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RAW264.7 M= 3 DSS (Dextran Sulfate Sodium)
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Abstract

This study aims to evaluate the anti-inflammatory effect of Auricularia auricula-judae ethanol extract (AEE) in
LPS-induced RAW264.7 cells and dextran sulfate sodium (DSS)-induced acute colitis mice. The highest levels of
total polyphenols and DPPH radical scavenging activity were observed in AEE. Also, NO production was reduced
in a dose-dependent manner in RAW264.7 cells stimulated by lipopolysaccharide (LPS). AEE was suspended in dis-
tilled water and administration per oral at different doses of 100 and 300 mg/kg body weight every day with 3%
DSS in drinking water for 7 days. The sample AEE 100 and 300 mg/kg significantly increased body weight, colon
length and decreased disease activity index (DAI) score. Histological features showed that 100 and 300 mg/kg of
AEE suppressed edema, mucosal damage and the loss of crypts induced by DSS. The serum levels of TNF-a and
IL-6 were measured in acute colitis mice using ELISA kits. Levels of TNF-a and IL-6 in serum were significantly
decreased by topical application of AEE. Therefore, AEE increases antioxidant and anti-inflammatory activity, and

it is thought that it can effectively help prevent colitis.
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lipid mediator, protease
48 1 THCho et al., 2009).
FZ=9] polyphenol &l
w2} free radical Al A &4, Fe** ©]-29] chelating effect
5ol sk oEH LR FUleH WA FENE FEIT O
Aol et free radical AlA FAAE BT =AU THKim

mlI.

& Kim, 1995; Shon et al., 2006). =3+ HAlS thdA| el
B-glucane| th&F FHrElo] WSS 58 FaE, 24
2HE A3t 5o o] E3brt deARl7] Wi ol @ ot

gk Aol Az AF7F s
Oh 2016). WAl Fel B-glucane FAt3ls, AU

2 HAZF7) g3 Fo] HIFHJAIZ(Mizuno et al., 1998;
Nakajlma et al, 2002), solHAF =F=E2HA Fo
G EAA] FAd(Jang et al, 2011; Kang et al., 2011), 3



RAW264.7 AI3Z 2 DSS (Dextran Sulfate Sodium) #= 54 A vl

AuAle] Zd|2~HE A3 a3 (Kabir et al., 1998), =F
Fdo] wAle] An] A (Kawagishi et al., 2002), &
WA T &g WgF7) & 3H(Chihara et al.,
1970; Tsukagoshi & Ophashi, 1974) 5°] RIFUT. =
VMM (uricularia auricula)yS FA T (Basidiomycetes)2)
5| I Auriculariales) F 0.2, SHFAZA 7} oF2| 2§
of oJt W WA Z ARgE o] 4, 53] 3E S
e 5 IE WA sk 2ol Houtha dEA Utk
(Lee et al., 1981; Kim & Kim, 1995). 3[A|% SE-0|HAl
2 Ao g 5ol Al Hls| AJe]g gl EH_ A7t

A3 FEAEEC el BEEE 50 B §
o SHoA <A vt wlu]sclKim et al., 2011).

A B A3s FolWAl g F=&E(dwricularia

auricula-judae ethanol extract, AEE)2] &d3} &4 & &
233 o]o] uE DSS (dextran sulfate sodium)Z
o] i TERYNAN HF JA a3E B} gt

T

Alof

2 A A8®" AeF2  lipopolysccharide (LPS,
Escherichia coli 0111: B4), 5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT), sodium nitrite, eosin
solution> Sigma-Aldrich (St. Louis, MO, USA)9] A|&#<
ALE-3H 2™ trypsin-EDTA, dimethylsulfoxide (DMSO),
phosphate buffered saline (PBS), RPMI medium 1640,
trypsin-EDTA solution, fetal bovine serum (FBS), antibiotics
= Gibco (NewYork, NY, USA)A| &S AL&3F T 96-
well plates?} ¥iFgA] 2 15mL tube® Falcon (Corning,
NY, USA)¢] AlFS AHE-skSATh

RAW264.7 M=

B 2o AlES RAW264.7 A EE 3 Al EF 23
(Korea Cell Line Bank, Korea)ollA] &Fol A&of] ALE-
A Th RAW264.7 A& 10% FBS 2 1% penicillin®]
H7FE RPMI 1640 ¥ 2] (GIBCO, NY, USA)oA] v %Fald
o} A= 37°C, 5% CO, M H]Y7](Thermo scientific,
Waltham, MA, USA) ZZ1ol|A] wjfsislon 23] o)<
A v FS AX A EE FHSAZ

MzZ=4 55

AN 325 (cytotoxicity)> 2+ MEL] ME AAEE(cell
viability)S MTT WO 2 435tk RAW264.7 M EE
48-well platedl] 2 x 10° cells/well == 347+ < QHA
3} % 50, 100, 200, 500 pg/mL FE] A B 24/«17L 5

Qb A olojA A2e MR WFE F 50 pLe]
MTT (Smg/mL) &9& H7bslal 3087F w) st

2ol Foluil 20| BT 2 229
formazan 44dS F=5t3th A% formazane L7 ol
DMSOE #H7}ete] &3] A7), g3l9] 100 uLg 33}
o] 96-well plate] EF3At}h ©o]o]A ELISA #G7]
(Molecular Devices)®Z 540 nm THgollA &3 %E formazan
o] F8hU % (optical density, OD)E ZH &3 oFFEAE
2 3kA] & tiEF(control)ollA] A E OD S ME
AEE 100%2 ko] AR HzloM Z4E 0D ghol
w2t Al AEE %E AL

NO 444 ogs 5%

RAW264.7 AI3E(5 x 10° cellsmL)ell A|EE 50, 100, 200,
500 pg/mL FEEZ A EL 719 1 pg/mL LPSE #
2] T 24X 7F v g3l Th A E NOY-S Griess A2 1%
(w/v) sulfanilamide, 0.1% (w/v) naphylethylenediamine in
5% (v/v) phosphoric acid]& ©]&-3le] NOHS 7HHH o=
=4 Atk M EZe Y A5 50 uLe} 0.1 mM Griess A] 2F
S50 uLE T3t 96 well platel] 5-1087F WHA1Z1 ¥
ELISA 2]57]12 540 nmol| A F4 =5 5743150t A€

NO%E NaNO,Z ¥ZEA 2 B waldth NO A4 oA
2o AEEZ 100, 200, 400 pg/mL 5=% 28] & LPSS
Agste] S4E AP FE= QoA AE-S A F

THE sl LPSE Ayl &= Hxatde 3%

el A= Fste] AlRbsi T

=
B Ao ALg Holxl AFE 201790 MR <

oW Al (Auricularia auricula-judae)ys 713

=

N

5 bds] EAle & 80% o ghEol 2A17F < S W
7t 23S AR F 2 NS filter paper (150 mm,
Whatman)E ©|-8-3}4] debrisE A ¢35 &A& Eﬁﬁi
(yophilizer, 48 hr, 1-Shin Co., Seoul, Korea)3+ % A]Zl

=] NN

g _4oce] A RasiA g s,

o
% Z2]9E %2 Folin-Denis WS 383l =43}
S tHFolin and Denis, 1992). Z}z+e] A& 02mLe 557

T 1.8mL &£%3% ¥ 2N Folin-Ciocalteau regent 0.2 mL

7vsle] 687F A XA1Z1 & 20% sodium carbonate 2 mL
£ 7FI 6087 WX NS (A7 5 FAS o
S EFFEAE AFES] 750 nmoll A SEEE =5
th = ZE9E FFE gallic acids o] &3te] A ¥
F FAoZHE st

DPPH 2iC|Zh 20{Ey

DPPH A2tz 27842 Faller & Fialho (2010)<]
WS o] 8-3le] =43} t(Faller & Fialho, 2010) DPPH
£ 80% MeOHOl| 400 uyME £33t 3L, A S 50 mg/
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mL FEZ 32k SRl Fo] ARSI AR 0.3 mLt
400 uM DPPH 11.7mLE &3 F 1587 W38t
ELISA reader (SPECTRA max M2, St. Molecular Devices
Co, CA, USA)E ©| &3} 517 mmollA §HEE =45l
AR S ol &al & A4S ALsdY. F iz
(AA)LZE 0.5M L-ofAT 2 HALS 84 5lo] ALE-3131 0
W, A& A7k v 7S] S8 % Aol S WEE(%)E

Favste] Lehhiet,

DPPH Radical scavenging activity (%)
= Blank (Abs) — Sample (Abs)/Blank (Abs) x 100

AEsE ¥ & 7Y
2 A3olM AHEE d¥FES 5% T2 Balbl
mouseS AMEFE (Osan, Korea)oll A F+3te] dFd 7+ &

3}717+2 AR g2 AHEEFI T Balb/c mouse| EH
AE 23.13£145gC0 2 A FEE wd 13 AT2 T3k

2 d

o} AFEE ;\}‘o/\]o 1277y 7vAo 7 weors z;do}oﬂ
3, SEE 2382°C, FEE 50-60%E FAIS 2

%’é?& BT FEAE 70| =(Guide for Animal
Experimentation)& =551 Al E o, Gty &
EAEE 93] 5 wo} ]fﬁé‘}"jE}(Approval

NO. WKU17-117). 4852 4l o2 EFEAoH
obft APk kA ¥iL FHTE FAg ZwJL(CON)
FrE Fosty FES Fad 2(DSS), oMM
=& 100 mgkg Fo(AEE100), Zo]HA F=E& 300
mg/kg FH(AEE300)2.2 73 th(Table 1). & 43
nlE] o] A& 3Re] UE ] Fsle] BAK ou|E e
= HAFE AR ST

ZHEMSIY T (disease activity index; DAI) S8
AFita, 2834 JAg sitete AAF 59

- 0]HY

AT2 453, 47348 @A gk (Myung, 2015). OVM
AAzel 25 DAICN= 3714 F23 I A7 2
=4, Asga, AL AR EZZolti(Okayasu et al.,
1990). AE7AE 27)9 Ao AZ oz A&}
Arbs A mAd =] g7do] FAEo] flaL, Al A
£Hom Ry HjdEe] e Aow BFoHAn. A%
E3o] Kol AL 28 T Ax T AREY,
2 4ol AdAabel= WHrH el Zlo|th DAI= Murthy et al.
(1993)9] WS Farste] o3 7ol 4hEsH3i th(Table
2).
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DAI = (weight loss score) + (diarrhea score)
+ (rectalbleeding score)

-}L”OII/H[HII-Oiol S g =1 _u.:ijl.

3R 7 R A RR 5 A & o
T2 DWE 2Hr A stk oigd a2 A
T2 3.0% DSS (dextran sulfate sodium)E 157+ =}
AFsdem e 2 § i As 2 57 A
It g Aol A3 540 e 3o
Aelshd i 4y AE S-S FESkaL o]
whg-o] 7t Ayl Aol AA e vh
(Patri01a et al,, 2015). DSS F

£ IJAANA WS AE st A= Q& Yehte

]:HZ]— Zo] W3lE Folsly %32
H&E X082 d5 A 9 22 Jej& S

H
fr
o
o

O_u

=Y L APIEFIRI B

g3 W Ae]EF}el& ELISA kit (R&D Systems,
Minneapolis, USA)S- ©]-8-5}] TNF-a¢} IL-69] A4S =73
shath A7 B 7 well (R&D system, Mineapolis,
USA)°l Z+ ADS (assay diluent solution) 50 uLE 37} &

Table 1. Experimental design for animal study to colitis effects by AEE

Group DSSY Material Dose n
1 CON No D.W? - 5
2 DSS Yes D.W - 5
3 AEE 100 Yes Auricularia auricula-judae ethanol extract 100 mg/kg 5
4 AEE 300 Yes Auricularia auricula-judae ethanol extract 300 mg/kg 5
Ddextran sulfate sodium.
Adistilled water.
Table 2. Disease activity index (DAI)
Score Weight loss (%) Stool consistency Occult/Gross bleeding
0 - Normal
1 1-5
2 6-10 Loose Occult bleeding
3 11-15
4 >16 Diarrhea Gross bleeding
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A& S0uLE 727 Hriste] Ao 2417 WA e &
wash buffer 400 uLZ 43] A &H3Ach Ad & 7 welloll
A Z mouse TNF-a, IL-6 100 uLE B A-Lol|A 24
ZH i =, AASEL 43] AlF AT ZE wellell 7128
(substrate solution) 100 uLE YL 304 Ao WX T
Hk-S-d 2] N (stop solution) 100 L= 3 7}35ke] Molecular
DevicesAt2] ELISA reader (SPECTRA max M2, St.
California, US)Z 450 nmol| X &3 %2 =431 th
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RAW264.7 MZ2| MZE=0] D|X|= P&

ME=4S golr 7] 93l RAW264.7 Ao AEEE
50, 100, 200, 500 pg/mL FE=E 24X 7F A3 ok
MTT _E,_/H HOI—HJ oz x—]]_l_ *g‘_‘;z_r*g .__1_24 Q-»]— =S oﬂ ‘/]
gk Al as JERA] Sk THEFig. 1).

RAW264.7 MZO0IAM NO AMAzk =X 20}

LPSel o]gt tjajA22e] 42 AT AIETRIS

= AlA NO A g oz o]lojx A HtShin et al.,

9 t3Y vlezolx] SolA FEES PS5 19 231

120.0 4

100.0 1
80.0 1
60.0
40.0 4
20.0 1

0.0 4

Control 50 pg/mL 100 pg/mL 200 pg/mL 500 pg/mL

Cell viability (%)

AEE

Fig. 1. Effect of AEE on viability of RAW264.7 cells. RAW264.7
cells were treated with indicated concentrations of AEE. Viability
was determined by MTT assay. Values are mean+SD (n=5).

Nitrite (nM)

10.0 A

0.0 4

Control LPS 50 100 200 500
LPS - + + + + +

AEE (hgml) - - + + + +

Fig. 2. Effects of AEE on NO production in LPS-stimulated
RAW264.7 cells. Cells were pre-incubated for 6 h with medium
or AEE at indicated doses, and then stimulated with 1 pg/mL
for 24 h (nitrite assay; upper panel). Griess assay for NO
production were carried out as mentioned in Materials and
Methods. Values are mean+SD (n = 3). *P<(.05.

2003; Yang et al., 2009; Hwang et al., 2018). A W<
NO M4 2H3E AL 952 dAse T8 e
2 B31E3 JtHBrown, 2003). RAW264.7 Al E ol A
AEE®] NO A HFE& zx% 3} 7% 3 AEEE NO A =2
Tk oEHew FolsH FaAH e, 53] 100 ug/mL

Table 3. Total polyphenol and DPPH radical scavenging activity of AEE

. Total polyphenol DPPH Radical scavenging
Material (mg GAE/g) activity (%)
AEE (25 mg/mL) 1.54+0.02 41.68+2.08
AEE (50 mg/mL) 3.40+3.40 63.54+4.59

YGAE : gallic acid equivalents
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Fig. 3. Effect of AEE on (a) colon length and (b) colon photograph experimental colitis in mice was induced by a 3% DSS dissolved
in the drinking water for 7 days. CON: Normal Diet + D.W., DSS: Normal Diet + 3% DSS, AEE100: Auricularia auricula-judae
extracts 100 mg/kg +3% DSS, AEE300: Auricularia auricula-judae extracts 100 mg/kg + 3% DSS, Values are mean+SD (*p<0.05).

AEE®] ¥ Zel¥s S 34% A4 v 2o
(Table 3). AEE 25 mg/mL3} 50 mg/mL Z}+Z}
3.40+3.40 mg GAE/g© 2 o] Yu & Oh (2016)4 047173
oA EolHA o&E FEE 100 mg/mLol| tig 5 &
Yo 3% 5.23+0.18 mg GAE/g# FABIAY T 2o
TAE Yebloh 33 A9 oo S it
a5 A4S ANz ksl el 95 a9
FA el AAAAZE /A YE BA7t oW (Pacifico et al.,
2016), 22| Z]¥| &, dehydroepiandrosterone 5 A4Sk
22 ] SA19 ofsts stz =d a3F ot
= Aol FAFAHKo et al, 2008). o]= & HFAA
st ZPdls o H NO AT S-S B3 s
Jot AT Bl gk ARG FAFsIA

oot

DPPH 2iC|Z 2=

ik a E FEHE A A gatstER o] 2 wAlY

Aol ¥slA wAle] M= gikskA] s

AF7F o] X A thDiolock et al., 1998). a4F3}
gt B T sl fd¥ge A
Fe™ oA Fe""Z AT |= Hrrt 55 9™
2bs}so] Zsioar -4‘;}0}‘34 o] A & é??% - 3
th(Yildirim et al., 2011). 2
carotenoids, flavonoids, tocopherol 52 A2|&4 =3
o A FAsAE Q) G4 YrkCha et al, 2001),
AEE®] tjgt DPPH 2}tz &752 77} 41.68+2.08%
9} 63.54+£4.592] A75S YEM A TH(Table 3). ©l+= Yu
& Oh (2016)] AFAZolA FHolHA 011;% FEE
100 mg/mLoll W3l 58.7+4.37% Rt} E& F£32 U
Ribei=2

=
N
==

o ot
‘

A& 219l phenolic compounds,

o

o
DSSE AXAF élféE%ﬂ ?7&0_% FoEg 49 F
-y g o] &3t F4
-;cj_]— 73.?_ 2131_/] 01)\1-7@ Ez]o] /K].EP_Q] ;H;é}

2 & ox

# FAVSHAl YERdth(Eichele & Kharbanda, 2017). HEgF,
g sERE] 7] SHSZe ATt g 4ol
7F S4Eval 48 A dth(Akiyama et al., 2012). DSS
o 3 794 He & JAAZ vhe-2o e AE
Oq I ZolE FRlIgk Azt DSSYF Tk thxe] A

£ 8.0+04cm= BAT 103£0.4cm WH] 21.7%
ié};’it}. A g Tl AEE1007% AEE300:7-9] %
= 727} 9340.5 cm, 10.1£0.8 cmZ &0l vls|] &
A4S A THFig. 3). ©]= Yoo & Kang (2021)
=oAL Ast At FAFSHA tiZ&eE tiY] 15%

8.0

7.0 4
5 6.0 -
8 50
L]
< 40
g8 -
£ a0
&
<
« 2.0
3
4
] 1.0 4
B]
(=]

0.0 | -

AEE100 AEE300
Gloup

Fig. 4. Effect of AEE on disease activity index in mice was
induced by a 3% DSS dissolved in the drinking water for 7
days. CON: Normal Diet + D.W., DSS: Normal Diet +3% DSS,
AEE100: Auricularia auricula-judae extracts 100 mg/kg + 3%
DSS, AEE300: Auricularia auricula-judae extracts 100 mg/
kg +3% DSS, Values are meantSD (*p<0.05).



RAW264.7 Al3Z 2 DSS (Dextran Sulfate Sodium) F= 54 A vkl BoAl FEE9] 3

olape] A VeI,

Ay ST Lo}

3-10% Atol 2] DSSE A3 vhe-2oll A HiAAlE 7],
o ool digt 54 a3z Qs dute] A58 A
1:1:]§]_7]. Hl—/\g o]-U:] Xﬂ }\’ Al ]. 2<_| %g )\—1/\]_ = 0]/\1—
el 42 Uehlle Zez By ¥o]3]tH(Okayasu et
al, 1990). AEE Fof & l 3k i Sl mHE 9
S DAIE o]&3t SA AT AATHCON) A = oF

¢

A5 a3} 233

A Fdo] A FRor, DSSE FHT o+ EFolA
DA} S7telith AlE Fol++2 AEE1003} AEE300 7}
z} 27403 (point), 2.0+0.7 (point)>-E DSS- 6.0+0.89]
Hls)| A A o2 7rasts A& IS tHFig. 4).

CHEIR] R FOIM 25 L) 25 Alol£7iel ofF| 53

Bggel wAsAe W 4% A4 2 TNFo 123
ofe] Aol EFIIE o8] eha ZEe)2elztel ROSSH
NOS| 4ol Z71sted Ashe 2Ee 2 JHE fEa

(@) (b)
-~ .’a‘ )
il :, . .
; ] l | m ] I l
3]
Gmnp CON DSS crou AEE100 AEE300

Fig. 5. Effect of AEE on the level of (a) TNF-o and (b) IL-6 in DSS-treated mice serum. CON: Normal Diet + D.W., DSS: Normal
Diet +3% DSS, AEE100: Auricularia auricula-judae extracts 100 mg/kg + 3% DSS, AEE300: Auricularia auricula-judae extracts

100 mg/kg + 3% DSS. Values are mean+SD (*p<0.05).

Fig. 6. Histopathological findings of colon after DSS treatment with AEE. Hematoxylin & Eosin, (X 100). CON: Normal Diet + D.W,,
DSS: Normal Diet+3% DSS, AEE100: Awuricularia auricula-judae extracts 100 mg/kg +3% DSS, AEE300: Auricularia auricula-

Jjudae extracts 100 mg/kg + 3% DSS.
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A = NOS| Aare] AT A5He £42 Ao
TF NS st ol F83 9&E $Hh(Coussens &
Werb, 2002). =3} IL-6= 293 AP HFdE =259
#Ho] e ASZ &HAH Utk(Neurath et al, 2002;
Duerr et al., 2006; Mudter & Neurath, 2007). DSS %<

T 797 He @ AT k2o RS AfH sk 4
S ARl EFRRIS glst Aote v ZohFig. 5). 8
d W TNF-o FX& 543 A3 A8 Foit AEE1003}
AEE300 ZH7} 43.60+£2.12 pg/mL, 38.13+1.67 pg/mLo-Z T
Z 63.33:0.23 pg/mLel M]3l X AR ST, IL-6
X T 29.36+0.45 pg/mL, 27.94+1.04 pg/mLO 2 ThE
T 37.0443.01 pg/mLel] Y]] 3] A4S o= Yoo
& Kang (2021)¢] @ Eolu Ao &3t Ao} FAFSHA U
Z3 OH] 20% ode] 7HAE YERH AT

w2 Exle 2 27)

el A dAl el Faket Ago] mE A% &
ERlell 5] HAES 2 SAHLSE 3 crypts =4,
T A (blunting)?} 4 =5-2] AYS HoJF(Stadnichi &

Cloman, 2003). DSS+ E3le] FPALE A

st MAEe] DNAOY AFshd &4 g shcHKo et al.,
2008). DSS°ﬂ o3 dFHe] fF=d nhe-2o] U 24&

H&E 94 & 33} fn|4g oz Aasle] §rie Az o
w7t ﬂE}(Flg 6). CONTZ-S A9 3 V=] ol tha=
4 4 9 71Ae 296 Aol Eor], ARE Fol
& 2ol A tz=EDSS)el vls) AEHE ATt 2stE )

om 71wt Bjo A5 g ASlEUSS & T UATH
o ok
I =

2 AFoM e BowAl odeE FEE(Luricularia

auricula-judae ethanol extract, AEE)2| &4tsl 9 &dS
2t FERYANA Y WEE G aHE g<lstaat o
ATt AEEE & lrﬂﬁﬂiﬂr DPPH &tz &2A A4S
Z7MN AT B3 RAW264.7 A FEoA AlE AEES
A A HIJEHQ HolA] egtorn, 545 HolX
= =X NO B8HFS 43 47 s J&EHe=
NO A Zo] 4 =HUSS skt o=
A@)\J_O_ 71—/\}\]71 oi/yq ond%; 1321/@,0_ M;q]z‘s]—
S gelskitt. DSSE S 23 F

oA AEE 100 mg/kg F1(AEE100)¥} 300 mg/kg
T(AEE300) Z5olM 4 Aeo] g Ao,
= HFE 7“/\17%} EH%}

& Aoke A
o] Sty =&

o PN oF _& m

o o -z Lo l-u |

o
e
L

3} AEE10023 AEE300 &
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