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Abstract

Cordyceps sinensis a medicinal fungus of Traditional Chinese Medicine. While there are a wide range of reported Gsedyafeps
sinensisin the literature, the reports that extracts of this fungus may alter apoptotic homeostasis are most intriguing. However, there are
significant challenges regarding research surroun@imglyceps sinensisuch as the difficulty identifying the various specie€ofdyceps
and the many conflicting reports of pharmacological function in the literature. In this review we outline what is known about the ability of
Cordyceps sinensts alter apoptotic homeostasis, attempt to reconcile the differences in reported function, identify the challenges surrounding
future Cordyceps sinensigsearch, and delineate options for overcoming these critical hurdles.
© 2004 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction similarities between wil€ordyceps sinensand the cultures

are not clear.
The past 20 years has seen a phenomenal growth in the

interest in and use of complementary or alternative medicine
(CAM), and in the United States 42% of people utilize some
form of CAM (Eisenberg et al., 19980f the total CAM
market, herbal and specialty dietary supplements command
a substantial portion with 29% of men and 36% of women re-
porting current useGunther et al., 20041n 1994 the herbal
supplement market boomed, partly as a result of the passag
of the Dietary Supplement Health and Education Aziter
for Food Safety and Applied Nutrition, 20p4driving sup-
plement sales up 70% from 1994 to 19%aflimer et al.,

2. Cordyceps sinensisackground and ethnomedical
use

Cordyceps sinensisis endemic to alpine habitats
é3600—5000 m in elevation) on the Tibetan plateau in south-
western ChinaKig. 1), where it is a parasite on larvae of
moths (Lepidoptera) in the generkepialusand Thitarodes
(Kinjo and Zang, 200)L After a host larval infection with
: o either meiotic or mitotic spores, the fungus multiplies in the
200 and leading to peak sales of US$ 3.3 billion in 1999\ 0"\ \vo o ke budding, eventually killing the host: the

(Harnack et al., 2001 This interest in natural compounds is . .
certainly valid as these natural products undoubtedly containTungus then grows in the form of threadlike hyphae. Follow-

biologically active components: plant-based pharmaceuti- N9 overwintering, the fungus ruptures the hqst body, form-
cals have resulted in approximately one-half of the anti- ing a sexual sporulating structure (a perithecial stroma) that

cancer drugs developed since 19&0n{ and Park, 200 is connected to the dead Iarya below gr(_)uno_l and grows up-
and have led to over 100 other successful pharr,naceuticalsw.ard to emerge above the soil surfage. It |s_th|s stroma, either
(Farnsworth, 1994 While there is a wide range of available with or without the host larva, which is traditionally used for
herbal supplements, one of the most interesting supplement:smed'CmaI purposesHg. 2).
is the not yet well-characterizetiordyceps sinensi@erk.)
Sacc.

TheCordyceps sinensfsingus first gained worldwide at-
tention whenitwas revealed that several Chinese runners whc
broke world records in 1993 had included this fungus as part
of their training programHollobaugh, 1993Steinkraus and
Whitfield, 1994; Starr et al., 1993In the ten years since the
initial reports,Cordyceps sinensisas received tremendous
attention from the public. Purported effects of the fungus
suggested a wide range of biological functions such as use a:
an aphrodisiacBhattarai, 1998 analgesic Koyama et al.,
1997 immune modulatorGong et al., 2000 and free radical
scavengerYamaguchi et al., 2000aHowever, these effects
have not been well analyzed.

Recently, aseptic mycelial cultivation has resulted in es-
tablishing a number o€ordyceps sinensiderivative cul-
tures. The two most well studied of the cultures, referred
to by the anamorph nam&aecilomyces hepia(strain CS-

4) andCephalosporium sinensisiay present the opportu-
nity to produce &ordyceps sinensiderivative product in a
sustainable fashion. While these strains undoubtedly support
ecologically sustainable use@brdyceps sinensith)e actual Fig. 1. Home range dEordyceps sinensis




E.J. Buenz et al. / Journal of Ethnopharmacology 96 (2005) 19-29 21

contrast to the ethnomedical data, the literature surround-
ing the biological effects oCordyceps sinensis diverse
(reviewed inZhu et al., 1998a, 1998bHowever, some of
the most intriguing reports regarding the biological functions
of Cordyceps sinensisenter on its ability to alter apoptotic
homeostasis.

3. Apoptotic homeostasis and disease states

3.1. Review of apoptosis

Apoptosis, or programmed cell death, is an essential
event in organism developmentiflalgo and Ffrench-
Constant, 2003; Vaux and Korsmeyer, 1988d homeosta-
sis (Kucharczak et al., 200&ory and Adams, 20Q2how-
ever, it is becoming clear that numerous disorders such as
2.1. Phylogenetic analysis of the genus Cordyceps stroke gZheng et al., 2008 myocardial infarction Krijnen

etal., 2002, and HIV Buenz and Badley, in presmcorpo-

Cordycepss a genus of perithecial ascomycetes (Phylum rate apoptosis in their etiology and pathogenesis. There are
Ascomycota) classified in the Clavicipitaceae, a family sup- numerous events that can induce a cell to undergo apopto-
ported by molecular phylogenetic analyses as a monophyleticsjs (Nagata, 199¥and since the implication of apoptosis in
group derived from the order Hypocrealéstfariyasripong  various disease states as an effector mechanism, the ability
etal., 2001; Rehner and Samuels, 1995; Spatafora and Blackto inhibit apoptosis has emerged as an important potential
well, 1993; Suh et al., 1998Cordycepspecies are parasites  therapy. Interestingly, while inducing apoptosis has already
of insects or fungi, often exhibiting a high degree of host proven an efficient method to treat candgu@nd Kavanagh,
specificity; as a result of this host specificity, the anamorphic 2003, the ability to inhibit apoptosis in a clinical setting is
forms of some species (e.@eauvaria bassianeare widely just starting to be explored.iston et al., 2008
used as insect biocontrol ageritsiang etal., 2002 Accord- The potential for a cell to undergo apoptosis exists in a
ing to molecular phylogenetic analys€prdycepsioes not  palance between endogenous factors characteristic of apop-
represent a single evolutionary lineage; inst€aodyceps  tosis induction, such as Bapégli Esposti and Dive, 2003;
appears to represent several lineages within the Clavicipi- Scorrano and Korsmeyer, 200and factors characteristic of
taceaelfo and Hirano, 1997; Artjariyasripong et al., 2001; apoptosis inhibition, such as Bcl-Z¢ry et al., 2003; Gross
Sung et al., 2001; Zare et al., 200@imilarly, theCordy- et al., 1999. Once a cell receives sufficient pro-apoptotic
cepsspecies associated with Lepidopteran hosts do not rep-stimuli, or lack of anti-apoptotic stimuli, the effector cas-
resent a monophyletic grouplikoh and Fukatsu, 2000; Park  pases, a family of cysteine aspartate proteases, are activated
et al., 2001; Sung et al., 20pIFurthermore, there appears  (Fischer et al., 2003Cells undergoing apoptosis experience
to be a high degree of genetic variation within 8irensis 3 cascade of events outlinedriy. 3that ultimately result in
speciesChen and Hseu, 1999These levels of variation cre-  phenotypic changes such as phosphotydylserine expression
ate a significant challenge in verifying samples for analysis on the outer cell leafleMaderna and Godson, 2008uclear
of Cordyceps sinensis condensation, and DNA fragmentatidiggata et al., 2003

shown inFig. 4.

Fig. 2. Fruiting bodies o€ordyceps sinensiand dried caterpillars.

2.2. Ethnomedical use of Cordyceps sinensis
3.2. Traditional medicines and apoptosis regulation

Cordyceps sinensisas a long history of medicinal use
in China. This fungus is thought to have been discovered Many traditional medicines (e.dNelumbo nucifergJung
2000 years agolfu et al., 200} and its use was docu- et al., 2003 andBacopa monnier{Russo et al., 2003 are
mented formally in the Qing dynasBencao CongxiiNew reported to scavenge reactive oxygen species and the role of
Compilation of Materia Medica) in 1757. Howev&prdy- reactive oxygen species in the apoptotic pathway is of partic-
ceps sinensis a unique traditional medicine in that there ular interest regarding herbal supplements. Reactive oxygen
exists little primary ethnomedical data describing medical species and their regulatory molecules are important com-
use in the literature. Current ethnomedical reports on the ponents of the immune system and cell function, such as
uses ofCordyceps sinensiare limited to the application  superoxide radicals generated by activated neutrophils as a
as a general tonic in ChinaHgang et al., 1981; Jiang, pathogen defense mechanidBabior, 1978, and cell signal-
1991; Hanssen and Schadler, 1p&2d as an aphrodisiac ing (Ichiki et al., 2003. However, there are also reports of al-
in Nepal Bhattarai, 1992a, 1993, 1992b, 1994, 1pg3a tered oxygen-based free radical levels in disease states. These
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Weber et al., 2002 However, the ability o€ordyceps sinen-
sisto alter the apoptotic pathway is not so straightforward.
Currently, there are reports &ordyceps sinensiextracts
both inhibiting (Table ) and inducing apoptosisTéble 2.

Most of these reports reflect a phenomenon level of obser-
vation, such as treatment witbordyceps sinensiesulting

in decreased caspase-3 activiBh@hed et al., 2001While
these reports do not examine the mechanism of action, they
do facilitate a necessary foundation to allow examination of
the molecular mechanism.

TNF or Fas trimerization

BaxIBak

Bel-2 Apoptosome

Caspase 3

Caspase 3
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4. Cordyceps sinensimhibits apoptosis

The reports of clinical trials suggest th@brdyceps sinen-
sispotentially contains agents that may inhibit apoptosis (re-
Fig. 3. Fas/CD95 apoptotic pathway. Death receptor trimerization induces viewedinZhuetal., 1992.3).1These clinical r?SUItS.ha\.leqn.ven
a signaling cascade that ultimately results in chromosomal condensation,Work to assess the ability dfordyceps sinensi® inhibit
DNA fragmentation, and cellular apoptosis. apoptosis in vitro; however, the results of these studies are

conflicting. It has been reported tHabrdyceps sinensisan
altered levels of reactive oxygen species in disease states suchcavenge reactive oxygen speciésgng et al., 199Fby in-
as cancerBehrend et al., 20Q3and stroke $ugawara and  hibiting malondialdehyde formation by the peroxynitrite gen-
Chan, 200Bhave resulted in hypotheses that mitigation of ex- erator SIN-1 Yamaguchi et al., 200QaThese results have
cessive reactive oxygen species could be therapeutically im-been confirmed through in vitro xanthine oxidase, hemoly-
portant. While both the exact role of reactive oxygen species sis, and lipid peroxidation assaylsi gt al., 200). Further-
in disease states and whether they are a primary insult or amore, an isolated extract @ordyceps sinensisl1-A has
downstream result of the disease states have yet to be debeen shown to inhibit apoptosis induced by dimethyl sulfox-
termined. It appears that the regulation of reactive oxygen ide (DMSO), which is known to induce apoptosis through
species as therapy will be of significant interest in the future. permeabilizing the cell membrane and upregulating nitric

Undoubtedly there are herbal supplements that influenceoxide synthaseT{fubiani et al., 2008 However, extracts of
apoptotic homeostasis. For example, an isolated compound ofCordyceps sinensigere unsuccessful in inhibiting hydrogen
the traditional medicine European feverfa@@hfysanthemum  peroxide-induced apoptosiBiienz et al., 2004 a reactive
parthenium)has been shown to decrease susceptibility to oxygen species modeféuconneau et al., 20P2
apoptotic stimuli through down regulation of the Fas receptor  Alternately,Cordyceps sinensigas also been reported to
and the Fas ligand agonist through inhibition of NB-(Li- down-regulate apoptotic genes and modulate apoptosis in a

Fig. 4. Hela cells stained with Annexin V-FITC (green) and propidium iodine (red). (A) Control cells show little phosphatidylserine expressipoiighe

outer leaflet, no nuclear propidium iodine intercalation (red), and typical cellular morphology. (B) Cells treated with 30 uM starurosporineefordtibed

to undergo apoptosis. (1) Early stage apoptotic cells show increased phosphatidylserine expression on the outer leaflet and slight morpdetugadialr;o
however, the nuclear membrane is still intact and thus the cells do not stain propidium iodine positive. (2) In later stages of apoptosisythétheagrdlear
membrane is compromised and the DNA stains propidium iodine positive. Nuclear condensation and blebbing are also evident (arrows). 3) Ingibe final sta
of apoptosis, the cellular and nuclear membranes are totally compromised and the cell appears necrotic.
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Table 1
Reported antiapoptotic effects Gbrdyceps sinensis
Reported function Model Concentration Reference
Anticytotoxic activity Mouse 150 mg/kg Yu et al. (1993)
Antioxidant activity Mouse 50 mg/kg Yamaguchi et al. (2000b)
Antiproliferation activity Cell culture 10Q.g9/mL Zhao Long and Xiao Xia (2000)
Cell proliferation inhibition Cell culture 10g/mL Chen et al. (1997)
Cell proliferation inhibition Human adult 7ig/mL Kuo et al. (1996)
Cell proliferation inhibition Human adult 40g/mL Lin et al. (1999)
Cell proliferation inhibition Mouse 1.0 % of diet Lin et al. (1999)

Gene expression inhibition Rat

Hemolysis inhibitory activity Cell culture
Lipid peroxide formation inhibition Cell culture
Natural killer cell inhibition Human adult
Radical scavenging effect Cell culture
Radical scavenging effect Cell culture
Tumor necrosis factor inhibition Human adult

0.5mL per animal

Shahed et al. (2001)

1.5mg/mL Lietal. (2001)

5.0 mg/mL Li et al. (2001)

12,99/mL Kuo et al. (1996)
5.0 mg/mL Shahed et al. (2001)
0.08 mg/mL Lietal. (2001)
2.@/mL Kuo et al. (1996)

rat kidney ischemia reperfusion mod8hahed et al. (2001)

Recently, Yang et alMang et al., 200Bdescribed the abil-

showed a significant decrease in Fas, Fas ligand, and Tu4ty of the previously isolated 410 kDa polysaccharide frac-

mor Necrosis Factas (TNF-a) expression along with de-
creased caspase-3 activity. SimilaBgrdyceps sinenstzgas
been reported to inhibit TNE-expressionuo et al., 199%.

tion of Cordyceps sinenstermed H1-A {fang et al., 1999
to induce apoptosis through inhibiting phosphorylation of
Bcl-2 and Bcl-xL. These anti-apoptotic Bcl-2 family mem-

However, when apoptosis was initiated through CH-11, a Fasbers are known to sequester cytosolic pro-apoptotic proteins

agonist antibodyAlderson et al., 199¢4 aqueous and alco-
hol extracts ofCordyceps sinensigere unable to rescue cells
induced through Fas receptor ligatidduenz et al., 2004

such as Bax. As addressed above, this fraction also inhibited
apoptosis induced by dimethyl sulfoxide (DMSOafg et
al., 2003. However the report consisting of the inhibition of

Furthermore, it has been shown that in certain cell types, Bcl-2 and Bcl-xL and subsequent inhibition of apoptosis by

inhibition of proliferation or cell cycle arrest results in
cells becoming resistant to apoptosiShéturvedi et al.,
1999. In turn, the reports thaCordyceps sinensishibits
proliferation of leukemic U937 cellsQhen et al., 1997
and glomerular mesangial cell8Hao Long and Xiao Xia,
2000; Lin et al., 199p may result by conferring a rela-

DMSO (Yang et al., 200Bseems counterintuitive. Thus, fur-
ther work is necessary to clarify the physiologic role of the
H1-A extract.

Finally, there are reports of direct cytotoxic activity
(Nakamura et al., 1999; Kuo et al., 1994; Sato, 1989
However, these studies report inhibition at the phenomena

tively apoptotic resistant state to cells. While the mecha- level and do not address specific mechanisms. Yet it is in-
nisms of this inhibition have yet to be characterized, it is teresting that cordycepin, a compound originally isolated
reasonable to propose that the alteration may potentially in-from the Cordyceps sinensiselative Cordyceps militaris

volve p53 Fridman and Lowe, 2003r NF«B (Karin etal.,
20049).

5. Cordyceps sinensimduces apoptosis

(Cunningham etal., 1930s known to exert cytotoxic effects
through nucleic acid methylatiorkK(edich, 1980. While
isolation of this single active compound may set the stage
for work to identify molecular mechanisms of action, the
actual presence of cordcycepin @ordyceps sinensibas
been difficult to confirm. Cordycepin has been shown to

The ability to induce apoptosis has been identified and be present irCordyceps sinensikirough nuclear magnetic

utilized in successful cancer chemotherapeutitsgnd Ka-

vanagh, 2008 Table 2outlines the literature suggesting or

stating the ability ofCordyceps sinensts induce apoptosis.

resonance Ghen and Chu, 1996 however, other groups
have not been able to detect this compouBtidéo et al.,
19949,

Table 2

Reported apoptotic effects @ordyceps sinensis

Reported function Model Dose Reference
Antitumor activity Mouse Not stated Zang et al. (1985)
Antitumor activity Mouse 5.09/kg Xu et al. (1992)

Cell proliferation stimulation Cell culture 10g/mL Chen et al. (1997)
Cytotoxic activity Cell culture 2.Q.g/mL Kuo et al. (1994)
Cytotoxic activity Cell culture 50Q.g/mL Sato (1989)

Cytotoxic activity Cell culture 1@ug/mL Nakamura et al. (1999)
Metastasis inhibition Mouse 100 mg/kg Nakamura et al. (1999)
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6. The challenge of identifyingCordyceps sinensis

The most significant challenge working wi@ordyceps
sinensisis the lack of a well-defined mechanism to iden-
tify sample material. AlthougRordycepspecies have been
included in a number of recent molecular phylogenetic anal-
yses Artjariyasripong et al., 2001; Ito and Hirano, 1997,
Lumbsch et al., 2000; Nikoh and Fukatsu, 2000; Nikoh
and Fukatsu, 2001; Obornik et al., 2001; Park et al., 2001;
Spatafora and Blackwell, 1993; Suh et al., 2001; Suh et
al., 1998; Sung et al., 2001; Zare et al., 2)0Most of
these studies have either not includ€drdyceps sinen-
sis or have includedCordyceps sinensiwithout enough
other taxa to allow phylogenetic resolution to be achieved
amongCordyceps sinensi&nd other closely relatedordy-
cepsspecies. Most DNA-based studies that incl@@tmrdy-
ceps sinensihiave examined genetic differentiation at the
population level rather than at the species lev&hdn et
al.,, 2001; Kinjo and Zang, 2001; Liu et al., 200Us-
ing a neighbor-joining analysis of ribosomal DNA internal
transcribed spacer (rDNA-ITS) sequences, Park efalrl(
et al., 200} determinedCordyceps sinensit be closely
related toCordyceps ophioglossoidea parasite of “false
truffle” fungi in the genu€ElaphomycesBased on this ev-
idence, as well as the placement oHasutella anamorph
(though with low bootstrap support) within a larger phyloge-
netic clade that includeSordyceps ophioglossoid€éSung
et al., 200}, a possible phylogenetic placement f@ordy-
ceps sinensigs within a basal clade in the Clavicipitaceae
that contains both entomopathogenic and fungicolous fungi.
However, direct molecular evidence for the proper phyloge-
netic placement o€ordyceps sinensia relation to a poly-
phyletic Cordycepss currently lacking, an€Cordycepsand
the family Clavicipitaceae are greatly in need of systematic
revision.

Many ascomycetes, including specie<afrdycepshave

E.J. Buenz et al. / Journal of Ethnopharmacology 96 (2005) 19-29

to be declining in the wild due to overharvestiy( et al.,
2003, culture of the anamorphic state may therefore be
a means of producing material for research and medicinal
preparations in the face of a shortage of teleomorph mate-
rial.

Several Cordycepsspecies have been described that
appear morphologically similar t€ordyceps sinensisn-
cluding Cordyceps nepalensisl. Zang & Kinjo, Cordy-
ceps multiaxialigM. Zang & Kinjo, Cordyceps gansuensis
Zhang et al., ancCordyceps crassispordang et al. How-
ever, these species may simply represent morphological vari-
ants of Cordyceps sinensi&injo and Zang, 2001; Liu et
al., 200). Whether these morphotypes correspond to differ-
ences in pharmacological activity has not been determined.
Other Cordycepsspecies (e.g.Cordyceps militariy have
been shown to have some of the same medicinal properties
asCordyceps sinens{&Vu et al., 200], but appear to be less
highly regarded by consumers and practitioners.

7. Strain typing and relations to product quality

The lack of molecular evidence for proper phyloge-
netic placement o€ordyceps sinensigrecludes establish-
ing a consensus strain @ordyceps sinensisSimilarly,
conducting reliable clinical trials and ascertaining the qual-
ity of commercial herbal and other natural products depends
upon accurately identifying source materials. A number of
factors could contribute to poor quality @brdyceps sinensis
products, including intentional substitution of oth@ordy-
cepsspecies, substitution of counterfeit material, or unin-
tentional misidentification of field-collecte@ordyceps In
addition, as demand faZordyceps sinensigroducts grows
and the supply of wild material declines, mycelium of
the asexual (anamorphic) stage grown under artificial cul-
ture conditions is increasingly used in medicinal products.

both an asexual (anamorphic) and sexual (teleomorphic) Among the source materials found to have been sold un-

form. Cordycepsspecies have been shown in mycological

der the name Chongcao in commercial markets are other

culture studies to be associated with a number of anamor-Cordycepsspecies (e.g.Cordyceps militaris Cordyceps

phic genera includingPaecilomycesBeauvaria Metarhiz-
ium, Verticillium, and Tolypocladium(Hodge et al., 1996;
Huang et al., 2002; Nikoh and Fukatsu, 2000; Nikoh and

liangshanensisCordyceps gunniiCordyceps hawkesiand
Cordyceps ramo9aanamorphic fungi includingdirsutella
sinensis the anamorph ofCordyceps sinensisas well as

Fukatsu, 2001; Obornik et al., 2001; Sung et al., 2001; Zare Paecilomyces sinensisdTolypocladiunsp., and rhizomes

et al., 2000, and phylogenetically related to several species
of yeast-like endosymbionts of insec&uh et al., 200 De-
termining the anamorphic state Gordyceps sinensibas

from the plant specieStachys geobombycend Stachys
sieboldii (Chen et al., 2002; Cheng et al., 199&ven
within Cordyceps sinensiglifferences in pharmacological

posed difficulty for researchers; as a result, 22 names inactivity have been noted between straikinjo and Zang,
13 anamorph genera have previously been associated wittp001).

Cordyceps sinensigliang and Yao, 20Q02However, recent
molecular evidenceGhen et al., 2001; Chen et al., 2002;
Liu etal., 200) and generation of the anamorphic state from
germinatedCordyceps sinensascospored fu et al., 200}
supportsHirsutella sinensid.iu et al. as being the correct
anamorph ofCordyceps sinensisvlany anamorphic fungi,
including Hirsutella sinensiscan be cultured under labora-
tory conditions. Becaus€ordyceps sinensis considered

Because commercial products generally contain dried,
powdered material, identifying source material using
morphological characters is normally impossible. DNA
fingerprinting methods offer a dependable means of identify-
ing source materials from fresh specimens and commercial
preparations Zerega et al., 2002 Such methods are able
to distinguish isolates at the species, or even strain, level
depending upon the specific method used (eTgrashima
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et al., 2009). The effectiveness of DNA fingerprinting for 8. The future of apoptosis regulation through

authenticating source material has been demonstrated for aordyceps sinensis

number of pharmacologically useful plants, including skull-

cap Gcutellariaspp.; Hosokawa et al., 20Qp) Echinacea There are three prominent factors that may contribute to
(Nieri et al., 2003, black cohoshActaea racemosdZerega the discrepancies in reports regarding the abilii@ofdyceps

et al., 2003), Lycium(Zhang et al., 2001 ginseng Panax sinensigto inhibit apoptosis. First, as there is no consensus
ginseng (Hon et al., 2003Ngan et al., 1999, Withania strain, it is possible that certain populations contain different
(Negi et al., 200Q St. John’s wortlypericum perforatum biologically active compounds. Second, there is the potential
(Mayo and Langridge, 2008 opium poppy Papaver som-  thatCordyceps sinensextracts contain a pro-drug and there
niferum (Saunders et al., 20))1 coca Erythroxylumspp.; is a necessary metabolism step in order to generate the bio-
(Johnson et al., 2008 and yarrow Achillea millefolium logically active form of the drug. Third, as there are multiple
(Wallner et al., 1995. DNA fingerprinting has been success- methods of extraction utilized in the literature such as ethanol
fully used in fungi to distinguish strains of human pathogenic (Xuetal., 1992, methanolKuo et al., 1994, alkaline extract
fungi (Buffington et al., 1994; Mcewen et al., 200@lant (Kiho et al., 1996, hot water Manabe et al., 1996and cold
pathogensBarnes et al., 2001; Chen et al., 2000; Morris water Chen et al., 1997 different constituents may be as-
et al., 2000; Schmidt et al., 2003; Zeller et al., 2d80d sayed depending on extraction method. However, these chal-

spoilage agentXure et al., 2008 biocontrol agentsAvis lenges are certainly not intractable. TBerdyceps sinensis
et al., 2001; Hermosa et al., 200hAnd edible mushrooms  consensus strain could be established through AFLP-based
(Terashima et al., 2002 DNA fingerprinting as has been done for other medicinal

Previous genetic analyses of multigbordyceps sinen-  plants. Similarly, the issue regarding an active metabolite
sis populations have examined ribosomal DNA (rDNA) se- could be addressed through either establishing a liposome
guence diversity@hen and Hseu, 1999; Chen et al., 2001; system containing enzymes known to be important in drug
Chen etal., 2002; Kinjo and Zang, 2001; Liu et al., 2p&id metabolism such as members of the P450 fantilg Graaf
patterns of genetic variability exhibited by randomly ampli- et al., 2002 or, alternately, it may be possible to treat the
fied polymorphic DNA (RAPD) markersdhen et al., 1999;  Cordyceps sinensisxtract with a liver homogenate to gen-
Cheng et al., 1998 Variability in ribosomal ITS sequences erate the active metabolites of the extrafde Graaf et al.,
and 18S ribosomal DNA restriction fragment length poly- 2002.
morphism (RFLP) patterns has been shown to be informative  Furthermore, the research surround@grdyceps sinen-
for differentiatingCordyceps sinensfsom otherCordyceps sisis lacking molecular studies. Rather, there are numerous
species and from market counterfei@hen etal., 1999; Chen  reports of treating model systems wi@ordyceps sinensis
et al., 2001; Chen et al., 2002; Kinjo and Zang, 2001; Liu et and measuring outcome. However, establishing a consensus
al., 2003, and for generatingordyceps sinensisspecific strain is an essential foundation to defining molecular mech-
DNA probes Chen et al., 2002 however, rDNA sequence anisms. Currently the use of voucher specimens and marker
variation is too low to allow accurate genotyping at the strain compounds does allow identification of species phenotypi-
level (Chen et al., 2001; Kinjo and Zang, 2001; Liu et al., cally and biochemically, respectively. However, a principle
2001). Randomly amplified polymorphic DNA markers are marker compound fo€ordyceps sinensis cordycepic acid
able not only to distinguisiCordyceps sinensisom other (mannitol-D) and while the presence of cordycepic acid is
Cordycepsspecies, but to distinguish individuGlordyceps indicative of Cordyceps sinensighe inclusion of a single
sinensispopulations Chen and Hseu, 1999; Cheng et al., marker compound does not necessarily guarantee the pres-
1998. More recently developed DNA fingerprinting methods ence of other potentially active compounds. Thus, develop-
such as amplified fragment length polymorphisms (AFLP; ing an AFLP based DNA fingerprinting program would allow
\os et al., 199%uncover more genetic polymorphism over a positive identification of not jusCordyceps sinensibut also
larger part of the genome than do ribosomal DNA sequences.identification of sub-populations of the species.

Additionally, the results of AFLP fingerprinting have been Cordyceps sinensigas been used as a traditional medicine
shown to have a higher degree of repeatability than those ofthroughout history and, undoubtedly, as investigation into
RAPD fingerprinting Ranamukhaarachchietal., 2000; Jones this fungus continues, more active components with potential
et al., 1997; Barker et al., 1999AFLP fingerprints have  therapeutic value will be isolated.

thus far not been obtained f@ordyceps sinensignd rep-

resent a potentially useful tool for characterizidgrdyceps

sinensissamples. Further population-level genetic character- Acknowledgements

ization is extremely important faCordyceps sinensiwate-
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