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SUMMARY
(FEL8 )

(1) Agrimonia eupatoria is a perennial plant belonging to Rosaseae korea. Because it was
introduced to Korea several years ago, the plant cultivating methods has not been
established so far. We tried to establish the cultivation method.

Stratification was the best treatment among the experimented ones, showing the
reduced days for sprouting and increased gemination rate, as compared to non-treated
seeds. The seedlings after nursery are recommended to be planted in 45 x 45 cm for
both a acceptable crop yield and a convenient management.

The ITS sequence of A. eupatoria was compared with sequences of related Agrimonia
species to identify the cultivated strain. From ITS region sequence similarities, strain
was most closely related A. eupatoria (similarity value of 99.5 %).

We expanded the cultivating region from 1,700 pyung(l pyung = 3.3 m? to 12,000
pyung through 3 years of this project.

(2) We examined the hepatoprotective effects of agrimony water extract (AE) against
chronic ethanol-induced liver injury, using Lieber—DeCarli liquid ethanol diet model. After
chronic consumption of ethanol, serum aminotransferase activities and pro—inflammatory
cytokines markedly increased, and those increases were attenuated by AE. Moreover, AE
attenuated chronic ethanol-induced increased cytochrome P450 2E1 activity and lipid
peroxidation. Our results suggest that AE ameliorates chronic ethanol-induced liver
injury, and that protection is likely due to the suppression of oxidative stress and
TLR-mediated inflammatory signaling

(3) Eleven flavonoids were isolated from the MeOH or 70 % MeOH extracts of A. eupatoria,
and their structures were determined from their spectral data. Isolated compounds were
identified as taxifolin 3-glucoside (1), aromadendrin 3-glucoside (2), quercetin 3-glucoside
(3), apigenin 7-glucuronide (4), luteolin 7-glucuronide (5), quercetin 3-galactoside (6),
quercetin  3-rthamnoside (7), apigenin 7-glucuronide methyl ester (8), luteolin
7-glucuronide methyl ester (9), kaempferol 3-O-B-D-glucopyranoside (10) and
epiaromadendrin (11) by comparison of their spectral data with literature values. Standard
markers for quality control have been focused major and/or specific compounds in the
standard extract of A. eupatoria. Herein, simple, rapid and reliable HPLC method was
developed to determine luteolin—7-glucuronide and apigenin—7-glucuronide or
luteolin—7-glucuronide alone. The contents were in the range at 1.04 ~ 1.31 and 068 ~ 0.98
% for apigenin—7-glucuronide and luteolin—7-glucuronide, respectively.

(4) Validation of Luteolin 7-glucuronide as a marker compound in the standardization of
agrimony extract developed for functional health food was attempted by analytical

method. The specificity was satisfied with retention time and photo diode array (PDA)



spectrum by analysis of quercetin using HPLC and comparison with standard compound.
It showed a high linearity in the calibration curve as coefficient of correlation (R2) of
0.9986, Recovery rate test with quercetin concentration of 0.05, 0.075 and 0.1 mg/mL
was revealed in the high range of 82.36~95.26%, 82.70~98.24% and &87.91~95.11%,
respectively. The intra-day and inter—-day precision in quercetin for agrimony extracts
was 0.10~3.28% and 0.96~5.79%, respectively. Therefore, application of Luteolin
7-glucuronide was validated in analytical method as a marker compound in agrimony
extracts.

Extractions in bench-scale were experimented in the view of the and and hygroscopicity
of the final extraction powder. When aqueous extraction and spray—drying with 60 26 of
maltodextrin as excipient is applied, the yield of solid contents were higher than 16.4%25. The
extraction process was then scaled-up and repeated three times using pilot—-scale extractor.
The contents of the marker compound, Luteolin 7-glucuronid was in the range of 29.0733.8
mg/ml.

(5) The aim of the study was to examine whether agrimony extract is an effective, and
safe treatment for liver function, especially ALT(Alanine Aminotransferase). Eighty people
who have high ALT in liver function test randomised into two groups, forty from the
control group and forty from the verum group, and the verum group take a capsule of
agrimony extract(40% agrimony extract and 60% maltodextrin) twice a day for eight
weeks, and the control group take a placebo consisted of maltodextrin twice a day for
eight weeks.

The result of the study showed no statistically significant reduction of ALT in taking
agrimony extract. We estimated several reasons ; first, eight weeks of medication period
was shorten than twenty four weeks of general anti—hepatotoxic or other substances
medication period. Second reason is dosage amount. The prior pilot study showed that
ALT decreased in 4 weeks of dosage, but ALT increased after 8 weeks of dosage,
assuming the amount of supplement in 8 weeks was overdose. Third, this liver functional
supplement influenced a placebo effect on the study which aimed at mild liver disfunction
participants with high ALT, other than severely liver damaged patients.

We found no consistent evidence of benefit from agrimony extract in mild damaged
liver. The results mentioned there was no predominant effectivity or safety of hepatic
functional supplement group, and drug effect was similar between agrimony extract and
placebo. Further studies on agrimony extract of hepatic functional effect are considered to

be necessary.
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1. Barcoing markerel] ¢]3F £o] 4
7h. A
O A4 Barcoding E}FAl A &2 A}
- matK, trnL, rbcL, ITS 73 #F2] genbank 5% G7|MES F o2 Agrimonia W &3t
Hol & FAste] 4435 g FAAE AT
O ITS & =tel &3+ d71M4E 24
- DNAeasy Plant DNA Mini kit(Quiagen)E ©o]&3dlo] 5 ZZAUET oo A3 &
Agrimonia pilosa®] AMFHE dOoZHE genomic DNAE F=3%t}
- ITS region> ITS1ILEUG' -GTCCACTGAACCTTATCATTTAG-3’, Urbatsch et al,
2000) ITS4(5'-TCCTCCgCTTATTgATATgC-3', white et al. 1990) primer® %A=
S %(94C, 3min.; 35 cycles of(94C, 40sec.; 55C, 40sec., 72C, 1min.); 72°C, 10min.)3} 1L,

Dyne PCR purification kit(DyneBio) & A A 3F A T} ITS1.LEU, ITS4,
ITS2(5'-GCTGCGTTCTTCATCGATGC-3"), ITS3B(G' -
GCATCGATGAAGAACGTAGC-'3) 4719 primerg AME3ste] SEHIA A7 IMES 4
EIS!

O &4 (Cluster analysis)

- BHE ITSHAAE v Agrimonia FEYN HFIdBAE BAEI] 95
aligment(clustalW  program)d}3l, Kimura distance® T3] Neighbor joining
algorithm(Phydit program)el] ¢]&l phylogenetic treeE T4 3%

O Barcoding marker %2 ZA}

- dgA Awe EFRF 0 %1 w4 wWol 2oln e FHAE genbank
(www.nchi.nlm.nih.gov) ZHE AAstgon, gA4s n#3dwrs §Hx 24 chloroplast
DNA¢°] encoding o A= tRNA-LysHZ29 intron wWell $1*3% maturase K
gene(matK), chloroplast DNA<®] ribulose-bisphosphate carboxylase Large subunit
gene(rbcL), chlorplast DNA<¢ tRNA-Leu gene (trmL) " internal transcribed
spacer(ITS)E AdEatlr. 2 FdA9 HU FF ¥ol=& F43t7] 93 4%
D7D e 2GR 1.

|5 <
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1.1. Agrimonia & &2 HS=FSE A2 L 2t 80| AF2E ol AEE RELN =
=2
Title Accession Number Species sequence size
matK
A. eupatoria 1 JN893958 A. eupatoria NMW4404 809
A. eupatoria 2 JN894402 A. eupatoria NMWO009 688
A. pilosa 1 GQ434190 A. pilosa var. pilosa PS1087MT03 739
A. pilosa 2 GU363764 A. pilosa var. pilosa PS1087MT08 834
A. nipponica AB073682 A. nipponica 1488
A. gryposepala HQ593157 A. gryposepala AP223 776
rbel
A. eupatoria 1 JN891277 A. eupatoria 542
A. eupatoria 2 JN890695 A. eupatoria 524
A. pilosa GU363799 A. pilosa var. pilosa 703
A. parviflora u06791 A. parviflora 1398
A. gryposepala HQ589939 A. gryposepala 607
trnl
A. eupatoria AJ512216 A. eupatoria 910
A. coreana HQ853220 A. coreana 935
A. incisa HQ853221 A. incisa 892
ITS
Aremonia agrimonioides U90799 Aremonia agrimonioides 598
A. eupatoria U90798 A. eupatoria 660
A. pilosa GU363705 Agrimonia pilosa var. pilosa 287
A. parviflora AY634863 A. parviflora 687
Zy A2 2 alignment(clustalW program)E 3t1, FAFES A 3ACH(E 1.2)
H 1.2. Agrimonia SUNIA 28 SEXSS |SAIE E. (2 otdiElls EIIME SAIEE
HAE FIR2ES ST HlUEIIME SU X010 L= SIIAME2 =E HEAISHCH
a) matK gene c) trnL gene
A euparoﬂa 1 A. eupatoria 2 A pilosa 1 A. pilosa 2 A. nipponica A. gryposepala A. eupatoria A. coreana A. incisa
A eupatoria 1 1/687 0/670 0/688 0/688 1/688 A eupatoria 2/909 3/879
A. eupatoria 2 99.85 1/739 2/806 2/809 2/746 A. coreana 99.78 - 4/891
A _p.'Tosa 1 100 99.86 - 0/739 0/739 1/729 A. incisa 99.66 99.55 --
A. pifosa 2 100 99.75 100 0/834 1/774
A. nipponica 100 99.75 100 100 1/776
A g.muo;epala 99.85 99.73 99.86 99.87 99.87 G
b) rbeL gene d) ITS
A eupatona 1 A. eupatoria2 A pilosa A. parviflora A. gryposepala Aeupaton A.pilosa A.parviflo
A. eupatoria 1 - 0/524 3/542 1/538 1/542 A.eupatori 127151 119/601
A eupatoria 2 100 3/524 1/524 1/524 A.p/}'osa 92.05 =5, 33/161
A. pilosa 99.45 99.43 --- 2/693 2/607 A.parviflo 80.2 79.5 ---
A pafw'ﬂ'ara 99.81 99.81 99.71 s 0/603
A. gryposepala 99.82 99.81 99.67 100 ==
- 719 Rosacease(ZgH|I)o Al EAAYESHA F5ol #AAS 7|E S A e} mETEA]
2 matK, trnL, rbcL+A A= Agrimonia®s WolA 7+ F+E& -?4 3 wARE FAEs)
A Yers . matKe A5 172 bp, trnle] -5 274 bp, rbcL? 7A-$ 173bpe] A7) A <ol
Ak Wel7h Yety, Agrimonias& ThE HORFEH sty 913 wARE frasiy
%7t DNA barcoding& o 2+ A sstdtt. 1o wbs] FU3A ITS regiond 7
127119 bpe] #Fol7F YA F3F R FEI WolE ATt wEkA, E5FH ALY
o] DNA barcodingS 9&A ITSE X3t A7IAES 4874 RFLP #4& 4



O ITS H4Ate] 4714d 2%

- ITS(internal transcribed sequece)E & A4 &% 5
- DNA+= DNAeasy Plant DNA Mini kit(Quiagen)= 0]%3}01 AuE 5

T4 9o AR A

At

ﬂ“%%ﬂiﬂ

HE JozZHEE genomic DNAZS FE3Fth ITSH A A= ITSI.LEU (Urbatsch et al,
2000) ITS4(white et al. 1990) primer® &HAZ ZZ39ch ZZ 8 FHAAE <F 0.8kbe
=719t} Dyne PCR purification kit(DyneBio)® AA &R ZF 3o g FEH3Io] o7
MES S8R 1-1)

Sk

GTCCACTGAACCTTATCATTTAGAGGAAGGAGAAGTCGTAACAAGGTTTC
CGTAGGTGAACCTGCGGAAGGATCATTGTCGTGACCTGCCCGGCAGAACG
ACCCGAGAACCCGTTTCGACGCTCGGGGACGGAGGGGGCCCAAGCGGTCG
CCCCGTCCCCGCATCTCGGGAGGCGAGGGCCTATGAAAACGCGTGTCGCG
CCTCGGCGCTTACGCCCGGCCGAGCCTCCCGGGCGTACCGAACACCGGCG
TGAATTGCGCCAAGGAACGTGAACGGAAGGGCGTTCCCCCCGCCGTCCCG
GAGACGGTGTCCGTGCGGGCGGGCTGCGTCGCCTTCGATATGTCTAAACG
ACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGA
AATGCGATACTTGGTGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTT
GAACGCAAGTTGCGCCCGAAGCCGTTAGGCCGAGGGCACGCCTGCCTGGG
CGTCACACGTCGTTGTCCCGCCCCGACACGTCCTCTCGTAAAAGGGAGGC
GGGTCTGGACGGGACGGATGATGGCCTCCCGTGTGCCCCGTCACGCGGCC
GGTATAAAAACAGAGTCCTCGGCGGCCAACGCCTCGACGATCGGTGGTTG
TCCAGACCTCGGTTTCCCGTCGTGCGCGGGCGTCGTCCGTGGGGCTTTCC
CGATGCGCGTCGGTTCCGACGCTCCCAACGCGACCCCAGGTCAGGCGGGG
TCACCCGCTGAATTTAAGCATATCAATAAGCGGAGGA-3'

a8 1-1. HMO0IAM A& Agrimonia TEIES2l ITS SIIME

ITS regionE UE Agrimonia <253 FATBAS

aligment(clustalW  program)dlil, Kimura distance® -3
algorithm(Phydit program)oll ¢]3l phylogenetic treeE TA3FAtHZH 1-2).
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Aremonia agrimonioides(U90799)

A. pilosa (GU363705)

A. eupatoria (U90798)

—

Agrimonia sp. S 2F Al

A. parviflora (AY634863)
0.1

a8 1-2. oY Agrimonia &1t Agrimonia & Z2HE2
Neighbor joining tree. Genebank SEHS= ZS 20l ZEAl

ECH 08 2=x Aremonia agrimoioides)t Ars &l RUCH

o\

o] AVIMLE A eupatoria®l 715=E3 3 bp(99.5% similarity)9F Z}o] 7} & Ho]of
B 2% 9A A eupatoriad S Qs i, A pilosa®t= WE 202 bp T 12
bp(93.6% similarity), A. parviflora(90.0%)<}+= 68/6872] =Fol7} y ITSH AR 7} FH3
finger printE 93 FAAE AMEE F oS FstAn ITSHHAAE dadgE 9

s
A

ol

rok

2 UHAS & F A FF ol A pilosa’t dIFES AAEE Ul 2 oA
of M8t e AwE I e Agrimonia FOEFEH B HA9 AFLSE ALEH=

4

1
HRAY=S 787 9% VEARR ol8d 4 duh FE¥e SWelAM = Haelll
&

2. FApwolA eol o5 wolge] WA A

7). Ay

O AeFAAY L FAY aem, YEAL 9@ FA FHetE AdHAk A
Aol AGAMEAN A G5 ake] A e 2 A

A& A= AR BEe A5 Egstn B FE3 & v 4T WF
P T EWe] mEX GEE 5Y AR FES FEednh Ay gk WA AF
o Y& F 32E FxREd 24z HAst fAE sdon, AAE 293 F5A
3 FA2 g AEA AF 4T YHIAA 293 At
- W2 =X A )

ANFE o] oA RE FTAE 5Ee Ay glo] vtR BEAd] 37594 3F st
- W3 Qs A

Feo A BtE FAE B 7S utE AW 2715 | Foll WAl 4417H-20C) A

gk Sof] 24A17F WAare] B#steE AS 2W REE 3k & SA] gl 3749 9kE ek
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- ARl wE Wold o] AeS Yotry] 93 AL LolH Yl A3 FAE
RS ERAE LLIE @ JES ¥ B3 sFstar 2404 4083 i
stw] ol Hl& S SA4sAT

O Wolxge] mE Wolso] A&S dolr7] 93 ZFAFE ol A oA A
2242 RSV ERASE 112 wiEe AR 2 A2 g4 FE S+ g Agrol
Aol Exd AN ER2S LR e dE st AAEHo]d 375U¢H xusto]
4094 7F v ¢fsto] obdk vl &S SA AT

., A}

O Agrimonia pilosa(AAU5)e] 749 A2AgE st Wol& 13%, WolAQ 7|7k 27de] 2
e AL 20¢7Fe] A-2F2 A g (stratification) S 3} Wol&o] 80786% = ol aL, whol

A 1

71702 109 2 FolAl= Aol wrelA AATH(dstx: EshAmyE g9y 7R S

sAEd ' 2 AEANE, AddE s A EALA, 2008). Ly obA S5

Uz A9 adst Al=vF §lla, B gAY gl 5 EAAUE(A eutoparia) @

AA7EA Ao A9 %‘_’\]511 I AR T T wH A ”HHH% [y
2] ¥}

X oHo o % fo
N

2 oof o Koo HY Ao By
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/v/v/v—v
i (”——v——v
o
il
—o— M2==A)
Lo NE2s=EB)
—v— =Xi2|
—v- H=xRl
o 10 20 . 40 5
days
8 1-3. 20bdel & = THE 2022 XA
N25H(A) - 2022 M258 MHelF, AS:2HTESA(1:1)Z 42 HHLEN IS
N25H(B) - 2022t N25X HelF:, Hel0IEREATIERA(1:1:1)2 A2 tHLEN IS
Pxel - LOokKel GHN &1, MAZ 2 TEDA(1:1:1)2 ILEN IS
HWEXe - HSBhr) At HE@21h)HEE 23/8t=s &, A& 2el: I A(1:1:1)2) B
E0l I+E
O A pilosa(AA )3 HSzsHAl, FAelol] HlsiA AT AA = dobsS Folal Wolia 7|
e @A A9E Uelth FAE e A dole 2 HF 422%E HEhl AR A=
A& 20€7F Sk 68769%%] =2 Wol&S HOFRITh I3k FA e F5 40%9] Holss
Hol717hA] oF 40 o] AR oy A2FAAE oAl H™ 50% Hol&S HERH = 99 6029
obsS Uellsd 1290] ARt & Hr g A2FA A E ot 11 Wolr|zto®m Qlgh 3t
Zz] I E s F UdeS ¢ F U
WieA ol &g 291k ot g = ol g 7F &2 AAA ] W olJAN o s v E
Al, 55%°] HE Hol& i 50% Wolsl=d 339xte] 11 ol g Atto]l B Qdte] AQAH A
o]/ do| A AAA el Kek Ao YERTE
O IF& WYEE 2714 A& Algstded], ole A&a 2HE AlTzadA HA F3skA X3t
= wAZE oA AR g om gGA 7 F e ARE AL MGES sk AAl A
S7FIA AE7Fs S Bl=Es] Astolith AIHE DollA B H}fl‘r 2ol 27HA Ml dE=

-‘JZBLO]—EJ/]‘ tﬂ-o}./\ O}\] 7]—0] 7‘]9]
sto] g Tl Es AU,

3. 44 ANAY 3
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25PN HE)e B Aol Edd AHolAANR o] Aste], 84
00REH 99 2 AAN HAzE  Soed ’“fﬂ%ﬂ Pelgol ol  wlZFoiA
aszgagge] 44 ANAYE 2T 4 HAE AAAYE $se] 30m’E
574 =Aea Azl Faae zAsAr.

SREE

O WA FE F Auge A

AT=

A= A2 = 1729 S5EdAuElA 7P w2
3RS Ho7baA ZHAE FmshAl et A=A B
A= Aol ojdEs 7Pl vk olo 2\ e HEE AAetr] el dA7 b
7o 72 o|Aste] FEEkS HwE Hart AT

O AAAAAR el #et daqAT 23}t 7R 30cmx30cmol A 7HE =2 TS
ERllth 28y 45emx4beme 93% 8 =] g Ee UERA 30cmx30cmét fréfxtol &
oFkt}t 30cmx15cmet 60cmx60cme] - 30cmx30cmell H|3sl] 272} 65%, 78%2] &S
WA 3kii} ole] AujAlel= 30cmx30cm, 45x45em7F A AR NS & F AU wEkA

Aejerel & e o 45emx4bem® Auiskes Aol Al SHeA F2E A

MAIH 2| #=2t2f(kg/30m?) %=&t2f(kg/10a)
30cm x 15cm 6.7+£0.9 225
30cm x 30 cm 10.4+1.7 348
45cm x 45 cm 9.7+1.6 325
60cm x 60 cm 8.1+£1.6 271
H 1-3. 25 w212 2F THAIH2I20 THGtol &Y 30m°2 57&A 2
oMoz THHHGIH 108 ZS=0 &st HxEC| £+ Hin

#
| A vk 2

O M& : 8~93
O s & &0t
- SHE - THFE SAE 23612 2t A0 2o €2 = Ao ot Bi==JF &
T= &KX 15~20cm &0l BSAI2I = MSotHE 20t 10~202 &l
- N2XME = 2= XMl SNHE S0I2 ZETGHH 4TC HEF N0 20~4522F Mel=
S2= =0l 3~5¢ B = ItEotH 20t 10~20€ Z2lCt
- ARNME S2&= 2l BXNE B0/2 ZEHGIH A420M H2S UL s2= 20
3~5¢ Z1 = WSotH &0t 40~502 z2&th
- oL+ d=% BXE WFHGH =OtS0l LISstE LSl S(38 dh=)0l ZOotettt
O =R
- 5022t 24(20~30C)0AN SR(2AL, &R, 24 2)EHC
- HMEE BHEEDNERA=111, YBAEZ B
O A
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O AWI+s frdtr] 9t AFel T Z=e 9 36%E &2 AT liquid Lieber
DeCarli diet(Diets Inc, PA, USA)E % F97I3F 857 1¢¥ 13 Fostd o (ED), =z

T SIS T2 A2 Y maltodextrans T8 dietE FoIEA S (CD). Be 23
542 247 A33t vehicleo| Io] ZA8AS. Agrimonia ¥ Hovenia (3o ofF2E | A
&, =)= A g g9 5901, silymarin(Sigma - Aldrich, St. Louis, MO,
USA)E= 05% MC (methyl cellulose, Sigma-Aldrich, MO, USA)e| dAEYAA F3F mjd

Oq ‘%O]Oﬂ S Aol et s, das o

L g HAab 8 24 WefshE ot
1. @73 W] ALTYE AST &4
O ALT % AST &4 IVD Lab kit(elo]H] &,  gk=1)& ARSI spectrophotometer
(UV-1610. Simadzu, ¢2)2 Z439 .
2. H&E <4
O e #¢ F&8 10% 54 &% =22 (Sigma - Aldrich) 0.2 1 H A7l & It
Hol 5 yume # dHOo R A|ZSA . XyleneoZ 3gtd-& A A, dI2 53}
AlZl ¥ hematoxylin®} eosin®. & 9 Aato] @3t m 7 (OLYMPUS OPTICAL Co., Tokyo,

Ba 1 242 BAHAS

O Zte] g FES 5424 dHo=E A3 ¥ 0Oil Red O(Sigma - Aldrich)® @A slo] 3
st& 1] 7 (OLYMPUS OPTICAL Co., Tokyo, Japan)& %3 7+ 22<& ##30 L.

442

S A Esto] sk & chloroform*methanol (2:1) &S HA7sl
A wEEste], 3 24 U gREHY e A AES FEINS. AE FEY L IS
A4 FElste] & dAHS IVD Lab Kit (ofolH|t3)E AFE-3o]  spectrophotometer
(UV-1610. Simadzu, ¥¥)=2 =433 .
2. kx4 9 g F Zd2EHE (TO) &
o

h =
O F 2% % 50 mge AE38Fe] &3 3, chloroform—methanol (2:1) €945 H7ksta o

{

T = =]
A Egete], 1 24 U R e A" RS FEIINS AL FE2d9 9 IS
LA FEste] 42 S IVD Lab Kit ( ofeln|y )& AL&3}o] spectrophotometer

(UV-1610. Simadzu, €)= =43} L.



2. g% Mo]E7H) (TNF-q, IL-6) 5% 3
O gl TNF-q, [L-6 5=+ ELISA assay kit (eBiosciences Co., CA, USA)ES A}-&3}o

nb AbshA & AR SA
1. 2t =4 A4 Jikst = (MDA) =7
O 2+ U A& Htksl g2 thiobarbituric acid reactive substances 9 FFHo=z A
H ZFE 2 2ZAE malondialdehydeS AF&3H91 S
2. 7t =4 glutathione (GSH) 3% =4
O 7+ 2#% 100 mgs AE3t9] 1% picric acid & EH3 3 AZFo] glutathione
reductase, 5,5'—dithio—bis(2-nitrobenzoic acid) ¥ NADPHE 7}3to &3 %=
4-3}o] Z glutathione SA 3N <. Y H glutathione= 2-vinylpyrine2 ©|-&3lo] %
Ho = éxé 311 S. wlz = BCA protein assay kit (Pierce, USA)ZS A}-& 3}
5t A T
3. CYP2E1l &%= =4
O 7+ &% 100 mgs A=3}e] KCIgdo| E3% ultracentrifugedt®] microsome 32
S B39 S, microsome? CYP2E1 ##A =3+ hydroxylation®] 2]3] 4-aminophenol®l 4]
p-aminophenol® A EE TF ez AT LS.
vk, 95 WA 1xF (NF-xB) 54
O 7+ 23 % 100 mgs A =3e] NE-PER &% &3k SR e e B
< wEed e BFE @ ES SDS-PAGEE & & Semi-Dry TransBlot CellZ
o]83lod PVDF membrane (Millipore, USA)Oﬂ A719 53t membranes TBS/T
(Tris—Buffered Saline/Tween-20)2.= Al % 5%(w/v) skim milkE %2 TBS/T= 4

Al

o,
M

ke
T,
ke
T

Lo A 1AIZFESE  blockingdtg . 1x A9 4°CeolAd 1247 wEEA 7S
HRP-conjugated 2x}38F#| 9} ¥F-3-A| A ECL detection system< ©]-83to] WA AL 77t
o] WiE+= ImagequantTM WEZFH4 WHoZ HISYH L. A& 1A43AE v 28

nuclear factor kappa B (NF-kB, 1:10003] 4]).
Ab A w7l 1AF (GNOS, COX-2) 3 95 viZl A% A9 1A (TLR4, MyD88, TRIF &)
1. ZFx22 % INOS, COX-2, TLR4, MyD88, % TRIF¢] wuwd vz =4
O 3+ zAFT 100 mgs HE3te] PRO-PREP & ®3 F AFs cuds
SDS-PAGEZ ##3 %  Semi-Dry TransBlot CellE® ©¢]&3l9] PVDF membrane
(Millipore, USA)Oﬂ 7]%9 &3t membranes TBS/T (Tris-Buffered Saline/Tween—20)
o8 AF3E T 5%(w/v) skim milkE ¥ TBS/TZ 4204 14752t blocking 3} 5.
12 8FA| b 4°Coll Al 12417 WE$-A] 715 HRP-conjugated 2xF&A|9F wr$-A]A  ECL
detection system= ©]-83fo] TAAI A S ZFzbe] Wl == ImagequantM B34 WH o2
A7 el S, AHEsE 128 A = v 2 inducible nitric oxide synthase (iINOS, 1:500
3] 4), cyclooxygenase-2 (COX-2, 1:1000 3]41), Toll-like receptor 4 (TLR4, 1:1000 &]4),
Myeloid differentiation factor 883 (MyDS88, 1:2000 3¥]4]), TIR-domain-containing
adapter-inducing interferon-8 (TRIF, 1:1000 3]4).
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A d £74 (TNF-q, IL-6, COX-2,
o7 oligo dT-adaptor primer @ AMV YA} &4AZ o] 83}

AAE F3338te] cDNAS 43819 S (TaKara Bio Inc.). $H4 ¥ ¢cDNAE PCRS
T3 FTEsded, F wkgAL 10ulE -tk PCRWE E#S GeneAmp 2700
termocycler (Applied Biosystems)S ©]&a4 94°C, 5%t denaturation, 72°C, 7%t
extensiondt 2™, Z+Z+e] primerd] W3 £F F7)9 2AL Y23 #S: TNF-a, 325
7] 94°C 30%, 56°C 30%, 72°C 30%; IL-6, 327] 94°C 30%, 58°C 45%, 72°C 30%;
COX-2 H iINOS, 32F7] 94°C 30%, 56°C 45%, 72°C 45%; B-actin, 2557] 94°C 30%,
62°C 30%, 72°C 30%. AF&3 primerd ®wWjge &3 #2S; TNF-a, 5 primer:
GTAGCCCACGTCGTAGCAAA, 3" primer: CCCTTCTCCAGC TGGA AGAC; IL-6, 5’
primer: CATAGCACACTACGTTTGCC, 3" primer: GAAAGTCAACTCCATCTGCC;
COX-2, 5’ primer: CAAGCAGT GGCAAAGGCCTCCATT, 3’ primer:
TAGTCTGGAGTGGGAGGC ACTTGG; INOS, 5’ primer:
TTCTTTGCTTGTGTGCTAATGCG, 3’ primer: GTTGTTGCTGAACTTCCAATCGT; B
—actin, 5 primer: TTGTAACCAACTGGGACGATATGG, 3’ primer:
GATCTTGATCTTC ATGGTGCTAG. PCR Hbg & A &9 10ulE 1.5% agarose geldl
A d71FEstd e, EtBraAste]l UVstelA #4939 s. 2 PCRYHS9 ZA3e= B

—actin®] WA FLS JFo 7 FF3YS.

hait)
5
@)
<2

doll HAAF H7} - = alanine aminotransferase (ALT)% aspartate aminotransferase

B3 co B3 co

=3 ED =3 ED

B3 Agrimonia 10 ma/kg + ED Agrimonia 10 mg/kg + ED
30 mg/kg + ED 30 mg/kg + ED
= 100 mg/kg + ED s+ 100 ma/ka + ED
(-] 300 mglkg + ED 300 mg/kg + ED
D Silymarin + ED &3 Silymarin + ED

B3 Hovenia + ED B3 Hovenia + ED

ALT (UIL)
g 8
AST (UIL)

8

=
=

o
T

Figure 2—-1. Effect of Agrimonia on serum alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) activities in chronic ethanol-fed rat. Values are means + S.E.M. for 8-10
rats per group.

“Significantly different (P<0.07) from each CD group.

“**Significantly different (P<0.05, P<0.07) from ED group.

AAE oA &2 A xzae] ALT 2 AST &4 747 227 + 19 U/L$ 1581 + 79
U/LZ ¥ F25 dedoy, &g o5 AX7 o= 1793 £ 248 U/L9 2678 +
180 U/L=E thxtel wls] ALTe AST &4 dA3 S7tstsls. ol#ld F7h= ALT
g4 o] 79 Agrimonia 10 mg/kg, 30 mg/kg, 100 mg/kg % 300 mg/kg Foli* oA 7t
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7 911 + 97, 965 + 17.3, 1234 + 262 % 1533 +
30 mg/kg FolwolA dIE @ AXdtel v A AAE HElAE. T3 A
) Z++2l Silymarin 100 mg/kg T2 886 + 103 U/LZE AA3 JAS YeERAo
Hovenia 100 mg/kg Fo]*< 1514 + 245 U/LZ ¥GQE AolE YEeERA &S, AST
g4 o] 749 Agrimonia 10 mg/kg, 30 mg/kg, 100 mg/kg 2 300 mg/kg FoltolA Z+zt
1839 + 3.8, 1740 + 11.7, 187.1 + 201 % 2225 + 31.3 U/LZ Agrimonia 10 mg/kg %
30 mg/kg FoAw oA dAE dE AHAT] HE A JAE e SH,
Agrimonia 100 mg/kg % 300 mg/kg Foltol A= A 781@”?}% YEF S, 3k °k/\é
=% Silymarin 100 mg/kg T2 1581 + 79 U/L 2 A JAE HEFNS

1}, Hovenia 100 mg/kg T+ 269.3 + 351 U/LE WUE ol A &gke.

187 U/L% Agrimonia 10 mg/kg %

I

i)
N

-

SRR

3- 3-
&3 co 3 co
® =3 ED § =3 ED
g 2 B3 Agrimonia 10 mg/kg + ED 3 2 B3 Agrimonia 10 mg/kg + ED
o o 30 mg/kg + ED 5 [s:} 30 mylkg + ED
K] [} 100 mglkg + ED s = 100 mgikg + ED
B 1- [} 300 mg/kg + ED E 1 [ 300 mg/kg + ED
% @@ Silymarin + ED 2 &3 Silymarin + ED
€@ Hovenia + ED = & Hovenia + ED
0- 0-

Figure 2-2. Effects of Agrimonia on histological score in chronic ethanol-fed rat.
* “Significantly different (£<0.05, P<0.01) from CD group.
* **Significantly different (P<0.05, £<0.01) from ED group.

Figure 2-3. Effect of Agrimonia on histological changes in chronic

eosin staining). (A) The control
group; (B) the ethanol group; (C-F)
Agrimonia 10, 30, 100 and 300 mag/kg treated ethanol group; (G) Silymarin
100 mg/kg treated ethanol group; (H) Hovenia 100 mag/kg
treated ethanol group.

ethanol-fed rat (Hematoxylin and
vehicle-treated
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Figure 2—-4. Effect of Agrimonia on fat accumulation in chronic ethanol-fed
rat (Oil Red O staining). (A) The control group; (B) the vehicle—treated
ethanol group; (C-F) Agrimonia 10, 30, 100 and 300 mg/kg treated ethanol
group; (G) Silymarin 100 mg/kg treated ethanol group; (H) Hovenia 100
mg/kg treated ethanol group.

3]
1

A gzl wEte] dmE Wy AT g oAz A B A A
EF S 2 Agrimonia 100 mg/kg T2 &3S Fx A W7ke] A EZ A}
A AA = HAEFS HAo, ¥ yolrt Agrimonia 30 mg/kg Folt o A
A3 AR S e FA g2 Silymarin 100 mg/kg FoTS IS
ST A AEAA 2 Az Heo dAs A4S ®g o}, Hovenia 100
(L& 2-3).
A iz vty ¢ae s AXTS dAS AWSS YER LS. Agrimonia
o 7

(o]
K

flo rlo

R

=
o
=

o owe Mo

o]

o & o\ T

=

=
AT BE 7oA d3E Fr AUS AdAste A BHAow, oldA 53
Agrimonia 30 mg/kg % 100mg/kg TS EFZE o= H X7 Hl&| FEdk oA A
S HAES w3 FAYETC Silymarin 100mg/kg TS 43L& % Ak &
Agt JAE HY o Hovenia 100 mg/kg T2 IA AFEFHS el Ui (29

?

" Ea Co
&8 ED

-
1

2 3 Agrimonia 10 mghkg +ED
e - 30 mglkg +ED
S8 100 mg/kg +ED
2 .51 saed 300 mg/kg +ED

D Silymarin + ED
B3 Hovenia + ED

Figure 2-5. Effect of Agrimonia on liver/body weight
ratio in chronic ethanol-fed rat. Values are means
+ S.EM. for 8-10 rats per group. ™ Significantly
different (P<0.01) from each CD group.
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O 79 43 Fx A7 Edo|A AgrimoniaE Fo3to] liver/body weight ratio =
HEe Ade g5 2 (2F 2-5). oOFE 2 ¢3S AAE A &S Y xza 9
liver/body weight ratio:= 2.24 + 0.04%%E %S FAE HIJoY A3 WE Xt o
A= 312 £ 010%=2 gzt vl&] dAskA SIS, olelgt F7F= Agrimonia 10
mg/kg, 30 mg/kg, 100 mg/kg 2 300 mg/kg FolTolA 22 3.06 £+ 0.08, 327 + 0.12,
318 + 0.08 % 333 + 013 %= &IZE W5 AXTH EUE ZolE UEhA U, =
sk A Wzl Silymarin 100 mg/kg ¥ Hovenia 100 mg/kg T oA % 325 =+
0.23 % % 292 £ 0.13%= ®HErt}E #olE& YERA Ld&.

= S o = =2 3
o xAY FAAE FE 0 F 2esHE g9
15

B3 cb E3a CD

=3 ED =3 ED
o B3 Agrimonia 10 mgikg + ED O T 10 Agrimonia 10 mg'kg +ED
53 = 30 my/kg + ED 52 3 30 mghkg + ED
S ] 100 mgikg +ED Fo =3 100 mg'kg +ED
£ E (] 300 mgikg +ED 2 E‘ 5 2 300 mglkg +ED

D Silymarin « ED
B3 Hovenia + ED

D Silymarin + ED
B3 Hovenia+ ED

o

Figure 2-6. Effect of Agrimonia on hepatic triglyceride (TG) and hepatic total cholesterol (TC)
contents in chronic ethanol-fed rat. Values are means = S.E.M. for 8-10 rats per group.
“**Sjgnificantly different (£<0.05, P<0.01) from each CD group.

*Significantly different (P<0.05) from ED group.
O AAe FRE FE AW AA Agrimonia® Folale] 1+ 2 FAA WL °
el ~HE g HsE #AFZe A9 059 25 (¥ 2-6).
A

W32 = of
A @2 A dxzae I =AW AANEE 2N F ZUXEES 370 £ 49

i o

mg/g liver ¥ 531 + 044 mg/g liver & Y& FX& HYoL dIE Wy HA
= 694 t 6.8 mg/g liver ¥ 941 + 0.68 mg/g liver &2 thzxwol H|3] dAsA F
A, olgd S7he b =AW A e 4% Agrimonia 100 mg/kg 3 300
mg/kg Tt A= 22 726 + 6.7 mg/g liver ¥ 71.3 + 6.1 mg/g liver®2 HEt}E =}
o] & YEtA # %ot Agrimonia 10 mg/kg B 30 mg/kg Folwol M= 247 661 + 7.2
mg/g liver 2 72.3 + 39 mg/g liverZ #Aadt= AEFS YERY, A ) E+¢ Silymarin
100 mg/kg FolaollAel 3+ =AU FAAY &2 387 £ 55 mg/g liver2 dlx-9
Hs] dA kA AP oY, Hovenia 100 mg/kg Tl oA = 706 £ 7.5 mg/g liver=
ArhE zbolE UEhA ZF%e. 1 =AW F Fd2"HE o] E$ Agrimonia 10
mg/kg, 30 mg/kg, 100 mg/kg % 300 mg/kg llz‘oq:lfoﬂ/q Z+7F 6.80 £ 058, 6.77 + 0.75,
743 £ 0.86 ¥ 653 + 1.26 mg/g liver® thZ ol H 3]] Aok AEs ‘/]’Elrlﬁoq . EA
i Z-Ql Silymarin 100 mg/kg FolwelA 3+ 220 F *“Eﬂ-’:\?ﬂ% stk 541 + 040
mg/g liver2 thzato] Hls] A3 7AS Jeud oy, Hovenia 100 mg/kg FoAa 9
A+ 813 + 1.26 mg/g liver® #Aaste= AeHS HALS

2 T AN qF R T FdiEE I



@D Silymarin + ED
B3 Hovenia + ED

D Silymarin + ED
B3 Hovenia + ED

E3 CD Em3 CD

B3 ED — &8 ED

B3 Agrimonia 10mgikg +ED E €3 Agrimonia 10 mgkg + ED

30mgkg + ED E 30 mgkg + ED

/| 100mg'kg + ED || s | 100 mgkg + ED

@ 300mghkg + ED S = 300 mghkg + ED
=

Figure 2-7. Effect of Agrimonia on serum TG and serum TC contents chronic ethanol-fed rat.
Values are means = S.E.M. for 8-10 rats per group.

O gz 3 5 AL =S 340 £ 1.5 mg/dlo|lon, 438 T5 XA 480 +
51 mg/dle= djzxao H3 Fr7lste 4SS YEUdS. Agrimonia 10 mg/kg, 30
mg/kg, 100 mg/kg 2 300 mg/kg FoAvolA Z+zF 410 + 47, 404 + 68, 461 + 58 ¥
46.7 £ 44 mg/dl® &3s @5 A EUE AolE UEWA FdE. FAE dxadd
Silymarin 100 mg/kg ¥ Hovenia 100 mg/kg Fodv- A= Z+7ZF 359 + 4.3 mg/dl
2 379 + 19 mg/di2 EoE 2ol & YERUA &S

O Hxwe 84 5 F ZYUY2HE 32 538 £ 39 mg/dlez oo ¢438 oim A
Al 782 + 52 mg/dle=z Uzl Hls F7FsteE HES XY, Agrimonia 10 mg/kg,
30 mg/kg, 100 mg/kg % 300 mg/kg Foltoll Al Z+zF 787 + 38 , 794 + 155, 71.7 + 4.8
2 803 + 59 mg/dle ¢iE w5 AX o] B EuE AolE UEWA &FokE.
kA thE¢l Silymarin 100 mg/kg Fo]*# Hovenia 100 mg/kg Fol ol A= Z+7z+
70.1 £ 46 mg/dl & 827 + 59 mg/dlZ2 ¥t} zlo]E YEMA] LU=

vk 8F Aol Egke 5

30
&m co

=3 ED

B3 Agrimonia 30 mg/kg + ED
@D Silymarin + ED

€3 Hovenia + ED

3 co

3 ED

B3 Agrimonia 30 mg/kg + ED
@D Silymarin + ED

B3 Hovenia + ED

Serum
Serum
IL-6 (pa/mi)

TNF-a (pg/mi)

0

Figure 2-8. Effect of Agrimonia on serum TNF and IL-6 levels in chronic ethanol-fed rat.
Values are means + S.E.M. for 8=10 rats per group.

“Significantly different (P<0.01) from each CD group.

“**Significantly different (£<0.05, P<0.01) from ED group.

O dxwe 94 & TNFO &= 140 + 07 pg/mlE e 43S Bioy, e o=
AAA 261 + 1.3 pg/mle® tixatel vls| dAAs] F7tetlS. ol d F7F= Agrimonia
30 mg/kg FATolA 185 + 1.3 pg/mlez A A4S JehYS. G gz
Silymarin 100 mg/kg FowolA % 180 + 1.5 pg/mle & & A3 A= el o)
Hovenia 100 mg/kg Fo]volA+= 216 £ 2.1 pg/ml= A

O gz 83 5 IL-69 F%& 669 + 45 pg/ml= 2
224 1306 + 145 pg/mle® xRl Hls] dAAS] FUlEAS. ol
Agrimonia 30 mg/kg Tl 646 + 75 pg/mlez FAF A
) %<2l Silymarin 100 mg/kg Tl A% 61.3 + 84 pg/mlCE & A

il
o

o,

P

oo

O

o,
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A},

O

21 o1 Hovenia 100 mg/kg Fo]oll A= 826 + 222 pg/mlZE oA Ae7S el L.

Table 2—-1. Effects of AE on lipid peroxidation, hepatic GSH content, and microsomal CYP2E1
activity after chronic ethanol consumption

MDA  (nmol/mg GSH (nmol/mg Aniline  p—hydroxylase

Groups Dose  (ma/ka) protein)® protein)® (nmol/min/mg  protein)
Control 0.35 £ 0.03 9.21 £ 1.08 0.70 £ 0.24
Ethanol Vehicle 0.93 + 0.15™ 3.23 + 0.72" 3.04 + 0.34"

AE 30 0.46 + 0.08" 6.72 + 0.38" 1.54 + 0.26"

A The results are presented as mean + S.E.M of 8 — 10 animals per group.
% MDA: malondialdehyde: GSH: reduced glutathione.

“Denotes significant differences (p < 0.01) compared with the control group;
"Denotes significant differences (p < 0.05) compared with the ethanol group.
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Figure 2-9. Effects of AE

(30

~ Control Ethanol AE + Ethanol
TLRA B e I —— mg/kg) on TLR4, MyD88, and
hayDes b ’ IR TRIFE protein expression  after
TRIF » . .
- chronic ethanol consumption.
B-actin » . . .
Each protein expression in the
c e liver was measured by Western
-é:.gz"" B9 AE + Ethanl blot analysis. The results are
521-5- " - presented as mean + S.E.M of
%% 1.0+ N 8-10 animals per group.
52 ,;] xxDenotes significant differences
o
0.0- (p < 0.01) compared with the
TLR4 MyR&s TRIF control group; +, ++ Denote
O 3F9 dIE&E fFx AW EdoA 3tz dF 7] A5 A JAATLR4, MyDSS,
2 TRIF)S] =& digt AES] JdS #Fs 23= v 2o (29 2-9). TLR4 ¥
MyD83¢] whuld wage dmg vm XA gz wel dA4s Frrsig o, ol
@ Z/HES AR Folwold 2:e U= Aol v @43 oA =S TRIFY ¢
N4 BAGe RE APToA Are AolE oA e
A3 7)<l GNOS % COX-2)
Control Ethanol AE + Ethanol
COX-2 b s . ——
iNOS »

Protein expression
(arbitrary unit)

LM
1

-
L

=3 Control
B Ethanol
BE= AE + Ethanol

COX-2

o
X

Figure 2-10. Effects of AE (30 mg/kg) on

COX-2,

and

iNOS protein expression after

chronic ethanol consumption. The results are

presented as mean = S.E.M of 8-10 animals

per

group.

*xDenotes significant differences

(b < 0.01) compared with the control group;

+, ++Denote significant differences (p < 0.05,

p < 0.01) compared with the ethanol group.
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Control Ethanol AE + Ethanol
NF-kB » e ——— A —
Lamin 51 > IS Figure 2-11. Effects of AE (30 mg/kg) on the
nuclear NF-kB translocation. Western blot

analysis for NF-kB was performed on the
245

5 nuclear extracts from liver. The results are
§_; presented as mean £ S.E.M of 8-10 animals
?Em' per group. =**Denotes significant differences
g% (p < 0.01) compared with the control group;
e &% +Denotes significant differences ( p < 0.01)
l; compared with the ethanol group.

0.0-
Control Ethanol AE + Ethanol

O 3F9 ¢daes & AW Bdox TxA dF HAF AAHNF-kB)e] =4 ot
AES] 93& 2T A BT RS (29 3). X2 @5 ATAAE 45 Akl
el NF-xB7F tlzo] vl&] & 29 o|Fo] dA3 Zrtslgon), o|gst Z71= AE
T A A g dAE UEU S

5. 954 QA A LE 274
2.0
E g?hn;nmc:l Control Ethanol AE + Ethanol

B3 AE + Ethanol TNF-a »

. + *
o + COX-2 »
: é III iNOS »
0.0- ﬁ I:I B-actin »

TNF-a IL-6 COX-2 iNOS

mRNA expression
(arbitrary unit)
g 3

Figure 2-12. Effects of AE (30 mg/kg) on the TNF-a, IL-6, COX-2, and iNOS mRNA
expression after chronic ethanol consumption. TNF-a, IL-6, COX-2, and iNOS mRNA
expression in the liver were measured by RT-PCR analysis. The results are presented as
mean + S.E.M of 8-10 animals per group. *, **denote significant differences (p < 0.05,
p < 0.01) compared with the control group; +, ++denote significant differences (p <
0.05, p < 0.01) compared with the ethanol group.
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- MeOH 16LZ Aol A 23] FF3kal 55T w84 M F
- MeOH extract 288.52g 4

O &nj &3
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Agrimonia eupatoria (zg)

Extraction with MeOH
(once at rt. for 1 day, once at 60°C)

70% MeOH extract @3sog)

Suspended in D.W (1800mL)
Partition with hexane (1800mL x 3)

H H-O layer
exane ext. | Partition with CH,CI, (1800mL x 3)
(5.16g)

1
H-O layer

CH,Cl, ext, | Partition with EtOA (1800mL x 3)
(8.72g) | I

H-O layer
EtOAc ext. | Partition with n-BuOH (1800mL x 3)
(25.32q)

n-BuOH ext. H,O layer
(60.68g) (240.91g)

Scheme 3-1. Extraction and solvent partition of agrimony extract

O stgt= &4

[EtOAc+ g ]

- EtOAc 3% (18.08g)5 100% MeOH=Z Sephadex LH-20 column  chromatography 3}
of 12709 2%F (E-1 7 E-12)& d4Adrh

- &8 E-7& RP-18 columndl 3] W& A g3to] 97)e] £ om p3lom

- 3AA EE 4UA BES 7H7 silica gel column (EtOAc/MeOH/H.0=100:7:5) 2}
Sephadex LH-20 column (70% MeOH)ol| & -&3lo] 3}3t=E 1, 2 & LAt}

- 3}gE 3& A2E3F E-8& RP-18 column (25%MeOH), Sephadex LH-20  column
(70%MeOH), RP-18 column (33%MeOH)oll =*}# = 2 83lo] F 2|3}t

_44_



EA fraction (18.08g)

Sephadex LH-20
(100% MeOH)

T T | |

1 I
E-1 2 3 E-4 E-5 E-6& E-7 E-2 E-9-12
| ] I
RP-18 CC
VL (3ST6MeOH) RP-18 cC
(25%MeOH) “ (25%MeTH)
RP-18 CC __’_
1=20 (25%MeOH) | |
7| ﬁ| 1 2 35 1-9 10,11 12-15
RP-18 CC
1~7 8.9 17 18 19~21 (23%MeOH) Sephadex LH-20
| (70%MeOH)
| sigel cC =
RP-18 CC | (EAMIW=100:5:3)
{25°6MeOH) I 1 2 [
| 2+3 4 5.7
RP-18 CC
Yoo 22 (33%MeOH)
| RP-18 CC
|.. | i 55 | S R e
12 3 4 5~9 |
Aot E : ha o |
si gel ©C| Sephadex LH-2
(EAMAN=100:7:5) | (TO%MeH) 12 3 < 4.5
comp 3

1-4 5 4~6 12 3 A6

Comp 1 Comp 2

Scheme 3-2. Isolation of compounds from the EtOAc fraction of agrimony extract

[BuOH ¥ ]

- BuOH #9% 20.26g< <%-&" EtOAc/MeOH/H,0=100:5:3, 100:7:5, 100:10:7, 100:15:12,

25:5: 4% vacuum liquid chromatographydte] 14789 42538 (B-1 ~ B-14)& <At}

- B-4 A%32S RP-18 column chromatography (25% MeOH)3}] compound 33 1 £]9]

oS AdRem, g Sty = 5 silica gelcolumn chromatography
(EtOAc/MeOH/H-0=100:5:3)3} o] 3}3 = 1S w23t
- 3E 4=

AEE B-7¢] RP-18 column chromatography (25% MeOH)¢} silica gel
column chromatography (EtOAc/MeOH/H,0=100:10:7)Z 58 Ao A

- 283 B-10& Sephadex LH-20 (70% MeOH), RP-18 (40% MeOH) columnol| % &3
T 70% MeOH &v] =2 recycling HPLC3}o] 3}3E 58 #8 A A3t}

BuOH fraction (20.269g)

I VLG
| (EA:PM:W=100:5:3, 100:7:5,

1100:10:7, 100:15:12, 25:5:4)

— T e e e |

Bl B2 B3 B4 B5 B6 B7 B8 B2 B1lO Bll Bl2 B13 814

(1.34g) (1.95)
RP-18 CC RP-18 cC '
(25%MeOH) (25%MeOH) ,
| . < Sephadex LH-20
| | | I I I | i : | (70%MeOH)
123 4 5 6 7 8 abc.l m._. p g~t
oo si gel cC I i :
Si gel cC (EA:M:W= | |
(é::m:w= 100:13.5:10) | 1-4 5 6,7
LA I |sgsl cC RP-18 CC
| | | | Rk (40%MeQH)
' ! 1 2~6 | 100:10:7)
1 2' 2 3 4 S 6 Comp 1 S i e | | |
Comp 1 | |
1~7 8 9 1 2 3~5
Py Recycling LC
o (70%MeOH)
Comp 5

Scheme 3-3. Isolation of compounds from the BuOH fraction of agrimony extract
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AN YE (Agrimonia eupatoria) 2kgS # 3+

- 70% MeOH 16L= A-zoA 23] F=3tal 60C T84l F=55 & o
- 70%MeOH extract 380g &2

O &4

- 70%MeOH extractE& DW 1800mLel| & &

- Ao we} hexane, CHsCl,, EtOAc @ n-BuOHE o] &3 <37 ¥3%(hexane ext.:
5.16g; CHoCly ext.: 8.72g; EtOAc ext.: 25.32g; n—-BuOH ext.: 60.68g; H.O ext.: 240.91g)

Y BE

b

Agrimonia eupatoria(2.14kg)

Extraction with MeOH
(16L, twice at rt, once at 55°C)

MeOQOH extract (288.52g)

Suspended in DW (1800mL)
Partition with hexane {1800mL x 3)

I 1
H50 layer
Hexane ext. B o . .
Partition with CH.Cl, {(1800mL x 3
(12.89g) | K

H.O layer
CHoCl; ext. I Partition with EtOAc (1800mL x 3)
(15.899)

H-0O layer
EtOAc ext. [ Partition with n-BuOH (1800mL x 3)
(21.55g)

l I
n-BuOH ext. H,O layer
(63.33g) (133.769)

Scheme 3-4. Extraction and solvent partition of agrimony extract

O. 3g=2 &

[EtOAc+ 9]

= 2xkol Al EtOAc 82 O ol AFEH A F AT

[BuOH + ]

- n-BuOH 3 6068g & % &4 o3¢ BHAL AaE AT 2026gS &l
EtOAc/MeOH/H-0=100:5:3, 100:7:5, 100:10:7, 100:15:12, 25:5:4%  vacuum
chromatographyste] 1371¢] A% 3 (Bl ~ B13)o & U}tk
- o] T 4WA SHA THA 2]lal 10HA fraction = Z+E column chromatography <}
recycling HPLCE ©]-&3}o] B4olA+= 2702] compound 6, 72, B5ol A+ 1702 compound
115, B7olA = 3719 compound 8, 9, 10 <At}

- B4 2%3%$S RP-18 column chromatography (25% MeOH)o| #-&3lo] A& 5H A

liguid
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subfractionS recycling HPLC (GS-310, 100% MeOH)Z ©]&3] compound 6= 2t} 7
HA subfractione sephadex LH-20 (70% MeOH)ol #83}¢] compound 7S <At}

- B5 A% %S silica gel column chromatography (CH:Clo:MeOH:H.0=30:50:3)2} RP-18
column chromatography (15% MeOH)dl =224 o2 2 &3}o] compound 115 AT}

- B7 2% %82 RP-18 column chromatography (25% MeOH)oll #-&3}o] A& 4 ) o] A
9 A subfractions & * silica gel column chromatography (EtOAc:MeOH:H-0=100:5:3)
of A&3te] compound 8% ATt 10WHA A 12HA  subfraction® RP-18 column
chromatography (30% MeOH)ol & &3} compound 8, 9, 10& AU}

BuOH fraction (20.26¢)

VLC(EAMEW=100:5:3, 100:7:5,
100:10:7,100:15:12, 25:5:4)

| | |
Bl B2 B3 B4 B5 B6 B7 B8 B9 BIl10 Bll B12 B13

‘ SigelCC 0 | RP-18CC

RP-18CC OICMEW: Sephadex
= MC:M:W= 150 M e
(25%MeOH) i | @ H) _ LH-20
- - T 1 (7086 MeOH)

o I — -
-
123456 78 1.901141213—201~2_3 4~9 10~12 13 14~20

Sigel CC
ieé)?:;ﬂdex (EADM:WS RP-13CC 14 5 6+:7
(T0% RP-18CC 100:13.5:10) . : (.30_%:‘[_20H?
Sephadex LH20 | | MeOH) (15%MeOH) '1 5 IG i | RP-18 CC
(S R asT [ | eme 43 5.9 8011  [wseon
! ! Comp I Comp?9 Comp § T
::S:lgel 142 3 4-6 Comp?  1._7849 10~ lzfnlgoc: fg(ﬁA:}l:\V| 1. 2:3:8
(EAAL 2 =100 | SigelCC | _
Sttt s compound 11 I (EAMEW | Recycling
P b 1 % Al =100:10:7) |HPLC
15:3) HPLC Z ) il (GS310,
¥ : (GS310, Comp§ i I I | T0%Me0H)
| 100%MeOH) 1 o !
1 2+.‘; 4"”7 ¢ J ic ! 6 Compl Comp 4 Comp5
Compl omp omp

Scheme 3-5. [solation of compounds from the BuOH fraction of agrimony extract

. 71718 2 G E Y
(1) 717) %A
O By slgEo FTxE FHaly] 9§ ESI-MS, 'H 2 BC-NMRe 7]7]BA4& 438}
At e aokE o Aol

© Compound 1 (taxifolin 3-glucoside)

Yellowish brown amorphous powder

ESI-MS(positive) m/z : 489 [M+Na]"

ESI-MS(negative) m/z : 465 [M-H]

"H-NMR(500MHz, DMSO-dg) & :

2.80~3.75(5H, m, Glc-H), 4.56(1H, d, J=8.0Hz, H-1'"), 473(1H, d, J=5.5Hz, H-3), 552(1H, d,
J=b.5Hz, H-2), 5.86(1H, d, J=1.5Hz, H-6), 5.90(1H, d, J=2.0Hz, H-8), 6.64(1H, d, J=8.5Hz, 1.5Hz,
H-6), 6.68(H, d, J=8.0Hz, H-5), 6.75(1H, d, J=1.5Hz, H-2), 11.60(1H, brs, 5-OH)

B“C-NMR (125MHz, DMSO-dg) § :

61.3(C-6""), 70.1(C-4'"), 735(C-2'"), 75.3(C-3), 76.8(C-5""), 77.2(C-3'"), 81.3(C-2), 95.2(C-8),
96.0(C-6), 101.0(C-10), 102.8(C-1'"), 114.8(C-2'), 1154(C-5'), 1186(C-6"), 126.4(C-1'),
145.1(C-3"), 145.6(C-4'), 161.7(C-9), 163.7(C-5), 167.5(C-7), 192.7(C-4)
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© Compound 2 (aromadendrin 3-glucoside)

Yellowish amorphous powder

ESI-MS(positive) m/z : 473 [M+Na]"

ESI-MS(negative) m/z : 449 [M-H]

'H-NMR(500MHz, DMSO-ds) & :

2.80~3.75(5H, m, Glc-H), 4.60(1H, d, J=75Hz, H-1''"), 4.95(1H, d, J=7.0Hz, H-3), 550(1H, d,
J=7.0Hz, H-2), 589(1H, d, J=2.0Hz, H-6), 590(1H, d, J=2.0Hz, H-8), 6.72(2H, d, J=8.5Hz, H-3',
5"), 7.23(2H, d, J=9.0Hz, H-2', 6'), 11.63(1H, brs, 5-OH)

BC-NMR (125MHz, DMSO-dg) § :

61.5(C-6""), 70.2(C-4'"), 73.7(C-3), 746(C-3), 76.7(C-5""), 7T7.2(C-3""), 81.3(C-2), 95.1(C-8),
96.1(C-6), 100.9(C-10), 102.7(C-1""), 115.0(C-3’, 5'), 126.0(C-1'), 129.2(C-2', 6€'), 157.6(C-4"),
161.9(C-9), 163.6(C-5), 167.5(C-7), 193.8(C-4)

© Compound 3 (quercetin 3-glucoside)

Yellow amorphous powder

ESI-MS(positive) m/z : 487[M~+Na]”

ESI-MS(negative) m/z : 463[M-H]

"H-NMR (500MHz, DMSO-dg) & :

3.0~370(5H, m, Glc-H), 545(1H, d, J=7.5Hz, H-1''), 6.18(1H, d, J=2.5Hz, H-6), 6.38(1H, d,
J=2.0Hz, H-8), 6.82(1H, d, J=85Hz, H-5'), 7.55(2H, m, H-2’, 6’), 12.63(1H, brs, 5-OH)

BC-NMR (125MHz, DMSO-de) § :

61.0(C-6""), 69.9(C-4'"), 74.1(C-2""), 765(C-3""), 775(C-5""), 935(C-8), 98.6(C-6), 100.9(C-1""),
104.0(C-10), 115.2(C-5"), 116.2(C-2"), 121.2(C-1"), 121.6(C-6'), 133.3(C-3), 144.8(C-3'),
148.4(C-4"), 156.1(C-9), 156.3(C-2), 161.2(C-5), 164.1(C-7), 177.4(C-4)

© Compound 4 (apigenin 7-glucuronide)

Yellowish amorphous powder

ESI-MS(positive) m/z @ 469[M+Na]"

ESI-MS(negative) m/z : 445[M-H]"

'"H-NMR (500MHz, DMSO-ds) 6 :

3.20~3.85(4H, m, Glucu-H), 513(1H, d, J=7.0Hz, H-1'"), 6.42(1H, d, J=15Hz, H-6), 6.81(1H, d,
J=15Hz, H-8), 6.82(1H, s, H-3), 6.91(2H, d, J=9.0Hz, H-3', 5'), 7.92(2H, d, J=85Hz, H-2', 6'),
12.94(1H, brs, 5-OH)

BC-NMR (125MHz, DMSO-dg) § :

71.7(C-2'"), 729(C-3'"), 74.4(C-5""), 76.1(C-4""), 94.6(C-8), 99.4(C-6), 99.5(C-1""), 102.9(C-3),
105.3(C-10), 116.0(C-3', 5'), 120.6(C-1'), 1286(C-2', 6'), 156.9(C-9), 161.0(C-5), 161.7(C-4"),
164.3(C-2), 171.7(C-6""), 181.9(C-4)
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Figure 3-1. 'H and '®C NMR spectra of compound 4

© Compound 5 (luteolin 7-glucuronide)

Yellowish amorphous powder

ESI-MS(positive) m/z : 485[M+Nal’

ESI-MS(negative) m/z : 461[M-H]

"H-NMR (500MHz, DMSO-dg) & :

3.15~370(4H, m, Glucu-H), 5.08(1H, d, J=7.5Hz, H-1''), 6.40(1H, d, J=2.0Hz, H-6), 6.68(1H, s,
H-3), 6.75(1H, d, J=15Hz, H-8), 6.85(1H, d, J=8.0Hz, H-5'), 7.37(1H, dd, J=8.0, 1.5Hz, H-6'),
741(1H, d, J=15Hz, H-2'), 12.97(1H, brs, 5-OH)

BC-NMR (125MHz, DMSO-de) § :

71.9(C-4""), 729(C-2""), 73.8(C-5""), 76.4(C-3""), 94.6(C-8), 99.6(C-6), 99.6(C-1""), 102.7(C-3),
105.2(C-10), 113.2(C-2"), 116.0(C-5'), 119.0(C-1"), 120.6(C-6'), 146.2(C-3"), 150.9(C-4"),
156.9(C-9), 161.0(C-5), 163.0(C-7), 164.6(C-2), 172.4(C-6""), 181.6(C-4)
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Figure 3-2. 'H and '*C NMR spectra of compound 5

© Compound 6 (quercetin 3-galactoside)

Yellow amorphous powder

ESI-MS(positive) m/z : 487 [M+Na]+

ESI-MS(negative) m/z : 463[M-H] -

1H-NMR(CD30D, 500MHz)6: 3.4573.90(6H,m, gal-H), 516(1H, d, =80 HE, H-1''), 6.21(1H, d,
J=25Hz, H-6), 6.40(1H, d, J=2.5Hz, H-8), 6.86(1H, d, J=85Hz, h-5’), 7,59(1H, dd, J=8.5, 2.5Hz,
H-6"), 7.83(1H, d, J=2.5Hz, H-21)

13C-NMR(CD30D, 125MHz) §&: 60.8(c-6'"), 689(C-4""), 72.0(C-2'°), 739(C-3"), 76.0(C-5),
93.5(C-8), 98.7(C-6), 104.2(C-1""), 104.4(C-10), 114.9(C-2"), 116.6(C-5), 121.7(C-1), 121.8(C-6"),
134.6(C-3), 144.6(C-3)", 148.8(C-4’), 157.3(C-2), 157.6(C-9), 161.9(C-5), 165.0(C-7), 178.4(C-4)

© Compound 7 (quercetin 3-rhamnoside)

Yellow amorphous powder

ESI-MS(positive) m/z : 471 [M+Na]+

ESI-MS(negative) m/z @ 447IM-H] -

1H-NMR(CD30D, 500MHz)8: 0.94(3H, d, J=6. 5Hz, H-6''), 3.3574.25(4H, m, rha-H), 5.35 (1H, d,
J=2.0Hz, H-1""), 6.20(1H, d, J=2.0Hz, H-6), 6.37(1H, d, J=2.0Hz, H-8), 6.91(2H, d, J=8.0Hz, H-5),
7.30(2H, d, J=8.0Hz, H-6), 7.34(1H, d, J=2.0Hz, H-2))

13C-NMR(CD30D, 125MHz) §&: 165(c-6'"),  70.7(C-5'"), 70.9(C-2'%), 71.0(C-3"), 72.1(C-4"),
93.5(C-8), 98.6(C-6), 102.4(C-1""), 104.7(C-10), 115.2(C-2"), 115.8(C-5), 121.7(C-1), 121.8(C-6)),
135.1(C-3), 145.2(C-3"), 148.6(C-4), 157.4(C-2), 158.6(C-9), 162.0(C-5), 164.7(C-7), 178.4(C-4)
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© Compound 8 (apigenin 7-glucuronide methyl ester)

1H-NMR (DMSO-d6, 500MHz) & :

3.25~345(3H, m, H-2"", 3", 4’"), 3.61(3H, s, CooMe), 4.19(1H, d, J=9.5Hz, H-5''), 5.30(1H, d,
J=75Hz, H-1""), 6.45(1H, d, J=2.0Hz, H-6), 6.84(1H, d, J=2.0Hz, H-5), 6.84(1H, s, H-3), 6.93(1H,
d, J=8.8Hz, H-3', 5'), 7.94(2H, d, J=8.8Hz, H-2', 6'), 12.96(1H, br s, 5-OH)

13C-NMR (DMSO-d6, 125MHz) 6§ :

52.7(CooMe), 72.0(C-2'"), 73.4(C-3'"), 75.9(C-5""), 76.1(C-4""), 95.3(C-8), 99.8(C-6), 100.0(C-1""),
103.8(C-3), 106.2(C-10), 116.7(C-3', 5'), 121.7(C-1'), 129.3(C-2’', 6'), 157.7(C-9), 161.9(C-5),
162.1(C-4"), 163.1(C-2), 165.0(C-7), 169.9(C-6""), 182.7(C-4)

© Compound 9 (luteolin 7-glucuronide methyl ester)

1H-NMR (DMSO-d6, 500MHz) & :

320~350(3H, m, H-2"", 3", 4'"), 419(1H, d, J=95Hz, H-5''), 531(1H, d, J=7.5Hz, H-1'"),
6.45(1H, d, J=2.0Hz, H-6), 6.73(1H, s, H-3), 6.80(1H, d, J=2.0Hz, H-8), 6.90(1H, d, J=8.0Hz,
H-5"), 7.41(1H, d, J=2.0Hz, H-2'), 7.43(1H, dd, J=8.0, 2.0Hz, H-6"), 12.98(1H, br s, 5-OH)

13C-NMR (DMSO-d6, 125MHz) & :

52.7(CooMe), 72.0(C-2'"), 73.4(C-3""), 75.9(C-5'"), 76.1(C-4"" ), 95.2(C-8), 99.8(C-6), 100.0(C-1""),
103.9(C-3), 106.2(C-10), 114.3(C-2), 116.7(C-5'), 1199(C-1"), 122.1(C-6'), 146.5(C-3'),
150.7(C-4"), 157.7(C-9), 161.9(C-5), 163.1(C-7), 165.2(C-2), 169.9(C-6""), 182.6(C-4)

© Compound 10 (kaempferol 3-O-B-D-glucopyranoside)

Yellowish amorphous powder

UV Amax (MeOH)nm: 256, 297sh, 350

ESI-MS(positive) m/z : 471[M+Nal+

ESI-MS(negative) m/z : 447[M-H]-

1H-NMR (DMSO-d6, 500MHz) & :

3.0573.65(6H, m, Glc.-H), 545(1H, d, J=7.0Hz, H-1''), 6.20(01H, d, J=2.0Hz, H-6), 6.42(1H, d,
J=2.0Hz, H-8), 6.88(2H, d, J=86Hz, H-3, 5), 803(2H, d, J=86Hz, H-2', 6, 1259(1H, br s,
5-OH)

© Compound 11 (epiaromadendrin)

White amorphous powder

ESI-MS(positive) m/z : 311[M+Na]+

ESI-MS(negative) m/z : 287[M-H]I-

1H-NMR (DMSO-d6, 500MHz) 6 :

5.05(1H, d, J=5.8Hz, H-3), 568(1H, d, ]J=5.8Hz, H-2), 589(1H, d, J=2.0Hz, H-6), 594(1H, d,
J=2.0Hz, H-8), 6.75(2H, d, J=85Hz, H-3, 5), 7.20(2H, d, J=8.5Hz, H-2', 6°)

5 & ESI-MS, 'H 2 BC-NMR %9 7]7]%4] data=%¥ 1 +%2
ARt o &3 7|4 spectral data®} Bl ZFE zhzto] St ES FA AT

.
O Teld 3gE A UV Fo9 2GS 227 H flavonoid A€ 2= F

[AVE Y
¢

—_

—_

—

kel
=

o
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2 B ring9 A , 183l 3EE 1730 A Hod A= glucosed] 93 670¢] carbon
signal o 25H 7} g3tEe x5 FAT F AU IFE 4 9 5+ flavone F+EA
2 A3td 92 glucuronic acid 915 ¢ F UML T AFAA = TH ©A] -OHl &
Aes Az 4= giArk 3FE 1, 25 NMR spectradll /] YeEG EA2¢1 2 3 proton
2 carbon signalZF-F flavanonoli+9] 39S & 5 AN o= £ A ZdA AL
2 %g RuEe Bdoth

O F e dAA 2¥ 3FE 17112 ESI-MS, 'H 2 "C-NMR 59 717154 data
of ol 7] A€ spectral datag g3t tha o] &l FAH A

5 It zZHzbe] ESI-MSol A #2123 'H-NMR 2 “C-NMRe A YEFY flavonoid A
x5 oAk

Table 3.1. The list of the compounds isolated from the 100% or 70% MeOH extract of
agrimony

No. Name Structures
OH
Taxifolin
compound 1 )
3—glucoside
Aromadendrin
compound 2 )
3—glucoside
Quercetin
compound 3 .
3—glucoside
Apigenin
compound 4 Pig .
7—glucuronide
Luteolin
compound 5 .
7—glucuronide
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Quercetin

compound 6 )
3—galactoside
Quercetin
compound 7 3-rhamnoside OH ©
Ri = galactose for comp. 5
Ri = rhamnose for comp. 7
Apigenin
compound 8 7-glucuronide
methy!| ester
Luteolin
compound 9 7-glucuronide

methyl ester

compound 10

Kaempferol
3-0-B-D
glucopyranoside

Ri= glucuronic acid Me ester, Ro.= H for comp. 8
Ri= glucuronic acid Me ester, Ro.= H for comp. 9
Ry=glucose, R.= H for comp. 10

compound 11

Epiaromadendrin

OH
o LT

""OH

HO

OH O

\d
0
(o

mall

3

Figure 3—-3. HPLC—chromatogram of pure standards
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O HPLC 7]7] & 4 =1
® Gemini 5p CI8 110A (150 x 4.6mm)S A&3t9

- Column< phenomenex
UV 254nm$% 2™ flow ratei= 1.0 ml/minol| A #4& 2 A5 S.

detection< 9o
- o|F2 linear gradient elution systems AFE3I31 9™  mobile phase AT
acetonitrile 12]311 B¥ 20 mM KH,PO, ©]il time scheduled t}g&o] 7]Z3 HPLC

condition®} Zt}.
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Table 3-2. HPLC instrument and conditions

Knauer Smartline Pump 1000

Knauer Smartline Pump 1000

Knauer Smartline Manager 5000
Instrument Knauer Smartline UV Detector 2500
Knauer Injection & Switching Valves
Knauer Smartline Column Thermostat 4000

(Column : phenomenex® Gemini 5 C18 110A, 150X4.6mm)

—Linear gradient elution system
mobile phase A : acetonitrile
mobile phase B : 20 mM KH:PO4
0-15min : 15% A — 20% A

Conditions 15-25min : 20% A — 30% A
25-30min : 30% A — 15% A

- Detection : UV 254 nm

- Injection volume : 20 ul

- Flow rate : 1.0 ml/min

Fo ARE Astel F 09 FFRAE BE 95 FF B

&5 AN A¥ 171367 %] &S YERN AT

Average(%) Standard deviation
A 17.9033 0.3602
B 17.1067 0.9604
C 16.40 0.3051
Total 17.1367 0.8430

L]

FEEY XFAHES F3E 4(apigenin  7-glucuronide), 5(luteolin
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7-glucuronide) = %< HY A £ AAAHES BHAS.
- AAHE ZARAHS Ay A o] 5]

- A FAE9] calibration curver Y33k Z
0471, 31%, 0.6870.98% &

Table 3-6. Content of standards in the water extract of Agrimonia eupatoria

Compound 4 Compound 5

Standard Standard
Batch Average _ Average o
deviation deviation
A 1.10 0.079 0.93 0.055
B 1.26 0.061 0.71 0.037
C 1.19 0.046 0.87 0.069
Total 1.18 0.087 0.83 0.11

. /
o

(0] 100 200 300 400 500 600

O O = D

Figure 3—3. Calibration curve of compound 4
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Figure 3—-5. HPLC—chromatogram of standards

Table 3-7. Characteristic parameters of calibration curves

Retention Correlation

Compound Regression equation?
P time(min) < d coefficient(r?)

15.283 y = 0.5697x — 9.6509 0.9917

@ y=peak area, x=amount(ug/ml)
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luteolin T-glucuronide

Figure 3-7. HPLC-chromatogram of luteolin 7—glucuronide

luteolin T-glucuronide

Figure 3-8. HPLC-chromatogram of sample
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- TLCHolA 124874 B o], AE%H & HAgstdth

70 A

- O n A4 T 7P mAAHola FA| A9 silica gel plateE ARSI T

o] s4e] MA

- dvE 2 gAY ZEdY v FRld AHE & AA 7] 9kl thggt AUl
gvizds  AEsSIAL, HFHe=m F A @?%Uﬁi Y=ekel M
(CHsCly/MeOH/H.O/AcOH=35:20:2:1 ; BuOH/AcOH/H,0=30:5:2) A& 3} t}.

Az ol A%

- Ot By S EEFe] 4e UVESTE 7 wel UV 254nmol A e AEHS 4
&3tR 2™ anisaldehyde-HoSOy 8§45 AA[eko 2 A3 WS 37 HE A3
sttt

ZewEY TLC 2%

- 7]1&d B EAE 3 E comp. 1, 2, 3, 4, 5(3 3-1)& TLCel|l #A3sleo] 159 g

Figure 3-9. TLC chromatogram for pure standards (UV 254nm)
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Figure 3-10. TLC chromatogram for pure standards (anisaldehyde— H>SO.)
UV(254nm) B.t}+= anisaldehyde-H2SO42 *] 2] 3lo] SQ1st= Flo] g FHA F2
432 vehdh
CH:Cly/MeOH/H20/AcOH=35:20:2:1 ¢} BuOH/AcOH/H,0=30:5:2 = 571¢] 3}&&=9 &g
= WolAM ztolE YERWA S Sk

compound 1,2345 =5 33 #gFHo] TLCAA &g 4 AdRA o} compound 13}
compound 2+ #aFo] FAHWH FEHA &S T US AARETH
ATEE T ABAAE TR %@3’/} —% 5o TLC A¥

A, HPLC Wl <9 AZEHD TRE HAAE compound 42 compound

(~f

o
m
AN
>
%
:3
L
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Figure 3—-11. TLC chromatogram for standards and sample (UV
254nm, anisaldehyde—H,SOy4)

- silica gel TLC plate 2 A 78-&v} CHyClyMeOH/H,O/AcOH=35:20:2:10 4 ZFF 3}3t&
4, 5= 77} Rfgh 038 2 021& 7HAH ol¢k &< Rfgk 3 &4 M-S 2= whilol
TEEANYE ATETFFEEY A EAEA.

- T EdAYE F

=4 L TUsHA =AsA
- webA, EF gl ez AAE TLC gelyo] F&3hS gelst
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S AMUSFEEY = luteolin 7—glucuronideE EF 0 ==5t04 C18
= <]

=
=clotes S22 254nm0l A luteolin 7—glucuronide2
=

] Lut

= luteolin 7—glucuronidell &2 He&ol= A2 SH2Z St

eolin 7—glucuronide

LUTEOLIN-7-GLUCURONIDE;Quercetin 7—Glucuronide
Quercetin—7-0-glucuronide;Quercetin 7-0—B—-D-Glucuronide
3',4',5-Trihydroxy—7-(B—D—glucopyranuronosyloxy)flavone
3',4',5-Trihydroxy-7-[(B—D—glucopyranuronosyl)oxy]flavone

0l 7-(6—0Oxo-B-D—glucopyranosyloxy)-3',4',5—trihydroxyflavone
3',4',5-Trihydroxyflavone-7-yl B—D-glucopyranosiduronic acid
2-(3,4-Dihydroxyphenyl)-3,5-dihydroxy—4-oxo-4H-1-benzopyran—7-y|
B—D-Glucopyranosiduronic Acid

= AHA C21H18012
cl> H
HoOC (“('OH
2z HEX=R o~ 0. A
on [ [ |

PN 462.36 g/mol

CAS number |38934-20-2

O gy
1) ANl 2 Al
(1) Z=22 : Luteolin 7—glucuronide (St&AIHAXER, purity © 95.94%)
(2) LBrAISF
o B8
Lt. HIEtS(Z 4, HPLC grade)

Ct. OtNMIELIE %(Burdm & Jackson)
2. Potassium dihydrogen phosphate(KH:PQO., S 4

2) EEE%o MXE
(1) L

3)

1) Luteolin 7—glucuronideE 2&2 F ol 50% HES0 L0 o, sonicationg 3~522¢
St 2&3| =0 = SEctAI0
(2) Stock solutionS 50% HIEtSE HZAG| S|HGIHH HESUCZ ALESHL
ANE8dol M= (002U F=EY)
(1) &x < 150 mg=2 50 ml conical tubelll €10, S8+ 3 ml 20 02t Sl E
WOLX Wit =, 522t =30t X elstCh.
(2) HPLC grade HIEtE22 7 ml €1, & &0| & H0I== &0 =C.(aggregation E4E)
(3) 4,000 rpm, 522t AAZ2I5I0 ASHS A i% 50
(4) g2 HES0 10 mI2 7
ENXNE= St
(5) 4000 rpm, 1022 A 2|0t ASHS
(6) & 10 me B8 m

ml conical tube0il 2&Ct.
Helet wetI)|E AIEaHH & 20|
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(7) 01212 0.45 um syringe filtering8t O 1} o4
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4) JPD|E& A
Instrument Agilent 1260 Infinity
Detector DAD detector
Wavelength 254 nm
Column Shiseido Capcell Pak UG80 C18 (150 mm x 4.6 mm, 5 um)

A: OFMIELIEE, B: 20 mM KH:PO4, Gradient
min OIS AF A Ols4l B
0 15 85
. 15 20 80
Mobile Phase 50 30 70
25 15 85
30 15 85

Flow rate 0.65 ml/min
Injection volume 5 w4
Oven Temperature 35T

5) H&A

Luteolin 7—glucuronide(mg/g) = 2&&Z 0 (ug/ml) x = ZSSF(ml) x 3l Adl

1}, E o] A (specificity) : Luteolin 7-glucuronide®] 22l

1
X
fr
A
o
Ay
n

O ¥+ 4 A3} luteolin 7-glucuronide peak”’} & 7Ethol] YEE O™, Al S8l o A

o
T FY93F A 7kel peak(RT: 7.978.0min)7} e

O 2=9ER < Ay AFE&ENH} FFE A9 spectrum HHE T zom gl ¥
o Al gy FEgde] arvnEaNS oo} Boh(aY 4-4)

© e 591 3

SdE VIEAERM S e =20 HolA F AxEEE peaks
o] 2~ ]
2
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A TADT A, Si5=254 3 Ref=off (LU TEDLIN T-GLUCURONIDE S0 TR070T 20730707 T7-13-57 20T 3070 inaia0)
mAU ] m
s
20 2
=
2
A0 £
[=]
2
40— _l
&
1Y
20 .
1
sl O -/ S . 9 e . e s
“w st
i} 5 10 15 20 i
TADT A, Sig=254 3 Ref=of ([0 TECLIN TG LUCURONIDE 20130707 20730707 T7-135 T 20 a7 o000 7 O]
B
ALl
] ;-
80 g
1 =2
80 iy
] £
] 2
40 || 3
1 L [ =
20 l': . ] f
] / Il".‘ A |.I: A ,'I'
i I s RSN | ORRR L E——" i i o e
20 o e : SR :
[l L K] | Lt i | aut]
=T T LA I R I e O ‘-“"‘..u-l |.'U| .l-Jbl.ll o
C IO T G Tmil, -4 Raf=7 &79 & 0403 of 3041507010000 1]
Heorm
154
a0
1
15 \ f '.I
| ,' .u | )
10— ! I: ! I|
| { |
| g 4-4. HPLC chromatogramt
1 spectrum HI=
A EEZZ
] . -
[T T T L L T T B D_II-”
S 200 K1} 400 450 SO0 E50 fis C ﬁ@g%‘ HlDL
t}. A3 A (Linearity)
(1) =g Hore] AEA
O EF§ANY ANA TS FAAss] e BFEEAES A F ol AT 34 she] 7]
714 ek 1 A3 0.83783 ppmell Al A Aol fFAES el & AT
O ¥x=8d9 A&FA Axte= Table 13 2uh A#AFRY)E 0.99980] 9 vt
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SAD Y A

HT
Ha

H 4-5. HEENH]

STD
&= (ug/ml) area d2Y¥d At
level
1 0.83 10.64105 ook
W= 120555+ 3.6244
o  Rl=no3se
2 415 53.68938 i b
o
3 20.75 260.35297 i &
100 /,/
4 415 51261609 s A
v
a
5 83 1001.8121 i & i

(2) AA gAoAe] AEFA
O T3 AlFZde w2 S 237l 959 150mge 100%= 2 3kS w 150mg 2]
607150%°l B3t Al=mEF(eF 90mg T 225mg)ell thEf A E S W3S
<3%&§k§ﬂ,€ﬂ&ﬂi§~%2%&0nomgggiﬂ Zo te AXE gk Eo

fH
~
»

Y
Pl
0F0
]2
O
H
2
2
r
I
04
g
10
£
ol

J"EEB‘“ MEZ 2z M EEE Luteolin 7-glucuronide

1 60% 92323 100.5 30 1 0.9594 2.6440
2 100% 15.21408 153.2 30 1 0.9594 2.8583
3 150% 219884 2263 30 1 0.9594 2.7966
+SD
e 2.766+0.110
(mg/g)

2}. AU Al (Precision)

3

& ANug nE IF JAxgRE Fatr] A AsAALFS oF 150 mgo = 3o

3utE AdS st 2 A e AR e foFe A= JEhA ekgte
% luteolin 7-glucuronide®] &2 2.645+0.040 mg/g IS eld = AU}

O thg& uwkEA A3 Astglo|t} (Table2). A FFHAHRSD)E 1.5%°] ATh

O

il
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A EED—" MEAYE ST 54 EHEE Luteolin 7-glucuronide
= A s
1 13.95398 154.5 30 1 0.9594 2.5995
2 14.35323 154.6 30 1 0.9594 26722
3 14.30149 154.5 30 1 0.9594 26642
eanEs.D 2.645+0.040
(mg/g)

O T3t A]E% Luteolin 7 —glucuronide & %o w& 23
date] Adgk vt A F 100%° sldsts Als el

=
stol APl AR S FARh
A

wE A9e 2
Qoich wEA, HA4 AP A vastel  HaH ol

H 4-7. LU Bt 4
MEEN  ymar guzr 3y mz= Luteolinn Eghiawonide

1 15.21408 153.2 30 1 0.9594 2.8583

2 15.04957 1521 30 1 0.9594 2.8478

3 15.08812 1531 30 1 0.9594 2.8365

+
mean£5.D 2.848+0.011
(mg/q)
vl A& ( Accuracy )

O A HAHL 3 vEdA AdxHSen, ojn i 9= Luteolin 7-glucuronide® %<&

& (Recovery)S Z7gste] AAH At
&9 Cmg/mh= 374 s== 3H7tet

A &

O ©°F 150mge] Ze=3A -
I 7lEA AR A el ofs) A ¥ HPLCE #Aste] HEHeE =85 FA53
.

O A" Al Fx=olA 99471015 %9 =2 3F&s Ho] A WMz §5FS &<
3} 3
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I 4-8. 3148 =7
29T D=2 =C - .
(ZASXESH0 8 MG S5 S Sl (D)
1ma/g (36.5%) 100.4% + 4.6% 4.59
2 malg (72.9%) 101.5% + 2.6% 5 50
4 malg (145.8%) 99.4% + 4.5% 4.50

= AyE FEET T luteolin 7-glucuronide®] A= F4 715 o
AP At AAE Al Hol| mel Shiseido Capcell Pak UGR0 C18
5 um) AHE o]&3ste] AR WEA AL, AdAH AIFEH HE

O WHEAY mE FGEddS g2lstr] #1ste] 150 mg® 3702 WES FHshe] Ags 43
A& % luteolin 7-glucuronide®] 3FaF2 2.645+0.040 mg/gl = AHAE &elst = A
o Als AFH Q07225 me)ell WE WA= YERUEA] 23k o™ (2.76640.110 mg/g), BT =

A3 A& F luteolin 7-glucuronided] peak’} 5 oF 7RujolA FUsHA HEHUYL
spectrum®= ¥ 3 3dte] A]& 5 luteolin 7-glucuronide® 2213+
O 3k dAE AFAS Sdetr] 9] dAE Delsto] whEA AP & dxte] Al W
of WHEAFS 3 A AFAHAE Sste] AE F luteolin 7T-glucuronide®] 3o
2.84840.011 mg/gel o, a3 A4 A3 Ayl vuste] & o AdLS S99

PN
T AN

O 99 RE A384AxnE =3l 2 u retention times ¢F 7ET) HA3dHA EAlo]
o EAgre] Hiry FFEHAAT) 275340102 mg/g o AAFRe] Apolm A9l gl Ao
2 glyo] Age] Gudo] FRlHATE

O wpA|to 2 A4S FH4317] 8] RTFS F7Hste] 37HA] s=odlA d+&S 43}
RS w 99471015 %2 &S Ho] Aol e wWoelet Al

_75_



O & JAAAEAD ol SexdNYE FEE2] AA H&FS Fdostr] 968, Add# 15
He 3aFoR vire] iR, ASST, AHEHoR o] AAAEAESe e
ot

7h AAAEGAI DY 18 @ ok

(1) CRO Al°ks A AstAeh.
(2) AAAGEA A= A 7Y, MEAS], AHEES Y
25 3

9 BARRE £U%n Aol AAAEABAEAL A2

3) Agtel JAAHEAIF AGMAl 2A8k] CROZI®E] Hx shell A GAIFA &4 9
TaUEE st BE Ad4dEs A" A JAAHSAEEA A VI H
Agg=el  disted  delstel CREGIATHAAN ARG JAAAEA Gl #Hdd
ZREZV WS skt

—
=
=
ns
o
r o
4
o tlo
)
o>,
10,
Ho
0,
toby
i
1)
o
ol
kl
r o
i
)
oo
>
i)
o
ol
o
A,
o
[N}
S
—_
N\
a1
w
e

0] =
(5) HlelH iﬂ 2 O]ﬂ]”*‘l’\]@ Aol Aol o] FojHT)
. A 48 AE FE2E AE
O 9y kA zH w2} 201094 200kg S 40% 1LPJE St FEES A XA A
zy FE55 24y maltodextrm(ﬂ]z?)e EEwAME(135)0 300mgH wol EAssct
¥ AdEAY gix2sd A oleWd FFd wt glFste] AAHEAH AT
glof A ¥3F4 T}
U AE A8 9 dg 9
O F#71# 2 CROZI# g7/ #1)3 A AAHEAREE 7|22 3 HHTE 7|52 711

O CRO7] %<l FDmateol A
‘9_}\]?54_,] —LEE*“Q‘ x]—}do O 1:1r

O F8 H%& H“?-ﬂoi"iu, I (A& FA )2 skl 13 80mgel Se=dNvd=FEa
W, 2w (LR FA D) sHFoll 23] 747 Hes

O AAHgABALA A g et 2k
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¥ Investiger's Brochure2|

SH Al
o

LK

0K

o AT 2E2TNUES +FEE
o Jls4: Z2B|siA
o ZUAIZEE: SEX L UEZ AIZRE
o OHEA: B AZ2=E AME85tD U0, 8FHE0I JIE UM ASHEU F2 Lo=
02 SHAIE0 2HRX 23S
o HFY: HXR NES 2HZ, D8 Z 80mg/day = 160mg/dayE &
o MIZEH: 40% =FE2LZ HX =, maltodextrindt E&0t0 26.7%=2 =& E.
o NNEIZ2&O XNIEHZ &% : 3.32 + 0.664 mg/g
gt A AEAD AGAe Fa e
¥ CINEEANEAHENL =2UE
o NE=H
ALT==XIDF &AS5E TIEX JAHMN AESE otNE, K54 EIt
o NEEZ
2ssUE =FEFY
c REH HIHS
1 K& EotH=S ALT
2X R4 EHIMHZ: AST, A-P, r—GT, T-bilirubin, Albumin, NFS(HIZ 24 Xl 2to)
#3h), ME & BMI
o HIEX 28 J|&
20~70Al, 50U/L < ALT < 200U/L
o AlET: 2 ZE 504 1501
ANEZI(HESR) « 253 U2 182 80mg/day
NEZIN(Ds82E2) : 2S=FUE2 D8 E 160mg/day
MEZIN(CHEZ) : maltodextrin
o AIED|2H
T 63, 3TH 23 LHEZA AAl
o JIEL: RELAGHE, 0| UH

o, 1A%
(1) ALT

(7h) ITT
O ] [}

do Ho
10 fof >
F%‘i ﬂﬁo 1

EREE

o 4
Rrcinl

_\'1_1‘

o =]
_8_'5 v:@u

B

5 MN67F) ALTFA=
= HE 40.00%,
Ko A ¢k th(p=0.7253).

Z

=
=

Aol &

Al @1 20.00% 18] L
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2 Al ALTS Easte R&

g (ITT)

Table 5-1. A& &&
n (%)
ALT p-valuet
== A& Z1 AEZ2
PARA 2 (40.00) 1 (20.00) 0 (0.00) 0.7253
bl & A 3 (60.00) 4 (82.00) 5 (100.00)
Al 5 (100.00) 5 (100.00) 5 (100.00)

}: Fisher's Exact Test
* ALT &SR 4~44

(1) PP 4
O A FT5 A6T) ALTFAE SAste] A/MAAYe= vro] vlugt A3 AAshs
FEE2 WET 40.00%, A1l 20.00% 18]3l AlFa2E 0.00% = Al 3 BAH R
frol gk zkolE Holx| FYTh(p=0.7253).
Table 5-2. A& =2 Al ALTS H&slE K82 (PP)
(%)
ALT p-valuet
HE2 AEZ1 ANEZ2
Jat 2 (40.00) 1 (20.00) 0 (0.00) 0.7253
HI& & 3 (60.00) 4 (82.00) 4 (100.00)
=y 5 (100.00) 5 (100.00) 4 (100.00)

I: Fisher's Exact Test
* ALT &S 4~44

(2) ALT®) st 24 (1444 g 65)
% A

TFA = EaolA Bt 76.80+42.89 TU/L, Al¥wr1e 3t 56.0045.10 IU/L 1] i

O ALT+X
Al a2 et 83.00£20.00IU/LE Al w23F EAIA 0= g Aol gl ATHp=0.1558).
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Table 5-3. ALT JIZ=SH
CHZE ANE=Z1 ANE =2
ALT p—value++
n=5 n=5 n=5
MeanZSD 76.80142.89 56.0015.10 83.00120.00 0.1558
Median 59.00 56.00 85.00
Min, Max 50.00, 153.00 50.00, 62.00 53.00, 109.00

++: Analysis of variance Analysis (ANOVA)

(b ITT &4

O 7IAAA div] 659 ALT ®stake izt 4
T 700711 IU/L 18]35 A9

41t 0.6018.17

Aoz fFo3t 2ol §lAtHp=0.1558).

Table 5-4. ALT &3}

g 24 (TT)

o T

7 19.00£16.58 TU/L,
IU/LZ ALT ®st=F2 A o3k &7

A1 3

=z A& Al&E=2
ALT p—-valuex
n=5 n=5 n=5
Mean+SD 19.00%16.58 7.00+7.11 0.6018.17 0.1558
Median 16.00 6.00 0.00
Min, Max 3.00, 40.00 -3.00, 16.00 -8.00, 12.00
*. Kruskal-Wallis Test
(th) PP #4
O NAAF vl 652 ALT #atgke vzve 4% B 19.00£1658 UL, A@T1E 3
 7.00+7.11 TU/L 283 Alg2+ Har 0754943 IU/LZ ALT W3l A 3 A

Ao 7 Fo3k 2ol %1 tHp=0.2550).
Table 5-5. ALT 8152 24 (PP)

tHE=Z A& 21 A& 22
ALT p-value*
n=5 n=5 n=4
Mean®SD 19.00116.58 7.00£7. 11 0.7519.43 0.2550
Median 16.00 6.00 -0.50
Min, Max 3.00, 40.00 -3.00, 16.00 -8.00, 12.00

x. Kruskal-Wallis Test
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v}, 4&

O 650 ZAAA, 5HA A 1(A L2 80mg/day), AT 2(aL-& % 160mg/day) =¥ O
< (Omg/day)el HlalA ALTS A 7F ‘%OW A e ARE UdEHR L Al 2F el B
e gntgt Apol 7k vrEbLbA] ekt

O 238 @eEFAZ By dxae] 4 ' =
ALT 27} wrobxd A3l o= flefastel] 7] Ao
testol A Al bl Fo gk wkgk Apolrh gle A

=
=
T

Table 5-6. ALT B13t&2 29f

ANE &8 = PSS 3 CES
=2 5 -21.2 + 15.8 -19.0+£16.6
A& Z21(80mg/day) 5 -11.2 £ 13.9 -7.0 £ 7.1
A& =2(160mg/day) 4 -6.8 £ 17.7 -0.8 £ 94

HoolA)| A A E BEA ThHEE 20F R o] R, AT R o] 1A A 84

(1) AAAEAAAEH A 714, WL AS, AHEd, A 714, A #d £4
2 TAREE TR 8aL A el et A A EA TR = 223 skt
o1 A 4 -& A g1 2} & F (Investigator’s Brochure)2] 4] 2 ¢l &2 99} 2t}

(2) AAALAIFAGA 2 AbE AAHEAD A5 278k CROZI#HY d=x 3t
o QJAAAEAIAAGAY] Fal&S AT

%

(3) CRF & #d: JAAA LA A4 A4 7l 2 Ald&dH diste] §elste] CRF(IE
AEHAFRIAM)G AAHEA Pl BEE TREZI w2 4Tt
(4) IRB(AAAT Sajao9es)2 AAata oA eAdoe] o5 rh20134 39).
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T, AAHALS Ay AE5E AR A9 Hi, aeAAe HAag,
3t +7F ol Unpaired T-Test T3+ Wilcoxon's Rank Sum
om U EE&HF Fo] Zo]= Paired T-Test =+ Wilcoxon's Signed

A 5
Rank Test® A3ttt Edh & A9 AGHFTE Hojd A5 Hles 2 9
TES T APAAA e BT Asne 4 vAZgeRZ UrolA 3k A
o]+ Chi-Square Test =+ Fisher's Exact TestZ Alg3to] AAsG L, T A3 o

o]+ McNemar's Test® 2413} t}.

iv. @A

- 2 A gl A Pilot Studys X3 A3, APAEA(Eot2FE=) 80mg/day o] 4
7] A A A (Baseline) tiH] 65 ALT Ha Wt 13201746 o|lom, fixEd
ALT 3 W3ze 137521171 o) AtHizE 2o £33 9daE 5 ALT =27 &
At =2 FA(E Y= J@8A7F SAGA 7] o] @RS ALt AL F
219, ALT F27F @AHA =2 @2 23 ALT Ho W3S 19.00£16.58).

- Pilot StudyS FaLste] & Al diH] 85 ALT
o WS 15844873, X 7
de] 20% S7F FAE gow sHgstden, EAAE 50% A

o Jo
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ol
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oz 714359

o] = Pilot Study WXt} & Ao Aol AL7]|H(LdEe: 19 H 60g — 1¥€ H 30g)
of B ZakHglon, AWIIET — 8F) £ Aol & s

- AFEA S oE 3 Erh
(1 +00%(Zy +25)° 2% 7.29% x (1.96 + 0.842)°
& Ad? z 4,847
: EEWX, (8.73+5.85)/2 = 7.29
D H 1E 2%, 0.05

=35.62301 ~ 36
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Table 5-7. 2IHHEEAE 28 & SEESH =

AE 2 (N=40) HEZ (N=40)
Screen Randomization( CIMEZAIE OIXNEZAIE
=E= SCeet
ing Enrollment) 22 k2
n (%) n (%) n (%) n (%)
235 80 38 (47.75) 2 (2.50) 37 (46.25) 3 (3.75)

uh QJIAAEAIA e A

D 12 frEd H7t

O & QAAAEAIAY 14 84 H7piss 2]
Z7]sAE 58 8F F ALT#H Huwstge Hlwz 7] AA e u3)
ALTS A 7F Wgtet Fistads Agday gz

O ITT set th’dAtel Wet £4 3 PP set
2he] 8% ALTHke Wl Algx
o 407407, Wzt 40/4078, PP set: Al @t

Table 5-8. 1X |54 ZHIHITT set)

ANE 2 tHE= 294

n MeantSD Median Min, Max n MeanxSD Median Min, Max p-value

ITT set N=40 N=40

I
0t
B

40 67.48+£22.65 60.00 46.00, 135.00 40 67.35£22.19 58.00 45.00, 133.00

=85 40 73.88+82.35 55.00 15.00, 488.00 40 68.03+43.50 57.50 10.00, 61.00
ALT
Change 40 6.40+86.85 10.00 442.00, 98.00 40 0.68+39.93 8.00 141.00, 55.00 0.7063*
=L
0.6438** 0.9154 =
p—value
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Table 5-9. 1X 854

AE 2 e -
Media Media =
n  Mean+SD Min, Max n  Mean+SD Min, Max p-value
n n
PP set N=38 N=37
67.30£21.7
=& 38 68.00+23.12 60.00 46.00, 135.00 37 4 59.00 45.00, 133.00
_ 68.00+44.6
==

ALT

38 74.74+84.45 5450 15.00, 488.00 37 1 59.00 13.00, 212.00

Change 38 6.74+£89.15 12.00 442.00, 98.00 37 0.70+41.56 13.00 141.00, 55.00 0.7075%

- LH
0.6441
p—value

* 0.9187xx

Change= =8& - =8%
*x:Unparied T—test
**x. Paired T-Test

O #Hvt ALT A9 ¥t Ao 45 gt 6.40486.85, thxwr> 3t £10.68+39.93
ol ZF At AAAL7|eAF HE& F F oL EF ALT A= S7tstdlon, + o3k
s AA Rl Apol= Holx & %hthH(p=0.7063)

= T
g
AEED
O AAAET A E

3 367.30+21.74, 8
G e

A9 £H 4Fe] WHFEE ARG F)o| T T Abele] zol 7}
FAROR (AR FRE £AQ ASTHEAR £ Pt
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Table 5-10. 4F2F ALTSX B8 sSie 24210
A& ot WESeT o
oMt A A} odi . Vil . p-valu
n Mean£SD Min, Max n Mean+SD Min, Max e
an n
Safety set N=40 N=40
Visit 1 40 67.48+22.65 60.00 46.00, 135.00 40 67.35+22.19 58.00 45.00, 133.00
sGPT Visit 3 40 63.40+30.26 56.00 19.00, 168.00 40 63.43%+29.11 57.00 13.00, 212.00
(ALT) -108.00, 0.9825
Change 40 -4.08+34.38 1.50 88,00 40 -3.93+25.85 3.50 -75.00, 64.00
. *
=LK
0.4579** 0.3428*x*
p—value
1= CHZ= ek =2t
SOt A AL e . i . p-valu
n Mean£SD Min, Max n Mean+SD Min, Max e
n n
PP set N=38 N=37
Visit1 38 68.00+23.12 60.00 46.00, 135.00 37 67.30+21.74 59.00 45.00, 133.00
SGPT . 120.00,
Visit 3 38 63.71+£31.08 55.5 19.00, 168.00 37 63.03+29.26 57.00
(ALT) 147.00
-108.00, 0.9979
Change 38 -4.29+35.28 2.00 88 37 —-4.27+26.88 5.00 -75.00, 64.00
*
A
0.4583*x 0.3403**
p—value
O 4%zt NPEAIN xE sterehs AvE moFe

2
U, ITTEA 3 PPREA Bl A A A<

(2)  CBC #7H¥4 SA4 4%
ZNAAN A tn] 8F<9] 4

A A AAAHCBC) H7PHFE2 4\*7“] H 3} 2F(Baseline-85°)°] w7k
Zpo)l S HolE=x EAT 71 AAIE tin] 8Fo FALE CBC H7PWSE9 Watak 4
Ay BE H7PES7F 37 FAHSRE {238 2ol & KOO ] o ekt

ANE=2 =35

= 2h
SHSISI A 2 A}
. . . ) p-value
n Mean+SD Median Min, Max n Mean+SD Median Min, Max
Safety set N=40 N=40
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Visit 1 40 275.15+70.83 266.50 107.00, 458.00 40 271.15+82.72 247.00 154.00, 479.00
Visit 3 40 277.35+82.35 260.50 91.00, 463.00 40 264.78+73.22 254.50 149.00, 419.00
A I k
Phosphata Visit 4 40 255.63+74.22 250.50 22.00, 405.00 40 255.35+81.07 243.00 22.00, 405.00
se -48.00,
Change 40 -19.52+70.14 7.50 206.00 40 -15.80+51.43 450 -69.00, 192.00 0.7872x*
= LA
0.0861** 0.0592x*
p-value
Visit 1 40 15.59+18.47 12.20 6.80, 128.00 40 12.50+2.98 12.15 7.40, 19.80
Visit 3 40 13.47+83.00 13.00 7.50, 22.40 40 15.96420.03 13.00 6.40, 138.00
BUN Visit 4 40 13.30+3.22 13.05 7.10, 22.40 40 17.67+23.41 13.75 8.40, 161.00
Change 40 -2.29418.34 -0.05 -7.60, 114.00 40 5.17+23.64 -1.45 -149.60, 5.70 0.1193*
= LH
0.4354%x 0.1748xx
p-value
Visit 1 40 1.27+1.49 1.00 0.70, 10.40 40 1.46+2.98 1.00 0.70, 19.80
Visit 3 40 13.4743.00 13.00 7.50, 22.40 40 0.98+0.18 1.00 0.70, 1.70
Creatinine Visit 4 40 0.92+0.13 0.90 0.60, 1.20 40 0.94+0.15 1.00 0.60, 1.20
Change 40 -0.35+#1.49 0.10 -0.10, 9.50 40 -0.52+2.97 0.10 -0.30, 18.80 0.7545*
= LK
0.1405%* 0.2745x%x
p-value
Visit 1 40 67.48+22.65 60.00 46.00, 135.00 40 67.35+22.19 58.00 45.00, 133.00
Visit 3 40 63.40+30.26 56.00 19.00, 168.00 40 63.43+29.11 57.00 13.00, 212.00
SGPT(ALT) Visit 4 40 73.88+82.35 55.00 15.00, 488.00 40 68.03+43.50 57.50 10.00, 61.00
442.00,
Change 40 6.40+86.85 10.00 98.00 40 0.68+39.93 8.00 141.00, 55.00 0.7063*
= LK
0.6438** 0.9154%x
p-value
Visit 1 40 40.18+14.85 34.00 24.00, 76.00 40 38.35+13.65 34.50 22.00, 72.00
Visit 3 40 42.80429.95 34.50 20.00, 198.00 40 37.28414.66 33.00 19.00, 80.00
S GOT
(AST) Visit 4 40 48.78+64.49 33.00 16.00, 402.00 40 41.30£21.90 34.50 14.00, 99.00
Change 40 8.60+67.01 4.00 378.00, 50.00 40 2.95+21.03 0.00 69.00, 30.00 0.6133«
= LK
0.4219%x 0.3804+*
p-value
Visit 1 40 68.70+£43.12 65.00 17.00, 211.00 40 65.28+47.21 49.50 18.00, 206.00
r-GTP Visit 3 40 72.63+63.86 54.50 15.00, 368.00 40 60.83+45.89 44.00 16.00, 197.00
Visit 4 40 68.18+48.62 58.50 14.00, 240.00 40 60.32+52.25 44.00 9.90, 290.00
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-92.00, -185.00,
Change 40 -0.52433.95 2.00 40 -4.96+39.99 5.00 0.5950%
129.00 101.00
= LA
0.9226%** 0.4382x*
p-value
Visit 1 40 4.90+0.36 490 4.20, 5.90 40 4.90+0.27 490 4.30, 5.50
Visit 3 40 4.73+£0.29 4,80 4.00, 5.30 40 4.72+0.27 4.70  4.10, 5.20
Albumin Visit 4 40 4.74+0.29 4,80 3.90, 5.40 40 4.75+0.28 4,75  4.00, 5.30
Change 40 -0.16£0.24 0.20 -0.30, 0.90 40 -0.15£0.24 0.10 -0.40, 0.80 0.8900*
= LH
0.0002%** 0.0003**
p-value
Visit 1 40 0.69%0.36 0.65 0.20, 1.80 40 0.69£0.34 0.70  0.10, 1.70
Visit 3 40 0.74£0.33 0.70  0.20, 1.80 40 0.74£0.30 0.70  0.30, 1.70
Total
Visit 4 40 0.7940.41 0.70  0.20, 2.20 40 0.98+1.11 0.75 0.20, 7.40
bilirubin
Change 40 -.10+0.39 0.00 -1.80, 0.60 40 0.28%+1.10 -0.10 -6.70, 0.50 0.3180*
= LH
0.1243** 0.1096**
p-value
Visit 1 40 186.50+35.56 187.00 125.00, 271.00 40 200.70+33.58 199.00 125.00, 282.00
Visit 3 40 179.63+36.52 171.50 119.00, 251.00 40 191.60+39.97 184.50 127.00, 288.00
Total
Visit 4 40 178.90+33.03 178.00 122.00, 239.00 40 175.80+27.83 174.00 127.00, 234.00
Cholesterol
-28.00,
Change 40 -7.60+22.64 2.50 106.00 40 -9.10+27.25 5.00 -73.00, 87.00 0.8579*
= LK
0.0402** 0.0412xx
p-value
190.90+102.3 238.63+232.1
Visit 1 40 . 170.50 53.00, 471.00 40 3 176.00 65.00, 1470.00
170.563+105.0 202.43+113.2
Visit 3 40 9 145.50 46.00, 507.00 40 : 189.00 57.00, 533.00
186.38+139.0 252.98+170.9
Triglyceride Visit 4 40 5 142.00 68.00, 755.00 40 3 186.00 50.00, 688.00
-284.00, -451.00,
Change 40 -4.53+99.81 1.00 40 14.35+260.15 -19.50 0.6702%
257.00 1366.00
= LK
0.7758* 0.7291*x
p-value
Visit 1 40 58.00+10.60 57.00 40.00, 82.00 40 57.18+15.06 58.00 36.00, 100.00
Visit 3 40 56.10£9.10 56.00 38.00, 84.00 40 53.73+17.49 49.00 36.00, 139.00
H L
Visit 4 40 54.40+£8.77 56.00 37.00, 74.00 40 51.87+£11.71 49.00 37.00, 88.00
Cholesterol
Change 40 -3.60+9.51 3.50 -17.00, 24.00 40 -5.38+10.84 4.00 -28.00, 29.00 0.4386*
= LK
0.0215%x 0.0033*x
p-value
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Visit 1 40 107.28+28.45 99.50 63.00, 181.00 40 110.00£30.29 100.50 75.00, 248.00

Visit 3 40 102.90+24.52 95.00 73.00, 181.00 40 99.62+22.99 9.00 6.00 16.00

Glucose Visit 4 40 99.88+25.32 91.00 77.00, 181.00 40 99.70+£20.20 95.00 73.00, 175.00

Change 40 -7.40+25.29 7.50 -64.00, 84.00 40 -10.30+23.82 5.00 -32.00, 73.00 0.5990*

= LA
0.0718%x 0.0093**
p-value

Visit 1 40 116.30+31.96 114.00 61.00, 202.00 40 125.384+29.38 125.50 53.00, 184.00

Visit 3 40 113.68+31.57 110.00 55.00, 215.00 40 120.384+29.82 118.00 69.00, 186.00

L D L
Visit 4 40 114.85+29.07 118.50 58.00, 178.00 40 119.28431.44 119.50 61.00, 185.00
Cholesterol

Change 40 -1.45+20.37 -3.00 -32.00, 65.00 40 -6.10%£18.92 3.50 -51.00, 62.00 0.2934*

= LH
0.6551** 0.0482xx
p-value

Visit 1 40 7.65%0.46 7.65 6.50, 8.90 40 7.56+0.36 7.60 6.80, 8.20

Visit 3 40 7.42+0.34 7.40  6.50, 8.10 40 7.39%+0.30 7.40 6.70, 8.20

Total
ol Visit 4 40 7.52+0.34 7.50 6.60, 8.40 40 7.43+0.34 7.45 6.80, 8.20
protein

Change 40 -0.13+£0.40 0.10 -0.90, 1.40 40 -0.13£0.41 0.05 -0.8, 1.10 0.8264~

= LK
0.0369** 0.0781xx
p-value

00

Change=54 & - &4
*. Unpaired T-Test
*x. Paijred T-Test
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Agrimonia eupatoria protects against chronic ethanol-induced liver injury in rats
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ARTICLE INFO ABSTRACT

Ardicle history:
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Accepted 3 April 2012
Available online 16 Apnl 2012

This study examined the hepatoprotective effects of Agrimonia espatorda water extract [AE) against
chronic ethanol-induced liver injury. Rats were fed a Lieber-DeCarli liquid diet for 8 weeks. Animals were
treated orally with AE at 10, 30, 100, and 300 mg/kg/day. After chronic consumption of ethanol, serum
aminotransferase activitdes and pro-inflammartory cytokines markedly Increased, and those increases
were attenuated by AE. The cytochrome P450 2E1 activity and lipid peroxidation increased after chronic
ethanol consumption, while reduced glutathione concentration decreased. Those changes were attenu-
ated by AE. Chronde ethanol consumption increased the levels of Toll-like recepror 4 (TLR4) and myeloid
differentiation factor 88 protein expression, inducible nitric oxide synthase and cyclooxygenase-2 protein
ard mRNA expression, and nuclear rranslocation of nuclear factor-kappa B, which was attenuared by AE
Our reswlis suggest that AE amellorates chronic ethanol-induced liver injury, and thar protection is likely

Keyeoords:

Agrinitle Sixitona
Aleshelic liver disease
Iinflamimation
Oxidative stress

Toll-lke receptor

due to the suppression of oxidative stress and TLR-mediated inflammatory signaling.

@ 2012 Elsesder Lrd. All righrs reserved.

1. Introduction

Alcoholic liver disease (ALD) is the most commen liver disease
and accounts for 40% of deaths from cirrhosis or 28% of all death
from liver disease (Kim et al, 2002). ALD is characterized by fat
accumulation and inflammation in the liver, which leads to cirrho-
sis and hepatocellular carcinoma. The development of steatohepa-
titis seems te be a major rate-limiting step in the progression to
cirrhosis [ Diehl, 2002). Therefore, therapies protecting against the
onset of steatohepatitis may be beneficial for the later stages of
the disease,

Chronic and excessive ethanol consumption impairs fat oxida-
tien and stimulates lipogenesis, thus leading to steatosis (You and
Crabb, 2004). Fat accumulation in the liver increases the sensitivity
of the liver to the second hit that leads to inflammatory liver cell
damage (Day and James, 1998). Oxidative stress, endotoxing, amd
cytokines are considered to be the causes of the second hit and
are related to the pathogenesis of ALD,

Intrahepatocyte formation of reactive oxygen species (ROS) by
the ethanol-metabolizing cytochrome P450 2E1 (CYP2ZE Jcauses di-
rect hepatecellular injury {Vidali et al., 2008). Both chrenic ethancl-
mediated bacterial overgrowth and disruption of intestinal barrier
function increase the plasma levels of endetexin/lipepelysaccharide

# Corresponding author, Address: School of Pharmacy Sungkyunkosan University
300 Cheoncheon-dong. Jangan-gu Suwaon-si Gyeongri-do 440-746. South Korea.
Tel.: +82 312907712, faz: +82 312828800,

E-muail address: sunmee@skkoedu [5.-M. Lee).

0278-6915/5 - see front matter & 2012 Elsevier Lod, All rights reserved,
http: i doi.org 10,1016/ fer 2002 04,005

(LPS) in the portal circulation, thereby activating Kupiffer cells (KC)
via Toll-like receptor 4 {TLR4) to produce several pro-inflammatory
cytekines such as tumer necresis factor-ot {TMF-o) (Szabo and Bala,
2010 LPS recognition by TLR4 results in recruitment of the adaptor
molecules myeloid differentiation factor 88 (MyD88) and TIR-do-
main-centaining adapter-inducing interferen-f { TRIF), which acti-
vate transcription factor nuclear factor kappa B (NF-xB) (Takeda
and Akira, 2004, Activation of NF-xB increases expression of inflam-
matory mediators, including cytokines, chemokines, enzymes such
as cyclooxygenase-2 (COX-2), and adhesion molecules.

Agrimonio eupatoric has been used as a traditional medicine for
the treatment of inflammatory diseases such as hemorrhagic colitis,
urinary disease, and liver disease {Ivanova et al, 2005]. Previous
studies have shown that A, eupatoria contains several polyphenols
and flavonoids such as procyanidin, quercetin, and kaempferol
which showed anti-inflammatory properties (Correia et al,, 2006,
A eupatoria extract has been shown to possess antibacterial and
free radical scavenging activities in in vitro assays (Copland et al,
2003) A ewpotorin extract has inhibitory activity on hepatitis
surface antigen secretion in HepG2 cells {Kwon et al, 20035).
Recently, Agrimonia herba showed newroprotective effects on
glutamate-induced oxidative injury in HT22 hippocampal cells
flee et al, 2010) and inhibited LPS-induced nitric oxide and
pro-inflammatery cytokine preduction in microglial cells [Bae
et al. 2010). In our preliminary study, A eupatorio water extract
(AE) and luteclin 7-glucurenide, an active component of AE, atten-
uated the increases in serum aminotransferase activity and hepatic
THE-x production induced by acute ethancl administration.
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P7-110 Phenolic compounds from the aerial part of Agrimonia eupatoria
HYEON Chang Yong, YOUN Hana', LEE Yu-na', SONG Chang-seon', ZEE Ok Pyo, KWAK Jong

Hwan*
School of Pharmacy, Sungkyunkwan University, Korea, 'College of Veterinary Medicine, Kunkuk

University, Korea
*Corresponding author : jhkwak@skku.edu
Presenting author : jhkwak@skku.edu

Agrimonia eupatoria L. which belongs to the family Rosaceae, grows as a perennial herb, and is widely
distributed in Europe, North Africa, South Africa, North Asia, and cultivated in Korea. Its whole plant
has been used as a crude drug for the treatment of several cancers. tumor, ache, bleeding. diarrhea.
hematemesis, hematuria and metrorrhagia. Previous studies on Agrimonia genus, have afforded various
flavonoids, tannins, triterpenes, isocoumarins, steroids. essential oils, and phenolic compounds, and
also have investigated various biological activities. In the course of a search for anti-influenza viral
compounds from natural products, we have found that the methanol extract of A. eupatoria has anti-
viral activity against influenza A virus. The MeOH extract of A eupatoria was consecutively
partitioned with hexane, CH.Cl. EtOAc and #-BuOH to give five solvent fractions. Among these
fractions, n-BuOH soluble showed anti-influenza viral activity (ECs: 23.73 pg/ml; SI: 11.90). Five
flavonoids and two phenolic compounds were isolated from the n-BuOH fraction and the structures
were identified by comparison of their spectral data with literature values. The anti-influenza viral
activities of the isolated compounds were evaluated using neutral red assay against influenza
A/NWS/33(HINI) virus, and also isolates were subjected to inhibitory activity against neuraminidase
in influenza A/NWS/33(HIN1) virus. The activity of neuraminidase decreased by several compounds

with relatively high ECs; values.

P7-111 Phenolic compounds from aerial bulbils of Dioscorea batatas

QUAN Chunlin, PYO Suhkneung. ZEE Ok Pyo. KWAK Jong Hwan®
School of Pharmacy. Sungkyunkwan University. Korea
#Corresponding author : jhkwak@skku.edu

Presenting author : jhkwak(@skku.edu

b. and is wideiy disiribuicd or

steroid gly LDbIdLb and phenanthrene derivatives. and various ])hdrll'h!u(‘](‘"lc‘l] t.ﬂLL{S In our mntmumo
\tudu.:s to find bioactive compound from natural products, we have found that the MeOH extract of [
batatas has anti-inflammatory activity. The MeOH extract was fractionated by using Diaion HP-20
column with consecutive elution (H,O~MeOH, and acetone). Six phenolic compounds including batatasin
L1V and 6.7-dihydroxy-2.4-dimethoxyphenanthrene, were isolated from the sublractions by means of
chromatographic separation. The structures of isolated compounds were identified by comparison of their

spectral data with literature values.
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ANTI-INFLUENZA VIRAL FLAVONOIDS FROM THE AERIAL PART OF
AGRIMONIA EUPATORIA

Chang Yong Hveqn'. Jae-chan Ahn', Zheng Hailing'. Mi Young Ha', Hana Youn®, Yu-na Lee’,
Chang-seon Song”, Ok Pyo Zee', Jong Hwan Kwak'

!School of Pharmacy. Sungkyunkwan University, Suwon, Gyeonggi-do 440-746, South
Korea ZCollege of Veterinary Medicine, Kunkuk University, Seoul 143-701, South Korea

Agrimonia eupatoria L. which belongs to the family Rosaceae, grows as a perennial herb,
-and is widely distributed in Europe, North Africa, South Africa, North Asia, and cultivated in
Korea. Its whole plant has been used as a Chinese crude drug for the treatment of lung cancer,
liver cancer, esophageal cancer, tumor, ache, bleeding, diarrhea, hematemesis, hematuria, and
metrorrhagia. Previous studies on Agrimonia genus, have afforded several flavonoids, tannins,
triterpenes, isocoumarins, sterol and essential oils, and have investigated various biological
activities. In the course of a search for anti-influenza viral compounds from natural products,
we have found that the methanol extract of 4. euparoria has anti-viral activity against
influenza A virus. The MeOH extract of A. eupatoria was consecutively partitioned with
hexane, CH;Cl,, EtOAc and n-BuOH to give five fractions. Among these fractions, n-BuOH-
soluble showed anti-influenza viral activity(ECs:23.7348/m¢; SI:11.90). Ten flavonoids were
isolated from the n-BuOH fraction and the structures were identified by comparision of their
spectral data with literature values. Among the isolated compounds, apigenin 3-glucuronide,
luteolin 3-glucuronide, quercetin 3-glucoside and quercetin 3-rhamnoside showed antiviral
activity against influenza A/NWS/33(HINI) virus. The anti-viral compounds were subjected
to inhibitory activity on neuraminidase in influenza A/NWS/33 virus. The activity of
neuraminidase decreased significantly by tested compounds, however half reduction of

enzymatic activity was shown at relatively high concentration(ICs0:198.0 ~512.048/mé).
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A ez AFMHLAFM +ET ofi2ldEr =

4229 36%E dFZE=2 AT liquid Lieber DeCarli
diet(Diets Inc, PA, USA)E & Fo17|7F 857 1¥ 13 Fostiew (ED), xvS 432
3 e Z2E 9 maltodextrans 3 dietE FoI59 S (CD). Fo Fus Fo T
SAE AT 2 AlE ARG we ofd 4FESH S (Lieber and DeCarli, 1989;Lieber et al.,
1989).

2. Microsome CYP activity
b 24 % 100 mgs A &35t KCl-Tris €9 (1.15% Kcl, 50 mM Tris-Hcl, PH 7.4)° 3]

% ultracentrifuge (105,000g 60 min)3t®] microsome +85 #5tAS. 2% microsome
23S Kelg9 (1.15% Kcl, 10 mM HEPES, ImM EDTA, PH 7.6)°] @€3l9l o™, CYP2EL
g4 == hydroxylation®] 2]&| 4-aminophenol®l 4] p-aminophenol®Z A E=E FF=Z A
3l 5 (Omura and Sato, 1964;Schenkman et al., 1967).

Sl =
74 W KA yaksk &2-S thiobarbituric acid reactive substances ¢ 339 (535nm) o &

=A43d o, FF5 4 E A4S malondialdehydeE AH-8392 (Buege and Aust, 1978).

4. Reduced glutathione (GSH) 3 =4
7 2AF 100 mgs A =38 1% picric acid &0 3 3 A= glutathione
reductase, 5,5'-dithio—-bis(2—nitrobenzoic acid) ¥ NADPHE 7}3slo] $3 % ¥ (412nm)S
o] &3] F glutathione =43t S. Y% glutathioneS 2-vinylpyrines ©]-&3fo] & Hk
Ho 2 439 e (Rahman et al, 2006).
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