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Immunoregulatory Effects of Water Extracts of Inonotus obliquus
in Carbon Tetrachloride-Induced Liver Damage Animal Model
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ABSTRACT : Inonotus obliquus is one of the immune-regulatory substances and is recognized to play the role in the meta-
bolic process of inflammation, allergy and immuntiy. The purpose of this study was to evaluate the effects of water extracts
of Inonotus obliquus (IOW) on the liver lymphocyte immune function in the Sprague-Dawley male rats treated with carbon
tetrachloride (CCly) to induce liver damage. Rats were fed with each experimental diet and water for 4 weeks. We found that
effects of IOW on interferon-gamma (IFN-y), signal transducer and activator of transcription 1 (STAT1), phospho-signal
transducer and activator of transcription 1 (pSTAT1) and GATA-binding protein 3 (GATA-3) were decrease in vivo. Inter-
leukin-4 (IL-4), STAT6, pSTAT6 and T-box expressed in T-cells (T-bet) decreased significantly lower in CCl, + IOW group
than the CCl, group. Our data indicated that cytokine protein production were increased in CCl, group and CCl, + IOW
group. As a result of this study, we assume that IOW fed could regulate the immuno-modulating functions through regulate
the cytokine production capacity activated by liver damage.
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M o ZHoE FRE T SAHE ]°] HAFL golaHA dojd

AT} (Lieber et al, 1994). 7+ &40 2 1k 7+ A3

Z7PHAE o] Inonotus obliquus=. Ao}, FNUt), & sle] theFst x| Jefo] 7HBE]—E101 ]“%5]1 o AARH oz
FARCRE

FF

B Il e FAel Ashe AR, QB SES okEe wWE glov], Seeke wksl] Folo} A
T, BFAUE 5ol Zshs @9oR BUe AX e Jolde FIEL V190w s dE 21T IAL
NS =3 gow, g Z7o] 10~20cm FEe] 7] AgH o7 da o]&H 3 AT} (Lee er al, 2006).

2 F2 k807 o8y 9t} (Shivrina, 1967). I8 FF 7l Eoj2e EE EZ-2 cytochrome P450 monooxy-

(o

| 2EA FoME 53] WAL Aq2del de] AAshH 5 genase®t NADPH- cytochrome P450 reductase®] &0l
fro] vt S 7R Aax e 3, sl A, 3 ofeliA] dApHom wigho] dojFogy ZAdzdo] HAY
FYZEE A8, 1HS 59 22 O o 24 7 FEA 22o] Ho Al IS mIRIT (Cho, 2004). 7
A A Bz dEA Q) (Cha er al, 2006; Lee &S do7]= EZAo= carbon tetrachloride(CCly),
and Nishikawa, 2003). chloroform, phosphorus, dimethyl nitrosamine, thioacetamide

~

7k QIA|NA 7Y & A7old, AshlAdr]E, 9 EAaA] So] don FeskEd F4 WslEe 7Exe] B, AW
Z, AR B4, 2 AL A5AIE 2238 A 3L 29 344 I 5L xYsla wHeEE 11
s Jdsl At HE 7k Yoo s Eo] ulg- FH3) HE 58 4ot (Ashburm ef al, 1947; Lee et al,
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2009). tEHS] 7+ 54 EF F shl CCle 7P st
=4 7H EZoln gAadkgd 93] trichloromethyl
radicals®} trichloromethyl peroxy radicals (-OOCCI3)S 343
slod M Eure] Q1x] &l polyenoic fatty acid®] methyl
carbong FAFOEM A Ho] jkstE|o] A2 §ES Yo
71tk (McCay et al., 1984; Butler, 1990).

Tumor necrosis factor-alpha (TNF-o)e ©AIEE S4HC
2 YN T dut B vR A A==, A 2
2 B vAE HY A I € HETES FEReE
frelate] o] 28-S 73 T F UAEF sk Al|EFRI0]
ot (Kim ef al, 2003). 2&]4} TNF-o} 245 A43E o= &
Hol sukel WA S &35 2K S 49
T8 ] Apo] BRI AARIAE
(transcription factors)e] E4d3}oll 2Js] Thl A} Th2 ME
2 Z3ket Z}zoA EH|EE Alel EFIRIO] Fadt JEE
Slithe Zlo] We AFola HuHT} (Kay, 1988; Larche
et al, 2003). Th2 A|EE IL-4, IL-5, IL-13S EH]ek=s &
AS AYIL, Thl AlEE IL-2, IFN-y, TNF-a2 AAske &
S 7FAt} (Abbas et al, 1996; Lim et al, 2008). Thl
9 Th2 E3lo] F83 &S 3t AARIA A= T-bet,
STAT-1, STAT-6, GATA-3 &°| ¥¢&A U=t T-bet, STAT-
1 59 AARIAE EA3t=A Thl HZF2e] {37t F31
%31, STAT-6, GATA-3 59 HARIAZ} &3} =d IL4
T AlETRIF 7 Th2 HEFRE] £3t5 X3t
(Agnello et al, 2003).
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1. XISl F2 o Alo}

27BAAL (Inonotus obliquus, I0W)> F5 552 AJoFA
Aephersiols FAskct. kA B BBt 80 g%
round flaskell B3 800 mle] ZFFE 718ttt 80TCe &%
olx 3AIZH 33] WHRdte] SRR I FEEh
rotary evaporator (Eyela, Japan)S A&l 75 31913,
o] A FENE 20CE T4 Axsl] Basiy A9
Aol A2z BalAA ARk

CCl, (Carbon tetrachloride)®} Con oil2 Sigma (Louis,
MO, USA)A F+Y3F93L, Lysis buffer (T-PER® Tissue
Protein Extraction Reagent):= Thermo scientific (Rockford,
USA)ll A Fodstsinh. Aol AHE¥ AlF F sodium

BN - U

dodesyl sulfate (SDS), acrylamide, bisacrylamide, Tris-HCI
5% Sigma (Louis, MO, USAYPIA 93103, &Al TNF-
o, STATI, pSTAT1, STAT6, pSTAT6, P-actin, anti-rabbit
IgGS Cell Signaling Technology (Boston, USA)°lA IL-4,
IFN-y, GATA-3, T-bet, goat anti-mouse, donkey anti-goat=
Santa Cruz Biotechnology Inc. (California, USA)lA] iNOS
= upstate biotechnologyollA] T3t IgAS} THH=E A
= Zymed Laboratory Inc. (San Francisco, CA, USA)lA]

Ao, IgEet #HE A S Bio-source Internationl
(Comarillo, CA, USA)NA +431ict.

2. HHSE U Ao|

(57) Orient2H-¥ 94 HFAFT 120+10g9] 453
Sprague-Dawley (SD)A| ratS o329 &hedky 402
AskaL, WUFTIE 1247 AEHoR 2dEs 70N
Heeld ZFo] Z- ARl A-eA171H, 1597 2lo] & 2]
F= e AFEEES stk AE-e dEoR F 18
n2lE 6vlel¥ 3% (controkt, CClat, CCly+ A7HHASFZ
E (IOW)y)o2 YAt 15U oAHARS: & control
= AlQlg 2ol el 7+ A3t s s AbEskEs (0.5
ml/kg AF)E con oil} 50:500] WlEE F&sle] F 33
&AL akdeh 7R FEES AF B (kg) 200 mg H]
S8 F 53] AT FAIG T AP 477 AP,
23 12A7F A2 T ether® FERAF AIZ1E FAS 2 H 3}
Ak 7 wge s A AsE A=A 5 —70Co|
Bt Ao ARSI

3. Nitric Oxide S8

NO9| 7143l L-&71de LAEEAS Jitstd iz wis)
<, ol= WEA KYE olitskd 4, oA, dAAtdoe®
WS} Griess AloF b 318} whg-ato] Hepae] of
ZHES 3L o)A dAstE A Fel dAE] W&
o, oz FEEFEH opEAde] TEE FA AU

Z4] liverS 100 mM Tris-HCI buffer 500 s o] o] &2
g &, daliEEste] ASds AATE 96 well plated]] 229
FENd 100 LS FHSE, FHL] griess A1SF 100 4 (1%
sulfanilamide + 2% phosphoric acid, 0.1% naph-thylethylene
diamide dihydrochlorideyS H7}akc}. oA 1027F HRSA]
71 %, ELISA readers ARE3lo] 450 m oA SF=E S
39Tk NO2| % (uM)E NaNO2 #Flo] Hg=as 7]
o2 Akttt

4. Western blotting0ll 2Jst cytokines &
Lysis buffer (25mM bicine, 150 mM sodium chloride,

pH 7.6 24 100mge ¥ 283} B35k 5 4TolA 10
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V7 AT o] 4T, 14000 rpm, 10:27F A4 £}
o AEAE FHeIoh A5HE bovine serum albumin
(BSA, Roche, Penzberg, Germany)> 2 2FA 3t standard
curved ODFLE tYAIAA @& & Brad ford protein
assay WHOZ ZARSIATE 2 Fol bio rad protein assay
o vhilAs AHgsle] 100 uge] TS I Y
3 ko] @il S SDS-PAGER ®AZ F, dwdS
nitrocellulose membrane (Bio-rad, Richmond, CA, USA)°l
transferstith. ©] membranes Ao H]5o]A] AYS At
3t7] 913te] blocking buffer (5% non-fat milke} 0.1%
Tween 202 &3k TBS Sl 1217+ WESAIZ &, 2 A
S @iEd gk FAE 7hste] overnightAZHTh thHEE
0.1% Tween 202 ¥k TBS-T §Oo= 307+ Al
t}2, secondary antibody® WHESA]ZITE ©]ojA ECL
detection reagents and analysis system (Amersham Bios-
ciences, Buckinghamshire, UK)2 ©|-&3lo] 34 whazds &
A3 (Burnette, 1981).

5. ELISAS 0|28t IgA, IgE 242 A

A wFd Ao AT A IgA9t IgE TS
Sandwich ELISA® (Lim er al, 2003)% o]&alo] =431
o} =4 #HLS 50mM carbonate-bicarbonate buffers} IgA,
IgE YAFAZ 96 well plate®] Zt welldl] 53 & 37T
4] 2A17F incubationdtt}. 33] washing $5-8-M oz MH3gH
% blocking buffers ¥o] 37C, 1217} incubationdtt}. z}
wellS 33] washing ¢80 2 A3 & sampleS ¥-535
32 37C, 1A7} incubationdtt}. 33] washing S8 o 2 A
e & di (2-ethylhexyl)-2,4,5-trimethoxybenzalmalonate
(TMB) 7145 10044 A2t 10~15%7F vH3A17 &
100 /£ 2] stop &9 A 2]gt & ELISA reader® 450 nm o
Al S8kt

6. SHX2]
B A3 A¥A34E mean+SESE Yeple, Z+

groupZFe] BAIA el 752 SPSS program (ver. 14.0,

Table 1. Effect of body and organs weight of CCl,-treated rats.

SPSS Inc., Chicago, IL, USAYS ©]-83l p<0.05 F<=ollA
Duncan®] THEHIARS o8-8 A4 8I3itt

2 o

1. MIS3SIEE 2 20199

A2 olE 457 TS HPFES] A AT 2
7] FAL WHElE Table 19 YeRATH AFZS7HES 7
A g vz, Agao] 3] A9 AF
#AF0] 334.7+9.0, 309.0+£243 2 299.0 +23.9 go] ROt
A% vt HaA|Fo] 4212+17.6, 360.8+36.6 2 360.0
+43.8 g0 2 Al & EFoA AF7|7ke] Aol e} Frts)
AL eI, vizas A3dae] AFelA AE =
ol HolA] =) AdsleA Fojd tigh 35 FEE A
A7 Z71FA mAE G3E dokuy] flete] vl 7k
FAE S8t v A= 242 05+0.1, 04+0.1
2 05+0.1 g2 AFE7re] {23 Aol= YeA] eksk
3, 7o) FAE ZFzb 84410, 9.1+£19 2 85+1.6g0F
gl vl AlESIEAE Folgh tiRdto] Eokom, AF
2lo] dF o] At} Hissgt FAE YRSl ol A
dtetag frE J45A whSo R 7k FEke] F 9%

Az Az,

fr

o
[nal
ol
é
g

2. ELISAS O3t Immunoglobulin A an

A v]godA e 1gAS} IgEe] sEE SHS d34E
Table 201 YJERHSITE €3 IgA =& A, Uiz, 249
2lo] AFolA ZHzb 116.593 £0.048, 131.148 £0.053 2
117.037+0.052 ng/ml 2 ZA Y om, Aldsletrz fwd
o] o2 ol Hls)] AgFe] A Ve Aol HF
o] o] dte] AHR vszs Jekgt 83
IgE B2t AT, dXT, A3F2o] HAFoA zzt
2.694 +0.004, 2.906+0.007 2 2.129 +0.009 ng/ml = A3}
SAE FE3 ol tE TR E9kon, AEo] 43
o] AR Wolth v [gA FEE AT, UIRE,
23 Ao] AF oA ZF2; 44.926 +0.010, 46.037 +0.024 2

Body weight (g)

Organs weight (g)

Initial Final Liver Spleen
A 334.7 = 9.0 421.2 +17.6° 8.4 +1.1° 0.5 = 0.1
B 309.0 + 24.3 360.8 + 36.6" 9.1+ 1.9 0.4 + 0.1
C 299.0 + 23.9 360.0 + 43.8" 8.5+ 1.6" 0.5 + 0.1

(A) Normal group
(B) CCly-treated group
(C) CCly-treated group + Inonotus obliquus extract

Values (n = 6 for each group), not sharing a common superscript letter are significantly different (p < 0.05).



OIRIM - Zalfet - T=S| -

HIEE=1
1o

= ° %!%EH :

i
K]

JEES

Table 2. Effect of Inonotus obliquus on the serum and spleen immunoglobulin A and E production of CCl,-treated rats.

Serum (ng/m¢)

Spleen (ng/ml)

IgA IgE IgA IgE
A 116.593 + 0.048" 2.694 + 0.004° 44,926 + 0.010° 2.194 =+ 0.004"
B 131.148 + 0.053° 2.906 + 0.007° 46.037 + 0.024° 3.675 + 0.006
C 117.037 + 0.052° 2.129 + 0.009¢ 40.543 + 0.010¢ 3.282 + 0.006°

(A) Normal group, (B) CCl,-treated group, (C) CCl,-treated group + Inonotus obliquus extract, Values, n = 6 for each group, not sharing a

common superscript letter are significantly different (p < 0.05).

40.543 £0.010 ng/mlZ ZA |9 om, Gakzo] vjs) Aldsler
A2 fisl 9] 4990l A Hebda 4ol 4Rz
B0 BT S Heiek U39 1gh e 34
o, iz, A2 o] AFHTOIA ZH2E 2.194+0.004, 3.675+
0.006 = 3.282+0.006 ng/ml 2 AlHSERATE FE3E FLof|A]
2 Uebgom A@del HdzeM 23 e B9 v
ERRSIT.

3. Nitric oxide(NO) 284Kk 9l ‘NOS CHA =X
AP AeFaso] 95 fel HesheA] oF-

=ahis
%8}7] ‘?46‘}04/‘]'035]'%5\_01] ] H ‘:E] 7k _,_)\]—o] lives }_Zﬁ}
of griess Aok ARSI NOH iNOS T WATRS

glsk A3, Fig 1, 20149} 2o zHz; 5.85+0.14, 10.92

H

0.86 2 7.03+023 uM/ml & NO A Fo] Aldslers &
Eoto gx] At Hlal thxatellA E=A ‘/}EP’L A2
o] AF oA A YER NO A4 IJAE 3FS 5 A
ok NO A4 SA|71%k) &gk INOS T2 €] -‘Jr‘_/‘é% AL
317] 913k westernblot analysisE ©]-83}e] iNOS T2 9]
WS AR A3, BE ol Fg Hsls #Ed &

AT
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Fig. 1.
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Effect of Inonotus obliquus on the NO production in liver.
NO production from liver was determined in culture
supernatant by griess reagent. Values (n = 6 for each
grouP not sharing a common superscript letters are
significantly different (p < 0.05).

(A) Normal group, (B) CCls-treated group

(©) CCly-treated group + Inonotus obliquus extract

(b)

120
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60

40

20

0
A B C
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Fig 2. Effect of Inonotus obliquus on the iNOS expression in liver. (a) Expression of iNOS protein was determined by western blotting.
Actin was used as on internal control. (b) Protein band were quantified by densitometry (n = 6 for each group).
(A) Normal group, (B) CCly-treated group, (C) CCl,-treated group + Inonotus obliquus extract
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(a) (b)
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Fig. 3. Effect of Inonotus obliquus on the TNF-a expression in liver. (@) Expression of TNF-o protein was determined by Western
blotting. specific anti TNF-o. antibodies. Actin was used as on internal control. (b) Protein bands were quantified by
densitometry (n = 6 for each group).

(A) Normal group, (B) CCl,-treated group, (C) CCls-treated group + Inonotus obliquus extract.

(a) (b)

. I
e omemem | | pucin

A B C
o1 R | | oo
P-actin - — pB-actin n

A B C A B C
pstart [ L pSTAT 6 |
B-actin  W—. — - B-actin - - -

A B C A B C

T-bet GATA-3 WSS
B-actin  -—_-:G_—-—— B-actin  W— ——
A B C A B C

Fig. 4. Effect of Inonotus obliquus on the IFN-y, STAT1, pSTAT1 and T-bet expression in liver. (a) Expression of IFN-y, STAT1, pSTAT1
and T-bet protein was determined by Western blotting. Actin was used as on internal control. (b) Expression of IL-4, STAT6,
PSTAT6 and CATA-3 protein was determined by Western blotting. specific anti IL-4, STAT6, pSTAT6 and GATA-3 antibodies.
Actin was used as on internal control (n = 6 for each group).

(A) Normal group, (B) CCl,-treated group, (C) CCly-treated group + Inonotus obliquus extract.
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4. WesternblotS 0I&8t cytokines Z&

AtAstRAE fEE 7] 2 M dF =
Eo] P doln 7] 98| cytokines?] WIHAHEE Tz
FHRA oM s3] flsted A3 AHE Fig. 3, 400
B QTh HwhE 3 dEwhEo] Wl 2dd o] T8
g %S "HIshs 9T ARIETIRIQl TNF-o S %S
HH AMSeAR FEg thaate] BAdte] AgAdtel Hls
F WS e, A o] HFTlM T o]
Fe A< JERNTE Thi type 331 IFN-y9} STATI,
pSTAT1 22|53l T-bet®] - Aol thal] tizxzwtolr =
< S AP o] HAFwolA Ldo] Folee AE B
AT Th2 typeQ! IL-49} STAT6, pSTAT6 12|l GATA-
3¢ W EF Bk tisto] ATt B WS e
3L, AdAe] HFTeA ddge] Folees AS B T A

At}

<

il

ofi

.
B dTe At Fog i dFe] 7 ElA
x4 Zisol Al Y AL DAl A7huiA

cﬂ
FEES 477 FoAste] 7F Ao A Alo|ETIRIS]
o FZE] WHls RIS
e FEES 34| (antibody)ZtilE B2, IgA, IgD,

g
i
3
=)

Igk, 1gG 183 IgMOZ EFHETE A7 vgolA 9] IgA
AAFE B iz 2 TS A d55F
O]

9 Foiak ZolN 2 AFo] TAFUL, IgE AT T
e ngch Az e dpvjdle) Fo@

o e A

HY FREACT BT ¥y 22 HupgdHoA F
83 5ol AA Wo] HAUSS FA8E IgAe dAVS &
ol gt FAZA] g2 23} FA A Tost JTS
shH, 53] € 27], A4, 718 79 A SolA T
o] A%dtty By ¥|o] k3 (Tharp and Bames, 1990),

IgE= BHZF 99| 39l 784 283} B2 3l
Fofat AAgle] WMy F2EAUS oF 0.002%°] FAE +
detal delA A8 dF5S oAIZ (Na JC and Seo
HG, 2002). olell HY] =4 7]yl oyt 95 o] &
H7F de AoR AlgErh

AW A5 A= FZF nitric oxide (NO) 2
prostaglandin E, (PGE;)59 ¥€35UA7F =3 NO
synthase (iINOS) 2 cyclooxygenase (COX-2)° <5l A=
o} (Moncada et al, 1991; Nathan, 1992). 7Fll4¢] NO A}
AE ERIg A3, AMgsterag Qg 7F 27 SR
A 2o] FHFA W AFS Btk IukEl NOY
gL ol FolAY TFS AANTI= IS AR,
W)l Rlel] o3k H=dk N0 FA-L A5S FEA7I

BN - U

Al =M 229 &4, FRA Wo] 9 A 5 Ut
t} (Stuehr et al, 1991; McCartney- Francis et al, 1993;
Weisz et al., 1996). ©]= AMEsErAel] sl AJ4E NOE
AR dFFEES] TR JRAAFCEAN AT 8HE
vebd Zlog Agzbeh

Cytokine2 323} fAGE 7|58 84 WY AxEE0] A
2 gkl =eg T A2 wdoln, |y Axe] &
slo} el zdd] Q3 kS ap, 2prpHe] Aske] uby
I DI BAHo] Y= AoE Ud#A Utk (Wood, 2001;
Falcone and Sarvetnick, 1999). 95 Z7|¥H3olx A3}
TNF-08] H&S ZRlal31e wl, tizte] Adsieraz <l
2 WS YERIIAL A deFEES AFAR
oA 2 WL ZAAA TNF-02] S AATE A
eIl HlE7] AS5ukgol Fodsks frAkel o8 &
Fo] AARIAZE 24l #edsl=t] Thl ¥ Th2 wsolle A
ARIALF T-bet?} GATA-37} 583 AEE 3k Zo= Azl
t} (Escoubet-Lozach et al, 2002). T-bet> Thlo}E o 29|
Ealol] Fasith 28 Tbete] walo] F7k=w ThiAER
W3PF SXE A GoF R ThHE 3= YA €t
TESE IFNsy 2 1L-129] BH|E EK151] 1gE o] 2ast
o} o]9} HMHHE GATA-3E IL-49} IL-52] AAES ZdEsla
Th2 2RSS FZgth (Zhang et al, 1999; Finotto et
al, 2002). o] ATE WA sl7] {lsiA= 4 Thiz
Th2 %2 1312 2235 Tbet 2 GATA-3 Z47te] AlE
o4 W= [FN=y, IL-4, STAT1, STAT6 5¢] L& oAk-S
o] Hrishs Aol Fastal o|zle] AFE siMshatl B
o] & Zo=w wWlth Thl AXo £l &S mA=
IFN-y, STAT1, pSTATI, T-bete] L& A2 =d|, thzr

o F

N

O ARSI fEatalA] w2 WES YERNSIA, A7
A G F25 AN 2 do] FojEs AL E &
UATE. Th2 A9 E3tol]l FEFE WAL IgE 4ol #efs)
£ IL-4, STAT6, pSTAT6, GATA-39] @& A A&AEAE
], o] gk 7he IR thxwolr w2 WS AhHAl
G4 FE2E GFTOIA 1 ddo] Folus AL E 5 9
ok 9 2 AdAAe ANESRAY] fEr ARAL I
= =

S5 FoE W9 24 Z8o] IS & F ATk

FHoll= A7 EFFEEo] FAksl &3 (Song ef dl,
2004), 7N 84 FEEC] YIMAE HCT-15 2 9]
OAE AGSE 2AIZIT} (Cha et al, 2004)7 K19t}
AAE Fefo] FFF &4 7R A= ge A

S THOE AA ZHFellA o] FolA|AL o, FA4o] ut
OWHA HwF ekdAde] FnE $-ele] Ul AAEe| I
He SAEFE g7 F2ol ThsetHME g dEdR
= VERAL e wAlROl o] FHEAL Itk (Kim er
al, 1998; Ng and Yap, 2002; Ham et al, 2003).
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2 43 A% 0y IR} ofe) Ae|EIle) §4 o
A A7PAA DS FEE AN AgstEAR
© S o 9 Bl e RoE AR,

ZAel =2

B APE LEIHI&Nel BT Qs
Hepgadow FasIon ol A=

LITERATURE CITED

Abbas AK, Murphy KM and Sher A. (1996). Functional
diversity of helper T lymphocytes. Nature. 383:787-793.

Agnello D, Lankford CS, Bream J, Morinobu A, Gadina M,
O’shea JJ and Frucht DM. (2003). Cytokines and
transcription factors that regulate T helper cell differentiation:
new players and new insights. Journal of Clinical Immunology.
23:147-161.

Ashburm LL, Endicott KM, Daft FS and Little RD. (1947).
The nonportal distribution of trabecule in dietary cirvhosis of
mouse and huinea pigs. American Journal of Pathology. 23:159.

Burnette WN. (1981). "Western blotting": electrophoretic transfer
of proteins from sodium dodecyl sulfate-polyacrylamide gels to
unmodified nitrocellulose and radiographic detection with
antibody and radioiodinated protein A. Analytical Biochemistry.
112:195-203.

Butler TC. (1990). Reduction of carbon tetrachloride in vivo and
reduction of carbon tetrachloride and chloroform in vitro by
tissue and tissues constituents. The Journal of Pharmacology
and Expermental Therapeutics. 134:311-319.

Cha JY, Jun BS, Park JW, Moon JC and Cho YS. (2004).
Effect of fermented compositions containing Inonotus obliquus
with Houttuynia cordata on growth of human AGS gastric and
HCT-15 colon cancer cells. Journal of the Korean Society for
Applied Biological Chemistry. 47:202-207.

Cha JY, Jun BS, Yoo KS, Hahm JR and Cho YS. (2006).
Fermented chaga mushroom (/nonotus obliquus) effects on
hypolipidemia and hepato protection in the Otsuka Long-Evans
Tokushima Fatty (OLETF) rats. Journal of Food Science and
Biotechnology. 15:122 -127.

Cho MH. (2004). The base of toxicology. Young Chi (ed). p.116-
120.

Escoubet-Lozach L, Glass C and Wasserman S. (2002). The
role of transcription factors in allergic inflammation. Journal of
Allergy and Clinical Immunology. 110:553-564.

Falcone M and Sarvetnick N. (1999). Cytokines that regulate
auto-immune responses. Current Opinion in Immunology.
11:670-676.

Finotto S, Neurath MF, Glickman JN, Qin S, Lehr HA, Green
FH, Ackerman K, Haley Kathleen, Galle PR, Szabo SJ,
Drazen JM, Sanctis GT and Glimcher LH. (2002).
Development of spontaneous airway changes consistent with
human asthma in mice lacking T-bet. Science. 295:336-338.

Ham SS, Oh SW, Kim YK, Shin KS, Chang KY and Chung

GH. (2003). Antimutagenic and cytotoxic effects of ethanol
extract from the Inonotus obliquus. Journal of the Korean
Society of Food Science and Nutrition. 32:1088-1094.

Kay AB. (1988). Leukocytes in asthma. Immunol Invest. 17:679-
705.

Kim HA, Kim EA, Park YC, Yu JY, Hong SK, Jeon SH, Park
KL, Hur SJ and Heo Y. (2003). Immunotoxicological effects
of agent orenge exposure to the Vietnam War Korean veterans.
Industrial Health. 41:158-166.

Kim SW. (1998). Studies on anti-microbial and anti-cancer
function of polysaccharide extracted Ganoderma Ilucidum.
Journal of the Korean Society of Food Science and Nutrition.
27:1183-1188.

Larche M, Robinson DS and Kay AB. (2003). The role of T
lympho-cytes in the pathogenesis of asthma. Journal of Allergy
and Clinical Immunology. 111:450-463.

Lee KW, Nam BH, Jo WS, Oh SJ, Kang EY, Choi YJ, Lee JY,
Cheon SC, Jeong MH and Lee JD. (2006). Collection,
classification and hepatic effect of native Cordyceps militaris.
Korean Journal of Mycology. 34:7-13.

Lee IS and Nishikawa A. (2003). Polyzellus multiplex, a Korean
wild mushroom, as a potent chemopreventive agent against
stomach cancer. Life Sciences. 73:3225-3234.

Lee SE, Park CG, Ahn YS, Son YD, Cha SW and Seong NS.
(2009). Antioxidative and hepatoprotective effects of Lythrum
salicaria. Korean Journal of Medicinal Crop Science. 17:1-7.

Lieber CS. (1994). Alcohol and the liver. Gastroenterology.
106:1085-1105.

Lim BO, Choue RW, Lee HY, Seong NK and Kim JD. (2003).
Effect of the flavonoid components obtained from Scutellaria
Radix on the histamine, immunoglobulin E and lipid
peroxidation of spleen lymphocytes of Sprague-dawley rats.
Bioscience Biotechnology and Biochemistry. 67:1126-1129.

Lim BO, Park PJ, Choi WS and Kim JD. (2008). Scutellaria
baicalensis modulates cytokine production, T cell population
and immunoglobulin level by mesenteric lymph node
lymphocytes in experimental mice with colitis. Korean Journal
of Medicinal Crop Science. 16:100-105.

McCartney-Francis N, Allen JB, Mizel DE, Albina JE, Xie
QW, Nathan CF and Wahl SM. (1993). Suppression of
arthritis by an inhibitor of nitric oxide synthase. Journal of
Experimental Medicine. 178:749-754.

McCay PB, Lai EK, Poyer JL, Dubose CM and Janzen EG
(1984). Oxygen and carbon-centered free radical formation
during carbon tetrachloride metabolism. Journal of Biological
Chemistry. 259:2135-2143.

Mizuno T, Zhuang C, Abe K, Okamoto H, Kiho T, Ukai S,
Leclerc S and Meijer L. (1999). Antitumor and hypohlycemic
activities of polysaccharides from the sclerotia and mycelia of
Inonotus obliqguus (Pers.. Fe.) Pll. (Aphyllophoromycetideae).
International Journal of Medicinal Mushrooms. 1:301-316.

Moncada S, Palmer RM and Higgs EA. (1991). Nitric oxide:
physiology, pathophysiology, and pharmacology. Pharmacological
Reviews. 43:109-142.

Na JC and Seo HG: (1992). Effect of 12 weeks combined running
and muscular resistance eExercise on physical fitness in obese
female. Korean Alliance for Health, Physical Education,



Recreation and Dance. 40:440-447.

Nathan C. (1992). Nitric oxide as a secretory product of
mammalian cells. The Federation of American Societies for
Experimental Biology. 6:3051-3064.

Ng ML and Yap AT. (2002). Inhibition of human colon
carcinoma development by lentinan from shiitake mushroom
(Lentinus edodes). Journal of Alternative and Complementary
Medicine. 8:581-589.

Stuehr DJ, Cho HJ, Kwon NS, Weise MF and Nathan CF.
(1991). Purification and characterization of the cytokine-induced
macrophage nitric oxide synthase: an FAD- and FMN-
containing flavoprotein. Proceedings of the National Academy
of Sciences. 88:7773-77717.

= BH\HOo

| . Z2I=C) -

i
K]

. 0O S
I:Ith

Tharp GD and Barnes MW. (1990). Reduction of saliva
immunoglobulin levels by swim training. European Journal of
Applied Physiology and Occupational Physiology. 60:61-64.

Weisz A, Cicatiello L and Esumi H. (1996). Regulation of the
mouse inducible-type nitric oxide synthase gene promoter by
interferon-y, bacterial lipopolysaccharide and NG-monomethyl-
L-arginine. Biochemical Journal. 316:209-215.

Wood P. (2001). Understanding immunology. Prentice Hall,
Harlow, England. p.22-24.

Zhang DH, Yang L, Cohn L, Parkyn L, Homer R, Ray P and
Ray A. (1999). Inhibition of allergic inflammation in a murine
model of asthma by expression of a dominant-negative mutant
of GATA-3. Immunity. 11:473-482.



