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AR, LT olgahs L Olg 5 2 v 7z,

AGLHW autodigested Ganoderma ligzhi hot water extract
AGLPS autodigested Ganoderma ligzhi polysaccharide fraction
ALT alanine transaminase

APAP acetaminophen

AST aspartate aminotransferase

cDNA complementary DNA

CHCl3 chloroform

DNA deoxyribonucleic acid

DNFB 1-fluoro-2,4-dinitrobenzene

DNP dinitrophenol

DNP-HAS dinitrophenol-human serum albumin
ELISA enzyme linked immunosorbent assay
EtOAc ethyl acetate

EI-MS electron ionization mass spectrometry

FG fermented ginseng

FRG fermented red ginseng

Glc glucose

GH glycoside hydrorase

GLHW Ganoderma ligzhi hot water extract

GLPS Ganoderma ligzhi polysaccharide fraction
GPC gel permeation chromatography

HMBC heteronuclear multiple bond correlation
HPLC high performance liquid chromatography
HRESIMS high resolution electrospray ionization mass spectrometry
HSQC heteronuclear single-quantum correlation
IgE immunoglobulin E

INK c-Jun N-terminal kinase

MeOH methanol

NAC N-acetyl cysteine

NAPQI N-acetyl-p-benzoquinone-imine

NMR nuclear magnetic resonance

PI3K phosphoinositide 3 kinase

PPAR peroxisome proliferator activated receptors
QOL quality of life

tR retention time

RT-PCR real-time polymerase chain reaction

TLC thin layer chromatography

TNF-a tumor necrosis factor o
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COVID-19 (Coronavirus disease 2019) IC X % ¥v 7 I v 7 O REHLICHE W, 2020 FF0 HA
DHAEBITBERD LY, DAL S EAIEL Tw 3 [1], —77. 2016 FED HARDE
FEFdrid, B 72.14 F L 7479 FTH Y, 2010 FrbZNZN 172 L 117 FIE
LTW3, LaLadsb, e oErBETIE 8.84 £, KMHETIE 1235 F£H Y,
ZDEZTEBLRY/NI LT 27720DEHRIKD TV B[2],

e B ERPER T ICKE AP ELZRITT L OEZ 2 b, AEEHE, FFcBEErR
BEXN, 7TAYAEZAAPZER (NCD i< XY BA PRI S hsLezaa+
ZEMBET Iy FRICHRZTFFAF X7 =X Iy PR REINEB], hit
2, %, TARI AR, KV 72—, TAAOA R, haT ) 4 KD ER
THHICEEREE AR 72T 2 LAER I N, HRICE W T 5O RIEEAEICRIT 2 15T
BEAITDILT W 5,

—J7. I, WY, B, A D 2 ISR IR L 33 REMTH b | SEH,
EMZEDO T N2 OREZ X2 T2, EEOBREM L, Bfh & FRICZ O ichk T 5
7. X DEFERALP I LT 7 BB 2 5 2 2 BRI L THIRAEE I A Tw»
%

HAANIZAE D P oMEY 2 PRI L C & 72, BERE, B0, FLRRE 72 & oEmIZ.
BT 2 0@ TH &1 CHRRLEME BT 2, cno oMo &t
DENEFH L, TLOFEM IS L CREEED [ E JRBE-CHRE D IELFE D W R A3 7 17256
BERMDSHAREH TS BRI NT WS, /2 BRBICXVELZRY 7 =/ — G,
RTF P, HDE0IEFKRY T I VEOKREMEICEH L 2SR X LT\w» 5[4-6],

FREOBEROT, EHIIAEECS O R 2 WEEELMNEG T2 FRE LCRBICERAL. AS
FLRERIC CHEEL - RAS N OEZ % B OH L 2R EZIC0W» T ORBBEI.
A Nz % DB G Gy DYRBRIFTE 21T - 7=,



B1E LRI ONWT

FET AEROBE L R

EE L X, ANORERICEILT S BT, Y. Y. BEYI B 5\ XSS O RIKEM %
IS T L 2bDTh B, BEHUHIE, o 0ERPEHFEHAGDEZbDTH D,
AHEDOHA G DRI XY SRR F 2R, BT OEER) L. BRI O IRERIR SR I
XOREN Tz e T v ABREBI N TV 5, EHMOERBRT O ER2RMIHICITE > Twin
Vo Z OFRERNCIE, REBCESE O AP IS 3 2 BRI LI TH Y | IO EYREE IS
T3 OfIA% HI & L =WF5Es i ificitbh v 3,

EIO MW 7N T7k e UC RO 0BER, vbif, ol 3% o s, X5,
HEEDT, WECRFE DR B, FEOKREA S HE LT, ML, 23, M2
REDMLBTONDZGERDH Y, ZD X5 RMLEER LS, BRI 43 L LT,
Wrde, P, ALE. MTHTHEsMmshTwv 3,

422X, Zingiber officinale Roscoe (Zingiberaceae) DIRZEZHzME L 7243 TH | Loz
BN L Cl6]-¥ v e —% 03% U EET & HARERTICHE SN TW BT, —77.
WA CRFEREY Z, SE L IR L TR OWEL b DTH Y, [6-> 2 v T —1%k
0.10 %A L&D L HASERFHICHE I N TV 3[8], EEICEFINB[6]-Y V7 u—E
BICXOBIKL, [6]-3 3 VA=K I N B[9] (Figure 1.1), AEZ ISP ICHRD 5
L. R @EEA. SR 2R L. BRGNS, REERNG R &% < ol
HICRAIN T2, —F, EIHA2WET 2EAZHINE LT, KEHRE. A58,
NEEG . PEEOGHFICHER I T»5[10].

O OH )

HO HO
OMe OMe
[6]-gingerol [6]-shogaol

Figure 1.1. The structures of [6]-gingerol and [6]-shogaol.



SR AL DG AESECH 2 I D . BIRIC K VERIZED 2 EH L L THIb T W 5,
7 /1% YAV Rehmannia glutinosa Liboschitz var. purpureo Makino X 1% R. glutinosa Liboschitz
(Scrophulariaceae) DR A HIE L 72 H DIFFZHIEE | 7K L 72 RRICHE L 72D D 3 ME & L C
XAl B[11], fedidsixibim, i, Rz ERE L, —77, 2 s mE 2 H
MIcFEN G, PHECTEAZLE—L L=< VF YV AD REDA I F A Folezi
BICHRTELLLRED LT3 2 L 23R S T 5 [12] (Figure 1.2),

HO HO HO HO
H H H H
N OH
HO" - Cl- Cliv--
o H o H 0 o O H o
HO HO HO

catalpol rehmaglutin A rehmaglutin B rehmaglutin C rehmaglutin D

HO

Figure 1.2. The structures of catalpol and rehmaglutins A-D.

FEREIC X BIETREX N B AESR E U CHi & T8 H 5, Wiz, BIGES. S, ©
FVEORERICH L THW O N2 EE IR RIRGICE A I N EETH Y, FEHOHMTH
%, ZDIMNTAEE. PETIE, MEICHC, FNE, &, BH. HEoMK 7213080t
ZRA L, KEMACT—ERE CHREES &, NEORMICEBDRERRE T & % ITH
DH L TR X2 2[13], HATIZ, KERLCBRICX VRS- 02 ML LT
%[13,14], I IZEEREIC N 2 €, FLER . MiE R & CEBOMEYSEFEL B0, 20
F D SRR R S T B[15].

REET, REOMHT 2RI E7-2bDTHY, ZDHEREEL LT, TERL. PEHx.
TEZBR IR ® 2 & S, HRMERE . L. R, FETEL L TR SN 2[16], FEE
DRFEICHKT 2 RFEW U7 TH 2 IRFELORERER TH b | FEEFEL . R, B
PZICH) o KEICFEECHE R LOMIREZTINE € CTH b, AL THREX & 2 8ESH S
nTw3([17],



2 f AR & G

B

EIE oI iE, IR, BNHEIC X 2 R A2 ZFENEEL 2D D0 5, Rheum
palmatum Linne FF DXL EJF L T2 KEICEENLI Y /Y FARUBIE, 7vAu Y
TREICI VA =20 2 TG LR TS S, kv v FPEIZKEOE TERKS
ThH, HERERH Y /Y F ADEGEPHEINTVA[18], v /Y FAKRUFBOD
23T DN a— Rk, BBND Bifidobacterium JEMIE DFFDB-7 v 2 v X —IC X o THIK
SMRI NI, BITHGEEZE TH B YV E 7 J v &I X W IERENIRTTI N, 10-10670
RFE—RFAEEPHHT 2L ICL VL4 v T v Ae VTSN 5[19,20](Figure 1.3), L
AvrTvrue v IcEMERRS s L e, BNMEZREL -8Pcey 7 v P55 L
THETEMAB ANV b, BRMEREYTHE 2 LA VT v 20 v SIEHEARE
ThHDH DRI NTVB[21,22], will. K& HEZAER L T2 KEHELICEY
T. HEA Bifidobacterium BHIEFEIC X 22V 7 o F AR#ERET2 L, $7-. CDE
TR EMEMEOEEUC X o THIf X 2 2 &L 3B 5 221 T T W 5[23-25],

Glc\O

O OH
Lol PPi
COOH

H, H —>
COOH —
COOH
rhein anthrone

H
GIC/O 0O O

10-10' threo: sennoside A
10-10" erythro: sennoside B

Figure 1.3. Rhein anthrone as a metabolite of sennosides A and B by intestinal bacteria.

Pueraria lobata Ohwi (Leguminosae) DRz i & T2 BMRICEEN D4 VvV 7 7K v C-hikE
HThd 77 Y Vit v MENHIE D 5538 X L7z Ruminnococcus J& X UF Dorea J& & HHF]
HoE Wl (GenBank accession No. EU377662)IC X > T/ Vv a—R & XA €4 ViCnfifd
N3 EPPLPICINTN3(26,27], T2, BIRICEINEA Y 7 TR VKA TH 3 5
A XA X Glycine max (LY T ORKSr & LCTHhHIS N, BNMEIC X - TR & 1.
ZA XA Ve T B[2829], XA €A VL. Slackia J&*° Lactococcus J&7s & DRGPAMIEEIC X b |
IR a7 VIHEEDEN(S)-T 7 A — IR X 405 [27,30] (Figure 1.4). Bo AT B 5 13 AFE
CEANMICE T 2E2PKE L, HRATIE 50%, BCKATIE 70%D AT 7 A — LV IEERE
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FHTH B[29],

HO (0] HO (0]
puerarin O | \@j
0 0 >
Glc | 0
daidzein OH (S)-equol OH
(6]
daizin OH

Figure 1.4. The metabolites of isoflavones by intestinal bacteria.

ZDXHiT, A, FrCERHAEO MR BHZIGNME & B BEb > TE Y. Z D325
NEEICEEINZ Z EBHLPICE Y DD0H 5,

ANSY

53 H HERE 52

1900 FUE 2> & BEIEF D 578 % b I BERF o H 2L I o W T2 fTb T\ 5[31]. H
CHfL & 13, BERFECHIEEO AT M2 L 258, % OB 23 H & DR IC X - THfR
INDWHRTHD, INNF—X, TuTT—¥, XIZ/LT —X¥REEOBEREOFHEICLY
WK 2 b A ) ThE, 7 2 Bk, BEERAE U 2 72| BEEY) O JRIK R % o S E IR
57 3[32), RO BOHLICIEM I HZEL, RICX 2L 77—+, Bic7ur7—+Xick
% AR D RHEEV DS BRI IR R 3 5 [33), HBB Aspergillus oryzae %, ' v a2 — AIEHE
e, BEMESH T e THOHLERRY 223, 2% 7 v a— 2RI k> THCHLIR
FHEI NS, /2. ACHLITX 5T, 90~100%DILEE. 75%D T 2 7 . 20%D L H
W LEBEIND L BER TN T B[34], Aspergillus nidulans ® HEHALICIX, FES:
CFEET B(1,3)-p- IV hF—E*FF—E 2D 5[35,36], RELICX 2B TN D
ASEOMHCHETEIC B VLT H | RO CHEE S N EREORBED ITINAZ, Zhbo
HOHbIc X WAL 2RBEMDREINTOE L BBEI N,

HEMEICET2HTHEEIR, 204 B [0 | LWEENE TEEZEMT 5, HTH
HicBWTH, ZNbDENT—H, B-I VAT —¥, ¥FFF—¥, Tur7—¥, X271
T — X EDONKS RS & HAMLICBE T 2MERED ST\ b([3741], vV
k2 X Coprinopsis cinereal 1%, BCOHLDOBRETFFF—LiEMSEmT 2 LR

9
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TH Y. glycoside hydrolase (GH)”7 7 X U —T» % GHI8 ORI LAMPMHEE I N T WS
[42,43], £7z, v 7 vetazxrr»roHCHLICEEDS 3 EHDA0,3)-p-7 v F—Ep
FE XN T\ 5([44], ¥4 27 Lentinula edodes 1%, WHEH1Z GH30 T» % LePus30A D FEH]
B EF L. MlEEED(1—6)-B-p-2 A v EHCHILT 2 2 EAREI LT 5[45], HEWIL
X, v A4 27 DEREESFECTH 5 (1—6), 1—3)-B-D-7 V71 v DERERAD X &, £ ORHEN:
ICHE LRSS e EREIN TV 3[46], 2o Xdic, HEWMLZHHT 32 &icky,
HYREEOB-I N A v x T v ix EOREKE S 232 2 L AR TH 2, HOHILZIA
HMOREEL & b 2, BEIICHIHT 2 2 & c, ARICHES W HTREEOH - miREl: %
A3 2 FMERPHRECTE 2,

UEoERoT, EH5IFBICER L. AS%Z IR Lactobacillus paracasei A221 FRIC T

FEWE L RS R EZ % HEHIL L 2R Z 100w T OMAEMERTE, O % DB

5oy DRI 24T 2 72,

10



RMEANZDOT 2 b7 17 7 = EFEEE IS 2 JIHIRIR & £ ORISR D

H
[\S)
gl

B1HEH ASLilsiconT

AZLH S, WIhd At X4 =YV Panax ginseng C.A. Meyer DR % JEJ7 & 3 % 423K
THb, HEERH Tl AR TAH 23 =v Vv O ZBRVG R IT 2R B L
L7zb D), fIZE (A2 4=y VvolReZ&L2bDTH S ] LREI T 5[47,48],
HENICEWTHRD Z A, A2 A=V Y VvOREBL T ICR BT 5720 Bk E D
FE AT HEREELEIN, 2o, RIARFZHMWICAH 2 A= v VY OREBIRL D
DHPBTH 2, ZDBROMFEIC LD AERIC L 2 D HER S N, AS LS DH
BhDENITONT HIFFEDTERICTHED b T\ 5[49,50], AS LA BT, £ DT
b, IRV, BHE, RV TxFLyTra— L FichkTreEz2LNE, AS LS
DIR=V IV FAF IR~ VRN TAxvofitikchd s, v+
JHA PR 370 b FEFIA—AE, Pk HA FRg F7 8 FoSFFH YA
—AET 7V avEeTIREMEY /4 FTHY, WiFIZ. ASLASOEERS L
LCHAER T TERPHEIN TS, oY vy /A4 FE LT, YVt /%4 FRb
D2 MOKEGINIT—=ART I I T ) =R oY v/ F A FRby, 778/ 7
7)) —=RATHBEY V) HAF Re. KifiZva—ADkwy v+ /+ 4 F Rd & EHEHED
W& B 2 LAV LEH ST\ B (Figure 2.1),

11



Glc-°Glc-0 =

Glc-2Glc-0

ginsenoside Rb; ginsenoside Rg4

Ara(p)-8Glc =

Ara(f)-2Glc-0 =
OH \
H /20

Glc-2Glc-0 Glc-2Glc-0

ginsenoside Rb, ginsenoside Rc

Glc-2Glc-0O

ginsenoside Rd

Figure 2.1. The structures of ginsenosides Rbi, Rgi, Rbs, Re, and Rd from the roots of Panax

ginseng.

H2H P v/ 34 FORPNMIRIC X 2R

vk A FHEBIBRMEIC L > TR#EEn, BirYavafbansg zbic ks
AT ATV T4 0 EEZORFYI O A DEYREESHE SN TWB[51], 2 v 8y
YFK F, YvE /%4 FRb 5520 (LICEERAT 2 270 a— LS oERE 2 ) 2
LI NTAGHEY T H V. PURAE[S2). PUEE[S3]. PUBEPRIE[S4]. #hEfREE[S5]7 &%
BERIETEZ R T 2 & A T B (Figure2.2), —J7C. IBRMIE#EDEVIC X Y, B
KEF5av Xy v F K OFEERICIBEAERD Y, HARDO A0 IR OE N IR

12



HELTw3LEZLNTWA[56,57], D720, TOI X4 = vy v 2R v
THEET L LICEYav Xy Y FK 2658 LERBEAS ORI L HRVIAD > T 5,

compound K

Figure 2.2. The structure of compound K contained in fermented ginseng.

B3E TebPT I 72y LffEE

7 b7 I 7 x V(paracetamol, APAP)IX. DI I N 28FHITH H . —MAHEEMS
LLTAL RIS AT 28, Z o@fIBRUIEAMEFEELZEC S L 8HbNTw 2
[58,59], C DfEE X, AFl&- oY {CHEESE CYP2EL IC X U APAP 2L I /= N-7 & F
Np-_V ¥ ) v A4 Iv (NAPQD) ICX o> THIERZ I Db, TDNAPQI X, V& F A4
ViaGic X W LS N5 A (Figure2.3). NAPQI 2SEEICIFET % & 7V 2 F 4 v HHhiE
T30 ES 522 LEZLNTWE[60], ZD=®, F VX T F v OHIEKAKT
H2N-TEFNLL AT A V(NAC) 75 APAP I X ZFEEDRIER L LRI T3,

L2 L7285  NAC 512 b b b 37, FFBEE 23Hkie 3 2 il 23k T T v 5[61,62],

NH, b 0
Hooc/k\/“j(N\[%LH/\COOH

o)

S

OH O OH
0 /I:::I/ CYP2E1 /ji\ /[:::T§ glutathione O /[:i:]/

)J\N N/ )J\N
H

H

acetaminophen N-acetyl-p-benzoquinone-imine glutathione conjugate

Figure 2.3. Metabolism of acetaminophen.
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% 4I8  FLEEE Lactobacillus paracasei A221 BRI X % FEli#

FURE Lactobacillus paracasei A221 FRIZFFR7: exo-(1,2)-B-7' v 2 v X — G % & Tp-
rnar X—viEt e H 32 AME L LT BRI NARETH Y, ThE
TICY vt/ F A4 FRby D 3MICHEAT BB-p-7 T2 -(122)-B-d-7 VI =A% ED, 20
PLCHE AT BRI 7 v a — R &2 NKDE L. compound K #EAET 2 & & BRI LTV 5
[63]e & 7z, L. paracasei A221 Y13 7 7 7 FFHili¥) <& % /r — )V Brassica oleracea var. acephala
D7 v 7 za— VEHHRD 3 ALICHE S 5 B-p-7 0 2 2 -(1-2)-B-p-7 b 2 — R EJNAKSY
fRTazbicky, 727VavThzdry7zu—LORIEERAEX® 32 LG
IC X TV B[64],

AWFE T, L paracasei A221 ¥ 7% v THAHL U 72 F6E NS L O FEREAL 2 D BEREN: D PR5R
L LT, APAP IC X 2 IFRES 1T 5 2 %0 R 2 3Hilli L 7=,

14



2l TRET I 72 VHEENEEET AT Y MICRITTRBEAS L URERFLS O

B 4R
wE

H1TE REASKUORBASOY v/ 34 VL 2 OREY

FrA=v o SRR REANS (FG) LALS % FElE L 7= FALZ (FRG) IC
DWT, ¥ v+t /%4 F Rbi, Rbo, Re. Rd. Rgis KUZ OREEYITH 2 a v 57 v F K,
T7YVavehs7Tu b FEFF YA —A% HPLC #HVWCERL 72, HKEASIR, ¥
v/ ¥4 F R EHED 05mg/lg THo=DICHL, a3y XU Y FKIF7.Imggaihn
T\ 72(Table2.1), TN E TIT, L. paracasei A221 FRICX Y ASH DY v+ /¥4 F Rby 282
Vo v R K iCfREENnNg 2 EARMERINTE Y [65]. RFFEICHWEZRIFEASITE W T
DIVARYYFKBERAINTWE Z EBHERINT, RIFZE, 2 v "y VY FKERE
2 12mg/g TH Y, FBAS LKL a2 v Xy v FKEREMEW T L ARSI Lz,

Table 2.1. Contents (mg/g) of ginsenosides and their metabolites in FG and FRG.

Rb; Rb, Re Rd compound K Rgi protopanaxatriol
FG | 0.540.10 1.2+0.15 6.2+0.51 1.4+0.34 7.1+£0.17 0.7+0.09 0.5+0.08
FRG || 0.140.01 0.3+£0.02 2.6+0.17 0.4+0.06 1.2+0.05 1.340.14 0.3+0.04

F5 2 AAUER M YR B AR IS X B A S R O FERAAL S D TR E
A R

9 ERGDOMEMEZ v b (Wistar) Z&HE 12088 722 X 9 SEECH T, REAS. REALSE
50 mg/kg % 8 HEFGIRE G L7z, BtEtige UC. FFIRIREERD R & BTR LIS 3% &
Ny I)evz 569% HT2vY~v)vyzdx (SIL, 7 A7 HE MK Lot
SIE031013-000) 100 mg/kg % FIfRICHS- L7z, 7 HHIC APAP 500 mg/kg #* iRk 5 L .
24 Wl I g A A (AST, ALT) % &Fifi L 72,

Z DFEF. APAP 500 mg/kg DHES1C X 5 AST & ALT O BEE BN HERE & 4u, IFFEE O
FENRD NIz, KREASOHEICE Y, AST & ALT OBENNIAE B ICHIHE] X v, Bk
Rchbzsr )~ vz LFABEOITIIEN TS o7, —77 T HALSHLGHETIZ AST
& ALT Oz i3 2 Hm s A b iz, AEERBELNERD 57 (Figure2.4), T4b
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DGR B, FEFEANSITE APAP FHENTREEINGEE 2 M2 L 72,
*P<0.05 vs Veh, # P< 0.05 vs Con
a b

5000 - * 2500 *

4500 4

4000 4 20007
g 3500 -
D  3000- = 1500
— 2500 \2/
2 —
<< 2000 —1 10007

1500 - <

1000 4 500

# # #
500 - #
0 - 0
Veh Con FG FRG Pos Veh Con FG FRG Pos

Figure 2.4. Effects of FG, FRG, and SIL on serum AST and ALT levels in APAP-induced liver injury.
FG: 50 mg/kg of fermented ginseng, FRG: 50 mg/kg of fermented red ginseng, Veh: vehicle, Con: 500
mg/kg of acetaminophen, Pos: 100 mg/kg of silymarin ext.

T D ICEHMIC APAP BRI EG T ICH T 2 BEEASIC X 2 REXNR 2L ST 2729, APAP
b2 6 48 Wit O FFIR O R BAHAR AR A % 4T o 72 Vehicle #f & bk L SHIEHE < 13+
AR ERZFHIAE D ZE R 25t 233280 & d, ZRRUZEMER 2 7 @ FADMER & iz, SRS
ICHEWT D ZENIEMEDED N DITH L, FEASHE L | G IR L 2D &
N7 o Tz o AAERIZIMAECAIRERER MBI L Tk 0 . REEAS O FFRREEMSIEEL
B A1 I D RS X L7z (Figure 2.5)0
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a b < c
e
c P
C
Vehicle Control FG
d e f 081
C '5 0.7
® 0.6
p g 0.5
72 c 2 04
©
c P : E 0.3 1
§ 0.2
FRG e Positive control | @ 0.1
0 T T T . )

=== 100 pum
P ; portal, C ; central vein, signal ; Vacuolar degeneration around central vein.

Veh Con FG FRG Pos

Figure 2.5. Effects of FG, FRG, and SIL on histopathology in APAP-induced liver injury. (a) Liver
sections with a vehicle treatment (b) APAP (c) FG pre-treatment (d) FRG pre-treatment (e) SIL pre-
treatment (f) Score of degeneration of liver section quantified with following criteria, 0: no vacuolization,

1: localized abdominal pain and mild degree of vacuolization, 2: moderate vacuolization, 3: diffused

vacuolization in broad area.

F3IH DNA XA 20T LARKBHEMASIEG T v MTlET OB BT

Vehicle . SIARE, FEEASHEIC DT, APAP 5.2 & 24 WEE# O fFlE % $REL L . DNA
<A 7 a7 LA % CIFlE OIS T RBZZC % MM ICT L 72, Vehicle HF & Hz L
TR EF L 728571k, RIEBEK 7 & L CHFIROMKECICE D 5 42m [66]. c-Jun
N-terminal kinase (INK) 7" F VAT TH S Jun & ZDTHIETTH 2 A3 [67T)103&F N
TWiz, 72, YiILWE 7NV 2 54 v O EICBAD 5 Gstpl. Gstal, KT Gstml [68]°
WNTEMERE(LHIfE > 2 7 2 Nrf2 / keapl O TiRICHLIET 2 Akr7a3 [69]D FIRD LA 23580 &
N7z (Table2.2), 2N b D LEFIZ, REASOEGIC X WV IIHlE N TE D, FFEASD INK
TFNEN L THRIEEE 2R T 2 LSRR I Tz,
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Table 2.2. The genes up-regulated by APAP-administration and the alterations together with FG
pretreatment (Log ratio).

Control / FG/

accession no. gene name symbol Vehicle Vehicle
NM 012488 alpha-2-macroglobulin precursor A2m 5.60 4.59
NM 013215 aldo-keto reductase family 7, Ahr7a3 553 3.44
- member A3
NM_ 053769 dual specificity protein Duspl  3.16 1.15
- phosphatase |
NM 001014162 2cY-CoA synthetase medium-— 0 o3 g 1.73
- chain family member 5
NM 012577 glutathione S-transferase pi 1 Gsipl 3.09 0.54
NM_ 001034090 epoxide hydrolase 1 Ephx1 2.83 1.17
NM 012623 ATP-binding cassette, subfamily Abeblb 274 0.24
- B member 1B
NM 021835 jun proto-oncogene Jun 2.72 0.32
NM 001010921 glutathione S-transferase alpha 5 Gstas 2.63 1.40
NM 053469 hepcidin antimicrobial peptide Hamp 2.49 1.93
NM 001106700  ISG15 ubiquitin-like modifier Isgl5 2.49 1.37
NM_022594 enoyl CoA hydratase 1, Echl 2.46 1.27
- peroxisomal
NM 001009628 kininogen 1-like 1 Knglll 2.46 2.95
insulin-like growth factor
NM 013144 binding protein 1 Igfbpl 2.44 0.93
NM 017014 glutathione S-transferase mu 1 Gstml 2.40 1.51
NM 145677  Sclute carrier fgnly 23 member g r5.05  2.40 1.19
NM 012912 activating transcription factor 3 Atf3 2.35 0.78
NM_ 017306 enoyl-CoA delta isomerase 1 Ecil 2.35 1.13
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APAP 512 X 1 | Vehicle #f & LB L CRBIASBHE KT L 2285 T3l S iz, 37k
Db, Stac3. Fadsl. Scdl. XU Fmol 1. APAP IZ X Y RBIPMET LZZKWTCTHYH, 2hbd
34T Peroxisome Proliferator Activated Receptors (PPAR) @ > 7" F )V [KF-TH - 72[70-73]
(Table 2.3)e —77. HEEASHTIIIN O DRTFOREBULT BIHI T LT 7z7z0, FEREA
ZHIC PPAR 7 2 = R} DIFTED R S L7z,

Table 2.3. The down-regulated genes by APAP-administration and alterated by FG pretreatment. (Log
ratio)

Control / FG/

accession no. gene name symbol ) )
Vehicle Vehicle

NM 001130558  SH3 and cysteine rich domain 3 Stac3 -3.95 -0.68

Betaine-homocysteine S-
NM_030850 Bhmtl -3.53 -1.38
methyltransferase 1

NM 019292 Carbonic anhydrase 3 Ca3 -2.74 -1.87
NM 053445 Fatty acid desaturase 1 Fadsl -2.67 -1.51
NM 139192 Acyl-CoA desaturase 1 Scdl -2.59 -1.17

Hepatic flavin containing
NM 012792 Fmol -2.39 -1.55
monooxygenase 1
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H3HT AfEicB T b a v o8y v F K OPLRAEE

DNA ¥4 7 a7 LA fEHTIC X 0, FEEASICT INK & 7 F A2 L 2 RIES R 238
INDELWRBEINE, REASHFDOa Yy X7V FKERIX T mg/g TH Y., KNS
1.2mg/g LHELL THI 6 R 2 &b, a v Xy v F K BPIRIEMEH 2 & L. APAP (C
X3 ELSRELZEEZ LN, £ 2T, b b IFEMIEHK HepG2 % VT, INK V v
ic T T a vy v KK OEZIHEL 72,

TNF-a 100 ng/mL ORI X D | 50 kDa i & L7z INK o RBLCEE T R o s
Dotz U VIERL INK OEEINAER® A, INK & 7 F LV DIEMEAL DR & 7z, TNF-a
WEE D 24 BERIRTIC 2, 6 KU 20 pg/mL D3 v 87 v F K ZAEL72& 2 A, V) Vgl
INK O8I & 7z (Figure 2.6)c A EDFER» S, 2 v Xy v FKIZINK & 7 F %
Ml 2 Lic Xy, FIRIEEEZREST 5 2 LRI,

a TNF-a (100 ng/mL)
0 2 6 20 Compound K (ug/mL)
50 | N e e - €INK
50 — = [R— . W | € Phospho JNK
(kDa) :

oy

_\_‘_\
Mo ®

1.2

1.0
0.8
0.6
0.4
0.2
0

- 0 2 6 20

TNF-a (100 ng/mL)

The relative protein level

Compound K (ug/mL)

Figure 2.6. Effect of compound K against c-Jun N-terminal kinase phosphorylation in HepG2 cells.
(a) Western blot signals developed by ECL. (b) Detected signals were quantified from their band
intensities.
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48 PPARaT == R NGRS OHER

DNA ~ A 7 a7 LA f@iid 6. FKEASIC PPARAT T =R F OFENRB I N0,
N7 27 —XT VAT KD PPARaDIEEN Z f5fE & L CHEASH D PPARAT ==
A+ DB EITo 7,

FIEANS (1 kg) % MeOH THiHH L, =F 2 %%/, 2% CHCl. EtOAc, HoO I X D
IS5 HBE L 72 CHCL 2 OF EtOAc AR MIC DWW T A3 7 25—+ T v+ 41T X ) PPARa
7 o= R g% FHll L 72 (Table 2.4),

Table 2.4. Transcription activities of PPARa in the treatment of CHCl3 and EtOAc soluble fractions
from FG.

luciferase activity ratio

fraction 5 pg/mL 20 pg/mL

vehicle 1.0 +0.2
CHCl;s-soluble fraction 1.7+0.2° -
EtOAc-soluble fraction 1.3+0.2 -

The ratio of luciferase activity was indicated by mean values = SD (n=3).

2 p<0.01 compared with vehicle.

Z OfEFR., CHCl; & EtOAc F[VAERIC PPAR0T &' =R MG R S Wz, W7 77> 2
V1E, TLC ic BV THET LA K E B WD b e d o 72 7D RA L 7214,
>V AT NH T L(CHCL: MeOH=1:0—6:4) I X D43 L, fr. 1-16 %372 (Scheme2.1), 5
LNz 1-16 ICDWT, ¥ 7 27 —¥T vt A1) PPARaT ==& bif{E % 5 L 72
(Table 2.5),
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FG (1.0 kg)

‘ ext. with MeOH 2.5 L
MeOH ext. (467 g)

‘ partit.
CHCl,-soluble fr. EtOAc-soluble fr. H,O-soluble fr.
(28.9 g) (16.3 )

SiO, cc (CHCI; / MeOH)

ol

frs.1 2 3

R

4 5 6 7 8 9 10 M1 12 13 14 15

Scheme 2.1. Extraction and separation of fermented ginseng (FG).

Table 2.5. Transcription activities of PPAR« in the treatment of FG-fractions.

luciferase activity ratio

fraction 5 pg/mL 20 pg/mL

vehicle 1.0 +0.1
1 32+0.8°* 9.1+0.7°
2 11.7+1.0° 17.8+1.3%
3 1.5+0.2 32+04°
4 1.9+03% 74£1.0°
5 2.0+0.3* 3.6+£0.2°
6 1.740.2° 32+04°
7 1.240.1 1.8+0.2%
8 1.4+0.2 2.2+0.7
9 1.1+0.2 1.6+£0.2°
10 1.240.1 1.6+0.1°
11 1.6£0.1° 1.4+0.1%
12 1.540.2° 1.6 0.2
13 1.240.3 1.7+0.3
14 1.4+0.3 1.7+0.1%
15 1.1+£0.1 1.4+0.1%
16 1.4+40.1° 0.6 £0.3

The ratio of luciferase activity was indicated by mean values = SD (n=3).
2 p<0.01 compared with vehicle.

22



Fr.2 @ 5 pg/mL KT 20 pg/mL 1T, ZNZ 117 fERU17.8 fFDiE PPARaT == X
MEMEDHERE X 72, Fr. 2 7 & b+ ¥ & n-hexane DIRIEIC X 0 fEbZiTwv, {LEW 1 %
372, EHIC, .3 %> VAT NN T L (n-hexane: EtOAc = 1:0—6:4) I X V8L, L&
Y2 3 %57z, Fr. 13 %> ) A7 A7 7 4 (CHCl: MeOH: HoO = 20:1:0.3) 1 X b 4t
L. L&Y 4 RO 5 215 7=,
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5 ALEW 1 olEE

LEY 1 IZEAEFHRAER & LTSN, HRESIMS X 0. 207 %& CisHis0; (m/z 299.2591
[M-HJ, A+0.5 mmu) &g L7z, 'H XU BC NMR A7 bbb, 15O AF1L v edt
o 1O AAKRF O H, 1 HlotrFo X7y, 1 HOKEAFALED Y 7 F AR EBHIE N
Teo MEDRARTZ PAT =230 KW T/ e FRF A7 X T A VIETH B LHEE
L 72c NMR DffHfi 2> S 13 /KIEIE DA EAHEE TE e 072720 LA 1 I 12-& F
a2 Th vk (B 22 ERAFAULL, B5N7ZAF AT AT LD EI-MS
75XV NERE L, 12-6 KX A7 X2F A VEAF AT XTI (12-HOA-Me) D
EI-MS I35V T, 12 (VKEEEDaZIC X WV E U7z me229 D7 5 7 A v b e hic, 32 =
A=y MY mz197 B E Tz, —T ALEW 1 O A F AT A7 D EI-MS T,
m/z201 EZNX D 32~Ax2=y FAinv miz 169 BB & L7z (Firugre 2.7). {LEWI1 D
AFNVNIRATADT ZTAV I, 12-e Fu X F 7R THVBAFAZATADOZNG
XY 2 vR2=y FFONIW Lhb, KEET 10 fLICHALTW2 LHEL 7z, K
Fozero, (LEW 1 12 10-e FuFi k27 257 H Vg (10-HOA) TH 3 LIGEEL 7=
(Figure 2.8), 7235, 1 D 10 (U AFIKFDO VAR EIIRIFETD 5,

(0] (o]
12 10
N S S I PN PPN
OH OH
12-HOA-Me 10-HOA-Me
H‘o* Ho o+
|
N2 |
O%\/\/\/\/\/\ \O . x
OH
OH
mjz 229 miz 201
. |
> H.
o 0
OH OH
m/z 197 mlz 169

Figure 2.7. EI-MS fragmentations of 12-HOA-Me and 10-HOA-Me.

0]

10
HO

OH
10-hydroxyoctadecanoic acid (1)

Figure 2.8. The structure of 10-hydroxyoctadecanoic acid (1).
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6 fi ALEY) 2-5 DFEE

LEY) 2-5 FEFEARAR 7 P AT — X 2 SCHE & BB 2 2 & T 20R)-7'1 PN FF Y
A= (2). 20S)-7 1 FoXFFHF I = (3), 20R)-¥ &/ ¥ A F Rhl 4). 20(5)-¥ ¥
& /%4 F Rhl(5) &[FEE L 72[74] (Figure 2.9),

20(R)-ginsenoside Rh1 (4) 20(S)-ginsenoside Rh1 (5)

Figure 2.9. The structures of 20(R)-protopanaxadiol (2), 20(S)-protopanaxadiol (3), 20(R)-
ginsenoside Rh1 (4), and 20(S)-ginsenoside Rh1 (5) isolated from fermented ginseng.
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BT LAY 1-5 ® PPARaT == X FiEH

L&Y 1-5 LU PPARGT == & b TH % WY-14643 (Figure 2.10) 2T, L 7 =7 —+X
7 v kALY PPARaT =R FMiEEZFMGL 72, LAY 1135 pg/mL KT 20 pg/mL i<
BWT, PPAR0T T =R F TH % WY-14643 10 pM & [FFEE D iEME % 7R L 72(Table 2.6), —
7T, {bAY) 2-5 12 PPAR0T = R MR R S A h o 2,

Cl
oy
A
(e}

WY-14643
Figure 2.10. The structure of WY-14643.

Table 2.6. Transcription activities of PPARa in the treatment of compounds 1-5.

luciferase activity ratio

compound 5 ug/mL 20 pg/mL
1 12.6 £1.8*° 13.3£1.2°
2 1.1+0.1 14+0.0?
3 1.5+0.2 1.2+0.7
4 1.5+0.2 1.4+0.2
5 1.5+0.2 1.5+0.2
WY-14643 (10 uM) 15.7+0.5%

The ratio of luciferase activity was indicated mean values = SD (n=3).

2 p<0.01 compared with vehicle.

PPARaIZ T == R } & Hird 5 & HRHZE K TH % CBP: cAMP response element binding
protein (CREB) binding protein & #tify L CHEEARZTEZKT 5, CBP <7 F F &2 ML L 72 7
L — F%ZMWwT, CBP- PPARa -V 7Y FMEEKROEKRZERT 2 Lick Y, LA &
WY-14643 OiEHERE % ik L 72, LAY 1 Tk 0.5 uM BLEDEE I 5T, CBP- PPAR«
VAV FEAROIBEEBRO bz b, LAY 1IE PPARAT IT=A FTH 5 T LB
MENTz, —T7 T, WY-14643 X 0 LAY 1 OIEEIX R 2 & 258 S L7z (Figure 2.11),
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2.5 4

® WY-14643

2 H Compound 1 i
”—_------

1.5+

Abs. 450 nm

0.5

Ligand (uM)

Figure 2.11. PPARa agonist activity of compound 1 and WY-14643 measured by ELISA method.
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W8 LAY 1 @ PPARyT == & F Gtk

PPARy IZRd 2 7 2= & MiEMIC DWW T, PPARYDIEE R # 8L Ly 7 27 —%
Ty BT, LAY 1 & PPARy 7I=RA b TH B b r Y X v (Figure 2.12) %5
fliL7z, buZY 2 E, 10 uM IZH5 T 4.6 5D PPARy 7 I =X MEMWR A LT,
LA 114, 5 pg/mL CIRIEM %R X 7025 7245, 20 pg/mlL ICT 5.5 5D PPARy 7 ==X
N IEPEDSHERE X AL72(Table 2.7)e LA LEDFER X D, (LAY 11X, PPARy 7 o= R FiEMEZ R
T2 LAIRB I N,

HO

troglitazone

Figure 2.12. The structure of troglitazone.

Table 2.7. Transcription activities of PPARy in the treatment of compound 1.

PPARy: luciferase activity ratio

5 ng/mL 20 pg/mL
vehicle 1.0+0.2
compound 1 1.2+0.3 5.5+0.5¢%
troglitazone (10 uM) 4.6+09°

The ratio of luciferase activity was indicated mean values = SD (n=3).

2 p<0.01 compared with vehicle.
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INEE

FLUBEEE L. paracasei A221 BRIC X 0 L 7= EAS 12, ¥ v &/ 34 F Rby D NHTRA
HTHLEa v RV F K ZEALTWE I ERBMERIN TS, — /T, AIFEKICXDY
HEALS I RN S & S L € compound K &AM | BERAFKBAHY O &8 ICHE S
2 LRI NS, KIEAS L RIS ICO VLT, APAP I X 2 TREEIC KITTHE R,
AACAEI B R BRAR AR AR 12 X0 BRI U 7245 R, A S I & O IR B HIE 1 & R
L7, BFlD DNA ~4 7 a7 L A f@ih 6, FEEASIC INK ¥ 7" F L 2T 2514
TEEMER D B E&EENT WS 2 &, NI PPAR 7 = X bl DIFIEDRIE & iz,

HKEASICEEICEEN S a3 v %Y v F K I, activator protein 1 (AP-1)® DNA #5& X
IREEERHET 2 22X D, INK > 7 F %3 2 2 L 235 6T 5[75], FFHIRE
KBITE2av "y FKDINK &7 FANDFEEICDO BTy 2 AX Y7y MK YR
L7, a2 v ¥y v FKIZ INF-oll X o> CTiFE S5 INK U VL Z I3 % & & 29
INTzo REERP O, RBEASIC X DIFRFEIGENEIC. 28y v F K I X 2 HIRIER
REDEG L Twa I LBTRBINT,

FEEANSH D PPAR0T T =R MG & LAY 1 ZHEEL. 10-e FrF ot s 2T
VgL IRE L7z, 51, LAY 1 I PPARyT =X bR R L7z, 10- FeF ot
7 2T 71 VW E Lactobacillus plantarum FFOFLERIC X 5T, V /=L »LEAT L L
BHEINTEI[76]. ASOAMmHEKER T IcEEIN-LEZONS, PPARaT I =& b
THERYF7 4 77— bix, 18Y C BIFFRIC X 2 IFHEERERE 2 0G5 3 2 2V RN AR ©
R T . ZDIEMBEFF & LT PPARaDIEMEILIC X B ATIROERL X + L KR SEAEHNH
DG RBE N T\ 5[77,78]s £72. PPARYT I =A P THLIEF 7V X VT v FiC
BT APAP FFENTEE 269 2 2 L A S T B5[79],

RIFFEDORERD O, KNS OH 72 kBt & LT APAP J@BFHERUC X 2 FFREE 2 5]
TEHREHO LI Lz, ZOBGH S E LTa vy "y Y FK KO 10-e Faxst 7 25
HhvEERB L7, REASHORBEY CH 23 v 37 v F K 3HHIED INK & 7' )L
T2 LI X W PIRIEIRERIE L -2 &, WIT10-8 FaF o427 25 H VR
PPAROM YD T 2 7 AT T=R MiEtEER R L2 2 LIk b APAP HERFREE 2 M &
LR IND,
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FI3E RBEZO LT LAX— T 2GR & % 0B S5 K0 DR

I

EZ, P av AT Blo~ v A v 2T Ganoderma lucidum (Leyss. ex Fr.) Karst. X%
% DIEFxIE G. lingzhi. G. atrum. G. sinensis. G. tsugae EDTHEEZET L T2 4E3ETH 5
[80](Figure 3.1)e ¥ ¥ A ¥V X737 ¥V 7T ARKVFERE, ALKk, 2—vw v R, FRT7 70 %
7 bRk oA I A K ER T 2 HTEETH 5[81], THERE OEYETDH B MHEARTIRE
ik, BITEOEZ L E X ONDAFMNHEE R, B2, H2. HE, \2, 82 ki
LTI N TE Y, HARGEOAEETH 2 REAY (918 4F) 1T T D/NZMEHK &
T 5[82,83],

FLZRWLH D, ZOMRABERICHHEINTE 2, ELZOMITE LT, B-I Y
RT)AZXVEN Y FARYBREBAONTE Y, 200 OHIEE., CHEEIIH, G
HifEF 72 & 05 REE & LT % [84,85] (Figure 3.2).

E kD KIFTEN—6), (1—3)-B-p-7 71 V1T, Sarcomal80 MM~ v 2 I1ch4 2 bt
MR E DGR DAL T W 5[86,87], E 72, KABEEF v ap-I Ay, <=V /IB-INA v,
~T - Nh VICHREEEES R S N TE Y, (1-3) -p-p-7 L v 2 T iEE S U
WWHEETH D I LRI N TV S[88],

INFTFTIC, EBEHS 300 U ED M) FARYBHEES L, ZOiEMIC O WTIFZES
HEDHLNTWDS [89], H/ TV VEAIWRT/ AZ VN Y FARYTH Y, ) v flHPLHH
BRFEARAL D 7 R b — o AFHE . FHEHRIIRIC N 32 v 2 7' 7 5 v MR B o (R
RARERRTEPMEINTVLE[90-93], £/, A/ TV VEE A 137 v MREROKSHKIC
CYP3A ICX W&, A/ 7V vEEC2 MU 7B,15a-Y e FEF > 311,23-F VA XY F
JAF26-BICEMI NS EBHL2ICINTEY, A/ TI VEEC X, Ty Fv R b
HHRERE 2 B D & R 2 LV EEAMRIEE 2R3 2 & 23S T 40T 5[94,95],
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HO

“\H
ganoderic acid C2 78,150a-dihydroxy-3,11,23-trioxo-lanost-26-oic acid

Figure 3.2. The structures of B-glucan and triterpenes in Ganoderma lucidum and metabolites of

ganoderic acid A.

H2WEH B-IAhvETLAF—

TUAF—RBRIEZRFET 2 0EI0ETH Y, HCHELEMED 20, BEED QOL %
BT E¥5[9697], TLAF—F 1 ~IVEICHES L, [RT7LAX—i3, {EHE. WHE.
TH747Fv—, BT LAX—, 7 FE—ERERFICEID 5[98], HATIZ, 1998 4F
~2008 FICHT T, TLAF—MEROEFELIEIML TH O Frc A FEHIC X 218k
JEDORMEK & hEFHORERBEE >T3[9, [P LAX—i3f L/ 27uaT7) v E
(IgE) # N L CFEI NS, HIPURSEAT S &, Th2 fifgss ) v <8k B Mg hrsFE =
W7z IgE R EAIE 5, ~ A M HIIE-CAFEEER 72 & o G H Y A FIc #3135 FeeRI
I, COPURFERI R IgE K56 T 5 2 & T FERNAPURICN I 2 IERISHBFR S e
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FTUVIREE (&E) &%, BOBALZPUFEICX Y, Ml ko 2 ELL o IgE Fitk2 446 3
5ZLICKY, FrIVYFF—ESy)k DT T FAEZNHLTERR IV B~FYH I =X —
Y, HAMIA Y TEAA VEORIFEWA T 4 =2 =20 (BER) Sh, 71X
— R ER I NB, B, AL, B VX =R EIchkT - oA vk, TL
FEREG &R PR & 42 5[100-102], £72. A ¥ Cryptomeria japonica DLW HFK D
(1=3)-Bp-Z A viF, TLAF—ERZEN IS 2 Z LPME TN T 5[103].

—J7 T, R e 7 X T HEDBD-INH VBHER T LA X — B R EEH TS 2 H
EEREAER CHERE X LT 5[104-106), % 72, BROER Aureobasidium pullulans K D /KIEM:
K F(1-6), (123)-B-p-7 V71 V IZTEYIHKD T LA F —IGE G F 2 2 L AR EINT
WB[107]e SO X B-IAVAVIZZDOREEICL Y TLAF—IC L CTERAEZRIGERT
CERHMEINT VB, B-2 A v DR L BEEEOBIRIZHA S 2210 7 o T a1,

FH3H FEZOEER L % ORI

A, BEYXDORDTHEB-IAH b ) FAXyOiHENER S, £ oEARICEE
TOMRIICHFHIEE 5T b, EZ G lucidum 260125-1 BRD 7/ LAEHRAHFIA & 21,
417 FOWEE MR OFIESHL P L o Tz, - NI v OEKIEE E LT, EZhic
2FED (1,3)-B-7 Vv Hh vEKERKI Y THOBR-7 V7 v EKEERERZ 2 — N3 28671
BROWEINTVE, —~ T B-INh v Dol e L, (1,3)-B-7 V51 F—+E D GHI6,
F¥FF—¥D GHI8 Za2— P 2@EETrREINTHE, nbOBEETRICHKT 2
BRI, BLOSRER D EART 2L e bic, HLICOBREZRZLTwELEZLND
[108], ¥72. BLOTERUDPO, X2V XIENRERZE LT, T FEL—KGl 773 —
DINEIVERT AT T =X B-INAYDRREERL LTIV AT —E vV ) v X —F,
N-TEFANFYH IZL =KD GH BRVWEINTVE, BEZORTFX—X%F]
AL, BEHLICX Y Ty ot T vy VEBBRRIIE 7T Ve EET 235l n kI
v 511097,

ZZ T AL IACHLZIARORIEE & b 2, EXoH ML ERBBICH3 C &
X, BRI RPEAT A LA TE L Ex, HOML L 2 ZEZ 2 RBEZ L LTH
B, Z DA R EYER IO W TR R D T b, TR E TIc, REEZ IS
IKHFICIE T 2B-7 v A v EDREE 5 T & ROBIMAEIC X 2 B8 2 M35 2 & 2L
TWA[110,111], AWFFETIE, FEZLERMELZOT L AF —ICKITTHEICOWTHHML .
Z DGRy DR % AT - 72,
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=

H2H 1B E T LA F R AT T A~ Y A 2 RBEE R OB oW E

B1IHE REES M OEZ DK

T2 G. lingzhi BMC9049 ¥R DEZEEMIAE R 10 % L 722 X H/KICEE L. 37°C. 24 WrfE#
HL, oMb ez, AW 121°CTHE L 2%, EWEZRCIVmRLLL, ch
RRMEL L LTz, REEEZ(AGL) KUEZ(GL) 2 WT, Z DM %IT > 72, FlE
ELELZLDICRERLOKGER, 2V EE, [FEE. RUOKSBOAR ZZ LW
ToRAKAL R & BER-EEIEIC X D HNE L 2 BYIHER IS =R e w2 e b, 1R AL DR
KALI DS EBWIRAET D B T & A3 S 51T 72 - 7=(Table 3.1),

Table 3.1. Chemical compositions (%) of AGL and GL.

composition AGL GL
water 6.8 10.3
protein 15.3 14.8
fat 2.7 2.8

ash 2.1 1.8
carbohydrate 73.1 70.3
dietary fibers 70.8 71.5

F2H HAELCMED IgE B2 X 2 BMEZROFZD T L —ifE LR

6 Bl OMEE~ Y 2 (BALB/cA Jel) 2 &R 6ILL 722 k9 OBfIcH ), REEZLEY
% 30, 100. MU 300 mg/kg I C 7 HiEm#HIREOK S Lz, 6 HHICH i =t 72/ —0
(DNP) -~ 7 R IgE §ifhk % BHHR% G L. 24 KERICHNIC 1-7 v A m24-v = b rx vy
v (DNFB) %¥&fh L. WAfl. K OEMAE 1. 4. 24, K48 B 0 BN E %2 HI5E L 72,
GPERIRE LC, 7L F=Y v Y Smgkg % DNFB %&Af D 2 REEIFTICRE %5 L 72, Vehicle
#ElX. DNFB &fi¢ S ICHMEZHIE L 72,

Vehicle fHICAT L. DNFB % ¥4 L 7205 BAHEIZ. BB MR S e, R ZHET
DNFB #Aith 1 K] 2> 5 2% 58I W RO H B R MIFI 23580 b iz, —7 < T
1Z. 30 mg/kg TlIAERIFOMHNIIMEZ T L3, 100 KT 300 mg/kg I BT, AREARE
JiE D YN A3 RE & 4172 (Figure 3.1), LA L OFER D& FHBES K OEZ O OEIUC
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[gE KA T L v ¥ —
FEECIEMEE R T 2 L D3 S A

Ear swelling (Aum)
N
o

T B 98 D 4 1 203

ol

D b,

FEL L TRMEZ I XV ER

| GL (mg/kg)

Ear swelling (Aum)

Veh Con 30 100 300 Pos

Veh Con 30 100 300 Pos

1| AGL (mg/kg) *P<0.01 vs Con
4 * *
151 . * o . 5 %
10- ’l‘ H ﬂ '\‘ :
;] 1Al Balla
0 i |I| ] -
\/eh Con 30 100 300 Pos \/eh Con 30 100 300 Pos Veh Con 30 100 300 Pos Veh Con 30 100 300 Pos
24 h 48 h

Veh Con 30 100 300 Pos

Veh Con 30 100 300 Pos

1h

4h

24 h

48 h

Figure 3.1. Effects of AGL and GL on the ear swelling caused by DNFB in BALB/c mice injected
with anti-DNP mouse monoclonal IgE antibody. Veh: Vehicle, Con: control, AGL: 30, 100, 300 mg/kg
of autodigested Ganoderma lingzhi, GL: 30, 100, 300 mg/kg of Ganoderma lingzhi, Pos: 5 mg/kg of

prednisolone.

DNFB 71 48 [ #4 D M3 % $RAL L . ELISA % W CIiliEH o 1gE % E &

L 7z, Vehicle

& Lk L, DNFB % 84 L 72 ST BREE C MG © 1gE XA RICEEZ R L 72, FEEEE S

NOFERET 1gE BOMFIHAHER Tz b DD,

DHICERD LTz (Figure 3.2)o

30 7

25 1

IgE level in serum (ng/mL)

AEEZCITFIFEZ 100 mg/kg B

*P<0.01 vs Con

20 4
15 A
*
10 A
5 4
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GL (mg/kg)

Figure 3.2. Effects of AGL and GL on the IgE level in serum of mice treated with anti-DNP mouse
monoclonal IgE antibody. Veh: vehicle, Con: control, Pos: prednisolone.
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F3H DNA~NAZ7uT7LAICX3REBEIHKS~ Y ZRENT OB T-FRIENT

55 2 TV 72 Vehicle E. XTHRIE, FERESEZRE. PR BRREIC O\ C. DNFB %1 48 It
Mo~ 2EAZEILL.DNA =4 7 0 7 L 4 % FvCEIG 758 % SRR L 72,
Vehicle #f & FL#E L. DNFB 34712 X O #HA ER L 28570 5 b, RIEBHRE T & LT,
Ptgs20s2, Duosal. Muc20[112-114], MMEFEiEMICER#ES 2 K7L LT, Cdhl0. Igf2bpl »*
MERR X AL72[115,116]s 46 DT, FEMEES 30, 100, KU 300 mgkg D 51T X b F
o EF 230 & u7z(Table 3.2), £72. DNFB #Bfilc X W 4 v 2 —nv 4 % VERE#HRET & L
T 9r & IH3ra2 DFEBD, ZNZEN39 5L 28 5 LA L7z TNHLDOREFICOWTDH,
FEl T L DG X 0 FBLo R AIH X 7z,

Table 3.2. The genes up-regulated by DNFB treatment and alterations together with AGL and
prednisolone pretreatment. (Log ratio)

No. PrimaryAccession GeneSymbol control 30mg/kg 100 mg/kg 300 mg/kg l::?)?]ltt;\gla
1 NM_001364427 Nrg1 7.7 35 2.8 5.6 4.0
3 NM_207150 Olfr1313 6.1 -0.1 0.4 0.2 42
6 NR_110420 Ptgs2o0s2 5.8 1.9 1.6 0.0 3.6
8 NM_009865 Cdh10 5.7 1.7 25 1.2 4.0
9 ENSMUST00000193642.5 Nphp3 5.2 1.5 2.1 -1.0 23
10 NM_146916 Olfr1346 5.2 0.4 0.4 1.2 3.2
14 NM_001033876 Kcnk9 5.1 -0.1 0.4 0.1 3.2
15 ENSMUST00000185750.1 Relch 5.1 -0.1 0.7 0.1 3.6
16 BC059021 Pgr 5.0 -0.1 0.4 0.4 3.3
19 ENSMUST00000153982.1 Ccdc47 4.9 0.5 2.9 0.1 3.9
24 ENSMUST00000110538.7 Duoxat 4.7 0.6 0.4 0.1 3.3
29 NR_033638 Olfr29-ps1 4.4 1.6 2.0 1.7 3.0
30 NM_001037712 Kcnh6 4.4 1.0 1.1 -0.2 2.8
31 XM_006515242 AsxI2 4.4 -1.4 0.1 0.3 1.7
32 NM_009951 Igf2bp1 4.4 -1.4 -0.6 -0.2 2.2
35 NM_173189 Mcph1 4.2 0.7 1.5 1.3 0.2
36 NM_001145874 Muc20 4.2 -0.9 -0.3 -0.8 2.6
43 NM_001134458 119r 3.9 -0.5 0.0 -1.7 2.0
78 NM_001306059 I113ra2 2.8 -0.1 0.4 0.1 4.7
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%5 3 i RBL2H3 Ml 2 v 72 B2 I R E T F 2 o BRI IS 1R

IE M7 LA X — RS RET AV~ Y R AW FHEIC X ), REEZIR, EZXD
VT LAF—IHER AT 5 C LRI N, 22T, REEZHKME T ¥ X
(AGLHW) & Z2EUkiH T ¥ X(GLHW)* 2 hZFNFH L, S F 2D 7 v b~ Mg
Pk RBL2H3 AHAE i< x5 3~ 2 BRI HIE 4% % 5F4ffi L 7z, $T DNP-IgE C/&AF L 72 RBL2H3 #HAZ
I, BUE & LC DNP-HSA 2R3 % & BEAIC X 0 B-~F V¥ I = X — ¥ Hfflfluis it
Mo Enz, BHIBEE LTH VR 27 7F 9404 7 & b= 3 ¥F—F(PI3K)
FHERITH 2 7 40 F==ViE, 5uM B CTHREER 2 ## L 72. AGLHW . 0.1 mg/mL
2> B PR AR AF 1 RIS 75 % 7R L 72 (Figure 3.3a)e GLHW 1 1.0mg/mL iICHWT,
B ACHUEEADNEE 2R L7225, 0.1 L TX 0.3 mg/mL T3 BEER INHIGE 2580 & e 2 -
7= (Figure 3.3b), AFEHR X V. GLHW & AGLHW O i 1< &A% 0 iR G 5t 3 2 i1
DR b, FEEZICX Y mOiGESR® bz,

a b *P<0.01 vs Con
~120 3 1201
S [
~ [0
] @
§100 * 3 1004
2 el 3
@ ] 2 *
2 80 o 80
2 IS
£ £
@
£ 60 2 60-
] <
=
< 40 5 407
5 2
2 s
© 4
.ézo ) . é 20 . *
2 ]
5, m :
= Veh Con 0.1 0.3 1.0 Pos Veh Con 0.1 0.3 1.0 Pos

AGLHW (mg/mL) GLHW (mg/mL)

Figure. 3.3. Effect of AGLHW and GLHW on the inhibition of B-hexosaminidase release in RBL2H3.

(a) Inhibition rate of AGLHW. (b) Inhibition rate of GLHW. Veh: Vehicle, Con: control, Pos: 5 uM of
wortmannin.
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548 BUEALMHE O DTRER

TR L L B OBUKIH = ¥ 2 ICH CBUERANHEIEEA R S i 2 e b S
BHLU. LT VAT - DR ET 072, R IR VEZ B L., fohx ¥
ANTHEIRIE 70% & 72 5 X 9 EtOH %l 2 T3 72 LB % % 2 AL 2 % Ll &
(AGLPS) X N5E:% % Wikl /> (GLPS) & L Ci87z, 7 A A4 5 L% w72 HPLC 12 X b |
ZNEFNDOLEHIE S 2 OW L7z, DT BIZ TV VRN (6.3, 9.8, 22.0. 49.4, 106.0,
201.0, 334.0, 642.0kDa) % [RISfFCobr L., HHESR ORKHRFE (tR) & DRIC X O H#EE L
72o GLPS 1% 642 kDa A LD @ T4 82 &6 L T\ 5 2 & R X #u7- (Figure 3.4b),
77T, AGLPS 3% D& T4 HHKO v — 27 13H5® T/ E | 6-22kDa IZH4 3 % R ITK
Ehv—2o%nL, EKoTEHELE 2 LN 20 DR RD b L7z (Figure 3.4a),

10000 642201 22 6 (kDa) 10000 ¢ 642201 22 6 (kDa)
vvyyvyy vvyvwvy
8000 8000

6000 6000

4000 4000
2000 2000
0 01

2000 : : : : ‘ -2000 ‘ : : ‘ ‘
0 5 10 15 20 25 0 5 10 15 20 2

Figure 3.4. The GPC chromatograms of polysaccharides of AGL and GL. (a) AGLPS from AGL. (b)
GLPS from GL.

v 2 itEE ToyoPearl HW-55F Z FE3E L 724 7 L2 W€, FRE S LR 7> X 0 K
DTEREE . EZLRMHEY XY & TS % 53 L 72 (Figures 3.5a and 3.5b), FEMEE S
5 T-Hi%> (AGLPS-L)DFHE X, H 88%. X v S2H 9.1%TH V., Bz va—=
68.5%. HT7 7 bF—=R 207%, ¥V /) =R 46%, INT F—R 37%, 7IA—R 26%TH
277, —H Ty BZDEDTHIN(GLPS-H)DMK X, B 103%. X V%278 0.5%% 7R L,
WERBE L 7 v 3 —R 94.9%,. /7T 7 b —RA 3.6%, 77 b —2R 1.5%TH > 7z(Figure 3.5d).
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AGLPS-L 88 9.1 26 3.7 4.6 68.5 20.7
GLPS-H 103 0.5 N.D. 1.5 N.D. 94.9 3.6

Figure 3.5. The GPC chromatograms and monosaccharide composition analyses of AGLPS-L and
GLPS-H. (a) Chromatogram of AGLPS-L. (b) Chromatogram of GLPS-H. (¢) Chromatogram of
monosaccharide analysis. (d) Monosaccharide analysis data of AGLPS-L and GLPS-H. N.D.: not
detected.

3572 AGLPS-L X U° GLPS-H (-2 \>C, RBL2H3 A 0] 3~ 2 Bt R i v 14 % FEAfi
L 725 AGLPS-L IZ 100 pg/mL i€ 35\ >C RBL2H3 #ifd 2> & o Btk 2 F 2 #Ifl L 72 (Figure
3.6a), — /i C. GLPS-H |3 E 52 L%/~ & 722> - 7=(Figure 3.6b), % Z T, AGLPS-L i
W, X bckEA A4 v aZHalE 2 v TR T o 72

Inhibition rate of B-hexosaminidase release (%)
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Figure 3.6. Effects of AGLPS-L and GLPS-H on the inhibition of B-hexosaminidase release from
RBL2H3 cell. (a) Inhibition rate of AGLPS-L. (b) Inhibition rate of GLPS-H. Veh: Vehicle, Con:

control.
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AGLPS-L 100mg % 7/KICi&Ef#E L HiTrap QFF [& A o v SISt g 1c e & &, Jeif L 7214,
0.1. 0.2, XU 0.5M NaCl /K& Z W CTIEXE I X2, fr. 1-4 2157, 155072 H57 1%
BT T L 7212, WORERI ARG 2 5700 L 720 2 OfER. fr 1 SO fr 2 (3SR
FESEZ RS d o7z, —J7 Ty .3 D 30 ug/mL KO 100 pg/mL, fr. 4 ® 100 ug/mL ICH &=
72 R BERAMENE TEASHERR X L7z (Figure 3.7)0 C DFEERD O, fr. 3 KO fr. 4 1 Bk HIE
WEHT 2RO OFEEIRE S Nz,

*P<0.01 vs Con
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$ 1007 — I .
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Figure 3.7. Effect of Hi-Trap Q FF fractions on the inhibition of B-hexosaminidase release from
RBL2H3. Veh: Vehicle, Con: control, Pos: 5 uM of wortmannin.
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%581 Fr. 3 OREEMHT

Fr.3 & fr. 4 OFMENMR 27 FVIFEIL TWe720, fr. 3 DEIT 21T o 72, WK
G5 .3 1% 99.5%23 7N — ALK IS T L ABH G D & 7 Y (Table 3.3). 'HNMR
KO BCNMR 27 P AicEWTH 7 a—RIIRE X N5 > 7 F A28l & 7z (Figure
3.8ab), HSQC A~=7 F L X b B-(1—6) 7V av FiEGT 27 va—2xDT7 /~—7u b
vie6fiAFLY TR b VIKREINE Y S, AL ICB-(1-3)7 ) av FiEET 52
NaA—RZADT /)~v—7uabve 6 AFLy 7o bvlREING Y 7 FANEHEIE N
(Figure 3.9) HMBC A7 b IZEWTH FAEEDO I HE % ~B 3 2 HHBE AR S iz
(Figure 3.10a),

—J7. WOEMEROHRERKSHTH 27 157 YD HMBC A=7 F L TiE, fr. 3 DX
~ 7 bV TE X DB 2L (1-6), (1—3)-B-D- 7 v 71 v D 43I % /s 3 2 FHBEE 23
728 b 37z (Figure 3.10b),

PIEDFER DS, fr.3 1ZESE(1—3)-p-p-2 A7 v ETEH(1—6)-B-p-2 L F v DIRAY. B-(1
S)EE EB-(1—O)EABBIET A EME A D Y, HEVIEENLDRAYTH B LHEE L
7=(Figure 3.11); BCNMR Z <2 h ALICE VT, 843ppm IR SN B (1-3)-B-d-Z A H v D 3
fih—FRVICRBENE L I FAMERMD S 7 F L KL Th T2 L8Rl ik
Dol f.3 OFEELRTY a3y FEGEB-(1-6FEGTH 5 T & 3R X iz (Figure
3.10a),

Table 3.3. The monosaccharide composition analysis of fr. 3.

Monosaccharide molar ratio (%)

Fco Fru Man Glc Gal
fr.3 N.D. N.D. 0.5 99.5 N.D.

N.D.: not detected, Fco: fucose, Fru: fructose, Man: mannose, Glc: glucose, Gal: galactose.
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Figure 3.8. NMR spectra of ft. 3 in D;0. (a) '"H NMR, (b) *C NMR.

H1(13) H1(1-6) Hﬁ(‘l—»%?(‘l—»a)
48 E 46 14 4 i 4 Eal}a i 3 34 32
co(1—3) L 1. LR ol
; ! ! | i
(e : i :
CB(1—6) % =zcomimommm- - e '
IR ! HOHo oHo 5
R i ' 1—>6) B -D-glucan
ol ! HO&\/HO&\/HOE\§
g E (1—-3)-p-D-glucan
C1 .—‘—;——__VI_ ______ L =
{2

Figure 3.9. HSQC spectrum of fr. 3 in D,O and structures of (1—6)-p-p-glucan and (1—3)-p-p-glucan.
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Figure 3.10. HMBC spectra of fr. 3 and laminaran in D,O and structures of (1—6)-p-p-glucan, (1—
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Figure 3.11. Plausible structures for constituents of ft. 3.
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556 i WAL S O /R BRI T

CHIL 7 F VB TH 5 Dectin-1 13, -7 N7 v ZHEMKE L CTREMNIC(1-3)-p-p-2 L
NV ROPA=6)-p-p-Z NH v EB#H L, FusvFF—+Syk DV VLA N L CEERGE
2> b DR EE 2 A E % B 723 [117,118], Dectin-1 1 X 2B-27"VHh v ORI, -2 7
VDO TRPLK~DBERIECKET 2 2 PR ONTE Y NEEDOR- 27 v R I3 EH
B EER 2R 37— ©. KBEDIK S T-(1—-6), 1—3)-B-b-27 V71 V1%, Dectin-1 DT v
Za=A & LTE[119-121], KBRS T(1-6),(13)-B-p-Zh v (FIFT7V) 1%
B-InNHVRITICK VEFEEINDS Syk DV VL ZHET 5 2 L oM I NTH Y [122].
IgE Z A L 7= SR 13 Syk @ U v ic X VIl 23210 % Z & 2> 5. Dectin-1 & FeeRI & 17}
FAL 727 Lo ¥ — RIC O HIEHBEAE 1< D W C B 23 & 72 41 5 (Figure 3.12), % Z T, K91t
B-p-Z N 71V TH % fr.3 53 Dectin-1 Z /- L THIFRLIC 2 E % S 3§ 2513 % 72 .RBL2H3
HHAEIC Dectin-1 D EHIFEBIMAE DI % 5AA | fr. 3 D BRI 1< & IZ T Dectin-1 @
BRI L 7=,

IgE FceRI | Dectin-1

eeeeeeee Ui i
o
sik D] / \/ U

Degranulation 1

Antifungal immunity

Figure 3.12. FceRI (left) and Dectin-1(right) signals in immunocytes.
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Raw264.3 flf® ¢cDNA X Y Dectin-1 % 7 v —=" 27" L .55 1172 DNA % pcDNA3.1 vector
I A L. pcDNA3.1-Dectin-1 vector % {F# L 7z, pcDNA3.1-Dectin-1 vector %, RBL2H3 #ffi
FUSEAL, 737 770 2 FRHUEYE G418 % I\ T Dectin-1 ZE FEBIMINOE % #5157 L
7zo Dectin-1 ZEFEBMMEIE, A I MRS I v 72 RBL2H3 flild D Dectin-1 FEBI & I
2D\, #T Dectin-1 JifkZ w727 = 2% v 71 v T THEZR L 72, RBL2H3 Milid D Dectin-
1 FEBIRICH L, Dectin-1 ZEFEHM L Dectin-1 ZBRIFRIL T35 LRI N
(Figure 3.13a), Dectin-1 ZEFEHMAOMEZ <, BRI 3 2 fr. 3 O3EM: 2 5 L 72,
¥ b b= = VAT BRERL & JH| L 72 —757 C. RBL2H3 Mifidicn L TR S Tz fr. 3 ©
P R PTG M 12 2% L 72 (Figure 3.13b),

P D E *P<0.01 vs Con
[0}
(7]
[
<
120
2 T T
@2 100 I
i)
g 80
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g
- - a-mDectin1 Q 40
37 — <
=y 20
o 0
o Veh Con 10 30 100 Pos
50 — c
K]
3 fr.3 (ng/mL)
STy [ g— a-GAPDH =
(kDa) =

Figure 3.13. Effect of 1.3 on the inhibition of B-hexosaminidase release in RBL2H3 overexpressing
mouse Dectin-1. (a) Expression of mouse Dectin-1 and GAPDH detected by western blotting. P:
RBL2H3 cells (parental), D: cells overexpressing Dectin-1. (b) Inhibition rate of B-hexosaminidase
release in RBL2H3 overexpressing mouse Dectin-1. Veh: Vehicle, Con: control, Pos: 5 uM of
wortmannin.

IL-4, IL-5, ROIL-13 13 Th2 ¥4 b A4 v LCTHILN, TNHIFIgEIcL s TR 7L
X —Z T 5[123], IL-4 & IL-13 X, U v Bk B Mg 2 ## L < B #Mligs & @ IgE
Er@mDDLI LTI, TULAFERZHM I 5[124], IL-5 ZHFREBRICHE 2 2210 CF
JER 7 LA X —%3HE 5, DNA~YA 7 a7 LA @ITofE» 5, JiUETH % DNFB %
L 7ZHMC BN T, IL9, IL-13 DZEAETH 2 119 & 1113ra2 DFBLD LA FED b,
FEEEZOREGIC X VBT ORBHO ERAM M E NG Z L BARBEI N, £ 2T, f3
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23 Th2 ¥4 + 71 4 Vil RIC Dectin-1 DFEINC JIX T2 % FHli 3 5% 728, RT-PCR I C#Efs

FHIUENT 21T > 720 fr. 3 1%, Dectin-1. Il-4. XU 11-5 DFEIICT X

B8R
B

5z I \v—7 T,

1I-13 DFIEIGE]3 2 & & R S L7z (Figure 3.14), AFEER D S, fr.3 2] & 2 DZEME
B & > F, IL-13 DFEEEZIIGT 2 2 & 2SBEERINEIE I C B S 5 2 LR X Tz,
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Figure 3.14. Effects of fr. 3 (100 pg/mL) on Th2 cytokines and Dectin-1 expressions in RBL2H3. (a)
Relative expression of Dectin-1, (b) relative expression of //-4, (c¢) relative expression of /I-5, (d)
Relative expression of //-13.
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INEE

IgE KEFER T LA F—WEFRET A~ 7 2T 2 HEES R OEZ OB % JHf L
TG, FRELIIEL I VEEECT LA —RIGIC X 2R ZMHT2 & 2 R
L7z, I IgE BIZRMEL R UOELHRGICI Y RKELFELZ TR o7z, DNA A4 7
77 LA RIT O FERESEZ B G X0 . R I N AE @ B ELE R T o F B o EF 230
fl &7z 2 & 2R E 7=, RBL2H3 Ml & DR IC KIS § R E L K NE LBk =
FRAOWERTIMUI- L T A, REEZ T X AIELZ T ¥ R L0 KR CBFERAN SIS
ZIRLTz. TUHLORER I Y RFEZHIC, EZoACHLICHEKT 2 7 LA F -G
PR DIFTED R & iz,

FEWEE 2 O BUKH = ¥ R icBERIEEES RS hizc e, SHICERHLCT
LoV ¥ —HNEER DR 2T 0 72, REZEZRORLZLFEME S Z 7N 55870 T L%
FWToHM L7z & & A FBFEEZIC 6-22kDa IS Y 3 2K TL B 0 BRE 078D b7z,
PERERL NI 1 2 AR L 7 v 2B E S RS A4 A v 2 HiBtiE & F Vs C £ 3 &2 40BEL \NMR
AR AL L ARG TALP-D-I N H v TH D T & ERFEZRL 72, Fr.3 ORCERANGEM: O /F
BT 2O 21T 2720, (16), (13)-B-D-7 V7 VZBEARTH % Dectin-1 DRIEFEH
RBL2H3 Mk &2 16137 L. AHIHE 2 & O BIERIC KITT fr.3 OELFHi L 72, L2 L. fr
3 iC 1% Dectin-1 L EFEBIMIEE 2> & O BRERANTIE 2380 b L le d> o 72 KIT, Th2 ¥4
b A Y OB TRIICKIET .3 DFEEIC O W T RBL2H3 Mgz AW CEHliL 72 & 2 A,
fr. 3 1% 71-13 OFBEWHFT 2 L AR I Nz, REZEZHG~Y AHNICEIT 2 DNA <
4 7a T LABHTTIE, IL-13 OZEERTH 5 1l13ra2 ODFBLBFHBEZHGHICE T
flENTVE Z EDIRINTE D, IL-13 DD T LA F -GG ICBE 53 5 2 L2598
XNz,

IL-13 1%, IRHIBIC@ & 22 C A F v oFEEICES T2 2 L 23F 1 6T 5 [125]. Mucin
20 BFHBEZRGICIY, BESIGFIENE 2 L2 DNA ~ 4 20T LARITICORE
TH Y., REELHEOES TBD-Z A7 v IC X B LT v ELEDFFKREESHER S W 5,
¥ 7. KBS T(1-6), (1—3)-p-p-7 v ¥ iE Dectin-l OF v X T=A b+ & LT 7%
O, B-7 N T K BIEHHIE DR % TR L R DK FALB-p- 7 v SRR T B 2
DI NG,

AEFFEIC L D, HREELPELIVEKBECT LAY —HEEE2 RS L Z2HL 20
L7z ZOB5HGE LT, EX0ACHLIC X W EAT B KD TUB-p-2vh v ERIL
Teo ARBGTHIIL-13 I 2 © &0 & b BRI R 2 S 2 S LRI nr, T
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ORI TV VEEC2IE, e A& I VIIREEEZ R T Z L 3 RE S N TE D [95], TR,
FYTARVICEZPT LA —EEREO O TS, EZAACHILT 2 LICk D,
EERLOTLAF —WHIERZ X HICED 2 L RTAEEIC R 5 LRI N5,
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bt SH
M BE

FEHFERICI O oA NG T 2 FBE LTHBICEH L. AS% L paracasei
A221 BRICTHIEL 2RSS, RUEZE HOHL L 23R 2122w T ORREMETSE.
A Nz % DB G By DYRBRIFFE 1T - 7=,

FEWEANZ T, APAP FHEAFREE IO L €. AL KR QYR BIAHAR - A RTAT 1 & 0 FFRREE
MHEIEES TR S Nz COMEEICIE. RISV vy S 4 F Ry 2O av
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Chapter 2

General experimental procedure

Mass spectrometry (MS) were obtained on a Waters LCT PREMIER 2695. 1D and 2D NMR spectra
were measured on a Bruker AVANCE-500 instrument using tetramethylsilane (0.03%, v/v) as an
internal standard. Column chromatographies were performed with silica gel 60N (63-210 um, Kanto
Kagaku, Japan), Sephadex LH-20 (25-100 um; GE Health Care, U.K.), MCI-gel CHP20P (75-150
pum; Mitsubishi Chemical, Japan) and YMC-gel ODS-A (S-50 um; YMC Co., Ltd., Japan). Preparative
HPLC was performed on JASCO apparatus consisting of a PU-980 prep. pump, UV-970UV/VIS (at a
wavelength of 210 nm) and RI-930 with COSMOSIL Cholester (20 mm i.d. x 250 mm; 5 um; Nacalai

Tesque).

Materials

Ginsenosides Rbi, Rbs, Rc, Rd, and Rg; were purchased from Wako Pure Chemical Industries.
Ginsenoside metabolites compound K and protopanaxatriol were kindly provided by Dr. Hasegawa
(Fermenta Herb Institute Inc.). SIL (Lot.SIE031013-000), which contains 56.9% silybin, was obtained
from Ask Intercity Co., Ltd. APAP was obtained from Wako Pure Chemical Industries. WY-14643 and
troglitazone were obtained from Calbiochem and Sigma-Aldrich, respectively. 12-Hydroxy-

octadecanoic acid was purchased from Wako Pure Chemical Industries.

Preparation of FG and FRG

The dried powder of lateral roots of ginseng (age 5 years) was purchased from NIPPON Funmatsu
Yakuhin Co., Ltd, Japan (lot. 070228BH). FG was produced by fermentation of a culture medium
including ginseng mixture (15 %) and Lactobacillus paracasei A221 (2 %, 10'° colony-forming units
[CFU]/mL) for 10 days at 28°C. The ginseng mixture contained ginseng (84 %), yeast extract (6.5 %,
Asahi Food & Healthcare Co., Ltd, Japan), soybean peptide (3 %, Fuji Oil Co., Ltd, Japan) and calcium
carbonate (6.5 %). FRG was prepared in the same way as for FG using Red ginseng (NIPPON
Funmatsu Yakuhin Co., Ltd, Japan, lot. RH8303S).

High-performance liquid chromatography analysis for ginsenosides
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The quantitative analyses of ginsenosides Rbi, Rby, Rc, Rd, and Rg;, compound K, and
protopanaxatriol in FG and FRG were carried out by high-performance liquid chromatography
(HPLC). HPLC consisted of a LC-10AT (SHIMADZU Corp.), an SPD-M10A (SHIMADZU Corp.),
and a YMC-Pack ODS-A column (4.6 mm i.d. X 250 mm, 5 um; YMC Co., Ltd.). The column
temperature was set at 40 °C and the ginsenosides were detected at a wavelength of 203 nm. Elution
was performed at the flow rate of 1.0 mL/min with an isocratic elution system of 60% acetonitrile aq.
for compound K and protopanaxatriol, 33% acetonitrile aq. for ginsenosides Rby, Rb,, Rc, and Rd,
and 20% acetonitrile aq. for ginsenoside Rg;. HPLC analysis was performed three times and the results

were expressed as mean = SE.

Animal Treatment

Animals (Slc: Wistar, SPF male rats), obtained from Japan SLC, Inc., were maintained under a 12
h photoperiod with free access to standard laboratory chow (Funabashi Farm Co. Ltd.) and water. Rats
(9 weeks old, 214-241 g) were divided into 5 groups with 12 rats in each group. FG and FRG were
orally administered once a day with gavage at the dose of 50 mg/kg for 8 consecutive days. SIL was
orally administered at 100 mg/kg in the same way as FG and FRG. As a control group, 0.3% sodium
carboxymethyl cellulose aq. was administered. APAP was intraperitoneally administered on the
seventh day. Twenty-four hours after the APAP administration, blood samples were collected for the
serum biochemical analysis. Liver samples for histopathological assessment were enucleated 48 hours
after the APAP administration under ether anesthesia. Rat livers were collected 24 hours after the APAP
administration for DNA microarray analysis from vehicle-treated rats and APAP-treated rats with
either vehicle or FG pretreatment. Animal studies were conducted in accordance with the Guidelines
for Animal Studies of the Japan Biological Science Center based on the Guidelines for Proper Conduct
of Animal Experiments of the Science Council of Japan (Test No. JBS-11-ROPP-651, JBS-10-ROPP-
592).

Evaluation of APAP-induced liver injury

Serums were obtained from blood samples by centrifugation, and the serum levels of aspartate
aminotransferase (AST) and alanine aminotransferase (ALT) were analyzed by a Hitachi automatic
analyzer Model 7170. Lateral left liver lobes were fixed with a 10% neutral buffered formalin solution.
After the lobes were embedded in paraffin wax, they were sliced and all sections were stained with

hematoxylin-eosin. The severity of liver injury was assessed by vacuolization levels, scored according
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to the following criteria: 0: no vacuolization, 1: localized abdominal pain and mild degree of

vacuolization, 2: moderate vacuolization, 3: diffused vacuolization in a broad area.

DNA microarray analysis of rat liver

Liver samples of vehicle-treated rats and APAP-treated rats pretreated with either vehicle or FG
were obtained in animal experiments. Three liver samples were used for each group in the DNA
microarray analysis. Total RNA was isolated using Isogen (Invitrogen). RNA concentration and quality
were checked by spectrophotometric analysis (260 and 280 nm) and electrophoresis, respectively.
Aminoallyl-RNA was prepared from 1000 ng total RNA by T7 oligo(dT)-Primer using the Amino
Allyl MessageAmp™ II aRNA amplification Kit (Ambion). Aminoallyl-RNA concentration and
quality were determined as described above. Ten micrograms of Aminoallyl-RNA were vacuum-dried
and fluorescence-labeled using the CyDye Post-Labeling Reactive Dye Pack (GE healthcare).
Fluorescence-labeled aminoallyl-RNA concentration and quality were determined by
spectrophotometric analysis and electrophoresis. One microgram of fluorescence-labeled aminoallyl-
RNA was hybridized with combimatrix custom rat 40K (Combimatrix) for 16 h. Fluorescent images
were scanned by a GenePix4000B and analyzed by Microarray Image Analysis GenePix Pro 6.1. In
this analysis, median values were calculated for the changes of each gene expression in each different
subject of the group, and comparison among the three groups was expressed in terms of the fold change

relative to vehicle-treated rat samples without APAP administration.

Cell culture and treatment

HepG2 cells obtained from the American Type Culture Collection were cultured in Dulbecco’s
modified Eagle’s medium containing 10% fetal bovine serum (FBS), 2 mM r-glutamine, 50 U/mL
penicillin, and 50 pg/mL streptomycin. After overnight incubation of the cells at 37°C in a humidified
atmosphere of 5% C0,-95% air, compound K was added to medium at doses of 2, 6, or 20 uM and the
cells were further incubated for 24 hours. The cultured medium was changed to a fresh medium
containing tumor necrosis factor (TNF)-alpha (100 ng/mL), and the cells were incubated for an
additional 3 hours. Cells were collected by radioimmunoprecipitation assay (RIPA) buffer and lysates

were assayed by western blot analysis.

Western blot analysis

Whole cell lysates were prepared as described above, and proteins were separated by sodium dodecyl
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sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). Proteins were blotted to PVDF membranes
(Millipore). Antibodies for INK/SAPK and phospho-SAPK/INK were purchased from CST Signaling.
Anti-SAPK/INK, an isoform of JNK, was diluted to 1:1000 as was anti-phospho-SAPK/INK. A

secondary antibody linked to horseradish peroxidase was used for ECL detection (GE Healthcare).

Extraction and isolation

FG (1.0 kg) was extracted with MeOH (2.5 L) at room temperature three times. After removal of
the solvent by evaporation, the MeOH extracts (467 g) were partitioned successively between CHCl;,
EtOAc and H>O. The CHCIlz-soluble (28.9 g) and EtOAc-soluble (16.3 g) fractions were combined,
and subject to column chromatography over a silica gel (CHCIs: MeOH = 1:0 — 6:4) to give 16
fractions (frs. 1 — 16). Compound 1 (310 mg) was obtained by the crystallization of fr. 2 from n-
hexane-acetone. Fraction 3 was further chromatographed on silica gel [n-hexane-EtOAc (7:3—1:4) to
yield four fractions (frs. 3.1-3.4). Crystallization of fr. 3.1 from acetone furnished 20(R)-
protopanaxadiol (2, 328 mg), while 20(S)-protopanaxadiol (3, 334 mg) was obtained from fr. 3.2 by
crystallization with EtOAc. Silica gel column chromatography of fr. 13 eluting with
EtOAc/MeOH/H0 (20:1:0.3) gave 20(S)-ginsenoside Rh1 (5, 11 mg) and 20(R)-ginsenoside Rh1 (4,
43 mg).

Compound 1 Colorless needles; [a]p 0.0 (¢ 0.20, MeOH); HRESI-MS m/z 299.2591 [M-H]
(caled for C1sH3503, 299.2586); 'H NMR (CDCls, 500 MHz) &: 0.86 (3H, t, J = 6.5 Hz), 1.23-1.37
(20H, m), 1.37-1.49 (6H, m), 1.63 (2H, m), 2.33 (2H, t, J = 7.5 Hz), and 3.59 (1H, m); *C NMR
(CDCls, 125 MHz) &: 14.1 (CHa3), 22.6, 24.7, 25.5, 25.6, 29.0, 29.1, 29.2, 29.3, 29.6, 29.6, 29.7, 31.9,
34.0,37.3,37.4,72.1 (C-OH), and 179.2 (COOH).

Plasmid construction for reporter assay

To measure the transcription activities of PPARa and y, pcDNA3.1-GAL4-PPARa, pcDNA3.1-
GAL4-PPARy, and upstream activating sequence (UAS) reporter plasmids were constructed as
follows. Full-length rat’s PPARa or mouse’s PPARy was subcloned into the pcDNA3.1 His-V5 vector
(invitrogen), where the GAL4 gene was inserted. Four copies of the UAS sequence were subcloned
into pGL3-luciferase reporter vector (promega). pSV-p-garlactosidase expression vector was obtained

from Promega.

Cell culture and transfection
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CV-1 cells were maintained in Dulbecco’s modified Eagle’s medium containing 10% FBS, 2 mM
L-glutamine, 50U/mL penicillin, and 50 pg/mL streptomycin. ~ After overnight incubation of the cells
at 37°C in a humidified atmosphere of 5% C02-95% air, three plasmids containing UAS reporter
plasmid and 3-galactosidase expression vector with GAL4-PPARa or GAL4-PPARYy plasmid were co-
transfected into CV-1 cells by Transfast™ (Promega). At 48 hours after co-transfection, each fraction
obtained by column chromatography of the FG extract was added to medium at doses of 5 or 20 ug/mL
and the cells were further incubated for 24 hours. WY-14643 and troglitazone were added at the dose
of 10 uM as PPARa and PPARY agonist, respectively. Cells were collected by passive lysis buffer
(Promega) and incubated for one hour under room temperature. The luciferase activities of the
lysates were measured using a luciferase assay kit (Promega) with Luminescencer JNR II (ATTO) and

were normalized with the B-galactosidase activities.

Complex of PPARa with coactivator

The binding between PPARa and CREB binding protein (CBP) known as a coactivator of PPARa
was measured using an ELISA method (Fujikura kasei Co.,Ltd., Japan). CBP peptides were coated 96-
well plates for 1 hour at room temperature. The recombinant PPARa was mixed with each compound
1 at the dose 0of 0.005, 0.05, 0.5, 5, 50, and 500 uM and the mixture was incubated in the plates for 1
hour at room temperature. The plates were washed with wash buffer three times and incubated with
an HRP coupled secondary antibody for 30 minutes at room temperature. Tetramethylbenzene was
added, and the absorbance at 450 nm was measured to detect the complexes. WY-14643 was used as

a positive control.

Statistical analysis

For serum biochemical and histopathological analysis, significant difference was determined by the
Kruskal-Wallis test, followed by Dunn’s post hoc test. P<0.05 was considered to be statistically
significant. In DNA microarray analysis, values at least 5-fold higher than the intensity of the non-
APAP-treated vehicle control were considered to be significant. For the reporter assay, significant

difference was determined by Student’s t test. P<0.01 was considered to be statistically significant.
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Chapter 3

General experimental procedure

NMR spectra were measured by a Bruker Ascend™ 400 instrument.

Materials

L-Fucose, p-mannose (Fujifilm Wako Pure Chemical Co.) and p-glucose, p-galactose, p-fructose,
and TFA (Nacalai Tesque, Inc. Kyoto, Japan) were purchased. Prednisolone and wortmannin were
obtained from Fujifilm Wako Pure Chemical Co. Laminaran was obtained from Tokyo Chemical

Industry co., Ltd. Shodex pullulan standard kit P-82 was purchased from Showa Denko K.K.

Preparation of AGL
AGL powder was prepared as follows. Ganoderma lingzhi (BMC9049 strain) powder (GL) was
mixed with water to be 10 % volume. The mixture was incubated at 37 °C for 24 hours with shaking

and then sterilized at 121 °C, and powdered by spray drying to give AGL.

Animal treatment

Six-week-old BALB/cA Jcl male mice were maintained under a 12 hours photoperiod with free
access to standard CE-2 diet (Clea Japan, Inc., Tokyo, Japan). Mice were divided into 9 groups of 6
mice in each. GL and AGL were orally administered once a day with gavage at the dose of 30, 100,
300 mg/kg for 7 consecutive days. Each group was injected anti-DNP mouse IgE at 3 pg/body on the
6 days through tail intravenously. After 24 hours from the injection, DNFB was treated and ear
swelling was measured before DNFB treatment and 1, 4, 24 and 48 hours after treatment. As positive
control group, water was administered for 7 consecutive days and prednisolone (5 mg/kg) was orally
administered 2 hours before DNFB treatment. As vehicle group, DNFB was not treated and ear
swelling was measured. The auricles and sera were collected 48 hours after DNFB treatment from
each group. Animal studies were conducted in accordance with the guidelines for animal studies of

the Control of Innate Immunity Technology Research Association.

DNA microarray analysis
Auricle samples of AGL treated mice were obtained from the animal experiments. The samples

were soaked in RNAlater (Thermo Fisher Scientific Inc., MA, USA) solution at 4 °C for 16 hours and
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kept at -80 °C. RNA was extracted by NucleoSpin RNA (Macherey-Nagel GmbH & Co. Kg., Duren,
Germany). Double-stranded cDNA was amplified from 20 ng of RNA and Cy3 labelled single-strande
c¢DNA were amplified with SureTag complete DNA Labeling Kit. Cy3 labelled cDNA was hybridized
Agilent Expression Array with Gene Expression Hybridization Kit and scanned by SureScan
microarrayscaner G2600D (Agilent Technologies, Inc., CA, USA). Average values of measured gene
expressions in each group were calculated and compared. these values were expressed as fold changes

relative to the negative-control group.

Cell culture and degranulation assay

RBL2H3 (JCRB Cell Bank, Osaka, Japan) were grown in Dulbecco’s modified Eagle’s medium
containing 10% fetal bovine serum (FBS), 2 mM vr-glutamine, 50 U/mL penicillin, and 50 pg/mL
streptomycin (Thermo Fisher Scientific Inc.) in 5% CO, at 37 °C. Degranulation assay using RBL2H3
cells were performed as described below. RBL2H3 cells were seeded onto 24 well plates at 2.5 X 10°
cells/well in 1 mL of medium. Cells were incubated for 16 h at 37 °C and sensitized with 50 ng/mL
anti-DNP-IgE (Sigma-Aldrich Co. Llc., MO, USA). After incubation at 37 °C for two hours, cells
were washed twice with MT buffer containing 137 mM NaCl, 2.7 mM KCl, 1.8 mM CaCl,, 1 mM
MgCl,, 5.6 mM glucose, 20 mM HEPES and 0.1 % BSA to eliminate free IgE. Ten minutes after
samples treated, DNP-HSA (Sigma-Aldrich Co. Llc.) was added at 2.5 pg/ml, followed by incubation
at 37 °C for 30 minutes. Wortmannin at 5 uM was used as positive control. The B-hexosaminidase
released into the supernatant was measured as coloring from substrate of p-nitrophenyl-2-acetoamido-

2-deoxy-B-D-glucopyranoside (Fujifilm Wako Pure Chemical Co., Osaka, Japan) at 405 nm.

Extraction and isolation

AGL and GL (0.5 kg) were extracted separately by water (5 L) at 85 °C for 2 h. Ethanol was added
to the extracts to be 70 %, and the solutions were kept at room temperature for 16 h. The precipitates
were collected by centrifugation and freeze dried to give residues, which were separated by ToyoPearl
HW-55F (Tosoh Co., Ltd., Tokyo, Japan) column chromatography with 0.1 M phosphate buffer.
HiTrap QFF (GE Healthcare, IL, USA) was used for further separation, and the obtained fractions
were desalted by dialysis membrane and concentrated. GPC chromatography was performed on a
TSKgel G4000PWXL column (10 mm, ¢7.8 X 300 mm, Tosoh Co., Ltd.) with refractive index

detector. Shodex pullulan standard kit P-82 were used for markers of molecular weight.
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Monosaccharide composition analysis

Monosaccharide composition was determined as follows. Polysaccharides were dissolved in 2M
TFA aq. and degraded at 120 °C for 2 hours. Methanol was added and dried 3 times with nitrogen
blowing to remove TFA. The samples and monosaccharide standards were analyzed on Asahipac
NH2P-50 4E column (¢4.6 X 250 mm, Showa Denko K.K., Tokyo, Japan) and detected by refractive
index detector. The mobile phase was 80% CH3CN aq. with 250 mM phosphate.

Plasmid construction and transfection

The mouse Dectin-1 cDNA was obtained as follows. Total RNA from RAW264.7 cells was isolated
by Trizol (Thermo Fisher Scientific Inc.), and the first-strand cDNA was generated by using
Primescript RT Reagent kit (Takarabio Inc., shiga, Japan) with oligo (dT) primers. The mouse Dectin-
1 cDNA was subsequently amplified by PCR using following primers (FW: 5°-
atgcggatccatgaaatatcactctcatatag-3’, RV: 5’-gcatgcatgcatgeggecegcttacagttecttetcacag-3’). The PCR
product was cloned into pcDNA3.1-V5-His-TOPO vector (Thermo Fisher Scientific inc.) and verified
by nucleotide sequencing. Transfection was conducted to RBL2H3 cells for establishing stable cell
line. 10° cells were seeded in 35-mm dishes and cultured in the DMEM overnight. 20 ug of Dectin-1-
inserted vector was transfected into RBL2H3 cells by FugeneHD (Promega Co., WI, USA). Stably
transfected cell line was selected with 0.4 mg/mL G418 (Sigma-Aldrich Co. Llc.).

Immunoblotting analysis of RBL2H3

Mouse Dectin-1 stable cell line and parental RBL2H3 cells were incubated in the DMEM at 1 X 10°
cells for each. Cells were washed PBS and solubilized in the RIPA lysis buffer. Protein volume in the
lysates were measured by BCA assay to normalize protein. Cell lysates were separated with SDS-
PAGE with 12 % gel and transferred PVDF membrane. Mouse Dectin-1 was detected by Dectin-
1/CLEC7A antibody (NBP1-45514, Novus Biologicals, Llc., CO, USA). GAPDH was used as loading

control.

Quantitative real-time PCR analyses of RBL2H3

RBL2H3 cell were seeded in 35-mm dishes at 10° cells and cultured in the DMEM overnight. Cells
were treated with 0.2M fraction of ADGL and collected by Trizol at 10, 30, 60, and 180 minutes after
the treatment. cDNA was prepared as described plasmid construction section. Real-time PCR was

conducted using TB Green Premix Ex Taq II (Takarabio Inc.). The primers used in this study were
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as follows: Dectin-1 (FW: 5’-ccaactcgtttcaagtcagaaatacag-3’, RV: 5’-cagttccttctcacagatagtgaatgagg-
3%, 1I-4 (FW: 5’-gtaccgggaacggtatccacgg-3°, RV: 5’-ggtgttccttgttgcegtaaggacgtc-3°), 1-5 (FW: 5°-
ccgagctctgttgacgagceaatgag-3°, RV:  5’-cggacagtttgattcttcagtatgtctagecee-3°), 1I-13  (FW: 5°-
gctetegettgecttggtggtc-3°, RV: 5’-catccgaggcecttttggttaca-3°), Gapdh (FW: 5’-
ggtctacatgttccagtatgactctacccacg-3’, RV: 57-ccccatttgatgttagegggatctege-3°). The expression of Gapdh

was used as a reference for normalization and relative units were compared.
Statistical analysis

Significant differences were determined by Dunnet. *P<0.01 were considered as statistically

significant.
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