ) and hydroxyl radicals (OH•) have been
hown to modify and damage proteins, carbohydrates, and DNA

l
h
b
a
m

n both in vitro and in vivo models (Halliwell and Gutteridge,
990). It is well known that free radicals derived from oxygen
nd other chemicals are important factors related to injury of the
iver (Poli, 1993). Accumulating data have shown that Niuchangchih
s a potent direct free radical scavenger (Huang et al., 1999;
ong and Yen, 2002; Hsiao et al., 2003; Mau et al., 2004; Shu
nd Lung, 2008). It is therefore possible that prevention against
iver injury by Niuchangchih is partially due to its antioxidant
ctivity. The stable 1,1-diphenyl-2-picrylhydrazyl (DPPH) tests pro-
ided direct evidence that the Niuchangchih extract acted as a
irect free radical scavenger (Huang et al., 1999; Hsiao et al.,
003; Mau et al., 2004). The antioxidant activities of the filtrate
nd mycelia extracts of Niuchangchih were correlated with the
resence of total polyphenols, crude triterpenoids, and the pro-
ein/polysaccharide ratio of the crude polysaccharides (Song and
en, 2002). Aqueous extracts of Niuchangchih inhibited nonenzy-
atic iron-induced lipid peroxidation in rat brain homogenates
ith an IC50 value of about 3.1 mg/ml (Hsiao et al., 2003). These

esults suggest that Niuchangchih exerts effective protection against
hemical-induced hepatic injury in vivo by free radical scavenging
ctivities.

Although the precise underlying mechanisms are not fully
nderstood, Niuchangchih may act as an enzyme modulator in a
ay that is unrelated to its antioxidant properties. The DMF may
lay a role in preventing oxidative damage in living systems by
pregulating hepatic GSH-dependent enzymes to preserve the nor-
al GSH/GSSH ratio during CCl4 metabolism (Song and Yen, 2003).

he DMF showed the strongest inhibition of lipid peroxidation as
function of its concentration, and its effects were comparable

o the antioxidant activity of BHA at the same concentration of
.2 mg/ml (Song and Yen, 2002). When Hep G2 cells were pre-
reated with the DMF at a concentration of 0.1 mg/ml for 4 h and
hen induced by 1 h of treatment with H2O2 (100 �M), lipid per-
xidation was significantly (P < 0.05) decreased as measured by the
ormation of malondialdehyde. In another study, different solvent
xtracts (water, ethanol or ethyl acetate) from the fermented fil-
rate of Niuchangchih could increase hepatic SOD activity and the
xpression of CYP 1A1 in rat liver (Chen, 2003).

Based on our own studies and those by other groups, we believe
hat there are multiple potent mechanisms underlying the hepato-
rotective effects of Niuchangchih. Further studies to fully elucidate
he exact mechanism of the effects modulated by Niuchangchih are
ecessary.

.2. Inhibition of hepatitis B virus (HBV) replication

HBV infection is known to cause acute and chronic hepatitis.
ome chronic hepatitis patients subsequently suffer from cirrhosis
nd liver failure, and some may eventually develop hepatocellu-

ar carcinoma (HCC) (Szmuness, 1978; Beasley et al., 1981). Viral
epatitis is the most common cause of HCC worldwide, followed
y alcoholic liver diseases (Lodato et al., 2006). Despite the avail-
bility of an effective preventive vaccine in recent years, about 300
illion existing chronic carriers still urgently need therapy.
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Table 2
A summary of the studies conducted on the pharmacological activities of Niuchangchih.

Study pertaining Sample preparation, dosage
and route

Model, study design Observations References

Hepatoprotective effect Aqueous extract of
Niuchangchih (250, 750, and
1250 mg/kg per day,
respectively, p.o., 4 days per
week)

Male ICR mice, in vivo Niuchangchih showed
protection against chronic
CCl4-induced hepatic injury by
mediating antioxidative and
free radical scavenging
activities

Hsiao et al. (2003)

Dry matter of fermented
filtrate (DMF) from
Niuchangchih (0.25 and
0.50 g/kg, p.o., daily)

Male Sprague–Dawley rats, in
vivo

DMF inhibited CCl4-induced
hepatotoxicity by upregulating
hepatic GSH-dependent
enzymes to preserve the
normal GSH/GSSH ratio and
free radical scavenging effect

Song and Yen (2003)

Mycelia or fruiting bodies of
Niuchangchih (0.5 and 1.0 g/kg,
p.o., daily)

Male Sprague-Dawley rats, in
vivo

Niuchangchih showed
protective effect on acute
ethanol-induced liver injury
due to its potent antioxidant
ability

Dai et al. (2003)

Mycelia of Niuchangchih (0.5
and 1.0 g/kg, i.g., daily)

Male Sprague-Dawley rats, in
vivo

Niuchangchih prevented
ethanol-induced elevation of
serum levels of AST, ALT, ALP,
and bilirubin comparable with
silymarin

Lu et al. (2007b)

Neutral polysaccharide isolated
from the mycelia of
Niuchangchih (0.4 and 0.8 g/kg,
p.o., daily)

Male ICR mice, in vivo Niuchangchih significantly
prevented increases in AST and
ALT enzyme activities in mice
treated with Propionibacterium
acnes and Lipopolysaccharide

Han et al. (2006)

Filtrate of fermented mycelia
from Niuchangchih (0.5 and
1.0 g/kg, p.o., daily)

Male Wistar rats, in vivo Niuchangchih retarded the
progression of liver fibrosis in
CCl4-treated rats possibly by
scavenging free radicals
formed in the liver

Lin et al. (2006)

Fermented filtrate of
Niuchangchih

CCl4-induced hepatic injury in
mouse, in vivo

Hepatoprotective effect of
Niuchangchih on CCl4-treated
mouse was enhanced by
extracts from Chinese
traditional medicines, such as
Astragalus membranaceus,
Salvia miltiorrhiza, Lycimm
chinense

Huang et al. (2006)

Anti-HBV activity Polysaccharides from mycelia
of five Niuchangchih strains
(50 �g/ml)

HBV-producing cell line
MS-G2, in vitro

All mycelia polysaccharide
preparations exhibited
anti-hepatitis B virus activity

Lee et al. (2002)

Ten compounds isolated from
fruiting bodies of Niuchangchih
(5–50 �M)

Wild-type HBV producing cell
line ES2, lamivudine-resistant
HBV DNA integrated HCC cell
line M33, in vitro

Bioassay-guided fractionation
resulted in the isolation of an
anti-HBV biphenyl

Huang et al. (2003)

Culture broth of Niuchangchih
(5–50 �M)

HBV-producing cell line
MS-G2, in vitro

Bioassay-guided fractionation
resulted in the isolation of an
anti-HBV pyrroledione

Shen et al. (2005)

Neuroprotective effect Extract of Niuchangchih
mycelia (1–1000 �g/ml)

Neuronal-like rat PC12 cells, in
vitro

Serum deprivation-induced
PC12 cell apoptosis was
prevented

Huang et al. (2005)

Adenosine from the extract of
Niuchangchih mycelia
(1–1000 �g/ml)

Neuronal-like rat PC12 cells, in
vitro

Adenosine prevented rat PC12
cells from serum
deprivation-induced apoptosis
through the activation of
adenosine A2A receptors

Lu et al. (2006)

Extract of Niuchangchih
mycelia (1–1000 �g/ml)

Neuronal-like rat PC12 cells, in
vitro

Niuchangchih prevented
serum-deprived PC12 cell
apoptosis through a
PKA-dependent pathway and
by suppression of JNK and p38
activities

Lu et al. (2008)

Antihypertensive effect Mycelia extracts from five
Niuchangchih strains
(80–400 �g/ml)

Isolated aortic rings from
Sprague-Dawley rats, in vitro

Niuchangchih induced an
elevation in [Ca2+]i mainly due
to Ca2+ influx in endothelial
cells, increased NO release and
activated cGMP system
activities which caused
endothelium-dependent
relaxation

Wang et al. (2003)
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Table 2 (Continued )

Study pertaining Sample preparation, dosage
and route

Model, study design Observations References

Methanolic extract from wild
and solid-state cultures of
Niuchangchih (10 mg/kg)

Spontaneously hypertensive
rats (SHR) and Wistar Kyoto
(WKY) rats, in vivo

The systolic blood pressure and
diastolic blood pressure of SHR
were lowered, but not of WKY
rats

Liu et al. (2007b)

Anti-hyperlipidemic effect Fruiting bodies of Niuchangchih Sprague-Dawley rats, in vivo Niuchangchih decreased the
triglyceride and glucose levels,
but could not affect the
cholesterol level in rat fed with
high cholesterol diet

Yen (2006)

Anti-genotoxic activity Aqueous extracts from
Niuchangchih mycelia (3 g/kg)

Human TK6 cells, in vitro;
pregnant mice, in vivo

Niuchangchih possess the
chemopreventive effects with
no observable cytotoxicity in
male mice, pregnant mice and
their fetuses

Chiang et al. (2004)

Anti-angiogenic activity Polysaccharide from mycelia of
Niuchangchih (1 �g/ml)

Bovine aortic endothelial cells,
in vitro

Polysaccharides inhibited
cyclin D1 expression through
inhibition of VEGF receptor
signaling, leading to the
suppression of angiogenesis

Cheng et al. (2005a)

Antimicrobial activity Water and 95% ethanolic
extract of mycelia of
Niuchangchih in solid-state
culture (5–10 mg)

Bacillus cereus, Bacillus subtilis,
Lactobacillus acidophilus,
Lactobacillus lactis,
Staphylococcus aureus,
Staphylococcus faecalis,
Enterobacter aerogenes,
Escherichia coli, Proteus vulgaris,
Pseudomonas aeruginosa,
Pseudomonas fluorescens,
Salmonella typhimurium,
Shigella sonnei, in vitro

Both water and ethanolic
extract of Niuchangchih mycelia
showed antimicrobial activity

Wu and Liang (2005)

Depigment effect Water and ethanol extracts of
Niuchangchih after fermented
with Scutellaria baicalensis

B16-F10 cell, in vitro Both water and ethanol
extracts could protect cell from
UV damage. However, ethanol
extract had distinguished
inhibition on tyrosinase in the
cell after cell irradiation, but
water extract did not

Chen (2007)

Immuno-modulatory activity Compounds from fruiting
bodies of Niuchangchih (50 �M)

Peripheral human neutrophils
(PMN) and mononuclear cells
(MNC), in vitro

Compounds from Niuchangchih
exhibited leukocyte
modulating activity by
inhibiting ROS production in
human PMN and MNC with no
significant cytotoxic effect

Shen et al. (2003b)

Polysaccharide from
Niuchangchih mycelia
(2.5 mg/d, i.g., 6 weeks)

Male BALB/c mice, Schistosoma
mansoni, in vivo

Niuchangchih modulated the
expression of CD8� and the
MHC class II molecule I-A/I-E in
splenic DCs and macrophages,
the CD4+/CD8+ ratio of T cells
and the number of B
lymphocytes, also inhibited
Schistosoma mansoni infection
in vivo

Chen et al. (2008)

Polysaccharide from
Niuchangchih mycelia (1.0 and
2.5 mg/d, i.g., 6 weeks)

Male BALB/c or C57BL/6 mice,
T1/T2 doubly transgenic mice,
Schistosoma mansoni, in vivo

Niuchangchih modulated the
expression of Type 1 cytokines
on splenocytes as well as the
percentages of CD4+ T cells and
B lymphocytes, induced these
immune cells towards Type 1
differentiation, reduced the
infection rate of Schistosoma
mansoni in vivo

Cheng et al. (2008a,b)

Anticancer activity Ethylacetate extract from
fruiting bodies of Niuchangchih
(10–100 �g/ml)

Human liver cancer cell lines
Hep G2 and PLC/PRF/5, in vitro

Mechanisms of anticancer
activity of Niuchangchih were
involved to (1) induction of
apoptosis, (2) initiation of
Fas/Fas ligand pathway in Hep
G2 cells, (3) trigger of
mitochondrial pathway, (4)
modulation of Bcl-2 family
protein and (5) inhibition of
NF-�B signaling pathway

Hsu et al. (2005)
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Table 2 (Continued )

Study pertaining Sample preparation, dosage
and route

Model, study design Observations References

Methanolic extracts of mycelia
(MEM) from Niuchangchih
(10–200 �g/ml)

Human hepatoma HepG2 cells,
in vitro

MEM induced HepG2 apoptosis
through inhibition of cell
growth and up-regulation of
Fas/FasL to activate the
pathway of caspase-3 and -8
cascades

Song et al. (2005a)

Methanolic extracts of mycelia
(MEM) from Niuchangchih
(10–50 �g/ml)

Chang liver cells, HepG2 and
Hep3B cells, primary
hepatocytes isolated from
Sprague-Dawley rats, in vitro

MEM-induced apoptosis
pathway in hepatoma cells
were through activation of
caspase-8 and -3 cascades and
regulation of the cell cycle
progression

Song et al. (2005b)

Ethylacetate extract from
fruiting bodies of Niuchangchih
(30–120 �g/ml)

Human liver cancer cell line
Hep 3B, in vitro

Niuchangchih induced
apoptosis of Hep 3B cells
through calcium and
calpain-dependent pathways

Kuo et al. (2006)

Ethylacetate extract from
fruiting bodies of Niuchangchih
(10–40 �g/ml)

Human liver cancer cell line
PLC/PRF/5, in vitro

Niuchangchih inhibited
invasion of cancer cells by
down-regulation of
invasion-related factors
through NF-�B inhibition

Hsu et al. (2007)

Extracts from Niuchangchih
mycelia in liquid/solid-state
culture

Human hepatoma cell lines
C3A and PLC/PRF/5, in vitro;
ICR nude mice inoculated with
C3A or PLC/PRF/5, in vivo

Niuchangchih extract, when
combined with anti-tumor
agents, showed adjuvant
antiproliferative effects on
hepatoma cells (in vitro) and
on xenografted cells in
tumor-implanted nude mice
(in vivo)

Chang et al. (2008)

Fermented culture broth of
Niuchangchih (25–150 �g/ml)

Human breast cancer cell line
MCF-7, human healthy breast
cell line HBL100, in vitro

Niuchangchih exhibited
antiproliferative effect by
induction of apoptosis that is
associated with cytochrome c
translocation, caspase 3
activation, PARP degradation,
and dysregulation of Bcl-2 and
Bax in MCF-7 cells

Yang et al. (2006a)

Fermented culture broth of
Niuchangchih (40–240 g/ml)

Human breast cancer cell line
MDA-MB-231 and the MCF-7,
in vitro

Niuchangchih exhibited
antiproliferative effect by
induction of apoptosis that is
associated with COX-2
inhibition in MDA-MB-231
cells

Hseu et al. (2007)

Fermented culture broth of
Niuchangchih (40–240 g/ml)

Human breast cancer cells
MDA-MB-231, in vitro; Nude
mice inoculated with
MDA-MB-231 cells, in vivo

Niuchangchih treatment
induced cell cycle arrest and
apoptosis of human breast
cancer cells both in vitro and in
vivo

Hseu et al. (2008a)

Extract from fruiting bodies of
Niuchangchih (10–150 �g/ml)

Human urinary bladder cancer
cell line T24, in vitro

Niuchangchih was effective in
inducing phase G2M arrest,
acting as an anti-proliferative,
and an anti-metastatic agent
against bladder cancer cell T24
cells

Peng et al. (2006)

Extract from fruiting bodies of
Niuchangchih (10–200 �g/ml)

Human urinary bladder cancer
cell lines, RT4, T24 (HTB-4) and
TSGH-8301, in vitro

Niuchangchih extract showed
different significant inhibitory
effects on the growth and
proliferation of TCC cell lines
through different mechanisms

Peng et al. (2007)

Fermented culture broth of
Niuchangchih (25–150 �g/ml)

Human premyelocytic
leukemia HL-60, in vitro

Niuchangchih exerted
antiproliferative action and
growth inhibition through
apoptosis induction

Hseu et al. (2004)

Polysaccharide from
Niuchangchih mycelia in
submerged culture (200 �g/ml,
in vitro; 100 and 200 mg/kg, in
vivo)

Human leukemic U937 cells, in
vitro; sarcoma 180-bearing
mice, in vivo

Polysaccharides in
Niuchangchih possessed
antitumor effect through the
activation of host immune
response

Liu et al. (2004)

Mycelia powder of
Niuchangchih in submerged
culture (100–200 �g/ml)

Human MG63 osteosarcoma
cells, in vitro

Niuchangchih exerted multiple
effects on viability and [Ca2+]i,
and evoked apoptosis via
inhibiting ERK and MAPK
phosphorylation

Lu et al. (2007a)
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Table 2 (Continued )

Study pertaining Sample preparation, dosage
and route

Model, study design Observations References

Ethanolic extract of fruiting
bodies of Niuchangchih
(50–200 �g/ml)

Human prostate
adenocarcinoma cell lines
LNCaP and PC-3, in vitro

Niuchangchih showed
anti-cancer activity against
both PC-3 and LNCaP cells by
modulating cell cycle
regulatory proteins through
different signaling pathways

Chen et al. (2007c)

Ethanolic extract from mycelia
of Niuchangchih in solid-state
culture (0.2–2%)

Human non-small cell lung
carcinoma A549 cell and
primary human fetal lung
fibroblast MRC-5, in vitro

Several tumor-associated genes
that were changed in their
expression by Niuchangchih
were located, including human
calpain small subunit,
galectin-1, eukaryotic
translation initiation factor 5A,
annexin V and Rho GDP
dissociation inhibitor �

Wu et al. (2006)

Anti-inflammatory activity Methanolic extract from
cultured mycelia of
Niuchangchih (1–50 �g/ml)

Peripheral human neutrophils
(PMN) or mononuclear cells
(MNC), in vitro

The extracellular ROS
production in PMN or MNC
were prevented

Shen et al. (2004a)

Zhankuic acids A, B, C, and
antcin K from fruiting bodies of
Niuchangchih (1–25 �M)

Peripheral human neutrophils,
in vitro

Zhankuic acids and antcin K
exhibited leukocytes
modulating activity by
inhibiting ROS production and
firm adhesion by neutrophils
with no significant cytotoxic
effect

Shen et al. (2004b)

Fermented culture broth of
Niuchangchih (25–100 �g/ml)

Murine macrophage cell line
RAW264.7, in vitro

Niuchangchih inhibited the
production of cytokines and
the degradation of I�B-� in
LPS-stimulated macrophages,
by down-regulation of iNOS
and COX-2 expression via the
suppression of NF-�B
activation

Hseu et al. (2005)

Lipopolysaccharide from
mycelia of Niuchangchih
(0.1–50 �g/ml)

Bovine aortic endothelial cells,
in vitro

Bacterial LPS-induced
intercellular adhersion
molecule-1 and monocyte
adhesion were reversed

Cheng et al. (2005b)

Polysaccharide fractions from
Niuchangchih mycelia
(50–200 �g/ml)

Murine macrophage cell line
RAW 264.7, in vitro

The
lipopolysaccharide-induced
NO production and the protein
expression by the iNOS gene
were inhibited

Chen et al. (2007a)

Methanolic extracts from wild
fruiting body, liquid-state
fermentation, and solid-state
culture of Niuchangchih
(50 �g/ml)

Mouse microglia cell line
EOC13.31, Female Balb/c mice,
in vitro

Niuchangchih significantly
inhibited iNOS, COX-2, and
TNF-� expression in LPS/IFN�-
or �-amyloid-activated
microglia

Liu et al. (2007a)

CHCl3 and methanolic extracts
from fruiting bodies of
Niuchangchih (3.125–50 �g/ml)

Mouse peritoneal excluded
macrophages, in vitro

Anti-inflammatory effect of
Niuchangchih is due to the
inhibition of
macrophage-mediated
inflammatory mediators (NO,
TNF-� and IL-12) and cell cycle
arrest in G0/G1 phase in
LPS/IFN-� activated mouse
peritoneal macrophages

Rao et al. (2007)

Compounds isolated from
fruiting bodies of Niuchangchih
(100 �mol/L)

Neutrophils isolated from the
venous blood of consenting
healthy volunteers

Antrocamphin A, antcin A and
antcin B exhibited potent
inhibition against
fMLP-induced superoxide
production with IC50 values
less than 10 �M

Chen et al. (2007b)

Fractionated polysaccharides
from mycelia powder of
Niuchangchih (50–200 �g/ml)

Murine macrophage cell line
RAW 264.7, in vitro

Niuchangchih inhibited the
production of IL-6, IL-10,
MPC-5, RANTES, and NO in
LPS-stimulated mouse
macrophages, by
transcriptional down
regulation of IL-6, IL-10, and
iNOS genes

Wu et al. (2007c)

Antioxidant effect Fresh and air-dried fruiting
bodies and air-dried mycelia of
Niuchangchih (2.5–10 mg/ml)

Antioxidant activity, reducing
power, DPPH scavenging effect,
chelating activity, in vitro

Niuchangchih acted as
antioxidant and oxygen
scavenger

Huang et al. (1999)

中国科技论文在线 http://www.paper.edu.cn
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Table 2 (Continued )

Study pertaining Sample preparation, dosage
and route

Model, study design Observations References

Dry matter of cultural medium,
filtrate, and different solvent
extracts of mycelia from
Niuchangchih in submerged
culture (0.2 mg/ml)

Antioxidant activities and free
radical scavenging effects, in
vitro

Dry matter of filtrate of
Niuchangchih showed excellent
antioxidant activities in
different model systems

Song and Yen (2002)

Aqueous extract from
Niuchangchih mycelia
(12.5–50 �l)

Normal human erythrocytes,
HL-60 leukemic cells, in vitro

Niuchangchih reduced
AAPH-induced erythrocyte
hemolysis, lipid/protein
peroxidation, and cell damage

Hseu et al. (2002)

Methanolic extracts from red
or white mycelia of
Niuchangchih (0.5–10 mg/ml)

Antioxidant activity, reducing
power, scavenging abilities on
DPPH and hydroxyl radicals
and chelating ability, in vitro

Antioxidants contents in
mycelia were found in the
order of total phe-
nols > tocopherols > ascorbic
acid > �-carotene. The
antioxidant properties were
good for mycelia at days 10–16

Mau et al. (2003)

Methanolic extracts from red
or white mycelia of
Niuchangchih (0.5–10 mg/ml)

Antioxidant activity, reducing
power, scavenging abilities on
DPPH and hydroxyl radicals
and chelating ability, in vitro

Both mycelia extracts showed
potent antioxidant activities

Mau et al. (2004)

Fermented culture broth of
Niuchangchih (25–100 �g/ml)
and aqueous extracts of
mycelia from Niuchangchih
(50–200 �g/ml)

Human low-density
lipoproteins (LDL), human
umbilical vein endothelial
cells, in vitro

CuSO4- or AAPH-induced
oxidative modification of LDL
was reduced; The endothelial
cells were protected from the
damaging effects of the
CuSO4-oxidized LDL

Yang et al. (2006b)

Methanolic extract of mycelia
of Niuchangchih irradiated with
�-rays (0.5–10 mg/ml)

Antioxidant activity, reducing
power, scavenging abilities on
DPPH and hydroxyl radicals
and chelating ability, in vitro

�-Irradiation enhanced the
antioxidant properties of
Niuchangchih mycelia

Huang and Mau (2007)

Water-soluble polysaccharides
from Niuchangchih in
submerged culture (200 �g/ml)

Hydrogen peroxide-induced
cytotoxicity and DNA damage
in Chang liver cells, in vitro

Polysaccharides in
Niuchangchih showed
antioxidant properties by
up-regulation of GST activity,
maintenance of normal
GSH/GSSG ratio, and
scavenging of ROS

Tsai et al. (2007)

Fermented culture broth of
Niuchangchih (25–100 �g/ml)
and aqueous extracts of

Human umbilical vein
endothelial cells, in vitro

The oxidative cell damage
induced by AAPH was reduced,
as evidence by reduced DNA

Hseu et al. (2008b)
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mycelia from Niuchangchih
(50–200 �g/ml)

HBV is known to consist of 42-nm Dane particles and 22-nm sub-
iral particles (containing both spherical and filamentous shells),
oth having the surface envelope. Serological markers are used rou-
inely as diagnostic and prognostic indicators of acute and chronic
BV infections. The presence of hepatitis B surface antigen (HBsAg)

s the most common marker of HBV infection, whereas hepatitis B
antigen (HBeAg) is used as an ancillary marker, primarily to indi-

ate active HBV replication and associated progressive liver disease
Chisari, 2000).

Currently available data show that both fruiting bodies
nd liquid fermentation products (include mycelia and cul-
ure) of Niuchangchih possess anti-HBV activity. Polysaccharides,
iphenyl, malaeimide and cyclohexenone are considered to be
he bioactive components responsible for the anti-HBV activity of
iuchangchih.

It was reported that extracts from the mycelia of Niuchangchih
ave high inhibitory activities of HBV in a dose-dependent manner
nd show no cytotoxicity. In vivo HBV tests showed that mycelia of
iuchangchih had anti-HBV function and healing abilities for hep-

titis (Chen et al., 2003). In another study, the anti-HBV effects of the
olysaccharides from cultured mycelia of five Niuchangchih strains
ere evaluated in vitro. At a dosage of 50 �g/ml, polysaccharides

rom strain B86 showed the highest level of anti-HBsAg activity,
hich was higher than �-interferon at a dosage of 1000 U/ml. Fur-

�
r
o
c
p

fragmentation, cytochrome c
release, caspase-3 activation,
and dysregulation of Bcl-2 and
Bax

hermore, none of the polysaccharides exhibited cytotoxic effects
Lee et al., 2002).

Huang et al. also found that the ethanol extract of Niuchangchih
isplayed anti-HBV effects on both wild-type and lamivudine-
esistant HBV mutants (Huang et al., 2003). Therefore, Huang’s
roup further investigated the anti-viral activities of 10 pure
ompounds (Shen et al., 2003a) isolated from Niuchangchih,
hich included one biphenyl, four ergostane- and five lanos-

ane derivatives. Among the 10 compounds, the biphenyl,
amely 2,2′,5,5′-tetramethoxy-3,4,3′,4′-bis(methlylene-dioxy)-
,6′-dimethyl-biphenyl (Table 1; compound 11), was positively

dentified as the single active compound responsible for the
nti-HBV effect of Niuchangchih on both wild-type and lamivudine-
esistant HBV mutants. When compared to positive control
nterferon �-2a, the effect of compound 11 on wild-type HBV cell
ine ES2 was equal to that of interferon �-2a at a concentration
f 1000 U/ml. When applied to lamivudine-resistant HBV cell
ine M33, the effect of compound 11 was less than that of �-2a
t a concentration of 1000 U/ml, but equal to that of interferon

-2a at a concentration of 250 U/ml (Huang et al., 2003). More

ecently, bioassay-guided fractionation resulted in the isolation
f an anti-HBV maleimide, namely Camphorataimide B (Table 1;
ompound 15), from the culture broth of Niuchangchih. Com-
ound 15 suppressed both HBsAg and HBeAg expression with the
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oderate inhibition percentages of 35.2 and 12.8%, respectively,
t the non-cytotoxic concentration of 50 �M (Shen et al., 2005).
ntroquinonol (Table 1; compound 12), a cyclohexenone isolated

rom mycelia and the fruiting bodies of Niuchangchih, was recently
eported to be potent in inhibiting the synthesis of HBsAg and
BeAg to achieve the goal of HBV inhibition (Liu et al., 2008).

In conclusion, the ability of Niuchangchih to inhibit the replica-
ion of HBV in vivo and in vitro may be one additional reason for
onsidering this fungus as a potential therapeutic for HBV infec-
ion. On the other hand, anti-HBV activity has not been reported for
olysaccharides from any other mushroom (Lee et al., 2002). Thus,
urther studies on the relationship between specific polysaccharide
raction and their biological activities are also required.

.3. Niuchangchih and liver fibrosis

Liver fibrosis is the common end stage of most chronic liver dis-
ases, regardless of the etiology (Bataller and Brenner, 2005), and
ts progression leads to liver cirrhosis and liver cancer. Currently,
t is regarded that the early phase of liver fibrosis can be reversed,

hile liver cirrhosis cannot. Thus, the key challenges in curing liver
irrhosis are how to diagnose the liver fibrosis at an early phase and
eveloping new drugs against it (Freidman, 1993).

CCl4-treated rats are frequently used as an experimental model
o study liver fibrosis. Using this experimental model, Lin et al.
2006) have assayed the effectiveness of the filtrate of fermented
ycelia from Antrodia camphorata (FMAC) in the preventive and

urative treatment of liver fibrosis. Small fibrotic nodules were
resent in CCl4-treated rats as evidenced from morphological
nalysis, and this was reversed when treated with FMAC. Post-
reatment with FMAC to CCl4-administered rats clearly accelerated
he reversal of fibrosis and lowered the elevated mRNA levels of
epatic collagen I, transforming growth factor (TGF)-�1 and tissue

nhibitors of matrix metalloproteinase (TIMP)-1.
Although the exact mechanisms of pathogenesis in liver cirrho-

is are still obscure, the role of free radicals and lipid peroxides
as attracted considerable attention (Gebhardt, 2002). It has been

ound that the metabolism of CCl4 involves the production of
ree radicals through its activation by drug metabolizing enzymes
ocated in the endoplasmic reticulum (Basu, 2003). CCl4 is capa-
le of causing liver lipid peroxidation, resulting in liver fibrosis
Comporti et al., 2005). Lin et al. (2006) confirmed that hepatic lipid
eroxidation is increased during hepatic fibrogenesis. By treatment
ith FMAC, hepatic malondialdehyde (MDA) and hydroxyproline

HP) contents in curative groups were remarkably restored, indi-
ating that Niuchangchih retards the progression of liver fibrosis,
ossibly by scavenging free radicals formed in the liver. Previous
tudies have reported that Niuchangchih plays a role in preventing
xidative damage in living systems by mediating the activities of
epatic antioxidative enzymes and scavenging free radicals formed
uring CCl4 metabolism (Hsiao et al., 2003; Song and Yen, 2003).

n another study, however, FMAC was effective in reversing liver
brosis induced by dimethylnitrosamine (DMN), while the lowered
ctivities of antioxidative enzymes (SOD, catalase and GSH-Px) in
he liver were not restored by FMAC (Guo, 2002). Therefore, more
n vivo studies and randomized controlled clinical studies should
e performed to further elucidate the mechanisms of action of
iuchangchih.

.4. Effect on liver cancer

中国科技论文在线
Liver cancer is one of the most common malignancies in the
orld, and also one of the four most prevalent malignant diseases

f adults in China, Korea and Sub-Sahara Africa (Marrero, 2006;
otola-Kuba et al., 2006). Ninety percent of liver cancers develop in

n
m
t
t
c

acology 121 (2009) 194–212

he context of chronic liver diseases, and mainly in patients with cir-
hosis. Although chemotherapeutic agents are the main approach
or liver cancer, they are relatively ineffective. Accordingly, screen-
ng compounds for potential use as effective therapeutic agents for
iver cancer is an important undertaking.

Both the fruiting bodies and mycelia of Niuchangchih have potent
ntiproliferative activity against liver cancer in vitro and in vivo. It
as indicated that there were multiple potent mechanisms under-

ying the anticancerous effects of Niuchangchih.
Many studies have shown that the antiproliferative activity

f Niuchangchih was related to cell cycle arrest and the induc-
ion of apoptosis. Song et al. (2005b) investigated the effect of
he methanol extract of mycelia (MEM) from Niuchangchih on the
nhibition of cell viability and the mechanism of MEM-induced
ytotoxic in hepatoma cells. The IC50 of MEM on the cytotoxicity
f Hep G2 (wild type p53) and Hep 3B (delete p53) was 49.5 and
2.7 �g/ml, respectively, after 48 h of incubation. Cell and nuclear
orphological changes of the human hepatoma cells (Hep 3B and
ep G2) were suggestive of apoptosis. Cell cycle analysis revealed

hat MEM treatment induced apoptosis on Hep G2 via G0/G1 cell
ycle arrest. The results also indicated that MEM-induced Hep G2
poptosis through activation of the caspase-3 and -8 cascades,
nd regulation of the cell cycle progression to inhibit hepatoma
ell proliferation. According to the results, Song and his colleagues
ypothesized that the death receptor (DR)-regulated pathway may
e the major mechanism of MEM-mediated apoptosis in Hep G2
ells. Thus, the involvement of the Fas/Fas ligand (FasL) death-
eceptor pathway in the MEM-induced apoptosis of Hep G2 cells
as investigated. The results demonstrated that MEM-induced Hep
2 apoptosis through the inhibition of cell growth and the upreg-
lation of Fas/FasL to activate the caspase-3 and -8 cascades (Song
t al., 2005a). In another study, the inhibition of cell proliferation
nd the apoptosis induction resulting from Niuchangchih exposure
as also confirmed (Hsu et al., 2005). The ethyl acetate extract from
ntrodia camphorata (EAC) inhibited cell growth in two liver cancer
ells, Hep G2 and PLC/PRF/5 cells, in a dose-dependent manner. In
as/APO-1 positive-Hep G2 cells, EAC increased the expression level
f Fas/APO-1 and its two forms of ligands, membrane-bound Fas lig-
nd (mFasL) and soluble Fas ligand (sFasL), in a p53-independent
anner. In addition, EAC also initiated the mitochondrial apoptotic

athway through regulation of Bcl-2 family protein expression,
elease of cytochrome c, and activation of caspase-9, both in Hep
2 and PLC/PRF/5 cells. Furthermore, EAC also inhibited cell sur-
ival signaling by enhancing the amount of I�B� in the cytoplasm
nd reducing the level and activity of NF-�B in the nucleus, which
ubsequently attenuated the expression of Bcl-XL in Hep G2 and
LC/PRF/5 cells. Treatment with EAC also caused another human
iver cancer cell line, Hep 3B, to undergo apoptotic cell death by
ay of the calcium–calpain–mitochondria signaling pathway (Kuo

t al., 2006).
The activation of the immune response of the host was consid-

red to be another mechanism by which Niuchangchih treated liver
ancer (Meng, 2005). C57BL/6 mice bearing hepatic H22 tumors
ere used to investigate the anticancer and immuno-modulatory

ctivity of the fruiting bodies of Niuchangchih. After 5 weeks, the
nhibition rate of the high dose group (1000 mg/(kg d)) for H22
umors was 74.24%. The macrophage phagocytic function of the
igh dose group was increased significantly compared with the
ther groups (P < 0.01). The proliferation activity of T cells and
he ability to generate antibodies of B cells were improved sig-

http://www.paper.edu.c
ificantly in the high dose group (P < 0.01), and the CD4+/CD8+ of
ice bearing hepatic H22 tumors was recovered from inverted

o normal. Compared with negative and normal control groups,
he cell toxic activity of NK and LAK cells was improved signifi-
antly, and the serum concentration of interleukin-2 (IL-2), IL-12
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nd tumor necrosis factor-alpha (TNF-�) were increased signifi-
antly.

A recent study reported that EAC could inhibit the invasive-
ess and metastasis of liver cancer cells through the inhibition
f angiogenesis (Hsu et al., 2007). Tumor growth inhibition was
ost evident in mice treated with EAC at 300 mg/(kg d), while

bout a 50% reduction in tumor size was observed compared to
ice treated with the vehicle. EAC treatment inhibited the expres-

ion of VEGF, MMP-2 and MMP-9, and increased the expression
f TIMP-1 and TIMP-2, thereby resulting in cancer invasion inhi-
ition. Further analysis revealed that EAC suppressed constitutive
nd inducible NF-�B together with a reduction in MMP-9 and VEGF
rotein expression, MMP-9 activity and inducible cancer invasion.

In summary, the anticancer effects of Niuchangchih have been
nvestigated in many studies, which have demonstrated the pos-
ibility of using Niuchangchih in the treatment of human liver
ancer. However, as mentioned above, the anticancer activity of
iuchangchih is not the result of one mechanism of action only, but

ather several mechanisms, including the induction of apoptosis,
nitiation of the calcium–calpain-dependent pathway, inhibition
f angiogenesis and activation of the immune response. To fur-
her elucidate the mechanisms of action of Niuchangchih, more in
itro and in vivo studies should be carried out. On the other hand,
iuchangchih is an herbal medicine that possesses various types
f active compounds, and the exact compounds responsible for the
nticancer activity of Niuchangchih should also be further screened.

. Effects of strains and culture conditions on its
ioactivities

The fruiting bodies of Niuchangchih are in great demand in Tai-
an due to host specificity, rarity in nature, and the difficulty
f artificial cultivation. At present, solid-state culture and liquid
ermentation of Niuchangchih have been used to obtain fruiting
odies and mycelia of Niuchangchih. However, it usually takes sev-
ral months to cultivate the fruiting body of mushrooms, and it
s difficult to control the product quality during soil cultivation
Chang and Wang, 2005; Zhong and Tang, 2004). It is generally
ecognized that growing mushroom mycelia in a defined medium
y submerged fermentation is a rapid and alternative method to
btain fungal biomass of consistent quality (Yang and Liau, 1998).
he large-scale production of the mycelia of Niuchangchih by sub-
erged culture has been established, while the red color, aromatic

mell and bitter taste of the harvested mycelia are similar to the
ruiting bodies (Ao et al., 2003; Wu et al., 2007a).

On the other hand, marked effects have been observed on the
elationship between the selected strains or culture conditions and
he bioactivities of mycelia. Different culture medium and culture
onditions could affect the formation of the red color in the fer-
ented products, as the inhibitory activity against liver cancer

ells was relative to the red color of the culture medium filtrate
Huang et al., 2002). Compositional analysis of polysaccharides and
ipopolysaccharide showed differences in the gel profiles and car-
ohydrate components among different Niuchangchih strains (Lee
t al., 2002; Cheng et al., 2005b). Polysaccharides from Niuchangchih
trains (B71, B85, B86, BCRC35396 and BCRC35398) appeared to
how varying levels of activity against the anti-HBV (Lee et al.,
002). In a study aimed at examining the effects of mycelial extracts
rom five different Niuchangchih strains on vascular tension, Wang
t al. (2003) discovered that strain B85 produced the strongest

国科技论文在线
asorelaxation of the aorta among the five strains of Niuchangchih
ested.

Aside from the strains, the pH values of the culture medium
lso affect the antioxidant properties and production and molecu-
ar weight distribution of exopolysaccharides from Niuchangchih in

t
b
a
t
m

acology 121 (2009) 194–212 209

ubmerged cultures (Shu and Lung, 2004, 2008). While using the
ame strain, red or white mycelia of Niuchangchih were obtained
ue to different fermentation operations (Mau et al., 2004). Using
he conjugated diene method, the antioxidant activity of the

ethanol extract of white mycelia was better than that of red
ycelia (EC50 3.11 vs. 19.8 mg/ml). Both mycelia were efficient in

erms of the reducing power and scavenging effect on DPPH radi-
als, but white mycelia showed significantly lower EC50 values (1.56
nd 1.70 mg/ml) (Mau et al., 2004). The difference was also observed
n a few Niuchangchih mycelia cultured in different mediums on
heir scavenging activity against reactive oxygen species (Shen et
l., 2004a).

As marked effects of different strains or culture conditions have
een observed on the bioactivities of fermented products, the con-
ensus strain should be selected and the optimum conditions for
ultivating the mycelia and bioactive components warrants further
nvestigation.

. Conclusions

The Baisdomycete, Niuchangchih, has been shown to possess
ctivity to prevent chemical and biological liver damage, avoid fatty
iver and inhibit the hepatic B virus. Also, it ameliorates liver fibro-
is and inhibits the growth of hepatoma cells. Thus, Niuchangchih
s a useful substance to use in treating liver diseases due to its
ntegrated bioactivities.

At present, solid-state culture and liquid fermentation are used
o obtain fruiting bodies and mycelia of Niuchangchih, as well as
seful metabolites for human requirements. However, very lit-
le data on the difference between the wild fruiting bodies and
rtificial products of Niuchangchih exists with regard to product
omponents, biological function and medical effectiveness. Consid-
ring that many factors, such as the media and culture conditions,
an affect the yield and bioactivity of Niuchangchih products, the
etabolism of the fungus deserves to be extensively examined in

rder to obtain more metabolites possessing bioactive effects.
Niuchangchih is a medicinal fungus that possesses various

ypes of active compounds (Table 1). Another traditional Chinese
edicine, Ganoderma lucidum, has been considered as a therapeutic

ungal biofactory, in that numerous compounds have been reported
rom the fungus (Paterson, 2006). Could Niuchangchih be the next
ne? Notably, the compounds isolated from the wild fruiting bod-
es are completely different from those isolated from the mycelia
nd culture broth (Table 1). The former are the majority because
he previous research has focused on the isolation and identifica-
ion of compounds from Niuchangchih fruiting bodies. Analysis of
ther compounds in the artificial products of Niuchangchih would
e desirable, and it may be possible to isolate more novel com-
ounds.

With regard to the potential of Niuchangchih for treating liver
iseases, such as preventing chemical liver diseases, ameliorating

iver fibrosis and inhibiting liver cancer, little information is avail-
ble about the exact bioactive compounds of the fungus. Various
xtracts of Niuchangchih were applied in the literature to evalu-
te the bioactivities (Table 2). However, the significance of tests on
xtracts is reduced compared to those on pure compounds. Oth-
rwise, the interaction between the different active compounds of
iuchangchih, whether they act synergistically or independently to
licit their protective activity against liver diseases, is not clear.
herefore, systematic research is needed to elucidate its bioac-

http://www.paper.edu.cn
ivities and to screen for the compounds responsible for such
ioactivities. Furthermore, to further elucidate the mechanisms of
ction of Niuchangchih, more in vivo tests and randomized con-
rolled clinical trials should be carried out, and the molecular

echanisms should be studied intensively.
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Being the subject of debate, the nomenclature and taxonomy
f Niuchangchih is still confusing. Different strains of Niuchangchih
esult in diverse bioactivities of the fermented cultures. There-
ore, more molecular studies, such as amplified fragment length
olymorphism (AFLP)-based DNA fingerprinting (Vos et al., 1995),
hould be used to establish the consensus strain, distinguish and
elect standardized stains for experiments, and determine the tax-
nomy of Niuchangchih and the geographic origins of the source
aterial.
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