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Antioxidant Activity and DNA Damage Protective Effect of a Robinia pseudoacacia L, Flower Extract
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Abstract

The antioxidant properties of Robinia pseudoacacia L. water and 70% ethanol extracts were evaluated by determining total phenolic

content (TPC), DPPH radical scavenging activity (RSA), and reducing power (RP).

The water extract showed higher TPC (9.07 mg/g gallic

acid equivalents) and RP than those of ethanol extract, whereas ethanol extract had greater DPPH RSA. The R, pseudoacacia L. extracts also

showed antigenotoxic effects for 200 uM H,O-induced DNA damage in human leukocytes, The 200 uM H,Orinduced DNA damage

decreased following treatment with the water extract, Reductions in DNA damage with 50 ug/mL of the water and ethanol extracts were 46.5

and 32.4%, respectively,
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100 24 HI2 - M2 - ¥eF . ofsd

33 QIth(Choi DH % 2002). o7A] £& #S AH 3=
Fa Aol vyt FHE Al7]el AR de
AEH7E skt ob7bA] e gletERAe FEdge
80.6%, AEF 7|EoR ZHMA 24.55%, 23R 8.51%
FZ 40.97%0]™ o}AFAZHANE 160.44 mg% FHTE o]
ow 2 9 FEd, 7189 e wd vlud e A
2 BuEkKwon JH 5 1995) ot x| H P AE
Fo] AE715Ad mXE 98 A7 (Seo SB 5 2002)004]
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OV A E(Robinia pseudoacacia L.)-& 2009\ 49 Ay #
A mprtgtETs e AdTistal argell A58k
H gt AREEH  Folin-Ciocalteu A|2F&  Wako Pure
(Osaka, Japan)olld FQsHL
1,1-diphenyl-2-picrylhydrazyl (DPPH)} potassium ferricyanide,

Chemical Industries, Ltd,

vanillin, trichloroacetic acid (TCA), ferric chloride, dimethyl
sulfoxide (DMSO), histopaque 1077, low melting agarose
(LMA), normal melting agarose (NMA) 123l ethidium
bromides= Sigma-Aldrich Co. (St. Louis, MO, USA)|A] T+
3t ARR3FITE Potassium  phosphate monobasic, sodium
phosphate dibasic, sodium carbonate anhydrous, hydrochloric
acd 2 HIES 7Iek AloF 9 &rle BT dF ol

F5g A8,

SR Ez G5t 5] A A27A A4E (011)
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oM 2 1,054 g FA7Z7] (FD 5512, lshinBioBase
Co., Yangju, Korea)® Z7AZ3}4] 15573 g9 7z ol7pr] £
de 5 ol2 Este] 500 nm o|ale] BE A =3}
b 2IAE 10 gofl 200 mLe] £uj(70% OlEHE, E)E
Z¥zy 7fste] el 24A13E F9E JRHi](HB-201s,
Hanbaik Co., Seoul, Korea)E ©]-&3}¢] i%—a}oﬂr/} Z}7}9)
Z5L& oA (Whatman No, 3)& 73t & |HAFF
7](Eyela N-1000, Tokyo Rikakikai Co,, Tokyo, Japan)f,:'_ 40C
AA FF3TE. 4 FFEL 50 mg/mlY FEE DMSO
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ARgsE Tt
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He WFste] 24

= H3sl] 2%(w/v) Na,COs& 1 mL
£ Jeka 387F A% & 50% Folin-Ciocalteu A]2F 0.2

A 30%3F oA WAsT) o
101"&{} 13,400 x gof| A] %*u‘l"‘fﬂl?& =, A 1
Shimadzu UV-1601,
Kyoto, Japan)E ©o]-&3le] FF=

=
=
He  gllic acdE o|83le] AT ﬁ?—%{ﬂﬁ_ mg

4, & ZEeiE0|E E2t

ZelH o= L vanillin WH(Price ML 5 1978)
o2 ZA3YY. = 2 AR 1 mLS 2% vanillin (8.0%
methanolic HCl) 5 mL¥} E33F & Ao obxloA 208
e HESAIA 500 nmollA FREE ST F SEE
wol= shgHEe] §e (ateching ol 83te] 44T E
T35tk

ok

F3 02 mg CE (catechin equivalents)/g& T

5. DPPH E2lC|Zt A7s

DPPH &t]Z AA%L Jeong SM £(2004)] ¥ o) b‘]—
o Al& 0.1 mLo] 0.041 mM DPPH €9 0.9 mLE 7}3F &
oA 3087F BESAIA 517 nmollM FHEE SHFY
o 2t Als9] DPPH BtHZ 27w ofde] Aox ARt
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AL Oyaizu Mo HWHH1996) o whel =A3FAL}, =,
1 mLo <13kl 94 2902 M, pH 6.6)°] 1 mLe] AE9}

1% (w/v) potassium ferricyanide &9 1 mLS 7}8fal o] &
Fee socelA 2083 S AL F, 10% (w/v)
trichloroacetic acid &% 1 mLg 2ot ¥hgo] ¥ &3
E& 13400xgollA] PAalReste] Ao Al 1 mLy =

I 0.1% A3 & 0.1 mL 7fste] 700
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I F W3S pBSE AlFE <194
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) 9a Ael HPE ofTE Azl ALk
A719%5e] B T 0.4 M Tris buffer (pH 7.4)0] 524 &
b A BRe 33 Wasel selolsg AzA)L

20 pL/mL EE9] EBE e dste] 2 felE He
¥ &30 (Leica, Wetzlar, Germany) “dollA] &3},
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zs AL 7%
s} Scully C 2009). w}ﬂ‘r*i id
Zdtele A7t et o
= 2007). %UHbﬁ 0}77}/\] %9 % = e Table 190 Y
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B gt B FEEY F ds I 9.07 mg
GAE/g o2 70% olehg FEEHUT Za Y =7 Yelst
o gz B deg FEEC] A7 3281 mg
GAE/g®} 209.1 mg GAE/g ¢l Zl(Lee BB % 2007a)°] H|3}
=] 0}7]}/\] 2o 5—2}]—8}b ‘r]lEr— ko uH_?‘ o 7Aolo <o
T At} oAl Fe HAS Kol TE | H|ste] A
27F A9 §lo] B ds FEs Hole ZloE oAz
A, olkA| o] B FEE B, Ax FE014.78%), F
Z FE&G8.75%), F FE .07 mg GAE/g& 113t
ol7kAl % 100 g B 51.95 mg GAEZ} EAlsit} olejsh 4

A& Fo] obd FY, AHio} HlmE R 74AR 100 g F
AFH(296.3 mg GAE), BEZ#(101.6 mg GAE)HT} Hx ]1,:}
20](19.5 mg GAE)L} Ful3:(54.6 mg GAE)ET}= =2 4

Alolt,

Table 1. Extraction yield, total phenol contents (TPC), and total
flavonoid contents (TFC) of extracts from Robinia
pseudoacacia L, flower

Solvents for extraction

Ethanol Water

Yield (%) 44.87 3875
TPC (mg GAE"/g) 87874009 9.03+0.07
TFC (mg CE”/g) 0.04+0,01 0.03+0,01

Y gallic acid equivalent
? (+)-catechin equivalents
¥ Means having same superscripts within same row are different(p(0.05)

ol wjFAE= 1000 F olo] LA UthPark JS T
2010). EE}HS0|TE CeCiCedl 7]E ©ATFAS 71A2
AE HeA ES e AoRE HiFo fFEE A
=9 %, e, &7] T Fol £Eta glthDecker EA
1995). & o7k o F ZetH-o|E FHFL Table 1
o Jefigitt e FEE] ZEtRol=

= FE%9 0.03 mg CE/ge R F F&& A
ol Z Abol= glolth. A8t son dEE FEEC
ZtHo|= dE(Joung YM T 2007 L davidi®] & F
ol 0.65 mg/mL, L lancifolium®] Z F-oA 0.71
mg/mLOE FAEo] op7tA] EHT Fe FefHwolE §
g2 Bt aeu dxses FEFES elst] ARt
3 Bd ol7bAl & 100 g F 0.17-0.23 mge] ZetHiol=
7} FHrEo] gl ol 4JH|E(0.30 mg CE/100 g)9
-9} & Ao|7} glthAndarwulan & 2010). $HH, o}7bA|
P At(Park JS 2008)914 F FEES] EE}H&O]E
Fol THTE R AR FEEEY 95% e
oA o EA uEhbti BaEou, 2 °S_:|1°ﬂ
ST 70% eSS ARE A 2 Afo]E Holx
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3, DPPH 2l|Zt A=

DPPH 2tz 275 be deo

APEAEAERY AAE AT ot
A2 BAE, kst 243 wkgstA =4
g el obAE 25 el DppHYF RO
ok (Lee M 5 2007). §ufel] wE ol7fA] Fe
Uz 27%S Table 20 UePGIEE ol7kr] & FEE]
Tt S718E preH #HUZ AAwo] Sk A
&

AHoZ 70% oS FE2Eo] & FEE Huh ¢ £&

DPPH ZttjZo]

& YeIRen, 1,000 pg/mLe] FZOA 70% oEH-E
F2EY & FEE2 47 14.06% 10.91%2] DPPH |z
2SS EY 4 SUF E(Oh WG F 2008)9] H-$

FTLoA 745208 EL& S HYeH, F
T 2005)9] HWERE FEEC] 100 p#g/mL
FE W 93.00%%] DPPH }tZ ~AsS Ho| op7bA =
o] GAHY b2 =59 st 4] o U L
1,000 pg/mLe] FEolA el wikelel(17.69%)(Seo T 2010),



4,95%)(Jung 5 2009)% HW3A o}
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Table 2, DPPH radical scavenging activity of extracts from
Robinia pseudoacacia L. flower (%)

Positive

Concentration Solvents for extraction

(u g/mL)

2
control )

Ethanol Water Ascorbic acid
50 015406357 -0.22+0.44"
100 0.51£0.126° 1.76%0.58°
96.23
500 6.08+0,539" 469+1.30"
1,000 14.06+0.190" 10.91+0.86"

All values in Table are mean®standard deviation,
" Different letters (a-d) within a column indicate significant difference
(p€0.05), n=3.

? Ascorbic acid (50 # g/mL) was used positive control.
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2 2HYTE 52 §¥% %S Jebd®am sH T
2003). &wlol] w2 op7kA] 9| %}%Eﬂ Table 3¢ WY
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Fe(CN)s" + FeCl; — FeFe(CN)ds
olel= o] DppH T A% ALE yAEAe
Fa7t X*“H__i A=) Aol M= v=A S5
T 3hh(Jang IC 5 2008; Lee BB % 2007a),
AH + DPPH- — A -

—_

+ DPPH-H

Table 3. Reducing power of extracts from Robinia

pseudoacacia L, flower (0.D)
X Positive
) Solvents for extraction 2)
Concentration control
mL, A i
(e o/mL) Ethanol Water scgrblc
acid
50 0.066+0,002"  0.072+0,003°
100 0.080£0.001°  0,091+0,002°
1.02240.009
500 0,206ir0.003h 0,2411r0,012h
1,000 0.373£0.001"  0.438+0,004"

All values in Table are mean*tstandard deviation,

V" Different letters (a-d) within a column indicate significant

difference (p(0.05), n=3,
? Ascorbic acid (50 # g/mL) was used positive control

5, OPIIA| 2 F£ZEE°| DNA £&24HComet assay) M| Szt

Comet assayol] &J3] SAH Alalz ~EG X0 93t olF)
WEHT DNA &4oll theh op7bA] & 559 At #3h
A= Fig. 16 A HeH, 2 A digk FF dvA

o0& Zolgl o|n A= Fig. 20| AABFITE 1% DMSOE %]
23k AA &7 (Normal control, NC, Fig. 2A)2] DNA £
ARGETL 7.4%210 A HlE] 200 #M] H0,E gt %A

&7 (Positive control, PC, Fig. 2B)oA+& 30.5% AEE
DNA ol Reldow We AL LAY oAl B
B FEE9 A% 200 #M HOE AP A izl
Hlg) BE FEQ, 5, 10, 50 pg/mLl) oA FFHog DN
Bl Aow vehtor BE el o7 A

ol HolA ekt oEE FEES A 10, 50 p#g/mL
SRl 4 tzol vl feiH paEA A
AORZ etk 200 #Mo HO0E A2gh ¥ T
Ul DNA 4 HEE ST Sasel DNA £4F oA
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% Tail DNA

NC PC 1 5 10 50

Concentration of water extract (ug/ml)

% Tail DNA

NC PC 1 5 10 50

Concentration of ethanol extract (ng/ml)

Fig. 1. Effect of supplementation with water (A)
and ethanol (B)
pseudoacacia L, flower on HxO,—induced

extracts of Robinia

DNA damage in human leukocytes,

Values are mean with standard error of duplicate experiments
with leukocytes from each of two different donors. NC,
DMSO-treated normal control. PC, 200 #M H,O,-treated positive
control, Values not sharing the same letter are significantly
different from one another (p{0.05) by Duncan's multiple range
test,

Z(DNA damage inhibition rate) &2 74] ‘6]-03-% o, & F=
Eo B 46.5%, dlete FEEo 7 %
A i = i%iE}(Flo 2C, D).

A

=
— = L
H A7 A AT QT AuE oMHE FE
L H00 93l rat pheochromocytoma 12 cell line (PC12
cell)ol aHo g FHAhAFon 53

250 mg/mLolA] °oF 58%2] DNA €4 oAHS YehE A

£5d DNA 48

AFAFzeHREHA A27A A4E Q01D

Fig. 2. Micrographs representing images obtained

from the comet assay,

DMSO-treated normal control; B, 200 #M HO,treated positive
control; C, water extract of Robinia pseudoacacia L. flower + 200 #M
HO»; D, ethanol extract of Robinia pseudoacacia L. flower + 200 #M

H,O;.

© 2 YebgtHlee BB % 2008). T3 Oh WG % (2008)°]]
ofgt TUF E FEEY IFHAS5AH AT AH, 50 pg/mL
of FER Ag X FoMe vghE: FEE0] 41.2%,
NEHE FEEO| 55.9%, oME FEFE 64.7%, = FEE]
64.7%S] AL Hl A wluwstH

=
—zr%l*“(o 52 mg/mL) N T:g;*“(o 55 mg/mL) ) Ea‘r"“(l 08

mg/mL)9| o7 FHEL ettt WE FEE FHH
A &te]l #gF AT (lee BB T 20070)NE BE F&
(Mehg, odlehg, ofAlE, E)dllA w=9E43] DNA &

e ANE wye

=
[
h

™, 50 #g/mL =2 DNA &4 oA
4~64%nZ YERST ole £ FEE9 dad SR
ol=E H|Eg ksl i ogk ZloE Had ub 9l
(Jeon GI & 2009). v} £ AFolx o7tA] <
ekt gatstEe vlEd ATE vE %
vz stk kst vls] vlaA wke el wh
5] a9 e 2 —%%%94 ?‘zﬂrﬂ Ak el A
2 Ueptth &% opta
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4 94 2 1 38

o o o



V. 2 <%

ol7FA]l 2 10 goll 200 mLe] F 7FA ful(&E, 70% olg
g 47 7t &% v, sFdte] 47 &vid F
=S Aok o] & FEES o83t oA £
et g ARG 2 A, F

| 9.07 mg GAE/g2 70% o2 FEHEHCT} &9k,
FetHole ke 70% g
CE/g, & FZ&82 0.03 mg CE/go

AsL hRE 70% L 3=
=]
b

e
[e3
filo

fru
Ll
9
3T
il
)
<
T o

m
ro

=
1=

Andarwulan N, Batari R, Sandrasari DA, Bolling B, Wijaya H. 2010,
Flavonoid content and antioxidant activity of vegetables from
Indonesia, Food Chem 121:1231-1235

Balasundram N, Sundram K, Samman S, 2006, Phenolic compounds
in plants and agri-industrial by-products: Antioxidant activity,
occurrence, and potential uses, Food Chem 99:191-203

Buxiang S, Fukuhara M, 1997. Effects of co-administration of
butylated  hydroxytoluene,  butylated  hydroxyanisole — and
flavonoide on the activation of mutagens and drug-metabolizing
enzymes in mice. Toxicology 122(1-2):61-72

Caillet S, Yu H, Lessard S, Lamoureux G, Ajdukovic D, Lacroix M.

2007. Fenton reaction applied for screening natural antioxidants,
Food Chem 100(2):542-552

Choi DH, Lee HJ, Lee SS, Kim YG, Kang HY. 2002, Studies on
biological activity of wood extractives, Mokchae Konghak
30(4):51-57

Decker FA. 1995. The role of phenolics, conjugated linoleic acid,
carnosine and pyrroloquinoline quinone as nonessential dietary
antioxidants, Nutr Rev 53(3):49-58

Gutfinger T. 1981. Polyphenols in olive oil. J Am OGil Chem Soc
58(11): 966-968,

Jang IC, Park JH, Park E, Park HR, Lee SC. 2008, Antioxidative and
antigenotoxic ~ activity  of  extracts  from  cosmos(Cosmos
bipinnatus) flowers, Plant Foods Hum Nutr 63(4):205-210

Jeon Gl, Yoon MY, Park HR, Lee SC, Park E. 2009. Neuroprotective
activity of  Viola  mandshurica  extracts  on  hydrogen
peroxide-induced DNA damage and cell death in PC12 cells,
Ann N'Y Acad Sci 1171:576-82

Jeong SM, Kim SY, Park HR, Lee SC. 2004. Effect of far-infrared
radiation on the activity of extracts from Citrus unshiu peels, ]
Korean Soc Food Sci Nutr 33(9):1580-1583

Joung YM, Park §J, Lee KY, Lee JY, Suh JK, Hwang SY, Park KE,
Kang MH, 2007. Antioxidative and antimicrobial activities of
Lilium species extracts prepared from different aerial parts,
Korean ] Food Sci Technol 39(4):452-457

Jung ES, Park E, Park HR, Lee SC. 2008, Antioxidant activities of
extracts from parts of Styela clava, ] Korean Soc Food Sci Nutr
37(12):1674-1678

Kwon JH, Byun MW, Kim YH, 1995. Chemical composition of acacia
flower (Robinia pseudo-acacia), ] Korean Soc Food Sci Technol
27(5):789-793

Kwon YS, Ban WS, Kim CM, 2000, The chemical constituents of the
root cortex of Robinia  pseudo-acacia, Yakhak  Hoeji
44(5):411-415

Larson RA, 1988, The antioxidants of higher plants, Phytochemistry
27(4):969-978

Lee BB, Chun JH, Lee SH, Park HR, Kim JM, Park EJ, Lee SC.
2007a. Antioxidative and antigenotoxic activity of extracts from
Rhododendron mucromulatum Turcz, flowers, ] Korean Soc
Food Sci Nutr 36(12):1628-1632

Lee BB, Cha MR, Kim SY, Park E, Park HR, Lee SC. 2007b,

Antioxidative and anticancer activity of extracts of cherry

Korean J. Food Cookery Sci. Vol. 27, No. 4(2011)



(Prunus serrulata var, spontanea) blossoms,  Plant Foods Hum
Nutr 62(2):79-84

Lee BB, Park SR, Han CS, Han DY, Park EJ, Park HR, Lee SC,
2008, Antioxidant activity and inhibition activity against @
-amylase and @ -glucosidase of Viola mandshurica extracts,
Korean Soc Food Sci Nutr 37(4):405-409

Lee JM, Son ES, Oh SS, Han DS, 2001, Contents of total flavonoid
and biological activities of edible plants, Korean J Dietary
Culture 16(5):504-514

Lee JM, Chung H, Chang PS, Lee JH. 2007. Development of a
methods predicting the oxidative stability of edible oils using
2,2-diphenyl-1-picrythydrazyl (DPPH). Food Chem 103(2):662-669

Lee SY, Hwang EJ, Kim GH, Choi YB, Lim CY, Kim SM. 2005.
Antifungal and antioxidant activities of extracts from leaves and
flowers of Camellia japonica L. Korean ] Medicinal Crop Sci
13(3):93-100

Nam SH, Chang SM, Kang MY. 2003, Varietal difference in
antioxidative activity of ethanolic extracts from colored rice
bran, J Korean Agric Chem Biotechnol 46(1):16-22

Oh WG, Jang IC, Jeon GI, Park EJ, Park HR, Lee SC, 2008
Antioxidative  activity of extracts from Wisteria foribunda
flowers. J Korean Soc Food Sci Nutr 37(6):677-683

Oyaizu M. 1996, Studies on product of browning reaction prepared
from glucose amine. Jap J Nutr 44:307-315

Park JS. 2008, The antioxidantive, antimicrobial activity and
tyrosinase activity inhibitory effect of extracts from parts of

SR Ez G5t 5] A A27A A4E (011)

Robinia pseudoacacia, MS Thesis. Soongsil University of Seoul,
Korea, pp 22-23

Park JS, Hwang IW, Zheng HZ, Kim SK, Chung SK. 2010,
Determination of optimum hydrolysis conditions for flavonoid
analysis in plant leaves, Korean J Food Preserv 17:261-266

Petti S, Scully C. 2009. Polyphenols, oral health and disease: A
review, ] Dent 37:413-423

Price ML, Scoyoc SV, Butler GL. 1978, A critical evaluation of the
vanillin reaction as an assay for tannin in sorghum grain, J
Agric Food Chem 26(5):1214-1218

Seo HK, Jang SY, Kim HJ, Park HR, Park JH, Ahn GH, Lee SC.
2010, Antioxidant activity and neuroprotective effect of
concentrates of commercial sweet persimmon wine,
Food Cookery Sci 26(1):13-17

Seo SB, Kim JH, Kim NM, Choi SY, Lee JS. 2002, Effect of acacia
flower on the physiological functionality of Korean traditional
rice wine, Kor ] Microbiol Biotechnol 30(4):410-414

Shin SR, Son YA, Won CY, 1993. Study on the components of
lipids in acacia flower, J Food Sci Technol 5:61-67

Surveswaran S, Cai YZ, Corke H, Sun M. 2007. Systematic evaluation

Korean J

of natural phenolic antioxidants from 133 Indian medicinal
plants, Food Chem 102(3):938-953

Valko M, Leibfritz D, Moncol J, Cronin MT, Mazur M, Telser J. 2007.
Free radicals and antioxidants in normal physiological functions
and human disease. Int J Biochem Cell Biol 39:44-84



