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Immunomodulatory Effects of phellinus linteus Extracts on Liver Damage Induced
by Carbon Tetrachloride in Rats.
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ABSTRACT : The purpose of this study evaluated the immunoregulatory effect of phellinus linteus ethanol (PLE)
extracts on liver damage on carbon tetrachloride (CCl,) induced in rats. Four-week old Male Sprague-Dawley rats were
divided into the three experimental groups randomly; Control group, CCly group, CCl;+ PLE group. We found that
effect of PLE on IFN-y, STAT1 and pSTAT1 was decrease in vivo. Several genes were demonstrated to be IL-4 inducible
prior to the discovery of STAT6. IL-4, STAT6 and pSTAT6 decreased significantly lower in CCly+ PLE than the CCl,
group. Our data indicated that cytokine protein production were increased in CCl, group with CCl,+ PLE group. In our
data indicate that IgA levels in MLN lymphocytes were low, while IgE was high in CCl,;+ PLE group compared with CCl,
group. Therefore, the results of this study show that PLE can be proposed to protect the liver against CCly-induced

immunoregulatory activity in rats.
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F, B, 5 59 S0 Yea, 3 2A0e) Agtzy
& ke ohael ol Fv1sle} 1 ARk AgEnt
- satol

ByEo] Stk (Kim er al, 2007). $-EUetE H]
Foprlo} A HelMe 7+ 4oz % 7+ Aajdl tiste] A
AES 7190R s RS 2T AV B AR
g o] &3 Ut} (Lee ef al, 2006).

Al 2R 48 9 okgow de o]gHo] gtor
Aol Atahg, BA s 24 9 HEF T A%l g
o=t 7iA G Bargel whel wAlel] thdk #4l ts
EoRA Eth 2 F AEAe ERIHOE S A
EWAIZ}E (Hymenochaetaceae), Z1&H A4 (Phellinus)ol <3}

= WARSFO 7 RHAXNSHAL FkHo] w73 ¥
Moz el giadel H3 Uk (Choi ef al, 1996). 2:3}7]
AT AR S, A=g, HolAPgt, A4S, AekE HE
alo] 79k v F sl S WY o A 715E ST
7= AR BAEI T} (Sung ef al, 1998).

TNF-a= &J3}%¥l macrophage, fibroblast 2 T2 o
AlzoA A== ol TR FIFE A A
ojolx} 9 95 w/fEEE IdEA AUt (Willeaume e al,
1995). Nitric oxide (NOy= t2A|2e] HA)d HARkE 53
Al FEEe 8 WYEdE 4HA UL (Brune et al,
2003), ¥ gz 75 ol9lole A EAA EHlEE
PEAHA HEAE Fx SAEZ|T (Maiorana et al,
2003; Taylor et al, 2003). IFN-y= THAA|3EAA] respiratory
bursts S7FA71SL NOS] B4hE S7RAA 25291 tiajAl 2
o] At ST AeE dTA Ut (Abbas er dl,
2000). DA AL T Al2ze] ddS Thl ¥He o2 Fsle]
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ZYA)Z1AL, o]2] & IFN-y= A2zl Sle 5ol 8412
IFN-y $=8Ao Adslar oo AE W HARRIARCI signal
transducer and activator of transcription 1 (STAT1) 5=
*éﬁ}/\l 713 ‘?4_"—%“&—501] Jag fAxe] dES ST7HA 2
Aoz dHA Ut (Celada et al, 1985;
Ch01 et al, 2007) Th2 Alo]E7IR1Ql IL-4= IgE 93 ¢
Zukeo) FA1A¢ QTS = AoE UE A olou:] 1L-4
receptor a5 F-F3F3L signal transducer and activator of
transcription 6 (STAT6)YS EAJ3}AIZIT} (Howard ef al, 2002).
7+=Ad B9l AFASIERA (Carbon tetrachloride, CCly)ol
ok 7+ At = e 7P 2] AR EE e EA
M el WedelE skl Bol ol 8%, A7t
CCLFAAel oldh dad2 7Aster ote f2 & & ot
(Fernandez-Munoz et al, 1985; Gans et al, 1976). CCL=
7}01]1\1 chilg ShAS- zisﬂ K+ZZ4 O] Aal, 7 E] FAL,
& Uehle tiE
Al BHRA (Tomas et al 1989) JH 7P°ﬂ A7, 243
S e o) 7Fse] uRe) 7] %ol 849 A3
ol Qlojd A¥HoE ol olgsw gk,
,'_[_LT‘:. }J—ihﬂ/vl zzt’o] /\].Oﬂg],E]—_,_i 7]- _uklo]
olA] NO, IL-49} IFN-y 4@, STAT1/STAT6
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Sprague-Dawley (SD)A| Rat
18]S Edeot = 7F YA fAlEE 3 F

22014 95U %, Agel 1833, A2 B
g4 AREA AHBES Sc. BES Ul Slalo]
controkt>, CClat, CCl+ 338l F2E (PLE)ZSE Ui
=, 7F AsE RS flE ARdsteL (0.5 mlkg AlS)E
con oil} 50:509] Bl&=E 3]4slo] F= 33] I]lAF B30T
FEE2 AT ko) 200 mg HlEE F 53] A TSIt
T 470l A APS YA, 45 F ratS ether® 1
A7l B AL Este] AL xFH 3 7 Mesenteric
Lymph Node 37+ =4 MLN)% A&}
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Carbon tetrachloride (CCly), con oil Sigma (Louis,
MO, USA)IA F+Y43F3Ath Lysis buffer (T-PER® Tissue
Protein Extraction Reagent)= Thermo scientificoll 4] %3}
th &A TNF-a, STAT1, pSTATI1, STAT6, pSTAT6=
Cell Signaling Technology®l 4] 1L-4, IFN-yi= Santa Cruz
Biotechnology Inc. (California, USA)ol|A] iNOSE upstate
biotechnology?ll Xl T 38ted ARS8, 2 9] YWk Aok
Sigma AF-S ARSI

4. ImmunoblottingsS OIE¢8t cytokines Z&

Z2 100mg & XLE]- Lys1s buffers 7}et & &3sle] 4TC,
14000 rpm, 1087+ € st FFolS AE2 e-tube®
&7 ]EP. A F ?—J_ b10 rad protein assayl'Ho g
WS JFEal western bloHJ S olgat A5t
5. Nitric oxide (NO) =

CCLol| oJsf =44 7k HY7|Ao 2 RE AAdE NO9
&2 Griess reagent system= O]%O]"x] = AS] o7 L = A e
< 100 mM Tris-HCI bufferel] o] £ &, YAIEe] 5]
NS AT 22 2] FEHE 96well plateol] FH3HL, 5
9] Griess reagent (1% sulfanilamide +2% phosphoric acid,
0.1% naphthylethylene diamide dihydrochloride)S 3715 2
2o 10i7F ¥EA1Z1 §, ELISA reader® 450 nm of|A]
FeE S5t NO®
ARESle] RS ST &

Erdsg

e

é@

3
]

+ sodium nitrite (NaNO,)&E
B R ERNFE R

6. ELISAS OI88t I1gA, IgEatA 53
Sandwich ELISA(Enzyme—linked immunosorbent assay)'H
ol &3t FABsAUTE S8 WH2 0.05M carbonate-
bicarbonate buffere} IgA, IgE UAAE 96 well plateo]
EF3 & 37C, 2A)7F incubationdth. Washing buffer® 3
W washingd} 32 blocking bufferS o] 37C, 1A%
incubation3tC}. Washing buffer2 3% washing, sample &
F3t3 37C, 1717k incubation3tC}, Washing buffer2 3%
washing, S EF33 10~1587F incubationT ELISA
reader® 450 nm oA =33}

[e]

7. SAA

B Ao dRd A= meantSECE YERN O, 7t
groupZte] EAIA FolAd-S SPSS program(ver. 14.0, SPSS
Inc., Chicago, IL, USA)S ©|&3t] p<0.05 FTolA

Duncan®] tHgH]aiie] ofsl] 48kl
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Table 1. The change of weight of a rat fed PLE.

Weight (g)
Body Organ
Initial Final Liver Spleen
A 334.7%£9.0 421.2+17.6° 8.4=x1.1° 0.5+0.1
B 309.0+24.3 360.8+36.6° 9.1+1.9 0.4+0.1

C 313.0x17.6 388.8+37.4*® 11.0=1.4%® 0.5+0.1

(A) Normal group

(B) CCly-treated group

(C) CCly-treated group-+Phellinus linteus extract

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

A B C
g -actin Gt S

Fig. 1. Effect of Phellinus linteus on the TNF-a expression in
Spleen. Expression of TNF-a protein was determined by
western blotting. specific anti TNF-o antibodies. Actin
was used as on internal control (n = 6 for each group).

(A) Normal group

(B) CCly-treated group

(C) CCly-treated group + Phellinus linteus extract

PE| 1}
1. AS29| MESIIE W 29| | st

477 A7 2ol R IF 9 ATTvHE 2 7] A
W3S Table 1] YEPHIATE 4 AFF7HES 2
controls*, CClys%, CCl,+PLETS] A8 A& HFA4 F0]
3347+ 11.1, 309.0+26.6, 313.0+193 g2 & controli-S A}
S717k0] Aol wiet {4 Al STFskE Ae YERIA
3, CCL-e AIAU2HE AFo] A F7hk= As 2A
o dFd FHE Felxks flGlTh 1 T AS B
o Blal ofke] F712 Btk 7+ S FRe Aldskeka
o ola] 7+e] MEuto] b wel Fapido] Frtsle] B
T 2 Aol WAo R Qlate] 1Hge] MR 7] wiedl A
o7 4EA om (Kim ef al, 1993), ¥ A4
AEA F2ELS 7 Tl T IEFE A e A
o7 AlEHTY.

2. ImmunoblottingS 0l&8t cytokines Z&
FEWA FEFEC] CCLE K= AF liverol A
cytokineoll tHeF @S Fig. 1, 20 YERAAT ASEA
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(b)

Effect of Phellinus linteus on the IFN-y, STAT1 and pSTAT1
expression in Spleen. (a) Expression of IFN-y, STAT1 and
pSTAT1 protein was determined by western blotting.
specific anti I[FN-y, STAT1 and pSTAT1 antibodies. Actin
was used as on internal control. (b) Expression of IL-4,
STAT6 and pSTAT6 protein was determined by western
blotting. specific anti [L-4, STAT6 and pSTAT6 antibodies.
Actin was used as on internal control (n = 6 for each
group).

(A) Normal group

(B) CCly-treated group

(O) CCly-treated group + Phellinus linteus extract

Fig. 2.

37 9aS sl YE cytokine®l TNF-o T3 ZFe
controk 2t} CClLtollA] =2 WS B3, CCly+PLET:
oA welgFo] sk Z1S VeI Thi lub=E9] &
32 221715 AARIAR] IFN-y2} STATI Z2]3L pSTATI
o] WL CClLe] izl M8l & HdS eI,
CCly+ PLEAA o] wdl o] o7 vhA] Yepsdtt. Th2 Yt
TR 35 N7 AARIAR] IL49F STAT6 12]3L
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Fig. 3. Effect of Phellinus linteus on the NO production and
iNOS expression in Spleen. (a) NO production from liver
was determined in culture supernatant by Griess reagent.
(b) Expression of iNOS protein was determine§ by
western blotting. specific anti iNOS antibodies. Actin was
used as on internal control. (n = 6 for each group), values
not sharing a common superscript letter are significantly
different at p < 0.05

(A) Normal group

(B) CCl,-treated group

(C) CCl,-treated group + Phellinus linteus extract

pSTAT6S] AT gk CClte] thxzel Ha
YERNSAL, CCl,+ PLEZo|A] 2] dhaafo] oFz7t
e FFe JEIAT.

3. Nitric oxide (NO) A#rlZF =X
Liveroll A€l NOAA S INOS
Fig. 3 Yepilch H2 |45 f2l
Z10 7 AR NO XS doli
(e}

=
Al izl CCl2ell Hlal &2 NO
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Table 2. Effect of Phellinus linteus on the immunoglobulin A and E
production in serum (@) and in MLN cultured super-

natant (b).
@
IgA (ng/md) IgE (ng/m)
A 116.593+0.044* 2.694+0.002°
B 131.160%0.049° 2.900-0.004°
C 114.802+0.043% 2.207+0.005¢
(b)
IgA (ng/ml) IgE (ng/m{)
A 56.222+0.020 4.431+0.004°
B 44.988+0.019 2.537+0.001°
C 52.519+0.018 4.498+0.002°

(A) Normal group

(B) CCly-treated group

(C) CCly-treated group+Phellinus linteus extract

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

g 4 UATE AFHA FEEo 93 nitritee] B A}
iNOS 3l AaAAdS Golrr] 938le] western blotO =

iNOS Thid o] E Az CCLell ¢J8] iNOS @ o]
S7Feklom CCL+PLEROIN Ed o] So& Zle gjlst

et

4. ELISAS OI838t IgA, IgeeHl =H

A 1gA%t IgE, MLN 459 1gA9} Ighe] ALtge 3
g A3= Table 20 JeEPAATE 5 IgA9t IgE A
E5 controltt BT tlEw CClLwtol =A e,
CCly+ PLEZOIM & Akl EojE AS g<18I3ith. MLN
35 1gASt IgE A controkt BT} T}l CClae]
SA YERRAL, CCly+ PLEZOIM = Aikgo] soidt 21g &
M

) zt
7kl M-S SAATE BES 3] 98 CCLE 54
=31 liverol419] WE el 3= RJTE Thelper Al
E= a50] ALkslE cytokinedl wheF 2H7)5S dhe ATt
884% Bole A0 £7E & Stk Thl Y3+= IFN-

y, IL-2, TNF-05 H&A7]13, Th2 A= 1L-49F IL-102
AAZCL (Lim er al, 2007). CClel olsle] thajA = ol
71 AFEo] thge] TNF-o7f Ev)Em, E8]E TNF-0=
WA A ZS} TFTFE DASIAIA A7) 9 e AskA), ol
A B a2, IL-1, IL-6, TNF-o52 ©% EuH|eA 3ot
(Molloy et al, 1993). Western blot?] A¥E HSHS w A
Gl FEET0] CCLell o8 tgFe = A€ TNF-o &

=
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g PRAAT N 1L49) A} L4849 WS
AT Wik ohuje Thy MEe] ofe] A§E% AP

(Yancey et al, 1980; Stadler et al, 1989), T HZFu tj
AP FzEFol oaf AAEE AlR|ETRICE dufola X,

Y34, AT e 34 oA et AE g8} &
2 WMo 2 sl glo] WY B4 MY, ANEY 5

o] o FF, FutElZ #EY Foll A=A ATt (Knop er
al, 1990; Gresser et al, 1990). STAT1-S> HARIAZ [FN
o oJgk Alx] ANsAGHY S Fall Gt Ao 4
Z Utk IFN-y7F Alzeke] =gAel] Agsld WA Jako] &
AJslE]o] STATIS UtsIAIZILE <Qlatslel STATIS o3
o]Fo] 3 ko g olFsle] 54 frixte] FXA ML
Agtsle] wHS AT (Cho er al, 2005). ¥ AFA
IFN-y, STAT1 Z228]3. pSTATI®] HAZFS R4S W CClt
o] & WS HAN, YA FEETNE o] =

= AL gl = Uk STAT6= IL-40 oJa) B3}
HEd o] cytokineE 7ol o] IL-4, IL-5, IL-10 < &
H|8k= Th2 helper THIZS] 315 FXIgith 5 L4 ]3]
shel STAT6= IL-49] AARE FXskal, A= Th2 w37}
=t} (Patel er al, 1996). ©]°l| IL-4, STAT6 123l
pSTAT6S] L3S BS v thxwl CClato] B3Rt
Wo] E=A VAL, Al FEETOIA CCLEell thal
o wE e JeRfIT). STATIS] 7% CCLell &Ja) wao]
Z7F Aoz Hol, STAT6S| 7% thzwe] wdo| 7
A b=, olegh AERE SWAFEEC] STAT
WS AP}/ | Wt STATIS} STAT6S] 914k A
sl SAsLE oA Al71E e B 919 Ade A
121 CCLEE Al F2E2] Fo= lala T2 |

o] YolkSS & 5 Utk WY AE % IHE 5o
S ks iINOSe| e &3t EdEe] &3 A
2ol 2lair ZHEM (Kuo er al, 1997), oA B0 w
2% (Guarner et al, 1993; Sieber et al, 1993) 7H73W¥Z
Aol M = Ao R NO7L F7keke Zles deA] Ut
fle] ®mare} vjs=aAl CCly FolellA] NO A o] Sk
Ag B T AU, ole M FEE0°] CCly FoIwtollA
= AFE NOE JANZCEA AT a3E el
Ao AZHE [gAv 3o G ThelE 2 5=
EAsh Qzke] EH|EME FHAEE HoFREo|L
(Macpherson et al., 2008), IgE= H|RHA|Z} Agtsted H]vk
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