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Effects of Agrimoniae Herba 30% ethanol extract on LPS—induced inflammatory
responses in RAW264.7 macrophage cells
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ABSTRACT

Objectives : The aerial parts of Agrimonia pilosa Ledeb (Agrimoniae Herba; AH) has been traditionally used as
a Korean medicine to treatment of abdominal pain, sore throat, headaches, bloody discharge, parasitic
infections and eczema, In this study, we investigated the effect of AH ethanol extract on lipopolysaccharide
(LPS)—induced inflammation in RAW264,7 macrophage cells,

Methods : AH was extracted by 30% ethanol (AH-E). Raw264.7 cells were treated with AH-E extract at
different concentrations for 30 min and then stimulated with LPS (lug/m¢) or without for indicated times, Cell
viability was measured by MTT assay, and nitric oxide (NO) production was measured by Griess assay. The
expression of inflammatory mediators, iNOS and COX-2 and inflammatory cytokines, TNF—a, IL—13, and IL—6
was detected by RT—PCR, and the phosphorylation of ERK1/2, p38 and JNK MAP kinases (MAPKs) was
analyzed by Western blot, Also, the expression of NF—«B in nuclear and cytosol was detected by Western blot,
Results | AH-E extract significantly decreased LPS—induced NO production in RAW264.7 cells, AH-E extract
inhibited the mRNA expression of iNOS, COX-2, TNF-a, IL—18, and IL—6 in LPS—stimulated cells with a
dose—dependent manner, In addition, the phosphorylation of ERK, p38 and JNK MAPKs was also inhibited by
AH-E extract, AP—E extract inhibited the nuclear translocation of NF—xB in LPS—stimulated cells,

Conclusions : Our results suggest that AH—E extract has an anti—inflammatory activity in macrophages—mediated
inflammation,

Key words : Agrimonia pilosa Ledeb, 30% ethanol extract, anti—inflammation, RAW264.7 cells
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2T 20-309 Ato] ojao]e] 20% olAtolA WHEEH= A
2 2uE1 Qf?, ofEmmR gL oo uet fobr],
ol7], Az7] @ AQr7|z pHEGoU HT g2y
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AR FAHoZ vEARA] dgkon sEEe] g2 fHz
0l gEzdelu A=EA, A, 7%, 2EHA 59 3
A2 99l 28 RZ(Th2) TAIE WANSY] o}, mEEs
gko] ol4k So] Yolog thoFat ofEw] wiRe ZAto] ukd
stA "o dx) olEvuRdo] RE WRRL Az
ot dw, A WIRHA 5L FI Av X7 9 I3~
guly), ey 27, guleEds 58 o83 BRAR,
a3 PR, AAAER|ER|, HAAH A 5o AEX]
22 A3 Yok o] Fa AHROEAE AW 504
ojat olEm WRo] s yBAo|n aTA RAE A
251 Qo a8y A2 5 92 IR, 2
Rol=a ol=2 Aaul WAH, tEZE 2 ZyE 5
thoFel RRRgo] FHAWA olEn] HRe TR BE
70%7t 2E|ZOIEA AHES AL FAR wzkaHd g
olg ¥zsl ¥3 J2& 2adolt a4 de BA=
o Aglolrt,

gojstoll A olEmmE AL L, W FURE A B
B OMJEGE, DUEHE, fEEsE SO WREE WSl R,
AIBE, VR 2H, BE. i 59 Z4o] Yedd Y o]
So] uhy ol AL ML, M, MEEELEAE Sl o
3 faiRsh, ERES] BA Sez 2o’ dtojsd 7|7 X
TS EpREe] FUb = jmn gmes e 4 gl
Lo, Ol A IR, vER, bS] AEOR kA #el
AL ER I, HEVRIRS) ke R di)

s (Agrimonia pilosa Ledeb; Agrimoniae Herba)=
Aulglo] 3 ThA Bzl FAGES] a4 s}
Topke ST MRk, BIE, R, fREREe) Fol
Qlo} wgif, Whifl, HAEFIL MAREHAHE SO HumAEDd JE
B, MEEES, ST SO s, A 8%
o3 o)A, 97k Y, HAL AFEY Sof ALY,
dztedori wok zheh Awgh EF EEAA, AE,
A4, BEF, Pk, A7) So] Eguo g, Matzs
A zo)|A agrimonin, agrimonolide, tomentic acid, ellagic
acid ¥ 943} Z7]o)A luteolin—7—glucoside®] 8 A4ES
2 A Qu'*? HZ dddrEA Pz mn?,
725w ol ant® Fals &4 L GAE A4
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1) 2y

H 3ol AREE AlstZ(Agrimoniae Herba; AH)= 3
YA KA, =) o2 Y RS TS FE2E Al
=

o A&t

2) AloF & 7|7

Ago] AREE AJ9Fe 2 lipopolysaccharide(LPS), MTT—
based cell N-1—-
napthylethylenediamine dihydrochloride(NED)+ Sigma—
AldrichAKSt Louice, CA, USA), TRIzol reagent, NE-PER
nuclear and cytoplasmic extraction reagents= Thermo
Fisher ScientificAHGrand Island, NY, USA), RIPA buffer,
Quick Start Bradford Protein Assay £9<& Bio—Rad
LaboratoriesAHPhiladelphia, PA, USA), M—MLV reverse
transcriptase= PromegaAKMadison, WI, USA), Tag—based
PCR enzymeZ ToyoboAHOsaka, Japan), ERK1/2, p38,
JNK, NF—¢Bel tigt FEE3H(mAb)= Cell SignalingAt
(Denvers, MA, USA)ZRHE Flste] ARgsigict, Age|
AEE 71712 3™ A EsS7](rotary  evaporator)$t
AAz71= AdotolglAHA7|E, F=), Asys microplate
reader= BiochromAKCambridge, UK), BioDoc—It* ITmaging
Systems2 UVPAHUpland, CA, USA), Nano—Drop<
Thermo Fisher ScientificAl A& ARSI}

proliferation Kkit, Sulfanilamide,

Aetz2280 M8tz (Agrimoniae Herba; AH)9l A%
100gE 30% ogh&E 95 ColA 241 F&3t9en 33
Aoz d EW AEF0|(Whatman No, 1) AZ &
A4 AAEF7E ol8stq sFIIH ol HFFAA
FAARVIE ARSPeH olnf &2 18.4%%tt A=
FEEL 7IF AHZE mhet & 4A 8700 "ol ¥ BEY
stpeH, 1x PBSO| 47 == ¢ £3A171 F 0.22 un
ZAP] "H(syringe filter)2 BESE & AJPFE(AH-E extract)
2 ARSI

Mo ot

2) MIZZHHE

RAW264.7 Al3E= ATCCAHManassas, VA, USA)ZH
B U3t 10% FBSLF 1% penicillin— streptomycin®]
3+9= Dulbecco's Modified Eagle's Medium(DMEM)< 7]
2 iR 2 st ujekstart,

3) MEZ=d "ot

RAW264.7 AlZoA HetzxF2E9] 54 =5 A4
&) MTT-based proliferation assayES $3stgch =,
RAW264.7 AZ(1x10°/ m))E 24—well culture plateo]
EFolo] 2R ik & MexFEES 0.05, 0.1, 0.2,
0.5mg/m¢ =2 AHIgt & 24A7F ikt o7]7]¢f
10 w¢ MTT(5 mg/ml) &M Y3 37 C CO:z incubatorof Al
A7 o MSAZ F ABZAS BE AAST 100
DMSOE Z7Fste] wytr] $jollA 158 7+ §aiXHT. ¥
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N o] ZHEE microplate reader”’]E ©]-&3t] 590 nmoil A
ZA3I5T A ;y«gz_g(%)l: AAAEZO] HEFE 100 %E 7]
Foz MatziEE Ame) AL AUt

4) Nitric oxide(NO) &H

AlzzufjoFl W] NO B=E &A1y Y3l Griess assays
285tget, WA RAW264.7 AZ(1x10°/ m0)E 24—well
culture plateo] 3t sldt widst & AgzxFE5E5S
0.05, 0.1, 0.2mg/ml HE==2 AHJ3le] 302 7t wiF3tch.
of7]el LPS(1 ug/m0)E A2 =2 HskA] P 2447t Hf
et 3 AmoolE Ssksict Mmookl 100 w96~
well plateo] ¥ 1% sulfanyamide(in 5% phosphoric
acid) €9 50 w0} 0.1 % NED £(in water) 50 ut g Z
ZF W2 T AN 108 7+ FA ). whgHe] Tg=
£ microplate reader”’|& ©|-€3t% 540 nmoA &AsIE L
™, 0.1 M sodium nitrite(in water) &g Z4= I
A(reference curve) 7]1&22 NOY L2 ATt

5) RT-PCR

Az W A% Ed HekE glsty] §f8 RT-PCRE
sgﬁkﬁr:} = RAW264.7 AZ(1x10°/ ml)E 6—well culture
plateo] £5sto] SFERF wige & MExFEES 0,05,
0.1, 0.2 mg/mJZ TR AEste] 308 7t wigstlth. o7l
LPS(1 ug/m0)E AT 2 AHsHA| 3l 5A7F vigFst &
N3ZE A35FaL Trizol reagentE ©]83}9] total RNAS
2259k B8" RNAE DEPC watero] %91 % Nano—
DropZ ©]&3te] ATt 5 ug RNAY] M-MLV reverse
transcriptase® @i 25 C 108, 42 C 608, 72 C 15&%
ZA0Z HISAA cDNAZE AR L™, cDNAY| Taq—
based PCR enzymeX} primer(Table 1)& Yo} 94 € 30%,
58~61 C 30%, 72T 60% A& 303 ¥HE3= PCRE
F5t9tt, PCR HHSAMES EtBro] &% 1% agarose
gelo|A] 100V ZASZ 208 7+ A7|9%3s & BioDoc— It?
Imaging Systems& ©]-&3te] &1ttt Z MEE Image
J program= ©]-&35}9] densityES A3} GAPDH @&
gt vl &2 AAlste] qrEAR] it Z3E Histogram®
2 Yehfigint

Table 1. Primer sequences for PCR

Name Sequence (5'— 3')
) Forward CCCGAAGTTTCTGGCAGC
oS Reverse GGCTGTCAGAGCCTCGTGGCTT
Forward GGAGAGACTATCAAGATAGTGATC
cox2 Reverse ATGTCAGTAGACTTTTACAGCTC
Forward ATAGCTCCCAGAAAAGCAAGC
i Reverse CACCCCGAAGTTCAGTAGACA
Forward GCCTTGGGCCTCAAAGGAAAGAATC
Lot Reverse GGAAGACACAGATTCCATGGTGAAG
Forward TGGAGTCACAGAAGGAGTGGCTAAG
=6 Reverse TCTGACCACAGTGAGGAATGTCCAC
Forward GACATCATACTTGGCAGGTT
GAPDH
Reverse CTCGTGGAGTCTACTGGTGT
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6) Western blot

Mz O o dtd HIlkE ER15E] $J8l Western blot&
331t} =, RAW264.7 AZ(1x10°/ m)E 6-well culture
plateol] E5sto] SFERF wige & MERFEES 0,05,
0.1, 0.2mg/m¢ =2 HFste] 30& 7+ wiFstuct. A7)l
LPS(1 ug/m0)E A7 &2 At ¢l 158(MAPK), 24|
ZH(NF—«B) st & A ZE 443} RIPA bufferE o|&
stod AZzE EEstqrt. §H NF-«BY dofAe] e &
218 $98jA NE-PER nuclear and cytosol isolation kitE
olgsto] Sz TS 27 RSt AEE f wue)
9F& Bradford protein assay £Ho2Z =A%t T 30 ug o
W2-S SDS—PAGESHL, nitrocellulose membrane® transfer
3Gt Membrane2 3% bovine serum albumin(BSA) &
Aoz ALofa] 147t blockdt ¥ 2z} Thido] digt primary
antibody= 23 4 CollA O/N ¥rAIFHTE Membrane2 Tris—
buffered saline with 0.1% Tween 20(TBST) buffer(pH
7.5)2 53] A&t & HRP- conjugated secondary antibody
ST A2oA 1A7F ¥REAIF T o]F thA] TBST buffer
2 53] AT & X-ray filmol ZFAA = FHE &9
5tgEct. ZF Yi=+= Image J program= ©|-&35}9] densityS
Z43taL f-actin Y@ gt HIEE AAilste RIEEAFI
gt A7= Histogramo & veh it

7) A Ad

RE AFAT:= 4 33 vhEAR e Had BEHA
(mean + SD)Z UelHigler, AT 5942 GraphPad
Prism 5.0 E4Z=Z 73(GraphPad Software, La Jolla, CA,
USA)9lA] one—way ANOVASQ} Tukey's testE o]-&3l 4
a3, pgrel 0,05 olstel S-S fH Y Ao B
Ashsict.

2 3
1 AZEA 7t

RAW264.7 A|ZoA *‘IE}Z"Z‘:'(AH E extract)? &
AA=E FGrlstr] 98] MTT assays stgch 1 A,
Agz=ZE 0,05, 0.1, 0.2mg/ml xial FEANE AEW
Hjoksl Aol gAE =S UEhgeH, 0.5mg/ml A
7 sEoAE FA40] Sl ALE YeuthFig. 1). wEbA
ol APAHE S4o] thehbd & 0.5mg/nt olst FE
olN satoct,
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Fig. 1. Effect of Agrimoniae Herba exthanol extract on cell viability
in RAW264.7 cells. Cells were treated with Agrimoniae Herba 30 %
ethanol (AH-E) extract at 0.05, 0.1, 0.2, and 0.5 mg/md for 30 min,
and then stimulated with or without LPS (1 ug/md) for 24 hr. Cell
viability was measured by MTT asgay. Data represents mean *+ SD
of three independent experiments.  ~{0.001 vs. normal (a) or LPS
alone (b).
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2. NO 44l hg &z

AstE giNEZEREE BEHEE 8373 g5ER
Nitric oxide(NO)o|| gt AstxFEE(AH-E extract)?] <
A B3E ER15H7] A5 AZujgFd W NO F=E Griess
assay WHO=E EHsct 1 Ay, NOQ 5=+ LPS A+
of| o8 AT FUtEeH, AgxFEEE 0.05 0.1,
0.2mg/m¢ =2 AstPE o LPS Azl B8 3
o2 T3t Hlske gEFoz Frashe AoE Uehgth
(Fig. 2). 98 Astz2EES d502 AYS FiAe
At E NOY & 717 UehtA] Qi)

100
80

60

NO (uM)
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Fig. 2. Effect of Agrimoniae Herba exthanol extract on LPS—
induced NO production in RAW264.7 cells. Cells were treated with
Agrimoniae Herba 30 % ethanol (AH-E) extract at 0.05, 0.1, 0.2,
and 0.5 mg/md for 30 min, and then stimulated with or without LPS
(1 ug/md) for 24 hr. NO levels were measured in culture medium
by Griess assay. Data represents mean = SD of three independent
experiments.  ~<0.001 vs. LPS alone (a).

3. iNOS &) g ax

NO @A&EAQ iNOS Lo it As23EE(AH-E
extract)?] A EHS BRIsH7] 98] RT-PCRS 53314
o 2 A3 iNOS #AAF WL LPS Aol <3 F7t
gglon Metz2EELS 005 0.1, 0.2mg/ml =2 g
st o AeisEel 9EA 2ag UehhckFie, 3),
W ASEREES TEAY TN BAET FAS
7P G Ao® UEyt

A)
AHE extract (mgim) 0 0 005 01 02 02
LPS (1 ug/ml) - . v -

o

INOS/GAPDH ratio

AHEedrad (o) 0 0 085 01 02 02

LPS (1 ug'mi) + + + + -
Fig. 3. Effect of Agrimoniae Herba exthanol extract on
LPS—induced iNOS expression in RAW264.7 cells. Cells were
treated with Agrimoniae Herba 30% ethanol (AH-E) extract at
0.05, 0.1, 0.2, and 0.5 mg/md for 30 min, and then stimulated with
or without LPS (1 ug/md) for 5 hr. (A) The expression of INOS
mRNA was determined by RT-PCR. (B) iNOS band was analyzed
per a GAPDH as an internal control, and represents histogram
with mean = SD of three independent experiments. 2 {0.05 vs.
LPS alone (a).

4, COX-2 oo i3 av}

INOS®} A2 23 EFEZQU COX-2 L& o
ot Aet23EE(AH-E extract)?] A &35 1517 ¢
3 RT-PCRS $dstct. 2 Ax}l, COX-29] 444 W
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<= LPS A=l 93 F7iEglen, Adsz:EE2 0.05,
0.1, 0.2mg/ml TE== AH23IRE W A7 ko ofEFe
2 f2stgehFig. 4). TE AtxFEE o5 AZA
£ COX-2¢] {3 o] W2 o= Yehgt

2
)

AHEexract(mgm) 0 0 005 01 02 02
LPS (1 pg/ml)
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4
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Fig. 4. Effect of Agrimoniae Herba exthanol extract on LPS—
induced COX—2 expression in RAW264.7 cells. Cells were treated
with Agrimoniae Herba 30 % ethanol (AH-E) extract at 0.05, 0.1,
0.2, and 0.5mg/md for 30 min, and then stimulated with or without
LPS (1 ug/mQ) for 5 hr. (A) The expression of COX—2 mRNA was
determined by RT-PCR. (B) COX—2 band was analyzed per a
GAPDH as an internal control, and represents histogram with
mean = SD of three independent experiments.

5. €54 AO|EFIQ] Hd g ax

¥z dFA Alo|EFIeI¢l TNF—a, IL-18, IL-6 23
of tgt Ast2FE2E(AH-E extract)?] A aisE 3Is}
7] 98 RT-PCRE £33t4ct. 2 23, TNF—e, IL-18,
IL-69] §74x W@ =% LPS A= 23 F7HENRT,
At2EE2ES 0,05, 0.1, 0.2 mg/md T=2 HF5gL o
FE g4 #AE Ut Fig. 5). W AFgEFE
2 95AT FoAe BT mEVIRIE TNF—a, IL-1
B, IL-6 4-2AZ Wdol| JFE T4 U= A2 Yehgrt

A)
AHE extract (mgiml) 0
LPS (1 ugimi) -

TNFe

0 005 01 02 02
v+ o+

IL1p

B)

Fig. 5. Effect of Agrimoniae Herba exthanol extract on LPS—
induced expression of inflammatory cytokines in RAW264.7 cells.
Cells were treated with Agrimoniae Herba 30% ethanol (AH-E)
extract at 0.05, 0.1, 0.2, and 0.5mg/m¢ for 30 min, and then
stimulated with or without LPS (1 ug/md) for 5 hr. (A) The mRNA
expression of TNF—a, IL—138, IL—6 was determined by RT—PCR.
(B) Each band was analyzed per a GAPDH as an internal control,
and represents histogram yyith mean = SD of three independent
experiments, P{0.05 and P{0.01 vs. LPS alone (a).

6. FATEA Yo g axt

2gste diNZoA dFEEY I BuE 2Es=
ASAZTHAY BEAEY EF ]| g AstzFEE(AH-E
extract)?] A &= FIst7] Y3 ERK1/2, p38, JNK
MAPKs?} NF—«¢Bol| gt Western blot& $3dstgch 1
A1}, ERK1/2, p38, JNK MAPK A= w%= LPS A=
o o Qs FUMERA, ASEFEE 0.1mg/m¢ I
0.2mg/m¢ skolA Fashe A2 Uelgth(Fig. 6A). g
H AzFEES OEAT FoAe FdET mRERRR
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ERK1/2, p38, JNK MAPK EAE9] ¢lAlsle] H3fe F3
%= oz yeydth E3 3t HEZ|A 2 NF-«B &3
WIS AR A1, LPS A & NF—«BY 8“°§94 olE
of oJgt B ZFrpl BEEoH, AstxEEE A 9
3 Hadhe AR Yeldth(Fig. 6B).

A)

AH-E extract (mg/ml) 0 0 005 01 02 02
LPS (1 pg/mi) - + + + - .

ERK1/2 ‘ S—— ‘
p-ERK1/2 ‘ Sl — =‘

N r——

p-p38 "-—--—‘_"_‘ ‘
INK ‘ JRCIRY R = Qe — ‘

p-JNK ‘

B)

AH-E extract (mg/ml) 0 0 005 01 02 02
LPS (1 pg/mi) - + + + - .

Nuclear NF-«B | w-— e o— o— e o

Nuclear TBP | e e — —— — o—

Fig. 6. Effect of Agrimoniae Herba exthanol extract on LPS—
induced expression of MAP kinases and NF—«B in RAW264.7
cells. Cells were treated with Agrimoniae Herba 30 % ethanol (AH—F)
extract at 0.05, 0.1, 0.2, and 0.5mg/md for 30 min, and then
stimulated with or without LPS (1 ug/md) for 15 min (for MAPKs)
and 2 hr (for NF«kB). (A) The phosphorylation of ERK1/2, p38, and
JNK MAPKs was determined in cytosol by Western blot. (B) The
expression of NFx B p65 was determined in nuclear by Western blot,
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Astzl Fppe] £33 chdd) 229 AR pma
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AZHLS FollA *df% L H42g oAske a%ol Aot A
of Zpetated & %S AZE] T A+
Z sz =2 °4¥°1]A19P o] RAW264.7 ThAIA|Z|A 2]
LPS—$% gZuhgo] digt o4 ars 2ARIAL.

ol£m WEAL et gzt Fulels whg Aury o
Hazo|7| o AZAE Zad AFEFo|H AH R
= AAlol vls) Hzgo HAZA A gt TAo] &
ol YT olat Wil THRe] JZm o2 7o)
HHE AZ  BEAES ez AHAQ gdE g o
EHeR Wy UL 71 ARE g cheret AT
7} olgol I QY.
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Hrbstedl 83 AEE ARREIL Qo B oA As)
29| 30% AFEFEES LPS AF22RE Wdo| F7tE
= INOS¢ COX—-29] HAMRA 24E B8l d5EEY A
AL AN 5 e Ae=E Yt

LPSE= thAAZ A toll-like receptor(TLR) 49} AgHsH
o=n BYSE] 4% AFEBAY YRS B @3
hA E fAo STk g2 dth o3 FFE2 ERK,
p38, JNK MAPKS} Z2 GFASTEAESY] QlAskel 454
ARRIAR] NF-«B pathwaygs B3l 245 F54 AtolEFRI
Sol} gFBAY AL Hulz FH @FWS W ohiet
uhyd gEurg ool oS GEakA ot MAPKELS
ANz FFHEE FUINEE N=E d ASE 3 Y=
AEsHA sk tuHd GFAZHAGEAR, LPseF 22 A
ST RE QAJASIE|S] EFHARIA] NF-«B2] & 29
oS EXNFEHN HAAEZ Y 5T HAE =5
g1, o|g3 F=7|A 7159 23 NO, iNOS, COX-2,
TNF—a, 1L—18, IL-69} Z-& gZFE-EC| 34, HEujge
24 FZo] wrslA Bt B Agela Atz 30%
NHEFEES LIPS AFOEREH AHIE tiilA|ZodA
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MAPK £A4=9 438t dA|¢t NF-«B pathway AdE &
3 NO EH] 9 iNOS, COX-2¢ w3 A @ TNF-—q,
IL-18, IL-6 5 B34 ARIEIRIES] HAHA 284S &
3 ASHES AT 4= e AR YEhdth

=R

2 Aol HE RAW264.7 ARl Aotz 30% of
280 9FOAENE HAstel e e BE

ne

flo

55

1, Aex3£5(0.05, 0.1, 0.2mg/ml)> RAW264.7 A
oA LPS—8% nitric oxided] BAAS A5}

2. Aeg2F£=£E(0.05, 0.1, 0.2mg/ml)E RAW264.7 A
ZoA LPS-SE= iNOS9 COX-29] &7z =3
AAsF AT

3. Agx%=2E(0.05, 0.1, 0.2mg/ml)L RAW264.7 A
ZoA LPS—8% TNF—q, IL-18, IL-69 §HA} &
AL JAIsH

4, AFg2FZE(0.1, 0.2mg/m))> RAW264.7 A|ZojA
LPS—-&% ERK1/2, p38, JNK MAPK®| QAISIE <
A|5+A .

5. AgEF2E0.1, 0.2mg/md)E RAW264.7 A|ZEojA
LPS—f% NF—«B2] oA e] &d Z715 JASHT

weti] MefE 30% NRESFEEES YAHE Tys
e @3uS o Awt gt Ao Hmgon, o
Hupgelre] MRzs 9% oA Bt e AR A
2=},

YTHHI15C0256).
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