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Anti-lipid Peroxidation and Liver Protective Effects
of Polygonum aviculare L.

Hyuck Jai Choi, Nam Jae Kim,* Jong Woo Kim and Nam Doo Hong'

East-West Medical Research Institute, Kyung Hee University, Seoul 130-702, Korea; and
'Natural Products Research Institute of Bangchon, Hankooksinyak Co. Ltd.,
Daejeon 302-243, Korea

Abstract — The ethylacetate fraction of the overground portion of Polygonum aviculare 1.
exhibited the antilipid peroxidation and the liver protective effect in intoxicated rats.
Through silica gel chromatography of the ethylacetate fraction monitored by bioassays. two
flavonoids, avicularin and juglanin were isolated as active components. Avicularin and jug-
lanin remarkablely inhibited the lipid peroxidation of rat liver induced by 50% ethanol. Espe-
clally avicularin exhibited the stronger anti-lipid peroxidation effect than juglanin. Avicularin,
as a main principle of Polygonum aviculare L. significantly exhibitied liver protective activities
by decreasing s-GOT and s-LDH levels which represent for the hepatotoxicity induced by
CCly in rats. In addition, avicularin significantly decreased not only s-LDH but also s-biliru-
bin levels in intoxicated rat induced by a-naphthylisothiocyanate (ANIT). These results sug-
gest that avicularin has the protective effects against the hepatotoxicity induced by CCl, and

ANIT in rats.

Key words — Polygonum avicualre L. avicularin: juglanin: anti-lipid peroxidation: liver
protective activity: e-naphthylisothiocyanate (ANIT)
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o ALE 98 FAAA B4 JAEAR AR E
A4S 7 AN EL S Y3 A7E FY
stz Yot ARPA it E(Polygonum avicu-
lare L.) A’3%2 MeOH ¥ ~9] ethylacetate¥
oA ARAAINEEY AAENS in vivoelA
AtEstetA 4 -galactosamineS 2 fdE 13
ol feldt dA &7t A&E End wh oo,
ethylacetate2EE2HE FEALAES Felstaz
2 24gd Fesarct

olof} uit}E AFH-2] ethylacetate®-golA A
AT EEA JAEE S YeElE flavonoids
<l avicularin % juglaning £stdod, o)F
2 o] B avicularinel Wl )
FEEFQ Adse A 2 a-naphthylisothiocy-
anate(ANIT)o] tigt kR 52 4-¢ AEF A0S
Bndtnzt gk

Mz 3 Y

HENR -
num aviculare L.}&
st «
A7) W A9~ ¥4 & Fisher-JohnAte] &
HER71(2572 A)E A3l B &St
'H-NMR 2 ®C-NMR spectrum< Bruker AM-
300 FA|FHANZ &Aoo chemical
shift= TMSE WREE222 3te 6 (ppm)=
Jehigim 283 4 Hz2 BASA. d4ee]

71 (LB 7N(F), &), spectrophotometer(UV-
160A, Shimadzu, Japan), homogenizer(Ni-
honseiki Kaisha LTD, Japan) 5% AM&-3l9c}h.

GOT. GPT, LDH-Lq, BilirubinZ%3 & kit
(PR (F), 7)), silymarin(F8A F(F)),
o-naphthylisothiocyanate(ANIT), sodium as-
corbate, sodium thiobarbiturate, sodium do-
decyl sulfate 5& Sigmarlelld TR
silica gel ¥ pre-coated TLC plate(silica gel
60F 250 MerckAbelA, 716} £2] 2 B4 AJe
< 1§ AL 743t Arg-sisith.

HESE-E 4¢ A8 4¥FERE ME
AN BET A FLTEEREH EFLL Sprague-
Dawley#l 3% 180~220 g9 €4 IFHE A543}

2 AgAA AT wWE(Polygo-
ARV TUY AL AL

Kor. . Phamacbéa

Aok AR EZE FERA(F)] RFARE g
A3 APl 234 &A1 Fol AHEaEY )
AR E 24420, FEE 50110%2) ABAA 5
i, |
SMYE] Bal-Ax3 vtd e A4F 2kg
& MeOH 5 L& 24134 &&AI719A 28] 334
o Ao ARG A g At M A
23 F2E 4 100gS AU, °ol FEEE 10%
MeOH 1Lo} @EAI713 n-hexanel 2 3] iy
E %—% A4t ethylacetate2 53] w
EthylacetateZ S £S5T2 28
J 5319 24 g9 ethylacetate® ¥
< %ith. Ethylacetate ¥-8& gl @} sil-
ica gel chromatography® 7% 8w} CHCl;:
acetone : MeOH : H,0(30: 16:4: N2 A3
o SR §EHE 1Y £88E Eey
o}Z T ¥33 119 £FoM MeOHR A2 3}
o 242} compound [# compound [I& 24th
Compound |- 34 347 (MeOH), mp. 213
-2147C, FeClyikgoll 2 241 Mg-HCI¥HSl 34
Zn-HCIM$ol A4, Molish?¢ 4. 'H-NMR
(300MHz, DMSO-dg) 8: 6.21(1H. d. J=2.0 Hz,
C6-H), 6.41(1H, d, J=2.0 Hz, Cs-H), 6.85(1H,
d. J=6.0 Hz, Cs-H), 7.49(1H, d, J=2.0 Hz. C»-
H), 7.55(1H, dd, J=6.0, 2.0 Hz, Cs-H), 12.61
(1H, s, C5-OH). ®C-NMR(300 MHz, DMSO-ds)
8 177.9(Cy), 164.3(C). 161.1(Cs), 157.2(Cy.
156.9(Cy), 148.5(Cy), 145.1(C3), 133.6(Cy), 121.9
(C), 121.2(Cq). 115.7(Cy5). 108.0(Cyp}. 104.1
(Cr), 98.8(Cy), 93.8(Cy), 86.0(Cy). 82.1(Cy), 77.0
(Cy), 60.8(Cy)
Compound {1-343d} 274 (MeOH). mp.
223-225T, FeCljhgo] 254 Mg-HCIRtSl
34 Zn-HClEHgol A2 Molishuhg %A, 'H-
NMR(300 MHz, DMSO-d¢) &: 6.21(1H, d. J=
1.9 Hz, CeH), 6.44(1H, 4, J=1.9 Hz, CgH),
6.90(1H, d, J=8.8 Hz, C» -H), 6.90(1H. d. J=
8.8 Hz, Cs-H), 7.99(1H, d, J=8.9 Hz, C,-H),
8.25(1H. d, J=8.9 Hz, C¢-H), 12.60(1H, s. Cs
~OH). “C-NMR(300 MHz, DMSO-d,) 8: 177.8
(Cy. 164.1(Cy), 161.0(Cs), 159.9(Cy), 156.9(Cy).
156.5(C,), 133.6(Cs), 130.9(Cy¢). 120.9(Cy).
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[ 4(Crs). 1041(C. 987(CO. 93.9(C), 1079
55,.‘)_'36.3(040. 82.0(Cy), 77.1(Cy). 60.9(Cy)
«compound | & compound 11 M7}5=Ea) -2}
A1g 30mgell 2N-HCl 25mlE€ 713l three
‘neck -flaskell ¥ 3 #FAN 2413FF<t 71L 3t
q 7RI R T ethylacetate® ¥-33la ethy-
lacetateZS e Fdtd d& 2243 & AEF
#d FE2Q quercetin, kaempferol®} co-TLC
g E5AIEE A v HPEI}L compound [
quercetin, compound II= kaempferolt! & 2zt
z} glsltt. 3, 52 BaCO,2 3% 5 &
&3] 3 TEHN coTLC(A7N&=] CHCI; : MeOH
tH;0=6:14:5, &3F)& 33l compound I ¥
compound [leA] arabinose® 2447} &<l &ksict.

In vitroHIOIMS] X|FAMSISEHN AREMAH
(TBA®!) - Uchiyama % Mihara "9 3
F3tdd 2AsEch. 874 50% EtOH 1.0 ml/
100 g& ZA75A% F 1242 B¢ A b2
BEE2 drste] HEHl polyethylene tubeE
Adatd 4T Bzte ARddsdozs A3
¥ 2 A&yt 429 3 A#sld 10%7)
HeF QA 43 (pH 7.4)E 715t homoge-
nationdte] 7HEAES AR o] AHFAHES
o] &3ty thiobarbituric acid (TBA)Hel wa}
Algo ogh Abeixd A FE FHsY. =
avicularin % juglanin # 1, 5, 10, 15 mg/ml
FE7HHEE XA AN 0.2 ml FFH HER
BE 0.5mlE Addel Hste] 37T 3087
e T WAsAth 1% Q4d9EY g9 3ml
2% 0.6% TBA 1 mlE 7}l 100CHFLlAl 458
A7 F BN O n-BuOH 4 mlg 7t
St W} E3sled 4T, 3000 rpmellA 1083 €
A& ¥ BuOHE S #3lo] 535 nmollA &%
52 SA3 OE HoziE AAPIEHA
A B & v B Bedrt. HA vlnFE R sod-
ium ascorbateZ AM&-8tt}.

- Control O.D —Sample O.D
X Q =
g () Control O.D
Sample 0.D=A&& 713 A@H] EH=
Control 0.D=A8A FFFE 718 A8

e

x 100
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AlSiEA RE ZHEY0 DRl -7 1
< 6ntgl23te] A avicularin 50 mg/kg 2
100 mg/kg(0.5% CMC-Nadl @eH17))& A2E
&t 308 Fo olive oildll &3AIZ 10% ArE
3te4 1.0 ml/100 g& ATFA3dt Y A stgr
& Fof 24X3F Fof ANt Aol et g
S st ol WhHel F3td transamin-
ase(GOT & GPT) % lactic dehydrogenase
(LDH) 8428458 4315} ti2Tole Qe
AAFE FA3lHon U wdEE2E silyma-
rin 200 mg/kgS A F5A st vl aAAI{ S

a-Naphthylisothiocyanate(ANIT) i ZIEA
Ol OlX= g8 -83 6nlel & 1722 5l 19 §
b FAAZ F A 50 mg/kg, 100 mg/kg 2
200 mg/kg(0.5% CMC-Nac] A=A FA
) Z2FE9l ursodesoxycholic acid(UDCA) 100
mg/kgE 7t7 APEAST 302F, olive oilol
AEAIZ1 0.2% ANIT 1 ml/100 g€ 37 54 5
198 FAAZHG Y o) 1952 ZAAR o
= A% st Aol @t A F transamin-
ase(GOT & GPT) ¥ LDH 248459 total-
bilirubin(T-Bil) 2 direct bilirubin(D-Bil)&
S ofelo] Wi F3ld ST

EHZ transaminaseZAMT EFH-¥F
GOT$} GPT £4 843 5+ Reitman & Frankel®
o] Wiol] we} GOT - GPT kit l F(obatA| b2
3)AL, M8) & AHESEe] &R skt

EAZ lactic dehydrogenase(LDH) SA8M
= £8-¥%% LDHELBAEE Za/|28Ye
o] &3l LDH-LQ kitAlF(obatAl b2 3)AL A
)& ARt S

EHHZE total-bilirubin(T-Bil) ¥ direct biliru-
bin(D-Bil) &2 &N -84 % T-Bil € D-Bilg*
& Yrtejolx WM EF(AAB) waAyYe
o] &3 W] £l &3 & Al (opitA| k2] 3| A, A
)& AHE3H &Rt

SAXN2 - & dgelAe AN /oA AF
& Student’s t-testHoll F3lo] A3}

g A oF

FEMERY 22 ¥ FIUH v E ALY
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Fig. L Structure of Avicularin (I) and Juglanin
(In.

= (%%)013} dte] el A aha
ol&H 3 Uk AR T
2% % ethylacetate®8E0]
7‘12‘%5’%’&5} A gABAT in vivoell A A1dst
€4 2 -galactosamine2 2 F2E P o
3o frold R RAL JeEhiUn o] £8o
2 RE silica gel column chromatography& 4
Palo] GEARCE 2% HYE
2 ez B A s
Compound [ ¥ Compound Il FeCluHg
2 MolishuFgol FAdols, Mg-HCIuHg-of E4,
Zn-HCI ¥hgoll A4S Jebd Ao Hol Eaii
rojz WigAd e & & AUk Compound I 3
compound 112! 'H-NMR, “C-NMR spectra data
£ 229 vind vl compound [ quercetin

rio o i
r:j_‘
a
e
=
o
_&
oy
Si

compound |

-3-o-L-arabinofuranoside$! avicularin, com-
pound I+ kaempherol-3-a-L-arabinofurano-
side?! juglanind} LA &AM g A7leR
glste] vgA 4 FRE 4z HEF coTLC ¢
EFAEE & vt compound 9] ¥IEHE quer-
cetin, compound 19 ¥]1Z%£ kaempherol®
35999, Compound | ¥ compound 119} 3
H= 247} arabinosest 948k compound 1€
avicularin, compound II& juglarin®2 %3
Sgem(Fig. 1), 4 §%0] nltlZoA ol E 33
€< ¥ 2ad v glg

In vitroH{OfiA XIEAMSIESHY AR|E B - Av-
icularin 2 juglanin®] 83| 1A R

AAFHIERA qAGAH ZAE Table [o] AA|
Bt Eteole HA 747t 5.0 mg/ml 2.10.0
mg/mle] Fxo)A avicularin 31.7% R 48.2%
9 AL, juglanin 29.6% % 46.7%) Aslg
2 Jehiled, B3 avicularing 15.0 mg/ml

Kor. I. Pharmaé“

Table L Effects of avicularin and juglanin isolat
from Polygoni avicularis Herba on TBA-RS fornig

tion in rat liver homogenate in vitro ﬁ
Samples _ Concentration (mg/ml) Inhibition (%)
T ——
Control - -
Avicularin 1 « 15648
5 317452
10 48.2+8.0
15 60.1+5.8
Juglanin 1 11.9+16
5 29620
10 46.7£2.1
15 38.7+10.4
Ascorbate 10 55.4+6.4

*Results are presented as meanistandard—e::
ror of 5 determinations.

e Control 0.D ~ Sample 0.D
%3 =
Inhibition (%) Conirl OB

X 100

9] &)X 60.1%9 AL ERY AHeg
£ Hol oAl dl2ekEQ] sodium ascorbate 150
mg/mi®] FEoNM 58.6%°] Aal& Bk A3 &
A& epiin ,
AlgsiEts U ZPsiol Cist 28 &at- 83
of ANFRAE Fodtd FUE A g
avicularin® ZHREETNE BHYZ9] trapsam-
inase®t LDH 28458 A®2 &35k 1 2
5 Table 119} AABIAG Aldstaag X3
W27 GOT, GPT 2 LDHY E48dEE 34
Zol Blated fold A EHEE & 5 Utk B
9 avicularin 50 mg/kgd FodFNM EHF
GOT&Ad o] 1245.0£172.3 Karmen unit® o
ol Bgt] p<0.0019 #oAo] Ye FsAAE
< Yelilen ¥ dl2E<L silymarin 200
mg/kg FoIT 1740.0:£197.8 Karmen unit®
p0.018] feide] sle Adeg v, &
Aol AR avicularing] FEo]&4 L vellA &
stgon GPTEAZA dside EUE 434S
FA Faiet. w£i Adstgas {od el
AAEZ 24 ¥35F LDH Z28A % distsd
79 avicularin 50 mg/kg FAZAME EHF
LDH #284%7} 3510.0+358.3 Wroblewski
unit2 p0.059] frelAe] e AdeE Yelld
T F99] $EIELE gAT 100 mg/kg FAZ
AHE odAste AgS RolU SAY oz ozt
= A=A gsiet. 98 vl ntE silymarin 200
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g\.ble IL Effects of avicularin isolated from Polygoni avicularis Herba on serum transaminase (GOT &
Gprr) and Lactic dehydrogenase (LDH) activities on CCliinduced experimental liver injury rats

Dose Number
Groups (mg/kg, p.o) ::;:malsOf GOT . GPT LDH
Normal - 6 157.36.37 52.3£2.50 2561.8+ 141 7°
Control - 6 2460.0+242.5"  1152.0442.1%  5304.0+524 6%
Avicularin 50 6 124504862 1120.02651  3510.04179.2"
100 6 2502.04392 7" 1368041457 420004600
Silymarin 200 6 1740021978  11760+714  4164.0+476.9

——Eia‘ and GPT are presented as Karmen unit, and LDH is presented as Wroblewski unit. *Mean+
standard error. Normal: CCl; untreated group. Control: CCl, treated group. #Statistically significant
compared with normal group (##: p(0.01 and ###: p{0.001). *Statistically significant compared with
control group (*: p<0.05, **: p<0.01 and ***: p<0.001).

mg/kg FATANME AAlshe 3Fe 1o ot
ArdsletaE cytochrome P-4509] oleted =
AJo] 7}&t trichloromethyl free radical®l thAt
g—i Hu A= AR A ARISE dod|n F
AR AHHA B AS dozith o
tﬂﬂ}gﬂ Z+e] microsome2| @i thiol”] 9} 7
8tA 2@t 2ol A AAatsl g 2AAA A
NE doAX TrollAle] dulgdedx] 7F ATPY<
4, dF9Me GOT, GPT 59 €€
HAHE e Aos A g si-
lvmarine @] A& N 8A2A Ge] o] &H 1
A& flavonoiddiHEel i, rutin, quercetin, gal-
angin & flavonoid’} A @ #4418 AAZAE B
Avtm ¥t en 7 7]AL free radicalel W
& 279} Fe' ionzte] #slo) 7198t Ro2 @
A4 Aok webd,| avieularin® GOT$+ LDH
E28d T digte g AeHsles Byo,
53| in vitrodlld €28 fad A ARANEE F
ToEboeg AAstRecrz Al E &
Vsl tidl B3 ane gatsl A 71QlEt

Iﬂ °
mlo

r\l

g
L
~

Aoz sudd.
ANITSE ZHSAOI THEt ORI B1f-Hgxoz
AEHE fEAY)E EOE BRolv F2 9% ¥

A Ao HE S nteE: Y HAol EASYEAQ]
ANITRo 2 fid

aE2

l‘,

g 3o A It avicul-

ann/] AR BEAH S EH S transaminase ¥ LDH
2% T-Bil € D-BiUg#E 243}

agdes @

ﬁq

@ = GOT, GPT ¥ LDH &£484%% ANIT
HlA R ARl el #9% 37t

m\‘i L w2

LDH =&

S

245

el A&

¥e] F9om ZHA avicularin 50 mg/kg F
Tl A= ANIT A A] diz279) GOT % GPT &4
Do) wste] WrtE JFgE FA Fddon

3930.0£201.1

Wroblewski unit® p{0.018] 93 AsA &
< UEith, Al metE
xycholic acid(UDCA) 100 mg/kg Tl =
¥4 2 GPT 2 LDH 484 =] dialA {23
oA &E 2o FUHTable D).

ANITSl olaid fise AelE 2% wH ¥

2 A3 ursodeso-

Table IIL. Effects of avicularin isolated from Polygoni avicularis Herba on serum transaminase (GOT &
GPT) and Lactic dehydrogenase activities on e-naphthylisothiocyanate (ANIT)-induced liver injury in rats

Groups (mg})}fgs'ep.o) N::;rkr’learl;f GOT GPT LDH
Normal - 6 206.3+8.30 103.2+£2.81 2649.0+308.9
Control - 6 1540.0+45 6" 1330.0+18.4" 5808.0-£413. 7"
Avicularin 50 6 1550.01:66.5 1330.0+36.1 3930.0+201.1*
100 6 1600.0+40.0 1320.0+34.6 5772.0+622.5
UDCA : 100 6 1500.0+43.8 1250.0+28 6* 3315.0+395.3*

GOT and GPT are designated for Karmen unit, and LDH is designated for Wroblewski unit. *Mean=+
standard error. Normal: a-naphthylisothiocyanate (ANIT) untreated group. Control: ANIT treated
group, UDCA: Ursodeoxycholic acid. *Statistically significant compared with normal group (###: p<0.

001). *Statistically significant compared with control group (*: p0.05 and **: p<0.01).
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Table IV. Effects of avicularin isolated from Polygom avicularis Herba on serum bilirubin levels on: aj
naphthylisothiocyanate (ANIT)-induced liver injury in rats

G Dose Number of Serum bilirubin levels (mg/dL)
roups . T —
P (mg/kg. p.o) animals Total bilirubin Direct bilirubin 4
Normal - 6 0.7238+0.07895 0.3556+0.03683* 4
Control - 6 0.9639+0.03979" 0.5390+0.12808
Avicularin 50 6 0.7827:£0.06244* 0.424740.06567
100 6 0.8038::0.10020* 0.6037+0.10884
UDCA 100 6 0.8872:£0.13012 0.5692+0.10968

*Meantstandard error. Normal: a—naphthyhsothlocyanate (ANIT) untreated group, Control: ANlTi
treated group, UDCA: Ursodeoxycholic acid *Statistically significant compared with normal group (# 4

p<0.05). *Statistically significant compared with control group (*:

Hrde X3z 3% T-Bil € D-Bil &% &
At} AY avicularin® E3-& Table Vol AA|
3i¥ct. A% T-Bil € D-Bil g3l uisty
ANIT %] t)2F& ANIT HlAX] Aol v]3le]
FHA S7MNAS &+ Uded, A avicul-
arin 50 mg/kg 2 100 mg/kg £ATL AF
T-Bilgell thdle] Z}z} 23l vlsle] fel4do]
A= A &S Jetliglou D-Bil 3] o
A= AotE GFE v|XA] Bt

AL %l%’ﬂ\ﬁi F2 W75 @8 AR 9
sto] HAG o deAAS U okl EFFoR
sy Atdslethrt AR E FEI3le 4
A s FEERd vl ‘45741 el 2 A
gE 2AE A7l dEA] 382 ANITe]
o582 ANIT A2 G&A gsiel 1 QA FHF
T-Bil# D-Bilg@o] dAsA 5o} A XA
A9 bilirubin 438U kA ZolA o] wjd A
7} AlAtE o1, kA | avicularin 92 €3
F T-Bilgr#Fe d@AsA oAzl Ao A&=]
ANIT t#siol gt 2t R Aol 48 = G35u)
HEFT 7905k Ao AlsEY Yoz A
& FFstaA g

g B

uit) & 24489 ethylacetate #3827 E av-
icularin® juglanin 5 ¥ flavonoid& £2l3t
.28 % flavonoidy: in vitrooiX 7% A A3
AEFAE AH&S verdel AFHUT =3
HlmA ko] Be avicularing in vivoold At
FEELE A Tl dsid @3 F GOT

p<0.05).

¢t LDH XA284x9] AsAsl&s JehAn, |
ANITE $2AZ 8ol distais 833
LDHEA & FsAsle L 83F T- Bﬂﬂ-uon“
dste] /oA e AsAs gl AFHA. ojs}
e B4z 98 avicularin® 7HSAe)
B35 E9E Ueie 2oz Jidss gog g%
&4 2 ALy A0 Bt A& FHstaA -

AL AL

B A7 £ad Aule 9¥E Asgag @
ulg) A ghol olsjel o RYF o™ ofel] A=A
AN £5E F4 Aduista SFeoist ol

3 n5dA A=Y
IZEE
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