T#4E3E(Korean J. Medicinal Crop Sci.) 17(1) : 8 — 14 (2009)

S M7 7l lipopolysaccharide2 A 3LHE CHAMEZS| 7| T#A| 2§}
[Pueraria lobata (Willd.) Ohwi]2| ZE A

s - =R’

& Ay sk

=]
=1 =TT

Immunomodulatory Effect of Pueraria lobata on the Functional Activation
of Macrophages by Lipopolysaccharide Treatment

Ting Shen, Jong Dai Kim, and Jae Youl Cho'
School of Bioscience and Biotechnology, Kangwon National University, Chuncheon 200-701, Korea.

ABSTRACT : Pueraria lobata (Willd.) Ohwi was investigated to check its modulatory effects on the activation of macroph-
ages upon inflammatory conditions treatment. For this purpose, we examined several inflammatory responses such as nitric
oxide (NO) production, reactive oxygen species (ROS) generation, cytoprotection and phagocytosis under the treatment of
methanol extract from P. lobata (PI-ME). PI-ME dose-dependently blocked NO production in lipopolysaccharide (LPS)-
stimulated RAW264.7 cells but not sodium prusside (SNP)-generated NO release. The NO inhibition seemed to be due to
blocking inducible NO synthase (iNOS), since P/-ME suppressed its expression in a NF-kB-independent manner. Similarly,
this extract also effectively protected RAW264.7 cells from LPS-induced cytotoxicity. However, P/-ME did not block ROS
generation and rather it enhanced. Finally, this extract negatively modulated FITC-dextran uptake. Therefore, our data
suggested that P-ME may be involved in negatively regulating some macrophage-mediated inflammatory responses such as

NO production and phagocytic uptake.
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A EE WA AYGuhe-S H@dsls HAMERA, ¢
FETE AT AFEIM el AETE HRE [HEE
™, lipopolysaccharide (LPS)JeIu} AU T2 HAH| A &
H]3k Alo| &7 [W]E 59, interferon (IFN)-yloll 2l&f &3}
=)o) FFFHARIA} (tumor necrosis factor-a)2} 7S Ao ET}H
o} dakskd A (nitric oxide)} &4t (reactive oxygen
species) ¥ 2> SAEH, 283 ZR2EIRTRS 22
HZ wiNEZe] BHlE 2-E3Y (Tetley, 2005, Shen ef dl.,
W& SAANZE = e m|

glj o= T
AEolU FHE 5 & HYFEL S F28aL 52l

olF ¥ WY fERAES 10HA 204]e] w3
Elol=R Thate] Fx2 A o] FATewEMN, T ¢
o] 84, 24 2 helper type 1 Thl & Th2g2] &
315 FZA7I= FYA A HE (Antigen-presenting cell
[APCDEA 9] 755 BT drt (Edwards er al., 2006).
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A xe] 75 g dF AFol W= pattern-
recognition receptor (PRR)Z 722 849} A% 2o
i BoHAle] @Ael fa 2dEE Aow dEA th
53] #d Aadd @S non-receptor type tyrosine
kinases (Src, Syk ¥ JAK2), phosphoinositide-3-kinase (PI3K),
Akt (protein kinase B) ¥ mitogen-activated protein kinases
(MAPK) 522 FA=o] Qlth (Fang et al, 2004; Shen et
al, 2008). |5 THHS] &2 NF«xB % AP-13} 72
transcription factor®] &4 w7l AA=W, 7 A3} A5 2
WA AAN-E-S Hdshs dd whiido] FAlo A=A
Ht} (Chen and Shi, 2002; Dijkstra et al., 2002).
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H 8% 59 AT HIEWHA (Hsu et al, 2003;
Hwang et al., 2007; Zhang and Fang, 1997), ¥ ZA3%ke]
A5z A& 5 vk 7Fsde] BaEr= stk 28
U olF71A] A ad Ay WeEske] X saeel Ak 2
Algt A= XE vt gtk dA7EA] odst dA=s)st
2 ATE rutin (Chen et al., 2001)
53} 72 isoflavonoide 2} soyasaponins 5] (Arao et al,
1997) saponin A& E°| T8 FASIFERE HarsojA Qi)
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1. Aleiliz
232 FE] total methanol extract (P-MEYe Wbzl 3

o 2 A|xst] ARSI Y (Miyazawa ef al., 2001). A
off ARg-gE w2 T A EQ] RAW264.7 2 HEK293 Al
¥ ATCC (Rockville, MD, USA)ZH-E] F-ofito} ARR-E1
ok AlEE S 913 WS WA RPMII6G40 media, fetal
bovine serum (FBS) 2|32 3AYA| (penicillin/streptomycin)
= Hyclone (Hyclone, South Logan, UT, USAA} A&
AH&-st9th Akt, ERK, p38 2 IkBaol w3 phospho-
specific &A= Cell Signaling TechnologiesAl (Beverly,
MA, USA) A|ZF-2 AR89 Z18tol], sodium nitroprusside
(SNP), FITC-dextran 2 MTT (3-[4,5-dimethylthiazol-2-yl]-
2,5-diphinyltetrazolium bromide)& ¥$F3t 3}8FA]9FS Sigma
A|ZF (St. Louis, MO, USAYS ARE-3}5AT).
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2. MIEZHi

RAW 2647 @ HEK293 MEE2 5% CO,, 37C incubator
oA w3t BiA= penicillin (100 TU/mL) 2 streptomycin
(100 zg/mé)2}+ 10% FBS7} E3HE RPMI 16402 A3t

3. MIXZ &2 4d

A A 835 A58 913 APPFo=A, Pl
MEE &% (0, 12.5, 25, 50, 100 2 200, ¥ 400 pg/ml)
HE A EZAYE v X FEFS MTT assayi2 o]&35ke] &
28 th (Cho et al, 2000; Shen et al, 2008). 96-well
platel] 1x 10°712] RAW264.7 M EZ platingdtsZ PE-MEZS
= HE Ak 37CoA 7 "Ad 2o st

1TeEw

Fe

© HIYAIZE E2F CO, incubatoroll A HiFEIATE ©]F 10 (4
MTT £ (stock concentration : 5 mg/mlyS Z7}8}aL 3A17F
BoF /PSS FEETE ¥ F8 2 formazan crystal
o] 315 98] Z+ welloll 1004 MTT stopping solution
(10% sodium dodecyl sulfate in 0.01 M HCI)& 531t}
ME AEEES MTT/} formazan & SLE S 570 nm o]
A FEEE =235l o 0D #S F3l =S

4. NO 9Hl &=

RAW264. 7 EE 1 x 10°cel/ml ] FEF 3 3 96
well plateol] 100 /4 HE38AL, 5% CO, L 37CA 184
7k &2t A%k ST (Cho er al, 2000). ©]F Zujg Hl
AZ AASIL 4] FEE ZAE AFEZE 50 09} 50 42
LPS (FFEE 1ugml) T WAE welldl SA] A2]ste]
2417k FRF wieFsigltt. ol wig wiAlE Y] (12,000
rpm, 3E7H3EL, A3 100 s F3) AF7A] 20T o]
Sl A Btk NO9| H 32 Griess reagents ©|-8-3}¢]
EFetaint. 3 oFzo] AHZARINO A A 5& NO
el 9FEQl SNP (S mM)e} thdst s=2 ZA1E PLMES
3027 HHeAIZL & AAdE N0 2 Griess reagent®
skl HrrstAth NOCl A#HdHAl= 0.5uMeolR e,
standard NO (sodium nitrite)ol] ™ EFFAe] P e
0.99 o]’el ATt

z4

5. Semi-quantitative RT-PCR

INOS MRNAZE H=E 2A}8l7] 918 PLME (200 /g/ml)
LGAZE B 2] sted st MEZZHE] Trizol reagent
S @8t total RNAE FZ3F3L First strand cDNA
synthesis kit (Fermentas)ol] 2]all cDNAZ A3+ U2, 532
cDNAE PCRZ FZAIZTt}l iNOS mRNAS| sense %
antisense primer 97X EL 7|1EET L FFst] AZSIATH
(Lee et al., 2008; Shen et al, 2008). PCR amplication i-
Master PCR kit (iNtRON)S AR&-31o] 7} A3+ ¢cDNAS} 3
Hew A E 9] sense ! antisense primers, ™l Z < GAPDH
primers % dNTP 250uM, Tris-HCL (pH8.3) 10mM, KClI
50mM, NgCl, 1.5mME 32&3t HiPi solution 20 ulollx] A]
&alm, PCRE 94Co|A 45% 7+ denaturing, 30% 7F
annealing 22]3 72Col|lA 1327} extension = ZHOZ A
3R, 2] primerel]l tig annealing temperature®} cycle
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6. Reporter gene assay

HEK293 MEZ 2x 10cellwelle] T2 ZHEEE 24
well platedl] HE3 3 5% CO, & 37ColA 187]7F B9 &

Hjek STt (Cho ef al, 2003; Jung ef al., 2006). ©]% A}
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& HiRE ZolE & pNF-kB-Luc ZAPE = pCMV
(WEF) ZT2UE=E lipofetAMINE PLUS  (Invitrogen,
Carlsbad, AV)E ARS8t 6417+ &<F transfectionr]Z] 5 Hlf
A& AASL M2 AR 2407 F7F wjgsiiet. 2 F
PI-MEE HliJol] H2]ate] 3027F AAE] § TNF-o& A28t
of 18X)7F FRt wigsiSiTt. ol % vi%F viAIE A AT F Al
XE 34381 lysis buffer (promega)s ©]-8-51¢] total cell
lysateE ZAISF & lysate (20 ) 9} substrate (20 0 1:1
Z WSAIA 2 2 HEE Luminoskan Ascent (Thermo
Labsystems Oy, Helsinki, Finland)E AF&-3te] S7319T),

7. IA CHHRIOl Whigk HE

RAW 2647 AE (5x 10°cellsmd)Z 6-well plate®] 33
wellol] 1mé 53137, vix] 3ml-S TJgk & 18717+ Bt A
HFsisint. ko] AE WhHolA 9 o] PLMEE 30 %14
g8lal, LPSE 2, 30 A2d &, AEE g5siditt. 3]+
H MAEE lysis buffer ($H-2A :20mM Tris-HCL, pH 7.4,
2mM EDTA, 2mM ethyleneglycotetraacetic acid, 50 mM
B-glycerophosphate, 1 mM orthovanadate, 1 mM
dithiothreitol, 1% Triton X-100, 10% glycerol, 10 xg/ml a
protinin, 10 xg/ml pepstatin, 1 mM benzimide, and 2 mM
hydrogen peroxideyS * 2|3} total cell lysateS ZAISIATH
FYS o] DAL 10% SDS-polyacrylamide gelollx #
71995 3FaL, wet-blotting transfer WH S ©] &3}l PVDF
membrane®. 2 T A S transferd} 3 TF. Membranes 5%
BSA blocking bufferol]l X WH-A1Z1 & £4 o] Eo)dk

sodium

E
12} FAE AF2olA 1IAZE RESAIATE o] & 23} SHAIE |
AlZF Bt F7HH o2 A 3dk 3, ECL chemiluminescence®

i O
Wk AEE Slsidch

8. et s A

RAW264.7 AIEE 2x 10°¢cells/ml &] T== ZH3 & 6
well plated] 1mlE 5313, 5% CO, ¥ 37Co|A 1827
B AwiSFIATt (Lee et al, 2007; Shen et al, 2008).
A 5 wixE AASKAL, PBS 495 S 330t} 12
I 4] FEE ZA)E DHRI23 FFTE 20 uM) 250 1L =
3T wellell 5+ F 108 wig3tAct o, ZF test T
2008 FE=E ZA|E PLME 5405 A2 3 308 widsla,
) FE=2 ZAE SNP 250 14 (FFEE 025 mM)E A2
atod 204 wiFaiATh Bl E A flow cytometerS
o] g3t A5kt

A==

9. tHAMIES| EARIE =X
RAW264.7 M EZ 2x10° cellswell&2 ZA 3] 6-well
platedl] F315L 184]7F F9F Hu 8Tt Aud & PIME
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Fig. 1. Effect of PI-ME on the viability of RAW264.7 cells.
RAW264.7 cells (1 x 10° cells/m) were incubated with P/-
ME for 24 h. Cytotoxicig was determined by conventional
MTT assay as described in Materials and Methods. Data
represent mean = SEM of three independent observations
performed in triplicate.

£ A8l 1A17F B¢t 37CoHA widsidi). 8o 3o
2 %A¥ particle FITC-dextran (3 mg/mé)S A3zl *|2]3}aL
S Aol 3087 wFSIATE Cold-PBSE M EE A|F
sto] vgrdE UAE A|ASIEL 3.7% formaldehyde® %
Z flow cytometerZ2 HFFAHAEE SA3IAT (Lee ef al,
2007; Shen et al., 2008).

10. SAZ]

7} date'= DX AvR= Wt + EFUAE YERA Zlo]H,
IF 7k A #§-994& SAS packageE ©|g3l] P<
0.05 #5204 Duncan®] TRl ols)] B3k}

49 % oz
1. P-MPL MIEZ=M0ll OfXl= &2

4 PEME®] Alx5A S35 gohar] 98] o 400
ugml TR TRIA| £ RAW264.7 cellol] 12A]7F 3-&
2407F Fet AE)Elint. Fig. 1914 vepd uie} ko] PLME
£ UR-2 A Q] RAW264.7 A E0) o}lF-d =X aE
YeRlA] ekttt Wb PEMES] XM E 53 248
55 V7] 9l8ll, LPS, SNP 2 FITC-dextran 502 24

slE M EE ]85l PLMES] A7kt
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NOE Aol SHIES) ApEA] Fashl Hgets oA
9 54 Frigel shjelct, 598 tAAEIt M@ o

3 &3t =9, iNOSe] 942 B3l el NO7F A=A
oy dAls 28w o s LPSHEE oF 45
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Fig. 2. Effect of PI-ME on NO production, iNOS expression, and signaling activation in LPS-activated RAW264.7 cells. (A) RAW264.7

cells (1 x 10° cells/ml) were stimulated with PI-ME in the presence or absence of LPS (1 pg/me) for 12 or 24 h. NO levels were
determined by Griess assay (B) Direct NO inhibitory effect of PI-ME on SNP-derived NO production was examined by Criess
assay after incubation of PI-ME with SNP (5 mM). (C) RAW264.7 cells (5 x 10° cells/mf) were stimulated with PI-ME in the
presence or absence of LPS (1 ug/ml) for 6 h. The iNOS mRNA level was determined by RT-PCR method. (D) RAW264.7 cells
(1x10° cells/ml) were stimulated with PI-ME in the presence or absence of LPS (1 ug/ml) for indicated times. After
immunoblotting, the total or phospho-protein levels of Akt, IkBo., p38, ERK and B-actin were identified by their total protein- or
phospho-specific antibodies. (E) HEK cells (1 x 106 cells/ml) transfected with NF-kB-Luc (1 rg/ml) were stimulated with PI-ME in

the presence or absence of TNF-a (20 r&g/m@) for 18 h. Luciferase activity was determined by luminometry, as described in
Materials and Methods. *: p < 0.05 and **: p < 0.01 compared to control group.
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HoFE X PLMEE 12417 2 244]7F 5t LPSoll 28l zb X Z #213}17] 918 NO releasing reagentl! SNPE- ©]&-5}o]
=¥ RAW264.7 HlZ2 FES] NO BHE vi¢ ax5os FdT les HoleA Aldste] Bkt Fig 2Bl &
ASIAT (ICs = 195~210 gmd). o]st 2-& Zstel NO <l 4 9150l PIMEE 48] olA|2he-2 ekl et
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Fig. 3. Cytoprotective effect of PI-ME on LPS-induced C(ytotoxicity
of RAW264.7 cells. RAW264.7 cells (1 x10° cells/m{)

were incubated with PI-ME in the presence or absence of
LPS (1 zg/ml) for 24 h. Cell viability was determined by
conventional MTT assay as described in Materials and
Methods. Data represent mean = SEM of three indepen-
dent observations performed in triplicate. **: p < 0.01
compared to normal group.

< semi-quantitative RT-PCRZ A #Fale] Rt} Fig, 2CE
4719 AE3 dAs)A PEMERE AEESo] Al¥W NO
AF3 APtk Zlog Se)FaL itk S PLME (200
pg/mly= INOSERS dA s A 2oz 21 ¢ 9l
Atk ol PLMEZ} 8433k thalAZe] NOWAAl 2453
o2 Q7E= INOSO HAAES oJAstaL, MAREE Als
Agayd 3 AR 84S AT F itk 2
AAFECRAL BH T

ey, Fig. 2D % 2E°] Aol WE2W, Ho|x= PLME=
ek Aol vl Fad FARIAE U#A U= NF-
kB &4& AAEHA] = Ze=® ywdkdth & PLME=
NF«B &4 =4 4FAlsdd o@d (ERK, p38, Akt &
IkBo)®] Q14kst S AAIsHA] Xttt Atk NFxBZ
A w7l o8] FE=E= luciferase B8 S7d3k= reporter
gene assay®llX %= curcumin 5°] R &3} (Lee and Cho,
2007) o= @2l PIMEE %3 oA g% HolA| 2gkor,
238 2 &S T/ ol PLMEZE NF«B &4 &
e T/ e ok Alxy 348 FEF 7FeA

o] ¥rhe 2 ARIRITIE Slzith (Fig. 2F).

3. P-MEQ] LPSRT MIEZSA oA}

9, 28 AT frEl LPSS tiaA|Ee xg)s =4
NO % ROSES] S B3l 1aE Ade AAH €k
et FAlel, 91 22O A1) AR apoptosisE
53 AEAPES fEsh He Ao deiA] ok AA=,
LPSE RA264.7 AlXo]l A2)A] Ht) 70%2] HE7} HlE54
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Fig. 4. Effect of PI-ME on SNP-released radical generation.
RAW264.7 cells (0.5 x 10°) were pretreated with PI-ME
for 30 min and further incubated in the presence of
absence of SNP (250 uM) for 0.5 h. The level of radicals
was determined by flow cytometric analysis as described
in Materials and Methods. **: p < 0.01 compared to
control group.

o oJall AFEEAT} (Fig. 3). Wk, PEMEZ} LPS 2733}
A BoAE AEZEA 3 REFHT} YRS AL
Boktt, FWEAILE, Fig 3014 BoIA%, PLME= vl &%
Aoz LPSIl o8l f=d MESHS A FYH JH=
3| EAIK Aeg Uyttt o= PLMEZF 7 sAl NO A
< A Zo=E mFo] & of, NOABA A &5 B3l
AP e Aoz AdE.

4. elt|lZ 2HS0ll 0IXl= PI-MEQ] 2}

ROS (reactive oxygen speciesy= A7} Q%= tiAl
A ol B s FAREOANE Alxe] AsHd 88 &
wjshs Fa3 A 9EE g@deI® itk v 2E
g2 ZHgo g 7191E ROSS A5, gz 28-S fxst
of o] Qg AMEFE] A7 &S AR AFAPE S
s ok Migliaccio ef al., 2006). HHHol weIukgo]
AMe LA frEl o] Q8] A EY T 5ol

o Ua-
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Fig. 5. Effect of PI-ME on the phagocytic uptake of RAW264.7
cells. RAW264.7 cells (2 x T0° cells/ml), pretreated with
PI-ME, were stimulated with FITC-dextran (1 mg/m{) for 6
h. The extent of the phagocytic uptake was determined
by flow cytometric analysis, as described in Materials and
Methods. **: p < 0.01 compared to control group.

APt vlelgiz whg|ojote} ZHE mjAEot
AR ol 4= o]gdr) WEFHo2E o
e gt HEow HEujd A w=shy
WA 712 o] glo] ROSO ez &A
ZEfH o | =R 22 s ES A A3k
A= Aoz HIEA Ut} (Katiyar er al,
1999; Shen et al., 2008). Webx], PI-MEZ} tha] M U)ol A
A EE gz A | 28 3 vA= A HESE
Gt ey, Fig. 4ol|4] HoJx]Zo]| PLMEE SNPo| 2]&
frelEe guzs 2ANTIA Bk 2eE e oA
A3} (Shen et al, 2008)2} FAFSHA|, HRTFORE AMEEH E
A& AEsA gZd S JRske AR YEET
(data not shown). ©], 7]l d#7 ZT}rwo]|=RF L 7
Uz 53 29 (Lee er al, 2007), 23k 7% A2l g
oz AL Aslee IA] @2 FoE ATET)
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Z 2Tt} (Savina and Amigorena, 2007). 53] o] FHH&
AdES AAS7] S8 golHAr] FAel APCY] F7H
2 AN 715S G537 g BFAR DA o2& Pl
ME®] 2A#8S 2ARle] HSITH Fig. 5914 ERIE o],
PIMES w2 A2 RAW 264.7 M| XA H IR
= FITC-dextran®] 2| X2M8-S vl G312 02 AAaldct.

A2 oR LPS, SNP 2 FITC-dextran®. 2 24318 th4]
MEE olg3sle] A3} (Pueraria lobata)?] methanol FE&&
(P-ME) ©] 7K WY eHE 2Ha5S A5t v ¢
° ARS T3ttt 1. PFMEE $59F2 02 NO A4
AA3K1 01, NF-kB H||EZ o0& iNOSY] WA S f
st 2. P-ME= LPSHIZRA AlE=4 282 Aslskd
t}. 3. P-ME= ROS AAs] a3k= UepiAl 23ttt 4.
PIME= ti2H 2] @2138-8 THAAIFIT dA7IA] o9 A
PI-MEZ} NO A JA|gH Aol &gt BA13 rof|Aie] o
A 71-o] BHgsleg, FF Wl AAF ATHAY A 7]
Aol B+ F7IATE FeYelara} sitt, w3k 0 G5 A
Q1 NO AAAA] & F2 o] A3l aA4E5S v oE in
vivo 9T G50l 3 F7HR ATES WY staa) gk

—
KN
=
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ZAel =2
B =R B Q=R 20089 % XA AR A
BAKRY @Y 2)ejekEe] a7 2 715 AN EAIE)
A el o3l A& Ao|BnRE o] A=Y UT]
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