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Abstract

This study investigates the free radical-scavenging activities of Amaranth (Amaranthus spp. L.) red and purple flower
extracts. The methanol and hot water extracts of flower are being evaluated for its total polyphenol and flavonoid contents,
scavenging activities by the DPPH and ABTS analysis, SOD-like activity, and inhibition activities of superoxide radical
on the HL-60 cells and nitric oxide of the RAW 264.7 cells. The PFM (purple flower extracted with MeOH) showed the
highest total phenolic and flavonoid content, 606.95 mg GAE/100 g and 254.69 mg CE/100 g, respectively. Amongst the
scavenging activities of the DPPH radicals, PFM(RCsy=155.06 rg/ml) is the highest of all the samples. The ABTS radical-
scavenging activity is also highest for PFM (53.16%) at the 250 pg/ml concentration. But, the SOD-like activity of the
PFW (purple flower extracted with hot water) increases more than 3 folds of the PFM. In the leukemia HL-60 cell, the
PFM shows strongly inhibited superoxide radical generations at a concentration of 200 pg/ml at 72.34%, which increases
with 1.79 folds more than the RFW (red flower extracted with hot water). The inhibition activity of nitric oxide in Raw
264.7 cells is the highest for PMF (46.90%) at a 250 pg/m{ concentration. In conclusion, PMF show the highest flavonoid
contents and the most powerful free radical-scavenging activity. Our results suggest that the increase of antioxidant activities
depend on flavonoid contents. Thus, Amaranth flower can be useful for natural antioxidant compounds.
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T2 DNAo| tfaf UZ3Kalkylation)S Yo AA A|E} =
2l & E4A7IH AE2 Q] carcinogenisol] T Ear ich &
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A ANET 9, BEG Gt GoprhA vk ok, 2 ul
A 5 AE AL o §H 1 SIekChoi HS 2011;
Kim & Ryoo 2002). |23t ofujekAe] Aa]d @Aais 7}
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o1, olof i3t 7|54 A= wj$ u)u|5lcK Tenney L 2000).
2 A= opuiRks 2O I 2EEN HHE FEES
ZA5t F Hlm 9 STh o] 3 577 DPPH % ABTS
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71 3 734 nmol| A FF= Zho| 1.0:0.027} H =2 A3 ABTS
solutionS AFE-3} T ABTS solution2 A|&&} &3sle] 9F
2ol A 687t REEA|A 734 nmol| A EF=E EH3t 2
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SOD A 84 S42 4] AEfoll A pyrogallol(Sigma-
Aldrich) &] Z}-5A4kste] o3t WA 2] E o] 83 Marklund S
o} Marklund G(1974)9] "2 Wste] Z4atdct. 9% %
=2 3|45 A& pH 852 ¥ A3} tris-HCl buffer(50 mM
trisamino-methane+10 mM EDTA, pH 8.5)2} 7.2 mM pyrogallol
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Bank, KCLB)S.. 22X g XoFdtol 100 units/ml2] penicillin-
streptomycin(GIBCO, Grand Island, NY, USA)Z} 10%2] fetal
bovine serum(Hyclone, Logan, UT)o] &-3-% RPMI 1640 F+=
DMEM | X](Welgene, Dalseogu, Daegu, Korea)S ARg-5}of 37T,
5% CO, 271004 vieFstat)

9. =ISAI0|= 2ICIZH0, )
0, A A3 &4 SH2 Kim 5(2002)9] & HY
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10. Nitric Oxide(NO) assay

NO =72 RAW 264.7 cell9] supematanto]] 4] 2] nitric oxide
(NO)9 %2 =4& 3FHHGreen 5 1982). 96 well plateo]|
1x10°72] cell-& PBSE 2 A3t Sof] &3 Hlj x|(Welgene)
2 WA & LPS(1 mg/ml), tetrahydrobiopterin(BHs, 10 g/ml),
200 mM l-arginine 2] 3L IFN- 7 (100 U/m)E Z+ZF9] wello)|
o A7tstel A2AZT 1 WA AR Heiskel A s
Tk NO A=k

2 supernatantE Lo} griess reagent®2 1027+
v x|7] B0 540 nmo| A T2 A5t

11. EAIA 2]
B dFolA gl g FAEA2 SPSS 18.0(SPSS
Inc., Chicago, IL, USA) program= ©]-&3}o] EARELA (ANOVA)

He Adstplon, A+ 79 7942 Duncan®| o5
9] A1 H(Duncan's multiple range test) 2.2 p<0.05 $Fof A
oA 2olE ASsHA

23t % T

2. RFM 363.68+19.73, PFM
606.95+64.38, RFW 482.62+98. 99 PFW 363.19+55.92 mg GAE/
100 g2 2 Uelten, 238 7ol fo4 o7t Ach
E9¥E gF2 PFM, RFW, RFM, PFW2] =0 2 UERto
o, PFMoJ| A 606.95+64.38 mg GAE/100 g© 2 713 =3ttt of
npAs FALe| Eejvls T2 400~440 mgkg, A 350~
370 mgkgo 2 B 1%]o] Q) O m(Caselato-Sousa & Amaya-Farfan
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Table 1. Comparison of total polyphenol and flavonoid
contents of extracts from Amaranth flowers

Total phenolic content  Total flavonoid content

Sample e GAEY/100 g (ng CEY/100 g)
RFM 363.68+19.73 170.89+23.8°
PFM 606.95+64.38" 254.69+15.8°
RFW 482.62+98.99® 18.63+ 4.2°
PFW 363.19455.92° 12.20+ 3.6°

" Total phenolic content was expressed as mg/g gallic acid equi-
valent (GAE).

? Total flavonoid content was expressed as mg/g catechin equi-
valent (CE).

% Each value is meantSD of triplicate determinations (n=3).

Y Means with different letters (a~c) within a column are signifi-
cantly different at p<0.05.

2012) ofutgA £ FE2ERTE EYvE o] Witk ®
gk e 29 WgEy & FEEY s 92
3.09~6.8 mg GAE/gO & 71 9Fo| ojufgts & E2EE} v|L
3 THKIim S 2012).

olulgtA FEE] ZglH -o|= 32 RFM 170.89+23.8,
PFM 254.69+15.8, RFW 18.63+4.2, PFW 12.20+3.6 mg CE/100
g 02 228 79 {94 Aol7h Bt} E3] PFM+= PFW
Hop St colE ghgol 218 7HF w0, ETtE o=
o] g ol F& Wi ot 2 A= AmHTh of
ulgkA ARe] EgtE -o]E 3RS 300~690 mgkgo 2 H i
Fof, oluigkA F HehE FEE0] ofufgks AR AFE
ot 22 & 4 A HCaselato-Sousa & Amaya-Farfan 2012).
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PFM F&E(75.12%)°] FJH 02 7P #3ten, b =&
£ Z4& 250 pgmee] == 10% o|ste] W S
HoFgth E3] PFMQ] RCsi(50% reduction concentration)
Zr2 155.06 pgmlZ $Hd SFAESEA|Ql butylated hydroxytoluene
(BHT)9] RCso(120 pg/mb)@} F-ARRE B4dS H 5= THWoo
S 2010). 3 34 AE 15F £9 ogE F:5E 5 DPPH
AT w2 Ho &= GZAUEY(RCso= 110 pg/md),
AHF LI (RCso =140 pg/ml), 2 F(RCso=160 pg/mbyE
o] £ AR 4E HoFAtHWoo 5 2010).
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Fig. 1. Rreactive oxygen species scavenging activities.
A: DPPH scavenging activities of flower extracts from
Amaranth. RFM: red flower extracted with MeOH, PFM:
purple flower extracted with MeOH, RFW: red flower
extracted with hot water, PFW: purple flower extracted
with hot water. B: ABTS scavenging activities of Amaranth
flower extracts. Values with different letters were signifi-
cantly different at p<0.05 by Duncan's multiple range test.
Each value is mean+S.D. (n=3).
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Eld PFM(RCso=100 pg/ml)2 A FAFSIA|QI ascorbic acid
(RC5=200 pg/mf)Xc} 2,04, BHT(RC50= 220 pg/ml) R T} 2.24)
e @S Btk o]AL F3 15F £ F M
=2 FAL HQl AWANRaFARCs= 100 pg/ml)T} 2 &
d& B UtHWoo 5 2010). & d5-¢] Zito] =2 F
s TR0t o] A S3E PIM &8
o)Al DPPH ¥ ABTS #tt]Zd AASE Z7}8H= 23S H o
T o= ZF FEE0] FFSH Q= F = REY
ol F7std H T G E SRRt A9 fAE
3 A2 B39 thSeo 5 1999). 1} ABTS #HrjZd &

7 &/} DPPH =ttjZd &7 B/43H= AaoA] 2pol&E 4
=T, ol ¥HEErt WE ABTS 2Zit:s 2
DPPH 2}t Z 9] W&k = 3gtEof wehA vj$ 2ok
a4 9l o w(Huang 5 2005), ABTS =}tz DPPH g}t
Zi gy SA4AT vS4 £ 2Ref vhgste] A HM,
ABTS gitjZy} 2 wh-3-5t= 3H4ikst &2 o] DPPH 2|2}
= A8 ¥R 4F o= Aok d#A UtHKim F
2013; Re 5 1999). 2 A7 Ay}, B3} veh&o] =24 zjo|ot
Sl U2 4 J&9 Aol2 ABTS golZoA o =
< & Hl Ao=E AtRdETh

3. SOD A &Ml Bi5}
ofulgts 2EEE9] SOD A B4 4% 3= Fig
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Fig. 2. SOD-like activity of flower extracts from Ama-
ranth. RFM: red flower extracted with MeOH, PFM: purple
flower extracted with MeOH, RFW: red flower extracted
with hot water, PFW: purple flower extracted with hot
water. Values with different letters were significantly diffe-
rent at p<0.05 by Duncan's multiple range test. Each value
is mean£S.D. (n=3).
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Fig. 3. Effects of flower extracts from Amaranth on
TPA-induced superoxide radical(O,”) formation in HL-60
cells. Values with different letters were significantly different
at p<0.05 by Duncan's multiple range test. Each value is
mean+S.D. (n=3).
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Fig. 4. Inhibitory effects of flower extracts from Ama-
ranth on nitric oxide production in RAW 264.7 macrophages
cells. Values with different letters were significantly diffe-
rent at p<0.05 by Duncan's multiple range test. Each value
is mean+S.D. (n=3).
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