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Protective Effects of Cellular Membrane and Component Analysis of Polygonum aviculare Extracts

Soo Nam Park*, Min Ji Kim, and Su Ji Kim

Department of Fine Chemistry, Nanobiocosmetic laboratory, and Cosmetic R&D Center, Seoul National University of Science
and Technology, Seoul 139-743, Republic of Korea

In this study, the antioxidative effects and component analysis of Polygonum aviculare (P. aviculare) extracts were investigated.
The ethyl acetate and the aglycone fraction from P. aviculare extracts were more active than (+)-c~tocopherol and L-ascorbic
acid, which are known as strong antioxidants for their antioxidative activity by the DPPH method and chemiluminescence
assay. The cellular protective effects of fractions of P aviculare on the rose-bengal sensitized photohemolysis of human eryth-
rocytes, increased in a concentration dependent manner (1-10 pl). In particular, the ethyl acetate fraction at a concentration of
10 ul showed the most prominent protective effect among all the extracts (tso, 314.70 min). TLC and HPLC chromatogram of
the ethyl acetate fraction of P. aviculare extracts revealed 3 main bands (PA8, PA5, PA6) and peaks (peak 1, peak 2, peak 3),
which were identified as myricetin-3-0-rhamnoside (myricitrin, PA8, peak 1), quercetin-3-a~-rhamnoside (quercitrin, PA6, peak
3) by LC/ESI-MS/MS and 'H-NMR respectively. These results indicate that fractions from P aviculare could be applicable to
new functional cosmetics as antioxidants.
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Table 1. HPLC conditions for separation of ethyl acetate frac-
tion and aglycone fraction from P. aviculare.

Column VP-ODS C18 (L; 250 nm, LD; 4.6 mm)
Detector UVD 170 s DIONEX

Flow rate 1.0 ml/min

Mobile phase 2% acetic acid:0.5% acetic acid in H,O

in 50% acetonitrile solution
(70:30-10:90, Gradient)
for ethyl acetate fraction
(50:50-0:100, Gradient)
for aglycone fraction
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A7t 4 F& F 50% ABLE F2, ol B3 F Y-
S%oo] Sh9EE Aglth o] i Poldl e F A¥E

100% ofgh2o] &9 &, syringe filter (Millipore, 0.45 um)
(Chemco Scientific, Japan)2 oJi}5}o] HPLC 24| A&
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HPLC % LC/ESI-MSE o0|8¢%t OICIE FE=29| Z2t
HLo0|E 2M: LC E4 9 Agilent Model 1100 (Waldbronn,
Germany)< A3 T ZHL Pursuit XRs C18 (2X
50 mm, 3 um) (Varian, USA)& ARE3IATE. o1 FAR 0.5%
formic acid (distilled water):0.5% formic acid (MeOH:
Acetonitrile = 5:5) = 2:82 3lF o, &2 200 u/mine
2 3}tk MS/MS E4-2 ionspray sources AF&31% 1,
negative ion model2 capillary voltages= —3500 V, nebulizer
gas (Np) 10 (arbitrary units), collision gas (Ny) 181
ion source temperature= 400°Coj| 4] 33} c}t. 'H-NMR
7171 42 Mercury 400 (Varian, USA)E A&3}% 0
B &= deuterated methanol (CD;0OD)E AME31H 2
o, Y EFEZZ = tetramethylsilane (TMS)E 7|&4
(Si(CH3)y, 6 =0)2.2 3}t
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RE APS 335 MES AT BARLL 5% f 95zl
A Student's t-testE 33} Tt
i 9 0%
DPPHHZ 0|83t XiRaiCiz &7 &y

o E FEE e Afgdd 2AgY 82 1.1-
diphenyl-2-picrylhydrazyl (DPPH) radical ©]-8&3}%t}.
g E &8 19 B EE Q] (+)-artocopherol @] A
gz 248 (FSCy) 54 2= Table 29 Ztt. Wit
Z 2259 oY olAHo|E £33 9] FSCsp< 5.25 ug/ml,
o2& REL 592 ug/mle Yepdon ol= vluw 3
¢l (+)--tocopherol (8.98 ug/mhEci= ¢ 2 o LA
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Table 2. Anti-oxidant activities of P. aviculare extracts.

Scavenging activity
(FSCso, pg/ml)  (OSCso, ug/ml)

Compounds

P, aviculare extract 5.25+0.05 0.07£0.03
(EtOACc fraction)

P. aviculare extract 5.92+0.20 0.09+0.01
(Aglycone fraction)

(+)-c~Tocopherol 8.98+2.93 -
L-Ascorbic acid - 1.50+0.85
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Table 3. Protective effect of cellular membrane of P. aviculare extracts and reference compounds on the rose-bengal sensitized

photohemolysis of human erythrocytes.

150 (Half time of hemolysis®?)

Concentration (ug/ml) 5 10
P, aviculare extract (EtOAc fraction) 43.69 + 3.86 190.07 £ 10.35 314.70 £ 6.38
P, aviculare extract (Aglycone fraction) 50.28 + 0.67 172.37 £ 4.41 264.59 £ 8.42
(+)-a+Tocopherol - 38.00 £ 1.80
aControl, t50 = 31.00 £ 1.00 min.
20lis LAHS 0|85t Fe** ~EDTA/H,0.7(0ll UA0IA & Rf Values
Guth AN 2Y(EEtErs) PAL 034
Fe*"-EDTA/H,0,7| & o] 48 $343ts 4¢ 23}, ntr)
£ 2229 FAAL 27 TA(0SCa0)& Table 2] Lret
9o od opdlE|o]E B3)& 0.07 ug/ml, o} 2] L& - PAs s
0.09 pg/ml2 LFebgTh, 4SS o ofAlElo]E 2
ol F& AANZ BE R} £A eyt BE vaEdR -
A3t L-ascorbic acid (1.50 ug/m) Bt £ 2 ASAS HY —/ PAS 035
on, A}z oz ofdotA|go|E £E3} ol= & 0] free
radicalof T3t o 2 Ao U5E & & A [ @ @ 0 @

'0,02 REE AR METo| mujof thst MEES Sat

) E 22529 A R AT AEZEF ojA B
T 898 ZH ZIE Table 30] Yt dct. HEF Al
Z7}F 50% I EH=d 2 A0S AIZETSYo] &
5 3A yehd o g ofAHolEY 89 L 1, 5,
10 ug/ml® F=oA w= YEH o2 AZ A& A s}
AT} (T30, 43.69, 190.07, 314.70 min). FZ AAAZ] £2¢]
MNEBRS a3tE 1, 5, 10 pg/mlolA 1500 2+ 50.28,
172.37, 264.59 min® 2 Vbt E3 10 pg/ml F =04
e ofAlElo|E 28, 223 Fo] AAE (2 D)
BE el 2 AR 2184 A (+)-a-tocopherol
Hok AZHE a7t e 32 & 5 YA

OIC|IE FE22 4824

OIC|E FEE9| TLC L HPLC 2AM: P. aviculare 3
ZE 9] TLC chromatogram< Fig. 1, 39 YEF 1322 HPLC
chromatogram& Fig. 2, 49 Yt} v & F&& 9
g oA Elo]E B89 TLC A2atEIHL 9 9 u(PAL,
PA2, PA3, PA3-1, PA4, PA5, PA6, PA7, PAS)Z E2 5 9]
th(Fig. 1). Ry valueZ} 0.8491 PA1S kaempferolZ, R
valueZ} 0.77¢] PA2E quercetin® 2 FA & 3lth. PA6S
quercetin 3-0-AL-rhamuoside (quercitrin)® 74 & i T}
244 4E Fof HPLCE £43% A3, Fig. 19 TLC
(normal phase) ZZ0}E1H:Ho]A PA1 (R; 0.84)& Fig. 29
HPLC (reverse phase) peak 9, PA2+ peak 8, PA32
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Fig. 1. TLC chromatogram of ethyl acetate fraction from P.
aviculare and references. Eluent system:ethyl acetate:chloroform:
formic acid:water =8:1:1:1 (viv), D quercitrin, @ ethyl acetate
fraction, Q) quercetin, @ kaempferol.
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200

1004
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0.0 10.0 20.0 30.0 400 50.0 60.0

min|

Fig. 2. HPLC chromatogram of ethyl acetate fraction from P,
aviculare. (360 nm) (1) PA 8, (2) PA 5, (3) PA6, (4) PA 7, (5) PA
3-1,6)PA4, (T)PA3, B) PA2, (9) PA 1.

peak 7, PA3-12 peak 5, PA4+= peak 6, PA5+= peak 2,
PAGL peak 3, PATZ peak 4, PA8Z peak 17} 4|32
glat gt 5 EFEAS AFESHe] peak 3 (11.49%)2
quercetin 3-O-AL-rhamnoside, peak 8 (9.40%)+ quercetin,
peak 9 (5.79%)= kaempferold-& ERI5I%ch 18|11 PA7H}
UX|3H= peak 4, PAST UX|3}= peak 1+ myricetin BHJT
A|, PA3-13} Y X3} peak 5+ kaempferol | Z A, peak



Rf Values
PA-a 0.6
PA-b 0.33
PA-c 0.13
®© @ @ ®

Fig. 3. TLC chromatogram of aglycone fraction from P.
aviculare and references. Eluent system:hexane:ethyl acetate:
acetic acid =21:14:1 (viv), D myricetin, @ aglycone fraction
(EtOAc fraction), 3 quercetin, @ kaempferol.
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1,000
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Fig. 4. HPLC chromatogram of aglycone fraction from P.
aviculare. (360 nm) (1) Myricetin, (2) Quercetin, (3) Kaempferol.

6.951
6.369
6.363
6.207
6.202
5.322
5.318
4.839

e

90 =
90 <
9’0 —

650 <

Evaluate Various Aspects of P. aviculare Extracts 55

2, 62 Z+ZF PA5, PA4¢} YX|3tEZ quercetin BFAH 2 3=
QAT olo] iAo Fho] B PAS8 (24.52%), PA5
(18.16%), L2 1 PA6 (11.49%)< LC/ESI-MS/MSSH NMR
AHEYS BASto At 125 215 Fig. 32
)& 2289 ofFE|E £3 9 TLC chromatograme
Bl glor o2 e E 282 3749 u(PA-a, PA-b, PA-0)E
2=, EEEES 0|&3te] HPLCE &%1%t 23} PA-
a: myricetin® 2, PA-b= quercetin, 181 PA-ce=
kaempferol2 22l gich.
OiC|E £==2| HPLC % LC/ESI-MS £M

PA8 (HPLC peak 1 of ethyl acetate fraction): TLC
¢} HPLCE 53| PA8 (HPLC peak 1)2 quercetin T+
myricetin B EA 2 24, LOMSMSSH 'H NMRE 0] &3}
I3t LC/ESI-MS/MSE: o|-8-3to] £-43%F A3}, negative
ion BEO|A Z2} o] & [M-H] 7} m/z 463°1 4 et gt o,
glucoside T 9] AAZ QI o] 2 o] T (m/z 463 —m/z 316)
£ etk Ea 2o o T2 242 atel THNMR
HAS AXSE 23 Fig. 5), (400 MHz, CDs0D) 8 ppm 6.95
(2H, s, H-2'6", 6.37 (1H, d, J=2.10 Hz, H-8), 6.20 (1H, d,
J=2.08 Hz, H-6), 5.32 (1H, d, J =1.54 Hz, H-1"), 4.25-4.21
(1H, m, H-2"), 3.78 (1H, s, H-3"), 3.64-3.49 (2H, m, H-4", 5"),
0.96 (1H, d, J=6.18 Hz, H-6"2 Utebytt}. wpabs PASS
myricetin 3-O-rhamnoside (myricitrin)2 &1 = it}

PA5 (HPLC peak 2 of ethyl acetate fraction): TLC2}
HPLCE %3|| quercetin Hj@A|2 243+ PA5 (HPLC peak

mmmmmmmmmmmmmmmm
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0.972
0.957

OH
Myricetin 3-O-thamnoside(Myricitrin)
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T T T T
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Fig. 5. "TH-NMR spectrum and structure of PA 8 (myricetin 3-O-rhamnoside, myricitrin).
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Fig. 6. '"H-NMR spectrum and structure of PA 5 (quercetin-3-a-L-arabinofuranoside, avicularin).

TOONANDODT OW o 90NNt Ao Voo o v
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Quercetin 3-O-a-L-thammoside(Quercitrin)
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.
:
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Fig. 7. "H-NMR spectrum and structure of PA 6 (quercetin 3-0-o-L-rhamnoside, quercitrin).

2)9] LC/MS/MSE £A4319th. LC/ESI-MS/MSE o] €3] 6), (400 MHz, CDsOD) & ppm 7.53 (1H, d, J=1.82 Hz,
B3 A3 negative ion BEO A B} o] & [M-H 7}  H-2), 7.49 (1H, dd, J=8.36, 3.91 Hz, H-6'), 6.90 (1H, d,
m/z 43394 UEF O, glucoside 9] 9] 2412 013t o]  J=8.36 Hz, H-5), 6.40 (1H, d, J=1.48 Hz, H-8), 6.21
2 10| (m/z 433 > m/z 301)E e gt E3 Bt A (1H, d, J=1.72 Hz, H-6), 547 (1H, s, H-1"), 4.33 (1H,
a3t 12 BAL 9Jste] 'H NMR 84S AAS 27 (Fig.  d, J=2.61 Hz, H-4"), 391 (1H, d, J=2.84 Hz, H-2"),

http://dx.doi.org/10.4014/kjmb.1311.11010



3.87 (1H, d, J=4.11 Hz, H-3"), 3.51 (1H, dd, J=3.91,
2.12 Hz, H-5"2 JEhgtth wabA PA5E quercetin-3-o+L-
arabinofuranoside (avicularin)® 2HQl%|¢ict.

PA6 (HPLC peak 3 of ethyl acetate fraction): TLC
9} HPLCE %3)| quercetin Bl @A 2 333t PA6 (HPLC
peak 3y2 LC/ESI-MS/MSE o|-&35}o] A5t A1}, negative
ion REOA £} o] & [M-H] 7} m/z 4470 A Uetst o,
glucoside &9 ¢ AAZ Q1% o] ILIO]EL(m/Z 447 —m/z
301)E YEY AT B3 Bot A3 2 EA4E 95ty
'H NMR £4& AAg 2 3}(Fig. 7), (400 MHz, CD;0D)
§ ppm 7.34 (1H, d, J =2.08 Hz, H-2), 7.33-7.29 (1H, m,
H-6", 6.91 (1H, d, J=8.29 Hz, H-5", 6.38 (1H, d, J=
2.09 Hz, H-8), 6.21 (1H, d, J=2.08 Hz, H-6), 5.35 (1H,
d, J=1.58 Hz, H-1"), 4.23-4.21 (1H, m, H-2"), 3.76-3.73
(1H, m, H-3"), 3.32 (2H, m, H-4", 5"), 0.94 (1H, d, J =
6.10 Hz, H-6"Z UEelgtth. wabA PA62 quercetin 3-0-o-
L-rhamnoside (quercitrin)@ &-21% it}

2 o

2 AFNA vt E FEEY A S4S B 24
DPPHY 1} 3}shdrgiof ofsto] nit& £EE9 o9 of
AlE ol E £83} ofZ e & £ 3 A2 &
A (+)-0!-tocopheroh—]- L-ascorbic acid Btz 943t FAks}t

S yeh et AEY B G B3 A7E 9T ot
E]E FZ o ofAEHo|E e ot E £ BT A
A3hbs} AaRS] ZekAel (+)-tocopherol (T = 38 min)
of wlaste] § S23k AE BE BAS UEuS selst
A h(T50=314.7 min and 264.6 min at 10 pug/ml). 9}t &
Z£E9 TLC, HPLC, LC/ESI-MS/MS, 18|11 NMRE 9|
$ofo] 2422 B4 A ot E 3229 A2 oAl
o|E E 3 9] FAEL myricitrin, avicularin, quercitrin®
2 SIsgon % 2289 o2 2 F4%
<2 myricetin, quercetin, kaempferol=® &1 ¥ 1t}

opye] ATER ket £R Behuio| =g gt o)
UE FEE2 o oAEHCIES o2& £ oA o
7HA] At ag o] g FFAEe T 10,02 e H8
7 B3o] g AE 25 £} 2 AR e} ol
nt & FEE0| 7|64 E 9REAY §8& 74l
9L AR,
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