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Anti-inflammatory Effect of Inonotus obliquus Extracts in
Lipopolysaccharide-induced Mouse Peritoneal Macrophage

Suk-kyung Ko'? and Myoung-yun Pyo'*

!College of Pharmacy, Sookmyung Women's University, Seoul 140-742, Korea
*Seoul Metropolitan Government Research Institute of Public Health and Environment, Gwacheon-si, 427-070, Korea

Abstract — Macrophages play a vital role in the innate immune system involving defensive cytokines such as TNF (tumor
necrosis factor)-a and nitric oxide (NO). Therefore, we try to elucidate the anti-inflammatory activity of Chaga mushroom
(Inonotus Obliquus, 10) in murine macrophages. Raw 264.7 cells and peritoneal macrophages of mice were cultured with or
without LPS/LPS + IFN-y in the presence of 10 aqueous extracts (IOE 0.2, 2, 20, 100 pg/mL) for 24 hr and 48 hr, respectively.
Exposure of IOE caused the decrease of NO production and increase of TNF-a production in dose-dependent manner in acti-
vated peritoneal macrophage in vitro. To further investigate anti-inflammatory effects of IO ex vivo, we orally administrated
capsaicin (PC, 3 mg/kg/day) and IOE (100, 200, 400 mg/kg/day) for 4 consecutive days to C57BL/6 mice (7~9 weeks old,
female), then observed the NO secretion and cytokine (TNF-a) production of LPS/LPS + INF-y-stimulated peritoneal mac-
rophages. IOE inhibits NO secretion in dose-dependent manner both ex vivo and in vitro and increases the production of TNF-
o in vitro. In addition, we found that IOE possessed suppressive effects of LPS-stimulated TNF-a, IL-1p, COX-2, as well as
iNOS expressions in Raw 264.7 cells. These findings indicate that IOE suppress not only the LPS-induced NO overproduction
of murine peritoneal macrophages, but also iNOS, COX-2, TNF-a, and IL-1p overexpression of LPS-induced Raw 264.7 cells.
Consequently, our results suggest that IO may have the anti-inflammatory effects via suppression of the inflammatory cytokines
and mediators, and be useful for the treatment of inflammatory diseases.

Key words — Inonotus obliquus, Anti-inflammatory, Macrophages, NO, TNF-a, iNOS, COX-2, IL-1B
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Nz 3 ay

HMoleAo 52t CHAM=ZLL Raw 264.7 MZF - &
& s B Je] Al F AEE 89 AL o
A e F AlE o] BAAAEE 2 mM glutamine,
100 pg/ml streptomycin and 100 units/ml penicilling 3
3t 10% FBS-DMEM®I| F-FA1A 37°C, 5% COIA] il
g},

Raw 264.7 A|XF= SH=A| 232238 (Seoul, Korea)oll 4]
T 8199 2™ 2mM glutamine, 100 pg/ml streptomycin
and 100 units/ml penicilling F-F-38F 10% FBS-DMEM<-
A7¥sle] 37°C, 5% COQNA wjFsic),

Cell viability2} proliferation — 7878 v}F-2=2] E7ITH2]A|
ZS} Raw 264.7 A|222] oF=ol] it cell viability:= trypan
blueE AH8-3F exclusion assay= =743}, cell proliferation
© MTT assay’ & 243t} A ZE 96 well platedl] &5
gk 5 oFES I E2F Mg o0, 100 ple] MTT
reagentsS ¥l 37°CollA 4A17F 5t wiFslo] crystal violet
< FAsH gt widko] i Fol 100 ple] DMSOS ¥
3L 37°Coll A 3047+ wi¥ste] formazans &3 2121
ELISA Microplate Readerg ©]-8-3}4] 570 nme| 7ol
FEEE 4%

Nitrite quantification — Nitric oxide (NO)= Griess A] ¢F
(0.2% naphthylethylenediamine &< (A2} 2% sulfani-
lamide®] <13t g (B)yE AR Aol &% st Al
Z)S AMEE] NO2| QFE AkslE9] nitrite (NO,)HO2
233t} ¥4 NaN02l HE5=71 212} 160, 80,
40, 20, 10, 5, 2.5, 0 nmol/mI=|== 10% FBS-DMEM#A]
o] 342171 3 96 well platedl] 7Fala ZHA| (M Er|F
SM= ZHF 100 pwl 7FeE & Griess A12F 100 ul RESA]F]
3 10% T 570 nmolA] microplate reader® SFEE =4
sto] S AAdsilaL AlZujdel F2 NOw A
< o]&3lod AlEZ ml T NO, nmolZ Al4tsATh.

Cytokine assay — 84 PF$-220] B2 A (4x10°
cells/ml) 5= Raw 264.7 AlE i (2x10° cells/ml)S 48
well plate®l] 250 ul/wellE 7}3}3L 4A] 7 =& overnight
(37°C, 5% CO,)gt XA F=E& (I0E)S 7Fsfal LPS B
£ LPSS} IFN«yE 718}o] Wl Falar 48717k, B 24417}
ol FHgk Al Zujgd S A4 FEste] A s S
AP ETFRI (TNF-a) 5ol U3 sandwich ELISA
kit (BD PharMingen)& ©]&3l] 1 =& =743},

RT-PCR - 27Xl 58 (I0E)] 8% whe-2e] 57
M3} Raw 264.7 AlXZANA F52 Alo|E71137 1)
M=2 9] mRNALE G=o) v J&S 547 flst
o] A4 total RNAE 2] 3IaL reverse transcriptases
ARE-3le] cDNAS THS3L primer (Table )2} WHS-AJA Al

i

N
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Table 1. Sequences of primer used for RT-PCR
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Gene Primer Sequence Product size (bp)

COX-2 Sense 5'-CATG AC TAC ATC CTG ACC CAC TT-3' 696
Antisense 5'-CTC CTG CTT GAG TAT -3'

iNOS Sense 5'-TGG TGG TGA CAA GCA CAT TT-3' 229
Antisense 5'-CTG AGT TCG TCC CCT TCT CTC C-3'

TNF-a Sense 5'-CTC CCA GGT TCT CTT CAA GG-3' 195
Antisense 5'-TGG AAG ACT CCT CCC AGG TA-3'

IL-1B Sense 5'-AAG CTC TCA CCT CAA TGG A-3' 302
Antisense 5-TGC TTG AGA GGT GCT GAT GI-3'

B-actin Sense 5'-ACC GTG AAA AGA TGA CCC AG-3' 285
Antisense 5'-TCT CAG CTG TGG TGG TGA AG-3'

E7} 233 Alo] E7IR1S] mRNAY]
sl

SAXZ -2 A A A= mean+ S.D. ZF

O F FAEIHA, AEF7e] dlo]E= student's t-testZ &

qe

3

2 gel running 53

Yato] fol el 0.05 oI5k AN F

o= 2F3n.

7M. FEE0| 4Fl 52 thAMESl Raw 264.7
M= MEES0 0|Xl= ¥ - xPMA F2E (I0E)S ot
¥t = Raw 264.7 AL} AF ] Bt thala o) 24
A|ZF, 48A17F A 2I8IaL MTT assays A AlE AEE
= AT ESIT. FAT TS HELOR Bl 100%= et
BE o, A7PA FZEE (I0E) 2~100 ug/ml E5% Alo]ol]
A AE AEE F G vIHA] LAdTh (Table 1I).

Table II. Effects of IOE on cell viability in Raw 264.7 cells
and mouse peritoneal macrophages

Cell Viability (%)

Concentration
(ng/ml) Raw 264.7 Peritoneal
Macrophages
0 100.00 £ 4.49 100.00 + 10.62
2 107.18 £ 6.09 110.93 + 14.41
5 99.98 + 4.32 100.72 + 4.61
10 97.03 + 1.36 97.92 £ 7.55
20 92.19 + 2.28 94.16 + 20.02
50 99.25 + 6.06 96.79 + 11.80
100 101.57 £ 4.75 103.30 + 17.80

The cells were treated with various concentrations of IOE for
24/48 hours respectively. Cell viability was measured by MTT
assay.

A7 F£EE0| LPSE RZ & Nitric oxide (NO)2}
TNF-c2| dM0| O|Xl= W& - AA =& (I0E)°]
Raw 264.7 A2} vp$-20] Brto| x| Ea)sl nfa 2 wo}x]
oA LPSS] fxol 213 NOZ+ TNF-a Aol mx|& 4
ol thaf) Lolr 7] 916ted, Raw 264.7 A1 (1x10° cells/
mhet B w2 9olA] (4x10°cells/ml)ell 25 pM
capsaicin, XF7HHAl F%% (IOE) 100 ug/ml ©|3}2] ==
1A17F Bt MA@ v, LPS (1 pg/ml) == LPS (1 py/
ml) + IFN-y (1 ng/ml)Z # 2] ako] 244|178, 484]7F zhz} wj
31T Raw 264.7 A|EE o83 AFellA A Aol
Hlal LPS (1 pg/ml) == LPS (1 pg/mlet IFN=y (1 ng/ml)
T A g g oo NO g o] zHzt 2,74, 8.0M) S7t
atich. WEbs LPS B LPS 9 IFNwyE 34 713te =
W M ES] Whe-S FTMRFSS FRlE F A 2
T2 Ml A 2u AE<QD LPSE tidjA|lZolA] Y
7158 2de= o8 A = IL-1B, IL-6, IL-10, TNF-a
2 olgpr| =4t A HES BHISHE S Al 25 A58t
A=nte s gulals B2 gd= gae Ape ) 2

o] ARGHETE 2 A7 Al 22E (IOE) ﬂﬂ#oﬂ*ﬂ
1.:1:0]224__; NO/@/Ho] Cﬂxﬂ 54/\;\——‘]% o]:/\q EH
AMEEE 25 UM capsaicin® 2F W] ES o), Xp7 1AL —,—%%
(IOE) A2 100 pg/mle] NOBAS 40% A= A
o= 27PAlS] NOAE AAZpE & ZleE & & 9l
At 53] 27hA 2% (I0E)F LPS9} IFN2yE 4]
o zlst A3dox] NORA A axE A & &
AT 20, 100 pg/ml A =oAlA NOEA o] oF 30%,
75% AT & T AAT v vkl 574 o)
AAZE 7L g ARAoA ] oBF e AE]EkA] oF
2 7ol vl LPS (1 pug/ml) = LPS (1 ug/ml) 2+ IFN-y
(1 ng/ml)gt 223k thzo] NOAA ZFo] zH2} 6.64H, 8.5

<7t &< g1kt 53] LPS E = NOAS
A7 55 (I0E) AR 60% J=7A] JATgS &
4 I3 LPSet IFNwy& e NO’EEH SA] F7HAL
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Fig. 1. Suppressive effects of IOE on NO production

IOE(mg/kg/day)

Raw264.7 cells (A) and mouse peritoneal macrophages (B) were pre-treated with various concentrations of IOE, 25 uM of
capsaicin, and then stimulated with LPS (1 pg/ml) or LPS + IFN-y (1 ng/ml) for 24 (A) and 48 (B) hours respectively. (C) showed
NO production of IOE-administered mice peritoneal macrophages ex vivo. Mice were administered with various concentrations of
IOE, 3 mg/kg/day of capsaicin. Cells were collected and stimulated with LPS (1 pg/ml)/ LPS + IFN-y (1 ng/ml) for 48 hours. Val-
ues are expressed as mean+ S.D. of the values from independent experiments (##: p<0.05 VS. negative control, *: p<0.05, **:

p<0.01 VS. LPS- or LPS + IFN-y-treated control).

%5 (IOE) A2 & oF 56% 72t 2 2 5= it o]
el in vitro AEE 3 RPN F2E (I0E)°] thAl
3ol 283l NOXAES ados o &

= Azt ol A7 MEe FE=0] LPSE fi=
¥ Raw 264.7 AlEZlM NOBAES dJAdthe 2”9} o
2|8k Axfolr}, B3 vl 3 mg/kg capsaicin, IOE 100,
200, 400 mg/kg—oa— 4 Zot 7_]—71— AEHoz 73; 1[5_04 )
T 85 AlEE skl NOAESS AT A3, LPSE
=% NO A7d°] capsaicin FwolA] Fo]Z o2 41%
BE st gk 27 Al FZE (1I0E) 100, 200,
400 mg/kg A2 SHEHOZ FoFHOoZ NO A
Aol Z¥z}k oF 74%, 81%, 92% FASIAT) (Fig. 1). ©]&gh
AFZAHNA A7hAl Y] FAFAHES AS5T T UATH
T3k Raw 264.741 oA LPS (1 ug/ml) = LPS (1 pg/

ml) + IFN=y (1 ngmD)Z &J3}E TNF-o A/l capsaicin
oy} A7HHAl FE& (IOE) A27F 2ok F3S mA]A|
L3199tk 2318 100 pg/ml X 2ltollA 136% 78t
-2 7R wlE R jobA] €] 7-9+= 100 ug/ml X7 HHAL
FZE (IOE) 22l X TNF-a A40] 130% =718kt
Ex vivo doX = 100 mgkgFoAwol = 2tk g gko]
SN 200, 400 mg/kgFoIoNA ZH2 40%, 110% 5
7¥skdtt (Fig. 2).
A7 FE£E0| LPSE R E HZ2H niE2 =
AMO|E7fel Wsiof| 0|X|= W& —Raw 26 47
WAl 355 (I0E)S A8t LPSE =
MEL} AP E7IQ1 Ldlo) nX|s F%
&, RT-PCRE AL H%5 Wl Fa8h vj/j&2<l
iNOSe| I e & &4 o= 743tk COX-2
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Fig. 2. Effects of IOE on the TNF-oo production
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Raw 264.7 cells (A) and mouse peritoneal macrophages (B) were pre-treated with various concentrations of IOE, and then
stimulated with LPS (1 pg/ml) or LPS + IFN-y (1 ng/ml) for 24 (A) and 48 (B) hours respectively. (C) shows TNF-a production by
peritoneal macrophages ex vivo. Mice were administered with various concentrations of IOE, 3 mg/kg/day of capsaicin. Cells were
collected and stimulated with LPS (1 pg/ml)/ LPS + IFN-y (1 ng/ml) for 48 hours. Values are expressed as mean + S.D. of the values
from independent experiments (##: p<0.05 VS. negative control, *: p<0.05, **: p<0.01 VS. LPS- or LPS + IFN-y-treated control).

£ A7WA 25 (I0E) 20 pg/mliA A 2 2 Her}
LPS T AA Rtk ot 7l o, A Al &
£ (IOE) 100 pg/mIAE|A] 7HAa =k, gk vljeF A7k
2GS AHHEE INOSE Al 6AI7F Sl g% 4
2 100 pg/ml X 2]te] A g7t FESIAAL AlTke] A
UHA A zzrt vajsids & 7 AL COX-2+= L
Fdol Mzt H2 3RS v 2odth A5 WY
g Il g ™o Fa38 9IS Fdshs Al ETRI
2l TNF-ax= 100 pg/ml X2l ofaf oF7F 2HA8Aa IL-
1p= A 6r17F Sl 785 AijollA] L] FElshA| 1t
23S o ATk oA Al FEE (IOE) A
2 A3 wiEE 3 4% iINOS £ COX-2, 95 w7l
AP E7F] TNF-a9b IL-182] mRNA #d Hw7} 7hag
< #FEYT (Fig 3). ©l= 20054 8F S2o] 2p7h AL

[

HE-S FEE0] LPS % Raw 264.7 Al X4 iNOS<}
COX-29] proteins} mRNA L&E AA| S = Harel A%
| ZAjolth,

ool ATAFE Fall ApHAle] FHF &S TH
3 e RS RIS, do R 95 H sERdS

olg3lel H$EL FRHIA Bk,

g B

27 FEE] FUET 8-S Gotry] 98] LPSE
A= Raw 264.7 A|E8} npe2 By nl3.2 9ho] =] 9]
NO$} TNF-02] A4 F=E A A3} TNF-a Rk 5
g3 NO A A a3& aRisin. 95 dni=Z
o] a2l INOS9 COX-2, B354 Ale]E7FI2] TNF-
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Fig. 3. Effects of IOE on pro-inflammatory mediators and cytokines expression in LPS-stimulated RAW 264.7 cells
Raw 264.7 cells were pretreated with 20 and 100 pg/ml of IOE for 1 hr, and then stimulated with LPS(1 pg/ml) for 6 and 12 hr.
The levels of INOS, COX-2, TNF-a, and IL-13 mRNA were determined by PCR.
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