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Anti—neuroinflammatory effects of cultivated red ginseng with fermented complex
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Bitna Kweon', Jin—Young Oh"?, Dong—Uk Kim"?, Mi—Kyung Jang'
Jun—Hyoung Cho®, Sung—Joo Park™*, Gi—Sang Bae"”

1 : Department of Pharmacology, School of Korean Medicine, Wonkwang University,
2 : Hanbang Cardio—Renal Syndrome Research Center, Wonkwang University, 3 : Future Agriculture,

4 : Department of Herbology, School of Korean Medicine, Wonkwang University

ABSTRACT

Objectives : Neuroinflammation is a common pathological mechanism of neurodegenerative diseases, and the
development of therapeutic agents is urgently needed. Red ginseng has been known to be good for the immune
stimulation in Eastern Asia, Although the immuno-—stimulatory activity of red ginseng are already known, the
neuro—protective effects of cultivated red ginseng with fermented complex mushroom—cereal mycelium (RGFM)
have not been conducted. Thus, in this study, we tried to investigate the anti—neuroinflammatory effect of RGFM
water extract on lipopolysaccharide (LPS) stimulated BV2 cells,

Methods : BV2 cells were pretreated with RGFM 1 h prior to LPS exposure., To determine the neuro—protective
effects of RGFM water extract, we measured the expression of inflammatory mediators including inducible nitric
oxide synthase (iNOS), cyclooxygenase (COX)—2 and nitric oxide (NO) and pro—inflammatory cytokines such as
interleukin (IL)—18, IL—6 and tumor necrosis factor (TNF)—¢ in LPS—stimulated BV2 cells, In addition, to find out
the regulatory mechanism of RGFM water extract, we assessed the protein levels of mitogen—activated protein kinases
(MAPKSs) and inhibitory ¥Be (IxBe) by western blotting.

Results : In our study, treatment of RGFM reduced the mRNA expression of iNOS and COX—2 and suppressed NO
production in LPS—stimulated BV2 cells. Additionally, the secretion of IL—18 and TNF—ea but not IL—6 was significantly
inhibited by RGFM, Furthermore, RGFM water extract inhibited the phosphorylation of c—Jun N—terminal kinase (JNK),
Conclusions : Taken together, these findings suggest that RGFM water extract has a protective effect on
neuroinflammation through inhibition of JNK,
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AZFE PG AT AL, FAA v|go] A
AZEYPY A2 AP 716 Fol & A
A 54 FHG Az A g2 E4S 7Y, kstet
THE 544, 44 94 YA 8ol sf EAysitta &
A Q. “AAEZ (Neuroinflammation)”& o3t A7
Hel 717eR, 0% W AFEST2 vA
OFIA| 3 (microglia)®] X|&Z QA SO 2 AHGxA | &4
B dA Y, Ko mAo] B o] gl w4
oluAEZE FFAAGACNS)Y AAZH ANEZRE, A7
& = lipopolysaccharide (LPS)ol 2J5te] &Al3lE of
AZ=4 Ao E7}Ql (proinflammatory cytokine) #4H] @ &

=

e

A &4 (proinflammatory enzyme)$l inducible nitric
oxide synthase (iNOS)?} cyclooxygenase—2 (COX—2)2]
F WAL FEAF, ool F712 A&TE wlHlo}
AN EZO] Tegt B2 AT o2 W AFEYA AdtoA
A7) @ A7 2L fEE = gt

2 44 (well-being) EANEE Fol A7 E HIF A
gt =87t FTkstl e, O A B A (22 9=
T2 EYES AR & A7 SAE 2 URt AEY] FH=
chFsHA EAEE s W Aok, (IS KEITR.
PR, AEbiB, ZigE sk 2% 7MY THes

A FHES HFol 2 ARESh= A4 (A2 B AA
3 T $372 AA Az Bejot)), frEe 43 F47)
olstm, Zt oA o] F7hste] AR 717to] 4
o= A 7HE SAl |99Sd, FEES IR AR
dxd, A88A A3 P3As 5 odd A i
IS HATP Y, B2 FhoFe] AE Ao ¢HAT &Y
o2 fIZE AF Axde HHAOR o]§H &H
7t 1208 2E3 A Abd dEFo] fas| o Aol

QTS0 o]z ol W ‘1’1401]/‘1 %I%—J

of

1 FA= H‘]’“ ‘—F"}‘]’Xﬂ— 01‘9—0]-01] ,B—glucan
glucosamine 59 tJd5H L Lol Hhio] Wy =3 9
45 MAdE At 5]1‘)11 AL T o A FA
Aol FL23HA E0i8le e T2 EH/SWHE"]' T, B Al
Z 59 WY JAZS BAsste Aes BuFHT Yy,
1 FAME 53] f—glucane QAA|Q] HE A|AFof 285t
dte| 2o}, vlolzjA 9 HAY n|PEEREHY AE L FF
ol BrdE BT Ho|7| R g—glucan F7HA=

AHgSte] 71E 229 A E F7HA1717] A A o
et Hopoll A AHE I YeH Y oo B AL I
g 23%0| /11 WA WA BYUA-FE SARF
W Bo) TRAL, obr} Y] FEE A2 27142
T S ASE FHste] ATE ISt

MR BINA-FE ST NG EY $9F AE
Z:/\]-f)‘]— ] -.—]0}@] BV2 microglia®) LPSE X‘]E]OPCE] ARG

% GEsEn, 9% o) Belshs o Hrel NOSHH
OX—Z-J ‘iu]'i?j ‘}l nitric oxide (NO)} @FA Aol E7FQI
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7429l mitogen activated protein kinases (MAPKs)2}
nuclear factor kappa B (NF—«B)2] 4% &l3s}3ct, o]
of Ira EMA-JE AT WY flZo] LPS o3) &+
T4 BV2 microglia @51 #23 3495 azrt veid
o= ATE 4371 B st vpo|tt,

1 A=

1) &g SEHN-I= SgTF Y {12

2 AFolA A HE EIAHA-SE SAEF W AL
22 vded (A, dFus)oM Fdsted ARgstgH,
$E EguN-SE s FE °P7}EH:~’\HV>\ =Rl
A, AFHA, B, wphRe], REoAd, T3stx
€ TE 9 S48 d9dx, T2 (UP%"]’EI’:"*P Korea

ginseng coporation)ol|A] F¢13}o ‘QE_ BE3A -T2 &
Aot vjokslant, wra B Al-TE LA T3 | 4T
F U100 g2 2 1 Lol 9ol 1508 B A4 22eld
W olg SAAx] 33 SRl HolA e F AL

sttt 2 A= ¥ HF &2 18.96% Ath.

|

2) A&

Easy—Blue™ total RNA extraction kit= iNtRON
biotechnology (Ad, d=)olA FYstEtt EZ—western
Lumi Pico Alphat DOGEN Bio (A&, 3=)o| A Y3
t}. RPMI Medium 1640 (11875—093), Fetal Bovine Serum
(FBS)(16000—044), Penicillin/streptomycin (15140—122)
2 Thermo Fisher Scientific (Waltham, MA, United states)
oflA T3t

2, %

1) MIZZHHQE

H Ao A= mouse T3 microglial cell¢l BV2 A EF
£ A&kt BV2MZe FA T2 (AE, T=)ollA
FABHLE. 015 AEF| AE wjFel-2 RPMI 16409 10%
FBS, 1% penicillin/streptomycing H7}slo] A3}t
o527, 5% CO, ZA0H eFalsi,

2) MTT assay

BV2 AlZE 2x10° Cells/wellgl 47F H%2E 24 well
plateo] &3ttt EAHA-IE SA4FF G A2
0.01, 0.05, 0.1, 0.2, 0.5 mg/ml-J =2 A5l 24A)7
Feot vjoFgtth, MTT solutiong A 2]5kaL 3o‘ﬂ ol wjjefro|
Yok & AFdS A A3t DMSO] %291 ¥ SpectraMax
M2 (Molecular Devices, San Jose, CA, United states)2
F4= 540 nmo A EA33ct,
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3) Griess assay

Griess AJoF2 AlZ Y Yo NO 5= 53L& ¢
H 9t BV2 AlZE 2x10° cells/wello] H=2
BN -IE s4+F g 122 0.01, 0.1, 0.2 mg/ml
o] =2 1A A Mo}i LPS (1 pg/mD)E Aste] 24
AZE Bt & e FsAT 2T 100 plE %Y
Griess A|9Fa} Ao A HFSAIF T ©|F SpectraMax M2
(Molecular Devices, San Jose, CA, United states)S ©|&
3t ZFAE 540 nmoA EA3Y L™, sodium nitrate
(NaNO)& o|&3 EEHE 7|02 AEZ2RE J44
NO9| & AArstrt.

4) RNA =& & AAIZt HE® GrAL S8
Bt (Real time RT—PCR)

1% 106 cells/well®] AEZ42 6 well plate] £F3111 &
FHA-TE 575 ik #1£E 0.01, 0.1, 0.2 mg/ml9]
TR 1/\]7} AA= st LPS (1 pg/m)E Aste] 6 Azt
Hjekst & A2 AJEALS A ASHATE Easy—Blue 1 mIZ A
ZE &3A171 F chloroform 200 pl& €1 & A& =
15,000 rpmollA 2087 AHED st ASHS Hekqot
&%N3} 2—-propanolE T BHEE ¥l 4 ]/‘1 Z 4o
z 9 15 000 rpmol|A 1087F YalEelste] AEdHe ve|n
HAAELS 80% ethanolZ A& T AZRsIHTE o|F AAF
DEPC treated waterS 15 1% Yol RNAS &aAFH T},
223 RNA 1 ug2 ReverTra Ace qPCR RT Kit (TOYOBO,
Osaka, Japan)Z ARE5}e] cDNAZ 34353t 4% cDNA
1 pl¢t primer (ZARZAE, A, gH=)= SYBR Premix
kit (Applied Biosystems, MA, United States)ol] ¥o] 95T
oA 108 F<t ov] 718 & 95 C oA 1527t denaturation,
60°CoIA 187t annealingdle Wajo2 408 BHEA R T
2E #goA GAPDHE Aol &85t RNAYS EAstH
At ZF Primer®] 7)A€ Table 1] Yetsict,

A A

fol

;2 o]
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Table 1. Primer sequence of SYBR Green Real—time PCR.

Gene Primer

iNOS (F) 5'-GTT GAA GAC TGA GAC TCT GG-3'
iNOS (R) 5'-GAC TAG GCT ACT CCG TGG A-3'
COX-2 (F) 5'-GGT GGC TGT TTT GGT AGG CTG-3'
COX-2 (R) 5'-GGG TTG CTG GGG GAA GAA ATG-3'
IL-18 (F) 5'-CCT CGT GCT GTC GGA CCC AT-3'
IL-18 (R)  5'-CAG GCT TGT GCT CTG CTT GTG A-3'

IL-6 (F) 5'-CCG GAG AGG AGA CTT CAC AG—3'

IL-6 (R) 5'-CAG AAT TGC CAT TGC ACA AC-3'
TNF-« (F) 5'-AAC TAG TGG TGC CAG CCG AT-3'
TNF-e (R) 5'=CTT CAC AGA GCA ATG ACT CC-3'
GAPDH (F) 5'-TGT GTC CGT CGT GGA TCT GA-3'

GAPDH (R) 5'-TTG CTG TTG AAG TCG CAG GAG—3'

—SE AT g AHas Exa 13

5) Western blot analysis

5x10° cells/dish®] AZ$2E 6 cm dishol]l #5343 0.2
mg/mle] BENA-TE SADF WY ALES 142 AH
3 LPS (1 pg/ml)E 15, 30, 608 Z<F A st RIPA
lysis buffer (iNtRON biotechnology, A, 3HHE Yol 14
7F 59 AIEE lysiset & o]& 15,000 rpmoll A 208 7+ 94
Belshu 4SS Bed ¥ T oS ST 40 ug
9| ‘ﬂ'ﬁée 10% SDS—Polyacrylamide geloll A A7| 4% 35}o
B A7l & nitrocellulose membranel 2 transferd}til
5% skim milk2 A& 2A]7F blockings} Tt o|& Zt
B2 g zo) i3t A} 4T A overnight E9F HHE-A]
Zt}. Phospho—extracellular signal-regulated kinase 1/2
(pERK1/2) (#9101), Phospho—c—Jun N—terminal kinase
(pJNK) (#9251), phospho—p38 mitogen activated protein
kinase (pP38) (#9211), ERK1/2 (#9102), JNK (#9252),
P38 (#9212), inhibitory x¥Ba (IxBe) (#9242), B—actin
(#8457)2 (Cell Signaling Technology:; Danvers, MA,
United States)ollA] 743}, 1:10009] =2 AE-3}TH
ERK1/2, JNK, P38, f—actin® Z} ©jo] drdof oigh
loading control® A&ttt

6) Az

RE AW A 33 ol AASHY 1 FAFRE VRE
Mean+S.E M. 2 Yttt A% Ao gigt FAA =
SPSS A=z 273 (v22.0)9) one way ANOVAO| &34
1, Duncan method® AFEHSZE 3}t P-valueZ} 0.05
o F9 Fost Aoz wAIA T

m 2 I

A -FE 447 e

1. BV2 NZojA F3
fLzo NE2=Y HA
BV2 AIEL mlAolmAEe] SRS 2 e ¥ 93 A
oAA 1% mAelmAES GRSt B gIstA AgEE Al

EFOP) | BV2 AlEoA BFMA-JE SAFF WG f1E
‘4 E/HO] 040111 Aga]ﬁ]—/ﬂ _—g_'_—-_o] &]EH ] lr_ _E—_' ]—7] HOH
MTT assayS AAIstA Tt BV2 A2 f—glucan 35 12
5 F£E20.01, 0.05, 0.1, 0.2, 0.5 mg/mle & &5t
2477t 9 wjeket F AlE A2 LS ST F3, Bgwal-
ITE SA4TF Wi HES 0.2 mg/mle] S=7HA] HEstR&
o M= 40| Ho|x| & st (Fig. 1). ¥ 2aE
Higo 2 A¥L 0.5 mg/mlE AL 0.2 mg/ml ©]3t9] &
=2 Y3,
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Fig. 1. Effect of cultivated red ginseng with fermented complex
mushroom—cereal mycelium (RGFM) in BV2 cells. BV2 cells were
incubated with RGFM (0.01, 0.05, 0.1, 0.2, and 0.5 mg/ml). After
24 h, cell viability was measured by MTT assay as described in
Materials and Methods. Results are presented as the Mean *+
S.E.M. Results are representative of three independent experiments.
*p { 0.05 vs saline treatment alone.
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2. LPSZ &4Jstel BV2 N EojA BgHA-Z&
SAFF wloF 139 iINOS9 COX-2 ¥

9 NO A4 oA &3
dZ APl INOS H COX-25 Z3s}
QA SEA JAO v A S Zash
T AdA U, ol Higow EFHA-IE
v ok frZEo] INOSSF COX—29] ol J&FS n] =7 2
3171 $13H Real time PCRE XYt BuA-=& <
At W ALES Mg FolA LPSE Q18 571 iNOS
mRNA 23S 0.01, 0.1, 0.2 mg/mloJA F24 A T4
ARAI, COX-29 mRNA HEE 0,01 mg/mPe $=
R0 2 ZAANAY (Fig. 2A), B3, 9Z w7 <1z 3¢
NO Aol mX= FF= Qﬂomt}_ O Aal BuA-TE
ST g A1ES AskRE o 0.01, 0.1, 0.2 mg/ml

£
=

tlo o\

ox,
Jl.°l Moo
o N

U 12 s
_H}, m?'l o2

o FEoA LPSE &5 AT izl vs) NO9| /ol
st (Fig. 2B).
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Fig. 2. Effect of RGFM on LPS induced mRNA expression of iINOS and COX—2, and NO production in BV2 cells. (A) BV2 cell was pre—
treated with 0.01, 0.1, and 0.2 mg/ml of RGFM for 1 h and then incubated with LPS (1 ug/ml) for 6 h. Then, mRNA levels of iNOS and
COX—2 were measured by Real time PCR. (B) BV2 cells were incubated with RGFM (0.01, 0.1, and 0.2 mg/ml). After 24 h, NO concentration
in supernatant was evaluated by griess assay as described in Materials and Methods. Results are presented as the Mean = S.E.M. Results
are representative of three independent experiments. *p ¢ 0.05 vs saline treatment alone. T 0 0.05 vs LPS treatment alone.

LPSE &43}5 BV2 A ZJA B3uN-ZE

3.
ABH AEANE NADSS BN E A 417
9% WA FEsjokst Raolh) BHHA-ZE 44
F7 vIF 0] AFH Aol ETIS EHOR 2FeEA

425 W HBS 934

gelst7] 93 Real time PCRZ interleukin (IL)—13,
IL—6 % tumor necrosis factor (INF)—e¢2 mRNA $=&

Aol E71Ql 2H a3}

W32 selstgnt. LPSE 2431 BV2 A2 SA5HA
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IL-18, IL-6 ¥ TNF-¢¢ mRNA %o] Z7}3t51, o|&
EA - E AT i 412 0.01, 0.1, 0.2 mg/mlo]
IL-189} TNF-¢9 mRNA L3 FEoE&H 0T ZHaA|
Ak, 3kA]EL IL—-6 mRNA 92 oA|5hx] £33t (Fig. 3).
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Fig. 3. Effect of RGFM on the secretion of IL—13, IL-6, and
TNF—a in BV2 cells. The cells were pre—treated with 0.01, 0.1,
and 0.2 mg/ml of RGFM for 1 h and then incubated with LPS (1
ug/ml) for 6 h. The mRNA levels of IL—18, IL—6, and TNF—a
were measured by Real time PCR. Results are presented as the
Mean = SE.M. Results are representative of three independent
experiments, *p ¢ 0.05 vs saline treatment alone, T ¢ 0.05 vs
LPS treatment alone.

4. LPSE 2/J3hd BV2 AlZoA BIAHA-5F
EAFF vl f12e] MAPK 84 9 IxBe
B9 u] A& A

EEHA-SE s WY 2 ¥
dobi7] $13) LPSZ <3 43ueS 24

4 71
3*

I o
IN

ol
T o
oM. Mo

£ W

]_

o
&

Rl

29 MAPK @43} 9 IxBeE3dfo] tist F3FS western
blotS 3 Thilld H3o)A &Itk LPSE Adt
ANz A ERK1/2, JNK, P380] Q14t3} =1, IxBae7} £3)

= A& Fsta. AT EdHA-IE 445 W
MEE AHEstge o, JNKY QAEE JA 5,
ERK1/2¢9} P389] ¢14ks}t A 4B Eols TS A &
stEth (Fig. 4).
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Fig. 4. Effect of RGFM on MAPKs phosphorylation and I«kBa
degradation in BV2 cells. The cells were pre—treated with RGFM
(0.2 mg/ml) for 1 h and then incubated with LPS (1 ug/ml) for
indicated time. Detail methods were described in Materials and
Methods. Results are presented as the Mean * S.E.M. Results
are representative of three independent experiments. *p { 0.05 vs
LPS treatment alone.
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< 24t vAotuAN 2 Ay T e, .
AO|E7EQl W Al &A4bol e T3 Ee A ol 9
A Aol EFFel W &4 AkAE (reactive oxygen species)S
B E A&HoR BAsEo] AFHFTS S|,
ol A7 HAH 24 & AF HPA FEL op7| s,
o|¢} Zo] AAHEFE g=stolHy, wyley 9 ohid A
Shea 22 AR EGAY A Uy 4 3] FoF 9TS
stER, ol Ao g A5t A7 EHY TS A
Azt A 2A F2 B2A Y o] Al Fsicth, i 99E3l
4 923 ES 8 A3, itEle 277 SAERAE A
=7t = F2 A ) B2 fr2Ee] Az B, 24
Halsto] Hdf A4S UeElr] 93 =g0] ALEHT
o, WAa ZEO) FFE v, AL wjokste] By
ST Wi IS e, o8 ES SR =
gt T AR EF A anE gQlstalzt BV2 Ao LPSE
2 o2 AFES APt AA NxZ =54 A
AL, 0.5 mg/ml& AZstRE o Az BEL0] F

o, ﬂ.llO l-o]r

]

%

B
A¥-20.01, 0.1, 0.2 mg/mle] =2 Pt (Fig. 1).

924 isoform¢l COX—2%} iINOSE @ZA A oA wh
24 &dsle] Ato|E7}1¢l, prostaglandins (PGs) ¥ A|E%E
4 NO BAE B3l 45 AAd Fojste Fad aboltt
B COX-2% FR A AR glov], A7 £4E
o FREMEA (glutamatergic) Al'@249] A|HA £
A7 AMEA NN LEEH, PG Y Sl ABAEZ 45 4
ARS8 AAFHBA Ao BAFTESI INOSE
L-arginine®| 4te}#] gotullestE Fujste] e AT
oi7iA| ¢l NOS A4S ®ut ofgt COX-29] Ha= 24
otz A Y’ INOSE 53 NO A 271 A4 §
B4 At ot A5 22 Wt 2 A wA st
o, @4stE Aot Z A F7HE NOE A3 3F
(neuronal respiration) dAS £33 254t (glutamate)
EHE of7]3tal o] 2 3 AF, JEA L A1 =g A
ol Al AFHEALS SLFTH oo) whel LPSE FA43HE
BV2 AZoA BEFHA-TE A5 g 2o iNOS,
COX—2 @ % NO AAe mAE 3 Fels) Boo 1
23 B3N -2E SAFT Y fLZo] INOS, COX—29]
TE 4 2 NO AEE JAE B3l AHESE 2Es+=

o

fo

A& skt (Fig, 2),
AAEFe nclmAEe] BHstel B AE BAES

ol

tedl 2 oA 54 AtolEvRle] §4 ¢ BH|E
1A S, IL-18, IL-6, TNF-ex 4314 ujAo}
IAEZAA A, BHEE REZFA A EFRRICRE A E
YA AztoA 2, P H R A7 ©A E X173 AE APEe|
A Fohn LA AP BIA-ZE $4FF W%
#Z2 LPSE E43td BV2 N Z A IL-65 A3t 454
AO]EFFQIQl IL-1489F TNF—¢S mRNA S04 ZHAA|
71 FAAES 535 Hol= AL At (Fig. 3).
ARESe AsAY gL tofst BEAES EFsiH,
1 3 MAPKS} NF-4BE E31 454 A2 LPSE Qs
A% WA tlEF oz Yehts 7)ot ERK, JNK
4 P385 ZFshE MAPKE AF G5 1Ak Ao &

offl ox
ML ooX
of

oate] Ax Y&, AFE 9 4FE xS AlZ 75E 2F
St NF—xBE | 2 gZuh3o) A Ato]|E7lel & )
271l 22 EFEeS Alojste AR dEE 2dst= A
ARIAO|TH?  olH Ao A Uehd BFHA-ITE $A4FF
vk frgke] FAH A5 537 MAPKE 53 2EH+X
gls) 212} ERK, JNK 2 P389] 2143t A =& western
blot& B3l &stct. 1 A3 BEIHA-ITE A5 Wl
oF #1ZEL LPSE @A43tE BV2 AlEA JNKY ¢lAEHS
avE oz JAEATt (Fig. 4). A vHotA Zof| A JNKE
B3 AAFFST R Q3 EHPA HAJto] otstgoaet JNK
AAA ) FaAo] PEHE HH1Y HFmA-TE %
A vk frzEe] JNK Q4kst dAlE AHES XABAR
A9 2 7S HoRth NF-«BY 42 1kB 7)ot
A2R2E AFst=d, BASME I«B 7|UotAdl= Az oA
NF-«B2} Ag3ta E IxBE QSIS E3) Baj5in o=
3] NF-4Be o2 o, AAA|9 xBR ol AEstH
HAARIALZA O] G- 51 "k, o] F upgo s Hih Al -

AZHEF A MAPK 43 |43 o7l Jx Edo a3t
Al 2HA= A AT AEH NEolA Fa PR &
). B A72 F3ete] HYL ) EFHA-ZE
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