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Abstract

The ethanolic extracts of 83 kinds of agricultural products, including cereals, vegetables, and Chinese herbs,

were tested for their inhibitory activities on protein cross-linking using the [“C]-N-formyl-lysine incorporation method.
Most of the extracts inhibited, but some extracts accelerated, the cross-linking of protein. Of those items with relatively
high activities, we selected 20 samples to test for activity against AGE formation using the fluorophotometric method. The
ethanol extract of buckwheat that was germinated for 1 day (GB-01) was determined to have the highest activity with both
methods. The ethanol extract of GB-01 was further fractionated by organic solvents, including chloroform, ethyl acetate,
butanol, and water, in order of increasing polarity. The fraction that was extracted with ethyl acetate presented the highest
protein glycation inhibitory activity (95.2% inhibition at the 100 pg/mL addition level). Polyphenol content analysis by
HPLC showed that the amounts of rutin and quercetin were increased with the separation procedures. Finally, there was
a significant relationship between activity and polyphenol content in the partially purified samples (p <0.05).
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Table 1. Materials used to screen glycation inhibitory activity (N = 3)

o Inhibition (%)
Scientific name Korean name Plant part AGES
Canavalia gladiata P A seeds 0.9+0.02
Dioscorea batatas v} root 3.0+ 0.05
Fagopyrum esculentum drol] U (1d) seeds germinated 404+0.12
Fagopyrum esculentum dlol o] T (3d) seeds germinated 10.1 £0.05
Fagopyrum esculentum ol o] Y (5d) seeds germinated 18.7 £ 0.04
Glycine max ot seeds -2.8+0.12
Hordeum vuigare var. hexastichon w7} seeds 159+0.08
Hordeum vuigare var. hexastichon Hy seeds 24+0.01
Hordeum vulgare var. hexastichon H]ujo} seeds 10.7+£0.03
Oryza sativa L. vhol & 1) (3d) seeds germinated 0.3+£0.04
Oryza sativa L. ol o (5d) seeds germinated 15.5+0.02
Oryza sativa L. 24 seeds 0.0+0.05
Oryza sativa L. 53kn) seeds -93+042
Panicum miliaceum 1% seeds 0.2+0.06
Perilla frutescens var. japonica E7 seed -93+0.23
Phaseolus angularis = seeds 15.3+0.08
Phaseolus radiatus =2 seeds 11.3+0.02
Sesamum indicum 27 seeds 44+£0.51
Setaria italica Az seeds 0.0+022
Sorghum bicolor F5 seeds -6.3+0.31
Zea mays S5e seeds 0.4+ 0.01
Angelica keiskei Az leaves -17.1+£0.21
Brassica oleracea var. capitata OFuf 3= leaves -13.1+0.14
Brassica oleracea var. capitata AL leaves -6.0+0.25
Corchorus olitorius L. 223 oo} leaves 0.9+ 0.02
Daucus carota var. sativa 932 root 4.7+0.06
Lentinus edodes FaA body -3.9+0.12
Oenanthe javanica w)i}2) stem & leaves -1.3+022
Platycodon grandiflorum =ZA] root 104 £0.11
Spinacia oleracea Al FX leaves -43+0.12
Brassica juncea A=A E seeds 0.7+0.01
Cucurbita spp. ZHHA) seeds -15.2+0.09
Helianthus annuus sulEl71(A) seeds -8.8+0.11
Acanthopanax seoulense 271y bark -10.7+£0.09
Alisma canaliculatum A} rhizome 12.1+0.05
Anemarrhena asphodeloides 2|7 rhizome -13.8+0.14
Angelica dahurica W x| (FE ) root 17.3+£0.21
Aralia contientalis FEED root 142+0.23
Astragalus membranaceus 37 root 12.1£0.05
Belamcanda chinensis A7+ rthizome 33.8+0.21
Bupleurum falcatum LA ZA R root 8.0+£0.04
Carthamus tinctorius e A seeds -23£0.25

JAGEs stand for advanced glycation end products.
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Table 1. (continued)

L. Inhibition (%)
Scientific name Korean name Plant part
AGEs
Cassia tora Azt seeds 0.9+0.06
Chrysanthemum indicum = flower & leaves 5.4+0.02
Citrus unshiu A9 (273 3) fruit peel -0.9+031
Cridium officinale =z rhizome 2.5+0.10
Codonopis lanceolata AHEE) root 44+0.08
Codonopsis pilosula vk root 0.4+0.05
Cornus officinalis AL 8 fruit flesh 8.4+0.09
Eucommia ulmoides = bark 222+0.04
Eugenia aromaticum A3k flower bud 4.7+0.07
Fritillaria verticillata var. thunbergii W2 (E=H5) bulb 24+0.04
Glycyrrhiza uralensis rd 53 root 26.6+0.08
Hovenia dulcis | A} fruit 16.8 £ 0.05
Imperata cylindrica vat. koenigii W rhizome -3.6+0.05
Ledebouriella seseloides uh= root 4.8+ 0.04
Ligusticum acutilobum FAE T root 16.4+0.10
Lycium chinense F712 fruit 7.0+£0.04
Myristica fragrans SEF seeds 4.4+0.03
Ostericum koreanum AR root -0.8+0.12
Paceonia lactiflora var. hortensis 2ok root -19.1+0.21
Pirellia ternata uk3} root 322+£0.53
Pinus densiflora & fruit 17.1 £0.08
Pinus koraiensis Ay fruit 15.5+0.17
Polygonatum odoratum var. pluriflorum =Z9 rhizome -13.1+0.04
Rehmannia glutinosa =) 3} root -8.9+0.05
Reynoutria elliptica A2 root -8.7+£0.32
Salvia miltiorrhiza oAb root 23.1+£0.05
Zingiberaceae 25 fruit 3.6+0.10
Zizyphus jujuba Az Q1 seeds 9.9+0.01
Achillea millefolium B E leaves 0.6£0.01
Citrus bergamia W27l E leaves 15.4+0.08
Laurus nobilis AA leaves -94+0.15
Lavandula angustifolia SRk leaves 17.0+£0.10
Matricaria chamomilla AEutd flower, leaves 10.4 £ 0.05
Mentha arvensis var. piperita HHNE leaves 5.6+0.03
Mentha arvensis var. spicata 2o E leaves 1.7+£0.04
Nepeta cataria 7 vk leaves -8.0+0.03
Ocimum basilicum =) =] leaves 6.3+£0.07
Pelargonium inquinans oA E & leaves 48+0.05
Rosmarinus officinalis zZ =g leaves -10.6 £ 0.41
Salvia officinalis Aol A flower 16.5+0.02
Thymus vulgaris |23 leaves 0.8+0.01
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Fig. 1. Inhibitory activity (%) of materials on the formation of AGE (by fluorophotometric method) (N = 3).
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Table 2. Operation conditions of HPLC for polyphenol compounds

Instrument Jasco PU-980 Pump
Jasco 851-AS sampler
Jasco 807-1T Integrator (Japan)
Jasco UV-975
Column uBondapak C, (3.9 X300 mm)
Flow rate 0.7 mL/min
Mobile phase 0.05% phosphoric acid/methanol

Injection volume 20 puL.

o #Q13k Ao}, R F2Eo] & AIEEE YEhl
Pom vd WA AsfgAo] 7P =& ol E(Y)ol
AGE8AA EFE 833%= 7PF Etch =3 2ol d(3Y)
3 &4, Aol FZEE 83.3%9] AfEAEE veplo] BE
AT As) Aot & S B0 A wAHY A
sGAo] BX 4k 39 FEE0) AGEEA] A &l
833%2) ANEAE R vl A AsEd At
2 e By @ wEd A AGESA
ANGAY AFAE FFINE o LopL(d)el 7P vLd
ohld olycation A A7 AUrhe 2 & F AUt B A7
A DA glycation WHE-o] AP Fe @AY A
3} ARE o2 3798k X9 A ARSI &
gre] 12} A AMEE [“Cl-N-E2-21419) incorporationd: ©]
23 g A ASEAd 29ue gEY glycation
whgo] Aol wiel FAEE R wEAEHEE 3}
Hoz FAg “cog FUsA BEAE N-EL-gAoZ Hgst
A Agstsls WHEOE amino-carbonyl Al F{3kA] B =l
A9 o 99 e o=rE EU/(-CHO)E 2he N-EZ-g
AL Azsle o] 7|do] wAt AYE o wx A¥E [MCl-M-
FagAle] AR wet FFske o, uA APES
Z2R5Hs el 23 A9 o83 FFRAWE FFAAL 7L
A @A glycation?] FEAREY FFE SH 3= WS At
a3k aeyu AE7A wed wE S9iAtel A
FAE BEEe] IR Gk gy AR ARAME F 7
o] Bauide] AFjolo] lolg B ZoE Az} iR
o] NBANE H5E AFE VeSS &+ o] AF A7l
Nz ZaAFe 24de F 71 o9 was Wlse A
o] FHHErh

L
g
.
o

RExXH SR chYFE glycation A{sHEH

ol Mg e 289 FEHAg fulo F40| STt
& (chloroform, ethyl acetate, butanol, wate® F& &3}
, e 7} B3o] AGE A ANBAL FFEA BMHe=
Agt A= Table 33 794t

FFE=7} 100 pgmle] H=F Al F7elNe o ethyl
acetate 230] 952%9] HABAHL Bo 71} Be AIYPEAE
VERN2LOH, butanolEZ AT 782%2] ASEAEE Hf vl
7 = FAL Jehligoh ol oY 70% ethanol %
Eo] 833%2 ANTAHE B9 A H|AEAE o ethyl acetate
B3 APFHL 15% 2715 W9, butanoke 5.1% #H4ad A
o)}, 2} e U& chloroform 234 HEAL 42.7%,
B 239 A8 21.5%E, ethanol FEHE<] EAol vlste]
ojo e FAL B chloroform ¥ & o] &3 £8 o] &4

e Rdore

Table 3. Inhibitory effects of fractions of sprouted buckwheat
extracts with different solvents on the formation of advanced
glycation end products (N =3)

Fractions Amount added Inhibition
(ng/mL) (%)

70% Ethanol extract 100 83.3+3.50
Chloroform 100 42.7+0.21
Ethyl acetate 100 952+1.23
Butanol 100 782+0.94
Water 100 21.5+045
Aminoguanidine 1,000 51.0+0.21

Table 4. Rutin and quercetin contents of fractions of sprouted
buckwheat extracts with different solvents

. Contents (mg/100 g)
Fractions -
Rutin Quercetin
70% Ethanol extract 58.7+3.2° 4779+ 13.5
Chloroform 66.4+2.5 21.6+2.5
Ethyl acetate 390443 2450+ 6.5
Butanol 25+12 1947 £11.1
Water trace trace

*Data are the average of duplicates determined by HPLC method.
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Table 5. Correlation coefficients for polyphenol contents and
AGE formation inhibitory activities of sprouted buckwheat
extracts

Content
Rutin Quercetin  Rutin & Quercetin
Inhibition activity 0.6189 0.6387 0.7279*

*Mean significant at p <0.05 level.
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