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ABSTRACT

Objectives : Berberine, a main alkaloid component of Coptidis rhizoma, has an antimicrobial and
anti-tumor activities and antiinflammatory effect. In the present study, we investigated effect of
berberine on the production of inflammatory mediators such as nitric oxide(NO), prostaglandin E2(PGE2),
TNF-a and IL-1B in LPS-stimulated BV2 microglial cells.

Methods : BV2 cells were pre—treated with berberine and then stimulated with LPS. The cytotoxicity of
berberine was determined by MTT assay. The NO production was measured by Griess assay. The
mRNA expression and protein levels of inducible nirtic oxide synthase(iNOS) were determined by
RT-PCR and Western blot. The production of PGE2 and cytokines was measured by ELISA.

Results : Berberine inhibited the production of NO, PGE2 and proinflammatory cytokines, TNF-a and
IL-18 in a dose dependent manner in LPS-stimulated BVZ2 cells. In addition, berebrine greatly
suppressed the mRNA expression and protein levels of iNOS and inflammatory cytokines induced by
LPS stimulation. These results indicate that the post-transcriptional regulatory mechanism of iNOS
and/or inflammatory cytokine gene expression by berberine is involved in its anti-inflammatory effects,
respectively.

Conclusion : The present study suggests that berberine can be useful as a potential anti-inflammatory
agent for treatment of various neurodegenerative diseases such as Alsheimer's disease, Parkinson's
disease and stroke.
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A4 WA X (microglia) e 9] A A E(a resid
ent macrophage-like population)24 ZZA77
(central nervous system; CNS)9] host defence 2
tissue repairol @-¢ Q3% 9L = Aoz ¢
A4 AH?. = microglas ¥ Z2He) &4 A &
“d3Hactivation)Ho] TNF-a, IL-1, IL-3, IL-5,
IL-6 L8 5 ¥UZL d/sls FEAlolEFQ
(inflammatory cytokine)©|u} fibroblast growth fact
or(FGF)-B, tumor growth factor (TGF) -Bl, nerve
growth factor(NGF) S A&z} brain-derived
neurotrophic factor(BDNF), neurotrophin-3 (NT-3)
2 nitric oxide(NO) §& EulgozH 98 AA
(scavengers)&# FAol &4 F9of HZwgS
o g #d(ischemia), Htrauma), 7Y
(infection), #=3}o]o¥(Alzheimer's disease)
71 (Parkinson’s  disease)#} #e A w=
go] wo) slodstA "o el 2 A4S
H  microglia® ZA(regulation)stAv &Astd
microglia2 %8 #ALdH] A= dEuHEds
< ANz HYGHARS AAAND F A
E 0% d3so] Ay Y0 sE, o)
T HNERY Bdd O HAMHEELS 2
a3t W 790l 93 452, FAGY A
FAST 2o NAEEA AS 2 g3y4 HF%
(neurodegenerative disease)¥ #-& thoksk @3
S ez T2 ESUAMEREEY AU &
4S5 AT 5 e AUBAHEST 2 GAEN L
gt A7} ol ojFojx 1 Y,

Berberine2 3} (#3#; Coptidis Rhizoma)= 3
W(#E; Phellodendri cortex)dl F& ¢z ol=
(alkaloid) B¥o.2A 9 Wl o3 JF3E
(anti-microbial activity)', 8% % (anti-inflammator
y activity)”, 8Hanti-tumon)'®, 3-&% |4l (anti-
motility)” ¥ AEHEY So] Qe Hoz LA
Jon, FFAEGAALoY A4yg g 2 JH
ARG G x G971 Qe AeE BuHu ¢
99 HZ Berberine® #%4% Ao W A7
Ex FE2 LPSE #Astd 39 BulaMZdA
9] inducible nitric oxide synthase(iNOS) 2 cycl
ooxygenase-2(COX-2)8 #Ax w&AN? TNF-
a A4A 2 IL-12 AREDP7L 9lon, Al
FHZoAX ) [L-189 TNF-a BAAA &Y, d9

pe!

HAZo 715l T A Eoll A2 monocyte chem
oattractant protein-1(MCP-1) 2 CC-chemokine
receptor-2(CCR-2)9} 28 aa” @ Aui ¥z
2E] YA 4Z5E2 lepting tF43F adipog
enic factorSe] A4 AMEFHD So] HIHT ¢
=3

3 HA8 Bbsle Ho gRdEody] FE
2dojxe iNOS 2 TL-1B A= 71940 A
AaH” amyloid-B AAAAEH" So] Bis o]
Atk Berberines EAx 23 FHAZEHZ
AR o) ol 7tA HaA HAZ A P&
g Zsoly FAAQ] AL7H g A+ Hol
AR gk wEA B A7l berberineo] LPS
ZAFol 93 TAstEl AAHLATAEL] BV2 HEZ
HH A4HE 4S0/1E2 20 NO, PGE2, proinfla
mmatory cytokine®] AAGA &} ¢ 1 YL
S ZAVEO.ZX berberined FUFEINE P&}
I, o7t AN AE AgAEAe MErtes
< Hrlstazl $-43tsch

PR 2 ik
1. A&

A8l ALEE berberined FWozREH EIH
Ag MENTE HIAEATAERE ATEUch
LPS(E. coli; serotype 0128:B12)= Sigma(St. Louis,
MO, USAZHH FU3tden, TNF-adt IL-1B
Z4& 23+ ELISA kitsE eBioscience Inc. (San
Diego, CA, USA), iNOS$} COX-2 &A1& Santa
Cruz  Biotechnology Inc(Santa Cruz, CA),
Horseradish peroxidase labeled goat anti-rabbit
I[gGE SigmaZ%E FY3k4ck. ECL  Westemn
blotting detection reagent™ Amersham(Buckingha
mshire, UK)2 Z3€ #1315k

2. Al zul

AA9  HANALWMFE(mouse microglial  cell
line)?l BV2 AlE+ 10% fetal bovine serum(FBS,
GibcoBRL, Invitrogen Life Technology, MD, USA),
1% penicillin(GibcoBRL) 2 streptomycin (GibcoBR
L)e] ¥3r" DMEM HiA(Hyclone, UT, Canada)d
A37C, 5% CO, 2A0 2 kst



&l 7442 Berberine®] A4 £RAZZRE) LPSl olol fE5 AF0ANEY Gzt 119

3. A Z=A (cytotoxicity) 23

Zy M E(5x104cells/wel)E 96-well culture plate
o 100t DMEM ®i=x|9} 3| 3524t it & o
2] FX9 berberines Aedla Al 24X T
BFatct. o7lol Smeg/ml FESY MTIT £
(Sigma)& 50u ¥ ¥ 3A17F Fot wjoksleie g
&S FxF o, 0o DMEM £4& #H7}
3t wub7] Aol formazan 2RSS A3 L3
39t ©]2 microplate reader(Molecular Devices)
& )83l 550-600nmolM FREE =33 A
NESAZL FHETe HMEAES(cell viability)
100%% 71222 berberine A&7 Adid9 AE
AETE Aislo

4. Nitric oxide(NO) A= &4

AZZHE WAEE NO9 4& AX gy &
EA3He NO2-2] HelE Gress Al %uh3-g o] 43}
o 2339t &, BV2 AEE 1x105 celly/n
24-well platedl] 344 v]%¥3t ¥ berberineS g
TEE At g 3087 wiksta oAl LPS(
we/m)E AE|Ete A g ozA HE A
3He A3ttt ¥yt 96-well plated)] Al Euf okl
504 E 93 Gress A]2H0.1% naphthylethylenedia
mine & 1% sulfanilamide in 5% H3PO4) 1004 &
ge & 1587 9wkg A171 the microplate reade
rg o]&dtd FF=CMnm)E 3T A"
NO9 FZ=(uM)E= NaNO2 ¥F4L 7|Fez2 24
H g 7oz diksld ALtsloh

5. Prostaglandin E2(PGE2)8A &% &4

BV2 AX2HE A4¥e PGE2Y ¥+& A3
71 A8 9A AEE 1x105 cells/nl 2 24-well plate
o 3% w3 ¥ berberine o3 F=E 7
stod ohE 30¥7F wieksla oAl LPS(lwe/m)E A
gt 24A17 wigdgoz M A FA43E Fx3)
Atk MEzzRE wjdds FAI% T PGE2 FIA
kit(Cayman Chemical Company, MI, USA)E o]&
ste] PGE2 %< 33tk 448 PGE29 o4&
F%(pg/mh= PGE2 EIA standardE 7|Fo= 3
g o e e =

6. dF Aol EAAL F7

BV2 A Z2HE AAHE dZFAt| 271 (proinfl
ammatory cytokine)?l TNF-a%t I1-18¢ %4& =
Aa7) st AEES 13105 celly/nE U-well
platedl 8 wjFst 3 berberineS 98 X
Ag)ste] the 08 wjatn ohA] LPS(1ue/nl)E
Agsle] 24A7E g oza MFE BA8E f&
St AEZRE WA AT F Ready-Set
-Go mouse TNF-o/IL-1B Cyto-SetsTM Biosource
ELISA kitsE o] &3t £33k AAE TNF-a
9} IL-189} 9%F& 7} recombinant cytokine EFTHE
Ao FRLE 7F0E FE(pg/n)E AN

7. RT-PCR

iINOS, COX-2 9 @FAtole7IRIES] F3A &
&g zAEh7] Ad) 24 Al E(1x106cells/m)E 6-wel
1 plated] W¥3}l3L berberineS TEEE 3087 A
A3 & LPS(we/nl)E A28t 6A1Z7F B v
3 3 AXE AT MEERE TRIzol &4
(Invitrogen)-S ©]&3}e] total RNAS E2d ¥,
oligo—(dT) primer$} Improm-IITM reverse transcri
ptase(Promega Bioscience, San Luis Obispo, USA)
g o] 83t cDNAS P43 DNA lugd] 2
iINOS, COX-2, TNF-q, IL-1B9ll i3k 2+ specific
primers(sence, anti-sence)E 22 ¥ 10x buffe
(10mM Trs-HCI, pH 83, 50mM KCl, 0.1% Triton
X-100), 250uM dNTP, 1U Tag polymerase 5=
£33} denaturationd 3] HoCollA 0%, anne
alingS 93 55-600Col A 50% % extensiong 9
8l 700ClA 60% Z7A 25-30 cycles® PCRS
F3&Hh. PCR ¥H&9 & T2 GAPDHEZ
ArE-Etg T

8. Western blot

iNOSe COX-2¢9] ©@¥id WaAg ZALEH7] 93l
b ME(1x106cells/m)E  6-well plated] wigFsta
berberineS ¥R E 30837 AXE F LPS(lwe/
S At 24A7 Ft wjgs = AXE F
ok AMEES 578k 1x ice-cold PBSE T W
AEe o2 lysis buffer(IM Tris—-HCl, 5M Na(l,
05% Triton X-100, protease inhibitor cocktail) 100
WE Yol AEES lysisAlATh ol 14000rpmol| A
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FEtT 0uge] DAL 10% polyacrylamide gelg
o]&3td SDS-PAGEE A8yt A7Y9s 3%
geld E28t nitrocellulose(NC) membranec] <
7131 5% skim mikZ QoA 1A E9H
blocking AATE 2z dAd W3 YA S
150mM NaCl# 05% Tween-20°0] #7189 10mM
Tris-HCI(TBS-T) &2 2 3]43}4(1:1000) block
ing®] ¥ membraned] ¥-& ¥ 4oCoAA 159 ut
2AZA Y HeY membrane€ TBS-T £do=z 3
3 Mgz TBS-TE FAE(1:5000) horseradish
peroxidase- conjugated ©)XEFA S Wo] Aol
IANTE WrEAIF T ©]F thA] TBS-TE 33 A A3
& enhanced chemiluminescence detection system
S o83t X-ray filmol ZFAAT 7 guido]
2o 3 ERTOFE actine] W YA
(Sigma)E o] &3l 9o} U3 uhY o2 Western
blotS 3 &tsieh

9. BAISHH AA

A= 338 PEAEA ud FFryHaEEes
(standard error of mean; SEM)Z Jehjglon &
AstE 4L Graphpad Prism program®] Student
t-test® AA3FA pake] 0.6 olstel A HoAo]
PE Aoz A

HBRA
L Az542%

Berberine®] AXEA-S A7) YaiA BV2 A
o] 10~200ug/ml &) berberines s ¥ MTT
assays FHSIHIE 1).

BV MXEA berberine X2jol 23 MIANET
(cell viahility)= F-X&zel HAEZPEE 100%E 7)
TL2 10ug/ml, 20ue/nl, ug/nl, 100ue/m L 200
w/nl FEAXN A7 95340.15%(mean+SEM),
97341.14%, 9562051%, 84.9+055% % 53.6+2.53%
2 SZAHAY. & BV2 AX¥AMNE 50uw/n 9
berberine FE7HA] 0% o)43e] MZAZEE e}
o] E40] gle ez Jeiyt gelx o
berberine®] FFET I ZE AFE S0ug/nl
o]3te] F=oAM Tt

Coll viability (%)
g 3 88

o
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Fig. 1. Cell cytotoxicity of berberine in BV2 cells. After cells were
cultured with various concentrations of berberine with LPS (lue/
m) for 24h, cell viability was measured by MTT assay. The
results show mean values of three independent experiments
(SEM=bars).

2. NO A4 9 INOS 2dol digh A
a3

Berberine] BV2 A|X oA LPSe] 23] fEs+
NO AAdl vixle QTS A7) HaiA A2
o2 F59 berberined &3 th, METEjgYo
ZHE NO %¥£ Griess reagent® 33 AtHR
2).

FAg dzFAME NOg Aol 52+018uME
A9l AEHA @& v LPS X FAELI A4
o gH 3932+142uM 2 FAF] Z71ekgch
(3% 2A). =3 berberine A2]F% lug/nl, Sug/nl,
10ue/ml, 20ug/m 2L S0ug/mlA] 22} 35.6+0.22uM,
29520.49uM, 16.2+0.68uM, 6.9+042iM 2 5.3+0.04p
M ¥%2 NO7t Aol LPSe] o8 #=¥ NO
A730] berberine AMelEEe] oJE&FHo|m FofHo
2 gashe Ao Utk 53] berberine %
20ug/nl 7 Sug/ml & AT3IHE o EAstE BV2
2EE NO9 Aol gz 5oz dAdHe R
£ & 4 AUtk Berberined ©EA#E NO A4
| 43S FA ZoktHdata not shown).

$HA, berberine®l NO A& A4 iINOSS 2=}
2 vhld By AdHEHE JehlEx] #ld
7] 13l o8 H%2] berberineS BV2 A ¥ 3
2lgt o2, RT-PCR(Z2¥ 2B) ¥ Western blot2
Fstdch g 20).

BV2 AEA iNOSS F3HxH2g 2B) ¥ o
2™ 20) B8 FAH e FRHA e
W LPS Az 3 dA8] F7lstdvh. E£3 LPSel
oF] fx=¥ INOSY #Ax %L chad dFde
berberine Ag] ¥ v& YEFHoT AAHIY. u}
2HX berberinedll ©13 #AstE BV2ZHE<9 NO

2
o
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Fig. 2. Inhibitory effect of berberine on NO production and iNOS
expression from LPS-stimulated BV2 cells. (A) Cells were
pre-treated with various concentrations of berberine for 30 min
and then stimulated with or without LPS(lug/nl) for 24h. NO
production was measured in culture supematants by Griess
reagent. The results show mean values of three independent
experiments (SEM=bars). *p<0.05, **p<001 and *#*xp<0.001 vs.
LPS-treated group, n=3. (B) mRNA expression and protein levels
of INOS were determined by RT-PCR (B) and Western blot (C).

3. PGE2 44 9 COX-2 +4# ¢
el W oA &t

Berberine©] BV2 M3 oA LPSo] 93 Fr5+e
PGE2 A4l Wzl J&S A 3l AlE
o o328 F%9 berberineS AMe)dt Th ATk
do2HE PGE2 %% EIA kit® ZAstgh(1d
3).

Fx2 dzFolM e PGE22] 4Ae] 116.2+10.05
pg/nZ WA AEHE v, LPS A7 FA %7}
2931g e 2N 1407+4540pg/nl FEE F7eAT
(2% 3A). E3} berberine AHAEE lug/nl, Sue/nl,
10ug/nl, 20ug/m 2 S0we/moll A ZzHzb 1229.0£051n
M, 9494:2051pM, 649.4+2051uM, 511.9+30.16uM
2 3752+463uM FE 2 PGE27F AZHo] LPSe|
o3 F=% PGE2 A43°] berberine A&jE%dl 2|

Eo|n felHoR padte o2 Uitk @
H, Berberine®] @52l PGE2 A Ao 488 F

2] ¢ttHdata not shown).
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L2 berberine A2 § AA3F] At whebA
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Fig. 3. Inhibitory effect of berberine on PGEZ2 production and
COX-2 expression from LPS-stimulated BV2 cells. (A) Cells were
pre-treated with various concentrations of berberine for 30 min
and then stimulated with or without LPS(lug/nl) for 24h. PGE2
production was measured in culture supematants by EIA kit. The
results show mean values of three independent experiments
(SEM=bars). *p<0.05, **p<0.01 and ***p<0.001 vs. LPS-treated
group, n=3. (B) mRNA expression and protein levels of COX-2
were determined by RT-PCR (B) and Western blot (C).
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A g o, MEsjFdez Ry TNF-adh 1L-18
%2 ELISAZ ZAsiRov, #320288 RT-PC
RE ZARIATHE 4).
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9, LPS A2 ¥ A7} 4stgosH dA3 &
71, & LPSel 98] 44" F dZAlE
7k 25 berberine H2¥E0] 9JEHo|n $9)3
o2 JAHE FAoZ ey

3, berberine& BV2A X o)A LPS9) 93 45
® TNF-ad} IL-1B9) f3 28S aazoz o
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Fig. 4. Inhibitory effect of berberine on proinflammatory cytokine
production and its gene expression from LPS-stimulated BV2
cells. Cells were pre-treated with various concentrations of
berberine for 30 min and then stimulated with or without LPS(1ug
/nl) for 24h. The productions of TNF-a (A) and IL-1B (B) werc
measured in culture supernatants by ELISA kits. The results
show mean values of three independent experiments (SEM=bars).
*p<0.05, ++p<0.01 and ***p<0.001 vs. LPS-treated group, n=3. (C)
The mRNA expressions of TNF-a and IL-1B were determined by
RT-PCR.
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ol $48<2 Berberines ¥4
AFRAY & UL ¢ F YUk HE HAEY
iNOS A4l tigt ME7|de] AH3s] waA A
= BATH NO AL dAs: 329 24% A
?47} INOS promoter activitys A3} A} iINOS

FrAAe] AAHtranscription) & QA Aoz &
B4 AT

PGE2E NOS} vhib7iaz 49 3ot 22
A ¥37 wde) A2 32 Bojake 328 o
ZolhERZA COX-20] o) GAsl=r, e A
AW e AGNSS oplse] Ty AskE,
e, dxsoluy, LY e 2% 954
AEE FWAIVA A B4 PGE2 A4 o

TS N Po=N I5AE AR

ojo 42401 Aoz A AP = NO/AN
0S99} vl371x 2 PGE2/COX-29] AA dAe e

Z+E WA ¥ dF5A2% A5 F23
E3o] B 4 gtk B AFAA berberined &43}
d BV2 AxXzRE A== PGE2S anzo=
AAARLH(2E 3A), Yolrt COX-29) #3822
oA WES d@A3] ZAAAT =, berberineo]
COX-29 ¥3(a¥ 3BC)S Aoz x PGE2
AL ZdaA7e Ao® Jeydon o= berber
neol F5A% X5 EHHY & UL & F
=8

Bacterial endotoxin¢! LPS¥ 2% A AN tumor
necrosis factor; TNF)$} @3ty 734 g0t
¢ $Ese AF2H2M TNF-q IL-188 ¥§
o gl dAFAle|EARl BHIE fxdozy
Aghgo] 7)efsiA €0’ 53] TNF-a¥ LPSH
g3 BAHE AATZRRY oF Buigo HdE
S(septic shock)ely FroleElx #AQA e 45
A A vl F23 ATS e AlE}
dolH, &, otelA(cachexia), @i, HIFF 5 tjAMA
AN J5d AYHE FEd= Zoz g4
QA= Ao gaME] LPS 27 of
3 R HFTHE B /AL LEF Yo} o]EY
Z234g 53 94538 5o U A7 93
ojFo{A 1 9lomn] E3] LPSel 23] FAsd o)
HAZZRE Hedd BHEe TNF-oE 533
o2 AAAZ § e %Al Aol i A7t o)
FolAn AP B AFATNAM  berberine
BV2 MEAX BF LIPS 93] x5+ TNF-a
2 1L-1B9) *3*33 T ZAAAFHON (Y
4AB), Yo7t ol #32 2L EHFHez oA
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