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ABSTRACT In this study, we confirmed biological compounds from methanol (MeOH) extract of processed Polygoni
Multiflori Radix (PPMR), and the radical scavenging effect and oxidative stress protective activity of MeOH extract
of PPMR were investigated under in vitro conditions using LLC-PK; renal epithelial cells. In HPLC analysis, MeOH
extract of PPMR contained four species of biological compounds named 2,3,5,4'-tetrahydroxystilbene 2-O-p-D-gluco-
side, emodin, chrysophanol, and rhein. 2,3,5,4'-Tetrahydroxystilbene 2-O-B-D-glucoside was detected as the main com-
pound in PPMR as 115.02 mg/kg. MeOH extract of PPMR showed 2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,2'-azino-bis
(3-ethylbenzthiazoline-6-sulphonic acid) diammonium salt (ABTS), and hydroxyl radical scavenging activities in a con-
centration-dependent manner. In particular, upon 50 pg/mL of PPMR extract treatment, DPPH, ABTS, and hydroxyl
radical scavenging activities were approximately 48.4%, 57.9%, and 81.2%, respectively. LLC-PK; cell viability declined
in response to oxidative stress induced by pyrogallol, sodium nitroprusside (SNP), and morpholinosydnonimine (SIN-1)
generators of NO, O,, and ONOO’, respectively. However, MeOH extract of PPMR significantly and dose-dependently
inhibited oxidative-stressed LLC-PK; cell cytotoxicity. In fact, upon 50 pg/mL of PPMR extract treatment, LLC-PK;
cell viabilities were approximately 82.1%, 89.1%, and 77.6% compared to stress levels induced by pyrogallol, SNP,
and SIN-1, respectively.

Key words: processed Polygoni Multiflori Radix, biological compounds, radical scavenging activity, LLC-PK1 cell,
oxidative stress
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ROS®}F RNSO|| 98k &8 7 A17]7] 919 FAbs) whol
Al 2~Hlol =  superoxide dismutase(SOD), glutathione
peroxidase, catalase &2 AA| W] A A AA a4
of o&] A== kst A 2=R(8)F AES A8k B-
carotene, HIE}] C2} E, anthocyanin 2 polyphenol’d 3}
A= T HmAad kst Al="o] EAETH2,7,9,10).
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Har ok(2,7,10,11).
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hydroxystllbene 2—O—[3—D—glucos1de, emodm, chrys—
ophanol ¥ rheine Sigma-Aldrich Co.(St. Louis, MO,
USA)NA T35t 2,2-diphenyl-1-picrylhydrazyl
(DPPH), 2,2'-azino-bis(3—ethylbenzothiazoline-6-sul-
fonic acid) diammonium salt(ABTS), 2-deoxyribose,
3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H tetra-
zolium bromide(MTT) % dimethyl sulfoxide(DMSO) &
Al Sigma-Aldrich Co.ol A T3] AME-3Fitt. 4hstA]

off,
M)
HN
of
N

lo
i
_9‘_“4
N,
of.
oldh

2

lo
o
lo
o

o

SPRF o] a3 R L E - 2 AN

2EYAE FE8l7] el AFE3F sodium nitroprusside
(SNP)+= Wako Co.(Tokyo, Japan)ollAl 438313l py-
rogallol ¥ 3-morpholinosydnonimine(SIN-1)2 Sigma-
Aldrich Co.o|A ]38t ALE3}I T} o] 9o B4S 93t
Aok Ao el 55 5 15 TYske] AREssih
LLC-PK; pocrine renal epithelial cell& ATCC(Solon,
OH, USA)ol A HFuketar Al EZujFS 93+ Dulbecco's
modified Eagle medium(DMEM)¥} fetal bovine serum
(FBS)& Invitrogen Co.(Grand Island, NY, USA)o| A
dste] ARt

o miE AR E B % 4B A4L 9
@ 3% gt AEEiE god 4R F3
BRA O AGEE AEL S 4GS A% §A

gol] W& 400 mLE 7}she] 320 rpmol| A 124]
W FESGT FAT B4 38 B F o HANo, 2,
Whatman, Tokyo Roshi Kaisha, Ltd., Tokyo, Japan)®
olzfste] 2§ ozt FASHEH7I(EYELA, Tokyo
leaklkal Co., Tokyo, Japan)E ©|&3}e] 50°CellA 7+t

3l Mete 58S cME‘r ¥ Al5e FE80
01 Hee g Ho] z+zt 10, 25 % 5O ng/mlL %2 A %35}
of gtz AAs 2 Aksd MEaﬂ* N 2aE &35k
=

HPLC &4

HA o0 HEhe 559 AT EE XS Liang
5(18)9 A4S M3l High Press Liquid Chroma-
togram(HPLC, Agilent 1200 series, Agilent Co., Forest
Hill, Vic, Australia) &2 #A3k9lvh 112 WA 3h+2 1
goll WeE-S 20 mL 7Fsle] 320 rpmoll A 12413 &35
% 0.45 ym membrane filter 2 o] ¥}3}e] HPLC #4428 ¢
3 Al g2 ARl 4 columne Lichrophore 100 RP
C18 column(4.6X250 mm, 5 um, Merck & Co., Kenil-
worth, NJ, USA)& AF&-331 1L, o] 57 &= 1.0% gla-
cial acetic acid(solution A)$} 100% acetonitrile(sol-
ution B)Z 43l om, o] 54 £ solvent B 7|+2
= 7—?*7—.‘ 20, 10, 10 ¥ 10% &<t 10%, 20%, 25% 2 35%=

FAAAT. A EE 20 pLE T80l ol F ] S
30°Cel Al 1 mL/min® =2 FAstglon, Aejdded
diode array UV detector(Agilent 1200 series, Agilent
Co)el &3k 280 nmollA sttt

DPPH iC|Zt A7S &

1.5x10™* M DPPH € 0.8 mL¢} 7} 59 =25 0.2
mLE 7138+ & 10%7F vortex dtal A 2o 4 308 HFx] 3+

< %%%Eﬁ](Spectromc 2D, Thermo Electron Co.,
Marietta, OH, USA)E o]-&3}¢] 525 nmoll A 3 == &
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A3 TH19). 24 dEx2T2 A8 tiale WeES 0.2 mL
FH3lo] A3 FA 2T+ L-ascorbic acidE A&

SFAT.

ABTS 2iC|Z AVs &H

2.45 mM potassium persulfate(K2S:08)2} 7 mM ABTS
|AE 111= EFstal A9 of 7% oA 12~16A13F
Byste] ABTS #o)zs AAAZT ABTS ez
732 nmoll A FFE7F 0.740.027) HEE vge 2 845}
of ALE3F wEe-2 3" ABTS €9 0.9 mLe} 7+
T FE5E 01 mLE £Fsta 483 3% & ¥3EE

Al(Spectronic 2D)E ©]&3}4 732 nmolA] FFEE =H
ATH19). o4 dE2TS AE gl WEsS 0.1 mL
Fate] Al P hF2T-L L-ascorbic acidE AHE:

sheih.
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Hydroxyl radical(-OH) 2iC|Z AHs &H

Fenton W&o we} 10 mM FeSO4-H.O-EDTA®] 10
mM¢] 2-dexyribose solution®} Z} =8 F&5&55 £3
F 2 10 mM9] HyO:5 H7Fste 37°Coll A 4A17F &<t H
ettt o] &g Mo 2.8% trichloroacetic acid¢} 1.0
thiobarbituric acid &% Z+Z H7}sle] 2087k %%OJ
28] 520 nmoll Al FFEE SHATH2). 4 dx=T
Alg el deheS A8l A xS L-ascor-
bic acid& AH&-3F3it

o b R

M= HHQE

LLC-PK; cell 100 units/mL2] penicillin-streptomycin
(PS)T} 5% FBS7} & DMEM= A&-3te] 37°C, 5%
COz w710l A mFalqlct. mike Axe 1~2¢e] ¢ ¥
v oFol-g wlro] FEA v Fete] Al 23t ol =
31908 u phosphate buffered saline.2 A XZE A # st
% 0.05% trypsin® 0.02% EDTA &g o7 A5 AL
& e 5 AR st AEE B v AEE AR

A F ARG ShEA AFol AHESATHE).

Cell viability &3

AI3E7F 75% confluence AFE]7} =™ 96 well culture
plated] LLC-PK; cell& 1x10* cells/mLZ £33}0] 24
7 vjke 3 AkslE AEd 2 9 5219 250 uM py-
rogallol, 500 uM SNP % 1 mM SIN-1& A g]sle] 2417+
HjeFalitt. 4AhshA 2Ed s i 3 ARE sEHEE Ay
sto] thA] 24417 vl Fe H 5 mg/mLe] MTT solutions:
7} welloll F£43ke] 37°Coll A 4A17F B¢k AjufFst & YA
S W& kg el A DMSOel ¢
3 A TH6).

¥ formazan A4 <

540 nmoll A ETHE=E =H

SAHEA

A ES Hd+R
144X}i L}E}H% Qo 7} A éﬂril‘i—lﬂ ANOVA(analy-
Duncan's multiple range test

Frolge ARshenh

sis of variance)& 3+ %
& olgstel 7 ol B 11
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Fig. 1 % Table 13} Z9kth HPLC #4] A3} 2,3,5,4'-tet-
rahydroxystilbene 2-0O-B-D-glucoside, emodin, chry-
sophanol ¥ rhein®] &21% 2™ (Fig. 1), 2,3,5,4'-tet-
rahydroxystilbene 2-0O-B-D-glucosidei= 115.02 mg/
kgO & F 33E R FH YT 2t}S 0 & emodin®] 0.38
mg/kg, chrysophanol®] 0.11 mg/kg, rhein®] 0.03 mg/kg
o2 gelEltH(Table 1).
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Fig. 1. Typical HPLC chromatograms of the MeOH extract from
processed Polygoni Multiflori Radix (PPMR). 1, 2,3,54'-tetrahy-
droxystilbene 2-O-B-D-glucoside; 2, rhein; 3, emodin; 4, chrys-
ophanol.

Table 1. Biological compound contents of the MeOH extract
from processed Polygoni Multiflori Radix

Compounds Contents (mg/kg)
2,3,5,4"-Tetrahydroxystilbene 115.02+3.60"
2-O-B-D-glucoside
Emodin 0.38+0.02
Chrysophanol 0.11+0.01
Rhein 0.03+0.00

1 .. .
"Values are presented as the meantSD of triplicate determin-
ations.
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Fig. 2. DPPH radical scavenging activity of the MeOH extract
from processed Polygoni Multiflori Radix. Means with the dif-
ferent letters (a-d) above the bars are significantly different (P<
0.05) by Duncan's multiple range test.

D-glucopyranoside”t ¢ 90%E A8} t}. o] &gt 2=}
= Al FBEY, 715 D HA A28 54 2ol 7]
olgl= Ao =m FuHEIc} 3 2,3,5,4'-tetrahydrox-
ystilbene 2-0O-B-D-glucoside, emodin—-8-0O-B-D-glu-
copyranosidex 935 3 ¥H(20-22), 1+3) &4 (23-26),
g=stolmy oW X5 §7(27,28), A FoFd &A
44(29,30) ® A& A&AE Festa W7t 4% &
¥H(31-33) Fo] Barxo] 9lom, emodin A FAitst &4
(34), &495 A4(35), I &4(36) 2 <k €44(37,38)
2 monoamine oxidase Xﬂ FA(15) 59 o7 71+ &8
gk S48 AU e AoR A o] VT AE &
ANZA FAGe] & Ao R FrhEa drk(13,39).

WA e HEe 2‘,&?5%94 DPPH, ABTS % hydroxyl
= <= Fig. 2~49 &skow, A7 s%7}
—8— =7kttt WA shQ. HE
27%S A3 A9, Ay v
Ao F7}9 e 50 pg/mL
o] A7 FLolA 48.4%°] B A7 TS HAthFig. 2).
Blois(40)ell 9J&] 4A71¥ DPPHW- a,a-diphenyl-B-
picrylhydrazyl 2t Zo] LA SS o] &3 o= 71 4
g o] &H= st &4 54 Wy T shvtolH, a-ER
=8 Artelr] Y E42 AREE STy DPPHE - e 2
UZER cysteine, glutathione® 22 313 ofw| =4k} o}
253282 EF9E, hydroquinone, phenylenediamine,
aminophenol®} & aromatic amine 5ol 2siA )5

of e Apsjo] BAEBR i Fols B frel7] 2%
$2 S4she o 9o o5 Urku1-43).

WA e e FEE9 ABTS 8oz 27%5S 4
HE A3} A7 sE7t F7Fs uet g 2750 F7t
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Fig. 3. ABTS radical scavenging activity of the MeOH extract
from processed Polygoni Multiflori Radix. Means with the dif-
ferent letters (a-d) above the bars are significantly different (P<
0.05) by Duncan's multiple range test.
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Fig. 4. Hydroxyal (-OH) radical scavenging activity of the MeOH
extract from processed Polygoni Multiflori Radix. Means with
the different letters (a,b) above the bars are significantly differ-
ent (P<0.05) by Duncan's multiple range test.

sium persulfate<}2] vk-g-o ol A ¥ ABTS ] Zo]

Alze] gakst B4 os) AAE o] gz 579 A4Sl
AEAo] AL = HE o] &g SA WO R o] e
A7 -& hydrogen-donating antioxidants®} chain break-—
ing antioxidants =55 534 4= 213L, aqueous phase$}t
organic phase E5ol #&o] 7}gslth= oA sdg
% A Al DPPH @tz &7 5 R 58 245 YEh
T AR d#HA o] E AFNNE TY s HY A
DPPH #t)ZF 275 H = ABTS &)z 27%50] &7
VERTH(19,44).

HA st WEhs FEE9 hydroxyl 2he]Zel ojg
2AG S 548 47 10 ug/mLe] H2 FEA 70% ©I
el BuZ 275 s Blon ik ofEH O = hydroxyl
oz &7%0] S7kste 9 234E vede s &
1% 4= AATHFig. 4). Hydroxyl 2}tz ST
2 ROS oA 714 54d0] et whgAdo] Eow x|zt
§]r91r oo /\gﬂﬂ 5:)\1 Efg] DNA tﬁo]_e, 0] oﬁ oo ;éh:ﬂ
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ton BF&-oll of&l] A Zd4AE0 ONOO 9 el
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HA st AtE ~Ed s A Za 313

Kim(1)2 3442 80% oﬂ g& F5E9 7% DPPH ¢t
Z 2A 4L 63.0%% 3L, SOD A 42 19.8%= 1
o FLolA H]Lh HAINE & AT WA OP—r
= Ao g FAHEIY. ol WA st A4
=2 2,3,5,4'-tetrahydroxystilbene 2-0-3- D—
glucoside 3Fo| ":,\_5_1:]—"! 5o 0101(18) s} a}a) &

B-D-glucoside %} J&@ 9}3 Aog FAHJC &FF 3l
2 A st Fo st g% kst @4 59
HlaL A g o] o]Fojz]o} & Ao FAekE Gt
WA st FE=2| A5 AEHA JIM S0}

Renal proximal tubule cell-& A} gft)zbol] w9 w7t
3 A|EZE, 3] LLC-PK; pig renal tubular cell& W Z&
ol FE=% MDCK darby canine kidney epithelial cellX.
o} qbsbd ~E e v R7E Al EE LLC-PK; Al
A B AR g B34S FrEste] AkshA &
e Aol £ oold gk i g3 A EFoEN AR
A 2Ed 2 sl ot datsl anE AE R gl
A Q) AlE 2dlo)th(2,45,46). Wb LLC-PK; cellol
pyrogallol, SNP & SIN-1& A g|&to] ghr)zhs A7
T JA el S FEES TEEE A 4lsH
2~EG 2 WA 235 A0E A3 Table 29 294ow,
A Fert S7VETE sk 2Ed 2 ] 59 S0
skttt

Pyrogallol #3815t E 02k Ho000 ATAZ =&
JEd W owE Akt d s T AT Oz
AAslar o]g A AAE ROSE 5443 4 g ¥
Aol WelF] vy EAE A-83kA €ekE6,7). Table 25
pyrogallol& A ¥ %F LLC-PK; cellel| t)3dt st+2 HE-=
FEEY BE a5 Mx ASEE AuE Aol Py-
rogallol?He A2t Oy 7} & controli2] - 70.2
%2 A AEES B v 52 AlRE A EsslS

F571 10, 25 9 50 pg/mLE S71E55 AL AEE0

7tk s g 915’15} 53] 50 pg/mL &=l A
80% o]l AE YEES HYoR B FRAME Oy
of that NE BT Ei}ﬂ Hold AS g = U
(Table 2).
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OF Adst= stFE= ol 93] A4% NO= AA A
T8 A 2dQAE AEepARt s =] NO= whe
A oasted e daso] Axe] WAl &3S fdt
NO7F Al Aol vA|= &L gk A F5ol nheh
GEA dehts AR A glow, dubH o gk

M= AE AEE A2 IFE A= Aow deA
ATH2,7,47). 18] 8ke] RNSe]l 4 Arsld ~EP 2 R

3= A7) 98 LLC-PK; A|l¥o] SNP A2 2 NOE
el Ahsbs 2EY2F 7k & ol tiE skl FEE
o] ¥ BT IS F2stt SNPYHS 2] 3 control
TS A E BEEO] 68.3%R Aol AFEtA AEH 2~
o5k M2 &S BRI ¢ AL, 25 ng/ml o] AR
Aol A 80% o]/de] ME AEES Ve
A A E NO tjgh M BHE g37t Hojt A& &0
T UATHTable 2).

A el Al NO2F Op 9] ¥h-g-of 93] A1 ¥+ ONOO™
= =& WS macrophage, 5T, Wa A Eo oa A
T 31, o]+ pathogenic cellular damage®} organ dys-
function®d] Fae1o 2 4#A ¢l ONOO = protein, ©}F
v =4k, DNA 53 9hgate] Al 9 22 &4-& 07|38
Rt oby el NO signallings A 8listo] of 2] g2 ek w4
o #ogtt}. SIN-12 NO9F O & AT o] &2 H4:9]
HE-S-5lo] ONOO & A8t o]+= 7483 cytotoxic oxi-
dants® 3% 7] Wil 54 &35 e A |27,
10,48). LLC-PK1 A& SIN-1& #2]ste] ONOO ° 2]
gk AbstA AEHAE FEAIZ F oo digh AX 9 BE
2E AE AEES S5 A9 R SktHTable 2). SIN-11F
S A 83 controlie 60.4%% AE AEHo] Yol
st WEE FEE A sE7 TS 5 oE
How Alx gYELo] T7hekhe FFE vEkdleh 25 % 50
pg/mL =5 A& Y2}y 72.5%9F 77.6%2] ML
AEEES YerlE A& gRlste] ONOO @ ik 214 4l
2GS E3 s ~EH A ] a9E Hole 3o
At ®ltH(Table 2).

ol wulat WA s Were FEFE 9 HPLC #4
A3} 23,54 -tetrahydroxystilbene 2-0O-3-D-gluco-
side, emodm chrysophanol ¥ rheino] 2151 5 3}
FE-S 2,3,5,4'-tetrahydroxystilbene 2-0-3-D-gluco-
side® °F 90% °l’d& 24 3k3lth. F=F=2] DPPH, ABTS
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Table 2. Effect of the MeOH extract from processed Polygoni Multiflori Radix on the viability of LLC-PK; cells treated with

pyrogallol, SNP, and SIN-1

Cell viability (%)

Compounds Treatment con. (ug/mL)

Normal Control 0 25 50
Pyrogallol 100.0+2.8*? 69.4+3.2° 74.8+1.4° 75.7+4.2° 82.1£1.9°
SNP 100.0+1.8" 68.3+2.2¢ 75.142.3¢ 85.342.8° 89.1+3.1°
SIN-1 100.0+2.2° 60.443.5° 64.6+1.8° 72.5+3.9° 77.6+2.4°

DValues are presented as the meantSD of triplicate determinations.
Means with the different letters within a row are significantly different (P<0.05) by Duncan's multiple range test.
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