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Anti-inflammatory properties of chloroform extracts from
GW10-45, a new cultivar derived from Pleurotus ferulae, in
RAW264.7 murine macrophages.
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BSTRACT: Chronic inflammation, which results from continuous exposure to antigens, is one of major reasons for tissue
damage and diseases such as rheumatoid arthritis and type 2 diabetes. In this study, we investigated the anti-inflammatory
effects of extracts (hexane, CHCl;, MeOH, MeOH/H,0O, and H,0) from GW10-45, which is our new cultivar of an edible
mushroom Pleurotus ferulae (ASI 2803 and ASI 2778), in RAW264.7 murine macrophages. None of the extracts showed
cytotoxicity in RAW264.7 cells and the hexane, CHCl and H extracts reduced nitric oxide (NO) production, an important
inflammatory marker, in lipopolysaccharide (LPS)-stimulated RAW264.7 cells. Particularly, the extract (CG45) inhibited NO
production more than the other extracts did. To elucidate the effects of CG45 on molecular targets involved in pro-
inflammatory responses, we performed western blot analysis. Expression of inducible nitric oxide (iNOS) significantly decreased
in LPS and CG45 co-incubated cells compared to that in LPS only-treated cells. Additionally, another protein thatplays a
critical role in inflammation, was down-regulated in cells treated with both LPS and CC45. In the nuclear factor (NF)-x B
pathway, phosphorylation of Ik Ba decreased in RAW264.7 cells treated with both LPS and CG45. Furthermore, CG45
inhibited the phosphorylation of NF-x B in LPS-stimulated RAW264.7 cells. Conclusively, CG45 could suppress pro-
inflammatory responses in LPS-stimulated RAW264.7 cells by down-regulating not only the phosphorylation of NF-x B and
Ik Baw but also the expression of iNOS and COX-2 without any cytotoxicity.
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Al BNk opue}t FulEls AEYA,
o, ¢k, 2% B 5o AW dodle F83 Al

Z}EITH(Libby, 2007; Kundu and Surh, 2008). 7+

B5 WEolA XA ETF 7Y B s ARAI kAL
2™, lipopolysaccharide (LPS)9} 7+ gFelof 2J3) Al
Z YRR NSE At 95 S dov "o
(Liu and Yang, 2013; Decano et al, 2016; Guha and
Mackman, 2001a). LPS7} 2] M| 9] receptorel] A9t
3hH dubd © 2 NF-kB pathwaydl &3l E54 Alol&E
7F1 % inducible nitric oxide synthase (iNOS)<}
cyclooxygenase-2 (COX-2)¢} 722 954 dhuld o] i
o] 7kl HaL o]y 3t AFA AAES e WA X
ES AF5al B0 2H 95 ghso] HYETh(Park er
al, 2013; Li and Verma, 2002).

olglgt A=t HF WS Alske FEE 2 4
271 918 B2 AFEe] X8 FolH, 1 5 HAE 9]
St RES Fe Ay g EeA l&E
(Patel et al, 2012). 2 Z o}I=€l2|HA (Pleurotus
ferulae)> TElE] WAL HE 52 “ElRRIHAELS] &
HE Fo2 AZtEH, Az 2§02 o]gd Wyt ofy
gt g 7ret ¢ &9t 59 539E YehlE A= ¢4y
A ATH(Choi et al, 2004; Hu et al, 2009). 2} P
feluae®] TS d tigh AAZ] A+ AP =A] &2
FFoltk. GW10-45& 7 7119 o=l +5
(ASI 2803, ASI 2778)< di-mono= Hlake] A3k A
2L AFE 47 AgEAd B3 A= dATEA] 2
=X FATH(Shin et al, 2015).

2 AollM = offl=Elem Aol A9l GW10-459]
E2ZXEF FEE (chloroform extract of GW10-45; ©|
3 CG45)°] & &8 vH-2 RAW264.7 HI2AH2E
o]-gated FRlIstaL, LPS A=l 9Jsl] E/dsts= A2
U e EEe] CG457F oE FFS nX=AE E]ls)

ATt

ofo o

M= 3 a8
oY |5 ¥ HAMe| F&E 22|
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APAA A gt o3 AR} o9 =El|MAl 7 ASI
27782 AAA A gt dMHALS di-mono HYSH
Aoz FAREA FYYAEZT AXNEZE Al

o} el Al WHF GW10-455 542 Axd F,
2]7] (Hanil, Seoul, Korea)Z 2|35l ¥4 AdslH
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Fig. 1. Schematic procedure of preparing extracts from GW10-45.
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7t FZ2EUE &3l AlA FEES AT MeOHFEE
2 &% T MeOH £3llE3 MeOHe| 8430 A&
H,0Z 9] MeOH/H,0 &3l&= F-&ste] Aol o]&

S51tHFig. 1).
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F o] M ES RAW264.7 AlEF+= ATCC (American
Tissue Culture Collection, Manassas, VA, USA)I|A T+
3192, DMEM HiA]ell 10% FBS9}t 1% penicillin
(100 U/ml)/streptomycin (100 pg/ml)S 3 718ked A EZn)
Foll AFEATH. AEE 37°ColM &3 2ACE CO,
(5%) incubatorol] A 8] %= AT},

MZSH ot

2 #329 Axol O %YL A A3, 96-
well plateol]l RAW264.7 A|EFZ 1 x 10° cells/wellTH-
TR 5 2447 wiefsidit). ol % S HAl ==
< 100 pg/ml F=2 24417k 52t A2t vl S=
T A28 vjA 2 WA SFaL EZ-cytox Cell viability assay
solution WST-1 A]¢} (Daeil Lab Service, Gyeonggi,
Korea)s #l2jste] F7Ho® 3A17F o wjdsdt ok,
microplate readerg ©]-83t 460 nmolA FF=E 3

skt

LA (NO) s 3

RAW264.7 Al EZFe] Astda A S457] 98,
A ZZ 24-well plated] 5 x 10* cells/well® EF3}3L 24
A7 i Fet F, zF FEE(100 pg/ml)S 2417F Az st
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AEZE AFsih. wjo]l B &, Astd A NO)e &
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9] Griess (Sigma-Aldrich, St. Louis, MO, USA)A| ¥
I 1087 Aol QS Al7]3L microplate readerS
o]-&3ste] 460 nmolA SFF=E SF3HAH

Western blot 241

Western blotS Als)3t7] 93t RAW264.7 A|EXE
CG45 (100 pg/mh= 2417+ <t A 2JskaL 24417k 52t
LPS(1 pg/mhE ASAZ F, AE2E SR 1€
M2EE cell lysis buffer (Intron biotechnology, Gyeonggi,
Korea)Z &3l3tal 942 E B3l AedS st
o]% TlE S 12% SDS-PAGEE ©]&3te] #17]%9%3}
3L, nitrocellulose membrane 22 electro-transfer S} T},
whildo] A%H membraned 5% skim milkZ blocking
3k T-S PBST (135 uM NaCl, 2.7 mM KCl, 4.3 mM
NaPO,, 1.4 mM KH,PO, 0.5% Tween-20) buffer= A%
T anti-iNOS, -COX2, -p-NF-kB (ser536), -NF-kB, -p-
IxBa (ser32), -GAPDH rabbit antibody (Cell Signaling
Technology, Denver, MA, USA)S WHSAZ T, 28|31
PBSTZE A|2]5}32 HRP-conjugated anti-rabbit antibodyS- %
SAIFATE. ©] % ECL detection system (Pierce, Rockford, IL,
USA)E o]&ste] -3 vh-g =g 7HA] 58t
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@ e 5, st Maudgs ) ZRRLE o
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2015).
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Fig. 2. The effects of GW10-45 extracts on cell viability in
RAW264.7 cells. Cells were treated with 100 pg/ml of each
extract (hexane, CHCl,, MeOH, MeOH/H,0, and H,0). The
data in the graph is mean * SD (n=3, *p < 0.01 vs. non-
treated group).
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Fig. 3. Effect of GW10-45 extracts on NO production in
LPS-stimulated RAW264.7 cells. Cells were pre-treated with
each extracts for 2 h and then activated by LPS for 24 h. NO
production was measured by using Griess reagent in culture
supernatant. Values in the graph indicated mean + SD (n=3,
’p < 0.01, vs. non-treated group and *p < 0.01, vs. LPS only-
treated group).



ojfol W E AT AFolA thgFet &R FE3F of
AWM FE2E] NO A A 2345 RIS o,
Qe Aol fAleA FREEXE FZE0| RAW264.7
Aol A NO B8-S 7P a4 02 A8 th(Kim
and Kim, 2015). °]& &3] d5l 237t = =2o]
CG459l Bo| xF= o] S Aolgtarl Aztxw o] 59
AL JA a7t Hold CG457HS o] &3le] g3}
At

iNOS ¥ COX-2 Waio]| O|X[= A&

iNOS (inducible nitric oxide synthase)= H5
Aol Fag 9l ASHLE Phshs BAEA
arginine © ZHE AstAAE At AL St} 18
3L COX-2 (cyclooxygenase-2)2] 73-%-, 954 A&}
¢lo] do] PGE, (prostaglandin E,)S HAsE 7152
7t} (Guha and Mackman, 2001b; Dilshara et al,
2014). ©o] F ©uld BF RIZRE LPSet 22 HS5A
Al=0] Eoigks o, AlX ] w3 Fo] F71shH, NF-«xB
o] Qikslel ofsf 7 Wdo] 2HHE AoE dHA A
Th(Ivashkiv, 2011).

Al CG45 (100 pg/ml)E * 23+ & LPSE A=Al
7 INOSS}F COX-22] & -8 Western blotS 31 H|w
3k A3} Fig. 4(A)2F 2] iNOS9F COX-2 & whufd w
LPSTE A2t MEZAAME FHsHA o] F7138)
208 eI, CG459F LPSE 5% A3l wol|A]
INOS®} COX-29] M W o] §A43] 7hashe A
I3t ol st A5 Fall, CG457F LPSE 1=

RAW264.7 AZFoA  d54d @El iNOSe}
COX-29] HAS YAlsk= 237t ke 3S &+ A
AT},

fs do dfr A

(A)

LPS (1 pg/ml) - + +
CG45 (100 ug/ml) - - +
iNOS -—
COX-2 -

GAPDH - s—

NF-xB ¥ IxBa Q45 K| &0l

NF-«B (nuclear factor-kB)&= 95 ¥HSel oA T8
St AARIZIZ ASA DRSS ASA ARIETRI T
o] AAME E43lshe 7152 STt (Ha er al, 2007). Al
3E &R A LPS9} 2 Aol FoAH AE Y= Al
37} Ag=o] NF-«kB2] A &2l IkB (inhibitor of
NF-kB)a®] QIAFs7F dojubar 14tste IkBow 3=
o] NF-kB2| QIAtsl7F dojdt}. o] % QlAiksleEl NF-xB
= I Y= o]F3l iINOS9 COX-2 722 NF-«kBol| &
HE genes9] AAFE PsHAl Doh(Kim er al, 2011;
Li and Verma, 2002; Schuliga, 2015; Barnes and
Karin, 1997).
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blotS A3t 2 A3 Fig. 4(B)9F 2], IkBa2] 2
2ksb7t LPSHE A 2] Al F71staL, CG459) 2ol vl st
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Fig. 4. The effects of CG45 on the expression of inflammation related proteins in LPS-stimulated RAW264.7 cells. Cells were treated by
CG45 (100 pg/ml) for 2 h, and then activated by LPS (1 pg/ml) for 24h. (A) The expression of iINOS and COX-2 was investigated in
whole cell lysates. (B) The phosphorylation of NF-kB and IkBa and expression of NF-kB was also evaluated in cell whole lysate. GAPDH

was used as a loading control.
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