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ABTS 2,2'-Azinobis(3-ethylbenzothiazoline-6-sulfonic Acid Ammonium Salt,
2,2-7 V) EA@-ZF AR F TV 6 ALK )

Caspase-3  Cysteine-aspartic-acid-protease-3, 7 A/ X—t-3

COX-2 Cyclooxygenase-2, 7 04X 7 ) —+t-2

EDTA Ethylenediaminetetraacetic acid, =5 L > U7 I » UFERE
ELISA Enzyme-linked immunosorbent assay, %35 & 5o W% 25 1 &%
FBS Fetal bovine serum, 7 > Jif iy

FITC Fluorescein isothiocyanate, 7 /VA L&A A YV F AT X — K
IL-6 Interleukin-6, { > % —12 A % .-6

Lp. Intraperitoneal injection, J8IENTES

LPS Lipopolysaccharides, i VU A 24

MTT 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide,

3-(4,5-AFN-2-F TV VY N)25 T == LFT hFV VAT IR

PARP Poly(ADP-ribose)polymerase, = U (ADP-U R—R)KRY X7 —F
PBS Phosphate buffered saline, U - FeEfE A= B A HEK

PG Prostaglandin, 7 u &A% 75

PI Propidium iodide, I VL7 B BT T A

PL Phospholipase, 7~ AH Y /X—+F

PS Phosphatidylserine, IR A7 7 F k&

PVDF Polyvinylidene Difuluoride, "V 7 vk =1 5

s.c. Subcutaneous injection, FZ T4t

SCS Cordyceps militaris spirits of the sweetpotato shochu, Kinkirishima
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SDS Sodium dodecyl sulfate, K > /UHfEET KU w7 A



SDS-PAGE Sodium dodecyl sulfate-polyacrylamide gel electrophoresis,

SDS-RU T 7 U NLT I R ILEZIKSE)

TA Thromboxane, k=2 7ARFxH

TBS Tris- buffered saline, U A& A FH A HE K

TEMED Tetramethylethylenediamine, > h 7 A F /L =F L T 7 IV
TLC Thin-layer chromatography, #HE~7 v~ ~7 77 ¢ —

TLR Toll-like receptor, b — /LSRR

TMS Tetramethylsilane, Si(CHs)s, 7 F 7 XA F L T

TNF-a Tumor necrosis factor —a, EEEEIER 1--a

Tris Tris(hydroxymethyl)aminomethane,
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WIE Fih

1.1 WFEDHE R

BARHEET, RFORMERME & ATENEOF ISR AEEE - fAESED)
BELENRKRELSZEL TS, ZOEDPRAEFIZED A ML A ATEEER - KA
Ji7e O 2 BT, RAe LSS e o TV D, 2. BARTIHRARITD T Eiln
2ALBEATND, TOLIRERNL, BEAEGEHE L. TXTOERPESLTO

AR CTEDIEN DDA EFEET D01, 1988 4FnD THEFEHAR 21 ZHE
ELTWD, LEedos T, BUEX VEEENZREME DB TELIHES RIS 2
. B OBEREME DAL N B & e o TV D, B R OBERENER /71D
WL, In vitrolZ X DW5E, BT VEMIC K D058, v MEEMI AR L 72 BRIRPFZEIC
L0, INFEFTHEEZ OEIBERIN TS (ERI, 2002), FoMEEERME L
TIE. 1991 4RI TR EREEAI AR Ah) 255842 L CTRLR, 2014 4F 7 H £ TIZ 1,112 4
HORESARAT SN TND RNATBAE N [ENLARE - SRAEHFFERT, 2014),

Bt T v a— VHCRHT, ETEIZE LA T OB D — D2 Thd, 7 /b2 —
VB DO BT, A b L AORRR, EITRIE, KrEsih, RAEEE e SIc R
W0 (R 2002), BIRAIZE o CTala=lr—va VARETEEALL COBELE
Do — 7 MEELAEHUIATIR. . DB R E 2B HH D070 | RAFHES SR 2D
REICHEER A JIEUTLED, FEEE IR, 70 a— MRS 70 o — UM RFREHEE |
FFEEZE . DR, DAREZLS DRK[UILDDD > TNDH I ERREINTEY
(Alkerwi et al., 2009), 7 /V 2 — WBERUZ X 2 REFERE 1L, ALSFEIC R > TV D,
ZDTDFF, HIRA~OEEEZ DL THERBTEL7 L a— LB RD TV 5,
FI2T T VEEHZ DWW T H B EIRE O 2 IRHERETZ 1T T <L REFEHERT - 191
B9 2 3 BERE. T b BAKGREIEREZ A T DRI O BHRE NS KD BILTND,

FIT, L0 REEEMERE - HEA ERR LT v a3 — ViR, S DICREEERY 2R R AT A TE
BFEICRMIET D222 AME LT, et mFEM 2 B S L7z 7 L 3 — v 0Bk B
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J& & & OABENE N OB OfFEIA 2 7k 2 72,

1.2 ZWREEIZHT 55

A M E R (Cordyceps) (3. TEDR S OFYE THERARR] < URRHEE R
ICH BB 72 E L CREE S TR D . 3000 L. LRI GEDLIL TV S (Sung
et al, 2007; Yahagi et al, 2008), 4 HmE &L, WA, FEEM. BEE, R¥ 2T
A, Ny 7 %08 £0ERHBICET 2HEETHY U\, 2002), 400 FEEMU L&
LHEWnbhTng, FHEABREREIL, ¥/ a0 EEELERRZEORBOESIETH
. RETIZRERRENAGHL T a0 LTEDLSGEbH 5, BRICHAE
THEEBEIIBEZS BARRICERELTEBY, FELERhIEHRIX, R¥ %7 H
(Hypocreales). 7 a2 v B (Lepidoptera). =7 F = v B (Cokeoptera). /~—=T H
(Diptera). 77 * 3 H (Rhynchota). > RH (Odonatae).~F H (Hymenoptera).
R 28 (Orthoptera)., > 7 U B (Usoptera). ¥ =H (Acarina). Y F % Ax >
B (Elaphomycetales). 7~ 751 7 % > H (Clavicipitare) 72 Efkix Th D, B RIS

IH 7 EBEOA =L EICR D (EK, 1997),

ABMFFEOABEMEE LT, PR SE (Lo et al, 2006), HilEE (Kuo et al,
1994; Chen et al, 2006), HiEE{L/EM (Dong et al, 2007; Yamaguchi et al,, 2000a).
R EIEM (Cheng et al, 1992), HIRIEIEM (Hong et al, 2004), #iif5 MLAER) R
(Guo et al, 2006 ; Koh et al, 2003), A > = U UEFUBA D RSN EA =

W ORI ~DE G (Zhao et al, 2002) 72 ERNHAE S TS, LnL, &h
HEOTRCOMEN, EHESCEERM & LTERAS Db TRy, EHE
HREMR S DIF Y F v AL MEE (Cordyceps sinensis) 23 U % U A X MEEL
(Cordyceps militaris) (Fig. 1.1) T, ZHSITEHEMIHEH SN TE 2, v Ry A&
WEET, AAavE Y TOMR ((ETLY) LX) aFREOELSERT, hEOF
vy MERK, HiEE. WA, SINE. HEE. ZHEZIILD, 33T —X



> DOIEE 3,000 725 5,000 A— hLOEILIHIEHCAR LTV, A& LTHEOR
WEEEZPT IS S 4L, 1000 4ELL EOERAESL N H 5, Gpsiieh, pisEs. sugsrs
Bex AR N S D (8%, 1999 ; Fu et al, 2003; Buenz et al, 2003),

U Y AKBEREIT, BB ECMO B OO, ShiucHFE L, FHEE
EIREOHEAERETRTHZE L [ FXET) L0 HIMATHHLA TN D,
HE, AR, BFZ, A Z VT REZZLD, HRPICHA LTS, [XREHEE
(5] (Nobuo et al, 2008) TIEHFF X 7 IZOWNTKRD XD IZFEH LT\ D, [ifd
H Lepidoptera®§-CulED, ShiblwET 5 /) A X FEHE T, RIRITHEEIR,
AV a FERCHAERNCREAT 5, FEITAREOEITRABE T, ZOPVHE,
TR T B OB S 1.8~6.5 cm EFBIC R4 O 1385k perithecium Z AL L |
Sem 2SR RIS N < 28T 5, TEFITINE 450-670 x 230-370 pm, 2K a1

secspore 2.0-3.5 X 1 pm|FTEMK T, 2 ascus 400-420 x 3-4 pmIZNET 5, |

<«— Fruiting body

Green
caterpillar

\

<«——— Insecta

Cordyceps sinensis Cordyceps militaris

Fig. 1.1 Cordyceps sinensis and Cordyceps militaris

Y XY RKXBER|ICL, HiEEYEAZRTa LYY (Kim et al, 2004) #2130

O, SEIIEIER RS 5 & ShoA ) 28 (Yu et al, 2004b), MAEYLRMELZ H 5
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HERE (Hu et al, 2007), $iEbiEE >R Y 7 = /—/L (Russell et al, 2008), A
A G (Chol et al, 2000)CHRIEIEH (Kim et al, 2006) % A 4 % A BTE
PRy 72 EMEEICEHEEN TS (Patel et al, 2013), F7z, I VX U AL BEE (T
NTHIGEHRBHSL SN TEBY . TOAREEZa LV ECOEENRE N & 23T

HneroTn5 (B, 2009),

1.3 Tva— LR O & I OWT

BEORELIZIEFICH <, ARUEIPDEL TE L an TRy, EE HEOEM
B 5 H 1= L7kl oAl 7000 AEE OB OFRE W H> & BEETE O p 5y SR H ST
% (Patrick et al, 2004), F7=, #LICAT 5400 FE DA 7 L ALEY 7 v X UARD N>
T T4 NR s TRENOHT LIZEEORIZT A ORENHER S, F A =
Y RMTETA oY FORER o7z (FRE, 1996), S HIZIE, AVARZITTE
=N EESTWERFEL LT, IiTORIETH D LT EERO IS S R ITHT
3000 D B — /L8 VBT 2 HENT STV D (FH, 1975), T X 5 I1ZiliEd <
MBHEIEIN TR Y P, BU4%, TEMEZEA. IREER & o NEHOAETE DOk % 72551 1T
K EWATEL, TLTAXDOYERAEIFE LUV EEE 20 b D & 720 | A HUl Tl
FerpiB AL MEY BT biiz,

ZIERIRFT, 7 va— VBN Ko & R <0 D B T ~ D 28 H < BAFFES LT D,
EPONEITE IO R | LWy, & OFEI LR IC LR F IO % (B, 1985) &
SN TEY, RO IKEMEHE | OPIZE S 69 ficsn TWD Z &
EbanbdiRy PEERERZCBNTRE LR L L THMHA SR TV,
Z O —J ., HFEWEEO [BAFN] 2 TROFERK] LWOIFENRH L, ZoHFT [
LEODITHBRZMBI L, Xz bi, Bz bol, Rnaelth £y, Bz
L TCREZIZNED, Fo, WILHERT X EOEZET D OIIENITRY, bx D
ERRLKDNZIT B LERIFFIC, FTEANCKETLLORbDTHL] Ll INT

W5 (R, 1996),



A, 7L 3 — VBB ORISR 4 2 R BIC BT 2132 AT TE T 5
(7 )V — VAR E F fh2x, 1999~2012 ; Anderson et al., 1993), 25 BERIE M HEHEIZH
LT EBEMOERTH 50, [FEZE LR WIRE ORI ER 2R 5
ETREREKREFF->TWVD, 19934 6 H ACSH (American Council on Science
and Health, KERERIFH#HD)IT. [HEEOWEEZEA THND ANDOFH R, HEEEK
FROAN, FIEREICHEZ KT AT TR BIETRPMR ] &0 ) FEEFE OR R
EHFE LTz, O “J-curve” BIGAMRGEE LR, #EOKIEIL, DIBRIC X 558 T
FOIKT (Stockley et al., 2012), MEMEMZET O U R 7 J# (Sacco et al, 1999), 1
BRam B LI ORI E OIK T Jussi et al, 2002) (2272035 W5 2 ERHE SN
leo ETeE—NRy T DT THR ) A FIZL 208 AMIBOEGEME (Delmulle et al,
1999), KU A v HY 7=/ = LOhifg{t (Anis et al, 2000), HA{H D LKD) R
(Hirotsune et al, 2005) & OAKBERf OPLMARZIR (Sumi et al, 2011) 72 EDT v

o — LB ORSBEME DIFIE S A TN 5,

1.4 HY~AETHEEITONT

BElRHE 14~15 AEICAARMER LT SbhTWb, ToEFAL— MME, £72
RSN TELT, WS ONDEHRRH D, Vv b (FA) Shikk (i) —iEE (8
BB ORTv— FOBKREER, TE SR e (Ri) odedi— o]
fif e B BR A . FAR O (%) 2 ENR R Cr e LICER L O BB E LT
HATEE SN D L — DO EREHRO 3HNAFNITHL LI TS, £/2, A
ROBER ORGEIT 14 A, W7 27 R X A B LBIEO MBIk L TES
L7=b D EHEE S D, BERD SCERICIZ U CRES A2 DT, 1546 4T REEE Y- 5 #
ZHDHUNNEEBNTZARALV ST NVANT a T a « TANRLVART T Aa - FEx
W 22T T THAROEFICET 2WE] L) REETH L, £2I12id TAx
T2 D “HT7—F (BEED 7 ZATWS | EofdkndH s (4, 1991 ; B

&, 2005),



ARFEBERS &I, B EREE Y. WHE L) OFFEREE (R, R¥E (TR
YV) BRI ELT VA VEREWEEE LI b O T, KEEE, ERERC L B
mE. BARDIGHRINRARBEZ VO ARBERITEREICBT2EAFZKE L LI by
INCEFEN, HAKEECARE L, WO T7 Vv a— VEKN 45 EUTOHLOTH
o (W4F, 1991), Z OAKBER OREFE OIS 3, PLARE LR 26
52 eSS TS (BEH, 2003; BiH, 2004),

P~ A EHEEHIY Y ~ 1 E (sweetpotato, F4: Ipomoea batatas) % EFEHE L
TEARKBERTH VD . FREE & —RNICMEEN S, VY~ A ERERORETE (G,
1988) 1%, ZKICFERE 2 FEAH I LT L, T X 7KK L R5EE Lo BERE A N %
b A EE D, £D%, FHRETHLIA LYY~ A ELKEIMA, 8~10 A/
HESHED, TORMEBROBLEABRIIB L, K- 21T THY ~ A EHEREE 15
bD, Y~ BRI, KLY~ A EOGENFETHY (FFE, 2009). &
WT =)L ATV TR T a—)L HEIER EORSNEENTND (A
N, 1997, FABIBETHLVY ~ A FHEMT. BEHZEET. In ) —=MEH LW
IR E b B, EEEIERICAT S0 b STV, £oftl, Y <A E
BERHZ T MARVA RN R OREREMEE N A STV S (Sumi et al, 2012),

1.5 AE DU »IZHONT

A v (spirits) (X, T/ I —VEHEOEWERE (V4 AX—, 7707 —
%) ROKBESC) Fa—VEREOT LY FICHWLNDFET L a—L (7L =
—/hy A5 FERDLE) Ao, EEMIZIZ R TOREBEZEW L, TOEFHICE > TH—
H— s AU Y LRI A b - AV oI KEND (ONEE, 2006), —FH. HAD
BERLE CER 18IIE, 5 358 20%5) THHINIZAE Y v LT IHHE., A RIEE.
BERf. 0 A, E—b, REBEE, V1 AX—, 77T —, Fail LT OOl
EELANOWE T, =F 2500 2 BERmO b O EHET (), 2011),

RO Y~ A EFEMOLREHEALY vy &, IVXYRALHFRD T
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REEZHRSE Y~ A FREIOREL TEONZAY Y v (HAOHEBIEL) T
bo, IV ZYALREREOFEEE Y~ A EREEOEIGEER DN EE, =F
A 2R T, THAa—L 26, Khn ) —D7 La— LB TH D,

1.6 ARBFFEO B K OHNE

TV —VEEHE, AIEICRE L AE b2 bR T 5 LRI, (I
ERIFTZELHD, TOEREBLEBIEDL, BET LV a— LS E LTHET S
eI, T OAIEEOFMALETH D,

AWFZETIE, BEEER S 22 < SUREEM TH LI U # U AL ME R T FEE%
VRS, BN E S ETHENZ AT Y v A BREEICRIESE TELN Y Y~
A EREBOLREREAEY v (FHinds 3 &FR) ([ZOWT, TOMEMELZBAT5
ZEHREME L, ETHY A BRMOLARERAY Y o0 ARGV S & 5
HEL . A5 DT I DWW TR MR IS L OB EM) 2 [V T2 DR E 2 1T L 7,
S BIZZE DGRy OREERT 21T o T2, D DOIFRT — X1, Y~ A EHEM O
ARFFEAEY oY ORRIEIC OV TRFR IR A RZIET 20 Th 5,

MSCOFEMIE, UTO7EL VRS TWS

#1ETIR, AREE, TAa— @ Y~ A EHER. A oo TO

BUR EARBFIEDO T 5= - BRYZ il L7z,

3

W2ETIE, VY~ A EREMOLRER ALY v OEBIEVER S D53 &21T - 7=,
# 3 ETIE, RIEMIEOET VM THLI~v U A~ s v 7y — UMl (RAW
264.7) ZMWT, BV~ A ERFHOLREREALY vV OME Y RLHE (LPS) 54
2 & D COX-2 BEBUMHIER ZR~7-, 512, BRIEET L T~ U R BRI
LY~ A EHEROLREREAEY v OAERGIIEZ K O OGO S IEME
K+ThHb IL-6=° TNF-a #2378 L~ULOEBIERICOWTHRE LT,
FBAETIEI, Y ~A BEEOLREEAEY v YO v FAMERTE#EME A i

(HL-60) (Zxf4 2 HEMEIRI R K O T R b — 2 AFHERE 2 i~ 7,

_7_



HHETIT, WY~ EREOAREREALY v YOr MREA M (HCT-116)
(ZXFT 2 BN R L OV AR b — v ZAFFE R A T,

W6 ETIE, VYV A EREHOLXREE XL Y v Y54 ST HIRIERE K O
AUAIBEEE AN S AE & £ > Fraction 1C-II1 (2 2\ Coy i IE DAL 2T 217> 1=,
FTETIE, INOORMBRERIEL, Y~ ERMOXREFEALEY v Y O4H

TEVER OB 2 327 LT,



BE VYA EREEOLBEEALY v DORRSTSHE

21 5

o1 BB LIV XY AL BEREIZIE, 20V EE S (cordycepin,
3-Deoxyadonsine) , H FLf® (cordicepic acid, D-mannitol), AV 7 = / — /L ¥f
(cordicepic polyphenol), £ (nucleic acids). Z¥i$8 (cordycepic polysaccharides).
v 4 2 v Bia(vitamin Bi2), 7 2 / % (amino acid), =/ =2 A7 1 —/L (ergosterol),
2L 27 1 —/L (cholesterol) 7% FfE 4 7 AR N EEFN TS (Yan et al,
2008; Patel et al, 2013), —J5. ¥~ A EHEENZIZE LT /L 2—/b (higher alcohols).
T X7/l (ester), &/ 7 /X7 )La—,L (monoterpene alcohols), % (organic
acid) 72 FORMS DN E EN TS (Ohta et al, 1990; A1, 1997; #E, 2006),
HalZZnETic, IVFVAKXRERFERZTY ~ A THRERICRESELTY <
A EHEROLREEAY Y v (Cordyceps militaris spirits of the sweetpotato
shochu, Kinkirishima ; LT SCS E#9) #1ERLL T\ 5b, 2 SCSIE, XHEH
MR DOBEREVERL 70 % & A TR T2 7B REMEBER & L CTHIff S D, £ 2T . SCS 123
FENDEBIEVER D AT 572D, BaxDh T Lsa~ N7 T 7 4 —I28k0 SCS

RO Ky 7 I AT o 72

2.2 MEE HIE

2.2.1  HEEAFUE O GR L

A B H B (Cordyceps militaris) O FKIi%, Mushtech #:8 G&[E) O D%
L7z, 45°CC 12 W], 50°CT 6 W§fil, W] 55°C T 10 W§fi],  65°CC 6 WEfH] & Befk
ISR S, FEBRICHWD £ T 26CTHRFLTc, S U XU RLBERTHEK 7T0g
BTV a— VR 36% DY ~ A EHER 1000 ml ([ZFIRICT 3 AMIRIE L, 21

#%. 045pm 7 (X —CEi L, EEAHR (SCS) #EHL7-, SCS # & /KkT=



Z ) —nEi 200N LIZbDER T L~ b7 T 7 0 —IZfT D5 L Lz,

2.2.2  EEUE D 5

2.2.2.1 HP 20 71 7 A2 X 5570

B ERINEE Diaion HP20 (=25 #) 207 A7 A (B : 5.0cm, HE
R 45.0 cm, BIEMAREL - £ 833.0cm?) ([T L, HP20 77 A%&/ER LT,

HP20 # 7 K27 v a—/LE & 20%0 SCS ikl 900 ml Z#t L. oy &% E S+
Too ZEDRIHEEK, 40% =& ) —/, 60% =%/ —/N,  80% =%/ —/LDJA
(ZAWIR 1500 ml 27 7 K U7, dHikIE,  1500ml 95550 LT 4 D@y &
iz, =& )= Xk HIRHIE 4y % Fraction 1~3 & L. JEW 54y % Fraction 4 &
U7z, rHEEHE, v —% U — NR L —& —|2T 40°CHNE T T 50 ml F CHULERE
i L7tk WOREHZIEE U7z, BRSO L 723UBHE, W82 v~ 7' Z 7 ¢ — (Thin-layer
chromatography, TLC) & @ik v~ 27 7 4 — (High performance liquid
chromatography, HPLC) % FH\ Tk & 0 L7,

TLC Doy #rgtid, MEM; 74—k U B %5 (HPTLC-Alufolien
Kieselgel 60F254), BRI ; 7 o/ AKX ) —L K= 6:4:1, Ftigs UV,
MR 264nm & 366 nm, FEEE ; FEg, Higk D, =t FU 2
L7,

HPLC O3 #r4121%. &7 4 ; Cadenza CD-C18 (3 um, 75 4.6 mm 1.D., Imtakt
Co). 1 7 KREE; 40C. BEHMH; (A K, B) 7 F=FVU/ JitE#; 1.0 ml/min,

2~55% B (0.00~20.00 min) & L7z, BHEHEIX 260 nm & 450 nm 2/ L7,

2.2.2.2  Sephadex G-25 7 7 AT X 547 H
fH{K L LT Sephadex G-25 (BIO-RAD Inc.) # 4 7 A H 7 & (B : 2.5 cm. #ilF

£ :68.0cm, MAEAHE : £ 333.6 cm3) (ZF2#H L, Sephadex G-25 7 7 A& Ef L7,
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HP20 717 A2 &LV 53l &7z Fraction 1 % Sephadex G-25 7 /ViEi& 7 7 A2k
L. RBEKCHEIHL, 7927 v aralb 7 %— (BIO-RAD Inc) #H\ T, 10 ml
TN Lz, = DO%IEIEER (CS-9300PC, BHHEERT #) % HAv THREHEE
260 nm B L 450 nm TWNEZRIE L7ofE R 2 2RI LT, ol L2 s BHAIK %

Fraction 1A, Fraction 1B. Fraction 1C ® 3 D7 )L—|Z45H L7=,

2.2.2.3 HPLC IZ X 545

Sephadex G-25 77 7 A2 L 0 43 & 417 Fraction 1C (%, & 512 ODS 77 A% H
W= HPLC 12 X 9 43#i 217\, Fraction 1C-I~IV IZ4yH L7-, HPLC 1%, B
EFTEL D LC-20A v A7 AZHWT FRROFKRMETIT> 72, R 75 LC-20ADVP, #
—7 717 55 CTO-20AC. UV/VIS fiti#s; SPD-20A, 4 — h > 775 SIL-20AHT
M L7=, 7 4; Cadenza CD-C18 (3 um, 150 x4.6 mm 1.D., Imtakt Co.). # 7
LIRFE; 40°C, BEME; (A) K. (B) 7 h=hk U, Jidl; 1.0 ml/min, 2~19% B
(0.00~8.00 min), 19~100% B (8.01~16.00 min), 100% B (16.01~20.00 min) &

L7z, BHEEEIL 260 nm IZ5RE LT,

2.3 MR EBL

AR HP20 7 7 A2k =% 7 —uiZ X D HE Sy Fraction 1~3 & FEK
754y Cd % Fraction 4 235y & 7= (Fig. 2.1), = O ®Ei 53 i%, TLCIZ X 2041 (Fig.
2.2A) B X O HPLC 12 & %5581 (Fig. 2.2B) Oft 4 Fraction 1~3 TiX., 260 nm D%k
SN RSy & 450 nm O Al ERRIN Ay D3RR S 4v7-,  Fraction 4 TiX, 260 nm
DERIMNERRIN R 53 D H et S Tz,
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Fruiting body of Cordyceps militaris (dry-weight 7.0 g)

Soaked in 36% Sweetpotato shochu (1000 ml)
room temperature, 3 weeks

Cordyceps militaris Spirits (ethanol 36% 1000 ml)

Diluted by water
Cordyceps militaris Spirits (ethanol 20% 1800 ml)

Diaion HP20
40% Ethanol 60% Ethanol 80% Ethanol Non-absorption
Fraction 1 Fraction 2 Fraction 3 Fraction 4
(130.2 mg) (56.3 mg) (35.2 mg) (4008.0 mg)

Fig. 2.1 Isolation flowchart of the bioactive ingredients from the extract of

Cordyceps militaris soaked 1in the sweetpotato shochu, named
Kinkirishima (SCS).

[‘ ' SCS
PR )
g - | Fraction 1
% I
° ‘
5 Fraction 2
o .
8 !
P |
[ .
g Fraction 3 |
'g + ‘.f‘\
E MWAN
<. Fraction 4
@ iR BE ® Time (min)

Fig. 2.2 HPLC profiles and TLC profiles of SCS separation by HP20 column.
(A) The TLC profiles of SCS and Fraction 1~4. The mobile phase was
chloroform, methanol and water, and detection was performed at 254 nm.
(B) The HPLC profiles of SCS and Fraction 1~4 at 260 nm and 450 nm. The
mobile phase A was water and phase B was acetonitrile. The absorbance

was measured with 260 nm at 40°C.

_12_



gt GEMIZRELIEIRT) OBEEMEFMICE W TR b SV EIRNRBD b iv7
HP20 # 7 A2 X W & 5 7= Fraction 11220 C Sephadex G-25 7Vl 7 &%
AV, Fraction 1 & & 51247 L7 (Fig. 2.3), Fig. 2.4 1343 L7244y O£ 260
nm & 450 nmIZ k57 n~ T AR Y, Ju~w 7T AUV Fraction 1A,
Fraction 1B, Fraction 1C ® 3 DIZ5li L7z, b % TLC Z MV THA 5 % fife
A L7z (Fig. 2.5), Fraction 1A 3 X T Fraction 1B L3/ KRR B, S64ME
O AR S 417z, Fraction 1B XY Fraction 1CIX, =2 & RU URBEARH Y |
TIVHEENREEND THD I LIRS NT, FRFCHEBMAEEALH D Z L0 b,
WEERDBEEND Z e -T2, TRTOESGICE W THEEE 1D Rk RE
niginotz, Fig. 2.6 Tid, HPLC ®¥# K 260 nm & 450 nm (2 X 2R~ K
NZERLTe, Fraction 1C 1% 260 nm OW SRSy DAFRD BT,

Fraction 1
(130.2 mg)

Sephadex G-25

Fraction 1A Fraction 1B Fraction 1C
(22.3 mg) (54.5 mg) (29.3 mg)

Fig. 2.3 Isolation flowchart of the bioactive ingredients from Fraction 1 by
Sephadex G-25.

Fraction 1A Fraction 1B Fraction 1C

[
5

Absorbance (@ 260 nm, @ 450nm)

101

1 21 a1 61 s1
Fraction No.

Fig. 2.4 Fractionation of Fraction 1 by Sephadex G-25 at 260 nm and 450 nm.
The mobile phase was water.
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e

«— <

ER . —

" - B 8
FLF E1 F1A F1B
non-processing UV light ninhydrin iron chloride (Im) sulfuric acid

Fig. 2.5 The TLC profiles of Fraction 1 and Fraction 1A~1C. The mobile phase was
solution of chloroform, methanol and water. UV detection was performed at
254 nm. Others are reagent colors (ninhydrin, iron chloride (III) and dilute

sulphuric acid)

5000 I
: . =“
8 Fractim1A
g 25000 ‘\‘I |1
o
. o f\n B — - — "’J"‘ I\\"-m - . f\JK B
g ooooo A n in o n
Ja Fraction 1B
g 30000~
. 20000 ‘ ’\ p /\;‘h |
9 oo Jlxﬂ-‘u--l'lJ ‘\ . ,MMI\A ) J\ I . /_f.-“..ii ) / fl\
L - Fraction 1C
2 soon] h
< |l !

n " i oa en an

Time (min)
Fig. 2.6 The HPLC profiles of Fraction 1A~1C at 260 nm and 450 nm. The mobile

phase A was water and phase B was acetonitrile. The absorbance was

measured with 260 nm at 40°C.
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Sephadex G-25 7 7 AT &> CTHrlb S U725y OFEREME 2 57 L GEMIZ R E= LI
IR, HbEWAE LR L Fraction 1C 1%, & 52 HPLC @ ODS 7 7 2%
WA ATV, Fraction 1C-I~IV ICyE &7z (Fig. 2.7), Fig. 2.8 IZR- T X9
BN 4 SOESYIE, 73T 260 nm OEESFERILA R 7228, 450 nm O AT

RIS R b e ino Tz,

Fraction 1C
(29.3 mg)

| HPLC (ODS)

Fraction 1C-1 Fraction 1C-II Fraction 1C-Il  Fraction 1C-1IV
(1.3 mg) (6.5 mg) (8.3mg) (6.3 mg)

Fig. 2.7 Isolation flowchart of the bioactive ingredients from Fraction 1C by HPLC.

i‘ Fraction 1C

’| Fraction 1C- 1
I Fraction 1C-1I

[ Fraction 1C-II

~ Absorbance (@260 nm, ® 450 nm )

Fraction 1C-IV

>>>>>>>>>>>>

< & Vo 1's

Time (min)

Fig. 2.8 The HPLC profiles of of Fraction 1C and Fraction 1C- I~IV at 260 nm and
450 nm. The mobile phase A was water and phase B was acetonitrile. The

absorbance was measured with 260 nm at 40°C.
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2.4 K
IV 2V AAMBREAERE Y~ A ERERORESE SCS 2R L7, SCS I
Fig. 2.9 779 X 912 HP20 # 7 A, Sephadex G-25 77 4% XY HPLC (ODS 7
T L) X E Lz,
Fruiting body of Cordyceps militaris (dry-weight 7.0 g)

Soaked in 36% Sweetpotato shochu (1000 m1)
room temperature, 3 weeks

Cordyceps militaris Spirits (ethanol 36% 1000 ml)

Diluted by water
Cordyceps militaris Spirits (ethanol 20% 1800 ml)
Diaion HP20

I 40% Ethanol I 60% Ethanol 80% Ethanol Non-absorption

Fraction 1 Fraction 2 Fraction 3 Fraction 4
(130.2 mg) (56.3 mg) (35.2 mg) (4008.0 mg)
Sephadex G25
HPLC (ODS)

Fraction 1A Fraction 1B Fraction 1C
(22.3 mg) (54.5 mg) (29.3 mg)

HPLC (ODS)

Fraction 1C-1 Fraction 1C-1I Fraction 1C-II Fraction 1C-IV
(1.3 mg) (6.5 mg) (8.3 mg) (6.3 mg)

Fig. 2.9 Isolation flowchart of the bioactive ingredients from the extract of

Cordyceps militaris soaked 1in the sweetpotato shochu, named

Kinkirishima (SCS)

9. SCSix HP20 # 7 A2 XV 40% =% /—/, 60% =& /) —/, 80% =
2 ) — VIR Sy & FEN S E 5y % Fraction 1~4 & L T4y L7=, Fraction 1~3 |,
260 nm D FRIERRILK 7 & 450 nm O FIFLERIL K 70 23R8 S 47z, Fraction 4 (3,
260 nm DRI Bl 5y D A fge it S duiz,

I Fraction 1 1% Sephadex G-25 7 7 A T4y L, K4 DiZE 260 nm 3 X Y

450 nm IZBIFH 7 a~ K7 F A0 5 Fraction 1A, Fraction 1B, Fraction 1C @ 3
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DB ST, 3 DD R TEIMBMIL A £ D Fraction 1A 36 X Of Fraction
1B %, 450 nm (28T 2 WINAFEFR S 7223, Fraction 1CITIFIT R 72 h o7,
Fraction 1B 3 X" Fraction 1C TiX, =t RV U304 LURERINEIFE )R & 5
TENB T IVHEEB I UHEMEEZ SRS THD ZERH LN o, o,
FRTHACBOTHALE (D J 61370 bhehoT,

X 512 Fraction 1C i HPLC (ODS # 7 &) 12X > T, Fraction 1C-I, Fraction

—

C-II, Fraction 1C-III, Fraction 1C-IV ® 4 SIZ4E STz, HHiL- 4 SO
S3ET T 260 nm OIS K S AL7275, 450 nm O AR IR & 772
-7z,

PLE | SCS 4 525 CHEonclmn%zZ, n—% Y —x\RL—%—%H
VN, 40°CT 50 ml F TRUERM L2, BT L7z b 0% SCS OAERIGIEMHT &
OVEPRIEVER 7y OREIE AT D AEEARUEE & LT,
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BIE VYA ELMOLBERERALY v OFLRIEIEMH K OB Of#T

3.1 &

IV Z Y ALBEET, FIRIE (Wol et al, 2010), FUlES; (Tuli et al, 2013), )i
BVE (Yu et al, 2007a) FEDtkx I EIEVEEZH T2 2 LAMEI TV 5D,

RIEICPHE T D EBE 2 X X7 BBV ORESNTEY, £O—2ThD
Toll-like %z (A (TLR) (&, MMAREICFEL, WEIKICHAET DRAD [551/35
—v] EREE L, BRa B AR RNCEM T 0% ANR T 7 —-Th D, TLR 7 7
YIRS A FOA L ORIUCEAEG L, BRGEICBOWTEHEERFHE 2L TH
% (Akira et al., 2003), iz 1%, ## Y RZHE (Lipopolysaccharides , LPS) X TLR
4 %N UCRIEEY VP UBiEE 5| % 2§ (Wang et al, 2012),

FERR NS A S 2 & FE 2 DRI SOE U TR U U IRE R AR AR Y R—8 Ay
(Phospholipase As , PLAY) 12XV . kP REFASIHEED T 5 % K #(Arachidonic
acldIZEWIND, ZOWER LT 7% FUBaRE L LT, BBRBtEEETH D
v at %7 —+t (Cyclooxygenase, COX) ODIEHIZL Y, Yuwrxrs v
G: (Prostaglandin Gz, PGG2), PGH: ~& BHa S, & OIZKFMIIZIFIET D R
Fy 72 B R FRIC X 0 BRI E S 7R 4 Fi$H O PGDs, PGEs, PGF2., PGL2 & b 2R
F % Az (Thromboxane Az, TXA2) NBEM S5, COX EEFIZIL COX-1 & COX-2
D2FIADT A Y H A LPFMEN TN D, COX-1ITH B2 & DOHE ., Bk, IV,
FE2E, (M/MR7Ze EITHAE L. Bk, MR, M/ EEsE e & o BB 2 5El 24 9,
—J. COX-2 [LFHEMEHTH Y | M TR 3L LTHFEET 5, COX-2
TV A MIA RERAT BT —H— FAELREDHBICEY .~ 77—,
FRAMEZERIRG . A N EGAE, Ml Zs & CTRE S, RIERIL, MEHE, 7R h—
VAL . HEIN. o, BRI Sz B 59 5 (Fig. 3.1), (Zar et al., 2013; Suzuki

et al., 2003) .

_18_



[Phosphatide of the cell membrane]

I 4m phospholipase A, (PLA,)

Arachidonic acid | S—-—— ) [Prostnglandin G, (PGGy) ]
' [
COX-2
[ Prostaglandin H, (PGH,) ]

/ ]

qulammatory stimulation [PGDg, PGEZ, PGFZ&’ PGIQ , TX AE]

Cytokine
MEmn MKKW MKK.’n’S Growth factor l
Carcinogenetic promoter -
%@ ERK”? J"K 933 Hormone [[nflammatory medmtnr]

..n-nuun....'
@

Fig. 3.1 Lipopolysaccharide-induced COX-2 expression and inflammation.

%2 BEIZBWTIE, SCS #iti# A HP20 5 5 ., Sephadex G-25 717 A8 L
HPLC(ODS 4 7 &) 12X V3L, RETIE, % 2 ®IZ SCS DH LV E b
By DPRIEN R 2 AT Lz, £ FRIETT AMIREZ AV THE SO LPS #HEIC
£ % COX-2 HBUMGIMWER 2 ~72, KITRIEE T /VEMW) & IV CTH 5> ORI ME
N DGy D LPS i8S, Mg ORIEVER T TH 5 IL-6 (Interleukin-6) <°

TNF-a (Tumor Necrosis Factor -a) # > /X7 & L~V DIKBA/ERIZOW TS L 72,

3.2 EE A
SCS ofEkatkHT., E2ED 221 B LW 2.2.2 120t WERI L7~

3.2.1 K & s

LPS (Escherichia coli 055:B5 #£) & B-actin Hiifix, SIGMA-ALDRICH #-#l% |
COX-2 #i{fi% Santa Cruz Biotechnology #L:#!%  Anti-rabbit IgG & Anti-mouse
IgG i% Cell signaling #:# % L7-, ELISA (Enzyme-Linked Immuno-Sorbent

Assay) HIEH D Mouse IL-6 ELISA Ready-SET-Go. Mouse TNF alpha ELISA
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Ready-SET-Go %, eBioscience ftH#lZ i L7-, £ oOMDAIEIZ, NACALAI
TESQUE #:8Z2f FH L 7=,

MRREET VO~ A~v 7 a7 7 — UMl (RAW 264.7)1%. American Type
Culture Collection (ATCC Inc) LW EEA L7, 10% 7 vk iMmiE (FBS)
(EQUITECH-BIO Inc.). 2% L-Z /v % X > (NACALAI TESQUE Inc.). 1%<=%
Jy-A2 N7 h~A v RkEWKR (PS) (NACALAI TESQUE Inc.) % &% D-MEM
5 Hh (Dalbecco’s Modified Eagle Medium “Nissui”) (NISSUI PHARMACEUTICAL

CO)ZHWT, 37C. 5% CO ST THEE LT,

3.2.2 Western blotting

RAW 264.7 (4.8x104 cells/cm?) flifai: 21.5 Wefijfsse L7-t%, MIEHERSIF T TS
DIz 2.5 KRR L, I ERiEE L Lz, RiRGSEK THR., FUEREOREIZRINL
T 30 Mok L. 51T LPS (BRI 40 ng/ml) Z AN L CHLUE OREEEE 2 L 7=
faz 1xSDS > 7NNy 77— (0.06 M b+ U AR/ N~ 7 7 — (TrissHCL, pH6.8),
2% RT U UEREET R U o (SDS). 5% 2- AN H T X ) — 10% 7V to—/,
0.01% 7rE7 x>z /) —)L7/b—) TEUL L7z, [EUXL7#ifa% RIPA Ny 77—
(50 mM Tris-HCI (pH 8.0), 150 mM H#ift7F U 7 A (NaCD, 1% KV =FL 7Y
a—)bp A FLT 2=z —F)L (NP-40), 1 mM =F L > 7 I v UEEER
(EDTA)., 0.25% 7 AF L a—/V g bV UL 1mM A/ AT DU MY UL
1mM 7 vibkF YDA 100wy 7077 —BA e EX—XT7 1Ly s, 1mM 7 v
(b7 2=V AF IV AR =)L) THfESE, XU RIVBEEEIToT-, TD#%, I
L7l & R 7 B 10% R D 727 Vv T I K50 B0(wiv)% 727 U7 I RIE A,
U AE KXo 2AF L7 2 7 A% (tristhydroxymethyl)aminomethane, Tris)
(Fr=v7%n; 1.5M, pH89, A¥ v*% 7% /; 1.0M, pH 6.8), 10% SDS.
10% ~VAXY 2 BB =T A T T AFALZF L YT I (TEMED) %
AL, SDS-KUT7Z U7 I RFVERXKE (SDS-PAGE) TH@EL. PVDF
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(PolyVinylidene DiFluoride) * > 7 7 IHRE L7z, {LFF M AN EE (Lumi
Vision pro, 71 ¥ 5k #) T ECL system Lumi Vision Imager soft waer % >
THEHURNEICE VB LTz, COX-2 & /X7 EOREUE Anti-rabbit IgG @ IRk,

B-actin ¥ L /X7 EDOFBUL Anti-mouse IgG % Z I E I, HIE & FHHi 5L, Hou

5 (Hou et al, 2007; Tan et al, 2011) DOH{EEZEL T, &IK3 [BliTo7-,

3.2.3 ¥ U AHIH & IO IER

BRIETT VI, 4 BEEOREMD ICR ~ 7 A (Japan SLC Inc.) Z{HH L7,
VA, 17—V AR IS TEMFET Lc, 12 FEE OB 1 71, 22C
+1C, W 55+ 5%, K EEHIABRERE L, 1 BHOPHEFRICHRBRICHN .

~ 7 A& W HRIEEA X, You 5D % (You et al, 2013; Won et al, 2005) %
ZEIZ LT LPS IC KD RIEMRFEET V& W TER L7z, Fraction 1C- III (5
mg/kg, I Phosphate buffered saline (PBS) 500 pl) & xtffEd PBS (500 pnl) %
1 H 1[EEENTES (Intraperitoneal injection, ip.) (X V&5 L7-, 4 HBIZIL.
ez LPS (1 mgkg. H# PBS 10 p) £ 721X PBS (10opD) % K F %
(Subcutaneous injection, s.c) L7z, /=@ DES% 1 BT &7 V&L ) F A
(U THE ) ICEVHEL, RIEOHEEL Lz, £/ 3 FFRIC~ Ty A& B L.,

Mg %4E7, miEFO IL-6 BL O TNF-a ¥ > 327'EH% ELISA X W HIE LT,

3.2.4 1% ELISA 734

~ U AMIEF OV A M A 2 IL-6 BLO TNF-a O¥REIX,  eBioscience f:H 7
Ready-SET-Go kit % I\ Cilll@ L 7=, Capture Antibody (100 nl/well) % 4°C. —Wt.
A vFa_X—kL, ELISA 7V —ha—TF 17 L, 20k, LEREZREL
Wash Buffer (250 nl/well, 1 73[{2i&) T 5 B L7z, 200 pl/well ® 1xAssay
Diluent Z#M L, =W T 1 RFA o F 2X— bk L7, R A BRZE L. Wash Buffer

(250 pl/well, 1 Zy[iEIE) T 5 EIPEH L7-, Standard B X OUiE % 100 pl/well
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WL, |ET 2 KA ¥ =2X— L7, EFERZREL. Wash Buffer (250
nliwell, 1 4ffi2%) © 5 [EI¥EH L7z, Detection Antibody % 100 ul/well ¥ L,
HIET 1R A > % =2 _X— } L7z, Wash Buffer (250 pl/well, 1 /32i&) < 5 [al,
BEE L7-, Avidin-HRP % 100 pl/well L, =R T 30 4l A »F=2X— kL7,
Wash Buffer (250 pl/well, 1 43[fi2i&) T 5 [EIPEH L7z, 1XTMB solution % 100
pl/well IR0 L= T 15 0[] % %, Stop Solution 50 pl/well Z¥IM L, 450 nm

& 570 nm (2T WG A2 RIE LT,

kA b hA Y IL-6 OREEEIILLTFOFREATHEIB L,
Enrichment factor

= Log [FUBHAE DL Y (450 nm - 570 nm) / 25 ALEE O W Y FE (450 nm - 570 nm)]

kA N A Y TNF-a OREEEITLLTOHRENXTHEH L,
Enrichment factor

= FBHLHEE O YEE (450 nm - 570 nm) / S ALER O W S FE (450 nm - 570 nm)

3.2.5 HAHHEAT
K EBROREFIL, PEMEAERERZE TR Lz, AR EMREITHG Y 7 b7 =7 TSPSS
for Windows 10.0.7J] T{T7-7=, Western blotting 35 % ELISA (n=3) ®H|EITL 3

[F§°217vy Tukey DZESHIEIC L D2 AEERE (p<0.01) 21T-o7,

3.3 MR LB

3.3.1 AHEHEZAEY v Yo LPS#HEME COX-2 BHIZxd4 2 MmEl1EH
SCS Z/yE4 A K%\ TE L - H 4 2 RAW 264.7 £2&MICRi L, LPS &%

M COX-2 BWELOMGI R EZME L=, £, HP20 # 7 A T4 L7- Fraction 1~
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4 O, Fraction 1 & Fraction 2 7% LPS #&E M COX-2 RHLZ2H B IS L7z
(Fig. 3.2), £®H T Fraction 1 23 & & WINHIZhE 2R L7z, KIZ Fraction 1 %
Sephadex G-25 77 7 A C4yiE L72# 4> Fraction 1A~1C Ti%., Fraction 1C 7223
LPS #FEM: COX-2 BHLZ2AHEZIZIH L7z (Fig. 3.3), X512 Fraction 1C % HPLC
(ODS 71 7 &) IZTHrj L7=Hi%y Fraction 1C-I~IV Ti%, Fraction 1C-III A &I
LPS #F&EM: COX-2 B2 M L7 (Fig. 3.4), T XTOHPEIZBNT, a—F 47

oL ba— )L H L RTE THD Bractin (I L2 o7z,

LPS (40 ng/ml) - + + + + +
Sample (10 pg/ml) _ _ Fraction Fraction Fraction Fraction
1 2 3 4
CoXx-2 - —
B-actin
6 -
=3
& 57 b b
2 + b
5 o4t { ER
o
v C
=]
22T
w
g
= 2 } a
g
p=] a
g | |_|
0
Control LPS Fraction1 Fraction2 Fraction3 Fraction4

Fig. 3.2 Influence of the extracts of Fraction 1~4 on the production of COX-2 protein.
RAW264.7cells (4.8% 104 cells/cm?2) were pre-cultured for 21.5 h and starved in
serum-free medium for 2.5 h. The cells were then treated with the indicated
concentrations of the fractions for 30 min and then exposed to 40 ng/ml LLPS for
12 h. Proteins of COX-2 and B-actin were detected by Western blotting with
their antibodies, respectively. Each value represents the mean + SD of three

samples. Different letters mean p <0.01.
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LPS (40 ng/ml) — + + + +
Fraction Fraction Fraction
Sample (10 pg/ml) - 1A 1B 1C

COX-2

B-actin

o
T
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=T

0

Relative density of COX-2 (Fold)
w

Control LPS Fraction 1C Fraction 1B Fraction 1C

Fig. 3.3 Influence of the extracts of Fraction 1A~1C on the production of COX-2 protein.
RAW264.7cells (4.8% 104 cells/cm?2) were pre-cultured for 21.5 h and starved in
serum-free medium for 2.5 h. The cells were then treated with the indicated
concentrations of the fractions for 30 min and then exposed to 40 ng/ml LPS for
12 h. Proteins of COX-2 and B-actin were detected by Western blotting with
their antibodies, respectively. Each value represents the mean + SD of three

samples. Different letters mean p <0.01.
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Fig. 3.4 Influence of the extracts of Fraction 1C-I~IV on the production of COX-2
protein. RAW264.7cells (4.8% 104 cells/cm?) were pre-cultured for 21.5 h and
starved in serum-free medium for 2.5 h. The cells were then treated with the
indicated concentrations of the fractions for 30 min and then exposed to 40
ng/ml LPS for 12 h. Proteins of COX-2 and B-actin were detected by Western
blotting with their antibodies, respectively. Each value represents the mean +

SD of three samples. Different letters mean p <0.01.

_24_



3.8.2 ~ U R BIRIEIT T 2 Il gh R

RAW 264.7 #i}2i23\ T Fraction 1C-III 73 LPS #i#M: COX-2 FH 4 A &2
MLz & k0, RIEEMHEFE~ 7 27 /L% AT Fraction 1C-1II OHIARIEZE
DWW THRRE LTz,

FPEEE (Fraction 1C-111 + LPS £) (2 Fraction 1C-III 2, PBS + LPS i &
OXIREE (PBS + PBS) o~ v 2|2 PBS % 4 ARMIEMEN Gp 2 TEAENEA
L7 (Fig. 3.5A), HEALMHAMHE LR, SHEICENRD b o7 (Fig.
3.5B), 4 HHIZAELREER LY PBS + LPS it~ 7 AD 2z LPS, ®HRiE~ T 2D
JESEIZIE PBS R FUEH L, 1 FE Z S ICREDE S ZE Lz (Fig. 3.5A) . £ D
FEFE. PBS OA % ES LB CIXIEOESOZER R b hoT-, LPS #f~
U ATITREICHERFENER (BF) B ohiz, Zhicxt L Fraction 1C-IIT +
LPS WA LPS #FEMERAEME e IE 4 A 2 ol L7z (Fig. 3.5C),

A)
Injection (i.p.) Injection (s.c.)
(n=4) Fractionl1C-II —> LPS
(n=4) PBS —> LPS
(n=4) PBS —> PBS
| ! y N
[ [ | a | A A A A
D1 D2 D3 D4 HO H1 H2 H3
l |
Paw thickness measurement
(B)

35.0 Fraction 1C-1II = PBS m PBS(control)

33.0 B

Body weight (g)

31.0 B

29.0

Day
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Fig. 3.5 Fraction 1C-III suppresses paw edema in mice. The mice were divided into
three groups: Fraction 1C-III + LPS, PBS + LPS, and control (PBS + PBS).
Each group had four mice, respectively. The experiment procedure of
mouse paw edema was schematically shown in (A). The weight change of
the mice was shown in (B).The change of paw edema thickness was shown
in (C). The thickness of paw before injecting LPS was set as zero to compare
the change after injection. Each value represents the mean + SD of three
mice. Different letter means p <0.01.

3.3.3 IMiEFRIER T 1L-6 3 LY TNF-a O{KJAEH

RIEVER 723 LPS #FEtERELZ o S 3T HKKFThH Z & L0, KITRED
IR RIENER S IL-6X° TNF-a % > /X7 EDOMLIEHT L~V &2 Ji~_72,3.3.2 D FIEH 3
REfI D~ 7 A& BRk L, Mig %1572, Fig. 3.6 \Z7"7 X 912 PBS+LPS Bt~ 7 2|
BT, IL-6 (Fig. 3.6A) L TNF-a (Fig. 3.6B) # > /{7 B ML ~LH PBS
DORHEFRH LI-XBEE LV ARICER Lz, Zhicxt LT, Fraction 1C-III + LPS #%
~ 7 2T, IL-6 (Fig. 3.6A) & TNF-a (Fig. 3.6B) # > /X7 L~ L3 A B2
Shic, THOORRIT, BEOKRRE —HLTWVWDH T &6, Fraction 1C-IIT 73
IL-6 ®° TNF-a @ X 5 RJIEMERF OB Ml 42 Z & TRIFEEREZEM L5
Z b,
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= 2000 4
E e
8 W
& 12000 4 &
=l ~ 1500 A
2 g
g<| .
E g
£ 8000 4 E
g £ 1000 4
L] [-]
E o
4000 4 500 -.
a
a
0 a s 0 _
LPS (1mg/kg) - + + - LPS (1mg/kg) —
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Fig. 3.6 The change in level of IL-6 (A) and TNF-a (B) in mouse serum. Mouse
administration and treatment were described as Fig.3.5. Each value

represents the mean + SD of three mice. Different letter means p <0.01.

3.4 N

SCS by 7 57 v~ +7Z 7 ¢ — (HP20, Sephadex G-25., HPLC (ODS))
IZ RV FFENTAEIITONT, ML N~ T ZAET I LY GURIERE & fifth L7z,

£, SCS Z4ymli{ 2 45HIE THONIZ My 2 RAW 264.7 FMlaicHmL .
P Y AZHE (LPS) #5EMEREFRE COX-2 RELOMHIBRE MR Liz, ZORRIE
HP20 % 7 A T4yl L7z Fraction 1~4 @, Fraction1 & Fraction 2 7% LPS #%
BE COX-2 B AEICIHI L7z, FIZ Fraction 1 OIIFINRN A>Tz, KIZ
Fraction 1 % Sephadex G-25 # 7 A T4y L7245y TlX. Fraction 1C 7% LPS i
M COX-2 FBLA A FIZHH L7z, & 512 Fraction 1C Z HPLC (ODS % 7 &) T4y

B L72# 4> Tl&, Fraction 1C-III 28 A EIZ LPS #FEM: COX-2 LMl L2 &
DRSS T,

wIZ, ICR~ DU AFERRIZEBWTIX, Fraction 1C-TIT 23 KJEMEK 1 IL-6 ° TNF-a
Z R OMIET LIV A RIS, ~ U A0 RIEER 28 L7 2 & AR
shiz,

U LEDORERNG A BEREZAE Y v O O Fraction 1C-TI1 23 HLRIERERE 2 A
T2 ENREI NI,
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BAE VYA ELAMOLBREERALY v IZX 5 e MatkrlE kA LR
Ml (HL-60) (2% 2 M s 20 R &k OVE R

4.1 E

IV Y RARA R, FUEE., REREFERERZ CRESNL TN D (Lee et al,
2007a), H3ET SCS A M T Lrnu~ 7T 74— ThHE LIHES A, LPS 12X
DIFE I COX-2 DRBAA MG D 2 L DHERE S, € DHLRIER R AR
Ehic, BRAD—=DD AT = AL, BHERRRIERIGNH 5, BFERTIT,
COX-2 FHLZ L 0 [EE IO TTHEL COX-2 FRIEBHEIC L W B AN LN D 7
E.COX-2 DFEMNA~DEEERIE XN TV 5 (Hennie et al, 2014; Ferrandez et al.,
2003),

H AR D F M5 A2 SR TR 2 B ANIZ B 0 | 2012 A OFEGT T4 A MR OFE 1T
EEICAR 10 T AHTZY 6.3 ARREE R o, K 7,900 42T L TW5H, £D
D BLAMEEMBES AL 10 T ASHTZ D 4 NFLE CRAFEN RS @V (AEMEEAR
AAFFFEARBLF, 2013), BIFE. FMIH OIRHIIHI A A % i & U7 SCRpgIE TR
PATOIND, EROIRFEIL A MBI 2 3~ TR, Bl A M &Ml g O 58 D
HEAR K OVRPERTE B E M5 C O/ LFFERRE  BJE L T 2 (K EF, 2006),

b ~AVERTE BEME M F A (Human promyelocytic leukemia cells) HL-60 1%, 4
MFMIEEECH v | Rl TH 5, Z oMM O—21%, MMEFEIc k> T (L
F /AN Ko THERIER, BZ IV DaREN/AT BE—F—Th D TPAIZ L D HIEK
|~7va 7y = AV )T 4NV E XX =B KD UERER, IgE Ve X —|Z
R DUHIEER) b LD 22 ThHDH, oMbz E bV aIEl L, s
FAIC RS 7 TR REC AR B RE N MBI 2 2 L D BRI & O E IfL s fE A oD [ if
TTHIE O W GE & G3 b A J1 = XL OFFFEICIA S FI ST b, HL-60 Kr & Miiakkix,
BREERD LI EBIT D0 AN b N b 7 v X281 5 AER, KA
), DA VRN EFRICBET DR D=0 O b MM O L - HHEIR & 2o T D
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(LH, 1991), HFidARBBEHOMIET VL E L TASHHEShTHD

TN AR 1T, FAEEEHE & R OBERA D D, MNAJRER T (proto-oncogene) I
BRI ST 2B C, BFRETIINAMLZ SIS I S0y, 8RR
(XD RN ABIRFICEWET D D &4ET, HL-60 MIdET 1id, W DDA
B FORBPBILE I, MO S b LG 2 LN LTS, £D),
PR AAENZRGET HET VIR E LT, MlaOMEBLIOT R F—T R 28T D
Iy L7- DNA~FEAT 5B DNA A Y 25—+ (DNA topoisomerases,
topo) Ila BLO IIB OFREEZIFIET L0 NS5 nWS (LA, 1991 ; Mizutani,
et al., 2007; Nodake et al., 2012),

RETIX, 7 /WMl HL-60% HWT, SCSEHT L7 ma~ T 7 4 —IZTH
B L7250 280 T S AT E A R O 7 A b — v AFER AR ZOIE
AR 2 g L 7=,

4.2 FEFE A
SCS ofitaE BT, 252D 2.2.1 BL N 2.2.2 ITHEWVTHEL L 7-,

4.2.1 I &R

A Ofe M GE BE ) E A o 3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazolium
bromide (MTT) (% SIGMA -8 % ] L7=, Western blotting /34TH ® B-actin Dt
& 1% SIGMA #t # % | Cysteine-aspartic-acid-proteASE-3 (caspase-3) .
Poly(ADP-ribose)polymerase (PARP), Anti-rabbit IgG . Anti-mouse IgG D Hi{k
% Cell signaling %% . ELISA & H OfasER H =~ b (ELISAPLUS) | Roche
Diagnostics fEHlZf#H L72, Annexin V-FITC Apoptosis Detection kit I | BD
Biosciences tE#i A4l L7, =DM IEIT NACALAI TESQUE #H# A H L 7=,

TR b= AREH O Tail buffer (100 mM NaCl, 50 mM Tris-HCI (pHS8.0), 100

mM =F L U7 I UNEEE (EDTA). 1% SDS), 7r7 A F—E K, 41 V7 r)
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—/, RNase TE, Loading buffer, TAE buffer, DNA ladder marker, =5
v A7 <A K, NACALAI TESQUE #t:#l% 7 r—2AZ Agarose. Type I L
SIGMA 182 L7z, NNA BRI ELEE (ABI PRISM310-2 /S—% > o)L
~—th) M LT

b hEMERTEBEE A F e (HL-60)1%, RIKEN CELL BANK X v AF L7z,
10% FBS (EQUITECH-BIO Inc.). 1% PS-L- 7' /v % X ViRAW (PSG) (GIBCO Inc.)
%Z &t RPMI 1640 £7#1 (NISSUI PHARMACEUTICAL CO.) # W<, 37C., 5%

CO ST ThiE L7,

4.2.2  ARICIEFEAN S O RIE

DS AR EESERN e 1. MTT HIE@EZ2 AW THIE L7z (Hou et al, 2003), 24 Hf
[HIAE 28 L7- HL-60 fHfE (5.0x103cells/100 pul) (ZHUERE ORI Z UM L, 48 B
FRE#% %, MTT % (5 mg/ml) % 10 pl AN, 4 FERIRGE Lo, S OICEetEA Y
71,37 —/L (0.04N-HCl-Isopropanol) % 100 pl/well Jlz, MTT 7 /L~ %5
RIS E%,. TV — b == NES P—eV A =0T 17 1y 1)
T 595 nm FERIZBF DLW ZRE LIz, FBHNINS X 2 WL O IS x| il
FADELFR (%) ZHME Lz, F7E0 00 AMAEEEEMH o5 1%, 1Cso (23 AMIR

MBI & 50% F TITHH3 2 alEHEE) CTERR LT,

4.2.3 Western blotting

KR E B ORI, Western blotting 23 #ri%% W CHIE L7= (Hou et al,
2003), 24 FEMATE;#E L7- HL-60 Hifim (2.0x106 cells/6 ml) (ZHLE R E OFRE & IR
MLT 0, 12, 24, 36, 48 Kf[fkE#E& L=, #Hifax RIPA N 7 7 — CifR I,
SN EEREATV, M2 R B e, £0%, 10% RV T 7 VLT I RS
N (G =70 pH8.9, A& vk 77 pH 6.8) Z4EM L., [HII L 7=

2378 (20 pg) % SDS-PAGE 277 74L, PVDF AT LT 2 KT A7 7
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—L72, 5% AFXALINLIZE 0.1% Tween-20 5 ¢e TBS Ny 77—T 1 K] 7my¥
7T, PARP. caspase-3. B-actin O —&KHUAIZ 4°C, —BRIZIELT-, EHIT, — K
PUA LA L7 PARP & caspase-3 |X Anti-rabbit IgG @ &k $HUIKIZ, B-actin 1%

Anti-mouse IgG ® “RPUAIZ, 1.5 FFRIETTZZ MBS UNEC LY T2,

4.2.4 DNA Ladder 73#T

DNA ¥ b ok X, DNA 7 % —i% (Sakao et al, 2012) % 7=, 24 BRI AR
# L7- HL-60 #fim (2.0x108cells/6 ml) (CHUEREOFEZ UM L, 48 K L
7o [N L 7= ARl 500 ul @ Tail buffer (100 mM NaCl, 50 mM Tris-HC1 (pH 8.0).
10 mM EDTA., 1% SDS) T&fEL., #IRE 0.5 mg/ml 7D KHlcTmT A —
£ K&z, 55CT 3WHlA > FaX—FL7, 20%, NaCl &A1Y,/ —
L% VT DNA # ik SH7-, %57 DNA I 0.1 mg/ml ® RNase % &ir TE
buffer (10 mM Tris-HCl, pH 8.0. 1mM EDTA. pHS8.0) Ti&figL. 37°CT 30
SfEA U F 2 X— R LT RNA ZfRE L, Mlaohit L7z DNA % 2% 70—
ATV TCEKIKEEZITV, =F VAT r~vA Rizkd DNAGEL, UV BEICK

% DNA WA fezmit L7z,

4.2.5 DNA Wr i {t.®> ELISA 434t

DNA i it D E &L, ELISAPLUS 2T, 7K b— 3 A 2 - 72 H I A 6k
T 5t A b/ DNAWHBEAIEEZ BRI 5 (Sakao et al, 2012) Z LI L > TiTo7z,
24 WEMIATESEE L7z HL-60 il (1.0x105 cells/ml) Z ikl 4.0 pl/mg. 0~48 K§fH
T, F2EEIERE 0.0~4.0 pl/mg, 48 Bfl CALEE L7=, Zh 2oz 25°C,
10 47, 200 gLy BECREII L, EyEFRE% 200 pl @ Lysis buffer %00 L .
25°C, 30 Z3filA ¥ =_—h L7z, Wiz 25°C. 10 4yf. 200g CimlyBfEE1T-
72, 20pl O EEEA ML AT EY U Ca— LT L=~ L, 80pul D%

R (i A F PR, ~ LA F U X —VPEER BT DNA UK 2z, 25°C, 2 K
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M., 7L—hr¥=—F— (B00 rpm) TG/, TDO%, LEAEREL.

Incubation buffer (3 [A] | 100 pl) < % v 3 L . 100 pul & ABTS
(2,2'-Azinobis(3-ethylbenzothiazoline-6-sulfonic Acid Ammonium Salt)) A& % ¥
L. 7= hv=—0—7T 10~20 G S, 405 nm & 490 nm (280 50t

FEABIE L7z, DNA WA LD ERITIU T OFEATHRE L,

Enrichment factor

= BRI O W Y FE (405 nm - 490 nm) / A LLEEHIIE O W Y FE (405 nm - 490 nm)

4.2.6 TR F— AFEHED Annexin V-FITC 41

7 3%V (Annexin V) (X7 R b —T AFHEIC X D MREOZ L2 RET 57
n—7Tdhb, £72. Annexin VB LI 77 r Y7 A (propidium iodide, PI)
D_HREIZE T, BT A b= A RET R F—2 A X7 80—V AD KN
A[ECTH 5 (Yan et al, 2011; Fig. 4.1), AfE#HrTiX, Annexin V-FITC Apoptosis
Detection kit I (BD Pharmigen Inc.) #H\W\C, 74 LA A VY FH T F—h
(fluorescein isothiocyanate, FITC) ## L 7= Annexin VI X' PIO “HEYEIZ LY
TR M=V ADEREITo7z, 37C, 24 W2 L7z HL-60 i (1.0x10°
cells/2 ml) (ZBUEMRE OB ZIRM L, 24 WERIEGE Lic, 2ok, MlaZz =L,
Annexin V-FITC (2 p). PI(2pul) THfA L7, Annexin V-FITCi XY PIi% 488
nm!{ZTHIE L,  Annexin V-FITCiX 520 nm T, PI (X 630 nm TZILENDIN

L 7 o —4% oA A~ — (CyFlow, Partec Inc.) % F\VCHlllE L7z,
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oy 6°
..w"'
@

9 S

Normal cell Early apoptotic cell Late apoptotic cell
Fig. 4.1 Principle of measurement of instruction Annexin V-FITC of the apoptotic cell

(Annexin V-FITC Apoptosis Detection kit I (BD Pharmigen Inc.) ®iEH & ¥ $:#)

4.2.7 HEEHEMT
K FBROMERIL, EEEERZZCR L, ABZEBREITHETY 7 b =7 [SPSS
for Windows 10.0.7J] CT{T7->72, MTT (n=8). Western blotting 3 X (® ELISA (n=3)

OWIEIL 3 A9 277, Tukey DL ESITIEIZ L DA EEHRT (p<0.01) Z17->7,
4.3 FEFLELE

4.3.1 HL-60 e H5E = %9~ 2 il 5

SCS %434 2 K CHE b LBy % HL-60 KFaMiaicushn L, Mo sz
RaemBE Lz, £9. HP20 # 7 A THE L7z Fraction 1~4 TiX, Fraction 1 &
Fraction 3 ® ICsofE72 15.2 ng/ml & 19.0 ng/ml ToH V. A EIHIILOEESEANHI%h
A&7k L7-(Fig. 4.2A), Fraction 2 & Fraction 4 Tl3A & 7 M0 Ia B AE A0 ) 20 R 23 38 D
o7z (Fig. 4.2A) IRIZHIFRBEFEINGIZN R 23— & @V Fraction 1% Sephadex
G-25 T4 L 7%y CTlE, Fraction 1A & Fraction 1C 7%, HL-60 a2 A & (401l
L7z (Fig. 4.2B), =® ICsofiiE 16.3 ng/ml (Fig. 4.2B) & 0.3 pg/ml (Fig. 4.2C) T
bolz, S HITRHICHIIETEMEIZh S A 5 2> > 72 Fraction 1C % HPLC (ODS) T4y

B L7z, Fraction 1C-III & Fraction 1C-IV TH BEIZHIALOHEFEMMHIRN AR S v7-
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(Fig. 4.2D), =@ ICsoffi% 1.1 pg/ml & 8.0 pg/ml TH Y . Fraction 1C 7> 5471 L
7253 H10 Fraction 1C-IIT OHEFEMHIGEN i b 7> 7= (Fig. 4.2D), Fraction 1C-III
OHEFEANFEIGEIX Fraction 1C XV ETHA L7z, £DRKIL, Fraction 1C 25T

Fraction 1C-III & Fraction 1C-IV OfEEZE L EZ 2 55,

100
Fraction 1B
Fraction 4 80
~ aetion 2
3 Fraction 2 2
% Sw
ey . X .
Zé Fraction 3 S
41 (IC, 19.0 1l} E * .
& o e % Fraction 1A
_ Fraction 1 > (ICyy 16.3 pg/ml)
i) (IC5: 15.2 pgfml) =
© 8
20 20
* .
Fraction 1C
0 0 !
0.0 25 5.0 10.0 20.0 0.0 25 50 100 20,0
( A) Concentration (pg/ml) (B) Concentration (pg/ml)
100 4 100
Fraction 1C- 1
80 + Fraction 1C-11
80 L
. Fraction 1C-IV
2 Fraction 1C ~
= S (IC,; 80 pgimd
E et 1C;4:0.3 pg/ml B
2 =
g ‘é
S 0 f L]
© 3
¢}
20 2
¥ Fraction 1C-1
o 0 (IC4; 1.1 yg/ml)
0.0 0.3 0.5 1.0 2.0 4.0 00 L0 20 40
(C) Concentration (ng/ml) (D) Concentration (ug/ml)

Fig. 4.2 The inhibitory effects of the fractions isolated of SCS on cell proliferation of
HL-60 cells. The cells (5.0 x 102 cells/100ul) were seeded into 96-wells
plates for 24 h, and then treated with the various fractions of SCS. (A)
Fraction 1~4 from SCS separated by HP20 gel with 0%, 40%, 60%, 80%
EtOH, 0.0~20.0 pg/ml. (B) FractionlA~1C from Fraction 1 separated by
Sephadex G25 gel with water, 0.0~20.0 pg/ml. (C) Fraction 1C (0.0~4.0
pg/ml). (D) Fraction 1C-I~IV, 0.0~4.0 pg/ml. Each value represents the
mean + S.D. of triplicate cultures. Means with differently lettered
superscripts differ significantly at the probability of p < 0.01.
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4.3.2 HL-60 #fUZXTT 27 & b — X DOFHEEH

4.3.2.1 Fraction 1C D7 K b — 3 AFEEH
Fraction 1C [3&VVHEAEEFEINHI IR 2R LTz, & OMIAaFEFE N T BERE 2 B & 7T
T 5728, DNAW LS caspase-3 OIEMALED T N h— A~ —0 —IZ X DT

EITo77,

(1) Fraction 1C |2 X% DNA Wi ik D55

DNA 7 #—it# H\/- DNA WA ko tfs L, Fig. 4.3A & Fig. 4.3B IR T
£ 912, Fraction 1C |XFFMH] & IREKAFIIIZ DNA B A{EZ5 &k Z L, 4.0 pg/ml,
48 WFH TRRMED G HNT,

Fraction 1C (4.0 pg/ml) Time (48 h)
Marker 0 12 24 36 48 0.0 10 20 4.0 (ug/ml)

(4) (B)

Fig. 4.3 The HL-60 cells (2.0x106 cells/6 ml) were harvested by centrifugation, and
DNA was extracted as described in Method section.The DNA fragment
was separated on 2% agarose gel electrophoresis and visualized under
ultraviolet light after staining with ethidium bromide. The 100 bp DNA
ladder is served as a molecular marker. (A) A time-dependence (0~48h,
Fraction 1C 4.0 pg/ml), (B) A dose-dependence (Fraction 1C 0.0~4.0 pg/ml,
48h).
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ELISA £ C DNA Wi h bz & L7 RICB W TH,  Fig. 4.4A & Fig. 4.4B 7R
4% 912, Fraction 1C 1% 4.0 pg/ml, 48 W TR AZNENG S v, B & A KT
Micar bae—L kv 34450 DNAKA{bZS| = Lz,

]
w

[ ]

Enrichment factor (Fold of control)
(&
-
Enrichment factor (Fold of control)

-
-

12 24 36 48 0.0 1.0 2.0 I 4.0
( A) Time (h) (B) Concentration(ug/ml)

Fig. 4.4 The induction effect of Fraction 1C on the DNA fragmentation of HL-60 cells,
as assessed by ELISA. The cells (1.0x 105 cells/ml) were seeded into 12-wells
plates. (A) A time-dependent experiment (0~48h, 4.0 pg/ml). (B) A
dose-dependent experiment (0.0~4.0 pg/ml, 48h). Each value represents the
mean + S.D. of triplicate cultures. Means with differently lettered
superscripts differ significantly at the probability of p < 0.01.

(2) Fraction 1C 12 L% caspase-3 LT PARP D%

Western blotting /£ T AKX 3 [EI#: 0 K LAEHT L7245, Fraction 1C 7% 4.0 pg/ml,
48 B CT AR h—v RFTH VXV ETH D caspase-3 DBIZHENE(L (Cleaved),
DNA DOfEMEEE# Th 5 PARP OBRRATEMAL (Cleaved) Z51&E LIz, m—TF 127

avha—)VH R ETHD Bractin ([T B L 7eh o7 (Fig. 4.5),

Fraction 1C (4 pg/ml)
Time o] 12 24 36 48 (h)
<« Full length (35KD )

e S S— ——

9 - - « Cleaved (17KD)
PARP - — . | <« Fulllength (116KD)
e « Cleaved (89KD)

B-actin | | — — — — — |

Caspase-3

Fig. 4.5 The activation of caspase-3 and inactivation of PARP by Fraction 1C. HL-60
cells (2.0 x 106 cells/6 ml) were seeded into 6cm-dishs for 24 h with 4.0 ng/ml of
Fraction 1C for 48 h, whole-cell lysate was used for Western blotting analysis

with the indicated specific antibodies, respectively.
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4.3.2.2 Fraction 1C-III ® 7 7R b — AFHE/ER
Fraction 1C-IIT IZ@&\ HIfREEsEMsIzh RN RS 7z (Fig. 4.2D), £ T, ZD%)
EMTRBE—VRZLD LD EFHD720, DNA W LS caspase-3 DOIEMALSE

DT IR b= A~—0— DT 21T > 7=,

(1) Fraction 1C-III 1= & 5 DNA Wt A {b ook
ELISA T DNA WrH bz @& L7=#E R, Fig. 4.6A & Fig. 4.6B IR T XK H1T,
Fraction 1C-III 1%, B[ & I EE I DNAW k28 & 2 L, 4.0 ng/ml, 48

RFE ClRRIENE LN, 2 ha—L LD 4.3%D DNA Wrh{bz~L71z,

b

LT 1

0 12 24 36 48 (h) 0.0 1.0 2.0 4.0
A) Time (h) (B) Concentration(pg/ml)

Enrichment factor (Fold of control)
w
Enrichment factor (Fold of control)
+ -

Fig. 4.6 The induction effect of DNA fragmentation of HL-60 cells by Fraction
1C-1II, as assessed by ELISA. The cells (1.0x 105 cells/ml) were seeded
into 12-wells plates. (A) A time-dependent experiment (0~48h, 4.0 pg/ml).
(B) A dose-dependent experiment (0.0~4.0 pg/ml, 48h). Each value
represents the mean + S.D. of triplicate cultures. Means with differently
lettered superscripts differ significantly at the probability of p < 0.01.

(2) Fraction 1C-IIL (2 £ 2 7 7R b — 2 2 OFFE O fiFHT
Western blotting 5 CHEMNT L7=fEH. Fig. 4.7A & Fig. 4.7B # -7 XL H 1

Fraction 1C-II1 7% 2.0 pg/ml, 48 Hf T caspase-3 DPAZEMAL (Cleaved). PARP
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DA ARNENEAL (Cleaved) #—FM<FHFEL, m—T (7 artm—LF "I ETh

% Bractin [ZIXZEA b L7 oT=,

Fraction 1C-1I (2 pg/ml)
Time 0 12 24 36 48 (h)

« Full length (35KD )
Caspase-3
« Cleaved (17KD)
« Full length (116KD)
PARP

« Cleaved (89KD)

Bractin | e— a— S S —

A)
Time (48 h)
0.0 1.0 2.0  (pg/ml)
ﬁ « Full length (35KD )
Caspase-3 e
2 & @ | — Cleaved (17KD)
e ey e | — Full length (116KD)
PARP N
e | — Cleaved (89KD)
B-actin | — |
(B)

Fig. 4.7 The activation of caspase-3 and inactivation of PARP by Fraction 1C-III.
(A) A time-dependant experiment. HL-60 cells (2.0 x 106 cells/6 ml) were
treated with 2.0 pg/ml of Fraction 1C 48 h, whole-cell lysate was used for
Western blotting analysis with the indicated specific antibodies,
respectively. (B) A dose-dependent experiment. HL-60 cells (2.0 x 106 cells/6
ml) were treated with 0.0, 1.0 and 2.0 pg/ml of Fraction 1C for 24 h,
whole-cell lysate was used for Western blotting analysis with the indicated

specific antibodies, respectively.

%z Annexin V-FITC 8L PI CoERMA L, 7u—H A A MU —THIT L
Tzo TOREF, 2y ba— U TIEP T AR b — R 8.72%, %EIT AR b—T A
2N 2.86%7- > 7= D% LT (Fig. 4.8A), Fraction 1C-III % 4.0 pg/ml T 24 KffE AL

FL7ZM T, 7R F— 2D 20.79%., BT AR F— 20 11.51% TH Y
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(Fig. 4.8B), = b — /LRl bt~ 4.9 7 AR h—T ARFE I, —FH., 7
0—y AL, a2y b —/Llifd Tt 4.60%, Fraction 1C-III Z¥shN L 7=l Cix
3.78% ThH 1, RELRENR OGN o, LULEDZ &5 Fraction 1C-III 12 Xk %

HRFEII R 7 0 — A TR TR = A THDHZ ENREBENT-,

A) (B)

4.60% e
Necrotic cells | - La

T 3.72%

-Early.apoptotic cells
10" S
100 . — ; ek
1d 10 10 10 1 10 1¢ 10
Annexin V-FITC Annexin V-FITC

Fig.4.8 The distribution of various cells of HL-60 cells (1.0x10% cells/2 ml) treated
with (B) or without Fraction 1C-III (4.0 ng/ml) (A). HL-60 cells (1.0x105
cells/2 ml) were treated with Fraction 1C-III (4.0 pg/ml) for 24 h, and then
harvested cells were stained with Annexin V-FITC (2 ul) and PI (2 pl). The
distribution of HL-60 cells was measured by flow cytometry at 520 nm for
Annexin V and at 630 nm for PI.

4.4 FHY

HP20 # 7 &, Sephadex G-25 77 2, HPLC (ODS 77 A) O&SHEIEIZLD
B Hivic SCS OAYHE 432V T, b MavkaTE #ErE G fpiie (HL-60) s
HIFEHE & Z OVEFBSFF OGOV O YRR RSy O Bl 2 R A 72,

9. SCS MO L-4 /3 X 5 HL-60 MMM RIc oW TIRE L

7-fE5..  Fraction 1C-III 7% HL-60 #OBGEICHE KOMEIIEEZ R L, £® ICs
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1 1.1 pg/ml T o7,

Wiz, Fraction 1C-TI1 73 HL-60 #HAIZ%t LT 4.0 pg/ml. 48 FiHCHAD DNA
WrAf{bZ8l &# = L7z, F7= Fraction 1C-III 2° caspase-3 DOiEME(L KN PARP DB
HARTEVALEZFFET 22 LI Ko THAMIIOT R h—v 2R 25| & Z LT,

HL-60 #f% Annexin V-FITC 8L PI C&ER L, 7ue—H% A R A R —T
fiEHT L= 45 1%, Fraction 1C-1I1 % 4.0 pg/ml T 24 BREALEE L 7= Ml CTiX, = b
12—/ LI R 4.9 57 R = ANFHFE I NI,

P EofERNS, SCS ¥ @ Fraction 1C-IIT (X, & M EMERTEBENE [ L7 AL

(HL-60) D7 R b —T AZFE L, DA ZIHET 5 Z ENPAL MR- 7,
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BEE VYA EEMOLREEALY v IZXdt PREBESAMAE
(HCT-116) Zxt3 5 RS FEAMHI 2 R K OVEREHF

5.1 k&=

ADERIZEM B RANTHE D DIFRROGERTHLBERERTH D, KHD
SRR 6 FINENICH 5, BRI, WIFMEME 2 &8 F Rt
IR a3 E) LYERRT 2 — 7 . MAEAME 22 CEELRFURIIIS LRV E D
7l RRORERE) b5 b TND, 0D Ao fekx PR3/ MEIC
ET DL NERERT IgA PEASR ARERA R EREMNREEZ T, =T, K
DR e UCRINE Y U NEBE, > — ANy TFRH D, KB Tixons
REDHNME & AET 572D OME ORERPFIET D (B, 2003), KBTI
AN B R TTREN HAE B ISR 2 3RV IR ARl S Cn o i b b 5 (RiEr,
2011),

KIGIS AT EFEOEKL, & IZEWHMEIENSCEEOMEELRR Sk, AX
THITFERIEITHE 2, 30 FH THREEITHN 6 5107 -> T D, 2012 FORFETIL,
Wiy, BSAITHEE . DAFMIBIORBREFETRLE S 3R o7, KB AD
FIERITEMICAR 10 TAHTZY 99.4 AFLE & R 5 AL, AFMFK) 47,286 4 83ELC L T
W5 (A EE A ARFFEIRBLIA, 2013), KGNS A ORIKNIT E 72+ S
TEWRWA, TN THIEDHZEIZLY, BFEREDAEHENRESBEAD>TW
L Eenginolc, o, —HITBEENERLH D,

SCS X, & 3 EIZBW THIRIER RN R S 4L, T OHICHIE U ALHE LPS 5%
PEREF COX-2 FEHLOMBIN R AR ST, TH, flix O LEslEg oM EMid, &
% LR T COX-2 D@EBEFRD H D, COX-2 1T R b — 3 ATk 2 #HHE,
AR ARRE, A HT AR RE  IRHERE R O U, TS B RO &

JEG DR - ERICAFND 72 5 (M 2 FEGHRRICA 542 2 i K0 R RIS B
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T 5 AREESH D ST E 72 GEIF, 2006),

b RIS AR (Human colon carcinoma cells) HCT-116 1%, #25MiaCTh 5,
D AHIES T pb3 BIn 2 AT D (p53 +/+, wild type) F7-ILXKET D (p53 -/-,
null type) b M KIERAMIEERH O . BAMIZET L& & LT, il AIEHEORGE
bt s,

ARETIE, BT VMl HCT-116 Z IWT, SCS 2 W T L/ m~ b/ T 7 4—ICT
Sy LIZ SIS BN T, AR IEMEIZIR K OT R b — v AFEREZH S D
TERMSF 2 LT, £72. 8 4 BIZBW T e MAMERTE#EME (MBI (HL-60) o
BEIEMHI IR R O T R b= AFEREFT H I LN RE iz, BEMTH D

HCT-116 #iifa & y2iEMAL CTd 2 HL-60 ML OFLAS ATENEZ Ll LTz,

5.2 kL Gk
SCS iR EHT, F2ED 2.2.1 BILW 2.2.2 IZHEWFERL L7~

5.2.1 FRIE &Mk

AR RE T E > MTT 1% SIGMA #8144 ] L 7=, Western blotting 7341 H @
B-actin MHLIKIL, SIGMA 8% caspase-3 . PARP Ofifk, Anti-rabbit IgG,
Anti-mouse IgG (X Cell signaling 8% ELISA & MH oMM HF > b
(ELISAPLUS) (% Roche Diagnostics #L#lZfE/H L7=, ZOfhdiRIIiZ, NACALAI
TESQUE #:#8 2 L7,

bt MRS AKIK (HCT-116)i%, RIKEN CELL BANK kW AFL., 10% FBS
(EQUITECH-BIO Inc.). 1% PSG (GIBCO Inc) %#&%» D-MEM ;i (NISSUI

PHARMACEUTICAL CO.) #MH\W T, 37C, 5% CO: 5 T T L7z,

5.2.2 e I O HE

PR TEENEIREIX . MTT HIEEZ2 AW THIE L7 (Hou et al, 2003), 24 HFA(
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B2 L7 HCT-116 Hifm (2.2x10%cells/cm?) ([CHLUEEEOREBIZHIM L, 48 Wk
%, MTTHKR (5 mg/ml % 10 pliwmiiL., 512 4 BEfEEE L2, WEHER

FBAED 4.22(1ZHET T,

5.2.3 Western blotting
Western blotting 43#71% (Hou et al, 2003) TiL, 24 Wiffaiti#E L7z HCT-116
Ml (2.2x104 cells/em?) (CHUEREDOREZIRIML T 0, 12, 24, 48 Kpfifkisk

L7, WIEHIETH 4FED 4.23 1CH LT,

5.2.4 DNAWrf{t ® ELISA 734

DNA Wr b o g &, ELISAPLUS (Roche Diagnostics Inc.) #H\W\T, 7&K h—
VAN Z ST MRICH D e A b/ DNA WIAEEEEZKRIT 5 Z LI2X > T DNA
Wr b % £ & L7z (Sakao et al, 2012), 24 KpfipiE;# L7z HCT-116 /i@
(8.7x103 cells/cm?) % 4.0 pg/ml OFEF,  0~48 W] T, F721X 0.0~8.0 pl/ml ®

B, A8 KFICHLER L7z, HWIEFIEIIE 4D 4.25 IZHE LT,

5.2.5 at AT
K FEBROMERIL, EHEHEER A TR L, AEEREITMEY 7 v =7 [SPSS
for Windows 10.0.7J ] CT{T7>7=, MTT (n=8). Western blotting 33 . ' ELISA (n=3)

OWJEF 3[BT 21TV, Tukey DEZELGHTEIC L DHARBEMRTE (p<0.01) Z1T-7,

5.3 fhER L EEL

5.3.1 HCT-116 FEfuEsE %3 2 $HI1E R
SCS Z4 M-I A% W TEHE LIS Z HCT-116 B dsin L., o s

MFIRN R 25 U=, £9. HP20 57 7 A T4y L 7= Fraction 1~4 T, Fraction 1.
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Fraction 2 3 J O" Fraction 3 23 EIZHIAOEFE 2 #f] L7z,  Fraction 4 TIIHE
72 AR AN EI D RS FRD DL Ze o 7o (Fig. 5.1), WIZHEFEMNHI KD —F @ -7z
Fraction 1 % Sephadex G-25 77 7 ATy L7z, ZDH T Fraction 1A & Fraction
1C 2, AEIC HCT-116 Mifa OMFH A Ml L7z (Fig. 5.2), S O Il AdHEAEHN ] 2h 5
DM 72 Fraction 1C 2 HPLC (ODS 77 &) THrli L7z, 35417 Fraction
1C-TIT 25, AEIC HCT-116 M O#EF 2 #iffi] L7z (Fig. 5.8), F 72 ELUKAFHY 2 B

RGO BN, D ICsfEIx 1.8 pg/ml TH -7z (Fig. 5.4),

HHE

100 A

HY

80 -+

el
O

60 -

Emi

40 -

Cell vibility (%)

Control Fractionl Fraction2 Fraction3 Fraction4

Concentration (16.0 pg/ml)

Fig. 5.1 The inhibitory effects of Fraction 1~4 on the proliferation of HCT-116
cells.The cells (2.2x104 cells/cm?) were seeded into 96-wells plates for 24 h,
and then treated with Fraction 1~4.Each value represents the mean + S.D.
of triplicate cultures. Means with differently lettered superscript differ

significantly at the probability of p < 0.01.

HE

100 A

——i

80 A

——i

60 -

40 -

Cell viability (%)

HHO

20 A

T T T
Control Fraction 1 A Fraction 1B Fraction 1C

Concentration (16.0 pg/ml)

Fig. 5.2 The inhibitory effects of Fraction 1A~1C on the proliferation of HCT-116
cells. The cells (2.2x104 cells/cm?) were seeded into 96-wells plates for 24 h,
and then treated with Fraction 1A~1C. Each value represents the mean +
S.D. of triplicate cultures. Means with differently lettered superscript
differ significantly at the probability of p < 0.01.
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a
a T
| T
100 + 1 a
T
C

80 I
== T
E
=
ey
;.:IS 60 4
=
E
= 40 4
<]
o b

20 4

0 T T T T ]
Control Fraction 1C- 1  Fraction 1C-II  Fraction 1C-II Fraction 1C-IV

Concentration (16.0 pg/ml)

Fig. 5.3 The inhibitory effects of Fraction 1C-I~IV on the proliferation of HCT-116
cells. The cells (2.2x104 cells/cm?) were seeded into 96-wells plates for 24 h,
and then treated with Fraction 1C-I~IV. Each value represents the mean
+ S.D. of triplicate cultures. Means with differently lettered superscript
differ significantly at the probability of p < 0.01.

a
100 I
80 4
2 b
= ER
= 60 A
‘8 C
_a:s
S 0
= 40 A
3 ¢ e
20 f
| | - |
0 T T T T T T
0.0 1.0 2.0 4.0 8.0 16.0 32.0

F;:'action 1C'I|I (pg]ml)

Fig. 5.4 The inhibitory effects of Fraction 1C-III on the proliferation of HCT-116
cells. The cells (2.2x104 cells/cm?) were seeded into 96-wells plates for 24 h,
and then treated with Fraction 1C-III. Each value represents the mean +
S.D. of triplicate cultures. Means with differently lettered superscript
differ significantly at the probability of p < 0.01.
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5.3.2 HCT-116 MifliZxt4 27 A b—3 2 OFFE/EH

Fraction 1C-III 728, A EIZ HCT-116 Ml OMFEZ M L7 Z &L A S iz 2 &
& U (Fraction 1C-IIT OAIAIETEMFN DR AT AR b= AL D b ONEFRDHT20,
DNA Wi {b=° caspase-3 OIEMALZED T AR b —T A~ —h — % fifHr L7,

ELISA (2 XV DNA Wbz &8 L7zfi R, Fraction 1C-IIT [ZMFH] & R EHLAFHY

IZ DNA WrA{b &5l &k Z L, 4.0 ng/ml, 48 FFR CHRKOLENE Sz (Fig. 5.5A

& 5.5B),

c

_1_

'

Enrichment factor(Fold of control)
[ 3] ca

48

I b
| |_‘—‘
1 a 1 ’—[—‘ 1 1 1
0 12 24
Time (h)

e

A)

Fig. 5.5 The induction of DNA fragmentation of HCT-116 cells by Fraction 1C-III, as
assessed by ELISA. The cells (3.7x103 cells/cm?2) were seeded into 12-wells
plates. (A) A time-dependent experiment (0~48 h, 4.0 pg/ml). (B) A
dose-dependent experiment (0.0~8.0 ug/ml, 48 h). Each value represents the

mean + S.D. of triplicate cultures. Means with differently lettered

+

Enrichment factor(Fold of control)
oo

b
g L
a
1
0.0 20 40 8.0
(B) Concentration (pg/ml)

superscript differ significantly at the probability of p < 0.01.

Caspase-3 DiEME(E PARP ®BHZE, Fraction 1C-III 73 4.0 png/ml, 48 KT
caspase-3 DBIZNLMAL (Cleaved). PARP OBRZIARTEME(L (Cleaved) % — & 98k

H jo, u—T T arha—VH R E TS Bractin ([TIZE L2272 (Fig. 5.6A

& 5.6B),
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Fraction 1C-II (4.0 pg/ml)
Time 0 12 24 48 (h)

Caspase-3 « Full length (35KD )
« Cleaved (17KD)
PARP « Full length (116KD)

« Cleaved (89KD)

Bractin: | e S———

(A)

Time (48 h)
Fraction1C-m 0.0 2.0 4.0 8.0 16.0 (pg/mD

Caspase-3 M «— Full length (35KD)

i | « Cleaved (17KD)

===
PARP | e s B . | — Full length (116KD)
— «— Cleaved (89KD)

Bractin |  ———

(B)

Fig. 5.6 The activation of caspase-3 and inactivation of PARP by Fraction 1C-III. A
time-dependant experiment. HCT-116 cells (2.2x104cells/cm?2) were treated
with 4.0 pg/ml of Fraction 1C 48 h, whole-cell lysate was used for Western
blotting analysis with the indicated specific antibodies, respectively. (B) A
dose-dependent experiment. HL-60 cells (2.2x104 cells/cm?) were treated
with 0.0, 2.0, 4.0, 8.0and 16.0 pg/ml of Fraction 1C for 24 h, whole-cell
lysate was used for Western blotting analysis with the indicated specific
antibodies, respectively.

5.4 FHY

HP20 # 7 ., Sephadex G-25 # 7 4, HPLC (ODS 77 ) I2Xk v 57z SCS
DIy EE5FIZOWT, B MRS AMIE (HCT-116) O¥EFEMBIREL NT R h— X
5 ERE DRI N DTG MRSy O B % 3772,
XL OIZ, SCSZ/ T HF5MmfE TR O my 2 HCT-116 A MaciimmL .
A O FEFEIN SN R 27 L7z, £9°. HP20 7 7 A T4l L7z Fraction 1~4 O

. Fraction 1. Fraction 2 3 X" Fraction 3 238 = ICHIIE O BE5E 2 I L=, &
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(RTINS D RN —F & D o 72 Fraction 1 % Sephadex G-25 7 7 ATl LTz, %
?DHT Fraction 1A & Fraction 1C 728, AEIZ HCT-116 Ml OEIE A Ml L7z, &
DA EFE NI B B 23 &> 7= Fraction 1C % HPLC (ODS 7 7 4) THli Lz, 556
L7z Fraction 1C-III, A EIC HCT-116 Ml %84 i L7z, £7- Fraction 1C-III
(2 K o TIREAKAFA Z2MMEN R b RO AL, £D ICsfElE 1.8 ng/ml Th -7z,
wic, HCT-116 MICkt 427 R h—v ZOFEEMEMRFT Lz, £ ORER,

Fraction 1C-II1 78 4.0 pg/ml, 48 FHCHRAZNED DNA Wbz a| X Lo
EMRMEE I T, F£7-. Fraction 1C-IIT |%, caspase-3 DiEMAL LY PARP OBAZ
RNEMALEZFFE L, DAMBROT RN h—v R &5| & L,

PLEDO#ER 5 SCS 72543 L 7= Fraction 1C-IILIE, & KRGS AMIEHCT-116)
DT RN =T RAZiF8 L, BAMBOHEIEZ MG 5 Z AW EnE ol £z,
Fraction 1C-IIL %, & hEPERTEHEME A MEHALZ (HL-60) O#E7Em ICso % 1.1
pe/ml 126 LT, B RIS AHBHECT 116) D5 H ICs EiX 1.8 pg/ml Th -
7. HL-60 fifid & HCT-116 MifaiZ %3~ 2 HEFEMH R TiE, Fraction 1C-III

MRETRENR ORI -T2,
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BOE VYA ETHRBOLREERALY v YHHY OILEEERFT

6.1 f=

B2 BICBWTHY v A BHRMOAREEAL Y v (SCS) sy D3 Eic- > T
R L7, & LT SCS M54y & A7 M5y DA FEIEME: 2 bt L7285 %, Fraction 1C-III
DR WAEBTEMEZRFFT 25 2 &R S L7, 5 3 BT O H T Fraction 1C-1I1
MWLPS ICLVFEINT=v 7 uaAdFx o7 —E-2 (COX-2) DRBLEZABEIHH L,
¥7-. Fraction 1C-III iX LPS #FEMHRIELIED ICR ~ 7 AZBW T, MiFHO%
JEVERFTH 5 IL-6° TNF-a # "7 H L~V 2 KRS E5 2 & T, JEVEEEZ
BRI L7-, %5 4 %5 L0 5 2 ClE, Fraction 1C-III 23 & b AWVERTE BEME A 54
i (HL-60) #ifaf OVt kKRG ML (HCT-116) O 73 A MR FEanH/ER & 7 R
NV AFFEIREGT D I L ARBE T,

AREETIE SCS O D A FRIEME R 43 12 DU TSR E AT 21T - 7=, & E BT
X, AHEMER S TH D a P (3-Deoxyadenosine) N FE/ET S (Kim et al,
2002) Z LG, ZFOREME AW TARRIEMAZ D Fraction 1C-IIT OIEMEME DAL

EHEORRYT 21T 5 T2

6.2 ELE 7k
6.2.1 FEhFHR

SCS O4rmEEHT., E2ED 221 B LN 2.2.2 IZHEWERI L7~

6.2.2 LS IE
i VDR B & DTSy DAL E DENT 21T - 72 (Zhu et al, 2011;
Masuda et al., 2006; Yang et al., 2007), =2/L 2t ' (3-Deoxyadenosine)iL. F1:

ML T3t (BR) K W IEA L7z,

_49_



6.2.2.1 HPLC fi##T

HPLC | B HRERFT O LC-20A ¥ AT L% HAWT TRt D4 T Fraction 1C-111 3
L anrvye e U EnOREEITo7=, B~ 75 LC-20ADVP, 4 —7 17 A;
CTO-20AC, UV/VIS gk SPD-20A, #— h# > 77 SIL-20AHT ZflifH L7,
717 L; Cadenza CD-C18 (3 um, 75 mmx4.6 mm 1.D., Imtakt Co.), 7 7 AEFE;
40°C, B#htE; (A) K. B 7 r=HFVU, ¥Ed; 1.0 mU/min, 2~19% B (0.00
~8.00 min), 19~100%B (8.01~16.00 min), 100%B (16.01~20.00 min) & L,

HEEIX 260 nm 2R E LT,

6.2.2.2 FT-IR fif#Hr
FT-IR/IRT- 3000 ATR-30-Z (JASCO CO.) (2 k2 FEIL, ERHIERE (ATR) 12
L0 BARIREZ ATR FRBERAFRICE S, B LARN L7 Y XAICHEE SET

HIEST D Z & TITo 7=, HIEMEEIT 400~4000cm™ & L7,

6.2.2.3 NMR fi##r
H-NMR 2~<7 kL, JNM-ECA600 (JEOL Inc.) % AW CTHlE L7z, %7k 3mg
Z DMSO-de (600 nl) THMEL. 5mm O NMR F=—7\ZB L CHIE AT 72, 1E

WAL EMZIZT T AF LT (TMS) % V-,

6.2.2.4 LC/MS-IT-TOF f##r

BESERF O LC/MS-ITTOF 2 27 L2 LV FRRO&MTRIE 2{T-72, LC &
B8 HERS LC/MS-IT-TOF, v A7 A2y hu—7 ; CBM-20A, #iE—L=
k; LC-30AD, 4> 747 HvH ; DGU-20As, #7 LA4A—7> ; CTO-20AC,
F— ~¥% 2 77; SIL-30AC, LC/MS V—72 27— = > LC/MS solution Z{fH L
72o 717 2; Luna 3p HILIC 200A (3 pm,150mmx2.0 mm I.D., BHEY —x /Lo — ),

BT LR 40°C, BEH; (A) Smmol/L IR T =7 A-f5Hlk, (B) 7k b=+
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U /b, it 8 0.2 ml/min, 98% B (0.00 min), 30% B (6.00~10.00 min), 98% B (10.01
~15.00 min) & L7=, MS &f: A A b — F; ESI+ MEEH AHfif; 1.5 L/min.,

DryingGas /£ ; 0.10 MPa, HI#[#)E ; +4.5kV, CDLIEE ; 200 °C. BHIEE ;
200 °C. Scan i ; MS! m/z 150-2000, MS2 m/z 50-2000, MS3: m/z 50-2000 T

HoT,

6.3 MR L BL

HPLC (2 X 2B O{LFfNTIciE, 2 vy v B (Fig. 6.1A) & Fraction
1C-III # /=, Fig. 6.1BIZ"T XK 912, Fraction 1C-III & =L B E[E T
VrovaryZA4 LThol,

2 coocoo—]

] Fraction 1C-1II
1 50000

1 ooooo—]

% S0000 1 |
=, ]
=
o
NH2 4 0.0 2zs slo 7's 10.0 12.5
=
==
N =N £ .
</ | 2 zoocoo cordycepin
HO. v /J =
N 1 S000
O
1 0000 }
50000
OH o o
CI.D. ’ . .2!5. ' ! YS!CI‘ . ! ! 7'5-Y ’ ’ .]C‘I.CI. ! . .12'.5. !
3-Deoxyadenosine Time (min)

Fig. 6.1 (A) Chemical structure of cordycepin (3’-deoxyadenosine). (B) HPLC
profiles of Fraction 1C-III and cordycepin. The mobile phase A was water,
and phase B was acetonitrile. The absorbance was measured with 260 nm
at 40°C.

FTIR 12 L B 5 DALFfEMT I oW T, Fraction 1C-IIT %2 FT-IR TH#F L7-%&
B 3325, 3120, 29191 O-H L N-H fifEiEE O IEE (cm™) 2D 5
L. 1670, 1608 (2 C=N H#EIE#E 22 & ONZ N-H Z ARSI OWRIGEE D L/ R

NELNTZ, ZNOLDEIFa LD e EES L IFIEF—K L7 (Fig. 6.2),
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Fig. 6.2 FTIR spectrum of Fraction 1C-Iland cordycepin (400~4000cm).
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O EIFIE B L7z (Fig. 6.3),
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Fig. 6.3 TH-NMR spectrum of Fraction 1C-III and cordycepin (600 MHz, DMSO-ds).
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LC/MS-IT-TOF T & 217/t TlE, Fraction 1C-IIT X, Fig. 6.4A (TR T X 95

MSUHIE X Y m/z 252.11 (C10H13N503+ HY) v"— 7 23k S iu7-, MS2HIE L D m/z

136.06 (C5HsNs+ HY) v — 27 23 &, @i L 7=¥%5%3 1% m/z 116.05 (C5HsOs+ HY)

CHEE SN, MS3HIE XV m/z119.03 (CsHaNs+ HY) v— 27 23S/, LLEo

fERIZ, arUE O iZIEF—E L7z (Fig. 6.4B),
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Fig. 6.4A LC/MS-IT"TOF spectrum of cordycepin. The mobile phase A was

5 mmol/L ammonium formate, and phase B was acetonitrile.
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Fig. 6.4B LC/MS-IT-TOF spectrum of Fraction 1C-III. The mobile phase A was

5mmol/LL ammonium formate, and phase B was acetonitrile.
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Fig. 6.4C Chemical structure of cordycepin.
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6.4 ZK

AMEEIAET HIHEDE 2L v U2 AV, HPLC, FT-IR, NMR
B LV LC/MS-IT-TOF ® 4 2D HEIZE Y SCS o557 EMEE S Fraction
1C-III DAL AT 21T > 72,

9. HPLC o#r&k v Fraction 1IC-III L 2 LU T v a XA LNE
CTholo, WIZT FT-IR OJIE TIX, W DO F723 FiX,  Fraction 1C-III &
AT LEE—HK L, &5 NMR ((H-NMR) Z#rfi b Fraction 1C-1I1
D NMR DA hvkardwer LiziE—#H L7k, &%IC LC/MS-IT-TOF #& 5
#, Fraction 1C-III ® LC/MS-IT"TOF ® MS A7 kLt a Lo OEiite
IFE—F L7,

L b o i A R X v . Fraction 1CIII & F kN =Y & B

(3-Deoxyadenosine) TH D I L&A RIB I Tz,
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T a— RN, EIRICE LA E BT b T TH D L RIRFIC, IR
ERETIE b HDH, FOIE LY, FOEEBAGR S, ARTTKEE A Bk
FET N a— VBB OBRBE R RO b TND, IV XY ALBEF T a1V, D-
vV =h—, BD-INAH BBEBIORY 7z ) —VEOABEER ) & BB
B, PURIEZNR, DU, ERRIESE Ok % 72 BEME A L, BEReMERM L LT
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M To B 53D T HIEM D R K O3 Al B s AE B B RE 22 2 4L € HUieat L7,
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ZHH LT, 72, RIEBHET L ThH D ICR v U A Z AW RIEME~ 7 A SR TRIEHE
BRick W TiE, KIEEWET L (ICR v v R) FBRIZE W TIE, Fraction 1C-IIT 73 %
JEMERF IL-6 X° TNF-a & > /"7 EOMiEH L-b 2 IR S, ~ 7 AD 2T
JESER A2 FR A0~ B R RO BTz, £ - T, Fraction 1C-IIT 1%, FIRIEEHZH T
HZEDRH LN oT,
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wIZ, SCS B O AMEMERFTT 2720, b M AMERTE S 5 s i i
(HL-60) KOt b KRGS AMAE (HCT-116)12 % 2 BEFEMHIZh BB VT R h— A
TG AR & T,
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SLEE L 7= HL-60 fHfa (4.0 pg/ml, 24 FER) (21X, ROABEHIIR L Y 4.9 507 H F—
ZAIRNFRD BTz,
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DNA WA b ZfF8HE 42 2 L IC K-> TS AN F = AFFEORE A 5 & 2
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RS TR RE 2 FF D 2 & DS L OB L~V T B 2 b 72 ) | 20 E7eiE MRy
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Summary

Alcoholic drinks are favorite drinks for many peoples. However,
alcoholic drinks may adversely affect health. The research and development
of healthy alcoholic drinks are desired for consumers. Cordyceps militaris is
a traditional Chinese medicine from a genus of ascomycete fungi, which
produce a diverse variety of bioactive metabolites including cordycepin,
mannitol, polyphenols and polysaccharides. Accumulated data have showed
that Cordyceps militaris has anti-inflammatory, anti-cancer and
immune-enhancing activities, and been used as healthy supplement. To
utilize the Dbioactivity of Cordyceps militarrs, the spirits, named
Kinkirishima (SCS), was manufactured by soaking Cordyceps militaris in
sweetpotato shochu. In the present study, the bioactive fractions were
separated from SCS by HP20 column, Sephadex G-25 column and HPLC
(ODS column). The anti-inflammatory, anti-cancer activities were then
investigated at cellular and animal levels, and the bioactive compound was
finally identified at chemical structure.

First of all, the anti-inflammatory effects of SCS extracts were
investigated in mouse macrophage cells (RAW264.7). The fraction 1C-III
(F1C-III) showed a significant inhibition on cyclooxygenase-2 (COX-2)
expression induced by lipopolysaccharide (LPS). In the model of mouse paw
edema, F1C-III significantly reduced the level of IL-6 and TNF-a in serum
and further attenuated the paw edema induced by LPS.

Secondly, the anti-cancer activities of SCS extracts were determined by
investigating the abilities of proliferation inhibition and apoptosis induction

in both human promyelocytic leukemia cells (HL-60) and human colon
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carcinoma cells (HCT-116). F1C-III had significant inhibition on the
proliferation of both HL-60 and HCT-116 cells. Molecular data showed that
F1C-III induced apoptosis of both HL-60 and HCT-116 cells as characterized
by DNA fragmentation, activation of caspase-3, and cleavage of poly (ADP)
ribose polymerase (PARP).

Finally, F1C-III was identified as cordycepin, a major bioactive
component in Cordyceps militaris, using HPLC, FT-IR, NMR and
LC/MS-IT-TOF analyses.

In summary, these data demonstrated that Cordyceps militaris spirits
soaked in sweetpotato shouchu possesses anti-inflammatory effects in both
cell and animal models, and also showed anti-cancer activities through the
suppressing the proliferation inhibition and inducing apoptosis in both
human promyelocytic leukemia and human colon carcinoma cells. These
results provide insight for understanding the bioactive functions and
underlying mechanisms of Cordyceps militaris spirits soaked in sweetpotato

shochu.
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