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Flavonoid chemistry of Fallopia sect. Reynoutria (Polygonaceae) in Korea
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ABSTRACT: Fifteen populations comprising three taxa and a putative hybrid of Fallopia sect. Reynoutria in
Korea were examined for their leaf flavonoid constituents. Nineteen flavonoid compounds were isolated and
identified; they were glycosylated derivatives of the flavonols quercetin and kaempferol, and of the flavones api-
genin and luteolin. Among them, quercetin 3-O-galactoside and quercetin 3-O-glucoside were major flavonoid
constituents, and present in all taxa. The flavonoid data appear to be very useful for taxon delimitation, and all
taxa examined are readily distinguished by their flavonoid profiles. In addition, the flavonoid data suggest that
the Nonsan population may be of hybrid origin involving F. japonica var. japonica, F. forbesii, and F. sacha-
linensis. In F. japonica var. japonica, there is no apparent correlation between their levels of polyploidy and fla-
vonoid chemistry, but geographical variation of the flavonoid profiles among some populations was detected.
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o] A& ME= o] 2tk (Holub, 1971; Haraldson, 1978; Ronse
Decraene and Akeroyd, 1988; Bailey and Stace, 1992).
S [sect. Reynoutria (Houtt.) Ronse Decr.] thaAl
QA AFEA, 054.0m FEE A3 FHA 2]
AR 2], B o] el A M, @ W
Fie AsHd, el w2 vilaA] Aol vehus A4
AF@2n=44, 66, 88, 132) 52 54l 23 £ vk 4
AEE9 FElo] FEHH, A7 2 dele Ao 12



o] 711 o] Itk(Kim and Park, 2000). ¥ & 226 =
|, AV 9 Qe TaaRs Boblol Alefe] 3
PSR, A A0, 49, dolzelsh Ba,
E Tl FY=Eo FHAs Aol g J]X]J— ATt
(Conolly, 1977; Mitchell and Dean, 1978; Beerling et al., 1994;
Hollingsworth et al., 1999; Bailey et al., 2007, Gammon et al.,
2007; Gammon and Kesseli, 2010).

St o) BEs= &2 A 2 EZ+= F japonica (Houtt.)
Ronse Decr. var. japonica(3°3<2), F. forbesii (Hance) Yonekura
and H.Ohashi(Z3@™) W F sachalinensis (F.Schmidt) Ronse
Decr.(B574+7) 37| B5shs 20w defA vt
(Kim and Park, 2000). ©|= & 249 Z7], 42 771,
QA W A Je) o) Fe Hole] 2AS T 9]
ou}, (1) BHIET) B £53 v 49 2 @
Aol W} ojnite] Feiedael ol e HEE b
WHol7b yehar, (2) vhekst vl d@2do] vER, (3)
&8 o] =3] 7] wloll(Bailey and Stace, 1992), ©|&
o) ¥, ¥Rk B, B 9 A 44 Sl o
skzzke] A xfo]7t 4dsth(Small, 1895; Makino, 1901,
1928; Koidzumi, 1917; Steward, 1930; Honda, 1932, 1935,
1936; Nakai, 1938; Ohwi, 1978; Kim and Park, 2000).

3 & Ho] H3h= v EJJr(Polygonaceae)/] A,
flavonoid 273> 4 BR/TE9] A 2 FAIAE 4
sh=d] w9 F&3 ZoR WslA Qlth(Kawasaki et al,
1986; Park, C., 1987; Mun and Park, 1995; Kim et al., 2000a, b).
E3], Kim et al. (2000a, by HT =% HoW =4 (sect.
Fallopia), 312 [sect. Pleuropterus (Turcz.) Haraldson] 2!
Parogonum’d (sect. Parogonum Haraldson)®l| &3h= ¥-Fr-&
,] ﬂavon01d Z/\‘] ° H/\-]—o‘]— ];]]- o3} Ouz] 1 @;} o]‘: X—‘oﬂ
&3l B 2 71 flavonoid 2/l Qlo] FESE 20|
7} ‘/}E’ﬂ% fi sl A AR o]d Al 24
o] EAfsh= /\% 2 B Qlek.
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flavonoid 7% &= 218l ARgskl o, v JRAT
A&+ two-dimesional thin layer chromatography (2D-TLC)
S ARESFO] 71 flavonoid 23S ERISISIE B4 AR
© TS ARAEE Table 19 AAHo] glov, &
TS Aeista A e R IHSNU)el &t

At

& 9 oIRpA|
Flav0n01d 2 W2 Kim et al. (2000a, b)9] #HHS W
sto] ARESISITE =, Aok A2AIX oF 10g9] e
JH 5 & o] ZHE] 85% aqueous methanol (MeOH) 200 ml
4AXZF 23], 50% MeOH 200 mlZ 12/\]7}‘ 1314 220
1 ﬂav0n01d compounds FE3IATE 2 FENL T3l 5
)57 rotary vacuum evaporator<- 4O°C°ﬂ7~1 FEBIGC
, =59 FE9L2 chloroforme AFESH] GE4AE 13}
AATE F, BhA] ethyl acetate (EtOAc)E AME-511 flavonoid
compound?HS FE3Ith 1 A AAX flavonoid
compoundE ¥3eH= EtOAc fractions T3 WO =2
23ml EE FEFPOH, FF% EtOAc fractions
cellulose TLC plate (Merck, thickness 100 pm, 20 cm x 20 cm)
ol 2% spotting®t ¥ ©]E TBA (tert.-butanol-acetic acid-

HE oﬂ,

_&

Table 1. Sources of leaf materials for flavonoid analyses. All vouchers are at SNU. Collections from which bulk extracts were prepared are

marked an asterisk(*) following collection numbers.

F. japonica (Houtt.) Ronse Decr. var. japonica. KOREA. Jeju Prov.: Jeju-shi, Ara-dong, Kim 1*; Jeju-shi, Gyorae-ri, Kim 6. Gyeongnam
Prov.: Haman-gun, Namgang river, Park 38% Kim 481%*. Seoul: Mt. Gwanak, Park 41%*, Kim 160*; Seoul National University campus,
transplanted from Ara-dong, Jeju-shi, Jeju Prov., Kim 540%; Seoul National University campus, transplanted from Gyorae-ri, Jeju-shi, Jeju
Prov., Kim 547%; Seoul National University campus, transplanted from Mt. Baekun, Jeonnam Prov., Park 36, Kim 100, Kim 462*.

F. forbesii (Hance) Yonekura & H.Ohashi. KOREA. Gyeonggi Prov.: Gwangreung, Park 1, Park 2. Gyeongbuk Prov.: Mt. Juwang, Park
11.; Mt. Hwanghak, Park 21. Seoul: Cultivated in Yeongeon-dong, Kim 550*; Seoul National University campus, transplanted from Korea

University campus, Seoul, Park 26*.

F. sachalinensis (F.Schmidt) Ronse Decr. KOREA. Gyeongbuk Prov.: Ulleung Island, Tonggumi, Kim 11; Ulleung Island, Sadong, Kim
21. Seoul: Cultivated in Yeongeon-dong, Park 81%*; Seoul National University campus, transplanted from near Bongrae Fall, Ulleung Island,

Park 71%*, Kim 480%*.

Putative hybrid population. KOREA. Chungnam Prov.: Nonsan-shi, Yangji-ri, Kim 546*.
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water, 3:1:1, viv/iv)2} 15% HOAc (15% acetic acid in water)
= 8= sto] 22kl AZIAA ZR9)Al stellA 2 R
o] 3 3H= flavonoid compound®] ZAJS ERRISISIH) o]
%, 7713 2D-TLC ZJellA E1¥ flavonoid compoundE
=2l3l7] $18F] 54 EtOAc fractions Whatman 3MM
chromatography paper ¢]°| 7= band B streakingSt
T 15% HOACcE solvent® 3}o] 12F1 0= H/|AFT 1
Z3} paper chromatogram “dellA 2% Z} flavonoid band
£ 7FeA AFE $ 100% MeOH=E elutiondte] 55, o]}t
% ©0]Z high performance liquid chromatography (HPLC)S
AMEste] ¥ gEe] Sl flavonoid compoundsS HE &

2], gAs3Aet.

HPLC

HPLCE UV detector”} 72F# Gilson Model 305-306/
115UV Dual Pump Systems ARE3HITE A7]sh Wb o
Ax} F], FF3 7} flavonoid sample> Waters semi-
preparative pBondapak C-18 column (7.8 mm x 30 cm)el] 5=
dsto] HE Ha), A8t Elution 2% HOAcO A
acetonitrile®] FE=E 15%C14 30%% 27320l 2 W5HA]
71 gradient elution S ARE315102™, flow rates= 3 ml/
min®|${t}. Flavonoid compound®] & 254 nmellA] 0.2-
1 aufs. sensitivity= G335} 2™, Z} peak®] absolute
retention time stopwatchs AFME-810] Z73}311L internal
standardZ+ quercetin 3-O-rhamnoglucosideZ AHE3F3AT}.

SEFS

HPLC|A 2] #1st 2z} flavonoid compoundi= UV
spectral analysis, acid 2! alkaline hydrolysis, cellulose TLC %
of| A1 €] R, value, UV lightl|A]&] 217 5l HPLC “dollA] <]
retention time, co-chromatography 52 "W (Park, 1987;
Mun and Park, 1995; Kim et al., 2000a, by= ©]-&3s}] 1 +
Z5 T3h 7+ flavonoid compound®ll AEE o] Q1=
F(sugaryS 593171 A3t acid hydrolysiss= 7% HCl 4~
oS ARE-SEe] 100°C] FeFxelA 60 E< At
§loH, diglycoside®] 739 A= o] = sugard] ME
8+5]7] 913 partial acid hydrolysis (Markham, 1982)5 "3}
SIS

2

AT S A 3R 1SRRI 9o
Z2HE 1957 A= T flavonoid compound’} #-2], 5
= glom, o552 HPLC “dolX9] retention time ¥ 2-D
TLCEelM 2] R gk Table 200, 2 2+ 2 ZiAled &
3= Table 31 Z42F A8

Shal B A BRarEel B3E8Ks flavonoid compound

52 flavonol?! kaempferol % quercetin®l] Fo] Z3heE

BIA|ZEESISIX) M41H 15

Table 2. Chromatographic properties of flavonoids identified from
Fallopia section Reynoutria in Korea. RT=absolute retention time.
o = RT/RT (internal standard). Solvents: TBA = fert.-butanol : acetic acid :
water (3 : 1 : 1, v/v/v); HOAc = acetic acid : water (15 : 85, v/v).

Compound R.T a 7Rfvalue
(min) TBA HOAc
1. Kaempferol 3-O-glucoside 1295 1.24 0.59 0.29
2. Kaempferol 3-O-glycoside 16.00 1.54 0.68 0.35
3. Quercetin 25.02 2.41 0.39 0.01
4. Quercetin 3-O-galactoside 11.10 1.07 042 0.18
5. Quercetin 3-O-glucuronide 11.22 1.08 0.33 0.19
6. Quercetin 3-O-glucoside 11.25 1.08 0.44 0.19
7. Quercetin 3-O-xyloside 12.05 1.16 0.47 0.14
8. Quercetin 3-O-arabinoside 12.70 1.22 0.62 0.16
9. Quercetin 3-O-rhamnoside 13.05 1.25 0.61 0.30
10. Quercetin 3-O-rhamnoglucoside 10.40 1.00 0.35 0.36
11. Quercetin 3-O-glycoside 13.15 1.26 0.65 0.27
12. Apigenin 8-C-glycoside 10.20 0.98 0.25 0.08
13. Apigenin 6-C-glycoside 10.70 1.03 0.49 0.29
14. Apigenin C-glycoside | 10.95 1.05 0.52 0.30
15. Apigenin C-glycoside 11 11.00 1.06 0.51 0.42
16. Apigenin C-glycoside III 16.24 1.56 0.73 0.29
17. Luteolin 8-C-glycoside 9.30 0.89 0.10 0.04
18. Luteolin 6-C-glycoside 890 0.86 0.27 0.15
19. Luteolin 7-O-xyloside 11.10 1.07 0.15 0.09

flavonol glycoside=2} flavone?! apigenin 2 luteolin®l] <]
A flavone glycoside=C | TH(Table 2). ®2]¥ compound
5 & Stk 2 A AEof B35k 52 flavonoid compound

flavonol?! quercetin 3-O-galactoside (compound 4) 2

oo

quercetin 3-O-glucoside (compound 6)Z F& FFHrol Tk
& LS T (Table 3). ©]% flavonoid compoundsoll 23}
Ho 3= Fe] FH+ flavonol®] 7% glucose, galactose,
glucuronic acid, xylose, arabinose, rhamnose 5 UHF4 0T
flavonol glycoside| Al =2 A== 6714 WdF B9}
o] 7?1 rhamnosylglucose®] $1tt. FH, flavonol compound
% compound 2%} 11 UV spectral data® = uw] Z}7z}
kaempferol 3-O-glycoside, quercetin 3-O-glycoside}! 2 .3
FRiF o, AgEo] gl 3o TR &3] w5t
A Fpait.

kd
]

quercetin 2 kaempferol 3-O-glycoside=3} flavone?! apigenin
9l luteolin C-glycoside== T =o] 3] S (Tables 2, 3),
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Table 3. Taxonomic distribution of flavonoids in Fallopia sect. Reynoutria in Korea. Compound numbers correspond to those in Table 2.

tr = compound detected in trace amounts in HPLC.

Flavonols Flavones
Kaempferol Quercetin Apigenin Luteolin
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
F forbesii s. lat. (2n=66, 88) e 0 o ® 6 0 ©o e 6 0 o e 6 o
F japonica var. japonica
Inland populations
Mt.Baekun popn. (2n=88) () ® 6 «r O o ©o e 6 o6 o
Mt.Gwanak popn. (2n=44) o ® O ir O o O o © o o
Haman population (2n=88) o e 6 6 6 6 6 o o o O e 6 o
Jeju Ara-dong popn.(2n=88) o O ® 6 6 0 o e o e 6 0 °
Gyorae-ri popn.(2n=66) o O e 6 6 o0 O o O o o
F. sachalinensis (2n=132) tr ® 6 6 6 o o e O
Nonsan population (2n=88) e o e 6 o o o o e 6 o

2 AFelA ARl s=rat 3 EF72 flavonoid
245 7132 A7 AIHKim et al,, 2000a, b)e} & Tl
Hwal & w], & 42 1) luteolin C-glycoside (compound 18)
sk oA Heod
=43}, 2) flavoneQ! apigenin C-glycoside= 2} luteolin
glycosideS(compound 12-19)0] ThFEHA| wEsH= oA
Parogonum@ ¥}, 712]31 3) myricetin 3-O-glycoside=©] $l
= AelA etredy) FHRETh e H2) dRkE Rl
flavonoid A2 ke @3 w9 f-AFsHY, 3] flavone
compound®] A2 LAY FE baldschuanica (Regel)
Holub, F koreana Oh & Kim (Kim et al., 2000b)3} v}zH714]
= apigenin ¥ luteolin®] C-glycoside=(compound 12-18)%
T2 7E] QlTk(Table 3). T8, £ o] A Fi<r) 8t
TLA°] F baldschuanica Atelolli= 450] G35 o=
R o] 9l 01 (Bailey, 1988; Bailey and Stace, 1992), ©]2]3+
AYRs& T3 B ul, “Reynoutrias FFa59] st
A= Q123 Bailey and Stace (1992) & Ronse Decraene and
Akeroyd (1988)2] Asl|7} g 21 o= dhdet,

4l 7-0O-glycoside (compound 19)°]

EFTEY flavonoid 242 ol&
9 E5HA SHAE qrgsked vl w8
S TH(Table 3). Fallopia sachalinensis= A7
2= £71(2.04.0m), AA3] T <L, AR 94 52
S g3 & dd o& ERrEd FHol EEM,
ki A ST EelT Feto] FAESTHKim and
Park, 2000). ¥ 52 flavonoid /3] IAAME A Y T
R FEsk AolE YERY, 2 4 oE Rl
e flavone®! apigenin 2! luteolin glycoside'=(compound
12-16, 17-19)°] %3] F-3E3}A] =T Table 3).

Fallopia japonica var. japonica®} F. forbesif= 212] SEj]]

QoA E5FsE Wo] s vEhfo] A A= (Forbes
and Hemsley, 1891; Steward, 1930; Lee, W., 1996) ©]& -+
BERTE Y BFFo® AEs7| = skl Fallopia
Jjaponica var. japonica®t F. forbesii®] flavonoid /2 F+ &
- B flavonol?! kaempferol 3-O-glycoside52} quercetin
3-O-glycosides,, apigenin 2! luteolin®] C-glycoside5= T2
compound® X35l HoA = A2 -FAFSIU(Table 3),
F. forbesii="F. japonica var. japonica®l|= UERIA] &=
quercetin 3-O-xyloside (compound 7), quercetin 3-O-arabinoside
(compound 8) %! quercetin 3-O-rhamnoside (compound 9)&
2EElAA A 0% Tkt flavonoid 278 WERATH
(Table 3). o]&st A¥}= & Aol it Feit-7ahs] A+
Aite) oA F forbesiie SHE 2= BHS Kim
and Park (2000)2] ZASHE #[AJ8hH, 2 R G o=
olo] A& WA FeHld, dA7E 94 B FAR1 54
O3l E japonica var. japonica®} =¥ 1T},

3HH, Kim and Park (2000) ¥ 2 B5<tol thsh =]
oA A Aiel] sk, =t AR E A
F. japonica var. japonica, F. forbesii ¥ F. sachalinensis{+2]
HERN 2l FAEANE 7o) B2 A= A
v} Qi B 7IAIHS] flavonoid 232 quercetin 3-O-glycoside
E(compound 3-4, 6-8, 10), apigenin %! luteolin®] C-glycoside
S(compound 12-13, 17-18) ! Iuteolin 7-O-glycoside (compound
195 ¥38tsh= FollX= F japonica var. japonica ==
forbesii®}, kaempferol 3-O-glycoside=(compound 1-2) %
quercetin 3-O-rhamnoside (compound 9)7} $13 quercetin 3-O-
rhamnoglucoside (compound 10)5 Z&3sli= HeolX+= F
sachalinensisSt APt T1H 5748 VFERY SO ™ (Table 3),
o]#f3t flavonoid A A= 71ES] FElEF{ehE AT
A7HKim and Park, 2000)Z #| %5131t}

sk, AT AAA S WHol7t YERE F japonica

Korean J. Pl Taxon, Vol 41, No. 1
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var. japonica®] 73-%-, @A w=slel] wE flavonoid 27
o] BEIsk YA Apoli= Qi Ao E YERSTH(Table 3).
Fallopia japonica var. japonica %A SAAG7} 2n= 4431
Pt TS FA s AX), 2n =882 WAt AT
flavonoid 2737} L2072 zo7} §le Ao v f o
™, ©A] kaempferol 3-O-glucoside (compound 1)7} 2n= 8821
W2AE AN Al A 2n=4420 oAt AR T A o
2 2 o] EAs= oz i) e}, A
HjG=gle]l whE flavonoid £2/3732] 2tolE 48] 117Es}7]
fleix = AT Hol7F Y= JHAEEe] tigh Kot
B2 AP 27

SKH, F japonica var. japonicar= "1 flavonoid Z=gY 1o1A]
A2 o7t A veh= A0 ® A YTtk (Table 3).
AFE oleks AT 2 wala AT flavonoid FA3S
AAH o7 YEof Bk HAT2) flavonoid 43 3}
frAkstd, 58] JHAl el A YrERE kaempferol 3-O-
glucoside (compound 17} $13L F sachalinensis®} F forbesii®]
2 compound?! quercetin 3-O-glycosides(compound 7-11)S
EFFeto] WSl Faxshs & Wt ZHAIE 5 flavonoid
Z7el lelAl ApolE HERISItHTable 3). °l& AlF%=
MATL] Qo] Hele FHoE UFel X8 & 27T
MATE2 AR, A= FA47T ofd A71AE 71,
Jdo] AHFE HAu g9 A7/ &L FHE 5A4S
LeERdt) ol# st FejA] 57 9 flavonoid F/37d2] Ato]
2 = o ol A WS A AeEo] 3t X
=1 e Aoz AW, Fallopia japonica var. japonica
Ul AF% A ES] ©]8$ flavonoid 223> F forbesii®l
flavonoid /37 FAKE o] Qlov, AFE /HAR: 71A
= F forbesii ZWAE vl 2lE=A1e] A717F 2 ol
2k, A, 941 2 A4FS 23 ] Y 5 JuFo=
E5lo] x}o]7} Y, flavonoid dll Q11X E forbesiiol
LFER-R= kaempferol 3-O-glycoside (compound 2) 2 apigenin
C-glycoside (compound 15y X38814] ¢kl F forbesiioll Y
EFLEA] ¢k quercetin 3-O-glycosides(compound 5, 10-11) 2!
apigenin C-glycoside (compound 16)& E3r3l= 540 %
TEETh

Fallopia japonica var. japonica®l| 8= et 7|Al-2>
2 77 g8 UlE MAEe 28 flavonoid
compounds ©129l F sachalinensis 5 F. forbesiiol*] }E}
L= compound?! quercetin 3-O-glycoside=(compound 7-10)&
F35H= A o2 UERTHTable 3). &t Al 219
Pele FHOZ AAH O R F japonica®) 22 FHjel Y
sl A TRAOIA E718] el EEle O oFs A7)
A AAE 7 o]y gt 54 AT wee] WA
ol FARSHCE, st B JlAe] Aulle] 271 F japonica
var. japonica®] The MAIES] Qv dAs] A9, F
Sorbesii®] Arl] 7|9k fAFSE 2102 YERsITE o]2gh e
8t B4} E forbesio|RF 328 quercetin 3-O- thamnoside

BIA|ZEESISIX) M41H 15

(compound 9)E X3Fsl= flavonoid S5/ 0% & ), 3t
WA F japonica var. japonica®} F. forbesii?te] 7% &
dell Qall frefE ke 7FsAdol Sl Aow AdE)

Ab AL

fote iz

AT St T A 71 2AT AAAF (@A
KRF-2006-311-C00550), 2! 75 2}A| o &1 4] 8+
ARl o] AHa) (A HE 052-081-070, 052-081-071)
o FRHUFUT

iy

Lil
71
A

o

)

F

ol
O

ro!

=
(L.
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