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SUMMARY

I. Title:
“Development of functional materials for improving liver function from Cordyceps

militaris”

II. Purpose, contents, and results of this research:

Cordyceps species are mushrooms ethopharmacologically known in Far East Asian
countries such as Korea, China, and Japan. Preparation of the species Cordyceps sinensis
and Cordyceps militaris have been traditionally prescribed as a tonic for longevity,
endurance, and vitality (Zhou et al. 2009). Continuous scientific studies have found that
these preparations are capable of exhibiting numerous pharmacological activities as
anti—oxidative, anti-viral, anti-cancer, anti—fibrotic, antiinflammatory, anti—nociceptive,
anti—angiogenic, anti-diabetic, and anti-obesity drugs (Ng and Wang 2005, Zhou et al.
2009).

Cordyceps militaris is a fungus that parasitizes Lepidoptera larvae and has benefits in
the human body including circulatory, immune, respiratory and glandular systems. Previous
studies showed various properties such as anti-angiogenesis (Yoo et al.,2004), anti—-tumor
and anti-diabetic (Yun et al, 2003), anti mutagenic(Cho et al, 2003) and hypoglycemic
effect(Choi et al. 2004). Cordyceps militaris, a caterpillar-grown traditional medicinal
mushroom, produces an important bioactive compound, cordycepin (3 ~ —deoxyadenosine).
Cordycepin is reported to possess many pharmacological activities including immunological
stimulating, anti—cancer, anti—-virus and anti-infection activities.

Cordycepin, a major component of C. militaris, has also been studied in anti—fungal

activity (Sugar and McCaffrey, 1998), anti-herpes activity (De Julian-Ortiz et al.,
1999), anti-metastatic action on some cell lines (Nakamura et al, 2005), stimulating effect
on interlukin-10 production as an immune modulator (Zhou et al, 2002), effect of
polyadenylation inhibition (Ioannidis et al., 1999), and anti-leukemic activity (Koc et al,
1996).

Acetaminophen (AAP)is a safe and effective analgesic when used at therapeutic levels.

An overdose of AAP, however, can induce severe hepatotoxicity in experimentalanimals and
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in humans. Recent advances suggest that reactive metabolite formation, glutathione
depletion, and alkylation of proteins, particularly mitochondrial proteins, arekey initiating
eventsin AAP toxicity.Asin other types of liver injury, the roles of oncotic necrosis and
apoptosis in AAP-induced liver damage have been debated. When AAP causes extensive
ATP depletion, ATP depletion-dependent necrotic cell death results. However, when
fructose and glycine are used to prevent ATP depletionnecrosisis blocked and caspase
dependent apoptosis increases.

MPT occurs under both fructose and glycinedeficientand sufficient conditions. The
addition of cyclosporin A decreases necrosis and apoptosis. Thus,AAP toxicity is an example
of'necrapoptosis,” in which necrosis and apoptosis represent alternate outcomes of the same
mitochondrial death pathway.

Acetaminophen (N-acetyl-p-aminophenol, paracetamol, AAP) is a widely used analgesic
and antipyretic agent with very few side effects at its usual therapeutic doses.l) However,
it can cause centrilobular hepatic necrosis, renal failure, and even death in humans and
experimental animals when taken in overdoses2) or in moderate doses in combination with
other drugs or alcohol.3).

At therapeutic doses, AAP is primarily detoxified by glucuronidation and sulfation,4)
with a small fraction metabolized by a cytochrome P450-dependent mixed function oxidase
system to an electrophilic metabolite, N—acetyl-p—benzoquinoneimine (NAPQI).5) NAPQI is
normally detoxified by glutathione (GSH) and therefore displays no significant toxicity.
After an overdose of AAP, the glucuronidation and sulfation routes become saturated and a
larger fraction of the drug is available for metabolism by cytochrome P450, leading to rapid
depletion of hepatic GSH levels. In addition to NAPQI, reactive oxygen species formed
during AAP metabolism induces oxidative stress which in turn contributes to the cell
injury process. AAP interferes with the ongoing processes of each and every intracellular
compartment: mitochondria, 6) nucleus,7) plasma membrane,8) and cytoplasm.9).

We cultured Chang liver and HepG2 cells in Eagle’s minimum essential medium (MEM)
containing glycine (0.0075g/L) to block necroticcelldeath. AAP treatment and caspase-3
activation induced DNA fragmentation, indicating that the cells underwent apoptosis.
However, DINA fragment results were not consistent with DNA
laddering,acharacteristicofapoptosis,although someDNA smearing, a feature of necrosis,was

observed.Thus,we concluded that the mode of AAP-induced cell death was necrapoptosis
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because both necrosis and apoptosis apparently occur.

Oxidative stress—induced cell death is a mitochondria—independent pathway of AAP
cytotoxicity. Early investigations into the mechanism of oxidative stress—induced cell death
identified glutathione(GSH)as a critical factor in the detoxification of the reactive metabolite
of AAP. While this initial breakthrough resulted in novel therapeutics trategies in the clinic,
the mechanism of cell injury and liver failure is still not completely understood. In
particular, the role of reactive oxygen species(ROS) in the pathophysiology of liver damage
continues to be debated, despite three decades of research. Studies using a variety of
experimental models have established that severe hepatocellular injury can lead to
intracellular, mitochondria derived oxidant stress. Elevated hepatic and mitochondrial GSSG
levels are indicators of mitochondrial ROS formation, and AAP induced cell death may be a
result of oxidative cytotoxicity.

Recent studies have shown that both endogenously produced and exogenously added ROS
can regulate the activity of mitogen—activated protein kinase (MAPK) pathways that may
be involved in cellular responses, such as proliferation, differentiation, and apoptosis. Three
major MAPK Kkinase types existiextracellularsignal-regulated kinases(ERKs), p38 kinases,
and c-Jun N-terminalkinases (JNKs). These kinases have severalisoforms generated by
alternative splicing of pre-mRNA. ERKs are generally activated by mitogenic and
proliferative  stimuli,such as growth factors involved in cellular proliferation and
differentiation.JNKs and p38 kinases are primarily activated by extracellular stresses, such
as UV irradiation, inflammatory cytokines, heat, and arsenic trioxide. Activation of these
protein kinases causes a variety of cellular responses, depending on the cell type. In our
experimental system, AAP induced ERK activation, but not JNK or p38 kinase activation.
Thus, AAP-induced oxidative stress involves ERK activation.

One of these involves the MAPKSs, a family of serine/threonine protein kinases activated

by many stimuli, including IGF-IR. A key MAPK pathway contains ERK1/2.

For “Development of functional materials for improving liver function from Cordyceps
militaris” we performed the following tests and concluded that Cordyceps militaris can be
considered a cytoprotective agent in vitro and in vivo testsl on drug toxicity and results
from animal test.

First, in this study, we performed cytotoxicity profiles of AAP in human Chang liver
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cells and evaluated the protective effect of Cordyceps militaris against AAP-induced
toxicity. by measuring various factors and animal test, ent, MTT metabolism, and signal
pathway of human liver cells.

Second, we performed the effects of cordycepin in LPS-stimulated macrophage and
evaluated the protective effect of Cordyceps militaris against inflammation by measuring
various factors and metabolism.

Third, in this study, we performed animal test to evaluate the protective effect of
Cordyceps militaris by measuring various tissues and animal test, on metabolism to prove
the protective funtion of Cordyceps militaris.

These observations demonstrate that Cordyceps militaris may significantly sttenuate
AAP-induced toxicity. And also from the animal test to evaluate the protective effect of
Cordyceps militaris , we proved the protective funtion of Cordyceps militaris on liver
function.

From these results, Cordyceps militaris can be considered a cytoprotective agent in this

in vitro and in vivo model on drug toxicity and results from animal test.

III. Utilization of this research:

Following impacts have been obtained from this Research.

1) Many people can use entomopathogenic fungal cultures due to collection and proper
preservation of specimens and isolates. 2) It is not necessary to depend upon foreign
countries for their collection and isolation. 3)Systematic classification of Korean
entomopathogenic fungi could be developed. 4) Industrialization of fruit body production
could be done due to their artificial fruiting. Artificial fruit bodies could be perfectly used
after the investigation of the effects of their bio—active compounds. 5)Development of
Cordyceps militaris as a new drug for pharmaceutical purposes was achieved from this
research.

And the final purpose of the research was “Development of functional materials for
improving liver function from Cordyceps militaris” showed very good enhancements of
the treatment of Liver.

Therefore, Cordyceps militaris can be considered a cytoprotective agent in this in

vitro and in vivo model on drug toxicity and results from animal test.
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cholesterol 3t&Fel w2 E | Fosd /93 A (p<0.05) #H43H
B3 A

¢« CMWEZ} ¢ SOD
Ao nA= T

o x#e SOD FAHEE
CMWE-E 50mg/kg/day F13tH +
3 A (p<0.01) A3 Tt
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AoE HaEglon Ao A
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A3E AME 53 WY S

y2
i
&

1L A1AFAA Q4 HE R 234

@ ATAE: WuIEFAEe) AN L WF AN ALBYAT
@ ATHYA FANGW A W

(1) W] &%tz (Cordyceps militaris) 55 ©]83 Petri-dish’gel 4%+ M=o} =}

hH sA T A
BOAFHA ALES e AYdEgn FE53tx 23 (Entomopathogenic fungal culture
collection, EFCC)ol 4 H.3#F<2  Cordyceps militaris EFCC 124487tFE  AFE3F3iT)
Cordyceps militaris EFCC 12448 ¥ XA Zdthstn A58 R se] EA o
FTE Q& 5, 2 vuxA 72 d@r wjA el s wek ste] e AAAE FAHAHL 1 <
5 ALAZTEH GdEZAE FEivt. el dEx A T oM Y dx A wFE A
T Sx A5 7HY mating A3 9] 2= mating types D THTable 1).

£

o

Table 1. Mating type of Cordyceps militaris EFCC 12448.

SR} 1 2 3 4 5 6
1 - + - - +
2 + - - +
3 + + -
4 - +
5 +
6
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B ARE 96 nlad A FA e Ad 3 EFCC 124489 @A} 4 3 695 ulw)
3] & A4 EFCC 12448 4x60 A @A 212 319 13719 @¥xS At} o] & 1,
2,3, 4,5 7, 8 10, 13 He] 97 @ZAE A3t 50% SDAY(sodium dextrose agar yeast)
B A i A Erlenmeyer flask 100mfol] <e3dk & 25C wjdo|Ax 5Ld7F njLsdvt. sjgd
Erlenmeyer flask HEH& A 2 4ot @ Avju Aol 33mA 3¥kE HE3k 5, 20T wjga
oA HIFAIZl & ALAE dF P A TH(Table 2).

=1

Table 2. Fruit body formation of Cordyceps militaris EFCC 12448.

EEA
1 2 3 4 S 7 8 10 13

ELSe

1 +++ ++ +++ +++

2 +++ +++ ++ +++

3 ++

4 ++ +++ ++

S

7 ++ +

8

10

13

(W) Petri-dish 9] A typed} B type #59 H&E
23 EFCC 12448 (4><6)-C4 137 @22 & o] glal vlud FdstA A 57le] @2
A 2,3, 4,5, 65 AEd o EFCC 12448 (4x6) 2x2, 2x3, 2x4, 2x5, 2x6, 3x4, 3x5, 3x6, 4x5,
4x6, 5x5, 5x6, 6x62] 1371 Z3Fo =2 Petri-dish (50% SDAY AW} A]) ol A AL A7t
T @ ¥R A} §3F, mating type 52 Zolu ] Ydte] 47 5ukE X3k} (Fig. 1).

Fig. 1. Inoculation of each isolates on SDAY agar plate both sides. The combinations are
EFCC 12448 (4x6) 2x2, 2x3, 2x4, 2x5, 2x6, 3x4, 3x5, 3x6, 4x5, 4x6, 5x5, 5x6, 6x6.
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(th wojdl A9k A A 2ke] @A
SRHE i FH Petri-dish 5 o] §lal, M} Zefo] 813t <3} 1
Adkslo], AR A D}_T"_g A7 5mm cork borer® 7} 37Hf/—,“34 colonyE Wo]

g N2 1%

A W AFEE 1,000m¢ @08 A Oﬂ 3ukE HE3 o7 ﬂaskoﬂ SSmW“) colonyﬂ ol 1
3} 23 Fig. 2. 9 2}

Fig. 2. Mycelial discs cut for the fruiting body production of Cordyceps militaris isolates.
A, mycelial discs cut from the meeting region between two isolates. B, mycelial discs cut
from the boundary regions of the two isolates. The combinations are EFCC 12448 (4x6)
2x2(AB), 2x3(A,B), 2x4(A,B), 2x5(A,B), 2x6(A,B), 3x4(A,B), 3x5(A,B), 3x6(A,B), 4x5(A,B),
4x6(A,B), 5x5(A,B), 5x6(A,B), 6x6(A,B).

(2) JAFAAA ] mating typeol|l 23+ MU 7| &35 3t &= (Cordyceps militaris)2] =15 4
1 ES R

hH A wF A
2 Ago A AR wFEE AYEUFgun 5F53E 23 (Entomopathogenic fungal culture
collection, EFCC) o4 H&5<2 Cordyceps militaris EFCC 103045 3 A|vrF= A3 T
EFCC 10304 AlF% steibel A zld e & Water agar XA ¥ A Petri-dishell U EAE
Wol 50% SDAY(Sodium dextrose agar yeast) LA e[ 2] Petri-dishel| YWEA oFE H)
&tk O Hx2A 7FE o] &5t JATALAAE FAAAZ FH, ATAAANA By 2
o] Holy 3719 AFAAA 7heE ez HAdsle] EFCC 10304-1, EFCC 10304-2, EFCC
10304-3 olztar BHstvh L ARASAA 2z 12708 9] G EAE SDAY 1A G FHiA|
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Petri-dishell #23}%1 3. 21 5 Petri-dishtoll A &) vALe] Are] 2 LA S nladle] 6714 9
#FE AEsth(Fig. 3). 29 7S 24£1TColA] 1197F vjdks & 23 HEdoz ALg

st

Cordyceps militaris Tn nature Multi-ascospores isolation
Isolate Liquide inoculation Brown rice medium.

m + @ ’ " . ) !"4 ’ @
A strip of artificial fruit-body  Single ascospore isolation

Artificial fruit-body

Fig. 3. Diagram of single—ascospore isolation from stromata of Cordyvceps militaris.

() 7t #5759 flask AEY 9 g
250m¢ Erlenmeyer flaskel 100m¢ SDAY WA A E &3 £ Silicon plug= flaske] 7
S 9e & 3YS 49 autoclaveE ©]€34 121TC, 1.2 7t Al 2083 39t Arsle] oA
WA & AZx3E T 9l ARAZFH Fe8ld EFCC 10304-1, EFCC 10304-2, EFCC 10304-3
o] 7} 6/ e TEA HFe WMIEE F-o5to] Petri-dishfoll A A&k A AdRds 474
Smm cork borer® AW@3 & A2 vE @XX} #F9 colonyE 3/MH HEsAT HEE

flasks 24£1C9] wjFdol] 7A43F wjFA AT

(th) dnjaj e Ale] AdsAHA HA
Mg ZF flaskES HEYLE o] &3t A&
7l WX 2E 1000m¢ ppEel v 60gd Ax WH7] 4g, TFF T0mlS o] autoclaveE o]



#3Fo] 121C, 1.2 71gel Al 2083 a9f 2batsidoh o2
flask HEQS HEdho] 2% 41T wjFHolr] 5471 w3l
AAA FAe FAE thE2A sho] 339 AheA AAA P4
et A4S E 25C &Fstx wdA, Place 2& )
2, Place 3 w712 WA A A 320C)2 Yro] 4S8 393, FEE
Ak 280l A - AAA FA FFE efetal v 2590] o Avk § JAH A A

=
o] dols} A, AxT, ALA e 5 STk vl

() 4 AL A FheelA Zed G¥AE 7He] mating type #A
7k zk el Ay ARAA bl A Fel|d @ ¥AEo] mating typedl] oWE FARATE A=AE
golr 7] 9)8le] EFCC 10304-1, EFCC 10304-2, EFCC 10304-3 7t ©¥ A& 7F9] mating
types &olr7] 93 mating B3-S AT 2L AAA TG A FEE %EX}% 7k9]
maitng types €olr 7] $13Fe] EFCC 10304-1, EFCC 10304-2, EFCC 10304-3 Z+Z}2] 6714
o] G¥AE78] mating 23S 3T AR gE A vtEoA EEd 67H”44 GIEAE
7Fe] mating types €olr 7] $13%¢] EFCC 10304-1 XEFCC 10304-2, EFCC 10304-1 XEFCC
10304-3, EFCC 10304-2 XEFCC 10304-3 9] @ ¥ A& 719 X3S = mating A S AT

nr.L

(3). MH7] &F3t%x (Cordyceps militaris) A8l 1A o wE TAL2] EA

hH A wF A
2 Ao A AR wFE AHdTgw 533tz 29 (Entomopathogenic fungal culture
collection, EFCC) o4 B#F<2 Cordyceps militaris EFCC 10304& A= ARE8S T
e AdolA AFF F Water agar Petri-dishol] TEXE wo} 509% SDAY(Sodium
dextrose agar yeast) aLA % du) A Petri-disho| ©EA #5F5 wjS$3dch 2 v ¥x 755
o] &3to] AFAMAE A F, AdFALAANA B d 21 3719 AFALA 7S
o)z Awele] EFCC 10304-1, EFCC 10304-2, EFCC 10304-3 o2} @alalal, 2 A4
AEol A Z+zt 127189 ©@¥AE SDAY wA| G FHA| Petri-dishel #28A3x 2 F
Petri-dishti ol A1 & ALY el 2 #dA S vaste] 67 e #F& Adsidct HE9d o
2 24+1TCo A 1143F 8 s & Mating 289 HEdoz A&3ATt Mating 28 23
A7 B4 AEsk @A Hold EFCC 10304-1(5)x3(7e) 23< 2 2
&3t

il
9
=
> ®
=L
N
f
>

(W) 93 929 9 xo] w2 AaA P4
250m¢ Erlenmeyer flaskel 100m¢ SDAY HAIAE B33 & Silicon plug® flaske] 4T
2 oo & 5998 H9 autoclaveS o] L34 121°C, 1.2 71¢tol Al 208-7F 319t Arale] o A
W2 AzstAth 1 AZE RAAHRE o]&3te] EFCC 10304-15) @22 977 EFCC
10304-3(7) ©EA} A7t 9] petri-dish ¥l A A& Al A, B, O) 2.2 th27 g AL A
@528 474 5mm cork borerZ ColonyE wojulo] HE3 5, 2421°C s FdolA 443k
AL WieES 3 & autoclaveE o] &-3le] 121°TC, 1.2 7oA 2083 agh Abardk #wlwiz]| (3
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v 60g, Az W7 4g, T 70m)el wika A HF:Le HEskAHTig. 4).

(th) dxx Ao =27y 8 14 A GxA 75 o8
EFCC 10304-1(5) ©@t¥x} +f3} EFCC 10304-3(7) ©¥A s Ax 2 Ard 50%
SDAY(Sodium dextrose agar yeast) LA Fu)A] Petri-disholl Z+2; 4714 wojdjo] 47]14 9
12 At-g 24+1°C w2 A A oS etk 2 13 Ad dXA & o] §3fo] A
2 Matings AA AF AAAE Feste] 2 AAAES] I E vlaste] HkvhFig. 5).

A& Whatman 2 o{#HA|=E oJ#}3sk thg rotary
evaporatorol| 4] 1
i -20Cel A 3t
TR 200meell &3 e s EITHCMWE).

PRI
a2
2
Mo
4
(o,
>,
fL
Au
ol
ol
2
j
<o
<o
g
B
[N}
5
‘D '
N
®)
ot
o
o

(vh W7 FFsEFEHY 7] BE e AW
@D Cell Culture
Abghe]  ZRbAEQ HepG2 celllhuman hepatoma cell line)d &AM ¥<l Chang liver
celllhuman liver cell line)s 22t &= A EF &3 (Korea cell line bank)ol A F-9f3te] A&
3t cell Wik DMEM(Dulbecco’s modified Eagle's Medium)®} A o] 10% Fetal bovine
serum(HyClone Labs, Logan, UT), 100units/m¢{ penicilling, 100xg/m¢ streptomycins 2] 3
7C, 5% CO2 incubatorol] 4| ] %3} v},

@ Cell Viability - MTT assay

Abghe] AAF 7EA 291 Chang liver cell lines 10% FBS7F #7le DMEMB|A| & o] & 3}¢f
96well plated] 7+ well ¥ 1x10° cell A5z 3t 23t} 2hr o|Fo] 1% FBSZ
starvation$tt}. 24hr o]$o| 1% FBS #7} & CMWEE 0, 125, 25, 50, 100ug/m¢ %= >
33 30min  HiESYE. A fE=HQ sodium nitroprusside(SNP)  600uM <}t
acetaminophen(AAP) 15mME 27z} A ¢ 3o},

et T HEyE2 Img/mle] MTT((3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyl -tetrazolium
bromide) A °F& ¥ o] 2hr ¥%¥A 7] 32 @A E formazan dyeZ 2-propanols ©]-&3}o] &3]A A

570nm & FwolA =243} cell viabilityd =& =435t}

@ High performance liquid chromatography(IHPLC) &4
KNAUER(Wellchrom HPLC-pumpK-1001,Wellchrom fast scanning spectrophotometer
K-2600, and 4 channel degasser K-500) A 28l-& A}83lo #2498 239k o] 542
Z7 ¢ acetonitrile s AFE39 3 ZE-E phenomenexAte] gemini C18ZA H -8 AF&31% o1
(25°C), A5+ CMWE+s 100mg/ml, standard9] adenosine®} cordycepine Sigma-Aldrch Co.?ll
Al -913ke] 10ppm T =2 2040 injectdle] #4339t
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Fig. 4. Diagram of production of fruit-body from three different locations of Petri—dish

colony.

A type

1030@ 2;Al 10304 A-2

10304 A-3 10304 A-4

1030; B-1 10;;; B-2
10302_1 B-3 10304 B-4

B type

1
MATING
-

Fig. 5. Diagram showing combination of four first-generation isolates for fruit—body
production.
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HPLC H&@x7:
Standard : adenosine, cordycepin (in water)
Sample treatment : CMWE, 100mg dissolved in 1m¢ water
HPLC System : KNAUER Corp.
- Wellchrom HPLC-pump K-1001 and 4 channel degasser K-500
- Wellchrom fast scanning spectrophotometer K-2600
- Analysis software : Eurochrome 2000
Column : Phenomenex, Gemini ou C18 110A, 250x4.60mm 5um
Column Temp : 25T
Injection volume : 2014
Mobile phase : acetonitrile-water(5:95, v/v)
Flow-rate @ 1.0m{/min
Wavelength : 260nm

(M) A E =l tigk B G5 Asteld v1d

A7) &Fstx FE55(CMWE)o] THAIE &4l g B &5 Asshs 71 4r3shr| 915k
M ¥E APd(apoptosis) 2 Ao #ojdtE MEANTAY EAo| hal propidium iodide &AW
S o] &3 Flow cytometry %43 Western blotting 59 Wyl oz A3E #3391}

@ Flow cytometry 2

AAP(acetoaminophen)o] ¢]3+ Chang liver cell®d AXF7] WEE A3 7] 9359
propidium iodide(PI) XS a3ttt ¢4 Chang liver cell& 100mm dishell 70~80%
HEE g & b7 sEst R FEE(CMWE)Y AAPE A 2l8tal, 24hr o3tk A X
£ PBSE 23] A& &, trypsi/EDTAZ wojuf il 450xgell A Smin &<t YAl st 3¢
shark. AMEE 1x10° cells/mo]l EHEE PBSE Wi, 5me 1%(w/v in  PBS)
paraformaldehyde & 918 23l ice bathol 15min %X 3}5t}h 450xgol 4] Smin F<¢F A E
gto] AXE g3al, PBSE bm= 23] WHEsko] AlH sty 4w ste] A2 AlEel 05
nl2e] PBSE ¥ i 5ml 2 ice-cold 70%(v/v) ethanols 23l -20C ©]&}ol A 12hr ©]% =] 3}
Atk AEE 450x0A bmin &S HAAE2F] ethanols A7 & %, PBS 1ml= Al #3}aL
thA] PBS 0.1m-s 2ol FFAHT AE Ff9de Pl 50pg/ml, DNase—free RNase= 1ug/ml
o HF vVt HESE FAUtstal 3YE AR HE A9 F 30min EQF IS AR PI
AME AXE filterdlo] @Y MER-S 33 FACS Calibur(Becton Dickinson, San Jose, CA)
2 110719 AxE 48

A

@ Western blotting
AT EQ Chang liver cellS 60mm disholl A 70780% 7} H =% ®jkst 3 1% FBS7})
S0 WA E 24hr ¥WF3F Tl Chang liver cello]l HHl7| 5 %32 FHE(CMWE) S 94
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FTERE Folsla, 0% Fo 1A fFUEAQ] AAPE FolEAth 24hr wlkd £ lysis
bufferE 2ol AIEE {3473, 15000xgol A 2087 A E 2 8te] western blot A|EE o
ojWfitt. BCAM O Z AX lysated @A F5E SA3I0], 0pee] dWido] HES Alx
lysateZ # 8] SDS-PAGEE 4839 tl. PVDF membrane® & @A S transfer A7 &,
5% non—fat skim milkE A& 3] membraneg blocking A 713, Y&+ A &S AL&3] 13k
A2 8tal, TBS-TE washingd & 22 A& Fvh Hd e TBS-TZ 4 & FAE A
o} FaL, Ao A membraned] ECL £ (Thermo Scientific, Rockford, IL)& &3.F #53}
o] X-ray film® = #3335t} Western blot 23+ NIH(National Institutes of Health, USA)
ol A 7N&E Tmage J ZE1HE o] &3t #2415t} Image Joll 2% 42 33 wh&3}o]
AL Fhol ks AREsEAT

i
2

v A Ak
(1) Petri-dish %] A type¥} B type 759 HE
Petri—dish (5OV SDAY A8} A]) Aol A &Zo| 2 GEREES HE3l 25T st o A
1.

304 HFe & band FA H59 79 semidiameter, colorE FAMS A3t W=7} A7 £
T odAa ‘@71 A e 2= Ao, semidiameter®] ZHolk= AL xo|7f glAR dF-=
zpol 7} wol U= ALem® dQar, MZAL orange I} white vellow o2 FA} Q},\E}(Table

3).

Table 3. Results of Cordyceps militaris EFCC 12448 (4x6) on petri-dish.

A type B type

mating band semidiamete semidiamete

; color ; color
2x3 0 28 orange(flat) 33 orange
2X4 < 30 orange(flat) 31 white yellow
2X5 x 26 orange(flat) 22 orange
26 X 23 orange(cottonly) 29 orange
3x4 O 28 orange(flat) 24 white yellow
35 X 33 orange(flat) 26 orange(flat)
3%6 X 20 orange(flat) 30 orange(flat)
45 0 33 white yellow 33 orange(flat)
4x6 0 37 white yellow 32 orange(flat)
5X6 X 31 orange(flat) 30 orange(flat)
2X2 X 35 orange(flat) 35 orange(flat)
55 X 30 orange(flat) 28 orange(flat)
66 X 37 orange(flat) 37 orange(flat)
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Petri-disholl /| &l 2tk wAFE v dAA @ujuj Aol HFsko] 19ke] B
I EFCC 12448 2x3, 2x5, 3x6+= band®] @733 A4 ddo] dA o

oMz A A fkd Ae FHl T UM Tig. 6.).

2 13 |4 |5 1|6 21314 |56
2 s 2 + ot |- |
3 + |- |- 3 - |+ -
4 4 |+ 4 - |-
5 - ) &+
6 6
A) Band formation between B) Fruiting body produced from
EFCC 12448 1solates EFCC 12448 1solates, acc. to Fig. 1.1.

G) EFCC 12448-4 x 12448-5

E) EFCC 12448-3 < 12448-5 F) EFCC 12448-5 x 12448-6

Fig. 6. Band formation and fruiting body formation from EFCC 12448 isolates.

(2) woidl g1 x]ek A7 &Fatx AdAete] @A
A, HAEF-ENA A4 bmm cork borerZ ColonyE Wil Z3HA)H F% &

B
BB A ColonyE Wl Z=F(B)¥el vlaoA Fig. 2.2.2] EFCC 12448(4x6) 2x3, 2x4, 4x6
SolA FeE 4 glEo] *dF ZEIE(B)IA colonyE dweo] Wl Aol AAA e Ao} M
ek 58 HwES w o Hold 23E A& F dLS FA3A v (Fig. 7).
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B) 12448 2x4 C) 12448 245

D) 12448 2x6 E) 12448 3x4

G) 12448 4x5 H) 12448 5x6

Fig. 7. Fruiting body formation from EFCC 12448 isolates acc. to Fig. 1.1. A (left)
and B (right).

Q) W7l ssstx e AdAe] Add A F5

e AN d2 2R #F2REH A deALdARRY d¥AE 2T
<1 EFCC 10304-1, EFCC 10304-2, EFCC 10304-39] Mating Types W7ol K kil A7
ol A ZA+)t AdAE FATA I A-)e WaLstH(Table 4).

MY
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Table 4. Determination of mating type of single ascospore isolates of EFCC 10304-1, EFCC
10304-2 and EFCC 10304-3.

10304-204) | 10304-2(8) | 10304-2(8) [10304-2010) |10304-2011)] 10304-2{12)
10304-1(3) = + = + + +
103041647 # = # = = =
10304-1(5) = + = + + +
10304-1(E) Gl = ¥ = = =
10304-1(8) = i iz = = £
10304-1¢113 = + = + + +

10304-3(6) | 10304-3(7) | 10304-3(8) | 10304-3(9) [10304-3010)] 10304-3{11)
10304-1(3) G & = = + =
10304-1(4) + z + + i =
10304-1(5) = + = = + +
10304-1(E} + = + + = a
10304-1(8) + = + + = o
10304-1¢113 = i = = * #

10304-306) | 10304-307) | 10304-3(8) | 10304-3(9) [10304-3(103] 10304-34113
10304-2(4) = + = = + +
10304-2(5) & = i % = T
10304-2(8) e + = = + +
1030420107 Gl = * *+ = =
10304-20113 % = & # i a
10304-2(12) e 3 + =

+ ! perithecium formation

- ! perithecium non-formation

M)%@%ﬂﬂﬂﬂi%ﬂi?ﬁ¥ﬂNﬂgﬂhﬂ

Az e A 329 FA(Place 1. Place 2. Place 3.)°14 dA9 A2 AxFAE 28 &
balanceE ©]-& 3} %—233}03 a2 ASGE aYEE vus =
ﬁ&ig]glﬂﬂE:%'WHfﬁﬁﬂﬁF%CJ A Aol Q=
= 20T AstEel = wdFa @Mﬁ@#lWﬁJm“ﬂﬂﬂmLﬁﬂme@ﬂﬂiﬁ3ﬁ~H
oyt A& HERHATHEFig. 8 9

shube] A Tt o R R #ed dxAE o] &5ty g 2
ME e ALA JtgezRY g P2 AFALA

Al Ske] vrE Aae] wey vjawste] & A rE7F P 2w 7Fe] s A EAL 2ol A
H7F 7P FA WUEbR A A vhee] mE vlas A2 2 Aol E HolX &gkt (Fig. 10
2 11).

AAA L] AxFTTF
o) AxFe

r[m
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Fig. 8 Comparison of fruit-body dry weight from combination EFCC 10304-1 and EFCC

10304-2 grown in three different environmental conditions.
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Fig. 9. Comparison of fruit-body dry weight from combination EFCC 10304-1 and EFCC

10304-3 grown in three different environmental conditions.
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Fig. 10. Comparison of fruit-body dry weight from combination EFCC 10304-2 and EFCC
10304-3 grown in three different environmental conditions.
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Fig. 11. Comparison of fruit-body dry weight from same or different stromata in three
different environmental conditions.
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(5) et ¥ o] Aol wWE W] EEstx ALA e v
EFCC 10304-1(5) @22+ vt EFCC 10304-3(7) @322} A9 petri-dish’ol A A&
g 23 A, B, Co 2l ARAAES

& AEA A9k B A Aol

A thHFig. 12).

A FE(A, B, O22 A 3k ColonyE #ejulol H&
of NZ AAA =g A, Ar7h g2 Ao <

T
[eJKe)
2% FA5Y

G4 H9A% Co) A Adrel Y4 HA @

Fig. 12. Fruit-body production from three different positions of Petri—dish colonies of
isolates EFCC 10304-1(5) and EFCC 10304-3(7).

6) @Y A Yo zRE B 12 A G¥EA 7S o] 83 AAA FAo wliw

EFCC 10304-1(5) ¥ #} 933 EFCC 10304-3(7) ©¥ 4} Ao 25 ¥ Z+zb 4714 wo]J
AARA 2] 12} AlHTES o] &3te] AE MatingS A1A A AAAE §wd Az w3 AF 2
AAEo] M2 AAA Bek A 277 vE2A AP e Ao e P @ Ao
A= WA, F3AEA FAF @ AZ S-S Tl rHFig. 13).

(7) el 5F32 A B(CMWE)2 &4 A5
Boolge AbgsE AU7|EEE 2 AR CMWES 5A4& 97387 93le], HPLCE AHg
CMWE?l| cordycepin®] g% o] AE=XE ZAFEIT) U%x1

sto], CMWE®S] +x4 &4 %
HPLCE AHE&3to] 260nmelA EA438sle o, CMWE= 8-101  Afo
o, 7 A3 CMWEE 333 polardt A& dskal ks As & & Iddth
5o 2= CMWE WY 7| 5Fstxo A &A% cordycepin®] $Hrdtal JE=AE &2ls)o]
Hkt} Fig. 14-A= CMWE<®] HPLC pattern©| ™, Fig. 14-B% cordycepin 2] HPLC peak©]
9, Fig. 14-C+= (CMWE+cordycepin)®] HPLC ZAx}olt}. o]# 3l 371%e] HPLC ¥4 pattern
Ade & B A4S mass spectrag 4 3ke] Molof A & = JAARE Fig. 149
s

HPLC patterng %3F9] CMWES cordyceping &3kl QS AYS
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10304 A-4 x 10304 B-1 10304 A-4 = 10304 B-2 10304 A-4 X 10304 B-3 10304 A-4 X 10304 B-4

Fig. 13. Fruit-body production from combinations of four different first—generation isolates.

_70_



A: CMW

i) 9.7 min
B2 (50mg/ml) (35.7]
| | |
3. ‘ SRR I N fi. S o S _-u'lk\,--:l.lin.ﬂ‘ i .p"rq_./x = =
E '.0 E+3
(]
({=]
N = :
= B: Cordycepin o
a | (0.5mM) b
(oo ] |
: {
m |
= L
o ‘ =
é L0753 9.7 min
! ) (75.4)
C: CMW + Cordycepin
[50mg/mi] [0.5mM)

(R

Retention Time
[Peak area)

®  WHur] eFFz2HE Ax®d CMWEelA, HPLCE o]&3 cordycepin %
adenosine 2] 9l
HoATe] Abgd WYy EE R AES CMWE So Aeldd 242 24387 cordycepin 2
A Ald =49 adenosine®] $HEE XAFEHY] 918k, HPLCE AH&8to], CMWESY] x4 &
A 2 CMWE¢®] cordycepin ¥ adenosine ©| $H+-% A=A AT
WA, HPLCE AF&3lo] 260nmoll~ 5% 3]'3\ ul, CMWEE 3894 108  AloloA] o
peake] WEltow 1 Ay CMWES 4938] polardt &S sl dvkes e ¢ F dAq

(Fig. 15).
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[EH1] Fig. 149 ‘A: CMW HPLC Z ¥ €&

Fri Sep 27 18:29:17 2013

Time (min)

Aek 183 @ Retention time
Bk 28 Z 0 Area (mAUXTime)
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[ A2] Fig. 149 ‘B: Cordycepin’ HPLC Z3} 91

| 280

(uiw) ewi]
¢l 0l 8 9 4 0
: 00
o I 3
: 5o 2
| | | | | L
) -0°0
! [ B
9 EL =
m+m_x-o._.

SI0T LI#T81 LT dos 1

[z B omwaadp
607 HOISID | “2IDMI0S I Td H WoLyd04mg

. Retention time

1z
—_

A
[e]

: Area (mAUxTime)

A

_73_



[ A3] Fig. 149 ‘C: CMW + Cordycepin’ HPLC A3 &

| 28ng

(Ulw) swi |
¢ 0
-0°0
leg =
50 2
L | 1 | | | 1 ml—IMXIO-_-
T~ ¢ [
e B
50 =
m._..n._x'oé

107 99781 LT dag 1

[z B8 40mpsad)
€07 HOISIAA "2IDML[0S D Td H 1HOLYI04NT

. Retention time

1z

: Area (mAUxTime)
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xE+3

2 Adenosine Cordycepin A. Standead
E ] 6.8min 8.4min Adenosine (50ppm)
11 \ / Cordycepin (50ppm})
'I."k L

[} ~frmmpmy
g xE+3

: , | B. CMWE (50mg/mg)
| 7.0min  8.5min

oV

mALl

Absorbs at 260nm

0l __,/ h..'k,."-_ﬁ-\._. - '\-J‘-
a XE+3
34
21
o 1 6.8min  8.4min LM
E + Adenosine
1 |l \‘ ‘/ + Cordycepin
; .||
n . .-'/ "w..,.,l.,l_'-._,..,,.\._u"\_ _..l"«..,r\_.. : v e e
a 5 10 15 20
Time (min)

Fig. 15. Hu|7| 5 &38lZ2o A F%F3 CMWEY 9 cordycepin 2 adnosine®] 3¢,

t}e-0 2= CMWES Wy 7]| 5 &3tz $HA%E cordycepin ¥ adnosine®] $H3lal =
A g Flste] Hkth Fig. 150 A,

A)+= Standard® A2 Adenosine 2 cordycepin®] HPLC pattern©]™

B)&= CMWE((G0Omg/me) 2] HPLC patterne] ™

C)+= CMWE(B0Omg/m¢) + Standard = AF8% Adenosine 2 cordycepin ¢] HPLC pattern ©]
o},

Standard &2 €1 adenosine<- 6.8%l 4 &< ¥ S2H, cordycepine- 8.5 A =4 & At

CMWE A 8¢ Standard =2¢l adenosine 2 cordyceping #7}sle] =43 A ¥(C), A
715232 A8 CMWE adenosine 2 cordycepin®] R 9o gl AL eld 4
A A HFig. 15).
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©) A7) 332255 HPLCE ©]&3F cordycepin ¥ adenosine®] 334
2719 o], M7 E &3 2 A8 CMWEe® adenosine ¥ cordycepin®] &5 &5 o
AE As g Ao =2 adenosine 2 cordycepin®] CMWEe| ol =A% {33 2
=AE A

Standard curve

Standard
Area
m
PP Adenosine Cordycepin
0 0 0
10 109 8.9
25 311 24.7
50 68.5 54.9
80 60
v
50 -
- 6D n _—
E R2 = 0.5868 E a0 | R? = 0.9967
% %
2 40 - 2 30 -
E E
g 10 g
E, 2 4y
0w T T T T 0 T T T T
0 10 20 30 40 50 0 10 20 30 40 50
Adenosine (ppm) Cordycepin (ppm)
Fig. 16. <73} adenosine ¥ cordycepin 9] standard curve.

Fig. 16 3} 7], adenosine ¥ cordycepin ¢] standard curve® 224 A oM,
o]#3t standard curveE ©]|£3to], CMWE 9o $H/% o] 2+ adenosine ¥ cordycepin®
stEs AT ¢ AT

Table 5. CMWE <<l gf%°] & adenosine ¥ cordycepin®| &=
3% (Content)
CMWE
% mg/g
Adenosine 0.09 0.9
Cordycepin 0.21 21
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Table 58 o], M7 5=zl A AZxY CMWE < ol+=, adenosine®| 47.4ppm 2.2 0.09%
gf-wo] 9dom cordycepine- 106.1ppm o= 0.21% $HH-HoldE Aoz A HAuh

(10) HU7]s58x2 ABCMWE)Y 1535 28 7] 2}
(7h A2 7+ AIX(Normal cel)?!  Chang liver cellelA e A7 &3t FE5EQ
CMWE<9] &3}
Hu|7|&Fstz2 55 CMWEZE A4 12 AlZ(Normal cel)?l  Chang liver cellel oft
S Jo|=AE golry] 98, HH7FFstx FEECMWE)E 100, 200, 400, 800,

:} 7(]-9._0 ol o

2 1.000pe/ml o F2E AAMNAEQ Chang liver celle] A #dte] CMWES Z¥E Hdt}
(Fig. 17).

48AZHA) @ T2 7HB) WSS W, ARAES] B ERE A e A Lohig
b ooleld Wi CMWEE 4% (HAEe ofwd Asisses 74 gvhs d0E 9o
A, CMWES) 7k S/H e, S0, L000u/nt AN A% w280l ag &
S oolglth Ao, CMWEE A4 (HAX ojwd Asdge 74 dvhs d3s o

At} Fig. 17-(C)oll A= 4841 7F w2k ]oH 72X ZF H) kol A= cell viability 7} ¢F7F @ o)A =

[o] A=
Ae & AUl

(h) M7 sEstx 25N CMWEZL 1A E (HepG2 Cell) o] oA &}
Zk ¢l Chang liver cellol ojulslt 3|28 F32 vl 235 Aglo

22 U éﬁégi% A Q] HepG2 celldl Al FME AA & 37) Q=AE A
S5 100, 200, 400, 800 2 1,000ug/ml o5 E=E ZFLAEQ HepG2 cellol

=
ol

A

=

N

==

A
st A3}, st S7FEel wEl GAE Q] viability 7b 4841wl °J=(A) T2AIZE v Foll A H AT
T A & F A 48A1ZE vl (AN A = 1,000pe/ml AR FE7F A7} Hojok 1A

b 57% TAske ASRE yEerstor, 72417 B = 400#%/111«0 o] CMWE &7}

—— T

A3 o, 800ug/mle] CMWE H7Fo| A= 4492 A X7} cell deathE € o
S ¢ IdAth Fig. 18-(C)ellA] oF o], 400pg/ml ©]4e] CMWE FX37fol u}
¥ HepG2 celldl &37F 958 ¢4 Y (Fig. 18.)

(11). E7HA AsAlel 93t AAAM F(Chang liver cel)d €4 2 Z}zhe]l A& A9 ICs =

A Hdr et FEEY CMWEA e &

ohol| A, CMWE= A 7HA¥¢l Chang liver cellel] ojw3dt Asjzg&8 FX &=vhs A3
S FAAHER] HepG2 celll A FHEZE, 400ug/me ©]7e] CMWE F=3d71e] whe), ZhekAl 2
¢l HepG2 cells A AT At 28-S A%lon=z, v AFdAsE, H7FA A A
(SNP, AAP, H:00°l <3t AAA ¥E(Chang liver cel)? 748, WHUl7|5E3x &5
CMWEZl B3slEs JdeAE A8S 9k, 449 A4 s=& 2457 93 2485
St

hEH 7175 13H 4 (SNP, AAP, ethanoD)E desle], AMAZ(Chang liver cell) <
E4e FE o ZA3

_77_



A. 100

80
T g
2
3
3 40
20
0 T T T
control 100 200 400 800 1000
CMWE (ug/me)
B. 100 I
80
£ 60
£
X
= 40
20
0 T T T T
control 100 200 400 800 1000
CMWE (pg/mé)
C. 120
100
X ,\r_,f_.—-—e—-—f"{] -=-48hr
o 80 - 9 — —==72hr
a\ [~
£
= 60
2
5
=
40
20
0 :
control 100 200 400 800 1000
CMWE (ug/ng)
Fig. 17. Chang liver cell (normal)ell 3t CMWE<2] &3(48A17F & 72417k #)
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A. 100

80
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40

Viability (%)

20

control 100 200 400 800 1000
CMWE (ug/me)

B. 100

80

60

40

Viability (%)

20

control 100 200 400 800 1000
CMWE (ug/me)

c. e N
80 -5-48hr
“\\3\‘5\ ~&-72hr

£ 6o —0
2
5
| 40
-

20

0 T T T T T
control 100 200 400 800 1000
CMWE (pg/meg)

Fig. 18. HepG2 cell (cancer cell)o] e CMWE Z.3(4*)7F ¥ 72A13F vl &.3}).
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(7}) SNP(sodium nitroprusside)el] 2] %+ Chang liver cell(normal cell)®] cell damage £
g F= 1G9 A4k
SNPol| 9]8  AAAM*E(Chang liver celD? 48 vlusl7] 913k, A A=A SNP9
sEE 248 AT A¥E sk,
0, 250, 500, 750, 1,000uM2] SNP2]%¥ =& AAA ¥l Chang liver cell(1x10’cell/well) ol
2 3t3& 7%, 619.3uMellA], 509%2] cell viability®] #4E YEbHE IC5S HATHFg. 19 ¥
20).

>

g

(Y) SNPel ¢]3F Chang liver cell(normal cell)®] ICs°l4 2] cell damage &.3}:
A719 Ad Aa 619.3uMe] SNPeA], 50269 cell viabilityd #4AE Wil ICsrs HA
omz 600uMe SNPo A 7FH ¥ (Chang liver cell)oll A1 9] < &2 3kl 3t}
A3}, 600uMe] SNPolA A ¥(Chang liver cell)el thaF 50~60%2] 7+ A8 F+= Ao=
A&kl = AoH(Fig. 21).

120
:
100
: I
|
80 —
o
é T
2 60 —1
B
=
Z 40 4 .
1
20
0
0 250 500 750 1000

SNP (uM)

Fig. 19. of¥ SNP T =9 W& kA ¥(Chang liver cell) <%,
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120

100 4
y = -0.0909x + 106.52
RZ=0.9791

80 ~

60 A

Viability (%)

40 A

20 ~

O T T T
0 250 500 750 1000
SNP (uM)

IC 50 : 619.3uM

Fig. 20 . 94& SNP wZo] w& A ¥ (Chang liver cell) <=4& AAF 43}

120

100 J

80

60

Viability (%)

40

20

0 600
SNP (uM)

Fig. 21. 600uM2] SNPol A ZFAM| ¥ (Chang liver cell) €44

_81_



(t}) % (Ethanol) ©| 93t Chang liver cell (normal cel)®] cell damage EHE F=
ICs09] A4k
Ethanolel <3t AMAM¥E(Chang liver cell) & 48 vlustr] f5ko], Ad|A|ZA]<
ethanol®] $%=5 A% 913 45 38l
0, 100, 200, 300, 400, 500mM<e] ethanol 9] ¥ %=Z A ¥ Chang liver cell(1x10*
cell/welDol &3-S -9, 514.5mMoll A, 50%9] cell viability®] #Z4E Y= ICHe K
Sok(Fig. 22 2 23).

120

100 { [ [
_ 80 1 \ : J : [
g
£ 60 | J | _
3 I [
= |
- 40 4 | 1

20

0

0 100 200 300 400 500
EtOH (mM)

Fig. 22. 9]& ethanol & %o W& kM ¥ (Chang liver cell) 4.

120

y =-0.0993x + 101.71
R2=10.9772

100 -+

Viability (%)

=y
(=]
1

20 A

O T T T T
0 100 200 300 400 500

EtOH (mM,

IC 50 : 514.5 mM

Fig. 23. ol SNP v %] ©& Z7FA ¥ (Chang liver cell) £4& A A3}



(8}) Ethanol ¢ ¢]3F Chang liver cell(normal cell)®] ICs; ©1A1 9] cell damage &3}:
4719l A8 Axt, 5145mMel SNP oA, %Wﬂ<ﬂ1wwmwﬂ»§i§ Ui ICss B
ForEz  600uMe SNPoﬂ/H ZrA ¥E(Chang liver cell)oll /¢ &S &2l 31t}

A3 500mMe] ethanol & %ol A 7FA X (Chang liver cell) —’E Fo 70~80%9 7HAE
agixﬁmlﬂﬁﬂmg24

rlr

120

100 ~ 1

60

Viavility (%)

40

20 7

EtOH (mM)

Fig. 24. 500mM¢] ethanolol 4] A X (Chang liver cell) $=7&.

(v}) AAP(acetaminophen)ll 2]3 Chang liver cell(normal cell)2] cell damage & 3E
T ICxe Ak
AAP(acetaminophen) ol 2]& AXA ¥ (Chang liver cell) 9 =4S nlwsdlry] 943, A3
AzA e AAPS 52 AA37] 98 A8e 319
0, 5, 10, 20, 40mM¢®] AAP9js s A4AES hang liver cell(1x10* cell/well)oll =23}
S A, 10mM F=ol A, 50%9) cell viability 2] #4E HolE ICshS KSlvh(Fig. 25 2 26).

(Mp)  AAPo] 23 Chang liver cell(normal cell)®] ICs0l 41 2] cell damage .3}

A71el Ad A3 10mMe AAP oA, 50962] cell viabilitye] #F4aE Yl ICsHhs HA
ovz  75mM ¥ 156mMe] AAPelA A ¥(Chang liver celDoll 4o d&-S &2l 3},
A3t 75mMel AAPAIA = M E(Chang liver celDel] tW2F 70969 1+ AEE 75 Aoz A
gel3tA o H(Fig. 27), 15mMe] AAPo) A= 7HA ¥ (Chang liver cell) ol theF 209%2] 7HA=E
& e TH(Tg. 28).
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120
100 [
g 80
2
‘5 60
[}
o T
> I
40
20
0 =
0 5 10 20 40
AAP(mM)

Fig. 25. o]8] AAP ¥ %o w2 7HA ¥ (Chang liver cell) 4.

120

100 -

y = -4.9915x + 105.77
R? = 0.9576

co
o
Il

Viability (%)

M
[a=]
|

(=]

0 5 10 15 20
AAP (mM)

Fig. 26. 918 AAP T xol| uwE A ¥ (Chang liver cell) £4& A4F 23},
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120

100 I
1
__ 80 T
9 1
e
2
:
S 40
20
0
0 7.5

AAP (mM)

Fig. 27. 75mMe] AAP| A 1+A ¥ (Chang liver cell) £4&.
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100

——

80

60

Viavility (%)

40

20

AAP (mM)

Fig. 28. 15mM2] AAP|A IFAM ¥ (Chang liver cell) 734
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(71 A4 7+ AE<Q! Chang liver celloﬂ/HA Hﬂﬂ ] =32 FEE9U CMWES &3k

HH7) 5532 FE8U CMWE?ZL, A7 2 A%< Chang liver cellel o3t 28-S
oI E=XE dotuy] &, MHYSEE FEE(CMWE)E 0, 125, 25, 50, 100, 2004g/ml-2]
&5 AYAEQ Chang liver cellel *2f3te] CMWES] &35 Hokvh(Fig. 19).

& w, BEAE oud =4S FA Fevhes As dollidrh. oy g

7Ur” CMWE= A% bA x| oju st As|&8&& +4 Fevhes 24945 4o, CMWE
25 % Bpg/meel A= AFAL BB AeS & F oA BEA
A I o2 Koz

o2, CMWE= A% HAXE oWt Ao 74 @Fevhe 4348 AT Tig. 29).

A. 140
120 -+
- T
o
£
| 60
b
40
20 +
0
0 125 25 50 100 200
CMWE (ug/me)
B. 140
120 A y = -0.052x + 104.02
RZ = 0.3875
100
=
éﬂ 80 &
2
ﬁ 60
b
40 -
20 A
O T T T T
0 50 100 150 200 250

CMWE (ug/ng)

Fig. 29. Chang liver cell (normal)el tj3t CMWES &3}
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(13) 2714 AsfAlel 23 AgAE(Chang liver cel)2] &4 2 WY $F3x F5&9
CMWE®S H3Z &3}
Pl A& A (SNP, AAP)o| )& A4 < Chang liver celle] €45 %S W, Hd7]%

2 3229 CMWEY} XS B5aE5 Qeds A9a3

o

=
o

(7h A& A QD AAP(acetoaminophen)oll 98k JAA Z(Chang liver cel)®] THAIE &4

o, WH7|sFstx FEESL CMWE ¢g B35 2§

2GRS @A, A2 Chang liver cell(1x10" cell/welDel Alst92-S 4%, AAP
T 10mM G0l A, 50%69] cell viabilitye] AAE YEUE ICss KT 2822 AAPY
o3t HNYE £4E, W7 ESE FEEY CMWES HIT Z&s Adsr] 931,
CMWEE 125, 25. 50, 100pg/m¢ 7tz A glgs, AsfAd AAPE TmMICx)E A2l sk,
CMEWS] tA % Boatge] 35 A3

TmM AAPE A3 170l 0}1'%'%2]1% o
CMWEE ol Fs&= WaiFo]l & o AAPY A
A= CMWE7} AAPE HA o] A 25t

Fol e ﬁﬂi 549 e
)2t

SO
H
i
FI
£
rir
HH‘
_L
%
1
_EL

120
100 - +
)
£ 50 |
£
ﬁ 60
=
40 -
20
0 L B B
AAP(7mM ) = i +
CMWE(ug/mg) O 0 12,5 100

Fig. 30. Chang liver cellinormal)el A& A1) AAPE A el & ul, CMWES X3 &3},

) A& ARl SNP(sodium nitroprusside)oll €3t ZFA ¥ (Chang liver cell) <=2l sk,
d7]ls&3stx FE5ES CMWES] H3 28!

A71e] Ao A, AAMES Chang liver cell(1x10* cell/welDoll H#]8t92-e -9, SNPE
619.3uM ol A, 50%9] cell viability®] A4E YEIHE IC5eS B AT

LB, SNPe 93 HAE EE, WHY eSS FE=9 CMWES B3d8s 4
37§13k, CMWEE 125, 25. 50, 100pxg/ml Zr7} 2] g% A& A0 SNP 600uM Z A 2] 3}
o, CMEW?| 7HA ¥ W 5288 49319t}

il
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OMF-A P E e 1%, 6000M SNPE A gk 1%, SNP9 of#] CMWE A gt 15 W
W3PS w, CMWEE 125 ¥ 25p/mE A3 & SNP 600ME 23k ZFAE,
SNPy¥E X2k 25 thE B4 ey e, o s A= WUV FF3 2 FEE(CMWE)],
A AQl SNPZ FAEE —é*c} ANHE W, LEE A7 &S A tHFig. 3.

120

100 1——F
<y
T g0
£
& 60
>
40 A
20
0
SNP(0.6mM) - + - + + +
CMWE(ug/ng) 0 0 125 25 50 100

Fig. 31. Chang liver cell(normal)®ll A3s|A|l SNPE A elsl3l<e u, CMWE®S X3 &3},

(14) He7|sFstx F5=% CMWES HAlE &4l gk s 85e Asists 71d

(7}) Chang liver cell®] M X7l td+ AAP(Acetoaminophen)®] <3k

A7) Aastal +938h7] A e AEF7E AXA do b AT A el HHvsE
gz FE=¢ CMWE @502 AZASd 43S FA &% AAPS 2ol AHed A4+
AAPO & AEAPE S AdfsteE S BV, CMWEZL AlxF7]el ojd g3 m =
ooln 7] 98, A1E 9 DNA binding dye?l propidium 1od1de(PI) AAHE A A
HE AAP9F CMWEE W5 = W A she] 24hr vi%Fsh 5, 7} Al &A135t= DNA
S FACS(Fluorescence-Activated Cell Sorter, Flow Cytometry)i SAZo =N O FUE
(e}

A
:9:1]'1_—‘:} T MME]'

Fig. 32% PI 940l 93 FACS #4 A& weiFi it Fig. 324 & #4749 a§
A AEF7e) W oty S5 AEe Az WSlE, Fig. 32.BE Fig. 32.A004 294
_E,Z_

20
2
%¥

T

Axe] el Pl 949 A¥E a2z HolFa vl Fig. 32.B L ZolA M1 H X
o Sub-G17], M2% GO/G17], M3% $7], M4 G/M71e] sl9s™, Control L§& A%
APAQ AEF/E BojFa Y,

Fig. 3291 )3 Axt% AXFE7)o] @i oA Teixe W, Fig 38.A% 2ol el 5
ST Fig. 3300041 AL TmM AAPS] AL shel, AEE7]904 GM7I7 st
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Fig. 32.

propidium iodide
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Fig. 33. MH7]| 553t F&5E°] AAPE A g Chang liver cell®] AXZF7]o v A= 43

Sub-G1717} F7kske As &S 7 doH, ol#dt Sub-G1719 F7F= AE9 apoptosis
A A EAQAoZ Ve @0z & drh S AAPO 98 F7FE Sub-Gl7]=
CMWE¢®] ®ejFole] & sk o]EZ o=z 3hAshe AFS Bt olyd A= Fig 20.B
oA ®TF AAEA HolFEa vt Fig. 20.BolA Control 282 Sub-Gl7]:= 2.35%0°] it
TmM AAP®] Folel 93] 1237%= F7tEs= AS e ¢ dAh =g CMWEE 71719
HFEE = 50, 100, 200ue/ml7} === AAPF W 5ol 8 uw Sub-G17]7} 11.86%, 10.4%,
78%%, CMWE?] s& oJEd oz hrso] AXAPES WolFs As #F & 5 A

olH 3t Azt AMFTAEANAM AAPA] 9F Fx = Aqx7F7)9 A=A (cell
cycle arrest)?} A EAPHO| & WAV =2 F& 3

gl d=e
BojFal it

o
=
=
<
s
B
EY
e
i
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(W) M7 sZFstx: FE=(CMWE)o] AAP f&d Asddy &4 nAs 9%

OFAl AT AIH(Fig. 32 2 33004 HH7|F %—%}z FZZ(CMWE)7} AAPe] 98 Hxd
AEAPES TrolE e #F 3 F A, oy e Aol A AXEAA Y MEAY &
AolMe 43 237t J=AE dotrr] 98t AxApde] #olst= PARP(Poly(ADP-

ribose)polymerase), ERK(extracellular signal-regulated kinase, p44/42 MAP kinase), JNK
(c-Jun N-terminal kinase, SAPK/JNK), p38 ¢ 2z dg duwldo| tslo] Western blot 2
S a3kt

O HE7sFst2 FEE(CMWE)°] PARP| vA =

AukA o 2 PARP(Poly(ADP-ribose)polymerase) &= £4 % DNAFA =
A o, AEAPE e e SR 2pEetE AT Y T AR
PARP= AlXEdo] s DNA &40 dojubarl, o]y 3k &44
o], 116kDa®] u]g4d 3] PARPoIA 45 wwde] Z#v7t 89kDael €43 PARP(Cleaved
PARP)Z 2§38l Aoz oA r).

2 oAFol M= HE|sFstR FEE(CMWE)o] 5 o g /‘ﬂﬁ/\}‘ﬁ‘)ﬂ olst=x] &
olx7] 9l3ted PARPe] ths] Western blot A 3-& 3333, Fig. 349 22 A& ##g
4= Ak Fig. 34.A% TmM AAPo| 98] 43+ PARP(Cleaved PARP)oﬂ o
blot Z¥E HoFal )il Fig. 3BT £43%% PARP H|&S g2z HoFa Qir)
DMSO HF97(2 lane), CMWEE DMSO| #%7] wiio L3 %o DMSOE
Control 23 22 xT oz AL&39th

Fig. 31.A%} Fig. 34BellA] B vpe} Zo], TmM AAP(S lane)dl ©]3] &/d3}¥l PARPS] &
o] Eojt AL FAT & AN, CMWES] Ha Fojo] oa #dstd PARP ¥Fo] CMWE
o Tx oEHoR HaHe 74% Az ok =3 CMWEe| 3hfso] &=
cordycepin®| A= 22} 10, 20, 50, 100uM= AAPS} ®H & Foadg uo= CMWES
Abel s eS8 B9lal, cordycepin %o o&EA o7 FAlslE PARP %o] #AiAd AL #Ee
T SlAT.

o]#3t CMWE % cordycepin® 3 of oJs] MXEAFEL] wix|T @A A ZgEE
d3k¥ PARPO 4w A= H]E%*éoﬂ ok AzdgaAde] x7|el CMWE

|

(e}

mO" o

o::
_8:

WE,

cordycepin®] A X5/ %‘iﬁl?l% AeS 19, olE¢lE PARP @4do] wolzl o=
AR E A, 5 AL g ¥ AEo] #Holdli= MAPK(Mitogen—activated protein kinase)$!

% —-‘—‘gl o -
ERK, JNK, p38 5] &4 Wzt ds] 49e 45k
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. Cleaved PARP

I . e w55
DMSO - - - - e -
AAP (7mM)
CMWE (ug/m@)
Cordycepin (uM))

+ + + + + + + o+
25 50 100 200 - - - -
= = - 10 20 50 100

[ I R B
L

0.4 ~

Cleaved PARP / p-Actin

0.0

Control DMSO AAP 25 50 100 200 10 20 50 100
CMWE (pg/mg) Cordycepin (uM)

t% FZ%E(CMWE)°] PARPY] Ao wAE 43,

Ol

Fig. 34. HH7]&%

@ Wd7|E %%}z FZZ(CMWE)°] MAP =
dukd o2 MAPKE AARA 5o Alxee g3 &A1& &
orRE oz AGsormy Axe A IS xHE FL AD
¥4 02 ERK, JNK, p38 59 w@wldo] 23l protein kinase cascade®E §3e] 743}
olg] 7kAe FA FAAe) WS xHTFoaR AE WS fuslE Aow o
A

o
=
o
w2
@]
=
=
i

—h‘i

=

¥o] AFE W =2d= ERK A2E @438, AF 959 stress @ A=A cytokine
T2 INKe} p3Re] A2E &Aslsl= Aoz 4HA

2= AFel A=, WHT]E EIEHORFYH ANTAELE lﬂui%}
5kl MAPKe| ojwgt d3ks F5A ¢olriial st 3 MAlE, Axe] AL 5
#Hojdt= Ao AYE dwmAzw 44 9 ERKO thd], CMWE % cordycepin®] ERK ¥
o] dAe &g FEA APE e vhig. 35).
Fig. 35.A°1 419 Zo], Ax54 FLEZA TmM AAPS Fojo] 93] ERK &4 (p-ERK)

w A

o] A7 AL #AHT £ dArvt. CMWE 2 cordycepin® W3 Folo] o) sir= p-ERK®e <
o] i FIlekE AEE HAAN A T BEEHA LSk I’-EJX]”P Fig. 35.Bol A &}
2ol AlXEe] oo thdt @A 3tE ERK % (p-ERK/B-actin)®] W& &<203H, CMWE %

[e]
cordycepin®] T% 9F4 o2 p-ERK %¥o] F7lslE AL #zEdd 5= gldch

=, A e e-o = CMWE % cordycepin®] Fojo] ol&] A%

L]

)
=
ke
=2
>
X
=
it
oX,
)
do
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o] A& 9 =2 #o3lE p-ERKY 7=, CMWE 2 cordycepin®] A EEAd o=z Ry 71
AXE BEstes I a7 des AR HoFa v

AR, Aol &4 AAaFolu AT cytokine, UV ¢ &4¢ - 343t4 o 2EHX
ol ea] &d3tE = INKSF p38 @i g o] s Western blot 4 & (Fig. 23)-& 33ttt
Fig. 36.A% A et 7Fo] TmM AAPe| o3& MExSAHol %™ Control L5 W3] JNKE]
$Hd (p-JNK)ol Z7F= 3L, p38e] €4 (p—p38)S tha Has+s As 43T & YAt =4
P =49 AAPS CMWEE H3 Fof e d, vobd p38 &4 Control 15 FEo2 3
A= kAN S INK €48 CMWES] v% o]jEA oz golxe A& #4&dd
=y

CMWEe°] 2g INKe| &4 W& Fig. 23BolA 9} o], 543 Axeo] g 24sid
JNK®] ¥{(p-JNK/B-actin)E &els] vl Ax=Aos F7d INKe &40 CMWEY
gFrFojo| 9 FTroEHoE Control 15 22 FTo2 #AadsE AS &A% & Ay

(Fig. 36.B).

Yo m e

AU}

A.
Soeeceeeeee® R
(GUENSE ACEDERIE h
DMSO 5 owmm owoE B BB R & m
AAP (7mM) - -+ o+ + o+ o+ o+ o+ o+ 0+
CMWE (pg/m@) - - - 25 50 100 200 - - - -
Cordycepin (uM)) - - - - - - - 10 20 50 100
B.
1.2 -
1.0 A ] T g

0.8 79 —

04 -+

p-ERK/ B-Actin
]
o
|

0.2 -

OO T T T T T T T T T T
Control DMSO AAP 25 50 100 200 10 20 50 100

CMWE (pg/mg) Cordycepin (uM)

Fig. 35. Hu|7|5=3l2 FEHE(CMWE)°] ERK @A nv] 2= g,
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DMSO - + - - - - -
AAP (7mM) - - + + + + +
CMWE (ug/m#) - - = 25 50 100 200

0.8
0.6
0.4 ~

IHiks
25 50 100 200

0.0 T
Control DMSO AAP

p-JNK/ p-Actin

CMWE (ug/mg)

Fig. 36. HH7]s&Fstx FE2E(CMWE)o] INK % p38 &4l vA& A4

(15) "7 5&3 2 FEE(CMWE)°] acetaminophe ©| &3 7+&A4HS X 831 signal
pathway 2] AW A5
QoF A, HAFoAE AA A E(Chang  liver celDolAd  7EA FEEAQ
AAP(Acetoaminophen)®] ool o &, AXEZF7](cell cycle)”} AA =L, PARP 2748 F7HA
A AEZAPE(apoptosis)e]  HPHE AL AHPAOE erﬂo} Jvh. T3 MAPK
(mitogen—activated protein kinase) & Al¥X2] AEF S2o #odli= ERK (extracellular
signal-regulated kinase, p44/42 MAPK)2] &4 S A AA7]3, 9 2EAXA(ETY - 334 A}
=)ol ®k&-3}= JNK(c-Jun N-terminal kinase, SAPK/JNK)2] 248 <714 7] a1, p3ke] &4
AT E AoR R ol g AE=Adel o)gh AlxAPd & thste] WHY]E
stz FEE(CMWE)S WaFos, Axe] AEEd #efst= ERK 24& S7AAFIL

o\ o
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(Fig. 35), 9|5 2E#H X #ejsh= INK #4& #dar7]alTig. 36), A7 A= (cell

cycle arrest) & sllAaslo] AAAQ MEF7|Z 3 E5((Fig. 32, Fig. 3DAAFE 9 & Ao
%E(CMWE)O] QF A=l 98k MY =

= ARSI olH g A= AVl EFsix n%
ol o R AYdd 2dds & 3

HO

CMWE % Oxidative CMWE l
\ tress

Nucleus

[Hiembrans
Cytosol

DNA fragmentation

~POCADN

G0/G1 Sub-G1
arrest
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2. A2AFAA AT W& R 23

@ ATAE: “NUIBFARENY WAAT AL 49 AT &5 B
® ST e wedE ws

7k A2AF- A At

(D) tHAAEZ 23 AXE 54
- AAE ¥ g 2 NO assay

m&

Nitric oxide(NO) 474 54 (CMEE, CMWE)

o2

w92 A A EFE9 RAW264.75 penicillin (100 TU/m¢) 2 streptomycin (100 pg/mé)3}
10%2] FBSE &3 RPMI 1640 ®1AE o]&3A 1x10°cell/mle Hmz 23 =2y
96-well plated] HE3}ar, 5% CO2 Z 37ColA] 18417k ot Aujkstdtt (Cho et al, Eur.

J. Pharmacol. 398: 399-407, 2000). o] % ®|A| & AA3IaL 4v] w22 ZAE APdEZR 50u0(H
TF% CME - 125, 25, 50, 100, 200, 400ug/m¢, CMWE - 1.5625, 3.125, 6.25, 12.5, 25, 50,
100, 200pg/m0)<k 50p02] LPS (HE 5% lug/m) 3 wiAE FAldl A efsto] wjFsaict. 24
A7E 5 RS 100w = U2 96-well plated] 713 NO A #HLS Griess &9 (0.5%
naphthylethylenediamine dihydrochloride, 5% sulfanilamide, 25% HsPOu)-S ©]&-3}o] A A5}
At FFEZEZ sodium nitrite (0014 100uM) Z AR&-3le] HaFA-S A 519 o,

(2) WA ZFAA AEZ AEE(cell viability) 4

- MTT assay

AxA Agedd 335 Sty A3 APAFoZA, 7] sF3tx oEs FEE
(CME) ¥ Wd7] 5%z & FEE(CMWE) o Uil AXAEY vA= 3dE
MTT(3-[4,5-dimethylthiazol-2-y1]-2,5-diphinyltetrazolium bromide) assay = ©]&3}o] £
39 tHCho et al, Eur. J. Pharmacol. 398; 399-407, 2000). 96-well plateol] 1x10°¢] A ¥ Z
platingd}3 37 ColA 2 WS 7o A58 vlYA7F 59 CO: incubatoroll A )] %3+
th o] 3 100 MTT 9 (stock concentration : bmg/ml)& H7}8lar 3AZF &< F7Hek&S &

=el9ty ¥bs $85 2 formazan crystal €35 3 24 welldl 100p¢ MTT stopping
solution(10% Sodium dodecyl sulfate in 0.01M HCD& F712 oz H7lsgdvh A AEES
MTT7} formazan®. & $HAH %S 570nmol A THEE =Aslo] dojzl OD 35 E3 2=
3} T}

(3) A Mz ® ]X—.Lo assay
Mouse W2 A EZF2el RAW264.7-2 penicillin (100 TU/ml) ¥ streptomycin (100xg/mé) 3 10%
o] FBSE 883 RPMI 1640 WX & o] &34 1x10°%ell/mle] v == A3 o 12-well

plateo] HEF3d 3, 5% CO, E 37ColA 1847 FoF Awjkd v (Cho et al, Eur. J.
Pharmacol. 398: 399-407, 2000). ©]% ®j X & A A3l A} wix] 800u =2 WA= 3 58 &
2 2AE APAEA 2001E HElste] stk 641 F FEAE AAGA e A
el A 5% FBSE ¥3H3 PBSol| FITC-dextrang lmg/mlz ZA|dko] 1m¢ A 2]8lar w3}
ATt o] o]F9 AL 5 HS Awhdk AEjelA adtt 307 ¥ FITC-dextrang A 7]

o K

Ol
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33 PBSE 4-53] Al&3d 5 AXE Ho} 37% formaldehyde® 313 A7l % Flow cytometry
=z Za dP3dns =459
(4) Thl/Th2 #3} x4 F3 F7}

Balb/c mouseZ 58 F1# XA 0 =2 spleend AZFd i FAE O]%ﬁ}oﬂ 2718 RPMI 1640
w2 2 splenocytes ¥ 3Fth. 89 splenocytes YAIEZ = EL 3 (0.83% ammonium
chloride-20mM Tris buffer (pH 7.4)E o] & 0}04 Ay G5 LA A} vhA| Hanks' balanced
salts solution ¥ RPMI 1640 wj#|= 33 A2 £ 10% FBS 3 RPMI 1640 v A & o] &3}
o A¥XE 1x107cells/ml 52 96-well platesell @%‘?Dﬂr. o] Fxel AlHE 9 Concanavaline
A(ConA)E 10ug/mle] v=2 Aol Hglstar 48413k &<k midstdlet 71 & A59E A
3ol MTT assayZE Z& T AXE £35S ge3stsr).

&
© EA9 LPSE o|8ste] ALY

= L
£ wpmezid Hag AAsel diE Eis
2= =)

6) 7w HAAEGFHAE) g Y Rl dexd a5 39Ut
b WH7) $=3% 8 cordycepin® 95x2 &9 )
O RNAME FH AESAHEZA nitric oxide (NO) A5 =A:
|

w2 A M EFCl RAW264.75 penicillin (100 TU/ml) % streptomycin  (100xg/ml) 3%}
109%9] FBSE 43l RPMI 1640 ®lX & ol &34 1x10°cel/mle] ¥z Zdd I
96-well plated] HE3FaL, 5% CO; ¥ 37TCoA 1843t &<t AwjtslA vt (Cho et al, Eur.
J. Pharmacol. 398: 399-407, 2000). o] % ®H]R| & A AS} 48] sz ZAH A2 50409
50 w0 LPS (HF5% 2ug/ml) T wiAE FAld A5tk HH%} ATE 24713 § F 3ol
S 100 = & 96-well plated] =7]3r NO  A#HFL Griess £ (05%
naphthylethylenediamine dihydrochloride, 5% sulfanilamide, 25% H3PO,)-S o]&3lo] A A3}

At FFEZEZ sodium nitrite (0014 100uM) Z ARg-3le] ZHaFA-S A 519 o

@ N2 A EFoA AE BEE(cell viability) 2 9:
Mz dadeyd 394E gdFs7] g daddozA Hdy] 5532 550 UEUE
M| A =0 v 2 = g E MTT(3-[4,5-dimethylthiazol-2-yl]-2,5-diphinyltetrazolium
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bromide) assay® S o] &30 #4319l (Cho et al, Eur. J. Pharmacol. 398; 399-407, 2000)
96-well platee] 1x10°9] M EE platingst3 37ColA ZF A28 Ao L3l vk F
=t CO. 1ncubator°ﬂ A wfkEc) o] 3 100 MTT £ (stock concentration : Smg/mf)S %
7velar 3AIZF Fob FUMESS f Y ¥bS &8 ¥ formazan crystal £3E 93 24
wellell 1004 MTT  stopping solution (10% Sodium dodecyl sulfate in 0.01M HCL)-S F7}
Aoz HUsAYy. AX AEES MTT7F formazanl = 3Pd kS 570nmolA] FHE=E
SA3t dojzl OD #& Sl =3kt

@ Cordycepin® 9% %2 &4 PKBa kinase &4 A& &3 H 7}
Kinase assay A3 9A] cordycepin® 2] 3k 3 controlZ% DMSO® 28] 3k & v
3 ¥.¢kS W PKBa kinase activity”} cordyceping 2] 3-8 ] #23HS- wild typeol A W=
3} T}

=1

@ Cordycepin® PKBa kinase &4 A A3 7]d 4
Cordycepin®] PKB] oW ofn|w4t BRI Adsl=XE &213l7] 93] Akt mutant form

o)

S o] #3519 kinase assayE F 33U}

® Cordycepin®] p70S6K kinase assay & ¢:
AR (M 515 40) A RS 2 24 A ko] o] 7o 9
A &%k A gkolth A AR A REe <l
el A2 T 7ss welghh g st
4 2 A Fs
cordycepin®] A3 & E FH43lo] Kk

A Aoz FEvaet Azl
& v 53 24 A dir el E
Ao} kA g= LA, A b

Z 4y p70S6 kinase(p70S6K)el 3k

o
i
11 Or
o
L
Bu)
=
rir
paus
o

® Cordycepin® PDKI kinase assay 2 @:
Akt(PKB)+ phosphoinositide-dependent protein kinase(PDK1)el]l 2]&f <lAts} Hthar oA+
¥ o 2t} Cordycepine] PDK12] 248 A&|st=A A Bk},

@ Cordycepin® PKA kinase assay 2 @:
Protein kinase A(PKA)¥= cAMP-dependent protein kinase® FHA|XEZ oAl vf-¢- A g4 38}
BRI A E L o AN FEde AeR HuEojA vk wEkA] cordycepin®]
PKA?9 &4 S4& Adsh=A 2AFse] Bkt

Lb Al 241 F-IpA A
() AN EEd A8 %
(7h ey F5sx O FEE
@ Y Fd AESAHEZ nitric oxide(NO) A5 54
up2 2 /HL_%‘OJ RAW264.7€ penicillin(100IU/mf) 2 streptomycin(100xg/mé) 3 10%2]
FBSZ &3k RPMI 1640 M1 & o] &84 1x10°cel/me] v%z 223 ¥ 96-well plate

o

]_

au)
o Ny

2
2
_>.:

]J.
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of H&E3slarL, 5% CO; ¥ 37TColA] 18417t &<t AwjsA o (Cho et al, Eur. J. Pharmacol.
398: 399-407, 2000). o]% HIX|E A A I 48] FEE ZAlE A 4%7421 50109t 50puL2] LPS
(HFsE lpg/ml) T WAE Al Agste] vjdsiivt. 2443 & FF oS 100p =
thE2  96-well plated] 7)1 NO A#HE  Griess £9(05% naphthylethylenediamine
dihydrochloride, 5% sulfanilamide, 25% HsPO4-S ©]&3lo] AA|st9t TFEEZE sodium
nitrite (0o 4] 100uM)E AF&3to] HAFAE 2AA3A T RAW264.7 Mo W7 F53tx
NS FEES ¥z X3 Ai LPSYHS A3k izt vwdte] NO AA #ko]
FE oEHow 7F4E Y M Figure 1).

120 -
100 1 =
C -~
S5 80
3=
S8 60 -
55
g§ 40 -
20_ ﬂ
CmE (ug/ml) - - 125 25 100 200 400
LPS (10 pg/ml) - + + o+ o+ o+ o+ o+

Figure 1. Effect of Cordyceps millitaris ethanol extract on NO production.

@ WA MEFAAN AX ALEE(cell viability) 23 23}

AEd "] 235 4537 s AgAFozZA, HHl7] 532 dEE FEEC|
e AXxASTe  vAE = TT(S—[4 5—dimethy1thiazol—2—yl] 2,5 - diphinyl-
tetrazolium bromide) assay'H-e ©]-&3} ¥ = plating
SaL 37Cell A 2 Wddd 7ol 483t HH J 17P &< COz incubatorell A HlJ @Fght}. o] 5
100 MTT €9 (stock concentration : 5mg/ml)-e H7F3Fal 3A|7F &<F F7WHeS 53
t} ¥kS F5 2 formazan crystal €35 93 72 wellol 1004 MTT stopping solution
(10% Sodium dodecyl sulfate in 0.01M HCL)& F714 o= H7letsivh ME AEELS MTT
7} formazan® 2 ¥ FE S70nmeolA FFEE FAst] Aozl OD #& &8 AFEsHa
th. RAW264.7 Alze] WH7] $F3tx dEs FEes vEEE Aest 43 25u/mb oy

o] FEAA =2 FTY AX AHo] FEHAHFigure 2). 92 g5 HIATAMNE F&

rir o
1:011
_\7‘_1‘
il



T AFEAPEe] FRHAY] wWiZel, HEl7] FFdx B FEE(CMWE)e AR&ste] 43
o.

(th R s
O dAAE fral AESQEZ nitric oxide(NO) 845 A
RAW264.7 Alxeo] Wd7] %3tz & F5ES v2E2 A AF, LPSTS A e
73 v w@ste] NO9 A o] 7434 @9ktHFigure 3).

120 -

100 -

o]
o

Cell viability
(% of control)

B [o)]

o o

N
o

0 100 200 300 400 500
CmE (png/ml)

Figure 2. Effect of Cordyceps millitaris ethanol extract on cell viability.
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100 L = T/ L I
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80 A
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g8 =
a O
o
z 40 4
20 - ﬂ
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CmW(ug/ml) - - 15625 3125 625 125 25 50 100 200

Figure 3. Effect of Cordyceps millitaris water extract on NO production.
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@) 2 AEFA AL AAEE(cell viability) 28 23
RAW264.7 Al Xol| M7 ZF3tx =
X Apdo] dojutx &gkt (Figure 4).

140 |
120 1

100 H i

80 -

60 -

Cell viability
(% of control)

40 |

20 1

O T T T T T d
CmW(ug/ml) 0 50 100 150 200 250

Figure 4. Effect of Cordyceps millitaris water extract on cell viability.

@ EHN /q]_;]*i_g ELN XL%.. assay
Mouse WA A E£F<¢ RAW264.7-8 penicillin(1001U/me) = streptomvcm(lOOﬂg/ mé)3} 10962
FBSE 343l= RPMI 1640 WA & o] 314 1x10%ell/ml e v == A3 & 12-well plate
of HE3}FaL, 5% CO: & 37TColA 18417 &<t dAvj 3t ‘jr(ChO et al, Eur. J. Pharmacol.
398: 399-407, 2000). °]F ®wjAE AAsFAL A wiA 800pt= WA E F o6 wEE A
AFEH 200 E Agste] wjgedth. 612 F AETos At 2 }%?} & e ol Al
5% FBSE ¥&3t PBSel| FITC-dextrane lmg/ml= 7\11]6}04 Im¢ A glstar w3kt o

oo HEe mF HS Add AEjdAl Fesith 308 & FITC-dextrang Al A3l PBS
% g MEE ®o} 3.7% formaldehyde® 1A A7 % Flow cytometryS %3

Z 4-53% A =3

HHFATE =AFAT. RAW264.7 Al X HY7Y] $53lx & FHES vz X3 2
W T oERo T AM¥ZE o] Hu of 20% #AadtE A= YENISTH(Figure 5-A
and 5-B).
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Figure 5-A. Effect of Cordyceps millitaris water extract on phagocytic activity.

(a) FITC (-) (b) FITC (+)
- Piotz Gated by : Gale 1 - Piotz Gated by : Gale 1
X-mean :6.75 ] X-mean :51.88
e £2
™ oo~ |
o .
10ed 10et 10e2 1Ded 1004 ‘I-I-HJ 10et 10e2 1Ded 1004
Green Fluorescence (GRN-HLog) Green Fluorescence (GRN-HLog)
(c) FITC (+)/CmW 100 pg/ml (d) FITC (+) /CmW 200 pg/ml (e) FITC (+) /CmW 400 pg/ml
" Ptz Gated by - Gale 1 - Piol? Gated by Gate 1 = Piot? Gated by Gale 1
y ] X-mean :53.45 5 ] X-mean :49.70 © ] X-mean :45.20
2] Eg Eg
o~ o™ R
n o Le) n
1-l-)e|) 1081 10e2 10e3 108 1-030 1081 10e2 10e3 1084 1-030 10e1 10e2 1063 1084
Gresn Flucrescence (GRN-HLog) Creen Flucrescence (GRN-HLog) Creem Fluorescence GRH-HLog)

Figure 5-B. Effect of Cordyceps millitaris water extract on phagocytic activity.
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@ Thl/Th2 #3} =4 &3 @7}

Balb/c mouse®ZF-B HirZZo % spleens A =3l FAH|E o] £33l A7E RPMI
1640 WA Z  splenocyteE ekt ##lE  splenocytedE YAEZZ 2L & 0.83%
ammonium chloride-20mM Tris buffer (pH 7.4)E o] &3l AIAFZE L A)AT. A
Hanks’ balanced salts solution ¥ RPMI 1640 ®wiA]Z 33 Mz * 10% FBS &4 RPMI
1640 WA & o]&3lo] AEE 1x107cells/ml EEZ 96-well platesol] EST} o8] Ex9 A
F 9 Concanavaline A(ConA)E 10ug/mle] FXZ &Alo A 2]3tar 482 7F &<k w33l
I % AR AFHE MTT assays S8l T AXE 2358 1A Stimulis A &3
Rl e 22 L-ﬁ Stimuli& ﬂl’/]f{} TS HuIAE W, T AX=e #3lso] A3} ] s

] =9 100ug/mZ CMWEE A& 3k A=

Zﬂ %}*é% B v olyd d4ES CMWE 80 T Alxe #3%

Aol E71Qle] Hu| & AT o= T Al oz &3t Y+
2

0

o

ol

500
400 -
c
9 .
8
B = 300 |
= 0
22
25 200 -
o X
QO —
= 100] =
0 . ; . : :
cmW (ug/ml) - - 100 200 400
ConA (10 ng/mly - + + * +

Figure 6. Effect of Cordyceps millitaris water extract on T cell proliferation.
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ok 24AE - 2 AFREE AN & BRAHoRRY RS AfF st S FvlE

A &3] PBSe A=A § W BasialitiTigure 7). P 715 B7kE P 48 2

2 LDHE £Hl¥ g3 o=qH of gl ddel A4Age Sustr] 9s
ABAR 2EH[AAFEE (Aa-EE)]=

Normal LPS LPS + Aa-EE LPS + D-GalN

Figure 7. Photos of liver treated with LPS or LPS/D-galactosamine.

350 1 =mmm AST
s = ALT
— 300 1
=
o 250 -
=
= 200
= *
& 150 -
C
()
5 100 .
(i) |
N |
0 . . .
Normal Vehicle Aa-EE (200 mg/kg)

LPS (10 mg/kg)

Figure 8. Serum levels of ALT and AST under LPS treated condition in mice.

L

)

rdo] A AE mizfol] ofa] AHE=AE 2l

AxzHE gA48E 0] o= o8] 95 24 duAEe] UHS 928 HE o]&sle] AES] B
Utt A28 SR ofEfet o] Psrh HExA S lysis bufferg o] &3te] &A1zl F Al
X a9Ae 12000xgel A 1583 94 g o & Fdd go] @A 10%
SDS-polyacrylamide gelsel A 7|9 -53F3. Wet-blotting transfer W#H-S o]&39] PVDF
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membranes ©. 2 WA S transferdtt}. Membranes 5% skim milkE ¥ 3F8}=  blocking
bufferoﬂ/ﬂ HPQ/\VJ 5 54 duldof| Eold 1A FAE 4CAA 3F &<t vHEAI AT o
KR

% ECL chemiluminescence® Whe AT E &<13}% tHTFigure 9).

%

LPS = B B
Aa-EE (200 mg/kg) - - - 5
p-AKT >
AKT A o= =
p-IKK .. |
B-actin Bl eup em=w

Figure 9. The phosphorylated levels of Akt and IKK from LPS-treated liver.
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Serum enzyme level (U/L)
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Figure 10. Effect of Cordyceps millitaris extract on serum ALT and AST in mice.
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(3) 2t e NAMZEGEHAZ) w7ld 2k ZdoA de2d 35 H7t
(7F) wld)7] %%3}3 4 CordycepmA Azxd g5HU}
3L S

O 2 A2 MEEANEZA nitric oxide(NO) A5 =3
RAW264.7 A 39 *ﬂtﬂ 7] FEFI & %%%:% sEEE AEs A3, LPSvhs A g gix
w3 vlaste] NO9| A #Ho] s% oEdoz 4359 tHFigure 11).

120 -
100 + L
S5 80
T & -
= &=
T8 60
5%
Q= |
> 40
20 A -
0 '__:-_‘ T T T T T
- 0 12.5 25 50 100
LPS (2 pg/ml)

Cordycepin conc. (ug/ml)

Figure 11. Effect of cordycepin on NO production.

=

@ A XETFANAN AE AEE(cell viability) 2 A3}
RAW264.7 Al WHH7] FF3tx &g FF5ES va¥=2 A3 23, 25p/ml o4
9] srolA 2 FEY AXE APdo] FEHIAT. wEkA o] F cordycepin® ¥F A E TS
25#%/111? o]3}9] FxoA] zl8)3} th(Figure 12).

@ Cordycepin®] 9% %4 &4 PKBa kinase &4 A& &3 37}
Kinase assay 23 9A] cordycepin® * &3 13 control24 DMSO%F X 23k & v
3 ¥.¢kS W PKBa kinase activity”} cordyceping 2] 3-8 ] #23HS- wild typeol A W=
gk 4 QK (Figure 13).
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Figure 12. Effect of cordycepin on the wviability of macrophages.

Cordycepin (100 pM) =— =+ = 4 = 4
DMSO + = = -
HA-PKBa WT C310A DD

HA-PKBa =— WT C310A DD

- —

Figure 13. Effect of cordycepin on PKBa kinase activity.
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@ Cordycepin® PKBa kinase &4 oA A&l 7] d AT
Cordycepin®] PKB] oW ofn|w4t BRI Adsl=XE &213l7] 93] Akt mutant form
S ol 83}e] kinase assayE FA3ATE. Figure 14olA4x 3 Akt Cys3009] ZAEsl=
hydroquinonedms A &37F 7438 thAl cordycepine WIS vEf#| &) o= Holw
Cys30091 o}v| =4k cordycepin®] €44 3= #do] gla< AlAFSHT ATP binding siteol] 2
13l staurospoin® @] combination treatmentol] A]3= kinase &4 A& &7} AEE A &k
CHFigure 15). ©]3= Cordycepin®] staurosporin® 7] ATP binding siteo] A& oz Agh

& 5 otk e AR E

® Cordycepin®] p70S6K kinase assay 23}

AR (R 515 40) A HIEe: 2 246 Aol @Wol 7o = Ao E fEvhetel Azl
A &5k kA gkl A A AR QlEd AEAS W[ EI 4E U dAE o E
e AdA] B 7)5Es weldt, wdstE AS oy A stE sk, A 3t
g % zHAFe FL3I )5S YehE Aoz 4y p70S6 kinase(p70S6K)el @3

cordycepin®] A &35 FAH3bo] Hdrh oA HE 50uM FEolAl 80%< AAFAE
e o (Figure 16).

Drug = Cor HQ =— Cor HQ = Cor HQ

HA-PKBa WT C310A DD

HA-PKBa =— WT C310A DD

[

Figure 14. Effect of cordycepin and hydroquinone on the kinase activity of PKBa wild type

and mutant forms.
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Cordycepin blocks Akt kinase activity by competition with ATP binding site

140
120
z |
S = 100
SE 80
o ©
wn ©
Ey w T [
= B
< 40
< T
20
0
Cordycepin (100 pM) = + = +
Staurosporine (100 nM) - - + o

Figure 15. Combination treatment of cordycepin with staurosporin in AKt kinase assay.

120 |

100 H =

80

60

(% of control)

40

p70S6K kinase activity

20 =

0 T T T T
0 5 20 50

Cordycepin conc. (uM)

Figure 16. Effect of Cordyceps millitaris extract on p70S6K kinase assay.
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® Cordycepin® PDKI1 kinase assay 23}

Akt (PKB)+= phosphoinositide-dependent protein kinase (PDK1) ol ¢J3} <l4ts} Hrja
A5 o 9l Cordycepino] PDK19] €d-& A 3|sh=A] ZAstA B bl Z 3ol A A 50ug/
w7t e EA oz AAAIEFS Bk o 100pwg/m7tA AR AAEAE HEFAT
(Figure 17).

@ Cordycepin® PKA kinase assay 23}

Protein kinase A(PKA)T cAMP-dependent protein kinase= ZFA oA w9 =4 £
st AE7E FAE Jded A E dEde AeR HaEHoA vk wEbA
cordycepin®] PKA® &4 A4S Asdt=x FAete] Bkl ofdl 2o Ax 8 50pu/ml 5
oA 75% AR A EHE H A (Figure 18).

120

100

(03]
o

IS
o

PDK1 kinase activity
(% of control)
[8)]
o

N
o

0 T T T T T T 1
0 20 40 60 80 100 120

Cordycepin conc. (uM)

Figure 17. Effect of Cordyceps millitaris extract on PDKI1 kinase assay.
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Figure 18. Effect of Cordyceps millitaris extract on PKA kinase assay.
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ZEVE fEYRY FF L PE A4

A7l AL FAHA WAL A W7 FFH2E At Axd w7

FE5ze 2REUS FY 1000 AP FREG EFFL 105TAA 347 B9 At
* % A9t}

et w538 B FEE(CMWE)S
oM g#Fo] W(-20T) ol&h2& EaaL -20TelA 12417 ¥ 3o,
E9ES 9AEY(10,000rpm, 4C, 20min)dtal I A &S A AX3] CMWEE a9

CMWEﬂ TAAZ 88 1k A#F3tE A2 E Sephadex G-100 columns o] &3fe] L
EAS F4ste 99 Adn AFolA 7 peak fraction® @& AT5H7] & 7 peak

fractione ¥ 3lo] &2 7 X3190h

v, 7 Agsed uigk WYy 528 FE2E9 3y
(1) 15 W
oh 2 AFE S
Spraque-Dawley Al 23 476 F#H)ol A thioacetamide(TAA)ZE 7+ AF3= 2330}
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Aol =9 5 200mg/kgs 3ol 184 108 54 FApsth. oA =

(W) Ad7] 5532 F5E F9
TAAZ &3 7F Afste] dighk Ad7] %532 FFE(CMWE)S A &3E #
3] CMWEE 100mg/kg(CMWELD) ¥+ 200mg/kg(CMWE2) & 3647 v AT %

i

URECREESLERES S
Aol Fasw

T gl

o
M

il J
d
sy

o

ol
o

=
ri -

o z¢ FellAd Az 2719 ARe AFS] 10%
formladehyde & 9102 3RS & paraffin®® Fi3ATh 4um F4¢ AL x
H&E(hematoxylin and eosin) & 243} MT{(Masson’s trichrome) 94 A|3§3ta 3¢ n 7
o] &3te] 3+ Alr3tE #EEAT.

I AE ArE AEA R YEhY] fste] 1 A A ARt ARE vhad 2ol
TE3 . A3k Al Score 00 no fibrosis, score 1: portal fibrosis, score 2: periportal

fibrosis, score 3: septal fibrosis, score 4: cirrhosis.

(2} zbel A ekl by 74
@O Western blotting
A HA Fo Pds HHps 3 xAE wFAEHE dudE ZFE

SDS-polyacrylamide gel& o] &3le] #d7|dEHoz duds Ry, 2gd
nitrocellulose membrane®] % Zt}. Membranes 5% skim milk® blocking 3t %, 1:1,0002.%
gXw 12 A anti-a-smooth muscle actin  (a-SMA), anti-tissue inhibitor of
metalloproteinases type I(TIMP-1), anti-tissue inhibitor of metalloproteinases type 2
(TIMP-2)E 4TolA 35xt wbeAzl 5 24 FAE WA Z Y TBSTZ Aol &d +
ECL system< ©]-&3lo] @wz-S g2 gt

A e
12

iy e oo

Hﬂ

g &

@ Immunohistochemistry
b 224 ARg aedl AAL} TdeaA-e AR H peroxidase blocking solution®. 2 20+
WHg-A1Zl 3 pepsin HEE SFAATH v Eo] WS Fo]7] St A dH o= 147 Rk
S TBST#Z A&sla 1110002 349 12 &4 anti-TIMP-1, anti-TIMP-2E 4Tl
HE vk A A 22 FAE Ao A 3087 HES-A17l ¥ Vectastain ABC reagenti
44171 5 Chemmate DAB kitZ ¥H&A17 ZAZHHe] 24uks-& &<l 3 FA431%

). Hematoxylin®. 2 g & &€594s AX Y3t dn4de=z dzsdr)

(2) A2
Oh WMu7] FFstx FEEC WE x4 JHe4 Wt
FeF A7 A TAA FolwolA bl HHe wirngx] E3hal 2 A2 "ol dfo
MG Aol ol ot MY FFdte FEE FoT& Bdo] wEs Ay i 44
2 99 Javk F 249 collagen FFAAEE &<21817] 98] Masson's trichrome(MT) 9
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=
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G T 1
Normal TAA TAA+CMW1  TAA+CMW2
Fig. 2. 8 F oA TAAZ F&3 7 AA3F A5 st CMWES &3 7F £4-3 Masson's
trichrome o2 QA3 = M{F3e] Y& 32910 A3 s

(th) 7+ =4¢ TIMP-13 TIMP-2 ©& £24: Western blot
Extracellular matix(ECM)2] = A4t AXQ AAM¥Ee @dxel ECM 235 A=
anti—tissue inhibitor of metalloproteinase( TIMP) 2] W& -8 =743} Y (Fig. 3).
TAAE 3k TAAT 9] 7Fol Al a-SMA E&do] =A Frista e olesh
% 100mg/kg(TAA+CMWELD) ®+= 200mg/kg(TAA+CMWE2) 2 Fofstd d A8 7

X
i
m{u

Control TAA TAA+CMWE1l TAA+CMWE2
a-SMA -_—— e —— 42KD
TIMP-1 el - 28kD
TIVP-2 — —— 21kD

Pr-actin = ——— —— T— TE— T—— T— S—— ——— 2D

Fig. 3. g # A TAAZ I+ A §}7} s 7oA a-SMA |, TIMP-1, TIMP-2 @& o] tf
3 CMWE® &3 CMWES TAAZ f9% a-SMA , TIMP- 1 TIMP-2 28-S A}
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®E ECM #3818 dAstE d9Ad TIMP-13% TIMP-29] @& o] TAAT ] oA e =
A rsker oM WEes eFstx FE=ol o dAD] A =HA

() 7r =49 TIMP-13 TIMP-2 & 2. Immunohistochemistry
7 % 1oﬂA1 TIMP- 1J+ TIMP-2 &&e] e 7] & o

TAA Fofo A= txa"3 vste] TIMP-1, TIMP-2 4% Alx+7F 718t em ol

< 100mg/kg(TAA+CMWELD) Y+ 200mg/kg(TAA+CMWE2) # 5

(v}) Sephadex G-100& ©] 83 CMWE®] chromatogram
CMWE®] £x}24 EA-S Sephadex superfine G-1002.2 gel-filtration 235 Fig. 5 A A]
399t CMWET Sephadex superfine G-100 chromatography ol 4 F+ 71¢] £ peak= #&| ¥

AT,

¢ Column matrix: Sephadex G-100, Column size: 3 x 45 cm, Fraction size: 1.5 ml/fraction,

Mobile phase: <5, Wave length: 290 nm,

Normal TAA TAA+CMWEI1 TAA+CMWE2

TIMP-1

TIMP-2

Fig. 4. dF A TAAZ 1 AF37 f2d 2kelAl TIMP-1, TIMP-2 3¢ sk CMWE
9] 23 CMWE® TIMP-1¥ TIMP-2 2d& w5 of&d o2 A st
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Fig. 5. CMWE®9] Sephadex G-100-& ©| &3} gel-filtration chromatogram.

(1) A=
b ¥l fEeA AL

5+% e A C5/BLON w25 %E(ZliZ"C)Qr #7112 light/dark) 7} 24 5= AM54
)

N QAL AG e AN F 0% TAW HolF 24F AfTFe] sl AYBL
T skt

() He7] sF3tx %

=
DAYl FEF Ayt UF WH FEEz %
Al
4

i
ot

Ol
-

R4

E(CMWE)9] A&
7] f#13ted CMWEE 12.5mg/kg, 25mg/kg %= 50mg/kg ZF

el AT Felshh

=
i

9] Aekz W

o x2Ae) dFE QAR #4 Wed §F eAEHEE WEL Ol Red O o2 A4
S g oA uAE ol &t THAE ol Xule] H 2 AnE el

7F 24 dEE 10% formaldehyde €402 33 F paraffin® @ EW| 3k 4um 7
o] A& AZE $ hematoxylin & eosin (H&E) A3 Masson's trichrome(MT) 948
AAlskal B GS ol &3te] It AastE BT

(hH g4 +4
O A cholesterol, glucose, triglyceride &% 4
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Astsr 54 7] (Kornelab 20 XT, Thermo Scientific, USA)E Ap&3te] Apg4 o= F431S]

=
@ A leptin 3% =A
g% F leptin ¥EE AAHIHE o] &3 A Kit(SPI Bio, AUS)E A&3lo] =439
=
@ ¥8H e 24 A
A2 alanine transaminase(ALT)%} aspartate aminotransferase(AST) &AL IFCCHE
o] &3le] A3st =A7] (Kornelab 20 XT, Thermo Scientific, USA)Z A5& oz =45
=

(v} ko] A4 W3 4
O Triglyceride =4

2 2AE dAY (=100mg) FA3FS] 5% NP-40 InlS 7F8fe] #4283 & 80T F3oA 2
3F 7kd § @zkete] 13000rpmell Al 283 A4 EEste] Aeels 4L F HPo] A&t
t}.

Triglyceride 5% 42 & kit (Biovision, USA)E A3t A3 th

@ Cholesterol =4

7F 22 (10mg)ell homogemze buffer (chloroform : isopropanol : NP-40 = 7 : 11 : 0.1) 200
W= 7eke] g g & 15000xgol Al 5E-3F 94w 3T

AR T Arg oo Andte] chloroform 2 F7]&8 Al 3 & assay buffer 200p00]
A4z far 7l T AGHE kit(Biovision, USA)E AF&3}o] cholesterol 52 E =435t}

Q@ Azt a4 &4 A
Superoxide dismutase(SOD) =A% 98] 7+ =48 A (0208 FH3lol EDTAE A7}
3l phosphate buffer (pH 7.0) 1.5mé-& 7}3led #2433 3 10,000xgol A 208-7F QA E-2) &l
HE A& 5 AP AT, SOD €4 542 d& kit(Dojindo, Japan)E AF&-3}
Faitt.
= AE %o WST-1  (2-(4-iodophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-2H
—tetrazolium, mono-sodium salt)¥} xanthine oxidase working solutiong 3 7}3F 3 37Tl A

2057t wieF 3}ar microplate reader(Bio Tech, USA)E o] &3}l9] 405nmeoll A =74 3%t}

s

N
oéi

Ol

(vhH A3 74
o Zt7+e] A#EL meantSE.E YUERHL I, AW o] 2 fbgk X Wgke]| thek Hu| 7] &
=3z (CMWE)9] dAz23E AF537] 93t one-way analysis®= 4 33 o
D

358
<005 oA foxE A=A

- 117 -



(7h) CMWEZ}F A7kl vA+ &%

AY TRYAAN A= AFTS AL AF F7ES $4ks Z3E Table 19 AA
skt A Fo] AW o) 2 ALS-3F - (High Fat Diet with CMWE Omg/kg/day; 30.2+1.03) ¥k
/\}EE AF53F 2 (Normal; 7.220.43)0] s ZA(p<0.01) F7Fatd o™ ol#f sk F7k= CMWE

S 50mg/ke/day = Fo]3HH (27.9+£0.88) vl srol

Table 1. A& -s&EoAx CMWEZ} x| 9l2lol2 {338k A Hglo]| nx &= &3 Mean+S.E.)

High Fat Diet with CMWE(mg/kg/day)
0 12.5 25 50

Initial weight(g) 229 + 019 228 £ 022 228 £ 020 229 £ 024 227 = 015

Normal

Weight gain(g) 72+ 043 302+ 1.03° 297 + 081 291 + 073 279 £ 0.83

*. Significantly (p<0.001) higher than that of the normal group.

(\}) CMWEZ} 7+ & n|x= 73t
Ae TR s AFEeta TS 5438 ZIE Fig. 60 AAg 1 FaFo] A2

olZ A3 H(CMWE  Omg/ke/day; 2.95+0.17g)oll A AwkAlg 2 A3t +(Normal;
1.44£0.03g)el Hlaf =LA (p<0.01) F7Fetle o]y3 F7l= CMWES 50mg/ke/day = <
b A (2.47+£0.10g) ol vl

35 -
3_
o 25
o 21
2 15 -
T 1-
2
05 -
0

MNC 125
Doses of CMW (mg!kg}day}

Fig. 6. Effects of CMWE on liver weight in high fat-induced fatty liver animals. ¥
indicates that the data is significantly(p<0.001) higher than that of the normal group(NC).
Each bar illustrates Mean=S.E..
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(t}) CMWE7} F123F xul=eko] njx = &3

B3t A F2HS 2438 A2 Fig. 74 BoFa grt a3t Fko] Ao
Fol3 Z(CMWE Omg/ke/day; 1.43+0.07g)ollA] L¥ALRES 33k o (Normal; 0.85£0.10g)°l
vl ZA(p<0.01) 713t o o] st =7f= CMWE $ojo o8] d3ke wx ok}

(&) CMWEZ} x| k2ol 523k g4 glucose, triglyceride, cholesterol ¥ % W 3}o|
B R
A glucose, triglyceride & cholesterol ¥ 5% =43 A3E Table. 204 HolsFar Qi)
4 glucose s AAWA R AMEEY ta dodhe e HERNl oY CMWES] 9
A= FEFES WA It
4 triglyceride = AA 2 ol2 AFSIIE A adhs AE¢S Hoy CMWEC 93
A s B skt A cholesterol X+ MA WA o] 2 ALSEH fo3H A dEES

o} o]# g Fso] CMWEe 9jair = daks oA 2okt

ﬂJ

— 2 ]
2L
= %
= T
@
s
i 17 1
E
= 05 -
=
=
o
w
NC 0 12,5 25 50

Doses of CMW (mg/kg/day)

Fig. 7. Effects of CMWE on weight of epididymal fat in high fat-induced fatty liver
animals. ¥ indicates that the data is significantly(p<0.001) higher than that of the normal
group(NC). Each bar illustrates MeanS.E..
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Table 2. CMWE7} 2A|uk2lo]l2 {3k 83 glucose, triglyceride ¥ cholesterol %2 W3}
of W= #¥}

High Fat Diet with CMWE(mg/kg/day)
0 12.5 25 50

Glucose(mg/de) 2702 + 15640 3149 + 2360 3228 £ 620 3328 + 189 3421 £ 813
Triglyceride( mg’ dd 652 £ 267 4494 + 448 455 £ 512 517 £ 549 403 = 272
Cholesterol(mg/d?) 876 + 284 2224 + 868 22484 + 814 2165 = 781 2144 = 813

Normal

I+
I+

+
+
+
+

H
H
H

() CMWEZ}F 2H7)%5 &4 ALTS AST &% Wl A& &y}

87 ALT® AST ¥ 52 =43 A9 E Fig. 89 Fig. 9914 weFx giu}.

ALT7} ax|wh2o] 2 A}S3 7 (CMWE Omg/kg/day; 218.15+27.08 U/DA A ARWAIRE 3+
3l TH(NC; 44.66+6.02 U/Do vl&ll ZA(p<0.001) =78t oen olgdt =7l CMWES 25mg/
ke/day 1= S0mg/kg/day Foistd s & o=z Fo3tA(A7 p<0.05) obxlth

AST7} A WkAo]l 2 AMS-3F H(CMWE Omg/kg/day; 251.30+32.98 U/ A IHAIREE FF
3t (NG, 134.71+£14.50 U/Dell H)3] ZA(p<0.001) 713 o o]# s 7= CMWES 25
mg/kg/day H+= S0mg/kg/day T3t s % oEA o= FostA(ZH2 p<0.05) stolxlith

300

250

200
150
100

i

Serum ALT (U/D

50

|
4

NC 125
Doses of CMW {mgikg;"day}

Fig. 8. Effects of CMWE on the serum ALT level in high fat-induced fatty liver animals.
¥ indicates that the data is significantly(p<0.001) higher than that of the normal group(NC).
* represents that the data is significantly(p<0.01) lower than that of high fat alone group
(0). Each bar illustrates mean=S.E..
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150 1 1
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50
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NC 125
Doses of CMW {mg!kg!day}

Serum AST (U/D)

Fig. 9. Effects of CMWE on the serum AST level in high fat-induced fatty liver animals.
¥ indicates that the data is significantly(p<0.001) higher than that of the normal group
(NC). * represents that the data is significantly(p< 0.01) lower than that of high fat alone

group(0). Each bar illustrates meantS.E..

(vh) CMWEZ} & A leptin X9 v A= &3

A leptin 55 =A3 A= Fig. 10914 HolFa v
HA leptin 5+ AU o]l2 ALS3 F(CMWE Omg/kg/day; 104.48+5.13ng/ml)ol A L ¥k
AEE FHE (NG 6.83+1.2Ing/mb)el Vsl 23 A(p<0.001) FUFEIg o o] F Tk

CMWE-=2 50mg/kg/day Foistd tha ZHashs 43S eI

(Ah) CMWEY) b 24 % triglyceride graFoll nx+= &3}
7t 24 F9] tnglycende staks =A% 23S Fig. 1104 HojFa ).
3t triglyceride e A2 o]2 ALEE (CMWE Omg/kg/day; 201.58+13.47ug/g) ol A
AWALRE T3 7 (NC; 67.99+£7.37ug/g)oll Bla] =LA (p<0.001) F7Fstolom o]y 3k F7k=
CMWE< 12.5, 25, BOmg/kg/day | FoJ3tH Zh7y 119.93£13.94, 145.21+13.32, 149.05+6.0648/g
o2 793 A (p<0.01) FAsHATE
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20 1

NC 0 50
CMW (mg/kg/day)

Fig. 10 Effects of CMWE on the serum leptin level in high fat-induced fatty liver animals.
¥ indicates that the data is significantly(p<0.001) higher than that of the normal
group(NC). Each bar illustrates meantS.E..

250 -
= ¥
S
2200 A
[+ 4] - *
T 150 - *
o
3
£ 100 A
= T
=~ 50 A
)
2
D T T
NC 0 12,5 25 50

Doses of CMW (mg/kg/day)

Fig. 11. Effects of CMWE on the liver triglyceride content in high fat-induced fatty liver
animals. ¥ indicates that the data is significantly (p<0.001) higher than that of the normal
group(INC). * represents that the data is significantly (p<0.01) lower than that of high fat

alone group(0). Each bar illustrates meantS.E..
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NC 125
Doses of CMW {mg!kgjday}

Liver Cholesterol (png/g)

Fig. 12. Effects of CMWE on the liver cholesterol content in high fat-induced fatty liver
animals. ¥ indicates that the data is significantly (p<0.001) higher than that of the normal
group(INC). * represents that the data is significantly (p<0.05) lower than that of high fat

alone group(0). Each bar illustrates meantS.E..

(o})) CMWEZ} 7F %24 % cholesterol $HaFol 7] x|+= &3}
b 24 F29] cholesterol $H&-S A% A3E Fig. 1204 HojF=a g},
7t cholesterol sk ax|Hl2 o] 2 ALH3 A (CMWE Omg/kg/day; 2.46+0.15ug/g)ol A L\t
ARE FHEE (NG, 1.66+0.04ug/g)ol Hl&]l ZA(p<0.001) ZF7Fetslew o3t Frl+=
CMWE-=<S 125, 25, 50mg/kg/day 2 Fo3tH ZF7y 1.94+0.12, 1.86+£0.15, 2.10+0.09x8/g 0. = -2
3HA (p<0.05) A3kt

(A}) CMWEZ} 2] SOD g4 vA = &3

401]*1 =43 SOD 4 =% Fig. 1304 w3 Qi

2o AT Aol 2 AFSS Z(CMWE Omg/kg/day; 624.05+37.57 U/mg
protein) ol A OE“?}/\}E% FH3 H(NC; 758.44+32.01 U/mg protein)oll Bl &l 23} A (p<0.05)
HAaslg o, o 1 e CMWES 50mg/kg/day Fo3FH 887.76+50.02 U/mg protein . =
2] &A1 (p<0.01) 453

(z}) CMWE7} 7bx21¢] o

3}
7P xAe] vl AAAHT = o}
hematoxylin—eosin W (Fig. 15)2.2 7}
A3 gem 2 A% AEsh CMWES
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Fig. 13. Effects of CMWE on the liver SOD activity in high fat-induced fatty liver
animals. ¥ indicates that the data is significantly(p<0.05) lower than that of the normal

group(INC). * represents that the data is significantly (p<0.01) higher than that of high fat
alone group(0). Each bar illustrates meantS.E..

Fig. 14. Lipid drops in liver cells were stained with the oil red O method. Large lipid drops
were visualized in hepatocytes of high fat-induced fatty liver animals. The number as well
as size of lipid drops was dose—dependently reduced by CMWE.

Liver SOD
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Fig. 15. The liver tissue were stained with the hematoxylin—eosin method. Large vacuoles
were visualized in hepatocytes of high fat-induced fatty liver animals. The number as well

as size of vacuoles was dose-dependently reduced by CMWE. Lipid in vacuoles was

eliminated during H&E staining.

3
=
b 3 A

@ Carbon tetrachloride & ©]&3 7+ A3 F

Weo] =7 C57TBL/6N vk-$-22ol 50% carbon tetrachloride(CClL)E vH¢-2~ ke 1md# 6
23] 24 Wl FASE] 2+ AwEsE il g

ZEd b Ahstel v WY sk FEEY 2

X

s
(1

o id

e i
IO

TAAE o83 3 A8k 12

@
R 5117}\ C57BL/6N w}-$-2:9]] thioacetamide(TAA)E 100mg/ks 4 39 7402 103

(h W7 sFdtx FEE Fo
CCly = TAAZ 38 7+ Afstol digt Wd7] 5532 FEE(CMWE)S A &3E
#3718t CMWEE 50mg/kg, 100mg/ke H+= 200mg/kg & 6573F Y A7 F oo
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(7h) zre] Bets A4
@ Carbon tetrachloride = O]%'J Ak
Mouse®l Al CCLE 2t AF3tE e 2345 FigleelA HolFi gt}
CCLell ol 2 Afskrt s A %9}‘:} w3 CCL7t HgEAE BRyo] o olAe A
Yol E7ls A wH ATt

Normal CCl, CCl,+Cmw

Fig. 16. The liver tissue were stained with the hematoxylin—eosin method. No fibrosis was

ohserved after treatment with CCl..

@ TAAE °| &3 7 A3t %‘ﬂg

Mousedl| Al TAAZ 3+ AF3E

TAA® 9&f 2+ Awst7t s A %9}‘3}. w3k TAAZF &
Aol &7 sHA HAT

Normal TAA TAA+Cmw

Fig. 17. The liver tissue were stained with the hematoxylin—eosin method. No fibrosis was
observed after treatment with TAA.
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(1) HPLC =4
Column : Agilent ZOBAX SB-CI18, b5um, 4.6x150mm
Instrument : Agilent 1100 Series
Solvent : A-0.1%6 Formate, B-Methanol
Flow rate : 0.7
Runtime : 53 min

Wavelength : 254nm, 280nm
Sample treatment : 10mg/m¢ (MeOH)

m{/min

Timetable
Time %B Flow Max. Press.
1 0.00 0.0 0.700 400
2 10.00 0.0 0.700 400
3 20.00 50 0.700 400
4 3000 100 0.700 400
5 37.00| 1000 0.700 400
[ 4000 1000 0.700 400
7 43.00 0.0 0.700 400
8 53.00 00 0.700 400
(2) HPLC chromatogram
DADT B, 51204, 10 el (12008 TOGE )
mal | Standard 0.025 mg
15 4 —
10 4
5 -
0 )
54
Al 4
0 1:] !IU 5] ﬂil 5:3 mir|

DAD1 B, Sig=284.10 Reteoff (120328 TOR2421 1)

Sample 10 ul

T T g T T v T
i a0

| )/ fu‘k—»wj‘

T

0 40 a0 i
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(3) Sample % cordycepin $FH&F 4

(7}) Standard

S|

Cordycepin
1200
1000 /,A
800
5 200 // v=22008x-8237
= Y i,
g 400 / R2=0.9997
200
e
0 T T T T T 1
0 0.1 0.2 0.3 0.4 0.5 06

=

Sample

Area mg/g average mg/g

1

406.1 2.1323

2

406.7 2.1349 2.1329 = 0.0018

3

405.9 2.1314

4) 2&

o] 4ol B4 Anz Hol CMWES %X

A2 cordyceping &-&3}o]

=
A& HPLCE o] &3k Wilo] Bg Aoz dddr)

- 128 -

5t

o
ol
o
B



A EO0R02] 7| =

H o~ o o o
™ = = = ) ) ) ) ) ) )
S S| =] = = = = = = = = =
P‘Lfmwﬂ K EH C ol B o
< © =
=0 oy T T O M
il ! T 0w -
= - % -y -
= R o b a
N A =
‘m_x _ZT C._O \_ﬂmU —_— _E ﬂ_Jl
— " O ]
% O T T
= R - Flw
s . —~ & = X g E
ol T . = w N g > X
= |= o T < il Tlok . H |® =| X"
i oo | T i) a8 w8 | A
= s
T TS o o B A i
oo P RS _ TR o [T = o= T
= = 5 s T . o | K -~ T ¥ = i
T o | = R~ =K —_ o = | =
. Erv ~ . V ) s
| _ ~ L B ORo . =y . o~
~o —_ —
= MM ~ ™ 7O ~ o
. 2 N B = N
,AL ﬂ_OI bo ,L:L =
D o o 5 Jo B
" e o ﬂwﬁc ‘WO o T B
- = — H ! ) W\ s
i = T S = .8 2z
i I T B | ~ g Ko . L X
R T | . ol T 4 ® T oo
ng s o W o oo = | T Iy Ne = o ¢ M E
L o o 6% L 2 | ok ~ e Bo ) o 7 T
e B om0 | ™ o o] i No g
T o e W= g R s N T X T oF
X X w W E N _ Do = Ko =
= = o W= Jo . T X -z T e T
&3 s N B o el RIS =& W oA = &3 =
'Y O m‘h _ZT —~ . ﬂm jry ﬂ”
X0 Nd P e ¢ A . =
T M =
<
ok
H X T W

- 129 -




100

100

100

-smooth muscle actin
CMWE®9] =3}

100

sl Zhol A
tissue inhibitor of metalloproteinase &
go| sk CMWES] &3}

100

!
Y

1

2012

o A1LAH- FHA:

- WHNEFLE dE AL
24

7523tz HAE &4

8l
dE ws wEe) Aserd 714
&

o=

)

4 =

s A LA G- A

100

- WHEFRE $ERFE

&+ A

=

100

A el

sea 715 it

- in vitroolA W7 EF32E o|&
3k B §59 A

100

o AI2AE HA:
- fE UM FHAR

WE R AR 7T

o A2 5 A :

100

- HdrEsstx

100

100

- AN EESE FEERLY
s AR EE ATYE )
o

- 2 shAe) e s,

100

100

100

100

100

100

- 130 -




1.1 %

o~
T X =4
oo~ - S
—
Wil Mo 76 N —
%?%ﬂwﬂ zm ETE@A WS T
5% 2T b = R < _ﬂo%mﬂ
_— — 10
m@ X0 WL Wﬁ o3 T L N R w o o)
s o N B % gD N®
Wo _, X EK 7 ot T =i T _F
go T i h b T F w5 T
o W o LM? oy H o g oy
= = T = o ma@ﬂ.ﬂ%{
= 1 = T = o = ~ %0 T W T N =K
ESE S G E o m e B
! T~ o YN T AN e
! (I
N S
s g 38 e T
= o oL T T+ oy
o) o m o} = of = . b _zT Zo
N w N WoRT T e
T B oo B % o &
. e o O )
BomE o = o o o
- X <d = 28 o T Mo
~ oA B o = of X ™ plo
= SN ~ ., M S e
T RETEEMLVR = GO
S EE T e w5 4 I
NI _ LR
| ,Qv Zo | \\.AI | 1_“.._
o BN K RO -
0 3 . ol =
,mﬂ X q_olLui ﬂﬁﬂ%%x} ﬂﬁum@%bome
5 TakZT. FarTETh Lokt
- T E L B i Ty N TR g o Moy
£y —~ " i N o= WO do 2r D ™R
_ o ~ o _ — P g = g oo DXy
X o N ™ X mLiw_/u BT ooy I RO
L) =" ML %
gt Mg

- 131 -




A
vl

Mo~

T X

m =

wﬂ » mm o 4 75 %

o} ‘mi o] . _‘ m_x

: i 7 k= o 1

El G X% Ho T = S

: ; ‘.IVW._ 0@0 X V ooy G ;Q# it T_w )

In el B B L% - o Lok oF & i w52
o G ! X _ ; .61_ ‘ﬂﬂ :

B o .o o =2 W 8 T ovmm mwoﬂ
; NrLdﬂ 7 ﬂ.i ol aan.:mﬂu Mﬂ& = W m s - m_@
mnAonnozT. ﬂwlmﬂ?mui o = = No = = 1..&q A.Eae.

19 JE ok o = " — = Ton =,
: ui Lz \mﬂ E#E #yi . el -~ ﬂ @ mm Gl . \.uwru / ,m _E
I Nro N Jl jads #wi = ‘AI OW ~ OW .ﬂl % g %
- ,# s = ﬂ“@.&%iu .m_Eowuemmﬂ
- | 3 T % ~ | Nr X m % w )
o0 = o G o w | s x M aﬂm.m m
° -
© 5}

= = 9 = G 7 - & 2 s

T+ W oo i e :
i :ﬂ g = &l

J . O &g =

B No - i i .

£ o T B ;

T ~ g -
zEeLs

=T F o T -
COles B %
K

‘.mo

® —

) Mm Muo

: ﬁ : ..

3 S . : :

=~ ) : : .

: : . Ty
— : : : :
: . 3+ o 7o T

0 i H | ﬂ.

= B o =T ® Jo ax : i

S T = = o & ¥ -

oE - :

—~ C -z
n in =
g %

2.2

- 132 -




T

3.3 A

M~

g g =
— W O
Nf~ )
Z.O ﬂArO ‘_lrwﬁ — [
F uw o 4 W B == o =
) ~ =0 —~ T = Do N L =
- o mm 4 = H R o o Mrm n i m _mﬁ e ® O " .
i E 59 & o A - B wE g )| .
= ) o N o ™ = M.H N ~ . M _ 5 Ho m | M &
= lio = T W.@_g e @r%ﬁ%ﬂ%w o E S s 4| 5 g 7
PR T W o o N R o W 2 S w g
S et o o o N o~ LM ok o o E < S R
I I £ 70k R ST do 2o )T o = IR Fgay
Wwﬂn% n%_@%ﬂﬁ _ﬁﬂoqx%ﬂ@ = Pz %UT o mowomm__
S - - o5 ki g
oy R EOJME@E ﬂﬂ_mﬁwmhlw %QMA .mmgmﬂﬂmx
= L T E WK - X T o - X 8 8 mCDxﬁ]PE
T H T eT b mloiﬂb,OEAHﬁ
oo W N RJT B oz oE o S o Se gl T
= T oy T 4 ©C 1 F W N
B e B SR i N I
Iy Mo oo Eolx Wﬂnma = T X B9
5 o 2 Ho B = 0 oD = !
T+ ~ 0 ~ ~<° o} IO Ao it =
anll I ) 4 o o TN o Bl m ki
= - LT H = 2 o x A
S 2L TR s - o g c
N D . & ﬂ%ﬁuﬁé = o N
o F T = s = g 2o Mo = o
. 9 N - oy T A b i
= M N T w < o T = Wz
p |E o Mm s BT R A pia e R R i <
3 ) oo T B 0 M. = = o T = - _
= = o _ﬁo TE O E Rk N xS mﬂ L R .
T+ o B % T = i3 5 R T
ol e NI G T Y fo
3 = W = = 4 of = 20 M o= — Lo m ) Jo o X
< W % oy Jo o & Lﬂo T —~ ot N gy o ™ o)
= o] ® T o LT hts z o o —~
R o W o N BN o 7 "N e R
o B g T e Momaﬂﬁuwrmwrm
Ky | . | h- Z.E _foL | _ZT ﬂ__/H
—_
ol e
o T DO —_
AP Xy %

- 133 -



M5 & AW Mi U MaEs AE

1. a1 A

7k

[ ]
_IN
fl P”r_é

TEotze] mMAAMARE AEs HE 9 iFaL 3 &
| B23% 759 EFCC 124489 A AAAZHE Had 9¥x Fo

A 6719 SEZ Aol o A 9] mating type T E AW

mating type 5olA A H AAAE A G¥EAR Y5 o] AFFEE

, TFAl mating typevt 5 A& A 5719 @G¥AE AU}

571 9] mating type TFE 13718 ZF O 2 petri dish

)
=

MNorzone o (R T
il byl

0ok oy oo

= FUI

dr 3
Mz -
/\ —
o

4%

.t

SR
-lN

= Anjuj Aol HEste] AAA P4
oAl Al colonyE wo] W W7 &

==
o
H Holk A3hE A 5 AUs

my

Qe
=
=
Ol
O
W =

o

x

o3

o
=
0% 3 B

>~ 0
-
2 0
S

o & d
=
e
2,
=

of
Ol
-
oL @
(L
o,

)

_l |
%2 of
ofj

P
o
2
it T

2 260nmel A
polar A3 #-& 373}
HY) 7523 2o AZxzH CMWE F9o+=, adenosine®] 47.4ppmS. = 0.09% -5
o] 9o cordycepine 106.1ppmo. & 0.21% SHFHojql= Aoz SAHFHA L.

SNPE A 22l Chang liver celldl A l3t9s 74-%, 619.3uMell A, 50%2] cell
viability ] #4, ICsa HA+.

Ethanol & A Eo] 8]3-S 4-%, 5145mMoll A, 50%¢] cell viability? #H4AE
et = ICsns B+

AAPE A X HHd9S A%, 10mM FFolA, 50%2] cell viabilitye] #4473
v ICxg& KT

O
-

He7|Esetz 552, CMWES A4 A2 ofws Asiztgs 54 &=

N 75232 559 CMWEZF AAPE A X Hygstgow, Hs a7}

- 134 -



Aee FAskAn
g Adr) et dF5x2d E5dT

e HHY] F53x dEs FEECME)Y NOAAHY AT sEgE4oz 4
9.

o HY7|EE3% FEFE, CMWEe| W3l phagocytosis assayS 33 A3 2] A
Fo] ANEZRE o] TFad,

e AUV ES3E FEFE, CMWES g T cell #3458 A A3 43 T cel
38 A= As g21E.

ul, HH 7] $E3% 78 cordycepin® d53H &5 HI)

¢ Cordycepin® 9% *# &4 PKBa kinase @4 A& &3} & 3¢l 3

e 71 9 ZHAsle]| FR3% Ve s UEUE Aoz &R p70S6 kinase(p70S6K) el
W3k, cordycepin®] A& B3l A, 50uM T oA 80% ¢ AAEHE EWTH

e Cordycepin®] PDK19] &X& A& 3t=R A Ay S0ug/mi7tA] FReolEd o
2 AAAGFS BYon,. ofF 100pug/m7FA] FrAFSE A 'HE BT

¢ Cordycepin®] PKAS &4 A4S A st=x 2AMS A3 S0ue/ml T 5ol A 75%
AL A 345 WSS &A%,

5 ZPAE 4] sk vE 559 AgsHd 7)A 3
e PI Mo 93 FACS &4 ZA#E ¥»d, CMWEE Z7¢9 =% % 50, 100, 200
2 AAPY WHaFo S u Sub-Gl7]7F 11.86%, 10.4%, 7.8%%=,

CMWES] 5% 924 0R gaslo] AZAES HolFs AL B3 ¥ 5 U9

ol#dt Ay, ANTHA XA AAPO i F%
cycle arrest)?} A EAPHO| & WAV =2 F&

BojFal it

A AH 7] 5 Es R FEE(CMWE)e] AAPY f= AaAdY 4o v 93
e CMWE?] H3 Fold &) @435 PARP %ol CMWEY %% o9&z o7 7ha
HiE AS #EE ¢ AN
¢ Cordycepin ¥ %ol ¢& A

Ho g & éﬂ% PARP o] #ad A& &g
e CMWE ¥ cordycepin® &% ¢&4 o = =

Atk
o T7hd INK 242 CMWE®] sk oj&d oz thopx =

rie
pay
o
i
i
et
5
32
2
)

AEoz AXA P ¥E(Chang liver celDoll A HEA 25229 AAPS Fojo 9

Sk
3], AMEF7](cell cycle)”} AR =L, PARP @48 S7AA A EAME (apoptosis)©] 8 & =
AL HP Aoz Azbe gl o 3 MAPK(mitogen—activated protein kinase) % A ¥ 9

- 135 -



A& F2d o] dl= ERK(extracellular signal -regulated kinase, pd4/42 MAPK)2] A4S
HaA7ar, 5 AEIAA(EY - 34 Ao HEE3E  INK(c-Jun N-terminal kinase,
SAPK/]NK)Q g8 =714 ]J« p384 g A& 715\_}\]7]1_: o=z y}ﬂgcﬂr)r o] &3 A X
A0 o MEZARE o] tiste] WH 7S

% 2
AEgol Bolshs ERK 24 Z/HAAFT, 95 o el INK 298 240
P )

71
1oL, AEF7] AA(cell cycle arrest) S | 42dte] AHNE AXF7|2 S EAAFE Jas
o Aoz AFRHSG ol# e Ay WUV EEIE FEE(CMWE)C] 95 A= 93 3t
A E2Fe o frash AEEd ELAAS & F Ui
o} 7] H%F3tx FEE9 Ve MA & A5
« 75552 FEE CMWEZl TAAC 938 7h248 o AstE 2oz 44
« CMWE AAR gk S oA stE Ao ddd

2k AFANA TAAZ F23 7F Afste] gk Ady] $F53tx FEEY oee HHdE
(CMWE)®¢] &3}
e TAAZ F3k 7 /35 CMWEY|F A gHS: &9l.

e TAAZ Af37t ¥ FelAl= a-SMA7F 4 = CMWEE o] whlze]
& AgE Fal.

e TAAZ AF37F 89 7hoAE TIMP-13 TIMP-27F #d4d ¥v CMWE:
vkl o] vt S oA ghS 3113 S

o
e

b AEze] gk HHY] FFstR FE= 2
o %t triglyceride 3t CMWES Folstd 22 179 31 A (p<0.01) 74315 T
+ 7t cholesterol &FaF CMWE% Folahd 28k (p<0.05) FAasdTh
« ALTV} 5% oj&4 2 5 47—} p<0.05) "1’0} ‘31r
. ASTE 5% 9£40
+ ¥4 leptin F5= CMWES 5 Omg/kg/day To:] o}“ﬂ ‘i‘r’K Fashs TS e

= 7
o= I

=8
AeAom, wAWAlR ALsu QA Aol FAHYeH 1 FF HEI CMWE
o elal = eledew Bade A4S YelAY

coANFFRE ALl 9B
A kgt
EF W] FFex REEY mREA, TAAY o8 & Afsl FUEA @

Aq= cordycepme gg3to] AA3t ko] 4L HPLCE ©]

- 136 -



2.13me/g

-
1.

cordycepin®] &f¥ Aoz HPLCO 9

o
o

e

oF
-

o

7h =l HE 7

e Matingo| 9]

fsiz
=

tol ko= Aful

HE o]&3%

Bl

P
NE.

HA =

S

=1
[¢]

o Wt 71
bol, Sl A9e) 1

S

Hin

e} o

!

=1
=

P
)

g4

=
=

g 7]&Fskx A A

a7 .

=1
[¢]

tol Ahgo] 7}

.

=1
[¢]

7pEke] 7)

PN
=

NAA Az 7]

AeElgddT=2A H7)s N

b A A o)

10-2013-0088704);

—
o

i

i

Qg Akl

d
2 AREE el 7)o

X

=
=

}\o],

]

g ot ¢

-
1.

A el Azt

2 1%

e 7 E 53

?:51_

5} o]

BN
T

fsiz
=

lo

fom, FuluAe) S A -

A& AT

AR A8

7}

3ol Sl

=%
[¢]

-

Ab A AAIG oz Tido] HA| e, 717

- 137 -



o) N T o I
T T W
R X of
T N o
mn M T W
i - % >
_—
= RT
-
) o oR &l w:.u T
o N = =3
T + o= % g
v U s - 2
o i = T Mo ° =
o ol No oy B H@ ~
o o 5
g g R o
1_7|1_’ MWO uAlo JA| w C._O E.Tu
N dlo b T ) o
% ] = 3
i - _ 5 MM o gl
0
) & o
= N T E T o
_Wm_ o = ~N £y alo
" o TET O LC
iy o N T Incy
~ B A &
_:TI o i o ﬂ.l
P Ao m =R o
B = N & =
2 N T DU
= T W =
#*Ze FF T¥a RE
o ﬂb w9 " T
s S TR
5 N T
o @y M < o o X
= pn o ’
i NI T+ Jo o ~ Ml o —
e Bx gD M d
5 AR 7 ™ > T g
Yo g IR I
o 3 5 o} T T oo =
2 I BT e B e
. P _ X
= o Mﬁ ~ B ,ﬁ . v
. o ~ &U ™ ay a

- 138 -



Bai, S.K., Lee, S.J, Na, H.J., Ha, K.S,, Han, J.A., Lee, H.S, Kwon,Y.GG., Chung,CK,,
Kim, Y.M. 2005. B-Carotene inhibits inflammatory gene expression In
lipopolysaccharide-stimulated macrophages by  suppressing redox-based NF-B
activation. Experimental and Molecular Medicine 37, 23 - 334.

Berenbaum, F., 2000. Proinflammatory cytokines, prostaglandins, and the chondrocyte:
mechanisms of intracellular activation. Joint Bone Spine 67, 561 - 564.

Chen, C.C., Wang, JK. 1999. p38 but not p44/42 mitogen-activated protein kinase is
required for nitric oxide synthase induction mediated by lipopolysaccharide in RAW

264.7 macrophages. Molecular Pharmacology 55, 481 - 488.

. Chen, T.H., Kao, Y.C., Chen, B.C., Chen, C.H., Chan, P., Lee, H.M., 2006.Dipyridamole

activation of mitogen—activated protein kinase phosphatase-1 mediates inhibition of
lipopolysaccharide-induced cyclooxygenase—2 expression in RAW 264.7 cells. European
Journal of Pharmacology 541, 138 - 146.

Coker, R.K., Laurent, G.]J., 1998. Pulmonary fibrosis: cytokines in the balance.
European Respiratory Journal 11, 1218 - 1221.

D’Acquisto, F., May, M.J., Ghosh, S. 2002. Inhibition of nuclear factor kappa B
(NF-B): an emerging theme in anti-inflammatory therapies. Molecular Interventions 2,
22 - 35.

Di Rosa, M., Lalenti, A., Ianaro, A., Sautenbin, I, 1996. Inte raction between nitric
oxide and cyclooxygenase pathway. Prostaglandins, Leukotrienes and Essential Fatty
Acids 54, 229 - 238.

Forman, H.J., Torres, M., 2001. Redox signaling in macrophages. Molecular Aspects of
Medicine 22, 189 - 216.

Fujiwara, N., Kobayashi, K., 2005. Macrophages in inflammation. Current Drug

Targets, Inflammation and Allergy 4, 281 - 286.

- 139 -



10. Green, I1.C., Wagner, D.A., Glowski, ], Skipper, P.L., Wishnok, ].S., Tannenbaum,
S.B., 1982. Analysis of nitrate, nitrite and [15N] nitrate in biological fluids. Analytical
Biochemistry 126, 131 - 138.

11. Ginn—Pease, M.E., Whisler, R.L., 1998. Redox signals and NF-B activation in T cells.
Free Radical Biology and Medicine 25, 346 - 361.

12. Han, S.B., Lee, C.W., Jeon, Y.]., Hong, N.D., Yoo, I.D., Yang, K.H., Kim, H.M., 1999.
The inhibitory effect of polysaccharides from Phellinus linteus on tumor growth and
metastasis. Immunopharmacology 41, 157 - 164.

13. Han, Y.].,, Kwon, Y.G., Chung, H.T. Lee, S.K., Simmons, R.L., Billiar, T.R.Kim,
Y.M., 2001. Antioxidant enzymes suppress nitric oxide production through the
inhibition of NF-B activation: role of H202 and nitric oxide in inducible nitric oxide
synthase expression in macrophages. Nitric Oxide: Biology and Chemsity 5, 504 -
-513.

14. Herlaar, E., Brown, Z., 1999. p38 MAPK signalling cascades in inflammatory disease.
Molecular Medicine Today 10, 439 - 447.

15. Hommes, D.W., Peppelenbosch, M.P., van Deventer, S.J.H., 2003. Mitogen activated
protein (MAP) kinase signal transduction pathways and novel anti-inflammatory
targets. Gut 52, 144 - 151.

16. Islam, S., Hassan, F., Mu, M.M., Ito, H., Koide, N., Mori, 1., Yoshida, T.,Yokochi, T.,
2004. Piceatannol prevents lipopolysaccharide (LPS)-induced nitric oxide (NO)
production and nuclear factor (NF)-kappaB activation by inhibiting IkappaB kinase
(IKK). Microbiology and Immunology 48, 729 - 736.

17. Kamata, H., Manabe, T., Kakuta, J., Oka, S., Hirata, H., 2002. Multiple redox
regulation of the cellular signaling system linked to AP-1 and NFB: effects of
N-acetylcysteine andH202 on the receptor tyrosine kinases, theMAPkinase cascade,
and IB kinases. Annals of the New York Academy of Sciences 973, 419 - 422.

18. Kim, B.C.,, Choi, JW., Hong, H.Y., Lee, S.A., Hong, S., Park, EH.,, Kim, S.J.,Lim,
C.J., 2006a. Heme oxygenase-1 mediates the anti—inflammatory effect of mushroom
Phellinus linteus in LPS-stimulated RAWZ2647 macrophages. Journal of
Ethnopharmacology 106, 364 - 371.

19. Kim, C.5., Kawada, T., Kim, B.S., Han, 1.S., Choe, S.Y., Kurata, T., Yu, R.,2003.

Capsaicin exhibits anti—-inflammatory property by inhibiting IkB-degradation in

- 140 -



LPS-stimulated peritoneal macrophages. Cellular Signalling 15, 299 - 306.

20. Kim, G.Y., Choi, G.S., Lee, S.H., Park, Y.M., 2004a. Acidic polysaccharide isolated
from Phellinus linteus enhances through the up-regulation of nitric oxide and tumor
necrosis factor—-from peritoneal macrophages. Journal of Ethnopharmacology 95, 69 -
-76.

21. Kim, G.Y., Han, M.G., Song, Y.S., Shin, B.C., Shin, Y.I., Lee, H.]., Moon, D.O., Lee,
CM.Kwak, J.Y. BaeY.S., Lee, ].D. Park Y.M., 2004b. Proteoglycan isolated from
Phellinus linteus induces toll-like receptors 2- and 4-mediated maturation of murine
dendritic cells via activation of ERK, p38, and NF-B. Biological & Pharmaceutical
Bulletin 27, 1656 - 1662.

22. Kim, H.G., Shrestha, B., Lim, S.Y., Yoon, D.H.,, Chang, W.C., Shin, D.]., Han,S.K.,,
Park, S.M., Park, J.H., Park, H.I., Sung, J.M., Jang, Y., Chung, N, Hwang, K.C., Kim,
T.W., 2006b. Cordycepin inhibits lipopolysaccharideinduced inflammation by the
suppression of NF-kappaB through Akt and p38 inhibition in RAW 264.7 macrophage
cells. European Journal of Pharmacology 18, 192 - 199.

23. Kim, J.H., Kim, D.H., Baek, S.H., Lee, H.]J.,, Kim, M.R., Kwon, H.J., Lee, C.H.,2006c.
Rengyolone inhibits inducible nitric oxide synthase expression and nitric oxide
production by down-regulation of NF-B and p38 MAP kinase activity in
LPS-stimulated RAW?264.7 cells. Biochemical Pharmacology 71,1198 - 1205.

24. Kim, S.H., Song, Y.S, Kim, SK., Kim, B.C. Lim, C.J, Park, EH,
2004c. Anti-inflammatory and related pharmacological activities of the »n-BuOH
subfraction of mushroom Phellinus linteus. Journal of Ethnopharmacology 93, 141 -
-146.

25. Libby, P., Ridker, P.M., Maseri, A., 2000. Inflammation and atherosclerosis.
Circulation 105, 1135 - 1143.

26. Lo, AH., Liang, C., Lin—-Shiau, S.Y., Ho, C.T., Lin, J.K., 2002. Carnosol, an
antioxidant in rosemary, uppresses inducible nitric oxide synthase through
down-regulating nuclear factor-B in mouse macrophages. Carcinogenesis 23, 983 -
-991.

27. Makarov, S.5., 2000. NF-B as a therapeutic target in chronic inflammation:recent
advance. Molecular Medicine 6, 441 --448Manzi, S., Wasko, M.C., 2000.

Inflammation-mediated rheumatic diseases and atherosclerosis. Annals of the

- 141 -



Rheumatic Diseases 59, 321 - 325.

28. Moynagh, P.N., 2005. The NF-B pathway. Journal of Cell Science 118, 4389 - 4392.

29. Pan, M.H., Lin-Shiau, S.Y., Ho, C.T. Lin, J.H., Lin, J.K., 2000a. Suppression of
lipopolysaccharide -induced nuclear factor-B activity by theaflavin—3,3-digallate from
black tea and other polyphenols through down-regulation of IkB kinase activity in
macrophages. Biochemical Pharmacology 59,357 - 367.

30. Pan, M.H., Lin-Shiau, S.Y., Lin, J.K., 2000b. Comparative studies on the suppression
of nitric oxide synthase by curcumin and its hydrogenated metabolites through
down-regulation of IkB kinase and NF-xB activation in macrophages. Biochemical
Pharmacology 60, 1665 - 1676.

31. Paul, A., Cuenda, A., Bryant, C.E., Murray, J., Chilvers, E.R., Cohen, P., Gould G.W.,
Plevin, R., 1999. Involvement of mitogen—activated protein kinase homologues in the
regulation of ipopolysaccharide -mediated induction of cyclo—oxygenase-2 but not
nitric oxide synthase in RAW?264.7 macrophages. Cellular Signalling 11, 491 - 497.

32. Shin, K.M., Kim, Y.H., Park, W.S., Kang, 1., Ha, J., Choi, JW., Park, H.J..Lee, K.T,,
2004. Inhibition of methanol extract from the fruits of Kochia scoparia on
lipopolysaccharide-induced nitric oxide, prostagladin E2, and tumor necrosis
factor-production from murine macrophage RAW 2647 cells. Biological &
Pharmaceutical Bulletin 27, 538 - 543.

33. Suh, S.J.,, Chung, T.W., Son, M.]., Kim, S.H.,, Moon, T.C., Son, K.H., Kim, H.P,
Chang, HW. Kim, CH. 2006. The naturally occurring biflavonoid,ochnaflavone,
inhibits LPS-induced iNOS expression, which is mediated by ERK1/2 via NF-B
regulation, in RAW 264.7 cells. Archives of Biochemistry and Biophysics 447, 136 -
-146.

34. Surh, Y.J.,, Chun, K.S., Cha, HH., Han, S.S., Keum, Y.S., Park, K.K., Lee,S.S., 2001.
Molecular mechanisms underlying chemopreventive activities of anti—inflammatory
phytochemicals: down-regulation of COX-2 and iINOS through suppression of
NF-kappa B activation. Mutation Research, 480 - 481.

35. Tak, P.P., Firestein, G.S., 2001. NF-kB: a key role in inflammatory diseases. Journal
of Clinical Investigation 107, 7 - 11.

36. Uto, T., Fujii, M., Hou, D.X., 2005. 6-(MethylsulfinyDhexyl isothiocyanate suppresses

inducible nitric oxide synthase expression through the inhibition of Janus kinase

- 142 -



2-mediated JNK pathway in lipopolysaccharide activated murine macrophages.
Biochemical Pharmacology 70, 1211 - 1221.

37. Wadsworth, T.L., Koop, D.R., 1999. Effects of the wine polyphenolic quercetin and
reveratrol on pro-inflammatory cytokine expression in RAW 2647 macrophages.
Biochemical Pharmacology 57, 941 - 949.

38. Zhang, G., Ghosh, S., 2000. Molecular mechanisms of NF-kappaB activation induced
by bacterial lipopolysaccharide through Toll-like receptors. Journal of Endotoxin

Research 6, 453 - 457.

N8 sEEtE EIAW

1. Jujo K., Renz H., Abe J., Gelfand EW., Leung D.Y.(1992). Decreased interferon
gamma and increased interleukin 4 production in atopic dermatitis promotes IgE
synthesis, J Allergy Clin Immunol., 90, 323-331.

2. Kondo K. Nagami T. Teramoto S.(1969). Comparative cellular and Species
Radiosensitivity, ed by Bondo P V. Sugahara, Igakushoin, Tokyo, 20-29.

3. Leung D.Y.M., Sorter N.A.(2001). Cellular and immunologic mechanisms in atopic
dermatitis, J Am Acad Dermatol,44, 1-12.

4. Pene J., rousset F., Chretien I., Bonnefoy J.Y. Spits H. Yokota T. Arai N., Arai K.,
Banchereau J., De vries JE.(1998). IgE production by normal human lymphocytes is
induced by IL-4 and suppressed by interferon and a and prostaglandin EZ2.
Proceedings of the national Academy Sciences of the United States of America, &5,
6880-6884.

5. Tsuyoshi Ohmura, Ayako Konomi, Yayoi Satoh, et al(2004). Suppression of atopic
loke dermatitis by treatment with antibody to lymphosyte funtion associated antigen

1 in NC / Nga mouse, European

6. Kim HM, Han SB, Oh GT, Kim YH, Hong DH, Yoo LD. 1996. Stimulation of
humoral and cell mediated immunity by polysaccharide from mushroom Phellinus
linteus. Int J Immunopharmacol 18: 295-303.

7. Sukurai T, Suzu S, Yamada M, Yanai N, Kawashima T, Hataka K, Takaku T,
Motovoshi K. 1994. Induction of tumor necrosis factor in mice by recombinant human

macrophage colony  stimulating factor. Jpn J Cancer Res 85 80-8b.

- 143 -



8. Xu RH, Peng XE, Chen G7, Chen GL. 1992. Effects of Cordyceps sinensis on natural
killer activity and colony formation of B16 melanoma. Chin Med J 105: 971-980.

9. Chen GZ, Chen GL. 1991. Effects of Cordyceps sinensis on murine T lymphocyte
subsets. Chin. Med J. 104:4, 11.

10. Leung, D. Y. M. Boguniewicz, M. D. Howell, I. Nomura, and Q. A. Hamid. 2004.
New insights into atopic dermatitis. J. Clin. Invest. 113: 651 - 657.

11. Grewe, M., C. A. Brujjnzeel Koomen, E. Scho'pf, T. Thepen, A. G. Langeveld
Wildschut, T. Ruzicka, and J. Krutmann. 1998. A role for Thl and ThZ cells in the
immunopathogenesis of atopic dermatitis. Immunol. Today 19: 359 - 361.

12. Spergel, J. M., E. Mizoguchi, H. Oettgen, A. K. Bhan, and R. S. Geha. 1999. Roles of
TH1 and THZ2 cytokines in a murine model of allergic dermatitis. J. Clin. Invest. 103:
1103 - 1111.

13. Vestergaard, C., H. Yoneyama, M. Murai, K. Nakamura, K. Tamaki, Y. Terashima,
T. Imai, O. Yoshie, T. Irimura, H. Mizutani, and K. Matsushima. 1999. Overproduction
of Th2 specific chemokines in NC/Nga mice exhibiting atopic dermatitis like lesions.
J. Clin. Invest. 104: 1097 - 1105.

14. Hori, S., T. Nomura, and S. Sakaguchi. 2003. Control of regulatory T cell
development by the transcription factor foxp3. Science 299: 1057 - 1061.

15. Vestergaard, C., H. Yoneyama, and K. Matsushima. 2000. The NC/Nga mouse: a
model for atopic dermatitis. Mol Med Today 6. 209 - 210.

16. Matsuda, H., N. Watanabe, G. P. Geba, J. Sperl, M. Tsudzuki, J. Hiroi, M.
Matsumoto, H. Ushio, S. Saito, P. W. Askenase, and C. Ra. 1997. Development of
atopic dermatitis like skin lesion with IgE hyperproduction in NC/Nga mice. Int.
Immunol. 9: 461 - 466.

17. Yagi, R., H. Nagai, Y. ligo, T. Akimoto, T. Arai, and M. Kubo. 2002. Development
of atopic dermatitis like skin lesions in STAT6 deficient NC/Nga mice. J. Immunol.
168: 2020 - 2027.

18. Horwitz, D. A., S. G. Zheng, and J. D. Gray. 2003. The role of the combination of IL

2 and TGF y or IL 10 in the generation and function of CD4'CD25" and CDS8'
regulatory T cell subsets. J. Leukocvte Biol T4: 471 - 478.
19. Sumiyoshi, K., A. Nakao, H. Ushio, K. Mitsuishi, K. Okumura, R. Tsuboi, C. Ra, and

H. Ogawa. 2002. Transforming growth factor _1 suppresses atopic dermatitis like

~ 144 -



skin lesions in NC/Nga mice. Clin. Exp. Allergy 32: 309 - 314.
20. Yoshiaki Tomimori, Yoshitaka Tanaka, Megumi Goto, and Yoshiaki Fukuda. 2005.
Repeated topical challenge with chemical antigen elicits sustained dermatitis in

NC/Nga mice in specific pathogen free condition. J Invest Dermatol 124: 119-124.

- 145 -



il

AJm

- 146 -



3. AAE. 1996. o] TFokE. WAL pp. 153
4. HAG. 2000, FEFET FABA BA 2 AW G ARG FIuAS] BT

5. AAE, FHE

.
o
=
ot
=y
‘_D>
P!
ko]
=
=,
@]
2
—
=
&3
&
do
ol
b
o
ol
s
offt
0{}4'
B

7. de Bary A. 1967. Zur kenntniss insectentodtender Pilze, in Bot. Zeit. 25. 2-7, 8.
Sommers, L. E., R. F. Harris, F. N. Dalton, and W. R. Gardner. 1970. Water potential
relations of three root—infecting Phytophthora species. Phytopathology 60: 932-934.

9. Bruhel, G. W. and B. Cunfer. and M. Toiviainem. 1972. Influence of water potential on
growth, antibiotic production, and survival of Cephalosporium gramineum. Can. J. Plant
Sci. 521 417-423.

10. Cook, R. J., and R. I. Papendick. 1972. Influence of water potential of soil and plants on
root disease. Annu. Rev. Phytopathol. 10: 349-372.

11. Manandhar, J. B., and G. W. Bruehl. 1973. In vitro interactions of Fusarium and
Verticillium wilt fungi with water, pH, and temperature. Phytopathology 63: 413-418.
12, Sung, J. M. 1980. Effect of water potential on reproduction and apore
germination by Fusarium roseurn "Graminearum”, "Culmorum”, and

"Avenaceum”. Master Thesis. Washington State University.

13. Feng, M. G., Poprawski, T. J. and Khachatourians, G. G. 1994. Production, formulation
and application of the entomopathogenic fungus Beauveria bassiana for insect control:
current status. Biocontrol SCI.  Technol. 4: 3-34.

14. Humber, R. A. 2000. Fungal pathogens and parasites of insects. In: Priest, F.G. and

Goodfellow, M., (eds.). Applied Microbhial Systematics. Kluwer Academic Publishers.

- 147 -



Dordrecht. P. 203-230.

15. Li Zengzhi, Li Chunru, Huang Bo, and Fan Meizhen. 2001. Discovery and
demonstration of the teleomorph of Beauveria bassiana(Bals.) Vuill, an important
entomogenous fungus. Chinese Science Bulletin Vol.46 No.9

16. Sung, G. H., Spatafora, J. W., Zare, T., Hodge, K. T. and Gams, W. 2001. A revision of
Verticillium sect. Prostromata. II. Phylogenetic analysis of SSU and LSU nuclear tDNA
sequences from anamorphs and teleomorphs  of Clavicipitaceae. Nova Hedwigia 72:
311-328.

17. Shrestha Bhushan, In-Seon Nam, Ho-Kyung Kim, and Jae—Mo. Sung. 2002. Effect of
Sector of isolates on fruiting of Cordyceps militaris. The Korean Society of Mycology
News letter vol. 14(1): 98.

18. Shrestha Bhushan. 2003. Growth characteristics of somatic mycelium and mating
system of Cordyceps militaris (L. ex Fr.) Link. D. Thesis, Kangwon National university.
Chuncheon, Korea.

19. Shrestha Bhushan, Ho-Kyung Kim, Gi-ho Sung, Joseph W. Spatafora, and Jae—-Mo
Sung. 2004. Bipolar Heterothallism, a principal mating system of Cordyceps mulitaris in
vitro Biotechnology and Bioprocess engineering 9: 440-446.

20. Shrestha Bhushan, Sung-Keun Choi, Ho-Kyung Kim, Tae-Woong Kim, and Jae—-Mo
Sung. 2005, Mycobiology 33(3): 125-130.

21. Yi, J. O. 2007. Characteristics of fruiting body formation of Cordyceps bassiana and its
relationship with Beauveria bassiana. Thesis, Kangwon National University. Chuncheon,
Korea.

22. Berenbaum, F., 2000. Proinflammatory cytokines, prostaglandins, and the chondrocyte:
mechanisms of intracellular activation. Joint Bone Spine 67, 561 - 564.

23. Chen, TH. Kao, Y.C., Chen, B.C. Chen, CH. Chan, P.,, Lee, HM,,
2006.Dipyridamole activation of mitogen—activated protein kinase phosphatase-1 mediates
inhibition of lipopolysaccharide-induced  cyclooxygenase-2 expression in RAW 264.7
cells. European Journal of Pharmacology 541, 138 - 146.

24. D’Acquisto, F., May, M.J., Ghosh, S., 2002. Inhibition of nuclear factor kappa B (NF-B):
an emerging theme in anti—inflammatory therapies. Molecular Interventions 2, 22 - 3b.

25. Forman, H.J., Torres, M., 2001. Redox signaling in macrophages. Molecular Aspects of
Medicine 22, 189 - 216.

- 148 -



26. Ginn—Pease, M.E., Whisler, R.L., 1998. Redox signals and NF-kB activation in T cells.
Free Radical Biology and Medicine 25, 346 - -361.

27. Han, Y.].,, Kwon, Y.G., Chung, H.'T., Lee, S.K., Simmons, R.L., Billiar, T.R. Kim, Y.M.,
2001. Antioxidant enzymes suppress nitric oxide production through the inhibition of
NF-B activation: role of H202 and nitric oxide in inducible nitric oxide synthase
expression in macrophages. Nitric Oxide: Biology and Chemsity 5, 504 - -513.

28. Herlaar, E., Brown, 7., 1999. p38 MAPK signalling cascades in inflammatory disease.
Molecular Medicine Today 10, 439 - 447.

29. Kamata, H., Manabe, T., Kakuta, J., Oka, S., Hirata, H., 2002. Multiple redox regulation
of the cellular signaling system linked to AP-1 and NFB: effects of N-acetylcysteine
and H202 on the receptor tyrosine kinases, theMAPkinase cascade, and IB kinases.
Annals of the New York Academy of Sciences 973, 419 - 422.

30. Kim, G.Y., Han, M.G., Song, Y.S.,, Shin, B.C.,, Shin, Y.I, Lee, H.]J., Moon, D.O., Lee,
CM.Kwak, J.Y. BaeY.S.,, Lee, JD., ParkY.M. 2004b. Proteoglycan isolated from
Phellinus linteus induces toll-like receptors 2- and 4-mediated maturation of murine
dendritic cells via activation of ERK, p38, and NF-B. Biological & Pharmaceutical
Bulletin 27, 1656 - 1662.

31. Kim, H.G., Shrestha, B., Lim, S.Y., Yoon, D.H., Chang, W.C., Shin, D.]., Han,S.K., Park,
S.M., Park, J.H. Park, H.I., Sung, J.M., Jang, Y. Chung, N.,Hwang, K.C., Kim, T.W,,
2006b. Cordycepin inhibits lipopolysaccharide - induced inflammation by the suppression
of NF-kappaB through Akt and p38 inhibition in RAW 2647 macrophage cells.
European Journal of Pharmacology 18, 192 - 199.

32. Kim, JH. Kim, D.H. Baek, S.H. Lee, H.J, Kim, MR, Kwon, H.J, Lee,
C.H.,2006¢c. Rengyolone inhibits inducible nitric oxide synthase expression and nitric oxide
production by down-regulation of NF-xkB and p38 MAP kinase activity in
LPS-stimulated RAW264.7 cells. Biochemical Pharmacology 71,1198 - -1205.

33. Zhang, G., Ghosh, S., 2000. Molecular mechanisms of NF-kappaB activation induced by
bacterial lipopolysaccharide through Toll-like receptors. Journal of Endotoxin Research 6,
453 - 457.

34. Jujo K., Renz H., Abe J., Gelfand EW., Leung D.Y.(1992). Decreased interferon gamma
and increased interleukin 4 production in atopic dermatitis promotes IgE synthesis, J

Allergy Clin Immunol, 90, 323 331.

- 149 -



35. Leung D.Y.M., Sorter N.A.(2001). Cellular and immunologic mechanisms in atopic
dermatitis, J Am Acad Dermatol, 44, 1 12.

36. Pene ]J., rousset F. Chretien 1., Bonnefoy J.Y. Spits H. Yokota T. Arai N. Arai K,
Banchereau J., De vries J.E.(1998). IgE production by normal human lymphocytes is
induced by IL 4 and suppressed by interferon and a and prostaglandin E2. Proceedings
of the national Academy Sciences of the United States of America, 85, 6880-6884.

37. Tsuyoshi Ohmura, Ayako Konomi, Yayoi Satoh, et al(2004). Suppression of atopic loke
dermatitis by treatment with antibody to lymphosyte funtion associated antigen 1 in
NC / Nga mouse, European

38. Kim HM, Han SB, Oh GT, Kim YH, Hong DH, Yoo LD. 1996. Stimulation of humoral
and cell mediated immunity by polysaccharide from mushroom Phellinus linteus. Int J
Immunopharmacol 18: 295 303.

39. Xu RH, Peng XE, Chen GZ, Chen GL. 1992. Effects of Cordvceps sinensis on natural
killer activity and colony formation of B16F10 melanoma. Chin Med J 105: 971  9&0.

40. Chen GZ, Chen GL. 1991. Effects of Cordyceps sinensis on murine T lymphocyte
subsets. Chin Med J 104:4, 11.

41. Leung, D. Y., M. Boguniewicz, M. D. Howell, I. Nomura, and Q. A. Hamid. 2004. New
insights into atopic dermatitis. J. Clin. Invest. 113: 651 - 657.

42. Jorissen, R.N., Walker, F., Pouliot, N., Garrett, T.P., Ward, C.W. (2003) Epidermal
growth factor receptor: mechanisms ofactivation and signaling. Exp. Cell Res. 284, 31-53.

43. Kang, S.H. ,Song, J.H.,, Kang, HK., Kang, J.H.,, Kim, S.]J., Kang, HW., Lee, Y.K., and
Park, D.B. (2003) Arsenic trioxide-induced apoptosis is independent of stress—responsive
signaling pathways but sensitive to inhibition of inducible nitric oxide synthase in HepG2
cells. Exp. Mol. Med. 35, 83-90.

44. Kanno, S., Ishikawsa, M., Takayanagi, M., Takayanagi, Y. and Sasaki, K. (2000)
Potentiation of acetaminophen hepatotoxicity by doxapram in mouseprimary cultured
hepatocytes. Biol. Pharm. Bull. 23, 446-550.

45. Kato, H., Faria, T.N.,, Stannard, B., Roberts, C.T.Jr, and LeRoith, D.(1994) Essential role
of tyrosine residues 1131, 1135, and 1136 of the insulin-like growth factor— I (IGF-
I )receptorin IGF-1 action. Mol. Endocrinol. 8, 40-50.

46. Kauppinen,T.M.,Chan,W.Y.,.Suh,S.W. Wiggins, A.K.,Huang,E.J., and Swanson, R.A.(2006)

Direct phosphoylation and regultion of poly (ADP-ribose)polymerase-1 by extracellular

- 150 -



signal-regulation kinasesl/2. Proc. Natl. Acad. Sci, U.S.A. 103, 7193-7141.

47. Kayama M., Imayoshi].,, ArakiS., Ogawa H., Cofusa T. Ueno T. Saito M., 1983.
Changes in the lipids of dried laver "Nori "at different water activities. Nippon Suisan
Gakkaishi 49, 787-793.

48. Khandwala, H.M. McCutcheon, LE. Flyvhjerg,A., and Friend K.E.(2000) The effects of
insulin-like growth factors on tumorigenesis and neoplastic growth. Endocr .Rev. 21,
215-244.

49. Kim, H.K., Jeong, M.J., Kong, M.Y. ,Han, M.Y. Son, KH. Kim, H.M. Hong, S.H,
Kwon, B.M. (2005 ) Inhibition of Shc/Grb2 protein—protein interaction suppresses growth

of tumors xenografted in nude mice. Life Science 78, 321-328.

- 151 -



ATEIM YT

2. o] RuA &S ¥

—_—

SYRAAFNBAY O] AT AT

3. =7 E 71

shu Hud.




	번데기동충하초로부터 간기능 개선을 위한 기능성 소재 개발연구
	요약문

	목차

	제 1 장 연구개발과제의 개요
	제1절 연구개발의 목적

	제2절 연구개발의 필요성

	제3절 연구개발의 범위


	제 2 장 국내외 기술개발 현황
	제1절 동충하초 생산 및 시장현황

	제2절 개발기술의 산업화 방향 및 기대효과

	제3절 동충하초의 국내외 연구현황


	제 3 장 연구개발수행 내용 및 결과
	제1절 년차별 연구 내용 및 결과의 요약

	1. 1차년도 연구 내용 및 결과(요약)
	2. 2차년도 결과

	3. 3차년도 결과


	제2절 기술 개발 접근 방법

	1. 연구개발의 기술개발 접근 방법

	2. 연구개발의 추진전략·방법


	제3절 연구개발 수행 방법 및 결과

	1. 제1세부과제 연구 내용 및 결과

	가. 연구 재료 및 방법

	(1) 번데기 동충하초(Cordyceps militaris) 균주를 이용한 Petri-dish상에 형성되는 밴드와 자실체 형성과의 관계 
	(2) 인공자실체의 mating type에 의한 번데기 동충하초(Cordyceps militaris)의 우량균주 선발시험 
	(3) 번데기 동충하초(Cordyceps militaris) 균사의 위치에 따른 균사의 특성


	나. 연구 결과

	(1) Petri-dish 상의 A type과 B type 균주의 접종

	(2) 떼어낸 위치와 번데기동충하초 자실체와의 관계

	(3) 번데기 동충하초 인공 자실체의 자낭각 형성 유무

	(4) 형성된 번데기 동충하초 인공 자실체의 비교

	(5) 원균 단포자의 위치에 따른 번데기동충하초 자실체 형성의 비교

	(6) 단포자 원균으로부터 분리한 1차 계대 단포자 균을 이용한 자실체 형성의 비교
	(7) 번데기동충하초 시료(CMWE)의 특성 연구
	(8) 번데기 동충하초로부터 제조된 CMWE에서, HPLC를 이용한 cordycepin 및 adenosine의 확인

	(9) 번데기 동충하초로부터 HPLC를 이용한 cordycepin 및 adenosine의 함량측정

	(10) 번데기동충하초 시료(CMWE)의 간보호 작용 기작

	(11) 몇가지 저해제에 의한 정상세포(Chang liver cell)의 손상 및 각각의 저해제의 IC50 측정과 번데기동충하초 추출물인 CMWE의 보호 효과 
	(12) 번데기동충하초 시료(CMWE)의 간보호 작용 기작

	(13) 몇가지 저해제에 의한 정상세포(Chang liver cell)의 손상 및 번데기동충하초 추출물인 CMWE의 보호 효과 
	(14) 번데기동충하초 추출물인 CMWE의 간세포 손상에 대한 보호 효능의 생화학적 기전 규명

	(15) 번데기동충하초 추출물(CMWE)이 acetaminophe에 의한 간손상을 치료하는 signal pathway의 설명자료 


	2. 제2세부과제 연구 내용 및 결과

	가. 제2세부과제 연구 내용

	(1) 대식세포 유래 세포 독성물질 Nitric oxide(NO) 생성능 측정(CMEE, CMWE)
	(2) 대식세포주에서 세포 생존률(cell viability) 측정

	(3) 대식세포의 탐식작용 assay
	(4) Th1/Th2 분화 조절 효과 평가

	(5) 번데기동충하초 유래 분획의 간 유래 대식세포의 염증반응 조절능 평가를 위한 간염모델 확립

	(6) 간 유래 대식세포(쿠퍼세포) 매개성 간염 모델에서 염증조절 효능 평가


	나. 제2세부과제 연구 결과 
	(1) 면역세포활성 억제효과 평가

	(2) 간염모델 확립

	(3) 간 유래 대식세포(쿠퍼세포) 매개성 간염 모델에서 염증조절 효능 평가



	3. 협동연구과제 연구 내용 및 결과

	가. 번데기 동충하초로부터 유효성분의 추출 및 부분 정제

	나. 간 섬유화에 대한 번데기 동충하초 추출물의 효과

	(1) 연구 방법

	(2) 연구 결과


	다. 지방간에 대한 번데기 동충하초 추출물의 효과

	(1) 실험방법

	(2) 연구결과


	라. 간독성 물질로 유발한 간 섬유화에 대한 번데기 동충하초 추출물의 효과

	(1) 연구 방법

	(2) 연구 결과


	마. 번데기 동충하초 추출물의 표지성분 개발

	(1) HPLC 조건

	(2) HPLC chromatogram
	(3) Sample 중 cordycepin 함량 분석

	(4) 결론





	제 4 장 목표달성도 및 관련분야에의 기여도
	제1절 연도별 연구목표 달성도

	제2절 평가착안점에 입각한 년차별 연구개발목표의 달성도


	제 5 장 연구개발 성과 및 성과활용 계획
	제 6 장 연구개발과정에서 수집한 해외과학기술정보
	제1절 학술적인 면(논문)


	제 7 장 연구시설‧장비 현황
	제 8 장 참고문헌


