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This study was designed to evaluate the anti-inflammatory effects of Rumohra adiantiformis extracts
fermented with Bovista plumbea mycelium (B-RAE) in LPS-stimulated RAW 264.7 cells. The total
polyphenol and total flavonoid content of B-RAE were 379.26+7.77 mg/g and 50.85+3.08 mg/g,
respectively. The results of measuring the antioxidant activity of B-RAE showed that it scavenges
2, 2-diphenyl-1-picrylhydrazyl (DPPH), 2, 2’-azino-bis-3-ethylbenzothiazoline-6-sulfonic acid (ABTS),
and superoxide anion radical in a dose-dependent manner. B-RAE inhibited nitric oxide (NO) pro-
duction in a dose-dependent manner without affecting cell viability. The gene expression of pro-in-
flammatory cytokines such as tumor necrosis factor-a (TNF-a), interleukin-1 (IL-1B), and IL-6 was
measured using real time quantitative reverse transcription PCR (qQRT-PCR). We found that, compared
to the LPS-treated group, B-RAE significantly reduced the mRNA levels of the pro-inflammatory
cytokines in a concentration-dependent manner. The expression of inducible nitric oxide synthase
(INOS) and cyclooxygenase-2 (COX-2), the phosphorylation of transcription factors such as nuclear
factor-kB (NF-kB), and the mitogen-activated protein kinase (MAPK) signaling pathway proteins were
assessed using Western blot analysis. We found that B-RAE significantly suppressed the expression
of iNOS and COX-2, but their expression was increased by LPS treatment. In addition, the phosphor-
ylation of NF-kB and IxB, which was increased by LPS treatment, was reduced with B-RAE treatment.
The effect of B-RAE on the phosphorylation of the MAPK signaling pathway proteins was measured,
and the phosphorylation of extracellular signal-regulated kinase (ERK) and the p38 MAPK proteins
decreased in a dose-dependent manner, while the phosphorylation of c-Jun N-terminal kinase (JNK)
increased. These anti-inflammatory effects of B-RAE may thus have been achieved through the high
antioxidant activity, the inhibition of NO production through the suppression of iNOS and COX-2
expression, the inhibition of the NF-kB pathway, and the suppression of pro-inflammatory cytokine

expression.
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becco’s modified eagle medium (DMEM)®ll 10% fetal bovine
serum (FBS)¢} 1% penicillin-streptomycin (Pen-Strep)©] 3
d WA S AFR3}] 37C, 5% CO, incubator (MCO-170AIC,
Panasonic, Osaka, Japan)oll A W] 3} T

B Ao ALgH Aeko 2 DMEM, FBS % Pen-Strept

Gibco BRL (Eggenstein, Germany)©ll 4], griess reagent sys-
tem+ Promega (Madison, WI, USA)°ll 41, iQ SYBR Green
Supermix= Bio-Rad (Hercules, CA, USA)°l A, 3-(4,5-di-
methylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
= R&D systems (Minneapolis, MN, USA)l| 4], TRI reagent,
Folin & Ciocalteu’s phenol, 2, 2-diphenyl-1-picrylhydrazyl
(DPPH), 2, 2'-azino-bis-3-ethylbenzothiazoline-6-sulfonic acid
(ABTS)+ Sigma-Aldrich Chemical (St. Louis, MO, USA)®l
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A AAIZE A2 PCR (real time quantitative reverse
transcription polymerase chain reaction, real time qRT-PCR)
S AABYTE A EZE 6-well plate®l] 2x10* cells/ml®] &
=2 BEF3te wjofsk &, B- RAEE 52 Z 100 ng/ml
o] LPS$} EA] A 8] 8ke] CO, incubatoroll Al 184X Hlj 2
SHAT. 1 F AEZE TRIzol A9F& AHE3t] & RNAE
23T} PCR thermal cycler device (Takara Bio, Shiga,
Japan)E ©] &3l cDNAE A3}, QuantStudio 1
Real-Time PCR system (Thermo Fisher Sientific,ma MA,
USA)°l Al iQ SYBR Green SupermixS AF-&3}e] A A|ZE
F3Y 3¢tk IL-1p, IL-6, TNF-0, GAPDH&-
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Table 1. The primer sequences used for quantitative Real-Time PCR (qRT-PCR)

Gene Forward sequence Reverse sequence
IL-1P 5’-AGTTGACGGACCCCAAAAGA-3’ 5’-GGACAGCCCAGGTCAAAGG-3’
IL-6 5’-CCACGGCCTTCCCTACTTC-3’ 5’-TTGGGAGTGGTATCCTCTGTGA-3’
TNF-a 5’-TCCTTGATGGTGGTGCATGA-3’ 5’CACAAGATGCTGGGACAGTGA-3’

GAPDH 5’-CATGGCCTTCCGTGTTCCTA-3’

5’-GCGGCACGTCAGATCCA-3’
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Table 2. Total polyphenol and flavonoid contents of R. adian-
tiformis extract fermented with B. plumbea (B-RAE)
and R. adiantiformis extract

Contents (mg/g)

Sample D 2
Total polyphenol Total flavonoid

B-RAE 379.26+7.77 50.85+3.08

RAE 264.89+2.35 26.15+1.14

The values are mean + SD (n=3).

YA standard compound was tannic acid for total polyphenol
assay.

YA standard compound was quercetin for total flavonoid assay.

Z}Q1 NF-kB@} mitogen- activated protein kinase (MAPK)
ANodz dade] Qs 9 dF #d T E(NOS,
COX-2)¢] ¥dL Western blot B4 o2 F2l3tyt)
RAW 264.7 A Z 6-well plateol] 2x10* cells/ml®] =&
E531o] w3k, B-RAEE =¥ Z 100 ng/mle] LPS
9} A 283k CO, incubatorol A 18417 Bl &F3} 93t}
2 F AE W 9E S passive lysis buffer® FZ 3}
BCA protein assay kit (Thermo Fisher Scientific, MA, USA)
ZANE L EY dd FEE S dHE S
8% mini gel sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis (SDS-PAGE)E &3l #2]3 %, 0.45 um nitro-
cellulose membrane ]l transfer k3L 5% skim milk= 1A]7F
52t blocking 3t Th 1 & 33k 12} @A 2F membrane
£ 4CoA A 2447t FF HEEA 7|2 A H g & 1A 5
QF 4120l A horse radish peroxidase (HRP)7} ZAFrA| o] Ad
H 22 A9} wEAIHTE o] W) el 4SS Amersham
ImageQuant 800 (Cytiva, Tokyo, Japan)S ©]-838}o] #2935}
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Z‘] zz\:!o]

e e OI'N

B-RAES| DPPH, ABTS % Superoxide anion radical
A7EN

DPPH radical 2484 &4-& T}t
3l 85 dolry] 93 ‘E%Ol o]
stE A SgoEs
sitE Soll oaf SdEHo e AFAor g EE
LY E o] &3TH1]. B- RAE/] DPPH radical 27 &4 &
£ ¢ A& Table 39 UEFHATE &, B-RAES] SCs
(radical2 50% £=A3h= A 59| F%)2 15.70+0.17 pg/ml,
oAtz HIEH C9 SCs2 4.36+0.18 pg/ml= zHz¢
ettt HIER o] &AZ Aol v XA EaFH o,

B-RAE?| 74-¢ FE2EUNE E78tal & 411 HlE

Table 3. Effect of R. adiantiformis extract fermented with B. plumbea (B-RAE) on DPPH, ABTS and superoxide anion radical

scavenging activity

Antioxidant activity (SCso, pg/ml)

Samples - - - - -
DPPH radical ABTS radical Superoxide anion radical
B-RAE 15.70+0.17 3.14+0.04 4.15+0.63
L-ascrobic acid 4.36+0.18 - 4.53+0.07
BHA 1.14+0.03

The values are mean + SD (n=3).



9l Coll AAA FE radical 2AZAES JEMATH

ABTS radical 47184 372 potassium persulfate 2} 2]
Hkg-ol o3 A/dE ABTS A gttlZo] Alxe] g4tks)
42 ofall AAE O] radical S+ A1 HEA o] Al
HE 98 E o) & WoltH10]. YA HETOE 3+t
butyl-4-hydroxyanisole (BHA)E ©]-83} B-RAES] ABTS
radical &~ &43-& vl g ZAE Table 30 YERH AT
G4 =z BHAS SCse 1.14+0.03 pg/ml, B-RAEE
3.14+0.04 pg/ml= z+7} Ve @ =221 BHAC] F A
A e 27 B4 el

Superoxide anion radical > &7]4 AlE] &4 % H]|&E
27 GAA A E = radical 2 FA3 0] ] §- 7
3o} AHE 43k wh-3-o] NAITA o T ghr[5].
hydrogen peroxide, hydroxyl radical, singlet oxygen &2
& e Barage) Aol Bojalol A, Bl DNA
Sol shH £4L fEsE Aom GA ATHI)
B-RAEQ] superoxide anion radical £&A&A S A3l
Table 39l UEMH AT B-RAEQ] SCs2 4.15+0.63 pg/ml,
FA o2l HE CE 453007 pg/ml=E 2H2 JERY
@ £ HE CoF F5F 2A8ES UERIITH

F'2 89 w) gk
£

= A 9A-&
700 nmol| A A3t FF= o2 Yehd 3oz Al
9] FHHE A3 WHERE radical 2AEH S

Hite E‘r—‘E— Ui]ﬂ\%%sﬂ gl &3 274 uPEo|TH33).
L radical £2AEA 3 nRTIRZ A 59
=7t 27}?&#% e o] 2yl A UERYTH
G:lg ). W2t4 BRAEE T2 218 FEE) H|5te] £
HeEd et ool o] ol aHiksl &4 Hrl AR
ol radical 2AFA T FYHo] =& AHoF AlgHT}

L

35 -

_ 3 1 o

o

o 25

s 2

[*] kk

[-%

o 1.5

£

H 11

°

[

o M ,

B-RAE (ug/ml) - 62.5 25

Fig. 1. Reducing power of R. adiantiformis extract fermented
with B. plumbea (B-RAE). All data are shown as the
mean + SD of three independent experiments. Signifi-

cance was determined by one-way ANOVA. p<
0.001 vs control (con).
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0|xl= B-RAESQ| &t

= NO2Q| Moy

NAAZE EF v Tofste AZE A o
H, g A5 Ee O 27t £18he A E7R]
of o3 &3l At o]l thA Mz o) FF, &,
% 59 g5 vheo] fEEHI 9% RHE e WY
N ZEE o|FAIZITH18]. LPS= 1884 wheglole] &
FAZRE FASHE dEolH, tiAA 2o &3} 12k
ojth. thA M o) LPS A= Al A E= NOE &2 W3

e 71 AA| BEAFZ, NO synthase (NOS)oll 2]3)| L-argi-
nine ZHE HAFTG. NO= A7, & ol
92 AZ wiE AGukSel Fogint. 53], g2 AE7}
LPSE A=d o iNOS7} @ =3l iNOSE L-arginine=
L-citrulline & 2 F&3}HA NOE AASHA =, o]&A)
APE NOE 95 WS F=ste 9&S sHrh20]. o
2 A RAW 264.7 AI3EE o] &3 B-RAE2] NO A4
AA B5S Hrishr)ol A Az A& ¥FE A=
A AR5 MIT assay= ZI3tH o 1 A7E Fig. 290
e ATH RAW 264.7 AlE°] B-RAEE &=E Z(25~
200 pg/ml) 2412 A2 3EH S ® 90% o] M=Z A&
& e AlZ 540 &S st A ThFig. 24).
LPSE B-RAE®} FA] X 2|3 M ZA+= LPS T A&
T A TAaE AEZ AEEC] AR AY FETIAA
5% A= AZ BESC] FolH o R e Ilstith
(Flg 2B). B-RAES] NO A4 AdllsS =43 A3} LPS

@= 22lA 71" NO A o] B-RAE A& Al =9
£ 0 2 NO WA ZFo] ZAadt= A2 YUER} B-RAES]
AF A g e e glsk A thFig. 30).

RAW 264.7 NIZOAM LPSZE RTE HHSM ALO|EF}
ol WSi0f| O|Xl= B-RAEQ| H&t

A Z A= LPSeF 22 Ap=ol| ofste] 5 whgol &
AlE Ao EFRRIS] A4to] £X1E M, 53] RAW 264.7 A
X9} 22 macrophage == monocyte®l| A= TNF-a, IL-6,
IL-1p9F & AHdSA Al EFIRIES] Hd S 7M7)
= Aoz A T2, 8, 31]. wEkA B AFoAE
B-RAEZ} A Aol E7E)IS A Ao w A=
FS AHEI] Y8 LPS = RAW 264.7 Al E | B-RAE
£ X33l IL-6, IL-1p ¥ TNF-02] mRNA 23 ¥ E
qRT-PCRZ eIttt 1 A7 Fig. 3o YeRd vie} 2
o] LPS M| Al F71d AES4 A E7IRIS] mRNA &
o] BRAE A 2] A LPS Aol Hlal 5% & o=
o] Zaste AR FIFHNY. &, 1IL-6, IL-1B ¥
TNF-02] & o] LPS A el oA Z+zt 244, 184], 234
Z7tEE Aoz Yehyty, 559 B-RAE (25~200 pg/ml)
£ A AEEas W A2 Bdo] IL-6= thEa thHl
23uf, 2090, 1590, 1290 F71eFSd L(Fig. 3A), IL-1B= 179,



476 BBUEPIX| 2023, Vol. 33. No. 6
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80 1 80 -
S S
2 60 Z 60
s 3
£ 40 - 3 40 4
S 3
20 1 20 A
0 4 T v v - [ T T T - -
B-RAE (ug/ml) - 25 50 100 200 LPS (100ng/ml) - + + + + ¥
B-RAE (ug/ml) - - 25 50 100 200
Cc 4
53 ] Hith
zE Fig. 2. Effect of B-RAE on cell viability and NO production
38 5. #ith in RAW 264.7 cells. Cells were treated with B-RAE
g'é HH and LPS 100 ng/ml for 24 hr. Cell viability (A and
©
g K 1 B) was determined by MTT assay. NO production (C)
= was determined by Griess reagent system. All data are
the mean+SD of three independent experiments (***p<
01 i ' ' ’ ' 0.001 vs negative control; ###p<0.001 vs LPS only treat-
LPS (100ng/ml) - + + + + + ment).
B-RAE (ug/ml) - - 25 50 100 200
A 30 B 25
. *%
52 % £ 20 ks
28 2 2%
& 838
: T :
<s P # 29
Zc ] #H
T2 10 g5
23 g3
L s 29 5
B 0
LPS (100ng/ml) + + + + * LPS (100ng/ml) + + + + +
B-RAE (ugiml) - 25 50 100 200 B-RAE (ug/ml) - - 25 50 100 200
C 30
53 **
g 8 " Fig. 3. Effect of B-RAE on expression of pro-inflammatory
%E . o cytokines in LPS-induced RAW 264.7 cells. Cells were
g% 15 treated with B-RAE and LPS for 24 hr. mRNA ex-
Sg pression of IL-6 (A), IL-1B (B), and TNF-a (C) was
Lz e measured by qRT-PCR. GAPDH was used as an in-
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