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Anti-inflammatory Action of Extract of Mori Corfex against
Lipopolysaccharide-induced BV2 Microglia

Shin Hyung Park, Yung Hyun Choi*, Hyun Sup Eom, Gyoo Yong Chix

Department of Pathology, 1:Department of Biochemistry, College of Oriental Medicine, Dongeui University

This research is performed to obtain positive evidences of Mori cortex, a kind of oriental medicinal herbs, in the
cellular levels. The extracts of M. cortex have shown anti-inflammatory effects against cutaneous inflammation and
clinical effects on pulmonary asthma and congestion in oriental medicine. Thus BV2 cells were chosen because
microglia are considered as the main immunocompetent cells in the central nervous system. Lipopolysaccharide
(LPS)-induced microglial activation of cultured BV2 cells and subsequent release of nitric oxide (NO) and Prostaglandin
E2 (PGE2) were effectively suppressed by methylene chloride extract of Morus alba L. (MEMA). From the
inflammation-mediated mRNA and protein analyses, we showed that inducible NO synthase (iNOS), cyclooxygenase-2
(COX-2), interleukin-1B (IL-18) and tumor necrosis alpha (TNF-a) induced by LPS were markedly decreased by MEMA
treatment. From the observation of nuclear factor-kB (NF-kB) which is controlling and mediating inflammation through
COX-2 and iNOS, there showed that p65, a subunit of NF-kB, was increased in nuclear and IkB, a competitor of NF-x
B, was recovered in cytosol after MEMA treatment. These are corresponding with results of iINOS, COX-2, IL-13 and
TNF-a, and confirm some suppressive effect against transcriptional activation of NF-kB. In conclusion, the
anti-inflammatory action of M. cortex against BV2 microglia cells is expected to protect nerve tissues through
suppression of neuronal inflammation in various neurodegenerative diseases.
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AAGFAFE BV2A £ O

ThI7HE 59 7153 #AH0] JoEa o5& ¥ <7
TEY A¥E Hrkske AR 2 5 Y xS
cyclooxygenase-2 (COX-2)E prostaglanding Tr=+H] 7hes}
= B Z2AEEEUEe 45H 55 % TES dod)e

$ & #F3}=d AHE-F = immortalized mouse®] microglia cell
lineo] o}, whebx] Swrdatol g0l e Aoz o

el
1. A8
2 AP AMSE A (Morus alba L) A5 Q524
ol A FAsta et o] H et Bxtu oA EFEE
g e o s2E B 3 AHse a5ddA 3F
T AEAI F A EAEAT T dgg ¢ gl
2o FZEE(ethanol extract of Morus alba L., EEMA;

methylene chloride extract of Morus alba L., MEMA)S €7] ¢
ate] 1zE 4w 200 gofl dEHE ¢ WEAFZeo =8 74
7+ 15 14 F7kste] o €22 100rpm, 60T, HlEAZ 2 g}o]
E& 100rpm, 35T 7oA 547 wwtstAnt 1 3 FF A
gt Azsta,  EEE 200 mg/ml FEER
dimethylsulfoxide (DMSO)ell &3]AIATh X wFo] A&
Dulbecco’s modified Eagle’s medium (DMEM), fatal bovine
serum (FBS), penicillin-streptomycin® =% Gibco (Grand
Island, NY)olA TS89t mRNA #4& 98 primer
(Bioneer, Taejeon, Korea)= Table 1] YEI U, T d £
< 9% & 1x A £ Santa Cruz Biotechnology Inc. (Santa
Cruz, CA, USA)o A T34 2.1, anti-rabbit ¥ anti-mouse 2
2} &A= Amersham Life Science Corp. (Arlington Heights, IL,
USA)l A #d3tdch M= %7]34A] 42 ZE A%FE Sigma
(St. Louis, MO)9IA T4

Table 1. Sequences of primer used for RT-PCR

primer sequence (5'-3)
NOS S AAGCACATGCAGAATGAGTACCG
I AS GTGGGACAGCTTCTGGTCGAT
COX-2 S GGAGAGACTATCAAGATAGTGATC
AS ATGGTCAGTAGACTTTTACGACTA
TNF-a S CCCCTCAGCAAACCACCAAGT
AS CTTGGGCAGATTGACCTCAGC
18 S AATCTCACAGCAGCACATCAA
AS AGCCCATACTTTAGGAAGACA
16 S GGAGGCTTAATTACACATGTT
AS TGATTTCAAGATGAATTGGAT
GAPDH S ACCACAGTCCATGCCATCAC
AS TCCACCACCCTGTTGCTGTA

)

2. AlE B

Ao AHEE BV2 Al2E &4 o st Asetu
A (AE oI ERE AFREo™, 10% fatal bovine
serum (FBS)ol 1% penicillin-streptomycin®] Z3¥ DMEM Hj
A5 AHgate] 37T B 5% CO, oA widstitt Ze A9
oA BV2 AEZE Maus alla L. $FF5$ A7 A As F
LPS (0.5 ug/ml)E FAg|sted 24A17t vl &3kt

3. MTT Assayoll o9&t AE=4 2A}

MIT AssayE 53 MEAEES SAFAT. AX LS
6 well plated] BV2 M ZZS 6x10°cells/ml& EF3}e] 2447k ¢F
3271 ¥, EEMA (ethanol extract of Morus alba L.)9F MEMA
(methylene chloride extract of Morus alba L)E $XZ8Z 147t
dA2 % LPS (05 ng/ml)E FA2sho] 2443t v Fetitt. 1
o] HWXE EF AAN}L 05 mg/ml FTEE 43
tetrazolium bromide salt (MTT)E well & 1 ml% £3-3}o] 24]
F i FE & MTT Al ek& Al AL dimethylsulfoxide (DMSO)
Z formazing EF §301A1A 96 well plateo] 200 pl? &7 A
ELISA reader (Molecular Devices, Sunnyvale, CA, USA)ol| &%
= 540nm= =733}

4. NO¢| &4

Griess AssayS 53] NO A FS SAATh AX v g&
6 well plated] BV2 A ZE 6x10°cells/mlE F-F3}o] 2447} ot
A3 A7 &, EEMA (ethanol extract of Morus alba L.)Q} MEMA
(methylene chloride extract of Morus alba L)E SEHEZE 147t
A2 F LPS (05 ug/ml)E FAe)ste] 2447 vt 2
F 7 welllA AEWFARS 100 wy F3ked 22 Griess
reagent(1% sulfanilamide/0.1% N-(1-naphthyl)-ethylenediamine
dihydrochloride/2.5% HsPOy) 100 ul®} &33te] 96 well plate
o &3ttt ELISA readerd] &#% 540 nmZ NO #&& &
At ¥, sodium nitrite (NaNO,)9] standard curveE Hl&OZ

NO ¥&=Z A4taldith

5. RT-PCRel |3t mRNA®} #4

AE W FE 6 well plated] BV2 A EE 6x10°cells/mlZ ¥
Fotod 24217 AAFAZ] T, MEMA (methylene chloride
extract of Morus alba L)S TE=HE 1A17F AAE ¥ LPS (0.5
ng/mh)E FAFste] 24413 wiFgiet. 1§ Bopxl AEE
TRIzol reagent (Invitrogen Co., Carlsbad, CA, USA)dll lysis Al
7 total RNAS F2J8}il, &3 RNAC iNOS, COX-2,
glyceraldhyde-3-phosphate dehydrogenase (GAPDH), IL-13,
IL-6, TNF-a® primer, DEPC water, ONE-STEP RT-PCR
PreMix Kit (Intron, Korea)E vz} Z3sle Mastercycler
gradient (Eppendorf, Hamburg, Germany)Z $3A| At 1 &
ethidium bromide (EtBr)e] Z%¥ 1% agarose gelol 2} sample
< loadingdte] 100Vl A H71g&A2] & UV dtolA mRNA
TEFS dEsT
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6. Western blot analysisoll <]3F ©ad 1hg o)

AZ wjeEg 100 mm dishell BV2 A EE 25x10%ells/mlZ
BFetel 4719 Az Y F AEZES EobA lysis
buffer[25 mM Tris-Cl (pH7.5), 250 mM NaCl, 5 mM EDTA, 1%
NP-40, 1T mM phenymethylsulfonyl fluoride (PMSF) 5 mM
dithiothreitol (DTT)]ell 1212t 7} lysisAlZ] ¥ Bio-rad T &
Y Aokt 1 AwEE me AFAAT 3 ool
buffer (Biorad)& THLE 4]0
SDS-polyacrylamide gelell loading¥+ § 90VZ 719534t

E3] nitrocellulose

A1
S|

TEO

Laemmli  sample

©] acrylamide gel&
membrane (Schleicher and Schuell, Keene, NH, USA)ll &7
t}2, 5% skim milkE 1A]7F &<t blockingﬁl-_ﬂ 4CoNA 12 &
A& £ overnightstHth. 1 § PBS-TZ M &3t 4204 1
AL ZFE 23 BAE F oA AlFsta A
Enhanced Chemilunimoecence (ECL) £ (Amersham Life
Science Corp., Arlington Height, IL, USA)S &} Kodak X-ray
of FFAAT o BuAs AEd dude] Fele Nucear
and Cytoplasmic Extraction Reagents (Thermo Scientific, USA)
& Feto 1 SOl we BelSA, 1 Fo v

H e AE A3,

electroblotting=

=9

1=}
RN

T3 &
7. PGE29] &4

Cayman chemicals (Ann Arbor, MI, USA)ell A %18t EIA
kitE §3l PGE2 A FE S4stAT AZ %8 6 well plate
o] BV2 Ml ZE 5x10°cells/ml 2 #F3}o] 2442 kA3 A7 5,
MEMA (methylene chloride extract of Morus alba L) %2
2 1412k A8 F LPS (05 ng/ml)E F4e)ako] 24417F wj ok
SHTh 1 F 2 welloll A Al szuffe & Fske] BIA kitell #A]
FH o) wg} A28 thS ELISA readerd] &34 % 420 nmE
PGE29] A %&S FHstAt
e}

k)

L}EMZI qe =
YA 2o =
%(EEMA)% Azt &= Ay 731
A g Toll A MTIT assayS Al 33}
AE AEES S48 2 24 Fig. 1Al Yebd vt
o} Zo] MEMAS} EEMA @5 A& A 75 ng/ml A 2774
BV2 AIZ7} 90% o] &8 1h, MEMA 100 pg/ml A 2]
e AEE 76%E NEF5AHE JERIUTH whebA BV2 AlE
o AEL 2 TS VAA ' 209 5 ug/mlE HES
T2 3o MEMA$ EEMA mﬂ AA & &, o
Al AEERE ERRA PS(0.5 pg/ml)E 4]
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Fig. 1. Effects of M. Cortex extracts and LPS on the cell viability in
BV2 microglia cells. The BV2 cells (5 x 10° cells/well) were seeded in 6 well
plates and (A) treated with indicated concentrations of M.cortex extracts
(methylene chloride extract of M. Cortex, MEMA ; ethanol extract of M. Cortex,
EEMA) for 24 h. (B) The cells were pre-treated for 1 h with indicated
concentrations of MEMA, EEMA and then incubated with LPS (0.5 ng/ml) for 24
h. The rates of cell viability were measured by MTT assay. The data shown are
means+SD of three independent experiments.
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Fig. 2. Effect of M.cortex extracts on LPS-induced NO generation in
BV2 microglia cells. The BV2 cells were seeded in 6 well plates at a density
of 5 x 10° celisiwell for 24 h. Then cells were pre-treated with various
concentrations of MEMA or EEMA for 1 h and then treated with LPS (500 ng/ml)
for 24 h. The amounts of NO were determined using Griess reagent and a
standard curve created using NaNO2 in culture medium. The data shown are
means+SD of three independent experiments. *p<0.01 and #p<0.01 are
significantly different from the value in control cells and cells treated with LPS
in the absence of M.cortex extracts, respectedly.
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Fig. 3. Effect of M.cortex extracts on LPS-induced PGE2 generation
in BV2 microglia cells. The BV2 cells were seeded in 6 wel plates at a density
of 5 x 10° cels/well for 24 h. Then cells were pre-treated with various
concentrations of MEMA or EEMA for 1 h and then treated with LPS (500 ng/ml)
for 24 h. The levels of PGE2 were detected using a specific enzyme
immunoassay according to the manufacturer’s instruction. The data shown are
means+SD of three independent experiments. *p<0.05 and #p<0.05 are
significantly different from the value in control cells and cells treated with LPS
in the absence of M.cortex extracts, respectedly. n.s. means not significant.
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Fig. 4. Effect of M.cortex extracts on the expression of iNOS,
COX-2 and proinflammatory cytokines in LPS-stimulated BV2
microglia cells. The BV2 cells were seeded in 6 well plates at a density of 5
x 10° cells/well for 24 h. Then cells were pre-treated with various concentrations
of MEMA for 1h and then treated with LPS (500 ng/ml) for 24 h. (A) Total RNA
was prepared for the RT-PCR analysis of iINOS, COX-2 and proinflammatory
cytokine genes. GAPDH was used as a loading control. (B) Cell lysates were
electrophoresed and the expression of INOS and COX-2 was detected by its
specific antibody. Actin was used as a loading control. The experiment was
repeated three times and similar results were obtained.
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Fig. 5. Effect of M.cortex extracts on NF-kB activity in
LPS-stimulated BV2 microglia cells. The BV2 celis (1 x 10° cells) were
cultured in 100 mm dishes for 24 h. Then cells were pre-treated with indicated
dose of MEMA for 1 h before LPS treatment (500 ng/ml) for indicated times. Total
cell lysate were separated as nuclear proteins and cytosolic proteins following the
manufacturer's protocol. Total nuclear protein and cytosolic proteins were
subjected to 9% SDS-PAGE followed by Western blotting using anti-p65 (NF-kB
subunit) and kBa. Actin was used as a loading control. The experiment was
repeated three times and similar results were obtained.
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