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Anti-inflammatory effects of Cudrania tricuspidata twig sawdust
fermented with Ganoderma lucidum mycelium

Se-Eun Park', Myung Kon Kim’, and Seung Kim'

'Department of Food Science and Biotechnology, Gwangju University, Gwangju, 61743, Korea.
’Department of Food Science and Technology, Jeonbuk National University, Jeonju 54896, Korea

ABSTRACT: In this study, we evaluated the anti-inflammatory effect of extract from Cudrania tricuspidata twig sawdust fermented
with Ganoderma lucidum mycelium. Fermented Cudrania tricuspidata twig sawdust extracted with 70% ethanol and elucidated
the potential signaling pathway in lipopolysaccharide (LPS)-induced RAW264.7 cells. Fermented Cudrania tricuspidata twig
sawdust inhibits LPS-stimulated nitric oxide (NO) production without affecting cell viability in a dose-dependent manner and
production of LPS-induced pro-inflammatory cytokines such as interleukin (IL)-1B, tumor necrosis factor (TNF)-o. and
prostaglandin2 (PGE,). Fermented Cudrania tricuspidata twig sawdust also suppressed the expression of the pro-inflammatory
mediators such as inducible nitric oxide synthase (iNOS) and cyclooxygenase-2 (COX-2) in LPS-stimulated RAW264.7 cells.
Moreover, Fermented Cudrania tricuspidata twig sawdust significantly attenuated LPS-induced lkappaB (IxB) degradation and
suppressed nuclear factor kappa B (NF-kB) nuclear translocation. These results suggest that fermented Cudrania tricuspidata twig
sawdust may have great potential for the development of anti-inflammatory agent.
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AH&-E] 0] STH(Choi ef al., 2009; Kang ef al., 2011). 2
7]:= xanthones, flavonoids ¢ E2]3|% (polyphenol)

o

=
JTHKim et al., 2009; Kim and Kim, 2005; Kim ef al.,
2012; Joo et al, 2009).

FAMAM (Ganoderma lucidum)S A AHOE B
g, ', T ol A, ol Al s, at,
A, A7, RS, w09, 9919,

= AEs] {8l AR $tt(Shio, 2003). <

el A e B9, P, iz,
W5, 2L 5 e Aol mnusol slo
™ polysaccharide, tritepene, nucleoside, steroid, & T}
3l E@Eo| ShrE o] UtH(Chen er al, 1980; Furusawa
et al., 1992; Waser and Weis, 1999).
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2lo] Mut-g-o|th(Jeong et al., 2012). TFFs WA £
NA dojupe EHAR] P o R A2 e HY
A Z7} vpol 28} 72 ATl whg-ato] A EA-G-
(phagocytosis)e 3tAY FSI/ELDES 18t A|A
3= 74 3 EIHETH(Vane ef al., 1994). A EE=
A g T WS @dshs A, lipopolysaccharide
(LPS) B APl EFRQI 72 RIxb=ol s &3} ¥,
nitric oxide (NO) ¥ prostaglandin E2 (PGE,), tumor
necrosis  factor-a  (TNF-0), interleukin-6  (IL-6),
interleukin-1p (IL-1p) 72 d3ulZl AAE Aot
(Kang et al., 2006; Lawrence ef al, 2002). NO= L-
arginine®l|#] inducible nitroxide synthase (iNOS)el <]3]
A =] uqoﬂ "&:l;,lrilz]— MIANST A = qokﬁ} N5
< 7KL ]‘%‘l NO?9| #t} ik A5 fdste] 4
g 2 B4 Ysla Ed, ofEd, ¢, A, #HY
=, 954 A% 58 s ¢ don w=3he] YRl
7|= $tt}(Paradise et al., 2010; Peng et al, 2015;
Guo et al., 2012‘ Jin et al., 2014). iINOS$} TNF-a2} 7
& AZAN AAE2] WAL nuclear factor-kB (NF-kB)
£ Egete thgst AAE A o8 2 ETH(Cho er
al., 2008' Medicherla et al., 2015). G3m7l QAAF2] A
A& fFeshe By AloETRRIS] WS Asfat A
Hd QIApe] ol Fa3k AsHEIARE 2=
ARIZFE 9] B AL 9= e A3 X8 wE=
WS 918 T8 targetSE AAX AL glom FHZTd=
ol ARSELL e FESAY T2
AdE o Fd5 A4 s A%
8= 3 ) ek(Park et al., 2012).
wEhA], B Ato| A= Raw264.7 Al3zo| A LPSol| ]3]
fr=d 45 #4 o7 £29 NO, PGE,9] A4 #4
izl o] Wk oFA)} "Wl H=A] A]—O]E?}_O =25 E3)
FAHAAS o]&ste] WaE PR 7] FY
FEEY 9T 2HE AFe 7 aAEA &§
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BAMA(G lucidum KACC 42231) o3& §27335%
= AU EALAE (Korean Agricultural Culture
Collection, KACC)o|A £ ol AR5}t
TXELE ZVHK| &g & FEE M=
Fig. 1¢] #H L& B3 FAET 7] 38 2 =
=2 Asian. 1A, AN FF= HoplA] (malt
extract broth; Kisan biotech, Seoul, Korea)ollA 25°Cel

A 1FATE HS & PREUE 278 HiRE o] &5
25°Col| A 2o°‘7J HH%H& T 2R da s 3k

WHE A% quﬁMi
Ys FAE Gl 1kegoll 32819 247(90°C)E 7}skar
A2 AHSIAA AL FrEeh Eete] PR
7] A EY] FEHFEFS 65% BEE ZFsIATE F
A A A ES WA Hd B Aol ¥o
121°CollA] 4587k At & FHEdS 5% A== HFst
o} 25°CellA 1547t midslar T2 AxE
[AMAA TR PR 7] F A
27 A ZH2E 100 goll 70% oNeHe 300 mlS 718kl A
oAl 15497t HAFZE STt FEAL filter paper
(Advantec, Tokyo, Japan)Z oJ3sl 37 7IRbE=7]
(Tokyo Rikakikai, Tokyo, Japan)Z 533 & 527
(Iishin Lab, Dongducheon, Korea) A]7] & F2de) <]
FEES 20°Co] BEshy Adol ARg-tATh. A E
5 7] FE2E2 8.1 g2 AU F 8.1%2 &S Y
ERlom Mg FE2E2 6.7g2 AU F 6.7%] &

= YeERH

M| ZHH 2F

RAW264.7 AlE= =t A 23280 o v} A3
o ARE-3F T}, 10% FBS (fetal bovine serum; Invitrogen,
Carlsbad, CA, USA)$} 100 units/mL penicillin, 100 pg/mL
streptomycing 37}t DMEM ®lA] (Dulbecco’s modified
eagle medium) (Invitrogen, Carlsbad, CA, USA)E A}&-3}
o] 37°C, 5% CO, ZANA wigsiner MEU=7}
70~80%7F SIS ™ cell scraperg ©]-&-3ste] Althul s}
™ Aol ARE-sFAT

MZ S &5
F2Eo AEEAS sy Yl 3-(4,5-
dimethylthiazole-2-yl)-2,5-diphenyl-tetrazoliumbromide
(MTT) assays ARE-3te] 43It AIXE 96-well
platesel] &F38to] Wit &, FEES FEEE A X
A stod 2447 Ft sttt Wi F- wiAlE AA
St Z7ke] wellel MTT €9 (5 mg/ml) 10 ple} vjA]
90 u% ]2] 5}t Formazan A3/43S 913l 37°CollA] 44|
7k &Rt wjdsted MTTS SAAIFATH wiAE A AstaL
34 formazang 100ul DMSO % FJojE 3
mlcroplate reader (Molecular Devices, Sunnyvale, CA,
USA)E ©|43} 540 nmolA] S3EE 4313 MES
s A8kt

Nitric oxide (NO) A2 =X
NO2| vA] W] FE=E griess reagents ©]-83F] =43}
Atk Raw264. 741 E+= A ELE7T 70~80% HF= HAS
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Fig. 1. A flow diagram for preparation of (A) sawdust spawn and (B) extract of fermented C. tricuspidata twig sawdust.

u] phosphate buffered saline (PBS)Z AH3IIL cell
scraper= A2 E WOl F 96-well plateo] E53 12
AZE IS & FEES TEEE 4N AL
lipopolysaccharide (LPS) from Escherichia coli O55:B5
(Sigma-Aldrich, St. Louis, MO, USA) £ 1 ug/ml®] $E=2
2|ste] 18417 Wl FshaAtt. Al 2Z vl 100 WE Hs &
griess reagent (1% sulfanilamide in 5% phosphoric acid
and 1% a-naphtylamide in H,0) 100 pl1= &g}slo] AFLo]
A 108 &<t WA T, microplate reader (Molecular
Devices, Sunnyvale, CA, USA)E ©]-83}] 548 nmol|A]
FEEE 43Tt NO9 FE+ Sodium nitrate
(NaNO,)Z EF3F4E& o] &3t AH=3t3rt.

/> O

Prostaglandin E2 (PGE,) ¥ inflammatory cytokine
M 53

Raw264. 74| 225 96-well plated]] 53} 12A]7F vl <F
g T FEFES FEHEE 4ZHEe MAYsL LPS
(1 pgmh)E A 2jste] 18A17F v FaIdet. viA] ol A€
PGE, ¥ cytokine®] F%+= enzyme-linked immunosorbent
assay (ELISA) kits (R&D Systems, Minneapolis, MN,
USA)E ol&sto] Z4elrt. 2= LPS A2 § uj
A& AR sk -70°Col Bakshy Aol o] 853l
AzANA AFe manuald] W} AEE zdEaL
microplate reader (Molecular Devices, CA, USA)E ©]&
dto] F4=E F4SIY. Standard®] FFEEFE R

THAE Tk ol ol&ste] FFEENE PGE, 3

Al EF1S] FEE BT,

Western blot £41

Raw264.74| 30l FE=-5 4AIZHsQE AA2skal LPS
(1 pg/mhE 18717+ &3 A2lst &
st HMEE YAETE pelletoll
radioimmunoprecipitation assay (RIPA) buffer (50 mM
Tris-HCI, pH 8.0, 150mM NaCl, 1% NP-40, 0.5%
Nadeoxycholate and 0.1% SDS)E 237 2087+ 4°CollA] v
|3k 12,000 rpm, 4°CollA] 2037 LA EE]ste] 2 A
bicinchoninic acid (BCA) protein assay kit
(Thermofisher, Waltham, MA, USA)S o]&3jo] thlzs
AesiAack @ E 20 uge sample buffere} 4701 100°Cell
A 5EZE #ol 3 10% sodium  dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE)Z T2 S
E2]31%t}. Polyvinylidene fluoride (PVDF) membrane & %
S-S transferdlal  blocking solution (10 mM  Tris,
100 mM NaCl, 0.1% Tween20, 5% nonfat milk)© 2 2A|7+
&<t blocking 3FATE. 12} AAE 3|AEl] 4°CollA
overnight A]Z1 & TBS-T(10 mM Tris, 100 mM NaCl, 0.1%
Tween20) £ 0 2 membraned 1034 33] Al¥sla, 23
FAIE 12,5000 3]Asto] 20l x 2417 RESAIZIT
TBS-TZ membrane 1022 33] A o] & ECL detection
kit (Thermofisher, Waltham, MA, USA)S 2|3t
membrane®] T WI=E image reader (Microchemi 4.2,
DNR, Neve Yamin, IS)Z 7} s}lslo] @& S A48T
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Fig. 2. Effect of ethanol extract from fermented C. tricuspidata
twig with G. lucidum mycelium on cell viability of Raw264.7
cells. Raw264.7 cells were treated with various concentrations
of fermented Cudrania tricuspidata for 24 h. After
incubation, cell viability was assessed using the MTT assay.
Values are expressed as mean+SD (n=4)

Cytoplasmic and nuclear fraction

Raw264.74| 5 100 mm culture dishol] 38} 124
ZF aefslal FEES TEHEE AT A &
LPS (1 pg/mhE 302 & A3t A2 & AMxE
PBSZ AMH3slal A7 st pellete AU nuclear
and cytoplasmic protein extraction (Thermofisher,
Waltham, MA, USA)E A| A4 A|3-3+ manualol]
2t AFe st Mxda S st weld

ChlE S western blot2 E3l] 43}t

SH Xz

BE AFLS 33 o] vkEato *1/\]3}91 w, 484
Y= H+RFUAE JERAT. $AA 42 Dl
%] FAHEA (one-way analysis of variance)S ©]-83}o]

)

=) [e) o
AATBIAL, p<0.05 FEollA froldE S skt
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E=T i~

Raw264.7 M|Z0]| CHsE M|ZSM

g FEE°] Raw264.7 Al2E2] M AEE vX|=
IS ‘0}1-171 s MTT assay= =383t} (Fig. 2).
50~3oo ug/ml TER Asas W 2e

=Ll *ﬂﬁ < &2 F28 2olg HolX|
I dACE ﬂwxﬂﬁﬂ 3 ZAo] gle Aew gy
ATk, whEhA Ol éﬂr niEo 2 Fdd Hx W Wl
A

NO % PGE, &40 0|X|= ¥&

NOE EZHHEe] tixAl XEEFZ iNOSel 93]
L-arginine 236 A =™, LPSo] ol&] 23 iNOS
o elal Swahl NOS| 4ol Bolw JFeE &
wate] MEEA, 2AEY Y HRle] He AeR &
HA low o|& Qs IS5V A ohgs A
=3le] Yole] Er|m= St} (Paradise et al, 2010;
Skidgel et al, 2002). 34, PGE,= 9% w7l A=
cyclooxygenase®| 2]3l| arachidonic acidZ%-E =™
A, TF o] 5 Mx AEAY FHFox o]
St} (Posadas et al., 2000). & FZE°] NO, PGE,2]
Aol HX= FEFe AERT] 95t RAW264.7 Al
o FEEZ FEEE 447 Ft AAEstal LPSE 18
A7 HEdt T 24 LPSE g5 o AEe -
NO #4d& w48 S713g lsisln. TasEs
< LPS @5 At Blugs o F=2E4 2 NO
o] Aol Faske Zo® UERE e (p<0.05) 300 pg/
ml FEXE 80%7HA] NO9| A S ZHarZl-& glst
al wbHel] FABUT FE=2 300 pg/ml FE=oA
62%7H] NO2°| A& A Zom daFZEo| Ha)
o oz g2 YePth(Fig. 3A). MTT assayS ©o]-&
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Fig. 3. Effect of ethanol extract from fermented C. tricuspidata twig with G. lucidum mycelium and C. tricuspidata twig on (A)
NO production and (B) cell viability in LPS-stimulated RAW264.7. Cells were pretreated with fermented Cudrania tricuspidata
for 4 h and then exposed to LPS for 18 h. NO production was measured by Griess reagent and cell viability was measured by
MTT assay. The data presented are the means+SD of three independent experiments. #P<0.05 vs. control group; *P<0.05 vs.

LPS group.
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Fig. 4. Effect of ethanol extract from fermented C. tricuspidata
twig with G. lucidum mycelium and C. tricuspidata twig on
production of PGE, and inflammatory cytokines in LPS-
stimulated RAW264.7. Cells were pretreated with fermented
Cudrania tricuspidata for 4 h and then exposed to LPS for 18
h. NO production was measured by Griess reagent and
cellviability was measured by MTT assay. The data presented
are the means+SD. of three independent experiments. #P<0.05
vs. control group; *P<0.05 vs. LPS group.

st waFEEI LPS7F Al o8] AlZAAEE
e JFS e A, Axo AES TS FA4
S-S 3¢l B TH(Fig. 3B). B3, LPS W= X3l
o Hlg] HEFEES At FME T oEHoR
PGE,9] A4 9A 237t e 2& 1T & e
(p<0.05), £3] 300 ugml F== *2] A PGE, 44
67%7 A AN ZTHFig. 4). WhH o)), A BUE &71%]
FZ2E9 2% 300 pgml SEN4 NOE 62%, PGE,&
F= JeRJA L g FEE0| vlg) v

_?_
51%9] A & Aqx
golgk = AT (Fig. 3, 4). Kim 5(2017)

AA 24 Bl

< FFokx AAM BE FE=0] LpSAl o d
HAAHES] NO BE& Fold e oAlsislor

HhS- oAl a3t Aeg BaLdh v ot ol& &
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50 100
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AT

GV
200
150
100

. ‘

50
Con 0
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I
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7Fel NOS} PGE,®] 442 4 T4l ol A
HS WSS AT Aol Bt eSS
AN

inflammatory cytokine 440i O|X[= A&

Cytokine> Al 2z ofsf Er]¥w WA L] 24,
4 3 E3E sl dSuee vilske A=
TNF-02} IL-1p= 34?0 inflammatory cytokine 2=

dHA ok TNF-o= T HZ79] AX 34, AL, &

3k, APES 245t ASREES =St IL-1peF
inflammatory cytokine A§/g¢ll =21 &2 <}, IL-

1p= FENks Z7]0l ErlEle] SFHNR-] A% vzl
AlZA 2FH8-3HH(Seo et al, 2014). ©]213t inflammatory
cytokine5-2 LPSE ¥ ti2A| o)X s A s
©] NO % PGE,°| #4<& fr=sty dF v s
oFsla)ZIth, g FEE°| inflammatory cytokine®] A3
el wAle FEFS A ET] sle] RAW264.7 Ao
TR 4AZE B A tal LPSE 18417
gk A3 LPS Aol ¢J3) IL-1p, TNF-0°]
Agol frejHog ZUFEIAARE BE FEE o &
£ APl ETIRI0] AAS FroEA o g AAZS el
39 THp<0.05) (Fig. 5). ¥& 25 300 ug/mlolA IL-
1B Aol 74%7HA AAES RIS TNF-a=
58%7HA HAES RISk wEkA e FEE
inflammatory cytokine2] 44 AJAE F3] FI= a7
£ Ueilis Ao= Alsd

iNOS 2 COX-2 CHHZ! HH5{0f| O|X|= sk
iNOS9} COX-2E= NO2| A4 2 TNF-q, IL-1B9} 72+&
A5 ol AREL] S fFEshe Aoz gEA Ut

=
#
| .
0 50 100 200
LPS (1us/nt)

~

2000 -

1600 -

1200 -

TNFa (pg/mb)

|

300 (ug/me)

ol mm

Con

Fig. 5. Effect of ethanol extract from fermented C. tricuspidata twig with G. lucidum mycelium on production of (A) IL-1p and
(B) TNF-a in LPS-stimulated RAW264.7. Cells were pretreated with fermented Cudrania tricuspidata for 4 h and then exposed
to LPS for 18 h. Protein expression was measured by western blot. The data presented are the means+SD of three independent

experiments. #P<0.05 vs. control group; *P<0.05 vs. LPS group.
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Fig. 6. Effect of ethanol extract from fermented C. tricuspidata twig with G. lucidum mycelium on expression of iNOS and
COX-2 in LPS-stimulated RAW264.7. Cells were pretreated with fermented Cudrania tricuspidata for 4 h and then exposed to
LPS for 18 h. Protein expression was measured by western blot. The data presented are the meansSD. of three independent

experiments. #P<0.05 vs. control group; *P<0.05 vs. LPS group.

iNOS+= LPS¢} inflammatory cytokine®l] 2]3)] & o] %—
7¥stH NOo| 8-S S7MIA H5 whgoll o3k A=

A 22 &4 58 st COXE arachidonic ac1d
ZHE A5 w7l AR prostaglandins T3-S 3151
TNF-0, IL-1p2} 7+& inflammatory cytokine A4S =
it} By FE29 NO A4 oA

stod ASHRS &

B 95 AE FHA #E 28 FH 988 &
013}7] 9l3te] RAW264.7 A0 FE2ES TLEE 44
7¢ FoF AAglslal LPSE A3 ¥ iNOS9 COX-29]

DAY= IRk, 54 23, FA 2l vl LPS
&l =719 iINOSSF COX-2 Tria 3] ofo]
SES AYIES 1 s= &= A4 AS g
AtH(p<0.05) (Fig. 6). ©]&H 3+ 7
]

m{n

AHE oA T S
iNOS, COX-2¢] &dS JAAA NO, PGE,<]
AAANH o2 FYF 35 Yehle= o=
LPSol 23t RAW264.7 M E2] P=nkS-olA
HA :r/\}xﬂ g FEE o3 45 v A9 iNOS
9 COX-2¢] T Ao gt AFEo] Hig v gl
o o] B Ao AN FU3 FFS YeERT
(Kim et al., 2016).

NF-«B 243t ZH0j| 0|X|= J&

Inflammatory cytokine, iNOS 52 23 sh= B2
w7l 1zpe] AL FAARIARR] NF-kBol| o]a] =4
(Lee et al., 2012). NF-xB= AlZZA kBt 2%
B3t FElE SASHAT, AE7E LPSol ©Js)] =}

it 02

}

Oll
M8 ooy

u

H [kBE 1AMl IkBER-E NF-«BE f2¥th.
g=n &AdslEl NF«kBE 3 W2 o]&ste iNOS,
COX-29 22 d% vl AAES] LS SXFo=2H
S WS Z™3tH(Kawai and Akira, 2006). B WF
& A E37F NF-kB A524S 53l dojv=AlE &
Q13t7] RAW264.7 22 FE2ES TEHEE 447 52t
A2t LPSE 30% &<k A2ldh & kB 2ikst ¢
NF-kB #o] o5 gRIsIitt. LPS &5 A Folx=
Az el 1itstE kBe &2 S7HsHAAIRE o] ¢} vt
= 2a F52 ATelMe dadshd kB el 2
aspelom ot o e NF-«B p6se] &= LPS &=
A FolMe STRIRAAIT dE FEE ATdMe
A28kt (Fig. 7). HE FEEC ogh AlxdoA kB
o] <lxksl A9k & Ul9] NF-kB p659 e kB
Bal7b oA =HA NF-kB p652] 3 W do|7} oA 5o
Alzd el SAIsL g HehiL Sl AoR 7|E
o] B ¥ LPSol o3 d5vhgel tigh HAd=e] qdE5
gl fARE A3 Ho] FA(Park er al, 2020;
Kim et al, 2017). W&ty @8 FE2E9 J95 9=
LPSel| 9J3l] === kB2 £3ll9} NF-xB p657} o2
ol5S AT EA HF mAIAES] AEES SAAIsH
ga= g2 JE= Ao 7 AlgHr),
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Fig. 7. Effect of ethanol extract from fermented C. tricuspidata twig with G. lucidum mycelium on NF-kB signaling activation
in LPS-stimulated RAW264.7. Cells were pretreated with fermented C. tricuspidata for 4 h and then exposed to LPS for 30 min.
The IxB degradation and NF-kB translocation were measured by western blot. The data presented are the means+SD of three
independent. #P<0.05 vs. control group; *P<0.05 vs. LPS group.

YJeong et al, 2012). 23y NO % inflammatory
cytokine¥ 72 A i/l AR} =gt AL v1Hd
Al AF WS ;T 4 th(Paradise er al, 2010).
< N IRkl AR AT AR AEE sk T
I g sl t4HEE LPS A5 l8) NF-kB7

ul%2
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